Link Arc hitec ture for Global Informati on Infrastructure Je�rey R. an Dyk Submitted to the Departme of Electrical Engineering and Computer Science In artial ul�llm en of the Requirem en t for the Degree of Master of Engineering in Electrical Engineering and Computer Science at the Massac usetts Institute of ec hnology June, 1995 Massac usetts Institute of ec hnology 1995 Massac usetts Institute of ec hnology Lab oratory for Computer Science Cam bridge, Massac usetts 02139 This researc as supp orted the Adv anced Researc Pro jects Agency of the Departmen of Defense under Con tract No. ABT63-92-C-0002. Link Arc hitecture for Global Information Infrastructure Je�rey R. an Dyk Submitted to the Departmen of Electrical Engineering and Computer Science on Ma 30, 1995 in partial ful�llm en of the requireme ts for the degree of Master of Engineering in Electrical Engineering and Computer Science Abstract The notion of link to represen an explicit relationship or asso ciation et e en en- tities has een utilized um erous yp ertext systems to pro vide ariet of capa- bilities, including quotation, na vigation, annotation and kno wledge structuring. The link mec hanism describ ed herein pro vides the abilit to relate en titie in global information infrastructure, the Information Mesh. The impl em e tation of link arc hitecture sho ws the feasibilit of minim um mec h- anism to pro vide ric set of relationship expressions as an elem en of global information infrastructure. Mesh ob jects are sho wn to require comp osite ob ject mec hanism and enhancemen ts to their substructure in terface. Mesh link endp oin ts allo the description of an ob ject, some asp ect of an ob ject or comp onen of an ob ject. The resulting Mesh link imple m en tati on pro vides �rst-order linking in an extensible and exible arc hitecture Thesis Sup ervisor: Dr. Karen R. Sollins Title: Researc Scien tist, Lab oratory for Computer Science Ac kno wle dgm en ts Sp ecial thanks to thesis advisor, Karen Sollins for her guidance and supp ort. Her vision of an Information mesh pro vided the foundation for this e�ort. This thesis ould not ha een ossible without her patien encouragemen and cassional pro dding. Thanks to Bien enido e lez -Riv era and Alan Ba wden for their detailed explanations of the Mesh erne and Mesh ob ject system. Their e�orts pro vided springb oard to the implem en tati on of the link mec hanism describ ed in this thesis. Thanks to Mitc Charit and Chris Lefelho cz for reading and comm en ting on arious ortions of this do cumen t. Thanks to the mem ers of the Adv anced Net ork Arc hi tect ure group at the MIT Lab oratory for Computer Science. Da Clark, John ro cla wski Janey Ho e, Lewis Giro d, Tim Shepard, Tim Chien, Matt Condell, Rob ert Minnear, Lisa rainor and Garret ollman all created an atmosphere of motiv ation and supp ort. Finally deep felt thank-y ou to paren ts, Roger and Diane an Dyk e, and brother, Bry an, for their lo and care. Con ten ts In tro duction 1.1 Bac kground 1.2 Link Arc hitec ture 10 1.3 Organization 10 Related ork 11 2.1 Memex 12 2.2 Xanadu 12 2.3 orld Wide eb 14 2.4 Aquanet 16 2.5 Dexter 17 2.5.1 Dexter Storage La er 18 2.5.2 Dexter Comp onen Information 18 2.5.3 Dexter Base Comp onen ts 20 2.5.4 Dexter Storage La er unctions 22 2.5.5 Dexter Run tim La e 23 2.5.6 Dexter System In arian ts 23 2.5.7 Dexter Limitations 24 2.6 Observ ations 25 2.7 Summary 30 Information Mesh Pro ject 31 3.1 Goals 32 3.2 Constrain ts 32 3.3 Implem e tation Requirem en ts 34 3.4 Information Mesh Kernel 35 3.5 Information Mesh Ob ject System 35 3.5.1 Mesh Ob jects 36 3.5.2 Roles 36 3.5.3 Implem e tations 37 3.5.4 Actions 38 3.5.5 arts 39 3.6 Summary 41 Mesh Ob jects as Link able No des 42 4.1 Naming 43 4.2 yping 43 4.3 Substructure In ter face 43 4.3.1 Selector Exp osure 44 4.3.2 Con ten Manipulation 46 4.3.3 Substructure In terf ace Summary 47 4.4 Comp osites 48 4.4.1 Need 48 4.4.2 Comp osite Options 49 4.4.3 Comp osite Implem en tation 51 4.5 No de Examples 52 4.5.1 Dexter Comp onen Role 52 4.5.2 Aquanet No de Role 53 4.5.3 Aquanet Statemen Role 54 4.5.4 orld Wide eb HTML Do cumen Role 54 4.6 Summary 55 Link Arc hitecture 56 5.1 Link ttributes 57 5.2 Implem e tation 59 5.2.1 Link Utiliz ation 61 5.2.2 Relationship description 61 5.2.3 Link Indep endence 62 5.2.4 Endp oin capabilities 63 5.3 Link Examples 65 5.3.1 Named Link 65 5.3.2 Ordered Link 66 5.3.3 Binary link 67 5.3.4 Link Example Summary 68 5.4 Extended Example 68 5.4.1 LCS En tit Ob jects 68 5.4.2 LCS En tit Links 69 5.4.3 Summary 71 5.5 Summary 71 Conclusions 73 6.1 Mesh Links 73 6.2 Ov erall Linking Issues Addressed 74 6.3 Op en Issues 75 Ob ject-Role 77 ersioning 79 8.1 ersioning Options 79 8.2 ersioning Implem en tation 80 LCS En tities and Seman ti Links 81 This page in ten tionally left blank. Chapter In tro duction This thesis examines link mec hanism for describing ob ject relationships in long liv ed, global information infrastructure, the Information Mesh. The resulting Mesh link implem e tation pro vides ric and exible mec hanism to relate information in the Mesh. Minim um link, ob ject and system capabilities necessary to supp ort suc capabilities are describ ed. 1.1 Bac kground The Information Age has created need to manipulate ast and ev er increasing amoun of data. As an example consider the In ternet: the tra�c related to infor- mation manipulation has increased tremendously in the past few ears ]. Corre- sp onding to this gro wth has een an increasing need for to ols to manage information, particularly mec hanism to connect and relate kno wledge. The notion of connecting and relating kno wledge has een comp elling vision since at least 1945 when annev ar Bush suggested the imple m en tati on of ast kno wledge base ]. These ideas ha een further dev elop ed in yp ertext systems, suc as Xanadu 17 ], Aquanet 16 and orld Wide eb ], where links are utilized to explici tly represen relationship or asso ciation et een en titie s. Hyp ertext links pro vide erful mec hanism to relate information. In the orld Wide eb, links pro vide means of information na vigation. Xanadu utilizes links for quotation, na vigation, annotation and comm en tary Aquanet links are uti- lized to represen and discuss kno wledge structures. Th us, yp ertext link utilization includes: na vigation, quotation, annotation and kno wledge represen tation. 1.2 Link Arc hitecture describ link mec hanism to describ ob ject relationships in long liv ed, global information infrastructure. Our framew ork for this e�ort is the Information Mesh Pro ject: an e�ort to pro vide minim um set of univ ersal comm itm e ts necessary to pro vide long-liv ed global arc hitec ture for net ork-based information reference, ma- nipulation and access. The Information Mesh Ob ject System pro vides Mesh ob jects as the no des of Mesh links. The erall goal is to describ minim um link mec hanism whic pro vides exible and ric set of relationship expressions. One result of this e�ort is description of the mini um system, no de and link capabilities necessary to supp ort Mesh links. 1.3 Organization The examination of Mesh links egins with description of sev eral represen tativ yp ertext systems in Chapter 2. System requireme ts, no de capabilities and link haracteristic are describ ed in this section. These haracteristic and the concluding observ ations are utilized throughout the remaining hapters. Chapter describ es the erall Information Mesh, the Mesh ernel and the Mesh Ob ject System. The system requirem en ts of the Information Mesh are describ ed and the capabilities of Mesh ob jects are describ ed. Chapter examines enhancemen ts to the Mesh Ob ject System to etter utilize Mesh ob jects as no des of Mesh links. Chapter describ es Mesh link arc hitec ture and demonstrates the exibilit of Mesh links in sev eral examples. Chapter summarize the eral results and op en issues. Note that securit and priv acy issues will not examined except where they directly a�ect erall link design. 10 Chapter Related ork The notion of link to represen an explicit relationship or asso ciation et ee en tit ies has een utilized yp ertext to pro vide ariet of capabilities, including quotation, na vigation, inclusion, annotation and kno wledge structuring. In this hapter, examine ariet of yp ertext systems: Memex, Xanadu, the orld Wide eb, Aquanet and the Dexter Hyp ertext Reference Mo del. examine their use of links and describ ho they confron yp ertext issues, including: 1. System issues: Ho do system haracteristic enhance or limit linking? minim um requirem e ts basic system exp ectations and requirem en ts scalabilit mec hanism to deal with large system issues exibilit pro visions for ariet of yp ertext no des and links securit mec hanism to prev en unauthorized access priv acy mec hanism to ensure priv acy 2. No de attributes: Ho do no des supp ort linking? naming iden ti�cation of no des yping describing no de haracteristi cs, seman ti cs and in ari an ts substructure in terface exp osing no de substructure for linking comp osites com bining no des ersioning supp orting no de hanges 11 3. Link issues: Ho are links exp osed to the e rall system? link utilization e rall use and haracteristics of link link relationships abilit of link to \talk ab out" or express relationships et ee en ti ties (including other links) link indep endence abilit to exist separate from no des endp oin capabilities what can links asso ciate? Note that fo cus on the issues of scalabilit no de yping (as means of ac hiev- ing exibilit among other things), substructure in terf ace, endp oin capabilities and erall link utilization. 2.1 Memex The notion of relating ast domain of information using some asso ciated structure as �rst describ ed in annev ar Bush’s vision of the Memex \A device in whic an individual stores his oks, records, and comm uni cations, and whic is mec hanized so that it ma consulted with exceeding sp eed and exibilit It is an enlarged in tim ate supplemen to his mem ory ]." Bush’s ork as distinguishable for its inclusion of an asso ciation mec hanism the examination of one item in the system ould suggest another. Bush en visioned this mec hanism orking in fashion similar to the um an brain: \With one item in its grasp, it snaps instan tly to the next that is suggested the asso ciation of though ts, in accordance with some in tri cate eb of trails carried the cells of the brain ]." It is largely agreed that one outgro wth of Bush’s vision as hyp ertext an information managemen mec hanism in whic data is stored in no des connected links. 2.2 Xanadu ed Nelson’s Xanadu Pro ject 17 is an in uen ti al examination of large yp ertext system. Xanadu utilizes links to pro vide \a connection et e en parts of text or other 12 material.. made individuals as path ys for the readers exploration.. 17 ]." The erall goal of Xanadu is distributed system of do cumen ts connected links. Xanadu do cumen ts are the fundamen tal unit of storage. Indeed, ev ery thing in the Xanadu system is do cumen t. Xanadu do cumen ts \ma con tain text, graphics, links... or an com bination of these... 17 ]." Xanadu do cumen ts pro vide no infor- mation hiding or abstraction la e r; they exp ose their en tire structure and con ten ts, along with asso ciated ersi oning information, in manner allo wing Xanadu links to relate an ortion of do cumen t. Xanadu links are comp osed of \end-sets". Eac end-set indicates \spans" or regions of text in Xanadu do cumen ts. Th us, Xanadu supp orts sp an-to-sp an linking allo wing its links to relate regions of text. The ypical Xanadu link is three end-set structure: \from-set" whic is an arbitrary collection of spans sp ecifying the source of link, \to-set" whic sp eci�es the destination of link, and set sp ecifying the link yp or relationship eing expressed. Xanadu links are con tained in no des: \Eac link resides in one place, the do cumen that con tains it. Links, just lik text, are wned. Ev ery link is part of particular [do cumen t] and has an wner 17 ]." Links can relate other links connecting to the link ortion of do cumen t. Xanadu links main tain asso ciations across do cumen ersions. \Essen tially the link seizes oin or span (or an other structure) in the [do cumen t] and holds on to it. Links ma refractiv ely follo e from oin or span in one ersion to corresp onding places in an other ersion. Th us link to one ersion of [do cumen t] is link to all ersions 17 ]." Unfortunately the mec hanism for link to \hold" on to no de across ersions is dep enden on sp eci�c haracters remaining in arian t: \a link is attac hed.... to sp eci�c haracters and simply sta ys with these haracters wherev er they go 17 ]." Note that this mec hanism will break under ariet of conditions, including ording hanges. The greatest eakness of the Xanadu system is its exp ectation of complete ailabil it of certain system information: \..ev e ry hange ust kno wn throughout the net ork the instan it happ ens 17 ]." In particular, Xanadu exp ects that all 13 links to an particular Xanadu do cumen will alw y determi nable. \The reader should able to ask, for giv en do cumen t, ‘What connects here from all from other do cumen ts?’ and sho wn all these outside connections without appreciable dela 17 ]." In summary Xanadu pro vides link mec hanism to allo reader exploration of do cumen ts. Xanadu do cumen ts exp ose their en tire substructure in manner allo wing links to relate an ortion of do cumen t. Xanadu links are comp osed of end-sets and are con tained in no des. Xanadu links main tain asso ciations across do cumen ersions and pro vide mec hanism for determi ning all links to particular Xanadu do cumen t. 2.3 orld Wide eb The orld Wide eb is erhaps the est kno wn, most widespread and most successful example of distributed yp ertext system. The eb allo ws na vigation via links across the In ternet and et een do cumen ts. The incredible gro wth and success of the orld Wide eb has exhibited the er of distributed yp erm edi system connecting arious sites using \links". The erall orld Wide eb (WWW) paradigm is do cumen ts connected links. WWW links exist in the WWW do cumen ts that are their sources. Eac WWW link sp eci�es relationship et een en titi es: the do cumen in whic the link is con tained, and an iden ti�ed destination do cumen t. WWW do cumen ts are sp eci�ed in HTML ]. orld Wide eb do cumen ts are iden ti �ed through the use of lo cation (a Uni- ersal Resource Lo cation or URL ]) rather than in lo cation indep enden manner suc as Univ er sal Resource Names 21 ]. This prev en ts the relo cation of eb ob jects they can not mo e from the lo cation describ ed their URL. or transmission purp oses, WWW do cumen con ten is sp eci�ed using In ternet Media yp es 18 ]. WWW do cumen ts emphasize um an bro wsing, and do not explicitly enco de seman ti cs. There is, for instance, no mec hanism to sp ecify that sp eci�c page is The latest draft of HTML 3.0 19 prop oses the addition of the (optional) URN attribute to describ the univ ersal resource name for an HTML do cumen t. 14 an individual erson’s \home page" other than to imply it in the text or assume it from the URL asso ciated with the eb page. In related manner, HTML pro vides minim um mec hanism to assist bro wsers in presen ting new markup structures. If particular HTML markup is encoun tered for whic the eb bro wser lac ks kno wledge, there is little or no fall-bac k; the eb bro wser can either ignore the markup or displa the ASCI text represen tation. In short, there is no standard to classify eb do cumen t; an meaning ust determined from the accompan yi ng HTML whic h, at least presen tly pro vides minim um capabilities for suc descriptions. Do cumen ts exp ose in te rnal con ten for linking through the use of an anchor In the WWW, an anc hor sp eci�ed section of the WWW do cumen is the source and/or destination of WWW link. An anc hor HREF attribute sp eci�es the eginning of link. An anc hor NAME attribute sp eci�es an iden ti�e whose reference