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1. Introduction

Therapidgrowth of paclet datanetworksis usuallyascribedo theirlower costscomparedo those
of circuit-switchedvoice networks. Theselower costsaresupposedlycomingfrom greaterefficiency
in utilization of transmissiorlines. However, this is a misconception.Packet networks are growving
becausef their flexibility, not becauseof low cost. Large file transferson most corporatepaclet
networks costmore than sendingthem over a modemon the public circuit-switchedvoice network
(PSTN).

Thehigh costsof corporatepaclet networksarecausedrimarily by low utilizationrates farlower
thanthoseof PSTN.Furthermorethis situationis likely to persist.Low utilization of datanetworksis
not a symptomof waste. It comesfrom differentpatternsof use,the lumpy capacityof transmission
facilities,andthe high grownth rateof theindustry

The circuit-switchedPSTNis engineeredo provide a low-costsolutionto all normaldemands.
Mary callsmaygetblocked afteran earthqua&, but peakhourdemands accommodatedvenon the
busiestdays.Despitethedesigrnthatcanaccommodatpeak-houtraffic, theaverageutilization of long
distancdinks in the PSTNis about33% over a full week. This efficiengy comesfrom carefultraffic
engineeringandsophisticatedouting, from the smoothemnd more predictablenatureof voicetraffic
in generalfrom the predictablegrowth in demandor voice servicesandfrom sharingof the network
amonguserswith differentcalling patterns.

Thelnternetis slow, asanyonewho surfstheWebcanattest.Thegeneraimpressioris thatinternet
backbonesireseriouslycongestedThereareindeedmary links andnodeson the public Internetthat
areheavily loaded,especiallythe public peeringpoints,the expensve trans-Atlanticandtrans-Rcific
onesaswell asmary linesfrom smallerinternetServiceProviders(ISPs)which aggr@atetraffic from
residentiaimodemusers.However, a studythat Kerry Coffmanandl conductedshaved thatinternet
backbonein theU.S.in 1997hada considerablyower utilization ratethanPSTN.

Privatelinesform thebulk of thelong distancedatanetworking “cloud” Thesdinesarealsocom-

monlyregardedasheavily loaded.However, thereis strongevidencethatthisis anothemisconception,



andthat corporatedatanetworks in the U.S. arelightly utilized, with muchlower averageutilization
thaneventhe Internetbackbones Most corporatenetworks shaw patternssuchasthoseof Figuresl
and?2, with mostof thetraffic concentrateduringthe businessday For IP networks, averageutiliza-
tion rates(over a full week)tendto bein the 3-5%range. This is notto saythattherearent heaily
usedprivate lines. Trans-oceanidines in particularare typically very hearily loaded,with average
utilizationsof 20-30%in somecasesHowever, in the continentalJ.S.,uncongestedetworks arethe
rule.

Until my study (seethe Referencesit the end)the low averageutilization of U.S. enterprisedata
networks hadnot beenpointedoutin ary systematiaeport. CarrierssuchasAT&T thatleaseprivate
linesto corporationglo notlook atthetraffic onthoselinesfor privagy reasonsThereis noorganization
thatregularly collectsutilization statistic§rom alarge sampleof enterprisesMany corporationglo not
measurdheir own usage.Thosethat do aremore concernedvith the busiesthour over a busy week,
or the busiestfive minutesover a periodof months.Marny monitoronly the bottlenecKinks. Further
mostorganizationsarereluctantto releasery dataabouttheir networks.

The generalperceptionis that privatelines areheaily loaded,andoneoften hearsestimateghat
utilization levels are routinely around70% during the peakhours. In reality, though,the 70% level
usuallyreflectsthe utilization thatis obsered over shortperiodsover a few links in a system.Even
network managersvho areasledto estimatehe averageutilization without collectingthe datatendto

overestimatesincethey remembebestthe"hot spots”thatarepresenin almostary network.
2. Reasonsfor low utilization rates

Datanetworkswill continueto belightly utilized for several reasons.Someof the inherentinef-
ficiengy of datanetworks comesfrom their voice heritage.Having a full channeffor eachpersonin a
voice call wasa reasonablehoicein early telephonenetworks. As aresult,datalinesarealsosym-
metric despitethe fact that traffic patternsareasymmetric.(This asymmetryis mostpronouncedor
Webseners,which transmitmuchdataandreceve very little. Suchsenersareincreasinglyprominent
in corporatenetworks. Otherapplicationssuchas SAP anddatabackupsarealsonotoriousfor their
asymmetry)

Datatraffic in corporatenetworks is concentratediuring regular businesshours(Figure2). The
busy hour usually carriesaboutone sixth of the day's volume. Sincethereis little weelend actvity,
the traffic carriedin a 168-hourweekis equivalentto that carriedover about30 hoursat peakhour

utilization. The 3-5% averageutilization rangethat| have obsered over a full weekcorrespondso



averagepeakhourutilization of 15-25%.

