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Abstract
Mobile computeroftenbenefitfrom softwarewhich adaptdo theirlocation. For example,a computemight
be bacled up when at the office, or the default printer might always be a nearbyone. In mary existing
systems|ocation-triggeredactionsare only possiblefor specificapplicationsor with specialinfrastructure.
Thispaperdescribedcron, asystemwhich supportsiserconfiguableactionstriggeredon changein location
or othereventscommonto mobile computersKey featuresof Icron areits useof existing cluesfor location
information and mappinglow-level locationinformationinto usersensibleterms. Lcron usesa numberof
existing sourcesof location suchas network connectionand basestationID, allowing it to work without
specialhardware or GPSrecevers. We map sourcesof low-level information such as IP addressand
latitude/longitudeinto usermeaningfullogical locations. We describethe design,implementatiorand our

experiencesvith this system.

1 Intr oduction

Laptopcomputersarewidely usedtodayat home,at the
office, andon the road. With suchcomputersjocation-
aware programscould simplify a numberof common
tasks.Remindersanbe sentto a userwhenalocationis
reached“feed the catwhenyou gethome”). Location-
aware queueingis easy (“print this job when I'm at
work™). Systemdefaultscanbe updatedvhenalocation
is reached“print to the printerin room232whenlI’'m at
work”). Replicatedbr cacheddatacanberefreshedvhen
corvenient(“back up my harddisk when| have a good
network connection”).

One of the reasondocation-avare software hasseen
relatively little use is the perceptionthat it requires
special hardware or software. Pioneeringwork with
the Xerox PARCTAB [11] andthe ORL Active Badge
system[14] took placein the context of office-wide
wirelessinfrarednetworkswhich provide locationinfor-
mation. Theseandothersystemg17, 2, 4] proposedew
framaworksfor location-reactie software.

Lack of general-purposéocation-avare software is
surprisinggiven the wide availability of portablecom-
putersand the increasingavailability of wireless net-
working. Although somespecializedapplicationssuch
as mail and printing include somelocation avareness
(perhapsjueueingnessagesr printjobsuntil anetwork
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or sener becomesavailable), theseseners are usually
customdesigned As a resultthey may have duplicative
or limited detectiormechanismandrarelysupportuser
controlleddetectionandactions.

This paper examinesa systemwhich useswidely
availablehardwaresourceof locationandexisting soft-
ware interfacesto provide userconfigurable,location-
triggered actions. We use wired (typically Ethernet)
attachmentpoints, but we also can use wirelessbase-
station identifiers or GPS if available. We support
easyuser configurationby mappinglow-level sources
of locationinto usermeaningfultagsandby expanding
existing mechanismgo specify eventsin time to also
specify eventsin space. Our modelfor generalevents
is basedon the cron and at programswidely usedin
Unix andrecentlyavailablein Microsoft Windows with
packagessuch as the Norton Program Schedulerand
Microsoft System Agents. We believe that there is
substantiabenefitto addinga notion of locationto user
configurablescheduling.

The main contribution of this paperare experiences
with what kinds of high-level location information are
relevantto mobile users,and how we cangeneratethis
informationfrom widely available,low-level sourcesin
the examplesabove, conceptssuchas “work”, “home”
and “fast network” may not directly correspondto
sourcesof physical geographiclocation suchas GPS.
The triggered-@entmodelwe describeis actuallymore
general supportingactionstriggeredon arbitraryevents
suchas currentpower status. Finally, we describeour
experienceaisingthistool.



Although we seelocation awarenessas the primary
applicationfor ourwork, locationis actuallyoneinstance
of moregenerakventawarenessin additionto location,
laptopusersoftenwishto respondo othersystemevents
suchaspower constraintg“power is low, so shutdown
the wirelessnetwork and don’t scanfor virusesnow”).
Othereventsmay arisefrom the interactionof systems
(“remind me to ask ‘what’'s new’ when| next meeta
particularcolleague”).Our systengeneralizeso support
actionstriggeredfrom arbitraryeventssuchasthese.

