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Abstract

InternetServiceProviders sometimegyo to great
lengthsto minimize dial-up connectiontimes, in

orderto makethe bestuseof limited resources.

Typically they disconnectusersaftera x ed pe-

riod of completdnactiity, suchas10-15minutes.
We proposeadaptve time-out policies that take
pasthistory into account,and we evaluatesome
of thesepoliciesusinga tracefrom a production
ervironment. We nd thatadaptve policiescan

reducecumulative connectiortimes and average
simultaneousisageby about 10—-20%compared
to a conserative x edthreshold,n exchangefor

a moderatdancreasdn the numberof disconnec-
tionsthatincorvenienceheuser

1 Intr oduction

In computersasin real life, using resourcef-
ten comesat a costin proportionto the duration
of use.Thatcostcantypically bereducedy dis-
continuingusetemporarily—assuminthatthere-
sourcewill not be neededor a period of time—
andthenusingtheresourceagainin exchangeor
somepossiblestart-upoverhead.Often, the deci-
sionto discontinuauseis basedna x edtime-out
interval: onewaitsfor theresourceo beidle long
enoughthatonecanassumet will continueto be

Copyrightto this work is retainedby the authors. Per
missionis grantedfor the noncommerciateproductiorof the
completework for educationabr researctpurposes.

Email: douglis@research.att.com

Email: tom@research.att.com

idle a while longer long enoughto avoid antago-
nizingtheuser It mustalsobeidle long enougho
amortizeary start-upoverheadandresultin anet
gainfrom discontinuinguse.

One catgyory of resourceuse with variable
timeoutsis arything that consumesnegy on a
battery-operatedlevice such as a mobile com-
puter Examplesinclude spinning dovn the
disk [2, 3, 8], puttingthe CPUin a low-power or
reduced-pwer state[10], andsuspendinghe dis-
play. In thecommunicationslomain,anexample
of this tradeof hasbeendemonstratedh the IP-
overrATM area. One canusea variety of algo-
rithmsto decidewhento relinquisha virtual cir-
cuit thatis beingusedto transmita sequencef
IP datagramg6]. An algorithmic approachthat
is commonto mary of thesesystemshas been
termeda “randomwalk;” in which a parameter
variesover time in responséo pasthistory[5].

Modems are another type of limited re-
sourcewith someinterestingpropertieshatmake
straightforwardapproachesomeavhat problem-
atic. With mosttelephone-modem-baséaternet
ServiceProviders (ISPs),a computerconnectdo
the Internetvia a pair of modemspone ownedby
the userandoneownedby the ISP The ISP pro-
vides a temporarylP addresausingthe Point-to-
Point Protocol(PPP)[9] or someother protocol.
If the modemconnectionis terminatedthe com-
puteris notguaranteedo getthe samelP address
the next time it connects.This meangshatproac-
tively disconnectinghe modemwill likely termi-
nateary existing TCP connectionsisingtheolder
IP address.
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Furthermore,even if the IP addresss x ed,
thereis a signi cant delayin reestablishing PPP
connectionwe have measure®0-40secondgor
dialing, training,andPPPnegotiation. This delay
canbe annoyingto the user andit canalsocause
application-l@el or system-lgel timeoutsto oc-
cur. This mightresultin a transienterror (for in-
stancedownloadinga Web page)or a moreseri-
ousone(suchasterminatingatelnetsessionforc-
ing it to be reestablisheéndlosing ary statein
it).

At the sametime, constanuseof anISP's mo-
demis generallydiscouragedOnewayto discour
ageuseis aneconomiadisincentve: abouta year
ago, AT&T, MCI, andother ISPschangedtheir
“unlimited” InternetAccesgo have alimit of 150
hours per month before surchages are applied.
Thislimit wasimposedecausasmallfractionof
theusercommunitywould usethesystemvirtually
non-stop forcing the ISPsto continuallyincrease
capacityor risk having othercustomergncounter
busysignals.

Anotherway to limit modemuseis to proac-
tively disconnectidle” usersandsuffer the con-
sequencedt appearghatmary ISPswill discon-
necta completelyidle useraftersome x edinter-
valthatvariesin therangeof about1 0—60minutes.
But usersdo not like to suffer the 30-40seconds
of delayreconnectingo thelSPafterbeingrecon-
nectednorthepossibilityof abusysignal,northe
possibldossof TCPsessionshatareopenbutin-
active andwhich getresetaftera hangup.A sim-
plesolution fromtheirperspectie,isto runadae-
monthatuseshe modemperiodically moreoften
thanthe usualtimeout. Checkingelectronicmail
is an obvious exampleof sucha daemon. Since
completelyperiodicuse,suchascheckingmail ev-

dem usagewithout signi cantly inconveniencing
users.Herewe applyan“adaptive” timeouttech-
nigue ,whichwaspreviouslyappliedto thedomain
of disks[2], to the domainof modems. The ba-
sic approachs the same:an ISPwould startwith
sometimeoutinterval, andthenvary thattimeout
interval for eachclient over time basedon usage
patterns.A shorterinterval will generallyreduce
modemusagebut bemoresusceptibleéo makinga
mistakej.e.,disconnectin@clientatatime when
it will be active againtoo soonto makediscon-
nectingit worthwhile. Onedecreasethe timeout
whenthe previousinterval successfullypredicted
along enoughdle interval, andincrease# when
the idle interval proved too short. One can also
simultaneouslyrackpatternsof burstsof actwity,
for instanceaccessefor just a few secondsvery
15 minutes,in orderto predictthe next idle inter-
val anddisconnecimmediately We will elaborate
on theseapproachesand quantify the outcomes,
laterin this paper

