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Abstract

The notion of alink to represent an explicit relationship or association betveen en
tities has been utilized by muarows hypertext system to provide a variety of capa-
hilities, including quotation, navi gation, anmotation and knowtedge structuring. The
link rachani smdescribed herein provides the ability to relate entities in a global
informationinfrastructure, the Infornation Msh.

The inplemantation of a link architecture shows the feasibility of a mmi mmnach-
anismto provide a rich set of relationship expressiors as an elemart of a gl obal
information infrastructure. Msh objects are shown to require a conposite object
mchani smand enhancenants to their substructure interface. Msh 1ink endpoi nts
allowthe description of an object, som aspect of an object or a component of an
object. The resulting Msh link implerantation provides first-order linking in an
extersi bl e and flexi bl e archi tecture.
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Chapter 1

Int roduct ion

This thesis examnes a link rachan smfor describing object relationships ina long
lived, global information infrastructure, the Information Msh. The resulting Msh
link i mpl enantation provides a rich and flexi bl e machani smto rel ate informationin
the Msh. Nlninomlink, object and systemcapahilities necessary to support such

capabilities are described.

1.1 Background

The Information Ase has created a need to manipul ate a vast and ever increasing
amount of data. A an example, corsider the Internet: the traffic related to infor-
nation nani pul ation has increased tremandowsly in the past fewyears [1]. (orre-
sponding to this grovth has been an i ncreasing need for tools to nanage information,
particul arl y a nechani smto connect and rel ate knowtedge.

The motion of commecting and rel ating knowtedge has been a conpel 11 ng vi sion
since abt least 1945 vhen Vmmevar Bsh suggested the inplemantation of a vast
knowtedge hase [6]. These ideas have been further devel oped in hypertext system,
such as Xanadu [17], Apanet [16] and \oF1d Wde Wb [ 1], where links are utilized
to explicitly represent a relationship or association betveen entities.

Hpertext links provide a poverful machanm smto rel ate infornation. In the
Vol d Wee Wb, links provide a mears of information navi gation. Xanadu utilizes
links for quotation, navigation, anmotation and comantary. Agaret links are uti-



lized to represent and disciss knowedge structures. This, hypertext link utilization

includes: navigation, quotation, annotation and knowtedge representation.

1.2 Link Achitecture

Wdescribe a link machani smto describe object rel ationships inalong lived, global
informtion infrastructure.  Qur framvork for this efort is the Information Msh
Roject: an efort to provide a mnimmset of uni versal conmntrants necessary to
provide a long-lived gl obal architecture for retvork- based i nformation reference, ma-
ni pul ation and access. The Information Msh yject Systemprovi des Msh objects
as the nodes of Mshlinks.

The overall goal is to describe a mni mmlink nechan smvhi ch provides a
flexi H e and ri chset of rel ationshi pexpressions. (e result of this eflort is a description
of the mmi nmsystem node and 11 nk capahilities necessary to support Msh links.

1.3 Organization

The examnation of Msh links begins wth a description of several representative
hypertext systera in (hapter 2. Systemrequirerarnts, node capahilities and link
characteristics are described in this section These characteristics and the concl uding
observations are utilized throughout the remaining chapters. (hapter 3 describes the
overall Infornation Msh, the Msh kernel and the Msh bject System The system
requirerants of the Information Msh are described and the capabilities of Msh
objects are described. (hapter 4 examnes enhancerants to the Msh (b ect System
to better utilize Msh objects as modes of Msh links. (hapter 5 describes a Msh
link archi tecture and derorstrates the flexibility of Msh links in several exanples.
(hapter 6 surmari ze the overall results and open issues.

Note that security and privacy issues wll not be examned except vhere they
directly aflect overall 1ink design.
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Chapter 2

Related Work

The notionof a liktorepresent anexplicit rel atiomshi por associ ation bet veenenti ties
has been utilized by hypertext to provi de a varietyof capabilities, incl uding quotation,
navi gation, inclwsion, anotation and knowtedge structuring. In this chapter, ve
examre a variety of hypertext system: Mrex, Janadn the &f1d Wde V&b,
Aparet and the I#xter Hpertext Reference Mdel. Wexamne their we of links

and descri be howthey confront hypertext issuves, 1ncluding:

1. Systemissues: Fbwdo systemcharacteristics enhance or 1imt 1inki ng?

e mni numrequi renents: hasic systemexpectations and requi rerants
e scal ability: mchanism to deal withlarge systemissues

o flexibility: provisions for avariety of hypertext nodes and 1inks

e security: machanism to prevent wnauthorized access

e privacy: machansm to ersure privacy
2. Node attributes: Hwdo nodes support 1inki ng?

e naming: identificationof nodes

e typing: describing node characteristics, semantics and invariants

substructure interface: exposing node substructure for linking
e conposites: conhining nodes

e versioning: supporting node changes

11



3. Linkissues: Ibware links exposed to the overall systend

e link utilization: overall we and characteristics of a link

o linkrelationships: abilityof linkto “talk about” or express rel atiomshi ps

betveen entities (including other links)
e link independence: ahility to exist separate frommodes

e endpoint capabilities: vhat canlinks associate?

Note that ve focus on the issues of scalability, node typing (as a means of achiev-
ing flexi bility anong other things), substructure interface, endpoint capabilities and
overall link utilization.

2.1 Memx

The notion of relating a vast domain of 1nfornation using some associ ated structure
vas first described in Vmmevar Bsh's vision of the Mmax “Adevice in vhich an
individual stores his books, records, and conmomications, and vhichis nachani zed
so that 1t nay be comsul ted wth exceeding speed and flexihility It is an enl arged
intirate supplerant to his rarory [6].”

Bsh's vork vas distinguishable for its inclwionof an associ ation rachani sm
the examnation of ore itemin the systemvoul d suggest another. Bsh envisioned
this nachanismvorking in a fashion simlar to the huan brain: “Whh one item
inits grasp, 1t snaps imstantly to the next that is suggested by the association of
thoughts, in accordance wth some intricate veb of trails carried by the cells of the
brain [6].”

It is largely agreed that one outgrowth of Bsh's vision vas hypertert, an
information managerant nechan smin vhi ch data is stored in nodes connected by
links.

2.2 Xamdu

Bd Nelson’s Xanadu Roject [17] is an inflential examnation of a large hypertext

system Xanadu utilizes 1inks to provi de “a comection betveen parts of text or other
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naterial... made by individuals as pathvays for the readers exploration.. [17].” The
overall goal of Xamadiiis a distributed systemof docurents connected by 1inks.

Janadu docurants are the fundarental unit of storage. Indeed, everythingin
the Xanadu systemis a docunart. Xanadu docurents “ray contain text, graphics,
links... or any comhination of these... [17].” Xanadu docunants provide no infor-
mation hiding or abstraction layer; they expose their entire structure and conterts,
along wth associ ated versioning information, in a manner allowng Xanadu links to

rel ate any portion of a docunant.

Xanadu links are conposed of “endsets”.  Fach end-set 1ndicates “spans” or
regiors of text in Xnadn docurents. This, Xanadu supports smnrto-gmlinking
by allowng its links to relate regiors of text. The typical Xanadu link is a three
end set structure: a “fromset” whichis an arhitrary collection of spars specifying
the source of a link, a “to-set” which specifies the destination of a link, and a set
specifying the link type or rel atiorshi p being expressed.

Xanadu links are contained in nodes:  “Fach link resides in one place, the
docunant, that contaims it. links, jwst like text, are omed Herylinkis part of
a particular [docuent] and has an ower [17].” links can relate other links by
comecting to the link portion of a docurent.

Xanadu 1inks naimtain associations across documant versioms.  “Fssentially,
the link seizes a point or span (or any other structure) in the [docunart] and hol ds
onto it. Iinks may be refractivel y folloved froma point or span in one version to
correspondi ng pl aces in any other version. Ths alink to ore versionof a [ docunart]
is alinktoall versions [17).” Ufortunately, the rachani snfor a link to “hol d” onto
anode across versiors 1s dependent on speci fic characters rerai ning i mvari ant: “a link
is attached ... to specific characters and sinply stays wth these characters vherever
they go [17].” Nte that this nachanismwill break under a variety of conditions,
incl udi ng vordi ng changes.

The greatest veakness of the Xanadu systemis its expectation of conplete
avai | ahi lity of certainsystem nformtion: “ .every change st be known throughout
the retvork the imstant it happers [17].7 In particuar, Xanadu expects that all

13



links to any particular Xanadu docunant wll al vays be determmable. “Ihe reader
should be abl e to ask, for a g ven docurant, “Wat connects here fromall fromother
docunants?” — and be shown all these outside commections wthout appreci able del ay
[17).”

In sunmary, Xanadu provi des a 11 nk machani snto all owreader expl oration of
docurants. Xanadu docurants expose their entire substructure ina nanver allowng
links to rel ate any portion of a docunant. Xanadulinks are conposed of end-sets and

are contai nedinnodes. Xanadu 11nks nai nbai n associ ations across documant versi ons

and provi de a rachani snfor determming all links to a particul ar Xanadi docunent.

2.3 World Wk VWb

The VWld Wde Wb [1] is perhaps the best koown, most widespread and rost
successful exanple of a distributed hypertext system The &b all ove navi gation via
links across the Internet and betveen docurents. The incredi He growth and success
of the Wrld Wde Wb has exthi hited the pover of a distributed hypermadia system
comecting variows sites wing “links”.

The overal]l \atld Wde V&b (WW paradi gmi's docunants conmected by
links. WWinks exist inthe WWdocunants that are their sources. Fach WW
link specifies a rel ationshi p betveen tvo entities: the documant in which the linkis
contai ned, and an identified destination docurant. WWdocurants are speci fied
in HIML[5].

W1 d Wee Wb docurarts are i denti fied through the wse of location (a Uii-
versal Resowrce Tocation or TRL[2]) rather than in a location independent ranmer
such as Wi versal Resource Nuas [21]. ! This prevents the rel ocation of Wb objects
— they can not be noved fronthe 1ocation described by their TR, Ior transmssion
parposes, WWdocunant, content is speci fied wing Internet Mdia Types [18].

WWdocurents enphasi ze hurnan brovsing, and do not explicitly encode
serartics. There is, for irstance, no mechanismto specify that a specific page is

!The latest draft of HIML 3.0 [19] proposes the addition of the (optional) URN attribute to
describe the uni versal resource name for an HIM. docunent .
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an indi vidual person’s “homa page” other than to imply it in the text or assum it
fromthe TR, associ ated wth the Vb page. In a rel ated ranner, HIML provi des

mni romnachani sta to assist browsers in presenting newnarkup structures. If a
particul ar HIMLnarkupis encountered for vhi chthe Vb brovser 1 acks knowt edge,
thereis little or nofall-back; the Wbhroveer caneither i gnore the markupor display
the AT text representation. Inshort, there is mo standard vay to classify a &b
docurant; any reani ng st be determned fromthe acconpanyi ng HINIL whi ch,
at least presently, provides mmi mmcapabilities for such descriptions. 2

[dcurants expose internal content for 11inki ng through the we of an achr: In
the WW an anchor speci fied section of the WMdocunant, is the source and/or
destination of a WWink A anchor HREF attri bute specifies the begimning of
alink A anchor N\MEattribute specifies an identifier vhose reference allows the
anchor to be the target of alink Axchors cannested, hit cannot overl apone another.
Achors are limntedin that they are marel y arhi trary portiors of docunant —thereis
1o docurant, typi ng nachani strwhi ch voul d al 1 owassoci ating anchors wth a certain
docurant, type (suchas the af orenantioned “hone page”) or docurent substructure.
Inshort, WMéanchors 1ack the ahility to be associ ated insome fornal manner wth
a gereralized structure, such as a particular docurant type.

WWinks are one-vay, tvo-ended and docurent-hased. links al vays de-
scribe a relatiomship betveen exactly tvo docunants; there are no machani sm to
rel ate nore than tvo entities. links mst be contained in one of the tvo docurants
they associate. 'The &b provi des a nachani snito all owservers to add links to docir
narts “by those who do mot have the right to alter the body of a docurart [4]7, bt
servers are not requiredto provide this functionality. There are no machani smto link
tvo docunarts 1f the servers of both docurarts refwse the additional links. WW
links are not first class and therefore can not exist independently of the docurants
they link.

2The latest draft of HIM. 3.0 [19] suggests the utilization of a “ROTE” attribute whichis a
listing of SGM.nane tokens “that define the role this docunent plays [19].”

3The latest draft of HIM. 3.0 proposes the addition of an ID nechani snto associate docunent
elenents wth anchors. Further, the draft suggests the additionof a CLASS nechani smto subcl ass
HIM. el enants.
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WWink types are specified by a rel atiorshi p nam.  Fvever, the present
we of WWink rel ationshi p nares is extremaly limted This is particularly frus-
trating becase early WWidocunantation[ 3] suggested several link nanes to de-
scribe “rel ationships bet veen docunants” and “rel ationshi ps about subjects of docw
rarts”. The current HINL2. 0 draft [4] has mininal discussionof linkrel ationships,
mrel y stating:  “Relationship nares and their semantics wll be registered by the
W @rsortium The default valve is void.” The latest draft of HIML3.0 [19] sug-
gests an expanded wse of 1ink relatiomnships to provi de speci fic navi gation huttors or
equi val ert. achani sm.

WWinks can become “dangling” links. Ior exanple, a referenced WW
docurent may renama or remowe the necessary anchor. Wse, the referenced doc-
unart ray move or be reroved in a manner that “breaks” its prior WRL There is
no machani smfor a referenced WWdocunant to expose imvari ants in anchors to
allowa link to ensure it is less likel y to becom “dangling”.

In sumary, the WWallows navigation via links across the Internet and
betveen docurants.  WWdocunants are identified by location, enphasize hir
man broveing and expose internal content for linking through the wse of anchors.
WWinks are one-vay, tvo-ended, docurent-based and can becoma “dangling”
links. WWink types are specified by a rel atiorshi p nare.

