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Abstract
riie growing (leinand for user experiences on the web addressing indivichial needs, is 

driving the m ainstream  adoption of personaUsation technologies across broad fields 

of interests. Adaptive Web Systems (AWSs) have traditionally  a ttem pted  to  deliver 

dynaniically adapted and i)ersonalised experiences to users, through the sequencing and 

adaptation  of recomposable content. The adai)tivity offered by these systems however, 

can be restricted by a lack of sufficient resources, which represents a major obstacle to 

their widespread adoj)tion. So as to serve the largest possible audience, common sense 

encouraged the labor intensive and limited production of such resources, to target the 

conunou and ])redictable needs of users in higher demand, by delivering one-size-fits-all 

recomposable m aterial, of type and quantity  predeterm ined in advance. However, as 

the  num ber of internet users grow's, so does the diversity of user inform ation needs. 

As a result, the need for even greater volumes of resources, covering larger ranges 

of increasingly unpredictable and specific user needs, rises too. Existing ap})roaches 

incor])orating open web corpus content w ithin these ])latforms have so far achieved 

very limited success, mostly due to their inal)ility to supj)ly resources in a form meeting 

si)ocific content reciuirements of AWSs. W'ithin this context, the al)ility to  supjjly 

ad('(juate content to AW’Ss could only be sustained if such resources were produced 

in large volumes, only as needs arose. Such a content delivery service would remove 

the necessity for any content type/quan tity  predictions to occur, which in tu rn  would 

enable the delivery of more scalable personalisation experiences, covering a wider range 

of needs.

The i)riniary contrilMition of this thesis therefore consists of an innovative api)roach to 

open web corpus ro ise  and incorporation w ithin AW’Ss, named Slicepedia. Through 

the identification and develo])inent of dynamic means of open web content harvesting, 

custom isation and delivery, a fully-autom ated tool-chain service can l)e made, which 

delivers recomposable open web corpus resources, as right fitted packages to independent 

AW'Ss. This approach differs significantly from those used by existing AWSs, as it 

enables the on demand reuse of open web cor[)Us content, without any pre-determined 

conditions and based uj)on a variety of jwssible AWS content recjuirement combinations, 

undeterm ined in advance. In order to  evaluate this research, a series of user-irials 

and comi)onent analysis are i)resented, which provide confidence in the ability of this 

service to deliver oj)en web corpus resources to AWSs as customised packages, with a 

suitability similar to content purposely produced for such systems and w'ith minimal 

loss in original quality. The analysis also i)rovides confidence th a t the  on dem and 

customi.sation, delivery and reuse of open web corpus resources within AWSs is possible 

and that such a service could support the widespread adoption of more scalable AWSs.
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Chapter 1

Introduction

1.1 M otivation

'r iic  ubi(iuit()us and instantaneous access to  inform ation offered by the in ternet is 

fundam entally changing how users expect information to be presented and delivered 

to  them . Until recently, digital access to  inform ation on the W orld W ide Web 

(W\N’W) was m ass-oriented [Kobsa2001]. Decisions regarding content production 

to  support inform ation services were geared to  suit the  largest possible auflience. 

Connnon sense encouraged the labor intensive and limited production of resources to 

target the  common  and predictable Jieeds of users in higher dem and, by delivering 

one-size-fiis-all m aterial. However, as the num ber of internet users grows, so does 

the  diversity of user inform ation needs. Since 2006, the  m unber of in ternet users 

has more than  doubled, reaching a to ta l of 2.8 billion users, with an increasing 

num ber of individuals accessing the  w'eb through mobile devices and from more 

diverse backgrounds (different languages, cultures etc) [1TU2013].

As a result, the  growing dem and for more online user-experiences addressing 

increasingly smaller niche needs [Anderson2006] is driving the m ainstream  adoption 

of personalisation technologies across broad fields of interests. Adai)tive WVl) Systems, 

also connnonly referred to within the research connnunity as Adaptive Hypermedia 

System s (A H Ss)' have trad itionally  a ttem p ted  to  deliver dynam ically adai)ted

'W hile the vast majority of Adajjtive Hypermedia System s are today constructed as A daptive  

Web System s, the work presented within this thesis could be applied to other forms of hypermedia.

1



and perHOiialised experiences to  users on the web, tlirougli tli(' secjuencing and 

adap ta tion  of reconiposable resources. W hile the efiectiveiiess of such system s 

and tlie benefits of tlieir use liave been proven in numerous studies [Conlan2004a, 

Plate2006, Steicheu2009a, Brusilovsl^y 1998a, Hoolvl997b], the adaptivity offered by 

AHSs can l)e restricted by a lack of sufficient resources in terms of volume and co7itent 

requirements (granularity, style and m eta-data), as well as tntervperabihty between 

AHSs [Brusilovsky2007h]. Such adaptive systems have traditionally relied upon the 

m anual and labor-intense protluction [Dieberger2002] of bespoke proprietary closed 

corpus content'^. The result, typically is the production of relatively low volumes of 

recomi)osable resources (i)roduced in most cases at high costs), which represents a 

m ajor obstacle to  AHS widespread adoj)tion [Brusilovsky2()07h, Conlan2()02].

Furthermore, as the necessity to target smaller niches increases, so does the need for 

even greater voliunes of resources, covering larger ranges of information needs. As 

pointed out by [Steichen2011a], “the production of [AHS] resources a-priori of any 

[user] interaction, generally assumes that the type and quantity  of re.sources ne('d('d 

for a particu lar AHSs is known in advance of syst('ni d('ploym ent". However, in a 

scenario involving ever larger nmnbers of users, with more' specific and diverse needs, 

the range of possible content type recjuirement combinations i)ecomes very large and 

hence the num ber of requests also spreads across this range. As a consc'ciuence, the 

difficulty involved in predicting the type and (juantity of content to be i)roduced in 

advance naturally  also rises.

W ithin  this context, the ability to sui)ply adec}uate resources needc'd by AHSs (to 

provide i)ersonalisation on such a large range of user needs) could only be sustained if 

these resources w^ere produced only as needs arose, which would remove the necessity 

for any content ty p e /q u an tity  predictions to occur. Such a novel and hyj^othetical 

content j)roduction service would be recjuired to produce resoiu’ces i) in large volumes, 

ii) on demand, iii) autom atically and iv) at low costs, v) suitable for reuse within 

various AHSs to  siqiport an undeterm ined range of activities.

For this rea«on. the broader and more conventional term hypermedia is used througliout this thesis

as opposed to the latter.
^The definition of what constitutes closed corjjus resources, is formalised in section 2.3.3
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Op('ii A(la])tivo Hyperniedia System (OAHS) research addresses parts of this cliallenge 

by leveraging open cor])iis resources'^ available on the W W W  and utilising them  

w ithin AHSs. This field of research aims to  provide AHSs with a set of resources 

covering a more open range of information needs. However, when open corpus reuse 

has i)een ac'hieved, it is trad itionally  perform ed manually [Henzc2001a] or a t best 

using autom ated approaches tha t treat such resources as document level ])ackages only 

(section 2.3.4). The usage of these teclmicjues has met with very limited success, even 

when incorporating relevant open web information. These content supply technicjues 

suffer because they only provide one-size-fits-alL un-customised  delivery of results, 

w ith limited control over the granularity, content format or associated m eta-data of 

resources targeted  for reuse by AHSs [Levacher2()12d]. Oi)en web corpus m aterial, 

in its native form, is very heterogeneous. It comes in various form ats, languages, is 

generally very coarse-grained and contains luniecessary noise such as navigation bars, 

advertisem ents etc.[Weissig2009, Gottron2008a]. As pointed out by [Lawless2()09], 

there is an inverse relationship between the potential reusability o f [...] content and 

its granularity. The reuse of one-size-fits-all open web resources could be imj)roved if 

reused in different sizes and removed of superfluous content such as navigation bars, 

advertisement etc.

Furtherm ore, in order to  be reused for j)urposes not necessarily i)laimed by the 

original open corpus content authors, AHSs require the resources supplied to  meet 

sj)ecific content recjuirements. In o ther words, in the sam e way copper or gold are 

mined as raw materials, j)rocessed and further reused for various j)urposes, oj)en web 

corpus resources should be harv^ested as i)reliminary resotu'ces and converted into 

retisable tailored content packages, serving specific content reciuirements needs of 

individual AHSs. A one-size-fits-all delivery of oi>en web corpus content to  AHSs 

would be equivalent to the reuse of raw copper material without any post-excavation 

modifications.

More recent OAHS approaches [Steichen2012b, \\^al2007, Tang2()10] have attem pted 

to  sem i-autom atically  tailor open web content through the  use of hand-crafted

'^The definition of what constitute.s open corpus resources is forniahsed in section 2.3.4
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n'HOurce specific algorithnis, for tlie purpose of nnise w ithin i)rc(lefiiu'(l AHSs. 

Sucli approaches to  open corpus reuse are referred throughout tiiis docum ent 

as conteiit/A H S specific techniques'. A lthough these techniques ])rovi(le liiglier 

control over the granularity  and reuse of such resources, only a pre-defined set o f 

open web resources can be targeted  for reuse, for pre-determ ined AHSs, content 

requirements and reuse cases. W henever new resources or different niche content 

re(juirenients^ emerge, existing algorithnis nuist be changed, or rejjiaced altogether, 

riiese techniques, in essence, attem pt to deal with the challenge of open web corj)us 

heterogeneity by reducing the degree of unpredictability and variability inherent to 

such resources and AHS content needs, which limits the scale of reuse.

The key ‘m otivation o f this research is to improve the reuse o f open web corpus 

resources w tthin independent^ AH Ss, by reducing the impact caused by both the 

unpredictability o f resources tarxjeted fo r  reuse or intended reuse purposes.

f hrough the identification and develoi)ment of dynamic means of oj)en web content 

harvesting, custom isation and delivery, a service can be m ade which meets the 

requirem ents of the hyjjothetical content i)roduction service outlined above. More 

specifically, a fully-automated ( iii) service can tie made which provides the on-demand 

( ii) supply of large volumes of recomi)osable resources ( i), meeting arb itrary  

AHS-s])ecific niche content requirem ents ( v), at low cost ( iv).

riie  dynamic reuse of open corpus resources available on the web can be i)erformed 

w ithout the need for any ojien corj)us or AHS content reciuirenients pre-conditions 

to be met. Such an approach is referred throughout this document as content/A H S 

agnostic open corpus reuse^. Such a service would enable the delivery of more scalable 

personalisation exj^eriences, covering a wider range of needs, and would emi)ower AHS 

designers to  concentrate their decisions upon oi)tinial system adaptation behaviour 

ra ther than  content production.

^The definition for content/A IIS  specific tecliniques is formalised in section 2.3.4.4 

®The definition of niche content requirements is formalised in section b )  and the glossary 

®The definition of independent AHSs is formalised in the glossary 

^The definition for content/A H S agnostic techniques is formali.sed in the glossary
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1.2 Research Question

T h e  research  q uestion  in vestigated  in th is  thesis  is: What are the techniques and 

technologies required to improve the reuse of open corpus resources withm independent 

AH Ss?

B y reuse  im provem ent, th is  thesis focuses upon  th e  ah ih ty  of A HSs to  request 

o i)en-corpus resources i) w ith o u t any p re -d e te rm in ed  cond itions i i)  as rig iit-fitted  

co n ten t packages, Hi) based  upon  a  vari.ety of possib le AHS co n ten t reciuirem ent 

specifications, u ndeterm ined  in advance*.

T h is  research  is focused upon  th e  design an d  developm ent of a service im{)roving 

th e  reuse of open corpus con ten t available on th e  W W W . T he aim  of th is service is 

to  enab le  th e  harvesting , righ t-fit ting® and  delivery of open web con ten t as [)art of 

custom i.sed co n ten t packages, w hich can be  d irec tly  incor])ora.t('d and  recomi:)Osed 

w ith in  AHSs. T he reuse of th e  conten t packages, which are generated , should focus 

upon  th e  adecjuate in teg ra tio n  across various in d ep en d en t AHSs as op[)osed to  

predefined and  ded ica ted  con ten t consum ers.

1.3 Research Goals and O bjectives

r i ie  propos('d  research  (luestion, can  be  su b d iv id ed  in to  th ree  n ia jo r ob jectives 

nam ely:

1. To investigate  and  specify techn iques an d  technologies w'hich can be  used 

to  enab le au to m a te d  reuse im provem ent c f open  corpus resources cap ab le  of 

su p p o rtin g  niche con ten t requirem ents of independen t AHSs.

2. To design and im plem ent a con ten t/A H S  agnostic slicing'*’ service, based uj)on

* T h is  definit ion o f  reuse im provem ent is e sta b lish ed  in part icu lar in o p p osit ion to  tra d itio n a l

Inform ation {Retrieval (IH) services, which currently only provide the ab ility  to  request open-corpus

resources as one-size-fits-a ll packages, in an arbitrary form at, based on ly  upon content requirem ent

sp ec ifica tio n s lim ited  to  keyw ord-based queries (sectio n  2 .3 .5 )

form al defin ition  o f r ig iit-fittin g  is availab le in th e  g lossary  

'° 'r iie  concep ts o f both  slicing  in general and co n ten t/A H S  slicing  are form alised in section  ;3.3.2



tlieso techniques, whicli can provide the on-deniand harvesting, custom isation 

and dehvery of open corpus content to AHSs.

3. To evahiate the extent to which sucii a service can improve the reuse of oj)cn 

corpus resources witliin intlependent AIISs

1.4 Research Approach

As presented in the previous section, the main contribution brought forward by this 

res('arch focuses on the  investigation of a novel reuse mechanism for open corpus 

resources. In particular, this research focuses upon the reuse of such resources as part 

of a tool chain, combining different fields of research together in order to  ini])rovo 

their reuse as part of AHSs.

Since investigating in detail each individual fields of research, combined for the 

l)urj)ose of th is tool chain, would have been im practical, the research process 

undertaken for this investigation aimed instead to evaluate as a priority the feasibility 

and limits of such reuse a*s an overall ap])n)ach. Assuming, the investigation carried 

out validates this ai)proach, individual fields of research corresponding to  each 

component could be improved separately, in futiu'e research, to further enhance the 

performance of the tool chain.

I 'he  rest of this section ])resents the overall steps carric'd out as part of this research.

hi order to accomi)lish the research goals and objectives identified above, it was first 

necessary to conduct a review of content reuse ai)proaches currently in use within the 

research community. Chapter 2 of this thesis hence, ])reseiits a state of the art analysis 

of content supply and reuse m ethods used in general and more specifically w ithin 

the  AHS community. An identification of opjjortunities and lim itations of current 

apj)roaches is presented, followed by a review' of content analysis and adap ta tion  

algorithm s. During the process of carrying out this review', it became increasingly 

clear th a t the  ability to fragm ent open corpus resources w'ould re])resent a critical 

component of a reuse tool chain. For this reason, an im portant section of this cha])ter 

is dedicated to such algoritlmis.
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T he vision of a novel content siipjjly service, supporting the au tom ated  reuse and 

custom isation of oj)en web resources for consumption witliin AHSs, is then outlined 

in chapter 3. Influences resulting from state-of-the-art investigations, presented in 

the  preceding chapter, are siunm arised leading to the selection of sj)ecific design 

reciuirements which this service should supj^ort.

A technical description of Slicepedia, a novel tool chain application autom ating the 

custom ised reuse of open wet) content is then provided in chapter 4. Slicepedia is a 

service wdiich provides AHSs with custom ised and recomi)osable content packages, 

au tom atically  produced on dem and, through the  autom atetl reuse of open corpus 

resources. An overall description of the system ’s architecture is presented along with 

technologies used to imj)lement the design requirements enunciated in the jjreceding 

chapter.

This thesis subsequently proceeds with a description of the various analysis and user 

trials carried out for the puri)ose this research. Each evaluation is alignc'd with the 

research ciuestion aufl objectives enunciated in section 1.2. The overall evaluation 

of th is research ranged from c}uantitative component-specific m easurem ents up to 

comprehensive system-wide user bc\sed trials. I r ia ls  were conducted across various 

content reuse vehicles for which individual technical characteristics relevant for each 

ex])eriment are exjjlained. Results obtained for each experiment are then j)resent('d 

in relation to  corresi)onding initial research objectives. More specifically, the  first 

exj)erim ent presented in this chapter aim ed a t evaluating the perform ance of a 

fragm enter algorithm  selected from the review" carried out in chapter 2. Since t he 

adequacy of th is algorithm  for the purpose of this tool chain was unknown at the  

tim e th is research was carried out, the hypothesis of this experiment focused upon 

validating this fragmenter selection as well as identifying its performance with respect 

to  additional characteristics missing at the tim e in the literature.

While the first experiment focused upon one critical component of the tool chain, t he 

last two ex])eriments on the other hand, aimed at investigating directly the overall 

reuse approach proposed by th is research. The hypotheses of these ex[)eriments 

aimed initially at evaluating whether a slicing approach, in ideal condition and with

7



a (l((licat('(l AHS, does iiiiprovp the rouse of open cor])us resources or not. Assiuning 

it does, tiie sulxsecjuent liyjjothesis thereafter investigates the tradeoffs involved when 

u.'sirg a content-agnostic approach to slicing. The hyi)othesis in the last experiment, 

SI ibseciuently focussed on investigating w hether such an approach can represent a 

vrtli'l solution to  supply open corpus resources for reconij)osition as part of various 

iiidi pendent AHSs.

\V h le investigating the  fragm enter algorithm  selected for this research, it became 

apparent tha t the performance of this fragm entation approach wa.s dependent upon 

thie type of ojHni corpus resources targeted. Although, this clearly represejits a 

dra'vl)ack which will need to be addressed in the future, since the diversity and 

voh.me of resource targetable by this algorithm is still very large, this disadvantage 

d id  not im peded the  goal sought by this research w ith respect to validating the  

overall reuse ajjproach. I 'h e  last two experim ents presented in this chaj)ter where 

theiefore carri('d out upon this siibset of open corpus resources.

I 'h is  thesis finally concludes with a (lescrii)tion of the objectives and achiewements 

can ied  out within this research. The key contributions provided to the sta te  of the 

a r t  cjf open content reuse are smnniarisc'd and presented in chapter 6. Finally, a 

discussion of a])i)ro])riate future work, which unfolds based on tlie outcomes of this 

rc'scarch is set forth.

A lthough there are several research fields which intersec't with this investigation, 

certain  areas are deemed outside the scope of this thesis. As the challenge of 

identifying web resources relevant to a particular query is a very well docum ented 

and established field of research of its own (section 2.3.5), this research considers out 

of sco])e this issue and instead focuses u])on the custom isation and delivery of such 

resources for reuse within AHSs. Although the use of an independent content sui)i)ly 

system for AHSs unveils new op])ortunities with respect to the range and specificity 

of personalisation exi)eriences possible, it is not w ithin the  scope of this research 

to  deliver next generation AHSs as such (section 6.3). The exploration of resulting 

repc'rcussions upon possible new application use cases will need to  be addressed by 

future research. Finally, in order to deal with the significant technical challenges of
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open corpus content right sizing and reuse, copyright and cHgital rights, security and 

privacy nianagenient issues will also be considered out of scope of this research.
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Chapter 2 

State of the Art

2.1 Introduction

'I'lii.s cliapter jjrovides the reader witli an insight into AHSs, as well as content reuse 

and analysis techniques in general. The aim is to provide the reader with an overall 

context of the research area, so as to extract relevant lim itations and influences from 

the sta te  of the art, which will subsequently be used to develop design requirements 

in the following chapter. The aim is also to contrilnite to  tlie first ol)jective of this 

research by presenting a set of technologies and aj)i)roaches, which could imj)rove 

the reuse of open corpus resources within AHSs in general.

Section 2.2 of this chapter therefore initially presents th e  reader with a general 

overview of AHSs, their anatom y and most connnon hyperm edia adap ta tion  

teclnuques used, for the purpose of delivering jjersonaliscd experiences to individual 

users. This section solely intends to provide a brief overview of these system s and 

technicjues for the purposes of design requirem ent extraction in the next chapter.

Following th is overview of AHSs, section 2.3 concentrates upon describing and 

analysing the various content supply models used by these systems. As most of the 

research jMesented in this thesis deals with this aspect of AHSs, this area is covered 

in more details than the previous section. The aim is to provide' a context for further 

discussion related to limits of oj)en corpus incorporation techniques (section 2.3.4).
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Section 2.4.2 and 2.4 saihsecinently presents approaches and technologies used to 

reuse content in general and o])portunities available in fields of research dedicated to 

the analysis of resources in general. At an early stage of this research, the component 

responsible for the fragn ientation of open corpus resources was identihed as a critical 

element of any slicer inrplem entation. At that time, this field cjf res('arch appeared 

to  be still a t an early s tage , with no ck'ar overall consensus a« to l)est i)ractices or 

technologies to  use. A review of thes(> techni(]ues was therefore i)erformed. This 

review, which rej)resents an im portant part of resource analysis teclmicjues presented 

in this chapter, served as a basis for the selection of a fragmentation approach to be 

used for in chapter 4.
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2.2 Overview of AHSs

2.2.1 Introduction

In a society were swift access to information is becoming critical, AHSs are becoming 

increasingly poi^ular tools for user-driven access to inform ation [Brusilovsky 1996a]. 

AHS is an area of research which combines the fields of hypertext and user modelling. 

Given a diverse user population, a web or traditional hyperm edia system will suffer 

from the inability to  l)e ’’all things to all people” [Brusilovsky2001]. AHSs offer an 

alternative to  the  trad itional one-size-fits-all hyperm edia oxperience, by ada{)ting 

various visible aspects of the system  to the goals, learning style, and knowledge 

[Conlan2()02, DeBra2006a, Brusilovskyl996] of individual users as they interact with 

the system [Henze2002a].

Since Brusilovsky introduced the first classification of AHSs [Brusilovskyl996a], the 

field of adaj)tive hyperm edia research has grown rapidly  and has resulted in the 

development of many apjjroaches and systems. I'h is section therefore does not intend 

to provide an exhaustive list of AHSs, architectures or adap ta tion  approaches, but 

instead to present the most influential systems and techniques, used within this field 

as a basis for further discussion in subsequent chapters of this thesis. A more detailed 

(lescrii)tion of these systems, can be found in reviews carried out by [Knutov2()09] or 

[Brusilovsky2001].

2.2.2 Anatomy of AHSs

A lthough a variety of AHSs have been built th roughout the years, there is still 

no consensus as to  w hat is the  ideal architecture and anatom y of such system s 

[Knutov20()9]. To this day, new models [Knutov2010], which attem pt to unify modern 

api)roaches, are still being proposed in order to  take in to  account latest adaptive 

aspects and practices introduced by the conununity. A first attein i)t to  i)rovide a 

generic architecture for AHSs was i)roposed by [DeBral999f] with the AH AM model. 

Since this model possesses most of the components currently encountered in modern 

AHSs, it represents a good reference point for subseq>ient AHS architectures presented
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in tliis (locunient. As can bo scon in figure 2.1, in order to provide a personalised 

experience, AHS designers are required to specify how the information j)resented to 

individual users will be adapted based upon changes which occur within a domain and 

user model. This behaviour is generally encoded in the form of rules, triggered while 

the user interacts with the platform. It produces a detailed sj)ecification, describing 

how the adaptive presentation should be generated for a given user. 'I'his set of rules 

is generally referred to as an adai)tation model and is interpreted by an adaptation  

engine. A runtim e component thereafter consumes this specification and builds the 

I^resentation disi)layed to  individual users, based upon w hat content was selected 

and how it is composed together. T he dom ain model describes how inform ation 

or knowledge modelled w ithin an AHS is structured . It usually rej)resents this 

information as a set of concept hierarchies, along with their relationships and m utual 

dependencies. The user model on the other hand, represents arbitrary  characteristics 

of users taken into account by a AHS suc'h as current knowledge, goals, learning 

style etc. Knowledge within a user model usually refers to concej)ts provided by the 

dom ain model and can be updated by rules specified w ithin the  adaptive engine. 

[Dimitrova2003] for examj)le, proposes the concept of an open user model (open to 

the  user for insj)ection), constructed by im porting existing concepts from a domain 

ontology [Bontcheva2()04] and updat('d through the interaction of the us(>r itself with 

the system. Finally, the within-componeiit layer in the AHAM model refers to  the 

content available to  the AHS for presentation purj)oses. I 'h is  layer, also referred to 

as the  content model, represents both  w hat resources are available to  the system  

and how they are connected to each other. Each resource is addressable through the 

anchoring layer which enables a separation of concern between how the  content is 

stored and how it is being used by the adaptation  engine.

Over tim e, AHS architectures have evolved increasingly tow ards more m odular 

and com poneiit based architectures [Brusilovsky2t)Ul], each in tu rn  a ttem p ting  to 

aj)ply and improve separation of concerns between preem inent functions of systems 

developed. As can be seen in figure 2.2, the same principles and basic components are 

employed by the Adaptive Personalized eLearning Service (APeLS) model introduced 

by [Conlan2002] a few years later. P rior to APeLS however, the  pedagogical
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F ig u re  2.1: AHAM Model [DeBral999f]

models (case based learning, siimilations etc.) used in educational AHSs were either 

em bedded in the content or into the adaptive engine itself. This situation  recjuired 

the re-authoring of the content or adaptive models whenever a new pedagogical model 

was introduced. For this reason, Conlan proposed in APeLS, an additional separation 

of concern regarding the pedagogical aspects of AHSs encapsulated within a narrative 

model. This multi-modal m etadata-driven model encodes a set of generic strategies for 

presenting concei)ts, based upon various pedagogical ai)proaches. Selected narratives 

and content are thereafter consolidated within the adaj)tive engine, which facilitates 

the  reuse of learning resources across different podagogical models. More recent 

research has brought th is separation of concern and AHSs m odularity  yet a step 

further, through the d istribution of various AHS functionalities across the internet 

via web services [OKeeffe2012, Henze2005, Staikopoulos2012]. [Steichen2011a] for 

instance, shows how even concerns related to content models can be delegated to an 

external web service.

2.2.3 AHS A daptation Techniques

Once an AHS possesses the necessary d a ta  w ith in  its various models, it is ready 

to  perform  various a d a p ta t io n  te c h n iq u e s  to  deliver a personalised experience 

to  each individual user. A lthough m any classifications are possible, the  following
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taxonom y' was selected based ni)Oii the resource supply and/or reuse implications 

involved w ith in  AHSs, which w ill become relevant for the rest of this document. 

From the persi)ective of AHS resources these teclmi(}ues can hence be classified into 

three separate categories namely, i) resource modification, ii) resource sequencing 

and iii) resource recomposition technicjues.

Resource modijicntion  teclmiciues aim to modify resources i)resented to ind iv idual 

users based upon the ir goal, knowledge or preferences. A large number of 

these modifications make use of link adaptation teclmiciues or relevance eni])hasis 

technicjues. L ink adaptation technicjues aim to improve the overall browsing 

experience o f ind iv idua l users by either i) hiding [DeBra2006b, Brusilovsky 1998a], 

ii) ordering [Kavcic2004, Smytli2003], iii)  annotating [Koidl2011, Zellweger 1998a] 

or iv) autom atically generating links [Kavcic2004]. Systems such as the UNIfied 

Task-based browsing Exj)erience (U N ITE) [Koidl2011] service for examj)le, uses link 

annotation technicjues to  prcwicle cross-site i)ersonalisation to users. I t  does so by 

annotating links w ith  circular icons (figure 2.3) filled w ith  a colour based uj)o ii the 

toj)ical relevanc:y of the targeted page w ith  respect to a current web search session. 

Relevance emphasis technicjues, on the other hand, aim instead to help ind iv idua l

'Since the slicing of video and graphic medium is considered out of scope of this research (section 

3.3.2). ada|)tation teclmiciues specific to these mediums are also om itted
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users focus their attention in priority upon the most relevant information presented to 

them , by using techniques such as i) stretchtext [Hookl997b, \Veal2007], ii) sorting, 

iii) dinnning [Brusilovsky 1996a], iv) highlighting [ChenitiBelcadhi2006] and v) scaling 

[Tsandilas2004]. S tretch tex t techniques for exam ple, hel[) users focus on relevant 

content by hiding contextual information of less relevance l)ehind collapsible/hideable 

panes. Placeholders, usually containing a short header sunnnarising the hidden 

inform ation, signals to users the presence of additional content (figure 2.4).

W hile previous techniques focus upon adapting the way in which existing resources 

are presented to  users, resource sequencing techniques on the o ther hand focus 

instead upon the decision mechanisms used to determine in which order (or at what 

m om ent) resources available to  a AHS are sequenced (or suggested) to  individual 

users. Sequencing decisions can be made based upon i) prior behaviour of a single or 

large group of users with a specific set of resources [Wexelblatl999] or ii) based upon 

various a ttr ib u tes  of the content itself. Concept based m ethods [Staikopoulos2013, 

Brusilovsky2007b] for example, assign one or m ultiple concepts (typically contained 

within the domain model) to each resource, in order to determine which resources to
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present, based upon each individual user model.

Fragment variant approaches [Henze2001a], or resource, recomposition  techniques 

are also extensively used cis adaptation mechanisms w ith in  AHSs. AHSs using 

th is technicjue construct pages displayed to  users in real-time, by selecting and 

recomposing api)ropriate self-contained fragments (text paragraph, pictures, videos 

etc) in to coherent page-level resources. F inal pages presented to users using this 

technique are only created once the exact combination of user needs has been 

determined by the AHS, which reduces significantly the level of labor involved 

when creating these resources. Steichen et. al [Steicheu2{)lla] for example use this 

teclmicjue as part of the Personal M u ltilingua l Customer Care (PM CC) system. 

As depicted in figure 2.5, m ultilingual pages presented to users are composed of 

ind iv idua l monolingual fragments. The fragments are selected in realtime based 

upon both the combination of languages understood by each user as well as search 

results available in the system.
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2.2.4 Conclusion

I'liis section presented to the reader with an overall description of the anatom y and 

adap ta tio n  techniciues used by AHSs in general. Since this research is prim arily 

concerned with the content models and supply aspects of these systems, the following 

section of this docum ent will concentrate in more details upon this aspect of AHSs 

in particular
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2.3 AHS Content M odels & Supply Paradigm s

2.3.1 Introduction

'I'ho previous section of this chajiter presented an overall view of the anatomy of AHSs 

along w ith the adaj^tation teehniciues they rely on, in order to deliver personalised 

experiences to  individual users. I ’his section in contrast, presents in more details 

aspects of AHSs related to  content models. In particular, it initially describes the  

reciuireinents such models m ust seek to fulhl, based upon adap ta tion  teclmicjues 

perform ed by AHSs, and subse(}uently descriljes the different technicjues wdiicli are 

used to  implement these requirem ents along with their lim itations.

As the second objective of this research aims to develop an autom ated content supply 

system  to  be used by various indei)endent AHSs, content supply models th a t rely 

u])on m anual or com m unity driven approaches are presented for the  pur])ose of 

clarity, however are not discussed in considerable details. Since this objective is to 

develoj) a content supply system  indepenck'ut of AHSs. this imj)lies such a service 

does not have access to a dedicated AHS user base to support its content production 

and hence only represents a sideline of this research. Additionally, as the retrieval of 

open corpus resources through IR techniques is considered out of scoj)e of this thesis 

(section 3.3.2), an overview of these teehniciues is presented to the reader as opposed 

to a detailed description. W ith respect to both of these cases, references to reviews, 

which focus specifically upon these fields, are provided to the reader.

2.3.2 Content M odels Overview

In order to support an AHS, a content model nnist enable the delivery of resources 

which m atch various a rb itra ry  combinations of recjuirements, provided by a given 

AHS. This set of requirem ents is referred to. within this thesis, as AHS content 

re(}uirements^. AHS niche content requirements refer to  one unicjue com bination of 

resource a ttribu tes, which a j)articular AHS requires in order to provide an arb itrary

^The difference between what constitutes A llS  niche and broad content requirements is formalised 

in the glossary
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niche personalisation exj>erience to  an individual user. Broad content reqxiircments 

on the  o ther hand, refer to  the collection of various niche content requirem ents 

required by one or many AHSs^. The set of conten t requirem ents produced by an 

AHS indirectly results from the personalisation experience intended to be produced 

for a given individual user. An AHS requires resources supplied to  m atch these 

requirem ents in order to  support the adap ta tion  techniques presented in section 

2.2.3.

In addition to  creating resources in the first place, the {production or conversion 

of a set of hyperm edia resources in a form which is deliverable to AHSs, requires 

individual resources available w ithin a given content model to  i) be produced w ith 

properties m atching the broad potential content requirem ents of an AHS, and ii) be 

augmented with additional information supporting its adaptive reuse. This additional 

inform ation is referred to by [Brusilovsky2007h] a« adaptation-spexific information.

In order to guarantee an AHS will have sufficient ade(}uate resources to  recompose 

together and present to individual users, AHS content model designers must guarantee 

sufhcient resources with adequate properties such as language, style (list, paragraph), 

m edia type (text, image, video) have been produced/included within the repository 

used a.s a basis for the content model. If fragment variant adaptation technicjues are 

to be used by the AHS, content must also l)e created as self-contained resources of 

adequate granularities.

W ith  respect to  adaptation-specific inform ation, these can be separated  in four 

different subcategories consisting of: i) a ttr ib u te , ii) inter-docum ent, iii) ex ternal 

model connection and iv) intra-docum ent information.

Attrihute inform,ation sim ply consists of m etad a ta  describing the type and 

properties of docum ents available w ithin the  content model. Resources w ithin 

the  KBS-H yperbook AHS [Henze2001a] for exam ple can be m arked of type 

’’introductory” , ’’quiz” , ’’example” , etc. The Adaptive Retrieval and Composition of 

Heterogenous INformation sources for personalised hypertext Generation (ARCHING) 

AHS also describes resources based upon properties such as ’’language” , ’’size” etc.

^T he defin ition  o f A H S content requirem ents is form alised in t iie  g lossary
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This iiifonnation  is used in order to  identify and retrieve the most adecjuate docum ents 

w itliin th e  corpus, m atch ing  as close as possible th e  content requirem ents rec}uested 

by a AHS.

Inter-document inform ation on the  o ther hand, assigns relationships as links betw een 

these resources in order to  jnoduce a  hyperspace network between docum ents. Links 

can  also be assigned  a t tr ib u te s  (iis for do cu m en ts). I 'liis  in fo rm ation  is used to  

enable user navigation betw een resources and also support link adaj)tation  technicjues 

(section 2.2.3) used by AHSs to  guide users to  th e  m ost ap p ro p ria te  docum ents.

Docvunent coimections to external models can also be  added  to  j)rovide ad d itio n a l 

know ledge b eh in d  th e  hyperspace. T h ere  ex ists a vast varie ty  of m odels th a t  

can  be  used for th is  puri)ose such as concei)tual, pedagogical or goal m odels for 

exam ple  [Brusilovsky2()07h]. T h ese  connections are necessary to  su p p o rt co n ten t 

concep t-based  secjuencing techniciues (section 2.2.3) perform ed by AHSs. T h e  m ost 

])opular ap])roach consists of connecting  docm n en ts  w ith  a  dom ain  m odel. In th e  

InterB ook AHS for exam ple [Brusilovsky 1998c], docum ents are connected to  a dom ain 

m odel w ith  links ty p ed  based upon  w hether th e  dom ain concepts assigned to  th em  

are ou tcom es or j)rerecjuisites to  th is  rc'sourc'o.

Finally, intra-document information  providing details abou t in terna l charac te ristic s  

of a  docum ent (topic covered by p arag rap h , title  section of a resource) can also be 

ad d ed  to  resourc:es. T h is  in fo rm atio n  provides AHSs w ith th e  al)ility  to  p rovide 

resource m odification ada j)ta tion  to  users by applying for exam ple relevance em phasis 

techniques (section 2.2.3) on selected  sections of resources as opposed to  o thers.

T h e  following sections describe various ajjproaches which are used to  p roduce  such 

co n ten t supp ly  m odels to  su p p o rt AHSs.

2.3.3 Closed Corpus Content Delivery M odels

E arly  pioneer AHSs [D eB ral998, B rusilovskyl996, D im itroval998 , Silval998] aim ed 

a t exp lo ring  th e  p o ten tia l benefits of hyperm ed ia  ad ap tiv ity  an d  th e  possib le  

tech n iq u es  th a t  could be  used to  achieve it (section 2.2.3). For th is  reason , AHS 

research was m ostly  focused upon w hat could be achieved by these system s, given the
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adociuate coiiteiit was available to use, rather than the profluction of the content itself. 

Hence, content models of these early system s were based upon sets of resources, 

m anually handcrafted  s])ecifically for the purpose of supporting  the adap ta tion  

technique dem onstrated by each individual AHS [DeBral997]. Such content models 

are now referred to as closed corpus content models. A closed corpus of documents, 

consists of resources where docum ents, their a ttr ib u tes  and relationships between 

documents and external models, are known to AHS designers a t system design tim e'. 

A closed corpus AHS (referred in this thesis as trad itional AHS) is therefore an 

adaptive system  which operates on a closed corpus of documents.

W hat makes this content model so special is tha t resources available in these systems 

are highly curated and match AHS content requirements with high precision. Hence 

it enables AHSs to  l)e supplied with the ideal resources needed to  deliver chosen 

adap ta tion  techniciues effectively to users, which in tu rn  allows the full power and 

benefits of adaptiv ity  to be explored.

However, although the benefits of such system s have been dem onstrated  on 

num erous occasions (section 2.2), they  have so far failed to  become wide spread 

[Brusilovsky2007h]. I ’he overall range of recom positions and adaptivity , delivered 

by an AHS to individual users, is ultim ately restricted by the diversity and volume 

of resources p u t a t its disj)osal [Levacher2011]. Because closed corpus content 

models are built manually, they do not scale and are impractical for most real world 

applications. No content provider is able to  invest the  necessary tim e to s truc tu re  

and index thousands of documents as required by these systems (section 2.3.2); worse, 

these systems need constant maintenance, as new information needs arise over time, 

since they are only able to function over sets of docum ents prepared at design time 

[Brusilovsky20()7h]. The labor-intensive, and thus high cost (with respect to  labor 

hours), requirem ents imposed upon the creation of such content models, necessarily 

results in a limited volume and diversity of resources, available for delivery to AHSs 

[Conlan20()2].

''This definition is inspired directly from that given by [Brusilovsky2007h], and is forniahsed in 

t.lie glossary
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In addition  to the  strong labor requirem ents, another reason explaining the  low 

volume of resources available to  individual AHSs, resides in the so-called closed 

garden na tu re  of these content models. Resources produced for these system s lack 

intero{)erability between AHSs. They are only available w'ithin proprietary form ats  

and are built for specific AHSs w'ith predefined reuse purposes intended by the  

designers of each system (the AHS and content model designers are usually the same 

group of people) [Henze2002a].

Because resources available in closed corpus content models are built manually, 

a-priori of system  deploym ent, th is also entails the  need to  predict the type and 

cjuantity of resources, which will be needed by AHSs, based upon individual user 

needs [Steichon2011a]. This thesis defines an a-priori content supply ap])roach as a 

supply model in which the content recjuirements needs of AHSs are kiiowri to  the 

content supply model a-priori of any request, and resources are produced to m atch 

these requirem ents at design time.

T here is an inherent dilennna regarding a trad itional content supply production 

model for AHSs. On the one hand. AHSs aim to delivery experiences personalised 

to  individual users, based upon various combinations of criteria, which themselves 

become increasingly unpredictable as the m agnitude of possible user preference 

com binations increa.ses. As was presented in section 2.2.3, in order to  deal with 

this unpredictability inherent to  AHS user needs, fragment variation teclmicjues are 

already being used to reduce the need to know in advance what combination of needs 

individual user will require, and instead combine different elements of a page as these 

needs appear. However, this content is produced a-priori of system deploym ent, in 

low volumes and at a high cost. Hence, in order to maximise resource consum ption 

(or re tu rn  on investm ent), it also must be produced as ones-size-fits-all as possible, 

w ithout affecting too nmch the  personalisation potential deliverable by the  AHS, 

so th a t  it is reused as often as possible for many users. This involves a high risk 

in predicting in advance w hat will these common user needs be once the  AHS is 

deployed. A risk which increases as the personalisation serves a wider range of users 

w ith more jjersonal needs.
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Hence, if tlie full ])otential of AHSs is to be brought to a m ainstream  audience, each 

of the issues concerning traditional content supply models, presented above, must be 

addressed.

2.3.4 Open Corpus Content Supply M odels

In parallel to the development of traditional AHSs, a wealth of diverse information 

has now become accessible on the W W W  as open corpus resources [W^eal2007]. These 

resources can be viewed, from the point of view of educational AHSs for example, as 

large collections of learning m aterial [Sosnovsky2012]. For many subjects, one can 

find online tu torials, examples, problems, lectures slides, etc. Hence, the reuse and 

incorporation of open cori)Us content could expand the range of adaptivity  offered t)y 

AHSs. An open corpus of documents, consists of resources where docum ents, their 

a ttr ib u tes  and relationships between docum ents and external models are unknowai 

to  AHS designers a t system design time^.

As presented in section 2.3.3 however, trad itional AHSs can only opera te  upon a 

predefined set of limited resources, that have been manually structured and connected 

w ith  i)roi)rietary dom ain models a t design tim e. O pen cor])us resources available 

on the web on the  o ther hand are very diverse. They come in different languages, 

cover an unrestricted set domains and are available in different formats. In order to 

leverage the  full po ten tia l of resources available online, AHSs nnist hence m anage 

to  [)rovide the  sam e adaj)tivity  delivered with closed corpus content, b u t instead 

w ith an unrestricted  quantity  of resources, of tyi)e and content unknown at design 

time, riiis section presents such systems, called Open Adaptive Hypermedia Systems 

(OAHSs), which a ttem p t to deal with this problem.

2.3.4.1 Direct Open Corpus Reuse Content Delivery Models

As mentioned in section 2.3.3, the power of AHSs relying upon closed corpus content 

supply models resides in the fact tha t resources provided by such models are canned 

and know'll in advance at system  design tim e [Knutov2009]. This allows AHSs to

®Thi.s defin ition  is insp ired riirectly from th at given  l)y [B rusilovsky2007h], and is foriiialised in 

t he g lossary
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make full usage of known adaptation tecluii(}ues (section 2.2.3) in order to ])rovide 

the l)Ost ])('rsonalised experience possible to individual us('rs. Nevertheless, the 

level of uiaiiual labor involved in the creation of these resources along with the 

adaptation-specific information necessary to support these adaptation technicjues, 

involves a great deal of effort, which limits the volume of such resources which can 

be created.

AHSs based ui)on an open corpus content supply model on the other hand, do not 

rely upon the creation of resources as such (since by definition they reuse existing 

content available on the web), which significantly reduces the amount of manual labor 

involved. Nevertheless, as for closed corpus content supply models, the development of 

such a content supply model requires the addition of adaptation-specific information 

to these web resources. Open corpus resources typically do not provide any element 

supporting the adaptive navigation and reuse of such resources [Steichen201 la]. 

In contrast with the closed corpus approach however, the resources to which this 

information must be added are unknown at design time. Hence the addition of such 

information can only be performed at run-time [Knutov2009].

For this reason, research carried out towards the develoj)ment of OAHSs has so far 

focused as a priority upon the elaboration of techniques which sujjport the addition of 

intra-hyperspace and indexing information to open corpus documents after AHSs have 

been deployed. Technicjues currently used to achieve this purpose can be divided into 

three categories consisting of: i) user-supj)orted, ii) keyword based and iii) concept 

based open corpus incorporation techniciues. The selection of one technique for the 

purpose of augmenting open corpus documents with intra-hyperspace information 

does not necessarily j)reclude other technicjues being used for the indexing of these 

documents and vice-versa. Each of these techniques support the incorporation of 

open corpus resources by separating the hypermedia content used as part of OAHSs 

from domain models and reasoning engines [Brusilovsky2U07h], thus extending the 

trend towards component based architectures with respect to the underlying content 

model of AHSs (section 2.3.3).

User-supported incorporation techniques  [Carmona2002, Henze2001a] have

26



iieeii used l)y early OAHS to reuse oj^eii corpus resources within AHSs. The creation 

of a hyperspace network l)ased upon a collection of independent open documents for 

example, as well as the indexing of these resources [Smith2003, Steichen2010b], can 

be achieved directly by individual AH S users. These techniques rely upon pre-existing 

AHS (based ujjon closed corpus content) as an underlying platform . This AHS is 

then augmented with appropriate linking and annotation tools needed by individual 

users to  incorporate new' relevant open corpus m aterial to  the AHS.

Two of the earliest systems using this approach consist of the SIGUE [Carmona2002] 

and KBS Hyperbook [Henze2001a] system s, in which bo th  the hyperspace 

construction and indexing of open corpus resources is achieved by users of the  

AHS. In order to  include additional open resources to  the existing set, the AHS 

provide the ability for users to assign concepts relevant to each document incori)orated 

as well a.s their type (introduction, problem statem ent . . . ) .  Links between resources 

are generated autom atically  (section 2.2.3) based upon the set of pages assigned to 

a concept, w'hich happens to  be related to the  one browsed by an individual users, 

l l i e  sequencing adaptation (section 2.2.3) is thereafter carried out, independently of 

the resources used by the AHS (whether they are open or closed), and instead based 

upon the concepts contained w ithin the dom ain model. An im plem entation of the 

KBS hyperbook within the Java progrannning language domain was carried out by 

Henze et.al, in which he shows how the  Sun Java tu to ria l oi)en corpus web j)ages 

could be easily incorporated with the [)roprietary resources used by the AHS (figure 

2 .6 ) .

In a sim ilar way as described in section 2.2.3, community-based  techniques 

[Brusilovsky2004, Dieberger2002] have been also used to  index open corpus j)ages 

based upon the activ ity  (page annotations or traffic activity) of a predefined AHS 

user-conm ninity w ith resj^ect to  open corpus content incorporated w ithin AHSs. 

As m entioned in section 2.3.1, since such indexing inform ation is specific to  the 

user activity occurring w ithin a specific AHS and independent of the content being 

incorporated  itself, the  details of such techniques are not further discussed in th is 

section.
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The reliance upon hum an judgem ent to  incorporate open corpus resources w ithin 

AHSs, means the selection, intra-hyi)erspaco linking and indexing of such resoiu’ces 

can be achieved with very high (juality over a very large range of docum ents. This 

in tu rn  would suggest resource sequencing techniques upon open corj)us content 

can be ijerformed with a precision ecjuivalent to  close corpus content. Nevertheless, 

the usage of suc^h a])proaches can only be achieved as part of environm ents in 

which hum an-suj)ported hypertext construction is possible (such as organisations 

or wiki-based environm ents), which limits the range of AHSs th a t can avail of this 

technique [Brusilovsky2007h], Moreover, since this technique relies upon users of a 

l)redetermined platform, the AHS interoperability of adaptation-specific information 

produced for these resources is also cjuestionable. Finally, and sim ilarly as for a 

closed corpus content (section 2.3.3), although a content supply model based upon 

th is teclmicjue does not rely upon the m anual creation of resources, it nevertheless 

still requires a large amount of m anual labor to be undertaken in order to  link and 

ind(>x each open corpus resource. This drawback clearly limits the scale and volume 

at which open corpus resource can be reused w ithin OAHSs. Ideally, AHSs should
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l)c able to produce adai)tation-specific information from open corj^us documents 

without the help of a human indexer [Brusilovsky2001].

Hence, in order to achieve this goal, more scalable techniques that can automatically 

identify arbitrary attributes of open corpus resom'ces have been develoi)ed. These 

techniciues are very similar in essence to the content based seciuencing adaptation 

techni(}ues presented in section 2.2.3. K eyw ord incorporation techniques 

[Ahn2007, Billsus2000, Liebermanl995] for example represent such an approach. 

I'hese techniques rely upon classical IR based keyword similarity algorithms 

[Zhou2008, Zhou2007a] in order to create links between similar pages. W ithin 

these systems, similarity metrics are calculated between each pair of open corpus 

resources to he incorporated. Resource similarity resiilts achieving a score higher 

than an arbitrary threshold are thereafter connected by bi-directional hyperlinks. 

When coupk'd with keyword-level user-models, this incorporation aj)proach can also 

be used to index oi)en corpus resources with individual keywords, so a.s to su])port 

resource sequencing techniques (section 2.2.3). The ML-Tutor system [Smith2003] for 

example indexes open corpus resources using this approach. Each page incorporated 

within this platform is assigned a binary vector representing the occurrence or not of 

each keyword. These vectors are subsequently matched to a manually constructed 

keyword-based domain model, which assigns topics to individual pages. The system 

creates individual user models by combining keyword vector representations of images 

browsed by users, which are thereafter used, along with the domain model, to 

recommend pages of toj)ic not yet visited by each user.

In contrast with the previous approach, this open corpus incorporation techniciue 

is straightforward and fully autom ated. It can also be used to incorporate aufl 

index any textual open corpus resource into OAHSs so long a.s sets of keywords are 

previously assigned to domain and user model nodes. Although it has j)reviously 

been successfully used in order to sequence resources based upon individual user 

interests [Alm2007], its lower precision and inability to produce typed links or other 

adaptation-specific information of relevance to users (such as knowledge and goals) 

limits its usage within educational AHSs for example [Lops2011]. Furthermore, due
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to the lack of typed Hiiks being prochiced, the resulting hyperspace structure created 

by this approach can become (juite chaotic [Brusilovsky2(K)7h].

M e ta d a t a  based incorporation techniciues attem pt to go beyond the low-level 

keyword representation of open corpus resources and instead provide a semantically 

more accurate description of such resources. The key princi[)le behind this approach 

is very similar to the keyword based equivalent and can be used both to link 

independent o])en resom'ces together as well as for indexing purposes. Over recent 

years, many algorithms have been exj)lored to automatically extract metadata from 

web resources (such as difficulty, narrative cohesion, interactivity type or interactivity 

level) [Sah2012, Sah2010, Hargood2011]. Such techniques are used in order to assign 

meta-data values to each open corj)us resource incorporated within AHSs. Metadata 

similarity scores are calculated between each oi)en resource and links are generated 

(section 2.2.3) for pairs obtaining a score above an arbitrary threshold. Concept based 

sec}uencing techniques (section 2.2.3) can thereafter l)c used to sui)port the selection 

and presentation of individual resources basc'd upon the metadata labels assigned. In 

contrast with keyword incorporation approaches however, this technicjue supports the 

structuring of the underlying hypers])ace dej^ending upon the level of complexity of 

chosen metadata schemes. The representation of oi)en resources metadata as a part of 

an ontology for example [Sah2013, Sosnovsky20r2, Steichen2011a, Ye2010, Yee2003] 

(figure 2.7), enables ontological reasoning to be used in order to compute similarity 

measures based upon the position of individual m etadata within the ontok)gy tree 

(cLS opi)osed to single metadata labels). The use of ontologies as j^art of the indexing 

aj)])roach also enables open corpus documents to be organised into hierarchies, which 

further improves the concept based sequencing navigation along the structure of these 

ontologies. [Ye2010] for example, incorporates open corpus content from the CiteSeer® 

website and automatically classifies individual resources based upon a predefined 

ontology. Additional ontological sub-categories are thereafter automatically generated 

from the set of open corpus resources in order to balance the distribution of documents 

per concept and improve the user navigation within this corpus.

®littp://citesecrx.ist.psu.odu/
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F ig u re  2.7: ARCHING ontology-based navigation [Steiclien2011a]

As for the previous approach, once the m etadata scheme is selected, this technicjue 

is fully autom ated. This means a large volume of resources can be processed for 

a given AHS. Also, since m etadata expresses semantic similarity (as opposed to 

word level similarity), this approach provides a better link quality and structuring of 

the resulting hyperspace compared to keyword-based techniques [Brusilovsky2007h, 

Brusilovsky2007b] However, this technicjue sets strong requirements upon the 

metadata model selected for a given AHS [Brusilovsky2007b], which must be domain 

specific and possess established links (preferably of several types) between each 

concept. Also, if this open corpus incorporation aj)proach is to be used as a 

basis for indexing, the same external model must be used for the user model 

in order to provide resource sequencing adaptation (section 2.2.3). Additionally, 

since the m etadata generated from the open corpus resources is tightly associated 

with the m etadata model/ontology chosen by an AHS, the interoperability of 

adaptation-specific information produced by these techniques is strongly dependent 

upon w'hether the given m etadata model/ontology can be shared among AHSs and 

w'hether it is adequate for the domain environment selected by each AHS. Finally, 

depending upon the metadata generation technicjue selectc'cl, this api)roacli recjuires
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Open-corpus Personalization Service (OOPS) [Sosnovsky2012]

a decision to be m ade w ith res])ect to balancing the (juality and range of m etadata  

produced along with the degree of open corpus repository specificity upon which this 

resource incori)oration approach will dej)end on. As described by [Sosnovsky2012], 

an extraction ajjproach over-fitted to  a single collection of open corpus docum ents 

will produce m etadata usable only for this collection. In order to overcome this issue 

Sosnovsky et.al for exam ple, ])ropose (as part of the Ontology-ljtised 0{)en-corpus 

Personalization Service (OOPS) OAHS) to  niaj) ontology-based m etadata  models, 

extracted from each specific oj)en corpus collection, to a predefined domain ontology 

(figure 2.8). Although the authors do not provide details on the mapping mechanism 

used within their OAHS, if confirmed in future research, this approach could reduce 

open corpus collection dependency for OAHS using this incori)oration strategy.

2 .3 .4 .2  S u m m a ry

OAHSs presented in this section all go beyond the closed garden resource limitations 

of trad itional AHSs by pushing fu rther the  trend  tow ards AHS com ponent based 

architecture frameworks [Brusilovsky2001] (section 2.2.2),w ith a content model 

delegating all or some of the  production and supply of content to  external open 

corpus documents available on the W W W . In comparison with traditional content 

models, this approach provides a nnich larger range of resources to AHSs, available 

in a  standardised web form at (section 2.4.2.3) common to every AHS designer.

However, content supply models based upon the  reuse of open corpus resources
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(section  2.3.4.1) liave so far focused in p rio rity  upon  challenges re la ted  to  th e  

in co rp o ra tio n  of th ese  resources from  th e  p ersp ectiv e  of hy i)erspace co n s tru c tio n  

an d  m issing indexing  in fo rm ation  requ ired  to  p rovide sequencing  a d a p ta tio n  and  

overall h y p e r te x t n av iga tion  possib ilities am ong in d ep en d en t resources. A lth o u g h  

th is  re jjresents, w ith o u t any d o u b t, a  fun d am en ta l asj)ect of th e  open corpus reuse 

challenge, th e  ab ility  to  su p p o rt o th er ad a p ta tio n  techniques is also im p o rtan t.

M oreover, open  corpus in co rp o ra tio n  techniques p resen ted  w ith in  th is  sec tion  only 

supp ly  such conten t in its native form, as one-size-fits-all docum ent level g ranu la rity  

resources. For exam ple, w ith in  th e  K B S h yperbook  p resen ted  previously , once 

indexed  an d  hyperlinked , open  corpus resources are inco ri)o ra ted  d irec tly  w ith in  

th e  AHS, as in a  tra d itio n a l web brow ser, using an  ifran ie  (figure 2.6). R esource 

ad ap ta tio n  techniques were developed as ways to  m anage caim ed con ten t fragm ents 

[Bunt2007], p roduced as self-contained resources w ith  specific g ra im larities (section 

2.2.3). T his docum ent level g ranu larity  delivery restric tion  clearly reduces the  ex ten t 

to  w hich resource m odification  or recom position  tech n iq u es  (section 2.2.3) can  be 

su p p o rted  by OAHS. As pointed ou t by [Lawless2009], there is an inverse relationship 

between the potential reusability of content and its granularity. T h e  reuse p o ten tia l 

of a  [)reviously [)ublished news page, com plete  w ith  orig inal m enus, advertisem en ts 

an d  user co n u n en ts , is far less ad eq u a te  th a n  if th e  a r tic le  could  be reused  alone, 

d e-co n tex tu a lised  from  its orig inal se ttin g , a t  various levels of g ra n u la rity  (from  

a  p a rag ra p h  on a  specific to p ic  to  th e  en tire  artic le ). A lth o u g h  web oj)en corp tis 

resources are  available in a corrmion s tan d a rd  web form at, resource m odification and 

recom position  techniques w ould be b e t te r  su p p o rted  if open  corpus resources were 

delivered to  individual AHSs in a form at of choice associa ted  and  w ith th e  m e ta d a ta  

requ ired  by each system  to su p p o rt th is  ad a p ta tio n . As p o in ted  o u t by [Bunt2007], 

p resenting  open corpus resource in th e ir native form does ’’help to maintain the context 

of information displayed to users, however it can also generate information overload 

and reduce the attention towards the m ost relevant information, defeating one of the 

very reasons for  having AHSs in the first place”. Some incorporation  techniques are 

already  augm enting open corpus resources w ith add itional m e tad a ta  usable by AHSs, 

however th is m e tad a ta  is typically  tig h tly  coupled w ith a  predeterm ined  AHS conten t

33



or (loiiiain iiiodpl, w hich could lim it ad a p ta tio n  capab ilities  of AHSs w ith  different 

niodels, t\s well as interoperalM lity l)etween p latform s [Brusilovsky2007h]. T he large 

scale usage of open corpus w ithin these system s, w ith app ropria te  m etad a ta  shareal)le 

betw een AHSs, w ould inij)ly th e  necessity  for som e so rt of open d o m a in /co n ten t 

m odel com m on to  th e  AHS connnunity . R ecent develo])nient in AHSs have already 

s ta rted  m odifying narra tive  com ponents of these system s in order to  incorporate open 

and  large scale sem an tic  sources such as D B ped ia  to  en h an ce  sm aller p ro p rie ta ry  

dom ain ontologies [Steichen2011a].

