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Abstract

The notion of a l ink to represent an explicit relationship or association between en-

tities has been uti l izedby numerous hypertext systems to provide a varietyof capa-
bi l ities, including quotation, navigation, annotation and knowledge structuring. The
l ink mechanismdescribed herein provides the abil ity to relate entities in a global
information infrastructure, the InformationMesh.

The implementationof a l ink architecture shows the feasibi l ity of a minimummech-
anismto provide a rich set of relationship expressions as an element of a global

information infrastructure. Mesh objects are shown to require a composite object
mechanismand enhancements to their substructure interface. Mesh link endpoints
al lowthe description of an object, some aspect of an object or a component of an
object. The resulting Mesh link implementation provides �rst-order l inking in an
extensible and 
exible architecture.
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Chapt er 1

Int r oduct ion

This thesis examines a link mechanismfor describing object relationships in a long

l ived, global information infrastructure, the InformationMesh. The resulting Mesh

link implementation provides a richand 
exible mechanismto relate information in

the Mesh. Minimumlink, object and systemcapabil ities necessary to support such

capabil ities are described.

1.1 Background

The Information Age has created a need to manipulate a vast and ever increasing

amount of data. As an example, consider the Internet: the tra�c related to infor-

mation manipulation has increased tremendously in the past fewyears [1]. Corre-

sponding to this growthhas beenan increasing need for tools tomanage information,

particularly a mechanismto connect and relate knowledge.

The notionof connecting and relating knowledge has beena compell ingvision

since at least 1945 when Vannevar Bush suggested the implementation of a vast

knowledge base [6] . These ideas have been further developed in hypertext systems,

suchas Xanadu [17] , Aquanet [16] andWorldWide Web[1] , where l inks are uti l ized

to explicitly represent a relationship or association betweenentities.

Hypertext l inks provide a powerful mechanismto relate information. In the

WorldWide Web, l inks provide a means of information navigation. Xanadu uti l izes

l inks for quotation, navigation, annotation and commentary. Aquanet l inks are uti-

9



l ized to represent and discuss knowledge structures. Thus, hypertext l ink uti l ization

includes: navigation, quotation, annotation and knowledge representation.

1.2 LinkArchitecture

We describe a l inkmechanismto describe object relationships in a long l ived, global

information infrastructure. Our framework for this e�ort is the Information Mesh

Project: an e�ort to provide a minimumset of universal commitments necessary to

provide a long-l ivedglobal architecture for network-based informationreference, ma-

nipulation and access. The InformationMeshObject Systemprovides Mesh objects

as the nodes of Mesh links.

The overal l goal is to describe a minimumlink mechanismwhich provides a


exibleandrichset of relationshipexpressions. One result of this e�ort is adescription

of the minimumsystem, node and link capabil ities necessary to support Mesh links.

1.3 Organization

The examination of Mesh links begins with a description of several representative

hypertext systems in Chapter 2. Systemrequirements, node capabil ities and link

characteristics are described inthis section. These characteristics and the concluding

observations are uti l izedthroughout the remaining chapters. Chapter 3 describes the

overal l InformationMesh, theMeshkernel and theMeshObject System. The system

requirements of the Information Mesh are described and the capabil ities of Mesh

objects are described. Chapter 4 examines enhancements to the MeshObject System

to better uti l ize Mesh objects as nodes of Mesh links. Chapter 5 describes a Mesh

link architecture and demonstrates the 
exibi l ity of Mesh links in several examples.

Chapter 6 summarize the overall results and open issues.

Note that securityand privacy issues wil l not be examinedexcept where they

directly a�ect overal l l ink design.
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Chapt er 2

Relat ed Work

Thenotionof a linktorepresent anexplicit relationshipor associationbetweenentities

has beenuti l izedbyhypertext toprovidea varietyof capabil ities, includingquotation,

navigation, inclusion, annotation and knowledge structuring. In this chapter, we

examine a variety of hypertext systems: Memex, Xanadu, the World Wide Web,

Aquanet and the Dexter Hypertext Reference Model. We examine their use of l inks

and describe howthey confront hypertext issues, including:

1. Systemi ssues: Howdo systemcharacteristics enhance or l imit l inking?

� mi nimumrequi rements: basic systemexpectations and requirements

� scal abi l i ty: mechanisms to deal with large systemissues

� 
exi bi l i ty: provisions for a varietyof hypertext nodes and links

� securi ty: mechanisms to prevent unauthorized access

� pri vacy: mechanisms to ensure privacy

2. Node attri butes: Howdo nodes support l inking?

� nami ng: identi�cationof nodes

� typi ng: describing node characteristics, semantics and invariants

� substructure i nterf ace: exposing node substructure for l inking

� composi tes: combining nodes

� versi oni ng: supporting node changes

11



3. Li nk i ssues: Howare l inks exposed to the overal l system?

� l i nk uti l i zati on: overal l use and characteristics of a l ink

� l i nk rel ati onshi ps: abi l ityof l inkto \talkabout" or express relationships

betweenentities (including other l inks)

� l i nk i ndependence: abi l ity to exist separate fromnodes

� endpoi nt capabi l i ti es: what can links associate?

Note that we focus on the issues of scalabi l ity, node typing (as a means of achiev-

ing 
exibi l ity among other things), substructure interface, endpoint capabil ities and

overal l l ink uti l ization.

2.1 Memex

The notion of relating a vast domainof informationusing some associated structure

was �rst described inVannevar Bush's vision of the Memex: \Adevice in whichan

individual stores his books, records, and communications, and which is mechanized

so that it may be consulted with exceeding speed and 
exibi l ity. It is an enlarged

intimate supplement to his memory [6] ."

Bush's workwas distinguishable for its inclusionof anassociationmechanism:

the examination of one itemin the systemwould suggest another. Bush envisioned

this mechanismworking in a fashion similar to the human brain: \With one item

in its grasp, it snaps instantly to the next that is suggested by the association of

thoughts, in accordance with some intricate web of trai ls carried by the cel ls of the

brain [6] ."

It is largely agreed that one outgrowth of Bush's vision was hypertext, an

informationmanagement mechanismin which data is stored in nodes connected by

links.

2.2 Xanadu

TedNelson's Xanadu Project [17] is an in
uential examination of a large hypertext

system. Xanaduuti l izes l inks to provide \a connectionbetweenparts of text or other
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material . .. made by individuals as pathways for the readers exploration. . [17] ." The

overal l goal of Xanadu is a distributed systemof documents connected by links.

Xanadudocuments are the fundamental unit of storage. Indeed, everything in

the Xanadu systemis a document. Xanadu documents \maycontain text, graphics,

l inks. . . or any combination of these. . . [17] ." Xanadu documents provide no infor-

mation hiding or abstraction layer; they expose their entire structure and contents,

along with associated versioning information, in a manner al lowing Xanadu links to

relate any portion of a document.

Xanadu links are composed of \end-sets". Each end-set indicates \spans" or

regions of text in Xanadu documents. Thus, Xanadu supports span-to-spanl inking

by allowing its l inks to relate regions of text. The typical Xanadu link is a three

end-set structure: a \from-set" which is an arbitrary col lection of spans speci fying

the source of a l ink, a \to-set" which speci�es the destination of a l ink, and a set

speci fying the l ink type or relationship being expressed.

Xanadu links are contained in nodes: \Each link resides in one place, the

document that contains it. Links, just l ike text, are owned. Every l ink is part of

a particular [document] and has an owner [17] ." Links can relate other l inks by

connecting to the l ink portion of a document.

Xanadu links maintain associations across document versions. \Essential ly,

the l ink seizes a point or span (or any other structure) in the [document] and holds

onto it. Links may be refractively fol lowed froma point or span in one version to

corresponding places inanyother version. Thus a l ink to one versionof a [document]

is a l ink to al l versions [17] ." Unfortunately, the mechanismfor a l ink to \hold" onto

a node across versions is dependent onspeci�c characters remaining invariant: \a l ink

is attached.. . . to speci�c characters and simply stays with these characters wherever

they go [17] ." Note that this mechanismwil l break under a variety of conditions,

including wording changes.

The greatest weakness of the Xanadu systemis its expectation of complete

avai labi lityof certainsysteminformation: \. .everychangemust be knownthroughout

the network the instant it happens [17] ." In particular, Xanadu expects that al l

13



l inks to any particular Xanadu document wil l always be determinable. \The reader

shouldbe able to ask, for a givendocument, `What connects here fromall fromother

documents?' { and be shownall these outside connections without appreciable delay

[17] ."

Insummary, Xanaduprovides a l inkmechanismto al lowreader explorationof

documents. Xanadudocuments expose their entire substructure inamanner al lowing

l inks to relate anyportionof a document. Xanadulinks are composedof end-sets and

are containedinnodes. Xanadulinks maintainassociations across document versions

andprovide a mechanismfor determining al l l inks to a particular Xanadudocument.

2.3 WorldWide Web

The World Wide Web [1] is perhaps the best known, most widespread and most

successful example of a distributedhypertext system. TheWeballows navigationvia

l inks across the Internet and betweendocuments. The incredible growthand success

of the WorldWide Webhas exhibited the power of a distributedhypermedia system

connecting various sites using \l inks".

The overal l WorldWide Web (WWW) paradigmis documents connected by

links. WWWlinks exist intheWWWdocuments that are their sources. EachWWW

link speci�es a relationship between two entities: the document in which the l ink is

contained, and an identi�ed destination document. WWWdocuments are speci�ed

inHTML[5] .

WorldWideWebdocuments are identi�edthrough the use of location (a Uni-

versal Resource Location or URL[2]) rather than in a location independent manner

suchas Universal Resource Names [21] . 1 This prevents the relocationof Webobjects

{ they cannot be movedfromthe location describedby their URL. For transmission

purposes, WWWdocument content is speci�ed using Internet Media Types [18] .

WWWdocuments emphasize human browsing, and do not explicitly encode

semantics. There is, for instance, no mechanismto speci fy that a speci�c page is

1The latest draft of HTML 3.0 [19] proposes the additi on of the (opti onal ) URN attri bute to

descri be the uni versal resource name for an HTMLdocument.

14



an individual person's \home page" other than to imply it in the text or assume it

fromthe URLassociated with the Web page. In a relatedmanner, HTMLprovides

minimummechanisms to assist browsers in presenting newmarkup structures. If a

particular HTMLmarkupis encounteredfor whichthe Webbrowser lacks knowledge,

there is l ittle or no fal l -back; theWebbrowser caneither ignore the markupor display

the ASCII text representation. In short, there is no standard way to classi fy a Web

document; anymeaning must be determined fromthe accompanying HTMLwhich,

at least presently, provides minimumcapabil ities for suchdescriptions. 2

Documents expose internal content for l inkingthroughthe use of ananchor. In

the WWW, an anchor speci�ed sectionof the WWWdocument is the source and/or

destination of a WWWlink. An anchor HREFattribute speci�es the beginning of

a l ink. An anchor NAMEattribute speci�es an identi�er whose reference al lows the

anchor tobe the target of a l ink. Anchors cannested, but cannot overlapone another.

Anchors are l imitedinthat theyare merelyarbitraryportions of document { there is

no document typingmechanismwhichwouldal lowassociating anchors witha certain

document type (suchas the aforementioned\homepage") or document substructure. 3

Inshort, WWWanchors lackthe abil ityto be associated insome formal manner with

a general ized structure, suchas a particular document type.

WWWlinks are one-way, two-ended and document-based. Links always de-

scribe a relationship between exactly two documents; there are no mechanisms to

relate more than two entities. Links must be contained in one of the two documents

theyassociate. TheWebprovides a mechanismto al lowservers to add links to docu-

ments \by those who do not have the right to alter the body of a document [4]", but

servers are not requiredto provide this functional ity. There are nomechanisms to l ink

two documents i f the servers of both documents refuse the additional l inks. WWW

links are not �rst class and therefore can not exist independently of the documents

they l ink.

2The l atest draf t of HTML 3. 0 [ 19] suggests the uti l i zati on of a \ROLE" attri bute whi ch i s a

l i sti ng of SGMLname tokens \that de�ne the rol e thi s document pl ays [ 19] . "
3The l atest draf t of HTML3. 0 proposes the addi ti on of an ID mechani smto associ ate document

el ements wi th anchors. Further, the draf t suggests the addi ti on of a CLASSmechani smto subcl ass

HTMLel ements.
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WWWlink types are speci�ed by a relationship name. However, the present

use of WWWlink relationship names is extremely l imited. This is particularly frus-

trating because early WWWdocumentation[3] suggested several l ink names to de-

scribe \relationships betweendocuments" and\relationships about subjects of docu-

ments". The current HTML2.0 draft [4] has minimal discussionof l inkrelationships,

merely stating: \Relationship names and their semantics wil l be registered by the

W3 Consortium. The default value is void." The latest draft of HTML3.0 [19] sug-

gests an expanded use of l ink relationships to provide speci�c navigation buttons or

equivalent mechanisms.

WWWlinks can become \dangling" l inks. For example, a referencedWWW

document may rename or remove the necessary anchor. Worse, the referenced doc-

ument maymove or be removed in a manner that \breaks" its prior URL. There is

no mechanismfor a referencedWWWdocument to expose invariants in anchors to

al lowa link to ensure it is less l ikely to become \dangling".

In summary, the WWWallows navigation via l inks across the Internet and

between documents. WWWdocuments are identi�ed by location, emphasize hu-

man browsing and expose internal content for l inking through the use of anchors.

