An Architecture for Accessible and Sharable Digital Video in the
Home Environment

Henrik Klinkmann
Helsinki University of Technology
henrik.klinkmann@iki.fi

Abstract allow easy access and sharing of media files stored by the
DVR; not only access from a television set, but from the wide
Digital Video Recorders (DVRs) are becoming an increasnging array of media electronics eavailable in a home. This
ingly important part of consumer electronics, especially withcludes, at the very least, easy access to personal computers.
B, o oo 8 e The focus i s paper s n te sharaity and scces:
. ’ ibility aspects of DVR media in the home environment.
stepping stones to be crossed on the road to a complem

digital television system. Current DVRs work well and ar re are lots of other raspects to take into account when
Y . M ) . o iscussing the recording, storage and sharing of video and
rather user-friendly, but are especially lacking in that they

not allow nd sharing of the recordinas stor r1er media files. Lots of research has gone into metadata
otaflow easy access and sharing otthe recordings storeg gl e 4 1 the video files, and the secure and reliable storage

them. In order to acquire the user requirements for a Sy5t§f7t1he files themselves. Directly related to these issues are the

that would solve the issues of accessibility and sharabil| Ytions of filesystems and databases. We will touch upon all
brief user interviews were arranged. Based on these requg

. Fihese issues briefly and reference relevant research where

ments, we propose an architecture that solves these prscmt'abl e

lems in a straightforward and easily implementable manner. '

Moreover, we propose how to implement this architecture. This paper is based on the results of a few user interviews
that provide the basic user requirements of such a DVR ar-

KEYWORDS: DVR, digital video recorders, TiVo, Accessichitecture. Based on these brief interviews, we will suggest

ble and sharable digital video, television recording habits a simple architecture that solves the accessibility and shara-
bility aspects. Furthermore, a possible implementation of the
architecture is presented in the penultimate chapter.

1 Introduction A short glossary of relevant acronyms is found in the ap-

. o ) rEr)1endix. e

Television viewing has been an important element of fam-

ily home activites since the nineteenfifties and -sixties. The

videocassette recorder, or the VCR, came to revolutionize

the way television programs were watched in the late seven-

ties. Instead of having to watch a program at a certain time]  Related Work

and place, it enabled the user to record and watch it at a later

time. Video recorders kept evolving through the following. ] ) )

decades, up until the late nineties. At this time, another %lgnmcant work is being done by several parties on the stor-

vention came to revolutionize the way we watch televisiofig€ and archiving of memory artefacts, such as home videos,

namely the TiVo. The TiVo was the first mass-market ptos and more. Steven; etal. hav.e.produced an interesting

product to find a large audience, and to introduce the eticle on an apparatus titled the Living Memory Box [3],

less possibilities of computer technology to video recording;'?h provides interesting insight into how people archive

It allowed timeshifting, skipping advertisements, advanc8¢fir memory artefacts, by tbuilding on ethnographic inter-

timed recording, a simple recording archive and plenty mofgws and focus groups. Wactlar and Christer [4] have writ-

with a simple-to-use graphical user interface [1]. ten a gooq overview on metadata related to digital video
Although newer versions of the TiVo now enable the USchhlves, listing all the relevant standards and processes arjd

to plug in to and extend their TiVo with addons [2], a Shoﬁbowd et al. [6]_have resggrched metadata related more di-

check of the currently most popular digital video recordefgCtly to home video archiving.