The ervironment in which we apply adap-
tive modem timeoutsis particularly conducve
to proactve hangupsdespitethe problemsmen-
tionedabove. First,it usesstaticlP addressesoa
modemcanbedisconnectedndlaterreconnected
withoutaffectingrunningapplicationsf theappli-
cationsdo not attemptcommunicatiorduring the
downtime. (If they do communicatethey must
have along enoughtimeoutto toleratethe recon-
nectdelay) Secondthe downstreamconnection
is unafectedby adisconnectionPackets§rom the
ISP canreachthe client, while acknavledgments
or othertrafc from the client to the ISP will be
delayedduring the reconnectionFor small, tran-
sientcommunicatiorirom thelSPto theclient,the
client might not obsere a communicatiordelay

ery 5 minutescouldbedetectedandcompensated We discussapplicabilityto more traditional ISPs

for, amoresophisticate@dpproactwould beto ac-
cesghemodemat somevhatrandomintervalsfor
aslong asthe client wishesto keepthe modem
connectioralive. As aresult,somelSPsdropcon-
nectionsafter anextendedperiodof actwvity, such
asaday regardlesf ongoinguse.

Our goalwasto seewhetheranotherapproach
to disconnectingdle modemsmight reducemo-

below in Sectior4.5.

Trace-drven simulationsindicate that varying
thetimeoutadaptvely hassigni cantbene tsover
relatively short x edtimeoutintervals (2—10min-
utes).For instanceall theadaptie algorithmswe
studiedresultedin mary fewer badchoicesabout
whento hangup the modemthan a short x ed
thresholdwith at mostthe samecumulatie con-
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nectiontime. Thelongest x edthresholdwe con-
sidered,15 minutes,substantiallydropsthe num-
ber of badchoicesby comparisorto the adaptve
andshorter x edthresholdsin exchangeor more
connectime.

The restof this paperis organizedas follows.
The next sectiondiscusseshe metricswe useto
evaluatethe costsandbene ts of modemdiscon-
nection. Section3 discusseur tamget erviron-
ment and the trace we collectedfrom it. Sec-
tion 4 discusseseveral different approacheso
varying the timeoutthreshold. In Section5, we
describeheexperimentsve performedtheresults

of whichappeain Section6. Section7 concludes.

2 Metrics

In decidingwhen to disconnecta modem, one
mustbalanceheincorveniencdo theuseragainst
the bene t to the ISP dueto reclaimingthe mo-
dem.

2.1 Inconvenience

From the users perspectie, eachtime the mo-
demdisconnectshereis potentiallysomeincon-
venience. Waiting several secondgtypically on
the orderof a half-minute)for reconnections a
mild annoyancef the userhasnot usedthe net-
work for a long time, but it would be a greater
problemif:

theidle time wasvery brief, or

the reconnectioradwersely affected running
processegsuchas terminatinga telnet ses-
sion).

Occasionalannoyancesre probably ne, while
frequentoneswould be intolerableand shouldbe
avoided.

Ourpassive monitoringof themodempooldoes
not tell us when a connectionis terminated,so
we focusonidle time. In our initial experiments,
we usea parameterizedle-timethreshold.If the

modemhasbeenidle thatlong afterbeingdiscon-
nectedthendisconnectingvasdesirablelf it has
not, then disconnectingvas undesirable. In the
adaptve disk spin-davn work [2] on which we
model our system,undesirabledisk spin-davns
were referredto as “bumps; and we adoptthat
terminologyhere. We usea defaultof 5 minutes
of inactivity aftera disconnecastherequiredidle

time to avoid a bump, andthencomparethis with

amoreconserative 10-minutethreshold.

In [2], a bump was considered binary event:
eithera badspin-upoccurred,or it did not. The
studyalludedto consideringsomebumpsasmore
egregious than others. We apply that reasoning
here by counting bumps either as binary events
or asfractionalnumbers.In the former case we
chagethesameamount(1) ary timetheidle-time
thresholdis not met. In the latter case we chage

—, where is theidle time sincedisconnect
and isthethreshold.Thusareconnectmmedi-
atelyafteradisconnects chaged1 unit, whereas
areconnecjust beforethethreshold is crossed
is chagedalmostnothing.Onecanview thesegwo
valuesasacountof thetotalnumberof bumpsand
the severity of thebumps.

2.2 Benets

Bene ts to the ISP accruewhen a modem (and
the phoneline to whichit is attached—thers ef-
fectively a one-to-oneratio) is usedless. In the
eventthatanISPis chagedin proportionto con-
necttime, the total connecttime acrossall users
is relevant. (Examplesof this in the generallSP
marketare rare, but someservicesthat function
effectively asISPsdo obsere this property For
instance AT&T hasa corporatenetworkfor em-
ployeeswith a toll-free number andit paysper
minute chageswhich arein turn chagedbackto
theusersof thedial-upservice.)