WWWlinks are one-way, two-ended, document-based and can become \dangling"

l inks. WWWlink types are speci�ed by a relationshipname.

2.4 Aquanet

Aquanet [16] is a hypertext knowledge structuring tool designed to al lowusers to

graphical ly represent information and explore its structure. Aquanet al lows users to

interpret andorganize ideas usingAquanet's l inking structure to connect andexpress

ideas. Overal l, Aquanet provides an examination of uti l izing hypertext faci l ities in

the realmof knowledge representation.

Aquanet objects (both nodes and links) are typed, structured frame-l ike enti-

ties. EveryAquanet object is an instance of some type. Atype's de�nition speci�es

slots, type(s) of objects that can�ll eachslot, andthe graphical appearance of the ob-
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ject. Type de�nitions are organized into a multiple inheritance hierarchy. \Aquanet

objects of a given type include not only the slots de�ned by their type but also the

slots that they inherit fromtheir supertype(s) [16] ." The inheritance rules of the

Aquanet type hierarchy are taken directly fromthe Common Lisp Object System

speci�cation [14] .

Aquanet nodes and links are distinguishedbytheir use of slots. Node slot val-

ues are a namedset of contents restrictedto primitive datatypes suchas text, images,

numbers, strings, etc. Link slot values maybe primitive datatypes or other Aquanet

objects. Aquanet l inks can be viewedas containing namedand typedendpoints.

Aquanet l inks are uti l izedas part of the de�nition, development anddisplayof

\knowledge structures". 4 As an example, an \Argument relation" is expressed as an

Aquanet l ink containing three slots: the Conclusion, the Grounds and the Rationale.

Each slot can be �lled by either a \Statement node" (an Aquanet object containing

a text slot) or another Argument relation.

In summary, Aquanet uti l izes a type hierarchy to describe object types and

multi-ended links to provide enhanced knowledge structuring capabil ities.

2.5 Dexter

The Dexter Hypertext ReferenceModel provides anabstract model of hypertext sys-

tems whichdescribes the entities andmechanisms whichal lowusers to create, manip-

ulate andexaminehypertext [12] . The overall goal of Dexter is two-fold. First, Dexter

formalizes some of the hypertext notions we have examined, thus providing a vocab-

ulary that can be uti l ized to describe a particular hypertext system's functional ity

and characteristics. Second, Dexter provides a model of the important abstractions

found in a wide varietyof hypertext systems, and thus necessary to incorporate into

a 
exible l inkmechanism.

In this section, we examine Dexter in considerable detai l . First, we examine

4The termknowl edge structure ref ers to \. . an i nterconnected network of i nformation-beari ng

nodes that are used to represent the primi ti ve objects and thei r i nterconnecti on i n some domain of

di scourse [ 16] . "
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the Dexter storage layer whichcontains components that serve as nodes andlinks. We

separately examine the composite information and base components which together

construct al l Dexter components. Additional ly, we describe Dexter's storage layer

functions and runtime layer. Final ly, we describe Dexter invariants and summarize

Dexter l imitations.

2.5.1 Dexter Storage Layer

The Dexter storage layer models the node/l ink network structure of hypertext. It

is composed of a database of data-containing components interconnected by rela-

tional l inks. The storage layer focuses on the mechanisms bywhichl inkandnon-l ink

components are `glued-together' to formhypertext networks.

The fundamental entity in the storage layer is a component. Components

are what are typical ly thought of as `nodes' and `l inks' in a hypertext system. The

storage layer of Dexter doesn't attempt to model the overal l content and structure

of components, but treats components as largely generic containers of data. Despite

the overal l indi�erence to component contents, Dexter requires that eachcomponent

expose component informationanduti l ize a basecomponent. Component information

is described in Section2.5.2 and base components are described in Section2.5.3.

Also associated with the storage layer are two functions: a resolver function

and an accessor function. Together they are jointly responsible for retrieving com-

ponents fromthe storage layer based on the speci�cations of the components. The

exact nature of these mechanisms is described inSection 2.5.4.

2.5.2 Dexter Component Information

Dexter requires that each component in the storage layer expose component infor-

mation. Component information describes certain properties of the component and

provides a fundamental interface to the component.

Component information includes: unique identi�cation, anchoring, presenta-

tion speci�cation and attribute/value pairs.
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� Unique Identi�er

EachDexter component has a unique identi�er (UID) assumedto be \uniquely

assigned to components across the entire universe of discourse [12] ."

� Anchors

EachDexter component contains a sequence of anchorsthat indexintothe com-

ponent. Dexter anchors provide anindirect addressingmechanismfor speci fying

the internal structure of a component in a manner which does not depend on

knowledge of the internal structure of a document. Dexter l inks uti l ize anchors

to relate component substructure.

ADexter anchor consists of two parts: an anchor id, and an anchor value.

The anchor id i s an identi�er which uniquely identi�es an anchor within the

scope of the component it occupies. The anchor value i s anarbitraryvalue that

speci�es some location, region, itemor substructure within a component. The

anchor value is interpretable only by the applications responsible for handling

the content/structure of the component. Dexter anchors can overlap.

Anchors al lowDexter to support l inking across component versions. As a com-

ponent changes over time, the anchor value changes to re
ect modi�cations to

the internal structure of the component, \[t]he anchor id, however, remains con-

stant, providing a �xed referent that can be used to speci fy a given structure

within a component [12] ."

� PresentationSpeci�cation

The presentationspeci�cationi s a primitive value containing informationabout

howthe node contents should be presented to the user. Presentation speci�ca-

tions are described inmore detai l in Section2.5.5.

� Attribute-ValuePairs

Final ly, Dexter components provide the abil ity to set and retrieve arbitrary

attribute/value pairs. The attribute/value pairs can \be used to attach any
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arbitrary property (and its value) to a component. For example, keywords can

be attached to a component using multiple `keyword' attributes [12] ."

Note that Dexter does not provide a formal component type model. Some

component attributes can be determinedby examining attribute-value pairs, but no

formal type systemmechanismis speci�ed. Some descriptions of Dexter suggest

model ing a component type systemby\adding to eachcomponent a `type' attribute

with an appropriate type speci�cation as its value [12] ."

2.5.3 Dexter BaseComponents

Dexter components are composed of a base component together with the component

informationdescribed in Section 2.5.2. The base components in the Dexter storage

layer are: atomic components, compositecomponentsand links.

Atomi c Components

Atomic components are the �nest grainmembers of the storage layer. Atomic com-

ponents are largely opaque objects; the storage layer knows l ittle about the contents

of atomic components or the \within-component" layer. Atomic components may

contain chunks of text, graphics, images, etc.

Composi te Components

Composite components are constructed out of other components. The composite

relationship is restricted to a directed acycl ic graph (DAG) of base components; no

component may contain itsel f either directly or indirectly and composites are only

composed of base components.

Final ly, it is not clear howthe l inking mechanismis providedwith composite

components. Dexter does not describe howanchors are related to composites; no

mention is made of howanchors should refer to base components in a composite.

20



Li nks

Links associate Dexter components bydescribing a relationshipbetweencomponents.

Dexter l inks describe their relationship using a sequence of two or more speci�ers.

Each speci�er describes the entities being related, the direction of the relationship

and the presentation mechanismby which to display the entities. Dexter l inks are

�rst class andDexter l inks can relate Dexter l inks.

Dexter uti l izes composites to model hypertext systems inwhich l inks are not

independent, but are embeddedinnodes. Anexample of this applicationof compos-

ites is the KMS [20] hypertext system: \All l inks in KMS are embeddedwithin the

frame (component) containing the source anchor. Since l inks are also components

in the Dexter model , it maybe argued that a frame inKMS is actual ly a composite

component [15] ."

Dexter uti l izes speci�ers to describe the l ink relationship. The speci�er struc-

ture contains: a component speci�cation, ananchor id, a directionanda presentation

speci�cation.

� component speci�cationprovides a description of the component being l inked.

This description can be uti l izedby the storage layer's resolver function to pro-

duce a set of component UIDs matching the description.

� anchor idspeci�es the anchor to be uti l ized in the resolvedcomponent.

� directionencodes l ink endpoints as FROM, TO, BIDIRECTor NONE. Dexter

al lows duplicate direction values with the constraint that at least one speci�er

have a directionof TOor BIDIRECT.

There aremanydi�erent notions of directional ity. Gr�nbaekandTrigg [11] have

identi�edat least three types: semantic direction, creationdirectionandtraver-

sal direction. Dexter does explicitlyuti l ize a particular notion of directional ity;

Dexter provides directional ityas a mechanismto support directional ityseman-

tics in existing hypertext systems with Dexter's two-way links. For example,

Dexter models a one-way link system(such as HyperCard [10]) by using two-
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waylinks with the source endhaving a directionvalue of NONEand the other

end having a directionvalue of TO. 5

� presentationspeci�cationi s a primitive value that helps the runtime layer de-

termine howthe associated descriptor should be presented to the user. We

wil l discuss the presentation speci�cation in more detai l in the discussion of

Run-Time issues in Section 2.5.5.

Note that for a particular speci�er, the component speci�cation al lows the

returnof a set of UIDs, but the other aspects of a speci�er structure are single valued

and statical lydetermined. This implies that al l components resolvable froma partic-

ular component speci�cationmust support the same anchor id and presentation. 6

2.5.4 Dexter Storage Layer Functions

As we have previously mentioned, the storage layer uti l izes a resolver and accessor

function to retrieve components.

� AccessorFunction

The accessor function of the hypertext is responsible for \accessing" a compo-

nent, given its UID. That is the accessor function is responsible for retrieving

the component corresponding to a givenUID.

� Dexter Resolver Function

The resolver function must be able to produce al l possible val id component

UIDs for any givendescriptionor \component speci�cation".

Dexter remains si lent on the mechanismand implementation of resolver func-

tions, including the domainandsyntaxof speci�cations, but justi�es their need:

5HyperCard l i nks can onl y be traversed f romsource to desti nati on. \Thi s i s because HyperCard

l i nks are implemented as `GO' statements i n a scri pt i n the l i nk' s source component. Thi s al so

means that l i nks cannot normal l y be seen f romthei r desti nati on cards [ 11] . "
6In [ 25] , Penzo, Sol a and Vi tal i propose modi�cati ons to Dexter to support dynami c determina-

ti on of anchor i ds.
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\The use of UIDs as a basic addressing mechanisminhypertext maybe too re-

strictive. Rather, when [the component speci�cation described in a speci�er of

a] l ink is fol lowed, the speci�cationmust be `resolved', i f possible, to a UID(or

set of UIDs) which then can be used to access the correct component(s)."

2.5.5 Dexter RuntimeLayer

The runtime layer speci�es the tools for a user to access, viewand manipulate the

node/l ink network structure. The runtime layer tools can treat components as more

than generic containers of data { uti l izing the actual contents.

The runtime layer uti l izes the presentationspeci�cationvalues associatedwith

components and linkspeci�ers to determine howa component shouldbe presentedto

an end user. \Thus, the wayinwhicha component is presentedto the user can be a

functionnot onlyof the speci�c hypertext tool that is doing the presentation(i .e. , the

speci�c run-time layer), but canalso be a property of the component itsel f and/or of

the access path (l ink) taken to that component [12] ." Thus, the runtime layer is the

layer at which dynamic mechanismis determined, while the storage and component

level mechanisms previously described implement hypertext as an essential lypassive

data structure.

2.5.6 Dexter SystemInvariants

The Dexter model requires that several invariants be maintainedat al l times by the

hypertext system. These invariants are expected to be implemented in a fashion to

ensure they are maintainedwhen creating, modifying or uti l izing components.

Among the Dexter invariants are:

� Link speci�ers must have at least one speci�er with the direction of TOor

BIDIRECT. Thus, al l l inks must point to some component.

� The accessor functions must be aninvertiblemappingfromUIDs tocomponents.

This implies that every component must have exactly one UID.
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� The resolver functionmust be able to produce al l possible val idUIDs. This im-

plies that anypossible component descriptions must be resolvable to a complete

set of component UIDs.

� Composite componentsmust containno cycles inthe component/subcomponent

relationship. Thus, no component maybe a subcomponent (directly or transi-

tively) of itsel f.

� Links may not be `dangl ing' . The speci�ers of a l ink must always resolve to a

set of components containing the associatedanchor id. Anycomponent changes

must be re
ected in l inks. Thus, anyDexter-based hypertext systemmust en-

sure that any component changes result in the immediate update and modi�-

cation of l inks to re
ect the changes.

2.5.7 Dexter Limitations

Dexter is l imited in several respects.

1. The Dexter systeminvariants ignore large distributed systemissues, such as

unavailabi lity. For instance, the need to prevent `dangl ing l inks' ignores the

di�culty of providing and maintaining such information across a widely dis-

tributed system.

2. Dexter does not explicitlyprovide a component typingmechanism. Some com-

ponent attributes can be determined fromexamination of the component in-

formation such as attribute-value pairs, but there is no formal mechanismto

associate a component type with invariants suchas the anchors avai lable.

3. Dexter anchors are l ittle more than arbitrary identi�ers of values. Dexter pro-

vides no mechanismto associate formally a particular set of anchors with a

particular type of component. Nor is there anyway to speci fy certain content

characteristics with particular anchor ids. Final ly, Dexter anchors do not pro-

vide any context; Dexter assumes that al l component anchors are val id at al l

times.
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4. Dexter l ink speci�ers are l imited in dynamic endpoint component determina-

tion { the component speci�cation portion permits the dynamic determination

of a set of UIDs, but the other speci�er portions are single valued and stati-

cal lydetermined. Thus, al l components resolvable froma particular component

speci�cationmust support the same anchor id and presentation.

