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Abstract

TheLinking File Systemintroducesa new storage
paradigmfor enhancediserproductivitythroughre-
lationshipsbetweenles, yetit opensup new chal-
lengesin usability LiFSBrowseis a GUI for LiIFS
that attemptgo meetthosechallengesthroughgiving
customizablgraphicalviewsofthe le systemLiFS-
Browsesupportsinteraction through link manipula-
tion and le systermmuerying We describethe layout
of LiIFSBrowsein detail andgive somesxampleof its
usabilitythrougha samplele systenview.

1. Intr oduction

The Linking File System(LiFS) introducesa nen
paradigmin le systemorganization.Usingattributed
links, usersof the le systemhave the potentialfor
hugegainsin productvity, suchasthroughthe abil-
ity to provide contet for their documents. Links
allow usersto expressrelationshipsbetweendocu-
mentswherethey previously lackedtheability. How-
ever, LiFS is only theinfrastructure. LiFS itself does
not have an interface,thus, determiningthe true us-
ability of LiFS shallbe left up to thosewho canpro-
vide suchaninterface.

In this paper | presentLiFSBrowse. LIFSBrowse
is a graphicaluserinterfaceto the Linking File Sys-
tem. Themaingoalof LiFSBrowseis to provide users
with abetterexperiencen interactingwith LiFS over
command-linetools. LiFSBrowse shouldallow the
userto browse her les andlinks, list the attributes
onlinks and les, anddisplaythe le whenpossible.
To enhancérowserusability browsedisplaysshould

becustomizableéo theusersliking througha seriesof
view options.Additional functionalityshouldgive the
usertheability to interactwith LiFS, suchasthrough
creating, modifying, or deletinglinks. Finally, the
usershouldhave the ability throughLiFSBrowseto
queryLiFS for a speci ¢ setof les andlinks. This
papershoulddemonstraté¢hat LiFSBrowse can meet
thesefunctionalgoals,thusenhancinghe usability of
theLinking File System.

This paperis organizd asfollows. The next sec-
tion givesanoverview of LiFS, adescriptionthe text-
basedLiFS interface,and the advantagedo usinga
GUI. Section3 describeghe GUI featuresand lay-
out. Section4 discusseshe LiFSBrowseimplemen-
tation. Section5 givessomeexamplesof theusability
of LiIFSBrowse. Sectionst and7 discusselatedand
futurework, andsection8 concludes.

2. Background and Motivation
2.1. Overview of LIFS

In this section| give an overview of the major
featuresof LiFS. We describeLiFS in more detail
here[1], but | wish to corvey the featuresthat best
distinguishit from corventional le systems.

LiFS containsa new le systemfeature,calleda
relational link. Theserelationallinks expressrela-
tionshipsbetween ary two les. Thus, in LiFS a
regular le may point or refer to another Relational
links aredifferentthansymboliclinks which allow a
userto createadditional path namesfor les or di-
rectoriesthusbecoming'link ed” to additionalplaces
otherthantheoriginal path.Moreover, relationallinks



may contain metadatan the form of associatedt-
tributes. Theseattributestake the form of key/value
pairswhereon a givenlink, eachkey mustbe unique.
LiFS alsoallows attributesplacedon les directly, as
is doneusingthe extendedattribute API in the Linux
kernel2.6.x[9].

The existenceof links between les leadsus to
a loss of distinction between les and directories.
Hence,having les referto other les allows les to
“contain” others,a property that was previously re-
sened for directories. Thus, directoriesbecome,in
essencesimply zero byte les that exist for organi-
zational purposesand backwards compatibility with
corventional le systemstructures. Moreover, this
impliesthatapathto ary given le shalloccurthrough
a seriesof les, which themseles may also contain
dataandcanbeopened.

LiFS additionally allows multiple links between
les. Thisis soa single or multiple usersmay wish
to have differentsetsof metadatdo shav separatee-
lationshipsbetweenthe two les. | will presentan
example of this featurein section5. The caveatto
this featureis thatlinks mustbe uniquelyidenti able
throughsomecombinationof their attributes. A sim-
ple identi cation scheme but onenot requiredby the
le systemjs to have auniguenameattributeoneach
link.

Theproposedmplementatiorof LiIFS is to have all
metadatdor les, links andattributesresidein mag-
neticRAM. MRAM is anew form of highspeednon-
volatile RAM. It shouldgreatlyincreasemetadataac-
cessperformanceover corventionalreadsand writes
to disk for metadata.