(DVRs) for sale in Finland quickly reveals that DVRs are Storer et al. [7] have carried out an interesting survey

mostly meant to be stand-alone machines. The external con-the secure and reliable storage of archived data, with a

nectors typically offered include audio and video output itwrite-once, read-maybe” methodology. Bolosky et al. [8]

terfaces, and in some machines USB for file transfer to afigcuss the issue of utilising existing personal computers to

from the hard disk mounted in the DVR. build a distributed file system. Ficco [3] ipresents general
What we call for is an integrated, extendable architectuyaidelines for building a modern multimedia filesystem in

for DVRs in the home environment. This architecture shouhis paper.
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Q | Userl User 2 User 3 2.2 Findings
1 | 23/f/lstudent | 22/f/student | 25/m/student . ) )
2 | two one two The three interview subjects were all part of the same user
3 | digbox no no group; that is university students, with a rather small per-
4 | 45 700 300 sonal interest in recording video. All three had rather ex-
5 | no VCR VCR tensive experience in the usage of digital TV set-top boxes
6 | TV movies, TV.| TV, documen-| (digiboxes), but only one of them owned one. None of the
documen- taries subjects owned a recording digibox (DVR), but two of them
taries used a VCR for their recording needs instead.
7 | two one two Regarding the recording habits, there were slight differ-
8 | no no once ences between the users in that they all record (or would
9 | never documentaries once like to record) television series, whereas documentaries were
once, movies more important for one user while movies were important
1-10, TV 1-2 for another. Typically, users watch recordings only once,
10 | weekends, va{ evenings, evenings, after which the tapes are left to be rerecorded. One user
cations when sick weekends likes to store certain movies to watch them up to 15 times,
11 | two-three 15 none while another really does not keep a store of recordings. All
12 | no movies some docud Users watch recordings in the evenings or in the weekends;
mentaries one user mentioned being more willing to watch recordings
13 | maybe yes yes when sick. All users would like to be able to access their

recordings in other ways than via a television set. This is un-
derstandable, since all of them were active computer users,
and owned at least one personal computer.

The interview questions were designed to acquire the user
backgrounds on personal recording and requirements for a
sharable and accessible recording system without asking that
out front. The feedback received after the interviews was

With the focus being on digital video in the home envirorinostly positive, and there was great general interest in a
ment, we felt it was essential to get an understanding of wia@re accessible digital recording system. However, one user
users request. The most direct way to collect user requige@mplained that the questions were too complex, and that
ments is to interview a number of users. The target grofi}¢ results would have benefited from having more straight-
of our interviews was young adults who are not that intéferward questions.
ested in how the technology works, only that it does work. What can be said about this specific group of users is that
This target group is interesting since they are likely to watftey are very sparse recorders, and are not used to recording
to utilise modern technology, as long as it is easy to use dhat much. This can be at least partly accredited to the fact
works well. The questions were oriented as to get the us#gt recording and watching recordings on a VCR is a rather
current experiences of video recording in their homes, aigglious process. Other experiences from users who have
also what they expect from an accessible and sharable digirted using the TiVo have noticed a large change in record-
tal video recording system for the home. ing and television watching habits [1]. Television watching
The aim was not to collect technical requirements fortd4s from a traditional broadcaster-controlled experience, to

potential DVR system, but rather to get an understandingét/Ser-controlied experience. Since none of the interview

users’ expectations and experiences of home recording SHBIECtS belonged to this group, this cannot be confirmed nor
of their recording habits. With this knowledge, it is then eadiscredited. )

ier to construct a system or architecture that solves the propll €Ssence, what the users request is a system that would
lems users currently are facing. It is important to remembdlow them to easily record TV-series, movies and documen-

that users tend to favor systems that do one thing well, ratffdif€s and to be able to access these not only from the tele-
than a hundred things half-heartedly. vision sets, but also from their computers. Since low cost is

also something that users deem a rather important require-
ment, the system would need to be able to utilise existing
technology to the greatest extent possible. The storage ca-
pabilities of the system need not be huge, but large enough
to hold at least 40 hours of recordings (based on the stor-
Three supervised interviews were conducted in a relaxed ge patterns found in the user interviews), or the equivalent
vironment with Only the interviewer and the interview Sutbf 15 |Ong motion pictures_ Assuming the recording habits
ject present. The interview subjects wrote their answefuld be affected by the introduction of such a system, more
down themselves, and were told to ask if they had any qugfsrage space is highly likely to be necessary.
tions regarding the interview questions. It would be very interesting to arrange more interviews,
The questions are presented in Appendix A. A brief suraspecially with a larger diversity of user groups. Interviews
mary of the answers is presented in Table 1. Note that thigh heavy users of the current batch of DVRs would provide
answers have been presented in a shortened form, to exiyaeat insight into how they feel the DVR affects their record-
the relevant information. ing behaviour, and what restrictions and problems users find