Datatraffic is growing muchfasterandlesspredictablythanvoicetraffic. InternallP traffic is often
growing about100%a year andgrowth within a corporations unevenasnew servicesaredeplged.
Installing new links is a slow processwith waits of up to a yearreportedfor privateline T3s. It is
prudentto over-provision sothatinternalcustomergansatisfymission-criticalrequirements.

The naturaltendeng to build in adequatesafetymaigins is aggraated by the lumpy natureof
network capacityandthe decreasingricesper unit of bandwidthas one purchasesigher capacity
links. A T3 line has28timesthe capacityof a T1 line, but typically costsonly 6 to 10 timesasmuch.
Henceit is oftenmoreeconomicato usea T3 insteadof seven T1s,eventhoughaverageutilization of
the T3 will beonly aquarterof thatonthese/enT1s.

Perhapghe mostimportantreasorfor the low utilization of datanetworks is thatthesenetworks
have to sere internalandexternalcustomersAlthoughdatatraffic is bursty (asis shavn in Figure1l),
it canoftenbemadetofill alargefractionof thecapacityof adatalink. Webbrowsingandfile transfers
thatrely ontheInternets mostwidely usedprotocol, TCR, canaccommodatéo ary bandwidththatis
available. The price of usingsuchmechanismso reachhigh utilization is delays. On trans-oceanic
links, wherecostsof transmissiorcapacityarehigh, network managergenerallymake the explicit or
implicit decisionto toleratethelow transmissiomuality andachieze high utilization. Domesticallyin
theU.S.,though,wherecostsaremuchlower, they reactto demanddgor betterquality. In thewordsof

onebranchoffice managenf alarge compa,

| seepeakbandwidthasthe basiccommodityl buy. ... Whenwe hada 256Kb dataline
it wastoo slow (it interferedwith productvity). With a T1 line, no onehascomplained.
| guessour T1 line is lessthan1% utilized. ... | would notgo for a T3 line (it would not

improve our productvity) but | would notcutbackontheT1 line.

Low utilization may be technologicallyinefficient, but it is often the mosteconomicallyefficient
solutionwhenthetotal systemcostis consideredUsersdo not careaboutnetworks perse. Whatthey
do careaboultis thattransactiongompletefast. If a newspaperdoubleshe capacityof the privateline
betweernits editorial officesandthe printing plant, the utilization ratedropsby half but the staf gains
extra time to work on the edition beforegoingto press.Whetherthatis worthwhile or not hasto be

decidedby themanager®f thebusinessandnot by arbitraryrulesaboutnetwork utilization.



3. Conclusions

Thequestions whetherdow averageutilization of corporatedatanetworks matters it is irrelevant
for designer®f privateline networkswhosetaskis to find themostefficientway of providing levelsof
serviceto customerat minimal cost. Utilization will staylow for thosewho mustaccommodateursty
datatransmissionsconcentrateheir traffic during regular businesshours, and be free to suddenly
generatencreasedraffic loadsasnew servicesaareadded.

Ontheotherhand,low averageutilizationis relevantfor otherpurposesAggregationof corporate
traffic throughuseof virtual privatenetworks (VPNs) over the Internetor throughpublic FrameRelay
or ATM networks candeliver substantiabasings, sinceutilization ratescanbe higher andthelinks of
muchhighercapacity(andthusmuchlessexpensve perunit of bandwidth).

Low utilization ratesalsocastseriousdoubton the advisabilityof mary quality of service(QoS)
measuresyhich arelargely motivatedby the assumptiorthatnetworks arecongestedWhenalink is
heaily loaded,t malkessensedo createaspeciallane” for high priority traffic, to avoid thedelaysand
paclet lossesof the bulk of the traffic. However, whena network is engineeredo handlehigh-speed
burststhatarisefrom mission-criticalapplicationsjt will exhibit low utilization, andall traffic will be

goingthroughexpeditiouslyalmostall thetime.

References: This noteis basedorimarily on my papey “Data networks arelightly utilized, andwill

staythatway,” whichis availableat
(http://lwwwresearch.att.comamo.

ThatURL alsocontaindinks to thejoint studywith Kerry Coffmanof thesizeandgrowth rateof the
Internet,andto seseralotherpaperghatconsidetthe economicof datanetworksandtheimplications

of obseredbehaior, suchasthelow utilizationrates,n greaterdetail.
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Figurel: Traffic onacorporatdink to theInternet.5-minuteaverages.
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Figure2: Averageutilizationof T1 links in alarge corporateprivateline network. Hourly averages.



