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Abstract

In thispaperwepresenta strategyfor optimizingend-to-
endTCP/IPthroughputover long-haulnetworks(i.e. those
where theproductof thebandwidthandthedelayis high.)
Our approach de�nesa LogisticalSessionLayer(LSL)that
usesintermediateprocess-level “depots” along the net-
work routefromsourceto sinkto implementan end-to-end
communcationsession.Despitethe additional processing
overheadresultingfromTCP/IPprotocolstack Unix kernel
boundarytraversalsat each depot,our experimentsshow
thatdramaticend-to-endbandwidthimprovementsarepos-
sible. We also describethe prototypeimplementationof
LSLthat doesnot require Unix kernelmodi�cation or root
accessprivilege that we usedto generate the results,and
discussits utility in the context of extant TCP/IP tuning
methodologies.

1 Intr oduction

The needfor �e xible and high-performanceaccessto
distributed resourceshas driven the developmentof net-
working sinceits inception.With thematuringof “The In-
ternet” this communitycontinuesto increaseits demands
for network performanceto supporta raft of emerging ap-
plicationsincluding distributedcollaboratoria,full-motion
video,andComputationalGrid programs.

Traditionalmodelsof high-performancecomputingare
evolving hand-in-handwith advanced networking [13].
While distributed computationcontrol and network re-
sourcecontrol [14] techniquesare currently being devel-
oped,we have beenstudyingthe useof time-limited, dy-
namicallyallocatednetwork buffers [28] asa way of pro-
visioning the communicationmedium. We term this form
of networking Logistical Networking[7] to emphasizethe
higher-level controlof buffer resourcesit entails.

In this paper, we presenta novel approachto optimizing

end-to-endTCP/IPperformanceusingLogisticalNetwork-
ing. Ourmethodologyinsertsapplication-levelTCP/IP“de-
pots”alongtheroutefrom sourceto destinationand,despite
having to doubly traversea full TCP/IP protocol stackat
eachdepot,improvesbandwidthperformance.In addition,
we have implementedthe the communicationabstractions
that are necessaryto manageeachcommunicationwith-
out kernelmodi�cationsasa setof session-layersemantics
over over thestandardbyte-streamsemanticssupportedby
TCP/IPsockets. As a result,we term the abstractionswe
have implementedtheLogisticalSessionLayer(LSL).

LSL improves end-to-end network performanceby
breakinglong-haulTCP/IP connectionsinto shorterTCP
segmentsbetweendepotsstationedalongthe route. Stag-
ing dataat the sessionlayer in a sequenceof depotsin-
creasestheoverheadassociatedwith end-to-endcommuni-
cation. In the LSL case,dataemanatingfrom the source
must be processedtwice (ingressand egress)at eachde-
pot therebyincreasingtheoverallprotocolprocessingover-
head.In this paper, we show that this performancepenalty
is dramaticallyovershadowedby theperformanceimprove-
ment that comesfrom moving TCP end-pointscloserto-
gether. It is counter-intuitivethataddingtheprocessorover-
headincurredby traversingthe protocol stackon an ad-
ditional machinecould actually improve performance.In-
deed,for sometimethenetworkingcommunityhasfocused
on TCP/IP overhead[9, 21] and examinedways to miti-
gateit [22,32,37]. To introduceadditionalprotocolpro-
cessingrunsagainstthecurrentoptimizationtrendsin high-
performancewide-areanetworking andcomputing. How-
ever, despitetheadditionalprocessingoverheadthatcomes
frommoving thedatain andoutof thekernelat each depot
(including checksummingcosts),moving TCP end-points
closertogethercanimproveend-to-endperformance.

We presentthis work in the context of recentnetwork-
ing trendsthat focuson statemanagementin the network
fabric itself. While theInternetProtocolsuite(astypically
implemented)mandatesthe communicationstatebe man-
agedat theend-points[34], new “stateful” facilities[8,26]



which relax this restriction have beenproposed. In this
vein, we believe that there are several reasonsthat in-
termediateTCP processinghelps, rather than hurts, end-
to-end bandwidth performance. First, since the round-
trip time (RTT) betweenany two depotsis shorterthan
the end-to-endround-trip-time, LSL allows the inherent
TCPcongestion-controlmechanismto sensethemaximally
available throughputmore quickly. That is, even though
the sum of the RTTs betweendepotsmay be longer than
the end-to-endRTT, becausethe maximumRTT between
any two depotsis shorter, the congestion-controlmecha-
nismsadaptmorerapidly. Secondly, a retransmissionthat
resultsfrom a lost packet neednot originateat the source,
but rather, can be generatedfrom the last depot to for-
ward the data. Finally, recentadvancesin the processing
speed,memorybandwidth,and I/O performanceof com-
monlyavailableprocessorshasloweredprotocolprocessing
anddatamovementcostsrelative to availablenetwork per-
formance.Wedescribe,morecompletely, thecon�uenceof
theseeffectsin Section3.

