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We presentanend-uses perspectie on managingnternetapplications.The end-uses perspectie can: (1) guidethe
definitionof metricsfor which managemerdatamustbecollected(2) limit theamountof datacollectedfor end-to-end
managementf applicationsand(3) enablemanagemernty end-usershemseles.

To explore conceptof managemerfrom anend-uses perspectie, we have prototypedatool, Amadeusthatenables
managemeny end-usersAmadeudracksend-useractionsandcorrelateghemwith performanceandbusinessnet-
rics. We describethe motivationandarchitecturor Amadeus.Two salientpointsaboutthe architectureare: (1) data
collectionis triggeredby end-uses interactionswith applicationgasopposedo a periodicpolling scheme)and(2)
applicationmonitoringdoesnot requiresourcecodeaccesso applications We illustrateour approachusingthe Lotus
Notesemailapplication.
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1 Introduction

The Internetrevolution of the pastfew yearshas enabledthe rapid replacemenbf humanand mate-
rial processedy bits manipulatedhroughcomputersand passedaroundthroughnetwork wires and air-
waves[DM98, Neg95. Organizationshave re-inventedthemselesandtheir supportingnfrastructuregor
this digital revolution. A commonsoftwarearchitecturefor Internetapplicationsenablingthis digital rev-
olutionis illustratedin Figure 1. As depictedin thefigure, a heterogeneousnix of softwarecomponents
of varying compleity executeon differentplatformsto enablea businesstransaction. While technolo-
giesfor constructingsuchapplicationsareimproving rapidly (e.g.,componensoftware, Internet,andso
forth), the managemenand operationsof an application-in-&ecutionis becomingincreasinglycomplex
andoverwhelming.Numerousindustrialanalysesave documentedhe high costsof managingandoper
ating computerbasedhetworks andservices.Gartnerestimateghat applicationdisruptionscostsbusiness
$200billion ayear(www. f i r st sense. com). Ourresearctgoalis to developtoolsandmethodologies
to mitigatethe costof managingandoperatingcomputerbasedservices.

OneapproacHor applicationsnanagemeris to extendthe traditionalapproachefor network manage-
menttowardsapplicationmanagementThe traditionalapproacHor network managemernis illustratedin
Figure2. As thefigure depicts,a commonassumptiorin network managemeris thata network manager
monitorsandadministersa computemetwork. To achieve scalabilityin this approachtherefore the net-
work is subdvidedinto domainsthat canbe easilymanagedy a singleoperator This limits the sizeof a
typical domainto abouta few thousanchetwork elements.Evenwith a few thousandelementshowever,
anoperatoris often overwhelmedwith the iconson a topology map, or the numberof eventsthat he has
to watchover. Technologiesuchas3-D visualization(www. cai . cont product s/ uni cent/tng_
br ochur e. pdf ) and event correlation(www. openvi ew. hp. com), althoughuseful, are not ableto
adequatehaddressheseproblems.

Oneproblemwith extendingtraditionalnetwork managemenapproache$o applicationmanagemens
thatof scale With thecommercializatiorof theInternet,organizationaboundariehave becomesomeavhat
fuzzy. Applicationend-userganbelocatedanywherein theworld andcancomein numbersn themillions
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Fig. 1: A typical Internetapplicationwith seseralhardwareandsoftwarecomponents.

andeventuallyevenbillions. With numberof userssuchasthese jt becomesmpossiblefor a centralized,
systemadministratoiorientedmanagemenrapproacho work. Thatis why currentsolutionsto application
managemenmostly adopta sener-sidemanagemenapproach.They managehe sener sideof the appli-

cation. Eventhe onesthat do perform someend-usemonitoring have to limit their monitoringto a few

usersamples.

Often,thesenersidemanagemerdpproactielegatesnanagemerdf userpercevedmetricsto customer
supportcenters.This only shiftsthe managemenburdento a logically centralizedcustomersupportwho
in-turn getoverwhelmedwith the numberof complaintsandcallsfrom end-users.