Anotherbene tis thepotentialability to reduce
the total numberof modemsin the ISP (or con-
versely to sene moreuserswith the samenumber
of modems)We consideboththeavelagesimul-
taneoususer countand the maximumsimultane-
oususercount The averageis an indication of
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how onecould provision the modempool to sat-
isfy demandmostof thetime while rarelyrunning
outof resourcesThemaximumshowvshow to pro-
visionthemodenmpoolin orderneverto run outof
resourceat all. Anotherusefulmetric might be
the90thor 95thpercentilesratherthanthemean,
but we have not yet consideredpercentilesother
than100%.

3 Environmentand Trace Col-
lection

This study was performedin the contet of the
SpeedyAsymmetricintranetLink (SAIL) project
in AT&T Labs.SAIL usescablemodemgo trans-
mit data at high-speedto home users,with the
“upstream”link over a 28.8 kbpstelephonemo-
dem. (This con gurationwasfor sometime typ-
ical of cable modems,with only about20% of
cable plants supportingtwo-way communication
asof Junel1998[7]. Resourcallocationin two-
way cableis a similar problem,howvever, andmay
bene t from our approach.) The upstreamlink
usesPPP[9], with dynamicallyassignedP ad-
dresseslP endpointshowever, dealonly with the
downstreamcable-modemaddressesand these
are statically assigned. Using static downstream
addressesnableshe modempool to disconnect
a userafter a relatively shortperiodof inactity,
usually10-15minutes,without normallyimpact-
ing connectiondeyond the dial-up overhead. It
takes30—40secondgo reconnectover the tele-
phonemodem;the cable modemis virtually al-
waysaccessible.

Figure 1 depicts the architectureof SAIL.
SAIL connectAT&T Labs—Researchith homes
throughouthenortherrpartof New Jersg, by dis-
tributing dataover several cablehead-ends.The
upstreamconnectionscome in through modem
poolsator nearthe cablehead-endandareback-
haulednto the AT&T Labsnetwork.Downstream
data o wsoveracollectionof T1linesandoptical
ber to four regional cabletelevision headends.

We collectedatraceover a one-weekperiodin

May, 1998 by periodically polling eachof four
modempools (a total of 168 modems)for activ-
ity. The modemswould reportwhich userswere
active, and how mary byteshadbeentransferred
sincethe mostrecentconnection.Activity could
be inferredby a changein the byte-count,while
disconnectiorcould be detectedby the complete
absenceof a particularuseridin the report. We
encounterec total of 87 distinctusersduringthe
traceinterval, with a maximumof 50 active users
atary time. Theraw ASCII trace(completewith
somedehugginginformation)was246MB, which
was preprocessethto a 3MB le consistingjust
of theactive clientsat eachpolling interval across
all modempools.

The polling granularitywas setat 30 seconds,
asomeavhatarbitrarychoicethatwasbasednthe
balancéetweerthedesirenotto loadthemodems
unnecessarilandthe desirefor currentstatistics.
With a 30-secondgranularity one could not tell
whethera newly detectedconnectionwas estab-
lishedjust afterthe previouspoll (i.e., 30 seconds
previously), just beforethe currentpoll, or ary-
time in-between. We take the conserative ap-
proachof “chamging” a connectionfrom the ear
liestpointwhenit mayhave becomeactive, which
we approximateas29 secondseforethe current
polling interval.

Although the script that gatheredthis trace
wascapableof actuallydisconnectingnodemsit
actedprimarily in a non-intrusve capacity The
reasorfor this wastwo-fold. First, actingon live
connectiongpermitsone to apply only one pol-
icy, sinceafterdisconnectingmodempnecannot
wait a minute or two anddisconnecit again. In
practice themodemsausea x ed-thresholgolicy
with a 15-minutetimeoutin the vastmajority of
casesindanin nite timeoutin afew casesvhere
userspreviously complainedaboutunwantedlis-
connectionsThis wouldlimit usto implementing
policiesthatwould disconnectn at most15 min-
utes, since arything longerwould have the real
system‘beatusto thepunch”in disconnectinghe
user

The secondreasonwasa fear that disconnect-
ing live useramightupsetthemif we weretoo ag-
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Figure 1: SAIL architecture.

gressie. We wantedto simulatethe effect rst.
The sole exceptionto this “handsoff” approach
wasthe modemconnectiorof oneof the authors,
which wasdisconnectedising one of the simple
adaptve schemeslescribeelon. Over the one-
week collectioninterval, his modemwasdiscon-
nectedby the scriptjust over 200 times, and 43
of them (21%) were deemedby the scriptto be
prematurethe subsequenile time wasnotlong
enough.However, completelysubjectvely, at no
timewastheidle time sincethepreviousaccesso
shortasto prove particularlyannoying.

