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Abstract. In this article, we presenta model for transformation of resourcesin information
supply. Thesetransformations allow usto reasonmore exibly aboutinformation supply,and
in particular its heterogeneousnature. They allow us to changethe form (e.g.report, abstract,
summary) and format (e.g.PDF, DOC, HTML) of data resourcesfound on the Web.In aretrieval
context thesetransformations may be used to ensure that data resourcesare presentedto the
userin aform and format that is aptat that time.

1 Introduction

The Webtoday can be seenasan informationmarket on which information supply meetsinforma-
tion demand: information is offered via the Web in the form of resouces which can be accessed
(sometimes at a cost) by anyone interestedin theseresources.Information supply can be said to
be heterogeneousbecause:

— there are many different ways to representinformation. For example using a webpage, a
document, an image or some interactive form.

— there are many dif ferent formatsthat may be used to representinformation on the Web. For
example, using formats such asPDF, HTML, GIF.

The following example illustrates this heterogeneity. Supposeyou are browsing the Web from a
PDA over a mobile-phone connection. You are on your way to an important meeting with stock-
holders of your company and need some last minute information on the price of your stock and
that of your most important competitors. Using your favorite search engine you nd a large
spreadsheetwith not only the latest stock price, but also their respective history, several graphs
and predictions for the near futur e. In itself, this is a very useful resource.However, several prob-
lems occur at this point. First of all, the document is rather large which is inconvenient because
you are on a slow (and possibly buggy) connection. Secondly, it may be that your PDA does not
have the proper softwareto view this spreadsheet.Last but not least, you may not have the time
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to study a complex spreadsheet,hence the form of the resource is off too. We hypothesize that
transformations may cure this type of problems, for example by integrating a “transformation
broker” in the retrieval engine in such away that resourcesare transformed in a desirable format
before sending them back to the user. The transformations in this article are considered in the
context of web resources.As such they are not particularly tailor ed to databasetransformations
(seee.g.our earlier work on transformations in [1, 2]).

The above mentioned forms of heterogeneity may pose problems in aretrieval setting if thereis
amismatch between the user's wishes on the one hand and the form and/or format of resources
on the other hand. In order to investigate the problem area more closely we have developed a
conceptual model for information supply [3,4]. This model may contribute to more insights in

this complex area.Furthermor eit is the basisfor a prototype implementation of aretrieval engine
which we will discussbrie y 1. The main contribution of this article is twofold. We rstly extend
our model with atyping mechanismwhich is a prerequisite for the second contribution: aformal

model for transformations on in the information market. With transformations we will be ableto
deal with the form/format issuesdescribed above.

The remainder of this article is organized asfollows: we start by intr oducing our model for infor -
mation supply in Section2. In Section3 we formalize the (relevant) parts of this model. A more
elaborate overview is presentedin [3]. Section4 formally intr oducesthe typing mechanism that
we usein our model. This typing mechanism is also the basisfor Section5 in which we discuss
transformations in detail. In Section6 we presentour conclusions.

2 The model

In this section we presentour model in two steps. We start out by informally introducing our
model (Section2.1)after which we constrain it by presenting its formal properties in Section 3.

2.1 Overview

Our model of information supply is basedon the distinction between data and information. The
entities found on the Web, which canbeidentied by meansof a URI [6], are dataresouces These
data resourcesare “information”, if and only if they are relevant with regard to a given informa-

tion need asit is harbored by some user. Data resourcesmay, at least partially , convey the same
information for someinformation need.Hence, we de ne informationresoucesto be the abstract
entities that make up information supply. Each information resource has at least one data re-
source associatedto it. Consider for example the situation in which we have two data resources:
the painting Mona Lisa, and a very detailed description of this painting. Both adhereto the same
information resourcein the sensethat a person seeking for information on ‘the Mona Lisa' will

consider both to be relevant.

