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1 Introduction

This paperconsidersiow the InternetGophersystemhasdevelopedinceits initial
releasan the spring of 1991, andsomeof the problemsthatare driving further
evolutionof GopherandotherpopularInternetinformationsystems Although two
of themostpopulamewInternetinformationsystemgGophe{McCabhill (1992)]and
World WideWeb [Berners-Le€1992)])havebecomeayuitewidely used theyboth have
somebasicarchitecturabeficiencieghat havebecomeapparentis the systemswere
deployedon a large scale.Thesedeficienciedimit the long term stability of the
informationstoredn thesesystems.Forinstanceboth GopherandWorld Wide Weh
(WWW) referto information by location,and so both systemsare plaguedby
references$o informationthateitheris stale,hasmoved,or no longerexists. Beyonc
the architecturaproblems,thevolume of informationbeing publishedusing Gophel
andWWW requireontinuecevolutionof userinterfacesandcategorization/searchi
technologiesThe imminentarrivalof morelnternet-awarpagedescriptioanguage
must alsobe accommodatety thesesystemsandwill havea significantimpacton
how client applications are written.

2 The Original Internet Gopher
InternetGopherwas originally designedo be a simple campuswide information
system[Lindner (1994)]to addres$ocal needsat oneinstitution (the University of

Minnesota).The designphilosophyof Gopherwas to make it possiblefor
departmentandothergroupsat the University of Minnesotao publish information
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on their own desktopsystemsandto hidethe distributednatureof the serverdrom
the user using the system [Alberti (1992)].

2.1 A User's Mew of Gopher

From the users perspective Gophercombinesbrowsing a hierarchyof menus
viewing documentselectedrom menus,andsubmitting queriedo full-text searct
engines(which returnmenusof matchedor the queries).The structureof the ment
hierarchythat the userseesdependsn which Gopherserveithe userfirst contactsso
thereis no notion of centralcontrolof the Gophermenuhierarchy Gopherservel
administratorgun their systemsautonomouslyandarefree to organizeboth the
information on their serverandreferenceso informationon other serverdo mee
their needsThis architecturanakesit possiblefor the Gophersystemto scaleup
well sincethereis no central(or “top level”) serverto get overloadedOn the othel
hand, becauseserversare autonomousi,t is the responsibilityof eachserve
administratoto makesurethatreferenceto itemson eitherserverarenot pointingto
stale or nonexistentinformation. Unfortunately,not all serveradministratorsare
vigilant in maintainingthe quality of theirlinks to otherserversThis is analogou
to the problem in WWW of documents containing dangling and stale URLSs.

Becausef Gophers distributedarchitecturetherearemany differentorganizationf
the informationin the GopherinformationspacgGopherspace)t is expectedhat
userswill naturally preferto starttheir Gopherclients by pointing them to their
favorite or home Gopherservers.This distributedarchitectureencourageshe
formationof communitiesof interestwhich grow up aroundwell-run Gopherservers
If thereis no centralserverandusersareexpectedo naturallygravitateto favorite
home servers how does the client software know where to start?

Eachusers Gopherclient softwarecanbe configuredwith the addresandport numbel
of the first gopherserverto contactwhenthe client softwareis launchedWhenthe
client softwarecontactshis servey theserverreturnsa list of items (amenu)to the
client. Items describedn the menueitherresideon the serveror are referenceso
itemsresidingon otherserversTheseaeferenceto itemson other Gopherservergell
the Gopherclientthe domainnameof the server the port numberof the Gophel
processthe type of the item (documentdirectory, searchengine, etc.), and the
Gopherselectostring to beusedo retrievetheitem. Given the minimal information
requiredto describethe locationof anitem on a Gopherservey it is easyfor servel
administratordo addreferenceso other serverg*“links”), andmany serveramain
valueis as subject-mattespecific collectionsof referencesGopherclient software
alsogenerallyprovidesafacility for savingreference¢’bookmarks”)to itemsselecte
by the user

While the referenceto itemson otherserversvouldseemo be Gopher-specifiahis
is not strictly true.lIt is possibleto mapenoughinformationinto a Gopherdescripto
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to makeit possibleto describéhnow to accessnost popularinternetservices,and
Gopherdescriptorareusedto referencééems on HTTP serversfingerserverstelnet
sessions,CSO/Phphone books, and via gatewaysX.500, WAIS, Archie, and
anonymous ftp servers.