In a broadersense,we seethis paperas one step
in understandinghe questionraised by the Dataman
projectat Rutgers: “what if locationwere a first-class
operating-systernonceptmuchastime is now?” [6].

2 UsingLocation Information

To understandhe requirementsof Icron, this section
considerswhat tasksmight be simplified if they were
triggeredbasedn locationandotherevents.Fromthese
taskswe generalizewhat kinds of locationinformation
areimportantto users.

In the introduction we identified a number of user
tasksthat would benefitfrom locationinformation. We
believe that mary of the tasks which would benefit
from location awvarenesgequire a much more refined
definition of location than simple physicallocation as
provided by GPS. Table 1 breakstheseexamplesinto
severalclassesAlthoughsometasksdependn physical
location, mary tasks dependon hardware or some
externalcomputingcapability Othertasksshouldoccur
whenanotheruser(or other moving object) happendo
be present. Finally, acrosseachof thesecategories, a
taskcoulddependon a specificor agenericresource.

Someexamplesmalke thesedimensionglearer For a
generigphysicallocation,onemightwantto bereminded
to dropoff ashirtwhenoneis nearthenext dry cleaners,
whereary cleanerds acceptableLater onemight want
to be remindedto pick that shirt up when near that
particularcleaners.

In today’s mobile computing ervironment, location
aware tasks are often hardware or device specific.
Printing is one example. Network accessto replicate
or back up dataor sendmail are commonexamples.
Again, these examplesmay be specific (backup my
computerwhen connectedby a high-speedhetwork to
our compaly’s backup sener) or generic (send malil
whennext connectedo thenternet).

Somemay arguethat ubiquitouswirelessnetworking
may eliminate this classof jobs. Why queuemail if
you're always connectedto the network? Although
we believe that connectvity will reducetheseneeds,
costand especiallypower constraintsmay limit use of

otherwiseavailablenetworking.

Lcron is most useful for systemswhich connectto
several differentnetworks, but it is alsouseful for con-
nectionanddisconnectioro a singlenetwork. Detection
of network reconnectioncan be usedto trigger events
such as sendingqueuedmail or synchronizationof a
disconnectedile system7].

Finally, althoughwe have focusedon location-avare
job scheduling,other events map well into the Icron
model. For example, computersoften do periodic
houseleeping (defragmentinga disk, checkingfor vi-
ruses,indexing mail); on a possibly power-constrained
laptopthesetasksare bestscheduledvhennot running
on batterypower (when“at” the “AC-powered” virtual
location). We have recently added powertriggered
eventsand are currently investigatinghow useful lcron
is for generakevents.

3 SystemLocation

Thefirst stepin locationawarenesss identifying sources
of location information. This sectionconsidersthree
potential sourcesof location information: the global
positioning satellite (GPS) network, physical network
conditions, and reports of base-stationsin wireless
networks.

GPSreceversprovide an obvious sourceof location
information. With recentpricereductiongat thetime of
writing US$100—200@eceiersarenotuncommon)GPS
recevers seemincreasinglyattractve. GPS recevers
work in mostopenareas,but they have limited usein
buildings or other areasof limited reception. Unfortu-
nately power consumptionand antennaspacemay be
incorvenientfor someportablecomputerusers. Also,
GPSaccurag is both a help and a hindrance. On one
hand,GPSlocationsaretoo detailedfor directuse.How
mary peopleknow the latitude and longitude of their
office? On the other hand, currentaccurag of GPS
receversis not sufficientto placea userin theroomof a
building without additionalprocessing.

For computerswhich are frequently networked, the
wired network infrastructureitself canprovide location
information.  Portable computersmay be assigned
different IP addressesnd routers(or different mobile
IP addresseg9]) dependingon where they are. By
monitoring the network attachmentwe can determine
wherethe computeris. The oppositeof GPSaccurag,
networks attachmentsonly vaguely specify physical
location (somavhereon a given IP subnet). However,
if location-dependerjbbsoftenrequirethe network (for

1A reviewer suggestedisingethernebridgingmessage narraw
thisto a specificEthernetsegment.