allo ws the anc hor to the target of link. Anc hors can nested, but can not e rlap one another. Anc hors are lim ite in that they are merely arbitrary ortions of do cumen there is no do cumen yping mec hanism whic ould allo asso ciating anc hors with certain do cumen yp (suc as the aforemen ti oned \home page") or do cumen substructure. In short, WWW anc hors lac the abilit to asso ciated in some formal manner with generalized structure, suc as particular do cumen yp e. WWW links are one-w o-ended and do cumen t-based. Links alw ys de- scrib relationship et e en exactly do cumen ts; there are no mec hanism to relate more than en titi es. Links ust con tained in one of the do cumen ts they asso ciate. The eb pro vides mec hanism to allo serv ers to add links to do cu- men ts \b those who do not ha the righ to alter the dy of do cumen ]", but serv ers are not required to pro vide this functionalit There are no mec hanism to link do cumen ts if the serv ers of oth do cumen ts refuse the additional links. WWW links are not �rst class and therefore can not exist indep enden tly of the do cumen ts they link. The latest draft of HTML 3.0 19 suggests the utilization of \R OLE" attribute whic is listing of SGML name tok ens \that de�ne the role this do cumen pla ys 19 ]." The latest draft of HTML 3.0 prop oses the addition of an ID mec hanism to asso ciate do cumen elemen ts with anc hors. urther, the draft suggests the addition of CLASS mec hanism to sub class HTML elemen ts. 15 WWW link yp es are sp eci�ed relationship name. Ho ev e r, the presen use of WWW link relationship names is extremel limite d. This is particularly frus- trating ecause early WWW do cumen tation[ suggested sev eral link names to de- scrib \relationships et een do cumen ts" and \relationships ab out sub jects of do cu- men ts". The curren HTML 2.0 draft has mini m al discussion of link relationships, merely stating: \Relationship names and their seman tic will registered the W3 Consortium. The default alue is oid." The latest draft of HTML 3.0 19 sug- gests an expanded use of link relationships to pro vide sp eci�c na vigation buttons or equiv alen mec hanism s. WWW links can ecome \dangling" links. or example referenced WWW do cumen ma rename or remo the necessary anc hor. orse, the referenced do c- umen ma mo or remo ed in manner that \breaks" its prior URL. There is no mec hanism for referenced WWW do cumen to exp ose in arian ts in anc hors to allo link to ensure it is less lik e ly to ecome \dangling". In summ ary the WWW allo ws na vigation via links across the In terne and et e en do cumen ts. WWW do cumen ts are iden ti �ed lo cation, emphasize u- man bro wsing and exp ose in ternal con ten for linking through the use of anc hors. WWW links are one-w o-ended, do cumen t-based and can ecome \dangling" links. WWW link yp es are sp eci�ed relationship name. 2.4 Aquanet Aquanet 16 is yp ertext kno wledge structuring to ol designed to allo users to graphically represen information and explore its structure. Aquanet allo ws users to in terpret and organize ideas using Aquanet’s linking structure to connect and express ideas. Ov erall Aquanet pro vides an examination of utilizi ng yp ertext facilities in the realm of kno wledge represen tation. Aquanet ob jects (b oth no des and links) are yp ed, structured frame-lik en ti- ties. Ev ery Aquanet ob ject is an instance of some yp e. yp e’s de�nition sp eci�es slots, yp e(s) of ob jects that can �ll eac slot, and the graphical app earance of the ob- 16 ject. yp de�nitions are organized in to ul tipl inheritance hierarc \Aquanet ob jects of giv en yp include not only the slots de�ned their yp but also the slots that they inherit from their sup ert yp e(s) 16 ]." The inheritance rules of the Aquanet yp hierarc are tak en directly from the Common Lisp Ob ject System sp eci�cation 14 ]. Aquanet no des and links are distinguished their use of slots. No de slot al- ues are named set of con ten ts restricted to primit iv datat yp es suc as text, images, um ers, strings, etc. Link slot alues ma primiti datat yp es or other Aquanet ob jects. Aquanet links can view e as con taining named and yp ed endp oin ts. Aquanet links are utilized as part of the de�nition, dev elopm en and displa of \kno wledge structures". As an example, an \Argumen relation" is expressed as an Aquanet link con taining three slots: the Conclusion, the Grounds and the Rationale. Eac slot can �lled either \Statemen no de" (an Aquanet ob ject con taining text slot) or another Argumen relation. In summary Aquanet utilizes yp hierarc to describ ob ject yp es and ulti -ended links to pro vide enhanced kno wledge structuring capabilities. 2.5 Dexter The Dexter Hyp ertext Reference Mo del pro vides an abstract mo del of yp ertext sys- tems whic describ es the en titi es and mec hanism whic allo users to create, manip- ulate and examine yp ertext 12 ]. The eral goal of Dexter is o-fold. First, Dexter formalizes some of the yp ertext notions ha examined, th us pro viding cab- ulary that can utilized to describ particular yp ertex system’s functionalit and haracteristi cs. Second, Dexter pro vides mo del of the imp ortan abstractions found in wide ariet of yp ertext systems, and th us necessary to incorp orate in to exible link mec hanism In this section, examine Dexter in considerable detail. First, examine The term kno wledge structure refers to \..an in terconnected net ork of informati on-b earing no des that are used to represe the primitiv ob jects and their in terconnection in some domai of discourse 16 ]." 17 the Dexter storage la er whic con tains comp onen ts that serv as no des and links. separately examine the comp osite information and base comp onen ts whic together construct all Dexter comp onen ts. Additionally describ Dexter’s storage la er functions and run tim la er. Finally describ Dexter in arian t and summariz Dexter lim itations. 2.5.1 Dexter Storage La er The Dexter storage la e mo dels the no de/link net ork structure of yp ertext. It is comp osed of database of data-con taining comp onen ts in terc onnected rela- tional links. The storage la e fo cuses on the mec hanism whic link and non-link comp onen ts are ‘glued-together’ to form yp ertext net orks. The fundamen tal en tit in the storage la er is omp onent Comp onen ts are what are ypically though of as ‘no des’ and ‘links’ in yp ertext system. The storage la er of Dexter do esn’t attempt to mo del the e rall con ten and structure of comp onen ts, but treats comp onen ts as largely generic con tainers of data. Despite the e rall indi�erence to comp onen con ten ts, Dexter requires that eac comp onen exp ose omp onent information and utilize ase omp onent Comp onen information is describ ed in Section 2.5.2 and base comp onen ts are describ ed in Section 2.5.3. Also asso ciated with the storage la e are functions: esolver function and an ac essor function. ogether they are join tly resp onsible for retrieving com- onen ts from the storage la e based on the sp eci�cations of the comp onen ts. The exact nature of these mec hanism is describ ed in Section 2.5.4. 2.5.2 Dexter Com onen Information Dexter requires that eac comp onen in the storage la er exp ose omp onent infor- mation Comp onen information describ es certain prop erties of the comp onen and pro vides fundamen tal in terface to the comp onen t. Comp onen information includes: unique iden ti �cation, anc horing, presen ta- tion sp eci�cation and attribute/v alue pairs. 18 Unique Identi�er Eac Dexter comp onen has unique iden ti �er (UID) assumed to \uniquely assigned to comp onen ts across the en tire univ erse of discourse 12 ]." nchors Eac Dexter comp onen con tains sequence of anchors that index in to the com- onen t. Dexter anc hors pro vide an indirect addressing mec hanism for sp ecifying the in ternal structure of comp onen in manner whic do es not dep end on kno wledge of the in ternal structure of do cumen t. Dexter links utilize anc hors to relate comp onen substructure. Dexter anc hor consists of parts: an anchor id and an anchor value The anchor id is an iden ti �er whic uniquely iden ti�es an anc hor within the scop of the comp onen it ccupies. The anchor value is an arbitrary alue that sp eci�es some lo cation, region, item or substructure within comp onen t. The anc hor alue is in terpretable only the applications resp onsible for handling the con ten t/structure of the comp onen t. Dexter anc hors can erlap. Anc hors allo Dexter to supp ort linking across comp onen ersions. As com- onen hanges er time, the anc hor alue hanges to re ect mo di�cations to the in ternal structure of the comp onen t, \[t]he anc hor id, ho ev er, remains con- stan t, pro viding �xed referen that can used to sp ecify giv en structure within comp onen 12 ]." Pr esentation Sp ci�c a tion The pr esentation sp ci�c ation is primi tiv alue con taining information ab out ho the no de con ten ts should presen ted to the user. Presen tation sp eci�ca- tions are describ ed in more detail in Section 2.5.5. ttribute-V alue Pairs Finally Dexter comp onen ts pro vide the abilit to set and retriev arbitrary attribute/v alue pairs. The attribute/v alue pairs can \b used to attac an 19 arbitrary prop ert (and its alue) to comp onen t. or example eyw ords can attac hed to comp onen using ulti ple ‘k e yw ord’ attributes 12 ]." Note that Dexter do es not pro vide formal comp onen yp mo del. Some comp onen attributes can determine examini ng attribute-v alue pairs, but no formal yp system mec hanism is sp eci�ed. Some descriptions of Dexter suggest mo deling comp onen yp system \adding to eac comp onen ‘t yp e’ attribute with an appropriate yp sp eci�cation as its alue 12 ]." 2.5.3 Dexter Base Com onen t Dexter omp onents are comp osed of ase omp onent together with the omp onent information describ ed in Section 2.5.2. The ase omp onents in the Dexter storage la er are: atomic omp onents omp osite omp onents and links tomic Comp onen ts tom ic comp onen ts are the �nest grain mem ers of the storage la er. tom ic com- onen ts are largely opaque ob jects; the storage la er kno ws little ab out the con ten ts of atomic comp onen ts or the \within-comp onen t" la er. tom ic comp onen ts ma con tain unks of text, graphics, images, etc. Comp osite Comp onen ts Comp osite comp onen ts are constructed out of other comp onen ts. The comp osite relationship is restricted to directed acyclic graph (D G) of base comp onen ts; no comp onen ma con tain itself either directly or indirectly and comp osites are only comp osed of ase omp onents Finally it is not clear ho the linking mec hanism is pro vided with comp osite comp onen ts. Dexter do es not describ ho anc hors are related to comp osites; no men tion is made of ho anc hors should refer to base comp onen ts in comp osite. 20 Links Links asso ciate Dexter comp onen ts describing relationship et een comp onen ts. Dexter links describ their relationship using sequence of or more sp ci�ers Eac sp eci�er describ es the en tit ies eing related, the direction of the relationship and the presen tation mec hanism whic to displa the en titi es. Dexter links are �rst class and Dexter links can relate Dexter links. Dexter utilizes comp osites to mo del yp ertext systems in whic links are not indep enden t, but are em edded in no des. An example of this application of comp os- ites is the KMS 20 yp ertext system: \All links in KMS are emb dde within the frame (comp onen t) con taining the source anc hor. Since links are also comp onen ts in the Dexter mo del, it ma argued that frame in KMS is actually omp o site omp onent 15 ]." Dexter utilizes sp ci�ers to describ the link relationship. The sp eci�er struc- ture con tains: comp onen sp eci�cation, an anc hor id, direction and presen tation sp eci�cation. omp onent sp ci�c ation pro vides description of the comp onen eing link e d. This description can utilized the storage la e r’s resolv er function to pro- duce set of comp onen UIDs matc hi ng the description. anchor id sp eci�es the anc hor to utilized in the resolv ed comp onen t. dir ction enco des link endp oin ts as FR OM, TO, BIDIRECT or NONE. Dexter allo ws duplicate direction alues with the constrain that at least one sp eci�er ha direction of TO or BIDIRECT. There are man di�eren notions of directionalit Gr�n baek and rigg 11 ha iden ti�e at least three yp es: seman tic direction, creation direction and tra er- sal direction. Dexter do es explicitl utilize particular notion of directionalit y Dexter pro vides directionalit as mec hanism to supp ort directionalit seman- tics in existing yp ertext systems with Dexter’s o-w links. or example Dexter mo dels one-w link system (suc as Hyp erCard 10 ]) using o- 21 links with the source end ha ving direction alue of NONE and the other end ha ving direction alue of TO. pr esentation sp ci�c ation is primiti alue that helps the run tim la e de- termine ho the asso ciated descriptor should presen ted to the user. will discuss the presen tation sp eci�cation in more detail in the discussion of Run-Time issues in Section 2.5.5. Note that for particular sp eci�er, the comp onen sp eci�cation allo ws the return of set of UIDs, but the other asp ects of sp eci�er structure are single alued and statically determi ned. This implie that all comp onen ts resolv able from partic- ular comp onen sp eci�cation ust supp ort the same anc hor id and presen tation. 2.5.4 Dexter Storage La er unctions As ha previously men tioned, the storage la er utilizes resolv e and accessor function to retriev comp onen ts. essor unction The accessor function of the yp ertext is resp onsible for \accessing" comp o- nen t, giv en its UID. That is the accessor function is resp onsible for retrieving the comp onen corresp onding to giv en UID. Dexter esolver unction The resolv e function ust able to pro duce all ossible alid comp onen UIDs for an giv en description or \comp onen sp eci�cation". Dexter remains silen on the mec hanism and implem en tation of resolv er func- tions, including the domain and syn tax of sp eci�cations, but justi�es their need: Hyp erCard links can only tra ersed from source to destination. \This is ecause Hyp erCard links are impl em en ted as ‘GO’ statemen ts in script in the link’s source comp onen t. This also means that links cannot normally seen from their destination cards 11 ]." In 25 ], enzo, Sola and Vitali prop ose mo di�cations to Dexter to supp ort dynamic determina- tion of anc hor ids. 22 \The use of UIDs as basic addressing mec hanism in yp ertext ma to re- strictiv e. Rather, when [the comp onen sp eci�cation describ ed in sp eci�er of a] link is follo ed, the sp eci�cation ust ‘resolv ed’ if ossible, to UID (or set of UIDs) whic then can used to access the correct comp onen t(s). 2.5.5 Dexter Run tim La er The run tim la er sp eci�es the to ols for user to access, view and manipulate the no de/link net ork structure. The run tim la er to ols can treat comp onen ts as more than generic con tainers of data utilizing the actual con ten t s. The run tim la er utilizes the pr esentation sp ci�c ation alues asso ciated with comp onen ts and link sp eci�ers to determi ne ho comp onen should presen ted to an end user. \Th us, the in whic comp onen is presen ted to the user can function not only of the sp eci�c yp ertext to ol that is doing the presen tation (i.e., the sp eci�c run-time la er), but can also prop ert of the comp onen itself and/or of the access path (link) tak en to that comp onen 12 ]." Th us, the run tim la er is the la er at whic dynamic mec hanism is determined, while the storage and comp onen lev e mec hanism previously describ ed imple m en yp ertext as an essen tially passiv data structure. 