Table 1: Interview results

2 User Requirements

2.1 User Interviews
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with these machines. However, already the small user smoere extensive capabilities, but is still not sufficiently user-
vey performed here is enough to proceed to the architecturahtrollable [2].
design of a recording system, which is not only easily ac-The user has to be able to access the media on the DVR
cessible and highly sharable, but also easy-to-use and cfiein the outside, i.e. share it to the rest of his home, at the
efficient. same time the DVR has to be able to read in video from
the outside, i.e provide access to the outside. A suitable
. . metaphor for this is an island of media compared to a shared
3 Architectural DeS|gn network of isles of media. The way to achieve a shared net-
work of isles is to connect to the existing infrastructure in

With the findings from the user interviews as our most i”Pfomes. In essence, this means to add connectivity to the

portant motivators, we set out to _design.the blueprints B.{/R to a pre-existing Ethernet network, or to a WLAN, or
a system that would solve the main requirements. We dig, hreferrably to both. This would allow for easy access
not restrict ourselves to what the users requested, SiNCEAN] ¢ontrol to both the contents of the DVR and for the shar-

technology-wise. Another major restraint on the design |4t control interface the DVR provides to the outside is in-
the issue Of, cost. Thg resulting apparatus has to be W'tpéﬂtionally left undefined at this stage. What it needs to pro-
the economic boundaries of a normal Finnish household. W&e ig control of the recording interface, so that recordings
decided for the cost roof to be 500 euros, or the price 0fa, e set up and changed externally, and access to view,
current state-of-the-art digibox. Since the design is morerﬂBdify and augment the video data and metadata stored on
atheoretical nature, the price roof is not strictly enforced, Bl pyR It does not need to provide full control of the inner
rather something that guides the design process. workings of the DVR, but it has to be possible to add, delete

and access the recordings on the DVR, as well as read and
3.1 Existing Environment modify the metadata contents and descriptors.

The designed system would not be entered into a void, but

has to be able to utilise and connect to the existing envir@:3  Storage and Data

ment in which it will exist. This means that it will have to

be able to interface with the existing technology of a typicRigital television recordings consume a lot of disk space,
household, as well as adapt well to its physical surroundingeating a huge demand for secure and reliable but also in-
What does a typical Finnish family household contain thegXpensive storage. With HDTV paving its way, the storage

That of course varies greatly, but we have decided to fPace requirement will eventually be even more important.
cus on the user group which was interviewed; that is youngThere are many possible scenarios how the storage system
university students living either alone or with a partner. Tte@n be set up. Since we are looking for a simple and efficient
people we interviewed lived in households with an analogystem, we are not even going to contemplate fancy setups,
wide-screen television, a VCR, possibly a digibox and onesitch as distributed filesystems [8], although they would be
two computers, running Windows XP, and with Ethernet possible. The model of storage [7] aimed for is a write-once,
WLAN network interfaces. These are all devices with whidiead-many, where the stored recording will be written to disk
we intend to connect, in one way or another. Naturally, tie@ce, after which it has to stay consistent and readily acces-
system has to be able to decode the television signals bragdle. In the interviews, users presented a need for storing
casted over the DVB system. some recordings for a longer time, which requires a suffi-

