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Abstract

Trying to find information on the Web is like trying to The limitations mentioned above result because today’s
find something at a jumble sale: it's fun, and you can make computer systems do not analyze the files they are asked to
serendipitous discoveries, but for directed search it's bet- store. Instead they note only simple attributes like creation
ter to go to a department store; there, someone has al-date and file type and leave the bulk of organizing, naming,
ready done most of the arranging for you. Unfortunately, annotating, and finding those files to their users. This may
the Web’s continuing explosion in size, its enormous diver- have made sense in the 1970s when computers were slow
sity of topics, and its great volatility, make unaided human and expensive, but it makes no sense today.
indexing impossible. We argue for an approach to information representation

This problem is just a special case of the general prob- based on the use of attributes and search. This representa-
lem of organizing information to create knowledge. A sim- tion is organization-neutral, thereby giving a flexible sub-
ilar problem arises on the desktop when dealing with file strate for anyone to build multiple simultaneous organi-
systems, where users must search by name. When searchirgations. We argue the approach from three perspectives:
for a particular file, however, users often do not remem- Attribute Value System (AVS), a networked storage system
ber the file’'s name or location. File names are artifacts of where objects are composed solely of attribute-value pairs;
current operating systems, but human understanding nei-DomainView (DV), a desktop metaphor where objects do
ther requires objects to be named, nor does it have prob-not have explicit names and retrieval is done by content;
lems with multiple objects sharing properties—names, for and KnownSpace (KS), a personalized desktop data man-
instance. That more general approach is not developed inager.
current file systems or user interfaces.
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#1990627, and the second author by DARPA Contract #N66001-94C-6039
and by a grant from Intel.



1 Introduction view of a HFS [6]. This means that the different problems
of storing, representing, and relating information have the
same solution at both the operating system and the user in-
terface levels. This is purely for historical reasons, as the

tial growth of the World Wide Web, as well as other data user interface designers had no choice but to use a HFS.
sources, has had a crucial impact on the problem of man-This is reinforced by user interfaces showing hierarchical

aging personal information. Currently, the abstraction of VIeWS Of objects (we later detail this problem). On top of
file and folders is ubiquitous as the main way to organize that,’thls solution is also being used on the Web, where
and store documents. This abstraction, however, arose whehlFS'S aré extended with domain names. Solutions to this
computer resources were expensive, which is not true nowaProPlem include using a standard database or to add at-
days. In fact, we usually associate information with docu- tributes to f|lles,. but they do not really address the intrinsic
ments. representation Issue.

A collection of named files of information located ina 1 ne semantics of a document/file depends on its use. It
hierarchical file system (HFS) is perhaps the most ubiqui- ¢0uld depend on information about its creation and def-
tous feature of modern operating systems. Virtually every- Intion, a specific context, gssomatlon_s, ;tructure, and its
one who sits in front of a computer stores information in content. Some proposals, like semantic file systems, try to
files and places these files within a HFS. As well as explic- cover all these views using several approaches [10]. A sub-
itly storing information in files, we store information in the € assumption Is _that a document has a content and meta-
hierarchical structure itself, in file names, and rely on our data (attributes with values—which are data related to the
brains to maintain information about what we create. Our content). This asymmetry is based on our physical abstrac-

applications also operate within this framework, often en- tion of a document, but it is not necessary for the storage
coding information in specific formats within files. mechanism. A document could be just a set of attributes

This working environment is so widespread that it is al- and values, one of them being the content. For different ap-