An example relatedto this researchwhere LiFS
mightbe usedis for atheworking directoryof a soft-
ware project. Binariesmay be linked to object les,
which in turn may be linked to the source les that
generatedhem, or vice-versa. In addition, we can
compile sourcecodefor differenthardware architec-
turesby following theappropriatdink to thecomplier
con guredfor thetargetarchitecturewherealink ex-
ists to a compiler for eacharchitecture. The result-
ing objectcodecould belinkedto the sourcewith at-
tributesindicatingwhich architecturat shouldrunon.
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Figure 2. Example output from the IS2 com-
mand.

2.2. Interface to LiFS

Likeary le systemwith adwancedfeaturesLiFS
requiresa userinterfaceto exposethosefeatures Ap-
plicationprogrammersnayusetheLiFS API, but that
is lessvaluableto anenduserof the | e system.To
initially make thosefeaturesavailable we introduced
theln2 andls2 commandine utilities. Theseutili-
tiesallow for the utilization of LiFS' featuresbeyond
whatavailablethroughcornventionaltoolsrunthrough
ashell.

Ln2 is an adjunct utility to the In program.
Whereas In allows a user to create hard and
soft/symboliclinks, In2 enableghe creationof rela-
tionallinks in LiFS. Figure 1 shows theusagédor this
utility. The sourceandtarget les mustbe existing



les to belinked. In addition,the utility requiresthe
speci cation of someattribute metadatdaor the new
relationallink.

Ln2 hasotherfeaturegoo thatarerelevantto link-
ing. Theutility letsa usermodify the attributes,on a
relationallink, seeall theattributes,or deletealink. In
suchcasesthelink in questiormustbeuniquelyiden-
tied by asetof attributes. Queriesthat matchmore
thana singlereturnanappropriateerrorto inform the
userof such.

The functionality of Is2 is meantto augments

for LiFS relationallinks andattributes.Whenlis2 lists
the les undera givendirectory it displayseach le
andall links emanatingrom the les. It displaysat-
tributeson the link aswell. Figure 2 shovs some
les with their links. It lists the target name and
attributes as comma-delimitedstringsin the format
"key=value”. At thetop of the gure we canseethe
outputfromIs for comparison.

Additionally, Is2 allows a userto queryfor spe-
cic links returnedbasedon a combinationof at-
tributes. At presentthe querycapabilityis very sim-
ple. It allows only a conjunctionof key/valuepairsto
matchlinks.

2.3. Advantagesof a GUI for LiFS

While thesetools give an end user some ability
to browse in LiFS, they do imposesomavhat of a
hindranceon the user To achieve desiredresults,
usersmayberequiredto performaseriesof command
line operationghat include the commandsdescribed
above. Alternatively, we mayturn to a graphicaluser
interfacefor LiFS to provide betterusabilityandfunc-
tionality.

In mary ways,a GUI for LiFS canbe moreadvan-
tageousthan corventional | e browsersare for con-
ventional le systems.Corventional le browsersdo
provide views of hierarchicalirectorytreestructures,
cornventionalmetadataand even extendedattributes
on les. However, all thosecapabilties areavailable
on a commandliine. Seeingmultiple levels of hier
archy may require multiple operationsvia command
line, but shouldbe a relatively straightforward pro-
cess.

With LiFS, the GUI now canrepresentin addition
to atree,the graphstructurescreatedby relationships

betweenthe les given by the addition of relational
links. Usingour text-basecapproachedrying to real-
ize agraphstructurethoughvarious le lists of source
nodesn agraphcanbecomerery cumbersometHow-
ever, the graph visualizationgrantsthe userinstant
knowledgeof the relationshipghat sheis concerned
with.

Anotheradwantageof usinga GUI for LiFS is that
it hastheability to presenmultiple scalesof view for
the le system. This becomesmore importantwhen
links allow les to referto oneanotherthat may ap-
pearlocatedn disparatadirectories. While we canget
agoodlocal or partial view of the le system,shaw-
ing a limited numberof les, we obtainthe addition
of amoreglobalview wherethereare morecomple
relationshipgpresent.