The architecturally most significant decision that has @ent level of reliability. It is hard to state what a sufficient
be made is whether to incorporate currently existing digével of reliability is, but given the small physical size and
boxes into the architecture through the use of extensions|asge logical size of hard disks, there is a significant risk in
to design an alternative way to handle the task of decodistQring everything on a single hard disk only, compared to
recording and presenting the digital video content, or in othéHS tapes or DVD discs, which are separate physical enti-
words to replace the digibox. Both methods are possible, b@s. We cannot consider solutions where old data is archived
each has its own advantages and disadvantages. We wilpatsome safe, but slow-access media. Nor could we consider
tempt to analyze and compare both options in the followigfast, secure and reliable storage solution, since that would
chapters. be inherently very expensive. Instead, we opt for the KISS-
principle, i.e., Keep It Simple, Stupid.

The solution is then to use normal consumer ATA disk
drives, but instead of using only one drive, we propose a
While current DVRs do have a lot of features and bells as@nple RAID-setup [11] with two (or more) drives. Disks are
whistles, most of them are still lacking in the areas of aprone to errors, often regardless of external factors which are
cess and sharing of their contents. They are simply storigrounted for disk failures [9], making data redundancy a vi-
and reading recordings onto their internal harddisk, with mble solution. The compromise between reliability and cost,
standardized control-capable interface to the outside. Sonfech is unavoidable, is solved by using a RAID-1 setup,
DVRs provide a USB-connector, but the usage of the iwhere two disk drives mirror each others’ contents. While
terface is limited to the sharing of media files. It providebere is a risk that one disk fails, it is improbable (but less
no possibility to control the digibox externally. The TiVolikely) that both disks fail at the same time. With this setup,
which is only available in the United States and Canada, lhe system will not lose data in case only one disk fails, under

3.2 Access and Sharing
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most circumstances. This setup will also not cause a noticamplicate things. One possible solution to this conundrum
ble performance hit. In fact, the read performance will g to provide different user interfaces to users with different
slightly better than using only one disk, but the write perfoneeds. Still, the typical user experience should be the focal
mance will be slightly worse. However, as the storage wripgint, offering both a simple interface and the main function-
model is write-once, this should not really matter that muchlity. Details of the user interface are not handled here, but
Another important aspect to take into account on the sughould be handled in greater extent, if this system were to be
ject of storage, is the question of what is to be stored, aimplemented.
how. In other words, in what formats will data be stored, and
what is the storage hierarchy to be used. As an example, the .
MyLifeBits project [10] started out with a directory based%[] |mp|ementat|on
very hierarchical file system but in the end ended up with a . ) i
relational database and a flat storage solution. This workgyS chapter takes the results from the architectural design
only thanks to the verbose annotation, or metadata, used'fg consideration and suggests one possible theoretical im-
the project. There exist numerous standards for metadataRigmentation, with as many of the user requirements as pos-
scribing video content [4], MPEG-7 [12] and MPEG-21 [lﬁlble fulfilled. We se_t Qut with _dgmg_nmg a system th_at is ca-
being the most standardised of the bunch. While there Rpple O_f recording digital 'FeIeV|S|on Inamanner thatis easily
clear benefits with using a complete, standardised annotafigheSSiPle and sharable in a home environment. The system
system, these are very likely to be overkill for this applic'0uld be technically implementable, inexpensive and cur-
tion. Instead, an annotation method where the most impEF0tly Possible. These are not simple requirements; a lot of
tant metadata properties are included, such as time and A& are in conflict with each other. Thus, we have sepa-

of recording, TV channel, content title and length, conteffted the implementation into hardware and software parts,

type and copyright information is likely to be much morP' clarity’s sake. Since the software is largely dependent on
usable. Imposing a huge standard on users, the likely 12& hardware, that is handled first.

sult is that it will not be used at all or heavily misused [6].

