Hyp er-G: A Distributed Hyp ermedia System

F rank Kapp e

1

Abstract

Hyp er-G is a gener al-purp ose, lar ge-sc ale, distri-

bute d hyp erme dia system curr ently develop e d at

the Gr az University at T e chnolo gy. It was de-

signe d for hand ling lar ge amounts of multime dia

data, and c ar e has b e en taken to pr ovide me ch-

anisms for automatic maintenanc e of a dynami-

c al ly changing b o dy of information, advanc e d user

interfac e fe atur es, and efficient use of network

and c omputing r esour c es.

While Hyp er-G was original ly designe d to run in

fast, lo c al-ar e a networks, this p ap er shows how

Hyp er-G is curr ently b eing tr ansforme d into a

glob al hyp erme dia information system distribu-

te d over Internet that r etains Hyp er-G’s advanc e d

functionality such as automatic link gener ation

and maintenanc e, navigation facilities, ac c ess

rights, and distribute d se ar ching, and makes ef-

ficient use of network b andwidth by extensive

c aching.

I. In tro duction

Hyp er-G is the name of an am bitious h yp er-

media pro ject curren tly in progress at the Graz

Univ ersit y of T ec hnology [ 1 ]. Hyp er-G is de-

signed as a general-purp ose, large-scale, distribu-

ted, m ulti-user, h yp ermedia information system,

similar in scop e to Xanadu [ 2 ] and In termedia

[ 3 ]. Based on previous exp erience with large-scale

information systems (videotex), the aim of the

Hyp er-G pro ject is to dev elop a flexible h yp er-

media framew ork in order to study and p ossibly

eliminate the problems t ypically asso ciated with

large-scale h yp ermedia systems.

The need for a large v olume of information

imp oses some design decisions for the implemen-

tation of suc h a system. An imp ortan t issue for

handling large amoun ts of data is supp ort for au-

tomatic structuring as w ell as main tenance of a

dynamically c hanging b o dy of information. An-

other asp ect of the size of h yp ermedia systems is

that orien tation and na vigation b ecome more dif-

ficult as the size gro ws. Problems of users of suc h

systems include: getting lost in “h yp er-space”;

ha ving difficult y gaining an o v erview; not b eing

1

Dr. Kapp e < fk app e@iicm.tu-graz.ac.at > is with

the Institute for Information Pro cessing and

Computer Supp orted New Media (I ICM), Graz

Univ ersit y of T ec hnology , Graz, Austria.

able to find information that is kno wn to exist;

determining ho w m uc h information on a giv en

topic exists; ho w m uc h of it has b een seen and

ho w m uc h is left. These issues ha v e b een iden ti-

fied as crucial for the acceptance of h yp ermedia

and ha v e b een hea vily discussed in the literature

[ 4 , 5 , 6 ]. Solutions that w ork w ell on small sys-

tems (e.g., global maps) fail completely when ap-

plied to large-scale h yp ermedia.

After the pro ject started in 1990, a n um b er

of user and system requiremen ts ha v e b een iden-

tified [ 7 ], turned in to a flexible system design

[ 8 ], and a protot yp e system w as implemen ted.

While originally mean t to b e a researc h pro ject,

an unexp ectedly high demand for suc h a sys-

tem has resulted in real use ev en of early proto-

t yp es of Hyp er-G for Campus-Wide Information

Systems

2

and similar applications.

Because of the high acceptance of net w ork ed

information retriev al (NIR) to ols lik e Gopher [ 9 ],

W AIS [ 10 , 11 ] and W orldWideW eb [ 12 ] that ha v e

b een dev elop ed at the same time as the Hyp er-G

protot yp e (eac h offering some subset of Hyp er-G

functionalit y) w e ha v e decided to increase the

emphasis on a distributed information system in

phase 2 of the Hyp er-G pro ject (starting 1993),

while retaining the original goals of adv anced

main tenance and na vigation functionalit y . Also,

compatibilit y to these NIR to ols will b e pro vided

in b oth directions (i.e. using b oth their clien ts

and serv ers in conjunction with Hyp er-G ). This

pap er describ es the mo difications to the original

design that are made in resp onse to that new re-

quiremen t.