2.5.6 Dexter System In arian ts The Dexter mo del requires that sev eral in arian ts main tained at all times the yp ertext system. These in arian ts are exp ected to implem e ted in fashion to ensure they are main tained when creating, mo difying or utilizing comp onen ts. Among the Dexter in arian ts are: Link sp eci�ers ust ha at least one sp eci�er with the direction of TO or BIDIRECT. Th us, all links ust oin to some comp onen t. The accessor functions ust an in e rtible mapping from UIDs to comp onen ts. This implie that ev e ry comp onen ust ha exactly one UID. 23 The resolv er function ust able to pro duce all ossible alid UIDs. This im- plies that an ossible comp onen descriptions ust resolv able to complete set of comp onen UIDs. Comp osite comp onen ts ust con tain no cycles in the comp onen t/sub comp onen relationship. Th us, no comp onen ma sub comp onen (directly or transi- tiv el y) of itself. Links ma not ‘dangling’. The sp eci�ers of link ust alw y resolv to set of comp onen ts con taining the asso ciated anc hor id. An comp onen hanges ust re ected in links. Th us, an Dexter-based yp ertext system ust en- sure that an comp onen hanges result in the imm edi ate up date and mo di�- cation of links to re ect the hanges. 2.5.7 Dexter Lim i tati ons Dexter is lim ited in sev eral resp ects. 1. The Dexter system in arian ts ignore large distributed system issues, suc as una ailabil it or instance, the need to prev en ‘dangling links’ ignores the di�cult of pro viding and main tai ning suc information across widely dis- tributed system. 2. Dexter do es not explicitly pro vide comp onen yping mec hanism Some com- onen attributes can determine from examination of the comp onen in- formation suc as attribute-v alue pairs, but there is no formal mec hanism to asso ciate comp onen yp with in arian ts suc as the anc hors ailable. 3. Dexter anc hors are little more than arbitrary iden ti�ers of alues. Dexter pro- vides no mec hanism to asso ciate formally particular set of anc hors with particular yp of comp onen t. Nor is there an to sp ecify certain con ten haracteristic with particular anc hor ids. Finally Dexter anc hors do not pro- vide an con text; Dexter assumes that all comp onen anc hors are alid at all times. 24 4. Dexter link sp eci�ers are limite in dynamic endp oin comp onen determi na- tion the comp onen sp eci�cation ortion ermits the dynamic determi nation of set of UIDs, but the other sp eci�er ortions are single alued and stati- cally determined. Th us, all comp onen ts resolv able from particular comp onen sp eci�cation ust supp ort the same anc hor id and presen tation. 5. Dexter pro vides only lim ited motiv ation for link directionalit Dexter direction- alit is motiv ated as mec hanism to supp ort directionalit seman tic in existing yp erm edi systems, but, as sho wn Gr�n bac and rigg, it is insu�cien \to mo del the ys eople in terpret link direction in practice 11 ]." 2.6 Observ ations Sev eral observ ations ab out the eral haracteristics of the previously describ ed y- ertext systems: 1. Scalabilit is often ignored. Dexter and Xanadu require links and other system information completel ail able an unrealistic exp ectation for distributed systems. The orld Wide eb’s asso ciation of do cumen ts with lo cation limit the abilit to relo cate do c- umen ts. 2. No consensus on yping mec hanism to asso ciate haracteristics and in arian ts with no des and links. yping mec hanism include: no typing Xanadu pro vides no no de yp es. The lac of no de yp means that there is no mec hanism to asso ciate attributes tigh tly with do cumen t. single value The WWW utilizes single alue, relation name, to express link yp es. Single alue yp es are usually selected from standard set supplied the 25 system or main tained some authorit or example, WWW relation- ship names are registered the W3 Consortium. mec hanism to allo individual users to designate new alue as yp is sometim es pro vided, but suc mec hanism is usually limi ted. Single alue yp es generally do not allo partial kno wledge of particular yp e: either yp is recognized or it is not. All single alue relationships ust made explicit some en tit y; there are no impli ed relationships et ee alues. hier ar chic al typ es Aquanet no des and links are instances of sp eci�ed yp in yp hi- erarc Hierarc hi cal yp es pro vide mec hanism to relate new yp to prior yp es through the placemen of the new yp in the inheritance tree. Careful hoice of inheritance allo new yp to rev eal details ab out its haracteristics and capabilities. One limi tation of hierarc hical yp es is the di�cult in selecting osition in the hierarc to add new yp es. It is sometim es desirable to place new yp at ult iple lo cations in hierarc attribute-valu airs The orld Wide eb and Dexter pro vide an attribute-v alue mec hanism for no des and links. ttribute-v alue pairs, while not strictly yping mec h- anism, utilize set of attributes to describ no de and link haracteristi cs. These haracteristic are expressed asso ciating attribute names with alues. As with singular alues, attribute alue pairs ust limi ted to stan- dard set. user can relate new \t yp e" to prior yp es app ending new attribute to existing, ell understo attributes. Unfortunately most attribute-v alue systems do not pro vide mec hanism to prev en at- tribute naming con icts. urther, individual attribute alues su�er the same recognition problems as single alue (either recognized or not recog- nized). 26 Eac of these yping mec hanism has limi tations. No yping prev en ts the ex- osure of do cumen in arian ts. Single alue mec hanism limi the expressiv capabilities of individual users. Hierarc hi cal yp es limit yp asso ciations requiring single osition in the hierarc ttri bute-v alue pairs ha nam- ing con icts whic limi expressiv capabilit These limi tations emphasize the need for an extensible yping mec hanism 3. No consensus on no de substructure exp osure. Substructure exp osure mec ha- nisms include: no substructur exp osur The ob ject is completel opaque with no generalizable mec hanism to al- lo link asso ciations. No examined yp ertext pro vided suc substructure exp osure, but Aquanet only allo ws linking at the gran ularit of individual no des. lac of substructure exp osure limi ts linking capabilit no de substructure can not link e d. entir ontent exp osur No de con ten ts are complete ly exp osed for linking but not necessarily with an con ten in arian ts. Xanadu no des exp ose their complete structure with no in arian ts, with resulting linking sc hem whic dep ends on haracter matc hi ng. arbitr ary anchors Anc hors pro vide mec hanism whic links can \reac inside" no des and \hold" on to no de substructure. WWW and Dexter no des pro vide arbitrar- ily named \anc hors" with no mec hanism to sp ecify con text or seman ti cs. Anc hors pro vide in arian ts, allo wing no de con ten ts to hange while pro- viding consisten in terface. Ho ev er, the lac of mec hanism to sp ecify anc hor haracteristics limi ts anc hors to utilized as arbitrary iden ti�ers of substructure regions. syntactic anchors 27 Anc hors explicitl asso ciated with particular HTML syn tactic structure is suggested addition to HTML in the curren ersion 3.0 draft 19 ]. It is not clear if the presen prop osal allo ws for expressing seman tic con ten t. link’s abilit to reference no de structure is limi ted the mec hanism pro- vided the no des eing link e d. If no des exp ose substructure in arian ts, either through anc hors or some other mec hanism then link can \hold" on to those in arian ts across utations. It is unclear whic mec hanism is the est metho whic no des should exp ose their con ten ts for linking. Limited anc hor capa- bilities suggest the need for more formal structures. 4. No consensus on link endp oin capabilities. Link endp oin capabilities include: no substructur linking No substructure linking impli es that link endp oin ts connect at the gran- ularit of no des. As an example, Aquanet links relate en tire ob jects, not ob ject substructure. lac of substructure linking lim its the er of links to express relationships et ee no des whic in olv substructure.

substructur linking The WWW and Dexter links utilize \anc hors" for substructure linking. The WWW links use statically sp eci�ed link endp oin ts. Dexter pro vides dynamic determi nation of link endp oin ts through the use of sp eci�ers. Substructure linking is lim ited the exp osure of no de substructures. ompute linking Links ma utilize computations on no des for linking. Suc approac hes are useful when the item to link e is not exp osed the no de as an anc hor or equiv ale in arian structure. One example is Xanadu’s mec hanism of linking to no des through the use of computation in olv ing in arian har- acters presumably some form of haracter matc hi ng. Equiv alen linking sc hem as migh utilize haracter o�sets or ord coun ting to sp ecify the endp oin of link. The problem with computations is that they fail in the 28 presence of utable ob jects. This is particularly true for no des whic do not exp ose haracteristics or in arian ts through some yping mec hanism Clearly erf ul link endp oin mec hanism ould utilize exp osed substructure in arian ts, et pro vide the capabilit to utilize computations on no des. 5. No consensus on minim um link haracteristics and capabilities, including: multi-dimensional links Xanadu, Aquanet and Dexter links can relate more than en titi es. The WWW restricts links to o-ended structures. dir ctionality Xanadu exp ects distinguishable FR OM-SET and TO-SET. Dexter, in con trast, marks individual endp oin ts as either TO, FR OM, BIDIRECT or NONE. WWW has impli cit directionalit from the markup in do cumen t. Aquanet do es not ha link directionalit pr esentations Dexter links pro vide \presen tation sp eci�er" with oth the link and eac endp oin t. Aquanet utilizes graphical app earance sp eci�cation asso ciated with no de and link yp es to designate the presen tation of Aquanet ob jects. The WWW utilizes HTML as markup language to describ presen tations. indep endent links Aquanet and Dexter links are indep enden yp ertext en tities. The WWW and Xanadu require that links em edded in yp ertext no de. name endp oints All Aquanet endp oin ts are named. Some WWW and Xanadu links are named. Dexter do es not name its link sp eci�ers. Clearly yp ertext systems emplo ariet of di�eren link haracteristi cs. It is not clear whic mec hanism are absolutely necessary 29 will utilize these insigh ts to pro vide reference for discussing the attributes and implem en tation of global information infrastructure linking mec hanism Infor- mation Mesh Links. 2.7 Sum m ary In this examination of no des, links and system attributes, ha describ ed ho no de attributes supp ort linking, ho link relationships are exp osed to the erall sys- tem, and ho particular system requirem en ts impact link capabilities. In particular, observ ed the erall lac of consensus on the issues of no de and link yping, sub- structure exp osure, endp oin capabilit and erall link haracteristics. Asso ciated with these observ ations, noted the need for scalable yp ertext system pro viding extensible yping and formal mec hanism for substructure exp osure. describ ed the need to determine minim um link capabilities. urther, discussed the need for erful endp oin mec hanism utilizing exp osed substructure in arian ts et pro viding the capacit to utilize computations on no des. 30 Chapter Information Mesh Pro ject The Information Mesh Pro ject represen ts new paradigm for net ork ed systems whic supp orts the vision of widespread information sharing and structuring. The cen tral idea of the Information Mesh is that the net ork exists primaril to main- tain relationships among no des of information. The fundamen tal activit of net ork applications th us ecomes constructing, manipulating and using these relationships. The implem en tation of this vision has een cen te red around the notion of supp orting net ork ed Mesh obje cts in terconnected links The e rall goal is to understand the minim um set of information services necessary to supp ort suc mo del and push them in to the net orking infrastructure. The result should shield applications from ha ving to manipulate transp ort lev el proto cols. ork for this pro ject has resulted in the creation of Mesh kernel and Mesh obje ct system The Mesh ernel pro vides information naming, disco ery and relo ca- tion. The Mesh ob ject system utilizes the notion of oles to pro vide exible, ev olv able ob jects in the Mesh. Roles pro vide an extensiv yping mec hanism to describ ob ject eha vior actions and ob ject structure arts ). Mesh links mec hanism to express relationships et e en Mesh ob jects, are describ ed in Chapter 5. In this hapter, describ the erall goals, constrain ts and requirem en ts for the Information Mesh. describ the Mesh ernel and Mesh ob ject system. 31 3.1 Goals The Information Age has created need to manipulate ast and ev er increasing amoun of data. As an example consider the In ternet: the tra�c related to infor- mation manipulation has increased tremendously the past few ears ]. Indeed, the explosiv gro wth and success of the orld Wide eb, Gopher and other In ternet information na vigators, com bine with the recen comm erci aliz ation of the In terne t, can only lead to increasing gro wth. Corresp onding to this gro wth has een an in- creasing areness that curren information manipulation to ols are inadequate to an already ast information base. The Information Mesh attempts to address the problem of inadequate infor- mation managemen to ols pro viding net orking substrate in whic information manipulation is an attribute of the net ork, not the individual application. The hop is that \m uc as traditional applications utilize database system, the Mesh will ecome the primiti abstraction around whic applications are built ]." The erall vision of the Information Mesh Pro ject is to pro vide long-liv ed global arc hitecture for net ork ed-based information reference, manipulation and ac- cess as ubiquitous substrate for distributed and net ork applications and domain- sp eci�c kno wledge bases. The implem e tation of this vision is exp ected to con tain ob jects in terc onnected relationships or links in univ e rsal and long-liv e informa- tion base. 3.2 Constrain ts The constrain ts to meet the vision of Mesh of ob jects can summ arized as uni- ersalit ubiquit heterogeneit longevit ev olv abil it and resiliency Universality The Information Mesh vision of \a single mo del for information iden ti �cation, lo cation and access as substrate for distributed system and applications 22 ]." 32 impli es that the Mesh ust univ ersal; it ust pro vide agreemen on refer- encing ob jects and do so in highly scalable manner. Ubiquity The Information Mesh ust supp ort \net ork-based applications accessing in- formation that is distributed oth ph ysicall through the net and administra- tiv el across regions of di�ering managemen olicies 22 ]." Heter geneity The Information Mesh should prepared for hanges in comm unications me- dia, transp ort proto cols and net ork ed-applic ations. It ust supp ort broad set of proto cols and applications, oth those implem en ted and lik el to im- plemen ted. ongevity The Mesh ust supp ort long-liv e information; it can not require that infor- mation reformatted and it ust supp ort oth old and new formats. Ob jects ust constructed in manner that realizes that the same ob ject ma exist for undreds of ears. Evolvability The Mesh ust able to pro vide for hanging seman ti cs, syn tax, structures and utilization of information. The Mesh ust able to pro vide capabilities for information to utilized in new and unexp ected forms. The Mesh ust supp ort new net ork services. It ust pro vide for information mo v ing oth in ph ysical lo cation and wnership. Mesh ob jects ust made ail able in manner that realizes that they ma hange lo cation, wnership and eha vior. Th us, ust ensure that Mesh mec hanism do not exp ect an ob ject to remain constan t. esiliency 33 The Mesh ust pro vide resiliency in the face of unreliabilit The Mesh will exist in man situations of unreliabilit where it will unable to lo cate or access information. Th us, the Mesh ust designed from the start to pro vide mec hanism to deal with una ailabil it 3.3 Imple m en tation Requirem en ts The goals and constrain ts of the Information Mesh imply sev eral implem en tati on requirem en ts: minim al agreemen t, minim al co ordination, and exibilit Minimum gr ement The need for minim al agreemen comes from the pragmatic understanding that \w can not dep end on an univ ersal agreemen on issues lik est to �nd information, the in ter nal structure of information or ho information is in ter- nally manipulated programs 24 ]." Th us ust minim iz the requirem en ts imp osed on Mesh en titi es. Minimum Co or dination The need for minim um co ordination of information o ws from the need for resilience and ubiquit The Mesh needs to highly scalable with div erse mec hanism to �nd, represen and manipulate information. These goals are est met if the erall co ordination et ee these capabilities and an other core Information Mesh services are designed to minim i ze the required co ordination. Flexibility The need for exibilit is result of the need for heterogeneit longevit and ev olv abili The Mesh needs to supp ort wide set of global information arc hi- tectures. urther, the Information Mesh should \ exible enough to encom- pass new net ork services as they ev olv e. It should also supp ort broad set of exp ectations from applications as ell as administrativ con trols.