Hereis anexampleof onanoperatiorusingseveral
stepsover acommandine. We would like to change
the attribute on a link, but we are not preciselysure
how toidentify thelink. At rst, we mayguessandat-
temptto make themodi cation in onestepusingin2 ,
in which casewe mustprovide a correctsourcepath,
target, andattributesfor identi cations. Trial ander
ror comein to play here.At this point, eitherwe may
be correct,or we fail to identify the link correctly or
uniquely We may try again or try to locatethe link
usingone or more callsto Is2 . If the sourcepath
is correct,we thenmay look throughthe outputfrom
Is2 for thelink in question.Onceidenti ed, we can
correctlyuseln2 to make the attribute modi cation
for thatlink.

As we cansee,jt takessereral operationsandcon-
siderablehuman effort to completea processthat
shouldbe simple. To contrast,let us considerwhat
is involvedin usinga GUI. We will have to locatethe
sourcele for thelink, but oncein view, we shouldbe
ableto seeall its child links andidentify the onewe
want. Then, we may changethe existing attributes,
either modifying one or addingusinga modi cation
pane,and we are complete. Shortcutsto query the
GUI for thecorrectsourcele or by attributesto help

nd thelink in questionevenfastermake thisaneven
substantiallimproved process.

Thus, it is the goal of LiIFSBrowseis to grantthe
usermary of theabove listedadvantagesThefollow-
ing sectionwill descibe whatfeaturesof LiFSBrowse
have beenincludedto satisfymeetingthatgoal.



3. GUI design

TheLiFSBrowseGUI is designedo beableto dis-
play le relationshipsvia links, selectlink metadata
via attributes,and select le contentall in one win-
dow. In orderto accomplishthis, the main LiFS-
Browsewindow is dividedinto threesectionspnefor
plotted le andlinks, onefor attributes,and onefor
le content. Additionally, the LiFSBrowse window
atophasa menubarandbelon hasa statusbar, asis
standardor mostGUI applications.

Thepanecomprisingtheleft sideof theapplication
containsLiFSBrowse's representationf the les and
links from within LiFS. The GUI representsles by
blue circles with a black outline and links by black
arrowns. It labelseachlink usingthe namecompo-
nentof thelink's target le path. A usermay select
alink by clicking onthelabelor thelink itself. When
selecteda link andits label change<olor to the hi-
light color, which is red by default. Having boththe
link andlabelhi-lightedtogetheris especiallyhelpful
in identifying the selectedink whenthe userviews a
le systemwith mary links andlabelsplottedin tight
proximity of oneanother Additionally, the contentin
the contentpaneandattributesshavn in the attribute
panemaychangenvhenauserselectsanew link.

TheGUI plots les onthedisplayasthey arefound
using a depth- rst searchof the le system. It plots
“deeper” les, i.e. childrento theright of aparentle.
Files with a “sibling” relationshipare plotted top to
bottomalongthe samevertical axis. Thereis a maxi-
mum depthsetting(default of 10) thatcontrolswhen
to stopexploring for new links from a startingsource
le. As the DFS operationis calledrecursvely on a
child link, thevalueis decrementedntil it reache®.

LiFSBrowse offers the user a number of view-
ing optionsfor customizingthe le andlink display
Therearethreegeneralon-off optionsto be switched
between, resultingin eight potentialviews. First is
the structuraldrawving mode. This option is mainly
cosmetic,affecting only the look of the output dis-
play. The rst option for this modeare right angle
links, wherethe rst link from a source le shallbe
drawn asa horizontalarrow to theright of the plotted
le. All subsequentes aredravn down andto the
right,in an”L” shapedashionwith alongerhorizon-
tal componentthis mimickingmary le browsersthat

usetressto displaydirectory hierarchies.Labelsap-
peardirectly belov the horizontalcomponenif the
link they identify. The otheralternatve is the "fan-
out” view, wherethe child links of a source le are
drawn out still to theright of the le, but at different
angles,startingcloseto the top of the circle for the
le, working its way to therightmostpoint,andto the
bottom. Having boththeseviews givesthe useralter

natves,assomele systemsnaybegearedto appear
betterin a particularmode.

Thesecondptionis treeversusggraphview modes.
Undertreemode,ALL child links of asourcele are
drawn, until the max depthis reached. This means
thattarget les andlinks aredrawvn evenif they are
redundant,.e. alreadydrawn elsavherein the dis-
play for the le system. In suchcases,a selected
link redundantlydravn shallbehi-lightedin all places
thatit wasdrawn. Additionally, ary cyclescreatedby
les referringto oneanotheraredravn out (redundant
display)until the maximumdeph is reached.Graph
modeeliminatesall suchredundang andcycles. In
thismode,new child les areplottedasdiscoveredin
thesearchalgorithm.However, for a le in questionf
oneof its childrenhasalreadybeenplottedaschild of
a anotherpreviously plotted le, thenwe draw alink
directly from the newer sourceto thattargetchild.