most possible to forget that computational systems werePlications, o_liffe_rer_1t attributes_will be more important than
once without the luxury of convenient information contain- others, but intrinsically there is no reason to have data and
ers (files) and a structure in which to place them. It has be-Métadata.
come difficult to imagine an operating system without the ~ There are several studies about how users organize and
familiar backdrop of files and folders. However, although retrieve documents in a desktop metaphor. Retrieval is usu-
there are occasions when it makes good sense to store indlly based on location (that is, where the document is on
formation in a hierarchy of named files, being obliged to do the screen), content (by using a file searching tool), history
so is a burden when the information being stored does not(which file was being used before in an application—this is
fit this paradigm, or has little or no relevance to the rest of known as reminding), and in most cases by name, that is,
the hierarchy structure. where it is stored in the HFS (known as archiving) [4]. In
Users accept HFS’s because they are not hard to under@ll cases we are relying on the user's memory of past events,
stand, they resemble physical archiving, and because ther@os_itions, and names. There is no real model for the user’s
is no alternative. However, HFS's have several disadvan-actions.
tages. First, they try to simultaneously solve different prob-  Although searching by content is closer to a semantic
lems: storing, representing, and organizing information. search, it can return non-relevant documents because in a
Second, they rely on the user's memory because every filedifferent context the same search keywords are valid (these
and folder has to be named (and consistently). Third, theare problems with polysemy and synonymy). This problem
only semantic information about a file is given by the name can be partially solved by adding additional information—
path to it, which could have been named by another per-for example, if we know that the document is not too old and
son or without enforcing a specific naming strategy. Fourth, is small. However, this kind of fuzzy information usually
naming is not easily scalable (typically there are limitations cannot be used, and even when it can, there is a lack of good
on how long names can be and what symbols can be used)systems that integrate search by content (text databases) and
Fifth, many files could conceptually belong to more than search by attribute values (relational databases). Part of the
one folder, and although feasible in some systems usingproblem is due to the asymmetry mentioned before.
symbolic links (or their equivalent), it is not done for sim- HFS'’s are valid as an internal storage mechanism for op-
plicity. In summary, we often have problems finding a spe- erating systems, but the user need not be aware of them. In
cific file because we do not remember where it is and whatfact, many users that do not understand this concept or use a
it is named. few applications that put all their files in one directory (a flat
Current graphical user interfaces are based on windows hierarchy). Not all information can be classified as a hierar-
which, in most cases, either run an application or present achical tree; there are many other ways to classify a group of

Storing and organizing information is the kernel of any
computer application. The widespread use and exponen



objects, and many hierarchical ways to classify the same in-elements of all four programs. It is written in Java to make
formation. Suppose we were to start again, without assum-it portable across as many computers, operating systems,
ing anything about computer resources. What might be theand browsers as possible.
right way to store and organize information? Which func-  We finish by comparing our ideas to related work, work
tionality should be provided by the data model to manage in progress of the authors, and the consequences of our vi-
information? We give one possible answer to this question. sion of organizing information, in particular regarding the
In this paper we present a new approach to the storageWeb. Notice that we really change basic assumptions, so
representation, and organization of information based onwe have to start from very basic principles and levels, which
what we call attribute-centric data systems, and we showmay seem naive for some readers or very radical for others.
three prototypes that share, although in different levels of
abstraction and implementation, the following ideas: 2 Conceptual Framework

