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Abstract End-user applications
The Internet Distance Map Service (IDMaps) [3] pro- IDMaps servers:
vides distance estimates between any pair of hosts con- IDMaps servers clcunte distances
nected to the Internet. The IDMaps system comprises two dltances via sinpe eeply

component types: Tracers that measure distances between =~ - - - - ="~ - --------- - -
IP address prefixes, and Servers that collect measurement Tracers

results and answer distance queries. The Distance Informa-
tion Protocol (DIP) is used for Tracers to report measured

distance data to Servers. The dynamics on the Internet
topology, the distributed nature of autonomous Tracers and
Servers, and the vast size of the data set require that DIP

provide highly adaptive and scalable data dissemination Py
from Tracers to Servers. DIP is a soft-state announcefiiste "€SUlts to Servers. IDMaps Serverllect measurement

protocol and scales independently from the total amount of POt from all the Tracers and provide query/reply servic

measurement data by all Tracers. DIP achieves its scala- {0 end-user applications by estimating network distances.
bility through a combination of staged timers, positivefee Distance Information Protocol (DIP) is the component that
back, and feedback suppression techniques, which enabl@!Ues these two layers together. It is used for reporting

DIP to disseminate only the most useful measurement datd"easurement results from Tracers to Servers and sending
to Servers in a dynamic way. Simulations verified DIP’s feedback messages from Servers to Tracers. The issues of

scalability and adaptability under various network condi- NOW Tracers measure distances to various locations and how
tions. IDMaps Servers estimate the distance in answering appli-
cations’ queries are addressed in [13] and [3], respewgtivel
they are not part of DIP’s functionality.
. As alarge-scale information dissemination protocol, DIP
1. Introduction is designed as an announce/listen protocol. Each Tracer
periodically advertises its measurement results to a multi
The Internet Distance Map Service (IDMaps) [3] aims cast group comprising all Servers, while Servers just pas-
at providing distanceestimates between any two hosts on sjvely collect these reports. This soft-state approachsgiv
the Internet, so that applications can learn network de&8n  the protocol adaptability and robustness needed in the dy-
quickly and efficiently without performing actual measure- namic operational environment, in which events such as net-
ments themselves. Possible applications include locatingyork change, packet loss, node failure, adding or removing
the nearest mirror server, bUIldIng efficient content distr Tracers and Servers are not exceptionaL Unfortunatéw' th
bution networks and P2P networks. As shown in Fig. 1, simple “open-loop” announce/listen protocol does not work
IDMaps has a two-layer structure. Tracers are light-weight el in IDMaps system because our data size is huge. A
measurement processes that are expected to be widely desoft-state protocol generally incurs extra transmissicer-o
ployed on the Internet over time. Tracers measure networkhead due to periodic refreshment. It is not an issue when
delay to different locations on the Internet and report the

Tracers measure network distances,
advertise virtual topology over
multicast groups. Servers calculate
end-to-end distances.

Figure 1. IDMaps Architecture

2In previous publications [3] [4] [6], we refer the same entiis

IThroughout this paper, network distance refers to netwat&nky, “Clients’ to emphasize that they consume information provided by-Tra
though IDMaps design can support other metrics such as hdtioas ers. Throughout this paper, we will call ther8érvers to emphasize that
well. See [3] for more discussion. they provide distance estimates to applications.




«Address Prefix (AP) according to routing policy. Hosts belonging to the same

_. Le*" i Tracer-AP distance (VL) routing prefix may locate far away and have very different
h < Tracers distances to Tracers.
[~ Tracer-Tracer distance (VL) A Tracer measures distances to other Tracers and APs,
. and reports the results to Servers. An IDMaps Server com-
" bines measurement results from all Tracers and builid-a
: tance mafFig. 2) , which is a virtual network topology. A
@ Host link in the distance map is called\vartual Link (VL). When