constraint unigueness example

physicallocation specific
physicallocation generic
device specific
device generic
otherusers specific
otherusers generic
otherevents —

remindmeto getshirtsatthecleaners

whatwill theweathebehere,tomorrav

print this documento the printerwith my letterhead
sendthis messagahenconnectedo a network
remindmewhenl seea particularperson

sendthe next meetingsagendao everyonein this room
scanfor viruseswhennot runningon batterypower

Table 1: Several classeof location-awaretasks.

example,computetbackup)network attachmenmaybe
morerelevantthanGPS-measurephysicallocation.
Wirelessnetworking too can provide location infor-
mation. Most wirelessprotocolssupportmultiple base
stationsor cells. If thesesystemsknow their physical
locationandcanreportit to thelcron, thenbothnetwork
connectvity andphysicallocationcanbe determined.
One important implementationissue moderateslo-
cation detection. First, although one would like to
detectlocation changesxactly, in somecircumstances
polling is required. Sometimeschange-in-locations
impossibleto detectat the device level, for example
with GPS where the datais continuous. In addition,
theremay be no operatingsystemor driver supportto
trigger cron whena locationis changed.(For example,
laptopswith built-in Ethernetwill not generatePCCard
eject events, and most Ethernetdrivers do not trigger
userprogramson loss of carrier) In thesecaseswe
must poll location periodically possibly using battery
unnecessarilyFortunatelyit is often possibleto trigger
cron only whenlocationchangesFor example,PCCard
insertioneventsoftencorrespondvith network changes.
A more difficult issueis that, although these ap-
proachesvork well atdetectingarrival atanew location,
the actionsthat can occuron departurefrom a location
are more limited. Departurecan be identified by lack
of a network connection,but this time is too late for
actions that require the network. For example, the
policy of “fetch my mail just before | leave work”
cannotbe directly implemented. An analgousproblem
exists when caching data stored on removable disks,
suggestingwo solutions. We can either require users
to inform the operatingsystemof animpendingchange,
or we could usecomputercontrolledeject mechanisms
for PCcards. Sinceno such hardware exists currently,
softwareapproachearerequired.

4 Mapping From Systemto User
Location

Although we have identified a number of ways a

systemwill directly measurdocation,theseapproaches
areoftentoo low-level for typical users.We believe that
onekey to usefullocationawarenesss a mappingfrom
low- to userlevel information,muchasthedomainname
systemmapsfrom 32-bit IP addresse® human-friendly
hostnames.

As examples of this mapping, consider GPS and
network location. GPS recevers report latitude and
longitude. Becauseof measuremenaccuray, a user
must specify “within 100m of this lat/lon”, insteadof
“at this lat/lon”. For mary, lat/lon are as difficult to
manageas IP addressesso anotherlevel of mapping
shouldallow “at ISI” or “nearUSC” ratherthan“within
100m of 33.97988N,118.43994W".Similar examples
apply to network location. Few usersrememberwhat
network sgmentor routerthey use,but “on the network
| useat USC” is obvious.

Although high-level mappingssimplify location de-
scription, it is also important to match location de-
scriptionto the task mix. “At I1SI” could mean“when
connectedo thehigh-speedSI network” to do backups,
“when connectedo ary ISI network” to print a docu-
ment,or “when physicallynearlSI” to senda reminder
messageA flexible mappingmechanisntanmakethese
distinctionsvisible. We believe a larger userbaseis
requiredto understandhow importantthesedistinctions
are.

5 Lcron Implementation

This sectionsummarizeseveralaspectof Icron imple-
mentation,including how locationis specifiedand how
changesredetected.

5.1 Basecron

Lcron is implementedas a modification of an exist-
ing cron implementationand several helper programs.
We basedicron on Geof Kuennings implementation
xcron [8]. Although otherfreely available cron imple-
mentationsaremorewidely used xcron hadseveralfea-
turesimportantto usfor mobileuse.Xcron is awarethat



computersmay beturnedoff or suspendedt optionally
runsjobs scheduleduring down-time whenthe system
next starts. Xcron also includesintegratedsupportfor
delayedone-shotjobs (“at jobs”), simplifying support
for location-avare at services. Finally, xcron supports
both the traditional crontabformat (table driven with
onecolumnperfield) anda newer formatwithout strict
columns.The newver formatusescontext to interpretthe
time specificationso“1:00” meando runat1 a.m.daily.

