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Sam envat t ing 
 
 
Tegenwoordig bevat ten web sit es explosieve hoeveelheden inform at ie.  De 
laatste j aren wordt  er dan ook heel wat  aandacht  besteed aan het  
ontwerpen van web sites.  Ook adapt ieve web sites kr ijgen de nodige 
aandacht . Dit  zijn web sit es waarvan de st ructuur en/ of de inhoud (al dan 
niet  automat isch)  aangepast  wordt  aan het  surfgedrag van de bezoekers.  
Voor zover als geweten, hebben bestaande web site design methoden geen 
voorzieningen om reeds t ij dens het  ontwerp aan te geven welke aspecten of 
delen van een web site adapt ief zij n.  
 
Deze thesis start  met  een inleiding over adapt ief gedrag in web sites en 
beschr ij ft  daarna enkele bestaande web site design methoden.   Er  wordt  
dieper ingegaan op WSDM, de web sit e design methode die als framework 
zal gebruikt  worden doorheen de thesis.  Vervolgens wordt  een formalisat ie 
van het  navigat ionele m odel gegeven, om daarna een oplossing voor t e 
stellen om adapt ief gedrag te modelleren.  Uiteindelij k wordt  door m iddel 
van twee cases aangetoond dat  de theoret ische oplossing ook prakt isch 
uitvoerbaar is.    
 
 

Keyw ords:   adapt ieve web sit es, WSDM, Navigat ioneel Model, regels.  
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Abstract  
 

 
Nowadays, web sites contain explosive am ount s of inform at ion.  Therefore, 
the design of web sites gets a lot  of at tent ion dur ing the last  years.  Also 
adapt ive web sit es are receiving at t ent ion. I n adapt ive web sites t he 
st ructure and/ or  the content  of t he web sit e is adapted (automat ically or 
manually)  to the surf behavior of the visitors.  However, as far as we are 
aware of, exist ing web sit e design methods do not  support  the specificat ion 
of adapt ive behavior during modeling.  
 
This t hesis starts with an int roduct ion of adapt ive behavior in web sites and 
describes some exist ing web site design methods.  WSDM, the web site 
design method which will be used as framework through the thesis, is 
discussed in detail.  Aft erwards, a formalizat ion of the navigat ional m odel is 
given, to propose a solut ion for  m odeling adapt ive behavior afterwards.  
Finally, we show by means of two cases that  t he theoret ical solut ion is also 
pract ical applicable. 
 

 

Keyw ords:   adapt ive web sites, WSDM, Navigat ional Model, rules.  
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I nt roduct ion  
 
 
 
This thesis consist  of two parts:  the background par t  and the research part . 
 
 
Background 
 
The f irst  part  of the thesis prov ides the  inform at ion that  is needed to 
understand the research part .  First ly , we discuss adapt ive behavior in web 
sites.  Next , the most  important  exist ing web sit e design methods are 
described, including their support  for adapt ive behavior .  Finally, an 
extensive depict ion of WSDM is prov ided. 
 
 
Research 
 
The second half of t he thesis, the research part , descr ibes the research that  
has been done.  First  we discuss the problem, which is that  exist ing web sit e 
design methods, and in part icular WSDM, don’t  provide any support  for 
adapt ive behavior in web sites.   Consequent ly, a solut ion to this problem in 
the context  of WSDM is proposed:  represent ing adapt ive behaviour using 
rules with condit ions and operat ions.  To be able to do this, a formal 
definit ion of the Navigat ional Model of WSDM is given.  Finally, the proposed 
solut ion is illust rated by two cases. 
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1 . Adapt ive behavior in w eb sites 
 
The World Wide Web is becom ing a very popular medium for  shar ing data.  
Many companies and organizat ions, even individuals have found interest  in 
delivering informat ion through the internet .  Companies, for  example, 
current ly use the Wor ld Wide Web for fast  data exchange, necessary when 
becom ing internat ional.  Like this, everyone has it s own reason to use the 
World Wide Web. 
Figure 1.1 [ 29]  shows the growth of interest  in t he WWW.   
 
 

 
Figure 1.1. WWW Growth. 

 
 
Considering this growth of interest  in the Web, web sites now contain many 
valuable pieces of informat ion.  Explosive amounts of informat ion is 
presented in web sites nowadays.  Thus, to st ructure and maintain the sites 
properly, great  at t ent ion needs to be devoted to t he design.  I n fact ,  
designing web sites becomes a complex process that  involves mult iple 
aspects:  data management , hypertext  st ructure, etc.  Web sit e design 
methods exist  to help us properly integrat ing these different  aspects. 
 
But  while designing web sites, there are several other elements that  must  
also be taken into considerat ion.  The first  item we observe is that  not  every 
visitor has the same goal. Also, the same v isitor may be look ing for dif ferent  
informat ion at  dif ferent  t imes.  Secondly, a lot  of sites change in t ime from  
their or iginal design.  Links and pages are accum ulat ing in unlikely places 
and a sit e may be used in many different  ways, while or iginally designed for  
a part icular kind of use.   
 
These point s are addressed by adapt ive web sites [ 8, 9, 11] , which are 
discussed in this chapter.  I t  is self-evident  that  web sites containing 
adapt ive elements like descr ibed above, need to be designed and maintained 
in a more expressive way.  Current ly, as far as we are aware of, t here are 
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no design methods descr ibed in the literature that  provide abst ract  design 
mechanism s to automate and model adapt ive behavior.  
 
 
1 .1  W hat is adapt ive behavior? 
 
As we already ment ioned in the int roduct ion, several issues arise when 
designing web sites.  Every web site is made for a dif ferent  organizat ion (or 
individual) , with different  goals and object ives in m ind.  Sim ilar ly, var ious 
kinds of visitors frequent  the site, all with different  needs, different 
characterist ics and dif ferent  goals.  Changes in the web site affect  t hose 
visitors, and are very hard t o maintain and keep t rack of by the web master.   
Some sit es evolve in their funct ionalit y offered, while others adapt  t heir  
mot ives and object ives, leading to var ious changes and updates.  These 
changes range from small content  updates1 to m ore substant ial, st ructural 
changes.  The lat t er can be made by redesigning the sit e (manually) , or they 
could be automat ically done by observing certain parameters relevant  to t he 
(st ructure of the)  web sit e. 
Adapt ive web sites address exact ly this issue:  
 

Adapt ive web sites are sites that  automat ically improve their 
organizat ion and presentat ion by learning from visitor  access pat terns2. 

 
This automat ic reorganizat ion of web sit es is called adapt ive behavior.   
Several   t act ics can be applied to realize adapt ive behavior:  changing 
presentat ion (e.g. highlight ing interest ing links, changing text  or link 
appearance, wh ich typically include changing labels, link color , text  size, …) , 
offer ing informat ion bet ter tailored to t he part icular visitor  (e.g. connect ing 
related pages, clustering sim ilar pages together)  or alter ing the navigat ion 
(e.g. moving, adding or removing links) . 

 
 

1 .2  Classificat ion 
 
Adapt ive behavior can be classif ied in two dimensions:   

 
• Customizat ion and t ransformat ion 
• Content -based adaptat ion and Access based adaptat ion 

 
We explain each dimension below. 

 
 
 

                                                
1 This includes both deleting or changing existing information, and providing additional 
information 
2 web server logs automatically record user behaviour at the site.  These recorded 
information form visitor access patterns. 
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�  Customizat ion – t ransformat ion 
 
o Customizat ion is adapt ing a web site to suit  an individual 

user;  the page returned by the site depends on 
knowledge (gathered in some way)  about  t hose 
individuals ( for example, My Yahoo! )  

o Transformat ion is modify ing a web site to facilitate 
navigat ion for a group of users (e.g. move a link)  

 
�  Content -based – access-based 

 
o Content -based adaptat ion is adapt ing a web site based 

on the contents of the pages (e.g. connect  pages with 
the ‘same’ content )  

o Access-based adaptat ion is adapt ing a web site based on 
the way users interact  with t he site (e.g. links t o a 
frequent ly asked page are put  in the homepage of the 
site)  

 
These two classificat ions are orthogonal.  This means a site can use both 
custom izat ion or  t ransformat ion and content -based or access-based 
adaptat ion.  While customizat ion and t ransformat ion are mutually exclusive, 
content -based and access-based are complementary:  they can be combined 
in one adapt ive site. 

 
 

1 .3  Difference betw een ‘adapt ive’, ‘adaptable’ and 
‘dynam ic’ 

 
Before cont inuing,  it  m ight  be useful to note there is some confusion about  
the exact  meaning of the t erms adapt ive, adaptable and dynam ic when 
speaking of web sites, leading to frequent  m isconcept ions. 

 
Adaptable sites don’t  change a user profile autom at ically, but  the user is 
able to change it  him self,  after receiving hint s from the system.  Adapt ive 
web sites do update user prof iles automat ically,  by observing the user’s 
browsing behavior .  So, while an adapt ive web site may be adaptable, the 
opposite is (by definit ion)  not  the case.   
 
Dynam ic sit es are const ructed to include content  that  changes from t ime to 
t ime.   This allows the site t o display things such as the current  t ime or  t he 
latest  news from your favorite portal.   An adapt ive site will have changing 
it ems while someone is browsing it .  
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2 . Sum m ary of exist ing w eb site  design m ethods 
 

I n this chapter, we discuss some exist ing design methods for web sites.  For 
each method, the approach and the dif ferent  phases are descr ibed.  This 
thesis is about  support  of adapt ive behavior  in a design method for web 
sites, hence we short ly discuss the support  of each method. 

 
 

2 .1  Object- Oriented Hyperm edia Design Model 
( OOHDM)  

 
The OOHDM Method, as discussed in [ 1, 2, 3, 17, 18] , uses an object -
or iented approach for building hypermedia applicat ions.  I t  compr ises 4 
steps namely conceptual design, navigat ional design, abst ract  interface 
design and implementat ion.  They are performed in a m ix of incremental and 
it erat ive development  styles.  Each step concerns a cer tain par t  of the 
design and builds an object -or iented model, or enriches a model from 
previous iterat ions.  The clear separat ion of t he three design-phases makes 
the designs m ore m odular  and reusable.  Besides, the interface design 
prim it ives can easily be mapped onto non-object -or iented implementat ion 
languages or environments ( like HTML) .  So, OOHDM can be applied, no 
mat ter which target  system is used. 
I n the next  paragraphs, we describe each step in detail.  

  
 
Conceptual Design 

 
I n t his phase a m odel of the applicat ion domain is built  using well- known 
object -or iented modeling principles with a notat ion sim ilar  to UML.  The 
model consist s of classes, subsystem s and relat ionships, which are built  
using aggregat ion and generalizat ion/ specializat ion hierarchies.  The most  
important  in this phase is that  the dom ain semant ics must  be taken as 
neut ral as possible;  users and tasks are not  yet  to be considered. 
OOHDM doesn’t  demand to use a part icular m ethod to produce the 
conceptual class schema;  any of the well- known methodologies (OMT, UML)  
may be employed. 

 
 

Navigat ional Design 
 

OOHDM sees an applicat ion as a navigat ional v iew over the conceptual 
model. Dur ing navigat ional design, user  profiles and tasks are taking into 
account . With one conceptual schem a, dif ferent  navigat ional models are 
possible;  each navigat ional model corresponds with another view or 
applicat ion on the same domain. 