In Section2, we describethearchitectureof a prototype
application-layerLSL implementationthat we have devel-
oped. The advantageof providing a session-layerinter-
faceis that applicationsdo not needto employ their own
customizedbuffer managementstrategies in order to use
LogisticalNetworking to enhanceend-to-endnetwork per-
formance. As such, our work not only provides a gen-
eral methodologyfor improving deliverablenetwork per-
formance,but it alsoconstitutesanimportantearlyexample
of a Grid-enablingnetwork abstraction.At thesametime,
sinceour implementationdoesnot requirekernelmodi�ca-
tion, it is portableandeasyto deploy.

Finally, in Section4 wedetailtheeffectof usinginterme-
diateTCPdepotsandLSL on end-to-endbandwidth,inde-
pendentof end-pointbuffer settings,bothwith andwithout
theRFC1323[20] window-scaling.Our resultsshow that,
usingLSL, anapplicationcangainasubstantialend-to-end
increasein bandwidthoverstandardTCP/IPsockets,evenif
thesocketconnectionshavebeen“tuned” for performance.

2 Ar chitecture

TheLogisticalSessionLayer(LSL) is a “session”layer
(layer 5) in terms of the OSI protocol model. The ses-
sion layer lies above the Transportlayer (TCP, in the In-
ternetProtocol suite). Recall that a transportlayer con-
versationconsistsof multiple hopsof network layer con-
versations. In an analogousfashion,a sessionlayer con-
versationcan consistof multiple hops of transportlayer
conversations.[18]. A connectionthat is initiated through
theLSL will passthrougha numberof LSL-awarerouters,
or “depots.” Thesedevices can actuallybe thoughtof as
“transport layer switches” in that they multiplex session-

Figure 1. End­to­End TCP Comm unication

layer conversationsonto setsof transportlayer conversa-
tions. While we believe that a kernel-level implementa-
tion or dedicatedsystemversionsof theseswitcheswill,
ultimately, improve performanceover the resultswe re-
port in the next section,we have chosena non-privileged,
application-level implementationinitially. By doingso,we
areableto gain two importantbene�ts. First, becausethe
LSL depotsusestandard,user-level sockets,our initial im-
plementationof LSL doesnot (and, indeed,cannot)vio-
latethecurrentTCPcongestion-controlmechanisms.From
the perspective of the network, an LSL sessionappearsto
be a seriesof user-level applicationscommunicatingin a
chain. All resourcecontrol mechanismsgoverning “nor-
mal” user-applications(suchas �o w-control, congestion-
control,memory-size,etc.) remainfunctionalandneednot
bedisabled.

Secondly, becauseLSL depotscan run underany user
login id (i.e. do not requireroot access),securityandsta-
bility concernsaregreatlyreduced.It is not possiblefor an
LSL depotto beusedasa vehiclefor obtainingroot access
becauseit doesnot run asroot andit doesnot executeany
functionsnotcompiledinto its binaryimage.

Additionally, our �rst implementationof theLSL client
API closely mimics the familiar Unix sockets interface.
This designchoiceallows easyincorporationinto legacy
applications.Usersof thesocket interfacearefamiliarwith
the “Internet” addressfamily, denotedwith AF INET . We
designatea new family, which we labelAF LSL. So,for a
givenprogramto useLSL, a simpletext substitutionin the
sourcecodewould enableuseof the system.The connec-
tion would “f all back” to usinga directTCP connectionif
necessaryto makethechangelessintrusive.

Figure1 illustratesa TCP streamtraversinga seriesof
routers.Figure2 showscommunicationpassingthroughan



Figure 2. Network comm unication with LSL

LSL depotalongthepathfrom sourceto sink. Of course,a
sessionmaypassthroughzeroor moreLSL depots.

An applicationshouldbeableto direct theLSL session
to usea givendepotif necessaryto allow application-level
tuning. In addition,we planan end-to-endroutingservice
basedontheNetwork WeatherService[42] thatdetermines
a “good” routefor eachclient. In eithercase,utilizing the
Socketsinterfacefor this simplyentailsspecifyinga source
routedpath. Whenan LSL connectionis initiated, a pre-
dictedpathmaybespeci�ed or local forwardingdecisions
maybereliedupon.To specifya pathexplicitly, thesender
will usethestrict sourcerouteoptionswith theLSL socket.
In facta combinationof local andglobalforwardingstrate-
giesmaybeemployedby specifyinga loosesourceroutein
thesamefashion.