Finally, we grantthat this tracehasits limita-
tions. It is astaticsnapshobf whatpeopledid, and

not whatthey would do if the policiessuggested

herewerein place. It tracesusersof a system

with amplecapacity(userswould virtually never
encountera busy modempool, or they might be
moreinclinedto stayconnectedull-time). Users
had no perminute chagesthat they would pay
out of pocket,thoughin somecasestheir com-
pary would paytoll chageson their behalf. The
applicationsusedby theseindividuals, and net-
work accesspatterns,were potentially different
from what “home users” of a commercial ISP
would encounterespeciallybecausehe dowvn-
streambandwidthwasmuchhigherthantwo-way
telephonenodemswould experience.
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4 Variable Timeouts

In contrasto the x edtimeoutintervalscurrently
in use,we considertwo typesof variabletime-
outintervals,which arecomplementaryAdaptive
timeoutsuseanintervalthat uctuatesovertimeas
afunctionof pasthistory Predictve timeoutsuse
asmallwindow of pasthistoryto predictwhenthe
next acceswill follow the samepattern.in addi-
tion, we consideianoff-line optimaltimeoutalgo-
rithm asabaselineagainsiwhichto compareother
approaches.

4.1 Adaptive Timeouts

Our adaptve algorithmattemptgo keepthenum-
berof undesirablelisconnectdow, relative to to-
tal connectime. At ary giventime, eachmodem
hasatimeout  associatedvith it. If themodem
hasbeenidle for
The next time the modemis used,the idle time
sincethedisconnect, , iscomparedigainsamin-
imumidle time . If , thenthedisconnect
was"acceptable’andthethreshold isreduced.
Otherwisejt wasa“bump; and  isincreased.

A key questionwith thisapproachs how much
to adjustthethreshold We usethe sameapproach
as with adaptve disk spin-davn [2], permitting
both additve and multiplicative modi ers along
with minimumandmaximunwvalues.A givenpol-
icy speci es a startingthreshold , how to ad-
just on a acceptablalisconnecor a bump,anda
range.If theadjustmentareadditive,thenwe add
a x ed amounton a bump, or subtracton an ac-
ceptabledisconnect. We repeatthe terminology
of [2], using  or to adjuston a bump (the
subscript denotesinadditive adjustmenandthe
subscript denotesa multiplicative adjustment),
while and  applyin the caseof anaccept-
abledisconnect.As with disk spindavn, experi-
encesuggestshatoneshoulddecreas¢hethresh-
old slowly on successndincreasdt morerapidly
onfailure.

Multiplicative adjustmentstend to affect the
thresholdnorerapidly. Forinstanceywe maymul-
tiply by 1.4onabaddisconnecanddivide by 1.1

secondsit is disconnected.

on an acceptablene. The thresholdwill nearly
doubleon back-to-baclbumps.

Therangeis usedasa sanitycheck.By prevent-
ing the thresholdfrom falling belov somemini-
mum (e.g., 1 minute), we avoid enteringa state
in which a disconnecinight occurthrougha per
fectly normalgapbetweerpackets By keepingit
from rising abore somemaximum(e.g., 15 min-
utes),we prevent an adaptve algorithmfrom be-
comingstrictly worsethanthe mostconserative
x ed thresholdwe would apply. (In addition,
sincethe original trace applieda maximum, the
tracewould indicatea disconnectevenif there-
play would have keptthe connectiorintact.)

4.2 Predictive Timeouts

In studying accesspatterns,it becameapparent
thatsomemodemsawvereusedat regular intervals.
For example,a hostmight checkmail or perform
someothersort of “keep-alve” at 15-minutein-
tervals, and with a 15-minute x ed timeout, the
modemmight either never disconnector repeat-
edly disconnecjust momentsbeforethe next ac-
cess. It seemedlesirableto detectthesepatterns
anddisconnectjuickly aftereachburstof actiity,
underthe assumptiorthatthe next actwity would
not occurfor mary minutes.Onemustusea his-
tory bufferto look atsomenumberof pastaccesses
for a pattern;in our casewe lookedat the past5
active andidle periods.

Beingtoo aggressiein detectinghesepatterns
could of coursebe a mistake. If onewereto as-
sumethat becauseavery recentinterval of activ-
ity was brief (a few seconds)the next interval
will be equally brief, then normalactivity might
alsotriggeradisconnectluringa momentarytull.
This situationis analogougo the caseof a very
shortadaptvethresholdandis addressethesame
way: a separateninimumidle time is established.
In our simulationswe useda 2-minutethreshold,
meaningthatwhenperiodicactivity wasdetected,
thetimeoutthresholdvould bedroppedemporar
ily to 2 minutesif it werenot alreadybelow that
point.
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Whatif the predictionis wrong? A wrongpre-
diction would meanthat pastrecenthistory was
notagoodpredictorof the next accessWe incre-
menta counter and stop predictingfor a client if
thecountof incorrectpredictionexceedsathresh-
old (currently 2 mistakenpredictions). In that
event, the adaptve modi ers to the thresholdstill
apply, but we do notshortcuthethresholdustbe-
causea patternseemso develop.

4.3 Off-line Optimal

Givena trace, it is possibleto look aheadto the
next accessainddisconnecthemodemif andonly
if the next accesswill be  secondsn the fu-
ture. Disconnectionswith future knowledgeare
thebesta systemcando, andwe referto suchdis-
connectionasthe “off-line optimal” policy since
it canbe doneonly with knowledgeof future ac-
tivity. (In fact, assuminghe time costof recon-
nectingis , onecouldtakethis astepfurtherand
reestablistthe connection secondseforethe
next acces$2], but we do not considerthathere.)
We simulatedthe off-line optimal thresholdasa
way to comparedifferentalgorithmsandevaluate
ary additionalroomfor improvement.