Finally , it could also be argued  th a t  th e  process of indexing open corpus resources 

w ithin AHSs could benefit from the ability  to  access such resources at different levels 

of granularities. Indexing portions of open corpus resources, as opposed to  docum ent 

level con ten t, could  su p p o rt the  indexing of conceptually  self-contained fragm ents, 

thus easing fu rther any recom position adap ta tion . Hence, the ability  for open corpus 

nioclels to  supp ly  resources to  OAHSs as righ t-fitted  con ten t packages could clearly 

im prove its reuse w ith in  sucli system s.
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2 .3 .4 .3  R ight-fitted  Open Corpus R euse M odels

As preseiit('(l in section 2.2.3, a considerable range of teclini(}ues used by AHSs to 

])rovide personalisation experiences to users rely uj)on the niodification of resources 

and /o r their recomposition. While performing such adaptation upon closed sets 

of resources is relatively straightforward (since each resource is known at system 

design time), performing this type of adaptation upon open corpus resources (of 

type unknown in advance) is much more challenging. Section 2.3.4.1 showed how 

open corpus resource supply models only deliver such content as document level 

resources, which limits the extent to which they can be modified or recomposed 

together. Hence, in order to provide the full range of adaptation techniciues uj)on 

oj)en corptis resources, available to the adaptive hypermedia conmiunity (section 

2.2.3), this content must be decomposed into more granular, self-contained fragments, 

meeting si)ecific AHS content requirement needs, with m etadata supi)orting its 

modification and reuse for adaptivity purposes.

The PMCC AHS projjosed by [Steichen2012b] for example, aims at delivering a 

personalised experience to individual users within the context of a customer care use 

case scenario. It does so using a m etadata-based incorporation approach (section 

2.3.4.1) of user generated open corj)Us resources (harvested from online web fonuns); 

adapted and recomposed together with corj)orate closed corpus product manual 

resources. As can be seen in figure 2.9, in addition to open and closed fragment 

recom{)osition, collapsible adaptation techniques are also used over open corpus 

resources.

riiis system provides a good dem onstration of what is possible when open corpus 

resoTirces are delivered in a form which supports recomposition and resource 

modification techniques. Open corpus resources incorporated in this platform 

however are right-fitted and fragmented using a wrapper-based algorithm. As 

explained in section 2.4.3.3, this content fragmentation approach produces individual 

fragments and m etadata of high i)recision and quality. However it also requires 

the repositories, of resources to be processed, to be known in advance of system 

deployment and recjuires a substantial amount of manual labor (to adapt algorithms)
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F ig u re  2.9: PMCC Open and Close content recomposition [Steichen2012b]

each tim e a new set of repositories are targeted for incorporation. The process 

used to generate additional metadata valuable for adaptation j)urposes relies upon 

the analysis and identification of pre-delterniined metadata clues contained w ith in  

documents targeted. These lim itations rt'duce significantly the range and volume of 

open corpus resources which can be incorporated and right-Htted for the purpose 

o f AHS reuse (in comparison which technicjues presented in section 2.3.4), which 

u ltim ate ly  defeats the purpose of AHS ojpen corpus reuse in the first place.

These techniques, in essence, attempt to deal with the challenge of open web corpus 

heterogeneity by reducing the degree of unpredictability and variability inherent to 

such resources, which lim its the scale of reuse. As pointed out in section 2.3.4.1, the



fuiKlainoiital difficulty in incorporating open corpus resources in AHSs resides in the 

fact th a t  the  type and (juantity  of these resources is unknown in advance, which 

entails the incorporation procedure m ust be achieved at run-time. Hence, the ability 

to  right-fit open corpus resources from unknown repositories a t run tim e should 

become an integral part of OAHSs, if the full range of adaptation techniques is to be 

applied upon this category of resources [Knutov2009].

Despite th is lim itation however, very little  research has so far focused upon 

the  au tom ated  adap ta tion  of open corpus resources for reuse w ithin OAHSs 

[Knutov2009], This is not surprising, since the ability to adapt resources a t run-time, 

outside the  control of AHS designers, is cjuite challenging. In relation to  the 

process of autom atically  s truc tu ring  inform ation, ex tracted  from a set of unknown 

and unstruc tu red  oj)en corpus resources, two rela ted  research areas consisting 

of tex t sunnnarisation  (specifically tex t sum m arisation  ex traction  techniques) 

[Lloret2012, Lee2005] and information extraction [Schedl2008, Holzinger2()()6] come 

to consideration. W ith respect to the former, techniques developed within this field 

focus upon th e  ex traction  of pertinent keywords or sentences from open corpus 

docum ents w ith the  u ltim ate  aim  to produce a more condensed synthetic  piece of 

content dei)icting the essential conceptual proj)erties of the original docum ent(s) 

])rocessed [Lloret2012]. The latter on the other hand, focuses in particular upon the 

ex traction  of da ta , as opposed to  fragm ents, w ith the aim  of providing a database 

type s tru c tu re  to  unstruc tu red  inform ation buried w ithin oi)en corpus resources. 

As a result, th e  product of both  fields is b e tte r  suited  for in tegration w ithin area« 

such as IR, question answering, and text classification. And as a conse(}uence, the 

au tom ated  decom position of open corpus resources into self-contained and AHS 

reusable fragm ents, is m ostly an area which still requires to be investigated.

To the best of the authors knowledge, and a t the tim e of writing, the closest example 

of a system performing run-tim e and right-fitted AHS incorporation of open corpus 

resources, consists of the A rtEquA K T system developed by [Weal2007]. By combining 

information extraction, knowledge m anagement and adaptive docum ent generation, 

the  A rtEcjuA K T system  creates dynam ic biographies of artists  by harvesting and

37



F ig u re  2.10; A rtEquA K T [Weal2007] 

repurposing existing m aterial on the  web (figure 2.10).

It relies on traditional search engine to  identify, harvest open corpus resources with 

biographical content, which are then  indexed using a keyword-ba.sed incorporation 

technicjue (section 2.3.4.1), Each selected document is then divided into paragraphs. 

Sentences in each paragraphs are analysed syntactically to  identify w hether it 

contains any relevant knowledge abou t the a rtist recjuested by individual users. 

It relies on a pre-existing dom ain ontology produced specifically for the purjjose of 

identifying relevant fragments of pages to reuse. Biography pages are then generated 

by rearranging relevant text fragments within biography tem plates, using a fragment 

variant aj)proach (section 2.2.3).

In contrast with the previous AHS, the incorjjoration system used l)y the ArtEc}uAKT 

does not constrain oj)en corj)us pages to originate from a j)redefined repository known 

at design tim e and therefore provides a nmch wider range of open corpus resources to 

reuse. It enables the right-fitting of open corpus resources at run time, w ithout any 

knowledge of the type of resources it is about to  target, which m atches the  overall 

goal of OAHSs. However, the reuse potential of open corpus resources processed by 

this system  is tightly  coupled w ith a very narrow predefined use case scenario (i.e 

artist biographies) and recomposition tem plate style (lists of relevant paragrai)hs). It 

[)rovides little or no m etadata which could be of use to other AHSs in order to  adapt 

or recompose generated fragments in ways and for ])urposes of their own. Fragments
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generated would be of little use and would not support the kind of content adaptation 

performed by the PMCC system presented earlier for example. Finally, in contrast 

with the high (}uality fragments generated by the PM CC ajjproach, although the 

reuse of open corpus resources in the form of single paragraphs in the selected use 

case scenario might be adequate, fragments generated by this technique are produced 

w ithout any consideration with respect to the original context or structural and 

semantic cohesion of the document it originated from, which is problematic if such 

fragments were to be reused by other AHSs (see section 2.2.3).
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2.3.4.4 Sum m ary

I 'h e  icuse of ojien corpus resources Ijy the AHSs presented in tliis section, clearly 

dem onstrate the need of these systems to go beyond the document level open corpus 

reuse j)aradigm, presented in the jnevious section, and to instead reuse these resources 

at different levels of granularity and with adaptation specific information. They also 

dem onstrate how the j^rocess of right fitting these resources can support the reuse of 

these resources within more advanced adaptation  scenarios.

However, these approaches are, w hat this research defines as, content an d /o r  AHS 

specific techni((ues. W ithin this thesis, content/A H S specific techniques refer to reuse 

approaches in which i) specific open corj)Us repositories, known at design tim e, are 

targeted for reuse in order to serve ii) jjredeterniined niche content requirem ents for 

iii) an established set of AHSs.

Although these right fitting techni(iues do ini])rove the reuse of oi)en corpus resources 

w ithin AHSs, in com parison to  direct open corjjus reuse techniques (see previous 

section), they do so by producing resources that serve the reuse needs of predetermined 

AHSs (usually one). Hence, in a sim ilar way as for closed corpus content models, 

right-fitted resources lack interoperability between AHSs. Moreover, as they require 

open corpus repository targe ts  to  be known in advance, the range of open cori)US 

resources reusable through these technicjues is clearly reduced in comparison to direct 

reuse approaches. Additionally, whenever a change in resource rej)ository targets or 

reuse purposes occurs, algorithm s developed to support these techniciues m ust be 

altered accordingly or replaced altogether, which can be cjuite labor intensive.

Hence, although these techniques address lim itations inherent to the direct reuse of 

oj)en corj)us resources w ithin AHSs, they do so by increasing the reuse potential of 

only a selected group of such resources, while simultaneously reducing the overall of 

all open corpus resources available for reuse by the AHS connnnnity.
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2.3.5 Open Corpus Identification and Harvesting  

Techniques

A lthough the incorporation of open corpus resources w ithin AHSs (to  supj)ort 

adaptive technic}ues) is vital for the future development of OAHSs, the process which 

involves the identification and harvesting of these resources in the first place is also 

critical. Pro[)erly incorporating open corpus resources is pointless if the  resources 

themselves are of no relevance to  the reuse scenario selected by a given AHS.

As the identification of web resources is a vast field of its own extensively studied, 

this section aims to [jresent the reader with an overall view of the range and diversity 

of technic}ues available to  the conununity. In particu lar, th is section focuses upon 

the  techniciues used so far by OAHSs as well as those th a t could provide benefits 

to  the adaptive conniiunity in the future. For a deeper insight into each of the 

individual helds m entioned in this section, the reader is referred to  reviews carried 

out by [Ghorab2012], [Micarelli2007b] and [Steichen2012c].

2.3.5.1 Standard Identification and Harvesting

To the  best of the  au th o r’s knowledge, research investigating OAHSs has so far 

m ostly focused upon the problem of correctly incorporating open corpus resources 

into existing AHSs. The j)rocess of identifying and harvesting these resources from 

the web for AHS reuse, has therefore not received as much attention in the literature 

as the former. Nevertheless, whenever th is to])ic is m entioned, the vast m ajority  

of OAHSs developed until recently, have m ostly relied upon either the  m anual 

identification and harvesting of resources, or the use of standard  IR mechanisms to 

do so.

W hen m anual identification of resources is carried out, this is usually performed by 

individual users of the AHS and is closely intertwined with the resource incorporation 

process presented in section 2.3.4. The SIGUE [Carmona2002] or KBS Hyjjerbook 

[Henze2002a] OAHSs for examj)le, j)rovide the ability for tu to rs  to incorporate any 

web resources of their choice within an existing AHS. However they do not provide
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any support for the identification of relevant open corpus resources and solely rely 

upon users to individually identify and select aj)propriate content to be reused. While 

this api)roach is straightforward, it clearly suffers from similar drawbacks encountered 

with user-based open cor])us incorporation techniques (section 2.3.4.1). Due to the 

amount of manual labor involved, the reliance upon individual users limits the scale 

at which relevant open corpus pages can be identified and harvested from the web in 

term s of volume and speed.

For this reason, au tom ated  standard  IR and web craw'ling techniques have been 

also used to perform this task. ArtEquAK T [Kini2002b] for example relies upon IR 

based identification and harvesting of open corpus resources using standard  search 

engine system s. The Personal Reader [Dolog2004] on the o ther hand uses Lixto 

[Hassan2005] for standard  web crawling and E dutella  [Nejdl2002] a peer to  jieer 

search system , to  j^erforni the  identification and harvesting of resources. T he use 

of fu lly-autom ated techniciues to  achieve this task  enables nnich larger volumes 

of resom ces to  be identified for the purpose of reuse w ithin OAHSs. Moreover, 

s tandard  IR or web craw'ling techniques are relatively easy to integrate w ith AHSs, 

since they simply rely upon a query to be subm itted  tus an input and re tu rn  an 

ordered list of j)ages ranked according to a j)articular matching algorithm. However, 

since trad itional IR system s only rely upon a set of keywords as an input, they 

fail to  take into account any additional inform ation available w ithin AHSs such 

as user, knowledge or dom ain models used by AHSs and can therefore only serve 

innnc'diate needs expressed by users. Hence, two users, with sim ilar interests bu t 

different knowledge bac^kgrounds or preferences for example, would obtain the same 

resu lts following the subm ission of the  same query [Micarelli2007b]. The models 

available within AHSs could clearly be of high value within the context of autom ated 

identification and harvesting of relevant open corpus resources for these systems.

2 .3 .5 .2  Personalised Identification and H arvesting

Several approaches, which aim  to modify the selection of resources retu rned  by 

open corj)us search tools, based upon individual users or groups of people, have 

been elaborated  and used w ithin more recent OAHSs. In order to  deliver relevant
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resources, traditional IR systems ty{)ically rely uj)oii two phases to pursue this 

aim. The first phase requires them  to crawl the web by following links available 

within pages, gather any resources encountered and assign to each one of them a 

document model representation. The second phase thereafter matches individual 

queries subm itted by users with the most relevant resource previously discovered 

by the system. Techniques providing tailored result sets, can hence be divided into 

two categories based upon whether they affect the first or second phase of this open 

corpus identification process.

Topical crawling techniques, also referred to as focu sed  crawling,  for example, 

attem pt to tailor the crawling phase of IR systems. They are based upon the notion 

of topical locality which refers to the observation that web pages are typically linked 

to other pages with semantically similar content. In other words, web pages tend to 

link to other pages which contain related information. Focused crawlers exploit this 

phenomenon to aid the topic-oriented discovery of web pages [Lawless2()09]. Unlike 

a standard crawler, which traverses the web downloading all the documents it conies 

across, a focused crawler is developed to retrieve only documents related to a given 

topic of interest [Micarelli2007b]. Focused web crawlers enable OAHSs to refine the 

set of open corpus resources considered for incorjioration. The range of focused 

crawling technicjues investigated by the research connnunity is very large. They can 

be divided into adaptive or non-adaptive categories based upon whether they can take 

into account any feedback retrieved from pages crawled or the users of AHS initiating 

the crawl. Non-adaptive focused crawlers in essence function as classifiers with a 

learning phase ending before a search process is started. The most popular techni(iues 

used by this category of topical crawlers include link prioritisation [DeBral994a], 

taxonomic [Chakrabarti2002, Chakrabartil999], context graph [Diligenti2000] and 

tunnelling crawling [Bergmark2002] techniques. Adaptive alternatives, such as 

intelligent crawling [Aggarwa.12001], genetic algorithm [Menczer2000] and ant-based 

crawling [Gasparetti2004] on the other hand, adjust the learning instead during the 

crawling itself, according to a particular environment and/or relationship with input 

param eters. While non-adaptive focused crawlers are suitable for OAHSs serving 

predictable broad content reciuirements, adaptive versions on the other hand offer
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F ig u re  2.11: Inforniatioii retrieval personalisation approaches [Micarelli2007a]

OAHSs the ability to ])rovi(le requirements at run-time instead [Micarelli2007b]. 

This enables such AHSs to learn and be res])onsive to potential alterations of 

us(T needs representations, while the platform is deployed, and hence direct the 

crawling of additional resources accordingly. The educational OAHS presented by 

[Steichen2009a] for example, built on toj) of the APeLS AHS [Conlan2004a], uses a 

topical crawling approach to gather educational material available on the WWW. 

In order to achieve this task, it uses the autonomous Open Corpus Content Service 

(OCCS) focused crawler, which enables the discovery, classification, harvesting and 

indexing of content from open corpus sources [Lawless2008a]. This crawler can be 

us('d to create domain specific caches. The use of this automated service enables 

the AHS to ensure that large volumes of oj)en corjnis content, highly relevant to the 

learning domain targeted, will be available by the j)latform for incorporation.

Once a set of open corpus resources has been crawled, the jjrocess which involves 

matching user needs with individual resources, discovered by the crawler, can also be 

personalised. Such methods, referred to as personalised inform ation retrieval  

techni(}ues, aim to provide search results that are not only of relevance to a (juery but



are also of particular relevance to the user who subm itted  the (juery [Ghorab2012]. 

These techniciues a ttem p t to  overcome issues em anating  from the  low level of 

in teractions involved by individual users w ith searches [Jansen2000], as well as 

queries being in general too short (w ith an average of two to  th ree  keywords per 

query) [Beitzel2004], incomplete or ambiguous due to polysemy [Micarelli2007a]. An 

abundance of m ethods, using both  explicit and im plicit feedback from users, have 

been developed for each of these individual categories. User inform ation taken into 

account by Personalised Information Retrievals (PIRs) can consist of user browsing 

history [Sugiyama2004], user attributes (age, gender, education etc) as well as usage 

d a ta  (activity of the user during the search) [Kelly2003].

These techniques can be divided into three subcategories based upon the  ])oint at 

which the  personalisation occurs during the  search. Established one-size-fits-all 

ranking algorithm s, for example, such as the  HITS [Kleinbergl999], PageR ank 

[Brinl998] or BM25 [Robertsonl994], can be modified in order to take into account 

and incorporate various aspects of individual users [Tanudjaja2002, Teevan2005] 

(figure 2.11a). [Haveliwala2003], for instance modifies the PageR ank algorithm  by 

precom puting a set of PageRank vectors for each Open D irectory P ro jec t (O D P) 

category taken into account. Individual IR queries are then  com pared w ith each 

of the topical O D P categories selected, in order to  produce a linear com})iiiation of 

PageRank vectors. The personalised ranking thereafter consists of the combination of 

each PageRank calculation, weighted according this linear combination. In contrast 

with the former, a second category of PIR technicjucs [Speretta2005a, Stamou2008], 

which do not modify existing one-size-fits-all rankings produced by search engines 

has also been investigated. These approaches instead rerank the  o u tp u t of search 

engines based ui)on its com bination with personalised ranking d a ta  collected for 

each user (figure 2.11b). [Stamou2008] for exam ple, m ap past user queries w'ith 

a topical ontology. T opics/query relations available w ithin the  ontology, are then  

used to  rerank standard  search results into a personalised reranked version. Finally, 

while the  two previous a[)proaches a ttem p t to incorporate user j)rofile inform ation 

during the document retrieval process, a large array of techniques based upon query 

modification and exj)ansion can also be ust'd to alter the query subm itted  by a user
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before reaching search engines [Maxwell2013, Bal)ashzadeh2013, Gao2013]. Multiple 

additional (jueries for example can be subm itted on behalf of a user, or individual user 

(}ueries can also be augm ented (or exj)anded) based u{)on inform ation collected for 

each user [Mangold2007]. [Gao2013] for examj)le, represents search logs as labelled 

directed graphs. Expansion term s added to  the  original set of keywords are then 

selected based upc^n path-constrained random walk probability calculations for each 

user (juery sul)m itted. FIR techniques have already been used in OAHSs to  tailor 

the selection of open corpus resoiu'ces. [Millard2003] for exanijjle use an autom atic 

W'ordnet^ based cjuery expansion apj)roach in order to identify open corpus resources 

on the web and provide adaj)ted biographical descriptions of selected a rtis ts  to 

users. The P M C C  AHS [Steichen2011a] on the  o ther hand, uses a com bination of 

(juery expansion and nudti-c}uery initiation techniques in order to select web forum 

resources to be incorporated w ithin its platform. This hybrid AHS combines closed 

and open corpus resources into a single user experience, by augm enting an initial 

user ([uery with d a ta  retrieved during a closed corpus search (figure 2.12). Concepts, 

assigned to  closed corjjus resources returned  to  a user, are ex tracted  and grouped 

together. For each concept group retrieved, additional expanded queries are triggered 

using as a basis for expanded terms, the textual content of toj) ranked closed corpus 

resources.

^littp :,7w ordnet.p rinceton .( 'du / [Accessed: October 3, 2014]
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2 .3 .5 .3  Su m m ary

Since th e  birtli of tlie W W W , the  field of IR  has generated an extensive array  of 

techniques aimed at improving the identification of large volumes of web resources 

relevant to  individual users. Personalised alternatives to  trad itional IR technicjues 

can also take into account individual characteristics of users, to  fu rther refine the 

relevance of resources identified. The benefits offered by these techniques clearly 

m atches the  needs of OAHSs, which already possess detailed  models of individual 

users and seek to obtain large volumes of relevant open corpus resources. Although 

a few {)ioneer OAHSs have already started  using these techni(}ues, if AHSs are to be 

deployed at a large scale to a m ainstream  audience, IR systems will clearly become a 

fundam ental component of such platforms. Open content supply modules or services, 

supporting  the needs of these system s, should hence be designed in order to  take 

into account the diversity of existing and upcoming techniques offered by this field.

However, despite these benefits, such system s only delivery open corpus resources 

in their original form, structured  for its original j)urpose, which m ostly is aimed at 

hum an reading. In most cases this is more than  adequate, howwer, as presented in 

section 2.3.4, for the purj)ose of AHSs reuse, resources to be incorporated m ust be 

available a t different levels of granularity, w ith m etad a ta  supi)orting its adaptive 

reuse [Weal2007]. Resources are only delivered by these system s as one-size-fits-all 

document level pacbiges, with very limited m etadata, regardless of the receivers reuse 

intentions. Even personalised alternatives only focus upon the tailored harvesting or 

retrieval of these resources without modifying the original document [Steicheu2011a].
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2.3.6 Content Supply Discussion

Tliis section presented various approaches used in order to  jjrochice, deliver and 

incori)orate resomxes w ithin AHS content models. Closed corpus, direct and 

right-fitted open corpus reuse techniques, each, in th a t order, attem pt to go beyond its 

supply content model predecessor’s limitations. Among all content model approaches 

presented, three cross-cutting characteristics, are recurring concerns among techniques 

presented. The degree to which resources provided to  an AHS i) need to comply to 

any i)re-determ ined reuse conditions when selected for reuse (either directly baaed 

on the content model recjuirements of an AHS or based upon the tyj)e of resources 

which can be processed and right fitted by a AHS), ii) are right fitted to particular 

AHS content requirem ents and w hether iii) these content recjuirements m ust be 

determined in advance of system de])loyment or not, indirectly impact the volume of 

resources ultim ately delivered by an approach.

W ith  respect to the  first condition, direct open corpus reuse content models offer 

the least restrictive apj)roach since by definition they can incorporate any resource 

availal)le on the  W W W  w ithout any m odification. This enables the  wide range of 

resources available on the web to  be reused as part of AHSs, which rely upon this 

type of content model. Closed corpus content models, on tlu ' other hand, represent 

the most restrictive approach since only content, which adheres to an arbitrary  AHSs 

format, can be considered for incorjjoration. The reverse is true however with respect 

to  the degree to which resources, supplied by these content models, are right fitted 

to  specific content requirem ents of individual AHSs. W hile content used w ithin 

closed corpus content models is produced specifically for a predeterm ined AHS (and 

hence can be created directly with the intention of m atching content requirem ents), 

content provided by direct open corpus reuse content models, offers the lowest level of 

right-fitting since resources are delivered as they exist (as document level resources), 

created  m ost of the tim e for j^urposes other than  th a t sought by a j^articular AHS. 

C ontent models based uj)on the incorporation of open corpus resources right fitted 

to  particu lar content requirem ents of AHSs on the  o ther hand, provide a trade-off 

solution between the two previous content models. They improve right fitting aspects
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of resoxirces incorporated, in comparison with direct open corpus reuse, a t tlie price 

of a lower targetable resource range.

However, none of these content models can perform the complete process of identifying 

AHS content requirem ents and incorporating novel resources on an ad-hoc basis. 

Because all of them , rely a t some point upon some form of m anual labor, niche 

content requirem ents of AHSs m ust be known in advance of system  deploym ent. 

This implies content model designers can predict in advance what these requirements 

will be. The only exception would be a content model, which relies upon the direct 

reuse of open corpus resources based upon keyword identification and incorporation 

techniques. However as mentioned in section 2.3.4.1, the level of adaptation  offered 

by this incor])oration technique is limited. As the diversity of individual user needs 

increases, so does the difficulty in predicting niche content requirem ents of AHSs 

(section 1.1). The ability to identify these content requirements and suj)ply ade(}uate 

resources on an ad-hoc basis therefore also increases. Moreover, current information 

requests on the  web are also more dynam ic and ad-hoc in n a tu re  [Steichen2011a], 

w'hich further pushes AHS content models to support this need.

The only approach, in which a large diversity of AHS content req\iirements could be 

served with a  large volume of resources, would therefore involve right-fitting  open 

corpus resources on demand, only after si)ecific AHS content requirements are made 

explicit to  the content model. The following section hence presents the reader wath 

various sta te  of the art content reuse and analysis technicjues, which could serve as a 

basis for the improvement of AHS content models and supply systems.
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2.4 Content R euse and Analysis Techniques

2.4.1 Introduction

Section 2.2 and 2.3.4 presented an overview of AHSs in general, their anatomy, the 

adaptation techniques they rely upon along with the various content models used to 

support these system s and their limits.

This section on the  o ther hand, ex{)lores more general aspects of content. The aim 

is to  identify techniques and technologies, which could be of use w ith respect to  

the aim  of im proving existing content models described previously. In particu lar, 

section 2.4.2 j^resents various forms of reuse which have been used successfully in 

the  past to m aximise the  value of existing resources w ithin a connnunity. The 

various reuse approaches described in th is section will serve as design inspirations 

for the new content supply service designed in the following chai)ter. Section 2.4.3 

and 2.4.4 on the o ther hand, present techniques used to  analyse properties of open 

corpus resources. As mentioned in section 2.1, techni(|ues used to analyse structural 

aspects of resources are explored in more detail since th is content analysis aspect 

W'a»s identified at an early stage in this research as critical for the develoj)uient of the 

content slicing approach proposed by this research.
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2.4.2 Content Reuse M echanisms

2.4.2.1 Introduction

T h e  p ro d u c tio n  and  dehvery  of conten t has trach tionally  been a very h n ear process 

[Lawless2009], involving th e  p a in s tak in g  au th o rin g  of co n ten t by a  dom ain  ex p ert 

[AIeyer2011], for predeterm ined  purposes and  consim ier types. Section 2.3 described 

how th is  process has so far lim ited th e  w idespread adop tion  of AHSs, leading to  the  

reuse  of ex te rn a l resources as an  answ er to  th ese  re s tr ic tio n s . T h is  sec tion  hence, 

p re sen ts  an  insigh t in to  b ro ad  techn iques, cu rren tly  used  to  su p p o rt an d  im prove 

th e  reuse of resources in general. E ach of these  techni(}ues im proves p a r tic u la r  

aspects  of reuse and  are divided accordingly into th ree  forms; nam ely reuse th rough  

i) encajjsu la tion , ii) shared  p u b lish in g /d is trib u tio n  m echanism  and  iii) repurposing. 

T h e  aim  is to  p rovide an  overall insight in to  each techniciue an d  also p rov ide a 

basis for in sjjira tio n  in th e  AHS co n ten t supp ly  m odel im provem en t design and  

im p lem en ta tio n  decisions presen ted  in ch ap te r 3 and 4.

2 .4 .2 .2  R euse Through Encapsulation

A lth o u g h  th e  no tion  of ’’co n ten t reuse” does no t necessarily  p rec lu d e  th e  event 

involving th e  reuse of a  resource by its orig inal au th o r, in m ost cases however it is 

in trinsically  linked w ith th e  idea of sharing, which assum es the  acto rs involved in the  

p roduc tion  and reuse of a  resource are different from each o ther. T h is  is the  case in 

p a r tic u la r  w ith  th e  form of reuse, which involves con ten t encapsu lation . T he aim  of 

th is  techni(}ue is to  go beyond the  trad itiona l bespoke, p ro p rie ta ry  conten t lim itations 

of trad itio n a l production  and  delivery m ethods, by im proving its discoverability and 

interoperability between po ten tia l conten t consum ers [Lawless2009]. T he diversity  of 

ways in which a piece of conten t can be described or presented  to  users, can seriously 

reduce the  num ber of consum ers capable of reusing th is  resource down to  only those 

who s tric tly  adhere to  bo th  sim ilar content descrip tions and  fo rm atting  requirem ents 

selected by individual au thors. For this reason, the  process of encapsu lating  conten t, 

involves th e  p ro d u c tio n  of resources accord ing  to  s ta n d a rd  co n ten t m odels an d  

form ats.
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riie field of eLearning in particular i)rovides a good example of content encapsulating 

techniques used to improve the reuse interoperability of learning resources produced 

across educational institutions. Popular content modelling standards such as Learning 

O bject Model (LOM)^, Dublin Core IMS Learning Resource M etadata'^ or Sharable 

Content Object Reference Model (SCO RM )" aim to support the creation, by content 

authors, of precise definitions of individual resources, along with information regarding 

how each can be reused and for wliat purpose. The LOM content model for example, is 

divided along nine separate categories, each describing different aspects of individual 

eLearning resources. General inform ation (e.g. title, description or language used), 

technical (e.g: form at used and size of resource) or copyright related categories for 

example describe overall aspects of these resources, while educational (e.g. modes of 

learning, age range or user interaction) or relation categories (prerecjuisite resources) 

cover more dom ain specific characteristics. SCORM on the other hand, represents 

resources based ui)on three sub-specifications. Content packaging specifications for 

exami)le s{)ecify how resources should be packaged and described (e.g: th rough  

the  use of Extensible M arkup Language (XML) and LOM into so-called Sharable 

Content O bjects (SCOs)), while run-tim e and sequencing specifications respectively 

describe how resources should be launched and how leanu-rs can move across SCOs. 

T he use of encaj)sulating technicjues to  improve the reuse of content has already 

been used l)y AHSs such as the APeLS system [Coiilan2004a], which uses LOM as a 

m etadata  standard  for its content model. The encai)sulation of resources also makes it 

])ossible to build large repositories of such resources, in which content i)roducers and 

consumers are able to  store and retrieve relevant content [Henze2002a]. Examples of 

such repositories include M ultim edia Educational Resource for Learning and Online 

Teaching (MERLOT)^^ or N ational Digital Learning Resources (NDLR)'^.

Hence, content encapsulation s tandards  define and s tructu re  the m eta d a ta  and

*h ttp : / / l t s c . ieee .o rg /w gl2 / [Accessed: October 3. 2014]
®h ttp ://d u b lin co re .o rg / [Acces.sed: O ctober 3, 2014]

^ ° lit tp ://www.iinsg lobal.o rg /iiie tadata / [Accessed: October 3, 2014] 
^M ittp ://scorni.com /sconii-explaiiied/tecliiiical-sconii/ [Accessed: October 3, 2014] 
^ ^ littp ://www.inerlot.org [Accessed; October 3, 2014]
^ ^ littp ://w w w .ndlr.ie/ [Accessed: O ctober 3. 2014]
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form ats associated with each resource. This allows a comm on s tru c tu re  and 

descriptive vocabulary to be used across resource producers an d /o r  consumers, 

which suj)ports the  discovery, consum i)tion and reuse of resources from various 

origins by each institu tion . The use of content encai)sulation techniques however, 

also involves a dilemma between on the one hand, a high m etadata  accuracy required 

for each resource and on the other hand, the  level of com plexity and m anual labor 

involved in its p roduction [Bailey2006]. As the volume of resources produced by 

an institu tion  grows, so does the am ount of m anual labor required to  describe and 

s tru c tu re  these resources. A utom ated  m etad a ta  generation techniques thereafter 

become necessary. However as described in section 2.3.4, the accuracy and range of 

m etad a ta  j)roduced by these techniques also decreases.

2.4 .2 .3  R euse Through Shared P ublish ing and D elivery  M echanism s

I 'h e  previous section showed how' the  process of encapsulating  resources, as w'ell 

as m aking them  available in large resource repositories, aim ed at im proving their 

in teroperability  across content consumers, and therefore going beyond the  closed 

garden lim itations inherent to  proprie tary  content production  ajjproaches (section 

2.3.3). These large rei>ositories however can still be seen as ’’closed ])00ls” of 

interoperable resources, since the resource j)ublication and delivery mechanisms are 

specific to each repository. Reusability is not only a property of a resource, but also 

of the system , which supports its discoverability and reuse [Meyer2011].

Reuse approaches, using standard  d istribu ted  publishing and delivery mechanisms, 

a ttem pt to go beyond this lim itation by providing a common publishing and delivery 

mechanism across resource repositories. The W W W  and linked d a ta  environm ents 

represent, to  date, the  most successful examples of th is type of reuse.

The success of the W W W , originally developed by [BernersLeel994a], relies upon its 

operability between different machines, ease of use and the fact th a t it is built on open 

s tandards. D ocum ents can be instan tly  published to  the  W W W  and, potentially, 

shared w ith millions of individuals worldwide a t essentially no cost [Lawless2009]. 

It relies >ipon four core technologies [Sali2(){)9a], nam ely i) a H yperText M arkup
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Language (HTM L) m arkup language, which encapsuhites rcKomces witli a common 

human readable format, consumable by ii) a web browser; and iii) a universal resource 

addressing system  (Universal Resource Identifier (URI)) coujjled with iv) a network 

protocol for web servers (HyperText Transfer Protocol (H T l'P )), which respectively 

standardise the publishing and delivery of resources between content producers and 

consumers. URIs consist of unique short strings, representing the location of each 

resource on the web. This allows content producers to publish resources, identifiable 

by the community, through a common addressing scheme. H T T P [Fieldingl999] on 

the other hand, is a i)rotocol based on the in ternets Transmission Control Protocol 

(T C P) [Cerf'1974], which allows the  standard ised  transfer of docum ents between 

content publishers and consumers.

W'hile the W W W  aims to  improve the reuse of resources in the form of docum ents, 

linked data  [Bernerslee2006] (also sometimes referred to as the web of da ta  and part 

of the  larger sem antic web vision [BernersLee2006c]) on the o ther hand, focuses 

instead  upon im proving the  reuse of m achine readable data . It follows however 

the  sam e principles as the  WWW’ and is based upon three core open s tandard  

technologies, namely: i) Resource Description Framew'ork (RD F) to  encapsulate 

d a ta  relationships, ii) URIs to  identify individual da ta  or relationship  exposed as 

resources and iii) the use of H TTP to retrieve RDF da ta  associated with each single 

URI RDF [W'3c2004a] is a m etadata model used to make statem ents about resources 

in the form of subject-predicate-object declarations called triples. URIs are used to 

represent each subject, predicate or object. This enables each statem ents to be shared 

betw'een m achines. R D F d a ta  is stored in repositories called trip lestores (section 

4.3.3.1) and can be queried using the SPARQL Protocol and RDF Query Language 

(SPARQL) protocol. As w ith HTML, RDF can link different datasets together (figure 

2.13), which enables relationships between resources to be reused across repositories. 

M oreover, ontologies, which describe sets of concepts and relationships between 

them , can also be used as a comm on R D F vocabulary, between rej)ositories for 

publishing data. Many ontologies such as Friend-Of-A-Friend' * or Sinij)le Knowledge

‘̂‘lit tp : //www.foaf-project.org/ [Accessed: October 3, 2014]
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F ig u re  2.13: Portion of the LinkedData cloud as of 2011'®

Organisation Systems'^ exist nowadays. They enable the autom ated inference of 

new' relationships between resources.

In essence, this form of reuse improvement enables the collection of distributed 

closed resource pools (as descril)cd above), to be accessed by content consumers as if 

they consisted of a single unicjue pool of interoperable resources, regardless of the 

repository in which they are stored. It removes the need for content consumers to 

adjust to each content publication and distribution mechanism used by individual 

repositories. The value derived from this form of reuse however is directly related 

to the rate of adoption of selected standards (which in turn encourages openness). 

It requires the initial suj)port of a community willing to promote and bootstrap 

this resource sharing mechanism up to a critical mass, which can represent an 

im portant deterrent. Many attem pts to create the equivalent of the WWW such as 

Microcosm or Hyper-G [Sah2009a] for example, have previously failed to disseminate 

to a mainstream  audience. For these reasons, the ability to support this type of 

reuse through open standards, and dedicated conmiunities to increase the awareness 

and usage of these principles is fundamental.

'®http ://w w w .w 3.()rg /2004/()2 /skos/ [Accessed: O ctober 3. 2014]
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2 .4 .2 .4  R e u s e  T h r o u g h  A l te r a t io n

'I'he reuse approaches described in tlie two previous sections involve either the  use 

of s tandard ised  m e ta d a ta  or publishing/delivery  protocols in order to  respectively 

describe and transfer resources targeted for reuse. Non of those api)roaches however, 

involve the modification of the original resources themselves. Although the reuse of 

a resource, which does not involve its modification, can potentially include reusing it 

for j)urposes not originally planed by its au thor, the inability to modify it however, 

certainly lim its the range of purposes for which it could be reused for. Nevertheless, 

the reuse of existing resources is m ostly performed within ranges of reuse scenarios 

close to  those predeterm ined  by original au thors (i.e. being read by s tuden ts  for 

exam ple or inserted  as it is as p a rt of a larger corpus of resources). However, 

besides being discovered, accessed and delivered for reuse w ith o ther resources, 

existing content may also be seen as a prelim inary product of an authoring process 

[Hodgins2002, M eyer2Ull]. Reuse approaches which involve modifying an existing 

resource hence aim to increase the repurposiruj capabilities of a resource, by adapting 

it to  a new context not initially intended by its original author(s).

[Meyer2011] for exam ple, follows this j)rinciple iji the area of (‘ducational resources 

w ith  the  R epurposing Tool Suite prototyjje  application i)roposed. T his tool 

su ite  serves as a p latform  for different repurposing tools, such as m odularisation, 

aggregation and ad ap ta tio n  tools, which users can utilise in order to  improve the 

m odularity  of existing resources and in particu lar their m ulti-granularity. Existing 

resources are used as preliminary products for the creation of new learning resources, 

which accelerates the  m am ial production of new learning objects for web based 

training. [GonzalezBarahona2006] also present the Edubilibre architecture, an oj)en 

collaborative p latform  to  support the  free reuse and modification of educational 

resources in university settings. Edukalibre takes inspiration from lessons learned in 

the  oi^en softw are developm ent conununities and provides existing as well as new 

collaboi’ative web based tools (such as the  COLLAB and ConD OR w eb-based 

collaborative ed iting  tools) to  suj)port tlie com nnm ity-driven developm ent of 

educational content. W hile the task consisting in the repurposing of existing resources



is performed in the previous example mamially, autom ated alternatives have also been 

elaborated. The ArtEcjuAKT system developed by [Weal2007] (described in further 

details in section 2.3.4.3) for example, autom atically re])urposes parts of web resources 

as prelim inary content in order to deliver a platform  to users providing biographies 

of a rb itrary  artists. In this example, all of the content presented to  users originates 

from various resources sei)arately originally authored as stand  alone documents and 

repurposed for the purpose of recomposition within an independent platform. O ther 

ai)proaches [Ahmadi2008] have also used this approach to autom atically modify web 

pages originally au thored for desktop presentation for the purpose of m aking them  

m ore readable on small handheld  devices. A lthough the  notion which consists of 

altering prelim inary resources in order to  produce new ones, is a powerful idea a.s it 

enables the ability to  unlock the full potential of resources already produced, as is 

explained in further details in section 2.3.4.3, the difficulty involved in developing a 

system  which can {)erforni this task autom atically a t a large scale, over resources of 

various types and for various purj)oses is a challenge which is still being investigated.

2.4.2.5 Conclusion

This section jjresented the reader with three different forms of content reuse, which 

have proven successful in improving the reuse of existing resources w ith respect to 

various dim ensions of reuse. If properly leveraged, these proven techniciues could 

clearly benefit the  adaptive connnunity w ith respect to  the existing content model 

and supply approaches used by AHSs. The following sections continue exploring 

various approaches and technologies available to  the  com m unity, which could also 

be leveraged for same purpose. In partlcu lai, these sections focus more specifically 

upon tools available to  conduct various types of analysis of open corpus resources.
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2.4.3 Content Fragm entation Techniques

2.4.3.1 In troduction

Ak iiientioned in section 1.1, prevailing approaclies involving the reuse of open 

corpus content within AHSs suffer because they only provide hniited control over the 

graiuilarity of such resources. The ability to move beyond one-size-fits-all delivery 

represents therefore a critical aspect of open corpus reuse iinprovenient. This section 

thus presents a review of content fragmentation algorithms, which aim to identify 

and extract coherent regions*' of individual pages [Sleiman2012].

2.4 .3 .2  O verview  o f C ontent Fragm entation

Fragmentation technicjues defer significantly from text segmentation algorithms, such 

as text-tiling [Hearstl997] or affinity propagation segmentation [Kazantseva2011]. 

W hile the la tter techni(|ues aim to segment texts (as opposed to complete w'eb 

documents) into sub-topics, content fragmentation algorithms attem pt instead to 

identify structurally coherent fragments of a document.

Content fragmentation technicjues'*^ are increasingly used a.s preliminary processing 

tasks within information extraction sj’stems [Antonaco])oulos2()07a]. For this reason, 

approaches available in the literature are, most of the time, described not a« 

stand-alone algorithms but instead as j:)art of larger systems. While information 

extractors focus on extracting and structuring data  records and their attributes, 

content fragmenters instead focus on identifying fragments of resoiu'ces that contain 

this information [Leoucini2012, Sleiman2012].

Over time, page layouts have become increasingly complex. They have evolved from 

flat documents to today’s deep nested structures, with sidebars, navigation panels, 

headers, advertisements etc. [ChakrabartiD2007a]. The reliance of HTML tags

'^Formal definitions o f what con stitu tes structural fragm entation and regions o f a page arc

available w ithin the glossary
'^Content fragm entation is also referred to as structural fragm entation within this thesis. Other

researches in the literature also refer to these approaches as region extractors, page segnienters or

sem antic structure analysers
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within web documents, to detect relevant jjarts of pages, is increasingly erroneous 

[Mehta2005]. Modern wel) designers, for example, are moving towards the use of 

Cascading Style Sheets (CSS) to represent visual information, using mostly div tags to 

distinguish different sections of a page [Kohlschutter2008a]. Moreover, templates'^ 

represent a significant proportion of data  on the web (between 40% and 50%) 

growing at a rate of approximately 6% per year [Gibson2005]. This non-informative 

content can affect web mining [ChakrabartiD2007a, Yi2003] or web search accuracy 

[Moura2010]. For this reason, such content must commonly be discarded as part of 

preliminary processing tasks.

Content fragmentation techniques are thus increasingly used for j)urposes such as 

web mining [Alassi2012, Leoncini2012, Hogue2005], web search [Cai2004, Moura2010, 

Mehta2005], document archiving [Esser2012] and classification [Hu2000] as well 

as content adaptation aimed at mobile browsing [Hattori2007, Yin2004, Yin2005, 

Ahmadi2008] or web accessibility [Mahniud2007].

This section serves as a basis, in section 3.3.3, for the selection of a structural 

fragmenter to be incorj^orated as part of the sheer implementation carried out for 

the purjiose of this research. As numerous attem pts to achieve this task have been 

undertaken in the past, this review aims not to provide an exhaustive list of all 

algorithms available in the state-of-the-art but instead to i)resent an overview of 

general approaches used for achieving this purpose along with their implications and 

trade-offs. The review separates approaches, examined as part of this thesis, into five 

categories consisting of: i) content wraj^pers, ii) visual fragmenters, iii) Document 

O bject Model (DOM)-based fragmenters, iv) template-based fragmenters and 

v) graph-based as well as semantic fragmenters. This taxonomy represents only 

one out of many possible categorisations of techniques available within this field 

[Laender2002a, Sleirnan2012]. Also, as many algorithms borrow characteristics from 

various approaches, these categories are only intended to provide general trends to 

the reader as opposed to exclusive classifications.

'®page fragments repeated wit hin or across documents
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2.4.3.3 Content Fragmentation Wrappers

The traditional and most widely used ai)i)roach to content fragmentation consists 

of specialised programs, called wrappers, tha t identify regions of i)ages based 

upon various data  of interest [Laender2002a]. Most of these algorithms are 

generally used for content extraction purposes and for this reason aim specifically 

at identifying the most im portant region of pages containing the data  targeted 

[Chang2006]. Many of them also aim at adapting HTML pages for mobile browsing 

[Anam2011, Ahmadi2008] as well as removing clutter content (navigation bars, 

advertisement etc.) [Louvan2009a, Marek2007a]. Wrappers rely upon pattern  

matching procedures (e.g., a form of finite-state machines), based on a relatively 

straight forward set of extraction rules [Chang2006], inferred emj)irically from 

recurring structural characteristics of a selected set of pages. Creating a wrapper 

for a set of HTML j:)ages, for example, corresponds to inferring a grannnar for the 

HTML code used to create these pages and then use this grannnar in order to parse 

each page and extract pieces of data  [Cresct'nzi200l]. This technique isn’t limited 

to only HTML pages and can be used for any file format. In contrast with DOM 

feature-based content fragmentation algorithms (presented in section 2.4.3.5), which 

rely upon the result of some form of feature analysis of pages to be fragmented, 

wrappers simply rely upon tag pattern observations between pages.

The most straight forward, and less sophisticated, wrappers consist of hard coded 

hand crafted extraction rules, tailored for a limited number of predefined pages 

with a connnon structure and layout; these wrai)pers are commonly also referred 

to as screen scraping algorithms [Pappas2012]. They can be written either with 

traditional programming languages [Laender2002a] or using tools specifically designed 

for this purpose (such as XW rap [Liu2000a], TSIMMIS [Hanniierl997] or Minerva 

[Crescenzi 1998a])

[Kaasinen2000, Liri2002a], for example, consider interpreting the tag information of 

H'rML pages to determine specific regions of pages. Tags corresponding to paragraphs, 

headers, tables or lists are used to divide pages into equivalent fragments.

C ontent wra])pers can be used to fragment just about any resource, as long as its
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structure is available to the designer developing the fragmeiiter. The accuracy of 

fragments ])roduced is very high, since each wrajjper is produced for a dedicated 

predictable sets of resources. The drawback however, is th a t content wrappers 

are generally over-fitted to  these [)articular resources. Hence, in addition to being 

very lahor-intensive to produce [Lo2006] , this results in very brittle fragmentation 

algorithms, unable to handle minor changes in pages targeted, and therefore very 

difficult to maintain [Crescenzi2001]. These algorithms assume tha t pages are both 

static  and identical with respect to their structure. For these reasons, this type 

of fragmenter is typically used today either as a rapid short term  solution or as a 

last resort alternative if no other technique could successfully fragment the content 

targeted with accej)table precision.

So as to overcome these drawbacks, wrapper induction systems have been designed in 

order to automate the process of learning rules to produce such content fragmentation 

algorithms [Chaiig2006]. Given a few examj^le pages, wra])per induction is the 

problem of learning a wrapper tha t can then be a[)plied to other pages of similar 

structure to extract the same set of data [ChakrabartiD2010a]. RoadRunner 

[Crescenzi2001] for example, uses a matching technic}ue called Align, Collapse under 

Mismatch, and Extract (ACME). Given a set of two HTML pages, an initial version 

of the wrapper is derived based upon the tag structure of the first page. The wrapper 

is then progressively refined by discovering regular expressions connnon to the two 

pages. This is done by solving mismatches between the w rapper and the sample 

pages. Although these w rapper induction algorithms do reduce the time reciuired 

to produce regular expression matching rules, they nevertheless recjuire a lot of 

manual effort in both selecting and labelling appropriate pages [ChakrabartiD2010a]. 

Moreover, tailoring these content fragmentation algorithms to new requirements 

(depending on the text type, domain, and extraction scenario) is a task that varies 

in scale [Chang2006].

The hypothesis underlying fragmentation wrappers assumes th a t multiple pages 

share connnon tag patterns. However, the design patterns used to present contents 

on the W W W  are unlimited and thus cannot be covered by a finite set of rules
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[Alcic2011]. Due to tlie fiexibility of the  HTM L syntax , conceptually and visually 

sim ilar pages can be im plem ented by completely different HTM L codes [Zou2007]. 

Moreover, the  more CSS is used, the less im portan t the sem antics of a HTM L tag  

becomes [Kohlschutter2010a]. For th is reason, different w rappers are required for 

different sets of pages, which leads to  higher m aintenance recjuirements [Lo2006]. 

[ChakrabartiD2010a], for exam ple a ttem p ts  to au tom ate  the  clustering of pages in 

order to  select an appropria te  wraj)per for each page. Hence tis long as the  set of 

pages targeted for fragm entation is relatively small and predictal)le over time, content 

wrappers are a relatively straightforw ard option for content fragmentation, with very 

good precision. However, for all th e  reasons described previously, fragm entation  

wrappers are instead mostly incorporated as extensions to alternative fragm entation 

algorithm s, in order to improve accm'acy performances [Kohlschutter2008a].

2 .4 .3.4  V ision B ased M ethods

Vision-ba.sed content fragm entation approaches operate by simulating the process of 

user-perccption. in order to  distinguish different region of jiages [Hu2009. Cai2003a]. 

riiey build on the hyi)othesis that web desigu('rs provide visual cues that help people 

recognise different regions of which a document is composed of, e.g visual separators 

(lines, vertical and horizontal space), background colour etc. [Sleiman2012]. W hat 

distinguishes them  from o ther approaches is th a t they all rely on the  page to  

fragm ent being rendered. P u re  vision technicjues, such as colour scale or O ptical 

C haracte r Recognition (O CR) analysis, are used along w ith hybrid v isual/D O M  

based approaches.

T he to])-down BESUS^° [Antonacopoulos2007a] m ethod for instance in itially  

converts scanned pages in pseudo-greyscale form ats using a low-pass adaptive filter. 

Morjihological open and close operations, from the field of com])uter vision, are then 

used to convert the greyscale image into a matrix. This page representation provides 

the ability to distinguish regions of pages containing images or text by analysing each 

line of the  m atrix . The hypothesis considered by th is apjiroach assum es th a t  tex t 

lines exhibit regular band s tru c tm es whereas images do not. Both different sets of 

^°BKSUS stands for Bengal Engineering and Science University, Sliibpur
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F ig u re  2.14: Layout Analysis [Hu2()00]

hands are therefore deteetc'd and grouped together. Using sta tistical estim ations of 

the height of text bands and line gap. text is then further fragmented into paragrai)hs. 

The result of this process consists of fragments containing either images or blocks of 

text. Ill contrast to other visual approaches (see below), text regions can be detected 

in m ultiple page orientations.

Layout analysis can also be used to com pare scanned docum ents w ith existing sets, 

already indexed by a company, in order to  ex trac t relevant inform ation for further 

indexing. The underlying assum ption of these techniques is that layouts can determ ine 

the kind of content of pa,ges (e.g. research article, news article, letter in figure 2.14) 

and th a t business docum ents usually follow a common tem plate w ith similar words 

repeated across documents. Based upon this information, standard  template^^ regions 

of pages can be identified across documents and relevant information contained w ithin 

regions detected can be extracted.

[Esser2012] more specifically, use O C R analysis for exam ple in order to  detect the  

position of words contained within each page. Each combination of word and position

^'noii vistial t e m p la te  cietection inetliod will he  presented in sec tion  2 .4 .3 .6
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F ig u re  2.15: R aster Analysis [Esser2012]

is stored in an Apache Lucene indcx^^ and com pared w ith previous indexed data, 

li the num ber of occurrences of a word, in the  sam e i)osition, passes an a rb itra ry  

threshold, th is word is considered part of a tem pla te  across docume'uts. Such 

consecutive words are then grouped into se])arate regions using a bottoni-up ai)proach. 

Because of its reliance upon OCR, this techniciue is com putationally expensive and 

reciuires pages to be processed with the same page orientation. [IIu2(){)0] on the other 

hand avoid the use of OCR altogether and identify layouts using a temi)late detection 

m ethod, which converts each docum ent into a binary rastt'r’"̂'* (figure 2.15). The 

raster can consist of only black (text) or white (background) cells, and sequences of 

cells are then group together as in the previous approach. Cluster distances between 

sequences are calculated across documents, and tem plates are subsequently detected 

using a sub-optimal path discovery process. This information is then used to identify 

various regions of pages, in w'hich relevant d a ta  is extracted  from.

Because approaches described above rely exclusively upon an image representation of 

pages, any page renderable (including scanned pages) could be theoretically targeted 

for fragm entation. Nevertheless, m ost docum ent possess an underlying structu re ,

^^htt|}://lucene.apaclie .org /core/ [Accessed: October 3, 2014]

raster represents continuous data over space. Raster data is divided into rows and colum ns,

which form a regular grid structure



wliich could be used to improve the precision of fragmentation i)rocedures. This is 

what hybrid visual/DOM  based approaches [Fumarola2()ll, Ahmadi2()()8] attem pt 

to achieve.

I'he Vision-based Page Segincntation (VIPS) structural fragmentation approach 

developed by Microsoft Research Asia [Cai2003a], is jjrobably the most popular 

example of such a technique. It is been used as a basis for other algorithms extensively 

throughout the literature [Rao2012, Tan2012, Alassi2012, Song2004]. In contrast 

to the former approaches, which only analyse a page’s rendering in order to detect 

regions of pages, this algorithm also analyses the HTML visual attributes (font, colour 

coding etc.) and tags of web pages. It proceeds in two phases, each respectively 

consisting of a top-down, bottom -up procedures. The DOM tree of the HTML 

document is initially built and enriched with information regarding visual features 

such as position, background colour etc. The entire page is initially considered as 

one large region. Each level of the DOM tree is then traversed and analysed in 

order to determine wdiether it coukl be broken into subregions based upon a set of 

HTML tag heuristics. Once each stibregion is discovered, the algorithm identifies 

a set of separators (consisting of visual boxes that do not intersect with any of 

the sub-regions) and assigns each a weight corresi)onding to the visual differences 

between the regions it se])arates. The visual separators are assigned weights based 

upon their colour, position etc. Consecutive regions of a page, which are separated 

by a separator with a weight inferior to a predefined threshold, are then merged 

together through a bottom -up process. The result of these operations consist of a 

tree of regions and subregions (figure 2.16).

The strength of this apj)roach resides in the fact that it benefits from all the advantages 

of visual fragmentation algorithms but also takes advantage of hidden clues provided 

by the HTML syntax as to the underlying structure of each page. Although very 

popular, hybrid fragmentation techniques such as VIPS however, offer a smaller range 

of pages th a t can be processed in conii)arison with pure visual alternatives, since 

they require the internal structure of pages to be based upon a HTML like format. 

Additionally, depending upon decisions made by original author of pages, different
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F ig u re  2.16: VIPs Content Fragmentation [Cai2003a]

HTML elements of a page might be interpreted differently from what was originally 

int(»nded by this format. For example [Cai2003a] reports very low performances 

using VIPS for pages using very thin images (representing a line for example) as 

separators.

2 .4 .3 .5  F e a tu re  A nalysis  C o n te n t F ra g m e n ta tio n

Feature analysis methods distinguish themselves from other content fragmentation 

approaches by relying extensively upon the analysis of internal HTML tag features, 

in order to determine suitable fragmentations. The vast majority of these algorithms 

ap])ly their analysis upon HTML web pages, however a large number of these 

could theoretically also be applied to XML documents if needed [Kohlschutter2008a, 

Gottron2008a].
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Features analysed typically comprise of either content-based features (attributes 

enclosed within tags such as token length, token frequency etc.) [Kohlschutter2010a] 

and/or markuj) based features (attributes tha t determine the visual representation 

of content including colour, position, font etc.) [Cao2008]. These fragmentation 

approaches can be divided into two broad classes depending upon whether they rely 

on Machine Learning (ML) algorithms or not.

ML based approaches typically use a wide range of features both content and markup 

based. They require an initial training data set consisting of different regions of 

pages containing specific tag features and labelled as individual fragments. ML 

algorithms are then used to determine the most adequate feature combinations 

characterising fragmentation boundaries between regions. Once these combinations 

are established, pages [)rocessed for fragmentation are analysed, and regions are 

determined according to the set of features contained in different parts of each page. 

[Gong2012] and [Marek2007a] for example convert the process of fragmenting pages 

in to a classification problem. [Gong2012] initially parses the DOM tree of each 

HTML page in order to produce a set of Basic Objects (BOs). A BO is the smallest 

information object th a t can’t be divided. It can perform some function only as 

a whole. Conditional Random Field (CRF) methods are then used to  label each 

of these BOs with a predefined set of labels (information block, navigation block, 

interaction block and trash block). Consecutive BOs, assigned with identical labels, 

are finally groui)ed together into larger blocks in order to form the final regions of 

each page. [Weninge20f)8] on the other hand, converts the fragmentation jjroblem 

into a clustering exercise. This approach transforms each page into a two dimensional 

histogram using Text-to-Tag Ratios (TTRs) estimates. Clustering algorithms such as 

Farthest First [Hochbauml985], K-Means [Macqueenl996] and EM [Dempster 1977] 

are then used to cluster different parts of pages together according to their TTR 

values.