2.2  Growth of the Gopher System

Although originally designedis a campuswide informationsystem, Gopherwas
rapidly adoptedoy a variety of institutionsandas of Novemberl994it is estimate:
that there are over 8000 serverson the Internet.Part of the reasonfor Gophers
widespreaddoptionasa platformfor publishingon the Internetis the easeof setting
up andrunning a server Serveradministratordypically run a gopherprocessand
publish a part of their local file systemasa gopherhierarchyBy defaultthe name:
of the itemsin the Gopherhierarchyare the filenamesof the documentsand
directoriepublishedby the server Becausesopheraccommodates variety of page
descriptionlanguageghereis no needto reformator markup documentgo be
published.

Anotherreasorfor Gophers popularityis that serveradministratorganaddlinks to
other Gopherserversand give their usersaccesother collectionsof information.
Sinceusersarenot necessarilawarewheretheinformationtheyareaccessingesides
server administrators can easily take advantage of eactsatfferts.

2.3 Locating Information with Gopher

Partof Gophers popularityis dueto the explicit organizatiorof informationin the
Gophersystemwhich lendsitself to quickly finding information. While hypertex
documentsarecertainlyusefulasone type of informationcontent,t is not clearthat
a systemconsistingof nothing but hypertextdocumentsolvesall the problemsin
aninformation system.In fact, it is difficult to quickly makesenseof a complex
visually rich documentlf onegoalis to allow usersto quickly navigate,it is cleai
why browsersfor file systemsalwayshave provisionsfor a menu-likelisting of
items: a predictableconsistentiserinterfacgsuchasamenu)is easyto makesens:
of quickly, andthis is necessaryor rapidlytraversingan informationspace Menu-
basedsystemalsohaveadvantages that they canbe mappednto avariety of usel
interfacemetaphorandbrowsersandcanbe compactlyrepresentedsince oneof the
desigrpointsfor the Gophersystemis to run quickly evenover low bandwidtHinks,
a compactepresentatioof a collection(menu)allows userswith slow machinego
quickly traverse Gopherspace to locate documents of interest.

A goodmetaphofor currentinformationsystemson the Internetto comparghemto

a book. Books generallyare structurednto three functionalsections:a table of
contents,anindex, andthe pagesn themiddleof the book (the content).Using this
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metaphar Gopheracts somethinglike a book’s table of contentssince Gophel
presentsa structuredverviewof the informationandmakesit possibleto jump
directlyto the sectionfor a specifictopic. SearckenginegsuchasWAIS, Archie,and
VERONICA) aresimilarto theindexin the backof the book because¢hey allow
usersto jump into the contentbasedn one or more wordsof interest.To complete
the metaphaqr the pagesn the middle of the book arerepresenteth a variety of
formatson the Internet;contentmay be in the form of text, graphics,or page
descriptionandmarkuplanguagesuchas postscript,PDF, andHTML. The Gophe!
protocolcanof courseprovideaccesso searclenginesandto documentontentin
different formats.

When an explicit hierarchicalorganizationof informationis combinedwith a
searchabléndexof titles of objectsin Gopher(suchasthe VERONICA indexof all
Gopheritemsor a Jugheadearchablindex of items on a single serverjusershave
the choiceof eitherbrowsingmenusor submittingqueriedo locateitems. The scopg
of the queriescan be either global (VERONICA) or local to a specific servel
(Jughead)anduserscanselecthe scopeof theirsearctby traversinghe hierarchyto
locatean appropriatesearchengine.Gopherhas alwaysbeendesignedo be a
hierarchicaframeworkio organizecollectionsof document@andsearctenginesrathe:
than a monomorphic Internet-aware page description language.

2.4 Architectural Limitations

The easeof Gopherserversetupgoeshand-in-hanavith anarchitecturalimitation of
Gopher To run a Gopherserverdoesnot requireeithersetting up any sort of
replication systemor formal agreementvith other sites to replicateor mirror
information. The lack of a formal systemfor propagatingedundantopiesof
informationstorecon Gopherserversneanghatuseramaybegoingto the otherside
of theworld (or acrossa congestedetwork)to fetcha copyof adocumenthatis alsc
storedocally. Moreover popularserverareheavilyloadedandthereis no systemati
way of spreadinghe loadto othersites(althoughadhoc schemesuchasinformal
mirroring agreementsreusedto partially addresghis problem).Note that this
architecturalimitation is alsoinherenin WWW. Referringto items on otherservel
by locationratherthanby namemakesit easyto addnew serverssincethereis no
registration process required as items are added to (or removed from) servers.