Privacy of information collectionis anotherissuewith sener-sidemanagementf applications.End-
usersmaynotwantinformationabouttheir applicationuseto bebroadcasto administratorsThis problem
getsmoreseriousasthe metricscollectedbecomecloserto the businessesupportedy the applications.

Finally, information lossfor aparticularend-usestransactiorwith sener-sideadministratioris another
problemwith sener-sideadministration.For example,whenstatisticallyaveragingresponsdimesover a
classof usersthe administratorsnay missthe particularlybadresponsdime a givenuseris experiencing.
Moreover, diagnosingthe causeof bad responsdimesis even more difficult with statisticalmeasures,
becauseve losethe correlationshetweersub-transactions.

A novel approachto solving theseproblemsis to turn the managemensolution around: insteadof
using a systemadministrators perspectie on managingapplications,view the applicationmanagement
problemfrom an end-users perspectie. As shavn in Figure 3, this approachis a much more scal-
able solutionthan that of Figure 2. Here, instead of one operator having to manage the relationships
among software components of millions of users, each of the millions of users manages the relation-
ships and services offered through the few components that his transaction requires. An analogyof a
working solutionis the Internetpackagetracking mechanismavailableto customersf FederalExpress
(ww. f edex. contf us/ tracki ng).

As with FederalExpresshowever, we mustensurethatinformationandcontrolis presentedo the end-
usersin their termsand madecornvenientto use. Hence,in orderfor this approacho be successfulywe
mustaddress few challenges(1) whatarethe relevantmetricsto collectfrom anend-uses perspectie?
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Fig. 3: A typical pathfor adistributedapplicationfrom anend-uses point-of-view.

and(2) how canwe preseninformationto end-user$o enablethemto carry out moremanagemenasks.
We provide a solutionfor theseproblemsin the restof this paper We describethe conceptof end-user
and application“interactions; and managementiata cateyoriesin Section2. We describea prototype
systemgcalledAmadeusthatexploresmanagemertapabilitiesfor end-usersSection3 givesanovervien
of Amadeus.Section4 describeghe architectureof Amadeus.lt describeghe useractiontracker module
in detail. Section5 describessomerelatedwork. Finally, in section6 we presentsomeconclusionsand
directionsfor futurework.

2 End-User and Application Interactions

End-usersnteract with their applications.Openingan “Inbox” folder, or composingemail messageare
examplesof interactionsbetweera userandanemailapplication.

An interactionstartswhenthe userpresses keyboardkey or selectsa menuitem from an application
menu. The startof an interactionresultsin computingand possiblel/O activity at the users desktop.
Subsequentlyarequesfrom oneof thedesktopcomponentsnayberoutedvia adigital network to asener
componengxecutingonasener machine Thesenercomponentin turn, executessomeinstructionsonits
machineandpossibleaccessedevicessuchasdiskandCD ROM. This patternof acomponenperforming
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somework andaskinga sener componento do somework cango onrecursvely for severaltiers.

Within thisflow of execution theusemmayagaingetinvolvedandprovideinputfor thesystento continue
processingheinteraction.Finally, at somepoint the interactionendswith eithernew databeingdisplayed
on the users applicationwindow or the userselectinga new applicationcommand. Figure 4 shows an
abstracrepresentationf the controlflow of aninteraction.

% Flow of Interaction

Distributed Object
L —
Computer
N
Network
1 \ ORB, DCOM, RMI, etc
— N

Fig. 4: Flow of controlanddata,from anend-usewriewpoint, of user/applicatiofnteractions.

2.1 Management Data

Fromamanagementiewpoint, we wantto collectdatathatwill enableend-userso monitortheirinterac-
tionswith applicationsandtake corrective actionsin caseof unsatiséctorydatavalues.Broadly speaking,
we have datathatcananswertwo categoriesof questions:

e BusinesgProductvity) Data: Whatend-useresourcesrebeingspenton a classof interactions?

e SystemData: How andwhatsystenresourcesrebeingusedfor aninteraction?