I I. Basic Hyp er-G Arc hitecture

This section describ es in the necessary detail

the original design of the main Hyp er-G comp o-

nen ts as they are used in the protot yp e imple-

men tation curren tly a v ailable. Giv en the require-

men ts of a large n um b er of (m ultimedia) do cu-

men ts and a large n um b er of users it is fairly

2

A text-only in terface to the campus-wide infor-

mation system of the Graz Univ ersit y of T ec h-

nology that is based on Hyp er-G can b e tried

out b y remote login to host ’finfo.tu-graz.ac.at’.

In addition, the same CWIS ma y b e reac hed b y

Gopher (host ’finfo.tu-graz.ac.at’, p ort 70) and

WWW (URL h ttp://iicm.tu-graz.ac.at/R OOT)

proto cols.

DCC-1 ob vious to arriv e at a clien t/serv er design mo del.

Although the design of a clien t that pro vides

adv anced na vigation facilities while main taining

user in terface consistency o v er information pro-

vided b y a m ultitude of authors is in teresting in

its o wn righ t [ 13 ], for the purp ose of this pap er

w e will concen trate on the serv er side.

The Hyp er-G serv er (also called link server

for historical reasons) is a rather complex ob ject

orien ted database of obje cts , i.e. descriptions of

do cumen ts, links, anc hors, collections, tours, re-

mote databases, etc. (for an in-depth description

of Hyp er-G ob jects and features see [ 8 , 14 ]) as

w ell as r elations b et w een suc h ob jects (e.g., whic h

anc hors are attac hed to whic h do cumen ts, whic h

source anc hors are connected to whic h destina-

tion anc hors/do cumen ts, whic h do cumen ts b e-

long to whic h collection, etc.). The link serv er

offers the follo wing functions:

• It assigns ob ject IDs to ob jects (curren tly ,

a 32-bit en tit y) and assures that no t w o ob-

jects can share the same ID. In addition, it

is guaran teed that when an ob ject is mo d-

ified, it receiv es a new ob ject ID so that it

can b e distinguished from the old v ersion.

Also, when an ob ject is deleted, its ID can-

not b e reused.

• It maps ob ject IDs to ob jects. In Hyp er-G ,

an ob ject ID is just a unique n um b er (sim-

ilar to an ISBN n um b er or a mail message

id) assigned to ev ery ob ject (and hence ev-

ery do cumen t). In the link serv er (and

only there) more information on the ob-

ject is stored (suc h as title, author, creation

date, and – in the case of do cumen ts – also

the data necessary to retriev e the do cumen t

from a do cumen t serv er). Therefore, should

a do cumen t b e c hanged (sa y , mo v ed from

serv er A to serv er B) only the information

in the link serv er has to b e up dated.

• Unlik e man y other h yp ertext systems (e.g.,

W orldWideW eb), Hyp er-G strictly sepa-

rates links from do cumen ts. This allo ws to

attac h links to do cumen ts ev en when the

do cumen t itself cannot b e c hanged (e.g.,

b ecause it resides on a CD-R OM or on a re-

mote serv er and the proto col prev en ts writ-

ing of do cumen ts). In general, this is a de-

sirable feature b ecause it enables users to

annotate material that is otherwise read-

only (e.g., encyclop edias). The link in-

formation, together with meta-information

ab out ob jects (title, author, creation date,

etc.) is stored within the link serv er, while

the do cumen ts themselv es remain on a socalled do cument server (p erforms similar to

a Gopher serv er).

• A cen tralized link store enables the system

to supp ort bidir e ctional links

3

, i.e. answ er

the question “What other do cumen ts refer

to the curren t do cumen t?”, whic h is imp or-

tan t for t w o reasons:

– Whenev er a do cumen t is deleted or

mo dified, the system is able to tell

what other do cumen ts refer to the

do cumen t in question. This means

that in suc h cases references to nonex-

isten t or outdated do cumen ts can au-

tomatically b e iden tified and (p ossi-

bly) remo v ed from the w eb, th us main-

taining w eb in tegrit y . Esp ecially in

large m ulti-user systems, where the

p erson deleting a do cumen t can not

b e exp ected to kno w of all the links

to that do cumen t, this is an essen tial

feature.

