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Abstract

The deploymentof gigabit networks and broadbandservices has started to support multimedia
applicationshowever thesegigabit networksare rarely saturatedsinceonly a few applicationsare able
to stressthe network. We considera future scenariowherethe useof multimediaapplications,suchas
audioandvideo teleconferencingin a multi-userenvironment,s expectedo grow rapidly. Therefore,
both customersandnetworkproviders,needto foreseethe performanceandbehaviorof the networkand

the applications in this scenario.

From the customer’s point of view, itilmportantto developprocedurego performtraffic measurements
andto be ableto testthelocal ATM equipmentIn this paperwe proposea methodto introduceheavy
load into an ATM switch and at the User Network Interface (UNI) for studyingthe performanceand
forecastevolvedscenariosin the experimentave uselocal equipment(ATM switch and workstations),
local network managemenépplicationsand diagnosticssoftware. The emulatedload is generatedn a
workstation,introducedinto the ATM switch and intensifiedby replicatingand re-circulatingthe cells.
The methodpresenteds an easyandaffordableway for performancdestingandan alternativeto traffic

modeling. Several experiments have been performed and the measurements obtained are presented.
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1. Introduction

ATM switching equipmentin customerpremisesnetworksmay have unacceptablgerformanceunder
heavy loads; that may reducethe life-time of the equipment,in the sensethat it has reachedits
limitations. Users needtools to foreseeand deal with the problem of not outgrowing the deployed
equipmentwhenbroadbandapplicationswill be widely used. It is alsoimportantthat thesetools should
be ableto emulatehigh load scenariosusinglow costtechniquesin this paperwe usetraffic emulation
with real existing applicationsfor loading the switch, instead of random or model driven traffic
generationWhenonecell is lost, the remainingcells that form the packet(MAC PDU, IP packet,etc.)
areuselesdecauseahe receivingentity will discardthe whole packet.In a heavyload environmentcell
lossesmay occur causinglong packetsto have smaller chanceof being successfullytransmittedthan

short packets.

In this paperwe analyzethe impactthat cell losseshave on varioussize packetsunderheavy network
load. Section2 presentghe ATM trial networkwherethe experimentsvere performed,it includesthe
description of the ATM cell relay service atlmtal equipmentused,andintroduceghe methodfor traffic
emulation. Sections 3, 4, and 5 describe and show, for three experithectmfigurationset-upandthe

results obtained. Conclusions are presented in Section 6.

2. Set-up of the experiment

This sectionis dividedin threesub-sectionsThefirst onecontainsthe descriptionof the ATM cell relay
serviceavailablein the ATM gigabit network. The secondoneis focusedon the descriptionof the local
ATM equipmentusedandits configuration.The third sub-sectiompresentsriefly the traffic emulation

method proposed.






2.1. ATM Cell Relay Service

The Bay Area Gigabit Network (BAGNet) has beenrecently installed to connectfifteen computing
researchorganizationdocatedin the SanFranciscoBay Area; the organizationshave obtainedsupport
for ATM SONET servicesfrom CalREN (California Researchand EducationNetwork), a foundation
establishedby Pacific Bell. The Testbed participants, which include many of the government
laboratoriesyesearchuniversities researchinstitutes,andtechnologycompaniesn the Bay Area, areas
follows: Apple Computer, Digital Equipment Corporation (PAlto SystemsResearciCenter),Hewlett-

Packard Laboratories, International Computer Science Institute, Lawrence Berkeley Laboratory,
LawrenceLivermore National Laboratory,NASA AmesResearclCenter,Pacific Bell, SandiaNational

Laboratories,Silicon Graphics,Inc., SRI International, Stanford University, Sun Microsystems,Inc.,

University of California, Berkeley(ComputerScienceDept. - TenetGroup), Xerox Palo Alto Research

Center (Figure 1).
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Figure 1. The Bay Area Gigabit Network.






