8 Related Work

This chapter presents work related to this thesis. It is divided into three sections. The first section presents systems that also address what has become known as the hoarding problem. The second section discusses computer interfaces that use a dashboard metaphor. The third section presents work on open implementation because this interface can be considered an example ofsuch a system.

8.1 Hoarding

A number ofother systems address the hoarding problem. In addition to Coda, these systems include Little Work, FACE, Briefcase, Transparent AnalyticalSpying, Seer, and

Laputa. The last ofthese systems, Laputa, describes an application-specific solution to the hoarding problem. The remaining systems each describe their approach for addressing the generalhoarding problem.

To aid in understanding these diferent systems, Figure 8 . 1 presents a taxonomyfor these diferent approaches. The taxonomyincludes a number ofdiferent categories.

Granularity of objects : Describes the granularitywith which each systemspecifies the files and directories that need to be hoarded in preparation for disconnected operation

Prioritization : Specifies whether users can prioritize hoarded objects and, ifso, how many distinct priorities theycan use

Identification of objects : Describes how each systemdetermines which objects need to be hoarded in preparation for disconnected operation

Distinguish application data from user data : Specifies whether the system makes a distinction between application and user data

User Interface : Describes the interface to the systemthat is presented to the user

150 Related Work

Mechanisms

Little Coda Coda

Characteristic Work FACE Briefcas e

(original) TAS Seer (revised)

Granularityof Objects

File-b ased

9 9 9 ( 9 ) 9

File-based + Meta 9 9

Command-based ( 9 ) 9 9

Task-based ( 9 ) 9 9

Prioritization of Objects None None None 1000 None None 88

Identification of Objects

User Responsibility 9 9 9 9 9

History Horizon LRU LRU Extended

Spying Manual Automatic Automatic

Semantic Distance 9

Distinguish (application vs.

user)

Doesn´t 9 9 9 9 9

User Responsibility ( 9 )

Heuristics 9 9

User Interface None Command Graphical Command Graphical Command Graphical

Extent Basic Basic Basic Basic Minimal Extensive

Feedback None Minimal None None None Extensive

Figure 8 . 1 : Taxonomy of Caching for Availability Mechanisms

This table summarizes the characteristics of different approaches to the hoarding

problem. The original Coda system refers to that described byKistler [23] ; the revised

Coda system refers to that described in this thesis. The taxonomybegins byexamining

the granularitywith which objects must be specified in each system. Some systems

require the user to specifyindividual files and directories, sometimes augmented with

meta-information (e.g. similar to that described in Section 2.3.2 ). Other systems allow

the user to specifyprograms while still others offer support for tasks. It continues by

specifying whether the system allows objects to be prioritized, and if so, howmany

distinct priorities are supported. It then examines howobjects are identified for

hoarding: bythe user, bya history-based mechanism (perhaps LRUor an extended

historyhorizon), byspying on file references, or bysemantic distance. It then indicates

whether the system distinguishes between application and user data, either internally

using heuristics or externallywith the help of the user. Finally, it describes the user

interface provided bythe system, including the type of interface (command-line or

graphical), the extent of the interface ( minimal allows the user to warn the system of an

impending disconnection; basic supports user-assisted hoarding; extensive supports

further interaction), and the amount of feedback provided. Checkmarks shown in

parentheses indicate that users can do this if theychoose, but that the system does not

explicitlysupport or require this activity.

Let me make this taxonomyconcrete byreviewing where the originalCoda system, as

described in Chapter 2, fits into this scheme. The granularitywith which Coda specifies

objects to be hoarded is at the levelof file systemobjects, but it allows users to provide

meta-information for directories. The originalCoda systemsupported up to 1000 distinct

priorities for hoarded objects. The user was responsible for hoarding objects, although,

because the hoarded data was stored directlyin the clientś cache, the systemalso cached

objects that had been accessed recently. The systemdid not distinguish between user and

application data, except insofar as such a distinction was made byusers within their hoard

profiles. It presented a basic command-line interface to the user with no feedback about

the state ofthe system.

8.1.1 Little Work

Little Work [14, 15] represents the baseline solution to the hoarding problem. This system

ofers absolutelyno explicit support for users ofdisconnected operation. Because the

systemuses an LRU caching algorithm, users simplyprime the cache before disconnecting

byrunning the programs theyexpect to use during the disconnected session. Users

evidentlydo this using their shellas the systemprovides no user interface. The authors

have also added a fetch-only mode ofoperation that allows themto fetch anymissing

objects while connected over a weak link.