– Adv anced user in terfaces for h yp er-

media include graphical bro wsers that

sho w the “surroundings” of the cur-

ren t do cumen t. With bidirectional

links, the system is able to sho w b oth

the links that ha v e the curren t do c-

umen t as their departure p oin t and

those that arriv e at the curren t do c-

umen t.

• Hyp er-G extends the primitiv e no de-link

mo del of h yp ermedia (that has b een com-

pared with GOTO s of programming lan-

guages [ 15 ]) b y separating organizational

from referen tial links (compare [ 16 ]) and

replacing organizational links with more

high-lev el structural elemen ts:

– A Col le ction is a set of other struc-

tures, and is used to create a c ol le ction

hier ar chy lik e the one sho wn in figure

1. When users visit a collection, they

are giv en an o v erview of all ob jects b e-

longing to that collection, and can se-

lect (and th us visit) an y of the ob jects

con tained (similar to a Gopher men u).

– A Cluster is similar to a collection,

but when visiting a cluster all of its

sub-structures are visited (visualized).

This structure is used to implemen t

m ultimedia do cumen ts (e.g. pla y a

3

It should b e noted that the link serv er concept as

w ell as bidirectional links are also implemen ted in

the In termedia system [ 3 ].

DCC-2

Figure 1: The Collection Hierarc h y

sound while an image and a text do cu-

men t are sho wn), and to supp ort m ul-

tilingual do cumen ts and v ersion con-

trol.

– A T our is a collection that visits all

of its substructures in a certain order

when the tour is visited. It is used to

implemen t ’linear h yp ertexts’ with au-

tomatically generated ’next’ and ’pre-

vious’ user in terface elemen ts.

The link serv er is a w are of these struc-

tural elemen ts and uses them to main tain

database consistency (e.g. making sure

that ev ery do cumen t is a mem b er of at

least one collection, deletion of a do cumen t

from a tour automatically joins its neigh-

b ors, etc.)

• As ev ery Hyp er-G ob ject con tains some

meta-information (title, author, creation

date, additional k eyw ords, ...) the link

serv er can p erform complex b o olean and

fulltext queries (e.g., “Giv e me do cumen ts

with title con taining UNIX , created b y

user fkapp e after 93/06/01 ”) either o v er

the whole database or a certain subset of

the c ol le ction hier ar chy . Unlik e Gopher or

W orldWideW eb, Hyp er-G do es not require

the information pro vider to set up a cer-

tain searc h engine for ev ery suitable collection of do cumen ts. Rather, ev ery do cumen t

and ev ery collection created is automati-

cally searc hable and it is the user’s decision

where a searc h seems feasible.

• A sophisticated, hierarc hical ac c ess c ontr ol

sc heme built in to the link serv er allo ws to

restrict access to individual do cumen ts and

collections to certain groups of users. The

link serv er also supp orts mo dification of the

database (including rearrangemen t of the

collection hierarc h y and editing of text do c-

umen ts) b y clien ts, for whic h access con trol

is also a precondition. There are plans to

supp ort accoun ting functions as w ell, but

they ha v e not b een implemen ted y et.

• The link serv er is also the ideal place to

gather detailed statistics on the usage of the

system.

The Hyp er-G clien ts connect to the link serv er

and use it to searc h and bro wse through the in-

formation space. Whenev er a do cumen t (text,

image, sound...) is needed, it is fetc hed from a

so-called do cument c ache server (see section IV).

While in the original design there is only one link

serv er, w e will no w describ e ho w the link serv er

itself can b e distributed.

DCC-3

I I I. The Distributed Link Serv er

Wh y do w e need a distributed link serv er at

all? W e migh t also c ho ose to ha v e a n um b er

of indep enden t serv ers running at differen t sites,

with do cumen ts within one serv er referring to ob-

jects in a differen t serv er in order to allo w cross-

references b et w een serv ers (similar to Gopher and

W orldWideW eb). Ho w ev er, this simple approac h

suffers from a n um b er of shortcomings:

• W e w ould lose Hyp er-G ’s abilit y to auto-

matically main tain consistency of the in-

formation space. T o illustrate this, con-

sider the follo wing example: A site has

made a v ailable an in teresting collection of

data. Immediately other p eople w ould in-

clude references to it either b y including

it in to their lo cal hierarc h y (lik e Gopher)

or b y creating h yp ertext links to it (lik e

W orldWideW eb). When the original site

c ho oses to remo v e, mo dify , or just mo v e

the data to a differen t site, it is difficult if

not imp ossible to find out who has created

references to the original information, to

con tact them, and to ha v e that references

up dated/remo v ed. In an y case, it w ould

require a significan t (man ual) main tenance

effort.