In the caseof connecttimes, we usethe total
connectime for the off-line optimalasabaseline,
andreportotherconnectimesasa ratio by com-
parisonto the optimal. (In general,a 2-minute
x ed thresholdhaslesscumulatve connecttime
thantheoptimal,sincetheoptimalwill notdiscon-
nectunlessthereis at leasta 5-minuteperiod of
inactivity. However, it experiencesan exception-
ally high numberof bumps.) The sameholdstrue
of the averageand maximumnumberof modems
in useover time, which arealsonormalizedto the
optimal.

The numberof bumpsis zerofor the off-line
optimal, so a ratio doesnot apply We use ab-
solute counts,displayedon a log scale,with the
zerovaluefor theoptimalcasenotdisplayedn the
graphbut mentionedn eachcorrespondinggure
caption.

4.4 Required State

With x edthresholdsthe permodemstateat the
ISP is minimal. The sener pool tracksthe last
time whenthere was actvity, and compareshe
idle time to somethreshold. This thresholdcan
either be the samefor every user or be con g-
uredseparatelyffor eachuser (Thelatteris done
by SAIL, permittinguserswho paytoll chagesto
disconnectnoreaggressiely.) A separate¢hresh-
old per userrequirestwo valuesto be storedfor
eachactive modemratherthanjust one,but either
waythe staterequiredis trivial.

Usinganadaptve threshold oneneedgsheper
modemtimeout,aswell asaglobalor permodem
setof parameterdor adjustingthe timeout. One
also must note not only the last time of activity
but alsothetime whena modemdisconnectedn
orderto determinewhethera bump hasoccurred.
Predictize timeouts,which usea buffer of histor
ical information,requireseveralidle time andac-
tive intervals for eachmodem. In no caseis the
permodemstatemorethanafew tensor hundreds
of bytespermodem however.

4.5 Applicability to GeneralISPs

In the Introduction, we describedhow SAIL's
staticaddresseandasymmetrianodelwasespe-
cially suitablefor adaptve modemtimeouts. In
practice |SPsusuallyusePPP[9] to assignP ad-
dressess usersconnectto the network. With-
out modi cations to PPR an ISP that proactiely
disconnectedisersafter brief periodsof inactiv-
ity could causethemto obtaina new IP address
on eachreconnectionwhichwould causesxisting
connectiongo beterminated.

To addresghis issue,ISPscould eitherassign
staticlP addresser usea simplecachingmech-
anismto reusethe last address. Staticaddresses
would be unacceptabléo a large ISP with mary
moreinactie clientsthanactive ones,but reserv-
ing anaddresdor a periodof time aftera discon-
nectionwould be a simpleextension. In fact, the
DynamicHostCon gurationProtocol(DHCP)[4]
usedeasedo reusethe sameaddresgor thesame
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clientfor a x edperiodof time,andPPPcoulduse
asimilar extension.

The asymmetrianodel doesnot have an anal-
ogy for traditional ISPswith all communication
viathephondine, but theaddedene tsof instant
downstreancommunicatiorvia the cablearerel-
evantonly in alimited setof scenario@nddo not
dramaticallyaffect the bene ts of adaptve time-
outs.

5 Experiments

The x ed-threshold policies used disconnect
thresholdsof 2, 5, 10, and 15 minutes. When
reported individually, these are designatedby
xedN, for a value of In our graphs,the
x edpoliciesaregenerallyconnectedy adashed
line to highlight themby comparisorto the adap-
tive policies, and becauseone can usually inter-
polate betweentwo x ed thresholds. The adap-
tive policiesusedadditive or multiplicative mod-
i ers within rangesthat approximatedhe x ed-
thresholdpolicies. When clustered,these are
groupedby the type of modi ed and the range
within which they vary. ~When shavn sepa-
rately they aredesignatedby a string of the form
S + m M for additive modi ers, or
S * m M for multiplicative ones.S
is a startingthresholdin minutes;all experiments
reportecherestartedwith a 5-minutethreshold.

Thevaluesfor and appeain Tablel(a),and
therangesamongwhich they variedappeatn Ta-
ble 1(b). Note thatthe valuesfor in thetable
referto anamountby which to divide the current
threshold Notealsothattherangesve considered
variedmorethantherangeof x edthresholdsve
considered2—15 minutes),becausallowing in-
dividual modemsto vary within the wider range
canbe bene cial even though xing all modems
to time out after 30 minuteswould be counterpro-
ductive.

In additionto varyingthemodi ers andranges,
we variedthe de nition of a bumpandtheinclu-
sion or exclusion of “workaholics; asdescribed
next.