[ 22 ]" 34 These constrain ts imply that the Mesh ust imple m en ted with the con- strain ts of mini m al univ e rsalit but with an ey to ards minim um co ordination and enormous exibilit Th us, ust minim i ze the set of required Mesh functionalit while still pro viding the su�cien exibilit to build wide range of services on top of the Mesh. Note that the Information Mesh do es not directly deal with securit and pri- acy issues except where they a�ect design decisions. 3.4 Information Mesh Kernel The �rst step in realizing the Information Mesh Pro ject as the implem e tation of the Information Mesh ernel 24 ]. The Information Mesh ernel addresses sev eral of the concerns raised the Pro ject. In particular, the ernel pro vides information naming, disco ery and relo cation as erf ul and ev olv able comp onen of the Mesh. The Information Mesh erne l’ naming is pro vided through the use of globally unique iden ti�e rs describ ed as oints Information ab out these oin ts are stored in sets of attribute-v alue pairs called factoids Information is lo cated through exible and ev olv able lo cating mec hanism that utilizes meta-information ab out where oin ts ha een seen or discussed in the Mesh. Finally the ernel pro vides generic pro cedure dispatc mec hanism The Information Mesh ernel ensures minim um co ordination ensuring that information iden ti�cation (p oin ts) is decoupled from lo cation and retriev al. In par- ticular, oin ts con tain at most hin ts ab out lo cation. The erall ernel is designed to ha minim um constrain ts on data represen tation and lo cation to pro vide exible information infrastructure. 3.5 Information Mesh Ob ject System The Information Mesh ob ject system 23 pro vides the Mesh with erful means to create and utilize Mesh obje cts the hief feature of whic is the capabilit of ob jects 35 to play ariet of oles Roles describ ob ject eha vior sp ecifying actions arts and makers Implementations pro vide ob jects with concrete represen tation of role capabilit 3.5.1 Mesh Ob jects Mesh ob jects are iden ti�e through the use of oids Oids pro vide naming sc hem that ensures that ob jects can uniquely sp eci�ed throughout the global net ork. Our curren implem en tation utilizes the ernel’ oints but ev e tually exp ect to pro vide more general iden ti�c ation mec hanism suc as URNs 21 ]. Ob ject eha vior is built around the notion of ole role is sp eci�cation of an abstract eha vior and structure, simil ar to an ob ject class. An ob ject plays particular role if it eha es in the manner describ ed that role. understand the in teracti on of oles and plays imagine ho an individual pla ys sev eral roles in life suc as paren t, teac her, leader, follo er, etc. This notion captures the ey notion that ob jects can pla ulti ple roles and that the roles pla e can hange or ev olv through time. Roles are further describ ed in Section 3.5.2. All Mesh ob jects pla the obje ct-r ole The ob ject-role pro vides starting oin for all dialogs with Information Mesh ob jects. Since all Mesh ob jects ust pla the ob ject-role, are guaran teed that the required ob ject-role actions are answ erable an Mesh ob ject. Ob jects pla ying the ob ject-role can answ er questions ab out whic roles they can pla allo the addition of new roles to pla and describ the implem en tati on ob jects for role pla ed the ob ject. The ob ject-role’s actions and parts are detailed in App endix 7. 3.5.2 Roles Roles are comp osed of actions arts and makers Actions sp ecify the abstract e- ha vior of role. arts sp ecify the static abstract structure of role. Mak ers sp ecify the abstract mec hanism necessary for creation. ak en together, these three harac- teristics (actions, parts and mak ers) constitute the necessary haracteristi cs for an 36 ob ject to play particular role. will examine actions and arts in more detail in Sections 3.5.4 and 3.5.5. Since makers are not imp ortan to this discussion, will not in estigate them further. Roles are arranged in to an inheritance hierarc suc that if an ob ject pla ys particular role, it also pla ys all of that role’s sup er roles. The inheritance rules for roles are based on the hierarc rules presen in the Common Lisp Ob ject System sp eci�cation 14 ]. The single ro ot of all role inheritance is the obje ct-r ole whic pro vides role pla ying capabilities as describ ed in Section 3.5.1. Roles serv as an extensible ob ject yping mec hanism Roles pro vide in arian ts in ob ject in terface ob jects pla ying role agree to erform the actions, parts and mak ers sp eci�ed the role. urtherm ore, role inheritance pro vides user extensible yping. That is, user sp eci�ed role’s osition in the hierarc determine subset of the user-sp eci�ed role’s features (b ecause role inheritance sp eci�es that if an ob ject pla ys particular role, it pla ys all of that role’s sup er roles). Th us, one can determi ne subset of user-sp eci�ed role’s features from its osition in the role hierarc Roles pro vide exibili and ev olv abili through the abilit of ob jects to pla ulti ple roles. Ob jects can pla ul tipl roles sim ultaneously or ev en di�eren roles at di�eren times; the nature of an ob ject can ev olv in time making the same ob ject pla new roles through its existence. Th us, new er applications can ha access to old ob jects via their old roles at the same time that new er applications can access the same information using new er roles 23 ]. Roles are �rst class Mesh ob jects; role is Mesh ob ject whic describ es the actions, parts and mak e rs necessary for an ob ject to pla particular role. Mesh ob jects whic pro vide suc services are said to pla ying the ole-r ole 3.5.3 Im ple m en tati ons Implem en tati ons pro vide Mesh ob jects with the abilit to ‘pla y’ role describing concrete represen tation of particular role’s actions, parts and mak ers. Mesh ob ject use ‘role’ and ‘pla y s’ instead of ‘class’ and ‘instance’ to capture the notion that as ob jects ev olv through time they ma exhibit div erse natures pla ying ariet of roles. 37 ma utilize ulti ple impl em e tations. It is the job of imple m en tations to actually �gure out ho to implem e new nature on old ob jects. Implem en tati ons are indep enden of roles. In theory ev ery ob ject pla ying particular role could utilize di�eren imple m en tation. Alternativ ely ev ery ob ject implem en ti ng role could utilize the same imple m en tati on. In practice, it is lik el that impl em e tations will pac aged and distributed ariet of information pro viders. Impl em e tations pro vide an implem en tation inheritance mec hanism suc that if particular impl em e tation do esn’t pro vide description of some concrete role capabilit the sup er imple m en tations are examine for the capabilit Implem en tati ons are �rst class Mesh ob jects; an imple m en tation is Mesh ob ject con taining concrete metho ds for actions, parts and mak ers. Presen tly metho ds are represen ted using ortable lisp co de. 3.5.4 Actions ctions sp ecify role eha vior; they sp ecify the form of in teracti ons with an ob ject pla ying role. In this manner, actions sp ecify the in terface to metho ds. or all roles pla ed, the follo wing actions are sp ecial in that they are alw y answ erable an ob ject for whatev er role they are ask ed: (actions-supp orted ob ject role Required for all roles Returns the list of actions that the ob ject supp orts when pla ying the role in whic ask ed. (supp orts-action? ob ject role action-name Required for all roles Returns true if the ob ject supp orts an action named action-name when pla yi ng the role in whic ask ed. Returns false otherwise. Note that roles allo optional actions whic are not required to imple- men ted. Hence, the answ er to ‘supp orts-action?’ ust true for quir actions and ma true for optional actions The result for optional actions dep ends on oth the implem en tati on and the particulars of the ob ject of whic the question is ask ed. 38 Optional actions are utilized for ariet of reasons. One comp elling reason is to allo sligh tly di�eren capabilities among impl em e tations of roles, for instance, an implem en tation of role whic allo ws ob ject utations and an implem en tati on whic do es not allo ob ject utations. Suc mec hanism is particularly useful for inherited roles where it is not alw ys desirable to ermit sup er role utable actions. Optional actions also allo ob jects to pro vide certain actions only at certain times. 3.5.5 arts arts exp ose the abstract structure of an ob ject pla ying role; they sp ecify an in- terface to ob ject structure. arts pro vide an abilit to exp ose in arian ts in terms of ob ject structure. arts are divided in to ortions: art-names and art instanc es art-names are describ ed the role. art instances are created and utilized Mesh ob jects and exp osed through sev eral univ e rsal actions. art instances can sp eci�ed through the use of part-name and sele ctor Part-names are relativ el static structure names. In the original ob ject im- plemen tation, part-names are simply iden ti�ers sp eci�ed role. All ossible part names for particular role can statically determined. art-names ma either quir or optional Ob jects ust implem en the parts asso ciated with required part-names. As with actions, the existence of part names is answ erable all Mesh ob jects regardless of the role. The ‘parts-supp orted’ action en um erates the curren tly ailable part-names and the ‘supp orts-part?’ action determine the existence of particular part-name. (parts-supp orted ob ject role Required for all roles Returns the list of part-names that the ob ject supp orts when pla ying the role in whic ask ed. (supp orts-part? ob ject role part-name Required for all roles Returns true if the ob ject con tains part-name when pla ying the role in whic ask ed. Returns false otherwise. Must return true for all required parts and ma true for optional parts. 39 Asso ciated with eac art name are art instanc es art instances are the Mesh mec hanism to exp ose dynamic mo del of ob ject substructure. art instances ma erlap or ev en con tain one another; they can dynamicall created and destro e d. It is imp ortan to note that part instances do not ha to form an en um erable set. Th us, it ma not ossible to kno all selectors for particular part-name. art instance utilization is determine the ob ject whic con tains them. art instance existence can determined through the utilization of the ‘has- part-instance?’ action. Note that there is no ‘supp orted-part-instances’ action to en um erate the part instance selectors (b ecause of the oten tial inn um erable nature of part instances). (has-part-instance? ob ject role part-name selector Required for all roles Returns true if the ob ject con tains an instance of the part sp eci�ed for the giv en selector. Selection of part instances is largely pro vided sp ecifying part-name and selector. sele ctor could range, ords in do cumen ob ject, etc., but this is not exp osed the role. Selectors alw ys sp ecify particular instance, but part instances can constructed in manner suc that their selection indicates the utilization of sev eral part instances. Th us, part instance can set of instances. Regardless, the original Mesh ob ject system do es not pro vide mec hanism to exp ose the con ten ts of part instances. will examine an enhancemen ts to pro vide suc capabilit in Section 4.3. Another limi tation of the original ob ject system is the lim ited capabilit to exp ose the selectors ail able for part instances. There is not, for instance, mec ha- nism to en um erate (if ossible) the set of instances for particular part name. Nor is there mec hanism to statically exp ose part instance selector criteria in the role declaration. One result of this limi tation is that there is no mec hanism to declare that particular part-name can ha only one part instance asso ciated with it. Indeed, there is no mec hanism to exp ose part instances ail able for an part-name, nor to sp ecify the range of oten tial selectors. This is not en tirel surprising as the part instance set and alid selectors migh large, arbitrary or unsp eci�able. 40 In summary part supp ort is ac hiev ed through three mec hanism s: the decla- ration of part-names in the role, the run tim determination of optional part name existence and the abilit to determine the existence of particular part-instance through the ‘has-part-instance?’ action. Not initially asso ciated with parts is the capabilit for part con ten manipulation or part instance selection exp osure. 3.6 Sum m ary The erall vision of the Information Mesh Pro ject is long-liv ed global arc hitec ture for net ork-based information reference, manipulation and access. One comp onen of this vision is the notion of Mesh ob jects in terconnected links. The constrain ts to meet this vision can summ arized as univ ersalit ubiquit heterogeneit longevit ev olv abili and resiliency The Information Mesh requirem en ts for base mesh capa- bilities are minim um agreemen t, minim um co ordination and maxim um exibili The Information Mesh ob ject system pro vides means to create and utilize Mesh ob jects. Mesh ob jects are iden ti�e through the use of oids. Mesh ob ject eha vior is built around the notion of role. role is an abstract sp eci�cation for ob ject eha vior. Roles describ abstract functionalit (actions) and abstract structure (parts). An ob ject is said to \pla y" role if it eha e in the manner describ ed that role. Roles serv as an extensible ob ject yping mec hanism pro viding exibilit and ev olv abil it to Mesh ob jects. Mesh ob jects exp ose their substructure through the utilization of parts. arts are comp osed of part-names and part instances. art-names are static names for ob ject structure. art instances are the Mesh mec hanism to exp ose dynamic mo del of ob ject substructure. Selection of part instances is pro vided sp ecifying part- name and selector. The original Mesh ob ject system do es not pro vide mec hanism to exp ose the con ten ts of part instances, nor mec hanism to exp ose selector har- acteristics for part. Note that unful�lled from the original vision of the Information Mesh is link mec hanism to describ relationships among Mesh ob jects. In the next hapter, will examine mo di�cations to Mesh ob jects to etter supp ort Mesh links. 