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Abstract— A route in the Internet may take a longer AS path
than the shortestAS path due to routing policies. In this paper, we
systematically analyze AS paths and quantify the extentto which
routing policies inflate AS paths. The resultsshaw that AS path
inflation in the Internet is more prevalent than expected. We first
presentthe extent of AS path inflation obsewed from the Route
View routing tables. From an ISP, at least 55% of AS paths are
inflated by at leastone AS hop and AS paths can be inflated by as
long as 6 AS hops. We then employ two typical routing policiesto
show the extentof AS path inflation for all AS pairs, wefind that at
least45% of AS paths are inflated by at leastone AS hop and AS
paths can be inflated by aslong as9 AS hops. Quantifying AS path
inflation in the Inter net hasimportant implications on the extent of
routing policiesand traffic engineeringperformed on the Inter net,
and BGP corvergencespeed.

I. INTRODUCTION

The Internet connectsthousandsof AutonomousSystems
(ASs) operatedby differentInternetServiceProviders (ISPs),
companiesanduniversities.Routingwithin anAS is controlled
by intradomainprotocolssuchas static routing, OSPF; IS-IS,
andRIP. Border Gatevay Protocol (BGP) [1], [2] is aninter
domainrouting protocolthatallows ASsto applylocal policies
for selectingoutesandpropagatingoutinginformation. These
routing policies are typically constrainedoy contractualcom-
mercialagreementbetweeradministratve domains.lt is well
known thatan AS may take alongerAS paththanthe shortest
AS path possiblyas a result of theserouting policies. How-
ever, theextentto whichroutingpoliciesinflate AS pathsin the
Internethasnot beensystematicallyanalyzedr quantified.

Quantifying AS pathinflation in the Internethasimportant
implicationson the extent of routing policies andtraffic engi-
neeringperformednthelnternet,andBGP corvergencespeed.
First, since ISPstypically do not male their routing policies
public, it is not clearhow prevalenttheserouting policiesare
andto whatextentAS pathsareinflateddueto routingpolicies.
Second,BGP protocol studies[5], [6] have shavn that BGP
corvergencespeedis directly correlatedwith AS pathlength.
The extent of AS pathinflation indicatesthe extent to which
routingpoliciescanincreaseBGP convergencetime.

In this paper we systematicallystudyAS pathsandquantify
the extent that AS pathsare inflated by routing policies. Our
resultsshav thatAS pathinflationin theInternetis morepreva-
lentthanexpected We derive chosenAS pathsandshortesiAS
pathsfrom the RouteView BGP routingtables[8]. In particu-
lar, we collectstatisticsof AS pathlengthfrom ISPsof various
sizes:atier-1 ISP, atier-2 ISP, andatier-3 ISP Fromthetier-1
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ISP, about20% of chosenAS pathsarelongerthanthe short-
estAS pathsand AS pathscanbeinflatedby aslong as4 AS
hops.Fromthetier-2 ISP, atleast55% of choserAS pathsare
longerthanthe shortestAS pathsandAS pathscanbeinflated
by aslong as6 AS hops. Fromthetier-3 ISP, morethan22%
of chosenAS pathsare longerthanthe shortestAS pathsand
AS pathscanbe inflatedby aslong as5 AS hops. In orderto
understandhe overall extent of AS pathinflation, we collect
statisticson all chosenAS pathsthatarevisible from the Route
View sener. In particular we find thatabout20% of AS pairs
take longerpathsthanthe shortestAS pathsandAS pathscan
beinflatedby aslongas10AS hops.

We presenttwo typical routing policiesto shawv the extent
to which an AS path can be inflated by the routing policies.
Thefirstroutingpolicy assumethateachAS obeys commercial
agreementwith its neighboringASs. Commercialagreements
betweenpairsof ASs canbe classifiedinto customeiprovider,
peering,andsibling [3], [4]. A provider cantransittraffic for
its customerr siblings. However, a customemoesnot transit
traffic betweertwo of its providersandpeers.We computethe
AS pathsthat conformto this routing policy. Our resultsshov
thatthis routing policy inflatesAS pathsfor only 4% AS pairs.
Thesecondoutingpolicy assumethatanAS preferscustomer
routesover provider or peerroutes. We derive AS pathsthat
conformto the secondrouting policy, andfind that morethan
45% of AS pairsusea longer AS path thanthe shortestAS
path.

