
E
x
p
e
r
ie
n
c
e
s
w
ith

a
M
o
b
ile

T
e
stb

e
d

K
ev
in

L
a
i�
M
em

a
R
o
u
sso

p
o
u
lo
s�
D
ia
n
e
T
a
n
g
�
X
in
h
u
a
Z
h
a
o
�
M
a
ry

B
a
k
er

S
ta
n
fo
rd

U
n
iv
ersity

A
b
s
tr
a
c
t�

T
h
is
p
a
p
er
p
resen

ts
resu

lts
fro

m
a
n
eig

h
t�d

ay
n
etw

o
rk

p
a
ck
et

tra
ce

o
f
M
o
sq
u
ito

N
et�

M
o
sq
u
ito

N
et

a
llow

s
u
sers

o
f
la
p
to
p
co
m
p
u
ters

to
sw
itch

sea
m
lessly

b
etw

een
a
m
etro

p
o
lita

n
�a
rea

w
ireless

n
etw

o
rk

a
n
d
a

w
ired

n
etw

o
rk

��
�
M
b
it�

s
E
th
ern

et�
ava

ila
b
le
in

o
	
ces

a
n
d
o
n
�ca

m
p
u
s

resid
en
ces�

R
esu

lts
in
clu

d
e
th
e
a
m
o
u
n
t
o
f
u
ser

m
o
b
ility

b
etw

een
th
e
w
ired

a
n
d
w
ireless

n
etw

o
rk
s

th
e
a
m
o
u
n
t
o
f
m
o
b
ility

w
ith

in
th
e
w
ireless

n
et�

w
o
rk


a
n
ex
a
m
in
a
tio

n
o
f
a
p
p
lica

tio
n
en
d
�to

�en
d
d
elay

s

a
n
d
a
n
ex
a
m
in
a
�

tio
n
o
f
ov
era

ll
p
a
ck
et

lo
ss

a
n
d
reo

rd
erin

g
in

th
e
w
ireless

n
etw

o
rk
�

W
e
�
n
d
th
a
t
th
e
av
era

g
e
m
o
b
ile

h
o
st

sw
itch

es
b
etw

een
th
e
w
ired

a
n
d

w
ireless

n
etw

o
rk
s
�
�
tim

es
d
u
rin

g
th
e
tra

ce
a
n
d
m
ov
es
w
ith

in
th
e
w
ireless

n
etw

o
rk

�
v
e
tim

es�
R
o
u
n
d
trip

la
ten

cies
in

th
e
w
ireless

n
etw

o
rk

a
re

v
ery

h
ig
h


w
ith

a
m
in
im
u
m

o
f
�
�
seco

n
d
s�
E
v
en

h
ig
h
er

en
d
�to

�en
d
d
elay

s

o
f

u
p
to

h
u
n
d
red

s
o
f
seco

n
d
s

a
re

d
u
e
to

p
a
ck
et

lo
ss

a
n
d
reo

rd
erin

g
�
T
h
ese

d
elay

s
ca
u
se

u
sers

to
ch
a
n
g
e
th
eir

u
sa
g
e
p
a
ttern

s
w
h
en

co
n
n
ected

to
th
e

w
ireless

n
etw

o
rk
�
W
e
co
n
clu

d
e
th
a
t
la
ten

cy
is
a
critica

l
p
ro
b
lem

in
th
e

w
ireless

n
etw

o
rk
�

�
In
tr
o
d
u
c
tio

n

T
h
e
p
o
p
u
la
rity

o
f
p
o
rta

b
le

co
m
p
u
ters

co
m
b
in
ed

w
ith

th
e
g
row

th
o
f
w
ireless

n
etw

o
rk
s
a
n
d
serv

ices
h
a
s
led

to
m
a
n
y
e�
o
rts

to
m
a
k
e
m
o
b
ile

co
m
p
u
tin

g
a
n

ev
ery

d
ay

rea
lity�

T
o
a
ch
iev

e
th
is

g
o
a
l�
d
esig

n
ers

n
eed

in
fo
rm

a
tio

n
a
b
o
u
t
th
e

b
eh
av
io
r
o
f
m
o
b
ile

h
o
sts

�p
o
rta

b
le

co
m
p
u
ters�

a
n
d
th
e
ch
a
ra
cteristics

o
f
th
e

n
etw

o
rk
s
th
ey

u
se�

A
lth

o
u
g
h
ex
istin

g
stu

d
ies

o
f
th
e
ch
a
ra
cteristics

o
f
lo
ca
l�a

rea
w
ireless

n
etw

o
rk
s
a
re

h
elp

fu
l
fo
r
in
v
estig

a
tin

g
in
�b
u
ild

in
g
m
o
b
ile

en
v
iro

n
m
en
ts

�	


��
	


��

�

th
ere

is
cu
rren

tly
little

p
a
ck
et�lev

el
in
fo
rm

a
tio

n
ava

ila
b
le

a
b
o
u
t

w
id
e�a

rea
w
ireless

n
etw

o
rk
s�
T
h
is
in
fo
rm

a
tio

n
is
im

p
o
rta

n
t
if