2.1.1 Business Data

The businessgdatawill dependon the userprocesseshat areenabledby the applicationinteractions.For
example,emailapplicationsenablecommunicatiorandcoordinationprocesses organizationsThe steps
in theseprocessesre: readmessageppenfolder, composemessagesendmessagegdetachattachment,
andso forth. Eachof thesestepsrequiresthe userto spendtime with the application. The durationof
theseinteractionstherefore becomes basicmetricfor managementSimilarly, theeventof aninteraction
occurrences a basicmetric. Fromthesebasicmetrics,we canderive otherusefulbusinesametrics. For
example,what percentof interactiontime wasspentin composingemail messagesPMow mary messages
did auserreadin agivenday?In how mary instanceslid a userreply to messages?

2.1.2 System Data

Systemdataconsistof two parts: ConfigurationandPerformanceWe discusseachof thesein turn.

e Configuration: Is the computinginfrastructurein placefor the end-userto executean interaction
throughthe applicationVhy did thelastinteractionnot executeto completionWheredid it break?
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If somecomponents notavailablefor aninteractionwhatis the mostefficientway for theend-user
to make it available?The mainissueswith applicationconfigurationsare:

1. Platform Coverage: Which applicationsin what versionsare installedon the end-uses ma-
chine,e.g.,desktop?

2. ApplicationComponentsiWWhatarethe componentgexecutableanddatafiles) thatany particu-
lar applicationrequiresto executeproperly?Wherearethosecomponent®n the desktop?Are
thecomponenversionsappropriatdor theapplicationto execute?Are the datafiles configured
properlyfor theapplicationto execute?

3. Application Seners: What sener componentsioesthe applicationrequire? Wherearethose
senerslocated?s the desktopconfiguredproperlyto call uponthe serviceof the sener?

Notethatsomeof theseguestionsnaynotbein the form postedby anapplicationuser The applica-
tion usermayjustwantto gethis applicationto work. The answerdo thesequestionshowever, are
necessaryo enablean end-useto checkthe correctnes®f their desktopandsener configurations.
If the needarises,the answerto thesequestionscan substantiallyreducethe time-to-diagnoseor
configuratiorrelatedproblems.

e Performance: How muchtime did thelastinteractiontake to executeWhatis the averagetime that
interactionsof this naturetypically take? Why wasthe performanceof the lastinteractionso slow?
How canthe end-usegettheinteractiongo performfaster?

Figure5 shows a typical resourceconsumptiorgraph(RCG)for a distributed, client-sener application.
We expectthe end-useto collaboratewith the systemsadministratorto effectively managethe resources
alonganRCG.

Virtual Memory Virtual Memory .

Network

Network

Middleware Middleware

. Operating

System

Desktop Server

Fig. 5: A Typical ResourceConsumptiorGraphfor aclient-sererapplication.To keepit simple,we studyadistributed
applicationwith one sener for mary clients. A client accessesharedresourcesik e virtual memory disk, window
system middlevare (RPCruntime system)andthe network card. A similar resourcesharingpicture emepgesfor the
sener. Any of thesesharedresourcegouldbeatransactiorbottleneck.

As the figure shaws, a client applicationprocessequestghe servicesof eitherthe CPU, the disk, the
operatingsystem,or the network. Eachof theseresourcesre beingsharedamongthe client processand
otherprocessesunningon the samehost. A similar situationoccursfor the sener andthe network. One
importantfactorin the performanceof an interactionis the utilization of the various sharedresources.
So, we monitor the utilization of the varioussharedresources.In somecaseswe canalsocomparethe
utilizationsof sharedresourcedy a giveninteractionwith the utilization by otheractiities. For example,
in the caseof the Notesapplicationon a users desktopwe cancomparethe CPU utilization by the Notes
processto the CPU utilization by other processes.This kind of comparisonis more difficult, or even
impossible for othersener-sidesharedresourcedik e the network or the sener. Eventually we will have
to developstandardgor senersto enablecollectionof suchmetrics.



Pankaj K Garg

3 Amadeus: A Tool for Management by End-User

To developthe conceptdor anend-usess perspectie on applicationmanagementye have definedatool,
Amadeusthatenablesnanagemenrty end-usersFigure6 shovsthe mainscreerfor Amadeus.