In a way, data resources implementinformation resources;a notion similar to that reported in
[7] where “facts' in the document subspaceare considered to be “proof' for hypotheses in the
knowledge subspace.Note that each data resource may implement the information resourcein
a different way. One data resource may be a “graphical representation” of an information re-
sourcewhereasanother data resource may be a “textual representation” of the sameinformation
resource.We de ne arepresentatiorto be the combination of a data resource and an information

! For a detailed discussion on this architecture the readeris referred to [5, 3]



resource,and a representatiortypeto indicate exactly how this data resource implements the in-
formation resourceit is associatedto. Examples of representationtypes are:full-content, abstract,
keywor d-list, extract, audio-only etcetera.

As an example, consider the information resourcecalled Mona Lisa which hastwo data resources
associatedto it. One of theseresourcesis a photograph of this famous painting whereasanother
may be a very detailed description of the Mona Lisa. For the former data resourcethe represen-
tation type would be “graphical full-content” whereasthe other would have representationtype
“description”.

Many dif ferenttypes of data resourcescan be distinguished on the Webtoday, such asdocuments
in dif ferent formats (HTML, PDF, etc.),databasesand interactive Web-services.This is re ected in
our model by the fact that eachdata resource has a dataresoucetype Furthermor e, data resources
may have several attributes such asa price or a measurement for its quality. Such attributes can
be de ned in terms of an attribute typeand the actual value that a data resource hasfor this given
attribute type.

Last but not least, data resourcescan be interr elated. The most prominent example of this inter-
relatednesson the Web is the notion of hyperlinks[8, 9], but other types of relations between data
resourcesexist aswell. Examples are: an image may be part of a webpage and a scienti ¢ article
may referto other articles.

The following summarizes our model:

Information Resourceshave at least one Data Resource associatedto them;

A Representation denotes the unique combination of an Information Resource and a Data
Resource;

Representationshave at least one Representation Type;

Data Resourceshave at leastone Data Resource Type;

Data Resourcesare related via Relations with a source and a destination;

Relations have at least one Relation Type;

Data Resourcesmay have attributed values which are typed;

An Attribute denotesthe combination of a Data Resourceand a Data Value;

— Attributes have at leastone Attribute Type.

3 Formalization of resource space

As discussedin the previous sections, resoucespaceconsists of two types of resources:informa-
tion resoucesand dataresouces Information resourcesform an abstractlandscape presenting the
“semantics”; the “things we know something about”. Data resources,on the other hand, are in-
formation that is “physically” stored in one way or the other. The representationselation, as dis-
cussedabove, forms abridge between thesetwo worlds. Furthermor e,in the data resourceworld

we distinguish two types of relations: attributions, which couple a data value to a data resource,
and relationshetween data resources.Formally, the basic conceptsof our model are:information

resources,representations,data resources,attributions and relations. They arerepresentedby the
following sets:

information resources:IR |[representations: RP
data resources:DR attributions: AT
data values: DV relations: RL



Becausewe consider theseto be elementary (for example, it does not make senseif something is
arelation and at the sametime also a data resource),these setsmust be disjoint:

Axiom 1 (Disjoint BaseSets) IR;RP;DR;DV; AT ;RL aredisjoint sets

Collectively, the data values and data resourcesare referred to as data elements:
DL , DR[ DV

Attributions connect data values to their respective data resources,and relations are used to in-
terconnectdata resources.Hence, attributions and relations form all possible connectiondetween
the data elements.Let ON be the set of all these connections:

QN , RL[AT

The sourcesand destinations of connections between data elements are yielded by the functions
SrgDst: QN ! DL respectively. Sincethese are total functions it follows that if ac 2 QN exists
then its source and destination can not be void. Even more, we state that the sourceand destina-
tion cannot be the sameelement:

Axiom 2 (Source and Destination of connections)

C2 N =) 9 e,20L [SrAC) = e, " Dst(c) = ex " e, 6 ;]

The destination of an attribution should be a data value:

Axiom 3 (Attribute Values)

8a2aT1 [Srda) 2 DR~ Dst(a) 2 DV ]

Similarly, the destination of a relation should be a data resource:

Axiom 4 (Relations)
8r2r L [Srda) 2 DR ~ Dst(r) 2 DR]

As an abbreviation we intr oduce:
s®d Srd(c) = s~ Dst(c) = d
s d, 9% s°d
For example, a.zip b.doc denotesthat a.zip and b.doc are related via somerelation (for

example, the document may be part of the zip archive). Another example is x.html UTF-8,
which denotesthat x.html usesthe uTF-8 encoding.