To test out the effectivenessof LSL and begin to un-
derstandits potentialperformancebene�ts,we have imple-
mentedanddeployeda rudimentaryprototypehaving three
components:

• asimple�le serverprogramcalledlsrv,

• a per-depotsession-level daemonthat establishesand
releasesTCPstreamstraversingeachdepotcalledlsd,
and

• a client (responsiblefor choosingend-to-endroutes)
calledlget.

Our intentionis to usethis framework to studyboth the
performancecharacteristicsof LSL andhow LSL may be
implementedfor computationalGrid settings.By thusmod-
ularizingtheLSL system,wewill beableto takeadvantage
of thefunctionalityprovidedbysystemssuchaGlobus[12],
Legion [15], andtheNetwork WeatherService[42].

2.1 The End-to-End Argument and the Session
Layer

The architectureof the current InternetProtocol suite
hasbeenguidedby what is known asthe “end-to-end”ar-
gument[34]. This model (ascommonlyunderstood)dic-
tatesthat statebe kept at the endnodesandthat the core
of the network be statelessprimarily for reasonsof relia-
bility. Recenttrendsin network serviceprovision [8, 26],
however, relax the requirementof statelessnessin favor of
betterperformanceandservicequality control. Indeed,the
generalquestionof end-to-endversusstatefulnetworking
is alsobeingconsideredexplicitly by many, including the
original authorsof the end-to-endargument[8, 31]. LSL
is anotherexampleof how carefulstatemanagementwithin
thenetwork fabricitself canimprovedeliverednetwork per-
formancewhile, at the sametime, preservingthe stability
andreliability characteristicsthattheInternetProtocolsuite
provides. In addition, the architecturewe have de�ned is
compatiblethe current implementationsof TCP/IP while
offering a similar programminginterfaceto that provided
by theUnix socketabstraction.

In short,thegeneralapplicationof theprincipleis some-
whatdifferentthanthenetworking communityat largehas
cometo understand.However, sincewe usethesemantics
of a sessionlayer to implementour system,even themost
dogmaticnetwork engineerwill beleft withoutargument.

3 Observations

The key idea behindLSL is that, by allowing an ap-
plication to temporarily and anonymously utilize buffers
“in” thenetwork,end-to-endperformancewill beenhanced.
It is intuitive that there is a fundamentalcost associated
with buffering unacknowledgedsegmentsfor retransmis-
sion. Moreover, it is clear that the problemis only exac-
erbatedasnetwork speedsincrease.

By its very de�nition LSL causesthe end-to-endcon-
nectionto have a largeraggregatewindow. We de�ne this
to be the sumof the minimum of the congestionwindow
(cwnd) andtheadvertisedwindow (rwnd) over eachof the
TCPconnections.In exposingthepipelinewehave,in fact,
increasedthe“capacity”of thenetwork.

In addition, LSL optimizesthe end-to-endbandwidth
performancein two ways: by improving the responseof
thecongestion-controlmechanismsthatarecurrentlyin use,
andby exploiting locality for packet retransmission.

3.1 Congestion Control and Cascaded TCP

By cascadingTCPstreams,LSL affectsTCPcongestion
control in two ways. First, it shortensthe RTT that any
constituentTCP streamusesto “clock” the rate at which



congestion-window modi�cations are made. Secondly, it
isolatesRTT varianceso that retransmissiontimes across
low variancelinks arebasedon moreaccurateestimatesof
variance.

By stagingdataabovethetransportlayeratdepotsalong
the pathfrom sourceto sink, LSL reducesthe bandwidth-
delayproductassociatedwith any singleTCP connection.
As such,it allows the adaptive congestion-controlmecha-
nisms[2]) to achievemaximalthroughputandrecoverfrom
lossmorequickly. The�o w-controlandcongestion-control
mechanismsusedby TCPrequirethatanacknowledgement
(ACK) besentfrom thereceiver. This streamof ACKsacts
asa clock for strobingpacketsinto thenetwork [19]. The
speedwith which slow-startallows the TCP connectionto
approachtheadvertised�o w-controlwindow is determined
with the RTT (measuredas the sumof the transit time of
a packet andits ACK.) The effectsof RTT have beenob-
served[23,25] but intuitively, sinceincreasein congestion
window requiresa full RTT, thelongertheRTT, thelonger
it takesTCPto reachfull link capacity. By usingmultiple
LSL depotswith streambetweeneach,TCPcandiscernthe
congestion-and�o w-control-levelsfor eachcommunication
andachievemaximallink capacitymorequickly.