5. Dexter provides onlyl imitedmotivationfor l inkdirectional ity. Dexter direction-

al ityis motivatedas amechanismto support directional itysemantics inexisting

hypermedia systems, but, as shownbyGr�nbackandTrigg, it is insu�cient \to

model the ways people interpret l ink direction in practice [11] ."

2.6 Observations

Several observations about the overall characteristics of the previously describedhy-

pertext systems:

1. Scalabi l ity is often ignored.

Dexter and Xanadu require l inks and other systeminformation be completely

avai lable { an unreal istic expectation for distributedsystems. The WorldWide

Web's association of documents with location l imits the abil ityto relocate doc-

uments.

2. No consensus on typing mechanisms to associate characteristics and invariants

with nodes and links. Typing mechanisms include:

� notyping

Xanaduprovides no node types. The lackof a node type means that there

is no mechanismto associate attributes tightlywith a document.

� single value

The WWWutil izes a single value, a relation name, to express l ink types.

Single value types are usual ly selectedfroma standard set suppliedbythe
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systemor maintained by some authority. For example, WWWrelation-

ship names are registered by the W3 Consortium. Amechanismto al low

individual users to designate a newvalue as a type is sometimes provided,

but sucha mechanismis usual ly l imited.

Single value types general lydo not al lowpartial knowledge of a particular

type: either a type is recognizedor it is not. All single value relationships

must be made explicit by some entity; there are no implied relationships

betweenvalues.

� hierarchical types

Aquanet nodes and links are instances of a speci�ed type in a type hi-

erarchy. Hierarchical types provide a mechanismto relate a newtype to

prior types through the placement of the newtype in the inheritance tree.

Careful choices of inheritance al lowa newtype to reveal detai ls about its

characteristics and capabil ities.

One l imitationof hierarchical types is the di�culty in selecting a position

inthe hierarchyto addnewtypes. It is sometimes desirable to place a new

type at multiple locations in hierarchy.

� attribute-value pairs

The WorldWide Web and Dexter provide an attribute-value mechanism

for nodes andlinks. Attribute-valuepairs, while not strictlya typingmech-

anism, uti l ize a set of attributes to describe node and link characteristics.

These characteristics are expressed by associating attribute names with

values.

As with singular values, attribute value pairs must be l imited to a stan-

dard set. Auser can relate a new\type" to prior types by appending

a newattribute to existing, wel l understood attributes. Unfortunately,

most attribute-value systems do not provide a mechanismto prevent at-

tribute naming con
icts. Further, individual attribute values su�er the

same recognition problems as single value (either recognizedor not recog-

nized).
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Each of these typing mechanisms has l imitations. No typing prevents the ex-

posure of document invariants. Single value mechanisms limit the expressive

capabil ities of individual users. Hierarchical types l imit type associations by

requiring a single position in the hierarchy. Attribute-value pairs have nam-

ing con
icts which l imit expressive capabil ity. These l imitations emphasize the

need for an extensible typingmechanism.

3. No consensus on node substructure exposure. Substructure exposure mecha-

nisms include:

� nosubstructure exposure

The object is completely opaque with no general izable mechanisms to al-

lowlink associations. No examinedhypertext provided such substructure

exposure, but Aquanet only al lows l inking at the granularityof individual

nodes. Alack of substructure exposure l imits l inking capabil ity { node

substructure can not be l inked.

� entire content exposure

Node contents are completelyexposedfor l inking{but not necessari lywith

anycontent invariants. Xanadunodes expose their completestructurewith

no invariants, with a resulting l inking schemawhichdepends on character

matching.

� arbitraryanchors

Anchors provide a mechanismbywhichl inks can\reachinside" nodes and

\hold" ontonode substructure. WWWandDexter nodes provide arbitrar-

i ly named\anchors" with no mechanismto speci fy context or semantics.

Anchors provide invariants, al lowing node contents to change while pro-

viding a consistent interface. However, the lackof a mechanismto speci fy

anchor characteristics l imits anchors to be uti l izedas arbitrary identi�ers

of substructure regions.

� syntactic anchors
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Anchors explicitly associated with a particular HTMLsyntactic structure

is a suggested addition to HTMLin the current version 3.0 draft [19] . It

is not clear i f the present proposal al lows for expressing semantic content.

Alink's abi l ity to reference node structure is l imited by the mechanisms pro-

videdbythe nodes being l inked. If nodes expose substructure invariants, either

through anchors or some other mechanism, then a l ink can \hold" onto those

invariants across mutations. It is unclear whichmechanismis the best method

bywhichnodes should expose their contents for l inking. Limitedanchor capa-

bi l ities suggest the need for more formal structures.

4. No consensus on link endpoint capabil ities. Link endpoint capabil ities include:

� nosubstructure linking

No substructure l inking implies that l ink endpoints connect at the gran-

ularity of nodes. As an example, Aquanet l inks relate entire objects, not

object substructure. Alack of substructure l inking l imits the power of

l inks to express relationships betweennodes which involve substructure.

� substructure linking

The WWWand Dexter l inks uti l ize \anchors" for substructure l inking.

The WWWlinks use statical ly speci�ed l ink endpoints. Dexter provides

dynamic determination of l ink endpoints through the use of speci�ers.

Substructure l inking is l imitedby the exposure of node substructures.

� computedlinking

Links mayuti l ize computations onnodes for l inking. Suchapproaches are

useful when the itemto be l inkedis not exposedby the node as an anchor

or equivalent invariant structure. One example is Xanadu's mechanismof

l inking to nodes throughthe use of a computationinvolving invariant char-

acters { presumably some formof character matching. Equivalent l inking

schemas might uti l ize character o�sets or word counting to speci fy the

endpoint of a l ink. The problemwithcomputations is that they fai l in the
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presence of mutable objects. This is particularly true for nodes whichdo

not expose characteristics or invariants through some typing mechanism.

Clearly, a powerful l inkendpoint mechanismwoulduti l ize exposedsubstructure

invariants, yet provide the capabil ity to uti l ize computations on nodes.

5. No consensus onminimumlink characteristics and capabil ities, including:

� multi-dimensional links

Xanadu, Aquanet and Dexter l inks can be relate more than two entities.

The WWWrestricts l inks to two-ended structures.

� directionality

Xanadu expects a distinguishable FROM-SETand TO-SET. Dexter, in

contrast, marks individual endpoints as either TO, FROM, BIDIRECTor

NONE. WWWhas implicit directional ityfromthe markupina document.

Aquanet does not have l ink directional ity.

� presentations

Dexter l inks provide a \presentationspeci�er" withboththe l inkandeach

endpoint. Aquanet uti l izes a graphical appearance speci�cationassociated

withnode andlinktypes to designate the presentationof Aquanet objects.

TheWWWutil izes HTMLas amarkuplanguage todescribepresentations.

� independent links

Aquanet andDexter l inks are independent hypertext entities. The WWW

andXanadu require that l inks be embedded in a hypertext node.

� namedendpoints

All Aquanet endpoints are named. Some WWWand Xanadu links are

named. Dexter does not name its l ink speci�ers.

Clearly, hypertext systems employ a variety of di�erent l ink characteristics. It

is not clear whichmechanisms are absolutely necessary.
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Wewill uti l ize these insights toprovide a reference for discussing the attributes

and implementationof a global information infrastructure l inkingmechanism: Infor-

mationMeshLinks.

2.7 Summary

In this examination of nodes, l inks and systemattributes, we have described how

node attributes support l inking, howlinkrelationships are exposedto the overal l sys-

tem, and howparticular systemrequirements impact l ink capabil ities. In particular,

we observed the overal l lackof consensus on the issues of node and link typing, sub-

structure exposure, endpoint capabil ity and overal l l ink characteristics. Associated

with these observations, we noted the need for a scalable hypertext systemproviding

extensible typing and a formal mechanismfor substructure exposure. We described

the needto determineminimumlinkcapabil ities. Further, we discussedthe needfor a

powerful endpoint mechanismuti l izing exposedsubstructure invariants yet providing

the capacity to uti l ize computations on nodes.
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Chapt er 3

I nformat i on Mes h Project

The Information Mesh Project represents a newparadigmfor networked systems

which supports the vision of widespread information sharing and structuring. The

central idea of the Information Mesh is that the network exists primari ly to main-

tain relationships among nodes of information. The fundamental activityof network

applications thus becomes constructing, manipulating and using these relationships.

The implementation of this vision has been centered around the notion of

supporting networkedMesh objects interconnected by links. The overal l goal is to

understand the minimumset of information services necessary to support such a

model and push theminto the networking infrastructure. The result should shield

applications fromhaving to manipulate transport level protocols.

Work for this project has resulted in the creation of aMeshkernel andMesh

object system. The Mesh kernel provides information naming, discovery and reloca-

tion. The Meshobject systemuti l izes the notionof rolesto provide 
exible, evolvable

objects inthe Mesh. Roles provide anextensive typingmechanismto describe object

behavior (actions) and object structure (parts). Meshlinks, a mechanismto express

relationships betweenMesh objects, are described inChapter 5.

Inthis chapter, we describe the overal l goals, constraints and requirements for

the InformationMesh. We describe the Mesh kernel andMesh object system.
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3.1 Goals

The Information Age has created a need to manipulate a vast and ever increasing

amount of data. As an example, consider the Internet: the tra�c related to infor-

mationmanipulationhas increased tremendously the past fewyears [1] . Indeed, the

explosive growth and success of the World Wide Web, Gopher and other Internet

information navigators, combinedwith the recent commercial izationof the Internet,

can only lead to increasing growth. Corresponding to this growth has been an in-

creasing awareness that current informationmanipulationtools are inadequate to an

already vast informationbase.

The InformationMesh attempts to address the problemof inadequate infor-

mationmanagement tools byproviding a networking substrate inwhich information

manipulation is an attribute of the network, not the individual application. The

hope is that \much as traditional applications uti l ize a database system, the Mesh

wil l become the primitive abstraction aroundwhichapplications are built [8] ."

The overal l vision of the InformationMesh Project is to provide a long-l ived

global architecture for networked-based information reference, manipulation and ac-

cess as a ubiquitous substrate for distributed and networkapplications and domain-

speci�c knowledge bases. The implementation of this vision is expected to contain

objects interconnectedbyrelationships or l inks ina universal and long-l ivedinforma-

tion base.

3.2 Constraints

The constraints to meet the vision of a Mesh of objects can be summarized as uni-

versal ity, ubiquity, heterogeneity, longevity, evolvability and resi l iency.

� Universality

The InformationMesh vision of \a single model for information identi�cation,

locationandaccess as a substrate for distributedsystemandapplications [22] ."
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implies that the Meshmust be universal ; it must provide agreement on refer-

encing objects and do so in a highly scalable manner.

� Ubiquity

The InformationMeshmust support \network-basedapplications accessing in-

formation that is distributed both physical ly through the net and administra-

tively across regions of di�ering management pol icies [22] ."

� Heterogeneity

The InformationMesh should be prepared for changes in communications me-

dia, transport protocols and networked-applications. It must support a broad

set of protocols and applications, both those implementedand likely to be im-

plemented.

� Longevity

The Mesh must support long-l ived information; it can not require that infor-

mationbe reformattedand it must support both oldandnewformats. Objects

must be constructed in a manner that real izes that the same object may exist

for hundreds of years.

� Evolvability

The Meshmust be able to provide for changing semantics, syntax, structures

and uti l ization of information. The Meshmust be able to provide capabil ities

for information to be uti l ized in newand unexpected forms. The Mesh must

support newnetwork services. It must provide for informationmoving both in

physical location and ownership.

Mesh objects must be made avai lable in a manner that real izes that they may

change location, ownership and behavior. Thus, we must ensure that Mesh

mechanisms do not expect an object to remain constant.

� Resiliency
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The Mesh must provide resi l iency in the face of unrel iabi l ity. The Mesh wil l

exist in many situations of unrel iabi l ity where it wil l be unable to locate or

access information. Thus, the Meshmust be designed fromthe start to provide

mechanisms to deal with unavailabi lity.

3.3 ImplementationRequirements

The goals and constraints of the Information Mesh imply several implementation

requirements: minimal agreement, minimal coordination, and 
exibi l ity.

� MinimumAgreement

The need for minimal agreement comes fromthe pragmatic understanding that

\we cannot dependonanyuniversal agreement on issues l ike a best wayto �nd

information, the internal structure of information or howinformation is inter-

nal lymanipulatedbyprograms [24] ." Thus wemust minimize the requirements

imposedonMesh entities.

� MinimumCoordination

The need for minimumcoordination of information 
ows fromthe need for

resi l ience and ubiquity. The Mesh needs to be highly scalable with diverse

mechanisms to�nd, represent andmanipulate information. These goals are best

met if the overal l coordination between these capabil ities { and any other core

InformationMeshservices { are designedtominimize the requiredcoordination.