Recall that a representation is the combination of an information resource and a data resource.
They form the bridge betweenthe abstractworld of information resourcesand the concreteworld

of data resources.Hence we dene IRes: RP! IR to be a function yielding the information

resource that is associatedto a representation and DRes: RP ! DR to be a function providing

the data resource associatedto a representation.

In sum, we de ne resourcespaceto bede ned by the following signature:

r , hIR;RP;DR;RL;AT;DV;IResDRes Src Dsti



4 Typing mechanism for descriptive elements

Before we are able to discusstransformations on data resources,we rst needto intr oduce atyp-
ing mechanism on resource space.This typing mechanism allows us to limit the applicability of
transformations to speci ¢ types of resources.In this section we therefore aim to extend resource
space  with atyping mechanism.

All elementsin resourcespacecanbetyped. Let RE therefore bethe setof all elementsin resource
space:
RE, IR[RP[DR[RL[ AT[ DV

The resoucespacelementform basisfor auniform typing mechanism. Data resourcesare allowed
to have atype that is either “basic” or “complex”. This is explained in more detail in Section4.2.

Let TP to bethe setof all types and HasType @ RE TP be the relation for typing descriptive
elements in our model. Our typing mechanism is inspired by abstractdatatypesas intr oduced
in e.g.[10]. This implies that we can perform operations on the instances of these types. Note
that such a strategy can deal with both static as well as dynamic resources. For example, the
approach as described in [11] actually uses many-sorted algebra's to formalize the behavior of
objects as used in object-oriented approaches.In the caseof data resources,examples of these
operations/methods are:

— give methe rst byte,
— give me the n'th character,
— (in the caseof an XML document) give me the rst node in the bom-tree.

4.1 Types and population

Given some element from resource space,we can use HasType to determine the set of types of
this element. For example, the types of a given le may be xmL, scmL and le or, the type of a
relation may be “part of” or “r efersto”. Conversely, we can also determine the setof elements of
agiven type. Formally, we usethe functions and respectively to yield thesesets:

() , t eHasTypet (1) , e e HasTypet
Thesefunctions may be generalized to setsof elementsand types respectively:
S S
E) . e ® (M), o1 @

If X is one of the basesets,such asRL, DR, then we will abbreviate (X)asX .

Using the de nitions of it follows that an element may have more then one type. An example
from the domain of data resourcesillustrates this. Supposethat E = f1.htm ;2.xml g such that
1.htm HasType HTML, 1.htm HasType xML and 2.xml HasType xML. In this case (E) =
fHTML; XMLQ. We now have:

(HTML) = f1.htm g ( (HTML)) = fHTMLQ
(xmL) = f1.htm ;2xml g ( (XML)) = fHTML;XMLQ

This example alsoshows that ( (HTML)) ( (xmL)). Wewill getbackto this when we discuss
subtyping in Section4.3.

We assumethat all elements have atype:



Axiom 5 (Total typing) (e) 6 ;

Conversely, in our model we presumetypes to exist only when they have a population:

Axiom 6 (Existential typing) (t) 6 ;

In the approachwe take, typing of resource spaceis derived fromthe available resources.In other
words, a new typeof resourcescan only be intr oduced to the model if and only if instances(data
elements) of this (new) type exist. This is particularly convenient since our model hasto “t” on
an existing situation: the Web. In the caseof databasedesign, for example, the opposite holds:
rst the schemais de ned, then it is populated with instances.

The partitioning of elementsfrom resourcespaceover | R; RP; DR; DV; AT ; RL should be obeyed
by their types aswell:

Axiom 7 IR ;RP ;DR ;DV;AT ;RL form apartition of TP

4.2 Complex data resources

Data resourcesmay depend on the existenceof other elementsfrom resourcespace.For example,
somedata resourcemay be constructed in terms of other dataresources,and/or it may have some
data value associatedto it asan attribute. A data resourcethat is dependent on the existence of
other elementsis called a complex data resource.