41 Chapter Mesh Ob jects as Link able No des The Information Mesh vision of ob jects in terconnecte links requires an examina- tion of Mesh ob jects as no des for linking in the Mesh. In this hapter, examine Mesh ob jects using the criteria describ ed in Chapter 2. Namely examine Mesh capabilit to pro vide: naming yping substructure in terface comp osite ob jects or capabilities already pro vided the Mesh, review the implem en tati on and describ an lim itations or necessary enhancemen ts. or capabilities not pro- vided the Mesh, describ imple m en tation options, their asso ciated limi tations and the hosen implem en tation. Finally describ sev eral examples of yp ertext no des impl em e ted utilizing Mesh ob jects and the describ ed enhancemen ts. Note that ersioning, whic is imp ortan but not cen tral to our erall discussion of Mesh links, is describ ed in App endix 42 4.1 Nam ing No des in yp ertext system need to named or distinguished in some manner. As sho wn in Section 3.5, the Information Mesh ensures that all Mesh ob jects are asso ciated with globally unique ob ject iden ti�e or oid whic pro vides ob ject iden- ti�cation and naming. Oids con tain no seman tics ab out ob ject capabilit lo cation, ersioning or yping. Note that the Mesh do es not ha mec hanism similar to Dexter’s Resolv er function (describ ed in Section 2.5.4) to pro duce oids from an ob ject sp eci�cation. Ho ev e r, suc mec hanism could imple m en ted as Mesh service. consider suc mec hanism to outside the scop of Mesh links. 4.2 yping No de yping pro vides mec hanism to describ no de seman ti cs and in arian ts. Chap- ter detailed ariet of yp ertext no de yping mec hanism including: no yping, single alue yping, hierarc hal yp es and attribute-v alue pairs. This examination made clear the need for an extensible yping mec hanism The Information Mesh ob ject system utilizes roles as its yping mec hanism Roles pro vide erful yping mec hanism su�cien for Mesh ob jects to function as yp ertext no des. In particular, roles pro vide ob ject in ari an ts and user extensible yping. Role exibilit as previously describ ed in Section 3.5.2. The usefulness of roles as no de yping mec hanism is strengthened the observ ation that roles can supp ort all of the yping mo dels describ ed in Chapter 2. More sp eci�cally single alue and attribute-v alue yping can pro vided through ob ject parts and hierarc hi cal yp es can pro vided through role inheritance. 4.3 Substructure In terface As describ ed in Chapter 2, links are limi ted the substructure in terface pro vided no des. or example, Dexter links are lim ited the anc hors exp osed Dexter 43 comp onen ts. Substructure in terface pro vide in arian ts that links can hold on to across no de mo di�cations. The lac of substructure exp osure or in arian ts clearly limits link capabilit In the Information Mesh ob ject system, ob ject substructure is formalize in to arts arts pro vide mec hanism to exp ose ob ject structure in manner simil ar to y- ertext no de anc hors, but in more systematic and generalizable manner. The Mesh ob ject system pro vides the capabilit to declare part names, determine part-name presence through ‘has-part?’ and ‘parts-supp orted’, and determi ne the existence of part instances through the ‘has-part-instance?’ action. Selector exp osure and con ten manipulation ere not pro vided in the original ob ject system impl em e tation. describ mo di�cations to pro vide these capabili- ties. 4.3.1 Selector Exp osure The Mesh ob ject system utilizes selectors to sp ecify part instances and determi ne their existence. Ho ev er, there is no mec hanism to sp ecify selector haracteristi cs in role declaration of part-name. describ mec hanism utilizing role declara- tions to sp ecify selector haracteristic and sp ecialized actions whic can utilize suc declarations. Role declaration of part selector haracteristic allo ws one to describ part instance capabilities for sp eci�ed part-name. Th us, role declarations of selector haracteristic constrain the set of ossible part selectors for sp eci�ed part-name. describ selector haracteristic pro viding sele ctor typ with eac part-name in role declaration. pro vide the follo wing selector yp es: unsp eci�ed haracteristic of selectors is unsp eci�ed unary-of one part instance (part selector is ignored) set-of part instances are group ed in to one unordered (no selection necessary) 44 named-of part instances are named with iden ti�ers determinable at run-time. ordered-of part instances are ordered and determi nable at run-time. The declaration of part selector yp es allo ws the use of sp ecialized actions for certain selector yp es. In particular, parts utilizing ‘named-of or ‘ordered-of selector yp can (optionally) pro vide run time capabilities to create and remo part instances. ‘Unary-of and ‘set-of selector yp es ignore the selector for an part instance manipulation actions, suc as the con ten manipulation actions describ ed in Section 4.3.2. art-instance-name (‘named-of actions) (part-instance-name ob ject role part-name Optional for all roles En ume rates the selectors for part instances asso ciated with the sp eci�ed part name. Returns false if there are no part instances asso ciated with part-name. Requires that the part-name declared in the role as utilizing ‘named-set-of selector yp e. (add-named-part-instance! ob ject role part-name instance-name con ten ts Optional for all roles Allo ws one to add named part instance to the sp eci�ed part-name. Requires that part-name declared as utilizing ‘named-set-of selector yp e. (remo e-nam e d-part-i nstance! ob ject role part-name instance-name Optional for all roles Allo ws one to remo sp eci�ed part-instance. Requires that the sp eci�ed part-name declared in the role as utilizing ‘named-set-of selector. arts declared with ‘named-of selector yp can utilized as oth an an- horing mec hanism (named selectors serv as anc hor iden ti�e rs and instance con ten ts serv as anc hor alues) and attribute-v alue pairs (named selectors serv as attribute names and instance con ten ts serv as alues). 45 art-instance-range (‘ordered-of actions) (part-instance-range ob ject role part-name Optional for all roles Returns range of part instances in in tegers. Requires that part-name declared in the role as utilizi ng an ‘ordered-of selector yp e. (set-part-instance-range! ob ject role part-name lo high Optional for all roles Sets range of part instances. An instances outside of range are remo ed. Re- quires that part-name declared in the role as utilizing an ‘ordered-of selector yp e. (set-ranged-part-instance! ob ject role part-name alue con ten ts Optional for all roles Sets particular alue in range to con ten ts. Requires that part-name de- clared in the role as utilizing an ‘ordered-of selector yp e. art instances do not necessarily form discrete set. Th us, while can alw ys determi ne existence from ‘has-part?’, there is no guaran tee that can pro vide selector yp more sp eci�c than ‘unsp eci�ed’. In summ ary the selector yp mec hanism pro vides the abilit to exp ose minim um set of selector haracteristi cs. exp ect it will necessary to pro vide ariet of additional selector yp es and actions. 4.3.2 Con ten Manipulation In the original Mesh ob ject system, parts exp ose the abstract structure of an ob ject, but there is no generalizable mec hanism to manipulate part con ten in manner similar to \slots" in some ob ject systems. art instance con ten extraction is pro vided the optional action, ‘extract- con ten ts’. art instance mo di�cation is pro vided the optional action, ‘set-part- instance-v alue!’. (extract-part-instance ob ject role part-name selector Optional for all Roles Returns con ten ts of sp eci�ed part-instance. 46 (set-part-instance-v alue! obje ct ole art-name sele ctor value Optional for all Roles Allo ws the setting of sp eci�ed part-instance Regarding con ten manipulation, item are notable. First, imple m en tors ma ho ose to pro vide only sp eci�c part instance manipulation capabilities, for in- stance, if part con ten ts are not to exp osed for securit reasons. Second, the setting and extracting of alues requires mec hanism to describ the nature or yp alue of particular part instance. In the follo wing link role discussion, will allo the declaration of part \t yp es" to describ the nature of the part instance. 4.3.3 Substructure In terface Summ ary substructure in terface while not strictly necessary for Mesh linking, enhances the capabilit of Mesh links. examine the result of not pro viding certain substructure capabilities. no art instanc es Mesh ob ject ma ho ose not to exp ose an substructure with resulting reduction in link capabilit or example, if an ob ject do es not pro vide part instances then one can only link to the whole Mesh ob ject. In this example the lac of part instances limits the expressible relationships ecause no ob ject substructure is exp osed. no sele ctor exp osur Not exp osing criterion for reasonable selectors at the Mesh lev el reduces the capabilit of en ti ties examining an ob ject to determi ne suitable link. Again, suc capabilit is not strictly necessary but pro viding selector criterion exp oses ob ject seman tic s. no gener al art manipulation Not pro viding part con ten manipulation lim its the abilit of someone una are of an ob ject’s seman ti cs. Otherwise, one could examine an ob ject and its part In our presen system, these part yp es are ignored. 47 con ten to mak some determination ab out part seman tic s. Again, part con ten manipulation is not strictly necessary but pro viding con ten extraction and utation capabilit increases the exp osure of substructure seman ti cs. In summary none of the substructure in te rface capabilities are strictly neces- sary or required. Mesh ob jects ma ho ose to pro vide only subset of these substruc- ture in terfaces. Ho ev er, the exclusion of substructure capabilities Mesh ob jects limi ts the capabilit of Mesh links. 4.4 Com osites Comp osites pro vide the abilit to com bi ne Mesh ob jects in to single comp osite ob ject essen tially collection of Mesh ob jects main tained sp eci�c ob ject. Comp osite ob jects express requires relationship, statemen that particular set of ob jects pla ying sp eci�ed role are \required" for the comp osite to eha in its in tended manner. argue that comp osites can only ac hiev e pushing notion of comp osites in to the Mesh. 4.4.1 Need The motiv ation for comp osite structure has een understo the yp ertext comm unit for quite some time. In his Sev en Issues pap er 13 ], F. Halasz suggests: \The basic yp ertext mo del lac ks comp osition mec hanism i.e., of represen ti ng and dealing with groups of no des and links as unique en titie separate from their comp onen ts 13 ]." urther, the notion of comp osite comp onen is formalized in the Dexter Mo del of Hyp erme dia System 12 whic sp eci�es comp osite comp onen ts as directed graph of comp onen ts. Th us, comp osite ob jects can justi�ed the need to pro vide comp osite ob jects at the Mesh lev el. further motiv ation for comp osite ob jects is the nature of the Information Mesh itself. As distributed system, the Information Mesh ma unable to pro vide complete information ab out an en tit y suc capabilit is infeasible in the ast domain 48 of the Information Mesh. This lac of system-wide kno wledge implies that en tit kno wledge ust main tained the en tit itself. Th us, comp osite ob ject ould allo one to exp ose ob jects at Mesh lev el as comp osites. An explicit sp eci�cation of comp osite ob jects pro vides system-lev el capabilit and arene ss when mo v ing, cop ying or relo cating ob jects. With suc an explici mec hanism the system can ensure (within olicy constrain ts) that if comp osite ob ject is mo e d, all its asso ciated ob jects can mo e as ell. This is particularly useful if an ob ject is eing mo ed to where it can not comm unicate with other ob jects allo wing the system to ensure that necessary ob jects are mo ed as ell Th us, comp osites allo the \wrapping" of ob jects in to comp osite allo wing the comp osite to exp ose new in terface. This is particularly useful if one needs new in terface to an ob ject, but can not mak the ob ject pla new role. In related manner, comp osites allo the \bundling" of indep enden Mesh links with an ob ject. The need and mec hanism for \bundling" Mesh links is describ ed in further detail in Section 5.2.3. 4.4.2 Com osite Options There are sev eral ossible implem en tati ons of Comp osite ob jects. Securit and ail- abilit considerations limit our impl em e tation options. The main issue is whether comp osites can implem en te using the basic Mesh capabilities or whether com- osites will require additional Mesh capabilities. quir es Link In theory all relationships et e en Mesh en titi es could expressed using Mesh links. One could imagine creating \requires" link to express that particular Mesh ob ject requires another set of Mesh ob jects. Unfortunately indep enden links can not describ in trinsic haracteristi cs of Mesh ob jects ecause the indep enden link and the ob ject could ecome \sepa- rated" in the Mesh. The reason for this is that there is no implem en table Mesh 49 mec hanism to determine if all ossible links to an ob ject ha een examined or determi ned. Th us, links can not utilized to create comp osite ob jects. Comp osite-R ole Under this imple m en tation, comp osite ob jects pla the omp o site-r ole When Mesh ob ject pla ys the comp osite-role, it ust answ er requires questions for all other pla able roles for that ob ject. This approac causes problems ecause the require-role will ha to answ er questions ab out roles it do esn’t pla Since there is no in ternal mec hanism to allo di�eren roles to share information (par- ticularly et een di�eren implem en tations), this approac requires signi�can mo di�cations to the Mesh ob ject arc hitect ure. Monolithic obje ct Monolithic ob jects bundle all required ob jects in to single ob ject wrapping oids via some as et unsp eci�ed mec hanism and exp osing the em edded ob jects through some in terf ace. The adv an tage of this approac is that previously ulti ple ob jects are no accessible through single, monolithic ob ject. Unfortunately securit and practicalit concerns prev en utilizing this mec ha- nism on all ob jects. First, one ma not ha access ermissions to all ob jects whic need to ound in to comp osite ob ject. That is, some ob jects ma not allo cop ying or mo em en in to new comp osite ob ject. urther, one migh desire comp osite ob ject without the requireme of mo vi ng all ob jects in to one monolithic ob ject. Finally this mec hanism do esn’t ork if an ob ject is comp onen of more than one comp osite ob ject. Complete Obje ct war eness Another imple m en t ation option is to require that ev ery ob ject main tain list of all comp osite ob jects of whic it is mem er: con tained or con taining. This mec hanism ensures that ev ery ob ject is completel are of the comp osite relationships of whic it is mem er. The notion of \em edded" links to describ in trinsic Mesh ob ject haracteristics will explored in Section 5.2.3. 50 There are sev e ral problems with this approac h. First, it ould necessary that all ob jects main tain store describing all comp osites of whic it is mem er. This ould require that all ob jects utable and main tain ermissions for mo difying comp osite attributes. or public do cumen ts, suc need could quic k ly driv up the cost of main taini ng the ob ject as public en tit Second, it ould necessary to sync hronize all copies of an ob ject to ensure linking to one ob ject is exp osed all copies. Sp cial \R quir es" ction This approac pushes the notion of comp osites in to the Mesh as basic Mesh capabilit simil ar to ‘supp orts-action?’ and ‘parts-supp orted’. Th us, ev ery role ust supp ort an action whic returns the ob jects \required" that role. The main problem with this approac is that it en tails adding additional capabilit to the erall Mesh. 4.4.3 Com osite Impl e m e tati on Our comp osite impl em e tation is realized pushing the notion of \requires" in to the basic Mesh capabilities through the optional action, ‘get-required-ob jects’. The absence of ‘get-required-ob jects’ from particular role impl ies that the ob ject do es not require an other ob jects when pla ying that role. (get-requir ed-ob jects ob ject role Optional for all roles Returns the set of oids necessary for the ob ject to pla the sp eci�ed role. As- so ciated with eac oid is the role or roles required from that oid. Note that ‘get-required-ob jects’ do es not pro duce the closure of required ob- jects and roles; ‘get-required-ob jects’ returns only the ob jects and roles directly re- quired the sp eci�ed ob ject pla ying the sp eci�ed role. The only exception ccurs when the same ob ject is pla ying or supp orting ulti ple roles, there is an in teracti on et e en the roles and there are di�eren notions of comp osition. Under suc condi- tions, the result of in oking ‘get-required-ob jects’ con tains the required comp onen ts of all roles. 51 While comp osite ob ject conceptually \con tains" other ob jects, the con tained ob jects are not are of their inclusion in comp osite ob ject. Th us, comp osites can sp ecify an set of ob jects as eing required without the need to notify the con tained no des. This assures priv acy regarding ob jects con tained in one’s comp osite, but it also mak e the determination of all comp osites con taining particular ob ject imp os- sible. urther, comp osites can pro vide no guaran tees ab out the \con tained" ob jects; \con tained" ob ject ma hange in an unexp ected manner. 4.5 No de Exampl es Mesh ob jects can pro vide the no de capabilities of the examined yp ertext system no des. As demonstration, pro vide role de�nitions of arious yp ertext system no des. 4.5.1 Dexter Com onen Role As describ ed in Section 2.5.3, Dexter comp onen ts are comp osed of base comp onen together with comp onen information pro viding unique iden ti �cation, anc horing, pre- sen tation sp eci�cation and attribute-v alue pairs. or our Dexter Comp onen Role, utilize oids to pro vide unique iden ti�c a- tion and roles for comp onen haracteristi cs. Anc horing, presen tation sp eci�cation and attribute-v alue pairs are pro vided through parts utilizing ‘named-set-of se- lector yp e. Role actions to exp ose attributes and determine Dexter links to the comp onen are pro vided. art con ten manipulation is pro vided the generic Mesh part manipulation capabilities describ ed in Section 4.3.2. Inherits from: Ob ject-role Actions (all-attributes ob ject Required Returns the set of all attribute-v alue pairs. 52 (links-to ob ject Required Returns the Dexter links to the Dexter comp onen t. mec hanism to pro vide this functionalit will describ ed in Section 5.2.3. (links-to-anc hor ob ject anc hor-name Required Returns the Dexter links to the sp eci�ed Dexter anc hor. con ten extraction/m anipulati on utilize the default part con ten manipulation mec hanism s. arts (anc hors named-set-of unsp eci�ed-t yp Required Named anc hors asso ciated with comp onen t. (attribute-v alue named-set-of unsp eci�ed-t yp Required airs of attributes whic describ the Dexter comp onen t. (presen tation-sp e ci�e unary-of alue Required The alue describ es the presen tation of the comp onen t. 4.5.2 Aquanet No de Role As describ ed in Section 2.4, Aquanet no de slots are named set of con ten ts restricted to primi tiv datat yp es suc as text, images, um ers, strings, etc. Inherits from: Ob ject-role Actions con ten extraction/m anipulati on utilize the default part con ten manipulation mec hanism s. arts (slot named-of unsp eci�ed-t yp Required Con tains slots of an Aquanet no de. 53 4.5.3 Aquanet Statem en Role Aquanet statemen no des are utilized Aquanet argumen relations to describ the grounds, rationale or conclusion of an argumen (as describ ed in Section 2.4). Aquanet statemen no des are simple Aquanet no des with the additional requireme that they con tain statemen slot. or our Aquanet Statemen Role, create role whic con tains single statemen part (selector yp is unary) and inherits from the general Aquanet no de. Inherits from: Aquanet-no de-role Actions con ten extraction/m anipulati on utilize the default part con ten manipulation mec hanism s. arts (statemen unary-of text Required Con tains text of statemen no de. 4.5.4 orld Wide eb HTML Do cum en Role As describ ed in Section 2.3, orld Wide eb HTML do cumen ts pro vide mark ed up text with con ten linking pro vided anc hors. An anc hor HREF sp eci�es the eginning of link. Anc hor names sp ecify the oten tial targets of link. Inherits from: Ob ject-role Actions con ten extraction/m anipulati on utilize the default part con ten manipulation mec hanism s. 54 arts (h tml -te xt unary-of text Required HTML text of WWW do cumen t. (anc hor-names named-of text Required Named destinations in WWW do cumen t. art con ten is text con tained in region mark e anc hor name. (anc hor-hrefs ordered-of text Required Ordered list of HREFs in WWW do cumen t. art con ten is text con tained in region mark e anc hor reference. 4.6 Sum m ary Hyp ertext no des require naming, yping, substructure in terface, and comp osite ob- jects to supp ort etter linking. Naming and yping are pro vided the Informa- tion Mesh ob ject system whic pro vides naming through the use of oids and yping through the use of roles. Substructure in ter face is pro vided parts, whic ha een enhanced to pro vide exp osure of part selector haracteristic s, sp ecialized actions for certain selector yp es and mec hanism for the manipulation of part instance con ten t. These part enhancemen ts, while not strictly necessary enhance the e rall capabilit of Mesh links. Comp osite ob jects are pro vided pushing the notion of \requires" in to basic Mesh capabilities. Comp osite ob jects are motiv ated the need to express comp osites at the Mesh lev el the abilit express fundamen tal in terrel ationships et e en Mesh ob jects explicitly and the abilit to \wrap" Mesh ob jects in to single Mesh ob ject. Comp osite relationships are one-w y; comp osites can sp ecify an ob jects as \required" without an need to notify the \con tained" ob jects. 55 Chapter Link Arc hitecture The Information Mesh pro ject has vision of Mesh links for expressing relationships among ob jects in global, information mesh of ob jects: \A link, as the expression of relationship, is comp osed of kind iden ti fyi ng the nature of the relationship, and descriptors iden ti fying the ob jects in olv ed in the relationship, and whic parts of the ob jects are indicated. descriptor can iden tify all of an ob ject, some asp ect of an ob ject, or some comp onen of an ob ject ]." Th us, Mesh links need to exp osed to the Mesh in some manner. As an inheren comp onen of the Information Mesh, Mesh links need to pro vide the capabilities exp ected of all Mesh en titie clearly de�ning minim um requirem en ts in manner that recognizes una ailabil it and pro vides exibilit in oth imple m en- tation and ev oluti on. or Mesh links, the erall goal is to allo wide ariet of linking capabilities to built on top of the base Mesh link imple m e tation. Links need to pro vide and utilize exp osed seman tic s. In this hapter, will examine Mesh link arc hitec ture. examine link attributes in the con text of the Information Mesh and the yp ertext link issues ex- amined in Chapter 2, including: link utilization, link relationships, link indep endence and endp oin capabilities. rom this examination, describ minim um Mesh link implem en tation whic either ful�lls the examined attributes or pro vides su�- cien exibilit for their adaptation in more sp eci�c Mesh link. Finally pro vide examples of Mesh links built on top of the minim um Mesh link mec hanism 56 5.1 Link ttributes Mesh links should su�cien tl exible to pro vide the link capabilities describ ed in Chapter 2: Link utilization Mesh links are the primary mec hanism for expressing ob ject relationships in the Mesh. \Links are an inheren part of the Information Mesh, expressing relationships among no des ]." Mesh links should further able to describ relationships et e en other Mesh links. Th us, Mesh links are the fundamen tal mec hanism for expressing relationships in the Information Mesh. Mesh links need the capabilit to express relationships et een Mesh ob jects in su�cien tl exible manner to pro vide the na vigation, quotation, annotation, kno wledge represen tation, asso ciation and all other link capabilities examined in Chapter 2. In short, Mesh links need to exp osed to the Mesh in manner to allo wing ariet of link mec hanism s. Link elationships Mesh links ust able to describ the nature of link relationships including the haracteristics describ ed in Chapter suc as directionalit ulti -ended linking, named endp oin ts and presen tations. This supp ort is made additionally di�cult ecause yp ertext systems ha di�eren minim um or ev en con tradic- tory exp ectations for endp oin haracteristics. or example Xanadu exp ects distinguishable FR OM-SET and TO-SET to describ directionalit while Dex- ter sp eci�es individual link endp oin ts as TO, FR OM, BIDIRECT or NONE. Link indep endenc Mesh links need the capabilit to indep enden Mesh en ti ties. This need can justi�ed the example of indep enden links in Aquanet and Dexter and the desire to pro vide an equiv alen mec hanism in the Information Mesh. 57 Some Mesh links need to \bundled" with Mesh ob jects. This capabilit is describ ed an Information Mesh prop osal ]: \Links can either explicit or impli cit; an impli ci link is one that declares relationship et een ob jects that is necessary part of one of the link e ob jects, while an explicit link represen ts relationship that is not inheren to an of the ob jects it links... An implic it link is lik ely to reside with the ob ject to whic it \b elongs," while an explicit link ma reside an ywhere, and in fact ma need to an ob ject in the sense it can named with an oid and ha further links... ]." Note that in Section 5.2.3 shall prop ose an alternativ to designating links as either explicit or impli cit. Endp oint ap abilities Mesh links ma relate an ob ject, some asp ect of an ob ject, or some substructure of an ob ject. use the term endp oints to describ the substructure related link. Mesh links ust able to supp ort ariet of endp oin haracteris- tics. In Dexter, the mec hanism to designate comp onen ts and substructure as imple m en t ed as link sp eci�er whic dynamically resolv ed to set of comp o- nen ts and an anc hor id. Th us, links should able to designate the endp oin ts dynamically in manner similar to Dexter sp eci�ers. urther, endp oin ts should transparen across Mesh ob ject utations. As noted in Chapter 2, link endp oin ts are fundamen tally limite the in ari- an substructure exp osed the no des eing link ed and the system in whic the links are implem e ted. rom our examination of Mesh ob jects as no des in Chapter 4, it should apparen that Mesh ob ject substructure is formalized as \parts". urther, it should apparen that Mesh links can pro vide no guar- an tees ab out referenced ob jects link ma \dangling" ecause of ob ject hanges. Finally the una ail abili of complete en tit information (as describ ed in Section 4.4) prev en ts the imple m en tation of mec hanism to determine all links to particular ob ject. 58 Mesh links can usually view ed as passiv data structures that relate but do not act on ob jects. do not exp ect that the use of particular link will result in man computations outside of the link ob ject itself. Ho ev e r, there are few sp ecial cases where link should ha the capacit to do more than simply reference Mesh parts. or instance, Xanadu pro vides mec hanism for linking to no des through the use of computation in olvi ng haracter matc hing. Mesh links should able to erform equiv alen computations on Mesh ob jects. 5.2 Imple m en tation Mesh links are impl em e ted as Mesh ob jects that ust pla the link-r ole The link- role allo ws the expression of link relationships through sev eral mec hanism s. Link endp oin ts are determined the ‘extract-endp oin ts’ action. The set of oids related link (the ob ject ortion of link endp oin t) can determi ned using the ‘get- oids’ action. The erall in ten of the link-role is to sp ecify the minim um require- men ts for Mesh links in manner allo wing maxim um exibilit of implem en tati on and sp ecialization. Link Role: Inherits from: ob ject-role Actions (get-oids link role Required Returns set of oids related the link (extract-endp oi ts link ole Required Returns set of endp oin ts whic describ the ob ject and ob ject substructure related the link. Note that the link can pla more than one link-role, where the roles ma not sub-role or sup er-roles of eac other. pro vide this capabilit allo wi ng the designation of the role in the link-role actions. 59 (get-n um er-e ndp oin ts link ole Required Returns um er of endp oin ts (set-endp oin t s! link ole endp oint-list Optional Changes the link to relate the sp eci�ed endp oin ts and remo es an previous endp oin ts. Endp oin ts pro vided as set of descriptors. con ten extraction/m anipulati on utilize the default part manipulation mec hanism s. arts (endp oin unordered-set-of descriptor Required Con tains text of statemen no de. Mak ers (create oid imple m en tation endp oin t-list Required Create link. Link endp oin ts, utilized to reference an ob ject and (optionally) ob ject sub- structure, are imple m en ted as descriptors Note that ha not asso ciated yp alue with descriptors. descriptor is structure con taining ob ject, role, part and selector information. Descriptors are describ ed in more detail in Section 5.2.4 Link-role endp oin ts can listed in an particular order (unordered); there is no naming of endp oin ts in the base link-role. Endp oin ts do not con tain an asso ciated yp alue, direction or an other seman ti descriptions. In short, capabilities to group or distinguish endp oin ts are not pro vided in the minim um link-role. Suc capabilit can pro vided in roles whic inherit from the link-role. The link role con tains restrictiv requirem en ts. First, the um er of link endp oin ts returned ‘get-n um er-endp oin ts’ is required to determinable alue. Second, the link endp oin ts returned ‘extract-endp oin ts’ ust discrete and returnable. These minim um requirem en ts are unlik ely to restrict Mesh link capabilit signi�can tly 60 The remaini ng Mesh link details are describ ed individually addressing the link attributes describ ed in Section 5.1. 