� Flexibility

The need for 
exibi l ity is a result of the need for heterogeneity, longevity and

evolvabil ity. The Meshneeds to support a wide set of global informationarchi-

tectures. Further, the InformationMesh should be \
exible enough to encom-

pass newnetworkservices as they evolve. It should also support a broad set of

expectations fromapplications as well as administrative controls. [22]"
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These constraints imply that the Mesh must be implemented with the con-

straints of minimal universal ity, but with an eye towards minimumcoordination and

enormous 
exibi l ity. Thus, we must minimize the set of requiredMesh functional ity

while sti l l providing the su�cient 
exibi l ity to build a wide range of services on top

of the Mesh.

Note that the InformationMesh does not directly deal with security and pri-

vacy issues except where they a�ect design decisions.

3.4 InformationMeshKernel

The �rst step in real izing the InformationMesh Project was the implementation of

the Information Mesh kernel [24] . The Information Mesh kernel addresses several

of the concerns raised by the Project. In particular, the kernel provides information

naming, discoveryandrelocationas a powerful andevolvable component of theMesh.

The InformationMeshkernel 's naming is providedthrough the use of global ly

unique identi�ers described as points. Information about these points are stored in

sets of attribute-value pairs cal led factoids. Information is located through a 
exible

and evolvable locating mechanismthat uti l izes meta-informationabout where points

have been seen or discussed in the Mesh. Final ly, the kernel provides a generic

procedure dispatchmechanism

The InformationMeshkernel ensures minimumcoordinationbyensuring that

information identi�cation (points) is decoupled fromlocation and retrieval . In par-

ticular, points containat most hints about location. The overal l kernel is designed to

have minimumconstraints on data representation and location to provide a 
exible

information infrastructure.

3.5 InformationMeshObject System

The InformationMeshobject system[23] provides theMeshwitha powerful means to

create anduti l izeMeshobjects{ the chief feature of whichis the capabil ityof objects
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to playa varietyof roles. Roles describe object behavior by speci fying actions, parts

andmakers. Implementationsprovide objects witha concrete representationof a role

capabil ity.

3.5.1 MeshObjects

Mesh objects are identi�ed through the use of oids. Oids provide a naming scheme

that ensures that objects can be uniquely speci�ed throughout the global network.

Our current implementationuti l izes the kernel 's points, but we eventual ly expect to

provide a more general identi�cationmechanism, suchas URNs [21] .

Object behavior is built around the notion of a role. Arole is a speci�cation

of an abstract behavior and structure, similar to an object class. An object plays

a particular role i f it behaves in the manner described by that role. To understand

the interaction of roles and plays, imagine howan individual plays several roles in

l i fe suchas parent, teacher, leader, fol lower, etc. This notion captures the keynotion

that objects can play multiple roles and that the roles played can change or evolve

through time. Roles are further described in Section 3.5.2.

All Meshobjects playthe object-role. The object-role provides a starting point

for al l dialogs with InformationMesh objects. Since al l Mesh objects must play the

object-role, we are guaranteed that the required object-role actions are answerable

by any Mesh object. Objects playing the object-role can answer questions about

which roles they can play, al lowthe addition of newroles to play, and describe the

implementationobjects for a role playedbythe object. The object-role's actions and

parts are detai led inAppendix 7.

3.5.2 Roles

Roles are composed of actions, parts and makers. Actions speci fy the abstract be-

havior of a role. Parts speci fy the static abstract structure of a role. Makers speci fy

the abstract mechanisms necessary for creation. Taken together, these three charac-

teristics (actions, parts and makers) constitute the necessary characteristics for an
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object to playa particular role. 1 We will examine actions and parts inmore detai l in

Sections 3.5.4 and 3.5.5. Since makers are not important to this discussion, we wil l

not investigate themfurther.

Roles are arranged into an inheritance hierarchy such that i f an object plays

a particular role, it also plays al l of that role's super roles. The inheritance rules for

roles are based on the hierarchy rules present in the Common Lisp Object System

speci�cation [14] . The single root of al l role inheritance is the object-role which

provides role playing capabil ities as described in Section3.5.1.

Roles serve as anextensible object typingmechanism. Roles provide invariants

in object interface { objects playing a role agree to performthe actions, parts and

makers speci�ed by the role. Furthermore, role inheritance provides user extensible

typing. That is, a user speci�ed role's position in the hierarchy determines a subset

of the user-speci�edrole's features (because role inheritance speci�es that i f anobject

plays a particular role, it plays al l of that role's super roles). Thus, one candetermine

a subset of a user-speci�ed role's features fromits position in the role hierarchy.

Roles provide 
exibi l ityandevolvabil itythrough the abil ityof objects to play

multiple roles. Objects can playmultiple roles simultaneously or evendi�erent roles

at di�erent times; the nature of an object can evolve in time by making the same

object playnewroles through its existence. Thus, newer applications canhave access

to old objects via their old roles at the same time that newer applications can access

the same informationby using newer roles [23] .

Roles are �rst class Mesh objects; a role is a Mesh object whichdescribes the

actions, parts and makers necessary for an object to play a particular role. Mesh

objects whichprovide such services are said to be playing the role-role.

3.5.3 Implementations

Implementations provideMeshobjects withthe abil ityto `play' a role bydescribing a

concrete representationof a particular role's actions, parts andmakers. Mesh object

1We use ` rol e' and ` pl ays' i nstead of ` cl ass' and ` i nstance' to capture the noti on that as objects

evol ve through time they may exhibi t di verse natures by pl ayi ng a vari ety of rol es.
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may uti l ize multiple implementations. It is the job of implementations to actual ly

�gure out howto implement newnature on old objects.

Implementations are independent of roles. In theory, every object playing a

particular role could uti l ize a di�erent implementation. Alternatively, every object

implementing a role could uti l ize the same implementation. In practice, it is l ikely

that implementations wil l be packaged and distributed by a variety of information

providers. Implementations provide an implementation inheritance mechanismsuch

that i f a particular implementation doesn't provide a description of some concrete

role capabil ity, the super implementations are examined for the capabil ity.

Implementations are �rst class Mesh objects; an implementation is a Mesh

object containing concretemethods for actions, parts andmakers. Presentlymethods

are representedusing portable l isp code.

3.5.4 Actions

Actions speci fy role behavior; they speci fy the formof interactions with any object

playing a role. In this manner, actions speci fy the interface to methods. For al l roles

played, the fol lowing actions are special in that they are always answerable by an

object for whatever role they are asked:

(acti ons- supported object role) Required for al l roles

Returns the l ist of actions that the object supports when playing the role in

whichasked.

(supports-acti on? obj ect rol e action-name) Required for al l roles

Returns true if the object supports anactionnamedacti on- name whenplaying

the role inwhichasked. Returns false otherwise.

Note that roles al lowoptional actions which are not required to be imple-

mented. Hence, the answer to `supports-action?' must be true for requiredactions

andmaybe true for optional actions. The result for optional actions depends onboth

the implementationand the particulars of the object of whichthe question is asked.
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Optional actions are uti l ized for a variety of reasons. One compell ing reason

is to al lowsl ightlydi�erent capabil ities among implementations of roles, for instance,

an implementation of a role which al lows object mutations and an implementation

which does not al lowobject mutations. Such a mechanismis particularly useful for

inherited roles where it is not always desirable to permit super role mutable actions.

Optional actions also al lowobjects to provide certain actions only at certain times.

3.5.5 Parts

Parts expose the abstract structure of an object playing a role; they speci fy an in-

terface to object structure. Parts provide an abil ity to expose invariants in terms of

object structure. Parts are divided into two portions: part-namesandpart instances.

Part-names are describedbythe role. Part instances are createdanduti l izedbyMesh

objects andexposedthroughseveral universal actions. Part instances canbe speci�ed

through the use of a part-name and selector.

Part-names are relatively static structure names. In the original object im-

plementation, part-names are simply identi�ers speci�ed by a role. All possible part

names for a particular role can be statical ly determined.

Part-names may be either requiredor optional. Objects must implement the

parts associated with required part-names. As with actions, the existence of part

names is answerable byal l Meshobjects regardless of the role. The `parts-supported'

actionenumerates the currentlyavai lable part-names andthe `supports-part?' action

determines the existence of a particular part-name.

(parts- supported obj ect rol e) Required for al l roles

Returns the l ist of part-names that the object supports when playing the role

inwhichasked.

(supports-part? obj ect rol e part- name) Required for al l roles

Returns true if the object contains a part-name when playing the role inwhich

asked. Returns false otherwise. Must returntrue for al l requiredparts andmay

be true for optional parts.
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Associatedwitheachpart nameare part instances. Part instances are theMesh

mechanismto expose a dynamic model of object substructure. Part instances may

overlapor evencontainone another; they can be dynamical lycreatedanddestroyed.

It is important to note that part instances do not have to forman enumerable set.

Thus, it may not be possible to knowall selectors for a particular part-name. Part

instance uti l ization is determinedby the object which contains them.

Part instance existence can be determinedthrough the uti l izationof the `has-

part-instance?' action. Note that there is no `supported-part-instances' action to

enumerate the part instance selectors (because of the potential innumerable nature

of part instances).

(has-part- i nstance? obj ect rol e part- name sel ector) Required for al l roles

Returns true if the object contains aninstance of the part speci�edfor the given

selector.

Selectionof part instances is largelyprovidedbyspecifying a part-name anda

selector. Aselectorcouldbe a range, words ina document object, etc. , but this is not

exposedbythe role. Selectors always speci fya particular instance, but part instances

can be constructed in a manner such that their selection indicates the uti l ization of

several part instances. Thus, a part instance can be a set of instances. Regardless,

the original Meshobject systemdoes not provide amechanismto expose the contents

of part instances. We wil l examine an enhancements to provide such capabil ity in

Section 4.3.

Another l imitation of the original object systemis the l imited capabil ity to

expose the selectors avai lable for part instances. There is not, for instance, a mecha-

nismto enumerate (i f possible) the set of instances for a particular part name. Nor

is there a mechanismto statical ly expose part instance selector criteria in the role

declaration. One result of this l imitationis that there is nomechanismto declare that

a particular part-name can have only one part instance associated with it. Indeed,

there is no mechanismto expose part instances avai lable for any part-name, nor to

speci fy the range of potential selectors. This is not entirely surprising as the part

instance set { and validselectors { might be large, arbitrary or unspeci�able.
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In summary, part support is achieved through three mechanisms: the decla-

ration of part-names in the role, the runtime determination of optional part name

existence and the abil ity to determine the existence of a particular part-instance

through the `has-part-instance?' action. Not initial ly associated with parts is the

capabil ity for part content manipulationor part instance selection exposure.

3.6 Summary

The overal l visionof the InformationMeshProject is a long-l ivedglobal architecture

for network-basedinformationreference, manipulationandaccess. One component of

this vision is the notion of Mesh objects interconnectedby links. The constraints to

meet this visioncanbe summarizedas universal ity, ubiquity, heterogeneity, longevity,

evolvabil ity and resi l iency. The InformationMesh requirements for base mesh capa-

bi l ities are minimumagreement, minimumcoordination andmaximum
exibi l ity.

The InformationMesh object systemprovides a means to create and uti l ize

Mesh objects. Mesh objects are identi�ed through the use of oids. Mesh object

behavior is built around the notion of a role. Arole is an abstract speci�cation for

object behavior. Roles describe abstract functional ity(actions) andabstract structure

(parts). An object is said to \play" a role i f it behaves in the manner described by

that role. Roles serve as anextensible object typingmechanism{ providing
exibi l ity

and evolvability to Mesh objects.

Meshobjects expose their substructure through the uti l izationof parts. Parts

are composed of part-names and part instances. Part-names are static names for

object structure. Part instances are the Meshmechanismto expose a dynamicmodel

of object substructure. Selection of part instances is provided by specifying a part-

name and selector. The original Mesh object systemdoes not provide a mechanism

to expose the contents of part instances, nor a mechanisms to expose selector char-

acteristics for a part.

Note that unful�l ledfromthe original visionof the InformationMesh is a l ink

mechanismto describe relationships among Mesh objects. In the next chapter, we

wil l examine modi�cations to Mesh objects to better support Mesh links.
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Chapt er 4

Mes h Obj ect s as Li nkabl e Nodes

The InformationMeshvisionof objects interconnectedby links requires an examina-

tion of Mesh objects as nodes for l inking in the Mesh. In this chapter, we examine

Mesh objects using the criteria described in Chapter 2. Namely, we examine Mesh

capabil ity to provide:

� naming

� typing

� substructure interface

� composite objects

For capabil ities already providedby the Mesh, we reviewthe implementation

and describe any limitations or necessary enhancements. For capabil ities not pro-

vided by the Mesh, we describe implementationoptions, their associated l imitations

and the chosen implementation. Final ly, we describe several examples of hypertext

nodes implemented uti l izing Mesh objects and the described enhancements. Note

that versioning, which is important but not central to our overal l discussion of Mesh

links, is described inAppendix 8
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4.1 Naming

Nodes in a hypertext systemneed to be named or distinguished in some manner.

As shown in Section 3.5, the Information Mesh ensures that al l Mesh objects are

associated with a global ly unique object identi�er or oidwhichprovides object iden-

ti�cation and naming. Oids contain no semantics about object capabil ity, location,

versioning or typing.

Note that the Mesh does not have a mechanismsimilar to Dexter's Resolver

function (described in Section 2.5.4) to produce oids froman object speci�cation.

However, such a mechanismcould be implemented as a Mesh service. We consider

sucha mechanismto be outside the scope of Mesh links.