The secondeffect on TCP comesfrom a reducedvari-
ancein RTT. By shorteningthelengthof thelinks thatTCP
traverses,LSL potentiallyisolatesvariancein packetdelay.
TheTCPprotocolusesanestimateof thevariancein RTT
to determinewhenaretransmissionis necessaryin response
to a lost packet. if theTCPstreamtraversesa largenumber
of hops,highvariancein queuedelayatany pointalongthe
routeaffectstheretransmissiontimeoutfor theentireroute.
By breakingtheend-to-endrouteup into segmentsbetween
depots,LSL allowsTCPto betterestimateRTT varianceon
a link-by-link basis. The result is that retransmissionsare
moreaccuratelytriggered,andperformanceis improved.

3.2 Locality and Packet Retransmission

By buffering dataat intermediatepointsalongtheroute
from sourceto sink, LSL reducesthe overheadassociated
with retransmission.With thecurrentTCPbufferingmodel,
a lost packet at any point betweensourceandsink requires
aretransmissionfrom thecommunicationsourcepoint. The
retransmittedpacket,then,musttraversetheentirenetwork
using valuablebandwidthalong the entire route. For ex-
ample,consideranend-to-endcommunicationbetweentwo
hostsseparatedby 10 routersor gatewaysin which packets
arebeingdroppedat the last gateway beforethesink. Ev-
ery time the 10th router dropsa packet, the resultingre-
transmissionmust traversethe other 9 routers,taking up
scarcebuffer andbandwidthresources.By bufferingdataat
thesessionlayer, LSL ensuresthatany retransmitstraverse
only thelinks betweendepots.Theresultis asavingsin the

bandwidththatwouldotherwisebewastedfrom end-to-end
moving retransmitteddata.

4 Results

TheplacethatweexpecttheLSL optimizationeffectsto
bemostapparentis in long-runningtransfersovernetworks
wherethebandwidth-delayproductis high. In this section,
we examineseveral exampletransferpathsthat terminate
at theUniversityof Tennessee,Knoxville (UTK). Sincewe
hadcompletecontrolovertheUTK machines,wewereable
to investigatethe effectsof differentkernel-level TCP set-
tings.

In the�rst testwestudytransfersfrom ArgonneNational
Laboratory(ANL) to the University of Tennessee(UTK).
To do so, we deploy an LSL daemonat Oak Ridge Na-
tionalLaboratory(ORNL) to serveasadepotbetweenUTK
andANL. UTK is directly connectedto ORNL via anOC-
3 (155 Mb/sec) link, and ORNL and ANL are both con-
nectedto the Energy SciencesNetwork (ESnet)at OC-12
(622Mb/sec)[11]. AppendixA.1 is theoutputof thetracer-
outecommandfrom UTK to bothothersites,AppendixA.2
andA.3 arefrom ANL andORNL, respectively.

The ANL, ORNL, andUTK machineswerecon�gured
to usetheRFC1323[20] window-scalingoptimizationsand
large kernelbuffers. For this experiment,we set the ker-
nel buffers(throughtheUnix setsockopt() command)to be
eight megabytesat both ends,andveri�ed that the correct
window size was bring quotedusing getsockopt and tcp-
dumpat theUTK end.

The resultsin Figure 3 representroughly 280 experi-
mentsin total. Along thex-axiswe show a seriesof differ-
enttransfersizes.They-axisof the�gure indicatestheob-
served,end-to-endthroughoutin megabitspersecond.Each
datapoint representstheaveragethroughputobservedover
20 differenttransfersat transfersizecorrespondingto its x

coordinate.1 In addition,thex-axisis shown ona log scale.
Figure3 shows that theLSL doesindeedoptimizeend-

to-endtransfersof 256KBytesandlarger. For transfersof
32Mbytes,useof theLSL depotat ORNL increasestheav-
erageperformanceby well overa factorof 2.5.

While investigatingtheseresults,we observed that the
routebetweenUTK andANL is asymmetricasthe tracer-
oute from ANL to UTK (in Appendix A.2 indicates. As
this is thecase,part of this improvementcanbe attributed
to thefactthatby explicitly routingthroughORNL, we are
enforcingsymmetricpaths.This “user-controlled” routing
is somewhatanalogousto theIP “sourceroute” optionand
we discusssimilaritiesto this andotherapproachesin Sec-
tion 5.

1AppendixB showssomesummarystatisticsandaveragetransferrates
for eachtransfersize we considerin this paper. For visual clarity, the
®gureswepresentdepicttheaveragesonly.