2.4 Auaret

Aparet [16] is a hypertext knowedge structuring tool designed to allowwsers to
graphi cal l y represent information and explore 1ts structure. Aganet allows wers to
interpret and organi ze i deas 1sing Aquaret’s 11 nking structure to connect and express
ideas. Qerall, Aparet provides an examnation of wutilizing hypertext facilities in
the real mof knowt edge representation.

Aparet objects (both nodes and links) are typed, structured frame-1ike enti-
ties. Bery Auanet object is aninstance of som type. Atype’s defini tion speci fies
slots, type(s) of objects that canfill eachslot, and the graphi cal appearance of the ob-
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ject. Type definitions are organized into a mltiple inheritance hierarchy “Aquanet
objects of a given type include mot only the slots defined by their type it also the
slots that they inherit fromtheir supertype(s) [16].” The inheritance rules of the
Aparet type hierarchy are taken directly fromthe (ommon lisp hject System

speci fication [ 14].

Aquaret nodes and links are distingu shed by their wse of slots. Node slot val -
es are a namd set of conterts restricted to primtive datatypes such as text, inages,
nurbers, strings, etc. linkslot values may be primtive datatypes or other Aqanet
objects. Aqanet links can be vieved as contai ni ng naned and typed endpoi nts.

Aquanet 1inks are utilized as part of the defnition, devel opmart and di spl ay of
“knovtedge structures”.  * A an example, an “Aguant relation” is expressed as an
Aquaret 11 nk contai ning three slots: the (onclwsion, the Gounds and the Ritional e.
Fach slot can be flled by ei ther a “Staterart node” (an Aanet object containing
a text slot) or another Argunart rel ation.

In sumary, Aqanet utilizes a type hierarchy to describe object types and
ml ti-ended links to provi de enhanced knowtedge structuring capahilities.

2.5 Dexter

The I¢xter Hpertext Reference Mdel provides an abstract mdel of hypertext sys-

tem whi ch describes the entities and machani sma vhi ch al lowwsers to create, nani p-

ul ate and exanne hypertext [12]. The overall goal of I#xter is tvo-fold Hrst, Idxter
fornalizes som of the hypertext notiors ve have examned, this provi ding a vocab-
ulary that can be utilized to describe a particuar hypertext systems functionality
and characteristics. Second, I¥xter provides a mdel of the important abstractiors
found in a wde variety of hypertext system, and thus necessary to incorporate into

a flexi bl e 11 nk machani sm

Inthis section, ve examne I¢xter in comsiderable detail. Hrst, ve examne

4The termknow edge structure refers to “ .an intercomnected network of infornation-bearing
nodes that are used to represent the primtive objects and their 1ntercomnection in sone domain of
discourse [16].”
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the Ioxter storage 1 ayer whi ch contai rs conporents that serve as nodes andlinks. W
separatel y exarnne the conposite informtion and base comporents whi ch together
corstruct all Ixter comporents. Alditionally, ve describe I#¢xter’s storage layer
functions and runtima layer. Hnally, ve describe I®xter invariants and sunmarize

I¥xter 1imtations.

2.5.1 Dextar Staage layer

The [#xter storage layer madels the node/link netvork structure of hypertext. It
is comosed of a database of data-containing comporents intercomected by rel a-
tional links. The storage layer focuses on the machani sta by vhi ch 11 nk and non-11nk
comporents are ‘ gl ved-together’ to formhypertext netvorks.

The fundamantal entity in the storage layer is a anpet.  (onporents
are vhat are typically thought of as ‘nodes’ and ‘links” in a hypertext system The
storage layer of Idxter doesn't attenpt to mdel the overall content and structure
of comporents, hut treats comporents as largel y gereric containers of data. Idspite
the overall indifierence to conponent contents, I¢xter requires that each conponent
expose @t ufantioand utilize a bee amet. (onporent 1 nf ormation
is described in Section 2. 5.2 and base conporents are described in Section 2. 5. 3.

Aso associated wth the storage layer are tvo functions: a resdverfunction
and an aesorfunction. Dgether they are jointly resporsible for retrieving com
porents fromthe storage layer based on the specifications of the components. The
exact nature of these machanisra is described in Section 2.5.4.

252 Ista Capaat Ifarstian

[¢xter requires that each component in the storage layer expmse amwet ifa-
ntin (onporent 1 nformation describes certain properties of the component and
provides a fundanantal interface to the conponent.

(onporent information includes: uni que identification, anchoring, presenta-
tion speci fication and attri bute/val ve pairs.

18



o Unque [deatifier

Fach I¢xter component has a uni que identifier (UD) assumad to be “uni quel y

assi gned to comporents across the entire wi verse of discourse [12].”

o Andus

Fach I#xter conponent contains a sequence of adusthat indexinto the com
porent. I¢xter anchors provi de anindirect addressing nechani snfor specifying
the internal structure of a conponent in a mammer vhich does mot depend on
knowtedge of the internal structure of a docurant. Ixter links utilize anchors

to rel ate component, substructure.

Aldxter anchor corsists of two parts: an ador id and an ador ule

The avorid is anidentifier vhich uni quel y identifies an anchor wthin the
scope of the component i1t occupies. The avr wlwis an arhitrary val ve that
specifies som location, region, itemor substructure wthin a conporent. The
anchor val ve is interpretable only by the applications resporsible for handling
the content /structure of the component. Idxter anchors can overl ap.

Achors allowlexter to support 1inking across component versiors. & a corn
porent, changes over tima, the anchor val ve changes to reflect mdifications to
the internal structure of the conponent, “[t]he anchor id, hovever, remairs con
stant, providing a fixed referert that can be wed to specity a given structure
within a comporent [12].”

o Presatdion Spafition

The pesatdinspafution s a primtive val ve contai ni ng i nf ormation about
howthe node conterts should be presented to the wser. HResentation speci fica-
tions are described inrore detail in Section 2.5.5.

o Ainbite Vi Idrs

Emally, Idxter conponents provide the ahility to set and retrieve arhitrary
attribute/valve pairs. The attribte/valve pairs can “be wsed to attach any
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arbitrary property (and its valve) to a conporent. Ior example, keyvords can
be attached to a conporent wsing mltiple ‘keyvord attributes [12].”

Nte that Idxter does not provide a formal component type mdel. Sore
comporent attributes can be determned by examnning attri bute-val ve pairs, bt mo
formal type systemmachanismis specified Some descriptions of Idxter suggest
mdel i ng a component type systemby “addi ng to each conporent a “ type’ attribute
with an appropri ate type speci fication as its valwe [12].”7

253 Iaxter Base @Gpomts

[¢xter ammuts are composed of a bse et together wth the amwt
ifardimdescribed in Section 2.5.2. The bse apets in the [¥xter storage

layer are: dave amots apxsite aprats and lirks

A omc (bnponents

Xome comporents are the finest grain marbers of the storage layer. Aomc com
porents are largel y opaque objects; the storage layer knows little about the contents
of atomc conporents or the “wthin conponent” layer. Aomc conponents nay
contain chinks of text, graphics, images, etc.

Gonposi te Cbnponent s

(omposite components are corstructed out of other components.  The corposite
relatiorship is restricted to a directed acyclic graph (ID§ of base components; 1o
component nay contain itself either directly or indirectly and composites are only
composed of e aprots

Hrally, it is not clear howthe linki ng rachani smis provi ded wth conposi te
components.  I¥xter does mot describe how anchors are related to conposites; mo
martionis made of howanchors should refer to base conponents in a conposi te.
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i nks

i nks associ ate [¥xter conponents by descri hing a rel ationshi p bet veen conponentss.

[¢xter links describe their relatiomship wing a sequence of tvo or more grafes

Each specifier describes the entities being related, the direction of the relationship
and the presentation machan smby vhich to display the entities. I#xter links are
first class and I#xter links can rel ate Ioxter 1inks.

[2xter utilizes conposites to mdel hypertext system in whichlinks are not
independent, but are erheddedin nodes. Anexarmple of this application of conpos-
ites is the K\ [20] hypertext system “Al links in KM are etudhdvithin the
fram (component) contaiming the souwrce anchor. Since links are also corponents
inthe [¢xter mdel, it may be argued that a frame in KM is actually a apsite
et [15].”

[&xter utilizes grafirsto describe the link rel ationship. The specifier struc-
ture contaims: a component specification, an anchor id, a directionand a presentation

speci ficati on.

o wwut gufutimprovides a description of the conporent being 11 nked.
This description can be wtilized by the storage layer’s resol ver function to pro-
duce a set of conporent UT3 matching the description.

o adu idspecifies the anchor to be wtilizedin the resol ved conponent.

o dtimencodes link endpoints as FHM 1O BITR{Tor NN Ioxter
allove duplicate direction values wth the corstraint that at least one specifier
have a direction of TOor HITRAT

There are nany di flerent notions of directionality Genbaek and Figg [ 11] have
identified at least three types: semantic direction, creation directionand traver-
sal direction. I¥xter does explicitly utilize a particular notion of directionality;
[2xter provi des directionality as a nachani snto support directionality senan

tics in existing hypertext systera wth [#xter’s tvo-vay links. Ior exarple,
[xter mdels a one-vay link system(such as HperGaed [10]) by wing tvo-
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vay links wth the source end having a direction val ve of NNSand the other
end having a direction val ve of TO 5

o peatdion grafutioni s a primtive val e that hel ps the runtim layer de-
termne how the associated descriptor should be presented to the wer. W

wll discss the presentation specification in nore detail in the discussion of

R Tma issves in Section 2. 5. 5.

Note that for a particular specifier, the conponent specification allovs the
returnof aset of U3, but the other aspects of a specifier structure are singl e val ued
and statically determned. This inplies that all conponents resol vabl e froma partic-

ular conponent speci fication st support the same anchor 1d and presentation.

254 Ister Saae Iaer Fudias

& ve have previowsly martioned, the storage layer utilizes a resol ver and accessor

function to retrieve conponents.

o essor Fudion

The accessor function of the hypertext is resporsible for “accessing” a compo-
rent, givenits UD That is the accessor functionis respomsible for retrieving

the conporent, correspondi ng to a given UD

o Dater Resdwr Fdion

The resol ver function mst be able to produce all possible valid conponent
UI3 for any gi ven description or “conponent speci fication”.

I#xter remaims silent on the nachan smand i npl erantation of resol ver func-
tions, including the donai nand syntax of specifications, bt justifies their need:

SHyperGurd links can only be traversed fromsource to destination. “Ihis is because HyperGird
links are implemanted as ‘00 statenants 1n a script in the link’s source component. This also
neans that 1inks cannot normally be seen fromtheir destination cards [11].”

5In[25], Penzo, Sola and Vitali propose nadifications to Idxter to support dynanic deternina-
tion of anchor 1ds.



“The we of UI3 as a basic addressing machan smi n hypertext nay be too re-
strictive. Rither, vhen [the conponent specification described in a specifier of

a] linkis folloved, the specification st be ‘resolved', if possible, to a UD(or
set of UI3) vhich then can be wed to access the correct conporent(s).”

255 Iaxta Rutimlmer

The runtima layer specifies the tools for a wer to access, viewand mani pul ate the
node/link netvork structure. The runtima layer tools can treat conporents as rore
than gereric containers of data —utilizing the actual contents.

The runtim layer utilizes the pesatdingrafitioval ves associ ated with
components and 111k speci fiers to determmne howa conponent shoul d be presented to
an end wer. “Thus, the vay in which a conponent is presented to the wer can be a
function not only of the speci fic hypertext tool that is doing the presentation(i.e., the
speci fic runrtine layer), but can also be a property of the corponent itself and/or of
the access path (link) taken to that conponent [12].” Ths, the runtima layer is the
layer at vhi ch dynamnc nechani smis determned, while the storage and conponent
level machani sm previowsly descri bed i mpl enart hypertext as an essentiall'y passive

data structure.

256 Iodea Sstenlwvaiats

The I¢xter model requires that several invariants be maintained at all tinas by the
hypertext system These invariants are expected to be inplemrted in a fashion to
ersure they are mai ntai ned when creating, moditying or utilizing conponents.

Aong the [xter imari ants are:

o link specifiers st have at least one specifier wth the direction of TOor
HITRR'L This, all links most point to soma conponent.

o 'The accessor functiors mst be aninverti b e nappi ng fromlI13 to conponents.
This implies that every component mst have exactl y one UD
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o 'Tre resol ver function mst be able to produce all possible valid UI3. This im
plies that any possible conponent descri ptions st be resol vabl e to a conpl ete
set of conporent, UT3.

o (omposi te conponents st contai nmo cycl es in the conponent /subconponent
relatiomship. Thus, 1o conporent may be a subconponent (directly or transi-
tively) of itself.

o links may mot be ‘dangling’. The specifiers of a link st al vays resol ve to a
set of components contai ning the associ ated anchor id. Ay conporent, changes
mst be reflectedin links. s, any Ixter- based hypertext systemmst en
sure that any conporent changes result in the immadiate update and modift
cation of links to reflect the changes.

257 Iede Litaias
I#xter is limtedin several respects.

1. The Toxter systemimvariants ignore large distributed systemissues, such as
unavai lahility.  Tor imstance, the need to prevent ‘dangling links’ ignores the
difid ty of providing and mai ntaining such information across a wdely dis-
tri buted system

2. Texter does not explicitly provide a conporent typi ng nachan sm Some corn
ponent attributes can be determned fromexammnation of the conponent in-
formtion such as attribute-valve pairs, but there is no formal machani smto

associate a conponent type wth invariants such as the anchors available.