The only studyon the Internetpathlength[7] assumeshat
eachAS chooseghe shortestAS path. With this assumption,
the authorsconcludethat 20% of Internetpathsareinflatedby
morethanfive routerlevel hops. Our studycomplementsheir
work on thatwe focuson AS pathinflation insteadof router
level hopinflation. In addition,we quantifyAS pathinflationby
analyzingreal BGP routingtablesandexplore routing policies
thatconformto commerciakelationships.

Theremainderf the paperis structuredasfollows. In Sec-
tionll, we quantifytheextentof AS pathinflationin theInternet
by analyzingBGP routingtables.Sectionlll presentAS path
inflation for all AS pairsby examiningtwo typical routing poli-
ciesguidedby commercialrelationships.We derive the extent
to which AS pathsareinflatedby theserouting policiesfor all
AS pairs.We concludethe paperin SectionlV with asummary

I1. ASPATH INFLATION OBSERVED FROM ROUTE VIEW

In orderto quantify the extent of AS pathinflation, we de-
rive the choserAS pathlengthandthe shortestAS pathlength
betweena pair of ASs. To this end,we userouting tablesfrom
the RouteView routerin Oregon[8], which has41 peeringses-
sions.We constructan AS graphG = (V, E), wherethenode
setV consistsof ASsandthe edgeset E consistsof AS pairs
thatexchangeraffic with eachother Theshortespathbetween
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Fig. 1. Percentagef ASswhoseAS pathsfrom tier-1 ISP areinflated
by afixednumber

apairof ASscanbederived by usingDijkstra’s algorithm[10].
Although someAS level connectionsnight not be includedin
theAS graphconstructedrom RouteViews, thiscanonly result
in anoverestimatiorof shortestAS pathlength.

The chosenAS pathlengthbetweena pair of ASsis com-
putedby the AS pathappearingn the BGP routing table. We
eliminatethe AS prependingffectontheroutingtable.In other
words, if anAS appearsn an AS pathseveral times,thenwe
countthe AS only oncein the AS pathlength.Sincean AS pair
might usedifferentAS pathsfor differentdestinationprefixes,
we chooseto usethelongestfor the chosenAS pathlengthto
seethe extentof AS pathinflation.

We analyzerouting tablesduring year 2000 and 2001, and
presentthe resultsfor 12/11/20000nly throughoutthis paper
sincetheresultsfor otherdatesaresimilar. To demonstrat¢he
AS pathinflation from differentASs, we first illustratethe ex-
tent of AS pathinflation from three|SPsof varioussizes: a
tier-1 ISP, atier-2 ISP, andatier-3 ISP, An ISPis calledatier-1
ISPif it accessethe global Internetanddoesnot buy network
capacityfrom otherISPs.Providersthatbuy partor all of their
interconnectiity fromtier-1 ISPsaretier-2 ISPs.A local ISPis
definedasatier-3 ISP We thenshaw the extentof AS pathin-
flation for all AS pairswhosechoserAS pathsarevisible from
the RouteView routingtable.

To quantifythedifferencebetweerthechoserAS pathlength
andthe shortestAS pathlengthfrom thetier-1 ISP, we plot the
numberof ASswhosepathsfrom thetier-1 ISP areinflatedby
afixed numberin Figurel. The plot shavs thatabout20% of
ASswhosepathsfrom thetier-1 ISP areinflatedby atleastone
AS hop,andAS pathscanbeinflatedby aslong as4 AS hops.
Figure 2 shaws the distribution of inflation with respecto the
shortestAS path. We seethat most AS pathinflations occur
within AS pathlength1to 4. MostAS pathsareinflatedby one
hop. In addition,we seethatthetier-1 ISPis at most6 AS hops
to ary AS in the shortespathwhile it canbeaslong as8 hops
in thechoserpath.