0

2

4

6

8

10

12

14

16K 64K 256K 1M 4M4M 16M 32M

M
b

it
s
/s

e
c

Transfer Size

ANL to UTK
ANL to UTK with LSL
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Sincethis might be viewed as a pathologicalcase(al-
thoughrecentwork [27] indicatesotherwise)we soughta
casein which the LSL route correspondedwith the non-
LSL routein bothdirections.We chosea pathbetweenthe
Universityof Tennessee(UTK) andthe Universityof Cal-
ifornia at SanDiego (UCSD) using a machinelocatedat
TexasA&M University, SouthCampuswhich is very near
theAbilene[1] “Pointof Presence”(POP)in Houston.Traf-
�c from UTK to UCSD andvice versatraversesthis POP.
AppendixA.4 showsthetraceroutefromUTK toUCSDand
TAMUS. Appendix A.5 and A.6 show traceroutesfrom
UCSDandTAMUS, respectively.

Figure4 illustratesthecomparisonof LSL-enabledand
non-LSL-enabledend-to-endbandwidthperformancefrom
UCSD to UTK, againusing 8 MB buffers and windows.
Here,LSL offersasmuchasa %50 improvementover di-
rect TCP despiteaddingto the grosslatency andprotocol
processingoverheadalongthepathfrom sourceto sink.

For high-capacitylong-haul networks (like Abilene),
large window sizesarenecessaryso that the sendingside
doesnot block dueto �o w-controlbeforeanacknowledge-
menthastimeto returnfromthereceiver. Thatis, thebuffer-

ing mustallow the amountof datain �ight to exceedthe
bandwidth-delayproduct.By choosing8 MB windowsand
buffers,we ensurethat theLSL effectswe observe not not
simply due“bad” buffering choicesat the endpoints. We
believethatanoptimizedTCPstreamusinglargebuffersat
eitherendwould seesimilarperformanceimprovements.

Althoughwe recognizethatbuffersof this sizemaynot
be optimally tuned, this doesnot effect our results. The
dangerin over-sizingbuffersis in wastingresourceson the
host,not in causingpoorTCPperformance[37]. Wejudged
thisto beacceptablefor thisexperiment,but wedoawait the
productsproducedby groupslike theWeb100[41] andthe
Internet2End-to-EndPerformanceinitiative [17].

However, not all hostssupport(throughdesignor con-
�guration) large window sizes. For this case,we wanted
to investigatehow usinganLSL depotwith largewindows
mightenhancetheperformanceof “untuned”TCPstreams.
Figure5 showstheaveragetransferrateswhenthebuffersat
thesendingandreceiving endsarerestrictedto 64K bytes.

As expected,the absoluteperformanceis lower. How-
ever, the LSL-enabledstreamwasstill ableto outperform
thenon-enabledstreamby %43for thelargesttransfersize.
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As a non-intrusive optimization,however, we believe that
sucha performanceimprovementwill be useful in many
applicationsettings.

Finally, Figure6 showstheeffectof usingLSL onaTCP
streamthatdoesno setsockopt() buffer conditioningwhat-
soever.

Again,theperformanceis notasdramaticasin thetuned
cases,but theLSL effect is still present.

5 RelatedWork

Therearemany areasin which facetsof our resultsand
similar mindsetscanbeseenin thecommunity. Two broad
categoriesareTCPeffects(retransmissioncostandlocality)
andcontrolover thetopology.

Techniquesdevelopedfor wirelessnetworks [5, 6] seek
to mitigatethecostof retransmissionin lossyenvironments.
However, they violate layeringto do so. Systemsto proxy
TCPhavebeendevelopedwith thesamegoalsin mind. One
exampleis TPOT [33], whichaltersTCPto allow thismode
of operation(andthereforehasdubiouspossibility for ac-
tual deploymentin theglobalInternet.)A similar approach

targeting cachingof web objectsalso proposesmodi�ca-
tionsto TCP[24].

Therearemany approachesto reducingthe cost of re-
transmissionwith thenetwork'sassistance.Oneof theareas
thathaspushedthis notionforwardis thewirelesscommu-
nity. Sincewirelesslinks at theedgesof thenetwork tend
to bemuchlessreliablethanotherpartsof thenetwork, the
almostinevitable packet losshampersthe performanceof
TCP. The “snoop” techniquewatchesTCP traf�c andcan
performretransmitsfrom andintermediatepoint in thenet-
work. [6]. This protocolcomesfrom a very similar mind-
set,but couldbeconsideredinappropriatein thatit violates
layering. Further, �o w-level snoopingis expensive, so the
scalabilityof this approachfor high-bandwidthnetworksis
questionable.Also targetingwirelessis Indirect TCP [5],
which is similar to our approach.Anothersimilarapproach
is thatproposedfor usein multicastvideotransmission[38]
in thatit allowsadatastreamto takeadvantageof retransmit
locality and�ner -grainedadaptability.