 
The navigat ional st ructure of a hypermedia applicat ion is defined by a 
schema specifying navigat ional classes.  OOHDM includes a number of 
predefined types of navigat ional classes:  nodes, links and access st ructures.  
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The semant ics of nodes and links are the same as we are used to in 
hypermedia applicat ions, while access st ructures represent  alternat ive ways 
to access nodes, e.g. indices, guided tours, et c.  These navigat ional classes 
are organized in something called a navigat ional context .  An example of a 
navigat ional context  is a n- to-m link that  perm its sequent ially passing all link 
targets.  Navigat ional context s can be nested.  Navigat ional context s and 
classes take into account  t he types of intended users and their tasks.  A 
node represents the view on a conceptual class, like defined by t he 
conceptual design. 
 
Navigat ional semant ics are defined in term s of nodes and links;  in this way, 
we can represent  movem ent  in the navigat ional space, i.e. t he nodes that  
the users can reach on a certain moment . 
Because the navigat ional design is independent  of the conceptual model, t he 
navigat ional model can evolve independent ly of the conceptual one, which 
simplif ies maintenance. 
 

 
Abst ract  I nterface Design 

 
Once we have a navigat ional design, an abst ract  interface model is built .  
Dur ing abst ract  inter face design, the interface object s which the user will 
perceive are defined:  how will t he navigat ional objects look like, which 
interface objects w ill act ivate navigat ion, et c. 

 
The clear dist inct ion between navigat ional and abst ract  interface design 
leads to a higher degree of independence from user- interface technology:  
different  interfaces may be build for t he same navigat ional model. 

 
OOHDM uses Abst ract  Data Views to describe the user interface.  Abst ract  
Data Views are formal m odels for interface object s ( like a picture or a cit y 
map)  in terms of interface classes.  They show the way in which the 
interface object s are st ructured, the way in which they are stat ically related 
to navigat ional object s and how they respond to external events.  I nterface 
classes are defined as aggregat ions of pr im it ive classes, like but tons and 
text  fields, and recursively of interface classes. 

 
 

I mplementat ion 
 
Dur ing implementat ion, the navigat ional and abst ract  interface models are 
t ransformed to concrete objects, available in t he chosen implementat ion 
environment .  The uniform modeling const ructs, object s and classes, used in 
the OOHDM method, allow a fluent  t ransit ion of the domain modeling to 
navigat ional and interface design. 
I t  is not  necessary t o use object -or iented mechanisms in t he 
implementat ion-phase, but  it  will make it  easier.  Anyway, there are lot s of 
techniques to map an object -or iented specificat ion on a non object -or iented 
runt ime environment . 
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Support  for adapt ive elements 
 
Much effort  has been spend for some years on personalizat ion and 
custom izat ion using OOHDM, but  OOHDM has not  yet  any support  for  
adapt ive behavior in web sit es. 
 
 
Figure 2.1 shows an overview of the OOHDM methodology.   

 
Act ivit ies Form alism s Mechanism s Design 

Concerns 
Product s 

Conceptual 
Modeling 

Object-
Oriented 
Modeling 
const ruct s 
( classes, 
relat ionships, 
use cases)  

Classificat ion, 
aggregat ion, 
generalizat ion 
and 
specializat ion 

Model the 
semant ics of 
the 
applicat ion 
domain 

Classes, 
subsystems, 
relat ionships, 
at t ribute 
perspect ives 

Navigat ional 
Design 

Object-
Oriented 
Views, 
Object-
Oriented 
State charts, 
Context  
Classes, User 
centered 
Scenarios, 
Design 
Pat terns 

Classificat ion, 
aggregat ion, 
generalizat ion 
and 
specializat ion 

User’s profile 
and t ask. 
Em phasis on 
cognit ive 
aspects. 

Nodes, links, 
access 
st ructures, 
navigat ional 
contexts, 
navigat ional 
t ransformat ions 

Abst ract  
I nterface 
Design 

Abst ract  Data 
Views, 
Configurat ion 
Diagrams, 
ADV-Charts, 
Design 
Pat terns 

Mapping 
between 
navigat ion and 
percept ible 
object s.  
Composit ion 
and 
generalizat ion/  
Specializat ion 

Model 
percept ible 
object s, 
implement ing 
those 
metaphors.  
Describe 
inter face for 
navigat ional 
object s, 
define lay- out  
of interface 
object s 

Abst ract  
interface 
object s, 
responses to 
external 
events, 
interface 
t ransformat ions 

Implementat ion Those 
suppor ted by 
the t arget  
environment  

Those 
provided by 
the t arget  
environment  

Performance, 
completeness 

Running 
applicat ion 

Figure 2.1. Summary of t he OOHDM methodology. 
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2 .2  W eb Modeling Language ( W ebML)  
 
WebML, as also demonst rated in [ 4] , provides a m odel-driven approach for  
specifying websites on conceptual level,  with both a graphical notat ion and a 
textual XML-syntax. 
The specif icat ion of a sit e in WebML consist s of four perspect ives:  

�  The st ructural model:  concerning data content  
�  The hypertext  model:  concerning the pages and the links 

between pages 
�  The presentat ion model:  concerning the layout  and graphical 

requirements 
�  The personalizat ion m odel:  concerning the custom izat ion 

features for one- to-one content  delivery 
These models are explained in the next  sect ion. 
 
 
St ructural model 
 
This m odel descr ibes the data content  of the website, in t erm s of relevant  
ent it ies and relat ionships.  Classical notat ions such as the E/ R model 
[ referent ie] ,  the ODMG object -or iented model [ referent ie]  and UML class 
diagram s [ referent ie]  can be used for the data modeling. 
Calculated informat ion can be expressed using a simplif ied OQL- like query 
language. 
 
 
Hypertext  model 
 
The hypertext  model formulates t he hypertexts t hat  correspond with t he 
different  site views.  Site view descr ipt ions in turn have two sub m odels:  t he 
composit ion m odel and the navigat ion model.  The composit ion model 
contains the pages of t he hypertext  and the content  units of the pages, while 
the navigat ion m odel expresses the linking between pages and content  
units. 
  
 
Presentat ion model 
 
I n this phase, t he layout  and graphical look of pages are formulated by 
means of an abst ract  XML syntax. Presentat ion specificat ions are page 
specif ic or generic:   
 

�  page-specif ic specif icat ions give the presentat ion of a specif ic page 
and include explicit  references to page content  (e.g., they dictate the 
layout  and the graphical appearance of the t it le)  

 
�  gener ic presentat ion specificat ions are based on predefined m odels 

independent  of the specific content  on the page and include 
references to generic content  elements ( for  instance, they dictate 
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the layout  and graphic appearance of all at t r ibutes of a generic 
object  included in the page) . 

 
 
Personalizat ion m odel 
 
The personalizat ion m odel gives a m odel of t he users and user  groups, 
specif ied in term s of predefined ent it ies called User and Group.  The 
propert ies of these ent it ies permit  for saving group-specif ic or indiv idual 
content  (e.g. shopping suggest ions or list  of favorites) . 
Then, OQL- like declarat ive expressions can be added to t he st ructure 
schema, to define derived content , based on the prof ile data in t he User and 
Group ent it ies.  With this personalized content , units can be composed and 
presentat ion specif icat ions can be defined. 
With WebML, high- level business rules, wr it ten in simple XML syntax, can 
also be defined to handle site- related events like user clicks and content  
updates.  This way, new user- related info (e.g. shopping histor ies)  is formed 
and site content  is updated (e.g. new offers matching users’ preferences) . 
 
 
Support  for adapt ive elements 
 
WebML is a general-purpose design method and doesn’t  include specif ic 
const ruct  for adapt ive behavior. 

 
 

2 .3  Relat ionship Managem ent Methodology ( RMM)  
 
RMM [ 5]  is a methodology to design and const ruct  hypermedia applicat ions 
and has seven steps:  E-R design, Ent ity design, Navigat ional design, 
Conversion protocol design, User- interface design, Run- t ime behavior  design 
and Const ruct ion and test ing.  Figure 2.2 shows the RMM methodology 
within t he context  of the complete software development  cycle. 
 
The cornerstone of the methodology is the RMDM data model, like explained 
below.  After that , the seven phases are described in detail.  
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Figure 2.2. The RMM methodology within the context  of the complete software 
development  cycle. 

 
 
Relat ionship Management  Data Model (RMDM) 
 
A data model is a set  of logical object s, necessary t o express an applicat ion’s 
design.  Like t his, RMDM provides a language for describing the informat ion 
object s and the navigat ion mechanism s in hypermedia applicat ions. 
 
Figure 2.3 shows RMDM’s modeling prim it ives.  Some informat ion to t he 
figure:  We can see that  RMM has the not ion of slices.  Because ent it ies can 
have a lot  of at t r ibutes of dif ferent  natures (e.g. biographical data or  salary 
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informat ion) , it  may be im pract ical to represent  all at t r ibutes of an ent it y at  
once.  Therefore, at t r ibutes are grouped into slices.  For example, a person 
ent it y m ay have a general slice containing name, age and photograph, and a 
biography slice with name and biography. 
An index acts as a table of contents to a list  of ent it y instances, providing 
direct  access to each listed item.   
A guided tour implements a linear path through a collect ion of item s, 
allowing the user to move either forward or backward on the path. 
The condit ions qualifying indices and guided tours determ ine which instances 
of an ent it y are accessible from the const ruct . 
 
 
  
 

 
 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.3.  The RMDM prim it ives. 

 
 

E-R Design 
 

This phase const ruct s an Ent it y-Relat ionship (E-R)  diagram, which illust rates 
the informat ion domain of the applicat ion.  The ent it ies and relat ionships 
form the basis of a hypermedia applicat ion and m ost  of them become nodes 
and links in it . 
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Somet imes, the E-R diagram already ex ists;  if t his is the case, t his step can 
be skipped. 
 
 
Ent ity Design 
 
The ent it y design phase concent rates on issues like how is the informat ion of 
the ent it ies presented to t he user and how they are accessed.  Ent it ies are 
split  into slices, which are put  in a hypertext  network.  
The output  of this step is an E-R+  model, an E-R diagram enlarged with a 
slice design diagram for each ent it y. 
 
 
Navigat ional Design 
 
This model provides the possible nav igat ion paths between ent it ies;  each 
associat ive relat ion in the E-R+  diagram is analyzed.  
RMM is a methodology for domains that  are relat ively frequent ly updated, so 
all navigat ional paths are expressed in generic terms. This means that  there 
are no hard coded links between ent it y instances;  links are specified by 
referr ing to propert ies of ent it ies and relat ionships.  There are three 
navigat ional elements making this possible:  condit ional indices, condit ional 
guided tours and condit ional indexed guided tours, like described in t he 
session on RMDM. 
 
 
Conversion Protocol Design 
 
I n this step, each RMDM-object  is t ransformed into an object  on the target  
plat form using conversion rules, e.g. a Tool book list -box or an HTML form  
can be used to implement  an index. For the m oment , programmers do the 
conversion manually. 
 