5.2.1 Link Utili z ation Mesh links are exp osed to the Mesh as link ob jects whic pla the link-role. Th us, Mesh links pla ying the link-role pro vide minim um capabilit Note further that e- cause links are ob jects, links can link links! The e rall capabilit of Mesh links is demonstrated through example in Section 5.3. Implem en ti ng Mesh links as ob jects results in some limi tations. or exam- ple, there is nothing to prev e Mesh link from hanging its exp osed endp oin ts whenev er desired. urther, the impl em e tation of Mesh link as an ob ject requires that in ok the erhead of in oking Mesh ob ject action ev e ry time desire determination of the endp oin ts of link. 5.2.2 Relati onship description Link relationships are pro vided through roles. Roles pro vide an extensible link yp mec hanism Additional link capabilit is pro vided creating role whic inherits, either directly or indirectly from the link-role. Th us, new Mesh links can de�ned sp ecifying role whic inherits from the link-role. Dir ctionality The base link-role has no directionalit information. Mesh links are inheren tl bidirectional in describing endp oin ts. Sp eci�c yp ertex implem e tations of directionalit can pro vided through link role sp eci�c iden ti�er simil ar to Dexter’s mo del of recording directionalit with the added adv an tage that the domain of directionalit e.g. seman tic s, transit, etc., can declared formally through the role mec hanism 61 Multi-ende links Ob jects pla ying the Mesh link role can ha ulti ple ends. Indeed, the base link-role allo ws links to relate single Mesh en tit or ev en no en titie s, although this raises question ab out what is eing \related". Regardless, an ob ject pla ying the link role can ho ose to ha no endp oin ts implyi ng that it relates nothing! Note that this could temp orary situation. An example of single- ended link migh an \o�spring link" assigned to an ob ject that has none. exp ect the common case will link with or more descriptors; sp eci�c link role will in tro duced whic pro vides these capabilities. Pr esentations The base link-role has no presen tation information. Ho ev er, more sp eci�c link roles can con tain presen tation information. or example, Dexter link could easily ha its presen tation sp eci�cation as part. 5.2.3 Link Indep endence Mesh link indep endence is assured ecause links are imple m en ted as Mesh ob jects. urther, Mesh links can relate an ob jects; an ob ject do es not ha to con tain all links to it. One problem with using indep enden links to relate Mesh ob jects is that there is no ounded to determine all ossible links to an ob ject. Th us, indep enden links can not describ \in trinsic" haracteristic of Mesh ob jects ecause the indep enden link and the ob ject could ecome \separated" in the Mesh; there is simply no guaran tee the link will alw y ailable to describ the ob ject. Impli cit or \bundled" links are pro vided through the use of the comp osite mec hanism describ ed in Section 4.4. Comp osites ensure that Mesh links can em edded in Mesh ob jects. Bundled links usually reference some asp ect of the ob ject with whic they are bundled, but this is not necessarily required. Note that impli ci links are utilized to allo the Mesh-lev e expression of link relation. If the link relationship is \requires" relationship and there is no need to exp ose the exact parts required, then it mak es sense to utilizes the comp osite ob ject’s 62 \requires" op eration rather than creating an impli cit links whic do es the equiv alen t. One example of the need for this capabilit is WWW links \con tained" in WWW do cumen t, but exp osed as Mesh ob ject and Mesh links in the Information Mesh. By exp osing the links as \required" the Mesh ob ject (through the use of comp osite ob ject), can ensure that the Mesh links mo with the ob ject. Link indep endence raises some feasibilit issues in imple m en ting system that exp ects complete determi nation of all links to sp eci�ed no de. As already noted, suc complete ail abili of information is not ossible in the Information Mesh. Ho e e r, one can accomm date suc systems in lim ited manner using the \requires" op eration to sp ecify all links to no de. or instance, Dexter no des can answ er the ‘links-to’ and ‘links-to-anc hor’ actions describ ed in Section 5.2.3 examining the links \required" the Dexter no de. Clearly suc mec hanism is insu�cien for rep orting all Mesh links to giv en Mesh ob ject, but the utilization of \requires" allo ws the determination of links designated as suc h. 5.2.4 Endp oin capabiliti e Endp oin ts are realized using descriptors descriptor is simple data structure con taining ob ject, role, part and selector information. descriptor is more than an oid, to allo the distinguishing of particular substructure comp onen of Mesh ob ject (a part instance). Note that ha not asso ciated yp alue with de- scriptors. urther, there are no sets of descriptors in the link-role; all descriptors are presen ted as single set. These decisions ere made to minim i ze the requirem en ts of the base link-role. shall see later that yp alues and sets can asso ciated with descriptors in sp ecialized link roles. Base Mesh links are restricted to linking the substructure exp osed Mesh ob jects through parts. simplify the implem e tation of descriptors, only allo single alue for eac ob ject, role, part and selector information. do not pro vide sets or abilit to op erate on part instances in the base link-role. urther, Mesh links can not sp ecify subpart or an other piece of part. The link-role can not op erate the on the link ed part; the link merel expresses substructure reference to the part. 63 There is no mec hanism to hold range or set of parts in the base link-role except pro viding individual endp oin ts for eac sp eci�able part. If an ob ject do es not pro vide parts for the role it is pla ying, then can only pro vide an ob ject and role in the descriptor. The remaining alues are ignored. link ma dynamically hange the endp oin ts pro duced. Suc capabilit is pro vided allo wing the link to erform computations whenev e it is ask ed to ex- ose endp oin ts via the ‘exp ose-endp oin ts’ action. Through this mec hanism ma pro duce di�eren endp oin ts at di�eren times. or example can pro vide Dexter’s sp eci�ers (see Section 2.5.3) hiding the sp eci�er within the ob ject and rev eali ng the result of its computation in the link endp oin ts presen ted. In summ ary Mesh links are able to designate dynamicall endp oin ts in manner simil ar to Dexter sp eci�ers. Note that minim um Mesh links are limi ted the substructure exp osed the ob ject for linking; can only link to exp osed parts. Linking sub comp onen or piece of part can not done with the minim um Mesh link. need to express some form of endp oin computation whic is not pro vided in the minim um Mesh link mec hanism While minim um Mesh links do not supp ort computations to get part, it is ossible to ha sp ecialized link role whic pro vides suc capabilit Unfortunately this approac ma not recognized the en tit examini ng the link, limi ting uti- lization of the link to those that understand the sp ecialized link. One solution to this problem is to sp ecify generalized \computation" Mesh link whic pro vides general mec hanism to erform endp oin computations. Unfortunately suc link ould require mec hanism to describ generalized con trol and state. urther, suc mec hanism ould require mec hanism to con trol the threading of computations across the Mesh. ortunately there are sev eral alternativ es to \computation" Mesh link: 1. Ask for part to created This approac requires oth kno wledge of the ob ject eing link ed and the ca- pabilit to create the desired part. 64 2. Mak the ob ject pla more suitably link able role con taining the desired part This approac requires that suitable role ailable suc that one can force the ob ject to pla the more suitable role. The problem with this approac is that one ma not ha the ermissions to force an ob ject to pla the desired role. 3. rap the unco op erativ ob ject in to comp osite ob ject. This approac exp oses the ob ject through separate comp osite ob ject con- taining the desired parts. The comp osite ob ject erforms computations on the wrapp ed ob ject to pro vide the desired parts. An example is creating role whic exp oses paragraphs on top of an oid with only hapters doing computations on the paragraphs. The problem with this approac is that the link relates the comp osite, not the original ob ject. One to ork around this problem is to express link to oth the comp osite and the original ob ject so that it is clear that the wrapp ed ob ject is eing describ ed via the comp osite. 5.3 Link Example demonstrate some example link roles. Note that these link roles are able to serv as strong set of base Mesh link roles. 5.3.1 Name Link The named link pro vides set of endp oin ts, eac endp oin named. Named-links pro vide base set of link functionalit that man other links can utilize to exp ose individually named endp oin ts. Named-Li nk Role: Inherits from: link-role 65 Actions (extract-nam ed-e ndp oin named-link endp oin t-name Required Returns endp oin describ ed endp oin t-name. (add-named-endp oin t! name d-link endp oint-name endp oint-value Optional Deletes endp oin with endp oin t-name. (remo e-nam e d-endp oi t! name d-link endp oint-name Optional Adds endp oin with endp oin t-name. Endp oin is descriptor structure. con ten extraction/m anipulati on utilize the default part manipulation mec hanism s. arts (named-endp oi named-of descriptor Required Con tains named-endp oin ts. Mak ers (create oid imple m en tation named-endp oin t-li st Required Create named-link. Named-endp oin list is list of names and descriptor pairs. 5.3.2 Ordered Link Set of endp oin ts ordered in some manner. Named-Li nk Role: Inherits from: link-role 66 Actions (get-ordered-e ndp oin t-range named-link start end Required Returns range of ordered endp oin ts. (extract-ordere d-endp oi named-link osition Required Returns the endp oin at um ered osition in ordering. (set-ordered-e ndp oin t! named-link ordered-endp oin ts Optional Changes the ordered link to relate the sp eci�ed endp oin ts. Endp oin ts pro vided as ordered set of descriptors. con ten extraction/m anipulati on utilize the default part manipulation mec hanism s. arts (ordered-endp oin ordered-of descriptor Required Con tains ordered-endp oin ts. Mak ers (create oid imple m en tation endp oin t-list Required Create ordered-link. Endp oin list is an ordered list of descriptor pairs. 5.3.3 Binary link binary link is o-ended Mesh link. Binary links are guaran teed alw y to con tain exactly ends. Note that the Binary Link Role utilizes the inherited link-role actions and parts, but with the guaran tee that the result of ‘extract-endp oin ts’ and ‘get-oids’ will return exactly endp oin ts. Binary Link Role: Inherits from: link-role 67 Actions con ten extraction/m anipulati on utilize the default part manipulation mec hanism s. Note that the manipu- lation mec hanism ust main tain the endp oin haracteristic s. arts (binary-endp oin t unordered-of descriptor Required Con tains endp oin ts of binary link. 5.3.4 Link Exampl Sum m ary Note that in the previous examples, ha made utabil it considerations optional. This allo ws named-links, ordered-links and binary-links to oten tially imple- men ted as imm utable relations. Simi lar criteria as pro vided in designing the base link-role where utabilit is optional to ensure that one can build an imm utable link on top of the minim um link-role. 5.4 Extended Example The er of Mesh ob jects and links is est demonstrated on particular problem, preferably dynamic en vironm e in whic hanging ob jects are related mesh links. ha hosen to create Mesh ob jects whic represen the eople, groups, and ro oms at the MIT Lab orato ry for Computer Science (LCS). Sp ecialized Mesh links describ the relationships et een these three en titi es as the ob jects ev olv through time as eople, groups and ro oms hange. 5.4.1 LCS En tit Ob jects Our example Mesh ob jects utilizes sev eral sp ecialized roles to describ their capabil- ities and represen tations. An individual erson at LCS is represen ted an ob ject 68 pla ying the LCS-P erson-Role. LCS groups and LCS ro oms are describ ed an LCS- Group-Role and LCS-Ro om-Role resp ectiv e ly All three roles con tain \name" part. The LCS erson Role and LCS Group Role optionally con tain ebpage and email part. The LCS erson Role optionally con tains phone part. All of these sp ecialized roles inherit from the follo wing En tit y-Role whic pro vides mec hanism to asso ciate attributes with named ob ject: En tit Role: Inherits from: ob ject-role Actions con ten extraction/m anipulati on utilize the default part manipulation mec hanism s. arts (name one-of text Required En tit name. (attribute named-of unsp eci�ed-t yp Required ttribute for en tit Mak ers (create oid imple m en tation name named-attributes Required Create an en tit with name. Named-attributes are attac hed to the attribute part. 5.4.2 LCS En tit Links As previously describ ed, the three sp ecialized LCS en titi es (p eople, groups and ro oms) are related using sp ecialized Mesh links. The sp ecialized links utilized to relate Mesh 69 ob jects are the link roles: LCS-Group-Mem er-of and LCS-Occupan t-of. LCS-Group- Mem er-of links relate LCS erson to LCS Group. Suc relationships are unlim- ited; there are no limi tations on the um er of groups lcs-p erson can asso ciated with as mem er. LCS-Occupan t-of links describ relationship et een LCS er- sons and LCS ro oms. As with group mem ership, erson can ccup ultipl ro oms without restriction. Both LCS-Group-Mem er-of and LCS-Occupan t-of link roles inherit from the Mem er-of link role (whic further impli es the indirect role inheritance of named- endp oin and binary link roles). The Mem er-of link role allo ws en titi es to related suc that mem er (as sp eci�ed an endp oin t) is comp onen of con tainer (as sp eci�ed another endp oin t). Note that while Mem er-of link sp eci�es relationship et e en \mem er" and \con tainer" but this terminology has no relationship to the comp osite ob ject notion of \requires". Mem e r-Of Link Role: Inherits from: binary-link-rol e, named-link -rol Actions con ten extraction/m anipulati on utilize the default part manipulation mec hanism s. arts (mem e unary-of descriptor Required Mem er en tit endp oin t. (con tainer unary-of descriptor Required Con tainer en tit endp oin t. Mak ers 70 (create oid imple m en tation mem er con tainer Required Create mem er-of link. Mem er and con tainer are descriptors. 5.4.3 Summ ary The ey insigh for this example is that links can pro vide and exp ose capabilit based on their osition in the role hierarc That is, extrem ely sp ecialized link roles can utilize some of the more general links describ ed in Section 5.3. As an example, LCS-Group-Mem er-of link also pla ys (indirectly) the Mem er Link Role, Binary Link Role, Named Endp oin Link Role and the minim um Link-Role. By pla yi ng these arious roles, the LCS-Group-Mem er-of link rev eals itself as 2-ended Mesh link utilizing named endp oin ts to describ some form of mem ership. Th us, the ab ob jects and links whic pla more general roles through the utilization of role inheritance can more widely understo d. The complete role sp eci�cations for LCS-P erson-Role, LCS-Group-Role, LCS- Ro om-Role, LCS-Group-Mem er-of link role and LCS-Occupan t-of link role are pro- vided in App endix 9. 5.5 Sum m ary Mesh links pro vide the primary mec hanism for expressing ob ject relationships in the Mesh. Mesh links express relationships through the utilization of roles and describ endp oin ts through the use of descriptors descriptor is structure whic allo ws Mesh links to sp ecify an ob ject, some asp ect of an ob ject or some substructure of an ob ject. Mesh links are exp osed to the Mesh as indep enden Mesh ob jects whic pla the link-role. Impl ici links, describing \in trinsic" haracteristi cs of Mesh ob jects, are pro vided through the use of comp osite ob jects. Th us, Mesh links can \bundled" with Mesh ob jects. All Mesh links ust pla the link-role describ ed in Section 5.2. The link-role pro vides the minim um capabilities ailable for expressing relationships et e en ob- jects. The link-role requires that endp oin ts determi ned the ‘extract-endp oin ts’ 71 action whic returns set of descriptors describing the endp oin ts of the Mesh link. No directionalit or presen tation capabilities are pro vided with Mesh links. End- oin capabilities are largely limi ted the substructure exp osed Mesh ob jects through parts, but links ma dynamicall hange the endp oin ts pro duced. Endp oin computations are ossible, but are lim ited to sp ecialized links. In summary Mesh requireme ts are met for Mesh link mec hanism Minim um agreemen is pro vided requiring all Mesh links to pla the link-role. Minim um co ordination is met ensuring Mesh link requireme ts accoun for una ailabili Flexibili is pro vided through the utilization of roles to create, describ and adopt new link yp es and mec hanism s. Finally ha demonstrated the exibilit of Mesh links in the form of arious Mesh links and an extended example. 72 Chapter Conclusions The Information Mesh pro vides framew ork for the implem en tati on of system of no des in terconnecte links expressing relationships; the Information Mesh erne and ob ject system pro vide the necessary system capabilities. The mo di�ed Mesh ob ject system enhances Mesh link capabilities. The describ ed Mesh link arc hitec ture pro vides mec hanism to relate Mesh ob jects. In this hapter, review Mesh links and describ ho they satisfy the obser- ations of Chapter 2. conclude with list of op en issues. 