5.1 Workaholics

Someclients are essentiallyalwaysactive. This
may be becausehey are actively using the net-
work, getting usefulwork done. In other cases
the communicatioris “busy work” thatis specif-
ically intendedto keepthe connectioralive. Ei-
ther way, no methodthat is intendedto modify
thedisconnectiothresholds goingto affectthese
clients. Themore“workaholics"thereare,theless
overall bene t might accruefrom modifying the
behaior of the non-workaholics. (Barbaéa and
Imielihski[1] referto thelatteras“sleepers)

We identify workaholics by noting those
modemghataccumulated total connectiortime
of at least80% of the entiretrace,usingthe off-
line optimaldisconnectiorthreshold.Thesimula-
tor reportsstatisticsacrossall modemsand also
excludingthosemodemghatwe previously iden-
tied asworkaholics.The numberof workaholics
is partially dependenbn thede nition of abump;
in our trace,with a 5-minutebump threshold,15
hostsweresoidenti ed, andthenumberincreased
to 19 with a 10-minutethreshold.

How shouldworkaholicsbe treated?A worka-
holic thatwould be active evenif modemdiscon-
nectionswereunintrusive shouldbe consideredn
all results becauset will limit the overallbene t
availableif new policiesweredeployed.Onethat
is arti cially busybecausef theincornvenienceof
modemdisconnectionshouldbefactoredout.

We consultedwith severaluserswho werecat-
egorizedasworkaholics abouthalf thetotal num-
berweidenti ed. Thevastmajority of thosecon-
sultedindicatecthatthey ranprogramgo keepthe
connectionactive and avoid disconnection. Be-
causeof this speciallygeneratedctvity, we have
choserto excludeworkaholicsfrom consideration
in this paperunlessstatedotherwise.

One thing our simulations cannottell us is
whetherour adaptve timeoutsmight turn a “reg-
ular” userinto a “workaholic” by causinghim or
herto changéehaior—eitherintentionallyor in-
adwertently Only directempiricalobsenation of
userbehaior onour prototypewould provide that
knowledge;thisis futurework.
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Additive Multiplicative
5.00 12| 11
5.00 14| 11
3.00 14| 1.2

(a) Adjustmentvalues.Theleft two columnslist the
additive valuesstudiedin this paperwhile theright
two list themultiplicative values.Additivetimesare
in minutes.

Starting | Minimum | Maximum
value | value value
5 1 15
5 5 15
5 5 30

(b) Rangesof the adaptve disconnecthresholdstudiedin this paper,in

minutes.

Table 1: Parameterdor adaptve disconnectior{timesin seconds).The cross-producsf the setsof parameters

wasusedto drive the simulationsthatis, eachof the 3 combination®f (

) and3 combination®f ( , )

in Table(a) is usedwith eachof the 3 setsof valuesin Table(b), giving 18 setsof adaptve parameterso drive the

simulator

We considemworkaholicsfurtherin Section6.4.

6 Results

We presentesultshatcompareadaptive and x ed
thresholdsgivena x edde nition of whatconsti-
tutesabumpandaggreatingacrossall users.We
thencomparetheseresultsto a setof simulations
with a more conserative de nition of a bump.
Next we considetheeffect of increasinghemaxi-
mumnumberof predictionerrors.Wetheninclude
the effect of workaholics,and nally we look at
variationsof the adaptve thresholdsamongtwo
individualusers.

6.1 Adaptive versusFixed Thresholds

Fromthe standpoinbf userannoyancethe num-
berof timesthe usermustwait for a new connec-
tion is of greatimportance.However, the longer
sincethe userlast communicatedthe more will-
ing theuseris to wait to reinitiatecontact.Differ-
entuseranayhavevaryinglevelsof willingnessto
suffer aninitial delay As abaselinewe consider
acasewherea disconnects considerec bumpif
the modemis notidle for at least5 minutesafter

the disconnection.We vary this thresholdin the
next subsection.

The rst setof gures shavsthecumulative ef-
fect acrossthe entire userpopulationof approxi-
mately 100modemsput excludingthe actvity of
15 workaholics.Figure2 shaws the total number
of bumpsencounteredyn alog scale by compar
ison to the total connecttime. Connecttime is
itself relative to the off-line optimal case,asdis-
cussedbove, which appear®nthebottomaxisat
the relative valueof 1. The x ed 2-minutetime-
out usesslightly lessconnectime but encounters
anunacceptabléotal of over 20,000bumpsover a
one-weelperiod. Theother x edpointsencounter
far fewer bumps,but only the 15-minutethreshold
encountergewer bumpsthanthe variousadaptve
algorithms. Comparedo the 5-minutethreshold,
someof the adaptve algorithmsencounterclose
to half an orderof magnitudefewer bumpsat no
costin connecttime, while the rest reducethe
bumpsfurtherin exchangefor moreconnectime.
Comparedo the10-minutethresholdyirtually all
the adaptve pointsareboth belowv andto theleft,
i.e.,encountebothfewer bumpsandlessconnect
time.

The x ed 15-minutethresholdis an interest-
ing case. Comparedo the adaptve point that is
farthestto the bottom-rightof the graph,it uses
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Figure 2: Total bump count,5-minutebumpthreshold,excluding 15 workaholics.Note thatthe -axisis ona
log scalewith aminimumof 100. Theoptimalpolicy, not shown wouldencounte bumpsfor a relativeconnect

timeof 1.

9% moreconnectime andencounter7% fewer
bumps.Therelative weightsof theneedto reclaim
modemsand the desirenot to incorveniencethe
userwould determinewhetherthe simpler x ed
thresholdvould be moredesirable.