4.2 Typing

Node typingprovides a mechanismto describe node semantics and invariants. Chap-

ter 2 detai led a variety of hypertext node typing mechanisms including: no typing,

single value typing, hierarchal types and attribute-value pairs. This examination

made clear the need for an extensible typing mechanism.

The Information Mesh object systemuti l izes roles as its typing mechanism.

Roles provide a powerful typing mechanismsu�cient for Mesh objects to function

as hypertext nodes. Inparticular, roles provide object invariants and user extensible

typing. Role 
exibi l ity was previously described in Section 3.5.2. The usefulness

of roles as a node typing mechanismis strengthened by the observation that roles

can support al l of the typingmodels described inChapter 2. More speci�cal ly, single

value andattribute-value typingcanbe providedthroughobject parts andhierarchical

types can be providedthrough role inheritance.

4.3 Substructure Interface

As described in Chapter 2, l inks are l imited by the substructure interface provided

by nodes. For example, Dexter l inks are l imited by the anchors exposed by Dexter
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components. Substructure interfaces provide invariants that l inks canholdontoacross

node modi�cations. The lackof substructure exposure or invariants clearlyl imits l ink

capabil ity.

In the InformationMeshobject system, object substructure is formalizedinto

parts. Parts provideamechanismtoexpose object structure inamanner similar tohy-

pertext node anchors, but inamore systematic andgeneral izable manner. The Mesh

object systemprovides the capabil ity to declare part names, determine part-name

presence through `has-part?' and `parts-supported' , and determine the existence of

part instances through the `has-part-instance?' action.

Selector exposure and content manipulationwere not provided in the original

object systemimplementation. We describe modi�cations to provide these capabil i -

ties.

4.3.1 Selector Exposure

The Mesh object systemuti l izes selectors to speci fy part instances and determine

their existence. However, there is no mechanismto speci fy selector characteristics in

a role declaration of a part-name. We describe a mechanismuti l izing role declara-

tions to speci fy selector characteristics and special izedactions whichcan uti l ize such

declarations.

Role declaration of part selector characteristics al lows one to describe part

instance capabil ities for a speci�ed part-name. Thus, role declarations of selector

characteristics constrain the set of possible part selectors for a speci�ed part-name.

We describe selector characteristics byproviding a selector typewith eachpart-name

in a role declaration. We provide the fol lowing selector types:

unspeci �ed characteristic of selectors is unspeci�ed

unary-of one part instance (part selector is ignored)

set-of part instances are grouped into one unordered

(no selectionnecessary)
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named-of part instances are namedwith identi�ers determinable at run-time.

ordered-of part instances are ordered and determinable at run-time.

The declaration of part selector types al lows the use of special ized actions

for certain selector types. In particular, parts uti l izing a `named-of ' or `ordered-of '

selector type can (optional ly) provide run time capabil ities to create and remove

part instances. `Unary-of ' and `set-of ' selector types ignore the selector for any part

instance manipulationactions, suchas the content manipulationactions described in

Section 4.3.2.

Part- i nstance-names (`named-of ' acti ons)

(part- i nstance-names obj ect rol e part- name) Optional for al l roles

Enumerates the selectors for part instances associated with the speci�ed part

name. Returns false i f there are no part instances associated with part-name.

Requires that the part-name be declaredinthe role as uti l izinga `named-set-of '

selector type.

(add-named-part- i nstance! obj ect rol e part- name i nstance- name contents) Optional

for al l roles

Allows one to add a namedpart instance to the speci�ed part-name. Requires

that part-name be declaredas uti l izing a `named-set-of ' selector type.

(remove-named-part- i nstance! obj ect rol e part- name i nstance- name) Optional for

al l roles

Allows one to remove a speci�ed part-instance. Requires that the speci�ed

part-name be declared in the role as uti l izing a `named-set-of ' selector.

Parts declaredwith a `named-of ' selector type can be uti l izedas both an an-

choringmechanism(namedselectors serve as anchor identi�ers and instance contents

serve as anchor values) and attribute-value pairs (named selectors serve as attribute

names and instance contents serve as values).
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Part- i nstance- range (` ordered-of ' acti ons)

(part- i nstance- range obj ect rol e part- name) Optional for al l roles

Returns range of part instances inintegers. Requires that part-namebe declared

in the role as uti l izing an `ordered-of ' selector type.

(set-part- i nstance- range! obj ect rol e part- name l ow hi gh) Optional for al l roles

Sets range of part instances. Any instances outside of range are removed. Re-

quires that part-name be declaredinthe role as uti l izingan`ordered-of ' selector

type.

(set- ranged-part- i nstance! obj ect rol e part- name val ue contents) Optional for al l

roles

Sets a particular value in range to contents. Requires that part-name be de-

clared in the role as uti l izing an `ordered-of ' selector type.

Part instances do not necessari ly forma discrete set. Thus, while we can

always determine existence from̀has-part?' , there is noguarantee that we canprovide

a selector type more speci�c than `unspeci�ed' .

In summary, the selector type mechanismprovides the abil ity to expose a

minimumset of selector characteristics. We expect it wil l be necessary to provide a

varietyof additional selector types and actions.

4.3.2 ContentManipulation

In the original Meshobject system, parts expose the abstract structure of an object,

but there is no general izable mechanismto manipulate part content in a manner

similar to \slots" in some object systems.

Part instance content extraction is provided by the optional action, `extract-

contents' . Part instance modi�cation is provided by the optional action, `set-part-

instance-value!' .

(extract-part- i nstance obj ect rol e part- name sel ector) Optional for al l Roles

Returns contents of a speci�ed part-instance.
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(set-part- i nstance-val ue! object rolepart-nameselector value) Optional for al l Roles

Allows the setting of a speci�edpart-instance

Regarding content manipulation, two items are notable. First, implementors

may choose to provide only speci�c part instance manipulation capabil ities, for in-

stance, i f part contents are not to be exposed for securityreasons. Second, the setting

and extracting of values requires a mechanismto describe the nature or type value

of a particular part instance. In the fol lowing l ink role discussion, we wil l al lowthe

declaration of part \types" to describe the nature of the part instance. 1

4.3.3 Substructure InterfaceSummary

Asubstructure interface, while not strictly necessary for Mesh linking, enhances the

capabil ityof Meshlinks. We examine the result of not providing certainsubstructure

capabil ities.

� nopart instances

AMesh object may choose not to expose any substructure { with a resulting

reduction in l ink capabil ity. For example, i f an object does not provide part

instances then one can only l ink to the whole Mesh object. In this example,

the lackof part instances l imits the expressible relationships because no object

substructure is exposed.

� noselector exposure

Not exposing a criterion for reasonable selectors at the Mesh level reduces the

capabil ity of entities examining an object to determine a suitable l ink. Again,

suchcapabil ity is not strictlynecessarybut providing selector criterionexposes

object semantics.

� nogeneral part manipulation

Not providing part content manipulation l imits the abil ityof someone unaware

of an object's semantics. Otherwise, one could examine an object and its part

1In our present system, these part types are i gnored.
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content tomake some determinationabout part semantics. Again, part content

manipulation is not strictly necessary but providing content extraction and

mutation capabil ity increases the exposure of substructure semantics.

In summary, none of the substructure interface capabil ities are strictly neces-

saryor required. Meshobjects maychoose to provide onlya subset of these substruc-

ture interfaces. However, the exclusion of substructure capabil ities byMesh objects

l imits the capabil ity of Mesh links.

4.4 Composites

Composites providethe abil ityto combineMeshobjects intoa single composite object

{ essential ly, a col lectionof Meshobjects maintainedbya speci�c object. Composite

objects express a requires relationship, a statement that a particular set of objects

playing a speci�ed role are \required" for the composite to behave in its intended

manner. We argue that composites can only be achieved by pushing a notion of

composites into the Mesh.

4.4.1 Need

The motivation for a composite structure has been understood by the hypertext

community for quite some time. In his Seven Issues paper [13] , F. Halasz suggests:

\The basic hypertextmodel lacks acompositionmechanism, i .e. , awayof representing

and deal ing with groups of nodes and links as unique entities separate fromtheir

components [13] ." Further, the notionof a composite component is formalizedinthe

Dexter Model of Hypermedia System[12] whichspeci�es composite components as a

directedgraph of components. Thus, composite objects can be justi�ed by the need

to provide composite objects at the Mesh level .

Afurther motivation for composite objects is the nature of the Information

Meshitsel f. As a distributedsystem, the InformationMeshmaybe unable to provide

complete informationabout anentity; suchcapabil ityis infeasible inthe vast domain
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of the Information Mesh. This lack of system-wide knowledge implies that entity

knowledge must be maintainedby the entity itsel f. Thus, a composite object would

al lowone to expose objects at a Mesh level as composites. An explicit speci�cation

of composite objects provides system-level capabil ity and awareness when moving,

copying or relocating objects. With such an explicit mechanism, the systemcan

ensure (withinpol icyconstraints) that i f acomposite object is moved, al l its associated

objects can be movedas well . This is particularly useful i f an object is being moved

to where it can not communicate with other objects { al lowing the systemto ensure

that necessary objects are movedas well.

Thus, composites al lowthe \wrapping" of objects into a composite { al lowing

the composite to expose a newinterface. This is particularly useful i f one needs a

newinterface to an object, but cannot make the object playa newrole. In a related

manner, composites al lowthe \bundling" of independent Mesh links with an object.

The need andmechanismfor \bundling" Mesh links is described in further detai l in

Section 5.2.3.

4.4.2 CompositeOptions

There are several possible implementations of Composite objects. Securityandavail -

abi l ity considerations l imit our implementation options. The main issue is whether

composites can be implemented using the basic Mesh capabil ities or whether com-

posites wil l require additional Mesh capabil ities.

� Requires Link

Intheory, al l relationships betweenMeshentities couldbe expressedusingMesh

links. One could imagine creating a \requires" l ink to express that a particular

Mesh object requires another set of Mesh objects.

Unfortunately, independent l inks can not describe intrinsic characteristics of

Meshobjects because the independent l inkand the object couldbecome \sepa-

rated" in the Mesh. The reason for this is that there is no implementableMesh
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mechanismto determine if al l possible l inks to an object have been examined

or determined. 2 Thus, l inks can not be uti l izedto create composite objects.

� Composite-Role

Under this implementation, composite objects play the composite-role. When

a Mesh object plays the composite-role, it must answer requires questions for

al l other playable roles for that object. This approachcauses problems because

the require-role wil l have to answer questions about roles it doesn't play. Since

there is no internal mechanismto al lowdi�erent roles to share information(par-

ticularly betweendi�erent implementations), this approach requires signi�cant

modi�cations to the Mesh object architecture.

� Monolithic object

Monolithic objects bundle al l required objects into a single object { wrapping

oids via some as yet unspeci�edmechanismandexposing the embeddedobjects

through some interface. The advantage of this approach is that previously

multiple objects are nowaccessible through a single, monolithic object.

Unfortunately, security and practical ity concerns prevent uti l izing this mecha-

nismon all objects. First, one may not have access permissions to al l objects

whichneed to be bound into composite object. That is, some objects maynot

al lowcopying or movement into a newcomposite object. Further, one might

desire a composite object without the requirement of moving al l objects into

one monolithic object. Final ly, this mechanismdoesn't work if an object is a

component of more than one composite object.

� CompleteObject Awareness

Another implementation option is to require that every object maintain a l ist

of al l composite objects of which it is a member: contained or containing.

This mechanismensures that everyobject is completelyaware of the composite

relationships of which it is a member.

2The noti onof \embedded" l i nks to descri be i ntri nsi c Meshobject characteri sti cs wi l l be expl ored

i n Secti on 5. 2. 3.
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There are several problems with this approach. First, it would be necessary

that al l objects maintaina store describing al l composites of whichit is a mem-

ber. This would require that al l objects be mutable andmaintain permissions

for modifying composite attributes. For public documents, such a need could

quickly drive up the cost of maintaining the object as a public entity. Second,

it wouldbe necessary to synchronize al l copies of an object to ensure l inking to

one object is exposed byall copies.

� Special \Requires" Action

This approach pushes the notion of composites into the Mesh as a basic Mesh

capabil itysimilar to `supports-action?' and `parts-supported' . Thus, everyrole

must support an actionwhichreturns the objects \required" by that role. The

mainproblemwith this approach is that it entai ls adding additional capabil ity

to the overal l Mesh.

4.4.3 CompositeImplementation

Our composite implementation is real ized by pushing the notion of \requires" into

the basic Mesh capabil ities through the optional action, `get-required-objects' . The

absence of `get-required-objects' froma particular role implies that the object does

not require any other objects when playing that role.

(get- requi red-obj ects obj ect rol e) Optional for al l roles

Returns the set of oids necessary for the object to play the speci�ed role. As-

sociated with eachoid is the role or roles required fromthat oid.

Note that `get-required-objects' does not produce the closure of required ob-

jects and roles; `get-required-objects' returns only the objects and roles directly re-

quired by the speci�ed object playing the speci�ed role. The only exception occurs

when the same object is playing or supporting multiple roles, there is an interaction

between the roles and there are di�erent notions of composition. Under such condi-

tions, the result of invoking `get-required-objects' contains the required components

of al l roles.
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While a composite object conceptual ly\contains" other objects, the contained

objects are not aware of their inclusion in a composite object. Thus, composites can

speci fy any set of objects as being requiredwithout the need to noti fy the contained

nodes. This assures privacy regarding objects contained in one's composite, but it

also makes the determinationof al l composites containing a particular object impos-

sible. Further, composites can provide no guarantees about the \contained" objects;

a \contained" object maychange in an unexpectedmanner.