In “L” plotting mode combinedwith graphmode:
if a casearisesperhapsalink may be drawvn through
a le representationLiFSBrowvse draws the link as
an arc. Additionally, in both plotting modes,LiFS-
Browse draws arc-shapedinks for situationswhere
les lie on the samehorizontalrow, save for those
initially discoreredwith a parent-childrelationship.
Otherwise links are dravn asstraightlines from the
source le to the target. Some les are not pro-
tectedby the provisionfor arcdrawing in graphmode
thatexists for treemode. Having thesetwo different
mode choicesgives the user a great deal of power
for viewing through a choice betweenfocusing on
source/tagetrelationshipgor individual les, asdone
in tree mode, or all relationships,shavn in graph
mode.

The third option is whetheror not LiFSBrowse
shouldautomaticallyexpandall les to plottheirchild
links. Turning”expandoff” forcestheuserto manual
click on les thatconcernherto view their children.
This may make more easilyreadablele systemdis-



playsby limiting the amountof dataplotted. More-
over, it may often be the casethata useris only con-
cernedwith alimited setof links and les to beplotted
atary onetime. “Expandon”, of course providesthe
cornvenienceof having all links and les plottedauto-
matically

Additionally, a user may modify the view by
changingthe size of the dravn components. Con-
sequentlythis featurebehaes similarly to the zoom
tool in mary graphicsapplication.Presentlythereare
5 sizemodego choosebetweenrangingfrom “Tiny”
to “Bigger” The chosensize affectsthe length and
width of links, sizeof the le circles,andthefont size
of the labels. This modeis what shouldbe primarily
responsibldor providing the functionality of switch-
ing betweersmallandlarge le systenviews.

The usermay addnew links, modify or deleteex-
isting onesthroughthe main pane. Adding alink re-
quiresthe userto click on the source le, the target
le, and Il in theattribute data(discussedater). To
modify alink, theusersimply mustselectthelink she
wishesto modify andchangeheattributes.Deletions
requirethe userselectthelink to be deletedandcon-
rm L. At presentLink sourcesandtamget les may
not be modi ed in a singleLiFSBrowse operation.If
auserwishesto doso,shemaydeletethelink andadd
a new link with a new desiredsourceandtarget, but
the sameattributesasthe deletedink.

The attribute pane locatedin upperright quadrant
of theapplicationframe,displaysattributesof thecur-
rentselectedink. Rows hold eachattribute key/value
pair, with the keys in the left-handcolumn and val-
ueson theright. In casesof multiple links between
a pair of les, a usermay discerndifferent attribute
setsfor eachthroughhaving thebackgroundf theat-
tributetext be paintedalternatingcolors. Theattribute
datarows from the rst link have a red background
followed by the rows from the secondink containa
blue background andso on, Additionally, attributes

1LiFSBrawserunningover the prototypePostgreSQlbacled
LiFS will not deletelinks thatresultin removing the target le
permanently Moreover, the next versionof LiFS will let you re-
movethe le whenthe nal link targetingit is removed(reference
countreaches0), unlessit containschild links of its own. Thase
links andall subsequenthildrenmustberemoved rst.

onthetarget le of thelinks will have athird unique
backgroundtolor, setto greenby default?

Furthermore,the attribute panealso incorporates
the functionality for attribute entry and querying.
Whenthe usercreatesa new link or selectsalink for
modi cation, the paneswitchesfrom attribute display
modeto attribute entry The usermay thenaddnew
attributesor modify the existing keys and/orvalues.
A submitbutton nalizes the users changes.More-
over, the attribute entry view allows the userto enter
queries.Thesegueriescomein asetof key/valuepairs
to matchattributeson links in the le system.Once
submitted the querywill return anew displayof les
andlinks in themaindisplaypaneon theleft.

Below the attribute paneis the contentdisplay
pane. In this pane,a user may seethe contentof
thetarget le of thecurrentlyselectedink. Presently
LiFSBrowsesupportplaintext andsomeimage les.
LiFSBrowse requiresthat a link targetingthe le or
the le itself betaggedwith the attribute“ le _type="
in orderto displayits content. The values“text” or
“image” supportthoseparticular le types.