• It w ould not b e p ossible to p erform (e.g.,

fulltext) searc hes o v er a certain subset of

the collection hierarc h y , if that hierarc h y is

distributed o v er a n um b er of serv ers.

• The p ossibilities for cac hing are somewhat

limited in this setup, causing a lot of net-

w ork traffic.

• The approac h leads to an effect that T ed

Nelson has called “balk anization” [ 17 ]: In-

formation tends to b e organized b y geo-

graphical lo cation rather than b y con ten t.

This is due to the difficulties of main tain-

ing a collection of related information that

is spread o v er a n um b er of serv ers.

Figure 2 sho ws the arc hitecture of Hyp er-G

(a more detailed analysis of whic h can b e found

in [ 18 ]). Clien ts are not required to connect to a

n um b er of Hyp er-G serv ers. Rather, clien ts talk

to the same serv er all the time. Should infor-

mation from a remote serv er b e needed, the lo cal

serv er fetc hes it and deliv ers it to the clien t. This

approac h offers the follo wing adv an tages:

• It k eeps clien ts simple and allo ws for a

connection-orien ted proto col.

• It enables cac hing of remote information in

the lo cal link serv er.

Figure 2: Hyp er-G Arc hitecture

• It eases main tenance of users and access

righ ts in the lo cal link serv er (user has to

iden tify to one serv er only).

• It enables the link serv er to gather statistics

and user profiles on a p er-session basis.

The distributed link serv er is able to guaran-

tee w eb consistency and to p erform distributed

searc hes, b oth across serv er b oundaries. F or the

clien t, the existence of serv ers other that the lo-

cal serv er is not visible; the lo cal serv er p erforms

lik e a “sup er-serv er” that kno ws ab out all the in-

formation stored in all other serv ers. In a w a y ,

it b eha v es similar to a domain name serv er that

can b e queried with the gethostbyname() system

call on UNIX mac hines, kno ws ab out some lo cal

names, asks other serv ers for remote names, and

cac hes the results for higher p erformance, all in-

visible for the calling pro cess.

In order to see ho w this can b e done, w e

ha v e to dig in to the in ternals of the link serv er

a little bit more. W e will first concen trate on

the functions that are necessary to main tain re-

lationships b et w een do cumen ts and collections

(e.g., “what collections do es this do cumen t b e-

long to?”, “what do cumen ts ha v e links p oin ting

to this do cumen t?”, etc.) o v er differen t serv ers,

and discuss the problem of distributed searc hing

later.

Information describing relationships b et w een

Hyp er-G ob jects is not con tained in the ob jects

themselv es, but rather in relations that are ad-

ministrated b y the link serv er. These relations

are the only information that has to b e shared

b et w een link serv ers in order to answ er the ques-

tions raised ab o v e. F or ease of explanation, w e

will no w concen trate on one suc h relation, the

do cument-c ol le ction r elation .

DCC-4

Figure 3: Implemen tation of the Do cumen t-Collection Relation

In general, w e assume that Hyp er-G data is

read mostly and mo dified rather infrequen tly , so

that w e are willing to sp end more time on in-

sertion/deletion than on searc h and retriev al of

ob jects. Being an ob ject-orien ted database, the

link serv er in ternally p erforms functions lik e (in

C++ notation):

                  doc->FindParents()

col->FindChildren()

to find the paren ts (i.e. the collection(s) it

b elongs to) of a do cumen t and the c hildren (i.e.

the sub do cumen ts) of a collection, resp ectiv ely .

A more complex function lik e

doc->Delete()

uses the FindParents() function to find all

the paren ts of the do cumen t to b e deleted and

instruct them to remo v e that do cumen t from

the list of their c hildren b efore actually delet-

ing the do cumen t. In ternally , FindParents()

and FindChildren() are implemen ted using the

do cumen t-collection relation as sho wn in figure 3.