5.2 Specifyinglocation

Easy user configurationof event-triggeredactionsis a
goal of Icron. We accomplishthis by addingan“event”
field to the existing crontabfile format. A users crontab
file lists the commandghatareto be executedon users
behalf at specifiedtimes on specifieddates. The new
field specifiesthat events should be executedwhen a
particularlocationis reacheabr aparticulareventoccurs.
Actions can be triggeredeither periodically when at a
location,or only whenthatlocationis first reached.

A samplecrontabwith location-triggeregobsappears
in Figurel. The optionallocationfield begins with the
“@” sign. In this example, we fetch mail 3 times a
day whenat homebut every 20 minuteswhen at work
and whenwe first connectto the work network; these
entrieshave bothtime andlocationspecificationsOther
eventsaretriggeredonly whenwe first arrive atlocation.
The“m” flag andlack of a time specificationindicates
this behaior. An exampleis settingthe default printer
to vary dependingon wherewe are. Finally, whenwe
connectto the work network and are poweredwe run
a programto backup the portablecomputer (We have
implementedandregularly useall but theability to “and”
togethemultiple events.)

We have alsomodifiedxcron's at programto provide
asimilar eventspecification Userscanschedulgobs“at
8pm@home”.

5.3 Location sourcesand detection

Our primary sourceof locationinformationis network
connectvity. We examinedGPSreceversas an addi-
tional sourceof information, but most location-avare
applicationsve wantedto schedulelependednnetwork
connectvity, so GPS recever cost, size, and power
requirementdimited its use.We alsomapbatterypower
into Icron asanexamplenon-locationevents.

To senseetwork locationwe measurevhatnetworks
are currently configuredand map either the gatevay
host or the network IP addressand maskto a user
sensibldocation(asdescribedn the next section).Cur-
rently we sensenetwork attachmentswith the “netstat
-rn” command. Hosts with dynamically assignedIP

addresseg@wvith DHCP for example)maynot have stable
addressesso we primarily use gatavay addressego
identify location.

We candetectlocation changesboth by polling and
triggered notification Triggerednoatification avoids the
delay and constant(if low) overheadof polling. We
usetriggeringasour primarymeansof detectingdiscrete
locations. Over time we have usedtwo waysto detect
changein our system (a laptop running the RedHat
distribution of Linux). Originally we detectedchange
to network connectvity with a one-lineadditionto the
PCcCard-andPPP-configuratioacriptsthatareusedwith
our system. This line informs cron of location change
after a new network is started. More recently (since
RedHat6.0)we have usedthe operatingsystems built-in
ability to signaljobswhenthe network changes.

We alsoimplementpolling asa secondarynechanism
to detectlocation changes. To implementpolling, a
non-location-specificcron job periodically checksthe
systems location, noticing and acting on ary changes.
The polling interval can be selectedto trade off re-
sponsvenessand overhead; by default we poll every
10 minutes. Polling is requiredfor eventswhich are
continuousn value,suchasGPSdataandbatterypower.
Polling is disabledif continuouseventsare not needed
andtriggeringis possible.

We recentlyaddedsupportto detectpower transitions
(betweenAC andbatterypower) asan event. Ric Faith
and Avery Pennarurs apm daemontriggersa program
when power mode changes. We wrote a small stub
that mapstheseeventsin to Icron events. Supportfor
differentclasse®f eventslik e this motivatessupportfor
the ability to “and” eventstogether(whenpoweredand
network connected).

5.4 Mapping from systemto user

In additionto specifyingwhich actionsare triggeredin
responsdo particularevents,usersshouldalsobe able
to specify how location is defined. As discussedn
Section4, system-measureldcationinformationis not
always appropriatefor direct userconsumption.Lcron
thereforeemploys a mappingfunction from systemto
userlocations.