3. Iexter anchors are little more than arbitrary identifers of valuves. Idxter pro-
vides no machani smto associate formally a particular set of anchors wth a
particular type of component. Nor is there any vay to specify certain content
characteristics wth particuar anchor ids. Hmnally, I#xter anchors do mot pro-
vide any context; I®xter assumas that all component anchors are valid at all

timas.
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4. Idxter link specifiers are limted in dynamc endpoint conponent determna-
tion — the conponent speci fication portion permts the dynamc determnation
of aset of U3, bt the other specifier portions are single valved and stati-
cally determned. Ths, all components resol vabl e fromea parti cul ar conponent
speci fication nost support the sam anchor 1d and presentation.

5. lexter provi des only 11 mtedmotivationfor linkdirectional ity Iexter direction
alityis mtivatedas a rachani snto support directionality senantics inexisting
hypermadi a systers, hut, as shown by Grgnback and TFigg, 1t is imsufliient “to
mdel the vays people interpret link directionin practice [11].”7

2.6 Oxservatiomns

Several observations about the overall characteristics of the previowsly described hy-

pertext systera:

1. Scalahilityis oftenignored.

I#xter and Xanadu require links and other systeminformation be conpletel y
avai | abl e — an unreal 1 sti c expectation for distributed system. The Wkl d Wde
Wb's association of docurants wth location limts the abilityto rel ocate doc-
urants.

2. N corsensts on typing machani sta to associ ate characteristics and invari arts

wth nodes and links. Typing rachani sma incl ude:

o 1wy
Xanadu provi des no node types. The lack of a node type mears that there
is no machani sito associ ate attri butes tightly wth a docunent.

o snje ulw

The WWitilizes a single val ue, a relation name, to express 1ink types.
Single val ve types are wually sel ected froma standard set supplied by the
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systemor maintaived by some authority. For exarple, WWhel ation
ship names are registered by the W (érsortium Arachani smto allow
individual wsers to designate a newval ve as a type is somatimes provided,

but such a rachani smis wsual ly limted.

Single val ve types gererally do mot allowpartial knowedge of a particul ar
type: either atypeis recognizedor it is not. Al single val e rel ationships
mst be nade explicit by som entity; there are no inplied rel ationshi ps
bet veen val ves.

haadid tyrs

Aqanet nodes and links are imstances of a specified type in a type hi-
erarchy. Herarchical types provide a machan smto rel ate a newtype to
prior types through the placerart of the newtype in the inheritance tree.
(areful choices of 1nheritance allowa newtype to reveal details about its
characteristics and capahilities.

Qe limtation of hierarchical types is the difliultyinselecting a position
inthe hierarchy to add newtypes. It is somtimas desirable to place a new
type at moltiple locations in hierarchy.

dtnbiteude prs

The W1d Wee Wb and I¢xter provide an attri bute- val ve machani sm

for modes andlinks. Atribute-val ve pairs, vhile not strictlyatyp ng nach-
anmsm utilize a set of attributes to describe node and 11k characteristics.
These characteristics are expressed hy associating attribute namas wth
val ues.

& with singu ar valves, attribute value pairs mst be limted to a stan-
dard set. Auwser can relate a rew “type” to prior types by appending

a new attribute to existing, vell understood attributes. Unfortunately,
nost attribute-val ve systern do mot provi de a machan smto prevert at-
tribite namng corflicts.  Rrther, individual attribute valves suffer the
same recogni tion problem as single val ve (either recognized or not recog-

ni zed).



Fach of these typing rachanista has limtations. D typing preverts the ex
posure of docurant imvariants. Single val ue machanisma limt the expressive
capabilities of individul wers. Herarchical types limt type associatiorns hy
requiring a single position in the hierarchy AXtribute-valve pairs have nam
ing corfli cts vhichlimt expressive capahility These 1imtations enphasize the

need for an extensi bl e typi ng nechani sm

. D corsersis on node substructure exposure.  Substructure exposure macha-

i sm 1ncl ude:

o 0 sbendtue egpue

The object 1s conpletel y opaque wth mo generalizabl e nachani sma to al -
lowlink associations. N examned hypertext provi ded such substructure
exposure, bt Aquaret only allovs linking at the gramil arity of indivi dual
nodes.  Alack of sulstructure exposure limts linking capability — node
substructure can not be 1inked

o atire alal apsue
Node conterts are conpl etel yexposed for 11nki ng—hut not necessarilywth
any content i mvari ants. Xanadunodes expose their conpl ete structure wth
no invariants, wth a resul ting 11 nki ng schera vhi ch depends on character
ratching.

o alitray aduos
Aochors provi de a machani sby vhi ch 11 nks can “reachinside” nodes and
“hol d” onto node substructure. WWand Iexter nodes provi de arhi trar-

ily nanad “anchors” wth no nachani smto specify context or semantics.

Achors provide invari ants, allowng node contents to change vhile pro-
viding a corsistent interface. Fvever, the lack of a nachani snto specify
anchor characteristics limts anchors to be utilized as arhitrary identifiers

of substructure regors.

o gytatic adus
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Aochors explicitly associated wth a particular HIMLsyntactic structure
is a suggested addition to HIMLin the current version 3.0 draft [19]. It

is ot clear if the present proposal allove for expressing serarntic conternt.

Alink's ahility to reference node structure is limted by the machani sm pro-
vided by the nodes being linked. If nodes expose substructure imvari ants, either
through anchors or soma other nachani sm then a link can “hol d” onto those
invariants across mtations. It is unclear vhich rachani smis the best mathod
by vhi ch nodes shoul d expose their contents for linking. Timted anchor capa-
hilities suggest the need for more formal structures.

4. N comsensus on link endpoint capabilities. Iink endpoint capabilities include:

o 0 sstndue lirkiny

D substructure linking inplies that link endpoints comnect at the gran
uarity of modes. A an exanple, Aquanet links rel ate entire objects, not
object sustructure.  Alack of substructure linking limts the pover of
links to express rel atiomshi ps betveen nodes whi ch invol ve substructure.

o slrndue liky
The WWand Iexter links utilize “anchors” for substructure 1inking.
The WWinks we statically specified link endpoints.  Idxter provides
dynamc determnation of link endpoints through the wse of specifiers.
Substructure linking s 1imted by the exposure of node substructures.

o aptdliky
i nks may utilize conmitations on nodes for linking. Such approaches are
weful vhen the itento be linkedis not exposed by the node as an anchor
or equivalent imvari ant structure. (e exanple is Xanadu' s nechani snof
linki ng to nodes through the we of a conputationinvol vi ngimvari ant char-
acters — presunabl y som formof character matching, R valent 1inki ng

scheras mght utilize character offsets or vord counting to specify the
endpoint of alink The problenwith conputations is that they fail inthe
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presence of mtable objects. This is particularly true for nodes which do

not expose characteristics or imvariants through som typi ng nechan sm

(Iearly, a povertul 1inkendpoi nt nechan snwoul d utilize exposed substructure
imvari ants, yet provide the capability to utilize conputations on nodes.

5. N corsensts on mini il i nk characteristics and capahilities, incl uding:

o niti-dmsiod links
Xanadu, Apanet and I#xter links can be rel ate more than tvo entities.
The WMtestricts links to tvo-ended structures.

o dtiadity
Janadu expects a distinguishable FHMSFI and TOSFL Iexter, in
contrast, narks individual endpoints as either TO FRM HIJR{Tor
NN WWhas implicit directionalityfronthe markupina docurant.
Aquanet does not have 11 nk directionality.

o pealdias
I2xter links provide a “presentationspecifier” wth both the 11 nk and each
endpoi nt. Aquanet utilizes a graphi cal appearance speci fication associ ated
wthnode and 11 nk types to desi gnate the presentationof Auanet objects.
The WWtti 11 zes HIMLas a narkupl anguage to descri be presentatiors.

o inbpnibit lirks
Aqaret and [#xter links are i ndependent hypertext entities. The WW
and Xanadu require that 1inks be enhedded in a hypertext node.

o anl aguits
Al Aparet endpoints are namad.  Sora WWand Xanadu links are
namd. Iexter does not nama 1ts 1ink speci fiers.

(Iearly, hypertext system employ a variety of diflerent 1ink characteristics. It

is mot clear whi ch nachani sma are absol utel y necessary.
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Wwll utilize these insights to provide areference for discussing the attri butes
and i mpl erartation of a global informtioninfrastructure 1inki ng nechani sm Infor-
nation Msh [inks.

2.7 Sumary

In this exammnation of nodes, links and systemattributes, ve have described how
node attributes support 1inking, howlink rel ationshi ps are exposed to the overall sys-
tem and howparticul ar systemrequiremants inpact 1ink capahbilities. In particular,

ve ohserved the overall lack of corsersus on the issues of node and link typing, sub-
structure exposure, endpoint capahility and overall link characteristics. Asociated
wth these olservations, ve noted the need for a scal able hypertext systemprovi ding
extersible typing and a formal nechan smfor substructure exposure. W descri bed

the need to determne mmi nond 1 nk capahi lities. Hrther, ve discussed the needfor a
poverful endpoi nt rachani smuti1i zi ng exposed substructure 1 nvari arts yet provi ding

the capacity to utilize conptations on nodes.



Chapter 3

I nformation Mesh Project

The Information Msh Hoject represents a new paradigmfor netvorked system

vhi ch supports the vision of wdespread information sharing and structuring. The
central idea of the Information Msh is that the netvork exists primarily to main
tain rel atiomshi ps anong nodes of information. The fundanartal activity of netvork

applications this becomas corstructing, nanipul ating and wsing these rel atiomships.

The inplemntation of this vision has been centered around the notion of
supporting netvorked Meh djats interconnected by liks  The overall goal is to
understand the mnimmset of information services necessary to support such a
mdel and pish theminto the retvorking i nfrastructure.  The result should shield
applications fromhavi ng to nani pul ate tramsport level protocols.

Wtk for this project has resulted in the creation of a Mhkend and Mh
dyat sytem The Msh kernel provi des information namng, di scovery and rel oca-
tion. The Mshobject systemutilizes the notion of desto provideflexible, evol vable
objects inthe Msh. Riles provi de an extensi ve typi ng machani sito descri be object
behavi or (atias) and object structure (mts). Mhliks a machani smto express
rel ationshi ps betveen Msh objects, are described in (hapter 5.

Inthis chapter, ve describe the overall goals, comstraints and requi rerarts for
the Information Msh. Wdescribe the Msh kerrel and Msh object system
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3.1 Goals

The Information Ase has created a need to manipul ate a vast and ever increasing
anount of data. /A an example, corsider the Internet: the trafic rel ated to infor-
nation nani pul ation has increased trenandowsly the past fewyears [1]. Indeed, the
explosive growh and success of the \&f1d Wde Wb, (opher and other Internet
information navi gators, corbined wth the recent comarcialization of the Internet,
can only lead to increasing growh. (orresponding to this growh has been an in
creasing avareness that current infornation nani pul ation tools are inadequate to an
al ready vast 1nformation hase.

The Information Msh attenpts to address the problemof inadequate infor-
ration managerant tools by providing a retvorki ng substrate in vhi chinformation
man pulation is an attribute of the netvork, not the individual application. The
hope is that “nuch as traditional applications utilize a database system the Msh
wll becoma the primtive alstraction around vhi ch applications are hilt [§].”

The overall vision of the Informtion Msh Boject is to provide a long-1ived
global architecture for retvorked based i nfornation reference, rani pul ation and ac-
cess as a ubi quitows substrate for distrihuted and netvork appli cations and donai n-
specific knowtedge bases. The inplerantation of this visionis expected to contain
objects interconnected by rel ationships or links ina universal and1ong-1ivedinforma-
tion hase.

3.2 Corstraims

The comstraints to met the vision of a Msh of objects can be sumarized as uni -

versality, ubiquity heterogereity, longevity, evol vahility and resiliency.

o lLhwsdity

The Information Msh vision of “a single mdel for information identification,
location and access as a substrate for distributed systemand applications [22].”
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implies that the Msh mst be universal; it mst provide agreemant on refer-

encing objects and do so in a highl y scal abl e ranner.

o Uiquty

The Information Msh mst support “netvork- based appli catiors accessing in
formation that is distributed both physically through the net and admnistra-

”

tively across regiors of difleri ng ranagenant policies [22].

o Hdaupaly

The Information Msh should be prepared for changes in conmmi cations ma-

dia, tramsport protocols and netvorked applications. It mst support a broad
set of protocols and applications, both those inplemarted and likely to be im
plemrted

o Laguty
The Msh mst support long-lived information; it can not require that infor-
mation be reformatted and 1t most support both ol d and newformats. (yjects

mst be comstructed in a mammer that realizes that the sam object my exist

for hundreds of years.

o Dubulilily

The Msh mst be able to provide for changing semantics, syntax, structures
and utilization of information. The Msh mst be able to provide capahilities
for information to be utilized in newand wexpected forma. The Msh st
support newnretvork services. It mst provide for informtion noving both in

physical 1ocation and owership.

Msh objects must be made available in a mammer that realizes that they nay
change location, owership and behavior. Ths, ve mst emsure that Msh

machani sta do not expect an object to remain corstant.

o Iulieny



The Msh mst provide resiliency in the face of wreliability. The Msh wll
exist in many situations of ureliability vhere it wll be unable to locate or
access information. Ths, the Msh must be designed fromthe start to provi de
mchani st to deal wth unavail ability.