a client application (e.qg., web browser) queries for diséan
between two hosts, the IDMaps Server will find out the cor-
Figure 2. Distance Map responding APs and estimates the distance by calculating
the length of the shortest path between these two APs in
the data size is small, but will be prohibitively expensive the distance map. Since the Internet topology changes from
when data size is as large as that in IDMaps system. Peritime to time, Tracers must perform measurements and send
odically sending all the data will either consume too much reports continuously. IDMaps’ goal is to provide distance
bandwidth or take too much time. Thus the challenge is to estimates with an update frequency on the order of days, or
design DIP as a protocol scalable to data size and retain théf necessary, hours. Such information only adjusts to “per-
advantages of soft-state approach as well. manent” topology changes instead of transient network con-
Our main approach to scale DIP is information differen- ditions. Instantaneous or near-instantaneous distafime in
tiation. Servers prioritize different data items basedh®irt ~ mation is both impossible to be distributed globally and of
usefulness in distance estimation, then send the conalusio diminishing importance to future applications [3].
to Tracers as feedback. Based on the feedback information,
Tracers are able to allocate more bandwidth to more use-5 5 Design Rationales of DIP
ful data and less bandwidth to less useful data. When the
most useful data is only a small portion of the entire data set
as in IDMaps, the system can achieve great scalability and
only lose little performance. To make this scheme work, we
incorporate effective techniques to adjust sending rate an

In IDMaps, there are a large number of both producers
(Tracers) and consumers (Servers) of the raw distance in-
formation. Each Tracer produces a small portion of the dis-

suppress duplicate feedbacks in our design. We believe thaf@nce map; Each server c_:ollef:ts information fro_m all Trac-
DIP design presents not only a scalable, robust and adap-ers and computes the entire distance map. The ideal mecha-

tive solution to IDMaps system, but also valuable insights nism for t_h|s m_ar_1y-to-many d|§tr|but|on Is 1P multlcast be-
on how to scale a soft-state protocol to large data size. cause of its efficiency. 1P m ulticast alsq provides an effec-
The rest of this paper is organized as follows. We be- tive way to handle dynam|p membershlp. Atany moment,.
gin with overview (Section 2) on IDMaps background and _Tracers and Servers may join the system as deployment IS
DIP’s design rationales, then discuss protocol designin de IN progress, or leave the system as old hardware/sqftware 'S
tail (Section 3), followed by performance evaluation (Sec- being phased out. Tracers and Servers are also distributed

tion 4). We discuss related work (Section 5) and giveasum-Widely on the Internet under different administrative con-
mary (éection 6) in the end trol. With IP Multicast, we can identify all the Servers by a

multicast groupGs and all the Tracers by another multicast
groupGt, eliminating the need for explicitly tracking every

2. Overview Tracer and Server. It allows each Tracer to transmit its smal
portion of the distance map without coordination with other
2.1. Background of IDMaps Tracers. Tracers never need to know about the Servers in

advance and vice versa. In this sense, IP multicast serves

Since it is very difficult to keep measuring and report- as a valuable discovery mechanism as well as a distribution
ing distances to every single host on the Internet, IDMaps mechanism. In the case that IP Multicast is not available,
groups nearby hosts into clusters represented by a commotDMaps can use end-host based multicast schemes (e.g.,
IP address prefix (AP). Hosts are grouped into APs accord-[16], [17], [12]) to obtain the same functionality.
ing to network distances, as all hosts in one AP share rela- There are two basic approaches to send raw distance
tively the same distance to Tracers. Thus Tracers can meainformation from Tracers to Servers: hard-state and soft-
sure distance to just one host in an AP and use the resulstate. In the hard-state approach, Tracers report their dis
to represent the approximate distance to all the hosts tn thatance information by reliable delivery. After the initia¢d
AP. Though they take the same representation, IDMaps’ APlivery, only significant updates will be reported. Ther&for
is different from routing prefix since the latter is grouped the transmission overhead is kept small. However, as in an



{ulldistance map map and use thespanner in distance estimation. This
spanner has much fewer VLs, but is still able to provide
distance estimates without losing performance signiflgant

AP
Distance Report (Multicast)

Measurements

Tracer I_Jjj Hotve
g;m 1 VLs in thet-spanner are callegctiveVLs, while others are
. Tjow  OMaes l calledbackupVLs. Servers send feedback to Tracers in-
9@ forming them which VLs are active. Tracers will measure
Feedback(Unicasy spanner and report active VLs much more frequently than backup
VLs. Therefore even some backup VL information become
Figure 3. Overview of DIP operations stale or inaccurate, the overall performance of distanee es

timation keeps at roughly the same level. Fig. 3 shows the
Internet-wide distributed system like IDMaps, no compo- overview of DIP’s operation.
nentis guaranteed to be error-free: packets may be dropped,
links may go down, Tracers and Servers may crash etc. Th
hard-state approach has to prepare for all possible error
and handle them explicitly. Furthermore, reliable delywver
is not always necessary, because when a new measuremetl. Distance Map
result is available, whether or not the old result is deber

becomes irrelevant. We adopt the soft-state approach ber. Number of APs and Tracers Before diving into de-
cause it simplifies protocol operations and makes the proto-,iis of protocol design, we would like to get an idea of the
col adaptive to unexpected errors or changes. In a sot-stat jistance map’s scale, namely the number of APs in the In-
protocol, Tracers periodically send distance informatien ;o -1t and the number of Tracers needed by IDMaps.
refresh messages to Servers using best-effort transmissio First of all, the number of CIDR blocks is around 100K