The use of ML techniques enables content fragmentation processes to rely upon the 

combination of many features simultaneously in order to identify precisely diffennit 

regions of pages. However, as they require a training phase to do so, they only
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F ig u re  2.17: Densitoinetric Page Representation

provide a senii-autoniatic fragmentation deployment, whicli could impact scalability. 

In order to train  such algorithms, an initial set of labelled representative training 

da ta  must be available. This assumes both that a mechanism for selecting these 

l>ages is available and additionally that such a truly representative sample does exist 

for the wide diversity of pages available on the WWW [Spengler2010].

Non-ML approaches, on the other hand, typically rely on fewer features to distinguish 

difi'ering sections of pages and simpler analysis. These range from the most simple 

apj)roaches considering only character length of content within tags [Arias2009b], 

to algorithms generating intermediary data, derived from raw features considered 

within pages, to identify page regions [Liii2002a]. [Kohlschutter2008a] for example, 

introduces the notion of text density and assigns a value to all the leaf tags within a 

page DOM tree. Text density of a tag is defined as the ratio between the number of 

words and the number of lines within tha t tag, while a line consist of an arbitrary 

mnnber of successive characters. The result is a one dimensional representation of 

each page as depicted in figure 2.17. The fragmentation process thereafter simply 

consists in identifying differences in text density values above an arbitrary threshold 

value.
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[Gottron2008a] on tlie other liand com putes a C ontent to Code Ratio (CCR) value 

based upon the ratio between the number of words to tags encountered within pages 

and local averages in different parts of each page. A code blurring technique, inspired 

from the field of image j)rocessing and using a Gaussian weight distribution, is then 

applied iteratively to the set of the CCR representation of each page, to a lter each 

CCR value based upon influences of neighbouring values. The process stops whenever 

CCR values across a page stabilises.

Although the use of pre-determined functions and smaller sets of features can reduce 

the  fragm entation  precision of pages, these algorithm s achieve perform ances close 

to  their ML equivalent [Kohlschutter2008a]. Nevertheless, the  sim plicity of th(!se 

approaches, in com parison to  their ML counterparts, is w orth considering w ith 

respect to time performances. Moreover, as they are completely autom ated processes, 

they  do not rely upon any tra in ing  phase and are legitim ate candidates for large 

scale deployments.

2.4.3.6 T em plate D etection  C ontent Fragm entation

Among the  s tru c tu ra l fragm entation approaches reviewed, a group of algorithm s 

distinguishes itself by detecting tem plate portions of documents repeated across jiages. 

A lthough the  increasing use of tem pla te  s tru c tu re  w ithin web pages (containing 

navigation links, sidebars etc.) has considerably improved the browsing experience of 

users (by providing easy-to-access and useful inform ation to  users), these tem plates 

sidetrack the main topic of discourse in web pages and are now increasingly perceived 

as ’’content pollution” [ChakrabartiD2007a]. Their presence, which constitutes close 

to half of all HTML content on the web [Gibson2005], can affect the performance of 

search engine indexing, duplicate detection or ranking functions [Bar-Yossef2002a]. 

A lthough, these ai)proaclies are prim arily  aim ed a t detecting  duplicate conte'nt 

across pages, they  are nevertheless considered content fragm entation techniques 

since they can distinguish inform ative from non-inform ative regions of pages. T he 

tem plate-based content fragm entation approaches reviewed, as part of th is research, 

can be sub-divided into structure and feature detection techniques. Both techniques 

rely upon an analysis of sam ple sets of pages, from a single website, jjrior to  th e ir
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corpus wifle content fragm entation operations. Techniques as these, dependent upon 

a site  level analysis, are referred to w ithin this thesis as site  level fragm entation  

techniques.

S truc tu re  detection approaches [Bar-Yossef2002a, Karane2()06a] identify recurring 

DOM structure among sets of pages. [Karane2006a] for instance, attem pts to discover 

mappings between the DOM tree structures of j)ages using the tree-to-tree correction 

teclmicjue introduced by [Tail979]. 'Fliis technicjue com{)Utcs the cost of transform ing 

a tree into ano ther using ed it operations^ ' (figure 2.18). Each edit operation  is 

associated with a unit of cost. As many m appings can exist between two trees, the 

algorithm  hence consists in discovering the optim al mai)ping, which possesses the 

minimal associated cost. Performing these operations is com putationally expensive, 

hence this analysis is performed only over a small sample set of pages (twelve pages 

on average). Once a coimnon sub-tree is identified across all sample pages, new pages 

processed for fragm entation are analysed, using an inexi)ensive procedure, in order 

to  identify this tem plate  sub-tree.

Feature detection techni(}ues [ChakrabartiD2007a, Lo2006] on the other hand, avoid 

the com putationally expensive process of analysing DOM tree structures and instead 

rely solely upon tag features to  detect tem plates across j)ages. [Lo2()06] for example 

parses H l'M L pages in order to extract words contained within lags along with their 

occurrence paths. Tem plates present across documents are detected based upon the

^^vertex removal, vertex insertion, vertex replacement
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frequency of word occurrences between page sets. [Debnath2()05c] on the other hand, 

rehes ui)on features such as tlie number of images, scripts, hsts, etc. It converts 

DOM tags into blocks, which are assigned feature vectors representing the type and 

number of features contained within each tag. Cosine differences between each block 

feature vector are calculated. If their similarity reaches an arbitrary threshold, they 

are considered identical. Inverse block document frequencies are then calculated 

based upon how often blocks appear across web pages. Blocks which possess high 

inverse block frequencies are considered template content.

Approaches which combine both structure and feature detection techniques can also 

be used [Pappas2012, Yi2003a], [Yi2003] for example proposes to merge DOM trees 

(union), of web pages which belong to a common website, into an accumulative 

compressed representation named the Site Style Tree (SST). The SST captures 

feature (layout, text, images) commonalities of all DOMs analysed on an entire 

website. Cumulative imi)ortances of j)ath of similar nodes are used to com pute 

weights. The higher the frequency of a node, the more likely this node is to be 

considered part of temi)late material. Although authors of this technicnie claim this 

approach is highly effective, it nevertheless requires on average 400 to 500 pages 

from a single website. This is significant compared to the tree mapping technique 

described above, which only requires a dozen pages.

Although some methods claim to be page-level structural fragmenters 

[ChakrabartiD2007a, Debnath2005c] all of these techniques do require some form 

of site-level analysis to be performed a t some stage in their algorithm and 

are com putationally expensive [Buttler2004a]. This assumes tha t two or more 

labelled pages from the same domain will always be available in order to apply 

tem plate detection techniques, which necessarily requires some manual-labor. 

Moreover, web pages increasingly possess regions th a t change dynamically (e.g 

recommended products in Amazon) but can still be considered as noise. Due to their 

approach, teni[)late-based removal methods would fail to detect this type of content 

[Pappa.s2012].
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2.4 .3 .7  G raph-B ased C ontent Fragm entation

An em erging set of ai)])roaches, ijased upon graf)li analysis, a tte m p t to  solve the  

content fragm entation challenge by converting the DOM structure of each page into 

nuiltiple weighted graphs. W eights assigned to each edge correspond to  the cost of 

placing a node or subtree into the same fragment as another. Once this conversion is 

performed, the fragm entation process consists in finding an o])timal solution, using a 

large range of standard  algorithms, minimising the cost of fragm enting pages across 

each set of parallel graphs. [ChakrabartiD2008a] for exam ple converts pages into 

three separate graphs based upon i) stylistic properties (headers, font styles, links), 

ii) node real-estate  and iii) node separation w ithin the  original DOM  tree. Two 

algorithm s based upon correlation clustering and energy-minim ising graph cu tting  

techni(}ues are subsequently used to solve the graj)li optim isation problem. [Yin20()5] 

converts pages into five separate graphs, and uses random  walk algorithms to assign 

DOM  nodes to  each fragm ent. [ChakrabartiD2010a] on the o ther hand, adopts a 

more original aj)proach by analysing the relationshij) between search (juery logs and 

pages returned for each query. Specific portions of pages are assigned weights based 

upon w hether the words they contain repeatedly m atch individual keywords fomid 

in search (}ueries. This set of algorithm s converts the process of fragm enting pages 

into a graph optim isation problem , and hence benefit from th e  research o u tp u t of 

th is field which has been extensively studied over the  years. Nevertheless, as th is 

approach heavily relies upon nuiltiple s truc tu ra l analysis of individual pages, they 

are  necessarily com putationally  expensive [Karane2006a] in com parison to  o ther 

m ethods presented in this review.

2 .4 .3 .8  Sem antic-B ased Fragm entation

Another set of algorithms, aiming at fragmenting web pages, rely u])on the semantic 

analysis of concepts contained within pages. [Leoncini2012] for example extracts all 

tex tual content of a page and uses N atural Language Processing (NLP) algorithm s 

to  identify individual words and sentences. Concepts (figure 2.19) are subsequently
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assigned to each word, using EuroW ordNet synsets^^. Tlie most po])ular concepts 

within each sentence are tlien grouped in honiogenous sets, and for each of those 

concepts, a hst of domains is extracted based upon domain labels available within 

WordNet^®. A domain within WordNet is a structure that gathers different synsets 

belonging to a conunon area of interest. Similarly a.s for concepts, the most popular 

domains are extracted. Sentences are finally assigned weights bjused upon whether 

the concepts assigned to its tokens i)ertain to one of those most popular domains. 

Each page is finally fragmented based upon these final domain topics and weights 

assigned to each sentence.

[Mehta2005] on the other hand, initially uses the VIPS algorithm (section 2.4.3.4) 

to obtain an initial fragment tree of a page. VIPS leaf fragments are tlien analysed 

using a naive Bayes classifier and assigned to ODP categories. If a leaf fragment is 

assigned to more than one ODP category, it recursively runs the VIPS algorithm on 

this fragment until new sub-leaf fragments can only be assigned one ODP category. 

Resulting single-ODP leaf fragments are then merged together into larger fragments 

if they were assigned the same ODP category. The result of this jjrocess is a tree of

^®h t tp : / /w w w . i l l c . uva.nl/EMiro W o rd N e t /  

li tt  p: /  /w o rd  n e t . pri nceton .ed u /
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single ODP category fragments. Tlie content of eacli leaf fragment in this tree may 

possibly be distributed across the page.

S('iuantie l)ased algorithms, offer the ability to fragment resources based uj)on 

the structure of pages taking into account a.s well the semantics contained within 

individual structural units of [)ages which is a unique proposition across the algorithms 

reviewed for this research. However, their reliance upon individual words and concepts 

means they are necessarily linguistically dependent.

2.4.3.9 Sum m ary and D iscussion  o f Fragm entation A pproaches

As pointed out in section 2.4.3, due to the growing necessity to distinguish individual 

regions of pages, many content fragmentation approaches have been developed over 

the years to achieve this j)urpose. A comparison of the surveyed technicjues can be 

found in table 2.1 and 2.2.

Chapter 1 described how the requirements by AHSs for greater volumes of content is 

driving the nc'ed to [)rocess vast amounts of diverse resources accessible via the WWW. 

For this refuson, the approaches presented in this review' were conq)ared in priority 

with respect to characteristics suj)porting scalaliility. The characteristics considered 

consist of: i) sem antic/linguistic dc’pendency ii) time performance iii) supported 

content forniat(s), iv) targetable range of pages, v) adjustability and vi) sizing.

For the purpose of this review, fragm enta tion  scope  refers to the total set of pages 

targetable by a method over any time (see figure 2.20). The fragmentation scope of 

an approach is decomposed into three sub properties consisting in the a) supported 

content format(s), the b) targetable range of pages and c) adjustability. While the 

content format pro})erty refers to the type of pages which an approach can target 

for fragmentation, the targetable range refers to the collection of pages belonging to 

the supported format, which can l)e fragmented for a given algorithm configuration. 

Adjustability refers to the degree of effort involved in moving from one target range of 

])ages to another. Given two approaches supporting the same set of content format(s), 

high fragmentation scope would refer to an approach with either a targetable range 

of pages C'Cjual to the set of resourcc^s belonging to the supported formats, or a lower
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F igure  2.20: Fragnicntatioii Scope

targetabie range with an algorithm easily adjustable from one target set of pages to 

another. Inversely, an approach with low fragmentation scope would possess a small 

targetabie range of pages and high level of effort required to adjust the algorithm 

from one target range of pages to another.

W ith respect to content fo rm a ts ,  pure visual methods outperform all the 

other solutions reviewed since they can fragment any digitally rendered document 

[Burget2007]. This includes web pages but also scanned images of documents 

[Esser2012, ICDAR2011] as well as Portable Device Formats (PDFs) [Hassan2005]. 

The vast majority of other techniques, on the other hand, focus upon HTML web pages 

with many of them theoretically applicable to XML documents too. Nevertheless, 

most of these algorithms have mostly been evaluated only over a specific subset of 

such content (news, blogs etc.) [Gupta2005b].

In relation to the targetabie range of pages, visual based, non-ML and graph-based 

approaches can target any page (belonging to supported formats) for fragmentation, 

without the need to modify the configuration of selected algorithms. Semantic 

approaches restrict the subset of targetabie resources to a range consisting of pages in
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an arliitrary set of supported languages, while template based and ML feature-based 

api)roaches further limit their range to resources that Ijelong resj)ectively to a 

l^articular website [ChakrabartiD2007a] or similar to an arbitrary training set of 

pages. The most restrictive approach consists of wrapper content fragmeuters. These 

recjuire the range of pages targeted for fragmentation to be almost identical to a 

hand-selected set of resources. As soon as the structure of targeted i:>ages changes, 

wrap[)ers need to be readjusted [Gibson2007a], which makes the ajjproach both very 

inflexible [Pappas2012] and brittle [Crescenzi2001].

Apart from a few exceptions [Esser2012], once configured, all fragmentation 

algorithms reviewed for this research are fully automated processes. For this reason, 

the level of automation indicated in table 2.1 and 2.2 refers instead to the process 

recjuired to adjust  algorithms from one target range of pages to another. Since 

visual-based, graph-based and non ML feature-based approaches possess a targetable 

range of j)ages ecjuivalent to the number of resources in their sui)ported formats, 

these teclmiciues do not require algorithms to be adjusted. Semantic approaches 

on the other hand recjuire the selection of a domain concept mapping services^^ 

relevant to the new targeted languages, while template bcised and ML feature-based 

techni(}ues recpiire new training sets of resources (corresponding to the targeted range 

of pages) to be assembled as well as labelled (for ML approaches) [Spengler2010] 

which can be very time consuming [ChakrabartiD2()()7a]. Once more, fragmentation 

wrappers require the most effort when it comes to adjusting to a new range of 

resources. In addition to the necessity for example pages [ChakrabartiD2010a], the 

process of writing and maintaining wrappers is known to be a very labor-intensive task 

[Lo2006, Laender2002a, Crescenzi2001] making it very unscalable [Ramaswamy2004]. 

When data extraction is required from multiple public websites, which frequently 

modify the format of their pages, the level of effort required to adjust each wrapper 

to targeted websites makes their use very imj)ractical [Irmak2006].

Hence, among all reviewed approaches, vision-based followed by non ML feature-based 

and graph-based technicjues appear to provide the highest fragmentation scope overall,

^^For example: a W onlN et like equivalent for the targeted language.

76



while wrapj^ers i)reseiit the worse.

The techniques reviewed for this research, very rarely considered multilingual 

o r  sem an tic  dependencies  of content fragmentation methods. Nevertheless, 

based upon the description of these algorithms, most approaches would appear to 

be semantically and linguistically independent. Semantic-based fragmentations, 

of course represents the exception. Since these techniques rely u])on external 

resources^® to identify concepts or domain categories assigned to each word 

within a page, the resources selected to perform these tasks must support both 

the language and flomains of these words. Selected algorithms belonging to 

the feature analysis [Kohlschutter2008a], pure visual [Esser2012] or graph-based 

approaches [ChakrabartiD2()l()a] do rely upon the identification of individual words 

in pages. Nevertheless, these techniques do not depend upon words pertaining 

to a i)redetermined language or domain vocabulary in order to operate. For this 

reason, they do not portray a semantic or linguistic de[)endency in contrast with 

semantic-based approaches. Nonetheless, in the event multilingual fragmentation is 

required, prior evaluation of a chosen ajjproach should be performed to confirm their 

semantic or linguistic indei)endence.

With respect to tim e perform ance,  the estimated computational costs for each 

approach, as well as the total munber of pages to be processed for each page 

targeted for content fragmentation, w êre considered the most important factors 

influencing time performance. Based upon these two criteria, content wrappers 

and non-ML feature-based approaches appear to be the best options available with 

respect to time performance. Both approaches rely upon relatively simple computing 

operations in order to execute (pattern matching for wrappers and simple analysis for 

feature based ai)proaches [Kohlschutter2010a]) and only require the page targeted 

for fragmentation to be processed. All other approaches on the other hand rely upon 

intense computational tasks. OCR techniques and page rendering processes, used 

by vision-based techniques for instance can be relatively time consuming to perform 

[Hu2000, Kohlschutter2010a]. ML operations performed by some feature-based

^*For example: KiiroW ordNet, W ordNet or 01)1^ categories
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tecliiiiciues, as well as the coniputational coiiiplexity involved in structural DOM 

analysis performed by both graph-based and some template based techni(}ues, can 

rapidly become overwhelming [Karane2006a, Buttler2004a]. To make matters worse, 

tem plate based as well as some graph-based approaches [ChakrabartiD2010a] also 

recjuire many pages to be processed for each targeted page fragmented, which further 

reduces performance. Finally, the semantic-based techniques presented as part of this 

review additionally require the analysis of multiple concepts and domains associated 

with each word within every page fragmented. This would indicate relatively intense 

computational costs compared to both rule matching and feature analysis mentioned 

above.

As pointed out by [Kohlschutter2008a], there is no such thing as the fragmentation, 

since correct fragmentations may be considered at different sizes. Nevertheless, the 

s iz in g  o f  f ra g m e n t  outputs is rarely discussed within the literature. There are 

some exceptions however, most of them within visual-based content fragmentation 

approaches [Kao2005b, \Iehta2005]. W ith the exception of content wraj)pers, all 

sizing technicjues identifted w'ithin this review involve the niodihcation of some 

predetermined threshold value corres[)onding to the desired sizing output of fragments. 

VIPS fragmentation (section 2.4.3.4) for (>xam{)le uses a Perm itted Degree of 

Coherence (PDoC) threshold value to control the size of fragments. The smaller 

the PDoC, the coarser the outj^ut content. W rappers can also control the size of 

fragments depending upon the pattern  matching rules determined in advance of 

fragmentation [Louvan2009a]. The literature on this topic remains very vague with 

respect to the other approaches. Although [Cai2004] claims it is difficult to obtain 

appropriate granularities for DOM feature-based analysis, [Liii2002a] does affirm 

pursuing grarmlarity refinement, but does not go into details. In the event the sizing 

of fragments constitutes an im portant requirement, further evaluations should be 

performed upon the selected fragmentation approaches.
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Visual Based
Graph Based

DOM  Feature Analysis

Pure

Visual

V isual/D O M

Hybrid

Non ML ML

Format Any

Renderable

Page

HTML

Range Any Page Pages similar to 

training set

Adjustability No adjustments necessary Senii-automated 

Training 

required upon 

labeled data

Tim e

Performance

Low due to rendering process Low due to

structural

analysis

High Loŵ  due to 

machine learning 

analysis

Sem antic

and

Linguistic

Dep.

Tlieoretically Independent

Sizing

Support

Threshold Modification Undertermined

Table 2.1: Content Fragmentation Comparison
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W rappers
Tem plate D etection Sem antic

M anual Induced

Form at HTML

R ange Selected type of pages 

Identified prior to 

fragmentation

any page belonging 

to website targeted a 

priori to fragmentation

pages in selected 

set of languages

A djustab ility manual fully-automated semi automated manual selection 

of a concept 

mapping domain 

in new targeted 

language

T im e

P erform ance

High Low due to structural 

analysis and number of 

pages to be processed 

for teach targeted 

I)ages

Low (concept 

and domain 

mapping 

required for 

each word in 

pages)

Sem antic

and

Linguistic

Dep.

Tlieoretically Independent Dependent

Sizing

S u p p o rt

Tag Pattern Matching Under terniined

Table 2.2: Content Fragmentation Comi)arison
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2.4.4 NLP Algorithms

2.4.4.1 Introduction

l l i e  previous section presented content analysis a])proaches aiming specifically at 

analysing the structural aspect of resources. However, since the advent of the 1959 

Georgetowii-IBM experiment [Hutchins2005], involving the translation of Russian 

sentences into English, a vast arnoimt of research has also been carried out upon 

the linguistic analysis aspects of documents. Approaches drawn from this field of 

research are usually referred to as NLP algorithms and use a combination of machine 

learning and statistical analysis techniques. These algorithms are widely used and 

now also available a.s web-services^®.

As there exists a vast variety of NLP algorithms, this section intends to present the 

reader with an overall understanding of the fundamental apjjroaches and concej^ts 

involved within this area of research. Thus, standard  techniques used within this 

held, as well a.s those most relevant for the rest of this document are presented in 

this section. The aim in particular, is to serve as a basis for decisions descrilx’d 

within the flesign and implementation chapter of this thesis.

2.4.4.2 N LP Overview

riie  fundamental objective sought by NLP research is to convert a piece of text 

into a data structure th a t unambiguously and completely describes the meaning 

of the natural language text [Collobert2011]. While this ideal has still to l)e 

accomplished, existing NLP techniques are currently ased to solvt' more iestrict( (i 

problems and have been applied successfully in a wide range of areas such as machine 

translation [Magdy2011], dialogue systems [Skantze2010], Information Extraction 

(IE) [Fader2011] or IR (section 2.3.5).

To achieve this end, NLP systems split {)ractical problems into a series of consecutive 

tasks. Each of these tasks represent a research field of its own, and attem pts to solve a

^®AlcheinyAPI l i t tp : / /www.alcheinyapi.com /, OpenCalais http://w w w .opeiicalais.coni/ [AccessiKi: 

O ctober 3. 201''1]
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si)('cific objective with standardised metrics and benchmarks in nniltiple hingnages'*^. 

These tasks are executed together sequentially, with the output of one t)ecoming the 

iu])ut to the next, in a so-called NLP pipeline. Since various algorithms can be used 

to achieve a specific ta»sk, this separation of concern into a pipeline enables different 

ini[)lementations to be sw'itched with each other. NLP tasks are usually subdivided 

into two broad classes based upon whether they consist of low-level syntactic or 

more high-level semantic tasks. Most NLP pipelines usually initiate analysis using 

syntactic tasks first, used as a foundation for sul)sequent semantic tasks.

2.4 .4 .3  Low level N L P Tasks

The most connnon syntactic tasks used in standarfl NLP pipelines consist of 

tokenization, sentence splitting, Part-Of-Speech (POS), chunking, stennning and 

lennnatisation.

Tokenization  and sentence splitting  tasks attempt to separate a stream of text 

into a consecutive set of tokens or sentences respectively (figure 2.21). Tokens 

an> often loosely referred to as terms or words, however they can also consist of 

symbols or phrases. I ’he tokenization task is generally the first performed in an 

NLP pipeline and serves as a foundation for all other subsequent algorithms. P"or 

most languages based on the Latin alphabet, these tasks are fairly straightforward. 

Although some consideration for exceptions such as hyi)henated words needs to be 

taken into account, in most cases, each token can roughly be defined as a sequence 

of characters positioned between two white spaces, while punctuation can easily 

distinguish between two separate sentences. However, for other languages such as 

Chinese for example, tokenization tasks for example can become quite complex since 

there exist no delimiters to indicate w’ords separation [Zhang2010a]. A large field 

of research is hence dedicated to this task alone. [Xue2003] for example, uses the 

loi'al context of characters along wit h a maximum entropy model to achieve this 

task, w'liile [Peng2004] and [Gao2005] respectively use conditional random field and 

percejitron models to achieve the same objective.

CoNLL conference for example provides common data sets to conference participants 

http://ifarni.nl/signll/TO nll/ [Accessed: October ;5, 20M]
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F igure  2.21: Tokeiiizatioii Example

Input

Tokens

POS

Vinton

Vinton

Cerf

Cert

IS

0
an

an

Proper Proper
Noun Noun Verb Determiner

F igure  2.22: POS Example

Once a text ha« been tokenized, P O S  algorithms  are usually executed over the 

resulting set of tokens and sentences (figure 2.22). These algorithms aim at labelling 

each token with a unique tag that indicates its syntactic role (such as plural noun, 

advert) etc.) [Collobert2011]. [Ptaszynski2012] for example, use a Hidden Markov 

Model as a basis for a POS tagger implementation targeted at the endangered 

Ainu language, while [Shen2007] j)ropose a sequence classification approach for the 

English language, which they claim obtains an error rate of only 2.67% on standard 

tjenchmarks.

While some pipelines might only require text to be tokenised, most fields relying 

upon NLP techniques (such as IR for example) require various tokens to be group<'d 

together based upon their lemma or stem. A lemma is the canonical form of a set 

of words. For example, words such as, run, runs, ran and running all possess the 

same lemma consisting of run. On the other hand, the stem of a word refers to 

the root of a word to which an affix can be appended. For example, the words 

wait (imperative), waits (present), waited (simjile past) all j)ossess the same stem 

consisting of rvait. The process of lenunatization or stemming is performed through a 

morphological analysis. Morphological analysis algorithms have been developed 

since the 1980’s and can achieve high performances. These algorithms consist of 

rules, defined based upon the grammar of a targeted language. The Porter stennniiig
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algoritlini [Portcrl980] for the Enghsh language for exanii)le, rei)resents one of the 

earliest a tte m p ts  to  achieve tliis task  and is today  still widely used today. I ’he 

m orphology identification task  however can be much more difficult w ith respect 

to  o ther languages such as Hebrew and Arabic, due to  the  higher word s tru c tu re  

conijjlexity of these languages com pared to  English [Jamilah2010].

Finally, chunking, also referred to  as sh a l lo w  p a r s in g ,  is a task  which aim s at 

detecting a series of tokens forming a noun or verb phrase within a sentence. Series of 

tokens such as ”is going to investigate” or ”is investigating'’ constitu te verb j)hrases 

in the English language. As for the POS task, shallow parsing can be performed using 

many approaches going from simple rule-based algorithm s [Aduriz2013] to  m ethods 

using conditional random  fields [Sha2003] or hidden markov models [Freitag2000a].

2.4 .4 .4  H igh Level N L P Tasks

Am ong higher level tasks, IE algorithm s represent connnon N LP tasks inchuled 

w ithin analj'sis pipelines. Also two o ther tasks, of particu lar relevance for th is 

thesis and described l)elow, consist of boilerplate detection algorithm s and topical 

algorithm s.

I E  a lg o r i th m s  aim in general to  ex tract semantic information from text. Among 

a wide range of tasks available w ithin this category of algorithm s, nam ed en tity  

recognition, relationship  ex traction  and coreference resolution tasks are the  m ost 

frecjuently referred to. Nam ed E n tity  Recognition (NER) [Nadeau2007] aim s 

to  detect en tities referred to  w ith in  a text and assign to  each a type (such as 

person, organisation, place nam e etc.) and unique identifier (figure 2.23). M any 

m achine learning algorithm s have been conceived to  perform  this task. H idden 

M arkov M odels (HM M s) [Bikell997] or conditional random  field [Mccalhmi2003] 

technicjues for exam ple have been used to  provide su[)ervised learning solutions to  

this task, while unsupervised approaches, tha t rely upon the use of lexical resources 

such as W ordN et^ ', have also been explored [Alfonseca2002]. [Kobilarov2009a] for 

example, describe a weight calculation technique based upon the PageRank [Brinl998]

w onlnet.p rinceto ii.edu /? [Accx'ssed; O ctober 3, 2014]
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Cert is an American computer scientist . He works In ttie US tor GoogleVinton

PERSON NATIONALrTY PROFESSION LOCATION COMPANY

F ig u re  2.23: NER example

a lgorithm  used by the BBC^^ to  discover and assign entities w ith  corresponding 

DBpedia URIs as identificators.

Coreference resolution [Stoyanov2009] on the other hand, attempts to discover links 

between extracted named entities. These links can consist of anaphoric or coreference 

associations. In  the tex t depicted in figure 2.23 for example, ” he” and ’’V in ton  

C e rf’ refer to  the same real world entity. Most coreference resolution apjjroaches 

I)erform this task by aggregating local decisions about pairs o f mentions discovered 

during the analysis of large collections of labeled data [Raghunathan201()]. Following 

an NER and coreference analysis, relationships between each en tity  discovered can 

be identified. Figure 2.24 for example describes how ’’ person” , ’’ organisation” and 

’’ location” entities discovered by previous tasks, can be associated w ith  each other 

depending uj)on the ir occurrence w ith in  the text. As for previous tasks, many 

machine learning techniques have been developed in order to achieve th is pur{)OHe 

[Ramakrishnan2008]. The general approach involves identifying token morphological 

variants (such as ’’ work in ” , ’’ live in ” etc.) depicting relationships between entities 

w ith in  a chosen domain. Whenever such morphological variants are identified, the 

associated entiiies are grouped based upon tiiis  relat ionship. As manually labelling 

morphological variants is time consuming, unsupervised methods attem pt to discover 

these variants across large sets of unlabelled resources.

Boile rp la te  detection  a lgorithm s on the other hand [Pasternack2009a, 

Weninger2008, Kohlschutter2010a], attem pt to separate the main content of interest 

in a j)age from  other elements surro im ding it. Th is N LP  task can be used, in 

sim ilar ways as simple stoi)-word removal techniques, to imj)rove web search, mining, 

^^http ://w w w .hhc.com/ [Accessed: O ctobers. 2014]
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Tokens Vinton C ert A m erican

NER PE R SO N NATIONALITY

Relationship NATIONALITY RELATIONSHIP

Tokens

NER

Vinton C ert com puter scientist

PE R SO N IS a PR O FE SSIO N

Relationship PR O FE SSIO N  RELATIONSHIP

Tokens Vinton C ert US

NER PE R SO N w orks in LOCATION

Relationship LOCATION RELATIONSHIP

F ig u re  2.24: Rclalionsliip extraction example

or storage capacity  [Kolilschutter2010a]. Different definitions of what constitu tes 

l)oileri)late conten t have been proposed based ui>on th e  application an>a they  are 

l)een used in. It is visually vaguely referrc'd to  as non-inform ative parts  outside' of 

the  m ain content of a page, rej)eat('d between web pages and typically mac'hine 

generated  [Pomikalek2011]. The CleanEval com petition [Baroni20()8], which is the 

most popular benchm ark used for this task, identifies for example boilerplate content 

specifically as consisting of navigation, list of links, copyright notices, advertisement, 

forms, duplicate m ateria l etc. Some of the  research carried out with respect to  

content fragm entation techniques overlaps w'ith this field. Tem plate fragm entation 

approaches for exam ple (section 2.4.3.6) could be considered a form of boilerplate 

detection  algorithm  since they  effectively aim  to separa te  pages into fragm ents 

based uj)on the detection  of sections repeated  across a website. [Gibson2005] for 

exam ple, detect tem pla tes w ithin pages, shared across a website by ex tracting  all 

subtrees of each DOM tree parsed and com puting a hash for each one. Occurrences of 

individual hashes w ithin a website are counted and DOM sub-trees assigned to hashes 

associated with a value above an arb itrary  threshold are marked as tem plate content 

(i.e. boilerplate). A nother approach developed by [Kohlschuttcr201()a], which does
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not rely upon the analysis of multiple pages, detects boilerplate content of web pages 

by analysing the number of words and link density contained within each tag in a 

web page.

Finally, topical algorithms  attempt to discover and model the topics covered 

by resources analysed. The most conmion encountered consists of topic labelling, 

topic segmentation and topic classification algorithms. As its name suggests, topic 

classification algorithms attem pt to categorise resources into different categories 

based upon the topics covered within resources analysed. Most algorithms used 

to accomplish this task represent documents as bags of words [Boulis2005] and 

subsequently use different machine learning algorithms to learn a function, which 

can map individual documents to different topic categories. Whenever labelled 

document-topic relations are unavailable, unsupervised algorithms, using clustering 

techniques for example [Kyriakopoulou2008], have been develojjcd to identify 

similarities between documents. Although most of the research related to topic 

classification has in earlier years focused upon the classification of documents, the 

topical classification of social media content is the subject of increasing investigation 

[Prasad2007]. [Cano2013] for example, use graphs structure analysis of linked data 

repositories (such as DBpedia or Freebase) to classify tweets, enriched with the results 

of a prior NER analysis. Each entity discovered is assigned to various linked data 

concepts and contextual information about each entity, along with their relationship 

to other linked data entities is used to support this classification.

While approaches presented previously, analyse the topical properties of each resource 

as a whole, topic segmentation algorithms [Jameel2013, Blei2001, Hearstl997] on 

the other hand aim to discover individual topics and their boundaries within a 

resource. A news broadcast for example, which covers four different stories, clearly 

divides naturally into four different topics. Less clearly, a multi-page magazine article, 

wliile overall covering a single broad topic, will usually cover a series of subtopics 

as it examines different aspects of its subject m atter and explores the subject area 

[Ballantine2004]. The most widely cited and pioneer approach to topic segmentation 

consists of the TextTiling method proposed by [Hearstl997]. This approach assumes
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different topics use different vocabulary sets. As a result th is techniciue locates 

topic changes within articles based upon statistical word-frequency changes w ithin a 

document. It uses two overlapping sliding windows of an arb itrary  size of 20 tokens 

each. Each window is modelled using a keyword-vector with values corresi)onding to 

the frequency of each word in the window. Cosine sim ilarity measurem ents are then 

usf'd to  com pare both vectors and determ ine shifts in topics. This simple technique 

has been used as a basis for m any o ther algorithm s [Ballantine2004]. However, it 

only generates one level topical segmentations. More recent techniques [Song2011b], 

can produce topical tree  s tru c tu re  from  resources analysed in order to  take into 

account subtopics discovered w ithin a docum ent.

W'hile topic segmentation algorithms [Lau2010] a ttem pt to discover topic boundaries 

w ithin tex t, topic labelling algorithm s on the  o ther hand aim  to  assign descriptive 

labels th a t best describes the  topic covered by a tex t fragm ent. [Mei2007] for 

example, present a technicjue which ex tracts  noun clumks from docum ents using 

shallow parsing (see previous section), as potential labels, and then ranks these based 

on their Kullback-Leibler^'^ divergence with respect to a given topic (modelled using 

a range of m odelling techniques). [Hulpu2013] on the o ther hand identify the most 

adequate label based upon the assum ption that words co-occurring in text likely refer 

to  concepts th a t  belong closely together in the  D B pedia graph. G raph  centrality  

m easures are therefore used to  identify which concept rej)resents best a given topic.

2.4.4.5 G ate Overview

Through the im plem entation carried out for th is research, a key technology used to 

support the incorporation of NLP algorithms within the sheer consisted in the General 

A rchitecture  for Text Engineering (GATE) toolset. This platform  is referred on 

several occasions w ithin the im plem entation chapter of this thesis. An overview of this 

teehnology is therefore provided within this section. Reasons why the GATE toolset 

was chosen with respect to other existing alternatives are presented subsequently in

''^Kullbiu'k-Leibler measures the difference between two probability d istributions 1’ and Q. The 

divergence between these two ])robabihties is a m easure of the inlbrm ation lost when Q is used to  

approxim ate F
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F ig u re  2.25: GATE Developer

section 4.3.3.3.

riie GATE toolset refers to the various tools which have been created over the 

Among these, the tw'o most popular, which consist of G A l'E  Developer and GATE 

Embedded API, were used to implement the prototype sheer used for this research. 

The latter consists of a set of Java libraries, which can be included in any Java-based 

applications in order to provide a fiexible pipeline architecture for NLP analysis. 

GATE Developer (figure 2.25^“̂) on the other hand, provides a visual interface to 

GATE Embedded. This tool was used within this research prim arily for pipeline 

testing purposes, with limited sets of native open-corpus resources prior to inclusion 

wdthin the overall Slicepedia pipeline. For this reason, references to GATE within the 

rest of this document refers specifically to GATE Embedded as opposed to GATE 

Developer.

A G A l’E pipeline is comj)osed of four m ajor building blocks knowai as Language 

Resources (LRs), Processing Resources (PR.s), Visual Resources and Controllers. 

LR.S consist of entities such as lexicons, corpora or ontologies. W ithin the context of

'̂ '‘Courtesy of litt[)://gate.ac.uk/
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this Slicepedia ini[)lemeiitatiou, LRs simply refer to resources targeted for analysis, 

which either consist of native ojjen-corpus resources or foundation fragments. PRs 

reler to primarily algorithmic entities, such as tokenizers, entity extractors etc... 

whil(> visual resources refer to components used i)riniarily within GATE Developer. 

As mentioned previously, the rest of this thesis ignores the latter, for this reason 

visual resource components are also ignored. Finally, controllers simply refer to the 

NLP pipeline used to jjrocess LRs by combining various PRs together.

A family of language analysis PRs, called A Nearly-New Information Extraction 

System (ANNIE), is provided by GATE. ANNIE includes various common NLP tasks 

such as tokenisation, semantic tagging or verb phrase chunking. W ithin GATE, each 

PR i)roduces a set of annotations representing the out[)ut of the task fulfilled by the 

algorithm contained within that PR. The annotation format used by GATE consists 

of a modied form of the G rishm anl997 format [Grishmanl997] originally created 

by Defense Advanced Research Projects Agency (DARPA). They consist of labels 

assigned to either a specific range of characters or an entire document. Aimotations 

can be grouped within categories and can be used by subsequent PRs to pursue their 

task. Annotations can also hold a set of features such a.s Strings or Integers. GATE 

supports the incorporation of a variety of document formats^®. Prior to analysis, each 

document is converted into a single unied model of aimotation. When incorporating 

a document in HTML format for example, all tags encountered w'ithin the documents 

are converted to aimotations of the same name. As a result, each PR within GATE, 

is executed over the text contained within these tags only. Additionally, GATE also 

[provides the ability to  wTite custom regular-expression based pattern /action  rules 

referred to as Java Annotation Patterns Engine (JAPE) transducers. JA PE  rules 

identify specific annotations produced by a pipeline and, following an analysis of 

these, can either produce or delete specific annotations as recjuired.

Finally, GATE offers the ability to  choose between different controllers. The tw'o 

NLP pipelines used within Slicepedia consist of real-time controllers. In addition 

to the standard  GATE controller, which simply processes LRs by executing each

'^^hichidiiig XML, H l’F. email, HTML, SCML and plain text
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PR successively, these controllers were specifically designed to guarantee particular 

response tim e equality of service when executed w ith in  web-services. W henever a 

web-service executes a real-tim e controller over a given set of LRs provided by service 

clients, th is controller will skij) the analysis of a particu lar LR if it detects a  PR is 

recjuiring an unusual higher am ount of tim e to  execute. This prevents web-services 

from hanging, whenever an LR is corrupted. Controllers w ithin G A TE can contain 

o ther controllers w ith in  each other. This feature is very useful when a set of PR s 

needs to be executed m ultiple times for a specific set of fragments w ithin a resource 

(as described in section 4.2). Lastly, conditional controllers are also available if 

necessary. These controllers perm it a succession of PR s to  branch depending upon 

features assigned to  docim ients. Such controllers would be necessary in order to 

support m ultilingual slicing (section 4.2).

2.4 .4 .6  Sum m ary

This section i)resented the reader with a short overview of NLP algorithm s including 

the  m ost eonmion low level tasks typically  involved in this area, as well as higlu'r 

level semantic analysis technicjues. These techniciues could clearly be of benefit to  the 

AHS connnunity, with respect to autom atically identifying relevant a ttribu tes of open 

corpus resources for various reuse purposes. T he design chap ter of th is docm nent 

will a ttem p t to  provide an exam ple of such a contribution to the comnnmity.
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2.4.5 Content Reuse and Analysis Summary

Section 2.4.2 presented various approaches, which have been previously successful in 

improving the reuse of resources within various scenarios. This was followed with 

the description of multiple algorithms, which have been developed over the years, 

w'ith the aim of analysing open corpus resources and modifying/extracting various 

attribu tes of these resources, so as to improve their reuse for various j)urposes. In 

particular, section 2.4.3, presented a review? of content fragmentation algorithms 

aimed a t distinguishing various regions of oj)en corpus content based uj)on their 

structural aspects of these resources, w'hile section 2.4.4 provided an overview of 

the range of NLP algorithms now available to the conniumity to perform deeper 

syntactic and semantic analysis of these resources.

All of these development in recent years, could clearly benefit the AHS conununity 

by improving the supply and reuse of open corpus resources within these systems. 

The next sections of this thesis will therefore focus upon presenting a new apj^roach, 

addressing the limitations of existing content reuse api)roaches presentc'd earlier by 

using new opportunities arising from new content reuse and analysis technic}ues 

presented within this section
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2.5 Conclusion

'Fhis chaptcr presented tlie reader with an overview of AHSs, their anatomy and in 

particular their dependencies upon the content reused for adajjtation purposes. These 

systems require content to be reused to match specific niche content requirements, 

in order to apply AHS adai)tation techniques to dehver personalised experiences to 

individual users. AHS content models, used to produce and supj)ly these resources, 

were also [jresented along with their strengths and weaknesses with respect to the 

widespread adoption of these systems.

Previously successful forms of content reuse, as well as NLP techniques available 

for the analysis of open corpus resources j)resented in this chapter, could form a 

basis for the develoi)inent of new' content models leveraging opportunities provided 

by these technicjues. The next chai)ter hence outlines the design requirements of 

such a content sui)ply system, to be developed as part of this research, based upon 

influences derived from this chapter.
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Chapter 3

Design

3.1 Introduction

'I'his chapter aims to identify and rej)resent tlie core fundamental design reciuirements 

of a service whicii provides the automated harvesting, customisation anrl delivery of 

content packages from open-cori)us resources, in order to support the content su{)ply 

needs of various individual AHSs. The design of this prototype service is focused 

upon contributing to the second objective of this thesis.

The chapter begins by detailing influences and lessons learnt, emerging from the 

analysis presented in the state-of-the-art chapter, giving rise to key i)rinciples 

underlying the design of this service. Key princijjles are then combined together 

and refined as high level design requirements for a prototypal service performing the 

harvesting, customisation and delivery of open-corpus material for AHSs. These high 

level requirements are further refined and supplemented into a set of more specific 

technical requirements. The proposed service architecture is then preseiited, followed 

by the description of two content fragmentation algorithms, used extensively within 

this prototype. This chapter concludes by summarising the key i)oints discussed in 

each of the preceding sections. All design decisions and descriptions presented in 

this chapter were [)erformed by the author of this thesis with the exception of the 

algorithm presented in section 3.4.2. This algorithm w'a.s previously available in the 

literature and serves as a foundation for a variation of it, designed by the author for 

the purpose of this research, and presented in section 3.6.
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3.2 State of the Art Influences

3.2.1 Introduction

I ’he analysis conducted in the j)revious chapter influenced various aspects of the  

apj)lied research described in this thesis. The aim of this section hence, is to present 

the reader with a suniniary of these influences along with resulting key i)rinciples.

3.2.2 State of the Art Influences

Influences derived from the sta te  of the a rt chapter, are presented and grouped within 

eight difl’erent categories, each highlighting individual cross-cu tting  perspectives 

w ith respect to  the  lim itations and opportun ities identifled a.s j)art of the analysis 

performed.

These categories j^resented in the following subsections consist of: 1) External Content 

Production; 2) Low Cost A utom ated Content Production; 3) Open Corpus Content 

Reuse Im provem ent; 4) O pen Corj)us R ight-F itting ; 5) C on ten t/A H S  Agnostic 

O jieu-Corpus Reuse; G) On Dem and Niche R ight-Fitting; 7) Content Rej)iuposing; 

and 8) W tb  of Slices.

1) E xternal C ontent P roduction

a)  There remains an insufflcient cjuantity of reconiposable resources available 

to  AHSs due to  their reliance u[)on trad itional closed-garden content 

production approaches (section 2.3.3 ) 

h)  C ontent encapsulation techniques can improve the  reuse of resources 

between different AHSs (section 2.4.2.2)

c) W'henever an AHS needs to use content produced for th ird  party AHSs, it 

nuist comply to the content form ats chosen by each of these independent 

AHSs', w'hich acts as an obstacle towards the widespread reuse of content 

among AHSs (section 2.3.3 ).

'A  I'oniial (iefinitioii o f  w lia t co n stitu te s  an in d ep en dent AH S w ithin  the co n tex t o f th is th esis is 

avnilai)le in th e  g lo ssa ry
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d) AHSs liave iiiodificcl their a rch itec tu re  witli respect to  content 

incori)oration and can now incorporate  content from  external sources 

(section 2.2.2 and 2.3.4)

K e y  P r in c ip le  l .a ;  C ontent should be m ade available to  AHSs through the 

use of a service (to  be nam ed a sheer) delivering resources encapsulated  as 

content packages and directly reusable w ithin various independent  AHSs. The 

ability to externalise the delivery of content for AHSs as a service could enable 

AHS designers to  reduce their concerns re la ted  to  con ten t p roduction  and 

instead let them  focus upon the adap ta tio n  needs of their platform .

K e y  P r in c ip le  l .b :  T he ” A H S/slicer” rela tionship  should be of type 

’’m aster/slave” , w ith the  sheer providing as much control to  AHSs as needed 

over the  content delivered. This configuration would for exam ple remove the 

need for AHSs to comply to  various form ats and instead enal)le AHSs to  receive 

content in their form at of choice^.

2) Low  C o s t a n d  A u to m a te d  C o n te n t  P r o d u c t io n

a) 'I'he production, repurposing and suj)ply of resources reconi|)osable w ithin 

AHSs is very labor-intensive and expensive (section 2.3.3).

b) The need for content production to  m eet increasingly more niche content 

requirem ents of AHSs, m eans th e  dem and for larger and m ore diverse 

volume of content will increase over tim e (section 1.1 ).

K e y  P r in c ip le  2: T he p roduction  and  delivery of content for AHSs should 

be achieved fully automatically and a t low cost. This would reduce significantly 

p roduction  costs and su p p o rt an increase in the  volum e of conten t available 

for AHSs.

3) O p e n  C o rp u s  C o n te n t  R e u s e  I m p r o v e m e n t

^'riie (leliv'pry o f contoiit in imilt iple form ats is a relat ively straight forward engineering t a.sk. 

Hence, although mentioned as part of the Slicepedia design requirem ents, t he rest o f this research 

ignores th is requirement, in order to  focus instead on more novel aspects of th is slicer.
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a) I 'h e  web now offers a large quan tity  of diverse resources on a va.st range 

of topics, (section 2.3.4)

h) T here  are num erous techniques developed w ithin the  IR com m unity  to  

discover, harvest and  retrieve relevant oj>en corj)us resom ces (section 

2.3.5)

c) As mentioned before in influence l .d),  AHSs have sta rted  modifying their 

architecture to  incorporate external content.

K e y  P r in c ip le  3: T he delivery of content to  AHSs by the  sheer should  be 

based upon the identification (via s tandard  IR techniques) and reuse of  open 

corpus resources. The reuse of open corjjus resources w ith in  AHSs would 

dram atically  increase the  volume of content at their disj^osal.

4) O p e n  C o rp u s  R ig h t - F i t t in g

a) Oj)en corpus content can cm ren tly  only be accessed au tom atically  l>y 

search engines as one-size-fits-all document level content j)ackagos (section 

2.3.4 and 2.3.5).

h) In order to  recom pose content, AHSs require resources to  m atch specific 

conten t reciuirements. For th is reason, docum ent level delivery and 

incori)oration of native open corpus resources is inadecjuate for AHSs 

(section 2.3.2).

c) T he usage of content specific techniques to  incorporate  web resources 

w ithin AHSs only addresses the  content needs of few and pre-determ ined 

AHSs w ith specific content recjuirements, over a lim ited range of open 

corpus content (section 2.3.4.3).

d) M any algorithm s have been developed to  au tom atically  identify the  

s tru c tu ra l units of pages (section 2.4.3 ) and analyse syn tac tic /sem antic  

p roperties of content (section 2.4.4).

K e y  P r in c ip le  4 .a: The sheer prototype should provide the correct selection
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and right-fitting'^ of native oj)en-corpus resources'* to snpi^ort the recoinposition® 

of slices by AHSs, th rough  the  use of conten t fragm entation  and sem antic 

analysis algorithm s. T he righ t-fitting  of native resources should lead to  

Self-C ontained and Independent (SCI) content*’ (content packages which are 

b o th  concise and self-sufficient). T he ability to  do so could exjiand the reuse 

of open corpus con ten t (at various levels of granularity , w ith only relevant 

portions of pages delivered and with appropriate m eta-data) to many AHSs as 

opposed to  pre-defined consumers.

K e y  P r in c ip le  4 .b ; Since the process of converting open corpus content into 

right-fitted  content packages relies upon various fields of research (i.e. content 

fragm entation, sem antic analysis etc.) the architecture of the  sheer pro to type 

should be f lexible in order to enable individual components, dependant on each 

field, to  l)c replaced as each sta te-of-the-art improves.

5) O n  D e m a n d  N ic h e  R ig h t - F i t t in g

a) I 'h e  production of resources is usually performed at design tim e, a-])riori 

of system deployment or users interacting with the system  which involves 

])redicting the dem and for content which involves high risks (section 2.3.3).

b) T he  move tow ards more niche conten t requirem ents m eans the  ability  

to  pred ict conten t consum ption needs is becom ing increasingly difficult 

(section 1.1 ).

c) T he use of open corpus conten t entails the  necessity for open dom ain 

models. The Linked D ata  revolution now provides the com m unity w ith a

^Throughout th is thesis, the process o f right-fitting refers to tlie production of content, resulting

in the cu stom isation  of prelim inary native resources, m eetin g  an arbitrary set o f niche conten t

requirem ents. A more detailed definition is provided in the glossary
‘’N ative resources refers to  content accessib le in a form at intended by th e  original author, in

other words resources prior to being sliced.
®As part o f an initial a tten ij)! to  evaluate th e  slicing o f open-cori)US resources to  im prove its

reuse, it is an approach of this research to m inim ise the degree of recom position carried out by t he

sheer. Instead, any recom position decisions are delegated to  AHSs.
®A detailed definition is available in the glossary
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large variety of concepts and ontologies (section 2.4.2.3).

K ey  P rin c ip le  5 .a: Niche content recinirenients of AHSs should he provided 

to a sheer only at run-time, which means that the delivery of content packages 

by the la tter should l)e perfornu'd on-dtinaiul. This approach would both i) 

lower risks related to content demand prediction and also ii) i)rovide AHSs 

w'ith resources matching their content requirements as close as possible.

K ey  P r in c ip le  5 .b: In order to introduce content packages (produced through 

the reuse of open resources) within various independent AHS with domain 

models unknown at design time, the selection and right-fitting of native 

resources should at a mininnmi be perform based upon open domain models. 

Linked Data concepts could served as anchor points for an o/;en domain model, 

w'hich individual AHS domain models could connect to. This could enable a 

tighter integration between internal ])roprietary resources used within AIISs 

and open resomces j)rovided l:>y a sheer.

6) C o n te n t/A H S  A g n o stic  O p e n -C o rp u s  R eu se

a) Open cori)Us content is very diverse. It comes in different formats, 

languages and is associated with a lot of non-informative content (such as 

navigation bars, advertisement etc.). (section 2.3.4).

b) The use of content specific techniciues to reuse open corpus resources 

within AHSs is very labor-intensive. These teK'hniques can only target 

predefined sets of web resources, for reuse within established AHSs with 

pre-determined content requirements. This limits the volume of open 

corpus content which can be leveraged within AHSs (section 2.3.4.3).

c) As mentioned previously in 4.d), many algorithms have been developed 

to autom atically identify the structural units of [>ages and analyse 

syntactic/sem antic properties of content.

K ey  P r in c ip le  6 .a: The process of reusing open corpus resources should be 

performed by the sheer using a content/AHS agnostic approach.
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K e y  P r in c ip le  6 .b : Since content i)ackages i)rocluce(i Khoukl be d irectly  

reusable w ithin various independent AHSs  (Key Principle l.a ), the slicer should 

also suj)port the search & delivery of content packages over multiple chainiels.

'I'he ability to  autoniatically  reuse open corpus resom'ces, w ithout knowing in 

advance w hat resources are targeted  for reuse, could move content production 

approaches beyond the  reuse of only pre-selected resources and leverage the  

full diversity and volume of open corpus content available on the web.

7) C o n te n t  R e p u r p o s in g

a) Up until recently, th e  reuse of resources was usually  i)erform ed for 

predefined purposes determ ined by the original authors of content (section 

2.4.2.4)

h) AHSs rely on page a d a p ta tio n  techniques (link hiding etc.) to  provide 

j)ersonalised content experiences to  users (section 2.2.3)

c) A variety  of N LP analysis tools are now available to  analyse various 

features of open corpus content (such as topic covered, nam ed en tity  

recognition, p a rt of speech etc.). (section 2.4.4)

K e y  P r in c ip le  7: T he righ t-fitting  of native resources into reusable content 

packages should be performed in order to support page adai)tation techniques 

used by AHSs. NLP algorithm s could be used to supply AHSs with m eta-data  

supporting the re.j)uri)osing o f  open-corjms content through page adap ta tion  by 

AHSs. Reusing existing resources for purposes not intended by original authors 

could unlock laten t j)otential of published m aterial.

8) W e b  o f  S lices

a) Various approaches, th a t  rely upon shared  publishing and delivery 

m echanism s, have been previously successfully e labora ted  in o rder to  

m axim ise the  usage and  reuse of existing resoTuxes (i.e: th e  W W W , 

Linked D ata  o'tc.) (section 2.4.2.3 ).

b) The (juality, j)recision and range of syntactic/sem antic  analysis algorithm s 

curren tly  available is now' very diverse (section 2.4.4)
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c) A.s nientioiic'cl in influeiice 2.6), the  move tow ards niche ])ersouahsation 

m eans the (hversity in niclie content recinirements is increasing.

K e y  P r in c ip le  8 .a: In order to support the supply of ever larger volumes of 

resources to  AHSs, the generation of content packages as well as the underlying 

resources needed to  i)roduce such packages by sheers should be open and 

shareable between institu tions.

K e y  P r in c ip le  8 .b : To prom ote collaborative efforts, the low cost requirement 

mentioned previously should also apply to the im plem entation of slicers. Linked 

D ata  and R D F technology could be used through a so-called web o f slices'^ in 

order to  leverage the reuse of conten t analysis ou tpu t perfornu'd by separate  

in stitu tions, and hence su jjpo rt a wider range of niche content recjuirements 

from AHSs.

3.2 .3  Sum m ary

'riie analysis conducted  in chap ter 2 revealed, i) lim itations w ith respect to  the 

underlying content production approaches currently used to supply AHSs, as well as 

ii) new opportunities offered by early signs of open content incorporation technicjues 

and s ta te -o f-the -a rt conten t analysis tool i)erformances. This section sunnnarised  

these influences and key principles (listed in tab le  3.1) m ade w ith respect to  the 

I)rototype service to  be develoi)ed for th is  research. The next section provides 

the  reader w ith  a description of high level design recjuirements, derived from the 

key principles em m ciated in th is section, of a service which enables the  harvesting, 

custom isation and delivery of content from open corpus sources.

form al d efin itio n  o f  a  s lice  is a v a ilab le  in th e  fo llow ing section
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ID K ey  P r in c ip le

1 E x te rn a l  C o n te n t P ro d u c tio n

a Resources encapsulated as content packages, directly reusable within 

independent AHSs, delivered by a sheer service

b AHS/slicer relationship of type master/slave

2 Low C o s t A u to m a te d  C o n te n t P ro d u c tio n

3 O p e n  C o rp u s  C o n te n t R eu se  Im p ro v e m e n t

4 O p e n  C o rp u s  R ig h t-F i t t in g

a Correct selection and right-fitting of native open cor])us resources to 

support recomi)osition within AHSs

b Flexible sheer architecture

5 O n  D e m a n d  N ich e  R ig h t-F i t t in g

a AHS niche content requirements provided to slicer at run-tiine only

b Selection and right-htting of native resources based upon open domain 

models

6 C o n te n t /A H S  A g n o stic  O p e n -C o rp u s  R eu se

a Content/A H S agnostic approach to open corpus reuse

b Support for search & delivery of content packages over multiple channels

7 C o n te n t R e p u rp o s in g

8 W eb  o f  S lices

a C ontent packages generation process and underlying slicing resources 

open and shareable between independent institutions

b Low cost sheer implementation

T ab le  3.1: S tate of the Art Influences
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3.3 Slicepedia: Converting the W eb into Slices

3.3.1 Introduction

'Ihe  ])revious section suinmarispcl the opportunities and lim itations discovered within 

the s ta te  of the  a rt review of th is  thesis, along w ith consecjuential key principles 

derived from this analysis. Tliis section aims to outline and refine these requirements, 

in order to directly support the second objective of this research aimed a t the design 

of a con ten t/A H S  agnostic slicing service, to  be nam ed Slicepedia. A sum m ary  of 

high level design requirem ents followed by more technical requirem ents originating 

from the key principles presented earlier are hence presented, along w ith high level 

and technical architectures respectively.