In the caseof a data resourcewhich is considered to be (partially) constructed by means of other
data resources,we are essentially dealing with a subset of the relations in RL which we regard
as being compositionsLet therefore M RL be the set of relations that are considered to be
compositions of complex data resources.

The compositions, in conjunction with the attributions, arethe only ways of constructing complex
data resources.The compositions and attributions used to construct the complex data resources
are referred to as accessorsihey offer accesso the underlying composing elements. We de ne

the setof accessordormally as:

AC, Qv [ AT

The types of complex data resources,the underlying data resources/values, and the composi-
tion/attribution relations between them, have a special relationship: at the instance level, acces-
sors can be thought of as “handles” which provide accessto the that data elements were used
to createthe instance of a complex type. At the typing level, these“handles” arere ected by the
accessortypes. For example, a zip- le may have an accessor(with type “payload”), which offers
accesdo the les that were usedto createthis speci c ziIp archive.

The construction of instances of complex types is restricted in the sensethat cyclic behavior is
forbidden: it is considered illegal if aninstanceais used to construct bwhile at the sametime bis
used to construct a:

h . [
Axiom 8 (Acyclic construction) Therelation Rdened ase;Re; , 9a2ac €1~ € isacyclic.



Not all types of complex data resources,such as “zip-le” and “multi-part E-mail”, will have
a “payload”. For example, in the caseof a complex type such as “postal address” it does not
make senseto use an accessorof type “payload” on its instances.This kind of restriction must be
re ected at the typing level, and pertains to the fact that only instancesof a speci ¢ type may be
involved in an accessorTo formally representthis, we intr oduce the relation:

. TP AC TP

If s ' t, then the intuition is that complex type s has, via accessortype u, at its basehe type t.

As an example, let t; = zIpP, a = 'payload’ and t, = le, then t; Pt representsthe fact that
ZIP- les have apayload consisting of les.

Using the de nition of _!" _we de ne the setof complex types to be:

n h . io
TP t1 2 TP Qasaci,ote 1!l to

At the instance level, accessorsshould behave asstipulated at the type level:

Axiom 9 (Correct types)
a h t I
€ € =) 92 (e)it2 (a)22 (e) 1! T2

The setof accessorghat is associatedto a complex type is de ned by:

n h . io
ACO(t]_) , t2 AC 9»(2 t1 !ty

This de nition canbe generalized to the instance level:

Acce) , [ Ac(t)
t2 (e)

Note that it may be the casethat some of the accessortypes in an instance of a complex type are
unused. For example, not every ziP le hasacomment or a password associatedto it.

If two complex types have the sameset of accessortypes, such that the types at the baseof these
accessortypes are the same,then the two complex types are really the same:

Axiom 10 (Equality of Complex Types) If Acc(s;) = Acd(s,), then:

h [
8u2Acc(sl);t2TP Sl!u t, 52-*I t =) s1=9%

As an example of how the accessormechanism works in practice, consider the following ex-
ample: suppose x.zip is a zIP-le, while it's payload consists of three les, a.doc , b.ps and
c.pdf . They can be accessedvia their respective accessorsa;, a; and az which all have accessor
type “payload”. Note that this accessortype is really a composition (QM )! Furthermor e, there is
a comment and a password attached to the zip- le which are accessedvia accessorsa, and as



which have accessortypes “comment” and “password” respectively. Theseaccessortypes origi-
nate from attributions. Mor e formally:

(DR) = fx.zip ;a.doc ;b.ps ;c.pdf g

(DR ) = fzIp; DOC; PS, PDF; leg

(DV) = f“some comment”; “secret’g

(DV) = f Stringg

(QM) = fag; a2; @30

(QM ) = “payload”

(AT) = fay; as9

(AT ) = f*comment” ;“password” g

Note that for a 2 fa;;ap;azg it holds that zip P ole2 Similarly, for a 2 fa4;asg it holds that
zip P String.