In Figure3, morethan55%o0f AS pairshave alongerchosen
AS paththanthe shortestAS path,andAS pathfrom thetier-2
ISPcanbeinflatedby aslongas6 AS hops.Figure4 shavs that
from thetier-2 ISP, mostinflationsoccurwithin AS pathlength
1to 5, andthechoserAS pathscanbeaslong as10 hopsfrom
the tier-2 ISP while the shortestAS pathsare at most6 hops.
Notethatthe AS pathinflation is moresignificantfor thetier-2
ISPthanfor thetier-1 ISP, Thismeanghatatier-2 ISP mightbe
affectedby routingpoliciesmoreseverelythanatier-1 ISPis.

In Figure5, morethan22%of AS pairshave alongerchosen
AS paththanthe shortestAS pathandAS pathscanbeinflated
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Fig. 3. Percentagef ASswhoseAS pathsfrom tier-2 ISP areinflated
by afixednumber

by aslong as5 AS hops. Note thatalthoughAS pathinflation
is severerfrom thetier-3 ISPthanfrom thetier-1 ISP, it appears
that AS pathinflation is comparablewith thatfrom the tier-2
ISP andfrom thetier-3 ISP, Figure6 shavs thatmostAS path
inflationsoccurwithin AS pathlength2 to 6. We seethatchosen
AS pathscanbe aslong as10 AS hopswhile the shortestAS
pathis atmost7 AS hops.

AS pathinflation which we obsere above is derived from
onevantagepoint, suchasatier-1 ISP Now we invesitageAS
path inflation from multiple vantagepoints. We selectthose
AS pairswhosechosenpathsarevisible from the RouteView
routing table. Figure 7 shavs about20% of AS pairshave a
longerchosenAS paththanthe shortestAS pathand AS path
canbeinflatedby aslongas10AS hops.In Figure8, we seethat
choserAS pathscanbeaslongas13hopswhile theshortesAS
pathsareat most7 hops.Sincethe majority peersof the Route
View sener aretier-1 ISPs, the result can be biasedtowards
tier-1 providers. Theextentof AS pathinflation for all AS pairs
can be larger than we can seefrom the discrepang between
the non-tierl ISPsandthetier-1 ISPs. In the next section,we
confirmthis by measuringAS pathinflation resultedfrom two
typical routing policiesfor all AS pairs.

I11. ASPATH INFLATION BY TWO ROUTING POLICIES

We canseethatthe extent of AS pathinflation variesfrom
ISPsto ISPs. Becausenot all ISPsare willing to reveal their
routing policies, it is hardto getan overall picture of the AS
pathinflation. We derive AS pathinflation by assumingtwo
typical routing policiesin this section.We first presenthe two
routing policiesthatconformto commercialcontractuabhgree-
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ments. We thencomparethe derived AS pathlengthwith the
shortestAS pathlengthfor all AS pairs.

A. Two RoutingPolicies

Routing policies typically conformto the relationshipsbe-
tweenASs. A customeipaysits provider for connecwity to the
restof thelnternet.A pair of peersagreeto exchangetraffic be-
tweentheirrespectie customerdreeof chage. An AS pairhas
asibling-siblingrelationshipf it hasamutual-transiegreement
to provide connectity to therestof the Internetfor eachother
To derive AS relationshipswe usethe algorithm presentedn
[11].

TheAS relationshipsanbetranslatednto two typical rout-

ing policiesasfollows [12], [4], [14].
No-valley RoutingPolicy: An AS doesnot provide transitser
vices betweenary two of its providers or peers. That is,
in an AS path (u1, u2, ..., un), if (us, ui+1) hasa provider
customeror peerpeerrelationship then (u;, u;4+1) musthave
eithera provider-customeror a sibling-sibling relationshipfor
ary i < j < n. Forexample,in Figure9, AS paths(1, 2, 3) and
(1, 2, 6, 3) areno-valley pathswhile aspath(1, 4, 3) and(1, 4,
5, 3) arenot no-valley paths.