Referringto items by locationratherthanby namealso meanghatthereis no name
to locationmappingserviceto be maintainedandclientsdonot haveto go througha
nameto locationresolutionbeforeattemptingto fetch an item. Unlessthe nameto
locationmappingservicds extremelyfast,it hasthe potentialfor beinga significant
performancéottleneck.Given the scaleof the Internet,it is clearthat any name
resolutionservicewill haveto be replicatecanddistributedto scaleup properly, but
this meansthatthe client will haveto first locatethe appropriatename mappinc
server(potentially a slow processheforeit canproceedvith a nameto location
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lookup.

Clearly, therearesignificantengineeringradeoffsbetweera systembasedn name
to-locationresolutionand a systemthat only refersto information by absoluts
location. The directionthe Gophersystemis taking to addresshesearchitecturzs
problemsis to accommodatboth referencéy locationandreferencéy name.The
expectationis thatclientswill first attemptto resolvethereferencédy location andif
thatfails (or theclientfindsthatthe serverespondslowly), theclient will attempta
nameto location lookupto find otherlocationsthat hold the item of interest.To
accommodatenultiple referenceso items by both Uniform Resourcd.ocators
(URLs) andUniform Resourcé&Names(URNSs)requiresa placeto storethe reference
assomesort of meta-informationThe original Gopherprotocolhad no provisions
for meta-informationput aswe will seelaterin this paper Gopher+solvesthis
problem.

2.5 Gopher Gateways to Other Information Systems

Soon afterthe initial releaseof Gopher a concertecffort was madeto develof
softwaregatewaygo give Gopherclientsaccesdo information on serversuch as
anonymousftp, X.500, NNTR, and WAIS. These software gatewaysmade
information on other systemsvisible to Gopherusersand handlingthe translatior
between Gopher requests and the protocol on the target system (for instance:

The decisionto write softwaregatewayswasdrivenby the desireto keep Gophel
clientssmallandsimple. Ratherthan building supportfor severalprotocolsinto the
Gopherclients, clientsthat only understand@sopherprotocolcanbe small, simple,
easily written, and run on personalcomputerghat arerelatively slow and have
limited memory. Gatewaydor Gopher clients greatly expandedhe information
Gopheruserscould accessNot surprisingly, the gatewaysecamequite popular
Unfortunately excessivelpopularmachine®n the Internetendto beeitherslow or
the machinesnust throttle back the demandor their servicesby refusingrequest
when they are busy.

Sincetheoriginal Gopherprotocolhadno provisionfor expressingneta-informatiol
aboutanitem, therewasno placein the protocolto tell cleverclientswhich might
speakseveraprotocolsthat thean item couldbe fetchedirectly (for instancevia an
ftp session)so evenclientsthat hadthe capability for go directto a non-Gophe
servicesuchas ftp hadno choicebut to go througha Gophersoftwaregateway
Clearly, referencedo information availablevia a differentprotocol ought to
enumeratahe possiblepathsto the information(both through the gatewayand
directly via the otherprotocol). To take advantagef the work being doneto develog
URL-awareclients, the enumeratedeferenceshould be madeas URLs. Not
surprisingly, the architecturaproblemsand the lack of meta-informationin the
original Gopher protocol are addressed by the Gopher+ protocol.
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3 Gopher+ (the Second Generation Gopher Protocol)

After the first year of Gopherdeployment,t had becomeobviousthat Interne
Gopherwas going to be more widely usedthan the designerdad originally
anticipatedindthat therewasa needor anenhanceg@rotocolwhich retainedackwarc
compatibility with the original Gopherprotocol. Essentiallyit was necessaryo
move beyonda distributedmenu systemto becomea true information systemby
treatingGophemenuitemsasobjectswith extensiblecollectionsof attributegmeta:
information) associatesvith eachobject. A set of upwardcompatibleextension
called Gopher+ were added to the original protocol [Anklesaria (1993)].