We think an annotation system where the above propertkd Hardware

are recorded, possibly using a subset of a complete metadat, . L :

standard, such as MPEG-7, is a better solution. For metad3t'® archltectural deglgn It uInmqte!y boiled down.to_ two
to be useful, it is essential that as much as possible and aLRUONS; €ither extending on an existing DVR or building a
curate data as possible is recorded, which is why automalfw one. Since the first option is pechmcally not viable cur-
metadata recording is a must. The system should be Jg&ﬂy' dye to the lack _Of control mterfages on DVRS,’ the
to acquire most of the aforementioned annotation propertfisY ghowe left is to build a new one. Tr_us can l_)e achieved
automatically, either from the television broadcast stream,kB'r using a normal P_C th_at has been d_e5|gngd with some spe-
from an electronic program guide (EPG). The user can thgﬁllcon&deratlons in mind, ;uch as size, noise .Ievel, extend-
manually change or augment the metadata, at will, ability and standards-compliance. This is what is commonly

The video and audio data are proposed to be storecﬁ"fe.rred 'Fo.as., a HTPC, or more precise_ly a.HTPC DVR'
rélnce it is important to keep the design in check with re-

MPEG-II format, most notably for their industry-wide ac- .~
ceptance and use, but also because of the fact that it isaléﬁ( 1N _other words the_ cost level, we present a short cost
open standard. Other popular media formats should alsaB culat|on_ of one posglble HTPC |mple_mentat|on in table
supported, but the recording would default to storing MPEG* The price of 54& dld.exceed our price roof of 5&0
Il formatted data. ut on the_other haqd this example was not the most k_)are—
bone solution conceivable. The motherboard includes inte-
grated video, sound, networking and RAID capabilities. The
3.4 Security and Usability processor and memory exceeds what is minimally required,
which is also true for the storage space. It should also be
Security in the context of digital video in a home enviromoted that this computer could well be used for many other
ment is a wide concept. However, the most important el@ings, including being a home server, a DVD player or even
ments in the context of this document is the fact that intrud-gaming machine. This example HTPC DVR is lacking a
ers are unable to access the DVR home intranetwork. It atggnposite video out connector, which can be added as an
means that users of the system are not able to, even accié@tional component, if the user has this need.
tally, share contents of the system to the outside. The reasons
for _th|s are mostly_ Iggal, but since there are huge_le_gal |mp2|r|:2 Software
cations involved, it is safest not to allow connectivity to the
Internet. The PC that was assembled in the previous section will not
On another note, the user interviews confirmed that wecomplish very much without software. Open standards
ability is a key factor in the adoption of any new technicand simple usage were noted as important requirements, thus
device. Therefore, a simple and clear user interface hashe suggestion we make software-wise is to use Linux as the
be a central part of the DVR. New users should be abledperating system, it being both open and widely in use. To
pick up the remote and just start using it. This was one fovide the user with DVR capabilities there are several vi-
the biggest contributors to the success of the TiVo. Hoable options, but the one that is perhaps most widely used in
ever, more functionality usually means a more complicatdte HTPC community is MythTV [14]. It provides typical
user interface. The notions of accessibility and sharabilD¥R capabilities, such as decoding DVB broadcasts, EPG
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Component Price (€) implementation for an industry standard for media-sharing
HTPC mATX casing 90 DVR architectures. The protocol that is used between the
MATX motherboard 80 DVR and connecting devices is left an open question which
Processor 65 will not be addressed here, but this protocol would definitely
Main memory 55 have to be open and preferrably standardized. Exactly how
2* 250 GB IDE HDD 165 the middleware would be integrated with MythTV is another
DVB PCI card 70 important question left intentionally unanswered, however it
Remote control 20 would have to be built on top of the control protocol dis-
Total 545 cussed above.