The relation (the tabular arra y in the middle

of figure 3) is supplemen ted b y t w o searc h trees

that allo w rapid access (O(log n)) to the rela-

tion from b oth sides. The left tree is used during

the FindChildren() op eration as the lea v es store

the Ob ject IDs of the c hildren of a giv en par-

en t collection, while the righ t tree is used for the

FindParents() op eration as its lea v es store the paren t collection(s) of a giv en do cumen t. When

inserting or deleting a relation, the relation table

as w ell as b oth trees ha v e to b e up dated. As in-

dicated in the lo w er part of figure 3, the trees are

only auxiliary data structures that can b e gener-

ated from the relation table on serv er restart. Af-

ter that, the original table is accessed only when

mo difying the relation (whic h w e assume to b e

a rather infrequen t op eration). Most of the time

the t w o trees will suffice.

There exists a similar arrangemen t of rela-

tions for dealing with links ( anchor-do cument re-

lation and sour c e anchor-destination anchor re-

lation) that w ork the same w a y and are used to

find source and destination do cumen ts (anc hors)

of links, as w ell as all links (anc hors) attac hed to

a certain do cumen t. Ho w ev er, in order to sho w

ho w relations are dealt with in the distributed

en vironmen t, it is sufficien t to discuss the distri-

bution of the do cument-c ol le ction relation.

I I I.A. Distributed Relations

When ev olving the single link serv er in to a

distributed link serv er, w e first ha v e to extend

our notion of Ob ject IDs. T o ac hiev e a unique

iden tifier for ev ery ob ject in the Hyp er-G w orld,

w e use a v ery simple sc heme: A unique serv er ID

is assigned to ev ery Hyp er-G serv er, and eac h

serv er generates unique 32-bits IDs for its do-

main. Th us, the concatenated 64-bit ID is unique

DCC-5

Figure 4: Distributed Do cumen t-Collection Relation

o v er the whole w orld of Hyp er-G serv ers.

When w e lo ok at the distributed do cumen t-

collection relation, w e ma y distinguish t w o cases:

1. Both the paren t and the c hild ob ject re-

side on the same serv er (as indicated b y

ha ving the same serv er part of the ID). In

this lik ely y et trivial case, an en try in the

do cumen t-collection relation of the serv er

where b oth ob jects reside is made, and only

on that serv er. Searc hing, insertion and

deletion are p erformed as usual.

2. The paren t collection resides on serv er A

and the c hild on serv er B (figure 4). In

that case, the relation is en tered in to the

relation table on b oth serv ers, as w ell as

in to the left tree of serv er A and in to the

righ t tree of serv er B. When searc hing for

the c hildren of the ob ject on serv er A, the

left tree of serv er A is searc hed (lea v es of

left tree hold all c hildren). When searc hing

for the paren ts of the ob ject on serv er B the

righ t tree of serv er B is searc hed (lea v es of

righ t tree hold all paren ts).

As a rule of th um b, searc hing is alw a ys done

on the serv er that stores the ob ject one w an ts

to kno w something ab out. It is alw a ys ob vious

where to lo ok for information, and searc hing a re-

lation can b e completed b y a single serv er. When

a relation is going to b e mo dified, ho w ev er, the

t w o serv ers ha v e to b e sync hronized in mo difi-

cation of their relations, whic h requires a sp e-

cial serv er-to-serv er proto col and ma y tak e some

time (this is consisten t with our “read-mostly”

assumption). Observ e that at most t w o serv ers

are in v olv ed in suc h an op eration (no broadcasts

necessary).

It is imp ortan t to note that the abilit y to find

the c hildren as w ell as the paren ts of ev ery ob ject

in the w eb (as w ell as finding the do cumen t with

links p oin ting to the curren t do cumen t) enables

the system to main tain database consistency o v er

serv er b oundaries, and to presen t to the user a

graphical o v erview of b oth the collection hierar-

c h y and the h yp erlinks around the curren t do cu-

men t, regardless of serv er b oundaries.