This networkwill be usedfor a numberof collaborativemultimediaapplicationsthefirst of which to be
implementedis a “teleseminars™facility. This network and its applicationswill createan information

highway within the Bay Area that will serve as a model for the national “information superhighway”.

The networkoffers an accesgate of 155 Mbps. (SONET OC-3c)andthe serviceprovidedis on a “best
effort” basis;hencethere are no QoS guaranteesAll ATM drivers at the hostsuse the AAL5 (non-
assurednode)and LLC/SNAP encapsulatioras describedn [1.363] and [RFC1483].The "ClassicallP
over ATM" approachdefinedin [RFC1577]is used.Also, [RFC1483]and [RFC1626]will be followed.
All hostswithin the 15 sitesform a Logical IP Sub-network(LIS), as definedin [RFC1577]. Each
workstation has an IP addressassignedwithin the BAGNet Sub-network(192.6.28.xxx),and it is
associatedvith a fixed Permanen¥irtual Circuit (PVC). Permanen¥/Ps are usedbecausesignalingis
not yet implemented by manufacturers andtdstbedparticipantsuseequipmentrom differentvendors.

However, signaling will be available in the future implementing the ATM Forum UNI 3.1 [ATMF-UNI].

Becauseof PVC tablelimitations within the switch of the serviceprovidereachsite canonly connectup
to four workstations.Thesemay be connectedeither directly or through a local ATM switch. Each
workstationis connectedo every otherworkstationin a fully meshedopologythrougha point-to-point
PVC; that makes3,540PVCs (4 hosts/site* 59 connections/host 15 sites). Furthermorethereis one
point-to-multipoint PVC from eachstationto all the other hoststo provide an underlying multicast
infrastructure.That makes60 one-to-59PVCs. That meansthat eachworkstationhas59 bi-directional
point-to-point PVCs, 59 incoming uni-directional point-to-multipoint PVCs and 1 outgoing uni-

directional point-to-multipoint PVC.

2.2. Local ATM Equipment

The infrastructureat ICSI consistsof a local ATM switch switch(SynOpticsLattiscell 10114-SM)with
16 ports at 155-Mbps. (14 multi-mode fiber and 2 single-mode fiber ports), providingaiive way to
the workstation. For these experiments we use two SUN SPARCstation 10 and one SUN SPARXCstation

with their ATM card (SynOptics SBUS Adapter 975-192). The workstationsare attacheddirectly.






Additionally, a fiber loop is used to connect portar®l5. Port15is connectedo the ATM network UNI

provided by the carrier using a single-mode fiber. Figure 2 presents this scenario.
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Figure 2. Scenario of the experiments.

The Network Managemenfpplication (NMA) for the SynOpticsswitch [NMA] is an extensionto the
SunNet Manager [SNMRF], [SNMUR], [SNMPG], and usesthe ConnectionManagementServices
application[CMS]. NMA allowsto set-upthe connectiondor the ATM switch, both point-to-pointand
point-to-multipoint,to measurethe bandwidthusedand buffer occupancyfor eachport, andto retrieve
the cell countersof transmitted,received,and droppedcells per eachport and VC. NMA and CMS
communicateo eachotherusingSNMP on the EthernetL AN. Dueto softwareinstallationrequirements
CMS runson one machinewhile NMA runson a differentone.In fact, NMA runson oneof the ATM
workstationseventhoughit doesnot needto be connectedo the ATM networkdirectly andit would be

better if it run on a different workstation (Figure 3).






Ethernet

CMS

NMA
SNM

. ¢=ccnnap
. BAGNet

| ATM switch

Figure 3. Configuration of the Network Management Applications.

2.3 Traffic Emulation Method

The goal is to generate emulated traffic load into the network so thatit be as‘realistic’ aspossible.

Therefore, we use tools generating TCP and UDP traffic rather than random ATM traffic generators.