3.3 Implemrtation Requiremuits

The goals and comstraints of the Information Msh inply several inplerantation
requi rerarts: mni tal agreenart, mniral coordination, and flexibility:

o Mimngent
The reed for mini ral agreerant comas fromthe pragnati c understandi ng that
“ve can not depend on any uni versal agreerant onissues like a best vay to find
information, the internal structure of information or howinformtionis inter-
nal 'y rani pul ated by program [24] .7 T ve st mmi tize the requi rerarts
inposed on Msh entities.

o Mimn(Cadmdion

The 1eed for mni mmcoordination of information flowe fromthe need for
resilience and ubiquity. ‘The Msh needs to be highly scalable wth diverse
rechani sma to find, represent and nani pul ate i nformation. These goal s are best
mt if the overall coordination betveen these capahilities — and any other core

Infornation Msh servi ces —are desi gned to mni mze the requi red coordi nation.
o [Henlility
The need for flexihility is a result of the need for heterogeneity, longevity and

evolvahility The Msh needs to support a wde set of global information archi-
tectures. Hrther, the Information Msh should be “flexi ble enough to encom

pass newnetvork servi ces as they evol ve. It should al so support a hroad set of

”

expectations fromapplications as vell as admnistrative controls.[27]
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These comstraints inply that the Msh mst be inplenarted wth the con
straints of mmnal i versality, but wth an eye tovards mni nomcoordi nation and
enornows flexibility Thus, ve nost mni nmize the set of required Msh functionality
vhile still providing the sufiient flexahbility to build a wde range of services on top
of the Msh.

Note that the Infornation Msh does mot directly deal wth security and pri-
vacy 1ssues except vhere they aflect design deci siors.

3.4 Informtion Msh Kernel

The first step in realizing the Information Msh Roject vas the inpl emantation of
the Information Msh kernel [24]. The Information Msh kerrel addresses several
of the concerrs raised by the Roject. In particular, the kernel provides information
namng, discovery and rel ocation as a poverful and evol vabl e conponent of the Msh.

The Information Msh kerrel ’s namng is provi ded through the wse of globally
i que 1dentifiers described as ks Infornation about these points are stored in
sets of attribute-valve pairs called fatad Informationis located through a flexible
and evol vahl e | ocating machani smthat utilizes mata-information about vhere points
have been seen or discissed in the Msh. FHmally, the kernel provides a generic
procedure di spatch machani sm

The Information Msh kerrel emsures mni mncoordi nation by ersuri ng that
information i dentification (points) is decoupled fromlocation and retrieval. In par-
ticdar, points contain at most hints about location. The overall kernel is desigred to
have mni romeorstrai nts on data representation and location to provide a fiexible

information infrastructure.

3.5 Informtion Msh (hject System

The Information Msh object systen] 23] provi des the Msh vith a poverful mears to
create and wtilize Mh djats— the chief feature of vhichis the capahilityof objects
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to gaja variety of des Roles describe object behavior by specitying atios mts
and nbes  Idematdias provi de obj ects wth a concrete representationof arole
capability.

351 MehOljects

Msh objects are identified through the we of d& Qds provide a namng schem
that ensures that objects can be uni quel y specified throughout the glohal netvork.
Or current inplerantation utilizes the kerrel’s mirts hit ve eventually expect to
provide a rore gereral identi fication nachani sm such as 1R [21].

ject behavior is built around the motion of a e Arole is a specification
of an abstract behavior and structure, simlar to an object class. /A object jas
a particular role if it behaves in the mamer described by that role. b understand
the interaction of e and pag imagine howan individmal plays several roles in
life such as parent, teacher, leader, follover, etc. This notion captures the key notion
that objects can play mltiple roles and that the roles played can change or evol ve
through tire. Rles are further describedin Section 3.5.2.

Al Mshobjects play the djat-ide The object-role provi des a starting poi nt
for all dialogs wth Information Msh objects. Since all Msh objects st play the
object-role, ve are guaranteed that the required object-role actiors are arsverable
by any Msh object. (hjects playing the object-role can amsver questiors about
whi ch roles they can play, allowthe addition of newroles to play, and describe the
inpl emartation obj ects for a role played by the object. The object-role’s actioms and
parts are detailed in Appendix 7.

352 Ries

Rles are comosed of atias mtsand mas  Atioms specify the abstract be-

havior of arole. Parts specify the static abstract structure of a role. Mkers specify
the abstract nechani sm necessary for creation. "Bken together, these three charac-
teristics (actions, parts and makers) corstitute the recessary characteristics for an
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object to gaja particu ar role. L Wwll examre afias and mitsin more detail in
Sections 3.5.4 and 3.5.5. Since mhas are not important to this discission, ve wll
not 1mvestigate themfurther.

Rles are arranged into an inheritance hierarchy such that if an object plays
a particular role, it also plays all of that role’s super roles. The inheritance rules for
roles are based on the hierarchy rules present in the (ormon Tisp ject System
specification [14].  The single root of all role inheritance is the djad-rde vhich
provides role playing capabilities as described in Section 3.5. 1.

Rl es serve as anextersi bl e object typi ng nachani sm Rl es provi de i mvari ants
in object interface — objects playing a role agree to performthe actioms, parts and
nakers specified by the role. Hrthermore, role inheritance provides wer extemsible
typing. That is, a wer specified role’s position in the hierarchy determnes a subset
of the wer-specifiedrole’s features (becaise rol e inheri tance specifies that if an object
plays a particular role, it plays all of that role’s super roles). Ths, one can deternine
a subset of a wer-specified role’s features fromits positioninthe role hierarchy

Riles provide flexi hility and evol vabi 11ty through the ability of objects to play
mltiple roles. (Bjects can play miltiple roles simnl taneowsly or even diflerent roles
at diflerent times; the mature of an object can evolve in time by making the sam
object play rewroles through its existence. Thus, never applications can have access
tooldobjects viatheir oldroles at the sam tima that never applications can access
the sama information hy wing rever roles [23].

Rles are first class Msh objects; arole is a Msh object which describes the
actions, parts and makers necessary for an object to play a particular role. Msh
objects whi ch provi de such servi ces are said to be playing the erde

353 IpdaatAgias

Inpl erantations provi de Msh objects wththe ahilityto ‘play arole by describing a

concrete representation of a particular role’s actions, parts and makers. Msh object

I'We use ‘role’ and ‘plays’ instead of ‘class’ and ‘instance’ to capture the notion that as objects
evol ve through time they may exhibit di verse natures by pl aying a variety of roles.
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may wtilize mitiple inplemartations. It is the job of inplemrtations to actually
figure out howto inpl erart newnature on ol d obj ects.

Inplerantations are independent of roles. In theory, every object playing a
particuar role codd wilize a difierent inplemrtation. Aternatively, every object
implerarting a role could utilize the sama inplerantation. In practice, it is likely
that inplerantations wll be packaged and distributed by a variety of information
providers. Inplerantations provi de an inpl emartation inheritance nachan smsuch
that if a particular inplenantation doesn't provide a description of som concrete
role capability the super inplemrtations are examned for the capability:

Inplerantations are first class Msh objects; an inplemrtation is a Msh
object contai ning concrete rfwbfor actiors, parts and makers. Hesentlymthods
are represented wsing portable lisp code.

354 Atias

Aias specify role behavior; they specify the formof interactions wth any object
playing arole. Inthis manner, actiors specify the interface to mathods. tor all roles
played, the followng actiors are special in that they are al vays ansverable by an
object for vhatever role they are asked:

(actions-supported object role) Rquiredfor all roles
Returns the list of actiors that the object supports vhen playing the role in
vhi ch asked.

(supports-action? object role action-name) Rquiredfor all roles
Returns true if the object supports an action naned acti on- nane vhen pl aying
the role in vhich asked. Returms false otherwse.

Note that roles allowoptional actioms vhich are not required to be inple-
mrted HRence, the amsver to ‘supports-action?” mmst be true for rpied atias
and nay be true for gtiad atias The result for optional actiors depends on both
the inplerantation and the particulars of the object of whichthe questionis asked.
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(Miomal actioms are utilized for a variety of reasons. Qe compelling reason
is toallowslightly diflerent capabilities anong inplerantations of roles, for instance,
an inpl emrtation of a role vhich allows object mtations and an inpl erantation
vhi ch does not allowobject mtations. Such a machani smis particul arl y wseful for
inherited roles vhere it is not al vays desirable to permt super role mtabl e actiors.

(Mional actiors also allowobjects to provide certain actions only at certain tims.

3535 Pats

Farts expose the abstract structure of an object playing a role; they specify an in
terface to object structure. Parts provide an ahility to expose imvariants in term of
object structure. Parts are dividedinto tvo portions: mt-maesand mt idas

Part- namas are described by the role. Part imstances are created and wtilized by Msh
objects and exposed through several uni versal actions. Fart instances can be specified
through the we of a part-nam and sdata:

Idt-maes are rel ativel y static structure names. In the original object im
plemartation, part-namas are sinply identifiers specified by a role. Al possible part
namas for a particular role can be statically determmned.

Fart-namas may be either rapiredor gfiod. (Bjects most inplerarnt the
parts associated wth required part-nams. A& wth actions, the existence of part
naras is ansverable by all Msh objects regard ess of the role. The ‘ parts-supported
action enurarates the currently avai l abl e part-namas and the ‘ supports-part?” action
determnes the existence of a particular part- nam.

(parts-supported object role) Rquredfor all roles
Returns the list of part-nams that the object supports vhen playing the role
in vhi ch asked.

(supports-part? object role part-nane) Rquiredfor all roles
Returns true if the object contairs a part-nane vhen playing the role in vhich
asked. Returms false otherwse. Mst returntrue for all required parts and may
be true for optional parts.
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Asoci ated wi theach it ramare mt irdaws Part instances are the Msh
mchani smto expose a dynamc model of object substructure. Part imstances may
overl ap or even contain one another; they can be dynamncal 1y created and destroyed.
It is inportant to note that part imstances do mot have to forman emuarable set.
Thus, 1t nay mot be possible to knowall selectors for a particular part-name. Part
imstance utilizationis determned by the object which contains them

Fart 1rstance existence can be determned through the utilization of the * has-
part-imstance?”  action. Note that there is no ‘supported part-instances’ action to
emuarate the part instance selectors (becaise of the potential immmarable nature

of part imstances).

(has- part-instance? object role part-nane sel ector) Requiredfor all roles
Returns true if the object contains animstance of the part specifiedfor the given

sel ector.

Selectionof part imstances is largel y provided by specitying a part- nare and a
selector. Asdatarcoul d be a range, vords ina docurant object, etc., but this is not
exposed by the role. Selectors al vays specify a particul ar instance, hut part imstances
can be corstructed in a mamer such that their selection indicates the utilization of
several part irstances. This, a part imstance can be a set of imstances. Regard ess,
the original Msh object systendoes not provi de a nachani snto expose the conternts
of part imstances. Wwll examne an enhancerants to provide such capahility in
Section 4. 3.

Aother limtation of the original object systemis the limted capahility to
expose the selectors available for part imstances. There is not, for imstance, a macha-
nismto emrarate (if possible) the set of imstances for a particular part nama. Nor
is there a machani smto statically expose part imstance selector criteria in the role
declaration. (e result of this limntationis that there is no machani snto decl are that
a particular part-nam can have only one part imstance associated wthit. Indeed,
there is no machan smto expose part imstances available for any part-nam, nor to
specify the range of potential selectors. This is mot entirely surprising as the part
irstance set — and valid sel ectors — mght be large, arhitrary or unspecifiabl e.
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In sumary;, part support is achieved through three mechanism: the decla-
ration of part-names in the role, the runtim determmation of optional part name
existence and the ahility to determne the existence of a particular part-instance
through the has-part-irstance?” action. Nt initially associated wth parts is the

capability for part content nam pul ation or part instance sel ection exposure.

3.6 Summary

The overall visionof the Information Msh Boject is alonglived global architecture
for retvork based i nf orration reference, nani pul ation and access. (e conponent of
this visionis the motion of Msh objects intercomected by links. The comstraints to
mret this visioncan be sumarized as uni versality, ubiquity, heterogeneity, longevity,
evol vahility and resiliency. The Information Msh requiremants for base nash capa-
hilities are mni mmagreenart, mmni mmcoordi nation and naxi nomflexa bility:

The Information Msh object systemprovides a means to create and utilize
Msh objects. Msh objects are identified through the wse of oids. Msh object
behavior is built around the notion of a role. Arole is an abstract specification for
object behavior. Rles descri be alstract functional ity (actions) and abstract structure
(parts). Anobject is said to “play” a role if it behaves in the rammer described by
that role. Rles serve as anextensible object typing machani sm- provi di ng flexi hility
and evol vahi 11ty to Msh objects.

Msh objects expose their substructure through the wtilizationof parts. PRirts
are composed of part-names and part imstances. Purt-names are static names for
object structure. Part imstances are the Msh nachani sito expose a dynamnc nodel
of object substructure. Selection of part imstances is provided by specifying a part-
name and selector. The original Msh object systemdoes mot provi de a machani sm
to expose the contents of part imstances, nor a machanism to expose selector char-
acteristics for a part.

Note that unfulfilled fromthe original visionof the Information Mshis alink
rechani smto describe rel atiomnships anong Msh objects.  In the next chapter, ve
wll examne nodificatiors to Msh objects to better support Msh 1inks.
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Chapter 4

Msh Objects as Li nkabl e Nodes

The Information Msh visionof objects intercomected by links requires an examna-
tion of Msh objects as modes for linking in the Msh. In this chapter, ve examne
Msh objects wing the criteria described in (hapter 2. Nualy, ve examne Msh
capabi 11ty to provi de:

o typing

o substructure interface

composi te objects

For capahilities already provided by the Msh, ve reviewthe inpl erartation
and describe any limtations or necessary enhancenants. Ior capabilities not pro-
vided by the Msh, ve describe inplemartation options, their associated 1imtations
and the chosen inplemantation. Hmnally, ve describe several examples of hypertext
nodes inplemanted utilizing Msh objects and the described enhancerarts. Note
that versioning, vhichis inportant bt not central to our overall discission of Msh
links, is described in Appendix 8



4.1 Namng

Nodes in a hypertext systemneed to be named or distinguished in som nanner.

& shown in Section 3.5, the Information Msh ensures that all Msh objects are
associ ated wth a gl obal 1y uni que object identifier or advhich provides object iden
tification and namng. Qds contain no serantics about object capahility location,
versioning or typing.