O\t/_er t|rtne|,_ a Ser:\_/ehr W'" r(;.\(ienl;e all the \I/It_s Ealch VL H?S and growing. However, CIDR blocks are aggregated ac-
a ime-to-live which 1S Set to be severat times fonger than cording to routing policies, not network distances as define
the transmission period. Servers su_‘nply dglete any raw dls-in IDMaps. The same CIDR block may have multiple APs.
tances whose age e.xceeds the assigned time-to-live. Therefore there are probably several times as many distinct
However, .per|0d|c refresh messages between TracgrsAPS as there are CIDR blocks. We conducted an Internet
and SerV(_ers 'Ttmd#c% more tranlsm|hSS|on overhead_,f Wh'(;:bxperiment in order to verify this and to get a more accurate
'_? proportional to the hata_?lze. n tde \Illvol'rft,glise’ ;] egc estimation. We first obtain about 2 million web site names
racer traches evelrydgt ?\; r;cerpan ha Eﬁ h S, the at%y searching English words in major search engines. After
E'Ze '? on the s(;\z;tg h* + b * f’ whereP s t ehnum-. resolving names to IP addresses and cleaning them up, we
ero APs an IS t.e number of Tracers. As shownin g4 up with about 800K unique and reachable IP addresses
Section 3, our preliminary resu_lts suggest thag 300],{_ as our IP address pool. Compared with BGP tables, our
andN = 3K, sothe tota_l da_ta size can be hundred; m|_II|on, IP address pool covers about one third of the BGP address
or even thousands million in the worst case. Periodically prefixes. Therefore, we assume it covers one third of the
sending and regeiving all th_ese information W,i" CONSUME ¢ ptire Internet, and the number of APs on the Internet will
too much bandwidth, especially for a Server since it is the be roughly three times the number of APs that exist in our
sink for all reports. The conventional way to reduce band- |5 o qqress pool
width consumption by soft-state refreshes is slowing down In order to find the number of APs in our address pool
the sending rate of refreshes. But in the case of huge data ’

. . . we first measure the round trip time (rtt) to all IP addresses
size, the interval between two consecutive refresh message.

: . . in the pool and then group addresses that share the same
will be too big to be of any practical use. For example,

when a packet is lost, the Server has to wait a long time prefix and have similar rtt into one AP. For this purpose we

before receiving the second transmission of the packet An_use the following algorithm. At first, we assume that all the
9 P ' addresses in the pool belong to the same AP. If the distance

other problem caused by the data size is that Tracers hav :
s . ., between any two addresses differs more than an error toler-
to periodically measure a huge number of distances, which . : .
ance we split the AP in two halves. We recursively repeat

can be a ot of workload. the same procedure for every AP until all the addresses of

The way we solve this problem is to differentiate data each AP have almost the same distance (Fig. 4). We did the

items based_on _thelr usefuln.ess o dlstancg est|mat|or!. In'measurementfromthree differentlocations in U%Ad the
stead of maintaining a full distance map with all possible

VLs, Servers calculate &spannet from the full distance 4Though the experiment was carried out from only three sitesfeel
the accuracy is adequate for our purpose of estimating thebauof APs

3A t-spanner of a graph is a subgraph in which the distance betwee to assist the protocol design. We plan to expand the expatitoeother
any pair of nodes is at mostimes of the distance in the original graph. locations as more tracers are deployed.