Because of p erformance considerations the 64-

bit IDs are not really used in the relations. In-

stead, w e stic k with 32-bit lo cal IDs and dumm y

ob jects created for remote ob jects. These dumm y

ob jects also serv e as a lo cal cac he for remote ob-

jects.

I I I.B. Distributed Searc hing

T o see ho w distributed searc hing can b e p er-

formed, w e again ha v e to tak e a closer lo ok at

the implemen tation of the link serv er. As sho wn

in figure 5, the link serv er in ternally consists of

a lo w-lev el database (called dbserver for histori-

cal reasons) and a n um b er of high-lev el database

engines (called hgserver ), one p er user. The

dbserver kno ws ab out ob jects and relations on

a primitiv e lev el and is used to p erform fast,

atomic functions (as w ell as critical tasks lik e ob-

ject lo c king), while the hgservers kno w ab out the

user’s con text, ha v e a more high-lev el view of the

database (e.g. kno w what has to b e done when

an ob ject is to b e deleted and translate this to a

series of calls to dbserver ) and are able to sp end

more time on completion of the clien t’s request

as they run in parallel. The ftserver is sp ecifically

dedicated to full text retriev al, do cumen t clus-

tering and automatic link generation, can run on

a differen t mac hine b ecause of high memory con-

DCC-6

Figure 5: In ternals of Link Serv er – Distributed Searc hing

sumption, and also p erforms op erations in paral-

lel.

Searc hing the Hyp er-G database in v olv es ba-

sically three steps:

1. Find the IDs of the do cumen ts that matc h

the query . This step p erforms rather fast

(O(log n) where n is the n um b er of do cu-

men ts in the serv er) and returns an arra y

of ob ject IDs. It is p erformed b y ftserver

(when the con ten ts of a text do cumen t is

searc hed) and dbserver (deals with all other

searc hes).

2. The list returned b y the previous step is

matc hed against the set of activ ated collec-

tions (i.e. the ones that the user switc hed

on for this searc h op eration). This is done

b y the user’s hgserver , in co op eration with

dbserver and can b e slo w if man y hits are

returned b y the previous step. The ob ject

IDs that w ere found to reside in activ ated

collections are returned to the clien t.

3. In a last step, the clien t ma y request the

full ob jects for the set of ob ject IDs found

(min us some that are already cac hed in the

clien t), so that the title and other informa-

tion on the ob ject can b e displa y ed. This

op eration is again rather slo w but can b e

p erformed b y hgserver alone.

As sho wn in figure 5, a user’s hgserver can

also connect to dbservers and ftserver s of remote

link serv ers. A bidirectional async hronous pro-

to col b et w een hgserver and the other link serv er

comp onen ts allo ws to broadcast a call to a n um-

b er of dbservers and ftservers sim ultaneously and collect the answ ers that are returned during a

certain timeout p erio d.

This feature mak es is p ossible to p erform a

distributed searc h o v er an y n um b er of serv ers in

parallel. With a constan t timeout p erio d (sa y ,

15 seconds) it do es not tak e longer to query all

Hyp er-G serv ers in the w orld than only t w o of

them. Of course, to o short a timeout p erio d will

result in loss of some of the answ ers, as will failure

of a net w ork connection.

IV. The Do cumen t Cac he Serv er

In order to sp eed up access to do cumen ts

(text, images, mo vies, sound...) and to conserv e

net w ork bandwidth, Hyp er-G uses a do cument

c ache serv er to store do cumen ts (sho wn in figure

2).

Clien ts do not connect directly to the do c-

umen t serv er that stores the desired do cumen t.

Rather, all do cumen t requests are routed through

the do cumen t cac he. The clien t sends the do cu-

men t ob ject (including ID, host, p ort, proto col,

path . . . ) to the do cumen t cac he. If the do cumen t

requested has not y et b een cac hed, the request

is forw arded to the do cumen t serv er that stores

the do cumen t. The do cumen t cac he retriev es the

do cumen t from the do cumen t serv er and sim ul-

taneously retransmits it to the clien t and stores

it in the cac he. If the do cumen t is found in the

cac he, it is transmitted directly from the cac he

serv er.