Note that the Msh does not have a machani sirsiml ar to I#xter’s Resol ver
function (described in Section 2.5.4) to produce oids froman object speci fication.
Hvever, such a mechani smcou d be inplemarted as a Msh service. W corsi der
such a machani smto be outside the scope of Msh 1inks.

4.2 Typing

Node typi ng provi des a machani sito descri be node semantics and 1 nvari arts.  (hap-
ter 2 detailed a variety of hypertext node typing machani sm including: 1o typing,
single valve typing, hierarchal types and attribite-value pairs. This examnation
nace clear the need for an extensi bl e typi ng nechan sm

The Information Msh object systemutilizes roles as its typing nachani sm
Rles provide a poverful typing machanismsuffient for Msh objects to function
as hypertext nodes. In particular, roles provide object imariants and wser extensible
typng. Rle flexihility vas previowsly described in Section 3.5.2. The wseful ness
of roles as a node typing nechanismis strengthered by the observation that roles
can support all of the typing mdels described in (hapter 2. Mre specifical ly; single
val ve and at tri bute- val ve typi ng can be provi ded through obj ect parts and hi erarchi cal
types can be provi ded through rol e i nheri tance.

4.3 Sdstructwe Irterface

& described in GQapter 2, links are limted by the substructure interface provi ded
by modes.  Ior example, Iexter links are limted by the anchors exposed by Iexter
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comporents. Substructure i nterfaces provi deimari ants that 11inks canhol d onto across
node modi fications. The lackof substructure exposure or invari arts cl earl y 11 mts 1ink
capability.

In the Information Msh object system object substructure is formalizedinto
mts Parts provi de a nachani siito expose obj ect structure i na nanner siml ar to hy-
pertext node anchors, but in a rore systenatic and general i zabl e ranner. The Msh
object systemprovides the capability to declare part nams, determme part-nama
presence through  has-part?”  and ‘ parts-supported’, and determre the existence of
part imstances through the * has- part-irmstance?” action

Sel ector exposure and content nani pul ation vere not provi dedin the original
object systeminplemantation. W describe mudifications to provi de these capahili-

ties.

431 Seda Exposue

The Msh object systemutilizes selectors to specify part imstances and deternmme
their existence. Fbvever, there is no machani smto specify selector characteristics in
a role declaration of a part-nare. W describe a rachani smutilizing role declara-
tioms to specify selector characteristics and specialized actions vhi ch can utilize such
decl aratiors.

Rle declaration of part selector characteristics allows one to describe part
imstance capahilities for a specified part-nam. Thus, role declarations of selector
characteristics comstrain the set of possible part selectors for a specified part-nam.
Wdescri be sel ector characteristics by provi ding a sdeta tyewth each part- nam
inarole declaration. Wprovide the followng selector types:

uns peci fied characteristic of selectors is uspecified
unary-of one part instance (part selector is ignored)

set-of part imstances are grouped into one unordered

(1o sel ection necessary)



naned- of part instances are namad wth identifiers determmnable at run-tine.

ordered- of part imstances are ordered and determmable at run-tim.

The declaration of part selector types allows the we of specialized actions
for certain selector types. In particular, parts wtilizing a ‘named-of” or ‘ordered-of’
selector type can (optionally) provide run time capabilities to create and renme
part imstances. ‘ lhary-of  and ‘set-of * selector types ignore the selector for any part
imstance nani pul ation actions, suchas the content mani pul ation actions describedin

Section 4. 3. 2.

Part-instance- nanes (‘naned- of ’ actions)

(part-instance- nanes object role part-nane) Qtional for all roles
Hurarates the selectors for part imstances associated wth the specified part
name. Returrs false if there are mo part imstances associated wth part- naa.
Requires that the part-nama be decl aredinthe role as wtilizing a ‘ namd set-of ’

sel ector type.

(add- naned- part-1instance! object role part-nane i nstance- nane contents) Qtional
for all roles
Alows ore to add a narad part instance to the specified part-nam. Requires
that part-name be declared as wtilizing a ‘ namd set-of * sel ector type.

(renove- naned- part-instance! object role part-nane instance-nane) (Wional for
all roles
Alows ore to remve a specified part-instance. Requires that the specified
part-nama be declared in the role as utilizing a ‘namd set-of ” sel ector.

Parts declared wth a ‘namad-of ” sel ector type can be wtilized as both an an-
chori ng machani s nanad sel ectors serve as anchor identi fiers and i nstance contents
serve as anchor val ues) and attribute-val ve pairs (namd sel ectors serve as attribute

nanas and i nstance conternts serve as val ues).



Part-instance-range (‘ordered-of ’ actions)

(part-instance-range object role part-nane) Qtional for all roles
Returns range of part irstances inintegers. Requires that part- nam be decl ared
inthe role as utilizing an ‘ordered-of * selector type.

(set-part-instance-range! object role part-nane low high) (Mional for all roles
Sets range of part irstances. Ay imstances outside of range are removed. R-
quires that part-name be decl aredinthe role as utilizing an‘ordered-of * sel ector

type.

(set-ranged- part-instance! object role part-nane val ue contents) (ptional for all
roles
Sets a particular val ve in range to contents. Requires that part-nam be de-
claredinthe role as wtilizing an ‘ordered-of* sel ector type.

Pt imstances do mot necessarily forma discrete set. Ths, vhile ve can
al vays determne exi stence fromt has-part?’, thereis no guarantee that ve can provi de
a selector type more specific than ‘ unspeci fied' .

In sumary, the selector type machan smprovides the ahility to expose a
mni mnset of selector characteristics. Wexpect it wll be necessary to provide a

variety of additional selector types and actions.

432 Gtat Miplaia

Inthe original Msh object system parts expose the abstract structure of an object,
but there 1s no generalizable machani smto mani pulate part content in a nanner
simlar to “slots” in som object systers.

Part imstance contert extraction is provided by the optional action, ‘extract-
contents’. Part instance nodification is provided by the optional action, ‘set-part-

imstance-val we!” .

(extract- part-instance object role part-nane selector) (Mional for all Rles
Returns contents of a speci fied part-instance.
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(set-part-instance-val ue! djat e mt-masdata wle) Qtional for all Riles

Alows the setting of a specified part-imstance

Regardi ng content nani pul ation, tvo itemm are notable. Hrst, inplemartors
may choose to provide only specific part imstance nani pul ation capabilities, for in
stance, 1t part conterts are not to be exposed for security reasors. Second, the setting
and extracting of values requires a machan smto describe the nature or type valve
of a particular part imstance. In the followng link role discussion, ve wll allowthe

declaration of part “types” to describe the nature of the part imstance. !

433 Sistrtue Intaface Sty

Asubstructure interface, vhile not strictly necessary for Msh linking, enhances the
capahility of Mshlinks. Wexamne the result of not provi ding certai n substructure
capabilities.
o vl yHaws
AMsh object my choose not to expose any substructure — wth a resul ting
reduction in link capability Ior example, if an object does not provide part
imstances then one can only link to the vhole Msh object. In this exanple,

the lack of part imstances limts the expressible rel ationshi ps becatse no object
substructure is exposed.

o 1w data eppsue

Nt exposing a criterion for reasonable selectors at the Msh level reduces the
capahility of entities examning an object to determne a suitable link Again,
such capahilityis mot strictly necessary it provi ding sel ector criterion exposes
object senanti cs.

o 0 @ud mt mapldion
Nt provi di ng part content mani pul ation limts the ahility of somore unavare

of an object’s serantics. Qherwise, ore coul d examre an object and its part

'In our present system these part types are ignored.

47



content to make sore determnation about part senantics. Again, part contert
mani pulation 1s mot strictly necessary bt providing content extraction and
mtation capabilityincreases the exposure of substructure semantics.

In summary, none of the substructure interface capahilities are strictly neces-
sary or required. Msh objects nay choose to provide onl y a subset of these substruc-

ture interfaces. Hvewer, the exclwsion of substructure capabilities by Msh objects
limnts the capability of Msh 1inks.

4.4 (onposites

(onposi tes provi de the abi 11ty to conhi ne Mshohjects into a singl e conposi te object
—essentially a collectionof Msh objects mintained by a specific object. (orposi te
objects express a requires relatiomship, a statemant that a particular set of objects
playing a specified role are “required” for the comosite to behave in its intended
ranrer. W argue that composites can only be achieved by pushing a motion of
composi tes into the Msh.

441 Ned

The motivation for a conposite structure has been understood by the hypertext
commi ty for quite som time. Inhis Seven Issves paper [13], E Hilasz suggests:
“The basi ¢ hypertext mdel 1acks a conposi tionnachani smi.e., avayof representing
and dealing wth groups of nodes and links as unique entities separate fromtheir
comporents [13].” Hrther, the notion of a composite conponent is formalizedin the
[exter Mdel of Hpermadia Systen 12] whi ch speci fies conposi te components as a
directed graph of conporents. s, conposite objects can be justified by the need
to provi de composite objects at the Msh level .

Afurther motivation for conmposite objects is the nature of the Infornation
Mshitself. & adistributed system the Information Msh may be unabl e to provi de

conpl ete i nformation about an entity; suchcapabilityis infeasibleinthe vast donain
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of the Information Msh. This lack of systerawde knowedge implies that entity
knowtedge st be mai ntaived by the entity itself. Ths, a conposite object would
allowone to expose objects at a Msh level as composites. A explicit specification
of comosite objects provides systemlevel capability and avareness vhen roving,
copying or relocating objects. Whh such an explicit machanism the systemcan
ensure (W thi npolicy constraints) that if a composite object is noved, all its associ ated
objects can be toved as vell. This is particularly wseful if an object is being noved
to vhere it can not cormmni cate wth other objects — allowng the systemto emsure
that necessary objects are moved as vell.

Ths, composites allowthe “wapping” of objects into a composite —allowng
the composite to expose a newinterface. This is particuarly weful if one needs a
newinterface to an object, but cannot make the object play a newrole. Ina related
raner, cormposi tes allowthe “bundling” of independent Msh links wth an object.
The need and machani smfor “bundling” Msh links 1s described in further detail in
Section 5. 2. 3.

442 (Gprite @hias

There are several possible inplerartations of (omposite objects. Security and avail-
ability corsiderations limnt our inplemartation options. The mainissue is vhether
composi tes can be inplerarted wsing the basic Msh capabilities or vhether com
posites wll require additional Msh capabilities.

o R link

Intheory, all relatiomshi ps betveen Mshentities coul d be expressed usi ng Msh
links. (e couldimagine creating a “requires” link to express that a particul ar
Msh object requires another set of Msh objects.

Ufortunatel y; independent links can not describe intrirsic characteristics of
Msh objects because the i ndependent 11 nk and the object coul d becoma “sepa-
rated’ inthe Msh. The reason for this is that there is no inpl emntable Msh
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machani smto determne if all possible links to an object have been examned

or determmned 2 Ths, links can mot be wtilized to create composite objects.

o (Owslelde
Uhder this implemartation, conmposite objects play the apsiterde Wen
a Msh object plays the conposite-role, 1t mst ansver requires questions for
all other playable roles for that object. This approach causes problem becaise
the require-role wll have to arsver questions about roles it doesn’t play. Since
there is nointernal rachani snto allowdi flerent roles to share information (par-

ticu arly betveen difierent inpl eantations), this approach requires significant
modi fications to the Msh object architecture.

o Mdithc djat
Mrolithic objects bundle all required objects into a single object — wapping
olds viasom as yet unspeci fied machani strand exposi ng the enhedded obj ects

through som interface. 'The advantage of this approach is that previowsly
ml tiple objects are mowaccessi b e through a single, monolithic object.

Ufortunatel y; security and practicality concerns prevert wtilizing this nacha-
nmsmon all objects. KHrst, one may not have access permssions to all objects
whi ch need to be bound into conposite object. That is, som objects may not
allowcopyi ng or moverart into a new composite object. Hrther, one mght
desire a comosite object wthout the requirerant of moving all objects into
ore monolithic object. Hmnally, this machan smdoesn’'t vork if an object is a

component of more than one corposi te object.

o (dide Oljat Avaeess

Aother 1npl emartation option is to require that every object mintain a list
of all composite objects of which it is a merber: contained or containing.
Thi s machan smensures that everyobject is conpletel y avare of the conposi te
relatiomships of vhichit is a marher.

?The notion of “enbedded” links to describe intrinsic Mshobject characteristics wll be expl ored
in Section b.2.3.




There are several problems wth this approach. Krst, it vould be necessary
that all objects mintaina store describingall composites of vhichit is a ram
ber. This vould require that all objects be mtable and mai ntai n permssions
for mdifying comosite attributes. Tor pulic docuants, such a need could
qui ckly drive up the cost of maintaining the object as a public entity. Second,
1t voul d be necessary to synchroni ze all copies of an object to ensure linking to
ore object is exposed by all copies.

o Siad “Hurs” Aim
This approach pushes the notion of conposites into the Msh as a basic Msh
capability simlar to ‘ supports-action?” and ‘ parts-supported . Thus, everyrole
mst support an action vhi ch returns the objects “required’ by that role. The
main problemw th this approachis that it entails adding additional capability
to the overall Msh.

443 (Gprite hidaataion

Or corposite inplerantation is realized by pishing the motion of “requires” into
the basic Msh capahilities 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 vhen playing that role.

(get-required-objects object role) (Wional for all roles
Returns the set of oids necessary for the object to play the specified role. A-

sociated wth eachoid is the role or roles required fromthat oi d

Note that ‘get-requiredobjects’ does not produce the closure of required ob-
jects and roles; ‘get-requiredobjects’ returns only the objects and roles directly re-
quired by the specified object playing the specified role. The only exception occurs
vhen the sam object is playing or supporting miltiple roles, there is aninteraction
betveen the roles and there are diflerent motions of composition. Uhder such condi -

tions, the result of imoking ‘ get-required-objects’ contains the required conponents
of all roles.
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Wi le a composi te object conceptuall'y “contai rs” other objects, the contained
objects are not avare of their inclwionin a conposite object. Thus, conposites can
specify any set of objects as being required wthout the need to notify the contai ned
nodes. This assures privacy regarding objects contained in one’s composite, bt it
al so makes the determnationof all conposites containing a particul ar object inpos-
sible. Hrther, composites can provide no guarantees about the “contained” objects;

a “contai ned” object may change in an uexpected ranner.