EjAmadeus M= B3

File  Edit Help

Application: [Hotes |

Configuration ‘ Perrormance| Elusiness|

Last Checked @ | 10/27/00 10:48:50

Status

[¥ Desktop Software
[¥ Network Connection Diagnose... |
[v Server Software

Network Speed: 30%

Fig. 6: Top-level screenimage for Amadeus. The userselectsan applicationto be managed from the top right
drop-davn list. Subsequentlythe usercan monitor information aboutthe applications configuration,performance,
or businesaise.

As shawn in the figure, a userselectsone of threetabsfor management{1) Configuration,(2) Per
formance,or (3) Business.The usercanchooseto manageone of the mary applicationsrunningon his
desktopasshavn by thedrop-davn list of applicationson thetop right. Whenthe userselectghe Config-
urationtab, Amadeugperformsvariousconfigurationchecksto ensurethatall componentsequiredto run
the applicationare availableto the user Amadeuschecksthe users desktop the network, andthe sener
for configurationrelatedinformation. On a Windows desktop Amadeuschecksfor the appropriateDLL’s
andtheir versionnumbers. For the network, Amadeuschecksto ensurethat the desktopis connectedo
thesenervia anetwork connectionandreportson the averagenetwork bandwidth.Finally, for the sener,
Amadeusensuredhatall the processegequiredfor a successfuapplicationconnectiorarerunning. If ary
of thesechecksfails, Amadeuswill not markits checkbox.At this point, theusercanpushthe “Diagnose”
button to get more information. For example, Amadeuswill inform the userof ary missingDLL'’s, or
wherethe network is broken, or if theseneris broken. If Amadeuscannotperformthe diagnosisor repair
itself, it may assistthe userin submittinga servicerequesto an appropriatesystemadministrator Such
configurationchecksanddiagnosiswill be basedn administratospecifiedconfigurations.

Figure 7 shows a screenimagefor the “Performance”tabh Here we seeeither a real-time graphfor
currentperformanceor a graphof performancdoggedover sometime period. Several salientaspectf
this performancedlisplayare:

1. Onthesamegraphwe seeinteractionmetricsandsystemmetrics.For example,we seetheresponse
timefor agiveninteraction(openmessagewith %CPUutilization,memoryutilization,andsoforth.
Themetricsthatareshavn herecanbeconfiguredby theuserto includeothermetricssuchasnetwork
bandwidth,sener utilization, andsoforth.
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Fig. 7: An “interactionseries”view of the performancelatafor the“OpenMessage'interactionfor arun of the Notes
applicationover two days.

2. Thegraphshowvsdataperinteractionratherthanatsomeperiodicintervals. Hence we canshow data
for abouttwo daysin a smallgraph,with reasonableesolution.Moreover, the datais mostly about
the given applicationandthe end-users interactionwith it. Thereis no extra datafor the durations
whenthe interactionsverenot happening.In comparisonFigure8 shaws a time-serieglot for the
samedata. Comparingthe two graphs,we suggesthat the interaction-serieslisplay can provide
morecorrelationinformationfor end-useinteractions.

3. Noticethespikein responsdimein Figure7 comeswith aspike in the CPU utilizationandadropin
the memoryused.This suggestshatthe applicationis performingsomekind of garbagecollection,
andhencethe usershouldnot be concerneaboutthe dropin performance.

Finally, Figure 9 shavs a screenimagefor the “Business”tah Herewe reporton someproductiity
metricsfor the users interactionswith the application. For example,over a two day periodthis usersent
seven messagewhile he readfifty-six messagesMaybethis indicatesa communicatiorproblemfor the
user?In addition,the userdid only two folder switchesin the entireperiod. This may indicatethe lack of
gooduseof folders?It seemghatthesekinds of businessmetricscanbe usefulfor:

1. Analyzingthe users interactionswith the applicationto make the usermoreeffectively usethe ap-
plicationfor his ultimateprocesor businesgoals.