 
User- I nterface Design 
 
The product  of the user- interface design is a screen layout  for  every object  
appearing in t he RMDM diagram obtained in t he navigat ional design.  This 
includes but tons layouts,  locat ion of navigat ional aids and appearance of 
nodes or indices. 
 
 
Run- t ime behavior design 
 
Dur ing this step, decisions about  how to implement  link t raversal,  history, 
backt rack ing and nav igat ional mechanism s are made.  While designing the 
run- t ime behavior , the volat ilit y and the size of the domain are also 
considered, to decide whether node contents and link endpoint s are t o be 
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built  during applicat ion development  or dynamically computed on demand at  
runt ime. 
 
 
Const ruct ion and test ing 
 
This step consists of const ruct ion and test ing as in t radit ional software 
engineering project s.  Ext ra at tent ion is made to test  all navigat ional paths. 
 
 
Support  for adapt ive elements 
 
The RMM method has no support  for designing adapt ive elements in web 
sites.  As far as we are aware of, no concrete steps have been undertaken in 
this direct ion. 

 
 

2.4 Object- Oriented Hyperm edia Method ( OO- H)  
  
The OO-H method design process, as also dem onst rated in [ 6, 7] , departs 
from an UML-based class diagram of the domain inform at ion st ructure and 
offers Navigat ion Access Diagrams (NAD)  and Abst ract  Presentat ion 
Diagrams (APD) .  A NAD defines a nav igat ion view, while an APD gathers t he 
concepts related to presentat ion.  
Figure 2.3 presents an overview of t he design process of t he OO-H method.  
We consider t he NAD and the APD in detail below.  
 

 
Figure 2.4. OO-H method:  t he design process. 

 
 
Navigat ion Access Diagram (NAD) 
 
Each user type corresponds with a view of the system.  Start ing from the 
class diagram, a NAD instance is built  for each user t ype.  A NAD shows 
informat ion, services and needed navigat ion paths for t he navigat ional 
requirements of the associat ive user .  NADs are based on four const ruct  
types:   

1. Start from class diagram 
2. Create a NAD instance 
3. Generate a default APD 
4. Apply refinements to APD 
5. Generate deliverables 

Design process 

Pattern 
catalog 

HTML 
XML 
WML 

ASP 
JSP 

Refinements 

Class diagram NADs APDs 

1...N 1...N 
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�  navigat ion classes are enr iched domain classes:  the visibilit y of the 
at t r ibutes and methods are lim ited according to the access 
perm issions and navigat ion requirements of t he associat ive user. 
 

�  navigat ional t argets group the elements of the model that  
collaborate in t he coverage of each user nav igat ional requirement . 
 

�  navigat ional links present  the paths a user can follow in the system , 
making use of four different  types of links. 

 
�  collect ions are possibly hierarchical st ructures defined on navigat ion 

classes or nav igat ional t argets;  t hey give the user new ways to 
access informat ion.  

 
 
Abst ract  Presentat ion Diagram (APD)  
 
After building the navigat ion access diagrams, the abst ract  presentat ion 
diagram s are const ructed.  An APD specif ies the visual appearance and page 
st ructure of the system .  Per NAD, one or m ore APDs can be built , each 
represent ing another view of the associat ive navigat ional requirements. The 
st ructure of the APDs can be direct ly ext racted from the NADs, using the 
pat tern catalog.   
 
 
Support  for adapt ive elements 
 
OO-H has no full support  for adapt ive behavior yet , but  they are working on 
it .  Actually,  the support  is lim ited to custom izat ion (namely dif ferent  
interface models for dif ferent  actors in the system, and a set  of pat terns to 
allow the user t o int roduce her preferences on certain at t r ibutes of t he 
domain model) .  
The developers are creat ing a framework for support ing adapt ive behavior. 
 
 
2 .5  Other exist ing m ethods 
 
Other design methods exist  (e.g. St rudel, Tiram isu or ADM), but  they are 
either outdated or they do not  prov ide any support  for adapt ive behavior .  
Hence they are not  included in this sum mary.  For  more detail about  t hese 
methods, we refer t he interested reader to [ 30, 31, 32] . 
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3 . W eb Site Design Method ( W SDM)  
 
After considering other design methods, we now give descr ipt ion of WSDM 
[ 12, 13, 14, 15, 16] .  Because WSDM is t he methodology on which the 
research is based, this descript ion is more extensive than the sect ions of 
chapter 2.  First , we discuss the most  characterist ic element s of t he method 
and after t hat , we descr ibe all WSDM phases in detail.  
 
 
3 .1  Character ist ics 

 
Audience driven 
 
WSDM has an audience-driven approach in cont rast  to most  other web sit e 
design methods, which are data driven.  The audience-driven approach takes 
the requirements of the users of the web site as a start ing point  and uses 
this as basis for the st ructuring of data afterwards.  Data-driven methods 
take the data of the organizat ion as a start ing point :  they consider how to 
st ructure the web site based on the data. 
 
 
Audience classes 
 
A website has different  ‘k inds’ of users, e.g. for the web site of a university 
we may dist inguish t he following users:  professors, students, future 
students.  Dif ferent  users have different  requirements, somet imes even 
different  presentat ional needs, e.g. children will appreciate a f lashy 
presentat ion, while bank directors maybe prefer a sober and clear interface.  
WSDM classifies t he users of a web site into audience classes:  each audience 
class has it s own requirements and character ist ics.   This is reflected in t he 
context  (not  all info for all users)  and in the interface ( language, j argon, 
look-and- feel,  etc.) . 
The div ision into audience classes has as an advantage that  the sit e is more 
adapted to each user’s needs, which enhances the usabilit y and user  
sat isfact ion. 
 
 
Explicit  conceptual design phase 
 
The conceptual design, free of implementat ion details, is explicit ly separated 
from the implementat ion design, like using a specif ic implementat ion 
language, grouping into pages, use of menus, etc.  Hence we are no longer 
dependent  of the current  technology (e.g. HTML) .  Moreover, it  is possible to 
offer different  presentat ions on different  devices, e.g. Palm Pilot ,  PC, WAP, 
etc. 
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3 .2  An Overview  
 

Figure 4.1 gives an overview of the WSDM method.  The f irst  step is to 
specify the Mission Statement .  The Mission Statement  Specificat ion 
expresses the purpose and subject  of t he web sit e, and declares the target  
audience.   
Based on the Mission Statement , the Audience Modeling is performed, in two 
steps:  Audience Classificat ion and Characterizat ion.  During the Audience 
Classificat ion phase, t he dif ferent  t ypes of users are ident if ied, while 
Audience Characterizat ion consists of defining the character ist ics of t he 
members of the different  Audience Classes.   
Next , we perform Conceptual Design, in three steps:  I nformat ion, Funct ional 
and Navigat ional Modeling.  During I nformat ion Modeling we observe what  
kind of informat ion is apparent , while in the Funct ional Modeling phase we 
observe the funct ionalit y.  The Navigat ion Design phase, we consider the 
global navigat ion t hrough the informat ion and the funct ionalit y.   
The next  phase, I mplementat ion Design, per form s Page, Presentat ion and 
Logical Database Design.  Dur ing these phases,  grouping in pages, 
specifying t he look and feel,  and designing the database are done.   
After all design phases done, the web site can be implemented. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Conceptual Design
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Audience Modeling

Audience
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Figure 3.1. WSDM:  Overview. 
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We discuss all ment ioned phases in detail below.  As illust rat ion of the 
different  steps, we use the following example:   
 

“Provide an online bookstore where users can browse a big bibliography, 
get  informat ion about  books or authors and buy books.  Authors must  be 
able t o add or delete informat ion about  his own books.”  

 
 
3 .2 .1  Mission Statem ent  Specificat ion 
 
While the Mission Statem ent  Specificat ion, the purpose and subject  of t he 
web site are considered, and the target  audience is declared. 
  
Bookstore example 

• Purpose 
- Offer informat ion of books and authors online 
- Offer books online to all interested people 

• Subject  
- Books 

• Target  audience 
- Authors 
- Everyone who wants informat ion about  books 
- People who wants t o buy books online (private & bookshops)  

 
 

3 .2 .2  Audience Modeling 
 

As ment ioned earlier, the phase Audience Modeling consist s of two phases, 
Audience Classif icat ion and Audience Class Characterizat ion. 

 
 

Audience Classificat ion 
  
Dur ing this phase, different  types of users are ident if ied.  Users with t he 
same informat ion-  and funct ional requirement s, form an Audience Class.  
Audience Classes need not  be disjoint , so one user  can belong to several 
Audience Classes. 

 
Bookstore example 
Target  audience:  Authors and everyone who wants informat ion about  books 
or wants t o buy books online 

⇓ 
Audience Classes 
• Author 
• Reader 
• Bookshop-keeper 
• Private-buyer 
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Audience Class Author 
I nformat ion Requirements:  
-  informat ion about  their  own books 
-  informat ion about  him  self 
 
Funct ional Requirements:  
-  subm it  a book 
-  add informat ion about  a book 
-  delete informat ion about  a book 
-  add informat ion about  him  self 
-  delete informat ion about  him  self 
 
Usabilit y Requirements:  
-  flexible way t o subm it  a book 
-  flexible ways to add or  delete    
  informat ion about  books and  
  authors 

Audience Class Reader 
I nformat ion Requirements:  
-  informat ion about  books 
-  informat ion about  authors 
 
Funct ional Requirements:  
-  get  informat ion about  books 
-  get  informat ion about  authors 
 
Usabilit y Requirements:  
-  flexible ways to search for  
  informat ion about  books and  
  authors 

 
 
Audience Class Bookshop-keeper 
I nformat ion Requirements:  
-  informat ion about  books 
-  informat ion about  authors 
 
Funct ional Requirements:  
-  search (by I SBN, t it le, author, etc)   
  for books 
-  buy large quant it ies of books online 
-  get  specialized informat ion about   
  books 
 
Usabilit y Requirements:  
-  flexible ways to search for books 
-  flexible ways to buy books online 

 
 
Audience Class Private-buyer 
I nformat ion Requirements:  
-  informat ion about  books 
-  informat ion about  authors 
 
Funct ional Requirements:  
-  search (by I SBN, t it le, author, etc)  for   
  books 
-  buy a book online online 
 
Usabilit y Requirements:  
-  flexible ways to search for books 
-  flexible ways to buy books online 

 
 
I n our example, the Audience Classes Bookshop-keepers and Private-buyers 
have some requirements in com mon.  WSDM has a feature to support  this:  
subclasses.  The members of a subclass have all t he requirements of the 
members of the super class,  plus addit ional requirements.  So Bookshop-
keepers and Private-buyers are both a subclass of the same superclass.  We 
call t his superclass Buyer .  
With all Audience Classes together, we can form an audience class hierarchy, 
which shows all Audience Classes in terms of sub-  and superclasses.  The 
class on the top is always the Visitor- class.  Visitor  groups all requirements 
com mon to all audience classes. 
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Bookstore example 
 
 

 
 
 
 
 

  
 
 
 
 
 
 

    
Figure 3.2. Audience Class Hierarchy for the Bookstore example 

 
 

Audience Class Characterizat ion 
 

After specify ing the separate audience classes with their requirements, t he 
characterist ics of the members of the different  Audience Classes are defined. 
 