— provider-to
—customer

fffff peer—to—peer

sibling-to—
sibling

Fig.9. paths(1,2,3)and(1, 2, 6, 3) areno-valley pathwhile AS paths
(1,4,3)and(1, 4,5, 3) arenotno-valley path.

No-\alley-and-PeferCustomerRoutingPolicy: In additionto
theno-valley routingpolicy, anAS typically chooses customer
routeover aroutevia a provider or peersincean ISP doesnot
have to payits customergo carrytraffic, andtendsto avoid the
traffic congestiorat peeringexchangepoints. For example,in
Figure9, AS paths(2,3,4)and(2,6,3,4)areno-valley paths,and
AS2 will preferthe AS path(2,3,4)via customerAS3 instead
of peerAS6to reachAS4.



Note thatwe choosethe shortestAS pathpolicy in the two
routing policiessincethis canonly underestimat@S pathin-
flation by the routing policies. In reality, it is possiblefor ASs
to have morecomplicatecbolicies(e.g.,for traffic engineering)
andleadto additionalAS pathinflation. In the next section,we
shav the extentto which the no-valley routing policy inflates
AS paths. In Sectionlll-C, we shav the extent to which the
no-valley-and-prefercustomeroutingpolicy inflatesAS paths.

B. Path Inflation by No-\alley RoutingPolicy

In thissectionwe compareheAS pathlengthwith theshort-
estAS pathlengthgiventhe no-valley routing policy. We have
a modified Dijkstra’s algorithmfor computingthe shortestAS
pathamongall no-valley paths.Figure10 shavs thealgorithm
in details. ThealgorithmtakesO(IN?) time to computeAS path
lengthfor all AS pairs,whereN is thenumberof ASsin theAS
graph.For detaileddescriptionof thealgorithm,see[13].

Input: AnnotatedAS graphG andsourcenodes
Output:no-valley shortespathlengthsfrom nodes to all nodes

Phased: Initialization

1. Letnodes betheselectechode

2. Assignunconstrained. constrainegathlengthof node
stobe0

3. Assignunconstraine@ constrainegathlengthof all other
nodesto be co

Phasel: Repeatedlygelectnodeswith the smallesshortespath:

1. while thereis aselectechodeu,

2. Updatetheestimateof the constrained& unconstrainegath
lengthfor »’s neighborsij.e.,

3. for eachpeerof u,

4. if thenodes estimateof unconstrainegathlengthis
morethanu’s unconstrainegathlength+1
5. setthe constrainegathlengthto beu’s

unconstrainegathlength+1
6. for eachproviderof u,

7. if thenodes estimateof unconstrainegathlengthis
morethanu’s unconstrainegathlength+1
8. settheunconstrainegathlengthto bew’s

unconstrainegathlength+1

9. for eachcustomenf u,

10. if thenodes estimateof unconstrainegathlengthis more
thanu’s minimumof unconstrained constrained
pathlength+1

11. setthe constrainegathlengthto bew’s minimum of

unconstraine& constrainegathlength+1

12. for eachsibling of u,

13. if thenodes estimateof unconstrainegathlengthis more
thanu’s unconstrainegathlength+1
14. settheunconstrainegathlengthto beu’s
unconstrainegathlength+1
15. if thenodes estimateof constrainegathlengthis more
thanu’s constrainegathlength+1
16. setthe constrainegathlengthto bew’s constrained

pathlength+1
17. Findthenext selectechode,i.e.,amongunselectedahodes,
let thenodebethe selectechodethathasthe minimum of
unconstraineéndconstrainegathlength.
18. Settheselectechodes pathlengthbethe minimumof
its unconstrained. constrainegathlength

Fig. 10. Algorithm for computingno-valley pathlength

In Figure11, around4% of AS pairshave longerAS paths
thanthe shortestAS paths. In Figure 12, We seethatthereis
asmalldiscrepang betweerthe shortestAS pathsandderived