e They store data in objects having attributes and values
in a uniform way, each having a dynamic structure. In this section we present the models behind our ideas:
how to model data and how to model the user. The real
e They can organize objects in collections which are also |imitations of any information system are not storage space
dynamic and independent of the storage mechanism. or computing power. They are the narrow communication
pipelines between the computer and the human user (typ-
ically through a screen), and between the user’s eyes and
brain. In that sense, any information system should not de-
pend on the abilities of the user, should try to represent in-
formation as similarly as possible to the user's model of it,
This paper is organized as follows. We first present the and any internal representation should be transparent to the
main concepts behind the ideas above and how they cartiser. However, the paradigms that are used today, as we
be used to manage information, clearly separating the stor-mentioned in the introduction, do not satisfy any of these
age, representation, and organization layers of the data begoals. Why? One main reason is that the historical devel-
ing handled. We also present our goals for a user interfaceopment of software has forced the user to be aware of many
oriented toward information management. Then we show unnecessary things. We can think of information as orga-
three different systems that share these concepts. nized data which has to be comprehended and managed.
First, we present AVS, the Attribute Value System [12], So, there are two main problems to be solved: how to or-
a novel storage system which maintains a collection of ob- ganize data, and how to communicate to a person through
jects composed solely of attribute/value pairs, and provideswhat is known as user interface. The two problems can be
facilities for creating, altering, and locating these objects. solved, as they have in the past, through a data and a user
This very simple substrate provides flexibility in the rep- model. Next, we give our data model and our goals for a
resentation of information, emphasizes the role of search,user model, as the later is still one of the major open prob-
generalizes hierarchical file systems, provides for the dy-lemsin CS.
namic construction of arbitrary data structures and inter-
object relationships, emphasizes the distinction between in-2.1 Data model
formational objects and structures that contain and organize
them, facilitates multiple views of the same information, We can distinguish three different layers in a data model:
and provides a novel form of object ownership. data storage (physical), data representation (logical), and
Next, we continue with DomainView [3], a desktop user data relationships (organization). In most data models used
interface that organizes information in domains chosen bytoday, such as a data structure implemented in a program-
the user using a uniform and simple interface. The inter- ming language, a HFS, or a database, those three layers
face is based on retrieval of documents by attribute values,are closely bound together for different reasons (efficiency,
including the content, in a flat and dynamic universe of do- consistency, etc.) We believe that this binding restricts the
mains. The desktop is tailored to/by a user, who creates hisway programmers, designers, or users can manipulate data;
own document-driven and knowledge-domain world. and forces design decisions that also affect user interfaces.
Last we present KnownSpace [14], a smart, visual, andWe can give many different examples, some of them are al-
autonomous information manager of all of a user’s infor- ready implicit in the introduction. One is how HFS’s affect
mation, whether that information is data or programs, and user interfaces: documents are stored in a tree that is tra-
whether it originates on the Web, via mail, news, ftp, an versed mostly linearly by opening folders. This should be
editor, or any other application. It is not a search engine, surprising, as a tree is not a one dimensional structure and
browser, desktop, or operating system, although it shareshe user interface is communicating information through a

e They are focused on searching and retrieving informa-
tion without relying on human memory and easing the
user interface (either for the end user or for a program-
mer).



two dimensional space (most interfaces do not take advan-erate on them, do not even know that they are in a tree (the
tage of this fact). HFS), let alone that they are on a desktop. All they know is
Our data model explicitly separates these three layers.their name—uwhich is the same as their path from the root.
We do not impose any condition on the storage as it de- Consequently, they aren’t even aware of their siblings in the
pends on technology. In fact, AVS uses a relational databasdree. So from a file’s point of view, it's not even inside a
to store objects, DV uses a HFS to store documents, and KSree—it’s at the end of a linear list. Since all files are placed
uses Java objects to store entities. Moreover, our model alin a tree and all naming, placing, accessing, and categoriz-
lows objects to be distributed and that should be transparening is based on the tree, today’s desktop only appears to be

to the programmer and to the user. a two-dimensional space, but is in fact a one-dimensional
A crucial part of our data model is the representation space, as we mentioned before.
layer: persistent objects with dynamic attributes and val-  In addition, there is the implicit assumption that we

ues. In normal programming, objects have a fixed number should have one common interface for all users (at least at
of attributes and dynamic values. In OO programming lan- the desktop level.) However, there is no reason to do not
guages, objects with more attributes can be created througthave one different interface for each user. Hence, the inter-
inheritance. In our case we go one step further: we can addace could be personalized by/to each user. So, our goals
and delete attributes to an existing object at run-time. This for a good user interface are:

means that we can also add and delete attributes to a col-

lection of objects. For more details in the date model see ® A Simple interface with powerful navigation and
2]. search capabilities to manage information without re-

lying on the user’s memory, which if possible learns

This representation choice has some fundamental con-
and adapts to each user.

sequences on the relationship layer. In particular, it does

not restrict the relationships to compile time, or to tables , se the available communication medium, the screen,
in a database, etc. By adding attributes we can create any g jts full capacity. Good use of a two-dimensional
and many relationships between different groups of objects. space may provide a real illusion of space such that the

For example, the same data can simultaneously appearina  ser feels immersed in it, providing a better navigation
search tree and a hash table by just manipulating attributes,  metaphor.