4.5 Nde Examples

Msh objects can provide the node capahilities of the examned hypertext system
nodes. /& a demrstration, ve provide role defimtions of variows hypertext system
nodes.

451 Ioster (Gpomt Rle

& describedin Section 2.5.3, I#xter comporents are composed of a hase conporent
together wth conponent i nformation provi di ng uni que 1 dentification, anchoring, pre-
sentation speci fication and attri hute-val ve pairs.

Ior our I¢xter (onporent Role, ve wtilize oids to provide uni que identifica-
tion and roles for comporent characteristics. Auchoring, presentation specification
and attribute-valve pairs are provided through parts wtilizing a ‘nared-set-of’ se-
lector type. Rile actioms to expose attributes and determne I#xter links to the
comporent are provided. Fart content mani pulationis provi ded by the gereric Msh
part mani pul ation capahilities described in Section 4. 3. 2.

Inherits from (bject-role

Actions

(all-attributes object) Rquired
Returns the set of all attribute-val ve pairs.
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(links-to object) Required
Rturns the Ioxter links to the I#xter comporent. Arachanismto provide
this functionality wll be described in Section 5. 2. 3.

(1inks-to-anchor object anchor-nane) Required
Returns the Ioxter links to the specified [dxter anchor.

content extraction/nani pul ation .

Wutilize the defaul t part content rmani pul ation pachani sra.

Parts

(anchors : naned-set-of unspecified-type) Rquired
Nmad anchors associ ated wth conponent.

(attribute-val ue : naned-set-of unspecified-type) Required
Pars of attributes which describe the I¢xter conponent.

(presentation-specifier : unary-of value) Required

The val ve describes the presentation of the conponent.

452 Ayt Nk Rle

5 describedin Section 2.4, Aquaret node slots are a namad set of contents restricted

to primtive datatypes such as text, images, mubers, strings, etc.
Inherits from (bject-role

Actions

content extraction/nani pul ation .

Wutilize the defaul t part content rmani pul ation pachani sra.

Parts

(slot : named-of unspecified-type) Required
(ontaims slots of an Aquanet node.



453 Aaet Saant Rle

Aparet staterant nodes are utilized by Aparet arguent relations to describe
the grounds, rationale or concluwsion of an argunent (as described in Section 2.4).
Aquanet statenant nodes are sinple Auanet nodes wth the additional requi renant

that they contain a statenant slot.
Ior o Apanet Staterent Rle, ve create a role which contains a single
statenant part (selector type is wary) and inherits fromthe general Apanet node.

Inherits from Aquanet-node-role

Actions

content extraction/nani pul ation .

Wutilize the defaul t part content rmani pul ation pachani sra.

Parts

statenent : unary-of text) Requred
Y quu
(ontaims text of statemant node.

454 WaldWkWHTNMIbouat Rle

& described in Section 2.3, Wrld Wde \&b HINL docurants provi de marked
up text wth content linking provided by anchors. An anchor HREF specifies the
begiming of alink Anchor namas specify the potential targets of alink

Inherits from (bject-role

Actions

content extraction/nani pul ation .

Wutilize the defaul t part content rmani pul ation pachani sra.



Parts

(htnh-text : unary-of text) Rquired
HIML text of WWdocurant.

(anchor-nanes : naned-of text) Required
Nimd destinatioss in WWdocumant. Pt content is text contained in

regi on narked by anchor nare.

(anchor-hrefs : ordered-of text) Rquired
Qdered list of HIS in WWdocumart. Pt contert is text contained in

regi on narked by anchor reference.

4.6 Summary

Hpertext nodes require namng, typing, substructure interface, and conposite ob-
jects to support better linking. Numng and typing are provided by the Informa-
tion Msh object systemvhi ch provi des namng through the wse of oids and typing
through the wse of roles. Substructure interfaceis provi ded by parts, vhi ch have been
enhanced to provide exposure of part selector characteristics, specialized actions for
certain sel ector types and a nachani snfor the nani pul ationof part instance content.
These part enhancenarts, while mot strictly necessary, enhance the overall capability
of Msh links.

(orposi te objects are provi ded by pushing the notion of “requires” into basic
Msh capabilities. (omposite objects are motivated by the need to express composi tes
at the Msh level, the ahility express fundanantal interrel ationships betveen Msh
objects explicitly, and the ahility to “wap’ Msh objects into a single Msh object.
(omposi te rel atiorshi ps are one-vay; conposi tes can specity an objects as “required’
wthout any need to notify the “contained” objects.



Chapter 5

Li nk Architecture

The Information Msh project has a vision of Mhlukstor expressing rel ationships

arong objects ina global, ifordimmshof objects: “Alink, as the expression of
arelationship, is composed of a knd 1dentifying the nature of the relatiomship, and
dsayptasi dentifyi ng the objects invol vedin the rel ationshi p, and vhi ch parts of the
objects are indicated. Adescriptor can identify all of an object, som aspect of an
object, or som component of any object [7].” Ths, Msh links need to be exposed

to the Msh in som nammer.

A aninherent conponent of the Information Msh, Mshlinks needto provide
the capahilities expectedof all Mshentities — clearl y defini ng mni mnrequi rerant s
ina manner that recogni zes unavail ability and provides flexihilityin both i npl eran
tation and evol ution. for Msh links, the overall goal is to allowa wde variety of
linking capahilities to be built on top of the base Msh link inplemantation. Iinks
need to provide and utilize exposed semartics.

In this chapter, ve wll examne a Mh liok architecture. W examne 11nk
attributes in the context of the Information Msh and the hypertext 1ink issuves ex
amnedin (apter 2, including: linkutilization, link rel ationships, linkindependence
and endpoint capabilities. Homthis examnation, ve describe a mninomMsh
link inplerantation which either fulfills the exammned attribtes or provides suff
cient flexihility for their adaptation in a nore specific Mshlink Hnally, ve provide
exanples of Mshlinks built on top of the mmi numMsh 11 nk nechani sm
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51 Link Atribues

Msh 1inks should be suffiiently flexi ble to provide the 1ink capabilities described in
(hapter 2

o Ik wilizdin

Msh links are the primary machanismfor expressing object relationships in
the Msh. “links are an inherent part of the Information Msh, expressing

rel atiorships anong nodes [8].” Msh links should further be able to describe
rel atiomshi ps betveen other Msh links. Ths, Msh links are the fundanantal

mechani smfor expressing rel atiorshi ps in the Information Msh.

Msh 1inks need the capabilityto express rel atiomshi ps bet veen Msh objects in
a sufiti ent]y flexi ble nanner to provi de the navi gation, quotation, annotation,
knowtedge representation, association and all other 1ink capahilities examned
in (hapter 2. Inshort, Mshlinks need to be exposed to the Mshin a manner

to allowng a variety of 1ink machani sra.

o [k rddtiashys

Msh links mst be able to describe the nature of 1ink rel atiomships —incl uding
the characteristics described in (hapter 2 such as directiomality ol ti-ended
linki ng, narad endpoi nts and presentations. This support is nade additional ly
difliul t becarse hypertext system have diflerent mmi mmor even contradi c-

tory expectations for endpoint characteristics. For exanple, Xanadu expects a
di stingui shabl e FRMSFT'and TOSFI'to describe directional ity vhile o

ter specifies individual 1ink endpoints as 1O FRM HIZTRK Tor NN

o Ik inkide

Msh links need the capahility to be independent Msh entities. This need can
be justified by the exanple of independent links in Apanet and I¢xter and
the desire to provide an equi val ent, machani smin the Information Msh.
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Sore Msh links need to be “bundled” wth Msh objects. This capahilityis
descri bed by an Information Msh proposal [9]: “links can be either explicit or
inplicit; aninplicit linkis one that declares a rel ationshi p bet veenobjects that
is anecessary part of one of the linked objects, vhile anexplicit link represents
a relatiomship that is not inherent to any of the objects it links... Ainplicit
linkis likely to reside wth the object to vhichit “belongs,” vhile an explicit
link may reside anyvhere, and infact may need to be an object in the serse it

can be namad wth an ol d and have further links... [9].” Nte that in Section
5.2.3 ve shall propose an al ternative to desigmating links as either explicit or

iplicit.

Iajuirt ayelilities

Msh 1inks my rel ate an object, som aspect of anobject, or som substructure
of an object. Wise the termegnits to describe the substructure rel ated
byalink Mshlinks nuwst be able to support a variety of endpoint characteris-
tics. InIgxter, the machani smto designate comporents and substructure vas
inplemarted as a link specifier vhi ch dynamncal 1 y resol ved to a set of corpo-
rents and an anchor 1d. Thus, links should be able to designate the endpoi nts

dynamncal 1 yina nammer siml ar to I#xter specifiers. Rrther, endpoi nts shoul d
be tramsparent across Msh object mtations.

& noted in (hapter 2, 1ink endpoi nts are fundarantal 1y 1imted by the invari -
ant, substructure exposed by the nodes being linked and the systemin vhich
the links are inplemanted. Homour exammnation of Msh objects as nodes in
(hapter 4, 1t should be apparent that Msh object substructure is formalized
as “parts”. Hwther, 1t shoul d be apparent that Mshlinks can provi de no guar-
antees about referenced objects — a link may be “dangling” becawse of object
changes. Hnally, the unavailahilityof conplete entityinfornation (as described
in Section 4.4) preverts the inplemrtation of a rechani smto determre all

links to a particul ar object.



Msh links can wsually be vieved as passive data structures that relate bt do
not act onobjects. Wdo not expect that the wse of a particular link wll result
in many conputations outside of the link object itself. Hvever, there are a
fewspecial cases vhere a link shoul d have the capacity to do more than sinply
reference Msh parts. Ior imstance, Xanadu provides a machani smfor 1inking
to nodes through the wse of a conputation invol ving character mtching. Msh
links should be able to performequi val ent, conmtations on Msh objects.

5.2 Inplemtation

Msh links are inplemanted as Msh objects that mst play the likide The 1ink

role allows the expression of link relatiomships through several machanism. Iink
endpoints are determned by the ‘extract-endpoints’ action. The set of oids related
by a link (the object portion of a link endpoint) can be deternned wing the ‘ get-
ods’” action. The overall intent of the link-role is to specify the mmni mmrequire-
mants for Msh links in a manner allowng raxi mmflexi hility of 1nplerantation

and specialization. !

Li nk Rol e:
Inherits from object-role

Actions

(get-oids link role) Rquiired
Returns set of oids related by the 1ink

(extract-endpoints [ikde Rquired
Rturns set of endpoints which describe the object and object substructure
rel ated by the link.

INote that the link can play more than one link-role, where the roles may not be sub-role or
super-roles of each other. Wprovide this capability by allowng the designation of the role inthe
link-role actions.
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(get- nunber- endpoi nts lirk de) Required
Returns murher of endpoi nts

(set-endpoints! [lik e agn-lid) tional
(hanges the link to relate the specified endpoints and removes any previ ous
endpoi nts. Fudpoints provided as a set of descriptors.

content extraction/nani pul ation .

Wutilize the default part nani pul ation rachani sra.

Parts

(endpoint : unordered-set-of descriptor) Rquired
(ontaims text of staterant node.

Makers

(create oid inplenentation endpoint-1ist) Rquired
(feate a link

link endpoints, utilized to reference an object and (optionally) object sub-
structure, are inplemted as dsaffas Note that ve have not associated a type
val e wth descriptors. Adescriptor is a structure containing object, role, part and
selector information Idscriptors are described in more detail in Section 5.2.4

link role endpoints can be listedin any particu ar order (unordered); there is
no namng of endpoi nts in the base linkrole. Fdpoints do not contain an associ ated
type value, direction or any other semantic descriptions. In short, capahilities to
group or distinguish endpoints are not provided in the mmniromlink role. Such a
capability can be provided in roles vhich inherit fromthe link-role. The link role
contaims tvo restrictive requiremarts. Hrst, the mmher of 1ink endpoints returned
by ¢ get-murber-endpoints” 1s required to be a determnable valve. Second, the 1ink
endpoi nts returned by ‘extract-endpoints’ mst be discrete and returmable.  These

mni ronrequi renants are unlikel y to restrict Msh 1ink capability significant!y:
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The remai ning Msh link details are described by indivi dual 1y addressing the
link attributes described in Section 5. 1.

521 Ik Utilizain

Msh links are exposed to the Msh as link objects vhich play the linkrole. Ths,
Msh links playing the linkrole provide mni mimcapahility. Nte further that be-
cawse links are objects, links can link links! The overall capability of Msh links is
derorstrated through exanples in Section 5. 3.

Inpleranting Msh links as objects results in som limtatiors. tor exam
ple, there is nothing to prevent a Msh link fromchanging its exposed endpoints
vhenever desired. Hrther, the inplemantation of a Msh link as an object requires
that ve imoke the overhead of inwking a Msh object action every time ve desire
determmnation of the endpoints of a link

522 Riaiashpdsaipian

Link rel atiomships are provi ded through roles. Riles provide an extensible link type
rechani sm Aldi tional 1ink capability is provided by creating a role vhichinherits,

either directlyor indirectly, fromthe linkrole. Ths, newMsh links can be defined
by specifying a role vhichinherits fromthe linkrole.

o [utiaity
The base link-role has mo directionalityinformation. Msh links are inherently
bidirectional in describing endpoints. Specific hypertext inplerantations of
directiomality can be provided through a link role specific identifier simlar to
[¢xter’s model of recording directionality wth the added advantage that the

domain of directionality e.g semantics, tramsit, etc., can be declared formally
through the rol e nechani sm
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o Mti-endd lirks

Dy ects playing the Msh link role can have mltiple ends. Indeed, the hase
linkrole allows links to rel ate a single Msh entity or eveno entities, al though
this raises a question about vhat is being “related’. Regardless, an object
playing the link role can choose to have no endpoints impl ying that 1t rel ates
nothing! Note that this coul dbe a tenporary situation. Aexanple of asingle-
ended link mnght be an “offspring 11 nk” assi gned to an object that has nore. W
expect the comon case wll be a link wth tvo or more descriptors; a specific
link role wll be introduced vhi ch provi des these capabilities.

o laildias

The base link role has no presentationinformation. Hvewer, more specific 1ink
roles can contain presentation information. for exanple, a I®xter link could
easily have its presentation specification as a part.