3.1 Maintaining Backward Compatibility

To maintaincompatibilitywith theinstalledbaseof Gopherserversequiredfinding a
way for the new serversto announcéheir capabilitieso Gopher+clients without
breakingold clients. Sinceold clientsparsethe item descriptorseturnedby Gophe!
serverdy looking at theinformationreturnedas fieldsseparatethy the tab charactel
it waspossibleto addanotheffield at the end of the item list. To announceheir
ability to understan@opher+verbs,Gopher+servergeturnanextrafield (mostoften
a “+”) alongwith Gopheritem descriptionsNon-Gopher+clientsignorethe field,
while Gopher+ clients use the field to recognize Gopher+ servers.

3.2 Gopher+ Item Attributes

Oncea Gopher+client recognizea Gopher+server it cantake advantagef feature:
of the Gopher+protocolto fetchmeta-informatioraboutitemson the server The
Gopher+protocol includesverbs that allow clients to requestspecific types of
attributesby nameor requestll attributesfor a Gopherdocumenor directory.For
instance,a client may requesbnly the abstracfor an item, or it may requesall
meta-information about an item.

Figure 1 showsa typical Gopher+item attributesfor adocumenthatis availablein
severalanguagesTheitem attributesaredefinedn labeledblocks.The+INFO block
containsthe Gopheiitem descriptar the +ADMIN block containsinformationabou
the ownerof the item andthe modificationdate,andthe +VIEWS block enumerate
the alternateviews of the item. Gopher+alternateviews are usedto makeitems
availablein severatlataformats(suchastext, postscript PDF, etc.)anddescribehe
languagghe documentn which thedocumenis written. Gopher+clientstypically
fetchthealternateviews andgive the usera choicein whichview of thedocumenis
to be displayed.Gopher+clientshavebuilt-in supportfor populardataformatsand
when necessargan call externalhelper applicationsto renderdataformatsnot
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supported inside the Gopher+ client.

+I NFO. OVl cone 0/ Wl cone bogus. mi cro.umm. edu 70 +
+ADM N:
Admin: Joe Blow +1 612 625 1300 <j oe@ogus. um. edu>
Mbd- Date: Tue Feb 9 17:06:56 1993 <19930209170656>
+VI EWG:
Text/plain En_US: <.1k>
Text/plain De_DE <. 7k>
Text/plain Es_ES: <1k>
Text/plain Fr_FR <.9k>
+ABSTRACT:
This file tests out the various | anguages in gopher+
You shoul d be able to choose your favorite |anguage.

Figure 1: Gopher+ attributesfor a document availablein several languages

Figure 2 showstheitem attributesfor a Gopherdirectory.In this examplethereis a
Time To Live (TTL) valuefor the directoryavailableas an advisoryto clientsabou
how long (in seconds}o cachehe directorycontents Note that thereare alternats
views of thedirectory;this servercanprovideGopher Gopher+andHTML versions
of the directory.

+INFO 1A Directory 1/dir bogus.um.edu 70 +
+ADM N:
Admi n: Joe Blow +1 612 625 1300 <j oe@ogus. um. edu>
Mod- Dat e: 12/15/94 12:54: 09 <19941215125409>
TTL: 1800
+VI EVE:
appl i cati on/ gopher-nenu En_US: <1k>
appl i cati on/ gopher +-menu En_US: <2k>
text/htm En_US: <10k>

Figure 2: Gopher+ attributesfor a directory

3.3 Iltem Attributes and Extending Gopher's Capabilities

In additionto the Gopher+attributesalreadydiscussedhereareattributesto hold
keywords,the definitionsof electronicforms to be displayedandfilled out by the
user and authentication/encryptiomethodsto be usedfor accesgo the item.
Gopher+ item attributesprovide an open-endeanethodfor extendingGophers
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capabilities,andasschemedor referringto items by name(ratherthanlocation)are
deployed, the itera’name can be stored in a Gopher+ item attribute.

Gopher+item attributesalso providean obviouscontainerto storereferenceso
redundantopiesof anitem whetherthe referencés by location(suchasa URL) or
by name(suchasa URN). As discussediaterin the paper we arecurrentlyworking
on extendingthe Gopheruserinterfacemetaphorto encompas8D scenesBy
defininganewGopher+attributeblock, Gopheiis easilyextendedo thatit canhold
definitionsof 3D polyhedratexturego be mappedntothe surfaceof the 3D object,
and the location of the object in a scene.