3 Protocol Design
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results are shown in Fig. 5. If we conservatively take the er- Tracer-Tracer VLs are reduced by more than 10 times in a
ror tolerance level as 10%, the number of APs is between1000-node topology with 100 Tracers.
100K and 160K. Considering the address pool only covers  \what left unsolved in [3] is how many Tracer-AP VLs
about one third of the entire Internet, we estimate thaether should be maintained, although it demonstrated that hav-
are about 300K to 500K APs on the current Internet. ing 2 or 3 Tracers per AP performs better than having only
We also did simulations to evaluate how many Tracers gne Tracer per AP. We solve this problem by extending the
are needed by IDMaps in order to provide satisfactory dis- ¢-spanner algorithm to Tracer-AP VLs as well [7]. Now
tance estimation. The major conclusion is that increasingthe entire distance map is reduced to a 2-spanner, and the
the number of Tracers will improve the performance, but gistance estimation is done by calculating shortest path be
with d|m|n|Sh|ng gain. Only 0.2% of all nodes SerVing as tween two APs. A|th0ugh one AP can have as manWas
Tracers can already provide correct estimates with vetty hig Tracer-AP VLs, our simulation (Fig. 6) shows that in the 2-
probability. Being conservative, we assume the number of spanner, the number of Tracer-AP VLs per AP, i.e., the AP
Tracers IDMaps will deploy is 1% of the number of APs, degree, is very small, and it decreases as more Tracers are
which gives 3000 to 5000 Tracers. Detail discussions anddeployed.
simulation results are available in [3] and [7]. Using a 2-spanner instead of the full distance map differ-
entiates all VLs into two types: active VLs which comprise
t-spanner Although the distance map can have as many the 2-spanner, and backup VLs otherwise. In order to es-
as%N x (N — 1) + N x P VLs, not all VLs are equally  timate the active to backup VL ratio, we run the 2-spanner
important in distance estimation. For example, among threealgorithm on an Internet-like topology [14] of 5000 nodes,
nodesA, B andC, if dag + dpc = dac, then theAC vir- from which we randomly select APs and Tracers. The num-
tual link can be well approximated by the sumAB and ber of active VLs is much small compared with the number
BC virtual links. In [3], Franciset al. exploited this prop-  of backup VLs, as shown by Fig. 7. This makes it possible
erty by applying a-spanner algorithm to the full-mesh of for DIP to allocate more resources to carry a small amount
Tracer-Tracer VLs. The result shows that for 2, there of important information, rather than treat every data item
is no perceptible performance degradation for application equally. We also designed an incrementapanner algo-
like closest server selection, and the number of necessaryithm [6] to reduce the computational load.



report starving backup VLs, Tracers adjustq|q andRiCy so that
bandwidth is allocated between them proportionally. In the
current design, we tentatively set the bandwidth for backup
VLs to be one third of the bandwidth for active VLs. Since
active VL is only a small portion of all VLs, the number of
new distance backup VLs grows much faster than active VLs when the
number of Tracers and APs increases. As a resRﬂgy

will become much lower. However this does not affect the
system performance perceptibly since backup VLs are not
acknowledged by feedback, directly used in distance estimation.

Although any significant change in distances will trigger
fast transmission, we still need to send refresh message of
active VLs and backup VLs in relatively slow rateB{;|q
andRiCy respectively) periodically. First, it ensures the sys-
tem’s robustness by helping the Server overcome unfore-
seen faults. Second, for changes that are not qualified as

Tracers report their distance measurement results to allsignificant changes, they will be conveyed to Servers via
the Servers by multicasting to the Server gr@p The re- periodic refreshes. Though they may not make big differ-
portis sent by best-effort instead of reliable deliveryjebh  ence in the distance map, such information is still useful
is expensive and unnecessary. Reliable delivery requiresin refining the distance estimation. Third, for a newly de-
handling of NACK or ACK from multiple IDMaps Servers, ployed Server, there will be a predictable time period befor
which can be quite complex as reliable multicast protocols it collects most VLs, especially active VLs, in order to louil
have shown. Since the report is sent periodically, a loss canthe distance map and start providing estimation service.
be recovered by a later arrived report. Furthermore, when
there is a new measurement result for a VL, whether the 0ld3.3. Server Feedback
information is delivered becomes irrelevant.