2. Enablethe userto configurethe applicationto bettersuit his needs.If the userfindsthathe really
doesnotusethefolderscapabilityin anemailapplication thenwhy shouldhe have to payfor it? For
example theend-uses machineis probablywastingmainmemoryanddisk spaceor this additional
feature.

3. Application designerscan usethis information for their future releaseof the application,or for
“targetmarketing”
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Fig. 8: Performancelatashavn in atime-seriesnsteadof an“interactionseries.

4 Amadeus Architecture

Figure 10 depictsan architecturefor enablingapplicationsmanagemeniby end-user As the figure illus-
trates the maincomponent®f thearchitectureare:

e ApplicationandInteractionDescription
e Configuratiormanager

e Performancenonitor

e UserAction Tracker

e DataAgents

The DataAgentsprovide configurationandperformancelatafrom the applications client, network and
sener. We've built somespecificnetwork dataagentsusing ICMP (InternetControl MessageProtocol)
and SNMP (Simple Network MessageProtocol). For mostof the client and sener informationwe rely
on the Perfmondataavailable throughthe Windows NT registry [Bla93]. In the future, we expectto
integratethis with additionalAPI's like Measurgvare (Wwww. hp. com openvi ew r prmi perf. htm ).
Perfmoncounterskeepraw dataandthe “reader” of the datavalueis requiredto interpretthe datavalues.
For example,Perfmonhasa cumulative counterfor the CPU time usedby a process.To derive the CPU
utilizationin agiventime interval [t2,t1] we canpoll this counterattimest; andt, obtainingvaluesC; and
Co, respectiely. The utilization during the interval thenis (C2 — C1)/(t2 —t1). This featureof Perfmon
enableausto calculatethe utilizationsfor arbitraryandoverlappingtime intervals. Thisworksfor theclient
side,but doesnt work for the sener sideastheremight be a delayfrom whena useractionstartsandwhen
asener canbenotified. We areworking towardsa solutionfor this problem.

ThePerformance Manager collatestheinformationfrom thedataagentdo presenthroughagraphical
userinterface.



An End-User’s Perspective on Application Management

EjAmadeus M= B3

File  Edit Help

Application: [Hotes |

Configuration | Performance  Business |

Interaction Period: 9/30/00 2:41 P
o
10/2/00 1:30 P

Messages Composed: 7

Messages Read: 56
Detachments: X
Folder Switches: 2

Fig. 9: Screershaving someproductvity metricsfor arun of the Notesapplicationover a periodof two days.

The Configuration Manager readsa descriptionof the applicationand checksthe desktopfile system
andregistry for applicationinformation. It alsocollectsinformationaboutthe applicationavailableto the
user

The User Action Tracker is the mostnovel aspectof Amadeus.Hence,we describeit in detailin the
following subsection.

4.1 User Action Tracker

Interactionsare characterizedby two events: the starteventandthe endevent. A starteventis the user
initiated eventthat causeghe interactionto happen.The endeventsignifiesthe endof aninteractionfor
somemanagemenfunction. For example,whena userpulls down a menuon anemailapplicationto start
composinga messagethe starteventis the selectionof the commandtem thatissuesa commando the
applicationto allow the userto startcomposinga message Whenthe userselectsa commandbutton to
sendthe recentlycomposednessageit signifiesthatthe interaction“composemessagehasended. The
durationof aninteractionis definedasthe elapsedime betweerthe startandendeventsof theinteraction.
For interactionsthat do not requireuserinteractionbeyondthe startof the interaction,the durationis the
responséime of theinteraction.

Often, usersare not cognizantof the durationsof their interactionswith applications,e.g., how much
time doesit take my email applicationto displaythe contentsof a selectednessagePAmadeusprovidesa
mechanisnior theuserto trackthedurationof key interactionsThemainchallengen doingthisis to track
interactiondurationgfor applicationsvithouthaving accesso theapplications sourcecode.Otherwisewe
may developschemeshatarenot generallyapplicable We cannotalwaysrely on instrumentinghe source
codeto collectinteractiondurations.