Unlike WWW, Gopherkeepsinformation hierarchystructureand meta-informatiol
separatefrom documentcontents.Current WWW implementationsstore all
information inside documentsThe approachof embeddingverythinginside the
documenis muchlessflexible than storing meta-informatiorseparatelySeparatel
storedmeta-informatiommakesit is possibleto find out how largeanitemis before
startingto fetchit, andto know what sortof authenticatiormethodsarerequiredfor
accesdeforeattemptingaccessMoreover a serveradministratoithatis referringto a
document storedon anotherservercanwrite and store meta-informatiorwithout
changingthe contentsof the document.This is importantfor administratorghat
maintain referencego information publishedoutsidethe control of the servel
administratar

4 Future Directions for Gopher and Related Systems

In thethreeanda half yearssincethefirst versionof Gopherwasdeployedtherehave
beensignificantchangesn the Internetandcomputinglandscap€elhe computatione
capabilitiesof desktopsystemshaveimprovedsignificantlyand affordabledesktoy
PC systemsthatcanrendesimple3D scenesrenow startingto reactthe market.In
addition, supportfor componentdocumentss startingto becomepartof operating
systemssuchas Windows,the MacintoshOS, andUnix asthe OpenDocandOLE
documentarchitecturesrerefinedandimplementedThe acceptancef Gopherand
WWW andthe growth of the Internethavedemonstratethe utility of distributec
informationsystemsdesignedor use by non-technicalisers.Whereareall these
developments leading us?

4.1 More Internet-Aware Page Description Languages
One near-terndirectionis the developmendf more widely deployednternet-awar
pagedescriptionanguagesThe succesof HTML as a vehiclefor advertisingand

marketingis promptingvendorof pagedescriptiodanguageso incorporatdnterne
references into their documents.
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For instanceby embeddingJRLs inside AdobeAcrobatPDFfiles, it is possibleto
give PDF documentssimilar capabilitiesto HTML documentsA freely available
extensionnamedinternetLink (availableas part of the TurboGophewrersion 2.0
releasdAnklesaria(1994)])for usewith the AdobeAcrobatExchanggrogramwas
recentlyreleasedby the Gophersoftwaredevelopmenteamat the University of
Minnesota.InternetLink allows usersto embedURLs into PDF documentsy
defining hypertextlinks with the AdobeAcrobat Exchangesoftware Whena usel
clicks ona link, the InternetLinksoftwarelooks at the schemeof the URL andcalls
the appropriatelient (Gopher WWW, NNTPR, ftp, etc.) to resolvethe URL. Since
Internetclient writersarenow releasingclientsthat accept'get this URL” message
from otherapplications,it is not necessaryor the softwarethat rendergpagesto
know about Internetprotocols.All that is requiredis the ability to call othet
applicationswith a“get this URL” messageAdoptingthis techniqueor usein page
descriptionlanguagesand componentocumentarchitecturess straightforwardand
should become common over the next year

While somearguethat HTML hasunstoppablenarketmomentum,HTML is not
without problems.The page markup orientationof HTML seriouslylimits the
controlthe authorhasover presentationUnlike HTML, PDF is a pagedescriptior
language so the authorof a PDF documenhascompletecontrol overthe layout,
fonts, andlook andfeelof thedocumentandthis is consideredo bea key featureby
magazine and newspaper publishers and graphic designers.

We expecta proliferationof page descriptionlanguagesand documentsthat
incorporatéhypertextlinks to Internetresourcedlt is unlikely that HTML will be
the only sortof widely deployednternet-awaredocumentype. Accommodatinghe
proliferationof pagelanguagess easyin the Gopherarchitecturesince Gopherdoes
not try to represenall informationin on pagemarkup languageGopher+was
specifically designed to support a variety of document formats.