For our performancemeasurementsboth at the cell level and the application level, we use the
capabilitiesofferedby the softwaretools. We areinterestedn resultsrelatedwith the traffic scenariove
will havein future gigabitnetworkswhenmanyapplicationswith a large numberof userswill run at the

same time.

The goal of the experimentss to studythe effect of heavytraffic load on particularconnectionstaking
into accountboth cells andpacketlossesin particularwe wantto seethe effectson the behaviorof the

application when cells are dropped due to local congestion at the input/output ports.

3. Experiment 1: UDP traffic between local hosts

3.1 Set-up of the experiment

For the experimentwe disconnectedhe local ATM networkfrom the servicein orderto avoid external

traffic. Workstationsl and 2 are connectedvith a point-to-pointPVC that goesthroughthe fiber loop






between ports 4 and 5. In figure 4, the dotted line represents the normal route conneetorgdtations
attachedo ports1 and2. For our experimenthowever,we re-routethis connectionas shownwith solid

lines in figure 4.
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Figure 4. Connection set-up of the ATM switch for experiment 1.

Workstation 3 generates thackgroundraffic to load the switch. For this purposewe established uni-
directionalpoint-to-multipointconnectiorfrom port 3 to ports4 and5 (flows a andb respectivelyjn the
figure). Each outgoing PVC at port 4 is looped back, through the external fibeakapincomingPVC
at port 5; from thereanotherPVC sendghe traffic backto port 4, closingthe loop. The sameappliesto
the other direction (flow b), from port 5 backto port 4. We can accomplishvariousload situationsby

changing the number of loops.

With thesetwo setsof loops (flows a andb) we replicateandre-circulatethe traffic enteringport 3, so
that weload boththe transmittingandreceivingbuffersat ports4 and5. Flow a feedsthe loopsthatload

the transmittingbuffer at port 4 andthe receivingbuffer at port 5. Thus,it mergeswith the cells that go






from workstationl to workstation2. Flow b feedsthe loopsloadingthe transmittingbuffer at port 5 and
the receivingbuffer at port 4, mergingwith the cells going from workstation2 to workstation1. The bi-
directionalconnectiorbetweenworkstation1 and 2, while crossingports4 and5, will experiencesome

cell losses depending on the congestion introduced into the re-circulating loops.

The backgroundraffic from workstation3 was generatedising a testingtool called ttcp sendingUDP
packets.The traffic is sentto an addressassociatedwith the point-to-multipoint PVC at port 3.
Dependingon the load of the workstation,we wereableto generatéackgroundraffic of up to 20 Mbps
(on an SPARC 2). Since these cells are replicated and then re-circuldtedbiops,the numberof loops
determineghe actualload. However,the throughputdoesnot increaselinearly with the load because
somecells are droppedat the buffersof ports4 and5 dueto buffer overflow. If we introduce20 Mbps
into the backgroundraffic loopsthe actualthroughputat the outputport reachesabout120to 134 Mbps.
Adding more loops would not increasethe throughputbut only the numberof cells droppedat the
transmitting buffers. Depending on how much traffic we send from workstation 3 wesearoreor less

loops to generate a given cell loss ratio.

3.2 Results of experiment 1

We sentbatchesof 100 ‘pings’ with different packetlengths from workstation1 to workstation 2.
Workstation3 sentUDP traffic to theloopswherewe could measured.6% cell lossform port4 to 5 and
1.2%cell lossfrom port 5 to 4. This impairmentis dueto the fact that we setup a different numberof
loopsin eachdirection. We make the measurementsvith both re-circulatingloops active (a and b),
which meansthat we have lossesin both directions, affecting both the ping requestsand the ping
responsesiWVe repeatedhe measurementwith only onedirectionre-circulatingloopsactive,so that we

had losses in only one direction.

In Table 1 we can observe that for packets of 512 bytes we get 70% of packet loss if botlodrzdtice
activeand 62% if only oneis active. This suggestghat most of the lossescorrespondo ping request
packetsandthe otherhalf are ping responseacketsFor packetsof 1024 bytesalmostall the lossesare

producedn onedirection;with onedirectiontraffic loop active 69% of the packetsare lost, while with






two direction traffic loops we obtain 73% lost packets.Long ping requestpacketsare lost when

congestion occurs at the output buffer.

