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I . INTRODUCTION

The main motivation of the project is to implementa techniqueto improve the load balancingability

of OSPF. CurrentOSPF[3] networks performthe ShortestPath First Algorithm wherelink statepackets

are swappedwith neighborsto determinethe topology of the network. The shortestpath algorithm is

then run to computenext hopsfor eachdestination.CurrentOSPFimplementationshave the ability to

computeEqualCostMultiple Paths(ECMP) resultingin multiple equalcostnext hopsto a destination.

The primary advantageof suchan ability is that traffic headedtowardsthe destinationmay be balanced

acrossthe next hops.However, presentday routersonly split traffic equallyover all equalcostnext hops

resulting in a very coarsegrainedload profile acrossthe next hops.Our goal is to provide a provide

a mechanismthat improves the ability of a router to balancetraffic betteracrossequalcost next hops

without making any changesto the way a router handlespackets on the data path. The mechanism

basicallyconsistsof removing selectednext hopsfor a setof prefixesfrom the forwarding table.

The conceptwas derived from the paperAchieving Near-Optimal Traffic EngineeringSolutionsfor

CurrentOSPF/IS-ISNetworks[4], whereit statesthat by pruningcongestednext hopsfor eachroute,we

can optimize throughput.The methodsfor finding the correctnext hops to remove such that traffic is

optimizedis given within the paper.

An importantconsiderationhowever, is that the modificationsshouldnot affect currentprotocolsand

systemsalreadyin place.Zebra[1], a GNU licensedrouting softwaresuitewritten primarily by Kunihiro

Ishiguro,providesa goodplatform from which modificationscould be madesinceit is opensourceand

free of charge. The software is alsowidely usedandconsideredstable.

I I . BACKGROUND

The Zebra software suite is a modular packagethat serves as a dedicatedrouter. The three major

daemonsthat run underZebraare RIP, OSPFand BGP daemons.They all report routesto the Zebra

daemon,which thencommunicatesthem to the operatingsystemrouting table.Sincethe protocolsand

their respective daemonsare all modular, existing protocolscan be updatedand new protocolscan be

addedwithout disruptingtheotherfunctioningprotocols.Eachprotocolhasits own configurationfile and

VTY commandline interfacewhich allows a userto modify andcontrol all parametersof the daemon.

In addition,the Zebradaemonitself alsohasan commandline interfacefor dealingwith Zebradaemon

specificcommands.

The protocoldaemonsareresponsiblefor communicatingwith otherdaemonson the network to find
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the topologyof thenetwork. Oncea routeis foundandconfirmed,it will beaddedto its own routetable,

which is evident whena userlogs into the VTY for that daemonand requeststhe routing table. It will

thenpropagatethe route to the Zebradaemon.

The Zebradaemonis a layer of abstractionbetweeneachprotocol and the operatingsystemrouting

table.It maintainsa tableof the routesandthe protocol that sentthe routeto it. The Zebradaemonwill

thenupdatethe operatingsystemrouting tablewith the new route.

Our goal is to improve the load handling abilities of OSPF, thus the OSPF daemonwas directly

modified.It couldnot bedeterminedwhethermodificationsto theZebradaemonitself would corruptthe

routing tablesof otherprotocolsrunningunderZebra.Thus,internalfunctionsarewritten into the OSPF

daemonto allow the deletionof a next hop from a routegiven the specifiedprefix-nexthopcombination.

To allow accessto the functions,new OSPFdaemonVTY commandsare installed into the system.

TheseVTY commandsacceptsa prefix and nexthop as arguments,then it passesthem along to the

internaldeletionfunction.The internalfunction re-addsthe routeto Zebrato overwrite the old routeand

updatethe manipulatedsetof next hops.

Expect [2] scriptswill help streamlinethe massdeletionof next hops.The scriptssimply log on to

the OSPFdaemonandinteractswith it. This alsoallows a userto deletea setof next hopsat a remote

server from a list that is locatedlocally.