523 Tk Ibparhee

Msh link independence is assured becase links are inplemrted as Msh objects.
Hrther, Msh links can relate any objects; an object does not have to contain all
links to it. (e problemwth wing independent links to relate Msh objects is
that there is no bounded vay to determmne all possible links to an object. s,
independent 1inks cannot describe “intrimsic” characteristics of Mshobjects because
the independent 11nk and the object could becom “separated” in the Msh; there is
simply no guarantee the link wll al vays be available to describe the object.

Inplicit or “bundled” links are provided through the we of the composite
machani smdescribed in Section 4.4, (orposites ensure that Msh links can be
erhedded in Msh objects. Bmdled1inks wsually reference som aspect of the object
wth vhich they are bundled, but this is not necessarily required

Note that inplicit links are utilized to allowthe Msh-1evel expressionof alink

relation. If the link relatiomshipis a “requires” relationship and there is mo need to

expose the exact parts required, thenit makes serse to utilizes the conposite object’s
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“requires” operation rather than creating aninplicit links vhich does the equi val ert.
Qe example of the need for this capabilityis WWinks “contained” in a WW
docunant,, hut exposed as Msh object and Msh 1inks in the Information Msh. By
exposing the links as “required” hy the Msh object (through the we of a conposite
object), ve can ersure that the Msh links nove wth the object.

[1 nk i ndependence rai ses soma feasihilityissues ininplerarting a systenthat
expects conpl ete determmationof all 1inks to a specifiednode. /& al ready noted, such
compl ete avai lahi lityof informationis not possibleinthe Infornation Msh. Hvever,
ore can acconmdate such systems in a limted manner by wing the “requires”
operation to specify all links to a node. for imstance, Idxter nodes can ansver the
‘links-to’ and ‘links-to-anchor’ actions described in Section 5.2.3 by exammning the
links “required’” by the I¢xter node. (early such a rachanismis imsufliient for
reporting all Msh links to a given Msh object, bt the utilization of “requires”
allows the determnation of links designated as such.

524 Rdrt cytilities
Fdpoints are realized wing dsojfas A descriptor is a simple data structure

contai ning object, role, part and selector information. Adescriptor is more than an
oid, to alowthe distingushing of a particuar substructure comporent of a Msh
object (a part imstance). Nte that ve have ot associated a type valuve wth de-
scriptors. Hrther, there are no sets of descriptors inthe link-role; all descriptors are
presented as a single set. These decisions vere nade to mnimze the requirerants

of the hase linkrole. Wshall see later that type values and sets can be associated
wth descriptors in specialized link roles.

Bise Msh links are restricted to linking the substructure exposed by Msh
objects through parts. © sinplify the inplemantation of descriptors, ve only allow
asingle val ve for each object, role, part and selector information. Wdo mot provide
sets or ahility to operate on part imstances inthe base link-role. Rrther, Msh links
can not specify a subpart or any other piece of a part. The link-role can not operate
the on the linked part; the link marel y expresses a substructure reference to the part.
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There is no machani snto hol d a range or set of parts inthe hase linkrole except by
providing indivi dual endpoi nts for eachspecifiable part. If anobject does not provi de
parts for the role it is playing, then ve can only provide an object and role in the
descriptor. The remaining val ves are 1gnored.

Alink may dynamncal 1 y change the endpoints produced.  Such capability is
provided by allowng the link to performcommtations wherever it is asked to ex
pose endpoints via the ‘expose-endpoints’ action. Through this pachani smve may
produce difierent endpoints at diflerent tims. Ior example, ve can provide Iexter’s
specifiers (see Section 2.5.3) by hiding the specifier wthin the object and revealing
the result of its conptationinthe linkendpoints presented. Insumary, Mshlinks
are able to designate dynamcal l y endpoi nts in a manner simlar to I#xter specifiers.

Nte that mnimomMsh links are limted by the substructure exposed by
the object for linking; ve can only link to exposed parts. Tinking a subconponent
or piece of a part cannot be dore wth the mni mmMsh link. Wneed to express
som formof endpoi nt conputation vhichis not provi dedin the mm nomMsh 11 nk
rechani sm

Wile mnimmMsh links do mot support conmtations to get a part, it is
possible to have a speci alized link rol e vhi ch provi des such capahility. Unfortunatel y;
this approach may mot be recognized by the entity examning the link, 1imnting uti-
lization of the link to those that understand the specialized link. Qe solution to
this problemis to specify a gereralized “conptation” Msh 1ink vhich provides a
gereral machani smto performendpoint conmtatiors. Uhfortunatel y, such a link
voul d require a rachani smto describe generalized control and state. Hrther, such
a rachani smvoul d require a machani smto control the threading of conmtatiors
across the Msh.

Fortunatel y; there are several alternmatives to a “commutation” Msh1ink:

1. Akfor a part to be created

This approach requires both knowedge of the object being linked and the ca-
pahility to create the desired part.



2. Mke the object play a more suitably linkable role contai ning the desired part

This approach requires that a suitable role be availahle such that one canforce
the object to play the more suitable role. The problemwth this approach is
that one may not have the permssions to force an object to play the desired

role.

3. Wap the uncooperati ve object 1nto a composite object.

This approach exposes the object through a separate composite object con
taining the desired parts. The composite object perform conpitations on the
vrapped obj ect to provi de the desired parts. Anexanpleis creating arole vhich
exposes paragraphs on top of an oid wth only chapters by doi ng conmtatiors

on the paragraphs.

The problemwth this approach is that the link rel ates the conposite, not the
original object. (e vay to vork around this problemis to express a link to
both the composite and the original object so that it is clear that the wapped

object is being described via the composi te.

5.3 @ink Fanples

Wdemmstrate some exanple link roles. Note that these link roles are able to serve
as a strong set of base Msh link roles.

531 DNNmllhirk

The namd link provides a set of endpoints, each endpoint namad.  Nuad-1inks
provide a hase set of link functionality that many other links can utilize to expose
indi vi dual 1 y namad endpoi nt's.

Naned- Ii nk Rol e:

Inherits from link-role



Actions

(extract- naned- endpoi nt naned-ink endpoi nt- nane) Required
Returns endpoi it descri bed by endpoi nt- nare.

(add- naned- endpoi nt! awdlik egurt-ran ador-ule) Qi onal
2] etes endpoi nt wth endpoi nt- nana.

(renove- naned- endpoi nt! rawdlik eprt-ag Qi onal
Adds endpoi nt wth endpoi nt-namae. Fadpoint is a descriptor structure.

content extraction/nani pul ation .

Wutilize the default part nani pul ation rachani sra.

Parts

(naned- endpoint : naned-of descriptor) Rquired
(ontai ns nanad-endpoi nts.

Mkers

(create oi d i npl enentation naned- endpoint-1ist) Rquired
(feate a namdlink Nraedendpoint list is a list of names and descriptor

pairs.

532 Q@dxed Lirk

Set of endpoints ordered in sorme nanner.

Naned- Ii nk Rol e:

Inherits from link-role



Actions

(get- ordered- endpoi nt- range naned-1ink start end) Required
Returns range of ordered endpoints.

(extract- ordered- endpoi nt naned-1ink position) Rquired
Returns the endpoint at murhered position in ordering,

(set-ordered- endpoint! naned-1ink ordered-endpoints) (ional
(hanges the ordered link to rel ate the specified endpoi nts. Fadpoi nts provi ded

as a ordered set of descriptors.

content extraction/nani pul ation .

Wutilize the default part nani pul ation rachani sra.

Parts

(ordered-endpoint : ordered-of descriptor) Rquired
(ontains ordered endpoi nts.

Mkers

(create oid inplenentation endpoint-1ist) Rquired
(feate a ordered-link. Hidpoint list is an ordered list of descriptor pairs.

533 Bmylirk

Abinarylinkis atvo-ended Mshlink. Brarylinks are guaranteed al vays to contai n
exactly tvo ends. Note that the Brnary link Rle utilizes the inherited link-role
actions and parts, hut wth the guarantee that the result of ‘extract-endpoints’ and

‘get-oi s’ wll return exactly tvo endpoints.
Binary L nk Rol e:

Inherits from link-role
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Actions

content extraction/nani pul ation .
Witilize the default part nani pul ation rachanisra. Nte that the mani pi
l ation machani sta must mai nbai n the tvo endpoint characteristics.

Parts

(bi nary- endpoi nts : unordered-of descriptor) Required
(ontaims tvo endpoi nts of a hinary link

534 Ik Bage Snay

Note that inthe previows exanpl es, ve have made mutabi 11ty consi derations optional .
This allows namad-links, orderedlinks and hinary-links to be potentially be inple-
ranted as inmtable relations. Simlar criteria vas provided in designing the base
link-role vhere mtahilityis optional to ersure that one can build animmtable 1ink
on top of the mmi mumlink-role.

54 Ktended Bample

The pover of Msh objects and links is best demorstrated on a particular problem
preferably a dynamme envi ronmart in whi ch changing objects are rel ated by mesh
links. Whave chosen to create Msh objects which represent the people, groups,

and roons at the MT Taboratory for (ompter Science (I€5). Specialized Msh

links describe the relationships betveen these three entities as the objects evolve

through time as people, groups and room change.

541 IS Btity Qjeds

Or exarpl e Msh objects utilizes several specializedroles to describe their capahil-
ities and representations. A individual person at I(5 is represented by an object
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playing the I(S Rerson Rle. I€S groups and 168 room are deseri bed by an I(S
Goup Rle and IS RoormRil e respectivel . Al three roles containa “nam” part.
The 1€S Rerson Rile and 168 Goup Ril e optional 1y contain a vehpage and erail

part. The I6S Rerson Ril e opti onal 1y contai s a phone part. Al of these specialized
roles inherit fromthe folloving Ftity Rle vhi ch provi des a mchani smio associ ate
attributes vith a nanad obj ect:

Fntity Rol e:
Inherits from object-role

Actions

content extraction/nani pul ation .

Wutilize the default part nani pul ation rachani sra.

Parts

nane : one-of text) Requred
( i
Hitity nane.

(attribute : naned-of unspecified-type) Required
Atributes for entity

Mkers

(create oi d inpl enentation nane naned-attributes) Rquired

(feate an entity wth name. Nuwad attributes are attached to the attribute

part.

542 IS Btity lids

A previowsl y described, the three speci alized [(S entities (people, groups and room)
are rel ated using speci alized Msh links. The specializedlinks wtilized to rel ate Msh
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objects are the linkroles: (5 Goup Mnher-of and [(5- (@cupant-of . [C5- Gloup-
Mrher-of 1inks relate a I{5 Rrson to a I{5 Goup.  Such rel atiorshi ps are unlim
ited; there are no limtations on the muher of groups a lcs-person can be associ ated
wth as a marher. (5 @cupant-of 1inks describe a rel atiorshi p betveen I(5 per-
sors and I(5 room. A wth group merbership, a person can occupy mltiple
roors wthout restriction.

Bith IC5 Gioup- Mnher-of and [(5- (dcupant-of Tink roles inherit fromthe
Muher-of link role (vhich further inplies the indirect role inheritance of namad
endpoi it and hi nary link roles). The Moher-of link role allows entities to be rel ated
such that a marher (as specified by an endpoint) is a conporent of a container
(as specified by another endpoint). Nte that while a Mrher-of 1ink specifies a
relationship betveen a “rarber” and a “container” but this termmnology has no

rel atiomshi p to the conposite object notion of “requires”.

Mnber- (¥ Iink Rol e:

Inherits from binary-link-role, naned-11ink-role

Actions

content extraction/nani pul ation .

Wutilize the default part nani pul ation rachani sra.

Parts

(nenber : unary-of descriptor) Rquired
Mpnher enti ty endpoi nt.

(container : unary-of descriptor) Rquired

(ontai rer entity endpoirt.

Mkers
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(create oid inpl enentation nenber container) Required

(Feate a rarber-of link. Mrher and container are descriptors.

543 Sy

The keyinsight for this examgle is that Tinks can provi de and expose capahility based
on their position in the role erarchy That is, extrenaly specialized link roles can
wilize som of the rore gereral links described in Section 5.3. A an exarple, a
I($ Goup Miher-of 1ink also plays (indivectly) the Mrher Tink Rle, Brary
Titk Rle, Nand Fdpoint Tink Rle and the ririmmmlink Rle. B playing
these variows roles, the I€S Goup Mher-of 1ink reveals itself as a 2ended Msh
link wtilizing ramd endpoints to describe som formof narbership. Thus, the
above objects and 1inks vhi ch play more gereral roles through the wilization of role
inheri tance can be tore vi del y understood

The corplete rol e speci ficati ons for I(S Rerson Rile, 168 Goup Rle, IS
RomaRi e, 168 Goup Mrher-of 1irk rol e and I(S Qeupant-of 1itk role are pro-
vided in Appendix 9.