Figure 1 provides a graphical depiction of the above sketched situation. The left-hand side of the
gur eis at the instance level, whereasthe right-hand side is at the typing level.

password

comment

a.doc b.ps c.pdf "some comment" "secret"

Fig. 1. Accessors

4.3 Subtyping

We assumethe existenceof subtyping. Let SubOf TP TP therefore de ne a subtyping rela-
tionship, where s SubOft indicates that type s is a subtype of, or equal to type t. Basedon this
de nition, we intr oduce the notion of propersubtypes

sSubOft , sSubOft” : t SubOfs

We presume SubOfto be transitive, re exive and antisymmetric:
Axiom 11 (Behavior of SubOf)

t2 TP =) tSubOft

t SubOfs* sSubOft =) t=s

sSubOft SubOfu =) sSubOfu

2 The notion of subtyping is intr oduced in Section4.3.



From this we can prove:

Lemma 1 SubOfis irre exive, asymmetric and transitive

At the instance level, if sSubOft then the population of s must be a subset of, or equal to the
population of t:

Axiom 12 (Population and SubOf)
sSubOft =)  (s) (t)

From this we can prove that:

Lemma 2 sSubOft =) (s) (1)

For example, if XML SubOfseML and x 2 (xmL) then Lemma 2 statesthat alsox 2 (SGML).
Recall that, at the instance level, the type of a resource can be seenas the interface with which
instancescan be accessedHence, an instance with type XML can also be accessedvia an “ SGML-
interface”.

If a complex type hasa subtype then the accessortypes of the supertype are inherited:

Axiom 13 (Inherritance of accessortypes)
s; SubOfs, =) Acc(s;) Acd(s)

This axiom forbids the situation that a type with 2 accessortypes is a subtype of another type
with 3 accessottypes (the converseis allowed, and is akin to specialization in object-orientation).

Types that are at the base of a speci c accessortype (in the context of a single complex type)
should be subtypes:

Axiom 14 (Subtyping of accessorbases)
st ty;~st t, =)ty SubOft,  t, SubOft,
Even more, the set of types that are at the baseof an accessortype comprises all relevant super
types:
Axiom 15 (Inclusion of super types)

s tyAt;SubOft, =) st t,

If acomplex type hasasubtype then the underlying basetypes must obey this subtyping aswell:

Axiom 16 (Basetypes obey subtyping)
S1 SubOfs, * 51 n t1Msy n to =) t; SubOft,

From the above Axiom, in combination with Axiom 10, it follows that if two complex types
are proper subtypes, then there is at least one accessortype whose basetypes show this proper
subtyping:

h [
Lemma 3 s1;S2 2 TP 51 SubOfs; =) 9ue,, S1 ! 12 s Fota Aty SubOft,



4.4 Typed resource space

In sum, we de ne atyped resourcespaceto be de ned by the following signature:

h ;TP;QM ; HasTypei

r 1

5 Transformations

In this section we intr oduce transformationsa way to changethe nature/ structure of instances.
Thesetransformations canbe very used in practice to solve several problems. For example:

— Supposewe have an image in EPS le that we want to view. Unfortunately we don't have a
viewer for this le-type. We do have a viewer for JPEG les, though. By means of a transfor-
mation we may be able to transform the Eps le to JPEG and thus accessthe information we
need.

— Managers of large organizations often have to read many lengthy reports. Becauseof time
constraints it is not always possible to read all these reports. Again, transformations may
help. Transformations existsto generate abstractsof these documents.

In other words, transformations help us to have a more exible view on the information land-
scape.In generl, one can distinguish between an extensional databaseand intentional database
[12,13]. The extensional databasecorrespondsto the a set of basicfacts known about the world,

whereasthe intentional databaserepresentsthe facts that may be derived from the extensional
databaseby applying inferencerules. The transformations can be regarded asinferencerules on
the extensional database (information supply aswe know it), resulting in a larger intentional

database.

The remainder of this section is organized asfollows. In Section5.1we de ne what transforma-
tions are and show their basic properties. Section 5.2 elaboratesand presentscomplex transfor -
mations.

5.1 Basic Properties

Recall that IRes nds the unique information resource associatedto a representation, and that
DRes nds the unique data resource associatedto a representation. Essentially, a representation
is information representedon a medium, and the representation type expresseshow / to what
extent this is done.