With this new setof functionswithin the OSPFdaemonand the simpleexpectscripts,we caneasily

manipulatethe set of next hops for eachroute. This would allow us to reachclose to optimal traffic

throughput.

I I I . OSPF VTY FUNCTIONS FOR DELETING NEXT HOPS

This sectiondetails the final usablefunctions. In order to use thesecommands,log into the OSPF

daemonusing the command“telnet server.ip.addressport”. After entering the correct password and

receiving thecommandprompt,enterthecommandsbelow. TheZebraVTY commandline featuressuch

as“?” help and tab auto-completealsowork with thesenew functions.

A. ospfdelnexthopA.B.C.D/ME.F.G.H

Usage When promptedwith “ � ” at the OSPF daemoncommandline, type the commandabove

replacing A.B.C.D/M with the destinationprefix desiredand E.F.G.H with the nexthop. A.B.C.D/M

can also be replacedwith an IP address.The function will then searchfor the specifiedprefix. If it is
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found, then it looks for the specifiednexthop within its setof next hops.This nexthop will be removed

if it is found and is not the last nexthop remaining.The function will then returncontrol to the user.

Implementation This commandwasaddedto theOSPFdaemonVTY commandline. Thefile modified

wasospfd/ospfvty.c. The functionfirst checksfor thevalidity of theprovidedprefix andnexthop.It also

checkswhetherOSPFand the requiredtablesare ready. Next it tries the deletion using the function

“ospf nexthop remove” within ospf/ospfroute.c.Ospf nexthop remove first looks up the prefix using

“route nodelookup”, a function from the Zebralibrary which searchesthe specifiedtablefor the prefix.

Thenit takestheroutefound,andsearchthroughits list of next hops.Oncefound,thenexthopis deleted,

andtherouteis re-addedto zebra.This updatestheZebradaemonwhich will in turn updatetheoperating

system.

B. ospfdelnexthopfileFILENAME

Usage When promptedwith “ � ” at the OSPF daemoncommandline, type the commandabove

replacingFILENAME with the full pathof the file desired.The file mustbe line separatedcombinations

of prefix andnexthop.Thereshouldbea singlewhitespacebetweentheprefix andnexthop.The function

will thensearchfor the specifiedprefix in the file. If it is found, then it looks for the specifiednexthop

within its set of next hops.This nexthop will be removed if it is found and is not the last nexthop

remaining.The function will continueto attemptto deleteeachprefix/nexthop pair until the endof the

file is reached.It will then returncontrol to the user. The resultsof the deletionswill not be shown on

screenbut it will be logged.

Below is an exampleof the format of the file:

192.168.1.0/24 192.168.2.2

192.168.5.0/24 192.168.2.2

Fig. 1. SampleFile Format

Implementation This commandwas also addedto the OSPFdaemonvty commandline. The file

modified was ospfd/ospfvty.c. The function checkswhetherOSPFand the requiredtablesare ready,

thenattemptsto openthefile to read.A line is readin a while loop, whereit retrievesthe prefix/nexthop

combination,thenit tries thedeletionusingthe function “ospf nexthop remove” asdescribedabove. The

loop continuesuntil it reachesendof file.
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IV. EXPERIMENTS

To testthefunctionsabove,a threemachinetestbedwasset-upasshown in Figure2. All threemachines

arerunningRedHat7.3 (Linux Kernel2.4) with Zebra0.93ainstalled.Eachmachinefirst startstheZebra

daemon,then the OSPFdaemon.Below is an imageof how the machinesareorganized:

Zebra1

Zebra2

Zebra3

eth0
192.168.1.1

eth0

eth0

192.168.2.2

192.168.3.2

192.168.2.1

192.168.3.1

192.168.4.0/24
192.168.5.0/24

eth1

eth1

eth1

192.168.1.2

Fig. 2. FigureRepresentingTestBedusedin Experiments

From above, Zebra1connectsto Zebra2in the network 192.168.1.0/24,Zebra1connectsto Zebra3in

thenetwork 192.168.2.0/24andZebra2connectsto Zebra3in thenetwork 192.168.3.0/24.Two additional

falsestaticrouteswereaddedto eachof Zebra1andZebra2which were192.168.4.0/24and192.168.5/24.