very easily. This is difficult to do in a normal programming

language. To stress this idea, we allsearch capabilities These are very generic goals, and both DV and KS try to
on attributes and their valuesuch that we can create a satisfy them with some degree of success. In both cases, in-
set of objects satisfying a given attribute-value query. So, formation is organized as collections of objects in the data
the representation layer gives power and flexibility to the model described earlier, and a global thesaurus is used to
relationship layer. AVS, DV, and KS all share this idea, al- have semantic capabilities. DV uses a flat space for all
though how they use and maintain collections of objects is information which is retrieved by queries on attributes (in
different. In our systems, objects are also called entities, particular, content). KS is much more ambitious and has
pages or documents, and collections are also called clusterseveral different interfaces with the same goal (different vi-
or domains. In both, DV and KS the basic data relation- sualizations of the organization).

ship is the collection of objects, which is the cornerstone of

information organization. 3 Attribute Value Systems

2.2 User Model The AVS is an embodiment of a philosophy of informa-

tion storage and retrieval whose explicit aim is to provide

The only intersection between a user’s understanding ofa convenient and flexible storage substrate, and hence com-
the spatial metaphor of the desktop and anything the com-putational environment. The system is an effort to make it
puter understands and (sometimes) pays attention to, is thgimpler for users, programmers, and applications to work
user’s current location within the HFS. That is almost the with information: to accumulate it, share it, add to it, delete
entire extent of the computer’s understanding of space to-it, and to organize, retrieve, and view it in many ways. The
day. It doesn’'t even keep track of the locations users visit AVS is intended to replace or supplement the traditional
most often, or those that users visit when doing various HFS with a substrate that better reflects the types of op-
things (for example when moving an object with the mouse erations on information that we hope to perform in many
across the screen to the waste basket but missing it by a fewnodern computational environments.
pixels: most user interfaces will overlay both icons instead ~ Many of the problems that AVS seeks to address stem
of realizing what the user intended to do). from difficulties inherent in a HFS. A traditional HFS pro-

Further, directories and files, and the programs that op-vides just one organizational structure for information, and



modern operating systems insist that we use it as a basis focontent. Content in a proprietary format can be augmented
storage. The object storage (files) and organization (a hi-by attributes containing comments, annotations, summaries,
erarchy) are tightly bound. While it is clearly possible to questions, additional content, etc. The addition of these at-
use this base for many things, there are important commontributes does not require tools (which may not be known,
operations that are very awkward. The AVS is designed to available, or usable) to edit the existing attribute values.

make these operations simple. Attribute names exist within namespaces. Namespaces
allow applications to use simple attribute names. AVS con-
3.1 Conceptual Model tains a namespace callpdblic  with common attributes

that applications might want to attach to objects and share

AVS attempts to provide a flexible information manage- (€-9.text , creation-date ).
ment environment for programmers, users, groups of user, There are a small number of basic operations in an AVS.
and applications running on their behalf. It does this by These are the addition and removal of attributes to/from ob-
providing a very general form of object to hold informa- jects, the altering of attribute names and values, and search.
tion and a flexible attribute-based method of creating rela- This simplicity means that implementations can be small
tionships between these objects. AVS is based on: 1) Ob-and easily written, and increases the potential for code re-
jects composed solely of attribute/value pairs; 2) Editing of use. Operations such as moving an object within a file sys-
these attributes and values; and 3) Object relationships builttem, changing the name of an object, adding comments to
via assigning attributes to objects and discovered via sub-an object, causing the object to appear in an application, all
sequent search. These mechanisms generalize the HFS ani@duce to these operations.
provide a natural basis for dealing with information.

There is no a priori set of attributes that objects contain.
Objects, by virtue of their attributes, may exist in many or- 3.1.2 Search
ganizational structures (e.g., on graphs, on spreadsheets, on
a desktop, in hierarchies), simultaneously, and exist thereln an AVS, search based on attribute names and values is
for real (not just as a copy of the name of an object in a dis- fundamental and ubiquitous. Applications use search to lo-
tant structure which then has to be used to fetch the actualcate objects and collections of objects. Objects are assigned
object—supposing it still exists). The search system pro- attributes that may cause them to be found in later searches.
vides access to attribute names and values equally, allowingnformation about searches need not be discarded. Objects
searches for objects based on their properties. Objects maynay contain 1) a search query (allowing a later identical or
be annotated by the addition of attributes, without disturb- similar search); 2) a copy of search results, or 3) references
ing the original content. to found objects. Search and its results are treated as impor-