As discussed before, using the same sending rate for evPositive Feedback A Tracer only measures distances be-
ery VL does not work well when data size is very large. In tween itself and other places and has no global view of the
order to scale to the data size, we need to take applicationinternet distance map. Therefore it cannot decide on its own
requirements into account to allocate the bandwidth morewhich VL is active, which backup. Such information is only
efficiently. In DIP, Tracers categorize VLs into four types available from Servers who are able to calculagpanner
and use different sending rate for each type (Fig. 8). If a VL of the entire distance map.
is a new VL or its distance has just changed significantly ~ Servers unicaspositive feedbacks to Tracers telling
(e.g. over 50%) , it becomdwmt and will be reported by  them which VL is active, instead afegativefeedbacks
a very fast ratel?j,ot. Then the VL enters thevarm state telling them which VL is backup. Positive feedback con-
as its sending rate gradually slows down, until a slow rate sumes less bandwidth than negative feedback since active
Rip|g is reached and the VL becomesld. Active VLs VLs are much less than backup VLs. When the network is

report,
reduce sending rate

new distance

report

report

Figure 8. State transitions for virtual links

3.2. Tracer Report

stay incold state and the sending rate is fixed&q)q. congested, lost negative feedbacks will trigger more riepor
Backup VLs will go further to becomiey where a much  traffic since Tracers falsely think there are more active VLs
slower rateRiCy is in use. The transition frorty to cold But lost positive feedback will just reduce the report traf-

is triggered and confirmed by Server’s periodic feedbacksfic. Therefore using positive feedback is more scalable and
indicating which VL is active. If a VL has not been ac- robust.

knowledged by feedbacks for some time, it will becadime Since Servers act independently in sending feedbacks,
again. At any state, if the measurement reveals significanteach Tracer will receive feedbacks from all Servers causing
change in a VL's distance, the VL turhst feedback implosion. Therefore we need an efficient feed-

During warm State, the Sending rate is exponentia”y re- back SuppreSSion mechanism to reduce duplicate feedbacks.

duced fromRp ot to Reqig: cut in half after every trans-

mission. Compared with directly jumping fronotto cold, Feedback Suppression DIP uses a novel algorithm for
this mechanism sends a few packets in fast rate at the befeedback suppression. The goal is to elect a small coun-
ginning, so that the newly updated information is likely to cil of Servers to send feedbacks to a Tracer. The council
overcome potential packet loss quickitot andwarmare size should be appropriate to make sure the number of feed-
transient states. Most of the time VLs are eitlcetd or back that a Tracer receives is within the rangelof [U]

icy. To ensure quicker transmission of active VLs without and close to a constant The constant is usually chosen
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as a small number greater than 1 in order to offset possi-
ble packet loss. The election of the council is done in each
report-feedback round.

A simple way to elect the council is to let every Server
hold a probabilityp and decide whether to join the council

remains the same most of the time, so the overhead of pe-
riodic re-election is saved. More prominently, the council
algorithm adapts well to network conditions (e.g., packet
loss) and scales independently of the number of Servers.
Fig. 9 is a typical simulation result with = 3, ¢ = 4.6,
andU = 6. It shows clearly thalv, remains close te as

the number of Servers varies between 63 and 2000, and the
packet loss probability varies between 0% and 25%. When
packet loss increases, more Servers will join the council so
that the number of feedback received by the Tracer remains
the same. Since the increment of council size is at least
1 every time, it may over-compensate the effect caused by
packet loss when loss probability is small. This explaires th
initial increase ofNV, in Fig. 9.

4. Performance Evaluation

In this section, we use simulation to evaluate the overall

according top However,p is hard to choose because it Scalability of DIP in terms of traffic load it introduces into

depends on the total number of Servers and the packet los§€ network. Our purpose is not to show the exact number of
probability in the network. The idea is to let Tracers tell traffic volume, but to show the trend as some performance

Servers the result of last round election, and Servers adjusfactors change. In particular, we try to find out how the

paccordingly to let the Tracers receiwéeedback messages
in the next round.

A Tracer includes the number of feedback it received
(V) in last round with every report of active VLs. Each
Server uses a flagto remember whether itself is a coun-
cil member ¢ = 1) or not (s = 0). A Server adjusts its
probability of being a council member as follows:

NLC if No>Uands=1
p= 1 if N.<Uands=1
Pm if NN<Lands=0

Basically, if V.. is within the rangel[. . .U], the council will
remain unchanged; If there are too many feedbadksx
U), current council members will opt out by probability-
~-); If there are too few feedback&Vt < L), non-council
Servers will join the council by a heuristic probabiliy, .
Non-council members maintain theiy, in the following

way:
DPm = {

Initially p,, is set to%, and is always limited within [Q .1].
After several rounds of adjustment,, will adapt to the

Pm/2
Dm * 2

if Ne>Uands=0
if NN<Lands=0

number of non-council members. It makes sure that every

time the council needs to increase, there will be only a lim-
ited number of new members joining instead of everyone.

traffic load changes as the system grows, what the contribu-
tion of different types of messages is, and how link failure
affects the overall traffic load.