Thegenerakchemdor obtaininganinteractiondurationis to monitorits startandendevents.Eachtime
aninteractionstarteventis obsened, we recorda timestampfor the event. Eachtime aninteractionend
eventis obsened,we recorda timestampfor the event. Thedifferencebetweerthetwo endeventandstart
eventtimestampgivesusthe interactionduration. Hence,interactiondurationscanbe determinedf we
canmonitorthe startandendeventsof durations.
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Fig. 10: AmadeusArchitecture:Thesearethe main Amadeussoftwarecomponentshatresideon eitherthe end-uses
desktopor onthesener.

Therearetwo generalvaysof identifyinginteractionevents:(1) binarycodeinstrumentatiofiXMN99](also
seewww. appl i ant . com), and(2) windows eventmonitoring[Ric97]. Codeinstrumentatiorobseres
the binary codeexecutionof the application,and basedon repeatedatternsof executedcodeidentifies
signaturedor particularevents. Windows event monitoring obsenesthe behaior of messagetsraveling
betweerthe applicationandthe graphicaluserinterface,andbasedn repeatedbsenationof themessage
flow, identifiespatternsof window messagethatactassignaturesf particularevents. We usethe mes-
sageobsenation methodfor this implementatiorof Amadeus.In the future we will explore binary code
instrumentatioraswell.

In the Microsoft Windows ervironment,we canlook at messageflowing betweerthe applicationand
Windows andobtaininteractiondurations Figurell shavsatypical configuratiorof how messagingvorks
in Windows. Whenerertheuserinteractswith anapplication or aapplicationinteractswith theuser certain
messagefiow betweenthe applicationandthe Windows subsystemFor example , whenthe userselectsa
commandoy usingthe mouseeft-button click, a messagef type WM_LBUTTONDOWN flows between
the Windows subsystemand the application. Similarly, when an applicationhasfinished drawving new
contentsn oneof theapplications window, a messagef type WM _PAINT flows betweerthe application
andthe windows subsystem.

To identify themessagesorrespondingo the startandstopeventsof aninteraction,we runtheapplica-
tion andatthesametiime obseneits messagéows usingthe Microsoft Spy++ utility. After aseriesof runs,
the startand end messagebecomeobvious for eachinteraction. For example,we obsene the following
interactiondor Lotus Notesemailapplication:

e Openmail
e Openmail folder
e Detacha mail attachment

e Composamalil
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Fig. 11: Whenauserinteractionswith a Windows applicationjmportanteventsabouttheinteractioncanbe monitored
by monitoringthe messagefiowing betweerthe Windows subsystenandthe application.

Theopenmail andfolderinteractionsstartwith messagefor thesamewindow class:NotesSubProgrhe
openmail interactionbeginswith aWM_LBUTTONDOWN (left buttonclick) andendswith aWM _PAINT
(donewindow painting)messageThe differencebetweerthetwo is thatthe openmail messagestartand
endon awindow with atitle whereaghe openfolder messagestartandendon a window with no titles.
Thecomposamail interactionstartswhentheuserclicks on oneof the Reply, Reply With History, Forward,
or New Memohbuttons.The composemail interactionendswhenthe userclicks on the“Send” button.

Identifying the startand stopmessagefor Windows applicationds non-trivial taskrequiringmay bea
coupleof weeksof obsenations.Fortunatelythis hasto be doneonly onceperapplicationandthencanbe
usedby all theusersof theapplication.

5 Related Work

Frglundet. al. [FIP98 defineSoLOMon, a genericapproactfor a scalable extensibledistributed mon-
itoring system. Their goalsare to provide a programmablénfrastructureto enableend-to-endperfor

mancemanagemensf distributedapplications.Someof the Amadeusfeaturescanbe implementedusing
SoLOMonconceptse.g.,descriptiorof sener-sideperformancenetrics.In severalways,SoLOMonneeds
to be extendedto provide the full capabilitiesof Amadeusg.g.,the distinctionamongperformancebusi-

ness,and configurationdata. A key differencebetweenthe two approachess that SoLOMonadwcates
scalabilityby datatraffic reductionby usingmathematicahbstraction®ver time-weadwcatedatareduc-
tion by limiting the datatransmittedo the durationin which aninteractiontranspired.