Bookstore example 
We illust rate the character ist ics of t he Audience Classes Author , Reader, 
Bookshop-keeper and Private-buyer. 
   
 

Audience Class Author 
Character ist ics:   
-  most ly adults 
-  exper ience with WWW may vary 
-  all languages possible 

Audience Class Reader 
Character ist ics:  
-  all ages 
-  most ly exper ienced with WWW 
-  all languages possible 

 
Audience Class Bookshop-keeper 
Character ist ics:   
-  all ages 
-  most ly experienced with WWW 
-  all languages possible 

 
Audience Class Private-buyer 
Character ist ics:   
-  all ages 
-  most ly exper ienced with WWW 
-  all languages possible 

 
 
3 .2 .3  Conceptual Design 

 
The conceptual design is divided into t hree phases:  I nformat ion Modeling, 
Funct ional Modeling and Navigat ion Design.  The three phases are discussed 
below.  Since the specif icat ions of these m odels are really large, we j ust  give 
a fragment  from the ent ire picture.  

 
 

Visitor 

Author Buyer Reader 

Bookshop-keeper Private-buyer 
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I nform at ion Modeling 
 

Dur ing Informat ion Modeling, the inform at ion requirements of the different  
Audience Classes are modeled.  Current ly, ORM (with extensions)  is used to 
model the informat ion in WSDM, but  other techniques like ER, UML, etc can 
be used too.  I nformat ion requirements are elaborated into elementary 
informat ion requirements, for which we make an Object  Chunk. 
    
Bookstore example 
Figure 3.3 shows the informat ion model for the informat ion requirement  
‘informat ion about  books’.  

 
 

Book
(ISBN)

Title

/has title

Author
(name)

is written by/has written

Publisher
(name)

is published by/published

Description
(text)

has description

Price

costs

Category

contains/belongs to

pages

/contains

Type

/is of type

Appearance Date
(mdy)

/appeared on

U

 
 

Figure 3.3. Book- Data Model for the Bookstore example. 
 
 
Funct ional Modeling 

 
I n this phase, the funct ionalit y for  the different  Audience Classes is defined.  
The funct ional requirements are, as well as the inform at ion requirements, 
elaborated into elementary requirements, and for each elementary 
requirement  we make a Funct ional Chunk using ORM with extensions. 
Audience subclasses inherit  t he Object  Chunks of their  audience super 
classes. 
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Bookstore example 
We picture the funct ional m odel for the funct ional requirement  ‘subm it  
books’ in figure 3.4. 
 

 
Figure 3.4. Funct ional Model ‘subm it  books’ for the Bookstore example. 

 
 

Navigat ional Design 
 

The Navigat ional Design models t he navigat ion possibilit ies of the web site.  
For each audience class, a navigat ion t rack is defined.  Tracks are composed 
of components and links.  Components represent  bundles of informat ion or  
funct ionalit y, while links connects components.   
A Track is a connected directed graph and needs to fulfill all informat ion, 
funct ional and navigat ional requirement s of it s audience class.  For each 
requirement , following the decomposit ion st ructure of the requirements, a 
component  is defined. 
 
Bookstore example 
Figure 3.5 shows part  of the Navigat ional Model for the Author Track. 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.5. Par t  of t he Author Track of the Bookstore example. 
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3 .2 .4  I m plem entat ion Design 
 

The last  phase of the design is the Implementat ion Design, consist ing of 
three phases, Page Design, Presentat ion Design and Database Design.   
The I mplementat ion Design phase is not  descr ibed in detail in the lit erature 
yet , hence our discussion is lim ited too.  Because the I mplementat ion 
Designs are ext remely large, we j ust  give a part  of t he models. 

 
 

Page Design 
 
The Page Design groups informat ion in pages.  The page st ructure is derived 
from the Navigat ional Model.    For  the components and links in t he 
navigat ional m odel we define pages and hyperlinks.  The web developer can 
decide to cluster components connected by links and to represent  t he 
informat ion on a single page, or he can decide to dist r ibute the informat ion 
of a single component  onto dif ferent  pages. 
 
 
Presentat ion Design 
 
Dur ing the Presentat ion Design, the look and feel is specif ied and the page 
layout  is defined.  Different  navigat ion t racks may have different  styles. 
This step of the method is not  yet  elaborated, hence we don’t  illust rate with 
an example. 
 
 
Logical Database Design 

 
I f the web site needs a database, t his is designed during this phase.  From  
the conceptual I nformat ion Model, a logical database schema can be 
generated (using tools like I nfoModeler [ 33] )  or manually built .  

 
 

3 .2 .5  I m plem entat ion 
 

This phase consist s of the actual implementat ion of the web sit e.  The 
implementat ion environm ent  can be chosen:  HTML, XML, WML, …  The 
implementat ion could be autom ated using available tools. 

 
 

3 .3  Conclusion 
 
The most  important  characterist ic of WSDM is that  t he different  users of a 
web site find t he r ight  informat ion in a faster  way:  each user doesn’t  get  all 
data and each user gets the data on his way. 
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4  Problem  statem ent: design t im e support  for  adaptive   
     behavior in w eb sites 
 
I n the background part , we f irst  descr ibed adapt ive behavior in web sit es.  
Afterwards, we briefly discussed some exist ing web sit e design methods and 
made a more extensive study of the Web Site Design Method (WSDM) , 
which will be used as a framework later on in the research sect ion.   
 
Unfortunately, none of these methods provides any support  for adapt ive 
elements.  This includes WSDM, which has some support  for dynamic 
behavior , but  no st ructural support  for adapt ive behavior.  However, as we 
explained in chapter 1, the need for adapt ive behavior in web sites is 
increasing rapidly. 
 
I n the research part  of t his thesis, we will dem onst rate a solut ion for 
designing adapt ive behavior .  The proposed solut ion, in chapter 5, is applied 
on WSDM but  could be used in other methods as well.  Chapter 6 illust rates 
the solut ion wit h two extensive cases studies.  
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5  Suggest ion to design adaptive behavior  
 
I n this chapter, we propose a solut ion to design adapt ive behavior  in web 
sites.  The f irst  solut ion you should t hink of, is placing condit ions on the links 
in the navigat ional m odel of WSDM.  These condit ional links can denote 
dynamic behavior like ‘if  user  has condit ion c,  t hen link l can be followed’.  
But  what  if  you want  to define adapt ive behavior  like “ if a chunk is m ost ly 
accessed via a certain path of a part icular length, put  this chunk some levels 
higher in t he path”?  I t  is not  possible to descr ibe this with a condit ion on a 
link.  The following sect ions descr ibe a solut ion for such adapt ive elements. 
Rules are defined to indicate which act ions are to be undertaken when some 
condit ion is fulf illed.  These rules have two part s:  a condit ion and an 
operat ion.  The operat ions are described in sect ion 6.2 and the syntax for 
the rules in 6.3.  But  first  we give a formal definit ion of the navigat ional 
model in sect ion 6.1.  With this formalizat ion, we will be capable of defining 
operat ions on the model.   Note t hat  the definit ions for the navigat ional 
model are general, and thus applicable for any web design methods.  Since 
our working model will be WSDM, we will provide some addit ional definit ions 
that  deal with the peculiar it ies of the audience driven approach for WSDM.  
 
 
5 .1  Definit ion of the Navigat ional Model 
 
This sect ion gives a formal definit ion of the Navigat ional Model.  This 
formalizat ion will allow us to define operat ions on the model, which are used 
in the rules of sect ion 5.4.  We f irst  define the Navigat ional Model with some 
propert ies in sect ion 5.2.1.  After this, sect ion 5.2.2 gives the needed 
definit ions for  the Audience Track, and defines an Audience Based 
Navigat ional Model.  This Audience Based Navigat ion Model represents t he 
Navigat ional Model used in the current  version of WSDM. 
 
 
5 .1 .1  The Navigat ional Model 
 
First  we define a Navigat ional Model and some propert ies.  Later, we will 
define audience t racks as sub models of this model. 

 
 

Definit ion 5 .1 : Navigat ional Model  
 

We define a Navigat ional Model M for a website W as a 4- tupel (N, H, L,  C) , 
where:  
 N is a f inite non-empty set  of nodes N;  
 H is a f inite non-empty set  of chunks;  
 L ⊆  N X N, is the set  of links;  
 C ⊆ N X H. is the set  of connect ions between nodes and chunks. 
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I nterpreta t ion 
Consider a web site with Navigat ional Model (N, H, L,  C) :  
A link  (element  of L) , is a 2- tupel (ns, n t) , where ns is the source and n t  
the target  of t he link .   
For ns we write source ( l) ;  for n t  we write target  ( l) . 
A connect ion (element  of C)  is a 2- tupel (n, c) , where n is the node of 
the connect ion and c is the chunk of the connect ion.   
We write node ( l)  and chunk ( l) . 

 
Notat ions  
A link is denoted by            .  
A node is represented by:                   .  
 
Com m ents 
Let  W be a web site wit h Navigat ional Model (N, H, L, C) :  an element  n 
of N represents a bundle of inform at ion-  or  funct ionalit y units.  Elements 
of N, nodes, are also called component .  

  
Com m ents 

 Consider a web site W with a set  of chunks H. 
A chunk h ∈ H, represents an informat ional or funct ionalit y chunk 
defined in the conceptual design. 

  
 
Definit ion 5 .2 : root  

 
Given a Navigat ional Model M =  (N, H, L, C) , one of t he elements of N can 
be indicated to be the root  of t he Navigat ional Model.  Root (M)  will be used 
to denote t he root  of M.  
 
 

Com m ent  
Given a Navigat ional Model M =  (N, H, L, C)  for a web site W, root  (M)  
represents the homepage of W. 

 
 

Definit ion 5 .3 : path  
 

Let  n1 and n2 be two nodes of a Navigat ional Model M=  (N, H, L, C) . 
A n1-n2 path in M is a ( loop- free)  sequence of links l1 ...  lr, ∈ L where:  
 
I f r  =  1 ( l1 =  lr) :  

- source ( l1)  =  n1 
- target  ( lr)  =  n2 

 
I f r  >  1:  

- ∀ lh, lh-1  ∈ L where 1 <  h ≤ r :   target   ( lh-1)  =  source ( lh)   
 

 



 

 

32 

The length of a path p, denoted by length(p) , is the number of links in p. 
 

Com m ent 
The length of a path corresponds with the navigat ion depth in the site. 

 
 

Definit ion 5 .4 : connected  
 

Consider a web site with Navigat ional Model (N, H, L,  C) . 
Two nodes n1 and n2 of the set  N are called connected if there is a path 
between n1 and n2 in M. 
 
We define ‘well- connected’ to check if  every node from the Navigat ional 
Model can be reached ( from the root  of the web sit e) .  So this will be used to 
check if there are no lost  components in the web site. 
 
Definit ion 5 .5 : w ell- connected  
 
Given a web site W with Navigat ional Model M =  (N, H, L, C)  and a root  r , 
then M is called well- connected if:  

 ∀ n ∈ N:  
  A r–n path exist s in M. 