Ping packet length % of packets lost % of packets lost
(bytes) loops in both directiong loops in one directiof

0.6% / 1.2% cell losse 1.2% cell losses

64 35 23

128 62 50

256 50 51

512 70 62

1024 73 69

2048 86 75

4096 93

Table 1. Ping packets lost between icsibagl and icsibag?2.

4. Experiment 2: UDP traffic between local and remote hosts

The secondexperimentconsistson sending‘ping’ packetsto an externalhost, so that those packets
traversethe ATM WAN network. The connectionset-upfor the switch is shownin Figure 5. As in

experiment 1, we send batches of 100 ping requests with different packet lengths.

4.1 Set-up of the experiment

We have a PVC for eachpoint-to-point connectionbetweenhosts.In this experiment,the PVC that
connectsicsibagl’ (the local workstation)to ‘bagl’ (the remoteworkstation)hasVCIl 92. That means
that the VCI used at the UNI (port 15) is number 92. At the local host, the IP address of the remste host
boundto the correspondind®VC (port 1 andVVCI 92, in our case).The connectionset-upfor the switch
establisheshe following path:port 1-VCI 92, port 4-VCI 92, externalloopback,port 5-VCI 92 and port

15 - VCI 92. This is a bi-directional point-to-point connection.
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Figure 5. Connection set-up of the ATM switch for experiment 2.

4.2 Results of experiment 2

Using the NMA we monitor the countersfor the cells receivedat ports 1 and 5 for VCI 92 (which
correspondgo the cells of the ping requests)as well as cells receivedat ports 15 and 4 for VCI 92
involvedin the reversepath (ping responses)This measuremerdllowed us to determineexactlywhere

the cells were lost. Table 2 shows the measurements and the results obtained.

Cellsreceivedat port 1 (VCI 92) were originatedat the local workstation,thereforethey correspondo

the 100 ping request packets. For a ping packet of 64 bytes three ATMreakst.The numberof cells

for each 64 byte ping packet is equal to the number of data bytes (64) plus the ping headerti(@lplus
header (20), plus the LLC/SNAP encapsulation (18), and the trailer byte of the AAL5 PDU. This is a total
of 111 byteswhich corresponddo 3 ATM cells (with 48 byte payload).For a packetlength of 2048
bytes,eachpacketfills 45 cells becauseeachping messages segmentednto two ICMP packetswith

their respectivdP andLLC headersaandthe AALS trailer byte; so, the total numberof cells sentduring

the experiment is 4500. These cells experiammwegestionvhenarriving at port 4 wherethey mergewith

the backgroundtraffic. Becauseof this, somecells are droppedat the transmit buffer of port 4, and,
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hence, the number ekllsarriving at port 5 (VCI 92) is smallerthanthe numberof cellsreceivedat port

1. The difference is the number of cells lost at port 4.

For all packetlengths,cells incoming throughport 15 (VCI 92) are receivedby port 4 (VCI 92) and
transmittedto workstationl. We canobservethatthe numberof cellsreceivedin eachcaseis a multiple
of the cells per packet.For instance ping packetsof 64 bytesare sentin 3 cells; 141 cells arereceived
from the remotehost,thatmeansthat47 ping responsesarereceived,andthat 100 - 47 = 53 packetsare
lost. For 100 ping requestpacketsof 1024 bytes,33 ping responsgackets(23 cells each)are received.
This agreesalsowith the statisticsgiven by the ping programof 67% packetslost. In this way, we can

keep track of the cells lost when traversing the loops.