Finally, the bottomof the LiFSBrowseapplication
framecontainghestatushar. Thestatushargivesvar-
ious messageto the user Theseincludethe current
link sourceandtarget paths,instructionsto the user
for a pendingoperation,anderror operationsuccess-
ful messagesAn exampleof aninstructionis when
auserselects’Add” from the“Link” menu,the status
barinstructsthe userto selectasourcele.

4. Implementation

| have implementedLiFSBrowse in the Python
scripting language. | chosethis becauseét is high
level, interpretedcandmayleadto morerapiddevelop-
mentthanlower level languagesuchas“C” thatare
more appropriatefor actual le systemdevelopment.
Moreover, | selectedo usethetkinter GUI toolkit for
this implementationas it is consideredthe de-facto
standardor userinterfacetaskswithin Python[14].

Theversionof LiFS | usedis nottheonediscussed
above (section2.1)thatwill utilize MRAM, butapro-
totypeto sene asa proof of conceptfor LiFS. This

2Attributeson les were not availableto readfrom the LiFS
prototype. Hencewe cannotdemonstratethis feature,but | look
to correctit with thenext versionof LiFS.






Figure 6. Resultin g graph after addition of a new link. Some additional links and les are shown by

expansion

Theuserhasjust successfullyaddeda link, andwe
canseetheresultinggraphdisplayedin Figure6. The
newly addedink is from the le “RollingStones.gif
to “ledzep.gif’, andis hi-lighted. We may noticethat
layout of the graphhaschangedsincethe last gure.
While thismayappeadisconcertingo theuser it can
be bene cial becausehe new layout may betterar-
rangethe les andlinks for the new graphcon gura-
tion thanthe previous layout. Moreover, we should
noticethatthefont, le andlink sizeshave all grown.
This is becauseur usermusthave changedhe view
sizemodefor LiFSBrowseto a larger size. An addi-
tional changeto the displayis apparenin the status
bar, which now displaysthe sourceand destination
les of thehi-lightedlink.

Thehi-lightedlink in this gure hasdifferentmeta-
datadescribingthe relationshipbetweerthetwo les
thanshown in the previously consideredview. This

link suggestsa relationshipof in uence betweenthe
two bandsandwe may seethatthe level of in uence
is “moderate”In addition, we are given a sensethat
thebandsmay overlapin their yearsactve, giventhe
attribute for “time=overlap” Finally, we seethat the
le typeisthatof animagein this caseandtheimage
(bandphoto)is displayednsteadof text.

The le systenmgraphplotin Figure6 also contains
additional les andlinks thatwere not presentin the
previousview. These les andlinks arefor releases
(albumsor compilationsyandsongsfor Led Zeppelin.
In this casetherearetwo releasesvhich betweerthe
two of thempoint to atotal of six song les. Where
thereleaseles pointto thesamesongshavsthatthat
songappearsn bothrelease.Sincethetrack number
for that songmay vary betweenrelease an attribute
giventhatinformationcanbefoundonthelink.



Figure 7. Panel to input a query to LiFS-
Browse. A similar panel is used for attrib ute
entry and modi cation

Supposewe wish to perform a query in LiFS-
Browse, that is, createa display of les and links
basedon a searchtraversing links that matchsome
key/valuepair input. Figure7 is the paneldisplayfor
inputing attributesto form our queries. In our case,
theuserhasenteredakey of “in uence” andthevalue
“strong into the querybox. Additionally, this display
doublesn usefor enteringatiributeswhencreatingor
modifying links.

Figure 8 shavs theresultsof the users query The
number of links betweenthe les has been paired
down to only thosethatdenotearelationshipof strong
in uence. Theuserhasalsosettheview sizeto “Big-
ger”: thelargestsizeavailablein LiFSBrowse.

The userhasselecteda link pointingto a le for
Chuck Berry, and this brings us to an interesting
changein the attribute display area. Thereare now
two ses of attributes,eachwith separateolors. Two
of attributesmeanghatthe hi-lighted link represents
two links in the underlyinglinking le system. In
this casethe userqueryhasresultedin bothlinks dis-
playedbecausehey have the queryattributein com-
mon. However, asidefrom “userid”, the other at-
tributes differ betweenthe two links. The rst has
moreinformationaboutthe artist. The seond seems
to corvey thatthis link's purposeis to corvey the re-
lationshipbetweerthetwo les.

