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Table 2 Statistics for APs

measured in 6 US cities (Place

Lab data set)

Max AP degree Max. connected No. of connected

City Number of APs (i.e., # neighbors) component size components

Chicago 2370 20 54 369

Washington D.C. 2177 39 226 162

Boston 2551 42 168 320

Portland 8683 85 1405 971

San Diego 7934 54 93 1345

San Francisco 3037 76 409 186

beacons such as 802.11 APs, GSM cell phone towers, and

fixed Bluetooth devices.

2. WifiMaps: Wifi Maps.com [33] provides an online GIS

visualization tool, to map wardriving results uploaded

by independent users onto street-level data from the US

Census. We obtained access to the complete database of

wardriving data maintained at this website as of August

2004. For each AP, the database provides the AP’s ge-

ographic coordinates, zip code, its wireless network ID

(ESSID), channel(s) employed and the MAC address.

3. Pittsburgh wardrive A: This data set was collected on

July 29, 2004, as part of a small-scale wardriving effort

which covered portions of a few densely populated resi-

dential areas of Pittsburgh. For each unique AP measured,

we again collected the GPS coordinates, the ESSID, the

MAC address and the channel employed.

4. Pittsburgh wardrive B: This data was collected on

November 22, 2005. This wardrive was more extensive

and thorough than the Pittsburgh wardrive A dataset, and

as a result, contains far more access points. In addition to

the information collected in the A dataset, we also col-

lected information regarding the use of encryption, the

exact data rates offered by APs, and the physical areas

covered by APs.

3.2 Measurement observations

In this section, we analyze our data sets to identify real-

world deployment properties that are relevant to the efficient

functioning of wireless networks. The reader should note

that data analyzed here provides a gross underestimate of

any real-world efficiency problem. First, none of above data

sets are complete—they may fail to identify many APs that

are present and they certainly do not identify non-802.11

devices that share the same spectrum. Second, the density of

wireless devices is increasing at a rapid rate, so contention in

chaotic deployments will certainly increase dramatically as

well. Because of these properties, we believe these data sets

will lead us to underestimate deployment density. However,

these data sets are not biased in any specific way and we

expect our other results (e.g. channel usage, AP vendor and

802.11 g deployment) to be accurate.

3.2.1 802.11 Deployment density

First, we use the location information in the Place Lab data

set to identify how many APs are within interference range

of each other. For this analysis, we conservatively set the

interference range to 50 m, which is considered typical of

indoor deployments. We assume two nodes to be “neighbors”

if they are within each other’s interference range. We then

use this neighborhood relationship to construct “interference

graphs” in various cities.

The results for the analysis of the interference graphs in

six US cities are shown in Table 2. On average we note 2400

APs in each city from the Place Lab dataset. The third column

of Table 2 identifies the maximum degree of any AP in the

six cities (where the degree of an AP is the number of other

APs in interfering range). In San Francisco, for example,

a particular wireless AP suffers interference from about 80

other APs deployed in close proximity.

In Fig. 1, we plot a distribution of the degrees of APs mea-

sured in the Place Lab data set. In most cities, we find several

hundreds of APs with a degree of at least 3. In Portland, for

example, we found that more than half of the 8683 nodes

measured had 3 or more neighbors. Since only three of the

802.11b channels are non-overlapping (channel 1, 6 and 11),

these nodes will interfere with at least one other node in their

vicinity.

The fourth column in Table 2 shows the size of the max-

imum connected component in the interference graph of a

 0

 1000

 2000

 3000

 4000

 5000

 6000

 7000

 2  4  6  8  10  12  14  16  18  20

N
od

es
 w

ith
 d

 >
=

 x

Degree

Boston
Chicago
Portland

San Diego
San Francisco

Wash D.C.