Ping Packet length 64 bytes| 256 bytes| 512 bytes| 1024 bytes| 2048 bytes
Cells at RCV buffer port 1 300 700 1200 2300 4500
Cells at RVC buffer port 5 254 565 981 1796 3069

cells lost at port 4 46 135 219 504 1331
Cells at RCV buffer port 1 141 350 552 759 396
Cells at RCV buffer port 4 141 350 552 759 396
Ping Statistics: Packets lo§ 53% 50% 54% 67% 91%

Table 2. Cells sent and received when transmitting 100 pings from icsibagl (local) to bagl (remote).

Also, we monitored the number of cells transmitted, the number of cells droppedransmaitterbuffer,
and the numberof cells receivedfor ports1, 3, 4,5 and 15. Port 3 gives us the backgroundtraffic
generatedThe ratio betweenthe cells receivedat port 3 (from workstation3) and the total numberof
cellstransmittedat port 4 givesusthe multiplying factor of the loops, thatis, how manytimescells are

multiplied when re-circulating the loops.

Ontheotherhand,theratio betweenthe numberof cells droppedat the transmittingbuffer at port 4 and

the total number of cells transmitted at port 4, gives us the cell loss ratio (see Table 3).
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Ping Packet length: 64 bytes 256 bytes | 512 bytes | 1024 bytes| 2048 bytes
Cells transmitted at port 4 33,905,219| 33,844,868 34,384,145| 34,088,408| 34,133,629
Cells dropped at port 4 362,744 394,282 391,680 377,339 375,922

Cell loss ratio 1% 1.1% 1.1% 1.1% 1.1%
Ping Statistics: Packets log 53% 50% 54% 67% 91%

Table 3. Overall cell loss ratio for the ping connection between icsibagl and bag1l.

For experiment2 the backgroundraffic generatedy workstation3 is between23 to 25 Mbpsandit is
multiplied by 5.6 to 5.7 timeswhengoing throughthe loops, giving an overall traffic between132 and
144 Mbps. Thecell lossratio is about1.1% asshownin Table 3. It mustbe takeninto accountthatthe
cells transmitted at port 4 include the point-to-point connection anpsitiegroundraffic loops,andthat
the dropping otells affectedboth of them.The durationof eachmeasuremenwasnot exactlythe same,
and the traffiqgeneratedy workstation3 is not absolutelyconstantthatis why the total numberof cells

through port 4 is not strictly the same for all cases.

Though, in this experiment, the cell loss ratio is sustained, the results show experimentedil ibsdes

during congestion intervals penalize long packets more seriously.

As a complemenbf experiment2, we repeatedhe processwith lesscell losseslin orderto do this, the
traffic multiplying factor of the loopsis 5, sothatthe overallload on port 4 doesnot exceedl25 Mbps.
This givesa cell lossratio of about10* to 8*10*, alsomeasuredsthe ratio of cells droppedat port 4
and cells transmittedthroughit. The packetlossratio experiencedvas: no lossesfor 64 bytespackets,

13% losses for 2048 bytes packets, 18% for 4096 bytes packets and 39% for 8192 bytes packets.

Those results underline the observation that long packets ardikatyeto be affectedby cell contention
at the outputbuffers of the switchingand multiplexing equipment.Also, they demonstratéhat it is not
convenientto sendcells at the link bit-rate, aslong as packetsproducebuffer overflow dueto the fact
that local switching equipmentusually doesnot have large buffers. It is importantthat ATM drivers
include some facilities to limit the maximum bit rate with which cells are transmitted perfarmsome

kind of cell spacing function.

4.3 Extension of experiment 2
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The sametechniquecanbe usedto studythe performanceof the networkaccesdoadingthe outputport
of thelocal switch. Figure 6 showsthe connectionset-upof the switch. In this case point-to-multipoint
connectiondrom port 5 are establishedo that cells re-circulatethroughthe loopsand then sentto port
15 into the network. In this way, port 15 is loadeddependingon the numberof branchedirectedto it.

The countersfor the transmittedand droppedcells at port 15 give usthe cell lossratio for the point-to-

point reference connection between the local and remote workstations.