4.5 Node Examples

Mesh objects can provide the node capabil ities of the examined hypertext system

nodes. As a demonstration, we provide role de�nitions of various hypertext system

nodes.

4.5.1 Dexter Component Role

As described inSection2.5.3, Dexter components are composedof a base component

together withcomponent informationprovidingunique identi�cation, anchoring, pre-

sentation speci�cation and attribute-value pairs.

For our Dexter Component Role, we uti l ize oids to provide unique identi�ca-

tion and roles for component characteristics. Anchoring, presentation speci�cation

and attribute-value pairs are provided through parts uti l izing a `named-set-of ' se-

lector type. Role actions to expose attributes and determine Dexter l inks to the

component are provided. Part content manipulation is providedby the generic Mesh

part manipulation capabil ities described in Section 4.3.2.

Inheri ts from: Obj ect- rol e

Acti ons

(al l - attri butes obj ect) Required

Returns the set of al l attribute-value pairs.
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(l i nks- to obj ect) Required

Returns the Dexter l inks to the Dexter component. Amechanismto provide

this functional itywil l be described in Section 5.2.3.

(l i nks- to-anchor obj ect anchor- name) Required

Returns the Dexter l inks to the speci�edDexter anchor.

content extracti on/mani pul ati on .

We uti l ize the default part content manipulationmechanisms.

Parts

(anchors : named- set- of unspeci �ed- type) Required

Namedanchors associated with component.

(attri bute-val ue : named- set- of unspeci �ed- type) Required

Pairs of attributes whichdescribe the Dexter component.

(presentati on- speci �er : unary- of val ue) Required

The value describes the presentationof the component.

4.5.2 Aquanet NodeRole

As describedinSection2.4, Aquanet node slots are a namedset of contents restricted

to primitive datatypes suchas text, images, numbers, strings, etc.

Inheri ts f rom: Obj ect- rol e

Acti ons

content extracti on/mani pul ati on .

We uti l ize the default part content manipulationmechanisms.

Parts

(sl ot : named- of unspeci �ed- type) Required

Contains slots of anAquanet node.
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4.5.3 Aquanet Statement Role

Aquanet statement nodes are uti l ized by Aquanet argument relations to describe

the grounds, rationale or conclusion of an argument (as described in Section 2.4).

Aquanet statement nodes are simple Aquanet nodes with the additional requirement

that they containa statement slot.

For our Aquanet Statement Role, we create a role which contains a single

statement part (selector type is unary) and inherits fromthe general Aquanet node.

Inheri ts f rom: Aquanet-node- rol e

Acti ons

content extracti on/mani pul ati on .

We uti l ize the default part content manipulationmechanisms.

Parts

(statement : unary- of text) Required

Contains text of statement node.

4.5.4 WorldWideWebHTMLDocument Role

As described in Section 2.3, World Wide Web HTML documents provide marked

up text with content l inking provided by anchors. An anchor HREFspeci�es the

beginning of a l ink. Anchor names speci fy the potential targets of a l ink.

Inheri ts f rom: Obj ect- rol e

Acti ons

content extracti on/mani pul ati on .

We uti l ize the default part content manipulationmechanisms.
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Parts

(html - text : unary- of text) Required

HTMLtext of WWWdocument.

(anchor-names : named- of text) Required

Named destinations in WWWdocument. Part content is text contained in

regionmarkedbyanchor name.

(anchor-href s : ordered- of text) Required

Ordered l ist of HREFs inWWWdocument. Part content is text contained in

regionmarkedbyanchor reference.

4.6 Summary

Hypertext nodes require naming, typing, substructure interface, and composite ob-

jects to support better l inking. Naming and typing are provided by the Informa-

tionMesh object systemwhich provides naming through the use of oids and typing

throughthe use of roles. Substructure interface is providedbyparts, whichhave been

enhanced to provide exposure of part selector characteristics, special ized actions for

certainselector types andamechanismfor the manipulationof part instance content.

These part enhancements, while not strictlynecessary, enhance the overal l capabil ity

of Mesh links.

Composite objects are providedbypushing the notionof \requires" into basic

Meshcapabil ities. Composite objects aremotivatedbythe needto express composites

at the Mesh level, the abil ity express fundamental interrelationships betweenMesh

objects explicitly, and the abil ity to \wrap" Mesh objects into a single Mesh object.

Composite relationships are one-way; composites canspeci fyanobjects as \required"

without any need to noti fy the \contained" objects.
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Chapt er 5

Li nk Archi t ect ur e

The InformationMesh project has a visionof Meshlinks for expressing relationships

among objects in a global , informationmeshof objects: \Alink, as the expressionof

a relationship, is composed of a kind, identifying the nature of the relationship, and

descriptors identifyingthe objects involvedinthe relationship, andwhichparts of the

objects are indicated. Adescriptor can identi fy al l of an object, some aspect of an

object, or some component of any object [7] ." Thus, Mesh links need to be exposed

to the Mesh in some manner.

As aninherent component of the InformationMesh, Meshlinks needtoprovide

the capabil ities expectedof al l Meshentities { clearlyde�ningminimumrequirements

in a manner that recognizes unavai labi lityandprovides 
exibi l ity inboth implemen-

tation and evolution. For Mesh links, the overal l goal is to al lowa wide variety of

l inking capabil ities to be built on top of the base Mesh link implementation. Links

need to provide and uti l ize exposed semantics.

In this chapter, we wil l examine a Mesh link architecture. We examine l ink

attributes in the context of the InformationMesh and the hypertext l ink issues ex-

aminedinChapter 2, including: l inkuti l ization, l inkrelationships, l ink independence

and endpoint capabil ities. Fromthis examination, we describe a minimumMesh

link implementation which either ful�l ls the examined attributes or provides su�-

cient 
exibi l ity for their adaptation in a more speci�c Mesh link. Final ly, we provide

examples of Mesh links built on top of the minimumMesh linkmechanism.

56



5.1 LinkAttributes

Mesh links should be su�ciently
exible to provide the l ink capabil ities described in

Chapter 2:

� Link utilization

Mesh links are the primary mechanismfor expressing object relationships in

the Mesh. \Links are an inherent part of the Information Mesh, expressing

relationships among nodes [8] ." Mesh links should further be able to describe

relationships betweenother Mesh links. Thus, Mesh links are the fundamental

mechanismfor expressing relationships in the InformationMesh.

Meshlinks needthe capabil ityto express relationships betweenMeshobjects in

a su�ciently
exible manner to provide the navigation, quotation, annotation,

knowledge representation, association and all other l ink capabil ities examined

inChapter 2. Inshort, Mesh links needto be exposed to the Mesh ina manner

to al lowing a varietyof l inkmechanisms.

� Link relationships

Mesh links must be able to describe the nature of l ink relationships { including

the characteristics described in Chapter 2 such as directional ity, multi-ended

linking, namedendpoints and presentations. This support is made additional ly

di�cult because hypertext systems have di�erent minimumor evencontradic-

tory expectations for endpoint characteristics. For example, Xanadu expects a

distinguishable FROM-SETandTO-SETto describe directional ity, while Dex-

ter speci�es individual l ink endpoints as TO, FROM, BIDIRECTor NONE.

� Link independence

Mesh links need the capabil ity to be independent Mesh entities. This need can

be justi�ed by the example of independent l inks in Aquanet and Dexter and

the desire to provide an equivalent mechanismin the InformationMesh.
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Some Mesh links need to be \bundled" with Mesh objects. This capabil ity is

describedbyan InformationMeshproposal [9] : \Links canbe either explicit or

implicit; an implicit l inkis one that declares a relationshipbetweenobjects that

is a necessary part of one of the l inkedobjects, while an explicit l ink represents

a relationship that is not inherent to any of the objects it l inks. . . An implicit

l ink is l ikely to reside with the object to which it \belongs," while an explicit

l inkmay reside anywhere, and in fact mayneed to be an object in the sense it

can be namedwith an oid and have further l inks. . . [9] ." Note that in Section

5.2.3 we shal l propose an alternative to designating l inks as either explicit or

implicit.

� Endpoint capabilities

Meshlinks mayrelate anobject, some aspect of anobject, or some substructure

of an object. We use the termendpoints to describe the substructure related

bya link. Mesh links must be able to support a varietyof endpoint characteris-

tics. InDexter, the mechanismto designate components and substructure was

implemented as a l ink speci�er which dynamical ly resolved to a set of compo-

nents and an anchor id. Thus, l inks should be able to designate the endpoints

dynamical lyinamanner similar to Dexter speci�ers. Further, endpoints should

be transparent across Mesh object mutations.

As noted inChapter 2, l ink endpoints are fundamental ly l imitedby the invari-

ant substructure exposed by the nodes being l inked and the systemin which

the l inks are implemented. Fromour examinationof Mesh objects as nodes in

Chapter 4, it should be apparent that Mesh object substructure is formalized

as \parts". Further, it shouldbe apparent that Meshlinks canprovide no guar-

antees about referenced objects { a l ink may be \dangling" because of object

changes. Final ly, the unavailabi l ityof complete entityinformation(as described

in Section 4.4) prevents the implementation of a mechanismto determine al l

l inks to a particular object.
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Mesh links can usual ly be viewedas passive data structures that relate but do

not act onobjects. We do not expect that the use of a particular l inkwil l result

in many computations outside of the l ink object itsel f. However, there are a

fewspecial cases where a l ink should have the capacityto do more than simply

reference Mesh parts. For instance, Xanadu provides a mechanismfor l inking

to nodes through the use of a computation involving character matching. Mesh

links should be able to performequivalent computations onMesh objects.

5.2 Implementation

Mesh links are implementedas Mesh objects that must play the link-role. The l ink-

role al lows the expression of l ink relationships through several mechanisms. Link

endpoints are determined by the `extract-endpoints' action. The set of oids related

by a link (the object portion of a l ink endpoint) can be determined using the `get-

oids' action. The overal l intent of the l ink-role is to speci fy the minimumrequire-

ments for Mesh links in a manner al lowing maximum
exibi l ity of implementation

and special ization. 1

Li nk Rol e:

Inheri ts f rom: obj ect- rol e

Acti ons

(get-oi ds l i nk rol e) Required

Returns set of oids related by the l ink

(extract-endpoi nts link role) Required

Returns set of endpoints which describe the object and object substructure

related by the l ink.

1Note that the l i nk can pl ay more than one l i nk-rol e, where the rol es may not be sub-rol e or

super-rol es of each other. We provi de thi s capabi l i ty by al l owing the desi gnati on of the rol e i n the

l i nk-rol e acti ons.
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(get-number-endpoi nts link role) Required

Returns number of endpoints

(set-endpoi nts! link roleendpoint-list) Optional

Changes the l ink to relate the speci�ed endpoints and removes any previous

endpoints. Endpoints providedas a set of descriptors.

content extracti on/mani pul ati on .

We uti l ize the default part manipulationmechanisms.

Parts

(endpoi nt : unordered- set- of descri ptor) Required

Contains text of statement node.

Makers

(create oi d i mpl ementati on endpoi nt- l i st) Required

Create a l ink.

Link endpoints, uti l ized to reference an object and (optional ly) object sub-

structure, are implemented as descriptors. Note that we have not associated a type

value with descriptors. Adescriptor is a structure containing object, role, part and

selector information. Descriptors are described inmore detai l in Section 5.2.4

Link-role endpoints can be l isted inany particular order (unordered); there is

no naming of endpoints inthe base l ink-role. Endpoints do not containanassociated

type value, direction or any other semantic descriptions. In short, capabil ities to

group or distinguish endpoints are not provided in the minimumlink-role. Such a

capabil ity can be provided in roles which inherit fromthe l ink-role. The l ink role

contains two restrictive requirements. First, the number of l ink endpoints returned

by `get-number-endpoints' is required to be a determinable value. Second, the l ink

endpoints returned by `extract-endpoints' must be discrete and returnable. These

minimumrequirements are unlikely to restrict Mesh link capabil ity signi�cantly.
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The remainingMesh link detai ls are describedby individual ly addressing the

l ink attributes described in Section 5.1.

5.2.1 LinkUtilization

Mesh links are exposed to the Mesh as l ink objects which play the l ink-role. Thus,

Mesh links playing the l ink-role provide minimumcapabil ity. Note further that be-

cause l inks are objects, l inks can link l inks! The overal l capabil ity of Mesh links is

demonstrated through examples in Section 5.3.

Implementing Mesh links as objects results in some limitations. For exam-

ple, there is nothing to prevent a Mesh link fromchanging its exposed endpoints

whenever desired. Further, the implementation of a Mesh link as an object requires

that we invoke the overhead of invoking a Mesh object action every time we desire

determinationof the endpoints of a l ink.

5.2.2 Relationshipdescription

Link relationships are provided through roles. Roles provide an extensible l ink type

mechanism. Additional l ink capabil ity is providedby creating a role which inherits,

either directly or indirectly, fromthe l ink-role. Thus, newMesh links can be de�ned

by specifying a role which inherits fromthe l ink-role.