The PSockets[39] work addressesthe dif�culty of get-
ting high-bandwidthfrom long, fat networks. This work is
similar to LSL in that they preserve thesyntaxof thewell-
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known socket interfacewhile taking liberties underneath.
They differ in mechanismand spirit, however. This ap-
proachto higherbandwidthusesmultiple TCPstreamsand
keepsaggregatethroughputhigh by amortizingloss over
severalstreams.Theparallelsocketsapproachis to ignore
TCP'sinef�cienciesin thewideareaandaimfor betteraver-
agethroughput.However, thestreamsaretheninducingthe
congestionthattheotherstreamsaresensing.So,Psockets
providesbetteraverageperformancebut worselink utiliza-
tion. LSL allowsthenetwork to be“articulated”andallows
TCPto respondto congestionwhereit existswithout intro-
ducingadditionalload.

Theneedto control thetopologyby tunnelingfrom one
hostto anotherhasbeenidenti�ed by abodyof engineering
andby the sheernumberof Virtual PrivateNetworks that
arein use.Evenoutsidethedesireto provide anencrypted
tunnel,virtual topologysystemsareabundant[35,40]. The
performancebene�tsof user-optimizationof pathshasbeen
discussed[3, 30,36]. While LSL hasthe functionality of
thesesystems,our approachis differentin thatwe consider
thisto bepartof a“session”layerof services.Ourempirical
evidencedoesestablishtheviability of this line of research.

Finally, within the networking community, the notion
haslong existed that the end userwill occasionallyneed
to have explicit control over the route that traf�c fol-
lows. Looseandstrict sourceroutingwerede�ned in RFC
791 [29], which de�nes the InternetProtocol. Storeand
forwardconnectivity hasbeenusedfor quitesometime in
thenetworkingcommunityandtherearemany situationsin
whichdatatransferneednotbesynchronousor connection-
oriented. SMTP [10], USENET [16] and its successor
NNTP [4], all usehop-oriented,connectionlessparadigms
to senddata.

6 Conclusion

With the maturing of network infrastructure,both in
termsof ubiquity andquality, comesthe possibility of in-
creasingthe stateheld in the network, and the time dura-
tion overwhich it is maintained.LogisticalNetworking [7]
attemptsto de�ne the parametersunderwhich the added
costassociatedwith maintainingstateis overshadowedby
an increasein deliverednetwork performance.The Logis-
tical SessionLayer (LSL) is an implementationof Logis-
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tical Networking conceptsto improve end-to-endcommu-
nication performancebetweenapplicationsthat currently
usethe TCP socket interface. Our early resultsshow that
LSL can result in dramatic throughputperformanceim-
provementsdespitegreaterprotocol processingoverhead.
In addition,our initial prototypeis servingasan architec-
tural framework within which he hopeto generalizethese
results.

Important researchquestionsexist suchas the perma-
nenceof thebuffering,thenatureof the�o w controlmech-
anismsandalternatearchitecturesfor a mechanismsuchas
this. We believe thatwe have demonstratedtheef�cacy of
thissystemandthatit is novel, viableapproach.
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A Path information

A.1 Output of traceroute from UTK to ANL
and UTK to ORNL

tracerouteto pitcairn.mcs.anl.gov

1 r6hm01v150.ns.utk.edu– 0.181ms
2 128.169.192.241– 0.711ms
3 r7dh03g11-0-0.ns.utk.edu– 2.021ms
4 utk-gatech.ns.utk.edu– 65.490ms
5 esnet-sox-rtr.sox.net– 48.575ms
6 orn-gsu.es.net– 48.312ms
7 nyc-s-orn.es.net– 81.595ms
8 chi-s-nyc.es.net– 101.062ms
9 anl-chi-ds3.es.net– 102.939ms
10anl-esanl2.es.net– 105.344ms
11stardust-msfc-20.mcs.anl.gov – 106.758ms
12pitcairn.mcs.anl.gov – 105.946ms

tracerouteto falcon0j.ccs.ornl.gov



1 r6hm01v150.ns.utk.edu– 0.171ms
2 128.169.192.241– 0.664ms
3 r7dh03g11-0-0.ns.utk.edu– 1.657ms
4 mmesgwya32.ctd.ornl.gov – 3.689ms
5 192.31.96.225– 2.061ms
6 ornlgwy-ext.ens.ornl.gov – 2.736ms
7 ccsrtr.ccs.ornl.gov – 2.094ms
8 falcon0j.ccs.ornl.gov – 2.289ms