w
e
a
re

in
terested

in
m
o
b
ility

o
u
tsid

e
o
f
sm

a
ll
a
rea

s
su
ch

a
s
h
o
m
es
a
n
d
o
�
ces�

U
n
d
ersta

n
d
in
g
w
id
e�

a
rea

w
ireless

n
etw

o
rk

p
erfo

rm
a
n
ce

in
term

s
o
f
la
ten

cies�
p
a
ck
et

ra
tes

a
n
d
p
a
ck
et

lo
ss
w
ill

h
elp

u
s
d
esig

n
�
m
o
d
el�

sim
u
la
te

a
n
d
o
p
tim

ize
p
ro
to
co
ls
a
n
d
a
p
p
lica

tio
n
s

to
p
erfo

rm
w
ell

in
th
is

en
v
iro

n
m
en
t�

w
h
ile

in
fo
rm

a
tio

n
a
b
o
u
t
th
e
d
ay
�to

�d
ay

b
eh
av
io
r
o
f
m
o
b
ile

h
o
sts

a
n
d
th
eir

u
sa
g
e
p
a
ttern

s
in

rea
l
sy
stem

s
w
ill

h
elp

u
s

ch
o
o
se

w
h
ich

p
ro
to
co
ls
a
n
d
a
p
p
lica

tio
n
s
to

ta
ck
le�

T
h
is
p
a
p
er

p
resen

ts
th
e
resu

lts
fro

m
a
n
eig

h
t�d

ay
tra

ce
o
f
a
n
etw

o
rk

o
f
m
o
b
ile

h
o
sts

th
a
t
in
co
rp
o
ra
tes

a
w
ireless

sy
stem

ava
ila
b
le
th
ro
u
g
h
o
u
t
o
u
r
m
etro

p
o
lita

n
a
rea

�
T
h
e
n
etw

o
rk
�
ca
lled

M
o
sq
u
ito

N
et�

a
llow

s
u
sers

o
f
la
p
to
p
co
m
p
u
ters

to
stay

co
n
n
ected

to
th
e
w
ireless

n
etw

o
rk

w
h
ile

m
ov
in
g
a
ro
u
n
d
o
u
r
a
rea

�
a
n
d
to

sw
itch

sea
m
lessly

b
etw

een
th
e
w
ireless

a
n
d
a
w
ired

n
etw

o
rk
�S
w
itch

in
g
sea

m
lessly

m
ea
n
s



th
a
t
a
ll
o
n
g
o
in
g
n
etw

o
rk

a
p
p
lica

tio
n
s
co
n
tin

u
e
w
o
rk
in
g
w
h
en

a
h
o
st�s

n
etw

o
rk

co
n
n
ectio

n
ch
a
n
g
es�

O
u
r
resu

lts
in
clu

d
e
th
e
a
m
o
u
n
t
o
f
u
ser

m
o
b
ility

b
etw

een
th
e
w
ired

a
n
d
w
ireless

n
etw

o
rk
s�

th
e
a
m
o
u
n
t
o
f
m
o
b
ility

w
ith

in
th
e
w
ireless

n
etw

o
rk
�
a
co
m
p
a
riso

n
o
f
u
sa
g
e
p
a
ttern

s
b
etw

een
th
e
w
ired

a
n
d
w
ireless

n
etw

o
rk
s�
a
n
ex
a
m
in
a
tio

n
o
f

a
p
p
lica

tio
n
en
d
�to

�en
d
d
elay

s�
a
n
d
a
n
ex
a
m
in
a
tio

n
o
f
ov
era

ll
p
a
ck
et

lo
ss

a
n
d

reo
rd
erin

g
in

th
e
w
ireless

n
etw

o
rk
�
T
o
su
m
m
a
rize

o
u
r
�
n
d
in
g
s�

�
M
o
b
ility

�
O
n
av
era

g
e�
a
m
o
b
ile

h
o
st
sw

itch
es

b
etw

een
th
e
w
ired

a
n
d
w
ireless

n
etw

o
rk
s
�
�
tim

es
d
u
rin

g
th
e
eig

h
t
d
ay
s
�w

ith
a
m
in
im
u
m

o
f
th
ree

tim
es

a
n
d
a
m
a
x
im
u
m

o
f

�
��
O
n
av
era

g
e�
a
m
o
b
ile

h
o
st
m
ov
es

w
ith

in
th
e
w
ireless

n
etw

o
rk

�
v
e
tim

es
d
u
rin

g
th
e
eig

h
t
d
ay
s
�w

ith
a
m
in
im
u
m

o
f
o
n
e
m
ov
e
a
n
d

a
m
a
x
im
u
m

o
f
�
�
m
ov
es��

W
e
fo
u
n
d
sev

en
d
istin

ct
lo
ca
tio

n
s
a
t
lea

st
o
n
e�h

a
lf

m
ile

a
p
a
rt

in
th
e
w
ireless

n
etw

o
rk

th
a
t
w
ere

v
isited

b
y
m
o
b
ile

h
o
sts�

T
h
e

w
id
est

sp
rea

d
lo
ca
tio

n
s
w
ere

�
�
m
iles

a
p
a
rt�

�
L
a
ten

cies�
R
o