3.3.2 High-Level D esign Requirem ents Synthesis

Slic'opedia aim s to  harness 0])on-corpus conten t, available on the \ \ ' \ \ ’\ \ '  in large 

volumes, and slice it in order to  improve its reuse w ithin AHSs. M ore specifically, 

in order to  achieve th is objective, SUcei)odia should first i) accept a set of niche 

content requirem ent specifications from individual AHSs. It should ii) identify 

large volum es of resotuces, available on th e  \A'WW, of po ten tia l reuse relevancy 

based upon these requirem ents. Resources which are deem ed relevant should be 

subsequently  iii) harvested , iv) righ t-fitted  and v) delivered to  individual AHSs, 

as content packages im m ediately  ready for reuse. T hroughout th is docum ent, the 

l)rocess of perform ing th is  series of activ ities is referred to  as cojitent slicing. The 

resulting content i)ackages delivered are called slices and clients reusing these slices 

are referred to  as slice consumers.

In order to concentrate the research uj)on the slicing approach to open-corptis reuse, 

this research considers any HTML page available on the W W W  as valid open-corpus 

resotu’ces^.

*^Altlioiigh, H'l’ML content clearly represents only a subset ol' resources available on the VV'VVW, 

th is lo n iia t is by far th e  most w idely used on th e  web. Hence it still offers a very large volum e 

of resources for slicing and reu.se w ithin  AHSs. Slicing of other H le/inedia types such as im ages,
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I'he aim is to provide a scalable solution to the content delivery needs of AHSs. I'he 

solution should be scalable with respect to three overall dimensions, namely it should 

guarantee the provision of i) large volumes of content, ii) at low costs, iii) suitable for 

nniltij)le AHSs performing arbitrary activities. The design requirements presented 

below' therefore fall within these three dimensions based upon what aspects of 

scalability they support.

Slicepedia should provide a service im proving the reuse o f  open corpus  

resources w ithin  A H S s  (DR 1). The sheer should be fu lly -au tom ated  and  

c o n te n t /A H S  agnostic  (DR 2). It should be content/AHS agnostic in the sense 

that content should be produced i ) for an non-established set of AHSs, built 

independently of the sheer, using techniques which do not require any predefined 

knowledge of either ii ) the resources targeted or iii ) the reuse {)urposes (i.e. 

expressed a.s niche content requirements). The aim of such technicjues is to embrace 

the full diversity and volume of open corpus resources available to the AHS community 

by managing the unpredictability and variability of these resources and AHSs content 

recjuirements.

rhe recom position  of slices within various in(lei)endent AHSs should be supported 

through the correct selection and right-fitting of oi)en corpus resources, as well a.s 

their reuse via multiple search and delivery chaimels (DR 4). The provision of niche 

content requirements by AHSs, as well as the process of slicing itself, should be 

performed on-dem an d  (DR 3); with the control over the reuse of open cor[)us 

resources, provided as a priority to slice consumers (DR 6).

So as to support larger and more diverse range of broad content requiremeiits, 

the slice generation process should also be open and shareable to third party 

institutions (DR 5). The process of slicing should be achieved at low cost, as well 

as the implementation of the sheer itself, so as to encourage third [)arty institutions 

to collaborate (DR 7). Finally, the sheer should be designed using a flexible  

architecture  in order to acconunodate future improvements in the state of the art 

of relevant dependent fields of research (DR 8).

video.s [Kett.prl2()08] or I’ DF' files are reserved for future work (section  section  6.3)
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F ig u re  3.1; Slicej)eiia service viewed from individual AHSs

The resulting service described above should, from the perspective of each individual 

AHS, identify open corpus resources available on the  web, fragm ent these native 

resources and identify fragm erts of relevance for each individual AHS. It should 

package these with relevant annotations requested by each AHS and deliver them  in 

a form at of choice (figure 3.1). The refined Design Requirements of Slicepedia, along 

w ith  th e  Key Principles (K Ps) from  which they  w'ere derived, are sununarised in 

tab le  3.2 and a graphical illustr.ition of these dependencies is also available in figure 

A .l (appendix A)
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ID High Level Design Requirem<ent K P

1 Service delivering scalable revise improvement of 

open-corpus resources within AHSs

3 - La

2 Fully-automated content/AHS agnostic approach to 

content slicing

6.a - 2

3 ()n-demand: 5.a

a provision of niche content requirements

b slicing of open corpus resources harvested

Su{)port for recomposition of slices within various 

iiiflependent AHSs

l.a

a the correct selection Sz right-fitting of open-corpus 

resources

4.a - 5.b - 7

b the reuse of slices via multiple search & delivery channels 6.b

5 Slice generation process open and shareable to third 

party institutions

8.a

6 Provide a slice consumer and sheer relationship of tyi)e 

master/slave

Lb

7 Content slicing achieved and implementable at low cost 2 - 8.b

8 Flexible Sheer architecture 4.b

Table 3.2: High Level Design Requirements

Since the challenge of identifying web resources relevant to a i)articular query 

is a very well documented and established field of research of its own (section 

2.3.5), this research considers out-of-scope the issue related to evaluating the correct 

identification of relevant open-corpus resources from the WWW and instead focuses 

on the harvesting, customisation, delivery and ov('ra.ll content slicing approach 

proposed by this research. As there exist many well tested alternative methods to 

identify open-corpus content, this research assumes a preferred method of doing so is 

selected by the designer of the slicing system. In ord(>r to cope with the diversity of 

IR approaches available, Slicepedia should hence be designed in a way which enables
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the introduction of any chosen IR approach. Design Requirement 8 requiring the 

sheer to have a flexible architecture aims at pursuing exactly th a t objective.

Nevertheless, as a module identifying relevant open-corpus resources to be sliced is 

an indispensable part of any sheer, this component is considered an integral part of 

content slicing systems. For these reasons, this research assumes the open-corpus 

resources identified are relevant to the needs of AHSs. In this context relevancy 

therefore depends upon identification method selected by the designer of the sheer. 

W hat constitutes relevant content hence could go from a resource simply containing 

a list of arbitrary keywords in the case of traditional IR resource identification, up to 

a resource meeting strict topical threshold criteria in the case of more sophisticated 

focus crawling approaches (section 2.3.5.2).

DR 3 requires the slicing to be performed on-demand. More precisely, the on-demand 

nature of the sheer refers in particular to the dynamics involved between the slice 

consumer and slicer rather than  the entire content slicing process itself. While the 

entire content slicing process should ideally be capable of being performed on-demand 

if required (see section 3.3.3.1 and 4.2), for the purpose of performance and scaling 

ojjtimisations, common sense would encomage the execution of as many activities as 

possible a-priori of any slice request. As will be explained in the following section, 

the requirement for cross-institutional collaboration (DR 5) recjuires a compromise 

between a fully and partially on-demand content slicing process. The on-demand 

characteristic of the slicer designed for the [purpose of this research hence refers 

spec'ifically to the on demand provision of niche content requirements (to the sheer) 

and the on demand production and delivery of slices matching these requirements®.

Due to  the many complications involved when dealing with third party institution 

collaboration, such as linked data latency response time [OKeeffe2012] among many 

others (see section 6), the participation of independent institutions as part of the web 

of slices is also considered out of scope of this research. Nevertheless, as mentioned in

®Hence, whether an a-priori optimisation decision regarding the sHcing process actually occurred 

or not is irrelevant in this context. Regardless of optim isation decisions, a slicer would still be 

considered on-deniand, for the purpose of this research, as long as both the content request and 

final slices delivered did not exist at design time
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DR 5, the i)rototypo designed for the purpose of this researeli, should be i)erforiae(l 

with the intention of supporting such collaboration in the future.

3 .3 .2 .1  H ig h  L evel S lic ep ed ia  A rc h ite c tu re

Based upon the high-level design requirements outlined in the jjrevious section, a 

system architecture (figure 3.3) for the sheer prototype elaborated for the purpose of 

this research is presented in this section.

Content published all over the globe could potentially hold greater value than what 

is currently derived from the single purpose intentions of original authors. More 

specifically, if packaged adequately, such resources could be reused within many AHSs. 

Slicepedia facilitates the automated reuse and delivery of resources published on the 

WWW'. Any resource identified as relevant is harvested, fragmented, customised and 

delivered to  iiiflividual slice consumers according to  specific content requirements. 

Slice consumers^®, also referred to as reuse vehicles, consist of any a])plication which 

provides si)ecific content recjuirements to a slicer and arb itrary  reuses the slices 

r('ceiv('d. A use-case scenario, i)resented in figure 3.2, could hence be as follows:

U se-case: Supj)ose a thirteen year old girl, named Alice, wishes to  imi)rove her 

knowledge of a selected period of history. She accesses an eLearning AHS (2), which 

delivers resources relevant to a chosen subject and personalised to her own needs. 

The range of historical topics available to choose from is oi)en, meaning that the AHS 

designers do not know in advance what topics will be selected by Alice or how many 

resources will be needed. Resources presented to Alice are personalised based upon 

her reading-level, tim e available and prior knowledge. Once the AHS lias received 

the topic r  of interest to Alice, it makes a request for slices to Slicepedia (1).

Content requirem ents defined within the slice rec}uest woukl look as follows: the 

AHS would need resources i) about topic r ,  ii) with a granularity for each slice sized 

between 2 and 5 paragrajjhs and focused on topic r .  The slices iii) should favour 

textual content over tables or bullet point lists, and iv) the reading level difficulty

’^W ithin th is research. AHSs are the only slice consum ers considered hence both words are used 

intercliangeat)ly throtighout the document
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F ig u re  3.2: High Level A rchitecture (D raft)

of content w itliin these slices should be close to  8.2 on a Flesii-K incaid scale^‘ 

[Kincaidl975]. Finally, v) any im portant historical person should also i:)e anno tated  

w ithin the  tex t and liyi)erhnked to  a relevant W ikipedia biography. A dditionally, 

the AHS indicates to Slicepedia th a t sem antic analysis perfonn('d during the shcing 

process shoukl only use d a ta  produced by institutions j)ertaining to a s])ecitic hst (3).

S licepedia identifies relevant resources from the  W W W  (4), wiiicli it subseciuently 

slices to  m atcli the recjuested content requirem ents as l)est tis possible, and delivers 

back to the AHS. The slices arc tlien recomposed by the AHS. Thanks to aiuiotations 

provided by Slicepedia, th e  AHS also displays hyperlinks w ithin the  tex t of any 

personality  it is aware Alice hasn ’t come across already and hides all the others.

Based upon th e  previous exam jile, a slice can hence be defined as: custom ised  

content consisting o f  fragrnent(s) (originating from  pre-existing docum ent(s))  

assembled, combined with appropriate meta-data and right-fitted to the specific content 

requirem ents o f a slice consum er, with various application-specific content-reuse  

intentions, different (or not) from  the original author intentions. Slices can contain 

o ther slices and can l)e reused or re-composed w ith many slices.

^^Hoadiiig (lifliculty o f 8 .2  on a F lesli-K iiicaid reading score scale indicates the text is expected  

to  be understandable by an average student in 8tli grade in the USA (between 12-M years old)
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3.3.3 Technical R equirem ents

The previous section presented a series of high-level design recjuirements from 

influences presented in the state-of-the-art chapter. This section will now presents 

technical recjuirenients for Slicepedia aimed at providing more technical precision to 

individual high-level design requirements. A sununary of these technical requirements 

is outlined at the end of this section.

As mentioned in Design Requirement (DR) 7, the sheer implementation should be 

performed at low cost. It is an approach of this research hence to prioritise the use 

of free open-source or Software as a Service (SaaS) (TDR 1) technologies 

when possible in order to lower implementation costs and therefore encourage various 

institutions to build their own version of such a sheer and participate in collaboration 

efforts. If any enterj)rise software is selected, open-source alternatives available to 

the conummity should be irlentified.

According to the ])revious section, Slicepedia is required to i)rovide a fully-automated 

(DR 2), scalable (DR 1) and content/AHS agnostic (DR 2) approach to content slicing 

for open-corpus resources. Since an important step of the slicing process consists in 

fragmenting resources, from the point of view' of fragmentation, these requirements 

translate into the ability to process i) large volumes of diverse web resources'^, 

ii) without any human intervention or iii) prior knowledge of resources being targeted 

for fragmentation and iv) within a reasonable amount of time. For the purpose of 

this research, a sheer caj)able of processing hundreds of thousands of pages within a 

matter of hours'^, is considered to be of adequate performance. Hence, based on this 

set of high-level requirements, and according to the range of algorithms identified 

within the state-of-the-art chapter, content fragm enter characteristics  of 

importance when selecting an appropriate algorithm for Slicepedia should consist 

of the following; The fragmenter should process i) large volumes of pages at high 

speed, fully-automatically (TDR 3.a). It should ideally be ii) domain and language

'^diverse resources available in various languages, covering various subject domains
'^Using a  s ta n d a rd  inainstreani com pu ter  for example CPU: 2.8(Jhz Intel Core 2 Duo. Mem;

4C B  1067 MIlz DDH3
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iti(k'pen(l('iit (TD R  3.1)), nieaiiiiig it shouldn’t reciuire any kind of sem antic content 

analysis in order to produce fragm ents with high accuracies and should be iii) content 

tyi)o ' * independent (TD R 3.c). Finally, since a large volume of unknow’n pages 

should be ta rg e ted  by the  sheer, each page could theoretically  l^e harv(\st('d from 

different w'ebsites. For this reason, the  fragm enter to  be used as part of Slicepedia 

should consist of a iv) page-level fragm enter as opj^osed to  site-level (TD R 3.d). 

A site-level fragm enter would reciuire to  harvest m ultiple sets of add itional pages 

for each open-corpus resource ta rg e ted  by the  sheer, w'hich would exj)onentially 

increase the already large num ber of pages to  process. Since the set of pages prior to 

slicing is unknown and hence the inunber of possible DOM layout patterns is infinite 

(section 2.4.3), fragm entation should also occur w ithout the need for interpreting the 

v) meaning (TDR 3.e) or vi) structu re  of tags within a page (TDR 3.f). Finally, since 

Slicepedia should produce slices a t various levels of granularity (DR 4.a), the ability 

to vii) predictability  control the sizing of resulting fragments is also im portant (3.g).

DR 4.a requires Slicepedia to  provide righ t-fitting  control of open-corpus resources 

to  AHSs in o rder to  s\ipj)ort their recom position. The r ig h t - f i t t in g  d i m e n s i o n s  

considered should hence be perform ed with respect to i) content granularity  (TDR 

5.a) and ii) sty le  (reading difficulty, tab le , bullet jjoints) (TDR 5.b). In order to  

support page adap ta tion  by AHSs, it should also provide iti) the insertion of chosen 

anno ta tions w'ithin the  content supj)lied (based upon request) (TDR 5.c). W ithin  

th is research, g ranu larity  refers to  the  com bination of bo th  the sizing'® of content 

and its focus. T h is research defines conten t focus as the  relationship  betw'een an 

arb itrary  focal point w ithin a  piece of content, and the sizing of the area to  which it 

belongs. A con ten t package correctly focused on a topic, for exam ple, would only 

contain  content ab o u t the  topic in question. C ontent considered unrelated  to  th a t  

topic would be rem oved. In  o ther words, th e  sizing of the  content should m atch 

the  a rea  covered by th is focal point. G ranu larity  control, including content focus,

'''C'onleiit type in tliis research refers to encyclopaedia articles, news articles, product and forum 

I>ages etc.)
*®C’on ten t siz in g  sim ply refers to  the size o f a  i>articular contcnt package. 'I’his size m ight be 

expres.sed by the number o f words or paragraphs contained within the text.
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Piiables AHSs to target i)ertineiit parts of a native resource to reuse as oi)posed to 

the entire resource. Shcepedia should therefore provide the ability to focus resources 

l)ased upon topical elements of a page as well as annotations introduced. Topical 

content focus should be i)erformed based upon either sj)ecific keywords encountered 

within a resource, as well as broad domain coverage within that resource.

In order to promote openness and collaboration, both the generation of slices as 

well as the underlying resources needed to produce slices must be accessible between 

institutions (DR 5). For this reason, Slicepedia should make ex ten sive  use o f  

R D F  (is an underlying data representation mechanism (TDR 7). As mentioned in 

section 2.4.2.3, this metadata standard is now widely used as a method to share the 

description of concei)ts or model information on the internet. The rei)resentation 

in RDF of fragments and meta-data, which form the fundamental building blocks 

of slices, would enable various institutions to publish meta-data and annotatic'us, 

produced using their own algorithm, as linked data and hence enable the seamless 

combination of data from multiple sources at no extra cost. Finally, according 

to design requirement DR 4, slices must be directly reusable as part of various 

independent domain models. Using RDF would enable slices to be seamlessly 

connected to an abundance of linked data nodes, which could thereafter be used 

by AHSs [Steichen2011a] as linked da ta  dom ain  anchor poin ts  (connected 

using same-as relationships to internal domain ontologies). RDF w'ould additionally 

stipport the use of inference over concepts and meta-data related to slices by using the 

expressivity of such standardised ontologies (section 2.4.2.3). The result of opening 

and sharing the building blocks necessary for the production of slices could eventually 

lead to a so-called web of slices'*’.

The support for multiple slice search and delivery alternatives was identified as a 

requirement in the previous section (DR 4). As presented in section 2.3.4, various 

AHSs have already started leveraging the wealth of resources available on the W\^'W

web o f  d ic e s  would consist o f a network represent ing relationships bet w een in eta -d ata  and 

fragm ents, leading to  a range of poten tia l s lice  content packages. A visual representation  of a  

hypothetical web o f slice is re|)resented in figure 4.11 (section 4.4)and a full definition is available 

in the glossary
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throiigli the use of IR technology. Since keyword-based tjueries represent the de facto 

search mechanism underlying IR systems, Slicepedia should at a minimum suj)port 

this slice se lec tion  m ode  (TDR 4.a). Moreover, as slices will be incorporated 

within indei)endent domain models through the use of domain anchors, the ability to 

identify slices bcused upon their relation to specific domain concej^ts through the use 

of conceptual selection should be made available to AHSs (TDR 4.b). Both keyword 

and conceptual selection shoukl also be conibinable (TDR 4.c). Since Slicepedia 

is required to use RDF as its da ta  representation mechanism, the slicing data '^  

search and d e l ive ry  as well as m eta-data inference should additionally support 

the use of the SPARQL cjueries (TDR 6.a). Finally, a growing mnnber of services 

and web applications are now' moving to the cloud. Cloud hosting services^^ provide 

resizable computing ca])acity which makes web-scale computing easier for developers 

to manage. The vast majority of web-services nowadays are designed using the 

REpresentational State Transfer (REST) model [Fiekling2002], which enables the 

loose coupling of transactions between wet) services. As AHSs naturally tend towards 

serving more diverse needs of larger number of users, one can prc'dict the move 

of mainstream AHSs towards these ck)ud/RESTful computing i)latfornis. Hence 

Slicepedia should additionally ])rovide a RESl'ful wet)-service interface (TDR 6.b) 

and support slice delivery integration with one or more cloud platforms (TDR 6.c).

This research focuses solely u{)on open-corpus resources available in English, as a 

first stej) and reserves multilingual slicing for future work (section 6.3). Nevertheless, 

since open-corpus resources are by nature multilingual, assuming the reuse of content 

through slicing is validated by this research, multilingual slicing will represent an 

im portant reciuirement of future developments. For this reason, Slicepedia should 

be designed in such a ŵ ay as to easily perm it future improvements which support 

multilingual slicing. Components used for the development of this prototype should 

therefore be selected based upon their m ultil ingual su pport  ( TDR 2). In the 

event a component selected does not support multilingual functionalities, alternatives

' ’̂ What con stitu te  slicing data  is f'orniali.sed in section 1.2.3
^^(Joogle ap|) engine littp s://(iev e lo p ers.g o o g le .co n i/, ap p en g in e/, A m azon Cloud C-oniputing 

littp ://a w s.a m a zo n .co m / [Accessed: O ctober 3, 2011]
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to these components supporting otlier languages should be provided.

An important j)art of slicing involves the analysis of open-corpus resources, Slicei)edia 

should make full use of existing NLP algorithms (section 2.4.4) and coml)ine them 

within a NLP pipeline. Additionally, since Slicepedia should be content/AHS agnostic 

(DR 2) and support subsequent improvements towards multilingual slicing, this means 

the language of the open-corpus resources targeted for reuse will l)e unknown at design 

time. For this reason, the approach adopted by this research should use real-tim e  

adjustable N L P  pipelines  (TDR 8) based upon the language of native resources 

processed by the sheer. Moreover, AHSs require the support of varying sets of 

annotations based upon the task they are serving (section 2.3.2), the NLP pipeline 

should enable designers to easily plug in /o u t  various N L P  algorithm s  l)ased 

upon the set of AHSs considered for slice consumers.

A summary of Slicepedia’s technical requirements is presented in table 3.3, ak>ng 

w'ith the corresponding high level design requirements they support. A grajjhical 

representation of these dependencies is also available in figure A.2 (appendix A). No 

technical design requirements were derived from high level design requirements DR 3, 

DR 6 and DR 8, as these were directly supported through imi)lenientation decisions 

(section 5.3).
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ID Technical D esign Requirement D R

1 Free Open Source or SaaS Usage 7

2 Support for Multilingual Slicing hnprovement 2

3 Fragmenter characteristics:

a high speed and fully-automated processing of large volumes of pages 2

b domain and language independent 2

c content type agnostic 2

cl page-level fragmenter 1

e tag meaning independent 2

f tag structure independent 1 - 2

g predictable fragment sizing control l.a

4 Slice Selection Modes 4.a

B. keyword-based selection

b conceptual selection

c combined keyword/conceptual selection

5 Right-fitting of open corpus material with respect to: 4.a

a Grantilarity (Sizing & Content Focus )

b Style

c Support for AHS page adaptation through annotation insertions

6 Slice Search & Delivery Channels 4.b

a SPARQL

b REST API

c Cloud platform

7 RDF Storage and Linked Data domain Anchor Points 5 - 4.a

8 Real-time Adjustable & plug in/out NLP PipelineAlgorithms 2 - 8

Table 3.3: Technical Design Requirements
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3.3.3.1 Technical A rch itec tu re

Based upon the requirements defined in the previous two sections and the objectives of 

this thesis a technical system architecture was defined for Shcepecha. The architecture 

presents the overall procedure involved with performing open or closed content slicing 

in general. Chapter 4 will describe how the sheer architecture, presented within 

this section, can be implemented to specifically pursue open-corpus content/AHS 

agnostic slicing.

As depicted in figure 3.3, Slicepedia is designed as a novel pipeline tool chain 

combining various individual components consisting of a; 1) content harvester, 

2) structural fragmenter, 3) semantic analyser and 4) slice generation unit.

Designing Slicepedia using a pipeline architecture enables each component, presented 

above, to be replaced with better versions as the state-of-art in each relevant field 

progresses. This flexible architecture (DR 8) allows for simjjle interfaces between each 

component to be defined, which minimises any changes needed in other components 

of the system.

I'he i)urpose of the content harvester (1) is to identijy and harvest relevant resources

CcMVjwr^wlYsisSgvjg^^

Sam antic
Analyser

Structural
Fragm «nt«r

On DemandA Priori

PMCC» lAirr

F igure  3.3: Slice Architecture Pipeline
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from the  web. in their native form.

R('levant resources are tlien i)rocessed througli tlie strucA.wxil fm g m en ter  {2),  wliich 

analyses and  fragm ents native resources into s tru c tu ra lly  coherent j)ieces (such as 

menus, advertisem ents, main article) as described in stej) two of figure 3.1. S tructural 

m eta -d a ta , such as the  location of each fragm ent w ith in  the  original resource, is 

ex trac ted  and sto red  in a m eta -d a ta  repository (3). T his pha.se is critical since, as 

m entioned ])reviously (section 2.2.3), m axim ising the  reuse po ten tia l of a resource 

involves th e  ability  to  reuse selected j)arts of docum ents, which in tu rn , depends 

upon  correctly  identifying individual sections of pages to  jjroduce SCI fragm ents. 

Any resulting s truc tu ra l inconsistencies'® will have a direct im pact upon the overall 

(}uality of reuse, regardless of the perform ance of subsequent steps.

O nce a set of foundation  fragm ents is produced, each fragm ent is processed by 

a  sem a n tic  im alyser  (4) wdiich produces discerning m eta -da ta . sui)j)orting its 

identification and selection for reuse l)y individual slice consumers. W hile m eta-data  

])roduced previously only focused on s tru c tu ra l aspects of resources harvested , 

m eta-data  produced by this comj)onent instead focuses ui)on the semantic^^ attriiju tes 

of the  resources.

W hat constitu tes discerning m eta-data  is highly deperidant upon the reuse intentions 

of each slice consum er (section 2.3.4.2). Hence an inapp rop ria te  p roduction  of 

m eta-da ta  could therefore lead to  the potential for very low reuse across consumers. 

G reat care nuist therefore be taken  during the  selection of suital)le an n o ta to rs  in 

order to  support the broadest needs possible of targeted  consum er use cases.

Since DR 2 requires Slicepedia to  be con ten t/A H S  agnostic, the  range of ta rge ted  

docum ents is hence opened. As a coiisecjuence, the  resu lting  open content m odel 

available to  slice consumers should not be restrained by any predefined AHS subjective 

dom ain model. For this reason, and as m entioned in the previous section, Slicepedia 

d isentangles dom ain m odelling from  its open conten t m odel and instead j)rovides

'‘‘’such as parts o f original m enus erroneously broken in tw o and m erged w ith paragraphs or

various titles merged together
"‘̂ 'I'he word sem a n tic  here is used in the broadest sense o f the term . M eta-data  referred to  as

sem antic m eta-data might include topic covered, w riting style, or the difficulty level of content
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anchors to  Linked D a ta  concepts as a foundation  for any dom ain m odel chosen 

by individual slice consum ers. As required  by TD R  7, fragm ents and an n o ta tio n s  

j)roduced by Slicepedia are also available as Linked D ata.

O nce ind iv idual fragm ents and m e ta d a ta  anno ta tions are available and w henever 

slice rec}uests are received, a slice generation unit (5) identifies the  m ost p e rtin en t 

com binations of foundation  fragm ents and  m eta -d a ta  possible, and produces a set 

of righ t-fitted  slices m atching  as best as possible con ten t requ irem ents expressed 

w ith in  th e  slice request. Slices produced  are th en  ordered based on how well they  

fit requested  con ten t requirem ents. An a rb itra ry  num ber of slices are finally sent 

})ack to  the  slice consum er to  be reused. T he resu lting  overall a rray  of possible 

ad justm ents (such a.s the  extent of control over granularity, style and aim otation) a 

slicer can offer upon an open-corpus resource is referred to  as a Content A daptation 

Spectrum  (CAS).

Each indiviflual com ponent of th e  pipeline, from  the  harvesting  of oi)en-corpus 

resources to  the delivery of customised slices, can be performed on-dem and. However, 

in order to  supj)ort j)erforniance and scaling optim isations (a.s m entioned in section 

3.3.2), when possible the first three comj>onents of the })ipeline can also be execvited 

a-priori of any slice consum er request. W henever b road  conten t requirem ents (as 

opposed to  niche content requirem ents) of potential slice consinners can be predicted 

in advance of any AHS interaction, th e  content harvester can pre-em ptively identify 

po ten tia lly  relevant resources on th e  W W W  and forw ard th em  to  the  structural 

fragnienter and semantic analyser  m odules. W henever, slice consum er requests 

are finally received by the  slicer, the  slice generation unit can either produce slices 

on-dem and based on these pre-em ptively processed resources or alternatively request 

additional resources to  be harvested and processed. W ithin  th is context, the  slicing 

is still considered on-demand, since niche content requirem ents (as opposed to  broad 

content requirem ents) needs of slice consumers are unknown a t design tim e and slices 

delivered do not exist prior to slice rec}uest being subm itted. As will be m entioned in 

section 4.4, the  requirem ent for Slicepedia to  support th ird -party  collaboration (DR 

5), is an examjjle of when such an a-priori optim isation  decisions irnist be made.
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3.3.4 Sum m ary

riiih section j)resented the overall design requirements of Slicejjedia, a service which 

provides the autom ated harvesting, customisation and delivery of cont(>nt packages 

from open-corpus resources to AHSs. The following section, presents the design of 

a more detailed process, referred to extensively within the rest of this document, 

w'hich involves the structural analysis of open corpus resources.
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3.4 D en sitom etric  C ontent Fragm entation

3.4.1 Introduction

Tlie Densitometric Content Fragmentation (DCF) algorithm, develojjed by 

[Kohlschutter2008a] and initially introduced in section 2.4.3.5, was selected^' from 

all the content fragmentation approaches reviewed, as the most promising algorithm 

susceptible of meeting the fragmentation design requirements (TDR 3) enunciated 

in section 3.3.3. This algorithm was eventually implemented and evaluated with 

respect to these requirements (presented in section 5.2). For these reasons, a 

detailed descrijjtion of this algorithm is provided in this section. Following this 

evaluation, modifications to this algorithm were performed in order to overcome some 

shortcomings identified during this analysis. This section hence additionally serves as 

a basis for describing the modifications [jerforrned uj)on the DCF algorithm variation 

I^resented in the following section. This section therefore i)resents the fimdamental 

concepts related to DCF in general, required for the pur])Ose of understanding the 

subsecjuent analysis and algorithm design decisions.

3.4.2 Traditional D ensitom etric C ontent Fragm entation

W ithin the context of densitometric fragmentations, leaf nodes (w'ithin the DOM 

tag tree representation of a J)age) of a resource are converted into a one dimensional 

array of text density values (figure 3.4). The tex t den s ity  Pr̂  (equation 3.1) of a 

tag Tx is defined as the ratio between the number of tokens and the number of lines 

within r^.

^  (3 1̂)
^  LineSr^

A line is defined as a grouj) of successive characters, with a total character number 

('cjual to an arbitrary w ord wrapping  value Wj.. Kohlshutter suggests w'ord 

wrapi)ing value to be fixed at a value of 80. Tags containing only one line of

21 D eta ils  a.s to  w hy th is  algorit liin in p a r t ic u la r  w as se lec ted  a re  [)rovi(ied in .section 4..'13.4.1
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c n o d J  1

Segmentations Text Density

F ig u re  3.4: Deiisitoinetric Page Representation

text are assigncnl a text density value e(jual to the number of tokens it possesses. 

Although a line might appear as an arbitrary  notion, figure 3.4 shows how shar[) 

changes in text density corresjjond relatively well to desired fragmentations. DCF 

therefore consists in the process of identifying such variations in text density and 

corielating them with fragment boundaries.

DCF algorithms ])roceed in detecting these variations by considering each leaf tag 

text density value as one individual atomic block (or fragment). Each page is hence 

converted into a single block array. DCF algorithms subsequently iterate through 

this array by selecting a set of individual blocks and then combining them together 

into larger compounded blocks to form a new' block array (composed of atomic and 

compounded blocks). The number of consecutive individual blocks compared before 

fusion is referred to as the block w in d o w  size .  The process of combining adjacent 

blo(“ks together is referred to as block fu s io n .  This process is achieved by joining 

the lines of two blocks a  and 3 inside a new' block 7 , such th a t 7  spans from the 

first line of a  to the last line of (3. a  and P are then removed and replaced by the 

new block 7 . Iterations through the block array are jierfonried multiple times, by 

fusing conij)ounded blocks together, until final fragments are created.

At the time of writing, existing DCF algorithm s differed mostly upon the criteria
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selected for fusion, as well as how adjacent blocks are selected for com parison prior 

to  fusion. All D C F algorithm s however finish whenever an ite ra tion  is [jerfornied 

w ith in  the  en tire  block array, w 'ithout the  occurrence of any fusion. T he four D C F 

variations originally presented by [Kohlschutter2008a] are described below^:

P la in  fusion

P la in  fusion for instance, only considers pairs of ad jacen t blocks a t a tim e 

(equivalent to a block window size equal to  two). If the  tex t density difference 

Ap  (equation 3.2) of the  pair is sm aller th an  an a rb itra ry  threshold  Vmax, 

blocks are fused and the  resulting compounded block produced is com pared to 

the  next one and so on, as described in figure 3.5.

A  / •  • , |P(0 - P ( ? +  1)1
max{p{t) ,p{i  +  1))

S m ooth  fusion

Sm ooth fusion extends the  previous algorithm  by considering instead the tex t 

density  of th e  preceding and succeeding block (l)lock window size equal to  

th ree). If the  tex t densities of preceding and succeeding blocks are  identical 

or higher th an  a blocks tex t density, all three blocks arc fused together in to  a 

com pounded block.

R ule-based  fusion

R ule-based fusions on th e  o th e r hand, a tte m p t to  augm ent the  previous 

a lgorithm s by tak ing  in to  account the  m eaning of specific tags (titles, tab les  

etc.) in order to  infer structiu 'a l com position of pages. T hey augm ent a D C F 

a lgorithm  w ith  a predefined set of rules sim ilarly  to  w rapper-based  con ten t 

fragm en ta tion  a lgorithm s discussed w ith in  th e  s ta te -o f-th e -a rt review  (see 

section 2.4.3.3). W henever such an  arb itrary  tag  is encountered, a block fusion  

or block gap is perform ed regardless of tex t density  values. However, since 

taking into account the m eaning of tags violates TDR 3.e, the use of rule-based 

fusion should be m inim ised (ideally never used) w ith in  the  context of a sheer 

pipeline.
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Steps

blocksQ
bO b l  1 b2 b3 b4 bS b6 - Bn-1 bn

Fusion
Window

Compound 
Fused Block

1 bO b l | b2 bS b4 bS be 1 Bn-1 bn

b2 1 ”
1 b4 1 «

b6 1 8 n -l 1 bn

| b(0,1)| b2 b3 b4 bS be 1 1 Bn-1 bn

| b(0 .1)| b2 b3 b4 bS be 1 1 Bn-1 1 bn

Ib(0.1)| b2 1 b3 b4 bS be 1 1 Bn-1 bn

| b(0 .1 ,| b2 bS 1 be 1 1 Bn-1 1 bn

F ig u re  3.5; Plain Fusion Representation

Sm ooth  ru le-based  fusion

Finally and as its name suggests, smooth rule-based fusion consists of the two 

previous fusion variations, merged together. Hence this tyj:)e of fusion uses a 

set of tags enforcing block fusion and block gaps, and considers text densities 

of preceding and follow'ing blocks w'hen no such tag is encountered.

3.4.3 G reedy D ensitom etric C ontent Fragm entation j
I

As explained in the previous section, the DCF approach to content fragmentation was 

selected as the most promising fragmentation technique for the purj)ose of content 

slicing. The analysis performed in section 5.2 however highlighted some drawbacks 

with respect to this approach. This section therefore presents an alternative version 

of the original DCF algorithm  presented previously and originally developed by 

[Kohlschutter2008a]. This variation uses, as a foundation, the same fundam ental
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DCF principles described in the previous section proposed by Kohlschutter and 

introduces some modifications during the block array iterations phase of the original 

algorithm. The modifications aim to address in particular i) the time performance 

variations (with respect to fragment size output) discovered in the analysis and also 

ii) take advantage of local text density attributes of different regions of pages to 

further refine the accuracy of the algorithm.

This greedy algorithm, developed for the purpose of this research, hence proposes to 

stabilise the time performance of plain fusion DCF across sizing outputs, by reducing 

the mnnber of iterations through the densitometric block array. Since the original 

DCF algorithm proceeds via a bottom up approach (successively merging individual 

atomic blocks into larger compounded blocks), larger sizing output r e q u i r e m e n t s  

will lead to a higher number of iterations within the array. The greedy variation 

hence proposes to replace the fixed block window size (section 3.4.2) of the original 

algorithm with an expanding w indow  size. A greedy behaviour drives this window 

expansion (see figure 3.6), starting initially with a block window size equal to tw'O 

(as for plain fusion) at the start of each iteration and subsequently increasing.

During the analysis carried out upon the original DCF variations (section 5.2, multiple 

manual inspections of densitometric page representations within the corpus constantly 

revealed clear distinct densitometric regions within individual pages. This property 

of pages isnt taken into account by existing DCF variations. The assumption is that 

local adjustments of threshold values to specific regions of a page (such as menus, or 

user comments with low" average densitometric values in comparison to an artich? 

with high values) could perhaps also improve the fragmentation accuracy of regions 

of pages with differing local densitometric characteristics. This algorithm heiicf? 

also differs from existing approaches (which use non-variable thresholds) by using 

a variable threshold Vmax value, automatically adjusted with respect to local 

regions of a page, based on densitometric values of blocks currently selected within 

the window. The replacement of a fixed block window size with a variable one should 

theoretically make most fusions occur in early iterations and therefore stabilise tinin 

performances for high Vmax values.
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F ig u re  3 .6 : G reedy A lgorithm  D escription

A detailed  descrip tion of th e  a lgorithm  is provided in a lgorithm  1. As m entioned 

above, the  G reedy D C F algorithm , initially  s ta r ts  th e  fragm entation  process as 

l)crformed during a plain fusion fragm entation. In other words, each page processed 

is converted into a block array  with text density values corresponding to each leaf-tag 

w ithin the resomce. I 'h e  thresliokl value is also assigned an arb itrary  value and 

the block window size is set to two (step 1 in figure 3.(i). Text density differences of 

blocks contained w ithin the  window are then  com pared to  V,naj- during the plain 

fusion algorithm  (step 6). If the difference in tex t densities is below th a t threshold 

however, blocks are not innnediately fused together. Instead, the block window size 

is increm ented by one, and Vmax is assigned the average value of block tex t densities 

contained  w ith in  the  window. T he tex t density  difference betw een the  new block 

in troduced  w ithin  the  w indow and the  previous one is thereafter com pared to  the  

new V,nax value com puted (step 7). If their difference is below th a t value, the window 

size is increm ented and  th e  sam e procedure follows. W henever th is difference is 

above the average V,„ax value, the new block is ignored from the set contained within 

th e  window and all o th e r blocks are fused together into one (stej) 12). W hen th is 

event occurs, the window size and Vmax values are assigned their original values and 

the  algorithm  com pares th e  next two blocks w ith th is new window of size equal to  

two (step 6)
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A lg o r ith m  1 Greedy Densitoinetric Algorithm
1: p r o c e d u r e  GREEDYFvsiON{blocks[], d e f  mdtVmax)

2: f  x isedBlocks true;

3: w h ile  f  used  Blocks  do i> New Array Iteration Initialisation

A: f u s e d  Blocks  ■<— false;

5: i ndex  0;

6: w h ile  index  < blocks^.s ize  do  t> Array Iteration

7: w in d o w S i z e  f -  FusABLEWiNDOwSizi<:(index, blocks[])

8: i f  w in d o w S i z e  > 0 th e n

9: blocks[] •<— F\JSE{index,windowSize,blocks[])

10: f u s e d B l o c k s  ■<— true\

11: en d  if

12: i ndex  +  +;

13: en d  w h ile

M: e n d  w h ile

15: retvirn WorA'.s[];

IK: en d  p r o ced u re

17: f u n c t io n  Y\ .]S^{index ,windowSize ,b locks^)

18: i empBlocks\ \  ^  hlocks[index, index  +  windou 'Size\ ,

1^ -  Pblocks[index]  —  ^  ^ - 'i^ (^ ^ te m v l3 lo c k s \] i

20. block S^indcX^ i  Phloc.ks[index]^

21: remove  hlocks[index  +  i n d e x  +  windowSize \ ,

22: r e t u r n  blocks[]-,

23: e n d  f u n c t io n
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24: fu n c t io n  FusAiM .KW iNiK )wSiZK(m (iex,blocks[])

2o. ^ m a x L is t . add[ d e fn u l  t V,nax);

26: window Expanded  true;

27: blocks r o M e r g e  •<— 0;

28: g ready index  index  +  blocksToMerge;

29: w h ile  window E xpanded  && {greedy Index  +  1 <  blocks[].size) d o

30: w indowExpanded  <— fa lse;

31: d e n s i t o D i f  •<— / \p{blocks[greedyIndex],  hlocks\greedy lndex  +  1]);

32: if d e n s i t o D i f  > avg{V„iaxList) t h e n

33: Vjnax Li s t  .add{densito Di  f ) ;

34: blocksToMerge  +  + ;

35: window Expanded  true;

36: gre ed y in d ex  <r- index  +  hlocks'J'oMerge;

37: e n d  if

38: e n d  w h ile

39: r e tu r n  block s i 'o  M  erge;

10: e n d  fu n c t io n

3.4.4 D ensitom etric Fragm entation Sum m ary

This section presented the DCF approach to open corpus fragmentation, which w'as 

selected, among algorithms reviewed in section 2.4.3, as the most promising algorithm 

with respect to technical design requirements enunciated in section 3.3.3. Algorithms 

of existing DCF approaches, as well as a new variation designed specifically for the 

j)urpose of this research, were described in detail so as to support an understanding 

of their analysis in section 5.2 of this thesis. The subsequent chapter provides a 

detailed explanation with respect to why this approach was selected among existing 

alternatives.
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3.5 Conclusion

I 'h is  chapter presented tlie design decisions and recjuirenients underlying the sheer 

I)rototype to be inipleniented for the purpose of this research, called Slicepedia, 

which can harvest, fragment and right-fit open-corpus resources for reuse within 

AHSs. Pro])osed high-level and technical architectures of Slicej)edia were described 

along with an examj)le use-case scenario. The following chapter will now present 

the im jjlem entation decisions taken in order to fulfil the design architecture and 

requirements presented above.
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Chapter 4

Im plem entation

4.1 Introduction

The previous chaj)ter of tliis thesis described tiie design of Shcepedia, a shcing system 

aimed at imi)roving tlie reuse of open-corpus material by right-fitting each resource 

to content rec}uirements of AIISs. The design was derived from influences observed in 

the state-of-the-art and rehned in high-level and technical reciuirements. This chapter 

now' descrilies the im plem entation of these design decisions, in order to  produc(' a 

sheer i)rototyj)e i)erformiiig open-corpus harvesting, custom isation and delivery to 

slice consmners, and thus contribute to objective two of this thesis.

riiis chapter builds upon the architectures presented in the previous chaj)ter and 

begins by describing in section 4.2 the overall arrangem ent and coordination of 

comj)onents su[)porting the Slicepedia prototype implementation. Each comi)onent 

is then described in section 4.3 in more detail based on how they suj)port each design 

requirement enunciated in the previous chapter.

It is a strategy of this research to utilise open source software or free SaaS tools (TI)R 

1), when possible, in an effort to avoid reinventing the wheel. Rationales underlying 

decisions taken to choose one sj)ecific th ird  party  components as opposed to otlu'rs 

are hence provided. All of the modules described in this chapter were implemented 

for the purpose of this research. An im portan t part of the im plem entation effoi ts
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carred out for this research iiivoilved conibiuiug existing components (i.e; web crawler. 

SPARQL database, NLP algorit;hins or web servers) together to produce a sheer tool 

chai;i. To achieve this goal, seve;ral toolsets, frameworks and existing NLP algorithms 

were used. When existing tools were used, these are referred throughout this chapter, 

in each appropriate section dediccated to individual parts of the tool chain. Additional 

mocules and NLP algorithms w ere also implemented specifically for the purpose of 

this research, in order to suppo>rt the integration between components, and extract 

specific data  from individual dcjcunients analysed.



4.2 Slicepedia Overall A rchitecture

4.2.1 Introduction

'I’lip arch itocture  of Sliccixxlia, as illu stra ted  in figure' 4.1, facilitates the  harvesting, 

fragm entation, custom isation and delivery of open-coirpus resources to  AHSs.

As m entioned in section 3.3.3.1, th e  p ro to ty p e  slicer in ip lem ented for the  purpose 

of th is research achieves th is by im plem enting various units each addressing one of 

these tasks. These com ponents consist of a: 1) resource harvester unit, 2) analyser 

unit (including s tru c tiu ’al and sem antic analysis) and 3) slice genera,tion unit. T he  

following sections present an overall descrip tion  of how  each of these com jionents 

coord inate  w ith each other.

4.2.2 S licepedia R equests C oordinator

This arch itecture  is designed a.s a pipeline and for th is  reason, com ponents can only 

he run successively, in the num erical order specified aibove. Nevertheless, the  entire  

l)ipeline can be n m  based u])on th ree different Slice]:)edia Recjuest (SR) types. For 

this reason, an additional com ponent, nam ed Slicepedia Requests Coordinator (SRC)

Slice Request Coordinator

Naked
Foundation 
Slice Query

Analyser Unit
R esource Harvester Unit Slice Generation Unit

Structural
Fragmenter

Semantic Analyser

Semantic
Fr«gm«nUtlon | |  '’'f!'"'®

Pipeline Foundation Slice 
Repository

4
Native Resource 

Repository
Virtuoso

Triplestore

F ig u r e  4.1: Slicepedia Im plem entation  A rchitecture
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iiiodule, is respoiisihlc for coordinating eacli component togetlier based upon what 

Shce})cdia recpiest is being performed. Slicepecha can be requested to eitlier

SH \ ) prepare open-corpus resources for reuse or S R i ) generate slices (shce request). 

Wlien ix'rforming a slice recfuest, if slices are to be generated from open-corpus 

resources which haven’t been prej)ared yet then Slicepedia i)orforms SR s  ) both 

the preparation o f resources and slice requests all a t once. The last option is 

recommended only when targeting sj)ecific pages (or small number of resources) for 

innnediate slicing and reuse. In the majority of cases however, and as mentioned in 

section 3.3.3.1, for optimisation pur})oses and when possible, the ability to perform as 

many tasks a-priori of AHS interaction will be preferred. For this reason, request SH \ 

will only run the first two units of the pipeline (i.e. harvesting, fragmentation and 

semantic analysis), later on followed by nuiltiple shce requests. When Slicepedia is 

recjuested to j)repare open-corpus resources for reuse, resources targeted for slicing are 

processed and ready to convert into slices before any AHS interaction with the sheer. 

Slices can later-on 1)C produced on-deniand based on AHS content r('(}uirements, by 

performing slice recjuests (see remark on ()n-Dem and Slicing design reciuireuient). 

As will be described in section 4.4, the Hrst two Slicepedia recjuests could also be 

used when slicing resources in collaboration with other institutions. W ithin this 

context, the semantic analyser step also becomes optional.

Finally, the SRC module is also responsible for separating resources target('d for slicing 

into smaller unit batches. This feature enables an optim isation of the Slicepedia 

service response time. It does so by removing the need for slice consumers to w'ait 

until all open-corj:)us resources targeted have been processed and instead accepts 

slice generation recjuests, for a subset of open-corpus resources, while the rest of 

open-corpus resources are been processed (harvested and analysed).

4.2.3 Slice R equest Procedure

This section presents the procedure carried out by Slicepedia when a slice consumer 

in itiates a slice request. In order to  provide a complete understanding of the 

underlying interaction between all components, this section will assume the Slicepedia
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recjuest performed is of type SHi ,  meaning that the sheer does not yet possess 

tlie resources targeteci for reuse by the shce consumer and hence the three units 

constituting the pipehne (section 4.2) are all run successively.

A slice request* is encapsulated within a SliceQuery object (section 4.3.4.2). 

This object represents the set of specific content recjuirenients selected by the shce 

consumer, among the CAS provided by the sheer. Once Slicepedia has received such 

a request, the Slicei)edia Requests Coordinator (SRC) forwards the request to the 

resoxirce harvester unit. Since it is assinned that at this stage Slicepedia does not 

contain any resources, the slice query must contain at least either a set of keywords 

or list of preferred open-corpus repository urls to crawl.

The resource harvester unit subsequently passes the set of keywords or the list 

of open-cor})us repository urls to its native resource identifier module (A), which 

identifies relevant^ web pages. Once an arbitrary number of relevant web page urls 

are identified, these are forwarded to the url harvester module (B), which simply 

downloads the resources in their native form, into the native resource repository 

module (C). The native resotirce repository used for this implementation of Slicepedia 

sin\ply consists of a directory on the local file system (section 4.3.2). Paths i)ointiug 

to each native resource are then forwarded to the analyser unit.

The analyser unit starts j)rocessing resources through the structxiral fragmenter 

module (D). This module analyses each resource contained within the native resource 

repository in order to produce sets of structurally coherent fragments along with 

structural meta-data. Fragments and m eta-data produced, are then converted to 

RDF statements using the RDF converter inodnXe (E) (implemented for the purpose 

of this research) and stored in a Virtuoso^ repository (F).

Although no sen:iantic analysis has being performed upon fragments at this stage, once 

an initial set of fragments and meta-data have been produced and stored, the slice 

generation unit can be run. The CAS made available by the sheer at this stage 

is very limited of course, since only structural meta-data is available. Nevertheless

'A  detailed exam ple of w hat would co n stitu te  such a slice request is presented iu section  4.6.
^What con stitu tes relevant pages is d iscussed  in section  4.3.2

^htt p: /  /v irt uoso.open linksw .com /
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very simple slices, relying solely on structural aspects of native rc'sources i)rocessed, 

can already be produced. In order to generate such slices, the slice generation unit 

forwards the slice (juery object receiv(>d from the SRC to the slice searcher module 

(G) which returns a set of SliceHits. A SliceHit ' is simply a Plain Old Java Objects 

(PO JO s) th a t represents a possible match between a set of content recjuireinent 

expressed as a SliceQuery object and one unique slice.

'rh('se SliceHits which are either forwarded to slice consumers for insi)ection or directly 

transferred to the slice creator module (H). For each SliceHit received, the la tter 

constructs the corresponding Slice based upon the instructions contained within the 

SliceHit (4.3.4.4). The resulting set of slices produced is finally sent back to the SRC, 

w'hich forwards it back to the slice consumer.

In most cases however, prior to running the slice generation unit, and follow'ing the 

structural fragmenter module, the SRC triggers semantic analyser module (I), l l i e  

latter acts as an internal slice consumer and performs a series of slice recjuests to the 

slice generator unit in the same manner as described earlier. In this context however, 

the slice (juery specifically recjuires slices produced to consist of naked foundation 

slices only, in other words foundation fragments which do not possess any semantic 

annotations yet. Slices returned by the slice generator unit ar(> then stored within 

the naked foundation slice repository (J) on the local hie system. The semantic 

analyser module subsequently processes each slice stored in the rej)ository to produce 

a set of semantic m eta-data  annotations, w'hich are then converted and stored in 

the  Virtuoso triple store in the same way as for the structural fragm enter module. 

T he semantic analyser module performs these step repeatedly until no more slices 

m atching the slice cjuery content requirements are found by the slice generator unit. 

W ithin the context of this research, both the fragments and m eta-data stored within 

Slicepedia and used to generate slices are referred to as slicing data.

m ore  deta i led  def in it ion  o f  what coii .s titutes a  S l iceH it  is jjrovided in sec t io n  1 3 .4 .1



4.2.4 Sum mary

This section presented a liigli level overview of Slicepedia’s architecture. In particu lar 

the  role of each underlying com ponents and their m utual in teraction  was describ('d 

in detail along w ith the overall process involved when servicing a  AHS request. The 

following section presents a detail description of the functioning and im plem entation 

of each individual com ponent of the sheer.
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4.3 C om ponent Setup and Im plem entation

4.3.1 Introduction

W liile the  previous section presented th e  overall coord ination  of com ponents 

coKiposing the Slicepedia pipeline, this section on the otlier hand provides a detailed 

im plem entation description of each com ponent used to  build the slicer^.

4.3.2 R esource H arvester U nit

As m entioned in section 3.3.2, the process of correctly identifying relevant web pages 

is considered out-of-scope of th is research. Hence, existing th ird  party  IR system s 

were used instead  to  im plem ent th is m odule. W hat constitu tes pages relevant to  

AHSs reuse in tentions therefore depends upon w hat IR com ponent in particu lar is 

sel('cted. Traditional IR searches or more sophisticated web-crawls using for example 

the OCCS, (which crawls large number of resources on the W’W W  and analyses topic 

rel(>vancy for each resource discovered) could be used (section 2.3.5). The OCCS was 

unfortunately no longer in operation during the course of this research. Nevertheless, 

many other open-source and SaaS IR tools were available at the tim e Slicepedia was 

being im plem ented. O pen-source tools such as Heritrix**, N alanda^, Combine^ or 

\\eI)Sphinx® offer the  coim nunity the  ability to perform  a variety of crawling tasks 

(from classic crawling to  focused crawling). O ther solutions such as PromptCloucU^, 

SOLegs", grepsr'^  or niozenda^^ offer sim ilar capabilities available instead  as SaaS

’Slicepedia was run witliin a V irtual M achine (VM) (running U buntu  8.04) powered by a Dell

Poweredge 1950 machine, using the Xen 3.0 virtualisation software on a CentOS 5.3 host. The VM

was allocated 1GB of Random  Access Memory (RAM) and eight dual quad core Intel Xeon E5420

processors running at 2.5GHz were accessible to  tlie VM if necessary. 
'’h ttp s ://w ebarch ive .jira .con i/w ik i/d isp iay /H eritrix /H eritrix  
' h ttp ://iv ia .u c r .e d u /p ro je c ts /N a la n d a /
^h ttp ://c o in b in e .it.lth .se /
'Mitt p : / / www.cs.cmu.edu/ rciii/websphinx/

^ 'M ittp://proiiip tcloud.com /
^' iittp: / / www.801egs.com /
’' i i t t p : / / www.grepsr.com / 

h ttp : /  /  www.mozeiida.com /
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solutions. As the use of SaaS services requires zero infrastructure, guarantees a level 

of service and at the same time eases overall integration of components, the use ot a 

SaaS solution was preferred over an in-house open-source tool deployment approach. 

I'DR 1 specified that Slicepedia should prioritise the use of free solutions. Among the 

four options presented above, at the time Slicepedia was been implemented, SOLcgs 

w'as the  only service offering an unlim ited free plan. This service additionally also 

offers a Java based Application Programm ing Interface (API) to its services. Since 

the sheer prototype was implemented for this research using Java, this API would 

also enable this crawler to be configured and run autom atically w ithin the sheer 

pipeline without any human interaction necessary (DR 2). For all these reasons, this 

service was hence selected as the preferred IR component for the sheer prototype.

'I'lie native resource identifier module (A) part of the resource harvester unit, therefore 

sini{)ly consists of a Java wrapper component around the SOLegs API. It configures 

and runs the crawler and finally forwards links discovered by this service to the URI 

harvester, which dow'iiloads each resource within the native resource repository (C).

4 .3 .3  A n a ly se r  U n it

4.3 .3 .1  Triple S tore M eta -d ata  and Fragm ent Storage

Among the range of tri])lestores available when the Slicepedia im plem entation ŵ as

being carried out, three prominent triplestore solutions w'ere considered as possible

candidates; namely i) Mimir from GATE'"*, ii) A duna’s Sesame*^ and iii) Openlink's

Virtuoso*®. These triplestores are sim ilar in the sense th a t each of them  claims to

[provide large and scalable RDF storage solutions. W hile tlie first two solutions

achieve this objective by focusing specifically upon the storage of RDF data, Virtuoso

achieves the sam e goal through a m ulti-m odel da ta  server. This decision enables

Virtuoso to provide a jjlatform agnostic solution for da ta  management, access, and

integration, meaning da ta  stored as RD F can also be accessed using trad itional

database queries.

http://gale.ac.uk/iii iinir/
'®http://w\v\v.openrdf.org/
' ® l i t t p : / / W W W . openlinksw.com/
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Ill aclclition to SPARQL queries, all three solutions can also provide full-text searches. 

Full-text searches allows triplestore clients to  cjuery RD F trip les based on keywords 

contained w ithin selected RD F objects. M iniir and V irtuoso provide this functionality 

in tegrated  d irectly  w ith in  their iiiain p roduct, w hereas Sesam e recjuires add itional 

components, namely the Nepomuk LuceneSail'^, to be set-up to achieve this purpose. 

In nil three cases, these full-text search capabilities augm ent and combine s tan d ard  

SPARQL (}ueries w ith  trad itio n al IR, keyw ord-based searches w ith in  SPA RQ L 

sta 'en ien ts.

Four im portan t requirem ents constrained the selection of the  triplestore used w ithin 

this im plem entation. Since the ultim ate goal of Slicepedia is to  provide large volumes 

of lesources to AHSs, the  ability of the triplestore to {)rovide i ) a scalable, ii ) stable 

and easy-to-use storage solution for this pipeline im plem entation was a prerec}uisite. 

Ad'litionally, I'D R  4.a and TDR 1 require Slicei)edia to sui)port m  ) keyword-bcised 

seaic'hes and also to  w  ) prioritise the selection of open-source com ponents.