A.2 Output of traceroute from ANL to UTK
and ORNL

tracerouteto modulus.cs.utk.edu

1 stardust-msfc-11.mcs.anl.gov – 4.73ms
2 kiwi.anchor.anl.gov – 0.639ms
3 abilene-anl.anchor.anl.gov – 5.29ms
4 atla-ipls.abilene.ucaid.edu– 15.2ms
5 sox-rtr.abilene.sox.net– 40.2ms
6 r7dh03a1-0-2.ns.utk.edu– 107ms
7 * * *
8 128.169.192.242– 106ms
9 modulus.cs.utk.edu– 106ms

tracerouteto falcon0j.ccs.ornl.gov

1 stardust-msfc-11.mcs.anl.gov – 0.515ms
2 kiwi.anchor.anl.gov – 0.279ms
3 esanl2-anl.es.net– 0.504ms
4 chi-anl-ds3.es.net– 2.35ms
5 nyc-s-chi.es.net– 22.7ms
6 orn-s-nyc.es.net– 54.9ms
7 ornl-orn.es.net– 75.0ms
8 192.31.96.225– 75.7ms
9 ornlgwy-ext.ens.ornl.gov – 74.9ms
10ccsrtr.ccs.ornl.gov – 75.3ms
11 falcon0j.ccs.ornl.gov – 74.7ms

A.3 Output of traceroute from ORNL to UTK
and ANL

tracerouteto modulus.cs.utk.edu

1 ccsrtr-003.ccs.ornl.gov – 0.418ms
2 160.91.0.65– 0.357ms
3 orgwy2.ens.ornl.gov – 0.327ms
4 mmesgwy-ext-fe.cind.ornl.gov – 1.95ms
5 utk-rtr.ctd.ornl.gov – 3.8ms
6 * * *
7 128.169.192.242– 2.19ms
8 modulus.cs.utk.edu– 2.47ms

tracerouteto pitcairn.mcs.anl.gov

1 ccsrtr-003.ccs.ornl.gov – 0.342ms
2 160.91.0.65– 0.796ms
3 orgwy2.ens.ornl.gov – 0.410ms
4 ornl-rt3-ge.cind.ornl.gov – 0.503ms
5 orn-ornl.es.net– 19.6ms
6 nyc-s-orn.es.net– 52.8ms
7 chi-s-nyc.es.net– 72.4ms
8 anl-chi-ds3.es.net– 73.9ms
9 anl-esanl2.es.net– 74.1ms
10stardust-msfc-20.mcs.anl.gov – 76.4ms
11pitcairn.mcs.anl.gov – 75.8ms

A.4 Output of traceroute from UTK to UCSD
and TAMUS

tracerouteto freak.ucsd.edu

1 r5hm01v277.ns.utk.edu– 3.477ms
2 r7dh03g11-0-0.ns.utk.edu– 2.253ms
3 utk-gatech.ns.utk.edu– 66.578ms
4 199.77.193.10– 67.116ms
5 hstn-atla.abilene.ucaid.edu– 85.412ms
6 losa-hstn.abilene.ucaid.edu– 117.387ms
7 usc–abilene.atm.calren2.net– 117.693ms
8 UCSD–usc.pos.calren2.net– 120.841ms
9 sdsc2–ucsd.atm.calren2.net– 121.619ms
10cse-rs.ucsd.edu– 122.653ms
11 freak.ucsd.edu– 122.110ms

tracerouteto i2-dsi.ibt.tamus.edu

1 r6hm01v150.ns.utk.edu– 0.172ms
2 128.169.192.241– 0.939ms
3 192.168.101.3– 1.197ms
4 utk-gatech.ns.utk.edu– 65.296ms
5 atla.abilene.sox.net– 65.430ms
6 hstn-atla.abilene.ucaid.edu– 84.695ms
7 link2abilene.gigapop.gen.tx.us– 87.325ms
8 link2ibt.gigapop.gen.tx.us– 86.420ms
9 ibtx2-atm10-401.ibt.tamus.edu– 87.494ms
10 i2-dsi.ibt.tamus.edu– 87.811ms

A.5 Output of traceroute from UCSD to UTK
and TAMUS

tracerouteto modulus.cs.utk.edu

1 cse-danger-gateway.ucsd.edu– 0.622ms
2 bigmama.ucsd.edu– 1.224ms
3 ucsd–sdsc2.atm.calren2.net– 1.542ms
4 usc–ucsd.pos.calren2.net– 5.961ms