AS paths.This indicatesthat ASs typically employ morecom-
plicatedrouting policy thanthe no-valley routingpolicy.
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Fig.11. Extentthatthe no-valley routing policy inflatesAS pathsfor
all AS pairs
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Fig.12. A comparisorof AS pathsderived from the no-valley policy
andshortestAS pathsfor all AS pairs

C. Path Inflation by No-\alley-and-PeferCustomerRouting
Policy

We seethatthe no-valley routing policy doesnot inflate AS
pathsignificantly This leadsusto studya moresophisticated
routing policy: no-valley-and-prefercustomerrouting policy.
Figure 13 shavs an algorithm for computingAS path length
given the no-\alley-and-prefercustomerrouting policies from
all ASsto adestinations. For detaileddescriptionof the algo-
rithm, see[13]. The algorithmtakes O(IVE) time to compute
AS pathlengthfor all AS pairs,whereN is thenumberof ASs
andFE isthenumberof edgesn the AS relationshipgraph.Note
thatthis algorithmhaslower compleity thanthe algorithmfor
no-\alley pathsinceit exploreslesspathsthanthe algorithmfor
no-valley pathdueto the prefercustomerpolicy.

For the sale of comparison,we comparethe shortestAS
pathsandthe AS pathsderived from the no-valley-and-prefer
customerrouting policy in Figure 14. We seethat morethan
45% of AS pairshave a longer AS paththanthe shortestAS
path, and AS path can be inflated by aslong as9 AS hops.
In Figure 15, we seethat the AS pathsderived from the no-
valley-and-prefercustomenmouting policy canbeaslongas14
AS hopswhile the shortestAS pathsareat most10 AS hops.

IV. CONCLUSIONSAND FUTURE WORK

We performedmeasuremenstudieson AS pathlengthand
obseredthatAS pathsareinflatedsignificantlyby interdomain



Input: AnnotatedAS graphG anddestinatiomodes
Output: no-valley-and-prefeicustaner AS pathlengths

Phase: Initialization

1. Initialize all pathlengthto beinfinity

2. SelectechodesetS = {}

3. Letnodes betheselectedy nodeS = {s} and
setnodes’s pathlengthto be 0

Phasel: Propagateoutesfrom customergo provider and
to siblingiteratively:
1. from sibling while thereis a selectechode,
2. Updatethe pathlengthof providersandsibling of the
selectechode,i.e., for eachprovider of theselectechode,

3 if thenodedoesnot have pathlengthset

4. setthe pathlengthto be selectechodepathlength+1

5. selectanodewith smallespathlengthand
addthenodeinto S

Phase2: Propagateoutesto peers.
1. for eachnodeu thathasbeenselectedn Phasel,

2.  for eachpeerof nodeu,
3 if thepathlengthof thenode> pathlengthof u + 1
4. updatethe pathlengthto be pathlengthof w + 1

Phase3: Propagateoutesfrom providersto customerandfrom
siblingto sibling iteratively
1. Selectthesmallestpathlengthnode

2. while thereis aselectechode

3 for eachcustomeior siblingu of theselectechode

4. if pathlengthof u < pathlengthof selectechode+1

5 updatethe pathlengthto be pathlengthof
selectechode+1

6. selectthe nodewith smallestpathlengthandadd

thenodeinto S

Fig. 13. Algorithm for computingno-valley-and-prefeicustaner path
length

routingpolicies. Thisleadsusto systematicallystudythe extent
of AS pathinflation by routing policies. We choosewo typical
routing policiesto estimatethe extent of AS pathinflation for
all AS pairs. We found that at least45% of AS pairs choose
alongerAS paththanthe shortestAS path. This studyshavs
thatthe shortestAS pathrouting policy arenot typical routing
policies usedin the currentinternet,and AS path inflation is
moreprevalentthanexpected.As a partof our future study we
planto understandhow the choserAS pathdiffersfrom the AS
pathresultingfrom a typical routing policy suchasno-valley-
and-prefercustomerrouting policy. This can give us insight
into theroutingpoliciesconfiguredn thelnternetandtheextent
of traffic engineeringperformedn the Internet.
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