At the  tim e  trij)lestore were being considered for th is im plem enta tion , M im ir had 

onlv been released recently. For this reason, although it claimed to  provide a scalable 

solution for the  sto rage of large sets of d a ta , no independent ('valuation had  been 

carried ou t at th is stage and very little  docum entation  concerning insta lla tion  and 

usage were available. Hence, this o[)tion was considered unsatisfactory. Virtuoso and 

Sesame, on the other hand, are used extensively w ithin the linked d a ta  com m unity to 

store very large sets of d a ta  (<). However, although both are available as open-source 

software, the  term s and conditions under which Sesam e is d istr ib u ted  are  less 

restrictive (iv).  Additionally, as the installation process and usability involved w ith 

Sesanie aj)peared m uch sim pler. Sesam e was originally selected and used for th e  

purpose of this im i)lenientation. However, when full-text search needed to be added, 

only very little  docum en tation  and u n m ain ta ined  softw are was available. For th is  

reason, the Sesame triplestore was later switched to a V irtuoso solution. Fortunately, 

this required very little changes in code since l)oth triplestore support the O peiiRD F 

APP*^ (section 5.3.5). Hence, unless specified the triplestore selected for the Slicepedia

’^h t t p : / / d e v . nepomuk.seiiianticdesktop.org/wiki/IjUceiieSail
*̂̂ h t t p : / /w w w .opeiirdl.org/
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iiiipleiiieiitatioii carried out for this research consists of the Virtuoso triplestore.

4 .3 .3 .2  R D F  C onverter M odule

As described in figiue 4.1, slice da ta  is stored within the triplestore through a RDF 

converter module (E). This module, implemented specifically for the purpose of this 

sheer, sinij^ly converts PO.IO objects, representing either fragments or annotations 

(section 4.3.3.4.3 and section 4.3.3.5.2) into sets of triples according to a Slicepedia 

RDF schema. In order to avail of full-text search combined with SPARQL cai)abilities 

of triplestores selected, both  annotations produced l)y the analyser unit as well as 

foundation fragments are stored as RDF object values. This decision also enabled l^oth 

types of data to be accessed using the same mechanism (simplifying implementation 

im plications), and contributed to supporting design requirem ent DR 5 regarding 

third party slicing collaboration.

4 .3 .3 .3  N L P  Fram ew ork S election

As specified in TDR 8, Slicepedia should rely extensively upon NLP algorithm s, 

combined in the form of a pipeline architecture. The pipeline architecture referred to 

within the context of NLP algorithms should not be confused with the general sheer 

j)i{)eline architecture, which performs the harvesting, fragmentation, annotation and 

delivery of open-corpus resources into slices. W ithin the context of NLP algorithms, 

the pipeline refers to  the succession of NLP algorithms (such as tokenizer, sentence 

splitters etc.) used within the structura l fragmenter (D) and semantic analyser (1) 

modules.

Among the set of NLP frameworks available at the tim e this im plem entation w âs 

being carried out, Languageware'® developed by IBM and GATE^° developed l)y 

the University of Sheffield were the most popular choices. Both frameworks are 

inijjlemented in Java and provide the ability to structu re  NLP algorithm s into a 

pipeline architecture. Each framework comes available w ith a set of off-the-slu'lf 

NLP algorithms th a t can be used directly within the respective pipelines.

^®lit t p ://w w w -fll .ib n i.co in /.soft.w are/g lob alization /top ics/lan gu agcw are/
^°gate.ac.uk
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Both fiaineworks however, differ with respect to the end-users targeted l)y these 

systems. While GATE is j)riniarily focused in serving the needs for i)rogrammers, 

Languageware aims at making text analysis accessil)le to non-progrannners (such as 

hum anities researchers) through the use of a no-coding, drag and droj:) j^rocedure 

philosophy. The result of this ”ea«y-to-use” approach however means tha t 

program m atically extending the framework can result in a very laborious process 

[Sweetnani2011]. Features such as conditional pipelines^^ for example, were not 

available in Languageware a t the  time this im plem entation was being carried out. 

For this reason, along with the fact th a t the connnunity and set of off-the-shelf 

NLP algorithms available for GATE appeared larger, it was decided to implement 

NLP pipelines used within Slicepedia using the GATE framework. Additionally, 

GA'l’E has the advantage of being completely free and o])en-source. Selecting this 

NLP framework, hence also contributed in supporting TDR 1 r('cjuiring components 

selected for this implementation to prioritise open-som’ce software when possible.

~'A  more detailed overview of G A T E  is jjrovided in section  2.4.4.5
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4 .3 .3 .4  S t r u c t u r a l  F r a g m e n te r  M o ciu le

T his section jjresents the  im plem enta tion  of the  s tru c tu ra l fragm enter m odule (D) 

presen ted  in section 4.2, which carries ou t an im i)ortan t step  of the  slicer pii)eline 

(leveloi)ed for the purpose of this research. As presented in figure 4.2, the s tru c tu ra l 

fragm enter m odule consists of a real-tim e GATE controller (()), executed and accessed 

by the rest of the slicer tising the GA TE em bedded API (section 4.3.3.3). W henever 

resources are available w ithin the native resource repository m odule (C), this m odule 

triggers its  in ternal N LP pipeline (O) and perform s a s tru c tu ra l analysis of these 

resources. O nce the  N LP analysis is perform ed, a  fragm.ent extraction  m odule  (P) 

processes the annotation  ou tpu t and forwards it to  the RD F converter (E) for storage. 

'I'he follow'ing sections describe in more details how each step  is carried out.

4 .3 .3 .4 .1  F r a g m e n ta t io n  A p p r o a c h  S e le c tio n

Section 3.3.3 jjresented the  set of ideal characteristics necessary for the  a lgo rithm  

to  be selected to  j)crform  the  fragm en ta tion  j)rocess. T h is set of recjuirenieiits are 

repeated  below for the  readers convenience in tab le  4.L

S tru c tu ra l F ra g m e n te r

Fragmentation Pipeline 
with

GATE ReahTime Controller Fragment & Annotation 
Extraction Module

Native Resource 
Repository

F ig u re  4.2: S truc tu ra l F ragm enter M odule
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ID Technical Design Requirements

3 Fraginenter characteristics:

a high speed and fully-automated 

processing of large volumes of pages

b domain and language independent

c content type agnostic

d page-level fragmenter

e tag meaning independent

f tag structure independent

g predictable fragment sizing control

Table 4.1: Extract from Technical Design Requirements

As web pages have evolved over time, content fragmentation has become an 

increasingly difficult task to perform. Besides the wide variety of pages available, 

each individual page itself now contains an increasing set of heterogeneous elements 

s\ich as user comments, advertisements, snii)j)ets previews etc (section 2.4.3). Among 

tlu ' range of fragm entation algorithms reviewed within the content fragm entation 

state-of-the-art section of this document (section 2.4.3), the feature-based 

densitonietric approach to fragmentation, proposed by [KohLschutter2()08a], appeared 

to be the most promising structural fragmentation algorithm to use for the purpose 

of this research. This page-level (TDR 3.d) and fully-automated approach to 

fragmentation, could theoretically permit large volumes of pages to be processed at 

high-speed (TDR 3), without any human intervention and without the need to harvest 

additional pages for training purposes. Since it does not depend upon any a rendering 

or machine learning process, this should significantly reduce any computational costs 

and hence increase time performance even more. Its ability to fragment documents 

regardless of tag meaning or structure (TDR 3.e, TDR 3.f), or without taking into 

acc'ount the semantics of words contained within documents should theoretically 

also enable a wide diversity of pages to be processed, regardless of language, domain 

or content type (TDR 3.b, TDR 3.c). This aspect would also benefit technical
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design recjuirenient TDR 2, which requires com ponents used for the Shcei)edia 

im plem entation to be selected based upon their m ultilingual support. Finally, the 

ability to control the size of fragments (TDR 3.g) would also appear achieval)le by 

modifying thresholds, used by the algorithm , depending on the size of fragm ents 

desired. For all these reasons, densitometric page fragmentation appeared to represent 

the most j)romising approach encountered in the state-of-the-art. However, since 

this algorithm relies upon tag-based documents, selecting this approach will require 

narrowing down the set of open-corpus resources available on the WWW to pages of 

obtainable in HTML format. As this format, represents the most widely used choice 

on the WWW’, this lim itation is considered tolerable for the purpose of this initial 

sheer im plementation prototype.

As this fragmentation approach is still relatively novel, at the time this investigation 

was carried out, it appeared to the authors knowdedgc th a t a full evaluation of 

this ai)proa.ch and identification of strengths and weaknesses across the  range 

of characteristics, critical for content slicing, hadn ’t been performed. Since 

fragm entation represents a decisive step of content slicing systems, an experim ent 

evaluating the performance of densitometric fragmentation algorithms, with respect 

to a range of characteristics, unknown at the tim e this researcli wa.s being carried 

out, is presented in section 5.2. The evaluation confirmed the suitability  of this 

algorithm with resj)ect to specific slicing requirements such as its ability to fragment 

without the need for interpreting the meaning or structure of tags within pages (TDR 

3.6, TDR 3.f). Results additionally suggest this approach provides the ability to 

fragment pages across languages with a predictable control of both fragment sizing 

and cross-language accuracies (TDR 3.g, TDR 3.b). However the densitom etric 

approach to fragm entation was discovered to be highly content type dependent 

(TDR 3), with higher accuracies achieved for news and encyclopaedia contents. A 

significant tim e performance decrease (TDR 3) w ith respect to various fragm ent 

sizing param eters was also discovered. W ith respect to the la tter, and as discuss(‘d 

in section 4.4. since DR 5 requires Slicepedia to support an open and shareable 

ai)proach to slicing, the decision was taken to select an arb itrary  size for fragm ent 

outputs and instead control the sizing of slices within the slice generator module. For
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this reason, tlie structural fragnienter used for the purpose of this iniplenieiitatioii 

would be exeinj)t froui drawbacks related to poor tim e perform ance occurring for 

various sizing param eters and would instead only use a fixed set of param eters to 

produce fragments. W ith respect to content dependency, on the other hand, since 

Slif^epedia is required to process oj)en-corpus content (DR 1) using a content/A HS 

agnostic approach (DR 2), this means web-resources of any tyj)e could be targeted 

for slicing. Hence, the content type dependency discovered while evaluating the 

densitonietric aj)proach to fragmentation would clearly affect the overall performance 

of the sheer implemented for the puri)ose of this research. For this reason, it was 

decided to limit the range of open-corpus m aterial on the W W W , targeted for the 

purpose of this research, to any htm l web-page originating from pages containing 

articles such as news, encyclopaedia or tu torial websites. Restricting the range of 

targeted oi)eii-corpus material available on the WWW' to this set, does not interfere 

with the original motivation of this research consisting in j)rocessing large volumes 

of imdetermined open-corpus resources. However, the author acknowledges that this 

represents a compromise on the sheer content/A H S agnosticity. This open-corpus 

subset still represents an innnense source cjf content to be reused by AHSs, with a 

diversity sufficiently large enough to require a content/AHS agnostic slicing approach 

to be developed. Nevertheless, if this approach to content fragm entation is to be 

selected perm anently for the piu’pose of open-corpus slicing, improvements with 

respect to its content type dependency will need to be achieved (see section 6.3).

4.J5.3.4.2 G ate Fragm entation  P ip e lin e

Following the selection of a fragm entation approach, the underlying set of NLP 

algorithm s (figure 4.2), used to  support the operation of the structural fragrnenter 

module, were assembled using a GATE real-tim e controller (see section 4.3.3.3).

As in most NLP systems, and since the equation underlying DCF algorithms relies 

partially  upon the to tal am ount of tokens contained w ithin a specific tag (section 

2.4.3.5), the first PR contained within this controller (described in table 5.3.5) consists 

of a token izer  (see section 2.4.4) provided as part of the ANNIE set of GATE NLP
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F rag m en ta tio n  N L P  P ip e lin e

1 ANNIE English Tokenizer

2 ANNIE Sentence Splitter

3 B o ile rP ip e

a Densitometric Fragmenter

b Boilerplate Detector

4 Fragment Sequencer

5 Annotation Transfer

6 In te rn a l F rag m en t P ip e lin e

a Fragment Type Identifier

T ab le  4.2: Fragmentation Pipeline

algorithms . The output of this tokenizer PR consists of aimotations poititing to the 

start and end of each token identified within tlie content j)rocessed.

Following the tokenizer, is the ANNIE english sentence  spli t ter.  This domain and 

application-independent PR consists of a cascading set of finite-state transducers, 

which use the token annotations produced by the i)revions I’R to identify sentence 

boundaries within the text. A list of abbreviations are used to help distinguish 

sentence boundaries marked by a full stop from others. Each sentence identified is 

assigned an annotation of type ’’sentence” (j)ointing to the start and end of each 

sentence).

Directly following the tokenizer is the f r a g m e n ta t io n  algori thm.  As explained 

j)reviously, an evaluation analysing the performance of the DCF approach was 

undertaken for the j)urpose of this research (section 5.2). At the time this 

evaluation was carried out, no implementation of the original algorithm presented in 

[Kohlschutter2008a] was available. Hence, several variations of this algorithm w'ei'e 

implemented to pursue this task. Nevertheless, by the time these evaluations weie 

accomplished and the Slicepedia pij)eline was in development, the original authors of 

this approach did eventually release their implementation as open-source softw^are
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(also available as a GATE PR). Since this DCF iinplenientatioii, named Boilerpipe'^^, 

hac undergone thorough bug testing prior to releaae, it was decided to select this 

more stable implementation of the algorithm as opposed to the one implemented 

in-house. This decision also supj)orts design requirement TDR 1 which r(>quires the 

Slicepedia implementation to make extensive use of open-source software, as well 

as enabling other researchers within the connnunity to rej^roduce the experiments 

carried out as part of this research using freely available software.

Fii.ally, Boileri)ipe also includes a boilerplate de tec tion algorithm  (section 

2.4 4.4) using shallow text features of documents [Kohlschutter2010a]. As mentioned 

previously, the fragmentation of native resources also requires the ability to distinguish 

frapnents based upon whether they consist of menus, advertisement etc. Hence, the 

use of a stable implementation integrating both densitometric fragmentation with a 

boilerplate detec:tion algorithm was considered a better decision, as opposed to using 

an in-house approach lacking boilerplate detection. This approach to boilerplate 

detection achieves very similar i)erforniance to more complex alternatives at much 

lower computational costs [Poniikalek2011] Boilen])late detection using shallow 

text features shares in essence, many similarities with the densitometric approach to 

frapnentation. It is content type and domain independent and does not require any 

int(>r-document knowledge, which means pages can be processed indei)endently of 

each other [Kohlschutter2010a].

At the time the Slicei)edia implementation was being carried out, the i)erformance 

of this approach across languages was unknown. Since this ai)proach relies primarily 

upon word count (treated as tokens) within tags, as for DCF algorithms, the authors 

assumption was that this approach would perform similarly as its fragmentation 

counterpart. Nevertheless, if Slicepedia is to be extended for multilingual slicing, the 

performance of this approach to boilerplate detection with respect various languages 

should be evaluated (section 6.3).

The; PR enca{)sulating Boiler])ipe uses the token annotations produced by the

■̂■̂http ://code.google.coin/p/boilerpipe/
^^htti)://toiiiazkovacic.com /blog/r22/evaluating-text-extraction-algorithins/ [Accessed: October 

3, 2014]
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tokenizer to count tokens contained within each tag of the original documents 

and calculate densitometric values as described in section 5.2. It produces two types 

of annotations each assigned to fragments produced from the original document and 

selected based upon whether it considers these to be boilerplate content or not.

A fra g m en t sequencer  PR consisting of JAPE grammar rules, written specifically 

for the purj)ose of this slicer, subsequently identifies each non-boilerplate fragment as a 

valid foundation fragment and assigns sequence numbers to each one based upon their 

position within the original native resource. These seciuence numbers are later on used 

by the slice ge,nerato7' nnit to construct slices. During this phase, compound fragments 

are also identified. Compound fragments consists of a sequence of foundation 

fragments uninterrupted by boileri)late content. Whenever the fragment sequencer 

encounters a foundation fragment identified as boilerj)late, a new compoimd fragnK'iit 

is created, containing the next non boilerplate foundation fragment encountered. The 

use of compoimd fragments is based upon the assumption that content held within 

native resotu’ces, uninterrupted by boilerplate content, must jjossess some degree 

of structural coherence and unity. Compound fragments hence, aHow the slicer to 

preserve this original structural coherence of the resources that have been sliced 

bas('d upon the original structural position of fragments in native resources. As lor 

foundation fragments, compound fragments are also assigned comi)ound sec}uence 

numbers. Since GATE treats original mark-up tags contained in HTML pages as 

annotations (section 4.3.3.3), once each valid foundation fragment is identified and 

secjuenced, the GATE a n n o ta tion  tran sfer  PR identifies each original mark-ui) 

annotations contained within valid fragments, as well as those produced within this 

pipeline, and saves them within a Slicepedia annotation category.

Finally, a set of JAPE granunar rules is used to produce fragment specific annotations 

based upon the annotations transferred previously. These granunar rules are run 

within a Fragment type Iden tif ie r  PR (implemented specifically for Slicepedia) as 

part of a in terna l G A T E  pipeline  (section 4.3.3.3) for each foundation fragment 

encountered. Fragment type annotations for example, are produced based upon 

original mark-up amiotations, contained within each fragment, in order to specify
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whether a fragment consists of a tai)le, paragraph, bullet points or title. Since TDR 

5.a recjuires Slicepedia to  take into account the sizing of slices request('d by slice 

consumers, the size of each fragment (specified with respect to the number of token 

and sentence annotations contained w'ithin each fragment) is also determ ined and 

stored as a fragment size annotation.

For the purpose of this experim ent, and since the subset of oijen-cori)us resources 

targeted for this experiment are constrained to the English language as a first stej) 

(section 3.3.3), the tokenizer and sentence splitter algorithms selected for this pipehne 

were english sjjecific NLP algorithms. However, many algorithms designed to achieve 

these specific tasks for various languages are also available [Zhang2007, Branco2009]. 

In the event, additional langiiages were targeted for slicing, these alternative tokenizers 

could easily be selected using a conditional controller (as mentioned in section 4.3.3.3) 

based upon the output of language identifier PRs^^

4 .3 .3 .4 .3  Fragm ent E xtraction

Once nativ(' resources are processed by th(> GATE fragm entation j)ipeline, the 

fTdfpt i en t  extraction module (P) extracts annotations produc('d along with the text 

pertaining to each fragment, using the GATE embedded API. Mark-up annotations 

originally contained w'ithin each foundation fragment are reinserted into the text 

as they originally appeared within native resources. A nnotations related to each 

foundation fragment are associat('d with text containing original mark-uj) to produce 

foundation fragment PO.JO objects, which are subsequently forwarded to the RDF  

converter module (E) for storage. During this phase, com pound fragment PO.IO 

objects are also created to  rej^resent each compound fragment identified by the 

fragm ent sequencer. Finally, the fragment extraction module also creates one 

additional page-level compound fragment representing all non boilerplate fragments 

extracted from each native resource.

ht tp : //g a te .a c .u k /sa le /ta o /sp litc li  15. lit ml
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4 .3 .3 .5  S em an tic  A nalyser M odule

I ’he set of analysis perfoniiecl by the semantic ana/yser module is strongly determined 

upon the range of content requirem ents potentially requested by slice consumers. 

Although s{)ecific content requirements of individual slice consumers are unpredictable, 

an estim ation of very broad range of needs potentially needed by a group of slice 

consumers can be determ ined. Hence, the set of NLP algorithm s used for this 

im{)lementation were selected based upon additional design recjuirements w'hich 

Slicepedia should suj)port, as well as various slice consumer needs used for the 

evaluation carried out in the following chapter. The set of NLP algorithms, converted 

into Processing Resources (PRs) and combined within a GATE real-time controller 

is presented in table 4.3.

W ithin the context of this research, the concept referred to as sernantic analysis^^, 

which is performed by this module, is used in the broadest possible sense of the term. 

It is used in i)articular in opposition to the notion of sfructuml analysis (performed 

by the structural fragme.nte.r), which only focuses upon the structure of open-corpus 

resources.

4.3 .3 .5 .1  G a te  Sem antic  A nalysis  P ipeline

As mentioned in section 2.4.4, most NLP pipelines start with a similar set of standard 

algorithms and this pi])eline is no exception. The first two PRs used in this pipeline 

consists of the same t o k e n iz e r  a n d  s e n te n c e  s p l i t t e r  used within the structuj'al 

fragmenter modulo  (section 4.3.3.4).

The two pi])elines however differ from the third PR onwards. This pipeline uses instead 

a P a r t - O f - S p e e c h  ( P O S )  ta g g e r  [Hepple2000] to assign a POS annotation  to 

each token encountered within the text. This algorithm is partially based upon the 

ap{)roach proposed by [Brilll992] and uses a ruleset derived from train ing results

^^Seniaiitic analysis here refers to  both traditional synthetic analysis (I’OS. nior|)hological analysis 

e tc .)  a n d /o r  Iiifonnal.ion  E xtraction  (IFC) algorithm s (nam ed en tity  recogn ition , relationsliip  

ext Faction).
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Semantic Pipeline 
with

GATE Real-Time Controiler
Slice Generation 

Unit
Slice

Oownloader

Annotation Extraction 
Module

RDF Converter

F ig u re  4.3: Semantic Analyser M odule

perform ed upon a corj)Us taken from  tlie  W ail Street JournaP*’ .

I ’he next three PRs consist o f i) a morphological analyser, ii)  a verb group chunker and 

iii)  a verb feature analyser"^'. These three algorithms were selected in order to conij)ly 

w ith  TD R  5.C, which requires Slicepedia to support AHSs ])age adai)ta tion. As w ill 

be described in  section 5.4.2.4, the slice consumer used to  i)erform  th is  adapta tion  

consisted of a Language W eb-Tra in ing too l i)resenting trad itiona l English grannnar 

exercises to  students. Page adapta tion  carried out by th is  AHS is jje rfo rm ed w ith  

resj)ect to  verbs contained w ith in  resources delivered by the sheer. For th is  rea.son, 

Slicepedia should be able to  take in to  account AHS content recjuirements s[)ecifying 

various a ttribu tes of slices to  be delivered based upon verb features contained w ith in  

these resources. Lennnas (section 2.4.4) identified by the m orphologica l a n a ly s er  

PR, are hence added to the set o f feature^s contained by each token referred to. LRs 

are subsequently processed using the domain independent verb group c h u n ker  in 

-®www. w sj.com

^^B o th  the  in o rp lio lo g ica l analyser and verb g roup  chunker were developed by (J A l'K  using J A P E  

ru les ap p lie d  upon  the  token  and  FO S an n o ta tio n s
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order to produce annotations of tyi)e Verb Group with verb features detected sucli as 

type, tense, voice, iieg, etc. Finally, once the morphological analyser and verb grouj) 

clnuik have be executed upon the LR, the verb fea tu re  a n a ly ser  PR, developed 

as a JA PE transducer specifically for the purpose of this research, jiroduces the 

non-finite form of each verb group identified by the verb group chunker^^. The set 

of rules written for this transducer, take into account the lennnas produced earlier 

as well as each feature contained within the Verb Group annotation. For each verb 

grouj) analysed this PR adds the non-finite as well as original form of the verb 

chunk as encountered within the text, as annotation features within the Verb Group 

annotation.

DR 4 and TDR 7, requires slices to be assigned domain anchor points, in the form 

of linked data concepts, so as to be more easily integrated within third party AHSs. 

Additionally, TDR 5.a also requires Slicepedia to provide the ability to focus native 

resources upon conce})ts selected by slice consumers. For tliese reasons, the semantic 

analysis jMpeline includes a concejit tagging algorithm (section 2.4.4.4) which assigns 

linked data conce])ts to regions of naked slices analysed. While traditional text 

segmentation algorithms could have been used to semantically segment pages, using 

such an approach would have required slices to be semantically segmented a-priori 

of slice consumer requests on arbitrary concepts (hence failing to support TDR 5). 

For this reason, an approach similar to that proposed by [Leoncini2012] was instead 

selected for this prototype in order to fulfil both of these design requirements. Hence, 

Slicepedia uses the AlchemyAPI service^®, to assign conceptual amiotations to slices 

based ui)on the topics covered in each slice. These annotations refer to unique 

Dbpedia'^° linked-data concepts and are assigned a relevance value (ranging from 0 

to 1) based upon the algorithm’s degree of certainty. Each annotation produced by 

the AlchemyAPI also contains the start and end location of regions of pages covered 

by each concejit. Since Dbpedia concej)ts are derived from Wikipedia, the range of

^*The non-finite form of a verb chunk consists in a succession of several verbs in a form which is 

not inflected for tense or other grammatical categories as well (i.e. not for gender, person, number,

aspect, mood, voice)
^®htt(): / / w w w.alchem yapi.com /

WWW.dbpedia.org
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concepts covered l)y this openly available linked-data repository is very large. For this 

reason, concept anno ta tions produced by th is algorithm  are used a.s doniain anchor 

points for AHS (TD R 7). T he selection of this linked-data repository hence enables 

Slic-^pedia to  cover the  largest possible range of dom ains, which could l)e of use to  

a rb itra ry  slice consum ers. Also since D bped ia  offers h ierarchies of concepts, these 

D bpedia anno ta tions can be used by the  slice creator m odule (H) to  focus slices on 

den.and (TDR 5.a) based upon a rb itra ry  concepts provided by slice consumers using 

this hierarchy (section 4.3.4.4). For the same reasons as explained when selecting the 

w'eh-crawler used for th is p ro to ty p e  (section 4.3.2), an approach  using a free SaaS 

conce])t tagging  service as opposed to  the  deploym ent of an oi)en-source solution 

in-house was i)referred. Since no GATE PR was available for the AlcheniyAPI service, 

a PR runn ing  and ex trac ting  anno ta tions jHoduced by th is  service was created  for 

the  purpose of th is i)rototype.

Finally, the  N LP i)ii)eline used w ithin th is module, also includes an analysis of the 

r e a d in g  d i f f i c u l ty  of resources processed. This P R , iinplem entc'd specifically for 

the  purpose of th is research using the Flesh Java library^ ', tissigns a Flesch Readirig 

Ease, and  Flesch-K incaid  Re.adir)^ score am io ta tion  to  each LR processed. Both 

scores use the  sam e core m easures (word length and sentence length) w ith different 

weighting factors to  calculate ease of reading. I 'h e  Flesch, Readmg Ease score consist 

of a num ber between 0 and 100, with lower values recjuiring a higher level. Reading 

scores lower th an  30 for exam ple are best understood by university graduates, while 

resources assignc'd a score between 90 and 100 can be understood 11 year old students. 

I ’he F lesch-K incaid  Reading  score tra n s la tes  the  0100 score to  a U.S. grade level, 

m aking it easier to  judge th e  readability  level of various books and texts.

As w ith th e  s tru c tu ra l fragnien ter m odule, if a m ultilingual set of open-corpus 

resources is to  be targetc'd l)y the  sheer, in addition  to  the  tokenizer and  sentence 

sp litte r  P R s, various versions of the  PO S tagger, m orphological analyser and verb 

group chunker P R s would need to be included within the  pipeline for each language 

supi)orted. As for the  tokenizer and sentence splitter, m any of these algorithm s are

tp : / / f le sh .sourceforge.net/
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A nnotation  NLP P ipeline

1 ANNIE English Tokenizer

2 ANNIE Sentence Splitter

3 Part-Of-Speech Tagger

4 GATE Morphological Analyser

5 Verb Group Chunker

6 Verb Feature Analyser

7 Concept Annotator

8 Reading Level Analyser

T ab le  4.3: Semantic Analysis Pipeline 

available for different languages [Schniidl995].

4 .3 .3 .5 .2  A n n o ta t io n  E x t r a c t io n

In a similar manner as with the fragmentation module (section 4.3.3.4.3), once the 

GATE i)ipeline is run, the annotation extraction niodvile (P) extracts annotations 

produced using the GATE embedded API and converts them into PO.JO objects, 

which are then transferred to the RDF converter module (E) for storage.
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4.3.4 Slice G eneration U nit

4 .3  4 .1  S lice  G e n e r a t io n  O v e rv ie w

"J’ht proceciure carried ou t to  jjroduce slices consists of th ree  steps jjresented in 

figure 4.4. As described in section 4.2.3, the  slice generation  un it is com posed of 

two subm odules, each responsible for the first and th ird  step  respectively. T he first 

step carried out by the slice search module (G) (section 4.3.4.3) searches for possible 

slices to  be generated , m atching  a rb itra ry  content requirem ents provided by slice 

consumers using a SliceQuery ob ject (section 4.3.4.2). The slice search m odule 

reti.rns a list of slice hits to  the slice consumer, which describe the  specifications of 

eac'i possible slice candidate available.

A SliceHit object consists of a b lueprin t for slices. It contains a descrip tion of all 

the  a ttr ib u tes  and inform ation necessary (fragm ents and m eta-data) for Slicepedia 

to  construct a slice. It can be stored by slice consumers and later on be forwarded 

back to  Slicepedia to  convert it into slices. A sliceHit would ty])ically contain lists 

of URIs pointing tow ards individual fragm ents required to  build an a rb itra ry  slice. 

It fclso contairis a ttr ib u te s  (such as size of slice, conten t style etc .) describing the 

right-fitting characteristics of the corresponding fictitious slice it describes. The type 

of attribu tes returned w ithin a slice hit m atch those specificxl w ithin the SliceQuery. 

If rx juested  such a ttr ib u te s  can also contain  URIs i)ointing to  D B pedia concepts 

covered by the  slice (section 4.3.3.5). D uring step  two of the  procedure, SliceHits 

can be modified by slice consum ers according to  individual conten t needs. T he 

purpose of this interm ediate step, providing a level of indirection, is to offer as much 

control as possible to the  slice consum er over the production of slices by Slicepedia 

(DPl 6). T he use of SliceHits enables slice consum ers to  i) control w hat slices are 

u ltim ately  produced by Slicepedia and  also ii) com pare possible available options 

before being supplied conten t. If the  slice consum er does not require such a level 

of control, it sim ply leaves the  sliceHits unm odified and proceeds to  step  three. In 

most cases however, SliceHits will need to  be modified in order to  be tte r m atch the 

c'or.tent requirem ent needs of individual slice consum ers. In these circum stances,
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a slice consum er can analyse, select a n d /o r modify arb itrary  a ttribu tes  of slices it 

wishes to  retain . If slices are to be focused on sj)ecific concepts for example, the 

conceptual hierarchy related to DBpedia concepts available within each slice hit, can 

be analysed by the slice consmner, through the SPARQL D Bpedia endpoint'*^ in 

order to determine w'hich concepts pertain to the arbitrary scope desired. Concepts 

determ ined not to be within th a t sco])e can then be removed from the Slicellit by 

the slice consumer and will be ignored by the sheer. Those falling w'ithin the sco])e 

desired can subsequently be specified as concepts for slices to be focused on within a 

new slice search step (section 4.3.4.4). If a slice consumer is not satisfied with the 

SliceHits returned, it can return to step one and request new SliceHits with different 

content requirements.

If a num ber of Slicehits received (and possibly modified) by the slice consumer do 

possess a descrii>tion which a{)i)ears to  be adequate for the intended reuse purpose, 

the la tte r forwards the arb itrary  chosen SliceHits to the slice creator mochde (H), 

which constructs the corresponding slices based upon specifications {)rovided in each 

Slicellit. The next three sections, explain in more details the im])lenientation carried 

out for the SliceQuery, slice search and slice creator module.

^^lit t p: /  /  dt> i)0(iia .org/sparql
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Slice Consumer 1 Slice Generation Unit TripleStore I

n
While SliceHits Not Selectedj

Step 1: SliceHit SearchJ

SendSliceQuerv()

SliceHit Packages

SPARQL Query0

SPARQL Graphs

SetMaxTinie()

Step 2: SliceHit Selection
AnalyseSliceHitsReceived()

SelectSliceHits()

ModifySliccHits()

Step3: Slice Creation and Delivery
SendSliceHit Group()

SlicePackages

RequestSliceData()

Slice Data 
CreateSlices()

<— ' Slices

F ig u re  4.4: Slice Search Procedure
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4 .3 .4.2  SliceQ uery O bject

Altlioiigli slice requests can be performed directly using SPARQL cjueries through the 

Slicepedia SPARQL interface (section 4.5), it was decided to provide an abstraction 

layer encapsulating niche content rcciuirenients of slice consuiiiers. This decision 

enables a separation of concerns between how slice consumers search for slices and 

how a sheer represents slice data internally. As described in section 3.3.3, due to DR 

5, which requires Slicepedia to provide a mean to share slicing data with independent 

institutions. RDF was selected for the internal representation of slice data for the 

purpose of this prototype (TDR 7). Nevertheless, there is no reason w'hy such data 

could not be presented using alternative technologies such as relational databases. 

Additionally, encapsulating slice requests using a POJO also enables such requests 

to be easily converted to a json format and transmitted between slice consumers and 

slicers using a REST API (section 4.5), hence also supporting TDR 6.b. Finally, as 

can be seen in figure 4.6, SPARQL (}ueries can very raj)idly become cjuite eonijjlex. 

Re])resenting slice queries in this marmer simplifies the representation of such queries 

significantly.

A Unified Modeling Language (UML) representation of the SliceQuery object 

available to Slicepedia slice consumers is presented in figure 4.5. Methods available 

to define slice requests content requirements are divided into five categories; namely 

1) Structural, 2) Semantic, 3) Granularity, 4) Ordering and 5) Miscellaneous 

specifications. All the methods available within SliceQuery are non-exclusive, hence 

all of these can be used together in multiple combinations depending upon the content 

requirement complexity of slice consumers.

S tructu ra l specifications  can be defined through the use of six methods. Each 

enable slice consumers to specify a number of (including none) of tables, bullet lists, 

titles, code or forms, which slices returned should possess. The ability to sj:)ecify 

whether slices should contain plain text or not is also available.

S em an tic  specifications  are available through five methods. As mentioned in 

section 4.3.3.5, the set of semantic specifications available to slice consumers is directly 

related to the type of semantic analysis selected by slicer designers. With respect to
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this iinplenientation, reading difficulty, concepts covered, verb chunk attributes and 

keyword searchers were selected for the purpose of this research. The keywordsearch 

m ethod enables a slice consumer to provide a String object containing a list of 

keyw'ords (as well as standard  IR oi)erators if needed), which slices retrieved should 

possess. The i) tsAbout, ii) liasVerbWithTense and iii) has Reading Dijficulty let slice 

consumers respectively provide either i) a set of DBpedia URIs corresi)onding to the 

concepts slices should cover along with their minimum concept relevancy, ii) the tense 

some verbs within slices should be conjugated at, as well iii) Flesch/FlescliKincaid 

reading sc:ores.

Slice G ranularity  delivered by Slicepedia can t)e specified by providing an 

acc'cptable range of words, sentences or munber of paragraphs which could satisfy 

sizing criteria of a slice consmner. The ability to recjuire slices to be as large as 

possible (i.e: consisting of all available fragments originating from a native resource) 

is also i)rovided through the  setMaxSize method. Finally, SliceQuery also enables 

slice consumers to specify whether slices should be focused upon Dbpedia concepts 

(using the isAbout method) or annotations rec}uested (using the focus(h)Annotations 

method). As section 4.3.4.4 will describe, the isAhout method additionally provides 

tlu ' ability for slice consumers to recpiest focusc'd slices, w ithout removing content 

not covering a selected set of DBpedia concept, but instead to annotate  content 

which covers those concepts.

Slice Ordering  can also be controlled by slice consumers using four m ethods 

specifying w'hether slices should be ordered based on their size, DBpedia relevance, 

keyw'ord-searc^h scores, or reading score. These four options are non-exclusive and 

can be combined together.

Slicepedia also offers slice consumers additioTial con tro l  over content delivered 

such as slice delivery paging (using setSliceStart and setMaxSliceNumher) or the 

ability to select a list of arb itrary  pages from which slices should be produced 

(using hasOriginalSourcePageURIs). W hether hyperlinks contained w ithin native 

resources are returned within slices can also be specified along with the removal or 

replacement of HTML tags with arbitrary  content {removeUrls, replaceTagContent
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and set Taxjs To Remove).

As inentioiK'd in section 4.4, slice consumers can also specify the ineta-data set, 

originating from sek^cted trusted institutions, to be used when producing slices by 

using the setGraphContext method, which requires as a i)arameter, a list of context 

graph URIs assigned to each institution (to support design requirement DR 5).

Finally, since SPARCJL cjueries return every single possible RDF graph combination 

encountered in a triplestore, SPARQL result binding set objects returned by 

triplestores will generally contain various SliceHits originating from the same native 

oi)en-corpus resource (with different granularity options for example). For this 

reason, Slicepedia additionally provides the ability to group results, retrieved from 

the triplestore, based upon the origin of SliceHits (using the setUniqueSourceSlices 

method). This feature is very useful when performing a slice search and slice 

create request together. Whenever this featiu’e is si^ecified, each SliceHit or Slice 

delivered to slice consumers will originate from a uniciue native open-corpus resource 

(similarly to traditional IR searches). Slice])edia converts this specification into 

SPARC^L using the GROUP BY clause (available in the SPARQL 1.1 s])ecification*'^), 

which rauclomly selects one single RDF binding among all of those contained within 

a group. By default, Slicepedia will group results by open-corpus origin (using 

set Unique Source Slices method) and specify the sizing of slices to be larger than one 

word. The nmnber of iMillet-point list and tables are set to zero and result bindings 

are ordered by decreasing number of annotations (if any annotations were requested).

Slice R eq u est E xam ple: Figure 4.6 depicts an example a slice request represented 

as a slice query Java object and SPARQL query. The following query consists of a 

request for slices similar to those performed during the Slicegap experiment presented 

in section 5.4. An example of the a. slice returned by this query is j)resented in 

section 4.3.4.4. Slices should be i) aborit the dbpedia topic "ujiited nations” ii) with 

a relevance above 7.8. They should Hi) not contain any bullet point lists iv) or 

tables, and v) should mention the words ’’chemical attack”. The vi) size of slices 

should consist o f at least 100 words and vii) should be focused upon the section

'^'Mittp://www.w3.org/'rH/2013/HI'X'-sparqll 1-query-20130321 /
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referring to the DDpedia topic requested. The viii)  reading level o f  slices returned  

should be targeted to advanced English readers (below 50 on the Flesh tndex) and  

ix) all verbs conjugated in the present tense should be annotated within the text, and  

associated with their corresponding lernrna. Finally, x) a rnaxirnurn of 10 slices should 

be returned, xi) ordered by reading dijficulty and DBpedia relevance.
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SliceQ uery

Structural

lia.sNuniberOfral)lps(int tableNumber, Sign value) : void

hasNumber()fBulletLists(iiit bulletListNumber, Sign value) : void

liasN uniber()fritle(in t number, Sign value) : void

liasNum ber()fCode(int number, Sign value) : void

hasNiunber()fForm s(int inniiber, Sign value) : void

hasPlainText(boolean value) : void

G ranularity

hasNumberOf\Vords(int wordNiunber, Sign value) : void

hasN um ber()fParagraphs(int paragraphNuinber, Sign value) : void

liasNumber()fSentences(int paragraphN um ber, Sign value) ; void

setM axSize(boolean value) : void

focus()nAnnotations(String aim otation) : void

C on ten t A d ap ta tion

setTags'roRem ove(List<Striug> tagToRemove) ; void

removeUrls() : void

replaceTagContent(String tagToReniove,String rei)lacement) : void

T hird P arty  C ollaboration

setG raphC ontext(L ist<U R I>  newSearchContext) : void

P aging

setS'iceSta.rt(int sliceStart) : void

setM axSliceNmnber(int sliceNumber) : void

M iscellan eou s

has()riginaISourcePageU RIs(List<String> uris) : void

addD efauitParam eter(S tring featureName, String feature Value) : void

getSliceQuervId() : void

setUni(iueSoureeSlice.s(boolean unicjueSourceSlices) : void
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Sem antics

keyw{)nlSeaich(Striiig keywordSearch) ; void

a b o u t(L is t< U R I>  concej)!, Double relevance, S tring sign, boolean focus) : void 

hasV erb\V ithTense(S tring tense) : void 

hasReadingD ifficulty(D ouble value. Sign value) : void 

hasReadingD ifficulty(Level value) : void

O rdering

orderSlicesBySliceSiz('0 : void 

orderSlicesByD Bp('diaScore() : void 

orderSlicesByReadingScoreO : void 

orderSlicesByFuiri'extScoreO  : void

Figure 4.5: SliceQuery Object
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Java S liceQ uery

SlicepediaQuery sliceQuery = new SlicepediaQuery() ;
SliceQuery.setMaxSliceNumber(10);

sliceQuery.paramHasNumberOfBulletListsCO, "="); 
sliceQuery.paramHasNumberOfTablesCO, "=");

sliceQuery.addFullTextSearchKeywordRegexC'chemical attack");

sliceQuery.paramHasNumberOfWords(100, ">");

SliceQuery.paramANNOTATION_VERB_WITH_TENSE("simpre");
sliceQuery.paramANNOTATION_READING_DIFFICULTY(new Double(50), "<");

sliceQuery.paramANNOTATIQN_CONCEPT_FEATURE_HAS_DBPEDIA(http://dbpedia.org/resourc 
e/united_nations, 7.8, true);

sliceQuery.orderSlicesByReadingScoreO;

sliceQuery.removellrls0  ;

SPA R Q L  C onversion  o f Java S liceQ uery

SELECT DISTINCT ?sliceid ?originalSource ?FullTextSearchOrderItem ?startNode2 ?en 
dNode2 ?foundationSliceAnnotated2 ?annotationType2 ( "http://dbpedia.org/resource/ 
united_nations" as ?dbpedia2 ) ?startNode3 ?endNode3 ?foundationSliceAimotatedS 
TannotationTypeS ?hasfleschreadingeasescore_slicepediaOrder ?startNode4 ?endN 
ode4 ?foundationSliceAnnotated4 ?aimotationType4 FROM <http://www.tcd.ie/test> 
WHERE {

?sliceid <http://www.slicepedia.0rg/ontology#hasOriginalSourcePagelIRIs> ?c 
atldl .
?catldl <http://www.w3.Org/1999/02/22-rdf-syntax-ns#li> ToriginalSource .{ {

?sliceid <http://www.slicepedia.0rg/0nt0l0gy#hasC0ntent> ?content . 
?content bif:contains "chemical attack" OPTION (score ?FullTextSear 
chCrderltem) .
} } UNION { {
?sliceid <http://www.slicepedia.org/ontology#hasSubSlices> ?subslic 
esNode .
?subslicesNode <http://www.w3.org/1999/02/22-rdf-syntax-ns#li> ?sub 
slices .
?subslices <http://www.slicepedia.org/ontology#hasContent> ?content 
?content bif:contains "chemical attack" OPTION (score ?FullTextSear 
chOrderltem) . } }■
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?sliceid <http://www.slicepedia.org/ontology#hasNumberOfTables> ?hasNumber 
OfTablesS .
FILTER (?hasNumberOfTablesS = 0) .
?sliceid <http://uuw.slicepedia.org/ontology#hasNumberOfBulletPoints> ?has 
NumberOfBulletPointsS .
FILTER (?hasNumber0fBulletPoints5 = 0) .
?sliceid <http://www.slicepedia.org/ontoIogy#hasNumberOfParagraphs> ?hasNu 
mberOfParagraphs6 .
FILTER (?hasNumber0fParagraphs6 > 5) .
?sliceid <http://www.slicepedia.org/ontology#hasNumberOfTokens> ?hasNumbe 
rOfTokensS .
FILTER (ThasNumberOfTokensS > 0) .

?sliceid <http://www.slicepedia.0rg/ontology#hasAnnotation> ?annotation2 . 
?annotation2 <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> ?annotation 
Type2 .
?annotation2 <http://www.slicepedia.org/ontology#hasNodeStart> ?startNode2. 
?annotation2 <http://www.slicepedia.0rg/ontology#hasNodeEnd> ?endNode2 . 
?annotation2 <http://www.slicepedia.org/ontology#£innotatesFoundationSlice> 
?foundationSliceAnnotated2 .
?annotation2 <http://www.slicepedia.org/ontology#hasrelevauice> ?hasrelevan 
cel .
FILTER (Thasrelevancel >0.5) .

?annotation2 <http://www.slicepedia.org/ontology#hasdbpedia> "http://dbped 
ia.org/resource/united_nations" .
?sliceid <http://www.slicepedia.0rg/0nt0l0gy#hasAnn0tati0n> ?annotation3 . 
?cLnnotation3 <http://www.w3.Org/1999/02/22-rdf-syntax-ns#type> ?annotation 
Type3 .
?annotation3 <http://www.slicepedia.org/ontology#hasNodeStart> ?startNode3. 
?cinnotation3 <http://www.slicepedia.org/ontology#hasNodeEnd> ?endNode3. 
?annotation3 <http://www.slicepedia.org/ontology#annotatesFoundationSlice> 
?foundationSliceAnnotated3 .
?annotation3 <http://www.slicepedia.org/ontology#hasfleschreadingeasescore- 
?hasfleschreadingeasescore_slicepediaOrder .
?annotation3 <http://www.slicepedia.org/ontology#hasfleschreadingeasescore' 
?hasfleschreadingeasescorel .
FILTER (?hasfleschreadingeasescorel <50.0) .

?sliceid <http://www.slicepedia.0rg/ontology#hasAnnotation> ?annotation4 . 
?annotation4 <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> ?cinnotation 
Type4 .
?annotation4 <http://www.slicepedia.org/ontology#hasNodeStart> ?startNode4. 
?annotation4 <http://www.slicepedia.0rg/0nt0l0gy#hasN0deEnd> ?endNode4 . 
?annotation4 <http://www.slicepedia.org/ontology#annotatesFoundationSlice> 
?foundationSliceAnnotated4 .
?annotation4 <http://www.slicepedia.0rg/0nt0l0gy#hastense> "simpre" . }

ORDER BY DESC(?hasfleschreadingeasescore_slicepediaOrder )
DESC(?FullTextSearchOrderItem )
LIMIT 1000

Figure 4.6: SliceQuery SPARQL Convertioii
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4 .3 .4 .3  S lice Search M od u le

Each shce searcli proceeds accorchiig to the flowchart presented in figure 4.7. 

Whenever the slice search mochile receives a SHceQuery object, it initially checks in its 

cache whether or not a triplestore SPARQL result binding set object has already been 

received for a slice request with the same SliceQuery ID. A triplestore SPARQL result 

binding set represents a list of jiossible RDF graph combinations which match the 

selected SPARC^L (juery. If no binding is available, the SliceQuery object is converted 

into a SPAIKJL cjuery (see j)revious section) and executed by the triplestore. To 

avoid response time hanging , an arbitrary maximum (}uery response time is also s('t 

on the tri[)lestore (see figure 4.4). This guarantees the triplestore will stop searching 

for graph combinations, matching the desired SPARQL query, when the time limit 

is reached. When this limit is reaclu'd, the triplestore returns the result graphs it 

succeeded in identifying in the time available and stores the SPARQL result binding 

response object it received within the slice search module cache. Each SPARQL 

binding result ol)ject returned by the triplestore corresponds to one valid Slicellit. 

Hence, depending uj)on the paging SliceQuery attributes (see previous section), the 

corresponding RDF graph binding matching the SliceQuery "slice start" attril^ute is 

identified, and the numl)cr of relevant RDF bindings requested are retrieved from 

the SPARQL binding result set and converted into SliceHits. As mentioned above, 

each value contained within the binding set returned by the trij)lestore corresponds 

to a SliceHit attribute. The set of SliceHits created is then flnally returned to the 

slice consumer.
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4.3 .4 .4  Slice Creator M odule

As described in figure 4.8, when SUceHits are received by the slice creator niochile, 

fragment IDs (section 4.3.3.4) contained within each SliceHit are retrieved and us('d 

within a SPARCJL (}uery to obtain the content of each fragment from the triplestore. If 

fragments specified within the SliceHit consist of compounded fragments, foundation 

fragments referred to by this fragment are retrieved. Once all foundation fragments 

are retrieved, corresponding amiotations arbitrarily selected by slice consumers (and 

s])ecified within each SliceHit object) are queried in the trii)lestore and inserted (along 

w ith their requested attril)u tes) w ithin the original fragm ent content. Foundation 

fragm ents are then ordered in chronological order according to  sequence numbers 

])reviously assigned l)y the structural fragmenter module. Content corresi)onding to 

each fragment, along with their amiotations, are then merged together in chronological 

order into one larger unit. If the slice recpiest reciuired slices to be focused upon an 

arb itra ry  sc't of cou(;epts F, only fragments annotated  as covering these topics are 

merged together. The set of concej)ts to be considered during tliis phase are selected 

by the shc(> consumer (during the second step in figure 4.4) based ui)on concept 

hierarchies available w ithin D Bpedia (section 4.3.4.1). W henever fragm ents not 

covering this set of DBpedia concepts F are about to be merged, these are rej)laced by 

an arbitrary delimiter text'̂ "* to notify readers tha t original content not covering these 

concc])ts was removed. A lternatively, and if reciuested by slice consumers (section 

4.3.4.2), content not covering this set of concepts can be merged and fragment content 

covering concej)ts F are annotated  tus such w ithin the tex t, in order to inform slice 

consumers these i)arts of the tex t are covering concepts requested (figure 4 9) If 

the slice consumer requested slices to be focused on arl)itrary am iotations, the first 

and last annotation of the  type specified (contained w ithin the merged fragments) 

are identified. Any content (w ithin the merged fragm ents) away from these tw'o 

annotations by more than  C tokens is discarded. Tags, contained within foundation 

fragm ents and specified by slice consumers to  be removed or replaced, are then 

identified and either removed or rei^laced by arb itrary  content. Finally, m eta-data

^‘̂ such a s ’’[Original l e x t  Heinovcd]”
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corresponding to the si)ecificities (size, annotations, focused or not etc.) of the 

merged fragment are added to the content to form a shce as ilhistrated in figure 4.9.

As m entioned in section 6.3.4, nmlti-source shcing is reserved as future work. 

Nevertheless as can be noticed, the slice creator module does involve a minimal 

degree of recomposition driven by the original sequence order of fragments jjroduced 

from native resources.

A slice output example, corresponding to slice request described in section 4.3.4.2 is 

presented in figure 4.9.

4 .3 .5  Sum m ary

This section i)resented individual components involved within the sheer’s architecture 

and how each achieves the tasks it is reciuired to j)erform within the overall architecture 

workflow. The folk)wing sections present im plem entation aspects of the sheer, 

concerning its general usage by AHSs as well as in collaboration w ith th ird  party  

institutions

170



sliceQuery
Received

Result s e t \  
binding in V  Yes 
cache? m

Convert S 
to spy

liceQuery
^RQL

\ t

Query Triplestore

I
Store Rf 
Binding

N
jsult Set 
n Cache

A

\ f

Select Next Sets of 
Results

I
Convert RDF 

Binding Sets to
SliceHits

Return SliceHits to 
Slice Consumer

Figure 4.8: Slice Creation Procedure

171



<?xml version="1.0"?>
<slice xmlns:slicepedia="https://w h w .scss.ted.ie/'levachk/slicepediaNainespace">

< si icepedia: nietadata>
<slicepedia;source_url_meta_data>http://www.bbc.co.uk/news/world-mi 
ddle-east-24068867</slicepedia:source_url_meta_data> 
<slicepedia:url_removal>true</slicepedia:url_removal>
< slicepedia:dbpedia>http://dbpedia.org/resource/united_nations</sli 
cepedia;dbpedia>
<slicepedia:focused>true</slicepedia:focused>
<slicepedia:keywords>chemical attack</slicepedia:keywords>
<slicepedia:verbChunk>simpre</slicepedia:verbChunk>
<slicepedia:size>148</slicepedia:size>
<slicepedia:bulletpoint>0</slicepedia:bulletpoint>
<slicepedia:table>0</slicepedia:table>
<siicepedia:readingDifficulty>4K/slicepedia:readingDiff iculty>

</slicepedia;metadata>
<slicepedia:sliceContent>

<slicepedia:div>The main Syrian armed rebel group has already refus 
ed to co-operate</slicepedia:div>
<slicepedia:div>Gen Salim Idriss of the Free Syrian Army said he ca 
tegorically rejected the plan, and insisted that the most important 
thing was to punish the perpetrators of

<slicepedia:keywordSearch search="chemical attack” >chemical 
attacks</slicepedia:keywordSearch>.

</slicepedia:div>
<slicepedia:dbpedia concept="http://dbpedi a .org/resource/united_nat 
ions" relevance="8.4" style="background-color:FFCC99;">

<slicepedia:div>If the talks in Geneva
<slicepedia:verbChunk lemma="be" tense="simpre">are</ 
slicepedia:verbChunk> 
successful, the US
<slicepedia:verbChunk lemma="hope" tense="simpre">hop 
es</slicepedia:verbChunk>
the disarmament process will be agreed in a UN Securi 
ty Council resolution.

</slicepedia:div>
<slicepedia:div> However, Russia

<slicepedia:verbChunk lemma=“regard" tense="simpre">r 
egards</slicepedia:verbChunk>
as unacceptable any resolution backed by military for 
ce, or a resolution that
<slicepedia:verbChunk lemma="blame" tense="simpre">bl 
anies</slicepedia: verbChunk> 
the Syrian government for
<slicepedia:keywordSearch search="chemical attack" >c 
hemical attacks</slicepedia:keywordSearch>. 

</slicepedia:div>
<slicepedia:div>Moscow has already objected to a draft resol 
ution that would be enforced by Chapter VII of the UN charte 
r, which would in effect sanction the use of force if Syria 
failed in its obligations.</slicepedia:div>

</slicepedia:dbpedia>
<slicepedia:div>Russia, supported by China, has blocked three previ 
ous draft resolutions condemning the Assad government.</slicepedia: 
div>
<slicepedia:div>More than 100,000 people have died since the 
uprising against President Assad began in 2011.</slicepedia:div>

</slicepedia:sliceContent>
</slicepedia:slice>

F igure 4.9: Slice O utput Exaiiiple^^ 
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4.4  T hird P arty  C ollaboration  P rocedure

A lthough any slicing collaboration between institu tions is initially considered 

out of scoi)e of this research (section 3.3.2), DR 5 requires the generation of 

slices and underlying resources needed to  i>roduce slices, to  be open and su[)j)ort 

possible collaboration within th ird  party institutions. Slicepedia should therefore be 

im plem ented in a m anner which would easily enable such collaboration to occur.

To achieve this [)urjK)se TDR 7 additionally specified th a t any collaboration carried 

out, should heavily rely upon RDF technology. Furthermore, in order to su])port the 

access and browsing of RD F slicing data , TDR 6.a requires Slicepedia to provide 

search and delivery of slicing d a ta  through SPARQL ciueries. For these reasons, 

Slicepedia provides public access to the V irtuoso SPARQL endpoint (section 4.5), 

which enables any third party institution to openly browse slicing da ta  produced l)y 

Slice])edia as oj)en linked data. Consequently, this enables any third party institutions 

to collaborate by producing either i) additional slicing data  if necessary or ii) slices 

for slice consumers of their choice. This section will therefore present how third party 

institu tions would do so.

Section 4.2.3 m entioned how the task perform ed by the sem antic analyser module 

w ithin the  Slicei)edia pij)eline was optional. This is because, as mentioned above, 

th ird  party institutions can collaborate and contribute additional semantic m eta-data 

to  the  V irtuoso repository by using their own set of preferred NLP algorithm s. A 

slice consumer could hence request slices which were only annotated by independent 

institutions.

Although the sizing of fragments generated by the structural fragmenter module can 

be determined in real-time (section 5.2.3) based on the granularity of slices requested, 

if collaboration is to be supported, an a-priori decision with respect to the sizing of 

foundation fragments produced nuist be taken. This decision is required in order to 

enable various annotating institutions to refer to the exact same foundation fragment 

when assigning annotations. In such circum stances, and as in this prototype, the 

sizing of slices can be performed instead by the slice creator module of the sheer as
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F ig u re  4.10: T h in i Party  Collal)oration 

o])| osed to the structural fraginenter inodule.

As lescribed in figure 4.10, an independent institution wishing to collaborate would 

sini[)ly act as a slice consumer to Slicepedia. Institutions would essentially implement 

the.r own version of the semantic analyser module i)resented earlier (4.2.3) and reuse 

the exact same RD F  converter’and slicepedia client module presented in more details 

in tecticn 4.3.3.4.3 and 4.5 respectively.

'riio coLaborating institu tion  could request sets of slices from Slicepedia, similar 

to the sevum tic analyser module. In contrast with Slicepedia however, there is no 

req lirement for slices requested by such institution to be naked. The proportion of 

mefa-data to be included with slices requested would be based upon the de])endencies 

of the chosen NLP algorithms (see section 2.4.4). Once the institution receives the 

reqiested slices, the  NLP pipeline (im plem ented as part of its sem antic analyser 

mo'lule is run and m eta-data  produced is converted into RDF using the RD F  

coTtverter module, stored in a triplestore and published as linked data.

In order to be reused, the institutions m eta-data (published as linked data) must at
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least refer to the public RD F URI pointing to the Slicepedia fragments annotated. 

T he  trij)lestore used to  store lue ta-data  j^roduced by this institu tion can belong to 

the  institution itself (if it supports this capability) or could be stored directly within 

Slicepedia itself (based on j)rior contractual agreements). In the latter case, in order 

to  keep m eta-data  sources separate, m eta-data  originating from this independent 

institu tion would be stored within Slicepedia using a contextual graph [Carroll2()05] 

de'dicated to  th a t specific institu tion . Doing so enables slice consumers to  request 

slices, produced using m e ta-data  originating from selected institu tions, simply by 

specifying a list of contextual RDF graphs within the SliceQuery object (see section

4.3.4.3).