8.1.2 FACE

FACE [3] is the first systemthat considered exploiting user assistance to increase data

availability. Theyimplement a secondarycache, which theycalla stash . While using a

disconnected client, users access data out ofthis stash. In contrast, Coda uses a unified

cache for both performance and availability.

Alonso and his colleagues suggest a number oftechniques to identifyfiles that need to be

stashed. The first ofthese is a set ofpermanentlystashed files, a list ofwhich is kept in a

well-known location such as ~/.stashrc . Their second suggestion requires writing a

toolthat parses Makefiles to identifyfiles that a given Makefile requires to run. Their

third suggestion is approximatelyequivalent to Codaś spytool. Their fourth suggestion

requires instrumenting applications.

Their prototype appears to have implemented just two commands supporting user-assisted

hoarding, neither ofwhich was listed in their originalsuggestions. The first ofthese adds

a file to the stash; the second removes a file fromthe stash. The authors ofer no

indications as to which oftheir suggested interfaces were implemented, nor do theyofer

anyindication as to the success ofuser assistance in improving availability.

8.1.3 Briefcase

Briefcase [41, 50] , a feature ofMicrosoftś Windows95, allows users to put copies of

their documents into an electronic briefcase. In essence, Briefcase is simplya user-friendly

termfor what is, efectively, a cache. Users explicitlyplace documents in this cache before

disconnecting. During disconnected operation, users modifycached documents. Upon

reconnection, the user can request that the cache be synchronized with the localcopyof

the data. During synchronization, the systemuses the timestamp associated with both the

primarycopyofthe file and the cached copyofthe file to determine which one to keep

(the most recentlyupdated file wins). Users can override this choice manually.

Briefcase assumes users are synchronizing a laptop with a desktop computer. It assumes

that allnecessaryapplications are resident on both machines. Thus, the problem is one of

synchronizing user data only. It ofers no support for indirect references to files. For

instance, suppose a Word document includes a link to an Excelspreadsheet. Ifthe user

places that Word document into her Briefcase, the system is not smart enough to also

include the Excelspreadsheet. To make matters worse, updates to the Excelspreadsheet

are not reflected as updates to the Word document that includes a link to them. Thus,

Briefcase is not smart enough to realize the primarycopyofthe Word document changed.

On a simple test, I managed to get myWord document to become inconsistent with my

Excelspreadsheet even after repeated attempts to force Word to update the imbedded

object. Myuse ofBriefcase produced not a single error or warning message about the

actions I had taken. Briefcase is a simple-minded solution that addresses onlya limited

formofthe hoarding problem, and is not yet readyfor naïve users.

8.1.4 Transparent Analytical Spying

Transparent Analytical Spying 36 [52] applies prefetching research [51] to the problemof

hoarding. This work efectivelyextends Codaś spyutilitybyproviding a simple user

interface to controlspying, as wellas a hoard selection interface to controlwhat gets

cached prior to disconnecting.

This systemworks byobserving file accesses made byexecuting programs. For each

program, it builds a set ofaccess trees. Each access tree corresponds to a single execution

ofa given program(and its descendant processes). Because these access trees are

maintained over the long term, theymust be coalesced to save space.

Automatic programhoarding, described in Section 6.1 is also motivated byTait and

Duchampś prefetching research. The primarydiference between mysubsystemand their

Transparent AnalyticalSpying work is in their use ofaccess trees. The access trees, which

were criticalto the success ofthe originalprefetching application, ofer no advantage to

their systemor mysubsystempresently. Such trees could, in theory, help to prune the set

36 I call this system Transparent Analytical Spying because that is the closest the authors come to naming

this system. Kuenning [26] calls this system the Spy Utility . I chose not to use this term because of the

conflict with Kistler´s spy utility [22] .

of file objects hoarded, but would require further information to do so without significant

user input. For this reason, I chose to simplifythe design bymaintaining simple access

lists.

This systemalso introduces the notion of generalized bookends . The user specifies when

the systemshould start and stop spying. In essence, this systemofers a graphical

interface to a more sophisticated version ofthe spytool(see Section 2.3.3 ) available in the

originalCoda system. At that time, she can specifya name, called a bookend, for the set

ofreferences made during the spysession. These bookends allow the systemto group

top-levelactivities. Bookends serve a purpose similar to that oftasks in mysystem.

Before disconnecting, the user requests that the systemhoard her data. The systemthen

displays a hoard selection window that allows the user to select the bookends that should

be hoarded. In the same window, the user can select individualprograms and specify

additionalfiles and directories.