4.1. Simulation Setup

We use Waxman [15] topologies with parameters set to
a = 1landg = 0.1 to model the network. These topolo-
gies are mesh-like with rich connectivity. When we sim-
ulate network changes by bringing a link down, there will
be changes in network distances instead of partition of the
entire topology. Most simulations are run on a 500-node
topology with mean node degree of 5.37. Each node in
the topology is treated as an AP. Tracers are placed into the
network randomly. We tentatively set the rate of advertis-
ing active VLs, Rq|g, to once every 2 hours, and restrict
the bandwidth consumed by backup VLs to be one third
of the bandwidth consumed by active VLs. Servers keep
an active VL for at most 2.5% 4 without receiving any
refresh from the Tracer. In real implementation, these pa-
rameters should be determined by available bandwidth and
the volume of distance information. The simulation runs
for 1 month (43200 minutes) of simulated time. Network
changes are simulated by link failure and recovery using a
simple on-off model. The time that a link is down is ex-
ponentially distributed, as is the time that a link is up. The
average length of downtim€gy is 4 hours, the link fail-

Compared with other feedback control mechanisms suchUre Probabilityp; is between 0% to 1.28%, and the average

as in [1], the council algorithm can elect the council with
desired size quickly, normally in 1-3 rounds. The council

length of uptime isT,,, = A=p)*Toss - Ag a link goes

. . s
up and down once in a while, the network path between two
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Figure 10. Simulation Results

nodes may change, which in consequence may change some
network distances, so that we can observe its effects on DIP.
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The main goal of our simulation is to compute the traffic
load injected into the network due to DIP messages. Traffic
load in our simulation is defined as the average number of *% Liniaiure provabiy (n percertage)
bytes transmitted over one physical link, i.e., total teaffi
volume over the number of physical links. For multicast
packets, we assume they traverse every link in the topology,
to simplify computation.

Fig. 10(a) shows that the traffic load increases as thetimated average traffic of 43-25Kbps when DIP is deployed
number of Tracers increases. When the number of Traceidely.
is large, traffic load grows much slower than linearly.  To show how the traffic overhead changes under different
Fig. 10(b) shows the contribution from different types of network conditions, we simulate DIP in a 500-node topol-
messages. As designed, the traffic load of advertisingeactiv ogy with 25 Tracers and 5 IDMaps Servers and apply the
VLs is about three times as that of backup VLs. They grow on-off model of link failure. Fig. 11 shows that the traffic
sub-linearly because the number of active VLs grows sub-load grows as the link failure probability increases, bsit it
linearly with the number of Tracers. Feedback traffic only pace slows down as the network becomes less stable. There
contributes a small portion of total traffic load. Because are two factors that affect the traffic load in this simulatio
Servers use feedback to tell Tracers which VL is active, and One is how frequently the network changes. When links go
only a small number of Servers are elected to send feedbackip and down, the distance between two nodes are likely to
to a particular Tracer, the feedback traffic is about propor- change which triggers Tracers to advertise new distances at
tional to the number of active VLs and is independent of the a fast rate. In DIP’s term, more VLs becotmat Therefore,
number of Servers deployed. All types of traffic grow sub- more network changes cause more traffic load. On the other
linearly, which makes the entire system scale well with the hand, when link failure probability is high, some links will
number of Tracers. be down for a long time. Statistically, there are fewer links

To see how traffic load changes with the number of APs, in the network topology. This results in less links in the
we run several simulations with different network sizes. spanner because more virtual links will be able to share the
The numbers of Tracers and IDMaps Servers are fixed (25same physical link. Therefore, although the total number
Tracers and 5 IDMaps Servers). The link failure rate is of VLs remains the same, there are less active VLs in this
0.01% and topologies are created with the same Waxmarstatistically simplified topology, and traffic load is redadc
parameters. Fig. 10(c) shows that the traffic load increasesAs shown in Fig. 11, when link failure probability is small,
linearly when the size of the topology changes from 500 to the first factor dominates and traffic load increases almost
1500. Given the number of APs on the Internet is about linearly. When link failure probability is high, the second
500-700 thousands, extrapolation of Fig. 10(c) gives an es-factor gradually offsets the first factor, thus the curvegoe
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Figure 11. Traffic load vs. link failure
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