Although an AVS may use a back-end database as a stortant members of the information system. There is low level
age tool, it is not a data base itself. The AVS prescribes ob-support to ensure that saving search information is a natural
ject structure (attributes and values) independent of contentoperation.
but not organization. A database does the opposite. An AVS
contains no a priori view of how information should be or-
ganized, and permits many simultaneous organizations, buB.1.3 Objects are not Owned, Attributes Are
a database is an explicit implementation of a single view of
the organization of given information. The objects in AVS are not owned. They are composed of
owned attributes. Objects may frequently be composed of
attribute/value pairs added by several users or applications.
The original attributes may be later deleted, but the object
In an AVS, objects are collections of named attributes and continues to exist. The object remains even if all its at-
their corresponding values. There are no special attributes{ributes are deleted. Such an empty object might be used
and there is no separate entity to which the attributes arefor later communication between applications, as a place to
attached. An object corresponding to what we call a file will @announce events, etc.

3.1.1 Attribute Value Objects

have an attribute (perhaps namemhtent ) whose value This arrangement reflects the aggregation of information
contains the content of the file. It will likely have other into and around objects in the real world. Memories, opin-
attributes to hold information such aame, size , date , ions, comments, and various other attributes exist regard-
etc. ing objects, and the fact that some attributes may disappear

Any user or application may attach attribute/value pairs (or never appear) does not alter the fact that there is still
to any object they are able to find. This allows the addition an ownerless conceptual ball of information concerning the
of information to the object without disturbing the existing original material.



3.1.4 Permissions Although the initial motivation for DomainView was to use
retrieval by content in a smarter way and to present a sim-

o d their val A h rEler interface for the user, we later realized that a different
attr! ute names and their values. user who creates a onceptual framework was needed to organize information
attribute controls whether other users can: 1) see the new,

. . . . and store documents. We briefly describe the data model
attribute name (i.e., that the attribute exists, and/or that an

) . : and the user interface.
object has an instance of the attribute), 2) create or delete

instances of the new attribute, and 3) read or write the value
of attribute instances. 4.1 Data Model

This allows users to assign private attributes to objects.
A user may build objects composed entirely of attributes  The storage unit is a document. In DomainView a doc-
that cannot be seen by other users or applications. This of-ument is a generic object which has a dynamic number of
fers a form of privacy: In AVS if you cannot find an object attributes. Naming an object is optional (name is just one of
by search, you cannot view or alter it. Objects may thus be the possible attributes of a document). Attributes can be po-
inaccessible (no attributes visible), partly accessible (sometentially added by the user or by applications. Some initial
attributes visible, alterable, etc.), or fully accessible (all at- attributes are creation time and application, size, and con-
tributes visible) according to the permissions on its individ- tent. User documents are organized in collections, each one

The permissions model for an AVS places restrictions on

ual attributes. defining an information or application domain. Domains
have a flat organization. That is, there is no hierarchy asso-
3.2 Data Relationships via Attributes and Search ciated to them. Nevertheless, domains can naturally nest or

overlap. However, they are dynamic, so those set relation-

In AVS, as relationships between objects arise they areships are not fixed. Hence, a document may belong to more
made real by the addition of attributes linking the objects than one domain.
involved. These objects and their relationships are dynamic, Domains can be predefined and/or created by the user
and are later discovered via search rather than through for-and are dynamic. Each domain has associated a set of words
mal predefined data structures or following pointers. There which defines it, from a global thesaurus. Predefined do-
are no a priori assumptions about data structures. Multi-mains could depend on specific user tasks or applications.
ple relationships between objects can exist simultaneouslyAs documents, domains may have a name, but this is op-
allowing multiple views of the same objects, no one more tional. The thesaurus can be initially defined by a system
important than any other. manager, extracted automatically from a subset of docu-