Focusingon the differencesbetweenadditive
and multiplicative thresholdswe seethat the ad-
ditive policieswithin arangeof valuesareconsis-
tently belov andto theright of the multiplicative
ones. (Referto the solid polygonsof a particular
shape,comparedo the openones.) This means
thatthe additive policiesareconnectedongerbut
encountefewer bumps.Thisis unsurprisingince
the multiplicative onesreactto bumpsmore ag-
gressiely; thesamephenomenowasnotedin the
domainof spinningdown a disk[2].

“Bump severity” weightsthe bumpsby the ex-
tentto which they missedthe threshold.Figure3
shavsthe severity-versus-connectioplot compa-
rableto Figure2. Most of the samecommentsap-
ply, buttheadaptve pointswith thelowestseverity

arecloserto the 15-minute x edthreshold.Here,
the x ed thresholdreducesthe severity by just
10%in exchangédor the same9% increasen con-
necttime.

Figure4 plots the averagenumberof modems
in useat each30-secondollectionpoint, relative
to the optimal, againstthe same‘relative connect
time” in the precedinggures. As onewould ex-
pect, the more total time usedby an algorithm,
the morelikely additionalmodemswill bein use
in parallel. The 15-minute x ed thresholduses
23% more modemson averagethanthe optimal,
whereasthe adaptve algorithm with the fewest
bumpsusegust 13% more,equialentto areduc-
tion of 8% from the 15-minutethreshold. The
2-minute thresholdusesmuch lessthan the off-
line optimal,but of courseit encountersoo mary
bumpsto be of practicalinterest.

Figure 5 is similar to Figure 4, but with the
maximum numberof simultaneousmodemsin-
steadof the average. With this trace and con-
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Figure 3: Bump severity, 5-minutebump threshold excluding 15 workaholics.Note thatthe -axisis onalog
scalewith aminimumof 100. Theoptimalpolicy, not shownwouldencounte® bumpsfor a relativeconnectime

of 1.
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Figure 4: Meanmodemusage5-minutebumpthresholdexcluding 15 workaholics.
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Figure 5: Maximummodemusage5-minutebumpthreshold excluding 15 workaholics.

gurations, virtually all the thresholdsxceptthe
x ed 2-minuteone hit the samemaximum. The
2-minutethresholdhada lower maximum,asone
would expect. The 15-minuteanda coupleof the
adaptve thresholdsincludingthe onethatis clos-
estto the 15-minutethresholdin bumps, had a
maximumthat was one modemgreaterthan the
otherthresholds.

6.2 Varying the Bump Threshold

Figure6—8presensimulationresultscorrespond-
ing to Figures2—4,but with a bumpif theidle pe-
riod is lessthan 10 minutes(ratherthan5).! Note
thatalthoughmostnumbersaredirectly compara-
ble becausehey are relative to the optimal pol-
icy for thatde nition of a bump, the total counts
of bumpsareabsolutecounts.Sincethey exclude
differentnumbersof workaholics they arenot di-
rectly comparable,and one shouldinsteadcon-

1The gure correspondingo Figure5 is omitted due to
spacdimitations,but is virtually the same.

siderthetrendswithin eachgraph.

Focusingjust on the numberof bumps (Fig-
ure 6, comparedvith Figure?2), the overall shape
of the x ed-threshold¢urvesandtherelative posi-
tions of the adaptve-thresholdointsare similar.
Therearesomenotabledistinctions though:

The 2-minute x edtimeoutimproveson the
total connecttime, relative to the 5-minute
bumpthreshold.This is becausehe optimal
in the caseof a 10-minutebump threshold
disconnectsigni cantly lessoften. Theto-
tal bump countdecreaseshut only because
of thefour additionalworkaholicshatareex-
cludedin the10-minutebumpcase Counting
all modemsthe numberof bumpsincreases
by 11%, which is to be expectedgiven the
more stringentthresholdfor a bump yet a
consistentlylow disconnecthreshold.

While in both gures the adaptve pointsare
consistentlybelon the line formed by the
x ed-thresholghoints,thebestadaptve point
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Figure 6: Total bump count,10-minutebumpthreshold excluding 19 workaholics.Note thatthe -axisis ona
log scalewith aminimumof 100. Theoptimalpolicy, not shown wouldencounte bumpsfor a relativeconnect

timeof 1.

in the 10-minutebump caseis closerto the
15-minute x ed thresholdcasethanfor the
5-minute bump. The adaptve policy with
the fewest bumpsincreaseghe total bump
countby lessthan 4% comparedo the 15-
minute x ed threshold,andreducesconnect
time by 6%. When bump severity is con-
sidered the adaptve policy actuallyreduces
overall severity by 4% comparedo the 15-
minutethreshold.

The severity for the x ed 5-minute (Figure 3)
and 10-minute (Figure 7) thresholdsis virtually
identical: it actuallyincreasedy about1% with
the higher threshold, while simultaneouslyin-
creasingoverall connectime by 14%. This s be-
causewaiting 10 minutesandthendisconnecting
is morelikely to hit networkactvity soonthere-
afterthanwaiting 5 minutes. For instancea user
who checkedmail every 12 minuteswould en-
countera bumpwith a x edthresholdof either5

or 10 minutesand a needto be idle for another
10 minutes,but the reconnectvould occurearlier
in the cycle for the 10-minutedisconnecthresh-
old thanfor the 5-minutethresholdresultingin a
higherweightedseverity.