WhentheOSPFdaemonstartsonZebra1andZebra2,they bothshow thatthey canreach192.168.1.0/24,

192.168.4.0/24and 192.168.15.0/24directly. Zebra3,however, show that theseroutescan be reached

througheitherZebra1andZebra2.An exampleof Zebra3OSPFrouting tablecanbe seenin Figure3.
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============ OSPF network routing table ============

N 192.168.1.0/24 [20] area: 0.0.0.0

via 192.168.2.2, eth0

via 192.168.3.2, eth1

N 192.168.2.0/24 [10] area: 0.0.0.0

directly attached to eth0

N 192.168.3.0/24 [10] area: 0.0.0.0

directly attached to eth1

============ OSPF external routing table ===========

N E2 192.168.4.0/24 [20/20] tag: 0

via 192.168.2.2, eth0

via 192.168.3.2, eth1

N E2 192.168.5.0/24 [20/20] tag: 0

via 192.168.2.2, eth0

via 192.168.3.2, eth1

Fig. 3. RoutingTableof Zebra3BeforeDeletion

If a nexthop, say 192.168.2.2,is congested,we can deletethat nexthop for route 192.168.4.0/24.A

usercan then log into the OSPFdaemonVTY and run the command“ospf delnexthop 192.168.4.0/24

192.168.2.2”.This will eliminatethe Zebra1nexthop for the route192.168.4.0/24and thusall traffic is

forced into the remainingroutes,namelyZebra2in this case.If we go aheadandrun “ospf delnexthop

file” using the file from 1, we can route all traffic throughZebra2.The resultingZebra3OSPFrouting

tablecanbe seenin Figure4

V. MASS DELETION USING EXPECT SCRIPTS

This sectiondescribesthe expectscriptswritten to facilitate the manipulationof the setof next hops

from a remotelocation. The scripts were first generatedusing autoexpect. Since the scripts are quite

simpleto follow, only the syntaxfor usageis provided.The expectpackageneedsto be installedon the

operatingfor thesecommandsto function.
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============ OSPF network routing table ============

N 192.168.1.0/24 [20] area: 0.0.0.0

via 192.168.3.2, eth1

N 192.168.2.0/24 [10] area: 0.0.0.0

directly attached to eth0

N 192.168.3.0/24 [10] area: 0.0.0.0

directly attached to eth1

============ OSPF external routing table ===========

N E2 192.168.4.0/24 [20/20] tag: 0

via 192.168.3.2, eth1

N E2 192.168.5.0/24 [20/20] tag: 0

via 192.168.3.2, eth1

Fig. 4. RoutingTableof Zebra3After Deletion

A. ospfdelnh

Usage ospfdelnhHOST PORT PASSWORD.

To deletea single nexthop, one needsto modify the file and enter the commandexactly as one would

within the OSPFdaemonvty commandline. One can also simply copy and pastesend/expect to chain

morecommands.

B. ospfdelnhfile

Usage ospfdelnhfileFILE

To deleteasetof prefix/nexthopcombinationsfrom alocal file, run “ospfdelnhfileFILENAME”, replacing

the FILENAME with the relative or full path. The script takes in the filenameand checkswhetherit

exists. In the loop, it readseachline and appends“ospf delnexthopfile” in front of it, then sent to the

OSPFdaemon.It repeatsuntil end of the local file is reached.The file it requiresis exactly the same

oneusedfor “ospf delnexthop file”
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VI. CONCLUSION

We cannow easilymanipulatethe setof next hopsfor eachroutein the routing table.With this setof

tools, we have implementedthe methodologypresentedin [4] andconfigurethe traffic patternfor each

route,thusoptimizing throughput.
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