1 4
] < >
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3
5 loopback
background (one direction)
traffic
15
G
Remote

Figure 6. Connection set-up of the ATM switch for experiment 3.

Specialcaremustbe takenwhensettingup this experimentWe canuseunassigned/Cls at the UNI so
that backgroundraffic cellswill be droppedat the network switch input port. If currentassignedvCls
are used,the network can be overtakenby the excessiveamountof traffic and seriousproblemsmay

arise.Of course this shouldnot be donewithout previousagreemenfrom the network providerandthe

other testbed participants.

5. Experiment 3. TCP traffic between local hosts
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Thelastexperimentintendsto measurghe throughputof a TCP connectiorbetweenworkstationsl and

2 when cell losses occur in between.

A simulation study of TCP connections over ATvatshareoneoutputlink onan ATM switch hasbeen
presented in [ROFL94]. They show the effective throughput for different packet lengths and switch buffer
sizes. The effective throughput drops to very low valueslfolit30%) for small switch buffersandlong
packets. They also presentvalues for the cell loss rate and packet re-transmissionpercentage
correspondindo TCP connectionsvith different packetlengthsandswitch buffer sizes.We intendto do

this type of studyin the experimentaATM network,loadingthe switchin orderto havedifferentlevels

of congestion,or cell losses,and study the effective throughput,packetlosses,and re-transmission
percentagefor differentpacketlengthof the TCP connectionln orderto getcorrectresults,we haveto

adjust the TCP timers as suggested in [ROFL94] and we cannot vary the switch buffer size.

For this experimenta bulk TCP transferis set-upbetweenworkstationsl and?2. In this first casewe use
standardl CP without modifying the timersandwith a buffer of 64 Kbytesanda packetlengthof 8192
bytes.We experiencedhat with packetsthatlong the performancewvasvery poor, eventhoughwe only
measuredelatively few cell losses.Only onedirectiontraffic loop was active, so that cell lossescould

only occur in one direction and only data packets could be lost.

Summarizingsomeof the resultsobtainedwe measured throughputof 0.46 Mbpswith a cell lossratio
of 2.4*10° in the receiving buffer and 2.3*10* in the transmitting buffer at port 4. Furthermore,a
backgroundraffic of 20 Mbpswasenoughto disturbthe TCP datatransfer.In fact, whena TCP packet
of about172 cellsis transmittedat 150 Mbps. andthis traffic mergeswith the backgroundraffic of 20
Mbps cell lossesoccur. A single cell loss can affect a TCP packetwhich will be discardedand re-

transmitted

As we said before,dependingon the load in the workstationthe backgroundtraffic generatedvaries.

Several more measurements gave the results presented in the following table.
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Background traffic at port 4 TCP throughput
11 Mbps. 8.31 Mbps.
20 Mbps. 7.54 Mbps.
22.3 Mbps. 6.88 Mbps.

Table 4. Throughput between icsibagl and icsibag?2.

6. Conclusions

We presentedechniquego measurethe performanceof a local ATM switch andthe ATM cell relay
serviceoffered by the carrier to forecastthe serviceperformanceasthe traffic grows. The techniqueis
not expensivebecauset usesnetworkmanagementools andsoftwarediagnosticapplicationswhich are

already available in most workstations.

As analternativeto traffic modelingandsimulation,traffic emulationcanbe usedto studycongestiorin
ATM gigabit networks. The load of the switch is adjustedby changingthe numberof re-circulating
loops, and, using the availablesoftwaretools in the workstationswe can measurethe actual cell loss
ratio for a given PVC. The methodallows usto load the switchandemulatecongestiorsituationcausing
cell losses and to study thehaviordependingn the packetlength.For high load we measuredell loss
ratio of about10* which causesa packetlossof 13% for 2048 byte packetsandfor a cell lossratio of

about 17 packet losses happened to increase dramatically to 90% for packets 2048 byte long.
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