An object with a collection of attributes and correspond- ments, or created by the user itself. In all cases, the the-
ing values is an instance sbmedata structure (recall that saurus is dynamic and are modified by user actions. Doc-
data structures in programming languages are composed ofments or a set of documents can be retrieved by using a
fields and values). However, unlike data structures as theyset of words which will be searched on all attributes and/or
are used in programming languages, in AVS no-one needspecific values in specific document attributes such as date,
anticipate the relationships that may exist amongst objectssize, etc. Queries are stored and their result can define a
or the fields (attributes) that might comprise an object. Sim- new domain. Notice that there is no notion of a HFS and a
ilarly, building relationships via the addition of attributes is document can only be retrieved using the value (or a range
quite different from building the same relationships through of values) of one or more attributes.
the design of object-oriented class hierarchies. Documents can only be used through the desktop inter-

Predetermined data structures and class hierarchies aréace. That means that the concept of an application open-
of limited use in a world full of unexpected relationships be- ing a document does not exist (more over, it is forbidden as
tween objects, programmers, and users with widely differ- was the original intent of one of the Macintosh designers
ing brains, perspectives, and needs. By using attributes and15]). Applications are associated to domains and executed
search in place of formal data structures, classes and pointby documents, and not the other way around. To create a
ers, AVS eliminates the need to anticipate relationships ornew document, there is a generic new document with no at-
to support a fixed number of them. Similar comments apply tributes, which can call any application or the applications
to the restrictions imposed by traditional databases. associated to the document domain, if any.

4 DomainView 4.2 User Interface

DomainView is a desktop metaphor which tries to ad-  Conceptually, the desktop has a fixed layout and simple
dress the user interface problems mentioned in Section 2interactions. In that sense, is much more ordered than usual



desktop metaphors. We can distinguish three different ar-5 KnownSpace
eas:

o L ) ) Web search engine queries now often return millions of

. Doma!n V|suaI|zat|.on: .awm.do.w show_s avisual repre- . olavant pages. Those pages are not spatially arranged,
sgntann c.)f.domams, .|dent|fy||flg nesting and overla_lp- clustered by topic, or distinguished in any way other than
ping and giving global information about each domain. ., eir tities, so we have no idea of the relevance of any
Several visualization metaphors are available and thepage before reading it. The same is true for mail and news.

us_er_chooses the .e"?‘Si?St to _un(_jerstand for him/her. After we save webpages, mail messages, news articles,

Smlclecnktlsngvx?h?ci%t/)irl]lq:lpnplesailrkﬁ] r:;gf%’;ﬁgvcgfgoﬁtbcj gr?g\l,Jv ftp pages, or any pages produced with an editor or any other

: ' ) application, those pages become lost on our desktops. They
g th_e yalue of a user chosen attribute (content, date’are not analyzed in any way, clustered according to our in-
description, &tc). terests, or laid out spatially to show their similarities to other

pages already there.

e Document visualization: A document selected from Even after we organize the pages on our desktops by
the document list mentioned above, is shown below panq there is no automation to help us reorganize them,
that window by using another attribute selected by the gearch them, navigate through them, or find more pages like

user, the default being the content. How the value is them |n short, our computers don’t help us manage our own
shown depends on the attribute and might even haveyiq.

more than one way of seeing it. The user chooses from
a menu the visualization that is best suited for his/her
purposes.

Here we summarize the main features of KnownSpace,
a smart data manager, as the whole system is too large to
describe in the scope of this paper.

e Retrieval interface: several operations are offered by
using text boxes, buttons, and dials. The main op-
eration is retrieval, where a set of words is specified
and/or values (or a range of values) are given for some Data within KnownSpace is stored in Entities with At-
attributes. The result of the search appears in the doc-tributes. Entities may be anything (emails, webpages, desk-
ument window already mentioned (this can be consid- top documents, or more abstract things like Persons, Orga-
ered a dynamic domain obtained through a query). By hizations, and Websites). Attributes may be arbitrary (date
double clicking in a document, a menu of applications added, phones numbers contained in, website pointed to by,
opens, from where the user chooses one. This is doneand so on). KnownSpace also has an arbitrarily large num-
for creating new documents. If the document domain ber of Simpletons, which are agents all working on the En-
has applications associated to it, those applications will tities in parallel.
appear in the top positions of the menu and will be  The Infopool holds the set of all Entities, and gives Sim-
highlighted. We can also access past queries if we wantpletons access to appropriate Entities. When Entities enter
to perform repetitive tasks. the KnownSpace system they are put into the InfoPool. All