� Directionality

The base l ink-role has no directional ity information. Mesh links are inherently

bidirectional in describing endpoints. Speci�c hypertext implementations of

directional ity can be provided through a link role speci�c identi�er similar to

Dexter's model of recording directional ity with the added advantage that the

domain of directional ity, e.g. semantics, transit, etc. , can be declared formally

through the role mechanism.
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� Multi-endedlinks

Objects playing the Mesh link role can have multiple ends. Indeed, the base

l ink-role al lows l inks to relate a single Meshentityor evenno entities, although

this raises a question about what is being \related". Regardless, an object

playing the l ink role can choose to have no endpoints implying that it relates

nothing! Note that this couldbe a temporarysituation. Anexample of a single-

endedlinkmight be an\o�spring l ink" assignedto anobject that has none. We

expect the commoncase wil l be a l ink with two or more descriptors; a speci�c

l ink role wil l be introducedwhichprovides these capabil ities.

� Presentations

The base l ink-role has no presentationinformation. However, more speci�c l ink

roles can contain presentation information. For example, a Dexter l ink could

easi ly have its presentation speci�cation as a part.

5.2.3 LinkIndependence

Mesh link independence is assured because l inks are implemented as Mesh objects.

Further, Mesh links can relate any objects; an object does not have to contain al l

l inks to it. One problemwith using independent l inks to relate Mesh objects is

that there is no bounded way to determine al l possible l inks to an object. Thus,

independent l inks cannot describe \intrinsic" characteristics of Meshobjects because

the independent l ink and the object could become \separated" in the Mesh; there is

simplyno guarantee the l ink wil l always be avai lable to describe the object.

Implicit or \bundled" l inks are provided through the use of the composite

mechanismdescribed in Section 4.4. Composites ensure that Mesh links can be

embeddedinMeshobjects. Bundledl inks usual ly reference some aspect of the object

withwhich they are bundled, but this is not necessari ly required.

Note that implicit l inks are uti l izedto al lowtheMesh-level expressionof a l ink

relation. If the l ink relationship is a \requires" relationship and there is no need to

expose the exact parts required, thenit makes sense to uti l izes the composite object's
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\requires" operation rather thancreating an implicit l inks whichdoes the equivalent.

One example of the need for this capabil ity is WWWlinks \contained" in a WWW

document, but exposed as Meshobject andMesh links in the InformationMesh. By

exposing the l inks as \required" by the Meshobject (through the use of a composite

object), we can ensure that the Mesh links move with the object.

Link independence raises some feasibi l ityissues inimplementinga systemthat

expects completedeterminationof al l l inks to a speci�ednode. As alreadynoted, such

complete avai labi l ityof informationis not possible inthe InformationMesh. However,

one can accommodate such systems in a l imited manner by using the \requires"

operation to speci fy al l l inks to a node. For instance, Dexter nodes can answer the

` l inks-to' and `l inks-to-anchor' actions described in Section 5.2.3 by examining the

l inks \required" by the Dexter node. Clearly such a mechanismis insu�cient for

reporting al l Mesh links to a given Mesh object, but the uti l ization of \requires"

al lows the determinationof l inks designated as such.

5.2.4 Endpoint capabilities

Endpoints are real ized using descriptors. Adescriptor is a simple data structure

containing object, role, part and selector information. Adescriptor is more than an

oid, to al lowthe distinguishing of a particular substructure component of a Mesh

object (a part instance). Note that we have not associated a type value with de-

scriptors. Further, there are no sets of descriptors in the l ink-role; al l descriptors are

presented as a single set. These decisions were made to minimize the requirements

of the base l ink-role. We shal l see later that type values and sets can be associated

with descriptors in special ized l ink roles.

Base Mesh links are restricted to l inking the substructure exposed by Mesh

objects through parts. To simpli fy the implementationof descriptors, we only al low

a single value for eachobject, role, part and selector information. We do not provide

sets or abi l ity to operate on part instances in the base l ink-role. Further, Mesh links

can not speci fy a subpart or any other piece of a part. The l ink-role can not operate

the on the l inkedpart; the l inkmerelyexpresses a substructure reference to the part.

63



There is no mechanismto hold a range or set of parts in the base l ink-role except by

providing individual endpoints for eachspeci�able part. If anobject does not provide

parts for the role it is playing, then we can only provide an object and role in the

descriptor. The remaining values are ignored.

Alink may dynamical ly change the endpoints produced. Such capabil ity is

provided by allowing the l ink to performcomputations whenever it is asked to ex-

pose endpoints via the `expose-endpoints' action. Through this mechanismwe may

produce di�erent endpoints at di�erent times. For example, we can provide Dexter's

speci�ers (see Section 2.5.3) by hiding the speci�er within the object and reveal ing

the result of its computationinthe l inkendpoints presented. Insummary, Meshlinks

are able to designate dynamical lyendpoints ina manner similar to Dexter speci�ers.

Note that minimumMesh links are l imited by the substructure exposed by

the object for l inking; we can only l ink to exposed parts. Linking a subcomponent

or piece of a part can not be done with the minimumMesh link. We need to express

some formof endpoint computationwhichis not providedinthe minimumMeshlink

mechanism.

While minimumMesh links do not support computations to get a part, it is

possible to have a special izedl inkrole whichprovides suchcapabil ity. Unfortunately,

this approachmaynot be recognized by the entity examining the l ink, l imiting uti-

l ization of the l ink to those that understand the special ized l ink. One solution to

this problemis to speci fy a general ized \computation" Mesh link which provides a

general mechanismto performendpoint computations. Unfortunately, such a l ink

would require a mechanismto describe general ized control and state. Further, such

a mechanismwould require a mechanismto control the threading of computations

across the Mesh.

Fortunately, there are several alternatives to a \computation" Mesh link:

1. Ask for a part to be created

This approach requires both knowledge of the object being l inked and the ca-

pabil ity to create the desired part.
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2. Make the object play a more suitably l inkable role containing the desired part

This approach requires that a suitable role be avai lable suchthat one can force

the object to play the more suitable role. The problemwith this approach is

that one may not have the permissions to force an object to play the desired

role.

3. Wrap the uncooperative object into a composite object.

This approach exposes the object through a separate composite object con-

taining the desired parts. The composite object performs computations on the

wrappedobject toprovidethe desiredparts. Anexample is creatinga rolewhich

exposes paragraphs on top of an oidwithonly chapters bydoing computations

on the paragraphs.

The problemwith this approach is that the l ink relates the composite, not the

original object. One way to work around this problemis to express a l ink to

both the composite and the original object so that it is clear that the wrapped

object is being described via the composite.

5.3 LinkExamples

We demonstrate some example l ink roles. Note that these l ink roles are able to serve

as a strong set of base Mesh link roles.

5.3.1 NamedLink

The named link provides a set of endpoints, each endpoint named. Named-l inks

provide a base set of l ink functional ity that many other l inks can uti l ize to expose

individual lynamedendpoints.

Named-Li nk Rol e:

Inheri ts f rom: l i nk- rol e
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Acti ons

(extract-named-endpoi nt named- l i nk endpoi nt- name) Required

Returns endpoint described by endpoint-name.

(add-named-endpoi nt! named-link endpoint-name endpoint-value) Optional

Deletes endpoint with endpoint-name.

(remove-named-endpoi nt! named-link endpoint-name) Optional

Adds endpoint with endpoint-name. Endpoint is a descriptor structure.

content extracti on/mani pul ati on .

We uti l ize the default part manipulationmechanisms.

Parts

(named-endpoi nt : named- of descri ptor) Required

Contains named-endpoints.

Makers

(create oi d i mpl ementati on named- endpoi nt- l i st) Required

Create a named-l ink. Named-endpoint l ist is a l ist of names and descriptor

pairs.

5.3.2 OrderedLink

Set of endpoints ordered in some manner.

Named-Li nk Rol e:

Inheri ts f rom: l i nk- rol e
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Acti ons

(get-ordered-endpoi nt- range named- l i nk start end) Required

Returns range of ordered endpoints.

(extract-ordered-endpoi nt named- l i nk posi t i on) Required

Returns the endpoint at numberedposition in ordering.

(set-ordered-endpoi nt! named- l i nk ordered- endpoi nts) Optional

Changes the ordered l ink to relate the speci�ed endpoints. Endpoints provided

as a ordered set of descriptors.

content extracti on/mani pul ati on .

We uti l ize the default part manipulationmechanisms.

Parts

(ordered-endpoi nt : ordered- of descri ptor) Required

Contains ordered-endpoints.

Makers

(create oi d i mpl ementati on endpoi nt- l i st) Required

Create a ordered-l ink. Endpoint l ist is an ordered l ist of descriptor pairs.

5.3.3 Binarylink

Abinary l inkis a two-endedMeshlink. Binaryl inks are guaranteedalways to contain

exactly two ends. Note that the Binary Link Role uti l izes the inherited l ink-role

actions and parts, but with the guarantee that the result of `extract-endpoints' and

`get-oids' wil l return exactly two endpoints.

Bi nary Li nk Rol e:

Inheri ts f rom: l i nk- rol e
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Acti ons

content extracti on/mani pul ati on .

We uti l ize the default part manipulationmechanisms. Note that the manipu-

lationmechanisms must maintain the two endpoint characteristics.

Parts

(bi nary-endpoi nts : unordered- of descri ptor) Required

Contains two endpoints of a binary l ink.

5.3.4 LinkExampleSummary

Note that inthe previous examples, we havemademutabilityconsiderations optional .

This al lows named-l inks, ordered-l inks and binary-l inks to be potential ly be imple-

mented as immutable relations. Similar criteria was provided in designing the base

l ink-role where mutabil ity is optional to ensure that one canbuild an immutable l ink

on top of the minimumlink-role.

5.4 ExtendedExample

The power of Mesh objects and links is best demonstrated on a particular problem,

preferably a dynamic environment in which changing objects are related by mesh

links. We have chosen to create Mesh objects which represent the people, groups,

and rooms at the MITLaboratory for Computer Science (LCS). Special ized Mesh

links describe the relationships between these three entities as the objects evolve

through time as people, groups and rooms change.

5.4.1 LCSEntityObjects

Our example Mesh objects uti l izes several special izedroles to describe their capabil -

ities and representations. An individual person at LCS is represented by an object
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playing the LCS-Person-Role. LCS groups andLCS rooms are describedbyanLCS-

Group-Role andLCS-Room-Role respectively. All three roles containa \name" part.

The LCSPersonRole and LCSGroupRole optional ly containa webpage and email

part. The LCSPersonRole optional ly contains a phone part. All of these special ized

roles inherit fromthe fol lowing Entity-Role whichprovides a mechanismto associate

attributes with a namedobject:

Enti ty Rol e:

Inheri ts f rom: obj ect- rol e

Acti ons

content extracti on/mani pul ati on .

We uti l ize the default part manipulationmechanisms.

Parts

(name : one- of text) Required

Entityname.

(attri bute : named- of unspeci �ed- type) Required

Attributes for entity

Makers

(create oi d i mpl ementati on name named- attri butes) Required

Create an entity with name. Named-attributes are attached to the attribute

part.

5.4.2 LCSEntityLinks

As previouslydescribed, the three special izedLCSentities (people, groups androoms)

are relatedusing special izedMesh links. The special izedl inks uti l izedto relate Mesh
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objects are the l inkroles: LCS-Group-Member-of andLCS-Occupant-of. LCS-Group-

Member-of l inks relate a LCSPerson to a LCSGroup. Suchrelationships are unlim-

ited; there are no l imitations on the number of groups a lcs-person canbe associated

with as a member. LCS-Occupant-of l inks describe a relationship betweenLCS per-

sons and LCS rooms. As with group membership, a person can occupy multiple

rooms without restriction.

BothLCS-Group-Member-of andLCS-Occupant-of l ink roles inherit fromthe

Member-of l ink role (which further implies the indirect role inheritance of named-

endpoint andbinary l inkroles). The Member-of l inkrole al lows entities to be related

such that a member (as speci�ed by an endpoint) is a component of a container

(as speci�ed by another endpoint). Note that while a Member-of l ink speci�es a

relationship between a \member" and a \container" but this terminology has no

relationship to the composite object notion of \requires".

Member-Of Li nk Rol e:

Inheri ts f rom: bi nary- l i nk- rol e, named- l i nk- rol e

Acti ons

content extracti on/mani pul ati on .

We uti l ize the default part manipulationmechanisms.

Parts

(member : unary- of descri ptor) Required

Member entity endpoint.

(contai ner : unary- of descri ptor) Required

Container entity endpoint.

Makers

70



(create oi d i mpl ementati on member contai ner) Required

Create a member-of l ink. Member and container are descriptors.

5.4.3 Summary

The keyinsight for this example is that l inks canprovide andexpose capabil itybased

on their position in the role hierarchy. That is, extremely special ized l ink roles can

uti l ize some of the more general l inks described in Section 5.3. As an example, a

LCS-Group-Member-of l ink also plays (indirectly) the Member Link Role, Binary

Link Role, Named Endpoint Link Role and the minimumLink-Role. By playing

these various roles, the LCS-Group-Member-of l ink reveals itsel f as a 2-endedMesh

link uti l izing named endpoints to describe some formof membership. Thus, the

above objects and links whichplaymore general roles through the uti l izationof role

inheritance can be more widely understood.

The complete role speci�cations for LCS-Person-Role, LCS-Group-Role, LCS-

Room-Role, LCS-Group-Member-of l ink role andLCS-Occupant-of l ink role are pro-

vided inAppendix 9.