6.1 Mesh Links Mesh Links pro vide the capabilities necessary to serv as the primary mec hanism to express ob ject relationships in the Mesh. The goal of Mesh links to pro vide minim um mec hanism for expressing Mesh relationships has een met. urther, Mesh links ha een sho wn to pro vide pro vide ric h, exible mec hanism for relating Mesh ob jects. Finally noted that Mesh links need mec hanism to \em ed" link in an ob ject for expressing fundamen t al ob ject haracteristics. Ov erall ha sho wn that meeti ng certain minim um requireme ts in links and the en titie they connect is su�cien to pro vide ric exibili of relationship ex- pressions. Th us, Mesh links pro vide the ene�t of minim um but exible mec hanism to express Mesh Ob ject relationships. 73 6.2 Ov erall Linking Issues Addressed Our examination of Mesh link arc hitecture has resulted in stronger understanding of the ob ject, system and link capabilities necessary for linking. examine this understanding in terms of the yp ertext system observ ations discussed in Section 2.6: 1. Scalabilit issues are often ignored. The issue of scalabilit is met the utilization of the the Information Mesh’s Mesh erne and Mesh Ob ject System for system and ob ject capabilit The Mesh link arc hitecture accomm dates scalabilit utilizing the ob ject system and not requiring complete ly ail able system information. 2. No de and link yping limitations emphasize the need for an extensible yping mec hanism for no des and links. The Mesh Ob ject System pro vides these capabilities to oth Mesh ob jects and Mesh links through the utilization of roles to describ abstract structure and eha vior of ob jects. Role capabilit as exible and extensible yping mec ha- nism as previously describ ed in Section 3.5.2. urther, Chapter sho ed the abilit to apply roles to pro vide the yp capabilities of all examined yp ertext text systems, including single alue, attribute-v alue and hierarc hical yp es. 3. Substructure in terface lim itations emphasize the need for formal mec hanism for exp osing substructure. The Mesh Ob ject System pro vides \parts" to reference substructure. As de- scrib ed in Chapter 4, parts are similar to yp ertext no de anc hors but are more systematic and generalizable, as ell as hiding represen tation and other imple- men tation details ehind an abstraction barrier. Note that the Mesh Ob ject System as enhanced to pro vide exp osure of part selector haracteristic s, sp ecialized actions for certain selector yp es and mec h- anism for the manipulation of part instance con ten t. These part enhancemen ts, while not strictly necessary impro ed the erall capabilit of Mesh links. 74 4. Endp oin capabilities for substructure reference and computation are necessary As describ ed in Chapter 5, Mesh link endp oin capabilities are largely limi ted the substructure exp osed mesh ob jects through parts, but links ma dynamically hange the endp oin ts pro duced. Mesh link endp oin computations are ossible, but are limi ted to sp ecialized links. 5. The necessary link capabilities for an e�ectiv yp ertext system are unclear Mesh link mini um requirem en ts are that all Mesh links ust pla the link- role. Th us, the link-role pro vides mini um mec hanism for describing and expressing relationships et e en ob jects. As demonstrated, these minim um requirem en ts pro vide su�cien exibilit to allo ric set of relationship ex- pressions. 6.3 Op en Issues Sev eral issues remain op en to future examination. Mec hanisms for Ob ject Disco e ry There are no mec hanism for ob ject disco ery implem en te in the presen In- formation Mesh. In particular, there is no mec hanism to �nd links based on description, nor to �nd links to particular ob ject. Th us, there is need for link hin serv er (an en ti whic can pro vide links based on description or endp oin ts). Note that the implem en tation of Mesh links as Mesh ob jects impl ies that there is nothing to prev en Mesh link from hanging its exp osed endp oin ts whenev er desired. This mak e the impl em e tation of Mesh link hin serv er increasingly di�cult ecause the serv er ust erio dically determine if stored Mesh link has hanged its endp oin ts. 75 Endp oin Arc hitecture Limi tations The link-role requires that the endp oin ts coun table, en ume rable and reference single part instance (no sets). ha not examined whether coun table link endp oin ts is to restrictiv e. urther, ha not determined whether the inabilit to express sets of endp oin ts as primi tiv Link-Role capabilit is to limi ting. Finally computation capabilities ha not een su�cien tl examine d. Mesh art Capabilit Mesh arts ha een enhanced through the exp osure of part selector harac- teristics, sp ecialized actions for certain selector yp es, and mec hanism for the manipulation of part instance con ten t. These enhancemen t s, while enhancing the e rall capabilit of Mesh links, re- quire addition examination and mo di�cation. or instance, there is no mec ha- nism to describ the nature or alue yp of particular part instance. urther, there is no mec hanism to pro vide additional selector yp es or sp ecialized actions in generalized manner. These ust all pushed in to the Mesh. Presen tation Capabilit There is no generalizable mec hanism for presen ting Mesh Ob jects and Mesh links to user. 76 Chapter Ob ject-Role The ob ject-role pro vides starting oin for all dialogs with Information Mesh Ob- jects. Since all Mesh ob jects ust pla the ob ject-role, are guaran teed that the required ob ject-role actions are answ erable an Mesh ob ject. Th us, the Ob ject Role describ es the base set of actions and parts whic all Mesh Ob jects ust supp ort. Actions (roles-pla ed ob ject Required Returns the list of roles that the ob ject can pla at this instan t. (pla ys-role? ob ject role Required Returns true if the ob ject pla ys role (pla y-role ob ject role imple m en tati on Required Mak es the giv en ob ject pla the giv en role using the giv en implem e tation. Initially all ob jects pla the ob ject-role (is-role? ob ject Required Returns true if the giv en ob ject is role. Ob jects whic are roles can used to describ the abstract eha vior of other ob jects. Note that ‘is-role?’ is syn tactic sugar for applying ‘pla ys-role?’ to an ob ject and sp ecifying the ole-r ole for the role argumen t. 77 (imple m en tations- supp orted ob ject role Required Returns the list of impl em e tation ob jects for the giv en role that the ob ject supp orts. (describ e-y oursel ob ject Required Returns description of the ob ject. The nature of this do cumen tation is out of the scop of this sp eci�cation. arts whole Required The part con taining the en tire ob ject. do cumen t ation Required The do cumen tation asso ciated with giv en ob ject. 78 Chapter ersioning \V ersioning is an imp ortan feature in yp erm edia systems. go ersi oning mec ha- nism will allo users to main tain and manipulate history of hanges to their net ork 13 ]." 8.1 ersioning Options ersioning options include: authoritative server This approac uses serv er whic is guaran teed to con tain the latest ersi on. Utilizi ng an authoritativ serv er requires the ailabil it of the serv er for an ersioning op erations. Th us, an authoritativ serv er requires large degree of co ordination and ailabil it violation of the Mesh requireme for minim um co ordination. Therefore, an authoritativ serv er mec hanism is est not utilized as the default eha vior for ob jects in the Mesh. name versioning Name ersioning asso ciates eac oid with an imm utable ob ject and mec ha- nism to determine the oid for the next \v ersion" of ob ject. This sc hem is not only clumsy but it breaks our in ten ti on of not asso ciating seman ti cs with oids. urther, there is no mec hanism to determine the latest ersion. 79 latest time-date stamp Latest time-date stamp ersi oning utilizes time stamp to determine the \lat- est" ersion. The \latest" ersi on is the ob ject with time stamp later than an others. The lim itation of this approac is that there is no mec hanism to ensure one has the latest ersion. versioning time-out ersioning time-out has univ ersal time at whic oin the information is in alid. This mec hanism requires that either that the information ha life exp ectancy or that erio dic up dates are pro vided. pr ob abilistic versioning ersion is probabilistically alid dep ending on time since creation; after sp ec- i�ed erio d, ob ject is only guaran teed to latest with sp eci�c probabilit As an example, \half-life" probabilit ould sp ecify time erio after whic the ob ject ould only half as lik el to alid as efore. 8.2 ersioning Implem en tation There is no clearly sup erior ersioning implem en tation option. or our curren ob ject implem en tati on, utilize ersioning based on time-date stamps via the latest time- date stamp mec hanism As previously noted, the ey problem with this mec hanism is that there is no means to ensure one has the latest ersi on. Note that regardless of ersioning hoice, Mesh ob jects ma utilize additional ersioning capabilities. or instance, Mesh ob ject ma ho ose to use an authoritativ serv er in addition to time-stam ps. 80 Chapter LCS En tities and Seman tic Links This app endix describ es the role implem e tation for the eople, ro oms and groups at the MIT Lab orato ry for Computer Science. Also describ ed are the mesh link relationships whic in terrel ate the eople, ro oms and groups. The roles are detailed on the follo wing pages. 81 LCS erson Role: Ob jects pla ying the LCS erson Role represen an individual erson at the MIT Lab orato ry for Computer Science. Note that ro om and group is not part of lcs-p erson’s attributes ecause lcs-o ccupan t-of and lcs-mem er-of link (describ ed shortly) describ es these attributes. The LCS erson role inherits from the En tit role describ ed in Section 5.4.1 Inherits from: ob ject-role Actions con ten extraction/m anipulati on utilize the default part con ten manipulation mec hanism s. arts (name unary-of text Required Con tains name text (phone unary-of text Optional Con tains phone um er. (w ebpage unary-of text Optional Con tains ebpage URI. (email unary-of text Optional Con tains email address (text URL format). Mak ers (create oid imple m en tation erson phone ebpage email Required Create lcs-p erson. 82 LCS Ro om Role: Ob jects pla ying the LCS Ro om Role represen an individual ro om at the MIT Lab orato ry for Computer Science. Inherits from: en tit y -rol Actions con ten extraction/m anipulati on utilize the default part con ten manipulation mec hanism s. arts (name unary-of text Required Con tains ro om name text Mak ers (create oid imple m en tation ro om-name Required Create lcs-ro om. 83 LCS Group Role: Ob jects pla ying the LCS Group Role represen group at the MIT Lab oratory for Computer Science. Inherits from: en tit y -rol Actions con ten extraction/m anipulati on utilize the default part con ten manipulation mec hanism s. arts (name unary-of text Required Con tains group name text (w ebpage unary-of text Optional Con tains ebpage URI. (email unary-of text Optional Con tains email address (text URL format). Mak ers (create oid imple m en tation ro om-name Required Create lcs-ro om. 84 LCS Group-Mem er-of Link Role: An LCS Group-Mem er-of Link expresses relationship et een an ob ject pla ying the LCS-P erson Role and an ob ject pla yi ng the LCS-Group role namely that the erson is mem er of the group. Inherits from: mem er -of-li nk Actions con ten extraction/m anipulati on utilize the default part con ten manipulation mec hanism s. arts (lcs-p erson unary-of descriptor Required LCS erson descriptor (lcs-group unary-of descriptor Required LCS Group descriptor Mak ers (create oid imple m en tation lcs-p erson lcs-group Required Create lcs-group-mem er-of link stating that LCS erson is group mem er of LCS group. LCS Occupan t-of Link Role: An LCS Occupan t-of Link expresses relationship et e en an ob ject pla ying the LCS-P erson Role and an ob ject pla ying the LCS-Ro om role namely that the erson is an ccupan of the sp eci�ed ro om. Inherits from: mem er -of-li nk Actions con ten extraction/m anipulati on utilize the default part con ten manipulation mec hanism s. 85 arts (lcs-p erson unary-of descriptor Required LCS erson descriptor (lcs-ro om unary-of descriptor Required LCS Ro om descriptor Mak ers (create oid imple m en tation lcs-p erson lcs-ro om Required Create lcs-o ccupan t-of link stating that LCS erson ccupies LCS ro om. 86 Bibli o graph [1] T. Berners-Lee, R. Cailliau, A. Luotonen, H. ryst yk Nielson, and A. Secret. The orld wide eb. Communic ations of the CM 37(8):76{8 2, August 1994. [2] T. Berners-Lee and M. McCahill L. Masin ter. Uniform resource lo cators (url). ec hnical rep ort, CERN, Xero Corp oration, Univ e rsit of Minnesota, Decem er 1994. Net ork orking Group RF 1738. [3] Tim Berners-Lee. Hyp ertext markup language (h tml ). ec hni cal rep ort, CERN, June 1993. ttp://www.w3.org/h yp ertext/WWW/MarkUp/HTML.h tm l [4] Tim Berners-Lee. Hyp ertext markup language (h tml ). ec hni cal rep ort, CERN, Ma 1994. Draft. [5] Tim Berners-Lee and Daniel Connolly Hyp ertext markup language (h tm l ). ec hnical rep ort, CERN and tri bum June 1993. In ternet Draft. IR orking Group. [6] annev ar Bush. As ma think. The tlantic Monthly July 1945. [7] Da vid D. Clark, Karen R. Sollins, John T. ro cla wski, and Mic hael L. Der- touzos. Critical tec hnology for univ ersal information access. Researc prop osal submitted to ARP A, 1994. [8] Karen R. Sollins Da vid D. Clark and John T. ro cla wski. aradigms for uni- ersalit y Net orki ng in the information age. Abridged ersion of Prop osal Submitted in Supp ort of ork the Adv anced Net ork Arc hite cture Group, 1991. [9] Karen R. Sollins Da vid D. Clark and John T. ro cla wski. Adv anced net ork arc hitecture progress rep ort ’93-’94. Progress Rep ort ’93-94, 1994. [10] D. Go dman. The Complete Hyp erCar Handb ok New ork, 1987. [11] Ka Gr�n baek and Randall H. rigg. or dexter-based yp erme dia system. Communic ations of the CM 37(2), 1994. [12] rank Halasz and Ma er Sc artz. The dexter yp ertext reference. Communi- ations of the CM 37(2), 1994. 87 [13] rank G. Halasz. Re ections on notecards: Sev en issues for the next generation of yp erm edi systems. Communic ations of the CM 31(7), 1988. [14] Guy L. Steele Jr. Common Lisp: The anguage Digital Press, second edition edition, 1990. [15] John J. Legget and John L. Sc hnase. Dexter with op en ey es. Communic ations of the CM 37(2), 1994. [16] Catherine C. Marshall, rank G. Halasz, Russell A. Rogers, and William C. Janssen Jr. Aquanet: yp ertext to ol to hold our kno wledge in place. In Hyp ertext ‘91 Pr d ings pages 261{276 1988. [17] Theo dor Holm Nelson. Liter ar Machines The Distributers, 1987. [18] J. ostel. Media yp registration pro cedure. ec hni cal rep ort, USC/ISI, Marc 1994. RF 1590. [19] Da Raggett. Hyp ertext markup language sp eci�cation ersion 3.0. ec hni cal rep ort, W3C, Marc 1995. IETF Draft draft-ietf-h tml -sp ecv3-00.txt. [20] Donald L. McCrac en Rob ert M. Akscyn and Elise A. onder. Kms: dis- tributed yp erm edia system for managing kno wledge in organizations. Commu- nic ations of the CM 31(7), 1988. [21] K. Sollins and L. Masin ter. unctional requirem en ts for univ ersal resource names. ec hnical rep ort, MIT/LCS and Xero Corp oration, Decem er 1994. Net ork orking Group RF 1737. [22] Karen Sollins. Ov ervi ew of the information mesh. DRAFT, 1995. [23] Bien eni do e lez -Riv era. Information mesh ob jects. orking Do cumen t. [24] Bien eni do el ez-Ri e ra and Alan Ba wden. The information mesh ernel ec h- nical rep ort, MIT Lab oratory for Computer Science, 1994. [25] abio Vitali Wilma enzo, Stefano Sola. urther mo di�cations to the dexter yp ertext reference mo del: prop osal. ec hni cal rep ort, Univ e rsit of Bologna, Lab orato ry for Computer Science, Jan uary 1994. 88