Transparent AnalyticalSpying is the first systemto present a graphical interface to the

user ofdisconnected operation, though the operations are verybasic. The interface

provides no feedback to the user regarding the availabilityofthe selected data or anything

else.

The levelofuser assistance varies depending upon the interest ofthe user. The authors´

goalas far as user assistance is concerned seems to be that ofallowing optionalassistance.

Uninterested users would be able to accept the defaults and be reasonablyhappy.

Interested users would be able to customize the hoarding selections and improve their

disconnected availability. The authors have published no studies showing whether they

met this goal, or examining the usabilityoftheir graphicalinterface.

8.1.5 Seer

Seer [25, 26, 27] applies multidimensionalclustering to the problemofhoarding. This is

the first systemthat requires almost no intervention bythe user. The results are quite

impressive.

This system identifies related files and directories byexploiting temporal localityof

reference. The authors observe that related files and directories are generallyaccessed

close together in time. Theydefine the semantic distance between two file systemobjects,

A and B, based on the number ofopens that occur between the open ofA and that ofB.

Using the semantic distance between files, Seer clusters related files into groups.

Before disconnecting fromthe network, the user must warn the system˙this warning is

the onlyuser interaction required bySeer. Upon receiving this warning, the system

assigns priorities to objects according to the clusters in which theyappear. Allelements of

a cluster are assigned the same hoard priority, using an algorithmdescribed in [26] .

Seer ofers two unique results. The first is its abilityto identifythe userś working set

with almost no assistance fromthe user. The second is its abilityto minimize the amount ofcached data associated with each cluster. Together, these results ofer significant utility

to users ofdisconnected operation.

Seerś weakness is its inabilityto build clusters that are meaningfulto its users. In fact,

the authors explicitlylist this characteristic as a disappointment:

^The clusters produced bySeer often have contents that are surprising to us, either by

including apparentlyunrelated files or byseparating a single project into a fewclusters

rather than the single grouping that would correctlyrepresent it.~ [27]

This weakness is unfortunate because it makes incorporating these results into the

CodaConsole interface dificult. Ideas for doing so, however, willbe presented in Section

9.2.2.4 .

8.1.6 Laputa

The approach taken byLaputa (described in [49] ) can onlybe described as application-

specific hoarding. The goalofthis system is to provide disconnected operation to

software developers. The authors exploit process information readilyavailable in their

software development environment, Marvel [18] , to determine what files should be

hoarded to support a given activityspecified bythe user. The status oftheir

implementation is unclear and their experience with the systemhas not been published to

date. Because this system is specific to a particular application, I do not include it in my

generaltaxonomy.

8.2 Dashboard Metaphor

One would expect the dashboard metaphor to be a common metaphor for exposing

failures to users. Because ofthe popularityofautomobiles, it has been widelydeployed

and accepted byconsumers, at least in the United States. To date, I have found

surprisinglyfew systems that exploit this metaphor for use with untrained computer users.

One particularlygood example however, called Net.Medic [2] , monitors Internet

performance for naïve Internet users. The systemclaims to monitor network performance,

isolate the bottleneck, diagnose the cause, and even correct certain problems. It presents

information to naïve users in the formofa dashboard, using the familiar red, yellow, green

color scheme.

The Net.Medic dashboard follows the dashboard metaphor more closelythan does the

CodaConsole. The gauges presented byNet.Medic closelyresemble gauges ofan

automobile. The interface presents both analog gauges for network speed and throughput

and digitalgauges for retrievaltime and connection time. Net.Medic does not concern

itselfwith continuous feedback to users regarding network performance. Users must

explicitlyexamine the monitor. Because ofthis design assumption, their systemdoes not

worryabout minimizing screen realestate during normaloperation.

Open Implementation 155

Two other examples, Dashboard95 (a product ofStarfish Software) and Front Panel [30] ,

apparentlyprovide interfaces that help users maneuver through a crowded desktop. They

give quick access to common tasks, such as electronic mailand calendars. Theykeep

important information at hand, such as the status ofinboxes and the current date and time.

Front Panel, at least, allows users to customize a set of bins . These bins contain the userś

current work tasks. The main diference between the dashboard metaphors used by

Dashboard95 and Front Panel, and the metaphor used byNet.Medic and CodaConsole is

the focus. The goalofthe former systems is to present quick, easyshortcuts to common

tasks (the function ofthe lighting and environmentalcontrols on and to the right ofthe

steering wheel). The goalofthe latter systems is to present error conditions to users (the

function ofthe displaypanelbehind the steering wheel).