55 Sumary

Msh links provide the prinary nechani snfor expressing object relatiorships inthe
Msh. Msh links express relationships through the wtilization of roles and describe
endpoi nts through the we of dsaytas  Adescriptor is a structure vhich allows
Msh links to specify an object, som aspect of an object or som substructure of an
object. Mshlinks are exposed to the Msh as independent Msh objects vhi ch play
the linkrole. Tmplicit links, describing “intrimsic” characteristics of Mshobjects, are
provi ded through the wse of composite objects. Ths, Msh links can be “bund ed’
wth Msh objects.

Al Msh links mst play the link role described in Section 5.2, The link role
provi des the mni nomcapabi lities available for expressing rel ationshi ps betveen ob-
jects. The linkrole requires that endpoints be determmed by the * extract-endpoi nts’

71



action vhich returrs a set of descriptors describing the endpoints of the Msh link
N directionality or presentation capahilities are provided wth Msh links. Fad
point capahilities are largel y 1imted by the substructure exposed by Msh objects
through parts, hut 1inks nay dynamcal 1y change the endpoi nts prodiced.  Fadpoi nt
conputations are possible, but are limted to specialized 1inks.

Insumary, Mshrequirenarts are nat for a Mshlink rachani sm Nlni nom
agreerant 1s provided by requiring all Msh links to play the linkrole. NInimm
coordination is mat by ersuring Msh link requirerants account for unavailahbility:
Hexihility is provided through the utilization of roles to create, describe and adopt
newlink types and machani sma. Hnally, ve have denorstrated the flexibility of Msh
links in the formof variows Mshlinks and an extended exanpl e.

2



Chapter 6

Concl usi ons

The Information Msh provides a framvork for the inplerantation of a systemof
nodes interconnected by links expressing rel atiorshi ps; the Information Msh kernel
and object systemprovide the necessary systemcapabilities. The modified Msh
object systemenhances Msh link capabilities. The described Msh 1ink archi tecture
provides a machani snto rel ate Msh objects.

Inthis chapter, ve reviewMsh links and describe howthey satisfy the obser-
vations of (hapter 2. Weonclude wth a list of open issues.

6.1 Mshlinks

Msh Tinks provide the capahbilities necessary to serve as the prinary nachanm sm
to express object relatiomships in the Msh.  The goal of Msh links to provide a
mni ronrachani siifor expressi ng Msh rel ationshi ps has been mat. Hrther, Msh

links have been shown to provi de provi de a rich, flexi Hle nachani snfor rel ating Msh
objects. Hmnally, ve noted that Msh links need a machanismto “enhed” a link in
an object for expressing fundamantal ohject characteristics.

Qerall, ve have shown that meeting certai n mni mmrequi rerents in 1inks
and the entities they comect is sufitient to provide arichflexihilityof rel ationshipex

pressiors. Thus, Mshlinks provi de the benefit of a mmi nomut flexi Bl e nachan sm
to express Msh (B ect rel ationships.
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6.2 Qerall Linking Issues Addressed

Or examnationof a Mshlinkarchi tecture has resultedin a stronger understanding
of the object, systemand link capahilities recessary for linking W examne this

understanding in terra of the hypertext systemolservations discussed in Section
2.6:

1. Scalabilityissues are often ignored

The issue of scalahilityis mat by the wtilization of the the Information Msh’s
Msh kerrel and Msh hject Systemfor systemand object capahbility. The
Msh link archi tecture acconmodates scal ahility by utilizing the object system

and by not requi ring corpl etel y avai l abl e systemi nf ormation.

2. Node and link typing limtations enphasize the need for an extersible typing
rechani smfor nodes and 11 nks.

The Msh yject Systemprovi des these capahilities to both Msh objects and
Msh links through the utilization of roles to describe abstract structure and
behavior of objects. Rile capahility as a flexible and extensi He typi ng nacha-
nismvas previowsly described in Section 3.5.2. Hrther, (hapter 4 shoved the
ability to apply roles to provide the type capahilities of all examned hypertext
text system, including single valve, attribute-val ve and hierarchical types.

3. Substructure interface 1imtatiors enphasize the need for a formal machan sm

for exposing substructure.

The Msh hject Systemprovides “parts” to reference substructure. A de-
scribed in (hapter 4, parts are simlar to hypertext node anchors hit are rore
systematic and gereralizable, as vell as hiding representation and other imple-
mantation details behind an abstraction barrier.

Nte that the Msh (hject Systemwas enhanced to provide exposure of part
sel ector characteristics, specializedactiors for certainselector types and a nach-
anm smfor the mani pul ation of part instance content. These part enhancenarnts,

vhile not strictly necessary, inproved the overall capability of Msh links.
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4. Fadpoint capabilities for sustructure reference and conmutati on are necessary.
& described in (hapter 5, Msh link endpoint capabilities are largel y limted
by the substructure exposed by mash objects through parts, but links may

dynamncal 1 y change the endpoi nts produced. Msh 11 nk endpoi nt. conputati ons
are possible, but are limnted to specialized 1inks.

5. The recessary link capahilities for an eflecti ve hypertext systemare uncl ear

Msh link momi nomrequi renants are that all Msh links st play the link
role. Ths, the linkrole provides a mni mimmachani smfor descrihbing and
expressing rel ationships betveen objects. A demomstrated, these mmnirom
requi remants provi de sufkiient flexi bility to allowa rich set of rel atiomship ex

pressions.

6.3 (penlIssues

Several issues remain open to future examnation.

e Mchani sns for (bject Il scovery

There are no machani sm for object discovery inplemanted in the present In-
formtion Msh. In particular, there is no mchani smto find 11nks hased on a
description, nor to find links to a particuar object. Ts, there is a need for
a link hint server (an entity which can provide links based on description or

endpoi 1its ).
Note that the inplerantationof Mshlinks as Msh objects inplies that there
is nothi ng to prevert a Msh 11 nkfronchangi ng its exposed endpoi nt's vhenever

desired. This rakes the implerantation of a Mshlink hint server increasingly
difliult because the server mst periodically determme if a stored Msh link

has changed its endpoi nts.
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e Fndpoint Architecture Li mtations

The link-rol e requires that the endpoi nts be countabl e, emuarahl e and reference

a single part itstance (10 sets). W have mot examned whether comtable
link endpoints is too restrictive. Hrther, ve have not determned vhether the
inahility to express sets of endpoints as a primtive linkRle capahilityis too
limting. Knally, commtation capahilities have mot been sufi ently examned.

o Msh Part Gapability

Msh Parts have been enhanced through the exposure of part selector charac-
teristics, specialized actions for certainselector types, and a machan smfor the

nani pul ation of part imstance contert.

These enhancerarts, while enhancing the overall capahbility of Msh links, re-
quire addition examnation and nodification. For imstance, there is no macha-
ni sito descri be the nature or val ve type of a particul ar part instance. Rrther,

there is no machani sirto provi de addi tional sel ector types or speci alized actions
in a gereralized manner. These mst all be pushed into the Msh.

e Presentation CGapability

There is no generalizable rachani smfor presenting Msh (Bhjects and Msh
links to a wer.
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Chapter 7

Object-Rol e

The object-role provides a starting point for all dialogs wth Information Msh Oy
jects. Since all Msh objects st play the object-role, ve are guaranteed that the

required object-role actiomns are amnsverable by any Msh object. Tus, the (hject
Rl e describes the hase set of actions and parts vhichall Msh (b ects mst support.

Actions

(rol es-pl ayed object) Rquired
Returns the list of roles that the object can play at this instant.

(pl ays-role? object role) Rquired
Returns true if the object plays role

(pl ay-role! object role inplenentation) Rquired
Mkes the given object play the given role wing the given implemantation.
Inmtially, all objects play the object-role.

(is-role? object) Rquired
Returrs true if the givenobject is arole. (hjects vhichare roles can be wsed to
describe the abstract behavior of other objects. Nte that ‘is-role?” is syntactic

sugar for applying ‘plays-role?” to anobject and specifying the erdefor the

role argunant.

7



(i npl enent ati ons-supported object role) Rquired
Returns the list of inplemartation objects for the given role that the object

supports.

(descri be-yourself object) Rquired
Returrs a description of the object. The nature of this documentationis out of

the scope of this specification.

Parts

whol e Required
The part containing the entire object.

docunentation Required

The docurantation associ ated wth a gi ven object.
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Chapter 8

Versioni ng

“¥rsioningis animportant feature inhypermadi asysters. Agood versioni ng nacha-
nisnwll allowisers to mintai nand nani pul ate a history of changes to their retvork
[13].”

8.1 Versioning (tiors
Versioning options 1ncl ude:

o alhmldue sner
This approach wses a server vhichis guaranteed to contain the latest version.

[ilizing an authoritative server requires the availahility of the server for any
versioning operations. This, an anthoritative server requires a large degree of
coordi nation and avai l ahi 11ty —a viol ationof the Mshrequirenart for nm mm
coordination. Therefore, an authoritative server nachan smis best not utilized

as the default behavior for objects in the Msh.

o RSNy
Num versioning associ ates each oid wth an imtable object and a racha-
nismto determne the oid for the next “version” of object. This schemis not

only clumy, hit 1t breaks our intertion of mot associ ating semantics wth ol ds.
Hurther, there is no mchan smto determne the latest version.
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o [ded tirdic sap

[atest tima-date stanp versioni ng utilizes a tinme stanp to determne the “l at-
est” version. The “latest” versionis the object wth a tim stanp later than
any others. ‘The limtation of this approach is that there is no machan smto

ersure ore has the latest version.
o wsany tiwat
Vrsioning time-out has a universal tine at vhich point the information is

imalid. s nachan smrequires that either that the infornation have a life

expectancy or that periodic updates are provided.

o pdiilistic wsiarry
Vrsionis probahilistically valid depending on tima since creation; after a spec-
ified period, object is only guaranteed to be latest wth a specific probahility.
A anexample, a “half-1ife” probability voul d specity a tim period after which
the object vould onl y be half as likely to be valid as before.

8.2 '¥rsioning Inpl emrtation

There is no clearl y superior versioni ng inpl erantationoption. tor our current object
inpl erartation, ve utilize versioni ng based on tine- date stams — via the ldet tire
dte dapmachani sm A previowsly noted, the key problemwth this machan sm
is that there is no mars to ersure one has the latest version.

Note that regardless of versioning choice, Msh objects nay utilize additional
versioning capabilities. Tor imstance, Msh object my choose to we an authori tative

server in addition to tina-stams.



Chapter 9

LCS Entities and Senanti ¢ Li nks

This appendix describes the role inplerantation for the people, room and groups
at the NIT [aboratory for (ommter Science.  Aso described are the mash link
rel ationshi ps vhi ch interrel ate the people, room and groups. The roles are detailed

on the fol lowng pages.
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LCS Person Fole:  (jects playing the [(5 Rerson Rle represent an indivi dual
person at the MT Taboratory for (onputer Science. Note that roomand group is

not part of alcs-person’s attributes becase a 1 cs-occupant-of and 1 cs- nanher-of 1ink

(described shortly) describes these attributes. The I€5 person role inherits fromthe
Htity role described in Section 5.4.1

Inherits from object-role

Actions

content extraction/nani pul ation .

Wutilize the defaul t part content rmani pul ation pachani sra.

Parts

(nane : unary-of text) Required

(ontai 1s nama text

(phone : unary-of text) (ional
(ontains phone murher.

(webpage : unary-of text) (Qptional
(ontairs vebpage TH.

(email : wunary-of text) (ptiomal
(ontains email address (text WRLformat).

Mkers

(create oi d inpl enentation person phone vebpage enail) Required

(feate a lcs-person.
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ILCS PoomBole:  (hjects playing the I(5 FoomBle represent an 1ndivi dual
roomat the NITTaboratory for (onpter Science.

Inherits from entity-role

Actions

content extraction/nani pul ation .

Wutilize the defaul t part content rmani pul ation pachani sra.

Parts

(nane : unary-of text) Required

(ontai 1s roonmam text

Mkers

(create oid inpl enentation roomnane) Required

Geate a lcs-room



LCS Group BPole:  (hjects playing the I(5 Goup Rile represent a group at the
MTTaboratory for (onmter Science.

Inherits from entity-role

Actions

content extraction/nani pul ation .

Wutilize the defaul t part content rmani pul ation pachani sra.

Parts

(nane : unary-of text) Required
(ontairs group nare text

(webpage : unary-of text) (Qptional
(ontairs vebpage TH.

(email : wunary-of text) (ptiomal
(ontains email address (text WRLformat).

Mkers

(create oid inpl enentation roomnane) Required

Geate a lcs-room



LCS Group- Mnber-of Link Role: A (5 Gloup Mnher-of Tink expresses
a rel atiomshi p betveen an object playi ng the I€5 Rerson Rle and an ohject playing
the I(5 Goup role — narel y that the person is a merber of the group.

Inherits from nenber-of-1ink

Actions

content extraction/nani pul ation .

Wutilize the defaul t part content rmani pul ation pachani sra.

Parts

(1cs-person : unary-of descriptor) Rquired
I(5 Rerson descri ptor

(1cs-group : unary-of descriptor) Rquired
(5 Goup descri ptor
Mkers

(create oid inplenentation I cs-person | cs-group) Rquired
(eate a lcs-group marher-of 1ink stating that €5 person is a group rarher
of IC5 group.

LCS Qccupant-of Link Role: A (5 Qeupant-of [ink expresses a rel ationshi p
bet veen an obj ect pl ayi ng the [(5 Rerson Rl e and an obj ect pl ayi ng the 1(5 Room
role — namal y that the person is an occupant of the specified room

Inherits from nenber-of-1ink

Actions

content extraction/nani pul ation .

Wutilize the defaul t part content rmani pul ation pachani sra.



Parts

(1cs-person : unary-of descriptor) Rquired
I(5 Rerson descri ptor

(1es-room: unary-of descriptor) Rquired

(5 Roomdescri ptor

Mkers

(create oid inplermentation I cs-person lcs-room) Rquired

(Feate a lcs-occupant-of 11k stating that I€5 person occupies (5 room
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