Figure9 shavs muchof the samplele systemin
“Tiny” size.Thismodegivesa morecompletepicture
of what elementscomprisethe le systembecause

more links and les canbe plotted in the window..
Hencewe seemary les startingwith the le system
root shavn with a“/” to the “leaf” les thatappear
within the displayandon theright edgeof the graph.

The gure alsoshav whattreemodeof thebrowser
lookslike. In this view therearemary les andlinks
that are redundantlyplotted. For example,examine
the seriesof links that startwith “robertjohnson.gif
on the left andendwith “ledzep.qgif’ following each
horizontally That seriesdenotesthe chronological
successiomf in uence. Additionally, we noticethat
the les alongthatchainof links have the child link
for “ledzep.gif’. Eachof those les hasthe same
setof decedentinks and les, all of which are re-
dundant. The redundanyg is further exempli ed by
the hi-lighted link. In this caseit is for the link to
“houses.gif. Eachsetof redundantiinks and les
hasthe samelink hi-lighted. This makesit easyfor
a userof LiFSBrowseto identify redundaninforma-
tion whenusingtreeviews.

6. RelatedWork

McGufn, etal. take an interestingapproachto
le systemvisualization[10]. Their system Expand-
Aheadplaces les and folders within foldersto ex-
presscontainmentelationships. Files may be listed
by nameor contentmay be displayedwithin. The
systemalso featureszoom in, auto drill-down, and
will automaticallyexpand variousfolders to sizein
orderto bestdisplayasmuchdataon screeraspossi-
ble. LiFSBrowse, likewise attemptsto shav a user
an overview of relationshipswithin the le system
andallows the userto zoomin on pariculars. How-
ever, Expand-Aheadappeargo not handlethe non-
treeedgeghatmay be found throughLiFS relational
links withoutredundang.

In scienti ¢ network visualization, CiteSpacefo-
cuseson identifying andtracking thematictrends. It
featuremnotonly nding highly citedclustersput also
considerghetrails thatarepivotal pointsin transitions
within aknowledgedomain perhapsparadignshift.
Its visualizationfeatureggraphdisplayof citationand
term links betweendocumentswith additionalrings
on notesto mark highly citeddocumentscolor to de-
note“pivotal” points,andageof thelink. LiIFSBrowse



Figure 8. The result of the query. The highlighted

couldvery well displaycitationinformationin graph-
ical form for a le systemorganizedby citation[4].

There have beena numberof attemptsto present
adwancedvisualizationsof the World Wide Web [2].
Natto [15] initially placesnodesandlinks on a hor-
izontal plane, but allows the userto manuallyraise
nodesto “disentangle”them from the planeto im-
prove the structures visibility. Initial nodeplacement
is basedon web pageattributes, such as nameand
size. Another approachto web visualizationis the
constructionof three-dimensionahyperbolic space
representednside a sphere. This view shawvs a fo-
cuson somenodesby plotting thosenearthe center
the largestandreducingthe size of othersasthe plot
movestowardsspheres edge,which is conceptually
anin nite distancerom thecenter[12].

ThePrestosystenis analternative to the hierarchi-
cal documentspacedound in corventional le sys-
tems.Prestoallows usersusersto managedocuments
in terms of assignableattributes. Vista, the Presto

link represents two links with distinct attrib utes.

10

browser plots related documentcollections inside
ovals that can be openedan closed. The collections
arebasedon setsof attributeswhich they themseles
can be plotted on the Vista desktop. LiIFSBrowse
supportsattribute basedqueriesfor documentdlike
Presto/\ista. However, Vista doesnot display rela-
tionshipsbetweendocumentspossiblethroughrela-
tionallinking [7]

Therehave beenvariousattemptsto visualizethe
Internet,a considerablylarge graphspaceto investi-
gate. This wasoncea hot topic of discussionwhere
amajorfocuswason makingthe visualizationamore
useful to the averageend usetitevisint95, visint96.
As describedn [6], a major goal of the CAIDA or-
ganizationis to createlnternetvisualizations. One
suchvisualizationof Internettopology at a macro-
scopiclevel usedan InternetControl MessageProto-
col to probethe Internet. The resultwasthey could
obtainsnapshotanddisplayin polarcoordinatesvith
local ISPsatthe centerworking its way out to further



Figure 9. A view of the le system in tree mode. A link targeting the le for the Housesof the Holy

album image is highlighted

andfurther hops. CAIDA alsofeauresa numberof
Internetvisualizationtools, including Walrus which
canplot million nodedirectedgraphsin threedimen-
sional,non-euclidearhyperbolicspace 3] (basedon
Munzners work mentionedabore).