 
 
5 .1 .2  Audience Tracks 
 
Now that  the Navigat ional Model is descr ibed, we define Audience Tracks as 
sub models of a Navigat ional Model.  Finally, we define an Audience Based 
Navigat ional Model t o represent  a Navigat ional Model as it  is current ly used 
in WSDM. 
 
The definit ion of sub m odels is necessary to define Audience Tracks later on.  
Audience Tracks will be defined as sub models with specif ic propert ies. 
 
Definit ion 5 .6 : sub m odel 
 
Consider a Navigat ional Model M=  (N, H, L, C) .  The Navigat ional Model 
M1= (N1, H1,  L1,  C1)  is a sub model of M if :  
 

- ∅ ≠ N1 ⊆ N 
- ∅ ≠ H1 ⊆ H 
- L1 ⊆ L,  
- C1 ⊆ C, 

where ∀ lx ∈ L1:  source ( lx)  ∈ N1 and target  ( lx)  ∈ N1 

 and ∀ cx ∈ C1:  node (cx)  ∈ N1 and chunk (cx)  ∈ H1 
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Lem m a 5 .1 : a  sub m odel is a  Navigat ional Model 
 
This can be direct ly der ived from definit ion 5.6. 

 
 

Definit ion 5 .7 : Audience Track 
 

Given a web site W with a set  of audience classes A= { A1, .. . , An}  and 
Navigat ional Model M=  (N, H, L, C) .   
An Audience Track  for an audience class Am  ∈ A is a sub model TAm  = (N1, H1, 

L1,  C1)  of M. 
 
 

Notat ion 
 The root  of an Audience Track is denoted as:                 .    
 

 Com m ent  
The root  of an Audience Track represents the f irst  page of t he audience 
t rack.  

 
 
The property ‘nested’ for  Audience Tracks is defined to express that  one 
Audience Track is 'contained' within another one.  This propert y is used in 
the definit ion of Audience Based Navigat ional Models to denote that , when 
an Audience Class is a subclass of another  Audience Class, their  
corresponding Audience t racks are nested. 
 
Definit ion 5 .8 : nested  
 
Given a web site W with audience classes A= { A1, .. . , An}  and Navigat ional 
Model M=  (N, H, L, C) .  
Let  T1= (N1, H1, L1, C1)  and T2= (N2,  H2, L2, C2)  be two Audience Tracks of M 
for the respect ive audience classes A1 and A2,  then T1 is nested inside T2 if:  

 
- T1 is a sub m odel of T2  

AND 
- root  (T1)  ≠ root  (T2)  

 
While Audience Tracks can be nested, they could also be disjoint .  This 
means they have no nodes in com mon. 
 
Definit ion 5 .9 : disjoint  
 
Let  W be a web site with Navigat ional Model M and Audience Tracks T1= (N1, 
H1,  L1, C1)  and T2= (N2, H2, L2, C2) .   Then T1 is disjoint  from T2 if:  
 
 N1 and N2 are disjoint .  
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Com m ent  
Note that , although this definit ion requires t he nodes of the different   
Audience Tracks to be disj oint ,  there can be shared chunks.  I ndeed, 
since chunks may be re-used, two different  components may have a  

shared chunk connected to them. 
 
The f inal definit ion defines the Navigat ional Model as it  is current ly used in 
WSDM, and is thus specific for t he audience dr iven philosophy of WSDM.  
The formal m odel defined so far could easily be extended to reflect  a data 
driven, or organizat ion dr iven approach as followed by other web design 
methods;  yet  this is beyond the scope and goal of this thesis. 
 
Definit ion 5 .1 0 : Audience Based Navigat ional Model 
 
Given a web site W with a set  of audience classes A= { A1,. . .,  An}  and a 
Navigat ional Model M=  (N, H, L, C) .  M is an Audience Based Navigat ional 
Model if :  
 

- ∀ Am  ∈ A, where 1 ≤ m  ≤ n:  M has an Audience Track TAm  for Am  
- if    number of A >  1, then:  

∀ Audience Track TAm=  (Nm ,  Hm , Lm , Cm) :  root  (M)  ∉ Nm   
- ∀ audience class A1 which is a subclass of audience class A2:  t he 

Audience Track for A1 is nested inside the Audience Track for A2  
- ∀ audience class A1 which is a brother/ sister of the audience 

class A2:   t he Audience Track for  A1 and the Audience Track for  
A2 are disjoint  

 
 
Lem ma 5.2 is a direct  consequence of definit ion 5.10 
 
Lem m a 5 .2  
 
Consider a web site W with Navigat ional Model M and Audience Tracks T1 
and T2.   I f T1 is not  a nested Audience Track in T2,  then:  
The nodes of T1 are not  accessible from T2 and vice versa, unless via root  
(M) . 
 
 
5 .2  Operat ions on the Navigational Model 
 
With a formal definit ion of t he Navigat ional Model, we can now formulate 
operat ions on the model.  We assume the following while defining the 
operat ions:  
 
Let  M =  (N, H, L, C)  be a Navigat ional Model of a web site W, then we will 
use M’ =  (N’, H’, L’, C’)  as the result ing Navigat ional Model after execut ion of 
an operat ion Op on M, noted as Op (M) . 
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5 .2 .1  Operat ions on nodes 
 
The only needed operat ions on nodes are deleteNode and addNode.  The 
operat ion move can be composed by operat ions on links, hence this 
operat ions is not  defined separately.  Supposing n ∈ N:  

 
 deleteNode (n)  

 
N’ =  N \  { n}  

  
and ∀ l ∈ L, where source ( l)  =  n or target  ( l)  =  n:  

    L’ =  L \  { l}   
  

 and ∀ c =  (n, h)  ∈ C:    
    C’ =  C \  { c}  

 
 

addNode (n)  
 
   N’ =  N ∪ { n}  

 
Remark that  it  is not  useful t o add a node without  a chunk.  Meta-
informat ion, as discussed in 5.4, should check that  no nodes ex ist  without  
chunks with it . 
The two defined operat ions are the only basic operat ions on nodes.  Other  
operat ions can be composed of deleteNode and addNode.   
 
 
5 .2 .2  Operat ions on chunks  
 
As with nodes, we define deleteChunk  and addChunk operat ions to add or 
delete a chunk.  However for chunks, we need two ext ra operat ions.  We 
must  be able to connect  or disconnect  a chunk to/ from a node.  We suppose 
h ∈ H and n ∈ N:  

 
deleteChunk (h) :  

 
H’ =  H \  { h}  

 

  and  ∀ c =  (n, h)  ∈ C:  
    C’ =  C \  { c}   
 
 

addChunk (h) :  
 
   H’ =  H ∪ { h}  
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disconnect  (h, n) :  
 

C’ =  C \  { (n, h) }  
 
 

connect  (h, n) :  
  
   C’ =  C ∪ { (n, h) }  

 
All other possible operat ions on chunks can be composed of the four defined 
operat ions.  Move, for example:  if we want  to move a chunk h from  
component  n1 to component  n2 ( h ∈ H, n1 to n2 ∈ N) , we f irst  use 
disconnect (h, n1)  and afterwards connect (h, n2) . 
 
 
5 .2 .3  Operat ions on links  
 
Delete and add are the only operat ions on links t hat  cannot  be composed of 
other operat ions.  To define these operat ions, we suppose l ∈ L. 

 
deleteLink ( l) :  

 
L’ =  L \  { l}  

 
 

addLink ( l) :  
 

L’ =  L ∪ { l}  
 
We have j ust  defined the basic operat ions on links.  All other necessary 
operat ions can be composed of the defined ones.   
 
 
5 .3  Rules to design adapt ive behavior  
 
I n this chapter, we formulate a syntax for t he navigat ional rules.  Sect ion 
6.2.1 formalizes several k inds of adapt ive improvements [ 19]  t o be designed 
with rules.  Afterwards, 6.4.2 demonst rates the syntax, which can be used 
by t he designer by filling in the variables.  From now on, variables are shown 
it alic. 
 
 
5 .3 .1  Transform at ions 
 
We first  present  t hree basic kinds of t ransform at ions that  cannot  be 
designed on the Navigat ional Model simply using condit ions on links.  For  
each, we give a more form al descript ion.   
Note that , when implem ent ing a web site, t here m ust  be given meta-
informat ion to tell t he system when adaptat ions may be made.  For  
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example:  in case of a universit y web site, the system may not  put  a link t o a 
certain course between a list  of links to facult ies.  More about  this in 5.4.  
 
Before beginning, it ’s worth explaining what  we mean with the number of 
visits of web sites and components (used in the following paragraphs) . 
When a user v isit s a web sit e and visit s a number of component s and 
chunks, this is called a session.  When talking about  the number of v isit s of 
a component , we mean the number of sessions that  visit  that  component .   
So when dur ing one web site-visit ,  the component  is visit ed t hree t imes, t his 
is calculated as one. 
The number of visit s of a web site is the number of sessions. 
 
 
5 .3 .1 .1  Prom ot ion and dem ot ion 
 
Promot ion makes a link or  page easier to find by m oving a link closer to t he 
home page of the web site. 
Promot ion and dem ot ion are based on the popular ity of links and pages.  
Promot ion means adding a link t o the m odel, while demot ion means 
removing a link. 
 
The x-  and y-values in t he following condit ions are decided by the designer 
of the web sit e, but  will probably be large.   
 
 
Prom ot ion 
 
condit ion:  

The number of v isits of chunk/ component  c v ia a certain path p,  is x  %  
of t he total number of visit s of chunk/ component  c and y %  of t he 
number of visits of t he web sit e W. 

t ransformat ion:   
 Put  c some steps higher in the path. 
 
 
Dem ot ion 
 
condit ion:  

The number of v isits of chunk/ component  c, is x %  of the number of 
visits of t he web sites W.  

t ransformat ion:   
 Put  c some steps lower in the path. 
 
 
5 .3 .1 .2  Linking and unlinking 
 
Linking connects two pages that  were previously unconnected by adding new 
links between them.  The fact  that  many users v isit  two pages in t he same 
session suggests that  they are conceptually related in users’ m inds, even if 
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the designer of the web site made no explicit  connect ion.  Sim ilar ly , 
unlinking is based on observing a lack of correlat ion;  if  links between two 
pages are never followed, we m ight  infer t hat  they are unrelated in users’ 
m inds, even though the designer connected them. 
 
Again, the x-var iable in the following condit ions is decided by t he designer, 
but  would probably be large. 

 
 

Linking 
 
condit ion:  

Components c1 and c2 are related (based on access stat ist ics or on 
contents)  

t ransformat ion:  
 Add links between c1 and c2. 

 
 

Unlinking 
 
condit ion:  

The number of t raversings of link l is x %  of the number of v isit s of web 
site W.  

t ransformat ion:  
 Remove link l. 

 
 
5 .3 .1 .3  Clustering 
 
Clustering associates a collect ion of related pages and makes them  
accessible as a group on a newly created page.  The system recognizes a 
collect ion of sim ilar documents t hat  are not  grouped together anywhere at  
the site, creates a new page for t hem and adds a reference to t he new page.  
Documents may be considered related based on their  f ilenames, t heir 
locat ions in t he site hierarchy, their correlat ion in visitor paths, etc. 
 