We have experimentedwith two waysto implement
this mapping. Originally mapping was done with a
shortPerl programwhich filters raw locationsinto user
sensibleones. We choseto implementmappingas a
progranratherthanthroughatabletoincreasdlexibility .
Networks might map gatevay namesinto locations,
while GPS data might be mappedbasedon physical
proximity or moredetailedtopologicalunderstanding.

Sincecurrentlythesecapabilitiesarenot widely used,
we have replacedit with a table driven mapping(from



m @net:home set_default_printer home_Ip
- 7,13,20:00 @net:home fetchmail

m @net:work  set_default_printer psiid_d
- :0-59/20 @net:work fetchmail

m @net:work fetchmail

m @power:battery enable_hard_disk_spindown

m @power:ac disable_hard_disk_spindown

m  @net:work&&power:ac backup_disk

Figure 1: A samplecrontab specificationwith location-specificcommands. (Unlike standardJnix cron, Icron’'s
firstfield is list of flags,defaultedfields maybe omitted,andthe @ field specifiedocationconstraints.)

128.9.160.7 isi
128.9.128.3 isi-netwave
128.125.187.254 usc
128.9.97.33 home
128.9.32.13 ppp

128.9.176.100 ppPp

Figure 2: A mapping table from gatewaysto user
level locations.

gatevay to logical name)that is easierto configure.
Figure 2 shovs a samplemappingand illustratesthat
in somecaseamultiple low-level locationsmay mapto
the samelogical location (ppp, in this case). Since
mappingis userdependentwe plan on a simple tool
which associateshe currentsystemlocation (basedon
oneor morelow-level criteria)with auserlocation.

6 Experiencesusinglcron

Lcron hasbeenusedby a few researchersat ISI since
Januaryl998.0ur usershave differentlevelsof network

connectvity. At the low-end,oneusers laptopattaches
to asinglenetwork. At the otherend,oneuserregularly

usesfour networks in threedifferentphysicallocations
(ISl, USC,andhome).This sectionbriefly describesur

experienceslevelopingandusinglcron.

6.1 Userenvironment

In Section2 we describedand classifieda numberof
location-dependertasks. We have consideredcron for
four classe®f day-to-daytasks:

o File replicationande-mailtransfer
e Configurationof systemenvironment
e Alarmservice

e Userinterfaceteleporting[10]

We currently uselcron for first threetaskson a daily
basis. We have also experimentedwith userinterface
teleporting(automaticallybringingup a copy of running
applicationson a nearbydisplay).

Noneof theseapplicationsarenew: file-replication[7,
5], automaticsystemconfiguration3, 16, 12], location-
specificalarms[16, 12], andteleporting[10] have been
experimentedwith before. The adwantageof Icron is
that now theseapplicationscan be easily deployed by
userswithout the need for ary extensve supporting
infrastructure.

A common and effective use of Icron is for file
replication and e-mail transfer Since e-mail is often
timely, it is helpful to immediatelysendor fetchqueued
messagesipon connection. In addition, periodic e-
mail retrieval is easily configurablewith Icron. User
customizatiorns helpfulhere;theimportanceof timely e-
mail delivery canbe weighedagainstbatteryconstraints
(whenconnectedy awirelessnetwork) andtolls (when
connectedrom homevia a meteredservice). This level
of configurationwould bedifficult orimpossiblewith the
simplerretrieval modelsof mosttypicale-mailpackages.

File replication posessimilar problems. Automatic
file backupis importantto a safe environment. Lcron
triggersthisbackupperiodicallywhenconnectedo afast
network.

For both e-mail and file backupwe had previously
employed customizedsystemsof polling. To avoid
draininglaptoppowerwe previously polledfor thelaptop
from asener machine. Althoughfunctional,this system
was not easyto changeand requiredconfigurationon
multiple machines. Replacingthis systemwith Icron
simplifiedconfiguratiorandconcentrated onthelaptop
underusercontrol. As aresultof thesesimplifications
we automatedcasesthat before were not considered
important enoughto justify the effort (for example,
occationabut automatiaetreval of mail from secondary
mailboxes), or were not feasible(immediatelyfetching
mail on connection).