As was stated before, with transformations we cantransform data resources.This paper does not
presentalanguage for specifying what aspeci ¢ transformation does/ alanguage for composing
transformations. We focus on general properties of transformations and, hence,view them asa
“black box” for the time being.

Let TR be the set of all transformations. The semantics of a transformation T 2 TR is given by
the function:
SEM:TR! (DR DR)



ln other words, transformations transform a representation to another. As an abbreviation, let

T , SEMT);T 2 TR. Furthermor e, let i  d denote that data resourced is associatedto infor -
mation resourcei via somerepresentation:

iEd, 9ume[IRedr)=i" DRegr) = d]

If adata resourceis transformed, then the resulting data resourceis associatedto the sameinfor -
mation information resourceasthe original information resource.

Axiom 17 (IR neutral transformations)
I
iFdrTd=d"=) ipd

Any given transformation has a xed input and output for which it is de ned, similar to the
notion of mathematical functions having a domain and arange: Input;Output : TR! (DR). Let

t T u denote the fact that transformation T 2 TR can be applied on instances of type t and
resultsin instancesof type u:

tu, Input(T) = t” Output(T) = u
Any given transformation is only de ned for all instancesthat are of the correct input-format.
Even more so, it canonly produce instancesof its output-format:

Axiom 18(l/O of Transformations)

ift I uthenT: ()  (u)

This allows us to de ne how a transformation T can be applied to a set of data resources.Let

E DR be asetof data resources.Then:
n o}

I I
T(E) , e e2E"e62npu(T) [ T(e) e2 E~e2 Input(T)
Another property of transformations is the fact that they are transitive:

Axiom 19 (Transitivity of Transformations)
h [

Tg=) o9, e P ghTe=T1 T

e ™ fAf

This property canbe used to transform data resourcesinto an appropriate format evenis thereis
no 1-steptransformation is available. It is, for example, possible to generatean abstractof alarge
Ascli- le and transform that to PS by sequencingthe two transformations.

5.2 Complex Transformations

In the previous section we presenteda framework for transformations and showed how trans-
formations can be composed by sequencing them using the operator. In this section we dis-
cuss a more complex way of composing transformations, relying heavily on the accessortypes
presentedin previous sections.We de ne a transformation to be complex if the transformation
operateson instancesthat were used to createan instance of a complex type (that is, instancesat
the baseof an instance of acomplex type). There aretwo types of complex transformations which,
like all transformations, may be sequencedusing the operator.

The rst complex transformation is used to removean accessorand the instance(s)at its base.For
example, it may be desirable to remove a comment from a zip- le, or to remove an attachment
from an E-mail. Suchtransformation:



— takesan instance with a complex type asinput;
— removesa speci ed accessorand its basefrom an instance with a complex type;
— leavesother accessorqand their bases)untouched.

Mor e formally, Let e be an instance with a complex type and a2 Acd( (€)):
%) =€, ena=;"8kalen b= en b

In the above de nition we have used the following shorthand notation:
n o]
cnt, d c?dra2 (b

The intuition behind this shorthand is that cn ad retrieves all data elements that are used in
constructing complex data resourcesc via accessorsof type t.

This type of transformations can be performed on eachinstance with a complex type, since such
an instance must have at least one accessorIf the last accessorof an instance is removed then %
is said to destruct the instance.

Axiom 20 (Existence of %)
if t2 TPga2 Acch)

then 97roTR tir tA T = %

The second classof complex transformations does a little more work; they are deeptransforma-
tions in the sensethat instancesat the baseof a complex type are transformed. For example, all
Doc les in azIp archive may betransformed to PDF. Thesetransformations:

— takes an instance with a complex type as input, and returns an instance with a (possibly
dif ferent) complex type;

— Transform the instancesa the baseof an accessor;

— leave other accessorgand their bases)untouched.