 
Clustering 
 
condit ion:  

Two documents ( chunks)  are related ( like descr ibed above) , but  not  
grouped somewhere on the site. 

t ransformat ion:  
 add component  with links to the chunks. 
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5 .3 .2  Syntax  for  rules 
 
Finally, after  formally defining the Navigat ional Model and operat ions on it ,  
we can form ulate the syntax for the rules.  First  we give some syntax-
elements and in part  5.3.2.2, t he whole syntax is defined. 
 
 
5 .3 .2 .1  Som e syntax- elem ents 
 
Before describing the final syntax for  rules, we f irst  give some syntax-
elements, used in the rule-syntax. 
 
 
1 . Rule- specific elem ents 
 

- numberOfVisit s (c)  
stands for:  #  visit s of component  c   
 

- numberOfVisit s (W)  
stands for:  #  visit s of web site W  
 

- numberOfVisit s (c, p)  
stands for:  #  visit s of component  c, via path p  
   

- numberOfTraversings ( l)  
stands for:  #  t raversings of link l    
 

- related (c1, c2)  
stands for:  components/ chunks c1 and c2 are related   
 

- grouped (c1, c2)  
stands for:  chunks c1 and c2 are grouped in  one 
component  

 
- forEach(s,  r)  

stands for :  apply rule r  on each element  of the set  
defined in s.  
 

The forEach(s, r)  is necessary to define rules on groups of 
nodes, chunks or links.  Rules will most ly be used with t he 
forEach-element . 

 
 
2 . General elem ents 

    
- NOT (exp)  

stands for:   negat ion   
 

- (exp)  [ AND (exp) ] +  
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stands for:  conjunct ion      
 

- /  
stands for:  division    
 

- <   
stands for:  smaller then 

 
 
5 .3 .2 .2  The rule- syntax 
 
This sect ion descr ibes the f inal syntax to descr ibe rules, in BNF notat ion 
[ 34] , wit h variables of a certain type.  Two kinds of rules exist :  rules specif ic 
on one element , and rules on groups of element s.   Rules on a specif ic 
element  are the simplest .  They occur when the designer ant icipates 
adapt ive behavior on a certain element , and adds a rule specific for this 
element .  Although this works fine in part icular cases, in general, user 
behavior  will be unpredictable and it  will be ext remely difficult  for  t he 
designer to correct ly ant icipate user navigat ion behavior.   
In other words, the designer should also be able to define certain adaptive behavior which are not 
hooked to a particular element, but instead are defined on all the nodes of the navigation model.  
A refinement will enable the designer to specify rules on groups of nodes: nodes that somehow 
have similar properties3, and may thus be subject of similar adaptive operations.  The forEach in 
the syntax below is used to specify adaptive behavior on sets of nodes.  The italic letters in the 
syntax denote variables ( c1,  c2 and nx ∈ N, c ∈ N or c ∈ H, p is a path, l ∈ L, hx ∈ 
H) .  

 
 
rule   : : =  < expression>  |  

forEach ( (< set> ) , (< expression> ) ) . 
 
set    : : =  < variable> *  of < elements>  |  

< variable> *  of < elements>  with (< property>  
(AND < propert y> ) * ) .  
 

elements  : : =  N |  
H |  
L. 

 
property  : : =  audience t rack =  T |  
    length from root  =  x. 
        
expression  : : =  if  < condit ion>  then (< operat ion> + ) . 

 
condit ion  : : =  (< promot ioncond> )  |  
    (< demot ioncond> )  |  

                                                
3 For example: nodes within the same audience track, nodes that are semantically similar, 
… 
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    (< linkingcond> )  |  
    (< unlinkingcond> )  |  
    (< clusteringcond> ) . 
 
 
prom ot ioncond : : =  (numberOfVisit s (c, p)  /  numberOfVisits (c)  ≥ x)  

   AND  
(numberOfVisit s(c, p)  /  numberOfVisit s(W)  ≥ y) . 

 
demot ioncond : : =  numberOfVisit s (c)  /  numberOfVisits (W)  ≤ x . 
 
link ingcond  : : =  related (c1, c2) .  
 
unlinkingcond : : =  numberOfTraversings ( l)  ≤ x.  
 
clusteringcond : : =  ( related (c1, c2) )  AND 
    (NOT (grouped (c1, c2) ) ) .  
 
operat ion   : : =  deleteNode (n)  |  
    addNode (n)  |   
    deleteChunk (h)  |  
    addChunk (h)  |  
    connect  (h, n)  |  
    disconnect  (h, n)  |  
    deleteLink ( l)  |  
    addLink ( l) . 
 
 
Remark that  the var iables of the forEach statement  are elements of N, H or  
L.  I n this syntax, two propert ies to denote t he sets for the forEach are 
given:  ‘audience t rack =  T’ and ‘length from root  =  x ’.  These are not  t he 
only possibilit ies.  Arbit rary sets can be defined by designers t o define 
adapt ive behavior, e.g. all nodes related on a certain semant ic area.  
 
Set  uses the non- term inal < variable> .  A variable is a st r ing of alphanumeric 
characters.  The f irst  character must  be a let ter:  

 
Term inal Alphabet :   

0…9, A…Z, a…z  (all digit s and alphabet ic characters)  
 
Non- term inal Alphabet :   

< variable> , < alphaSequence> , < alphanumer ic> , < let ter> , 
< digit>   

 
Syntact ic Rules:   

< variable>  : : =  < let ter>  < alphaSequence>                   
< alphaSequence>  : : =  < alphanumeric>  < alphaSequence>      
< alphanumeric>  : : =  < let t er>  |  < digit>                       
< let ter>  : : =  a |  b |  . . |  z |  A |  B |  . . |  Z                
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< digit>  : : =  0 |  1 |  2 |  3 |  4 |  5 |  6 |  7 |  8 |  9          
 
 

5 .4  Future w ork  
 
To complete the picture, the defined rules can be used in the implementat ion 
of web sites.  A t ool can be developed which interacts with the Navigat ional 
Model, so the implementat ion and adaptat ions of t he web site are 
automated.  Hence the designer can design the web site using the tool,  
which will implement  t he web site.  While the web site is being used, t he t ool 
assures that  the adaptat ions are being performed.  Some issues should be 
thought  yet  of,  like:  
 

• An algorithm to check for  completeness should be performed after 
adapt ing t he site.  This assures for example that  no empty nodes 
exist .   

 
• Not  all adaptat ions make sense.  For example:  a link to a certain 

course cannot  exist  between a list  of links t o the different  facult ies 
on a page of a university site.  Providing the site with meta-
informat ion can solve this:  informat ion about  it s content , st ructure 
and organizat ion.  We refer to [ 11]  for more informat ion. 

 
• There should also be a way of specifying how often (which t ime 

intervals)  t he rules must  be applied.  Applying the rules on arbit rary 
moments would cause problem s.  For example if the rules are 
applied aft er one hour, the stat ist ics will give a totally wrong 
representat ion.  The designer should be possible to tell the system  
when t o apply the rules.  For  example, the system  is told to apply 
the rules every two weeks.  I t ’s worth to test  this the intervals 
experimentally.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6  Cases 
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To illust rate our solut ion, we t reat  two cases.  6.1 shows a WSDM design of 
a web sit e of a youth organizat ion called ‘Muzemix’ and sect ion 7.2 t reats a 
web site of an online bookstore. 
 
 
6 .1  Case 1 : Youth organizat ion ‘Muzem ix’ 

 
The first  case is about  a youth organisat ion called Muzemix.  Muzemix has 
two part it ions:  a musical-atelier and a pop-youth-coir.  The coir, for  
teenagers from 12 t ill 20 year-old, presents regular ly and the musical-
atelier,  for children/ youths from 7 t ill 17 year-old, has one big presentat ion 
of some days per year.    
The purpose of the websit e is:  
 
“Prom ote the presentat ions and provide general informat ion about  Muzemix 
to non members.  Provide specific informat ion to members, tutors, 
workgroups and the board of directors.”  
 
I n the following sect ions, we elaborate each phase of WSDM.  Purposes and 
details of all phases are explained in chapter 3, hence these are not  included 
in this chapter. 

 
 

6 .1 .1  Mission Sta tem ent  Specificat ion  
 

• Purpose 
- Offer informat ion of the organizat ion to non members 
- Offer informat ion of the ateliers to the members 
- Promot ing the presentat ions 
- Offer repor ts of meet ings online t o t he t utors, the workgroups 

and the board of directors. 
• Target  audience 

- non members 
- musical-actors (=  members of the atelier)  
- members of the pop youth-coir 
- tutors 
- members of the workgroups 
- members of the board of directors 

• Subject  
- musical-ateliers 
- coir- repet it ions 
- presentat ions 

 
 
 
 

6 .1 .2  Audience Modeling 
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6 .1 .2 .1  Audience Classificat ion  
 
Target  audience :  non m embers, members of the atelier, members of the 
pop youth-coir,  tutors, members of the workgroups, members of the board 
of directors 

⇓ 
Audience classes 

• Non member 
• Atelier-member 
• Coir -member 
• Tutor  
• Workgroup-member 
• Administ rat ion-member 
 
 

Requirem ents 
 
Audience Class Non m em ber  
I nformat ion requirements 

- informat ion about  the organizat ion (general,  atelier and coir)  
- informat ion about  presentat ions 

Funct ional requirements 
- get  informat ion about  the organizat ion 
- get  informat ion about  presentat ions 

Usabilit y requirements 
- f lexible ways to get  informat ion about  the organizat ion 
- f lexible ways to get  informat ion about  presentat ions 

 
Audience Class Atelier- m em ber  
I nformat ion requirements 

- informat ion about  the atelier 
- informat ion about  presentat ions 

Funct ional requirements 
- get  informat ion about  the atelier  
- get  informat ion about  presentat ions 

Usabilit y requirements 
- f lexible ways to get  informat ion about  the atelier 
- f lexible ways to get  informat ion about  presentat ions 

 
Audience Class Coir- m em ber  
I nformat ion requirements 

- informat ion about  the coir- repet it ions  
- informat ion about  presentat ions 

Funct ional requirements 
- get  informat ion about  the coir- repet it ions 
- get  informat ion about  presentat ions 

Usabilit y requirements 
- f lexible ways to get  informat ion about  the coir - repet it ions 
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- f lexible ways to get  informat ion about  presentat ions 
 

Audience Class Youth- m em ber  
I nformat ion requirements 

- informat ion about  presentat ions 
Funct ional requirements 

- get  informat ion about  presentat ions 
Usabilit y requirements 

- f lexible ways to get  informat ion about  presentat ions 
 

Audience Class Tutor  
I nformat ion requirements 

- informat ion about  the atelier 
- informat ion about  the coir- repet it ions 
- informat ion about  presentat ions 
- report s of tutor-meet ings 

Funct ional requirements 
- get  informat ion about  the atelier  
- get  informat ion about  the coir- repet it ions 
- get  informat ion about  presentat ions 
- add informat ion about  the atelier  
- add informat ion about  the coir- repet it ions 
- get  reports of tutor-meet ings 
- add repor ts of tutor-meet ings 