A Web search uncovered one additionaluse ofthe dashboard metaphor, a dashboard

interface builder [1] . This systemallows developers to quicklybuild dashboard interfaces

to specialized astronomyequipment. The systemhas apparentlybeen used at both the

Keck Observatoryand UCO/Lick Observatory.

The dashboard metaphor will increase in popularityas people recognize its benefits. The

metaphor has been introduced in a number ofspecialized interfaces. As people take notice

ofthese specialized interfaces, theywillbegin incorporating the metaphor into more

generalcomputer systems. Ofice97 alreadyincludes extensive controloptions similar to

those ofDashboard95 and Front Panel. It also uses a smallnumber ofindicator lights to

provide users with feedback about the status ofprint jobs and ofbatterypower.

8.3 Open Implementation

Computer science undergraduates are taught in Software Engineering 101 (or perhaps

even earlier) to use a ^black box abstraction~. Theylearn to design an interface to their

libraries and hide the implementation behind that interface. This technique ofers

substantialbenefits in reducing the complexityofthe resulting system. Unfortunately, this

reduction comes at a high cost.

When the designer begins implementing the ^black box~, certain design choices must be

made. Making these decisions requires the implementer to make assumptions about the

client ofthe interface. Kiczales provides a nice example [20] . He considers a windowing

systemand the impact ofcertain implementation decisions on one particular application,

the displayportion ofa spreadsheet. The basic problem is that the windowing systemś

implementation assumed only25-50 heavy-weight windows (e.g. an xterm) would be

used˙not a thousand or more light-weight windows (e.g. a cellofa spreadsheet). Once

that assumption had been hard-coded into the ^black box~, the spreadsheet implementer

could no longer use this windowing system.

Kiczales argues:

It is impossible to hide all implementation issues behind a module interface. Some of

these issues are crucial implementation-strategydecisions that will inevitablybias the

156 Related Work

performance of the resulting implementation. Module implementations must somehow

be opened up to allowclients control over these issues as well [20] .

He continues byadvocating an approach that separates the primaryinterface to the

functionalityofthe module froma secondaryinterface that allows the client programmer

to tune the underlying implementation ofthat module for a particular application if

necessary. He states three goals for an open implementation. The client programmer

should be able to:

x Use the moduleś primaryfunctionalityalone when the default implementation

is adequate;

x Controlthe moduleś implementation strategywhen necessary; and

x Dealseparatelywith functionalityand implementation-strategydecisions.

A good example ofan open implementation is Kaashoekś work on the Exokernel [17] . In

this system, the designers point out that operating systems define the interface between

applications and hardware. Theyalso point out the unfortunate consequences ofhard-

coding the implementation ofoperating systemabstractions, including the fact that

applications cannot take advantage ofdomain-specific optimizations. The goaloftheir

kernelwas to give applications controlover how machine resources are used while

protecting applications fromone another. Theyprovide a low-level interface to the

hardware, and build operating systemabstractions on top ofit in libraries that are linked

into the application. Client programmers can pick those abstractions most appropriate to

their domain or theycan start fromscratch ifno of-the-shelflibraries willwork.

Mywork falls into the categoryofan open implementation ofthe cache for a distributed,

highlyavailable file system. Mywork difers fromthese and similar approaches in that the

client for whomI amopening the implementation is actuallythe end user. Although this

makes certain issues criticallyimportant (specifically, the user interface), the problems and

goals ofmysystemare closelyrelated to those described above. In fact, I can restate

Kiczalesś argument as it applies to a distributed file systemfor which network resources

are scarce or expensive as follows:

It is impossible to hide all resource usage decisions behind a ^black box~ file system.

Some of these crucial decisions will inevitablybias the performance of the resulting

system. Mobile file sytems must somehowbe opened up to allowusers control over

these decisions.

This thesis describes a wayto give users controlover these decisions, without sacrificing

usability. The goals that Kiczales set out also applyto mysystem. Specifically, the user

should be able to:

x Use the system^as is~ when the default policies are adequate;

x Controlthe policydecisions when necessary; and

x Dealwith the file systemand the policydecisions in largelyseparate ways.

One additionalpoint that he does not make explicitly, but that he implies bythe secondary

(and optional) interface is that the systemś policymechanismshould be as unobtrusive as

possible, remaining in the background when not in active use.

Summary 157

8.4 Summary

This chapter has described work related to that described in this thesis. Manypeople have

looked at the hoarding problem, though no one has looked at ways to make caching

translucent to users. Surprisinglyfew systems exploit the dashboard metaphor to expose

failures to users, though this metaphor is becoming more common. Finally, this work

represents an open implementation at a levelhigher than that traditionallyconsidered.

158 Related Work