The do cumen t cac he serv er should b e config-

ured to con trol a certain amoun t of mass storage

(e.g. a few h undred megab ytes of a hard disk)

and use it as cac he memory for incoming do c-

DCC-7 umen ts. When that space gets filled, the serv er

remo v es the do cumen t that has not b een accessed

for the longest time (“least-recen tly-used” strat-

egy). It is in tended that the do cumen t cac he

serv er resides in the same LAN as the clien t, so

that transmission from cac he to clien t is reason-

ably fast.

A problem t ypically asso ciated with cac hing

in distributed en vironmen ts is that of mo difica-

tion of what is cac hed. E.g., when a do cumen t

gets mo dified, w e ha v e to mak e sure that the user

sees the new v ersion of the do cumen t when it is

retriev ed the next time and not an old cop y that

remained in the cac he. Other systems do this b y

assigning expiration dates to ob jects, or notify-

ing all cac hes whenev er ob jects get c hanged or

deleted, whic h in turn requires to main tain a list

of all cac hes and what they ha v e cac hed, and so

forth.

F ortunately , ho w ev er, the problem do es not

arise at all in our design. Remem b er, the link

serv er guaran tees that new ob ject IDs are as-

signed to mo difications of ob jects and that IDs of

deleted ob jects cannot b e reused. When a do cu-

men t gets mo dified the new v ersion receiv es a new

do cumen t ID that is passed to the clien t when

the user visits that do cumen t. The clien t will

pass the new ob ject to the cac he serv er. There-

fore, it is imp ossible that the cac he serv er finds

the new ob ject in its cac he and will automati-

cally reload the new do cumen t from the do cu-

men t serv er. An old cop y of the do cumen t re-

siding in the cac he cannot b e accessed an y more

and will therefore ev en tually b e deleted b ecause

of the “least-recen tly-used” strategy of the cac he.

The cac he serv er ma y also b e used as a pro-

to col and format con v erter. In order to ac-

cess information stored within other databases

(e.g. W AIS, Gopher, W orldWideW eb) clien ts

ma y connect to the do cumen t cac he serv er who

will retriev e and cac he the do cumen t for the

clien t. In addition, the clien t ma y request the

do cumen t in a sp ecific represen tation (sa y , a cer-

tain image format and/or qualit y), and the cac he

serv er w ould con v ert it for the clien t and cac he

the result (and p ossibly also the original represen-

tation). This approac h mak es clien ts more simple

as it reliev es them from kno wing ab out the o dd-

ities of other information retriev al proto cols and

file formats. Soft w are main tenance b ecomes eas-

ier b ecause only the cac he serv er’s co de has to

b e mo dified in order to supp ort new proto cols

and file formats (remem b er, there ma y b e a large

n um b er of clien ts tailored to differen t platforms

and user t yp es).

Ac kno wledgmen ts

P artial Supp ort of the Hyp er-G pro ject b y

the Austrian Ministry of Science, Joanneum Re-

searc h, and the Europ ean Space Agency is grate-

fully ac kno wledged.

References

[1] F. Kapp e and H. Maurer, “Hyp er-G: a

large univ ersal h yp ermedia system and

some spin-offs,” A CM Computer Gr aph-

ics, exp erimental sp e cial online issue , Ma y

1993. Av ailable b y anon ymous ftp

from siggraph.org in directory publica-

tions/Ma y 93 online/Kapp e.Maurer.

[2] T. H. Nelson, Liter ary Machines, Edition

87.1 . South Bend, IN: The Distributors,

1987.

[3] B. J. Haan, P . Kahn, V. A. Riley ,

J. H. Co om bs, and N. K. Meyro witz, “IRIS

h yp ermedia services,” Communic ations of

the A CM , v ol. 35, pp. 36–51, Jan. 1992.

[4] D. E. Egan, J. R. Remde, and T. K. Lan-

dauer, “Lost in h yp erspace: cognitiv e map-

ping and na vigation in a h yp ertext en viron-

men t,” in Hyp ertext: The ory into Pr actic e ,

(R. McAleese, ed.), pp. 105–125, Blac kw ell

Scien tific Publications Ltd., 1989.

[5] J. Nielsen, “The art of na vigating through

h yp ertext,” Communic ations of the A CM ,

v ol. 33, pp. 296–310, Marc h 1990.

[6] J. Nielsen, Hyp ertext & Hyp erme dia . San

Diego, CA: Academic Press, 1990.