Usabilit y requirements 
- f lexible ways to get  informat ion about  the atelier 
- f lexible ways to add informat ion about  the atelier 
- f lexible ways to get  informat ion about  the coir - repet it ions 
- f lexible ways to add informat ion about  the coir - repet it ions 
- f lexible ways to get  informat ion about  presentat ions 
- f lexible ways to get  reports of tutor-meet ings 
- f lexible ways to add reports of tutor-meet ings 

 
Audience Class W orkgroup- m em ber  
I nformat ion requirements 

- report s of workgroup-meet ings 
- informat ion about  presentat ions 
- informat ion about  coir- repet it ions 
- informat ion about  the atelier 

Funct ional requirements 
- get  reports of workgroup-meet ings 
- add repor ts of workgroup-meet ings 
- get  informat ion about  presentat ions 
- get  informat ion about  coir- repet it ions  
- get  informat ion about  the atelier  

Usabilit y requirements 
- f lexible ways to get  reports of workgroup-meet ings 
- f lexible ways to add reports of workgroup-meet ings 
- f lexible ways to get  informat ion about  presentat ions 
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- f lexible ways to get  informat ion about  coir- repet it ions 
- f lexible ways to get  informat ion about  the atelier 

 
Audience Class Adm inist rat ion-m em ber  
I nformat ion requirements 

- report s of core-meet ings 
- report s of workgroup-meet ings 
- report s of tutor-meet ings 
- informat ion about  presentat ions 
- informat ion about  the musical-atelier 
- informat ion about  t he coir- repet it ions 

Funct ional requirements 
- get  reports of core-meet ings 
- get  reports of workgroup-meet ings 
- get  reports of tutor-meet ings 
- add repor ts of core-meet ings 
- get  informat ion about  presentat ions 
- get  informat ion about  the atelier  
- get  informat ion about  the coir- repet it ions 
- add informat ion about  presentat ions 

Usabilit y requirements 
- f lexible ways to get  reports of core-meet ings 
- f lexible ways to get  reports of workgroup-meet ings 
- f lexible ways to get  reports of tutor-meet ings 
- f lexible ways to add reports of core-meet ings 
- f lexible ways to get  informat ion about  presentat ions 
- f lexible ways to get  informat ion about  the atelier 
- f lexible ways to get  informat ion the coir- repet it ions 
- f lexible ways to add informat ion about  presentat ions 

 
Audience Class Organizat ion-m em ber  
I nformat ion requirements 

- informat ion about  presentat ions 
- informat ion about  the atelier 
- informat ion about  the coir- repet it ions 

Funct ional requirements 
- get  informat ion about  the atelier  
- get  informat ion about  the coir- repet it ions 
- get  informat ion about  presentat ions 

Usabilit y requirements 
- f lexible ways to get  informat ion about  the ateliers 
- f lexible ways to get  informat ion about  the coir - repet it ions 
- f lexible ways to get  informat ion about  presentat ions 

 
 
 
 
Audience class hierarchy  
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Figure 6.1. Audience Class Hierarchy for  t he Muzemix example. 
 
 

6 .1 .2 .2  Audience Class Charact erizat ion 
 
Audience Class Non m em ber 
Character ist ics 

- all ages 
- most ly experienced with WWW 
- all languages possible 

 
Audience Class Atelier- m em ber  
Character ist ics 

- 7 to 17 year-old boys and gir ls 
- experience with WWW may vary 
- language:  dutch 

 
Audience Class Coir- m em ber  
Character ist ics 

- 12 to 20 year-old boys and gir ls 
- experience with WWW may vary 
- all languages possible, most ly dutch 

 
Audience Class Youth- m em ber  
Character ist ics 

- 7 to 20 year-old boys and gir ls 
- experience with WWW may vary 
- all languages possible, most ly dutch 

 
Audience Class Tutor  
Character ist ics 

- adults 
- experience with WWW may vary 
- language:  dutch 

Visitor 

Non member Organization-member Youth-member 

Tutor Coir-member Atelier-member Workgroup 
-member 

Administration- 
member 
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Audience Class W orkgroup- m em ber 
Character ist ics 

- most ly adult s 
- experience with WWW may vary 
- all languages, most ly dutch 
-  

Audience Class Adm inist rat ion-m em ber  
Character ist ics 

- adults 
- experience with WWW may vary 
- language:  dutch 

 
Audience Class Organizat ion-m em ber 
Character ist ics 

- most ly adult s 
- experience with WWW may vary 
- all languages:  most ly dutch 

 
 
6 .1 .3  Conceptual Design 
 
 
6 .1 .3 .1  I nform at ion Modeling 
 
We only show the informat ional m odel for the informat ion requirement  
‘informat ion about  presentat ions’.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.2. I nform at ional Chunk for Presentat ion. 
 
 

6 .1 .3 .2  Funct ional Modeling 
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The decomposit ion of the funct ional requirement  ‘add informat ion about  
presentat ions’ results in:  
 
Add informat ion about  presentat ions 

• Register new presentat ion 
• Submit  presentat ion info 

 
Register new  presentat ion  
The user enters t he t it le of t he presentat ion.  
Subm it  presentat ion info 
The user enters the date, t ime, goal public, locat ion, number of places, 
subject  and division, and indicate the presentat ion t o be public or pr ivate. 
 
We show the funct ional m odel for the requirement  ‘submit  presentat ion info’ 
in figure 6.3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6.3. Funct ional Chunk for Submit  Presentat ion I nfo. 

 
 
6 .1 .3 .3  Navigat ional Design 
 
Figure 6.4 gives the t rack st ructure of t he Muzemix web site.  The next  step 
is t o elaborate t he Navigat ion Track for the different  Audience Classes. 
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Figure 6.4.  Main Track St ructure of the Navigat ion Model. 

 
 
Figure 6.5 shows the Navigat ion Track st ructure for the Audience Class Non 
Member .   The rules that  describe the adapt ive behavior of the Track, are 
given below.  To ident ify the links, components and chunks, they got  an I D 
on the picture. 
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Now, dur ing navigat ional design, our solut ion proposed in chapter 5 can be 
used to denote adapt ive behavior .  Below we give some rules a designer  
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could write for t he t rack of figure 6.5.  The f irst  rules are rules on a specif ic 
node, chunk or link.  These can be used when the designer conjectures that  
there is a correlat ion between the elements and he will know from the user ’s 
access behavior if this is t rue or  not .  The last  rules are rules on groups of 
elements. 
 
 
1 Rules on a specific element  

 
• We state as designer that  it  could be possible that  the presentat ions 

of t he organizat ion ( co13)  are a very popular issue.  I f  W is t he web 
site that  is be designed, we define the rule:  

 
if  ( (numberOfVisit s (co13,  ( (co0,co3) ,( co3,co13) ) )  /  

      numberOfVisit s (co13)  ≥ 1)   
    AND ( numberOfVisits( co13, ( (co0,co3) ,(co3,co13) ) )  /   

         numberOfVisits (W)  ≥ 0.1))  
then addLink ( ( co0, co13) ) . 

 
The first  part  of t he rule is a condit ion which is always t rue, while t he 
second par t  is a condit ion that  states that  the component  co13 is, in 
10 %  of the visits of W, accessed (v ia a certain path) .  This rule 
handles an example of prom ot ion. 

 
• The second rule which could be added to the navigat ional design, is 

an example of link ing. 
We know that  it  may be possible that  users that  v isit  the component  
of t he Board of Directors, they are also interested in the Tutors 
component .  I f stat ist ics prove that  this is t rue, a link between the 
two is needed.  This is given in the following rule:  
 

if  related (co14, co15)  
then  addLink ( (co14, co15) )  
AND addLink ( ( co15, co14) ) . 

 
• As third example, we give a rule that  handles clustering.  I f  a cer tain 

number of v isit s of the web site show that  the components Musical-
Atelier  and Pop-Youth-Coir  are related, it  would be a solut ion to 
make a new component  with links to these two components:  

 
if  ( related (co1, co2) )   
AND  (NOT (grouped (co1,  co2) ) )  
then  addNode (co19)  
AND  addLink ( ( co0, co19) )  
AND deleteLink ( (co0, co1) )  
AND deleteLink ( (co0, co2) )  
AND  addLink ( ( co19, co1) )  
AND  addLink ( ( co19, co2) ) . 
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• The next  example is an example of link ing.  We think about  the fact  
that  v isitors of the site t hat  are looking for  t he atelier (or the coir) ,  
are also interested in the presentat ions they give.  So we write a 
rule that  links the two if necessary:  
 
For the musical-atelier :  

  if  related (co1, co13)  
  then addLink ( ( co1, co13) )  
  AND  addLink ( ( co13, co1) ) . 
 

For the pop-youth-coir:  
  if  related (co2, co13)  
  then  addLink ( (co2, co13) ) , 

AND  addLink ( ( co13, co2) ) . 
 

 
2 Rules on groups of elements 

 
This sect ion descr ibes some rule on groups of element s.  Remark that , 
with this rules, some rules of the previous sect ion are overflowing.  
However, we gave that  rules t o have more examples to demonst rate our  
solut ion of chapter 5. 
 
• The f irst  rule in the Muzemix example is a rule on prom ot ion.   Now 

we use such a rule with forEach to denote that  we want  that  rule 
applied on every element  of the audience class ‘non member ’ and on 
a certain level, namely t hree.   

 
forEach ( (element 1 of  H with audience t rack =  non member,  
                length from root  =  3) , 
( if  ( (numberOfVisit s (element 1, ( (co0,co3) ,( co3, element 1) ) )  /  

        numberOfVisits (element 1)  ≥ 1)   
    AND  (numberOfVisit s(element 1, ( (co0,co3) ,( co3, element 1) ) )  /   

         numberOfVisits (W)  ≥ 0.1))  
then addLink ( ( co0, element 1) ) ) ) . 

 
• The second rule on a specif ic element  is an example of linking.   

We now wr ite a forEach rule that  uses this rule, to describe t hat  we 
want  to add a link between all related components.  This rule is 
useful when some informat ion is not  expected to be related, 
however seem s to be related in users’ m ind. 
 
 ForEach( (element 1, element 2 of N) ,  

( if  related (element 1, element 2)  
then  addLink ( (element 1, element 2) )  
AND addLink ( (element 2, element 1) ) ) ) . 

 
6 .1 .4  I m plem entat ion Design 
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Like already ment ioned, t he method ident if ies the dif ferent  steps of the 
implementat ion design,  but  is not  yet  completely elaborated on this point .   
Hence we only br ief ly discuss the implementat ion design phase. 
 
 
6 .1 .4 .1  Page Design 
 
Figure 6.6 shows the page design for the Non Member  Audience Track. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6 .1 .5  I m plem entat ion 
 
The last  phase, t he actual const ruct ion of the web site using the chosen 
environment , is not  in t he scope of this chapter , because this thesis is about  
the design and not  t he implementat ion of web sit es. 
6 .1 .6  Conclusion 
 

Non Member 
Track 

Musical-Atelier 

Act ivit ies 

General 

Atelier-dates 
and t imes 

Pop-Youth-Coir 

The process 

Members 

The process 

Act ivit ies 

Repet it ion- dates 
and t imes 

Members Sponsors 

Board of 
Directors 

Workgroups 

Contact  

Philosophy 

Presentat ions 

Tutors 

Figure 6.6. Page st ructure for the Non Mem ber Track. 
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The Muzemix example shows that  the proposed solut ion in chapter 5 is not  
just  t heory, but  is really  applicable while designing web sites.  We gave 
some examples of rules.  Some of linking, one about  clustering and one 
about  promot ion.  The next  case, the online bookstore, in 6.2 give some 
other example- rules. 
 