Examplesof location-dependerstystemconfiguration
areselectinga default printer andtelephonelialing. We



wrote a smallprogramwhich changeshe definitionof a
particularprinterentry whenthe laptoparrivesat a new
location. Userscanthussettheir default printer to the
printer called“nearest”to print to a location-dependent
nearbyprinter. Similarly differentlocationshave differ-
ent context for telephonedialing (areacodes,handling
of extensions,andtelephoneinterface). Our telephone
auto-dialersupportstheseoptions; Icron allows us to
automaticallyselectbetweerthemaswe do for printers.
Other location-dependentaskssimilar to thesecan be
completedautomaticallyusinglcron.

A third exampleapplicationwe experimentedwith is
a location-basedotification service. Userscanrecord
“reminder messagesWhich are sentas e-mail whena
givenlocationor time is reachedln othercasegelayed
actionshave provenuseful (for example,downloadinga
file whennext connectedo thenet).

We alsoexperimentedwith teleportingin Icron. First
donein the VNC system[10], teleportingis the idea
that a users existing applicationsshould move trans-
parently to the nearest,most capabledisplay We
have experimentedboth with VNC teleportingand a
wealer form wherenew session®f a setof applications
are automaticallybegun on a nearby display when a
network connectionis made. Both have beenuseful,
althoughautomaticteleportingis not always desirable
(for example,whenthe laptopis only briefly connected
to sendandreceve mail).

From our experimentswith Icron the primary benefit
is the automationof day-to-daytasksthatweredifficult
or not warrantedbeforehand. In some casesof e-
mail retrieval Icron replaced manual requests. In
othersit replacedolder, lesscapableand more compli-
catedretrieval mechanismbasedn application-specific
polling. Finally, the simplicity of Icron configuration
supportedadditionaluses. Prior arrangementsequired
configuration on multiple machinesto avoid polling
from the power-constrainedlaptop; Icron simplified
configurationby allowing all configurationto take place
onthelaptop.

6.2 Developmenternvironment

Lcron wasdevelopedunderSunOSandsereral versions
of RedHatLinux. Basedon xcron, it inherits that
systems$ portability. Our primary platform has been
loptopsrunningvariousversionsof RedHatLinux. Other
thansmall OS changedo collectlocationformationare
specificto RedHatlinux, the coreof Icronis portableto

ary Unix platform.

In early versionsof RedHatLinux, small changes
to the baseoperatingsystems network configuration
scriptsarerequiredto allow Icron to avoid polling. We
made4 lines of modificationto RedHatLinux’s PCCard

and PPPscripts (no other OS changeswere required).
Thesearenotnecessarwith morerecentversiongsince
RedHat6.0).

We found onehardwarelimitation: we detectnetwork
configurationbasedon PCCardinsertionand removal.
One laptop included a built-in  Ethernetadaptor that
lacked theseevents. Polling the network for carriercan
work aroundthis problem; anotherapproachwould be
to modify the network driver to allow an applicationto
detectchangesn the Ethernetcarrier

Our experienceswith Icron developmentsuggesthat
it shouldbe easily portableto other versionsof Unix.
Periodicpolling (perhapsat 5 minute intervals) can be
usedto detectnetwork change put we expectthatdirect
detectionwith small changeswill often be a possible
optimization.

7 Relatedwork

Lcron builds on three areasof related work. First,
groupssuchasthe Datamanproject, Xerox PARC, and
and the Olivetti and Oracle Research_ab have looked
at general ways location awarenesschangessystem
behaior. Second,a numberof groupshave looked at
how to modify actionsto considerocationinformation.
Finally, several specialpurposesystemshave developed
customapproacheto watchfor locationchanges.

Our work was inspired by the Dataman projects
question of “how would system software change if
locationwerealfirst-classoperating-systernoncept”[6].
The Datamarprojecthaslooked at how mobility affects
network transport(mobile IP) andmulticast(geographic
messaging).We apply their propositionin a very real
senseby consideringthe use of location in existing
approacheto taskscheduling.