T h e  end result of this collaboration is described in figure 4.11 consists of a web o f  

sltces  constructed w ith th ird  party  annotations pointing to  both annotations and 

fragm ents produced by Slicepedia, in tu rn  pointing to original native web pages. 

Once the outj)ut of third ]:>arty m eta-data collaboration is accessible a.s linked data 

(DR 5), the Slicepedia slice generator unit can therein access this additional set of 

m eta-data  and hence also expand its CAS.

Since the underlying slicing d a ta  required to  i)roduce slices is available openly as 

linked data , slice generation perform ed by independent institu tions could also be 

achieved in the event the Slicepedia slice generation process (described in the section

4.2.3) d idn 't meet all the needs of slice consumers or th ird  party  annotators. This 

scenario would lead to a p a r t l y - f e d e r a te d  slicing architecture. In the event such a 

need arises, an independent slice generation unit would access Slicepedia’s slice data  

using Virtuoso’s SPARQL endpoint and {)roceed similarly as described above. In this 

contex t, Slicei)edia w'ould take the role of a hul), j)roducing fragments of arb itrary  

size along with structu ra l m eta-data, which would subsequently be used as a basis 

for semantic aim otation and slice generation collaboration betw'een institutions.

Nevertheless, since the fundam ental exchange and publication of slicing d a ta  relies 

upon the RD F protocol, there is no reason why only post-fragm entation modules 

of the  slicing [)ipeline should be federated. A f u l l y - f e d e r a te d  s l ic ing  procc'ss 

therefore would involve federating not only the semantic analysis and slice generation
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m odules but also the harvesting and fragm entation modules. W ithin this scenario, 

th e  set of fragments originally used to support annotation collaboration would now 

be distributed, with fragments being produced by various slicers and stored in various 

R D F repositories. This entails, therefore th a t individual native resources would 

I)ossess various fragm ented representations depending upon w hat slicers i)roduced 

them , which could lead to im portan t com plexity (section 6.3). A nother possible 

fully-federated slicing scenario could also involve original author to explicitly define 

various fragments of pages published on the web. In this scenario, eacli native web 

resource would act as a hub for any federated slicing process involving the reuse of 

itself.
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4.5 Slicepedia A ccess

According to TDR 6, tlie slicer prototype implemented for the purpose of this research 

should provide m ultiple slice search &: delivery alternatives. For this reason, the 

Slice[K'dia i)ipeline presented in section 4.2 was incorporated as part of an Apache 

Tomcat^^' web-server as depicted in figure 4.12. The pipeline was supplemented by a 

REST api interface (K) (section TDR 6) using the Jersey client web-service library
37

In order to facilitate RESTFul connnunication between Slicepedia and slice consumers, 

a ShcepediaClient module (L) was also implemented. I'liis module, available as a Jar 

library and reusable in any Java-l)as('d AHS, provides an object-oriented Slicepedia 

abstraction to slice consumers over RESTful conununications. Hcnice, slice consumers 

are only requin 'd  to create an oljject instance of Slicej)edia, in which they pass a 

SliceQuery object. The SlicepediaClient module then takes care of all necessary 

RESTful conununications. It converts the SliceQuery object into jsoii (using the Gson 

library'*^) and forwards it to the Slicej)edia R('(}uests C oordinator (SRC) module, 

which converts it back into Java and proceeds as describ('d in section 4.2.2.

As specified in 4 ’DR G.c, cloud based applications should also be able to  interact

w ith Slicepedia as slice consumers. For this reason, a Google. App Engine (G AE)

client module (M) was also implemented to supplement the core slicer pipeline. This

module behaves as a daemon within the Tomcat Web Server, and periodically checks

a GAE j)ull task (jueue^® (N) for any available SliceQuery objects. A pull task queue

enables GAE applications to delegate specific tasks to external web-services'*'’. Any

SliceQuery object received from this pull task is then forwarded to the SRC module,

^®lit.tp://loincat.apache.org/
^^http://jersey . Java, n et/

lp s://cod e.goog le .co in /p /goog le-gso ii/
^®littps://developers.google.coin/appeiigiiie/(iocs/pythoii/taskqueue/overvievv-])iill
'^^The tasks needed to be delegated are stored in a queue and periodically checked by authorised

external web-serviees. When these services detect new tasks to accomplish, these tasks are pulled

out of the fjueue tem porarily and leased lor an arbitrary amount ol time. W hen the external

web-service accom plishes the task, the latter is deleted and any resjjonse object returned to the

CAP] application.

178



AHSs i  
GAE Pull Tasks

GAE Client

R«sttu^
Interlace Slice Request Coordinator

Jerse '

Silcer Plpeltrw
AHSs virtuoso

Triplestore

Slice pedia 
Sparql Endpoint

Sllc«pedla

F ig u re  4.12: Slicepedia Interfaces

which subsecjuently returns slices recjuested.

TDR 4.a, requires Slicepedia to support keyw ord  an d  conceptual searches.  To 

address this recjuirenient, the sheer prototyj^e, implemented for this research, makes 

it possible for slice consumers to specify a list of keyw'ords and /or DBj)edia URLs 

as i)art of a SliceQuery object. As is described in section 4.3.3.1, the Virtuoso 

trii)lestore (F) su])ports SPARQL full text searches of RDF object values. In other 

words, it is possible to declare that specific resources within triples (with a particular 

given predicate or graph) get indexed. For this reason, each fragment produced by 

Slicepedia’s structural fragmenter, stored and assigned a given predicate, is indexed 

by the Virtuoso triplestore. Whenever, a SliceQuery object containing keywords is 

forwarded to the slice generator unit, the latter simply converts this object into a 

SPARQL query (as described in section 4.2.3) according to Virtuosos SPARQL full 

text searches specifications.

A similar j^rocess is undergone with respect to conceptual searches. As described 

above, these are carried out (from the point of view of slice consumers) by providing a
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list of URIs referring to specific DBpedia RDF concepts. Since Slicepeclia’s semantic 

analyser uses, as part of its NLP pipeline, a concept tagger which assigns DBpedia 

concepts to  fragments produced by the s tructu ra l fragm enter (see section 4.2.2), 

performing a conceptual search therefore simply recjuires the SliceQuery object 

converted into SPARQL to possess a SPARQL statem ent only matching fragments 

assigned with a jjredicate object value ecjual to  one or more URIs specified by slice 

consumers. Fragm ents identified both through a conceptual or keyword search are 

then subsequently merged into slices, l)y the slice generator module, depending 

upon granularity  requirem ents. Since both keyword and conceptual searches are 

ultim ately converted into SPARQL (lueries, bo th  searches can easily be performed 

sinuiltaneously by producing cjueries containing both  SPARQL statem ents.

Finally, a.s recjuired by TDR 6.a and as mentioned in section 4.4, Slicepedia ])rovides 

a public SPARQL endpoint simply consisting in the V irtuoso’s SPARQL endpoint. 

'I'his enables any third party institution to have direct access to slicing data produced 

by Slicepedia.
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4.6 S licepedia  CAS

The resulting CAS offered by Slicepedia (see table 4.4) consists of three right-fitting 

dimensions (Content Style, Granularity and Annotation Type) including ten 

adaptation variables that can be arbitrarily combined to suit various content 

rec}uirements over any relevant open cori)us resources identified. An example of 

a slice request hence could consist of the following; slices should originate from  

only a specified list o f urls and have a granularity ranging from 3 seritences xip to 

3 paragraphs. They should cover the topics o f whale migration, atlantic ocean or 

hunting and should have a Flesh reading score ranging from 45 to 80. They should 

not contain any tables or bullet points lists but be focused on the specified topics 

(ie: exclude content not on these topics). Slices shoxdd contain between 7 and 15 

annotations consisting of verbs conjugated at the past perfect contmumis and should 

be delivered, in xml format.

Slicepedia CAS

C o n te n t S tyle

Format Reading Difficulty

Bullet Points Table, Prose, Code, Form

G ra n u la r ity

Sizing Content Focus

Para/Sentences/W rds Concept Annotation

A n n o ta tio n  T y p e

Verb Chunk DBpedia Concept tag

replacement/removal, 

original sources, nbr 

of annotations

Keyword Search

T able 4.4: Slicepedia CAS
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4.7 Conclusion

I'his chapter j)reseiited a detailed description of the overall iin{)leinejitation carried 

out for the purpose of this research. The resulting prototype was implemented based 

upo.i the design requirements enunciated in the previous chapter, with the intention 

of contributing to objective tw'o of this thesis. Individual components, as well their 

overall interactions, were described in detail. The following chai)ter presents an 

evaluation of this prototype, both with respect to individual components as well as 

the overall system.
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Chapter 5

Evaluation

5.1 Introduction

'I’he first chaj)t(’r of this thesis prosciited the overall research question investigated 

within this document from which three main objectives were derived. The first 

objective wa.s addressed in chai)ter 2 by investigating the state-of-the-art of digital 

content analysis and AHSs content supj)ly techni(}ues, while chajjter 3 and 4 

contributed to the second objective through the design and implementation oi 

a novel open-corpus content slicing service named Slicepedia. This chapter aims at 

addressing the third objective of this thesis which aims to evaluate the extent to which, 

such. a. service can improve the reuse o f open corpus resotirces within independent 

AHSs. A detailed descrij)tion of the evaluation performed for this ])urj)ose, is therefore' 

presented in this chai^ter.

As mentioned in section 1.4, the overall research process chosen for this investigation 

involved focusing as a priority upon the overall end-to-end reuse of open corpus 

resources (from harvesting to reuse within independent AHSs) as opposed to 

individual steps performed as part of this reuse. Each evaluation presented in 

this chapter was hence designed taking into account the intention to validate, as 

a first ste]]), overall content/AHS agnostic approach presented by this thesis a-s 

opposed to achieving the best possible i)erformaiice at each step involved in the reuse. 

Whenever individual steps are given more attention, this is to ensure that this does
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not ( 01111)10111180 the resuh ing  eiid-to-encl approach overall.

In order to  evaluate  how well th is  researcli ob jective was achieved, the  eva lua tion  

was divided in to  four p a rts . T he first evaluation presented  in th is chap ter consists 

of a detailed  analysis of th e  s tru c tu ra l con ten t fragm en ta tion  approach p resen ted  

in section 2.4.3. T h is  novel approach  to  conten t fragm en ta tion  was selected  for 

the  ])ro totype im plem en ta tion  of th is  research (see section 4.3.3.4). How^ever, as 

presented in the  second chap ter of th is thesis, th e  ability to  fragm ent content in an 

agnostic m anner is not cu rren tly  fully established and involves m any com i)roniises. 

I ’his com ponent rej)resents a decisive step  of any content slicing service since a bad 

p('rform ance would affect all sul)sequent pij^eline com ponents (and could therefore  

poten tially  underm ine the  overall end to  end con ten t/A ffS  agnostic reuse approach  

investigated as jjart of th is  thesis). For th is rec\son an in de])th analysis evaluating  

the  perform an(;e of th is  fragm en ta tion  approach  is presented. T he analysis was 

carried  out wath respect to  a range of technical reciuirem ents (spt'cified in section 

3.3.3), (unavailab le  a t th e  tim e th e  sheer p ro to ty p e  was being im ])lem ented), was 

necessary. 'I 'he analysis focused ui)on th e  perform ance of several varia tions of th e  

algorithm  w ith  respect to  content dependency, m ultilingual performance, sizing and 

tim e perform ance am ong others.

Follow'ing th is  analysis, section 5.3 presents an exam ination of how each Slicei)edia 

design requ irem en t p resen ted  in chap te r 3 was addressed in the  im p lem en ta tion  

carried  out for the  j)urpose of th is research.

Se c tion  5.4 subsecjuently p resen ts an  evaluation  of the  overall perform ance of th e  

sheer. T h is  was achieved as p a rt  of a u se r-tria l experim ent involving real-life user 

needs. Given a determ ined range of diverse and undeterm ined source of open corpus 

resources, th e  evaluation  focused upon  assessing con ten t slicing as an ai)proach in 

general to  open corpus reuse im provem ent, as well as a examiiiing more s])ecifically 

th e  perform ance of a con ten t/A H S  agnostic approach  to  slicing.

Finally , section  5.5 p resen ts  an  experim en t th a t  investigates th e  at>ility of a 

cont('n t/A H S agnostic sheer to supply recom posable resources to independent AHSs, 

w ith content reuse scenarios unknown in advance to  sheer designers. T his experim ent
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was perform ed as a trial involving com puter science university s tuden ts w ithin an 

au thentic  educational scenario. T he rest of this cha])ter hence provides details on 

each evaluation presented above. Each section presents the experim ent objective, 

the evaluation metrics employed, the experiment methodology used and an analysis 

of the results observed.
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5.2 D en sitom etr ic  Fragm entation Evaluation

5,2.1 E xperim ent O bjectives and H ypothesis

Among the set of design reciuirenients enunciated in cliapter 3, TDR 3 presented a 

hst of characteristics which a fragm entation algorithm, used within a slicker, should 

possess (section 3.3.3 ). This list is repeated below' in table 5.1 for the readers 

convenience.

Among the wide variety of algorithm s designed for the i)m'i)ose of content 

fragm entation, DCF [Kohlschutter20()8a] w'as identified in section 4.3.3.4.1 as the 

most j)romising ai)i)roach reviewed with respect to these fragmentation re(juirements. 

Nevertheless, although the authors of the apj^roach claimed to achieve high accmacy 

and time i)erforniance, a t the time the sheer was being implemented for the purpose 

of this research, it appeared to the authors knowledge that no independent evaluation 

of the a])j)roacli had been carried out. Moreover, performance of this approach with 

respect to  a range of characteristics of im portance to sheers (such as multilingual 

support, sizing control etc.) w'ere unavailable at the time of w'riting. As mentioned 

within the previous section, this thesis focuses upon the overall end-to-end reuse

ID Technical Design Requirements

3 Fragm enter characteristics:

a high speed and fully-autom ated 

processing of large volumes of i)ages

b domain and language independent

c content type agnostic

d page-level fragmenter

e tag meaning independent

f tag structure independent

g predictable fragment sizing control

T ab le  5.1: E xtract from Technical Design Requirements
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of open corpus resources through a content shciiig approach. Nevertheless, since 

fragmentation represents a decisive step within the context of a content slicing system, 

a low perform ance of this component could significantly affect the results obtained 

with respect to  the  overall reuse of resources through slicing. For this reason, this 

section deviates temj)orarily from the overall objective of this thesis and presents a 

full evaluation of DCF algorithms aimed a t identifying the strengths and weaknesses 

of this approach across a range of characteristics critical for content slicing, in order 

to determ ine its suitability  for slicing purposes.

As was described in section 3.4.2 and 4.3.3.4.1 requirem ents T D R  3.d, TDR 3.e 

and TDR 3.f are fulfilled based upon the approach taken by DCF to process pages. 

Requirements TDR 3.a, TDR 3.b, TDR 3.c and TDR 3.g however require the support 

of a detailed analysis. The following section therefore presents the set of hypot hesis 

considered for this evaluation.

The set of hypothesis tested during this analysis are presented })elow:

H yp oth esis:

HI ) DCF" is a suitable fragm entation api)roach for incorjjoration w ithin a sheer 

pil)eliue

H I.a  ) DCF provides predictable fragment sizing control (TDR 3.g)

H l.b  ) DCF achieves a high performance regardless of content types (TDR 3.c)

H l.c  ) DCF provides predictable parallel accuracies across multiple languages 

(TD R 3.b)

H l.d  ) DCF achieves time performances within an accej)table range' (TDR 3.a)

H l.e  ) DCF provides predictable and adjustable trade-offs across characteristics 

of relevance for slicing purposes

Miuiidreds of t housands of pages processed wit hin a matter of honrs using a standard computer 

(see section
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5,2.2 E xperim ent Set Up

III tluH evaluation, i) plain fusion, ii) smooth fusion, iii) j)ure rule-based and iv) 

suiootli-rule-based fusion variations, described in section 3.4.2 were implemented 

and tested for the purpose of this analysis. These algorithms were evaluated over a 

parallel nmltilingual corpora of approximately 20,000 j)ages accjuired from Centre 

for Ne'xt Generation Localisation (CNGL)’s c'onnnercial partner Microsoft'^. This 

corpus consisted of MS Office^ manuals in four different languages (English, French, 

German and Spanish).

5.2.2.1 E x p e rim en t M etrics

W ith the intention of keeping consistent with the literature in the held, and for 

comparative purposes, all accuracies measured within the subsecjuent evaluations 

were carried out using the standard Adjus ted  R a n d o m  Index ( A R I )  metric 

[Strehl2003].

The Rand Index [Strehl2003] measures the similarities between two clustering 

methods by determining the number of agreements within tw'o vectors. W ithin 

the context of this analysis, these vectors represent the fragment each particular 

tag belongs to. The ARI [Yeung2001] is simply a normalised extension of the Rand 

measure with agreements between clusters rated using values ranging from zero (no 

agreement) to one (perfect agreement).

"Iitt p : / /w w w .in ic roso f ' t  . c o m /

 ̂litt p : / /o ff ice . in ic roso ft  . c o m /

r  n n , n-2 Sum s

r, <)'n Sv2 <̂ 'l3

r.2 d'21 S22 (̂ '•23 2̂p b2

r . dg\ Sg2 ^gi 9̂P 9̂

Sum s «2 (Ip

T able  5.2: Adjusted Random Index Contingency Table
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Hence, given two final block arrays F and I I  obtained after being processed through 

a DCF a lgorithm , each containing a set (5 of n  atomic blocks, d is tribu ted  w ith in  two 

sets o f fina l compounded blocks (or fragm ents), nam ely F =  F i , F 2 , . . . ,  Fgarw/n =  

r i i ,  0 2 , . . . ,  rip, a contingency table (tab le  5.2) can be created which holds 6gp the 

number o f atom ic blocks held in common between each final com])ounded block. The 

A R I derived from  th is  contingency tab le  can thereafte r l)e com j)uted according to  

equation 5.1.

AHI =
V 2 / E, (?) E, (?)i /©

1
2 E, (?) + E, (2')̂ — E, ri) Ep ("2")̂ /©

(5.1)

A  s iz in g  in d e x  was also used in section 5.2.3 to  mea.sure the resu lting  fragm ent 

sizes o f pages processed (ex{)ressed as a percentage value). For each page processed, 

t li is  m e tric  was com j)uted by ge tting  the difference in b lock numbers between j)re 

and post fusion, and normalising each value according to  the to ta l number of blocks 

present j)r io r to  fragm entation. Hence values close to  a hundred correspond to  very 

large fragment sizes while those closer to  zero represent small fragm ent size.

c'f • • T j  y  ̂ sP f ^ l ' i i s i o nSi Zing  Index =  -------------- ^  ... ,---------
/   ̂ l^lock S

Y ,  B lo c k s p o ^ t f'us ion (5.2)
[s ion
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5 .2 .2 .2  I m p l e m e n t a t i o n  V a l id a t io n

So as to  validate the  D C F  a lgorithm  im pleinentations used w ith in  this research, a 

direct (xjnii)arison witli existing s ta te  of tlie art systems was required. Although access 

to the original Kohlschtter [Kohlschutter2008a] DCF algorithm implementations was 

unavailable a t the  t im e this analysis was performed, sam ple pages /f ragm en ta tions  

da ta  set used in th e  original publica tion  were successfully ac(juired and  used as 

a baseline. Sami)le pages were processed with line wraj)ping and  threshold  

param eters  V m a x  respectively set to  80 and  0.38 (according to  the  experim ent 

performed in the  original publication). ARI similarities were com put( 'd  between 

resulting fragments and baseline fragments.

As lescribed in figure 5.1, plain fusion as well as sm oo th  fusion a lgorithm  

iinplemeiitations achieved 90% agreement with baseline fragm entations, while bo th  

rule-based variations achieved 85% accuracy. The high similarity score achieved by 

plain fusion is a very im p o r tan t  result, in term s of confirming the  integrity  of the  

im plem entations carried  out for this research, since the  plain fusion algorithm  is 

usee; as a foundation for all o ther fusion variations of DCF algorithms. Nevertheless, 

similarity sc’ores of only 70% for sm ooth  fusion is surprising.

B ase line  C o m p a r i s o n

Plain Fusion Smooth Fusion Pure liule-Based Smooth-KiileBased

F i g u r e  5.1: Baseline Com parison

190



LlD Baseline
11 TCD
 Absolute Difference

40

35

30

25

20

15

10

5

l n . f l l n J I H I l f l l n i
0 2 4 G 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38

n i  n i  n,i n i m . nim .0

Block Numbers 

F ig u re  5.2: Pre-fusion Text Densities Comparison

Although the  sim ilarity scores are (luite high, in order to investigate w hether 

these differences were caused by th e  fusion algorithm  imj)lenientation differences, a 

com parison between the initial tex t density m easurem ents prior to any fusion was 

coni{)uted (figure 5.2). As can be seen in figure 5.2, an im portant difference in text 

density close to l)lock th irty  was discovered.

An initial observation of the to ta l num ber of token parsed between the  two 

im plem entations was initially though t to  be the  cause of these discrepancies. A 

comparison between tex t densities which both im plem entations should theoretically 

(lej)ict (based on their resi)ective num ber of tokens taken into account), w ith those 

produced by both im plem entations was therefore plotted (figure 5.3). Although the 

text density values {)roduced by th e  im plem entation carried out for the purpose of 

this analysis matches perfectly theoretical tex t density values, figure 5.3 shows how 

the baseline im plem entation diverges significantly.

A deeper analysis of the baseline results, w ith respect to  the  num ber of tokens 

within each block and tex t density values produced this im plem entation was hence
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p('rforni('d. Figure 5.4 presents two different regions of discre])ancies in the l)a.seline 

data  set. The first half of the block array (top graph) represents a region where 

block line num bers are equal to one, while the region in the second half (bottom  

graph) depicts blocks with higher line numbers. For the hrst case, according to the 

theoretical description of the algorithm (section 3.4.2), whenever a block line number 

is equal to one, the text densities should ecjual the number of tokens located in such 

a block. As can be seen in the top graph, a m ajor deviation of this rule occurs in 

particular between blocks five to fourteen, which explains the error depicted in figure 

5.3. In the second case however, since the baseline implemented block text density 

calculation was unavailable, it was impossible to determine the cause leading to these 

errors. Nevertheless, as the  bo ttom  graph points out, significant variations occur 

close to block thirty  w'ith errors representing nearly half of the measmed text density.

C o n c lu sio n : T he initial verification of DCF algorithm ’s im plem entation, carried 

out for the purpose of this research, depicted very high correlations with the available 

baseline d a ta  set. Differences m easured and investigated, revealed a divergence 

between baseline calculations and expected theoretical values. D ensitom etric
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calculations perform ed l)y the  iinpleiiientatiou carried out for tliis research, on 

th e  o ther  hand , m atched  these theore tical values perfectly. For these reason, this 

im plem entation can be confidently s ta ted  as being validated as well as representing 

a closer m atch  to the  original theoretical representation of the  algorithm  originally 

presented by K ohlshutter  [Kolilschutter2008a].

5.2.3 D en sitom etric  C ontent Fragm entation Sizing

I'DR 3.g , recjuires the  fragm entation approach to provide control ov('r the  resulting 

size of fragm ents produced . Consequently , the  ability to  j^redict and  control the  

size of fragments produced by DCF algorithms was measured (HI.a) with respect to 

threshold  V,nax word \vraj)ping IV’c param eters.

Figure 5.5 depicts the  results obtained for DCF, using plain fusion, executc'd over the 

English subset of the  corpus (approximately 5000 pages). As one can see, the  gra])h 

depic ts  a linear increase in size of fragm ent o u tp u t  across a  wide range of values 

ranging  from ten  to  ninety. Both  threshold  V and  word wra]>ping j^arameters 

U j; are clearly directly  correlat('d w ith  th is  property. A lthough values have 

a  d e te rm in an t  im pact ui)on fragment size, for a given V„,,ix value, the  grad ien t of 

size change is de te rm ined  by llj .  values. In o ther  words, as H ’j. decreases, a slight 

increase in threshold value Krmx will result in large fragment size change. As will be 

dem onstra ted  in the  following sections, this characteristic is observe'd repeatedly for

U x Word W rapping

F i g u r e  5.5: Plain Fusion Sizing Analysis
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various properties nieasurecl. Hence this observation contrachcts the notion stated  by 

Kohlshutter, which suggests tlie word wrapping vahie sliould be fixed arbitrarily. 

This analysis j)resents a m utual dependency between two param eters and 

which must l)e taken into account when selecting adcxjuate V , „ a x  values.

Moreover, as shown in figure 5.6, a  clear distinction between non rule-based and 

rule-ba«ed fusions can be observed. Non rule-based variations provide a wide range 

of ])ossible sizes w ith a difference of 76% between sm allest and largest fragm ents 

j)roduced. Rule-l)ased variation on the other hand, only provide a difference of 15%. 

'I'liese values suggest non-rule-ba.sed fusions provide a much larger sizing range with 

resjject to tlieir rule-based counter part. However, while rule-based fusions j)rovide a 

stable standard  deviation w ith respect to V-max arid VI j  param eters, non rule-based 

fusions possess a s tandard  deviation of up to 30% for V,nax values ranging between 

0.4 and 0.7, which w'ould suggest lower predictability of fragm ent ou tpu t sizes.

C o n c lu s io n : l l i e  results obtained in this analysis show th a t DCF does provide the 

ability  to  control the  size of fragm ents produced wdiich validates (H I.a). However 

these results also suggests the ability to accurately predict the ou tpu t size of fragments 

involves a trade ofi' between the range of fragment sizes desired and the predictability
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of fragment sizing. A rule-based fusion DCF apj)roac'h will offer a small range 

of i)ossible fragm ent sizes, however most fragments produced will ('onform to  the 

re(ji:ested size. Non rule-based DCF on the other hand provides a much wider range 

of i)ossible fragm ent sizes however the size of some fragm ents produced will tend 

to be more variable than  its rule-btised counter part. Finally, as mentioned earlier, 

the assum ption th a t U  ̂ values should be arljitrarily set appears t(i be erroneous. 

For this reason, all subsequent analysis will take into account results obtainc'd with 

respect to V,nax find l l ’j  param eters.

5.2.4 Fragm entation A ccuracy  

5.2.4.1 G eneral A ccuracy Perforniaiice

I ’he next experim ent consisted in analysing the fragm entation accuracy of each 

DCF algorithm  im plem ented over the English subset of the cori)us (H l.b ). Since 

mamially annotating  a corpus of this size wa.s mu'ealistic (section 5.2.4.2) the next 

best a lternative to hum an annotation  consisted in using a rule-based system  to 

senii-autoniatically annotate this corpus [Kohlschutter2008a].

An exhaustive search for tags contained in these files listed sixty-seven individual tag 

typos from which twenty were used as rule triggers. As a matt(>r of fact, these tags 

resulted in providing valual)le consistent cues in revealing the structural composition 

of these manuals. An inspection of these rule-based am iotations in (X)mparison with 

randomly sami)led human annotated pages obtained an average ARI of 95% accuracy, 

which was considered adeciuate for this experiment.

I 'he result of fragmenting the English corpus using DCF algorithms is presented in 

figure 5.7. This graph depicts the ARI accuracies obtained by DCF plain and smooth 

fusion variations with respect to V,nax- expected densitometric characteristic bell 

curve is observed and a peak is obtained at approximately K„ax ~  0-4 and I I ~  80, 

which confirms K ohlschutter observations. The gradient effect of U ’x discussed in 

the previous section was also noticeable upon the accuracy.

However, as one can see the results are very disappointing. A lthough accuracies
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F igure 5.7: General Accmacy Results

reaching 57% for i)lain fusion were exi)ected [Kohlschutter2008a], tliis analysis  

m easured  a m ax im um  m ean  accuracy  of only 37%, which is 20% lower th a n  

anticii)ated. Moreover, the  D C F  sm ooth  fusion varia tion  showed only a  m inor 

ini])roveinent.

However, tak ing  a closer look a t  th e  d a ta  collected, a su b s tan t ia l ly  large 

s ta n d a rd  deviation was m easured , varying betw een 21% and 31% for all a lgorithm  

im plem enta tions . Hence a lth o u g h  the  average accuracy  is cjuite low, som e pages 

do reach accuracies of up to  68%, which is closer to  th e  range  originally expected . 

T he  next exi)eriment thus  aimed a t  investigating fm'ther this m a t te r  by exam ining  

any possible D C F  algorithm s content type  dependency, which would explain these 

disappoin ting  results.

5 .2 .4 .2  C on ten t T y p e  A ccu racy  P erform an ce

Based on the  unsatisfactory general accuracy results obtained in the  previous section, 

an experiment investigating the wide s tandard  deviation in accuracies measured, was 

performed. T he  objective was to investigate any possible content tyj^e dependencies 

of D C F  algorithm s. Such a dependency  is critical w ith in  th e  con tex t of a  slicing 

system since the  aim is to j^rocess a vast variety of pages regardless of their original
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usa;^e (section 3.3.3) .

As inentioned previously, content types within this experiment refer to four general 

page types namely, Encyclopediaw (e.g. Wikipexlia.org), Forum. P roduct (e.g. 

Amazon.com) and News pages. Five hum an annotators mainially anno tated  a 

san.ple c:orpus of 250 j>ages from each content tyjje with an average annotating  

time of 4m in /per pages. In order to provide a comparison baseline w'ith other 

studies, the news set consistc'd of a subset of the corpus used in the original paper 

[Kchlschutter2008a]. Pages for other content types were random ly selec'ted among 

standard websites representing each category.

F igire 5.8 presents the results obtained using plain fusion DCF across content types. 

Very similar results were observed for the sm ooth fusion variation. As can be seen, 

the  results strongly present differing accuracies w'ith respect to th e  content tyj^e 

bei:ig fragmented. News and encyclopaedia pages achieve accuracy values close 

to  tifty-five percent, which m atches expected accinacies claimed by K ohlschutter. 

Hovv^ever j)roduct and in particular forum pages depict very poor a(x:uracies in the 

low tw'enties.

A closer look at a typical forum page provides an insight as to why such a difference
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Figure 5.9: Forum Pages
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ill fraguientatioii accuracy could occur. As figure 5.9 i)oiiits out, each forum post 

contains both  the actual content of the post along with j)ost menus (product page 

densitometric values depict the same pattern). As the text density diagram illustrates, 

these menus have a very low tex t density while the title  and content depict high 

density. A post therefore contains elements with very high and very low' density, 

which DCF algorithms are designed to separate from each other. This results in the 

title  and menus of each post being separated from the post content, which could 

explain the j)oor performance of forum content over all fusion versions.

C o n c lu s io n : Hence, this analysis strongly suggests a DCF algorithm  (lei)endency 

uj)on the type of content being fragmented. Higher accuracies are obtained for pages 

containing fragments with continuous regions of similar high or low densities (such as 

News and Encyclopedia pages) in opposition to fragments with alternating high/low 

densities (Forum, P roduct pages). Nevertheless, figure 5.8 does appear to suggest 

DCF performances dej)ict an intuitive ranking of content type accuracy by degree of 

editorial control. A lot of care must hence be taken prior to selecting this algorithm 

with respect to the type of content envisaged to process. As I'D R  3.c recjuires the 

ideal content fragm enter. to be used within a Sheer, to accurately process pages 

regardless of their content type, this discovery highlights an im portant lim itation 

for the purpose of sheer im plementation and hence fails to validate hyjjothesis H l.b. 

If D CF is to be chosen as the selected approach for a sheer, im ijrovenients to  the 

algorithm  should be made to reduce this content type dei)endency (section G.3), 

or the range of o{)en-corpus m aterial eligible to  be targeted  should be restrained 

temi)orarily. In the  event further investigations fail to  resolve this content type 

dependency, the use of several content fragmenter ai)proaches (selected by classifying 

resources in content types), as proposed by [Weissig2009], could be perhaps envisaged. 

A lternatively page classification could also be used to change param eters heuristic 

according to the resource content type as performed by [Gupta2005b].
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5.2 .5  M u ltilingu al Pragm entation

As pointed ont in section 3.3.3, open-corpiis resources available on the  W W W  are 

by natu re  nuiltilingual. Although m ultilingual slicing is considered out-of-scope for 

the  ])urpose of this research (section 3.3.3), T D R  2 requires th e  im plem entation 

of Slicepedia to  either select com ponents supporting  the processing of m ultilingual 

content or alternatively to suggest some alternative comi)onent which can sui)])ort 

additional languages.

Moreover, in arldition to  the  fact th a t open-corpus resources are by na tu re  

multilingual, other possible use-cases involving parallel corj)ora in multi[)le languages 

(e.g. typical enterprise p roduct m anual localisation scenario), could make use of 

slicing system s. Hence, in addition to  supporting  the  fragm entation  of resources 

in m ultiple languages, the  ability also to  predict the  sim ilarity  and accuracy of 

fragments produced from a set of multilingual parallel docum ents is im portant. The 

following analysis therefore measures the  linguistic im pact of resources processed 

through plain fusion DCF (H l.c).

In this experiment the full 20,000 pages of the multilingual (English, French, German, 

Si)anish) parallel corpora were used. This corpus represents a good localisation 

use case exam ple since it consists of M icrosoft Office m anuals transla ted  in four 

languages. W ithin  this corpus, each English file possesses aii XML structu ra lly  

identical twin. The only difference for each parallel file set is the linguistic content 

w ithin each tag. Hence, any fragm entation variations between ecjuivalent files could 

theoretically only be due to linguistic differences within the files. In reality however, 

minor differences were actually noticed between the XML parallel corpora documents. 

Nevertheless, following the conversion of these files into densitom etric block arrays 

(section 3.4.2), a 100% block array sim ilarity  (excluding tex t densities of course) 

was m easured between each com bination. Hence although very m inor differences 

did exist between the XML stru c tu re  of each parallel file set, these were removed 

following a densitom etric block conversion. Hence, prior to  fusion, each individual 

page possesses the exact same number of densitom etric blocks than  its m ultilingual 

parallel counter part.
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F ig ire  5.10, j)resents th e  restilts  o b ta in ed  by com paring  (^ach fragm en t language 

conbination  for e^very parallel Hie set. Language com binations not p resen ted  w ithin 

thegrai^h were o m itted  for c larity  i)urposes as they  achit'ved v('ry sim ilar resu lts to  

t lu G e rm a n  w .r.t Spanish  com bination . Surprisingly, U'j. had  no no ticeab le  im pact 

u])(n th e  resu lting  fragm ent varia tions. However, Knax clearly  de term ines the  level 

of ;im ilarity exj)ected betw een different language fragm ents. F ragm ent sim ilarities, 

a ltiough  very  high, will decrease in average by 2%  for every 0.1 increase in V„,nx 

( ^'^max < 0.8 ). P a s t th is  value, th e  accuracy  sensitiv ity  increases very  fast w ith 

res)ect to  V,nax ( V V,nax > 0 ) F iu therm ore , a s ta n d a rd  deviation of only 2% was

measured across all language com binations, which suggests a very high pred ictab ility  

in he fragm ent sim ilarity  expected  for given param eters.

Fiially, figure 5.10 shows how every language com bina tion  p resen t very sim ilar 

accuac ies  w ith  respec t to  th re sh o ld  values. T h is  is tru e  w ith  th e  excep tion  of 

F re ic h /G e rm a n  and  E n g lish /G e rm a n  com binations which consisten tly  p o rtra y  

accuacies 10% lower th an  others. A lthough these language com binations do achieve 

higi p red ic tab le  perform ances, th is  result suggests language com bination  decisions 

niiiit be tak en  carefully. H ence, if D C F  is to  be  selected  for a sheer ta rg e tin g  

n u itilingua l open -co rpus resource, ad d itio n a l experim en ts  will need to  be carried
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out to investigate the underlying reasons for this difference, as well as identifying 

what linguistic combinations will achieve lower performances.

C o n c lu s io n :  From this experiment it is apparent th a t ,  although a densitometric 

fusion approach to content fragmentation is linguistically agnostic (meaning it 

can fragment many languages''), a decrease in similarity across resulting language 

fragments, which is very j)redictable, must be taken into accoimt while choosing 

oj)timal fragmentation param eters for parallel corpora fragmentation. It also 

suggests tha t difference linguistic combinations might achieve lower parallel precisions. 

Nevertheless, this analysis presents results which are very promising with respect to 

the ability of DCF to support multilingual fragmentation since accuracies dej)icted 

achieve a high sc'ore with high predictability. For this reason, this analysis considers 

this approach to fragmentation to be meeting requirement TDR 3.b and therefore 

also validates Hl.c. Finally, since the multilingual i)arallel corpora available for 

this experim ent only provided European languages, an exjjeriment repeating and 

extending this analysis over languages with differing tokenization behaviour (such as 

Chinese for example) should also be performed in the future (section G.3).

5.2 .6  H l .d :  T im e  P erform an ce

As mentioned in section 3.3.3, the need to  ])rocess pages at very high sj)eed is 

critical to  content slicing systems. For this reason, TDR 3.a re(juires the content 

fragmentation to be performed at high speed (Hl.d). Ideally, an entire corpus should 

be fragmented on a, s tandard  machine within the order of hours (section 3.3.3). 

H'^nce each fragmentation should occur speeds under lOnis in average per page. 

Although D C F algorithms can perform fragmentations regardless of specific tag 

s tructures, they do nevertheless rely on the presence of an existing s tructure . In 

other words, using such an approach to  fragm entation over pages where all of the 

content is enclosed within one j)air of tags, would clearly depict very high time 

performance. Within this context however, no fragmentation would occur since this 

approach considers leaf tags as initial atomic blocks (section 3.4.2). The aim of this

*()nly Eluropeaii languages were taken into accoiint for tliis experim ent
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aiulysis therefore was to cleterinine the  im pact of fragm entation param eters u])Oii 

prccessing time across fusion approaches. Time values were measured on a standard 

la[_top^ with a precision down to the microsecond.

Figure 5.11, depicts the performance of each fusion variation type with respect to Vmax 

values. Word w rapjjing lifid no noticeable im pact and sm ooth variation curves 

depicted similar behaviours to plain fusion. Both were therefore om itted for clarity 

pu'poses. Fragm entation speeds of 9.57 ms in average were measured for Vmax ~  0.4 

winch is 5ms faster than  values measured by Kohlschtter and within the acceptable 

rai ge. However, although rule based fusions depict relatively stable behaviour across 

thieshold values, fragm entation tim e for j)lain fusion increases exponentially for 

Knxx > 0.6. A fiu'ther analysis of bo th  algorithm s revealed th a t, for rule based 

algorithms, most fusions occurred during initial block array iterations (section 3.4.2), 

wlule non-rule based fusions required an increasing amount of iterations to complete 

for large threshold values. Although Vmax ~  0.4 and ~  ^0 recom m ended by 

K chlschtter do provide fragm entations at an acceptable speed, slicing system s in 

contrast reciuire variable threshold values to be used based upon the sizing output of 

fragments selected (section 5.2.3).

Additionally, although the slicer im plem ented for the purpose of this research uses 

a-jjriori fragm entation w ith a fixed a rb itra ry  fragm entation size (in order to  also 

su])port third party collaboration requirements section 4.4), the fragmentation process 

could also occur on-dem and if necessary. Since the desired granularity of slices is 

unknown prior to requests being subm itted , the exj)ected overall time performance 

of the algorithm (with a worse case scenario about 7 times the optimal one) in th a t 

case would also be difficult to determine in advance. Although DCF could certainly 

be easily parallelised, in the event clusters of machines are unavailable, a stable time 

performance across granularities would certainly be very desirable.

C o n c lu sio n : A lthough tim e perform ance m easured achievt^s be tte r results than  

ex])ected, the increase in tim e necessary to  process pages with respect to  the Vmax 

param eter, and hence sizing of fragments ou tpu t, makes DCF an inadec}uate match

'■’CPU: 2.8Ghz hit el Core 2 Duo. Mem: 4GB 1067 MHz DDR3
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for requ irem en t 'J’DR 3 .a and  hence fails to  fully valida te  H l.d .

5 .2 .7  G reedy F ragm entation

As discovered in the  previous section, non-rule based densiton ietric  algorithm s exhibit 

a  sudden  increase  in f ra g m en ta tio n  tim e  p e r j^age for th reslio ld  values >  0 G

w hich u n fo rtu n a te ly  m akes th e  a lg o rith m  very im a ttra c tiv e  w ith in  th e  c o n te x t i)f 

slicers.

As explained and described in section 3.6, an a lte rna tive  version of the  original DCF 

a lgo ritlnn , nam ed  G reedy d en sito n ie tric  con ten t fragm en ta tion , was designed as an 

a tte m p t to  add ress the  tim e pe rfo rm ance  issues discovered in th e  prev ious section, 

as well as tak in g  advan tag e  of reg iona l te x t  d en s ity  v a ria tio n  of pages to  increase 

th e  accu racy  of th e  a lgo rithm . T h is  a lgo rithm  was im plem en ted  and  su b sequen tly  

analysed  as for previous a lgorithm s.

As can  be observed in figure 5.12, th e  greedy w'indow'-ex[)ariding a lgo rithm  red u c is  

sign ifican tly  th e  average tim e  n eeded  for block fusion pe r ])age, for high th re sh o ld  

values Kna.r- A ltliough it is non-ru le  based, th is  algorithm  dep icts very sim ilar tim e 

p e rfo rm an ce  b ehav iou r as its ru le -b ased  a lte rn a tiv e  w ith  a pe rfo rm ance  increa.se
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of )6% in average w ith respect to plain fusion and up to 89% improvement for 

threshold Knax ~  0-9 (representing 10 million [)ages processed in 22.3 hours which is 

witliin acceptable boundaries established in section 3.3.3). Finally, slight accuracy 

improveaients with both encyclopedia and news content types can also be observed 

in igure 5.13, (within the region 0.3 <  V'maj < 0.8), which confirms the autom ated 

locil threshold adjustm ent heuristic mentioned earlier.

C onclusion : Results obtained in section 5.2.6 for plain fusion DCF, depicted poor 

tin e  j)erformance for threshold values Knax > 0.6, which could be very detrim ental 

within the context of a slicing pipeline if the sizing of slices were to  be performed 

during the content fragmentation phase of the sheer pipeline. The new greedy DCF 

variation pi'oposed in this section, on the  other hand appears to imj^rove both the 

tin.e performance of DCF algorithm s across fragment sizes (H l.d). Finally, results 

obtairrec across content types suggest the use of a variable threshold value can also 

prcvide ;ninor improvements with respect to accuracy. Hence, although i)lain fusion 

DCF provides poor results with respect to time i)erformance across various fragment 

ou tpu t sizes, the  use of a greedy DCF variation would appear to present a be tte r 

alternative with respect to this requirements, if slice sizing is to be performed at the 

fray;mentation phase of the sheer pipeline.
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5.2 .8  P aram eterisa tion  and Tuning o f  G reedy A lgorithm

DCF algorithm s can be used for many purposes using various param eter combinations. 

T he param eterisa tion  and tun ing  of th e  greedy fusion DCP" algorithm  offers the 

ability to  maximise i)erformance and behaviour depending upon different priorities 

(e.g. sizing predictability  over m ultilingual correlation, or tim e j)erform ance over 

sizing predictability). As results obtained in previous sections, suggest fragmentation 

o u tp u ts  can overall be predicted based upon different param eter settings (with 

varying levels of predictability for each fragm entation aspect considered), it should l:>e 

jK)ssible to outline the exj)ected fragment ou tpu t obtained, based on combination of 

l^arameters provided and goals sought. This section hence consolidates and combines 

the overall results obtained in previous experiments. It attem pts to provide guidance 

to  the  com m unity with resj)ect to  th e  cross-cutting  predictable effects, as well as 

trade-offs, of each j^arameter com bination with respect to various fragmentation goal 

priorities (H l.e).
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In lable 5.3, each perform ance com bination (from low to  high*') is highlighted w ith a 

colour schem e rang ing  from  desirab le  (green) to  undesiral)le  (tow 'ards red values). 

As can be  seen, low- fragm ent sizing w'ill i)roduce th e  best resu lts  w ith high speed, 

high m ultilingual correla tion  and h igh pred ic tab le  control over th e  sizing o u tp u t of 

fragm ents. M edium  sizing requirem ents how'ever, will decrease the tim e perform ance 

and m ultilingual correlation between fragm ents, wdiile also resulting  in high s tandard  

dev ia tion  of fragm en t sizes. A lthough  frag m en ta tio n  speed  will be  decreased  even 

fu rth e r w hen choosing high sizing o u tp u t, resu lting  fragm en ts w'ill j)ossess sim ilar 

siz('s. b i th is  scenario  however, m u ltilingual co rre la tion  betw^een fragm ents will 

be  highly sensitive  (section 5.2.5), hence high fragm ent sizing p a ram ete rs  should  

l)e avoided if high m ultilingual co rre la tion  is required . For a given th resho ld , low' 

w'rapping values will tend  to provoke the m easured effects upon tim e performance, 

m ultilingual correlation and sizing control sooner, and a t the  sam e tim e increase the 

voliitility of th e  resu lting  perform ance, while high M'r values will have the  opposite  

effect

5.2.9 R esu lt Sum m ary and D iscussion

r iie  analysis perform ed upon D C F  algorithm s confirm s assum ptions regard ing  the 

su itab ility  of th is algorithm  with respect to  specific slicing system s reciuirenients such

®A high tim e perfoniiaiice indicates tlie  algoritliin will execute  at high speed
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as its ability to fragment w ithout ttie need for interpreting the meaning (in the c;use 

of non-rule-basecl fusions) (TDR 3.e) or structure of tags (TD R  3.f) w itliin pages.

It additionally  provides th e  ability  to fragm ent pages across languages (H l.c) 

and provides a i)redictable control over a wide range of fragm ent sizes (H I.a), 

cross-language accuracies and trade-offs based on param eters selected (H l.e).

However the densitom etric approach to fragm entation was discovered to  be highly 

content tyj)e de])endent (H l.b ), w ith higher accuracies achieved for news and 

encycloj)aedia contents, suggesting an in tu itive ranking of content type accuracy 

y)V degree of eflitorial control. A significant tim e i)crform ance decrease for large 

fragment sizes values was also discovered (H l.d ) w'hich makes this algorithm  highly 

unattractive within the context of a slicing system (TDR 3.a).

Desj)ite this drawback, a new greedy fusion algorithm, using an expanding window and 

autom ated local threshold value adjustm ents, provides a significant increase in tim e 

performances (up to 89%), which stabilises time performance across granularities, as 

well as providing higher accuracies. This new' densitometric fragmentation teclmicjue 

imj)roves the usage of th is approach to  fragm entation wnthin the  context of sheer 

systems. If this ai)proach to fragiiK'ntation is to  be selected for m ainstream  content 

slicing usage, further investigations should investigate and address any additional 

content type performance dependencies (section 6.3).

5.2 .10 C onsequentia l D esign  R equirem ents R efinem ent

riie  D CF analysis j)erformed in th is  section validated th e  use of th is a{)i)roach to  

fragmentation with res])ect to m ost Technical Design Re(iuirements (I'D Rs) ])resented 

in section 3.3.3. Nevertheless, three im portant lim itations, with direct repercussicjns 

to  this research were discovered.

A lthough results suggest this apjjroach can indeed fragm ent open corj)us resourc'cs 

independently of languages (T D R  3.b), in th e  event nniltilingual slicing is to  be 

j)erformed in j)arallel across identical docum ents in different languages, m inor 

decreases in cross docum ent accuracy will need to be taken into account. Howev'er, 

as the implementation, of a m ultilingual slicer is considered out of scope for th e
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purpose of this research (section 3.3.3), the impact of this discovery on tlie prototype 

im plem ented is negligible.

The consequences related to time performance differences measured (TDfi 3.a), with 

respect to  different fragm ent size ou tpu ts, on the  o ther hand are more significant, 

'riie Greedy DCF variation proposed by this research however did api^ear to stabilise 

the perform ance across fragm ent sizes, which reduces the  im pact of th is discovery 

upon the im plem entation carried out for this research. Nevertheless, as is described 

in section 4.4, th e  requirem ent for the  slicing process to  enable the collaboration 

with th ird  party  institu tions (DR 5) involved the decision to  change the m odule 

responsible for the  sizing of slices from the  content fragm ent module to the slice 

generation unit of the  slicer instead. Hence the im pact related to the discovery 

of i)lain fusion tim e perform ance instability across fragment size is ultim ately also 

negligible for this im plem entation.

I 'he  discovery of a DCF content type dependency however clearly limits the extent 

to  which T D R  3.c can be fulfilled. A lthough, as described in se'ction 2.4,3.5, DCF 

algorithms can process any resource available in XML format, this r('(}uireinent alone 

will not determine the accmacy of the fragmentation. I'h is content d('i)endency must 

also be taken into account when selecting this fragm entation apijroach. A lthough 

several solutions tackling th is lim itation were proposed in section 5.2.4.2, an 

investigation of these is reservc'd for fu ture work (section G.3). It was therefore 

decided to  instead tem j)orarily narrow down the  range of open-corpus resources, 

targeted  for con ten t/A H S agnostic slicing, to article based resources (news pages, 

encyclopaedia, tu torials etc.) in HTML format.
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5.3 D esign  R equirem ent Im p lem en tation

5.3.1 In trodu ction

Chapter 3 jjresentecl a hst of high level design requirements further extended and 

refined into technical requirements (section 3.3.2 and 3.3.3 respectively) for the 

implementation of a sheer prototype. This section therefore aims to j^rovide the 

reader with a summary of how each of the implementation decisions taken in chapter 

4 contribute to these design requirements. The following sections of this chapter will 

subsequently focus on the evaluation of the overall prototype implementation and its 

limitations.

Since many imi)lementation decisions presented in this chapter affect several 

design requirements simultaneously, the decision was taken not to present these 

implementations decisions in the order each design requirement was presented to 

the reader in section 3.3.2, but instead to group these by themes. Figure 5.14 also 

I)rovides a graph based depiction of these dependencies, summarising how each 

imj)lementation decision contributed to each design requirement.

5.3 .2  Low C ost A u tom ated  S licing Service

DR 1 and DR 2 required the prototype, implemented for the i)urpose of this research, 

to provide a fu l ly -a u to m a te d  open-corpus reuse solution. Apart from the initial 

{provision, by independent AHS designers, of arbitrary  repositories to be targeted 

by the sheer, the Slicepedia implementation presented in chapter 4, performs the 

reuse of open corpus resources, from the harvesting to the right-fitting and delivery 

of slices, without any human intervention. In particular, the use of i) a SaaS crawler 

(configurable programatically using an API), ii) fully autom ated NLP pipeline and 

content analysis algorithms as well as iii) content requirement requests and slice 

delivery interactions with AHSs performed programmatically via Restful interfaces, 

removes the need for any Inmian intervention in the slicing process. The decision to 

use Restful interfaces in order to support the slicer/slice consimier interaction also 

enables Slicepedia to be accessed  as a serv ice  by AHSs.
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Filially, DR 7 also leciuired the sheer inipleiiieiitatioii to l)e performed at low cost.  

Following sub-reqiiireiiient TDR 1, the vast majority of components used within 

Slicepedia were built using either open source tools or free SaaS services. Whenever 

this was not the case, free and ojien source alternatives were also provided to the 

reader.

5.3.3 On D em and C o n ten t /A H S  A gnostic Slicing

Design requirement DR 2 recjuired Slicepedia to be inii^lemented using 

c o n t e n t / A H S  agnostic  techniques". The content agnostieity reciuirement was 

supported through the selection of crawling and analysis algorithms wdiich accomplish 

their task without the need for any a-priori knowledge of the content processed. More 

specifically, i) the SOLegs crawler for instance can harvest any document accessible 

through a simple URI^, while ii) through to the support of the GATE platform, all 

NLP algorithms used within the analyser unit pipelines (with the exception of the 

DCF algorithm) perform their task independently of the source or selected format of 

content pnx'essed.

Additionally, iii) the DCF algorithm, selected to fragment native open corpus 

resources, ŵ as selected based ujjon its ability to process pages consisting of any 

xml type documents, theoretically regardless of domain, language or content type. 

However, as explained in section 5.2, a liinitation related to this algorithm’s 

performance with resjject to various content types was discovered. Hence, for 

the purpose of this research, the range of resources, for which this sheer could 

be content/AHS agnostic, ŵ as narrow'ed dow îi to any article type resource (News, 

Encyclopedia etc.). As mentioned in section 6.3, this limitation represents an 

im portant drawback. Hence if this approach to fragmentation is to be used for 

the purpose of content/AHS agnostic slicing, this restriction should be investigated 

further.

Furthermore, content agnostieity w'as further supported by TDR 2, which required

the implementation choices made for the elaboration of this prototype to supj)ort

^narrowed down to any HTML content in Engli.sli (section 3.3.2 and 3.3.3)
® http ://w iki.801egs.eom /w /page/1114616/FAQ
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the abihty for future sheer to perform multihngual shcing. For tliis reason, i) NLP 

algorithms in various languages, available for each task accomplished within GATE 

pipelines, were referred throughout chapter 4, while ii) the DCF algorithm was 

selected, as stated above, partly for its ability to fragment resources regardless of 

languages (I'DR 3.b). The latter was verified in the experiment carried out in section 

5.2. Furthermore, this requirement was also supported through iii) the decision to 

select the GATE NLP framework to implement the analyser unit of this sheer, due 

its capacity to provide conditional NLP pipelines (TDR 8) necessary for multilingual 

NLP analysis to occur.

The AHS agnosticity, as well as the o n - d e m a n d  characteristics of the sheer (DR 3), 

on the other hand were supported through the implementation of the slice generation 

unit. Although some a-priori analysis and processing of resources can be performed 

if necessary for o|)timisation purposes (section 4.2), both the provision of content 

recjuirements by AHSs and delivery of slices, is performed on demand. In other 

words, this unit only produces slices once it has received niche content requirements 

of slice consumers. The j)rovision of content requirements by AHSs (expressed as a 

niche content requirements) only at run-time to the sheer service, means the slicer 

does not have any knowledge of either i) what AHS will be making such reciuest, 

ii) according to what unique niche content requirement combination and iii) for 

what specihc reuse purposes. As will be described in the following section, the AHS 

agnostic characteristic of a slicer however (including this prototype), will invariably 

always be limited to the set of broad content requirements supported by this slicer. 

Hence, while the content agnosticity of the slicer is supported through the selection of 

content analysis algorithms agnostic of the resources processed, the AHS agnosticity 

on the other hand, is supported through the slice generation unit which provides the 

on demand generation and receipt of niche content requirements.

Finally, the implementation of an on demand slice generation process throtigh a three 

stage process (section 4.3.4.1), additionally contributes to supporting DR 6, which 

requires slice production process to be of type m a s t e r / s l a v e .  More specifically, the 

ability for a slice consumer to request slices via this three stage process, enables the
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coitiol over the shoe generation process is to be handed over to sUce consumers in 

priority. Each AHS can hence analyse the slicehits returned by the sheer and refine 

their recuest until the most adequate slicehits are returned by the sheer. Only then 

docs the slice consumer recjuest specific slices to be produc:ed, according to selected 

slicehits

5.3.4 Shareable O pen C orpus C ontent R igh t-F ittin g  and  

R ecom p osition

DF 4 required Slicepedia to support the recom position  of slices produced, within 

incepenlent AHSs through i) the correct selection and right-fitting of open corpus 

res)urces, as w'ell as ii) their reuse via multiple search and delivery channels.

\Vi:h respect to the right-fitting of resources, TDR 5 further rehned that reciuirenient 

by specifying the right-fitting should provide control over i) the gramilarity and ii) 

style of slices, as well as iii) i)roviding ack'cjuate annotations supporting subsequent 

page adaptation by AHSs. As mentioned in section 4.G, Slicepedia provides a CAS 

enabling slice consimiers to specify niche content requirements to which open corpus 

resources should be right fitted to. This CAS lets AHSs right fit resourc'e^s with 

respect to the granularity of slie^es (sizing, focus), style (reading difficulty, format 

etc.) and annotations. As mentioned in the previous section with respect to AHS 

agnostieity, since the broad range of content recjuirements supported by a slicer, 

including annotation type required for AHS page adaptation, is closely linked to 

the set of possible AHSs, annotations provieled by Slicepedia supported adaptation 

needs of the slice consumer used in the experiment carried out in section 5.4. These 

annotations were provided through the inclusion of a nior[)hological analyser, verb 

group cl.imker and verb feature analyser within the semantic analysis pi])eline section 

4.3.3.5. Furthermore, the integration of slices jjroduced by Slicepedia (which due to 

the opeu soiu'ce of native resources they are produced from cover an open domain), 

with independent AHSs was supported through the use of linked data DBpe^dia 

domain anchors. This allow^s the sheer not to depend upon a preeletermined AHS 

domain model and instead let each AHS connect its own model to a standard shared
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open domain model.