Cheswicketal. attemptedo visualizethe Internet
thoughcollectingrouting pathsfrom atesthost. They
useda spring-forcealgorithm to lay out the graphs
from thecollectiondatabasewhichresultedn around
88,000nodesand 100,000edgedfor the whole Inter
net. Their resulting displaysfocusedon producing
minimal spanningtreesthat take the appearancef a
“peacockon the windshield: or “kooshballs”, thus
smaller subgraphplots were more useful [5]. Fur-
thermore,Munzner et al. attemptedo visualizethe
MBone Global Topology [13]. Their visualizations
plottedthe MBone tunnelsasarcsover threedimen-
sionalsphericaprojectionsof thewholeandsegments
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red in multiple locations showing the redundanc vy.

of theearth,andof the United States Arc heightrep-
resentedonger tunnels(lateng) betweenpoints on
the surfaceasto make them more prominentfor at-
temptsto analyzeglobal congestiorcausedy longer
paths.

Finally, The Navigational View Builder was a
tool developedto integrate node and link topology
with underlyinginformationspacen hypermediasys-
tems[11]. This tool featuredclusteringof related
nodesand sh-eye views to inserta focuson a node.
Thesesene asgoodideasfor future work for LiFS-
Browse.

7. FutureWork

LiFSBrowse presentedhe opportunityto explore
mary possiblealternatves for plotting le and link
databut thereis muchmoreto accomplish.Firstand



foremost, LiF SBrownse should be switchedto useto

the next versionof LiFS. This should correctsome
problemsandsimplify somestepsin theimplementa-
tion. Someaspectshatwill be x edincludetheabil-

ity to retrieve attribute metadataon les, deleteoper

ations,andthe pathnamdudgeusingthe”@” charac-
ter.

Onefeatureto be addedto LiFSBrovsethatcould
potentiallybene t a useris alink or le focus. This
would magnify the link or le in question,andthen
draw otherchild links and les in diminishingsizeas
you get further removed from the focus. This could
provide additionalemphasison a local context for a
user

Another additional feature of value to a LiFS-
Browse useris a browse history of visited links. In-
cludinga history would give the usera senseof what
shehasalreadyseenin browsingthe le system.This
could be implementedby paintingall links a certain
color or usedifferentshadingto give anideaof how
long agothelink wasvisited.

Usersmay encounteiin their graphdisplayssitua-
tions wherea group of les all refer to one another
with relationallinks. The consequencef this is a
guite messydisplaywith mary plottedlinks that be-
comedif cult to read. A potentialsolutionto this is
a “Cluster” display wherethe groupof les is plot-
ted asa singleunit. The unit canthenbe openedup
with informationon each le andthe links within the
cluster

A nal worthy goal for further developmenton
LiFSBrowseis to improve the graphplotting. A sim-
ple improvementwould be to allow usersto de ne
their own le positions. Each le could be grabbed
andrepositionedAll links with thatparticular le asa
sourceor targetwould thenberedravn. Anotherpos-
sible improvementwould be to try a differentsearch
algorithm for exploring the le systemgraphspace.
| choseDFS becauset yielded simple handling of
plot recursionfor drawing multiple levels. Theconse-
guenceof usingonly thatalgorithmis thatall graphs
are plotted not even closeto optimally. However, a
modi ed versionof BFS could have beenconsidered
— maybeonly for graphmode— asanalternative. Fi-
nally, graphlayoutis awell exploredarea resultingin
a numberof free andcommercal productsto handle
to the problem[8]. Thus,| shouldstrongly consider
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pluggingoneinto LiFSBrowseto determinewhereto
plot les andlinks.

8. Conclusion

LiFSBrowseexpandsthe valueof the Linking File
Systenthroughgiving its userasmproveddisplayand
interaction.Commandine interactionwith LiFS will
limit users'abilitiesto interfacewith LiFS, necessitat-
ing moreadwancedalternatves. Beingableto seethe
relationshipghatexist betweenles rsthand should
greatly improve understandingf their purposeand
sene as remindersfor context long forgotten. We
hopeto improve upon LiFSBrowse with the advent
of the stableversionof LiFS. It is progressingand
shouldperformmuchbetter hopefullyresultingin im-
provedstability for LiFSBrowse.
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