5.5 Summary

Mesh links provide the primarymechanismfor expressing object relationships in the

Mesh. Mesh links express relationships through the uti l ization of roles and describe

endpoints through the use of descriptors. Adescriptor is a structure which al lows

Mesh links to speci fy an object, some aspect of an object or some substructure of an

object. Mesh links are exposed to the Meshas independent Meshobjects whichplay

the l ink-role. Implicit l inks, describing \intrinsic" characteristics of Meshobjects, are

provided through the use of composite objects. Thus, Mesh links can be \bundled"

withMesh objects.

All Mesh links must play the l ink-role described in Section 5.2. The l ink-role

provides the minimumcapabil ities avai lable for expressing relationships betweenob-

jects. The l ink-role requires that endpoints be determinedby the `extract-endpoints'
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action which returns a set of descriptors describing the endpoints of the Mesh link.

No directional ity or presentation capabil ities are provided with Mesh links. End-

point capabil ities are largely l imited by the substructure exposed by Mesh objects

through parts, but l inks maydynamical ly change the endpoints produced. Endpoint

computations are possible, but are l imitedto special ized l inks.

Insummary, Meshrequirements aremet for aMeshlinkmechanism. Minimum

agreement is provided by requiring al l Mesh links to play the l ink-role. Minimum

coordination is met by ensuring Mesh link requirements account for unavai labi l ity.

Flexibi l ity is provided through the uti l ization of roles to create, describe and adopt

newlinktypes andmechanisms. Final ly, we havedemonstratedthe 
exibi l ityof Mesh

links in the formof various Mesh links and an extendedexample.
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Chapt er 6

Concl us i ons

The InformationMesh provides a framework for the implementation of a systemof

nodes interconnected by links expressing relationships; the InformationMesh kernel

and object systemprovide the necessary systemcapabil ities. The modi�ed Mesh

object systemenhances Mesh link capabil ities. The describedMesh link architecture

provides a mechanismto relate Mesh objects.

Inthis chapter, we reviewMesh links anddescribe howthey satisfy the obser-

vations of Chapter 2. We conclude with a l ist of open issues.

6.1 MeshLinks

Mesh Links provide the capabil ities necessary to serve as the primary mechanism

to express object relationships in the Mesh. The goal of Mesh links to provide a

minimummechanismfor expressingMesh relationships has beenmet. Further, Mesh

links have beenshownto provide provide a rich, 
exiblemechanismfor relatingMesh

objects. Final ly, we noted that Mesh links need a mechanismto \embed" a l ink in

an object for expressing fundamental object characteristics.

Overal l, we have shown that meeting certain minimumrequirements in l inks

andthe entities theyconnect is su�cient to provide a rich
exibi l ityof relationshipex-

pressions. Thus, Meshlinks provide the bene�t of aminimumbut 
exiblemechanism

to express MeshObject relationships.

73



6.2 Overal l Linking Issues Addressed

Our examinationof aMeshlinkarchitecture has resultedina stronger understanding

of the object, systemand link capabil ities necessary for l inking. We examine this

understanding in terms of the hypertext systemobservations discussed in Section

2.6:

1. Scalabi l ity issues are often ignored.

The issue of scalabi l ity is met by the uti l ization of the the InformationMesh's

Mesh kernel and Mesh Object Systemfor systemand object capabil ity. The

Mesh linkarchitecture accommodates scalabi l itybyuti l izing the object system

and bynot requiring completely avai lable systeminformation.

2. Node and link typing l imitations emphasize the need for an extensible typing

mechanismfor nodes and links.

The MeshObject Systemprovides these capabil ities to bothMesh objects and

Mesh links through the uti l ization of roles to describe abstract structure and

behavior of objects. Role capabil ity as a 
exible and extensible typing mecha-

nismwas previously described in Section3.5.2. Further, Chapter 4 showedthe

abil ityto apply roles to provide the type capabil ities of al l examinedhypertext

text systems, including single value, attribute-value and hierarchical types.

3. Substructure interface l imitations emphasize the need for a formal mechanism

for exposing substructure.

The Mesh Object Systemprovides \parts" to reference substructure. As de-

scribed inChapter 4, parts are similar to hypertext node anchors but are more

systematic and general izable, as well as hiding representationand other imple-

mentationdetai ls behind an abstraction barrier.

Note that the Mesh Object Systemwas enhanced to provide exposure of part

selector characteristics, special izedactions for certainselector types andamech-

anismfor the manipulationof part instance content. These part enhancements,

while not strictly necessary, improvedthe overal l capabil ity of Mesh links.
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4. Endpoint capabil ities for substructure reference andcomputationare necessary.

As described in Chapter 5, Mesh link endpoint capabil ities are largely l imited

by the substructure exposed by mesh objects through parts, but l inks may

dynamical lychange the endpoints produced. Mesh link endpoint computations

are possible, but are l imitedto special ized l inks.

5. The necessary l ink capabil ities for an e�ective hypertext systemare unclear

Mesh link minimumrequirements are that al l Mesh links must play the l ink-

role. Thus, the l ink-role provides a minimummechanismfor describing and

expressing relationships between objects. As demonstrated, these minimum

requirements provide su�cient 
exibi l ity to al lowa rich set of relationship ex-

pressions.

6.3 Open Issues

Several issues remainopen to future examination.

� Mechani sms f or Obj ect Di scovery

There are no mechanisms for object discovery implemented in the present In-

formationMesh. In particular, there is no mechanismto �nd links based on a

description, nor to �nd links to a particular object. Thus, there is a need for

a l ink hint server (an entity which can provide l inks based on description or

endpoints).

Note that the implementationof Mesh links as Meshobjects implies that there

is nothing to prevent aMeshlinkfromchanging its exposedendpoints whenever

desired. This makes the implementationof a Mesh link hint server increasingly

di�cult because the server must periodical ly determine if a stored Mesh link

has changed its endpoints.
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� Endpoi nt Archi tecture Limi tati ons

The link-role requires that the endpoints be countable, enumerableandreference

a single part instance (no sets). We have not examined whether countable

l ink endpoints is too restrictive. Further, we have not determinedwhether the

inabil ity to express sets of endpoints as a primitive Link-Role capabil ity is too

l imiting. Final ly, computationcapabil ities have not been su�cientlyexamined.

� Mesh Part Capabi l i ty

Mesh Parts have been enhanced through the exposure of part selector charac-

teristics, special izedactions for certainselector types, and a mechanismfor the

manipulationof part instance content.

These enhancements, while enhancing the overal l capabil ity of Mesh links, re-

quire addition examinationandmodi�cation. For instance, there is no mecha-

nismto describe the nature or value type of a particular part instance. Further,

there is nomechanismto provide additional selector types or special izedactions

in a general izedmanner. These must al l be pushed into the Mesh.

� Presentati on Capabi l i ty

There is no general izable mechanismfor presenting Mesh Objects and Mesh

links to a user.
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Chapt er 7

Obj ect -Rol e

The object-role provides a starting point for al l dialogs with InformationMesh Ob-

jects. Since al l Mesh objects must play the object-role, we are guaranteed that the

required object-role actions are answerable by any Mesh object. Thus, the Object

Role describes the base set of actions andparts whichal l MeshObjects must support.

Acti ons

(rol es-pl ayed obj ect) Required

Returns the l ist of roles that the object can play at this instant.

(pl ays- rol e? obj ect rol e) Required

Returns true if the obj ect plays rol e

(pl ay- rol e! obj ect rol e i mpl ementati on) Required

Makes the given object play the given role using the given implementation.

Initial ly, al l objects play the obj ect- rol e.

(i s- rol e? obj ect) Required

Returns true if the givenobject is a role. Objects whichare roles canbe usedto

describe the abstract behavior of other objects. Note that ` is-role?' is syntactic

sugar for applying `plays-role?' to anobject and specifying the role-rolefor the

role argument.
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(impl ementati ons-supported obj ect rol e) Required

Returns the l ist of implementation objects for the given role that the object

supports.

(descri be-yoursel f obj ect) Required

Returns a descriptionof the object. The nature of this documentation is out of

the scope of this speci�cation.

Parts

whol e Required

The part containing the entire object.

documentati on Required

The documentationassociated with a givenobject.
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Chapt er 8

Ver s i oni ng

\Versioningis animportant feature inhypermediasystems. Agoodversioningmecha-

nismwil l al lowusers tomaintainandmanipulate a historyof changes to their network

[13] ."

8.1 Versioning Options

Versioning options include:

� authoritative server

This approach uses a server which is guaranteed to contain the latest version.

Uti l izing an authoritative server requires the avai labi lity of the server for any

versioning operations. Thus, an authoritative server requires a large degree of

coordinationandavailabi lity{a violationof theMeshrequirement for minimum

coordination. Therefore, an authoritative server mechanismis best not uti l ized

as the default behavior for objects in the Mesh.

� name versioning

Name versioning associates each oid with an immutable object and a mecha-

nismto determine the oid for the next \version" of object. This scheme is not

only clumsy, but it breaks our intentionof not associating semantics withoids.

Further, there is no mechanismto determine the latest version.
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� latest time-date stamp

Latest time-date stampversioning uti l izes a time stamp to determine the \lat-

est" version. The \latest" version is the object with a time stamp later than

any others. The l imitation of this approach is that there is no mechanismto

ensure one has the latest version.

� versioning time-out

Versioning time-out has a universal time at which point the information is

inval id. This mechanismrequires that either that the information have a l i fe

expectancy or that periodic updates are provided.

� probabilisticversioning

Versionis probabil istical lyval iddepending on time since creation; after a spec-

i�ed period, object is only guaranteed to be latest with a speci�c probabil ity.

As anexample, a \half-l i fe" probabil itywouldspeci fya time periodafter which

the object wouldonly be half as l ikely to be val id as before.

8.2 Versioning Implementation

There is no clearlysuperior versioning implementationoption. For our current object

implementation, we uti l ize versioningbasedontime-date stamps { via the latest time-

date stampmechanism. As previously noted, the key problemwith this mechanism

is that there is no means to ensure one has the latest version.

Note that regardless of versioning choice, Mesh objects mayuti l ize additional

versioning capabil ities. For instance, Meshobject maychoose to use anauthoritative

server in addition to time-stamps.
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Chapt er 9

LCS Ent i t i es and Semant i c Li nks

This appendix describes the role implementation for the people, rooms and groups

at the MITLaboratory for Computer Science. Also described are the mesh link

relationships which interrelate the people, rooms and groups. The roles are detai led

on the fol lowing pages.
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LCS Person Rol e: Objects playing the LCS PersonRole represent an individual

person at the MITLaboratory for Computer Science. Note that roomand group is

not part of a lcs-person's attributes because a lcs-occupant-of and lcs-member-of l ink

(describedshortly) describes these attributes. The LCSperson role inherits fromthe

Entity role described inSection 5.4.1

Inheri ts f rom: obj ect- rol e

Acti ons

content extracti on/mani pul ati on .

We uti l ize the default part content manipulationmechanisms.

Parts

(name : unary- of text) Required

Contains name text

(phone : unary- of text) Optional

Contains phone number.

(webpage : unary- of text) Optional

Contains webpage URI.

(emai l : unary- of text) Optional

Contains email address (text URLformat).

Makers

(create oi d i mpl ementati on person phone webpage emai l ) Required

Create a lcs-person.
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LCS RoomRol e: Objects playing the LCS RoomRole represent an individual

roomat the MITLaboratory for Computer Science.

Inheri ts f rom: enti ty- rol e

Acti ons

content extracti on/mani pul ati on .

We uti l ize the default part content manipulationmechanisms.

Parts

(name : unary- of text) Required

Contains roomname text

Makers

(create oi d i mpl ementati on room- name) Required

Create a lcs-room.
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LCS Group Rol e: Objects playing the LCSGroupRole represent a group at the

MITLaboratory for Computer Science.

Inheri ts f rom: enti ty- rol e

Acti ons

content extracti on/mani pul ati on .

We uti l ize the default part content manipulationmechanisms.

Parts

(name : unary- of text) Required

Contains group name text

(webpage : unary- of text) Optional

Contains webpage URI.

(emai l : unary- of text) Optional

Contains email address (text URLformat).

Makers

(create oi d i mpl ementati on room- name) Required

Create a lcs-room.
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LCS Group-Member-of Li nk Rol e: An LCS Group-Member-of Link expresses

a relationshipbetweenan object playing the LCS-PersonRole and an object playing

the LCS-Group role { namely that the person is a member of the group.

Inheri ts f rom: member-of - l i nk

Acti ons

content extracti on/mani pul ati on .

We uti l ize the default part content manipulationmechanisms.

Parts

(l cs-person : unary- of descri ptor) Required

LCSPersondescriptor

(l cs-group : unary- of descri ptor) Required

LCSGroup descriptor

Makers

(create oi d i mpl ementati on l cs- person l cs- group) Required

Create a lcs-group-member-of l ink stating that LCS person is a groupmember

of LCS group.

LCSOccupant-of Li nk Rol e: AnLCSOccupant-of Link expresses a relationship

betweenanobject playingthe LCS-PersonRole andanobject playing the LCS-Room

role { namely that the person is an occupant of the speci�ed room.

Inheri ts f rom: member-of - l i nk

Acti ons

content extracti on/mani pul ati on .

We uti l ize the default part content manipulationmechanisms.
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Parts

(l cs-person : unary- of descri ptor) Required

LCSPersondescriptor

(l cs- room: unary- of descri ptor) Required

LCSRoomdescriptor

Makers

(create oi d i mpl ementati on l cs- person l cs- room) Required

Create a lcs-occupant-of l ink stating that LCS person occupies LCS room.
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