Nevertheless, although the sheer prototype implemented for this research is indeed 

AHS agnostic, within the range of broad content requirement needs it supports, this 

limitation only lets it supjjort a set of AHS slice consinners with predefined shared 

})road content requirement needs (as opposed to a uniciue [^redefined AHS wdtli 

predefined reuse intentions and content requirements). In order to further extend 

this AHS agnosticity DR 5 hence required the generation of slices to be open and  

shareable  betw'een third j^arty institutions. W ith res{)ect to AHS agnosticity, this 

design requirement opens up the type and number of annotations (and therefore the 

set of broad content recjuirenients which a sheer can support) available to a sheer, by 

reusing slicing data between independent institutions, and therefore truly serve an 

unrestricted set of AHS slice consumers. To achieve this objective, TDR 7 further 

required slicing data to be stored and accessible as RDF data. This was i)erformed 

l)y the use of the Virtuoso triplestore mentioned in the previous section as well as 

with the implementation of a RDF converter module exposing both fragments of 

native resources processed as well as annotations produced as linked data to the 

connnunity. The ability to share the process involved in the generation of slices 

between third party institutions was carried out by implementing the semantic 

analyser unit of the sheer as a regular slice consumer interacting with the slice 

generation unit. Both previous decisions enable any independent institution to query 

and analyse fragments i)roduced ?)y Slicepedia and publish their own annotations 

as linked data. The residting set of cross-institutional fragment and annotations 

results in the form of a wel) of slices, aimed at increasing the volume of annotation 

and broad content requirements available to the AHS connnunity. Web of slice data 

is thereafter accessible by any slice consumer through the use of contextual graphs 

specified in a SliceQuery object.

W ith respect to the second dimension of recomposition, the selection of slices 

was performed through the im plem entation of TDR 4 requiring Slicepedia to 

support keyword-based and conceptual selection of slices. These requirements w'ere 

imj)lemented by storing the slicing d a ta  within a Virtuoso triple store supporting
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boti SPARQL and full-text search. This enabled concej)tual selection of slices, using 

SPi-RQL queries, based upon Dbpedia RDF based annotations assigned to fragments 

(TDR 7).

I 'l l’ search and delivery of slices was implemented based on TDR 6, refining design 

recuirenieiits to  include a SPARQL, REST and cloud based interface to Slicepedia. 

Wlile the SPARQL interface was available directly through the Virtuoso endpoint, the 

RESl' and cloud based interfaces were imj)lemented using the Jersey API framework 

au( an Apj) Engine Pull Task (jueue client.

5.J.5 F lex ib le  A rchitecture Integration

DI 8 recjuired Slicepedia to be imi)leniented using a flexitjle architecture enabling 

varous com ponents to  be switched with each other. For this reason, Slicepedia was 

desgned as a pij)eline of successive components each processing resources forwarded 

to  t independently  of previous com ponents (section 3.3.3.1). This overall pii)eline 

arciitecturo allows component im])lementations to be switched very easily depending 

on specific needs or evolution of individual state-of-the-art areas.

As lepicted in table 5.4, the architecture was implemented with very straightforward 

integration interfaces. I 'he  first (X)niponent interface involved with the external sheer 

prctotype connnunication with slice constnners. 'I’liis interface was provided through 

an abstrac tion  layer using simj)le SliceQuery and Slicellit objects, representing 

sli(e recpiests and slices delivered respectively. This layer of abstraction  enables 

an; a lternative  storage mechanism to  be chosen w ithout having to  change any 

im )lem entation related to  the sheer/slice consum er relationship and additionally 

recuces the com plexity for slice consumers involved with SPARQL (jueries.

In )rder to  increase flexibility, in ternal interfaces w ithin the Slicei)edia itself were 

ale) im plem ented. The integration between tlie native resource identifier module 

an( the URI harvester module simply consist of lists of URIs, hence, if recjuired, any 

addtional crawler could easily be added to the pipeline with minimal implementation 

chaiges to  the rest of the sheer.

Sinilarly, in relation to the resource harvester and analyser units, as mentioned in
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I n te g r a t io n  In te r fa c e s

M o d u le s In te r fa c e s

Slice Consumer Slicepedia SliceQuery and SliceHits

Native Resource Identifier URI Harvester Unit URI List

Resource Harvester Unit Analyser Unit Local File System

Analyser and Slice G eneration Unit Triplestore O penRD F API

T a b le  5.4: M odule Interfaces

section 4.2.2, resources liarvested by the first com ponent are stored w ithin a native 

resource repository, which sim ply consists of a d irectory on Slice])edia’s local file 

system . Hence, in a sim ilar way as in th e  previous case, only a list of file pa th s 

I)ointing to  each resource to  be fragm ented are forw arded between th e  two units, 

which minimises any integration effort necessary if internal components are modified.

Finally, SPARQL interaction betw een th e  open corjjus resource analysers, slice 

generation units and the trip lesto re  are all carried out using the  O penR D F A P I‘*. 

Since th is API is free and open-source, this enabled Slicepedia to alternatively and 

seamlessly switch between various trij)lestore implementations. This flexibility in the 

architecture turned  out to be useful when the  necessity to  switch between Sesame 

and Virtuoso triplestore im ])lementations occurred (both supporting this API).

p : / / www.opeiirdf.org/
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5.3.6 Conclusion

This section j)resented to the reader a concise sinninary of the implem entation 

decisions involved in the development of the sheer prototype carried out for the 

purpose of this research, and their contribution to each design requirement. The 

following sections in this chapter will subsequently present trial-based evaluations 

carried out upon the overall sheer prototype with respect to aspects with as the 

reuse of open corpus resources anrl their recomposition within independent AHSs.
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5.4 C on ten t/A H S  A gnostic Slicing R euse  

Im provem ent Evaluation

5.4.1 Evaluation O bjectives and H ypothesis

The previous two sections of this chapter focused upon evahiating indivichial 

components selected for the im plem entation of a sheer j^rototype (section 5.2), 

as well as describing how implementation decisions su[)portcd design reciuirenients 

enunciated in chapter 3 (section 5.3). This section instead concerns itself with 

evaluating the primary objective of this research. In other words, the overall slicing 

approach to open corpus content reuse proposed as part of this research, with respect 

to the reuse improvement dimensions presented in section 1.2 is assessed. In order to 

perform this task, this evaluation compared four different approaches to ojjen-corpus 

content reuse, namely i) direct reuse, ii) content specific reuse, iii) content/A H S 

agnostic reuse and iv) manual reuse.

As is presented in the following section, the overall procedure undertaken in this 

evaluation revolved around three major objectives:

i) The first consisted in evaluating whether an approach to open-cori)us reuse 

using slicing technicjues in ideal conditions (in other words content-specific 

slicing reuse with full prior knowledge of both the content targeted and reuse 

intentions) actually imj^roves the reuse of these resources or not compared to 

direct or manual reuse. Any reuse degradation highlighted at this i)oint, could 

only be due to the overall aijproach proposed by this research.

ii) The second objective of this evaluation, on the other hand, focused upon 

measuring the performance of a content/AHS agnostic slicing approach to open 

corj)us reuse with respect to the other three alternatives mentioned above. In 

other words, assuming open-corpus reuse through slicing in ideal conditions 

does improve reuse, how does a content/AHS agnostic approach i)erforni?

iii) Finally, content/A H S agnostic slicing was evaluated with respect to whether
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such an approach could be selected as a replacement to the manual provision 

of content, produced specifically for a particular user task.

The objectives presented in the previous section are sunnnarised here as three 

hypothesis.

H ypothesis:

HI ) Content slicing, in ideal conditions, improves the reuse of open-corpus 

resources

H2 ) Slicing using a content/AHS agnostic technique does not present any major 

decrease in performance in comparison to content specific techniciues

H3 ) Content/AHS agnostic slicing could replace the manual provision of content, 

produced specifically for a jjarticular user task

5.4 ,2  E xp erim en ta l Set U p and M eth od o logy  

5.4.2.1 O verall M eth od ology

Although the reuse of oi)en-corpus material is ultim ately aimed at recomposition 

within AHSs, this experim ent focuses, as a first step, on evaluating the reuse o f  

in d iv idu a l slices.  The assumption is tha t, in order for open-corpus content to 

be reused through recomposition with other slices, the quality of individual slices 

delivered must be guaranteed to AHS consumers. Any quality issues arising within 

individual slices would subsequently affect any recomposition produced that includes 

these objects.

Since content consumed by AHSs is ultimately presented to people, user experience 

should be considered a critical comjjonent of any content evaluation. The approach 

chosen for this evaluation was therefore to present a group of users with identical sets 

of open-corpus resources, reused using various techniques, within identical scenarios. 

This approach would j^rovide direct comparison between reuse techniques and thus 

highlight any reuse differences perceived by users. Any differences between sets of 

resources could only be caused by reuse approaches evaluated.
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Fm them iore, the evahiation carrieci out as part of this experiment focuses upon 

measuring the abihty of a sheer to  im prove the reuse  of inrhviclual o[>en-corpus 

resources, as opposed to its ability to identify relevant resources. Hence, and 

as will be explained in more details in section 5.4.2.5, the IR based open-corpus 

identification components of the slicers, which were evaluated were isolated for this 

experiment. This decision ultim ately encapsulates the research ciuestion addressed 

by this experiment as follows: Assuming a relevant open-corpus resource was initially 

identified, can the process of slicing open-corpus content improve its reuse?

The reuse approaches presented in the previous section are described here in more 

detail.

D ire c t reu se  of open-corpus ccjutent represents the equivalent of a traditional 

IR based open-corpus reuse strategy (section 2.3.4). Oi)en-corpus resources 

in this context are reused and delivered unchanged, in their native form, as 

one-size-fits-all document objects.

C o n te n t specific reu se  on the other hand, represents a sem i-autom ated slicing 

ap]:)roach to  open-corpus content reuse, riiis approach reprc'sents a reuse 

scenario in which the designer of a sheer has full knowledge of the origin, 

structure and reuse purposes of open-cori)us resources targeted for reuse. In 

these circumstances, the slicing process can therefore be designed in advance, in 

order to maximise the quality of slices j^roduced, using algorithms specifically 

designed for selected repositories and reuse purj)Oses. Slices produced by this 

approach, hence depict the ideal quality of content j^ackages deliverable by a 

slicing approach.

C o n te n t ag n o stic  reu se  represents the slicing approach reusing open-corpus 

resources, fully-automatically, w ithout any prior knowledge of either what 

repositories are targeted for reuse or for what specific AHS niche content 

rec}uirements.

M a n u a l reu se , finally was also considered within this evahiation for comparison 

purposes with previous reuse strategies presented earlier.
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5.4.2.2 Experim ent M etrics

As defined in section 1.2, throughout this research reuse im provem en t  of 

open-corpus resources is defined with resj^ect to the abihty of an AHS to request 

such resources i) without any i)re-determined conditions ii) as right-fitted content 

packages, iii) based upon a variety of possible AHS content requirement specifications.

Although reuse improvement through i) and tii) are necessarily verified by the design 

and implementation of the j^rototype developed for this research, reuse improvements 

achieved through the right-fitting of open-corpus resources ii) still needs to be 

evaluated. The ability to sj)ecify what content to receive based upon a large variety 

of content requirement possibilities is pointless if the right-fitting of native resources 

isn’t performed correctly. For this reason, reuse improvement measurements in tliis 

experiment focus specifically upon the effects produced by the right-fitting of native 

resovu'ces.

Measurements aimed at evaluating any reuse improvement of open-corpus resources, 

consist of two coni])onents namely, i) improvements due to correct rrght-fittmg and 

ii) quality decrease of native resotirces as a result of right-fitting. Among other 

requirements, the right-fitting  of open-corpus resources is required to be performed 

with respect to content granularity, including content focus, and to support AHS page 

adai)tation through the insertion of annotations (section 3.3.3). The right-fitting 

should also i)roduce SCI content (section 3.2). For these reasons, the right-fitting of 

content was evaluated based upon, its ability to correctly focus native resources, the 

quality of amiotations inserted (using standard precision and recall metrics), as well 

as the impact upon the reuse caused by various slice SCI accm’acies.

Quality decrease, on the other hand, more specifically refers to the readability 

and visual structural coherency of content (i.e parts of original page not merged 

erroneously with menus for example). This research defines readability as being 

composed of two sub-components, namely i) the ability of content to be easily 

im derstood, and ii) the extent to wdiich the flow' of reading is broken. The second 

component refers directly to the notion described by [Ganguly2011], in other words, 

the extent to which ])ronouns, for example, referring to earlier subjects missing from
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a fragment, att'ect tlie ease of reading and comprehension of a text.

Since p ro d u c tio n  cos t  is dependent upon eitlier local prices of manual labor, or 

individual server specifications, an estim ation of production time wajs considered 

instead a better proxy for production cost measurements. Moreover, time 

measurements would additionally enable future performance comparisons. For 

this reason, the time required to produce content batches was measured cis oj^posed 

to direct costs.

Finally, this experiment additionally measured the content produced, using various 

approaches, based upon its su ita b i l i ty  with respect to a determined task performed 

by a group of users. As will be described in section 5.4.2.4, within the context of 

this evaluation, suitability performance refers to the ability of content jH'oduced to 

support a task performed by individuals. As described in the following section, the 

use-case of student language assessments was used for this experiment, hence for this 

reason, the number of mistakes and time taken by users to perform assessments were 

used for this measurement.

Finally, cjualitative measurements for each measurement dimension i)resented earlier, 

using questionnaires, a.s well as overall reuse appreciation of slices by iisers was also 

used as data  supplementing (juantitive results.

5 .4 .2 .3  C ontent Specific Slicer Im plen ien tation

The slicer implemented for the purpose of this research was required to use a flexible 

architecture (DR 8). Section 3.3.3.1 described how Slicepedia processes pages using a 

pipeline architectiu'e, allowing components to be replaced and switched with improved 

versions, as the state-of-the-art in each field progresses. For the ])urpose of this 

experiment, this requirement enabled components of the content/AHS agnostic slicer 

to be replaced by others in order to produce a content specific slicer.

Both implementations share connnon components but differ particularly with respect 

to the fragm entation algorithm  used (see section 3.3.2). For the purj^ose of this 

experim ent, the English Wikij^cdia encyclopaedia^® was selected as the repository

^°h t t p : / / e n . wikipedla.org/wiki/M ain_Page
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target for the content specific sheer. As mentioned in section 2.3.4, a content 

specific sheer by definition is built specifically for an arbitrarily  chosen resource 

repository, using hand-crafted rule-based algorithms. The fragmentation process of 

W'ikipedia pages hence should be based upon a set of pre-defined rules. Fortunately, 

the Java W ikipedia Library (JW PL) library*\ developed Ijy D arm stadt university, 

was built specifically to achieve this task. Hence the densitom etric fragm entation 

algorithm  used within Slicepedia was switched with this approach. In order to 

produce fragments, JW PL requires W ikipedia pages to be initially harvested in 

XML format, converted and stored in a mySQL database^^. The Java library can 

subsequently be used to extract specific sections of selected pages, with perfect 

accuracy and removed from any boilerplate. Because, any boilerplate content present 

in W ikipedia pages is autom atically discarded by JW'PL rules, the boilerplate 

removal algorithm used within Slicepedia was removed. It is worth clarifying at this 

stage tha t, while the two slicers used within this evaluation differ with respect to 

their content sj^ecificity/agnosticity characteristics, both on the other hand, share 

connnon characteristics with respect to the AHS agnosticity, since they both use 

the slice generation unit module (section 4.3.4.1) to receive unknown niche content 

requirements of AHSs. Hence, in this experiment, both slicers partially fulfil the AHS 

agnosticity criteria (section 3.3.2) in the sense tha t the specific AHS niche content 

requirements, which they must serve is unknown at design time. However, as will be 

pointed out in the next evaluation (section 5.5), in both cases, the reuse purpose 

scenario of slices produced is known in advance.

As specified in section 4.3.3.1, at the time this experim ent was carried out, the 

Sesame triplestore had been selected for the Slicepedia implementation. Hence both 

slicers used a Sesame, as opposed to the Virtuoso triplestore j)resented in section 

4.3.3.L As pointed out in section 3.3.2, when targeting pre-defined open-corpus 

repositories, pages targeted can possess valuable indications related to the domain or 

meaning of content held within each page. Wikipedia pages are each classified within 

overall subject categories. This information was hence also retrieved when extracting

 ̂Mitt p ://cod e.google.con i/p /jw p l/
'^ht t p : / /www.nivsql.coin/
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fragments and stored within the triplestore. W ith the exception of W ikipedia 

categories, both slicers offer the same CAS to slice consumers.

5 .4 .2 .4  R eu se V ehicle S election

As explained within the section 5.4.2.1, this experiment aimed at evaluating various 

content reuse approaches, by presenting users with slices in identical circumstances. 

The scenario selected for this experiment should hence satisfy the following reuse  

vehicle requirements:  i ) It should present users with a set of similar repeatable 

tasks, ii ) based uj)on real-life needs of users. In order to avoid any possible 

interference with the content being evaluated, the reuse vehicle should iii ) keep 

interface complexity to a niininunn and iv ) involve no recomposition of slices. 

Moreover, fully autom ated slicing of open-corpus resourc:es might affect v ) the 

understandability, reading flow and vi ) annotation quality of slices i)roduced (section 

3.3.3). Hence, any content evaluation task shoukl additionally be selected based upon 

its dependency with respect to thes(' two pro{)erties. Finally, the sc'lected evaluation 

scenario should also vii ) provide the ability to measure easily the suitability of 

content provided to users based upon the task performed (section 5.4.2.2).

For all these reasons, a language e-assessment use-ca.se application, of type and 

inspired from the use-case scenario presented in section 3.3.2.1, was selected for this 

experiment.

L anguage e-assessm en t scenario

Suppose Alice wishes to improve her granunar skills in Portuguese and decides 

to use a portal specifically built for this {)urpose. The system provides 

e-assessments consisting of traditional gap filling exercises as presented in 

figure 5.15. It provides Alice with a list of various languages A, grammar skills 

^ and reading level difficulty p to choose from which she selects accordingly to 

her training needs. So as to sustain learner motivation, the portal additionally 

provides the ability to  select topics of interest, among a large list 9, wdiich 

training exercises should also cover. Whenever Alice starts  her training, the 

system searches for resources on the w'eb fulfilling the combined reciuirements
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F ig u re  5.15: SliceGap Interface for French Native Speakers

p , 6 ,  fi) and converts these in to  g ram m ar e-assessm ents. Tlie system  

continuously records the  sets of m istakes // perform ed by AUce and inchides 

th is additional variable to  its content requirem ent com bination E in order to 

address the  reciuired subset of g ram m ar poin ts of im m ediate im portance. As 

Alice i)rogresses, th e  set of requirem ents E evolves and so does the  conten t 

supplied. The portal can supply Alice w ith as much content as needed for her 

train ing. This use-case suj)porting a wide range of diverse user recjuirements, 

im possible to  predict in advance, represents a very good exam ple of the type 

scenario, w'hich a conten t/A H S agnostic sheer could theoretically  support.

A reuse vehicle, called Slicegap, suppo rting  th is use-case was hence im plem ented 

as follows. Slicegap presented  users w ith  series of trad itio n a l gap filler exercises 

consisting of open-corpus resources reused using various a lte rna tive  approaches 

(section 5.4.1). Slices supplied to  Slicegap are provided w ith annotations identifying 

each verb chimk w'ithin the content. A nnotations are assigned a ttrib u tes  consisting 

of th e  infinitive and tense of each verb  chunk. Verb chunks an n o ta ted  wnthin the  

slices sui)plied are then  rem oved by Slicegap and replaced by gaps consisting in 

HTM L input boxes. For each gap, users are then  presented with tooltips containing 

pairs of infinitives and tenses corresponding to  each verb missing, which they  are 

required  to  conjugate accordingly. Answers provided are then  com pared to  the
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original verb chunks supplied w ithin each slice and users are assigned a score for each 

specific grannnar e-assessment. Since, the overall aim of this experiment consisted in 

presenting a group of users w ith the  exact sam e set of resources (section 5.4.2.1), 

personalisation characteristics of the use-case scenario presented above were ignored.

A lthough not perfect, th is reuse vehicle provides an ack'quate trade-off between all 

reuse vehicle requirem ents presented above in this section. Slicegap e-assessm ents 

provided the  ability  to  present users w ith various slices th rough  a set of identical 

repeated  tasks (requirem ent i), based upon real-life linguistic assessment needs of 

individuals (recjuirement ii). Because the  selected use-case scenario is perform ed 

w ithin the context of language learning, this offered the opportun ity  to invite users 

with varying levels of competency in the English language to perform the experiment. 

Hence, understandability  of content presented to users, as well as reading flow could 

be m easured depending upon th e  level of proficiency of each user (recjuirement 

v). Additionally, since the task  perform ed by users is directly dependent upon the 

annotations jnoduced (recjuirement vi), any quality decrease of annotations would 

{:)rovoke im j)ortant assessment errors resulting in such e-assessnients l)eing j)ointless 

and tim e consum ing to >isers. This use-case scenario also offered a straight forward 

w'ay to m easure suitability  of content j)rovided for such a task (rc'cjuirement vii) by 

m easuring tim e and error-rate differences jjerformed by users between each content 

batch . Hence, w ithin the context of th is use-case scenario, suital)ility j)erformance 

refers to the ability to correctly assess an individual. Finally, since e-assessments can 

be perform ed using individual slices, w ithout the  need for any recom position, th is 

additionally  offered the  ability to  evaluate each piece of content j)resented to  users 

individually (recjuirement iv), as part of a very simple interface (requirem ent iii).
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5.4.2.5 Content Batch Creation

This section describes th e  process involved in creating  the  eight different content 

batclies subsecinently used th roug liou t th is exj)eriinent as described in figure 5.16. 

Section 5.4.2.2 si)ccified th a t  th is experim ent m easures reuse im provem ent of 

open-corpus m aterial w ith respect to  the right-fitting process perform ed by a sheer. 

However, reuse imj)rovement m easurem ents could be affected by the  relevancy of 

pages identified for reuse. As m entioned in section 1.1, the identification of relevant 

web resources by a sheer is considered out-of-scope of th is research and instead 

assum es the  resources identified by the  chosen IR com ponent are relevant to  the 

needs of AHS slice consum ers. For these reasons, it was necessary to  isolate th is 

comi)onent of tlio sliccr pipelines used for the purpose of this experim ent. Moreover, 

since this experiment aims at comparing four different open-corpus reuse approaches 

(including a m anual ajjproach) using an identical and tru ly  random  set of native 

resources, requesting independent users to  a rb itra ry  select relevant web resources 

of their choice. ai)i)eared to  be the  best option available. This s tra teg y  ensured 

the  designers of th is exjierim ent had no control over th e  set of pages targe ted  for 

reuse, b u t nevertheless guaran teed  a set of relevant pages could be used across 

the  four reuse stra teg ies described in section 5.4. Hence, prior to  conducting the 

experiment, a grouj) of five independent English teachers, from two different language 

learning schools^'^, were asked to  each a rb itra rily  select nine pages of their choice 

from the web (combined to ta l of 45 pages) and to  prepare p a rts  of these resources 

for inclusion w ithin the  Slicegap reuse vehicle. This m anual content production  

task  deliberately  involved only the  repurposing of existing content (in the  spirit of 

educator repurposing activities described in section 2.4.2 ). This decision aspired to 

replicate a m anual content p roduction  scenario (used as a baseline) w ith m inim al 

p roduction  tim e re([uirements. T he assim iption was th a t  any content au thoring  

activities w'ould always require more tim e to  produce.

As m entioned in section 4.3.3.4, due to a content type dependency of DCF algorithms,

^^Elnglish Language Tutorial Academy (E.L.T.A.), and the House of Education in Language and 

Linguistic Observatory (H.E.L.L.O.)
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F ig u re  5.16: Content Batches Profhiction

discovered in the previous experiment, it was decided to limit the range of open-corpus 

resources, targeted for the purpose of this research, to any HTML resource originating 

from either new's or encyclopaedia websites. For this reason, the set of pages 

considered for this experiment were purposely restricted to this subset of the WWW.

S te p  1: P ag e  Id e n tif ic a tio n

English teachers were first asked to arbitrarily select four sets of pages. Any 

jmge, constituting the first two sets, could be selected as long as they consisted 

of Wikipedia and news articles respectively. The third and fourth set of pages 

could be of any source as long as it covered an arbitrary concept 7 (third set), 

or contained a set of ten verbs conjugated at an arbitrary tense r  (fourth set). 

The conce{)t human rights was chosen for this tasks, in order to be accessible



to as wide an audience as possible. This enabled users to accurately judge 

the scope of the content presented. The entire set of pages identified were 

subsequently used as N ative  C on ten t B atch  (N C B ).

Step 2: Content Extraction and A nnotation

Teachers were then asked to select fragments, of any size, from the first two 

sets of pages harvested, which they felt could be adequate for English grammar 

exercises, and annotate each verb present within these extracts with the relevant 

tense and infinitive to produce M anual C on ten t Batch  (M C B).

Step 3: Content Focus

Finally, they were asked to extract fragments from the third and fourth sets of 

jjages harvested, by ensuring these fragments were correctly focused respectively 

upon verbs annotated with tense r  and content covering individual concept ') 

(content not about this concept was discarded). These tasks resulted in the 

creation of M anual Topic Focused C on ten t B atch  (M T F ) mid M anual  

A nn ota tion  Focused C onten t Batch  (M AF).

Step 4; Content Agnostic Slicing

The first two sets of oi)en-corpus resources identified by teachers (both part of 

MCB), were harvested in their native form and then sliced by Slicepedia (using 

the content/AHS agnostic implementation described in detail in chapter 4) 

to produce content batch C onten t-A gn ostic  B atch  (C A B ).  This content 

batch represents a true set of open corpus resources since the origin and structure 

of pages selected were unknown in advance of slicing (with the exception of 

Wikipedia pages). CAS characteristics (sizing, style, topics etc.) of fragments 

manually produced and arbitrarily chosen by teachers, were used as arbitrary 

niche content requirement })arameters for any automated slicing that occurred 

for the purpose of this experiment. Native pages used to create content batches 

MAF and MTF were also sliced by the content/AHS agnostic sheer, using 

the same concept and annotation focus content recjuirement parameters to 

produce A utom ated  A n n ota tion  Focused C onten t Batch (A A F )  and 

A u tom ated  Topic Focused C onten t B atch  (A T F )  respectively.
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Step 5: C ontent Specific Slicing:

The set of Wikij^edia resources, arbitrarily identified by teacliers, was then 

matched to tliose contained in the mysql database (see section 5.4.2.3) and 

sliced using the content-specific sheer to produce batch Content-Spec if ic  

B atch  (CSB) .  As mentioned previously, measurement differences across reuse 

approaches should be performed over the same exact set of native resources 

sliced. For this reason, the subset of fragments produced from Wikipedia pages 

within batch CAB is denoted as content batch Wikipedia C on ten t  Ba tch  

( W C B )  and used when making direct comparisons between content-specific 

and content agnostic slicing.

Step 6: Slice Conversion:

Slices present in all batches w êre subsequently converted into grannnar 

e-assessment pages.

With res{)ect to the reuse approaches outhned in section 5.4.1, content batches NCB 

and CSB resjjectively represent direct and content-specihc reuse of open-corpus 

reso\nces. while l)atch CAB. AAF. ATE and WCB represent content/AHS agnostic 

reuse. Finally, as content batches MCB, MAF and MTF were produced manually })y 

indejjendent users, these batches represent the manual reuse approach.
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5 .4 .2 .6  U ser-T rial Scenario

The entire user-trial experiment was available online to the public with the interface 

available in English, Spanish and French. Native and non-native speakers were 

invited to select their interface language of choice and specify their level of ability 

in the English language. A to tal of 41 users across 7 different countries performed 

the experiment in its entirety. Most of these users performed the experiment using 

the English interface (en=66%, non-en=34%) and rated themselves as native or 

advanced English speakers. Based on the ratings, the users were divided in two 

categories consisting of Experts (E) (Native Level=46%, Advance Level=17%) and 

Trainees (T) (Interm ediate=29% , Beginner=7%) both  respectively representing a 

total of 63% and 37% of users.

The entire set of tasks was required to be performed within a single session without 

any interruption. Task completion time in addition to user interactions were tracked 

throughout each activity. Users were asked to perform successively the same activity 

using resources randomly selected from each content batch (section 5.4.2.5). In 

order to balance any effect of order bias, content batches were presented to users 

according to a Latin square design distribution and each user was presented with at 

least one resource from each batch. A unique colour was assigned to  each content 

batch and users were unaware which was being presented to them. Each original 

page (regardless of what content batch it belonged to) was only shown once to each 

user. Users were asked to complete the e-assessment presented and subsequently 

answer a questionnaire. Each question was answered using a Likert scale, ranging 

from zero (strongly disagree) to ten (strongly agree). A scale with no mid-point was 

deliberately used to enforce user preference however slight. The order of sentiment in 

the scales was also randomised between questions in an attem pt to ensure that users 

were genuinely attentive when answering each question. Finally, they were asked to 

order a set of colours, corresponding to each content batch presented, based on their 

perceived quality.

The tasks repeatedly performed upon each content consisted of a set of traditional 

language learning activities, encountered in most language learning textbooks. The
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activity was divided in three individual tasks:

U ser Task 1:

The first task required users to read the text presented to them  in Slicegap 

and fill in any blanks encountered (there were 10 gaps on average j)er page) 

with the approj^riate verb and tense specified at each occurrence (see section 

5.4.2.4). If users felt slices were unreadable or inappropriate for this exercise, a 

Trash Slice button could be pressed to select another page.

U ser Task 2:

The initial task did not necessarily require users to read the entire content 

presented to them (only the sentences containing gaps). For this reason, users 

were then asked to sunnnarise what they felt the entire slice presented to them 

was about (as in traditional textbooks) in their own native language.

U ser Task 3:

Users were finally asked an additional set of questions, which assessed the focus 

appropriateness of each slice.
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5.4.3 Results

The following sections present a summary of the findings observed throughout this 

experiment in relation to each hypothesis stated  in section 5.4.1. The mmiber of 

times the Trash Slice button (section 5.4.2.6) was clicked throughout the experiment 

was statistically insignificant. For this reason, it is not further discussed within these 

results.

5 .4 .3 .1  H I : S lic ing R eu se  Im p ro v e m e n t

As pointed out in section 3.2, maximising the reuse potential of a previously published 

resource requires, among other things, the ability to r ig h t- f i t  such a resource and 

convert it into Self-Contained and Independent (SCI)  content. As explained 

in the glossary. SCI content is concise in the sense th a t it does not contain any 

superfluous content, unnecessary or detrimental for the proper reuse of such resources. 

Hence, users were asked directly, for each resource presented, whether in addition to 

the main content, a lot of material displayed on the page was irrelevant to the task 

(such as advert.isement, menu bar, user comments..). Figure 5.17 presents the results 

obtained over a Likert scale ranging from one to ten (section 5.4.2.6). Content batch 

NCB, containing pages in their native form, achieved the worse score with a mean 

equal to 5.67 while the content-specific (CSB) and content/A H S agnostic (CAB) 

content batches achieved nmch better scores (CSB  =  1.76, M C B  =  2.13, C A B  =  

2.53) with ])aired t-tests confirming results are indeed significant (p =  0.001). When 

comparing content-sj)ecific (CSB) and content/A H S agnostic (WCB) approaches 

applied upon an identical set of pages (the W ikipedia subset see section 5.4.2.5), 

a mean difference of 0.879 was measured (p =  0.015). This result suggests tha t, 

although the content/A H S agnostic approach to slicing did achieve a very good 

performance with respect to its content-specific equivalent (91% similarity), users 

did notice a minor performance decrease in its ability to remove superfluous content 

within native resources. Differences measured between MCB and CAB batches were 

insignificant (p =  0.423) which w'ould indicate that content automatically produced 

achieved similar performance to content manually produced.
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F ig u re  5.17: Superfluous Content

hi order to determine the im p a c t  such a diflerence liad u[)on tlie tasl: accomj)hshed 

by users, contestants were asked whether the level o f irrelevant mater'tal (e.g: menus, 

advertisement, user comments etc.) present in the content preveyited me fro77i pursuijig 

this task effectively. XCB resources again achieved the worse score (3.43) versus 

content-specific { C S B  = 1.48), mamial content ( M C B  =  1.88) and content/AHS 

agnostic [ CA B  = 1.64) batches (with paired t-tests confirming these results are 

statistically significant {p < =  0.01)). These results, indicate j)oor right-fitting of 

original resources impacts the reuse of such content. This observation was confirmed 

when measuring the average time, per answer provided by users, necessary to complete 

the exercises. As can be seen in figine 5.18, users in average required 88% more time 

to coni])lete the exercises using resources in their native form (NCB) than they did 

for right-fitted resources with no superfluous content(CSB).This observation appears 

to confirm the assumption stated by [Lawdess2009] (see section 1.1), whereby there 

is an inverse relationship between the potential reusability o f [...] content and its 

granularity. The reuse of one-size-fits-all open resources is improved when removed 

of any superfluous content such as navigation bars, advertisement etc. Finally, 

differences in results measured between CSB and WCB for both the question and 

average time measured were insignificant {p =  0.77 & p =  0.58). This result indicates
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F ig u re  5.18: Superfluous Content Impact

that although a decrease in SCI content conversion performance of original resources 

for content/A H S agnostic slicing was noticed by users, this minor performance 

decrease d idn’t appear to have any impact upon the reuse of the content produced. 

Differences between MCB and CAB batches, were also statistically  insignificant 

(p > =  0.278). Nevertheless, when plotting together both the superfluous removal 

performance (figure 5.17) and time taken to perform each exercise (figure 5.18), results 

obtained per batch appear to correlate with each other across the two measurements, 

which reinforces the indication tha t the correct removal of superfluous content does 

have an impact upon its reuse.

As mentioned in section 3.2, the ability to fo c u s  reso u rces  in their native form 

into slices containing only parts of original documents about a specific topic or set 

of requested annotations, is im portant with respect to the capacity of a sheer to 

deliver information objects to various AHSs, matching specific content requirements 

and use cases. Content batches M TF and ATF represent such a case of original 

resources being topic focused. W hen users were asked whether they fe lt parts of 

the content presented were about the topic 'hum.an righ ts’ , the manually focused 

content batch (MTF) obtained the best score with a mean equal to 9.09 versus the 

content/AHS agnostic autom ated equivalent (ATF) w'hich obtained 8.55. A p value
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of 0.82 suggests this mean difference between manually and automatically generated 

contents is insignificant. This result appears to suggest the content/A H S agnostic 

sheer was capable of autom atically identifying which parts of the documents did 

refer to specific topics. Additionally, when asked whether a large amount of content 

delivered was not related to [this] topic, the manually focused content again achieved 

the best score in comparison to the content/A H S agnostic a[)proach wdth a mean 

equal to 3.07 and 3.86 respectively for MTF and ATF. The paired t-test(p =  0.159) 

suggests once more that the difference measured between the manual and automated 

approach is insignificant. As a sanity check, the answers for the same question asked 

for native content were also measured. Since pages wdthin content batch NCB are 

presented as entire documents, they are necessarily unfocused; hence a very poor 

focused performance should be measured. As expected, a mean value ecjual to 6.43 

for NCB suggests users felt this native content ŵ as not correctly focused. W hen 

a^iked the reverse {ie:all the cojitent presented was related to [this] topic), the results 

lead to the same conclusion with ATF and M TF obtaining respectively 7.36 and 

8 (p =  0.411), while NCB received a score of only 1.23. These results appear to 

indicate that not only could the content/AHS agnostic sheer correctly identify parts 

of the docmnent on a particular topic, it could also minimise the amount of unrelated 

content delivered, and offer slices with boundaries tightly confined to tha t specific 

topic. Moreover, paired t-tests (p =  0.159 k. p = 0.411) do suggest content focused 

autom atically using the content/A H S agnostic sheer achieved similar scores to its 

maimal equivalent.

Finally with respect to content/AHS agnostic content being correctly focused upon 

annotations requested, a similar pattern  can be observed. W hen asked whether 

apart from  any clutter information (advertisements, menus etc.) displayed within 

the page, I  felt a large amount o f content delivered to me was un-necessary fo r  the 

grammar task being performed, content maimally focused upon annotations (MAF) 

achieved the best score (3.53) with the autom ated approach presenting a minor 

difference (3.73) considered insignificant {p = 0.783). A sanity check with NCB again 

obtained the worse score of 5.87. These results indicate the automated content/AHS 

agnostic sheer could correctly focus native resources upon annotations requested
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with a j)erf()niiancc siniilar to its niarmal equivalent.

hi order to m easure the accuracy o f an n ota tion s  delivered to  slice consumers, a 

saui|)le set of identical pages anno ta ted  by teachers (section 5.4.2.5) w'as com pared 

to  those produced au tom atically  by the  con ten t/A H S  agnostic sheer. Individual 

m anual anno ta tions, ob tain ing  th e  largest agreem ent am ong teachers, were used 

as a golden s tandard . Precision and recall was calcu lated  for th e  am io tations 

produced by the conten t/A H S agnostic sheer as well as for each individual m anual 

a im ota to r. An F score equal to  0.88 (precision=0.86, recall =0.92) was m easured 

for th e  con ten t/A H S  agnostic sheer. This result indicates th e  an n o ta to r identified 

most items to  be annotated, while producing a m inority of errors during the process 

in com parison to  hum an annotators. This high correlation between au tom ated  and 

m anual annotations appears to  confirm the quality  of anno ta tions produced by the 

autom ated content/A H S agnostic approach to slicing. Additionally, when performing 

the sam e m easurem ent for each hum an anno ta to r individually, w'ith respect to  the 

golden s tan d ard , an average F score of 0.77 (P recision= 0.89 , R ecall=0.68) was 

obtained . T his result suggests th a t a lthough the  quality  of an no ta tions  produced 

by hum ans was higher th an  the  sheer, some disagreem ents betw'een teachers did 

occur; suggesting m istakes produced by the  au to m ated  approach could be subject 

to  interj)retations as w'ell. Additionally, the recall score indicates th a t  m any hum an 

annota to rs missed several annotations in eomparison to  the au tom ated  approach.

As described in section 3.3.3, the process of structurally  fragm enting original resources 

into individual pieces and subsequently merging selected fragm ents together to form 

slices, can lead to  stru ctu ra l incoherencies  wdtliin the  final con ten t delivered, 

ultim ately  resulting in an overall d e c re a s e  in  q u a li ty . For th is reason, users were 

asked directly if parts o f the original web page presented were merged inappropriately 

together (eg: end o f menu merged with start o f a paragraph) (Q l). Table 5.5 depicts 

the results obtained per content batch. As can be observed, very good performances 

were m easured across all content batches, w'ith t- te s ts  estim ating  any differences 

encountered as insignificant. These results suggest th a t the process of slicing resources 

d idnt produce any significant increase in s tru c tu ra l incoherencies in com parison to
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M ean C om parison M ean Dif P

N C B 3.38 N C B  vs CSB 0.25 0.734

Q1 CSB 3.13 N C B  vs CA B 0.28 0.662

CA B 3.65 CSB vs W C B 0.688 0.357

M CB 3 M C B  vs CA B 0.65 0.463

N C B 8.19 N C B  vs CSB 0.313 0.608

Q2 CSB 8.5 N C B  vs CAB 0.531 0.479

CA B 7.65 CSB vs W C B 0.75 0.118

M CB 7.78 M C B  vs CAB 0.13 0.868

Table 5.5: Structural Coherence

the original content in its native form. Moreover, a mean difference of 0.688 observed 

between CSB and WCB was considered insignificant. This would indicate that, 

although measurements for the content-specific slicing aj)proach were higher than 

for content/AHS agnostic slicing, these results do not j)rovide enough evidence to 

suggest content/AHS agnostic slicing leads to any significant decrea.se in structural 

coherency of slices produced. W'hen asked the reverse (Q2), opposite values ŵ ere 

also measured, with similar t-tests, which confirms these observations.

While previous measurements aimed at estimating any decrease in (quality of the 

content delivered from the point of view of visual layout, the readability o f  content  

produced for reuse is of course critical. As mentioned in section 5.4.2.2. readability 

is decomposed into i) the ability of content to be easily understood, and ii) the 

extent to which the flow of reading is broken. Figure 5.19, depicts the results 

obtained for the first component measured. The first pair of (juestions aimed at 

asking directly to users their opinion with respect to how easily content presented 

to them could be understood. The second pair relates to measuring any impact 

upon the difhculty in sunnnarising content. As can be seen, results obtained across 

content batches are very similar. While native (NCB) and content-specific slicing 

(CSB) ajiproaches interchangeably achieved better results across (juestions, content 

sliced using the content/AHS agnostic approach (CAB) constantly ])erformed lower
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than  the la tte r two. Paired t-test between CSB and W CB content however estim ated 

any m ean differences m easured between content produced using content-si)ecific or 

content/A H S agnostic slicers as insignificant (p >  0.06 for all questions). Differences 

measured between content batch CAB and MCB were also insignificant. An exception 

for cjuestion Q3 however occurred, in which a difference of 1.6 betw een NCB and 

CAB, which w'as significant for confidence intervals of 95% (p =  0.028), could be 

m easured. This result, along w'ith the  fact th a t  con ten t/A H S  agnostic approach 

(CAB) constan tly  perform ed slightly low^er th a t  the  o ther th an  the  NCB and CSB 

batches appear to indicate th a t content/A H S agnostic slicing can have m inor effects 

upon the reading quality of content sliced.

As a sanity  check, and in order to  make sure all sentences w ithin content presented 

were read (regardless of wdiether they  contained  gaps to  be filled), users w^ere 

asked to  sm nm arise the m eaning of the  content presented to  them . Am ong all the 

sum m aries provided by users across content batches, only less th an  5% were ra ted  

a« weak. D espite being on topic, these answ'ers w^ere too  short (less th a n  5 w'ords) 

to  determ ine w hether the overall m eaning of the content w'as correctly  understood 

or not. Nevertheless, the  overall (juality of sim im aries subm itted  clearly sup[)orts 

previous results obtained.

Since close to  a th ird  of users, who partic ijja ted  in the  tria l where non-native 

speakers, a Pearson correlation analysis between answers subm itted  to  each question 

and contestant category (section 5.4.3), w’as also performed. Correlations m easured 

for each variable combination ranged between -0.2 and 0.2, which indicates no direct 

correlation betw een answers provided and th e  level of users. A dditionally, wdien 

users were asked whether they felt their language skills had any negative im.pact upon 

[their] ability to correctly summarise content, means m easured across content batches 

were all inferior to  2.30.

W ith respect to  the second component of readability (reading flow), there exists, to the 

best of the authors knowledge, no autom ated mechanism to reliably estim ate whether 

pronouns or topics mentioned within a fragm ent referred to earlier subjects mentioned 

in om itted parts of the original content. Hence users were asked directly (Q7) whether
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Q 3 I feh th is content was difficiih to  read

Q 4 I feh I could understand  easily w hat th is content was about

Q 5 I felt it was easy to  provide sunnriaries of the content

Q 6 I felt the  understandab ility  of th e  content (as opposed to  my language

skills) had a negative impact upon my ability to correctly sunnnarize the 

content

F ig u re  5.19: U nderstandability

this situation  occurred or not for each content presented to  them . Results depicted 

in figure 5.20, indicate NCB obtained th e  best results (for Q7), which is expected 

since the entire original resource was presented to users. The content-specific (CSB) 

or m anual batches (M CB) presented no s ta tis tica lly  significant differences w ith  its 

native a lternative  (NCB) {p =  0.685), while results for the  con ten t/A H S  agnostic 

approach (CAB) on the other hand, presented a small statistically  significant decrease 

w ith respect to NCB (mean dif =1.03, p  =  0.037) as well as MCB (mean dif =1.07, 

p =  0.033) for confidence intervals of 95%. This result suggests content/A H S agnostic 

slicing can indeed slightly deteriorate  th e  flow of reading of sliced content, which 

m akes conm ion sense. However when asking users if th is situa tion  had a negative 

im pact upon the readability  of content presented to them  (Q8 & Q9), no sta tistical 

difference could be noticed between content batches (p >  0.300). Hence although, a
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Q 7 I felt that some pronouns within the text were referring to earlier subjects 

mentioned in paragraphs/sentences which were not included within the 

content presented.

Q8 I felt tha t missing parts of original paragraj)hs/sentences, had a 

negative imj)act upon the readability of the content presented to me 

(in terms of pronouns referring to earlier subjects mentioiied in omitted 

paragraphs/sentences).

Q9 I felt tha t although parts of original paragraphs/sentences w'ere missing, 

the content i)resented was easily readable, (with res[)ect to pronouns 

referring to earlier subjects mentioned in omitted paragraphs/sentences).

F ig u re  5.20: Reading Flow'

slight decrease in the reading flow of content sliced using a content/A H S agnostic 

api)roach could be noticed, the resulting im pact upon the overall readability of 

content delivered was marginal.
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5.4.3.2 H2: C o n ten t/A H S  A gnostic Slicing Perform ance

Throughout the results presented previously in section 5.4.3.1 and section 5.4.3.1, 

slices produced by the content/AHS agnostic slicer (CAB, AAF, ATF) consistently 

depicted lower performances in comparison to their rule based content-specific (CSB) 

or manual equivalent (MAF, MTF). However, in most cases, differences measured 

between slices produced by the two slicers were statistically insignificant. Two 

exceptions to this rule occurred. The first occurred with respect to the ability of the 

content/ AHS agnostic slicer to remove superfluous content from native resources, 

w'hile the second occurred w'hen analysing any decrease in readability. Albeit, both 

cases could have been anticipated (since this slicer operates without any prior 

knowledge of the targeted resources to process), differences measured between slices 

produced using both approaches ŵ ere very small (about 10% difference in each case). 

Moreover, when measuring the impact both cases had upon user experience, no 

significant differences could be noticed. Notwithstanding these results are promising, 

it is worth mentioning at this stage that although the task, performed by contestants, 

was selected among other criteria based upon i t ’s linguistic dependency (section 

5.4.2.4), the low inq^act measured due to readability decrease could he due to the 

task chosen for this evaluation. Additional investigation should confirm these results 

within other reuse scenarios (section 6.3).

5.4.3.3 H3: C o n ten t/A H S  A gnostic  S licing Suitability  

and P roduction  C osts

As discussed in section 3.3.2, in order to support a large diversity of content 

requirements, the scalable j^roduction of content to AHSs should guarantee the 

provision of i) large volumes of content, ii) at low production costs, iii) suitable for 

arbitrary activities performed. Although the first condition is necessarily achieved 

through the selection of an open corpus reuse strategy, the j^erformance of a slicer 

with respect to the two other conditions is yet to be examined. For this reason, 

this section focuses upon investigating the suitability and cost of content produced 

automatically by a slicing system with respect to content manually produced for
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F igure  5.21: Maniial vs Content/AHS Agnostic Results

the same activity. The assumption is that, within the context of a specific reuse 

scenario, if the suitability and costs of content produced by such a technique can lie 

verified for a sample of independently selected niche requirements and oi)en corj)us 

resources, such a technique should scale for any niche content requirements using 

any open cori>us content. Issues detected at this early stage would only be amplified 

within a large scale deployment making any scaling pointless. The suitability of 

resources provided by the content/AHS agnostic sheer CAB, with respect to the 

task performed by contestants, along with the production costs of such content was 

therefore compared to content manually produced MCB specifically for this task.

With respect to content suitability,  results measured for tasks performed by 

users over both MCB and CAB content batches are presented in figure 5.21. As 

can be observed, the number of mistakes and time taken to perform e-assessments 

by the expert group, upon content created using a content/AHS agnostic slicing, 

appears to be higher than for the content produced manually. Although automated 

verb chunk armotation recall accuracies measui'ed outperformed those produced 

manually (Recall A=0.92, M=0.86) (section 5.4.3.1). manual annotations precision 

accuracies were slightly higher than those produced by the content/AHS agnostic
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slicer (Precision M=0.89, A=0.86), which could explain this slight incrccvse in errors. 

W hen analysing the results obtained for the trainee group, the same pattern  is 

observable, which would suggest content produced using a content/AH S agnostic 

slicing approach did induce users in error to some extent. Although the difference 

in errors between content batches was slightly higher for the trainee in comparison 

to experts group, an independent t-test indicated this difference was insignificant 

(mean dif. E  =  5.80%, T  =  7.48%, p — 0.8916), which would suggest that although 

content generated using a content/AHS agnostic approach did induce users to answer 

erroneously some assessment units, users from the expert group didn’t appear to 

use their language skills to coni])ensate content suitability differences between both 

batches. When trainees were asked whether, for content batch CAB, the number 

o f erroneous assessment units presented was tolerable, a mean score of 7 out of 

ten was measured. W hen asked whether Overall, I  fe lt this cmitent was adequate 

to perform a grammar training exercises both content achieved very similar scores 

[ M C B  =  8.33, C A B  =  8.57, p =  0.536) with t-tests again suggesting any difference 

observed was insignificant. These results indicate th a t although users achieved 

slightly lower performances on assessments generated using a content/AHS agnostic 

slicing approach, this tendency didnt appear to affect trainees more than the experts 

group of users, nor did it appear to decrease the perceived usefulness of the content 

for the assessment task performed.

\ \ ’ith respect to p ro d u c tio n  co sts , since the set of pages used as preliminary 

resources was purposely manually identified and harvested from the web (section 

5.4.2.5), no automated open-corpus identification was performed by the slicer during 

this experiment. Nevertheless, in order to provide a fair comparison with a maruial 

production api^roach, an estimation of tim e required by the slicer to perform this 

task ŵ as necessary. Teachers were asked to only identify open-corpus resources 

matching specific criteria combinations (such as topics covered, tenses etc.). Hence, an 

automated resource identification time estimation based upon traditional IR services 

would have created an unfair advantage towards the slicer, since these technicjues 

only provide keyword searches with little guarantee th a t resources identified do 

satisfy these criteria. For these reasons, the OCCS focused crawler [Lawless2009]
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was oonsiclerecl a fairer option since it provides the m eans to  specify content to  be 

identified l:>ased upon a w ider range of constra in ts (inchiding topics covered) and 

also guarantees resources identified, if any, meet these sets of constraints.

r im e  m easiu'em ents ob tained  for th is experim ent reveal th a t  when no p a rticu la r 

content requirem ent was specified, teachers took an average of 3.75 m inutes to  

harvest open corpus resources and ex tract arb itrary  fragm ents suitable for grannnar 

exercises. Recjuesting resources to  be on a specific topic, only slightly increased 

the  average tim e m easured (4min) whereas requesting resources to  possess verbs 

conjugated  at particu la r tenses nearly trip led  the  tim e needed (10.5m in). These 

results follow comm on sense, since the ability of hum ans to  identify topics covered 

w ithin resources is much m ore stra igh t forward th an  for m achines, however the  

reverse is also tru e  when dealing w ith specific fined grained requirem ents such as 

verb tenses. Teachers in average took 4.25 m inutes to  a n n o ta te  fragm ents (189 

words in average, 14 anno ta tions per fragm ents) leading to  a to ta l tim e ranging 

from 8 niin to  14.75 min to  produce these resources. T he resu lts of th is process 

would require the equivalent of between 1.5 to 2.8 years of m anual labor necessary to 

produce a hundred thousand of such resources. According to  [Lawless2009]. a tim e 

performance of 149,993 valid resources identified in 43h was m easured for the OCCS 

(w ithout any C entral Processing Unit (CPU) parallelisation). This is equivalent to 

17.2 * 10“ '̂  m inutes of identification tim e necessary per page. Sum m ing ex traction , 

annotation  and slice creation tim e performed on a 2.8GHz m achine leads to  a to ta l 

of 5.4 *  10“ ' m inutes necessary to  produce each page, which represents a hundred  

thousand pages produced in 37 days. Assum ing no parallelisation was used during 

the  slicing ])rocess (section 3), th is already represents a difference of up to  96% 

production time increase w ith respect to its manual production equivalent. A lthough 

au tom ated  and m anual p roduction  tim e are clearly not d irectly  com parable, one 

can assum e in m ost cases, server costs per tim e un it to  be nnich lower th an  labor 

costs. C onsidering how low server p roduction  tim e were m easured  in com parison 

to  a m anual activity, au tom ated  content production cost can be inferred to  be also 

much lower th an  a m anual approach and hence m ore scalable for large num ber of 

resources produced.
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5 .4 .3 .4  O v e ra ll  C o n te n t  S a t is fa c t io n

Finally, after being presented each content, users were asked w hether if Overall,  

[they] felt this content was adequate to perform such an task. Content-specific (CSB) 

and  con ten t/A H S  agnostic (CAB) batches achieved the  best scores, w ith m eans 

resj^ectively equal to  8.89 and 8.57 in com parison to  native content (N CB), which 

only achieved 6.85 {p <  0.034) (figure 5.23). Surprisingly, content batch  M CB only 

achieved a score of 8.33. Tlie difference with both content/A H S specific and agnostic 

l)atches however was insignificant.

Moreover, when asked to order contents in order of preference, 56% of users placed 

CSB content in first j)osition (figure 5 . 2 2 ) closely followed by CAB, w ith the overall

14 Due to a data gathering error discovered after the experim ent was carried out, the data collected
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m ajority  ])laciiig content in its native form (NCB) in the last i)osition. These overall 

resu lts confirm  and reinforce the trend  observed across variables, which suggest 

the  reuse of existing resom'ces was improved through the approach of slicing, w ith 

content/A H S agnostic slicing achieving very close performance to  its content-specific 

eciuivalent.

for batch MC’H was (ornii)ted . For this reason, this batcli is om itted  from this graph
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5,4.4 R esult Sum m ary and Discussion

This section presented an experiment, apphed within the appHcation domain of a 

language e-assessment scenario, and designed to evaluate and compare alternative 

forms of open-corpus reuse. More specifically, the reuse performance and quality of 

the content delivered by the sheer, im[)lemented for the purpose of this research, was 

evaluated via a user trial.

Results of this experiment provide evidence that the process of slicing open-corpus 

resources does improve their reuse, while at the same time minimising any decrease 

in the (juality of original content delivered (HI). In particular, the aljility to remove 

superfluous content from these resources appeared to have a significant impact upon 

their reuse. Despite depicting lower performances, results obtained for content 

produced using a content/A H S agnostic approach to slicing were very close to its 

content specific equivalent (H2). Differences w'ere all statistically insignificant w'ith 

exceptions occurring with respect to the correct removal of sujjerfluous content as 

ŵ ell as decreases in reading quality of content producc'd. Both results (iej)icted a 

decrease in performance of around 10% for content/AHS agnostic batches. In both 

cases how'ever, the impact perceived by users was insignificant. Although tasks 

accomplished by users were selected specifically based upon their dependency over 

content quality (section 5.4.2.4), additional experiments investigating the impact 

caused by such a decreases in {)erformance, within alternative use cases, would 

nevertheless be beneficial.

Similar results were obtained when comparing suitability performance between open 

corpus content reused manually with content reused using a content/AHS agnostic 

slicing approach (H3). Results indicate that although content/AHS agnostic slicing 

constantly portrayed slightly lower performances than those manually produced, these 

difl'erences had no noticeable impact from the point of view of users. Nevertheless, 

when taking into account production costs of both content batches, resources 

generated using a content/A H S agnostic apj^roach significantly outw^eighed those 

manually produced. Hence, in the context of a high speed, low cost i)roduction 

environment, one could easily assume any content produced w'ith unsatisfactory
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suitability to be discarded and rapidly replaced, which could compensate any decrease 

in suitability.

Results obtained as part of this evaluation appear to indicate that a content/AHS 

agnostic sheer can improve the reuse of open corpus resources within AHSs through its 

ability to deliver these resources i) as right-fitted slices, ii) without any pre-determined 

conditions''* and iii) based upon a variety of AHS niche content requirement 

specifications, undeterm ined in advance. Content/A H S agnostic slicing reuse of 

open corpus resources would thus appear to  represent a promising approach to 

consider for the delivery of resources within AHSs. Results indicate that its ability to 

produce large vohunes of content on-deniand, at very low costs and with a suitability 

comparable to manually produced resources, could provide a scalable solution to the 

content delivery needs of AHSs according to requirements presented in section 3.3.2.

It may be argued that the reuse scenario (including the choice of w'hat constitutes 

discerning m eta-data) selected for the purpose of this experiment only represents 

one specific use case of oi)en corpus reuse. Section 5.5 of this thesis, for example 

j)resents the same sheer impleinentation used to  serve other use case scenarios. 

However, further investigations will be required to determine the full range of reuse 

scenarios possible (section 6.3), which slicing approaches could support. However, 

this experiment strongly suggests th a t the abihty to go beyond the one-size-fits-all 

delivery of open corpus content and autom ate the right fitting of such resources 

for reuse within various content consumers is possible, with a minimal decrease in 

cjuality of this original content.

'^W itli ii i  tlip ran ge  of coitteiif considered  for th is  research  (section 5.2.10)
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5.5 Independent AH S Evaluation

5.5.1 Evaluation O bjectives and H ypothesis

The results obtained in the experiment presented in section 5.4, suggested th a t 

the use of content/AHS agnostic slicing techniques does improve the reuse of open 

corpus resources, with a performance close to content-specific and manually produced 

resomxes, at much lower costs.

I'he reuse vehicle built and selected for the purpose of this experiment however did not 

technically represent a pure content/AHS agnostic sheer/slice consumer relationship. 