6.3 Prediction Err ors

When our systempredicts a timeout basedon
repeatedintervals of similar actwity, it discon-
nectsthe modemaquickly by comparisonto the
normaldisconnectiorthreshold which variesus-
ing a “randomwalk” approach. As a result, if

the predictionis in error, the useris likely to be
much more incorveniencedthan with the adap-
tive threshold. Currently the systemcountsthe
numberof sucherrorsfor eachmodemandstops
making predictionsfor a modemthat hasalready
encounteredwo sucherrors. We investigatedhe
sensitvity to this thresholdby increasingt from

2 to 5. As onemight expect,the effect wasto in-
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Figure 7: Bumpseverity, 10-minutebump threshold gxcluding 19 workaholics.Notethatthe -axisis onalog
scalewith aminimumof 100. Theoptimalpolicy, not shownwouldencounte® bumpsfor a relativeconnectime

of 1.
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Figure 8: Meanmodemusage 10-minutebumpthreshold excluding 19 workaholics.
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creasaghebumpcountwhile decreasingotal con-
necttime. All suchchangesvere moderateand
notreadilydiscerniblein agraph.

6.4 Workaholics

The effect of including workaholicsin the simu-
lation resultsis to compresghe “relative connect
time” and“relative ... ports”numbersThisis be-
causein eachcase,all numbersget shiftedby a

constanamount(suchasabout7 daysof connect
time, multiplied by the numberof workaholics),
andthendivided againstthe highervaluefor the
off-line optimal. Figure 9 gives an example of

thetotal bump count,includingworkaholics,cor

respondindo Figure2. Notethatthetotalnumber
of bumpswill remainconstanin almostall cases,
sinceworkaholicswill notbedisconnectedxcept
with avery short x edthreshold.

6.5 ThresholdVariation

Figures10 and 11 plot the variationin threshold
for a subsetof the different algorithmsfor two
clients? Themodemin Figure10belongedo one
of the authorsand shaved a marked uctuation
over time. The modemin Figure11 was one of
theworkaholics,accumulating.8 days'worth of
connectime over the 7-daytraceinterval usinga
15-minutethreshold As a consequencéhe adap-
tive thresholdsvary initially and eventuallysettle
into a consistenstateasa function of therate at
which they adjustandthe rangewith which they
canvary. Theconsistenstateindicateghatnofur-
ther disconnectccur (otherwisethe thresholds
would continueto adjust).

As seenin Figure 10, someof the algorithms
tend to keepthe thresholdrelatively low, while
othersrangemorewidely or stayvary high. The
differencearedueto the rangeswithin whichthe
timeoutvalueis allowedto vary andthe rapidity

2Color versions of these two
with  corresponding graphs for all  algorithms
rather than the selected subset, are available at
http://lwww.research.att.com/"douglis/mode
timeouts/graphs/

graphs, along

m-

of changeon abumpor anacceptabl@isconnect.
For instance,the black line with squaremark-
ings,denoteds-60+300m5M30 , adds5 minutes
to the thresholdon a bump andonly decreaseg
by 1 minute otherwise. It endswith a 29-minute
threshold,having encountere®4 bumpsand 60
acceptablelisconnectsBy comparisontheadap-
tivealgorithmin this gure thatendswith thelow-
estthresholds 5/1.1*1.2m1M15 , endingwith
a thresholdof 2.4 minutesand 79 bumpsagainst
164 acceptablaisconnects.The fraction of dis-
connectghatwasdeemediunacceptablevasonly
mawginally worsein the latter case,33% rather
than 29%, but the total numberof bumpsin the
sameone-weekperiod increasedy morethana
factorof three.

Thevariationin thresholdshow in Figurel1 is
largely relevantin shaving how longit getsto the
steadystate.The multiplicative algorithmsgener
ally took 2—3daysto settleto a x edvalue,while
theadditive onesadjustednorequickly.

7 Summary and Future Work

Adaptive techniqueghat use pasthistory to pre-
dictagoodtimeoutinterval for modemdisconnec-
tion canreduceoverallresource&eonsumptiorwith
little or no additionalincorvenienceto the user
Thesetechniquesequireminimal stateon thepart
of thelSPandareeasyto implement.

Using a one-weekltracefrom our corporateen-
vironment,we foundthatadaptve policiescanre-
ducecumulatize connectiortimesandaveragesi-
multaneousisageby about10—-20%comparedo
a conserative X ed threshold,in exchangefor a
moderaténcreasén thenumberof disconnections
thatincorvenienceheuser

Theexactchoiceof whichmodi ers to use,and
limitationsto placeontherangeamongwhichthe
timeoutcanvary; is thusfar animpreciseart. Ad-
ditional experimentatiorwith “li ve users”will be
helpfulin furtherevaluatingthetechniqueandpro-
viding guidelinedor thesgparametersAlso, these
techniquesnustbe appliedto a wider usercom-
munity, suchas“home” usersratherthan“corpo-
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Figure 10: Variationin thresholdsfor a userwith irregular accessesFor clarity, only a subsetof the tested
algorithmsis included.
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rate” ones.
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