Fig. 1 Distribution of AP degrees (Place Lab data set)
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Table 5 Supported rate sets in

the Pittsburgh B data set
Network Type Rate Set Number Percentage

b [11.0] 8 0.17

b [5.5 11.0] 33 0.71

b [2.0 5.5 11.0] 2 0.04

b [1.0 2.0 5.5 11.0] 1977 42.70

b [1.0 5.5 11.0 11.0] (sic) 5 0.11

b+ [1.0 2.0 5.5 11.0 22.0] 578 12.48

g [5.5 11.0 54.0] 1 0.02

g [11.0 36.0 48.0 54.0] 56 1.21

g [1.0 2.0 5.5 6.0 9.0 11.0] 1 0.02

g [11.0 24.0 36.0 48.0 54.0] 1 0.02

g [5.5 11.0 24.0 36.0 48.0 54.0] 1 0.02

g [1.0 2.0 5.5 11.0 6.0 9.0 12.0 18.0] 71 1.53

g [1.0 2.0 5.5 6.0 9.0 11.0 12.0 18.0] 280 6.05

g [11.0 12.0 18.0 24.0 36.0 48.0 54.0] 1 0.02

g [1.0 2.0 5.5 11.0 6.0 12.0 24.0 36.0] 318 6.87

g [1.0 2.0 5.5 11.0 6.0 12.0 24.0 54.0] 2 0.04

g [1.0 2.0 5.5 11.0 18.0 24.0 36.0 54.0] 1272 27.47

g [5.5 6.0 9.0 11.0 12.0 18.0 24.0 36.0] 1 0.02

g [6.0 9.0 11.0 12.0 18.0 24.0 36.0 48.0] 1 0.02

g [1.0 2.0 5.5 11.0 6.0 9.0 12.0 18.0 24.0 36.0 48.0 54.0] 4 0.09

g [1.0 2.0 5.5 6.0 9.0 11.0 12.0 18.0 24.0 36.0 48.0 54.0] 16 0.35

legacy 802.11 [1.0 2.0] 1 0.02

Fig. 3 Pittsburgh B wardrive Map
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Fig. 6 Average performance of HTTP and FTP flows at greater client densities (D = 3) for topology R

the traffic volume of the clients—to create more aggressive

interference settings.

4.2 Impact of client densities and traffic load

Impact of client density. Figures 6(a) and (b) show the av-

erage performance of the individual HTTP and FTP sessions,

respectively, in the comb-ftp1 and http workloads, for a

high number of clients associated per AP (D = 3). The per-

formance in both cases suffers significantly under high client

densities: From Fig. 6(a), HTTP performance is lowered by

about 65% (compare stretch = 1 with stretch = 10) due to

interference between aggressive HTTP flows (s = 5 s). The

same is true for the performance of the FTP flow in Fig. 6(b).

For a less aggressive HTTP component (s = 20 s) the perfor-

mance of the HTTP flows is 20% inferior, while the FTP flow

suffers by about 36%. For the S topology, the performance

impact on HTTP and FTP is 57% and 60% respectively, with

an aggreesive HTTP component in interfering traffic (results

omitted for brevity).

Impact of traffic volume. Figures 7(a)and (b) show the av-

erage performance of the HTTP and FTP flows, respectively,

in simulations with a few more competing FTP flows—

i.e., the comb-ftp2 and comb-ftp3 workloads—for D =
3. The performance impact on HTTP and FTP flows is

slightly more pronounced, even for the cases where the

HTTP component of these workloads is not very aggres-

sive (see the curves corresponding to s = 20 s in Fig. 7(b)).

Results for the S topology are identical and omitted for

brevity.

Using realistic channel assignments. We also performed

simulations on the 20-node topology, where the APs were

statically assigned channels based on the distribution in

Table 4. However, we note similar levels of interference and

impact on performance as observed above. This is because

more than half the APs in this simulation were assigned chan-

nel 6, which was the most predominant channel employed by

most APs according to our measurements.

4.3 Limiting the impact of interference

In this section, we explore the effect of two simple mecha-

nisms on mitigating interference in chaotic networks: First,

we study if an optimal static allocation of non-overlapping

channels across APs could eliminate interference altogether.

Second, we present a preliminary investigation of the effect
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Fig. 7 Average performance of HTTP and FTP flows at higher competing FTP traffic levels (i.e., the comb-ftp{ 2, 3} workloads) and for D = 3 in

topology R
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