4.2 Component Network Applications

With the proliferation of Internet-awarelocumentypes, it will be increasingh
difficult to write a single applicationthatcanrenderall possibledocumentypes.In
the samevein, the proliferation of Internetprotocols makesit difficult to write
Internetclients that fully supporta wide rangeof protocols.While monolithic
applicationssuchas Mosaic[Andreeser(1993)]claim to supportall popularinterne
protocols,closeexaminationof theseall-in-oneapplicationgevealthatthey suppor
subset®of the protocolsandrequireexcessiveystemresourcesn the users machine
Giventhe continuedevolutionof Internetprotocolsit is our beliefthat monolithic
applicationwill alwaysdeliverpooremerformancéhandedicatedtp, WWW, NNTPR,
WAIS, or Gopherclients. As more sorts of applications(for instance:videc
conferencingpecomepopularit will be increasinglyimpracticalto write monolithic
applications.Large softwaredevelopersuch as the OpenDocconsortium(Apple
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Computer Word PerfectNovell, IBM, andothers)andMicrosoft (OLE) arein the
procesf building componenframeworksandInternetapplicationswill benefil
from theseframeworkssincethey will give usersthe appearancef an integrate
application without requiring development of monolithic applications.

Given standardsor representingnternetresourcelocations (URLS) and name:
(URNS) it is attractiveto write single purposecomponentshat call eachother by
passingURLs or URNSs. This sort of architecturemakesit easierto update
componentsas protocolsevolve andkeepsthe Internettool businessrom being
dominatedy a few largecodefactorieghat developandmaintainmassivamonolithic
do-it-allapplicationsThis componentrchitecturealsoworkswell with developing
more Internet-awarelocumentypes, sincethe documentrenderingapplicationcan
call the appropriate client application to resolve URLSs.

4.3 New User Interface Metaphors

The userinterfaceusedin todays Gopheris that of traversinga hierarchyof menus
and searchengines WWW's user interfacemetaphotlis to treateverythingas a
hypertextdocument.While both these user interfacemetaphorshave obvious
strengths,they are also both an artifactof the computationalimitations of the
systemswidely availablethreeor four yearsago. Given significantly fastersystem:
availableoday,we believethatusing3D scenesisa userinterfacemetaphois worth
exploring[McCahill (1994)].Both GopherandWWW userscomplainof feeling“lost
in cyberspaceandthis problemmay be addressely a userinterfacethatis more
similar to navigating through the real world.

Beyondtrying to addresshe “lost in cyberspaceproblem,a 3D userinterfacewill
give us amorepowerfulway of representingelationshipbetweerdocumentandthe
resultsof searchesThe growth in the numberof documentsvailablein system:
suchas GopherandWWW createghe problemof beingableto find andcategoriz:
very largecollectionsof documentsindexesof documentsearchabley name(asin
Archie or VERONICA) arevaluable,but we are rapidly reachingthe point where
thereareso manydocumentghat nearlyall queriegeturna very largenumberof
matchesThesameproblemcanbe seerwith full-text indexesof largecollectionsof
documentsnearly any queryreturnsa very large numberof documentsA 3D
interfaceprovidesmore degree®f freedomfor representingelative “closeness’of
documents than a menu or a document can.

While 3D sceness a userinterfaceshouldprovidea valuableadjunctto the curren
userinterfacemetaphorsthereis the questionof how to apply this interfaceto
existingserverslt is uncleathowthis couldbeaccomplishefor WWW serversince
thereis no clearstructureo theinformationspaceotherthanthat embeddethsidethe
documentsSinceGophetkeepsthe structureof theinformationspaceexternato the
documentgt is possiblefor a3D clientto automaticallygeneratecenedrom curren
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gopherdirectories For instancesthe itemsin a Gopherdirectorycanbe represente
as objectsin a sceneandtheir namescanbe written onto the face of the objects
Since Gopher+supportsmeta-informationjt is also straightforwardto add
informationto overridedefaultclient-generatedcenesor a menu. Developmentf
thesesortsof 3D scenegeneratinglients will help drive developmenbf bettel
documentlassificatiorand clusteringschemedy makingit easierto visualizethe
relationships between documents.

5 Concluding Remarks

Gopherhasevolvedfrom a simple campuswide informationsystemto a popular
widely deployednformationsystemthat makesthe Internetappearo be a single
large hierarchicalcollectionof documentsand searchengines.The most serious
architecturallimitations of the original Gopherprotocol were addresselly the
Gopher+extensiondo the protocolandwe believethat Gopheris well positionedo
accommodata proliferationof Internet-awarelocumentypesandnew userinterface
metaphors made possible by faster desktop computers.
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