Vital Sighs (ww. i ns. conl knowl edge/ whi t epaper s/ char act eri zi ng. asp) is a newly
formedcompary thatprovidesatool, Net. medicwith goalsvery similarto ours. Similarly, FirstSenselnc.,
is astart-upfocusingondistributedapplicationgmanagemer(tww. f i r st sense. com). Vital Signspro-
vide an end-useperspectie on performanceametricsfor Internet-basectlient-sener applications.Hence,
Vital Signsis morefocusedon providing solutionsfor Internet-base@ndbrowserbasedapplications.lts
notclearif thesameechniquesanbereadilyadoptedor enterprisapplications FirstSenselnc., however,
doesprovide anend-users perspectie on enterpriseapplications.

Jacobsors(ftp: //ftp. ee. | bl.gov/ pat hchar)andPraxons[Pax97 work for network moni-
toring is similar in spirit to our work for applicationmonitoring. In fact, someof the algorithmsthat are
usedin their work for network monitoringcanbe usedfor monitoringthe network aspectof applications
monitoring. Similarly, the cross-industryconsortiumis developingsomestandardmetricsfor monitoring
networksfrom customers point-of-view [Cro9§.
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6 Conclusions and Future Work

We have describedanend-uses perspectie on managinglistributedenterpriseapplicationsWeillustrated
theconceptdby developinga prototypetool Amadeusandillustratedits applicationto the LotusNotesemail
application.Our mainconclusiongrom this work are:

e A monitoringanddisplay systembasedon end-usemctionscansignificantlyreducethe amountof
datacollectionandclutterin adisplaygraph.

e Monitoring end-useractionscan leadto new interactionmetricsthat can be relatedto users and
organization$ productiity andto futureapplicationdesignsanddeployments.

e An architecturdbasecon managemernty end-userss muchmorescalablewith respecto numberof
userghananarchitecturdbasedbn centraladministratormanagement.

Thereareseveraldirectionsfor futurework in this area:

¢ Integrationof anhelp-deslkor service-requeshanagemergystenwith Amadeus.

e Separatingan applications logic from the managemensystem,so that the sameinfrastructurecan
supportanew applicationeasily

e Integratingsener-sidemetricsmoretightly with the client-sidemetrics. Develop standarcchannels
to exposesener metricsto clients.

We will bepursuingwork in this direction.

Acknowledgements

I thankSvendFrglundfor his discussiongandhelpwith developingsomeof theseideas.

References
[Bla93] RussBlake. Optimizing Windows NT. Microsoft Press;1993.

[Cro98] Cross-IndustryWorking Team. CustomerView of InternetServicePerformanceMeasurement
MethodologyandMetrics. Seehttp://www.xiwt.org/documets/doaments.htm, Septembet 998.

[DM98] L. DownesandC. Mui. Unleashing the Killer App: Digital Srategies for Market Dominance.
HarvardBusinessSchoolPressBoston,MA, 1998.

[FIP98] S. Frglund,M. Jain,andJ. Pruyne. Solomon: A distributed servicelevel objective monitoring
framawork. TechnicalReportHPL-98-117 HP Labs,1501PageMill Road,Palo Alto, Ca94304,
1998.

[Neg95] N. Negroponte.Being Digital. Alfred A. Knopf, New York, NY, 1995.

[Pax97] VernPaxson.Measurements and Analysis of End-to-End Internet Dynamics. PhDthesis,Univer-
sity of California,Berkeley, April 1997.

[Ric97] Jefrey Richter Advanced Windows. Microsoft PressRedmonWA, 1997.

[XMN99] ZhichenXu, BartonP. Miller, and OscarNaim. Dynamicinstrumentatiorof threadedappli-
cations. In 7" ACM SIGPLAN Symposium on Principles and Practice of Parallel Programmin,
Atlanta,GA, May 1999.