Mor e formally, Let e be an instance of a complex type, a2 Acc( (e)) and T 2 TR:

at(6)=€" , ena=T(ena)” 8wsalen b= e’n h

Thesetransformations arede ned for all typest;;t, aslong asthey have the sameaccessotitypes.
Even more, transformation T must at leastbede ned for the instancesat the baseof the speci ed
accessor:
Axiom 21 (Existence of )
if Acc(ty) = Acdtz) * a2 Acc(ty) *
%ime i F NP bl by

then 9rorR tlT! oA T0%= a7

To illustrate how such a deep transformation canbe used to transform an instance from complex
type t; to complex type t,, consider the following situation. t; is the format for an E-mail for
which the body is in UTF-8 encoding, and t, hasits body in UTF-16 encoding. That is, t; hasan
accessomwith type uTF-8 and sometext formatted accordingly at its baseand the sameaccessor
has, in the context of type t,, accessortype UTF-16. If T is atransformation capable of transform-
ing text in UTF-8 encoding to UTF-16 encoding then Axiom 21 dictates that a T °must exist such

0
thatt; 1 To.



5.3 Example

In this sectionwe presentan example that relieson Axioms 19,20and 21.Consider the following:
Let backup.zip beazip archive. Two les (report.doc  and letter.doc ) form the payload
of this archive. Also, acomment (“backup ") and a password (“secret ") are associatedto it. In
other wor ds:

(backup.zip )= zIP
Acc(backup.zip ) = fpayload;comment; passwordg
backup.zip n payload = freport.doc ,letter.doc g
backup.zip n comment = “backup ”
backup.zip n password = “secret ”
Now, let T1 be a transformation with Input(T) = poc and Output(T) = PDF. Then, T, IS

a transformation that transforms the documents in the payload of any zip archive to PDF. Let
Ysswors D€ @ transformation that removesthe password of a zip archive.

If we want to transform backup.zip  suchthat the documents in its payload are transformed to
PDF and its password is removed then we can achieve this asfollows:

T= payload: T1 (ypassword

I
T (backup.zip ) = new.zip
The result of this transformation is a new archive new.zip such that:

(new.zip )= zIpP
Aco(new.zip ) = fpayload; commentg
new.zip n payload = freport.pdf , letter.pdf g
new.zip n comment = “backup ”

5.4 Open issues

In this section we have presented a theoretical framework for transformations and their basic
properties. This framework allows us to reasonmore ef ciently about the information that is
supplied to us via the Web. In [5] we have presenteda retrieval architecture called Vimes that
makes use of these transformations in a retrieval-setting. The main idea behind Vimes is that
data resourceson the Web may be transformed in aformat suitable for the user.

What is missing still, though, is a mechanism to examine the effects of transformations, andtrans-
formationpathsin particular . Supposea transformation from pto qis needed, and two sequences
of transformations are possible to achieve this. Which sequenceis “best”? Basedon which prop-
erties/ quality attributes can such a decision be made? Devising a mechanism is part of futur e
reseach.

6 Conclusion

In this article we set out to do two things: presenta formal model for information supply, the
totality of information available to us via the Web, and presenta framework of transformations
to add exibility to this model.



The basic model stems from earlier work [3,4] with basic elements: data resource, information
resource, representation, value, attribution and relation. In this article we extended it with an
extensive typing mechanism with an explicit distinction between basicand complextypes. An
instance is said to be complex if other instances (data resourcesor attributed values) were used
to construct it. An example is a zIp-le with several documents, a password and a comment
associatedto it.

For our transformation framework we de ned that transformations work on data resources.A
distinction is made between the semanticsof a transformation (pertaining to its signature), and
its actual applicationon real instances. Transformations have a xed input type and output type
similar to mathematical functions having a domain and arange.

We distinguish two types of transformations: transformations on instances of simple types and
deep transformations (which operate on instances used to construct the instance of a complex
type). Furthermor e, a property of all transformations is that they may be transitively nested.

Eventhough our model coversboth “simple” and “complex” transformations, much work needs
to bedone still. First of all, the effectof transformations must be studied still. That is, by perform-
ing a transformation on a data resourceit's (perceived) quality may change. Even more so, if a
transformation from one type to another may be achieved via two possible sequencesof trans-
formation, a choice must be made: which one is the best,and why? Last but not least, a language
to constrain our model and transformations in this model must be developed still. Last but not
least,we are currently working on animplementation of our transformation framework and refer
the interestedreaderto [5, 3] for details.
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