Xerox PARC’s work in ubiquitous computing [16]
throughsystemssuchas the PARCTAB [15] pioneered
location-avare computing. Their work in context-
aware computingdescribedsystemssimilar in function
to Icron [12, 11]. Lcron builds upon this work by
describinghow multiple,commonlyavailableof location
information (such as network connectionsand GPS
information)canbe mappedo userrelevantlocations.

Schilit, Adams, and Want classify contet-aware
computingalongtwo axes(seeFigure2 from [11]) based
on whetherthe task at handis performinginformation
retrieval or commandexecutionand whetherit is done
manually or automatically By this classificationlcron
is automatic(not manual)and supportscommandgnot
information), thus falling into the “context-triggered
actions” quadrant. However, we have shovn how
context-triggeredactionsin Icron allows usto implement
contextual commands(for example, printing to the



manual
information  proximateselection/contetualinfo
command contextualcommands

automatic
autocontextual reconfig
contetual-triggeredactions

Table 2: Schilit, Adams, and Want's classificationof context-aware computing (from [11]).

nearesprinter)andautomatiacontextual reconfiguration
(for example, by automaticallyreplicating data), thus
providing some support for some kinds of context-

aware applicationswhich are not directly supported.
We believe that the final quadrant{manualinformation
retrieval) is bestsolvedwith otherwork suchaslocation-
awareweb-bravserg1, 13].

Location dependentinformation such as nearest
restaurant,availability of spacein the nearestparking
lot or local weatherinformation can best be retrieved
on-demandby location-avare web-bravsers. On the
contrarylcron mainly targetsthoselocation dependent
tasks whose timely execution on location changeis
importantfor properfunctioningof thesystem.However
Icron could also be used for automatic information
retrieval by schedulingan information retrieval taskto
be executedat differentlocations.Lcron thusgivesusers
explicit control over the natureandcontentsof location-
dependentinformation to be retrieved in contrastto
the limited setof information available to the usersof
location-avarewebbrowser

8 Futurework

Therearesereraldirectionsfor futurework. Ourprimary
sourcesof location come from network attachments;
additionalexperiencewith othersourcesvould be help-
ful. Exposingthe cells of a cellular network might
be attractve sincethatinformationis alreadyavailable.
Wider useof GPSinformationwould alsobe useful.

Improvementsn mappingarbitrary eventsinto Icron
would also be helpful. We are currently developing
and experimenting with mapping changesin power
consumptiorto events; more experienceherewould be
helpful.

Currentlylcronfocusesononevariable:whathappens
asthe systemchangesstateby moving aroundor losing
power. Somelocation-avareapplicationshave moreso-
phisticatedrequirementsFor example,reminderscould
be triggeredwhen two peopleare co-locatedassumes
multiple moving objects, or actionstriggeredwhen at
a location and AC-povered. Work in actve badges
suggestshatthesekinds of interactionscanbe provided
by periodicallybroadcastingresencénformationto the
local area. Refinementof this idea in Icron remains
futurework.

Lcroncurrentlyusesatable-drivenapproacho specify
eventtriggers.Thistabularapproachs easyfor usersout
canlimit specificatiorflexibility. For example,it’s easy
to take actionsat particulartimesif connectedbut not
easyto schedulea job ataconnectiorandthenatregular
intervals after thattime. Whetherthe limitations of this
fairly rigid structureis a problemin mary situations
remainsto be seen.We work aroundthis problemwith
hourly polling through a helper program. Possiblya
better solution is to specify eventstriggers through a
programminganguaggaswe mapfrom systemto user
locations)and to usea front-endto constructprogram
statement$or simplecases.

9 Conclusions

We have describedlcron, a system supporting user

configurableactionsin responseo location-and event-

triggers. It hastwo key features:first, it usesexisting

sourcesof information, such as wired and wireless
networking information, to determindocation. Second,
its approachat mapping these low-level sourcesof

location and other eventsto usersensibleterms. Our

experiencesvith Icron suggesthatit achievesits goal of

simplifying usertriggeredactionsin responseo location

changesand other events, and that this simplification

allows much broaderautomationof location-triggered
actionsthanalternatves.
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