Simpletons act by accessing Entities in the InfoPool, and
We have implemented a prototype of this interface us- €ither changing those Entities or learning from them. This
ing Java, which has almost all the functionality already de- is similar to a “BlackBoard” system in Al: lots of agents
scribed. The desktop screen is shown in the Figure 1 whichall working on a central store of data, each doing a little bit
shows the three areas. We used the standard HFS to impleef computation and manipulation when they see a piece of
ment our storage organization, so each document is actuallydata that they can work with.
a file but the user is never aware of it. This design maximizes modularity. A Simpleton pro-

Our desktop can be seen as a simple interface to a dif-grammer doesn’t need to know what added the data that

ferent operating system where there is no HFS, but a uni-they will use, or what will use the data they add. This,
form universe of objects (in our case called documents). Wefor example, lets KnownSpace switch user-interfaces at any
think that this metaphor is closer to reality and does not rely time, and it lets programmers add, remove or change Sim-
so much on the user of the memory, although we expectpletons without causing errors. It lets programmers remain
normal users to name all domains. However, the numberignorant of how the rest of the system is working, and pro-
of domains will be in general small, so this organization is vides the minimum of limits on what programmers can do.
much more scalable than a HFS. On the other hand, a user KnownSpace fetches data, analyzes data, shows it to the
can have just one domain (his/her universe) and retrieve ev-user, watches what they do, and learns.

erything by content. That should be the final goal. The five modules that make up KnownSpace are:

5.1 The Overall Design of KnownSpace



Figure 1. Current DV user interface.

e The Kernel, which contains the core of the 5.1.3 User Interface

KnownSpace system. . .
Currently KnownSpace has five user interfaces. A user

could choose which interface they prefer, or swap which

one they use depending on the task the user wishes to per-
form. Interfaces should take advantage of KnownSpace’s

highly adaptive data-set. Some interfaces are more focussed
on the search capabilities that KnownSpace provides, oth-
ers focus more on the way that KnownSpace organizes data
spatially. This module has less Simpletons that the others,
« The User Interface, which shows things to the user, and more classes that are at a further remove from the rest

accepts user input, and drops reports of what the usersOf ;he KnﬁwnhS pacg systdem: F|g(;1;e ZKshowssone of the in-
actions are back into the InfoPool for further analysis. terfaces that have been esigned 1or knownspace.

As well as the usual duties of a User Interface, the

« The User Model, which watches for actions by the user KnownSpace interfaces are responsible for watching the

and marks Entities to show how often they are used, user’s actions and dropping reports_of what they have done
when, and in combination with what other Entities. (what they have accessed, when) into the InfoPool. This

is a bottle-neck as far as the modularity of design is con-
These parts are themselves sub-divided into smaller part£€Med, since other modules that want to use this informa-

(that is, Simpletons) that work independently. We now tion have to depend on the interface providing it. However,
briefly summarize each module. there seems to be no way to avoid this dependency.

e The Collectors, which go out and get the information
that goes in the KnownSpace system.

e The Adapters, which contain all the Simpletons that
are constantly organizing and re-organizing the data
within the system.

5.1.1 Kernel 5.1.4 User Model

. . The User Model takes the information about the user’s ac-
The KnownSpace kernel contains the code for essential, g that are placed into the InfoPool and uses that informa-
classes like Entity, Attribute, Simpleton, and InfoPool. The tion to try and build a model of what the user's preferences
kernel keeps track of what types of Attributes currently €x- e jike “‘Currently this focus on when Entities are accessed,
istin the KnownSpace system manages the Simpletons an(’}jooking at frequency of access and at what things tend to
other threads that are currently running. Further, the ker-p . o cacseq together. Future versions will perform more

nel manages Attribute locking and permissions (not every g, ,pisticated analysis. Information the User Model discov-

Sim_pleton has permi_ssion to change—or even read—everyers from analysis is then dropped back into the InfoPool for
Attribute of every Entity).

use by other Simpletons, in particular the User Model de-
The Kernel also contains various "tools”, that is classes tarmines what the Collectors should search for next.