 
6 .2  Case 2 : Online Bookstore 

 
The second case is an online bookstore.  The web site provides informat ion 
of books and authors, and users can buy books online. 
The purpose of the websit e is:  
 
“Offer informat ion of books and authors.  Also offer books online to all 
interested people, pr ivate buyers as well as bookshop-keepers.  Authors 
must  be able to add ( informat ion of)  books.”  
 
Again, we don ’t  include purposes and details of all phases,  because these are 
already elaborated in chapter 3. 
 
 
6 .2 .1  Mission Statem ent  Specificat ion  
 

• Purpose 
- offer informat ion of books online 
- offer informat ion of authors online 
- offer books online 

• Target  audience 
- everyone who wants informat ion about  books or authors 
- everyone who wants t o buy a book online 
- authors 

• Subject  
- books 
- authors 

 
 

6 .2 .2  Audience Modeling 
 
 
6 .2 .2 .1  Audience Classificat ion  
 
Target  audience :  everyone who wants informat ion about  books or authors, 
everyone who wants t o buy a book online, authors 

⇓ 
Audience classes 

• Reader (= people who just  want  informat ion)  
• Private-buyer 
• Bookshop-keeper 
• Author 
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Requirem ents 
 
Audience Class Reader  
I nformat ion requirements 

- data about  books 
- data about  authors 

Funct ional requirements 
- get  informat ion about  a book 
- get  informat ion about  an author 

Usabilit y requirements 
- f lexible ways to get  informat ion about  a book 
- f lexible ways to get  informat ion about  an author 

 
Audience Class Private- buyer  
I nformat ion requirements 

- data about  books 
Funct ional requirements 

- search (by ISBN, t it le, author, …)  for a book 
- buy a book 

Usabilit y requirements 
- f lexible ways to search for a book 
- f lexible ways to buy a book 

 
Audience Class Bookshop- keeper  
I nformat ion requirements 

- data about  books 
Funct ional requirements 

- search (by ISBN, t it le, author, …)  for a book 
- get  specialized informat ion about  books 
- buy large quant it ies of books 

Usabilit y requirements 
- f lexible ways to search for a book 
- f lexible ways to get  specialized informat ion about  books 
- f lexible ways to buy large quant it ies of books 

 
Audience Class Buyer  
I nformat ion requirements 

- data about  books 
Funct ional requirements 

- search (by ISBN, t it le, author, …)  for a book 
- buy books 

Usabilit y requirements 
- f lexible ways to search for a book 
- f lexible ways to buy books 

Audience Class Author  
I nformat ion requirements 

- data about  his/ her own books 
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- data about  his/ her own 
Funct ional requirements 

- add a book he/ she has wr it ten 
- add informat ion about  a book he/ she has wr it ten 
- change informat ion about  a book he/ she has wr it ten 
- delete informat ion about  a book he/ she has wr it ten 
- add informat ion about  his/ her own 
- change informat ion about  his/ her own 
- delete informat ion about  his/ her own 

Usabilit y requirements 
- f lexible ways to add a book 
- f lexible ways to add informat ion about  a book 
- f lexible ways to change informat ion about  a book 
- f lexible ways to delete informat ion about  a book 
- f lexible ways to add informat ion about  his/ her own 
- f lexible ways to change informat ion about  his/ her own 
- f lexible ways to delete informat ion about  his/ her own 

 
 
Audience class hierarchy 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6.7. Audience Class Hierarchy for the Online Bookstore example. 

 
 

6 .2 .2 .2  Audience Class Charact erizat ion 
 
Audience Class Author 
Character ist ics 

- most ly adult s 
- experience with WWW may vary 
- all languages possible 

 
Audience Class Reader  
Character ist ics 

- all ages 

Reader 

Visitor 

Author 

Bookshop-keeper 

Buyer 

Private-buyer 
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- most ly experienced with WWW 
- all languages possible 

 
Audience Class Private- buyer  
Character ist ics 

- all ages 
- most ly experienced with WWW 
- all languages possible 

 
Audience Class Bookshop- keeper  
Characterist ics 

- all ages 
- most ly experienced with WWW 
- all languages possible 

 
Audience Class Buyer  
Character ist ics 

- all ages 
- most ly experienced with WWW 
- all languages possible 

 
 
6 .2 .3  Conceptual Design 
 
 
6 .2 .3 .1  I nform at ion Modeling 
 
We only show the informat ional m odel for the informat ion requirement  
‘informat ion about  books’, in figure 6.8. 
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Figure 6.8. I nformat ional Chunk for Book. 
 
 

6 .2 .3 .2  Funct ional Modeling 
 
The decomposit ion of t he funct ional requirement  ‘add a book’ result s in:  
 
Add a book 

• Register new book 
• Submit  book info 

 
Register new  book  
The user enters t he t it le of t he book.  
Subm it  book info 
The user  enters t he authors, publisher, pr ice, appearance date, type, pages 
and category. 
 
 
We show the funct ional model for the requirement  ‘add informat ion about  a 
book’ in f igure 6.9. 
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Figure 6.9. Funct ional Chunk for  Add informat ion about  a book. 
 
 
6 .2 .3 .3  Navigat ional Design 
 
Figure 6.10 gives the t rack st ructure of the online bookstore.  The next  step 
is t o elaborate t he Navigat ion Track for the different  Audience Classes. 
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Figure 6.10.  Main Track Structure of the Navigat ion Model. 
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Figure 6.11 shows the Navigat ion Track st ructure for the Audience Class 
Reader .  The rules that  describe the adapt ive behavior of the Track, are 
given below.  To ident ify the links, components and chunks, they got  an ID 
on the picture. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6.11. Navigat ion Track for Reader. 

 
 
Now we can use the proposed solut ion from chapter 5 to descr ibe adapt ive 
behavior .  Below we write some possible rules for the t rack of figure 6.11.  
There are two k inds of possible rules:  rules on a specific node, chunk or link;  
and rules on groups of links.  The former are described in t he f irst  part  and 
the lat t er in the second part .   The rules on a specif ic element  can be used 
when the designer conjectures that  there is a correlat ion between the 
elements and he will know from the user’s access behavior if  this is t rue or  
not .   
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1 Rules on a specific element  
 

• The first  rule is an example of linking.  We know that  users that  
search for adults-books, often also look for books for their children.  
I f users’ access behavior proves this, we want  to add a link between 
them:  
 

if  related (co4, co6)  
then  addLink ( (co4, co6) )  
AND addLink ( ( co6, co4) ) . 

 
• As second example, a rule with promot ion is given.  We state as 

designer that  the informat ion about  bookshops can be a very popular 
issue.  Supposing W is the web site, we define the rule:  

 
if  ( (numberOfVisit s (co8,  ( (co0,co3) ,( co3,co8) ) )  /  

      numberOfVisit s (co8)  ≥ 1)   
    AND ( numberOfVisits( co8,  ( (co0,co3) ,( co3,co8) ) )  /   

         numberOfVisits (W)  ≥ 0.1))  
then addLink ( ( co0, co8) ) . 

 
• The third example is a rule with demot ion.  We think that  it  can be 

possible t hat  informat ion about  authors is not  as popular as we 
suggest .  Maybe it  is bet ter to put  t he component  authors a level 
lower.  I n the rule, W is the web site. 

 
if  numberOfVisit s (co2)  /  numberOfVisits (W)  ≥ x 

  then  deleteLink(co0, co2)  
  AND  addLink(co3, co2) . 
 
 
2 Rules on groups of elements 

 
I n this sect ion, we give an example of a rule on a group of elements.     
Remark again that  the rules on groups of elements will be most ly used 
when designing a web site. 
 
• This example is a rule on a group of elements that  handles linking. I t  

tells the system that  if any two nodes are related, there must  be 
added a link between them.  We write this rule using the forEach 
statement :  
 
 ForEach( (element 1, element 2 of N) ,  

( if  related (element 1, element 2)  
then  addLink ( (element 1, element 2) )  
AND addLink ( (element 2, element 1) ) ) ) . 
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6 .2 .4  I m plem entat ion Design 
 
Like already ment ioned, t he method ident if ies the dif ferent  steps of the 
implementat ion design,  but  is not  yet  completely elaborated on this point .   
Hence we only br ief ly discuss the implementat ion design phase. 
 
 
6 .2 .4 .1  Page Design 
 
Figure 6.12 shows the page design for  the Reader  Audience Track. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6.12. Page st ructure for the Reader Track. 

 
 
6 .2 .5  I m plem entat ion 
 
The last  phase, t he actual const ruct ion of the web site using the chosen 
environment , is not  in t he scope of this chapter , because this thesis is about  
the design and not  t he implementat ion of web sit es. 
 

Reader  Track 

Books 

Youths 

Adults 

Authors 

Children 

Publishers 

Bookshops 

General 
informat ion  



 

 

64 

6 .2 .6  Conclusion 
 
The Online Bookstore proves, as well as the Muzemix example from sect ion 
6.1, that  the solut ion proposed in chapter 5 is really applicable for designing 
web sites. 
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7  Conclusion 
  
 
The goal of this thesis was to f ind a way to support  adapt ive behavior of web 
sites at  design t ime.  We thoroughly discussed exist ing web site design 
methods and their  support  for adapt ive behavior in web sites.  Unt il now, 
exist ing design methods are lim ited equipped with t he necessary design 
const ruct s for designing adapt ive web sit es.  
 
We proposed a solut ion to design adapt ive behavior .  The solut ion consist s 
of the following parts:  
 

• First  we gave a formal definit ion of the Navigat ional Model and 
Audience Tracks.  This definit ion was necessary to define operat ions 
on the Navigat ional Model in t he next  step of the solut ion. 

 
• Having a formal definit ion of the Navigat ional Model and the 

Audience Tracks, we defined operat ions on the model.  These include 
add-  and delete-  operat ions on chunks, component s and links.  Also 
connect -  and disconnect  operat ions are provided, to connect  and 
disconnect  chunks from components.  Other possibly needed 
operat ions like m ove can be composed of the defined ones. The 
operat ions define the adapt ive t ransformat ions and are used in t he 
rules of the next  step. 

 
• Finally, we produced a syntax in BNF notat ion [ 34]  to define rules.  

With this rules, the designer of a web site can indicate which 
adapt ive t ransformat ion have to be performed.  A rule consist s of 
two part s, a condit ion and an operat ion:    
rule   : : =  if  < condit ion>  then (< operat ion> + ) .   

 
The proposed solut ion is then applied and demonst rated in two case studies 
to make clear that  it  offers a good m anner t o design adapt ive behavior in 
web sites.   
 
We can conclude this thesis by stat ing t hat  t he goal we put  upfront , namely 
proposing a solut ion t o design adapt ive behavior  in web sites, is met  by t he 
definit ion, operat ions and rules.  We concent rated on WSDM but  t he 
proposed solut ion is generally applicable, hence it  could be used in other 
methods as well. 
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