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hano-Informati
s, S
hool of Engineering, University of Tokyo1 Problems of Performing DiskSpa
e Re
lamationDisk spa
e re
lamation is a task often performedto save disk spa
e by deleting unne
essary �lesand to arrange them in a easy-to-�nd way. In-deed, however, it tends to be a boring work. Toinvestigate the reason for that, we observed 4 sub-je
ts performing re
lamation of their disk spa
esea
h for approximately 30 minutes. As a result,we found that existing tools used for disk spa
ere
lamation had following problems.One of the problems is on how to present thedire
tory stru
ture and move around dire
tory hi-erar
hies. With the tree view whi
h has been usedin many existing tools su
h as Explorer of Win-dows, it is not possible to display the entire hierar-
hi
al stru
ture sin
e ea
h dire
tory is presentedin a one-dimensional row. Another restri
tion isthat one s
reen 
an present �les in at most onedire
tory. Furthermore, moving to a dire
tory inthe depth of the hierar
hy requires a user to tra
ka dire
tory one by one, and it for
es him/her toopen a tree view again and again. Even if theentire dire
tory stru
ture is displayed, it will not�t into one s
reen and thus a user has to �nd atarget dire
tory by s
rolling the s
reen. The la
kof ability to present the entire dire
tory stru
ture,as presented here, be
omes a large problem in thedisk spa
e re
lamation whi
h involves referring tovarious dire
tories and performing �le operationsmany times.Another problem is that of presenting informa-tion ne
essary for disk spa
e re
lamation. Whena user performs the task, he/she usually refers toname, size, 
ontent and the last used date/time of�les. In 
ase of the existing tools, it is not possi-ble to present several of them simultaneously andhe/she has to perform a series of operations to
hange the information to be presented. Togetherwith the la
k of ability to present the entire stru
-ture, this makes it diÆ
ult to 
hoose a spe
i�
 �lefrom many �les.On the other hand, to avoid this kind of boringwork, there exist several tools spe
ially designed

for disk spa
e re
lamation to avoid a boring worklike this. However, many of these are the toolfor deleting unne
essary �les automati
ally andit is hard to say that they provide a solution toproblems dis
ussed in previous paragraphs.In this study, we developed a tool that fo
usesnot only on deleting unne
essary �les but also onrepla
ing �les, 
onsidering the issues of the exist-ing tools mentioned above. Furthermore, we alsorealized a new method of visualizing a �le stru
-ture using three-dimensional graphi
s, taking as-pe
ts su
h as novelty and uniqueness in additionto pra
ti
ability into 
onsideration.2 Existing Resear
hes on Visu-alizing a File Stru
tureRegarding the display of visual hierar
hi
al stru
-ture, there have been a 
ouple of resear
hes su
has Cone Trees[2℄ and Information Cube[3℄, butthese are not ne
essarily fo
used on presenting di-re
tory stru
ture. 3D File System Navigator[4℄aims at displaying dire
tory stru
ture. This rep-resents �les and dire
tories like a building, but itis not designed for �le operations.3 Features of This Tool3.1 Display of Dire
tory as a 'Tree'The most notable feature of this tool is the three-dimensional visualization of a �le stru
ture utiliz-ing the metaphor of a 'tree'. A leaf 
orrespondingits �le and a bran
h to its dire
tory, a spe
i�ed di-re
tory is represented as a 'tree' (Fig1). The sizeof a leaf is proportional to the logarithm of its �lesize and the 
olor of a leaf varies based on the lastmodi�ed time of the �le. This three-dimensionalvisualization of a �le stru
ture enables a user tosee the distribution of �les and makes it easier to
omprehend the stru
ture of the dire
tory, thusit gives a solution to the problem of moving andpresenting a dire
tory mentioned in the beginning.Furthermore, it enables to show a part of the in-



formation ne
essary for disk spa
e re
lamation,while maintaining the ability to present the entirestru
ture. In addition to that, it is also expe
tedthat using a metaphor of a 'tree' helps a user fa-miliarize with the tool and thus redu
es the user'ssubje
tive fatigue.

Figure 1: Display of dire
tory stru
ture as a 'tree'The a
tual �le operations derive from the exist-ing interfa
e. On
e �les or dire
tories are sele
tedby 
li
king them, a user 
an move them to an ar-bitrary dire
tory by drag and drop or delete them.While a user is dragging �les or dire
tories, onlydire
tories whi
h 
an be the destination need tobe displayed and thus leaves are turned semitrans-parent, making the dire
tory stru
ture easier tounderstand. The tree view 
an be rotated, s
aledor moved by dragging the s
reen.3.2 File Pi
k-out FeatureWhen we think about disk spa
e re
lamation fromthe perspe
tive of repla
ing �les, a task of bring-ing �les whi
h have something in 
ommon su
has an extension, a �le name et
., together into aspe
i�
 dire
tory would dominate it. For that,it is ne
essary to 
omprehend how su
h �les aredistributed. On the other hand, when we thinkabout disk spa
e re
lamation as a task of deleting�les, it is notable that unne
essary �les are 
har-a
terized by 
ontaining a spe
i�
 
hara
ter su
has ~ in their �le name, or not having been usedfor a long time, et
. Therefore, to fa
ilitate thesetasks, this tool has a feature to pi
k out �les withspe
i�
 
onditions.3.3 Other FeaturesTo present detailed information on the �les in aspe
i�
 dire
tory, this tool provides a table view.

It also enables to preview the head of a �le. Otherthan them, it allows unlimited undo.4 Issues on ImplementationThis tools is implemented using Java 3D. As itrequires large amount of 
omputer resour
e, if adire
tory 
ontaining more than 1000 �les is shownon the 
omputer 
urrently used for development(Pentium III 750MHz, 128MB RAM), the speedof rotation/moving and sele
tion is degraded sothat it 
an hardly be used for a pra
ti
al purpose.5 About EvaluationWe ask subje
ts to freely tidy up a part of their di-re
tory using this tool and �ll out a questionnaireon feeling aspe
ts su
h as interest fa
tor and fun
-tional aspe
ts su
h as operationality in 
ompari-son with the existing tools, before and after thetask, and evaluate it based on the questionnaire.As of writing we are in pro
ess of evaluation,however from the result so far it is expe
ted thatfeeling aspe
ts would be improved. Regardingfun
tional aspe
ts, out of seven tasks[1℄� of visu-alization method by S
hneiderman, it is expe
tedthat the performan
es of Overview and Historywould be improved 
ompared to the existing toolswhile that of Zoom would be degraded, and thoseof Filter and Details-on-demand would not di�erfrom the existing tools. Note that Relate and His-tory tasks are not implemented and they would bea point of improvement in future.Referen
es[1℄ S
hneidermann, B: Designing the User Interfa
e:Strategies for E�e
tive Human-Computer Intera
-tion, 3rd Ed., Addison-Wesley, 1998.[2℄ George G. Robertson, Ja
k D. Ma
kinlay, and Stu-art K. Card: Cone Trees: Animated 3D Visualiza-tions of Hierar
hi
al Information. In ACM CHI'91,pp.189-194, 1991.[3℄ Jun Rekimoto and Mark Green: The InformationCube: Using Transparen
y in 3D Information Vi-sualization. In WITS'93, pp. 125-132, 1993.[4℄ Sili
on Graphi
s, In
.: 3D File System Navigatorhttp://www.sgi.
om/fun/freeware/3d navigator.html�Overview, Zoom, Filter, Details-on-demand, Relate,History, Extra
t