that Simpleton programmers might find useful. Even-

tually the Kernel will have responsibility for saving

KnownSpace'’s state, but this is not yet implemented. 5.1.5 Adapters

The Adapters look at the information in the InfoPool and try
51.2 Collectors to find patterns within it. Typical Adapter Simpletons will

clusters together any Entities in the InfoPool that have At-
The Collectors are responsible for getting data into tributes which contain the same words. The Adapters also
KnownSpace. Atthe moment that means downloading from analyze the Strings attached to Entities using a Semantic
the web, from email, and from newsgroups. The Collectors Space and try to map Entities onto locations in a multi-
should be pre-emptive: they should go out and get thingsdimension space depending on how similar or different the
if they are similar to things that the user has used before.Entities are.
The Collectors should also be going out and performing  The difference between Adapters and the User Model
searches that the user has requested. However, it's not thean be a bit fuzzy, but in general the User Model is a bunch
Collectors job to decide what things should be fetched, nor of specialists who look just at what the user does, and the
is it their job to parse what they fetch; both jobs are handled Adapters are looking at everything in the InfoPool. To-
separately. gether they build up a model both of the data and of the



user using the data. The User Interface then uses this inforerful because attributes give semantics to the data, which is
mation to better serve the user. also one of the goals of XML. All of our systems add richer
layers of markup/interpretation to data which may (or may
not) already be in some XML format.
Future work for AVS is to evaluate how programmers
Arguments for our data model include its underlying find the task of designing applications uging the Fiata model
that we propose. Based on our experience with DV and

;lmpI|C|ty and flexibility, the removal_ of a priori assump KS, having AVS would have greatly simplified the develop-
tions about data structures and relationships between infor- . o

. . . . . ment of these prototypes. Another important evaluation is
mation objects, ease of use and implementation, its natu-

; ) : how efficiently this model can be implemented, either from
ral representation of real world information, the support for

multiple views of the same information, and the fact that it scratch or on top of a HFS or a relational data model.

generalizes the current structural imperative (the hierarchi- Future .wor.k for DV and KS is to do a usability te;t,
cal file system). to determine if these new desktop metaphors are easier to

AVS is closely related in spirit to the Placeless Docu- understand and use by newcomers than existing user in-

ments project at Xerox PARC [7]. That project has a wide terfaces. As we propose a radigally different intgrgction,

range of aims for building document management systemsusers that already know current !nterfgc_es may dislike our
based on attributes and search. In practice, AVS resemblegrqposali Nevertheless, something S|m|lz_ar happened with
the BeOS file system [8], though the aims of the BFS imple- object oriented and structured programming. Changes are
menters seem directed mainly towards allowing attributes always hard.

for a small number of applications (e.g., a mail reader) us-

ing a small number of attributes. AVS also has much in

common with Linda [9] and its derivatives (Java Spaces References

and T-spaces), in that it presents a flexible persistent fo-

6 Concluding Remarks

rum for communications amongst applications. The focus [1] Ricardo Baeza-Yates. Visualizing large answers
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ing dynamic collections of richly attributed data that can be mainView: A Desktop Metaphor based on User
searched, although the real goal is to present more of a spa- Defined Domains, Dept. of Computer Science,
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use is minimal and oriented to effective use of the available
screen. There are many other interfaces that partially cover [4] Deborah Barreau, and Bonnie A. Nardi. Find-
our goals. One example is the Vista browser of the already ing and Reminding: File Organization from the
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Our model can naturally extended to the Web. For ex- ploration in information visualization. IRroc. of
ample, all Web objects could be wrapped in XML, where the 15th Annual International ACM/SIGIR Con-
we have attributes and values independent of the type of ob- ference pages 330-337, Copenhagen, Denmark,
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binaries would be converted to visible ASCII with no dis-

tinction between data and metadata. We think that this is a [6] Andreas Dieberger. Navigation in Textual Virtual
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guently, searching the Web with agents would be much eas- sis, Vienna University of Technology, Faculty of

ier and any search engine index would be much more pow- Technology and Sciences, November 1994,
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Figure 2. One of the KS user interfaces.