5 abilene–usc.atm.calren2.net– 4.955ms
6 hstn-losa.abilene.ucaid.edu– 37.429ms
7 atla-hstn.abilene.ucaid.edu– 56.922ms
8 199.77.193.9– 57.155ms
9 r7dh03a1-0-2.ns.utk.edu– 124.299ms
10192.168.101.40– 124.302ms
11modulus.cs.utk.edu– 122.852ms

tracerouteto i2-dsi.ibt.tamus.edu

1 cse-danger-gateway.ucsd.edu– 0.657ms
2 nodeb-rs-backbone.ucsd.edu– 2.827ms
3 nodeB-6500-5500-ge.ucsd.edu– 0.706ms
4 ucsd-gw-nodeb.ucsd.edu– 0.714ms
5 198.32.248.185– 0.673ms
6 usc–ucsd.pos.calren2.net– 5.037ms
7 abilene–usc.atm.calren2.net– 5.360ms
8 hstn-losa.abilene.ucaid.edu– 36.987ms
9 link2abilene.gigapop.gen.tx.us– 37.596ms
10 link2ibt.gigapop.gen.tx.us– 38.093ms
11 ibtx2-atm10-401.ibt.tamus.edu– 39.347ms
12 i2-dsi.ibt.tamus.edu– 39.469ms

A.6 Traceroutes from TAMUS to UTK and UCSD

tracerouteto modulus.cs.utk.edu

1 ibtx2-atm10-1– 0.757ms
2 ibtx1-atm10-401– 1.239ms
3 198.32.236.33– 1.795ms
4 abilene.gigapop.gen.tx.us– 2.129ms
5 atla-hstn.abilene.ucaid.edu– 21.754ms
6 sox-rtr.abilene.sox.net– 21.861ms
7 r7dh03a1-0-2.ns.utk.edu– 87.372ms
8 192.168.101.40– 87.301ms
9 128.169.192.242– 87.171ms
10modulus.cs.utk.edu– 87.109ms

tracerouteto freak.ucsd.edu

1 ibtx2-atm10-1–0.759ms
2 ibtx1-atm10-401– 1.273ms
3 198.32.236.33– 1.852ms
4 abilene.gigapop.gen.tx.us– 2.425ms
5 198.32.8.21– 34.278ms
6 usd–abilene.atm.calren2.net– 34.526ms
7 ucsd–usd.pos.calren2.net– 38.284ms
8 198.32.248.186– 38.191ms
9 nodeb-ucsd-gw.ucsd.edu– 38.631ms
10nodeb-5500-6500-ge.ucsd.edu– 38.884ms
11cse-rs.ucsd.edu– 40.319ms
12 freak.ucsd.edu– 39.676ms

B Statistics

B.1 ANL to UTK with 8M buffers

max min average
Xfer Size

16K 0.40300 0.331250 0.377521
64K 0.782110 0.724233 0.763622
256K 2.041860 0.823960 1.551935
1M 3.820735 1.582323 2.998547
4M 6.075528 2.964298 4.455999
16M 7.172249 3.019620 4.323620
32M 5.590730 3.874349 4.711681

B.2 ANL to UTK with 8M buffers, using LSL

max min average
Xfer Size

16K 0.329159 0.282999 0.324922
64K 0.821404 0.224252 0.778078
256K 2.358894 2.151340 2.260900
1M 6.806367 1.774656 6.182508
4M 15.474262 2.971618 12.317705
16M 22.538489 2.581877 11.362988
32M 24.572602 2.627871 11.447852

B.3 UCSD to UTK with 8M buffers

max min average
Xfer Size

16K 0.335828 0.327585 0.332399
64K 0.671300 0.612586 0.666729
256K 1.770170 0.976332 1.643167
1M 3.208707 1.604943 2.577704
4M 4.738750 2.086455 3.742402
16M 6.517446 2.972433 4.154653
32M 5.236016 2.906003 4.031742



B.4 UCSD to UTK with 8M buffers, using LSL

max min average
Xfer Size

16K 0.223686 0.033156 0.207426
64K 0.602354 0.522283 0.588151
256K 1.801070 0.755655 1.742145
1M 5.168106 0.976739 4.173235
4M 9.254006 2.622432 4.622810
16M 14.895728 3.986542 6.343063
32M 13.465528 4.960214 6.395069

B.5 UCSD to UTK with 64K buffers

max min average
Xfer Size

16K 0.336283 0.240713 0.315922
64K 0.670764 0.598264 0.655689
256K 1.608678 0.688810 1.478414
1M 2.913219 1.108043 2.557631
4M 3.615189 1.866385 3.074215
16M 3.529395 2.790902 3.117535
32M 3.546387 2.623760 3.170910

B.6 UCSD to UTK with 64K buffers, using LSL

max min average
Xfer Size

16K 0.217576 0.206132 0.214729
64K 0.599110 0.287751 0.563415
256K 1.720705 1.681558 1.692182
1M 3.533808 1.483824 3.257987
4M 4.855747 1.464077 4.042588
16M 5.212078 3.793412 4.471644
32M 4.994041 3.914145 4.554841