Another, rather different, solution to the client software,
Table 2: Hardware implementation would be to provide a web service from the DVR, that

could be easily accessed from any client device with a web
browser. While this would provide better accessibility, it

downloads, television viewing functionality and recordingOUId slightly limit the usability and extendability of the
capabilities. It utilises a MySQL relational database for i&/€rall architecture. Also, a web service could easily be in-
metadata storage. tegrated as an addon to the existing architecture that would

Since MythTV is GPL software, it can be easily extendd}f0Vide a simple, easy-to-use interface, but for more de-
and modified for our needs. The main changes that we wo[]?&”d'”g USers, we see the middleware approach as a more
need to make are related to the metadata and to the accé@%ﬁ’-le solution.
bility and sharing capabilities. Most of this can be achieved
using readily available tools and libraries for Linux. Th5 Conclusion
metadata storage model would need to be refined, and an au-

tomatic recording of the metadata is a high priority. Furthefyis document has made an attempt to achieve an open, sim-
more, the possibility for the user to annotate the recordir@g, cheap, currently implementable architecture for a DVR
himself is also an important issue that needs addressing. system for the home environment with easy sharability and
high accessibility. What has been achieved?
4.3 The Middleware Basic user requirements of one specific user group has
been documented through the use of a small survey. While
To tackle the issues we are most interested in, we will cdheid not answer all questions regarding the requirements, it
tinue the analysis of the problem domain. The file storadil give a taste for what users want. This was exactly the
solution itself best be a flat storage system. The neededdual with the interviews. Naturally, in case someone really
erarchy would be provided via the metadata introduced framanted to find out all, or most of, the user requirements, a
using the relational annotation database. In order to be afilgger group of subjects would have to be interviewed. We
to access all this from the outside, i.e. from other devicegould be especially interested in hearing the opinions from
we need an access method to both the database and thehfidleyroup of heavy users of current DVRSs.
system. The file sharing could easily be solved through théwith the basic set of user requirements acquired, the gen-
use of Samba [15], a SMB/CIFS implementation for Linugral outline of the architecture was drawn, with mainly the
(and other platforms), which allows transparent reading aaccess, sharing and implementability aspects in mind. It was
writing of files over any underlying transport network. Furguickly derived that if this architecture were to be readily im-
ther, since the MySQL database can be connected to usimgeanentable, one would have to forgo of current DVRs, since
normal TCP connection, that access problem is easily solvkdre is no easy, standardized way to extend on them. Fur-
as well. thermore, other important aspects of DVRs were also taken
As for the easy usability, we cannot and do not want teto account. Safe and reliable storage were key elements in
rely on the user to manually connect to the file system atie concoction, as well as were safety and usability.
the database. To address this, we need software for the clieastly, a theoretical, but possible, implementation was
devices connecting to the HTPC DVR. The client softwaseiggested. It builds on a normal but specialized PC, using
should integrate into its host operating system in a way tispiecially designed, open, software. The most important part
it can be used as a middleware to provide further extensiafighe puzzle to solve was the access and sharing aspects.
onto this sharing architecture. It would allow for the simpl€hese were handled through middleware that was to run on
reading and searching of metadata, as well as for the shhe client computers, connecting to the DVR. Again, open-
ing of the actual video content, but also for the addition améss and extendability were key factors.
changing of content on the DVR itself. It would also provide To conclude, there is a greater need now than ever for a
the ability to share content from client PCs onto the DVE&mple, efficient and inexpensive digital recording system.
as transparently and easily as possible. Of course, in T current market is based on unstandardized, closed sys-
name of openness this middleware would be implementedhs, which although provide lots of functionality are espe-
in a cross-platform manner and published with an open dially lacking in terms of access. Through the use of existing
cense. The middleware would provide a viable platform feechnology and networking, we have arrived at an architec-
further extensions, in the form of, for example, client apdre that allows users to forgo from current television and
plications provided by the community at large. Ideally, thi®cording habits, and start being able to control their own
middleware architecture would provide a working exampiecording and viewing habits.
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A Glossary 12. Would you like to keep your recordings usable for a
long period of time (over five years), or is it OK if they
are lost? Again, try to explain what kind of recordings