[7] F. Kapp e, H. Maurer, and I. T omek,

“Hyp er-G – sp ecification of requiremen ts,”

I IG Rep ort 284, I IG, Graz Univ ersit y of

T ec hnology , Austria, Apr. 1991. Also ap-

p eared in: Pro c. CIS ’91. Also a v ailable b y

anon ymous ftp from iicm.tu-graz.ac.at in di-

rectory pub/Hyp er-G/do c.

[8] F. Kapp e, Asp e cts of a Mo dern Multi-Me dia

Information System . PhD thesis, Graz Uni-

v ersit y of T ec hnology , Austria, June 1991.

Also a v ailable as I IG Rep ort 308; I IG, Graz

Univ ersit y of T ec hnology (Jun 1991), and b y

anon ymous ftp from iicm.tu-graz.ac.at in di-

rectory pub/Hyp er-G/do c.

[9] B. Alb erti, F. Anklesaria, P . Lindner,

M. McCahill, and D. T orrey , “The in-

ternet gopher proto col: a distributed

do cumen t searc h and retriev al proto col,”

DCC-8

Marc h 1992. Av ailable b y anon ymous ftp

from b o om b o x.micro.umn.edu in directory

pub/gopher/gopher proto col.

[10] R. M. Stein, “Bro wsing through terab ytes

– wide-area information serv ers op en a new

fron tier in p ersonal and corp orate informa-

tion services,” Byte , v ol. 16, pp. 157–164,

Ma y 1991.

[11] B. Kahle, H. Morris, F. Da vis, K. Tiene,

C. Hart, and R. P almer, “Wide area in-

formation serv ers: an executiv e informa-

tion system for unstructured files,” Ele c-

tr onic Networking: R ese ar ch, Applic ations

and Policy , v ol. 2, pp. 59–68, Spring 1992.

[12] T. Berners-Lee, R. Cailliau, J. Groff, and

B. P ollermann, “W orldWideW eb: the in-

formation univ erse,” Ele ctr onic Networking:

R ese ar ch, Applic ations and Policy , v ol. 2,

pp. 52–58, Spring 1992.

[13] K. Andrews and F. Kapp e, “Strait-jac k eting

authors: user in terface consistency in large-

scale h yp ermedia systems,” in Hyp erme dia

’93, Zurich, Switzerland , (H. P . F rei and

P . Sc h¨ auble, eds.), (Berlin), pp. 130–137,

Springer, Marc h 1993.

[14] F. Kapp e, H. Maurer, and N. Sherbak o v,

“Hyp er-G – a univ ersal h yp ermedia sys-

tem,” Journal of Educ ational Multime dia

and Hyp erme dia , v ol. 2, no. 1, pp. 39–66,

1993.

[15] L. DeY oung, “Linking considered harmful,”

in Hyp ertext: Conc epts, Systems and Appli-

c ations; Pr o c. ECHT’90 , (A. Rizk, N. Stre-

itz, and J. Andr J. Nielsen, Hyp ertext & Hyp erme dia . San

Diego, CA: Academic Press, 1990.

[7] F. Kapp e, H. Maurer, and I. T omek,

“Hyp er-G – sp ecification of requiremen ts,”

I IG Rep ort 284, I IG, Graz Univ ersit y of

T ec hnology , Austria, Apr. 1991. Also ap-

p eared in: Pro c. CIS ’91. Also a v ailable b y

anon ymous ftp from iicm.tu-graz.ac.at in di-

rectory pub/Hyp er-G/do c.

[8] F. Kapp e, Asp e cts of a Mo dern Multi-Me dia

Information System . PhD thesis, Graz Uni-

v ersit y of T ec hnology , Austria, June 1991.

Also a v ailable as I IG Rep ort 308; I IG, Graz

Univ ersit y of T ec hnology (Jun 1991), and b y

anon ymous ftp from iicm.tu-graz.ac.at in di-

rectory pub/Hyp er-G/do c.

[9] B. Alb erti, F. Anklesaria, P . Lindner,

M. McCahill, and D. T orrey , “The in-

ternet gopher proto col: a distributed

do cumen t searc h and retriev al proto col,”

DCC-8