Design requirement DR 2 (section 3.3.2) defined a content/A H S agnostic sheer 

as a system w'hich j)roduces slices i ) for an non-established set of AHSs, built 

independently of the sheer, using techniques which do not require any predefined 

knowledge of either ii ) the resources targeted or iii ) the reuse purposes (i.e expressed 

as niche content requirements). Although the open corpus resources (ii), as well 

as the combination of niche content requirements (iii), provided as an input to 

Slicepedia w'ere indeed unknown to its designers, both the Slicegap slice consumer 

and language use-case scenario were kiiowai in advance by Slic^epedia designers. For 

this reason, the previous sheer/slice consumer relationshij) conies short of correctly 

fulfilling requirements (i) and (iii).

The experiment j^resented in this section hence investigates whether a set of open 

corpus resources, unknowai at design time (ii), reused via content/A H S agnostic 

slicing techniques, could be recomposed within independent AHSs (i) in order to 

serve use-case scenarios unknown in advance by sheer designers (iii).

H ypothesis:

HI) Content produced by a sheer can be successfully recomi)osed within an 

independent AHS system
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5.5.2 Slice Consum er Selection

While the slice consumer selected for the previous experiment aimed at minimising 

interface complexity, in order to assess resources individually using a simple interface, 

the slice consumers presented in this section in contrast provide an independent user 

interface, independently recomposing slices with arbitrary proprietary content.

The sheer prototype, ini[)lemented for the purpose of this research, was therefore 

integrated as a content delivery service within an independent eLearning AHSs. The 

chosen AHS combined proprietary manually produced content, specifically for the 

purpose of each platform, along with slices produced automatically and on-demand 

by Slicepedia. Hence, in comparison with the experiment carried out in section 

5.4, results for this experiment were measured through an independent AHS user 

interface, built without any Slicepedia designer involvement. In other words, decisions 

regarding how slices w'ere delivered to each AHS would be selected, recomposed or 

reused were solely taken by the team responsible for each AHS.

The AMAS AHS consisted of an upgraded version of the Adaptive Media and 

Services for Dynamic Personalisation and Contextualisation (AMAS) AHS prototype 

[Staikopoulos2012], targeting undergraduate university students in the area of 

S tructured Query Language (SQL) programm ing (figure 5.25). The platform  was 

built independently of Slicepedia (i), for a use case scenario unknown in advance by 

Slicepedia designers (iii).

The underlying architecture of the AMAS and PM CC platform s are very 

representative of most modern AHSs (section 2.2.2). For this reason, these platforms 

apj)eared to provide a valid representative example of hypothetical contemporary 

slice consumers. Both AHSs are built through the combination of standard modules 

consisting of a narrative component, a user model, a content model, an adaptation 

engine as well as a portal displaying the resulting personalised experience to users. 

In addition to a content model, the AMAS platform also contains a service model 

enabling it to adapt various services based upon user needs.

Figure 5.24 presents the architecture of the AMAS AHS [Staikopoulos2012,
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Staikopoulos2013]. As in most adaptive courses, tlie platform initially requires 

the educator designing a course to input a set of three fundamental building blocks. 

These consist of i) a list of concepts and tasks from the learning domain (e.g. SQL 

connnands and triggers) as well as ii) sets of learning activities based upon these 

concepts or tasks (e.g. Building an SQL table etc.). Finally, a iii) set of adaptation 

rules that govern how the concepts and tasks should be adapted based upon various 

contexts (e.g. for novel/expert learners) is also required. All of these elements can be 

produced using an authoring tool such as Generic Responsive Ada[)tive Personalized 

Learning Enviromnent (GRAPI’LE) [Conlan2013F]. These three elements are then 

combined by AMAS into a narrative, which can be evaluated and jjrocessed by the 

adaptation and personalisation engine module (S). The latter analyses the narrative 

it receives and produces from it a personalised learning activity for each user by 

taking into account their individual characteristics stored within the user model (W). 

This personalised learning activity describes the learning workflow (concepts and 

tasks), which will be presented to each individual user. It is then handed over to the 

enactment engine (T), which is responsible for gathering all the components necessary 

to build this specific learning activity. For each concept or task encountered within 

the i)ersonalised learning activity, the enactment engine requests sets of content 

and/or services to the match making module (U), which attem{)ts to return the most 

adequate content or service, based upon the combination of prerecjuisites related 

to each concept and tasks it is provided with. This is performed by analysing in 

detail the m eta-data contained within the content (Y) and service (X) models. URIs 

pointing to the most adequate content and/or services identified are then returned to 

the enactment engine wiiich forwards them to the portal. The later finally presents 

the learning activity to each user by combining each content and/or services, referred 

to by the enactment engine, into a coherent presentation.
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5.5.3 C ontent Production

In addition to the proprietary resources produced in advance by educators (selected 

by the AMAS team ), Slicepedia content was incorj)orated within the AMAS AHS. 

As is described in figure 5.24, the Slicepedia service was integrated within the AMAS 

platform through the matchmaking component. For each concept encountered within 

the personalised learning activity, the enactment engine requested both proprietary 

and open content. Proprietary content was identified by the matchmaker by analysing 

m eta-data  contained within the content model as described above, whereas open 

content on the other hand was identified by querying Slicej)edia (using keywords 

and/or conceptual searches depending on DBpedia concepts tagged) directly through 

the use of a Slicepedia Client library, provided by Slicepedia designers (section 4.5).

\Miile i)roprietary content, related to each topic covered by the course, was accessed 

as pre-existing fiat files through a local repository, Slicepedia content on the other 

hand was produced and delivered to AMAS in real time. The slices were produced by 

Slicepedia on-demand, based upon niche content requirements submitted by the AHS 

with respect to individual user interaction. In other words, slices were produced only 

after the selection by individual users of arbitrary concepts. Hence, although prior 

open corpus harvesting was performed by Slicepedia prior to any user interaction (see 

below), the delivery by the AMAS AHS of niche content requirements to Slicepedia 

was perfortned only as users were interacting with the platform.

As described above, since the AMAS system separates the m eta-data related to 

j)roprietary content from the content itself, only URI references pointing to this 

content are returned by the matchmaker. W ith respect to open content on the other 

hand, the content itself is returned directly to the enactment engine. Prior to doing 

so, the slices received by the m atchm aker were also processed in order to extract 

only the content to be presented to users (i.e m etadata contained within the slices 

was not displayed to users).
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F igure 5.26; AMAS Content Batch Creation

This integration between tlie two platforms was put in place by way of the follow'ing 

four steps ( figure 5.26).

S tep  1 / O pen-corpus R eposito ry  Specification; AMAS educators were initially 

requested to provide an arbitrary list of online repositories containing resources they 

wished to target for slicing. The list provided to Slicepedia ultimately consisted of 

six websites, mostly consisting of online SQL tutorials.

S tep  2 /  S licepedia slicing: Repositories provided were then crawled^® by

Slicepedia, harvested and prepared for reuse according to a Slicepedia request of 

type SRi (section 4.2.2).

S tep  3 / Slice delivery: Finally, once all pages were processed, slices where 

generated (using Slicepedia requests of type SR3)  and delivered to AMAS in real-time 

based upon predefined SQL topics contained within the course and selection choices 

made by users.

S tep  4 /  Slice recom position: Groups of slices received per topic were finally 

recomposed by the AMAS system into an accordion type interface (see figure 5.25).

^®The SOLegs crawler was set with a depth crawl equal to two
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5.5.4 Experim ent Scenario

For this experiment a group of 88 undergraduate students, a ttending a th ird  and 

foiuth year university database course, were presented during one semester with an 

online personalised SQL course consisting in the AMAS AHS platform  presented 

above. This authentic case study was overall very similar to a previous study carried 

out by [Staikopoulos2012]. As part of this course, students were required to complete 

various database related tasks (such as designing and implementing a database). 

For each activity, students were presented with SQL related proprietary material 

covering toj^ics required to be mastered, which they could study in order to perform 

these tasks. In contrast with the original use-case presented by Staikopoulos however, 

the platform also incorporated content dynamically generated by Slicepedia on 

demand for each arbitrary  topic and recomposed by AMAS as seen in figure 5.25. 

This experiment was run by the designers of the AMAS system independently from 

Slicepedia designers.

Following the completion of all tasks, users were presented with a ciuestioimaire 

answered using a five j^oint Likert scale. In addition to existing questions related 

with the AMAS system itself, the designers of this AHS kindly agreed to include 

additional questions related to  Slicepedia content. Hence, for continuity purposes, 

questions related to the content delivered by Slicepedia to AMAS were similar in 

nature than those presented to users in section 5.4.
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5.5.5 Results

Among the groiij) of 88 stiidents which accomplished all the SQL tasks presented to 

them, 50 students provided answers to the questionnaire at the end of the semester. 

Figure 5.27 present the results obtained from this (juestionnaire, with respect to the 

content produced by a sheer for recomposition within an independent AHS system. 

As can be seen, results obtained for questions related to the Slicepedia content, 

recomposed within AMAS, depict a very large proportion of undecided users. This 

situation occurred as well on many of the other AMAS related (luestions presented 

to users.

For the purpose of the previous experiment (presented in section 5.4), a ten point likert 

scale w'as chosen in order to  jjush users to make a judgement. I 'h e  (luestioimaire 

j)resented to undergraduate students for the purpose of this AMAS experiment 

however, jjrovided instead a five j^oint likert s c a l e ' T h i s  decision might have 

induced users not to make any decision and choose a more neutral position overall. 

Also it transpired th a t, based ui)on user comments analysed while processing the 

results, some students had not noticed the Slicepedia content on the platform at all! 

It turned out that this situation occurred depending on the screen size used by each 

student. In some circimistances, the Slicepedia content appeared below' the level of 

the screen and required a lot of scrolling, which might explain why some students 

didn’t notice this (content. Finally, a last possible reason which could perha{)s explain 

this large number of undecided users across the entire (juestiomiaire, could be due to 

the fact th a t the additional Slicepedia questions were provided to  students at the 

end of all the other AMAS ciuestions. According to the lecturers, present w'hile the 

(}uestions were being answered by students, the time available to go through each 

question was relatively short. Hence, the large number of undecided users could be 

also a result of this combined situation.

Nevertheless, despite the large number of undecided users, the residts obtained do 

j)rovide some indication into how' Slicepedia content was perceived overall within the

'^As the experim ent i)resented in this section waa carried out as part o f a larger experim ent, the 

decision concerning tliis scale was taken by tlie A M AS team
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F ig u re  5.27; Slicepedia resources within the AM AS platform

AM AS AHS by students which did interact w'ith it. Wlien asked whether the resources 

provided by the slicer were of similar quality to the rest o f the content presented to 

them (Q I), 29% of contestants provided a positive answer in contrast with only less 

than half this amount (13%) responding negatively. This is a very positive results, 

suggesting the cjuality of resources produced via a content/A H S agnostic slicing 

could i)erform reasonably well in comparison to tha t manually produced in advance 

for a dedicated platform. On the other hand, w'hen asked whether missing portions 

of content [made resources] hard to understand  (Q2), a slightly higher proportion 

of students agreed with this statem ent in opposition to those who disagreed (23% 

and 19% respectively). A lthough this represents only a 4% difference, this results 

appears to confirm the reading quality decrease measurements obtained earlier for 

the experiment carried out in section 5.4 with content/AHS agnostic content. Wlien 

asked whether these resources contained irrelevant material (Q3), an equal amount of

261



users surprisingly responded both j)ositively and negativ(>ly, which does not provide 

enough conclusive evidence on the slicers performance with respect to this dimension. 

Finally, w^hen asked whether these resources were beneficial ni learning the topics 

covered (Q4), 27% of users responded positively with only 18% disagreeing, wdiich 

provides some indication tha t the slices provided by Slicepedia did contribute to the 

overall experience of users on the AHS platform.

5.5.6 R esult Sum mary and D iscussion

Despite a large lumiber of undecided users, these results appear to indicate th a t 

the incorporation and recomposition of content/A H S agnostic content wdthiu this 

independent AHS provided a j)ositive experience to users; both in comparison with 

proprietary content as well as in term s of the ability for such content to support 

this learning experience. This would suggests a content/A H S agnostic sheer can 

indeed be built to support the production of content for reuse use-cases unknown in 

advance by its designers w’ithin independent AHSs. The results obtained as part of 

the AMAS experiment also ap{)ear to reinforce previous results obtained in relation 

to possible decreases in reading quality.

As mentioned in section 5.5.4, as this experiment w'as conducted in conjunction 

wdth an independent evaluation of the AMAS AHS, only a small set of questions 

could be presented to users, which clearly limited the extent to which the analysis 

of this integration could be performed. Nevertheless these results, do represent an 

encouraging first step with respect to the ability to  supply slices, j)roduced by a 

content/AHS agnostic sheer to independent AHSs. Additional exj)eriments, currently 

underway with the AMAS team, are investigating the usage of Slicepedia’s open 

content within the same scenario, using a different recomposition interface^^ as well 

as with an additional set of (juantitative metrics. Finally, during the interaction with 

the AMAS team, it transpired that most of the niche content requirement dimensions 

of interest to this platform evolved mostly around topical and granularity dimensions 

of the slices produced. Further experiments, investigating the usage of slices w'ithin

^*With the screen sizing interface issue m entioned in section 5.27 solved
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a scenario involving a more diverse range of content reqnirenients would be very 

valuable along with a correlation between the impact of varying content requirement 

requests u])on users.
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5.6 Conclusion

This chapter presented a set of evahiations aimed at addressing the third objective 

of this thesis; namely to evaluate the overall performance of the approach in general 

as well as the sheer prototype implemented and presented in the previous chapter. 

Analysis of the fragmentation approach selected for the purpose of this prototype was 

presented along with user-trial evaluation of the overall prototyi)e implementation. 

Various trade ofts and limitations of both the fragm entation ai)])roach as well as 

the slicer prototype developed for the purpose of this research were discovered. The 

following chapter j)resents a summary of what was performed for the purpose of this 

research along with a sunnnary of overall results obtained from these evaluations.
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Chapter 6

Conclusion

6.1 Introduction

riiis  chap ter coiichides th is investigation by providing a su n n n ary  of w hat was 

achieved witli resj)ect to  th e  overall goals and objectives enunciated  in th e  first 

chapter of this thesis. Specifically, the experim ental results obtained , as well as the  

lim itations of the  i)rototype and ap{)roach proposed by th is research are discussed. 

A dditionally, th e  overall con tribu tion  of th is research and p o ten tia l d irections for 

fu ture research arc also outlined. This chapter begins in section 6.1.1 by reitera ting  

the research (juestion addressed within this thesis, as well as each underlying objective. 

W hat was accoini)lished for each of these objectives is svnnm arised and discussed. 

Section 6.2 thereafter discusses the overall contributions of this investigation including 

research publications th a t have resulted from this work. Finally, section 6.3 concludes 

this chapter by presenting areas which will require further investigations to  be carried 

out, extending the work presented in th is thesis.
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6.1.1 Research Q uestion

As stated  in chapter 1, the investigation carried out witliin this thesis is ’’focused 

upon the design and development of a service tha t improves the reuse of open 

corpus content available on the WWW (section 1.2). More specifically, the research 

question investigated in this thesis is: W liat are the techniques and technologies 

required to improve the reuse of open corpus resources within independent AHSs? 

By reuse improvement, this thesis focused upon the ability of AHSs to recjuest 

oi)en-corpus resources i) w ithout any pre-deterniined conditions it) as right-fitted 

content packages, lii) based upon a variety of possible AHS content requirement 

specifications, undetermined in advance.”

In order to address this cjuestion, the thesis has proposed the notion of a slicing 

api)roach to open corpus reuse. This approach enables the harvesting, right-fitting 

and tielivery of open web content as slices, which can be directly incorporated and 

recomposed w'ithin independent AHSs.

This approach has been achieved through a novel combination of technicjues from 

the areas of NLP, IR and semantic web. These technicjties have been integrated and 

evaluated w'ithin a sheer called Slicepedia. The results of this investigation indicate 

tha t such an approach i) improves the reuse of open-corpus resomces (through 

its ability to  right-fit content on demand, for a variety of content reciuirements), 

li) w ithout the need for any pre-determined conditions concerning open-corpus 

content targeted for reuse. This approach in)  could produce resources recomposable 

and reusable within independent AHSs, iv) for use case scenarios unknown in advance 

to sheer designers, and v) could support the scalable supply of resources for platforms 

with a large number of individual user needs (by delivering resources of similar quality 

than that manually produced for the same activity at nuich lower costs)

As mentioned in chapter 1, the underlying research process chosen for this 

investigation involved focusing upon the overall end-to-end reuse of open corpus 

resources (from harvesting to  reuse within independent AHSs) as opposed to 

individual steps of this reuse. For this reason, although the experiments carried out
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were achieved over the widest range of resources possible (based ui)on the ability 

of sta te  of the art coiiii^oiients used), this range was narrowed down to a subset of 

resources (news or encyclo])edia articles) due to  the lim itations of the fragm enter 

component of the pipeline selected for this research. Nevertheless, this range is 

sufficiently large and diverse to prevent the slicer in determ ining in advance the 

resources being selected for reuse and therefore it is still a satisfactory range for the 

purpose of the argument supporting content agnosticity capabilities of such reuse.

Given that the result of this research indicates content agnostic slicing is achievable 

with a performance close to content specific slicing, future research should focus upon 

expanding the range of open corpus resources targetable by an agnostic approach. In 

the event targeting a larger range isn’t feasible, several content-specific slicers could 

be used instead. However, as mentioned in chapter 1, doing so will also increase 

niaintainability requirements. For this reason, when possible a content agnostic slicer 

should be preferred in comparison to a content specific approach.

Secondly, as evaluating the recomposability of slices within an array of most popular 

existing independent AHSs was impractical, the independent AHS chosen for the case 

studios carried out as part of this research was chosen based upon its architecture 

being typical of modern AHSs. The decision to choose an AHS with a similar 

architecture to most sta te  of the art system was taken to alleviate as nuich as 

possible this impracticality. The author of this research is fully aware however tha t 

additional experiments, using various AHSs, will be needed to confirm this claim.

A series of trials, involving authentic real life user needs, was conducted, which 

suggests tha t the use of a slicer can significantly improve the reuse of open co'’pus 

resources, while at the same time minimising any decrease in quality of the original 

content. The suitability of resources presented to users also appeared to perform 

very well within user trials in comparison with content specifically produced for each 

sets of tasks.

In addition to  addressing the overall research question presented in chapter 1, 

this thesis, along with publications resulting from this research*, has also met the

'T h e  publications contributing to  each objective are listed in the contributions section
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individual research objectives identified in (section G .l.f). Each of these objectives is 

discussed individually below.

6.1.2 Research O bjectives

R esearch O bjective (1): To investigate and specify techniques and technologies 

which can be used to enable automated reuse improvement o f open corpus resources 

capable o f supporting niche content requirements o f independent AHSs.

In order to achieve this objective, an integral part of this research involved conducting 

a s ta te  of the  a rt review of content reuse, adap ta tion  and supply approaches in use 

in the  research com m unity in general, as well as in AHSs.

This review identified and classified various content reuse paradigms, used extensively 

w ith in  th e  research connnunity  in general. T he review' subsequently  presented 

the  overall a rch itec tu re  of m odern  AHSs and m ore specifically, focused upon the  

interaction of content models in such systems with other parts of their architectures. 

This w'as later followed on by an analysis of various AHSs content supj)ly approaches 

available in the  lite ra tu re  and  their lim itations. T his in itial review led to  the  

identification of lim itations in the  content supply api)roaches currently  in use, along 

w ith potential oi)portunities for improvements.

T he second p a rt of th is review' presented a  review' of con ten t reuse and analysis 

approaches. More specifically, an overview of successful content reuse approaches, as 

well as a detailed review of existing content fragm entation algorithm s was carried out, 

since this jjrocess w'as identified a t an early stage of th is  research as representing a 

critical component of any au tom ated  open corpus reuse. This content fragm entation 

review' also served as a basis for the  selection of an algorithm  to  be used w ithin the 

content supply prototype implem ented for this research. Finally, a review of sta te  of 

the  a rt NLP algorithm s used for content analysis purposes was also carried out.

R esearch O b jective (2): To design and implement a content/AHS agnostic slicing 

service, based upon these techniques, which can provide the on-deinand harvesting, 

customisation and delivery o f open corpus content to AHSs.
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M otivated  by the  analysis presented in cha[)ter 2 of existing lim ita tions in AHS 

content supj)ly m echanism s, as well as advances in th e  s ta te  of the  a rt of NLP, IR 

and sem antic web techniques, an ai)proach to AHS content provision through slicing 

was proj:)osed, which enables the  custom ised reuse of open corpus resources w ithin 

independent AHSs.

T he sheer arch itec tu re  proi^osed in chapter 3, addresses all aspects of th is research 

objective, as it enables the  generation of content packages (consisting of slices) 

from open-corpus resources, righ t-fitted  according to  a large range of possible 

conten t requirem ents (defined th rough  the  slicers CA S), w ithou t th e  need for 

any pre-determ ined conditions concerning open-corpus resources targe ted  for reuse 

(th rough  th e  selection of in ternal com ponents opera ting  independen tly  of content 

processed). Since the  entire arch itectu re  is fu lly-au tom ated , the  sheer arch itec tu re  

pro])osed can support the on-deniand provision of content requirem ents (by AHSs to 

the sheer), as well as the on demarid harvesting, custom isation and delivery of open 

corpus resources. In order to  suj)port the  possibility of providing larger volumes of 

resources, as well as wider content requirem ents specifications, the slicer architecture 

proposed for this research was also designed so as to  enable the creation of a so-called 

web o f  slices, achieved through th ird  party  in stitu tion  collaboration.

In order to  evaluate this approach, a pro to type im plem entation of th is architecture, 

called Slice])edia, was developed and applied w ith in  different a u th en tic  use case 

scenarios. As an initial stej), this conten t/A H S agnostic im plem entation focused on 

a subset of HTM L based o])en corpus resources, available on the W W W , w ritten  in 

the  English language. Nevertheless, in order to  perm it fu tu re  m ultilingual slicing 

investigations to  be carried out using the  sam e arch itec tu re , w henever English 

specific com ponents were selected for this im plem entation, references to  a lternative 

m ultilingual com ponents available to  the  com m unity  were j)rovided in chap ter 4. 

In o rder to  encourage the  ado{)tion of slicing j)ractices by th e  com m unity, for the  

purpose of th ird  party  institu tion  collaboration, the  im plem entation carried out for 

th is research was also achieved using only free open soiu’ce or SaaS com ponents.

Evaluations of the  Slicepedia p ro to type  have shown th a t  th is  research objective
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lias been met successfully, as the slicer was able to receive combinations of content 

requirements from AHSs, unknown in advance by Slicepedia designers, and i)roduce 

slices on demand (through the harvesting and right-fitting of open corpus resources) 

subseciuently delivered and reused for various AHS specific tasks.

The design and implementation of Slicepedia is documented in chapter 3 and chapter 

4 and a sum m ary of how each design requirement was supported is provided in 

section 5.3.

R e se a rc h  O b je c tiv e  (3): To evaluate the extent to which such a service can 

improve the reuse o f open corpus resources within independent AHSs.

This objective has been achieved through a series of evaluations investigating the 

performance of individual components of the slicer, as well a.s alternative prototype 

slicer implementations within different AHSs. Most of these experiments w’ere each 

performed over parallel sets of content simultaneously. More specifically, performance 

was measvu'ed, within authentic user-trial scenarios, in term s of fragmentation 

accuracy, suitability of content to perform tasks, right-fitting accuracy and production 

costs of content produced. A m ultitude of metrics have been used throughout 

these experiments, including ARI, sizing percentage index, time performance (for 

fragm entation accuracy and production costs), as well as task completion time, 

mmiber of mistakes, j^erceived suitability, annotation precision and recall, content 

summarisation cjuality (for content suitability aiifl right-fitting performance).

Since the process of structurally  fragmenting resources representc'd a critical 

component the sheer architecture presented within this research, the first evaluation 

carried out for this investigation consisted of an analysis of DCF algorithms selected, 

based upon the sta te  of the a rt review, as the most promising approach at the 

time. The analysis confirmed tha t this approach to content fragm entation could 

indeed process any HTML resource individually, regardless of tag structure, domain or 

language used. However, limitations related to time performance, parallel multilingual 

accuracy and content type dependencies were also discovered. Since multilingual 

slicing was considered out of scope of this research, this aspect of the research was 

postponed for future work. Tim e performance limitations however were addressed
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by proposing a new variation of DCF algorithms, wdiich stabihses time performance 

across fragment output sizes. Limitations clue to content type dependent accuracies 

on the other hand, required subsequent experim ents to narrow' down the range of 

resources targetable by the sheer to a subset of W W W  content. Since this subset 

represents a very large volume of open corpus resources, this limitation didn’t ])revent 

the rest of this research, related to open corpus slicing, to proceed. Nevertheless, as 

mentioned in section 6.3, this discovery represent an im portant lim itation, wdiich 

should be addressed if such a fragmentation approach is to be selected permanently 

for content slicing purposes.

Following this analysis, and w'ith the intention of validating the j^rototype 

imijlementation developed for the purpose of this research, a summary detailing how 

each implementation decision taken within the previous chapter contributed to design 

requirements (enunciated in chapter 3) was j)resented. Since many implementation 

decisions contributed to several design requirem ents simultaneously, a graphic 

sunmiarv of these requirement imj:)lementations de{)endencies w'as also provided 

to the reader for clarification purposes.

Following this im plem entation validation, the entire slicer prototype was then 

evaluated with respect to its ability to i) improve the reuse of o{)en-corpus resources 

within AHSs (through right-fitting) and ii) provide content suitable for an arbitrary 

task iii) for j)latforms recjuiring large diversities of unpredictable content requirements. 

The results of this evaluation have shown th a t the process of slicing open corpus 

resoiu’ces does improve its reuse within AHSs and can be achieved using content/AHS 

agnostic techniques with minimal decrease in performance relative to content-specific 

technicnies. Decreases in i)erformance of about 10% were measured w ith respect 

to the successful removal of superfluous content w ithin native resources, as well 

as with the ability of the slicer to preserve the original reading quality of native 

resources. A lthough users did notice these differences, any im pact upon the tasks 

performed w^ere measured as statistically insignificant in both  cases. W ith respect 

to the suitability of resources delivered by Slicepedia, results sluw  th a t content 

autom atically producefl by the slicer constantly performed lower in comparison to
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content m anually jjroduced for the  sam e activity. A lthough content produced by 

the sheer did apj)ear to  induce tria l participants in m aking slightly more mistakes, 

users however perceived th is difference as being tolerable. Moreover, although the 

process of slicing open corpus resources did affect the reading quality of content 

reused, users with higher levels of English did not appear to use their language level 

to compensate differences in content quality. Results for this experiment also indicate 

th a t, despite quality  decreases w ith respect to content produced, the  benefits of 

using a sheer for the  purpose of AHS content provision outweigh those offered by 

the m anual ijroduction of sim ilar resources for very large num ber of diverse users. 

While the latter can provide highly curated quality content, the costs involved in the 

production of such resources prevents such a service to be deployed to large number 

of users w ith diverse needs. T he ability of a slicer, on the  o ther hand, to  produce 

resources w ith a quality  close to  th a t m anually produced, at nuich lower costs and 

on-demand based upon user needs, would represent a much better alternative overall, 

without the netxl to  predict in advance user needs. In such a scenario, content with 

insufhcient quality could easily be discarded and replaced.

In the fourth evaluation presented in th is thesis, the slicer prototype was used tis a 

content provision service, integrated within two individual AHSs built independently 

of the slicer, for use case scenarios unknown in advance to sheer designers. Content 

delivered by the  slicer was recom posed w ithin this AHS along w ith j)roj)rietary 

content produced specifically for th a t  AHS. Overall, user perception of content 

delivered by the slicer performed well compared to the proprietary content, and users 

perceived th is content to be beneficial to  the task  perform ed. In this experim ent, 

reading quality  perform ance of content supplied by the  slicer also depicted lower 

results than  proprietary  content which confirms previous results.

Overall, the  evaluations carried out w ithin this experiment involved more than  120 

anonym ous partic ipan ts  in online based user studies. These experim ents suggest 

th a t the reuse of open corpus resources w ithin independent AHSs can be improved 

by a slicing apj)roach. T hey also suggest this approach can be achieved through 

the  use of con ten t/A H S  agnostic techniques w ith sim ilar perform ances to  m anual
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or content-specific alternatives at the ])rice of slight decreases in content quality. 

Moreover, the ability of content/AHS agnostic slicing to reuse open-corpus resources 

on-deniand, without any pre-conditions, in order to meet niche content requirements 

unknowm in advance of content requests, provides a significant advantage over 

state-of-the-art alternatives when targeting independent AHSs involving large number 

of users with wdde and unpredictable diverse needs.
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6.2 Contributions

The major contribution of this thesis is a novel approach to c o n te n t /A H S  agnostic  

open corpus content reuse w ithin  AHSs, which combines NLP, IR and 

semantic web techniques. In particular, this innovative approach is capable of 

harvesting open corpus resources and customising them, on demand, according to 

specific niche content requirements provided by individual AHSs, fully automatically. 

Moreover, this approach enables a better integration of oj)en corpus resources within 

various independent AHSs, via a new content suj^ply service loosely coupled with 

individual AHSs. The sei)aration of concerns between the suj^ply of content and 

its composition provided by this service, enables AHS designers to focus on the 

adaptation and composition of resources presented to users rather than the provision 

of such resources. Several user-trials conducted within this investigation, suggest 

this approach improves the reuse of open corpus resources within independent AHSs, 

with minimal decrease in quality of original resources targeted for reuse, at low' costs. 

I'his approach thereby advances the field of adaptive hypermedia by jjroviding a 

novel, independent content supply service, providing large volumes of customised 

resources to AHSs, on demand.

In addition, the thesis has presented an architecture called Slicepedia, which 

implements this approach by combining the harvesting of open corpus resources, 

NLP based content adaptation and semantic web data representation techniques. 

This architecture has been used as the basis for a series of prototypes, which have 

demonstrated the successful application of this content supply approach in authentic 

eLearning tasks. The prototyj^e service has been shown to successfully harvest, 

customise and deliver open-corpus resources as content packages, on demand, in 

order to meet niche content requirement needs of independent AHSs. The benefits 

obtained by using an automated and customised open corpus reuse approach, has 

uncovered new directions for the development of novel AHS content supply services 

as well as novel open and user-driven AHSs, availing of new opportunities offered 

by such content services (see section 6.3). In particular, it has been showai tha t 

open-corpus content reuse prototypes can be built using techniques which do not
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require tlie need for any pre-conditions of resources targeted  for reuse. Moreover, it 

has been sliown th a t a service using such technicjues can successfully support specific 

content needs of individual AHSs without any prior knowledge of such requirem ents.

r iie  con tribu tions of th is  research have also resulted  in a num ber of h igh-quality  

scientific publications as well as a  p a ten t filed a t the  US p a te n t office. In addition  

to  the  scientific con tribu tions of th is  thesis, th e  jiresented research work has also 

received connnercialisation funding from the Science Foundation Ireland (SFI), which 

provides add itiona l resources to  th e  research and developm ent of the  presented  

technicjues and technologies. This funding will be dedicated to pursuing future work 

{)ro[)osed in section 6.3.5, and build a next generation slicer-based, user-driven and 

oi)en, language learning AHS com m ercial p ro to type , w ith in  the  lines of the  initial 

hypothetical us('-ca«e scenario presented in the  design chapter of this thesis (section 

3.3.2.1). Those contributions are listed below'.

P aten t and C om m ercia lisation  Fund Aw^arded:

• Patent Filed: Levacher, K., Lawless S., O ’C onnor A., W ade V. (2011) ” A 
netw'ork system  for genera ting  application specific hyperm edia con ten t from  
m ultiple sources” , US Patent Office (contribution to  objective 2)

• SFI TIDA Award: Technology and Innovation Develoj)ment Award Feasibility 
2012 ’’Linguahox: Automated Open Content Repurposing Service to support
Personalized eLearning” (SFI 12/TIDAI2441)

A cadem ic Publications:

• Journal: (A ccepted for Pub lica tion) Levacher, K., Lawless S., W ade V. 
(2013) ’’Slicepedia; Content-Agnostic Slicing Resource P roduction for A daptive 
H ypernicdia” In the proceedings of the internatioval Journal of Corri.put.ej Sciencc 
and Information Systems (C om SIS’13) (contribution to  objective 2 & 3)

• Levacher, K., Lawless S., W ade V. (2012) ’’S licepedia : Tow^ards Long Tail 
Rc'source P roduction  th rough  O pen C orpus R euse” In the proceedings of the 
11th international conference on Web-based Learning (IC W L ’12) (contribution to 
objective 2 & 3)

• Levacher, K., Lawless S., W^ade V. (2012) "Slicepedia: A u tom ating  the  
P roduction  of E ducational Resources from O pen C orpus C o n ten t” In 
the proceedings of the European conference on Technology Enhanced Learning 
(E C -TE L’12) (contribution to  objective 2 & 3)
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• Levacher, K., Lawless S., W ade V. (2012) ’’Slicepedia: Providing C ustom ised 
Reuse of Open-W eb Resources for Adaptive Hyi)eriii('dia” In the proceedings of the 

23rd international conference in Hypertext and Hypermedia ( H T ’12) (contribution 
to  objective 2 &; 3)

• Levacher, K., Lawless S., W’ade V. (2012) ” An E valuation and E nhancem ent 
of D ensitom etric F ragm entation for Content Slicing Rcnise” In the proceedings 

of the 21rst international conference on Information and Knowledge M anagem ent  

(C I K M ’12) (contribution to  objective 1)

• Levacher, K., Lawless S., W ade V. (2011) ” A Proposal for the  E valuation  of 
A daptive C on ten t R etrieval, M odification and Delivery” In the proceedings of 

the first Workshop on Personalised Multilingual Hypertext RetTieval (FM H H ’l l ) ,  in 

conjunction with the conference Hypertext and Hypermedia ( H T ’l l )  (contribution 
to  objective 2)

• Levacher, K., Hynes E., Lawless S., O ’C onnor A., W ade V. (2009) ” A 
FranRnvork for C onten t P repara tion  to  Supj)ort O pen-C orpus A daptive 
H yperm edia” In the proceedings of the International Workshop on D yn am ic  and  

A daptive  Hypertext (D A H ’09), in conjunction with the conference Hypertext and  

Hypei-media ( H T ’09) (contribution to  objective 2)
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6.3 Future Work

6.3.1 Introduction

I'lie resoarcli clescrihed in this thesis ha.s presented a novel apj)roach to open-eorpus 

content reuse within AHSs, through their [provision via an independent sheer service 

capable of harvesting, customising and delivering such resources in (X)ntent j)ackages 

meeting arb itrary  niche content re(}uirements. Results obtained from evaluations 

presented in chaj)ter 5 suggest this approach could be successfully used a.s a AHS 

content i)rovision service within various use case scenarios. These promising results 

however, also offer several research opportunities for future work, extending potential 

capal)ilities of the service, as well a.s addressing lim itations discovered during this 

research. The remaining sections of this chapter provides an overview of the main 

areas in which future research could be undertaken.

6.3.2 Slicing C onten t/A H S  Agnosticity

As explained in section 2.3.4, the diversity of open corpus resources available on the 

W’W W  is very wide. A content/A H S agnostic sheer should hence ideally i>rovide 

slicing services for the widest range of resources targetable regarrlless of content 

format, language etc. In order to focus the evaluation of this research upon the 

overall approach to  open (’orpus reuse via slicing techniques, purposely narrowed 

down the range of resources targetable by the sheer prototype, implemented for this 

research, to any HTML based open corpus resources available within the English 

language section 3.3.2.

Hence, following the validation of this approach to reuse, the most obvious 

initial extension of this research would consist in extending Slicepedia to provide 

m u lt il in gua l s lic in g  services. To achieve this goal, comi)onents of the existing 

prototype could be rei)laeed, as an initial step, by multilingual alternatives as 

proposed w ithin chapter 4. If the use of DCF fragm entation algorithm s is to be 

extended for the j)nrj)Ose of nmltilingual slicing, the imi)act of parallel nmltilingual 

fragmentation precision decreases (with respect to fragment sizes as well as specific
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language coinbinations discovered in section 5.2.5) over the overall slicing performance 

of a nniltilingual sheer prototype should be investigated.

Furthermore, as Slicej)edia only targeted HTML resoiuces, future research should 

investigate extending the ojjen corj^us reuse approach proj)osed l)y this research to 

support mult i - format  slicing. This would include extending slicing j)rinciples 

to other popular textual formats such as PDF, Text and Word files, as well as 

more multimedia resources such as images, audio and video file formats [Ketterl2008, 

Yang2012].

Nevertheless, and more importantly, the content type dependency  l imitat ions  

of DCF algorithms, discovered during the analysis carried out in section 5.2, should 

l:>e investigated in priority by future research if the use of this algorithm is to be 

consolidated for the purposes of content/AHS agnostic slicing in general. The 

poor performance of these algorithms measured over n'sources with low levels of 

editorial control represents an important limitation for mainstream content/AHS 

agnostic sheer deployments. The sudden increase in volume of user generated content 

produced (such as forum, posts, tweets etc.) over recent years [Agichtein2008] 

further accentuates the need to resolve this issue in j^riority. As mentioned in section 

4.3.3.4.2, during the process of carrying out this research, the original DCF algorithm 

implementation proposed by [Kohlschutter2008a] has now being released as open 

source software, as well as other implementations too [Poniikalek2011]. For this 

reason, the content type analysis performed in section 5.2 should be initially repeated 

using this implementation instead, in order to conhrm results i^resented within this 

research. If this tlependency is confirmed, slicing limitations caused by this issue could 

be addressed l)y either i) improving DCF fragmentation itself in order to perform 

ecjually regardless of content type, or ii) involving open corpus page classihcation 

methods (as described in section 5.2.4.2) prior to fragmentation.

6.3.3 Sem antic Slicing

As presented in section 2.4.4, many approaches have been developed in recent years, 

which aim to analyse or segment resources based upon their semantics. However, at
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the time this researcli was been carried out, literature covering content fragmentation 

techniques (which was identified as a critical component of a sheer) did not appear 

to provide a clear account related to the benefits and disadvantages of different 

approaches, nor did it offer evaluations upon algorithm characteristics of importance 

for the purpose of slicing. As a result, research upon the reuse of open-corpus 

resources through slicing, heavily focused upon the benefits obtained through the 

right-fitting performed by slicers from the point of view of structural fragmentation 

(section 2.4.3) as opposed to semantic analysis. For this reason, a significant area 

of future research, extending the investigation carried out w'ithin this thesis, could 

build upon the slicer architecture presented in this document and instead explore in 

more depth semantic analysis aspects of this service.

An obvious extension of this work, could involve investigating A H S  driven  

real-t ime sem an t ic  analysis  of resources targeted for reuse. As for the content 

fragmentation aspect of slicing, since one of the design requirements of this thesis 

involved supporting possible third party institution collaborations, the process of 

structurally fragmenting and semantically analysing oijen-corpus resources ended up 

being performed a-priori of niche content requirement provision from AHSs. However, 

in the event this recjuirement is necessary, and as mentioned in section 4.2, both 

steps could be performed after the receipt of niche content requirements from AHSs. 

Hence the semantic analysis of resources could be performed specifically based upon 

the semantic needs of individual AHSs as opposed to generic potential needs.

A second semantic related area to be explored, and addressing an important 

limitation of the system developed for this research, would involve investigating 

c o n t e n t / A H S  agnostic  resource type de tection  analysis techniques for 

open-corpus documents. As mentioned in [Brusilovsky2007h], AHSs make extensive 

usage of annotation-specific information describing the type of documents presented to 

users (i.e: problem statement, example, theory etc.). The CAS offered by Slicepedia 

how^ever currently does not offer this right-fitting variable to slice consumers. The 

lack of such information about slices currently requires slice consumers to infer 

this information based ui)on the type of open corpus resources targeted by such
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systems. In the exj)erinient carried out in section 5.5 for example, the AMAS AHS 

designers targeted mostly ’’SQL How To” online resources (such as tutorials) for 

slicing, which contain mostly SQL examples. AMAS designers hence, inferred the 

majority of slices received would be of this type and therefore recomposed these slices 

accordingly within their platform. Clearly this information should be produced by 

the sheer itself in order to provide a more fine-grained descrij)tion of slices available 

for recomjiosition. Hence, the ability to detect the type  characteristics of open 

corpus sections, fully-automatically and without knowing in advance what resources 

are targeted for slicing, would enable slice consumers to select and secjuence slices 

according to these characteristics.

Finally, as results ol)tained from this research suggest the j)rocess of slicing 

open-corpus content affects the reading equality of native re^sources targeted for 

reuse, future investigations in semantic slicing should clearly attem pt to reduce 

reading quality decreases. This issue could be addressed by taking into account 

ana])hora resolution as proposed t)y [Ganguly201l], as well as narrative cohesion 

[Hargood‘2011] of content generated as part of the slicing process, which could improve 

tlie reading flow of content produced. Content combination decisions could also take 

into account the semantic combinability of individual fragments merged together 

into slices, in order to reduce any decrease in understandability.

6.3,4 A lternative Slice G eneration Techniques

Aspects concerning the slice generation unit of the slicing architecture presented 

in this research could also be explored. As mentioned in section 4.3.4.4, the 

generation of slices {)erformed by the Slicepedia prototype, comljines individual 

fragments originating only from identical native resources sources and only in 

increasing sequential order. Future research could hence explore aspects concerning 

non-sequenced m ulti-source slice generation procedures. A slicer implemented 

using such techniques would posses a higher reconipositional capacity than Slicepedia 

and produce slices through the combination of individual fragments originating from 

various sources, in orders not necessarily following the initial sequence in native
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resources.

riie area of federated slicing  introduced in section 4.4 could also be explored. 

Different levels of slicing federation could be investigated, in which Slicepedia would 

hand over various steps of the slicing process to other alternative indei)endent 

institutions by taking full advantage of the web of slices. This work would i)erniit 

various institutions to collaborate together and remove the need for a central slicing 

authority, which would increase the volume of slices available to the AHS conmiunity.

6.3.5 Slicer-Based N ext G eneration A H Ss

Finally, the ability offered by slicers for content to be supplied on demand to AHSs, 

based upon niche content requirements unknown in advance by slicing services, 

opens the possibility for new oi)portunities with respect to the development of AHS 

platforms. As referred by [Steichen2011a], Sheer based content supply services, 

remove the need for AHSs to predict in advance the quantities as well as specificities 

of content to be produced for individual users. Hence, novel open and user-dr iven  

A H S s  could be imj:)lemented, similar in style to the use-case scenario presented 

in section 3.3.2.1, in which users request personalised experiences to be produced 

within a more oj)en range of possibilities. In such AHSs, the content used within 

presentations would not be determined in advance of users using the AHS but instead 

would be identified and selected in real time, (and at the last minute) based upon 

individual user needs and j)references.
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Glossary

Vmnx tex t density  thresliold value.

U'x word wrapping.

P r^ ratio  of circum ference of circle to  its diam eter.

C A S  (introduced in section 3.3.3.1)

The resulting overall array of possible adjustm ents (such as the extent of control 

over granularity, style and anno tation) a sheer can offer upon an open-corpus 

resource is referrerl to  as a slicers CAS .

S C I C o n te n t

Self-Contained and hulei^endent content refers to  content packages which are 

t)oth concise and  self-sufficient. T hey are concise in th e  sense th a t  th ey  do 

not contain any superfluous content, unnecessary or detrim ental for the proper 

reuse of such resources. W hat is considered superfluous content can vary based 

upon the context of reuse of each resource. This could include navigation bars, 

merms or advertisem ent contained w ithin the original native resource, as well 

as content not related to a particular chosen topic. SCI content is self-sufficient 

in the sense th a t it can be reused or understood w ithout the need of additional 

external content. .

A -p r io r i  C o n te n t  P r o d u c t io n  M o d e l  (introduced in section 2.3.3)

T his thesis defines an a-priori content sujjply apj)roach as a supp ly  m odel 

in which the  conten t requirem ents needs of AHSs are  know'n to  th e  con ten t
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supply model a-priori of any recjuest, and resources are produced to match 

these requirements at design time .

A d ju s te d  R a n d o m  In d e x  (introduced in section 5.2.2.1)

I ’he Rand Index [Strehl2003] measures the similarities between two clustering 

methods by determining the number of agreements within two vectors. Within 

the context of this analysis, these vectors represent the fragment each particular 

tag belongs to. The ARI [Yeung2001] is simply a normalised extension of the 

Rand measure with agreements between clusters rated using values ranging 

from zero (no agreement) to one (perfect agreement) .

B o ile rp la te  (introduced in section 2.4.4.4)

Different definitions of what constitutes boilerplate content have been proposed 

based upon the application area they are been used in. It is usually vaguely 

referred to as non-inforniative parts outside of the main content of a page, 

repeated between web jiages and typically machine generated [Pomikalek2011]. 

I ’he CleanEval competition [Baroni2008], which is the most popular benchmark 

used for this task, identifies for example boilerplate content specihcally as 

consisting of navigation, list of links, copyright notices, advertisement, forms, 

duplicate material etc... .

C lo sed  C o rp u s  R eso u rces  ( in tro d u c e d  in  sec tio n  2.3.3)

l l i e  definition of what constitutes closed corpus resources within this thesis 

refers to that given by [Brusilovsky2007h], and is formalised as follows: Closed 

corpus content consist of restricted sets of proprietary resources, produced by 

identifiable sets o f authors within a controlled environmejit. The restricted 

nature of these resources refers to the ease in identifying the total cjuantity of 

resources contained within a corpus, since the volume of resources available is 

generally fix. Closed corpus resources are predictable and static in the sense that 

documents and relationships between these documents possess ])re-determined 

content as well as a connnon structure, known at design tim e by systems 

consuming these resources, which does not evolve much over time. In most
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cases, closed corpus docum ents and systems consuming these resources are 

both produced by the same group of individuals .

C o n te n t  F ocus (introduced in section 3.3.3)

Relationship between an arb itrary  focal point within a piece of content, and 

the sizing of the area to which it belongs. A content package correctly focused 

on a topic, for example, would only contain content about the topic in question. 

Content considered unrelated to tha t topic would be removed. In other words, 

the sizing of the content should match the area covered by this focal point .

C o n te n t  R e lev an cy  (introduced in section 3.3.2)

In the context of this research, relevancy depends upon the identification 

m ethod selected by the designer of the slicer. W hat constitutes relevant 

content hence could go from a resource simply containing a list of arbitrary  

keywords in the case of traditional IR resource identification, up to a resource 

meeting strict topical threshold criteria in the case of more sophisticated focus 

crawling ajiproaches .

C o n te n t  R ig h t-F i t t in g

Throughout this thesis, the process of right-fitting refers to  the production 

of content, resulting in the custom isation of preliminary native resources, 

meeting an arb itrary  set of niche content requirements. The activity of 

right-fitting is a subset of content slicing, which additionally includes content 

identification, harvesting and delivery. Right-fitting more specifically involves 

t̂ he fragmentation amiotation, identification of pf-rtinent i)?rts and modification 

of native resources. Words such as customising or tailoring are used 

interchangeably within this document to refer to this concept. The right-fitting 

of native resource should lead to SCI content .

C o n te n t  S lic ing  (introduced in section 3.3.2)

Following i) the receipt of a set of niche content requirem ent specifications 

from an individual AHS, the process of slicing content involves the ability to 

ii) identify large volumes of resources, available on the W'WW^ of potential
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reuse relevancy based upon these requirements. Resources wliich are deemed 

relevant should be subsequently iii) harvested, iv) right-fitted and v) delivered 

to individual AHSs, as content packages inunediately ready for reuse .

C o n te n t T y p e  (introduced in section 3.3.3)

Content type in this research refers to content of types such as encyclopaedia 

articles, news articles, product and forum pages etc...) .

C o n te n t /A H S  A g n o stic  T ech n iq u e  (introduced in section 3.3.2)

A sheer is content/AHS agnostic in the sense that content is produced i ) for an 

non-established set of AHSs, built independently of the sheer, using techniques 

which do not require any predefined knowledge of either ii ) the resources 

targeted for reuse or iii ) the reuse purposes (i.e expressed as niche content 

requirements). The aim of such technique is to embrace the full diversity 

and volume of oj^en corpus resources available to the AHS connnunity by 

managing the unpredictability and variability of these resources and AHSs 

content requirements .

C o n te n t /A H S  Specific T ech n iq u e  (introduced in section 2.3.4.4)

W ithin this thesis, content/AHS specific techniques refer to reuse approaches 

in which i) specific open corpus repositories, known at design time, are targeted 

for reuse in order to serve ii) predetermined niclie content requirements for iii) 

an established set of AHSs .

F e d e ra te d  S hcing  (introduced in section 4.4)

Federated slicing refers to a slicing process whereby the pre-fragmentation 

and /o r post-fragmentation modules within the slicing pipeline are distributed 

across different independent institutions and the shcing data out])ut by these 

modules published and shared upon the web of slices .

F ra g m e n ta tio n  S cope  (introduced in section 2.20)

W ithin the context of this research, fragm entation scope refers to the to tal 

set of pages targetable by a method over any time. The fragmentation scope 

of an approach is decomposed into three sub properties consisting in the: a)
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supported content fonnat(s), b) targetable range of pages and c) adjust ability. 

While the content format property refers to the type of pages which an apj)roach 

can target or fragm entation, the targetable range refers to the collection of 

j)ages belonging to the supported format, which can be fragmented for a given 

algorithm configuration. Adjustability refers to the degree of effort involved in 

moving from one target range of pages to another .

G ra n u la r i ty  (introduced in section 3.3.3)

W ithin this research, granularity refers to the combination of both the sizing 

of content and its focus .

In d e p e n d e n t A H S

From the point of view of the sheer. Independent AHSs consist of a 

1/ non established set of AHSs, 2 / built independently of the sheer with 3 / 

no predefined knowledge of each reuse purposes/intentions (including l)oth I) 

adaj^tation technicjues AND 2) use cases) .

N a tiv e  R eso u rces  (introduced in section 3.2.2)

Native resources within the context of this research refers to resources harvested 

from the w'eb without any modification .

N ich e and B road C ontent R equirem ents (in troduced  in section  2.3 .3)

Throughout this thesis, niche content requirements of AfISs, also mentioned 

as right-fitting requirements, refer to the combination of specific resource 

attributes, which one individual AHS requires in order to support an arbitrary 

niche personalisation experience of a individual user. Such niche content 

requirements can consist of content packages i) consisting of five paragraphs in 

length, ii) covering topic r ,  iii) written in language A, iv) with begirmer reading 

difficulty, and v) possessing annotations pointing to all personalities mentioned 

within the text. Such requirements are by nature very unpredictable since they 

can i)otentially cover a wide range of possible recjuirernent combinations Niche 

content reciuirements are defined in opposition to broad content requirements,

287



which consist of general resource requirem ents shared by groups of AHSs such as 

resources w ithin a broad dom ain(i.e history) of media type (i.e video resoiu'ces 

) etc....

O n - d e m a n d  C o n te n t  P r o d u c t io n  M o d e l  (introduced in section 3.3.2)

T he on-dem and na tu re  of slicing, w ith in  the  contex t of th is research, refers 

in p articu la r to  the  dynam ics involved betw een th e  slice consum er and slicer 

ra th e r th an  the  entire content slicing process itself .

O p e n  C o r p u s  R e s o u rc e s  ( in t r o d u c e d  in  s e c t io n  2 .3 .4 )

W ith in  th is  research, open corpus content consists of inire.stricted sets of 

w'eb resources, in’oduced by authors not necessarily identifiable w ith in  an 

uncontrolled environment. T he unrestricted n a tu re  of these resources refers to 

the  difficulty in identifying th e  to ta l q u an tity  of resources contained w ith in  

a corj)us, since the  volum e of resources available is generally expanding. 

O pen corpus resources are un-predictable and  variable in th e  sense th a t 

docum ents and relationships betw een these docum ents do not necessarily 

possess pre-deterniin('d content or conunon strvicture, known at design tim e by 

system s consum ing these resources, and can evolve over tim e. In m ost cases, 

open corpus docum ents and  system s consum ing these resources are usually 

produced by different group of individuals .

R e c o m p o s i t io n  (introduced in section 3.3.2)

T he support for the recom position of slices w'ithin various independent AHSs, 

as part of this research, refers specifically to the ability for open corpus content 

to  be correctly  1) selected and 2) right-fitting, as well as the  ability to  access 

resulting slices as part of 3) m ultiple search and delivery channels .

R e u s e  Im p r o v e m e n t  (introduced in section 1.2)

By open corpus reuse improvement, this thesis focuses upon the ability of AHSs 

to  request open-corpus resources i) w ithout any pre-detern iined  conditions 

(regard ing  the  source or type  of open corpus requested) ii) as righ t-fitted
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content packages, iii) based upon a variety of possible AHS content requirement 

specifications, undetermined in advance by the slicer .

S ca lab le  S lic ing  (introduced in section 3.3.2)

A scalable content model, within the context of this research, is scalable with 

respect to three overall dimensions, namely it should guarantee the provision 

of i) large volumes of content, ii) at low costs, iii) suitable for multiple AHSs 

performing arbitrary activities .

S e m a n tic  A n a ly s is  (introduced in section 4.3.3.5)

Semantic analysis in this these refers to both traditional synthetic analysis (POS, 

morphological analysis etc) an d /o r Information Extraction (IE) algorithm s 

(named entity recognition, relationship extraction) .

S iz ing  (introduced in section 3.3.3)

Content sizing simply refers to the size of a j^articular content package. This 

size might be expressed by the number of words or paragraphs contained within 

the text .

S lice (introduced in section 3.3.2.1)

A slice consists of customised content j^roduced from a set of fragment (s) 

(originating from pre-existing docum ent(s)) assembled, combined with 

appropriate m eta-data and right-fitted to the specific content requirements 

of a slice consumer, with various application-specific content-reuse intentions, 

different (or not) from the original author intentions. Slices can contain other 

slices and can be reused or re-composed with many slices. .

S lice C o n su m e r (introduced in section 3.3.2.1)

A slice consinner consists of any client reusing slices produced by a slice 

consumer. .

S liceH it (introduced in section 4.3.4.1)

A SliceHit object consists of a blueprint for slices. It contains a description 

of all the attributes and information necessary (fragments and m eta-data) for
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Slicepedia to construct a slice. It can be stored by slice consum ers and later 

on be forwarded back to Slicei)edia to  convert it into slices .

S lic in g  D a ta  (introduced in section 4.2.3)

Slicing tlata  refers to both the fragments and m eta-data stored within Slicepedia 

and used to generate slices are referred to as slicing d a ta  .

S t r u c tu r a l  F r a g m e n ta t io n  a n d  R e g io n s  o f  a  P a g e

'I’his thesis considers coherent regions as individual p a rts  of a  single web 

docum ent, showing inform ation abou t one or more related  item s when it is 

rendered in a web browser [Sleiman2012]. Such item s can be d a ta  records, 

inform ation abou t i)roducts, pieces of news, headers w'ith navigation menus, 

footers with contact and corporate information, or sidebars with advertisements, 

to mention a few examples. Structural fragm entation hence refers to  the ability 

to  identify such regions w ithin a page and ex tracting  each one as individual 

content packages called fragments..

W e b  o f  S lices

A web o f slices would consist of a network rejjresenting relationships between 

m eta-data and fragments, leading to a range of potential slice content pacbiges. 

T he web of d a ta , or so-called linked da ta , represents relationships between 

machine readable concepts, while the web of documents (i.e; W W W ) represents 

relationshi])s between published docum ents d irectly  consum able by hum ans. 

I ’he web of slices would hence be interniediarv to the web of da ta  and documents 

in the sense th a t it would contain more than  d a ta  (i.e fragments), bu t less than  

published docum ents since fragm ents and m eta-data  represent po ten tia l slice 

outputs. .
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ID Principle

1 External Content Production
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a FUsouroes encapsulated as content packa^ . directly reusable within 

independent AHSs. delivered by a slicer scrvice

AHS/filioci relationship of tj-pe master/slave

Low Cost Autom ated Content Production

Open Corpus Content Reuse Improvement

Open Corpus Right-Fitting
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AHS niche content requirements piwided to slicer at run-time only
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models

Content/AH S Agnostic Opcn-Corpus Reuse

a I Content/AHS agnostic approach to open corpus reuse I

b I Support for starch & delivery of contcnt packages cn’er multiple channels-*

7 I Contcnt Repurposing

8 Web of Slices

Content packages generation proccss and underljing slicing rcsourccs 
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b Low cost slicer implementation

ID High Level Design Requirement

1 Ser\'ice delivering scalable reuse improvement of 

open-corpus resources within AHSs

2 Fully-automated content/AHS agnostic approach to  

content slicing

3 ! On-demand;

a ; provision of niche content requirements 

b I slicing of open corpus resources harv’ested

4 ' Support for recomposition of slices within various

independent AHSs
1 '

a the conect selection &: right-fitting of open-coq)us 

resources

the reuse of slices via multiple search delivery channels

5 Slice generation proccss open and shareable to  third 

party institutions

6 Provide a slice consumer and slicer relationship of type 

m aster/slaw

7 Content slicing achieved and implementable at low cost---- - t - ' - ----------------------------------------------------------------------------
8 Flexible Slicer architecture
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