Word or | Meaning this applies to.
acronym
digibox digital TV set-top (receiver) box 13. Would you like to be able to access your recordings in
DVB digital video broadcasting other ways than via the digibox? For example, from
DVR digital video recorder your personal computer.
EPG electronic program guide
GPL GNU General Public License
HDTV high-definition television References
HTPC home theater PC
MySQL a free for personal use database manage-[1] Roger Allan. The TiVo Box Redefines Television
ment system Viewing...As It Creates a New TV Viewer Lifestyle. In
RAID redundant array of inexpensive disks Electronic DesignFebruary 2003, pp. 41-47
TiVO a popular brand of DVRs in the United o ]
States [2] Arthur van Hoff and Adam Doppelt. Building on TiVo.
VCR videocassette recorder In Dr. Dobbs Journal March 2005, pp. 64-70
Table 3: Glossary [3] Mike Ficco. How to build a multimedia filesystem. In
Embedded Systems Programmiktgrch 2003, pp. 14-
15, 18-23
[4] Howard D. Dactlar and Michael G. Christel. Digi-
B Interview questions tal Video Archives: Managing Through Metadata. In
Building a National Strategy for Digital Preservation:
1. Age, sex, education? Issues in Digital Media ArchivingApril 2002, pp. 84-
89

2. How many persons live in your household? _
[5] Molly M. Stevens, Gregory D. Abowd, Khai N. Truong

3. Do you have a digibox/DVR/TiVo in your household? and Florian Vollmer. Getting into the Living Memory
Box: Family archives & holistic design. IRersonal
4. For how long have you used a digibox/DVR/TiVo  and Ubiquituous Computinguly 2003, pp. 210-216

(yours, or somebody elses) (in days, approximate)?
[6] Gregory D. Abowd, Matthias Gauger and Andreas

5. Do you record on your digibox or Videocassette Lachenmann. The Family Video Archive: An an-
Recorder (VCR)? notation and browsing. environment for home movies
In Proceedings of the 5th ACM SIGMM international
6. What kind of material do you usually record (or would  workshop on Multimedia information retrieya2003,
like to record) (e.g. TV-series, movies, documentaries pp. 1-8

or any other material) on your digibox or VCR?
[7] Mark W. Storer, Kevin Greenan and Ethan L. Miller.

7. How many personal computers do you have in your Long-Term Threats to Secure Archives Rroceedings
household? of the second ACM workshop on Storage security and
survivability, 2006, pp. 9-16
8. Do you have an archive of personal video recordings
(family recordings, etc)? How many hours does it com{8] William J. Bolosky, John R. Douceur, David Ely and
prise? (approximately) Martin Theimer. Feasibility of a Serverless Distributed
File System Deployed on an Existing Set of Desktop
9. How many times do you usually watch recordings you PCs. INACM Sigmetrics Performance Evaluation Re-
have made on your VCR or digibox? What kind of ma-  view, June 2000, pp. 34-43
terial do you watch mostly? Please be as detailed as
possible, since this of course depends on the kind ¢9] Eduardo Pinheiro, Wolf-Dietrich Weber and Luiz An-
material recorded. dré Barroso. Failure Trends in a Large Disk Drive Pop-
ulation. Inthe Proceedings of the 5th USENIX Confer-
10. When (time of day and week) and where (what place, ence on File and Storage TechnologiEsbruary 2007,
with whom) do you usually watch recordings you have  pp. 1-12

made on your VCR or digibox?
[10] Jim Gemmell, Gordon Bell and Roger Lueder.

11. How many recordings (personal or VCR/digibox) have  MyLifeBits: A Personal Database for Everything. In
you lost, either misplaced, due to own mistake or wear Communications of the ACM, vol. 49, Issyelanuary
and tear? 2006, pp. 88-95
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June 1988, pp. 109-116
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