u
n
d
trip

la
ten

cies
in

th
e
w
ireless

n
etw

o
rk

a
re

h
ig
h
�
w
ith

a
m
in
im
u
m

o
f
�
��

seco
n
d
s�
M
u
ch

h
ig
h
er

en
d
�to

�en
d
d
elay

s
�u
p
to

h
u
n
d
red

s
o
f

seco
n
d
s�
resu

lt
fro

m
p
a
ck
et

retra
n
sm

issio
n
s
d
u
e
to

lo
ss
a
n
d
reo

rd
erin

g
�
H
ig
h

la
ten

cies
a
n
d
th
e
ra
te

o
f
p
a
ck
et

lo
ss

a
n
d
reo

rd
erin

g
p
rev

en
t
h
o
sts

fro
m

fu
lly

u
tilizin

g
th
e
ava

ila
b
le
b
a
n
d
w
id
th

o
f
th
e
w
ireless

n
etw

o
rk
�

�
O
p
tim

iza
tio

n
s�

S
im

p
ly

ch
a
n
g
in
g
teln

et
fro

m
ch
a
ra
cter

m
o
d
e
to

lin
e
m
o
d
e

im
p
rov

es
its

in
tera

ctiv
e
resp

o
n
se

b
y
req

u
irin

g
�
�
�

few
er

ro
u
n
d
trip

s�
B
a
tch

�
in
g
N
F
S
m
eta

�d
a
ta

req
u
ests

ca
n
red

u
ce

th
em

b
y
a
s
m
u
ch

a
s
�
�
�
�
b
u
t
N
F
S

still
su
�
ers

fro
m

la
ck

o
f
d
a
ta

p
refetch

in
g
�

M
a
n
y
o
th
er

w
id
e�a

rea
w
ireless

n
etw

o
rk
s
w
ill

a
lso

h
av
e
h
ig
h
la
ten

cies
rela

tiv
e

to
lo
ca
l�a

rea
tech

n
o
lo
g
ies�

so
w
e
co
n
clu

d
e
th
a
t
co
n
ten

d
in
g
w
ith

la
ten

cy
p
resen

ts
a
critica

l
c h
a
llen

g
e
fo
r
m
a
k
in
g
w
id
e�a

rea
m
o
b
ile

d
a
ta

n
etw

o
rk
s
su
ccessfu

l�
S
o
m
e

sim
p
le

tech
n
iq
u
es

fo
r
im

p
rov

in
g
th
e
b
eh
av
io
r
o
f
a
p
p
lica

tio
n
s
sen

sitiv
e
to

h
ig
h

en
d
�to

�en
d
d
elay

s�
su
ch

a
s
u
sin

g
lo
ca
l
lin

e
ed
itin

g
in

teln
et�

ca
n
va
stly

im
p
rov

e
u
sers�

p
ercep

tio
n
s
o
f
n
etw

o
rk

b
eh
av
io
r�
A
d
d
itio

n
a
lly�

it
is
clea

r
th
a
t
�
le
sy
stem

s
su
ch

a
s
N
F
S
th
a
t
u
se

a
req

u
est�

resp
o
n
se

�R
P
C
�
m
o
d
el

w
ill

n
o
t
su
rv
iv
e
in

th
e

w
ireless

en
v
iro

n
m
en
t
u
n
less

th
ey

a
re

o
p
tim

ized
to

p
refetch

d
a
ta

o
r
co
m
b
in
e

m
u
ltip

le
o
p
era

tio
n
s
in
to

sin
g
le

req
u
ests

�su
ch

a
s
lo
o
k
in
g
u
p
in
fo
rm

a
tio

n
fo
r
a

w
h
o
le
d
irecto

ry
a
t
o
n
ce��

T
h
e
rem

a
in
d
er

o
f
th
is

p
a
p
er

is
o
rg
a
n
ized

a
s
fo
llow

s�
S
ectio

n
�
d
escrib

es
th
e

p
ro
ject

g
o
a
ls
a
n
d
th
e
en
v
iro

n
m
en
t
stu

d
ied

�
S
ectio

n

d
escrib

es
th
e
tra

cin
g
a
n
d

a
n
a
ly
sis

to
o
ls�

S
ectio

n
�
d
escrib

es
th
e
ov
era

ll
a
n
d
p
er�a

p
p
lica

tio
n
u
sa
g
e
p
a
ttern

s
o
f
h
o
sts

o
n
th
e
w
ired

a
n
d
w
ireless

n
etw

o
rk
s�
a
s
w
ell

a
s
en
d
�to

�en
d
d
elay

s�
p
a
ck
et

lo
ss�

a
n
d
p
a
ck
et

reo
rd
erin

g
in

o
u
r
w
ireless

n
etw

o
rk
�
S
ectio

n
�
lo
o
k
s
a
t
so
m
e

p
o
ssib

le
o
p
tim

iza
tio

n
s
fo
r
teln

et
a
n
d
N
F
S
in

th
e
w
ireless

n
etw

o
rk
�
S
ectio

n
�

d
escrib

es
rela

ted
w
o
rk
�
a
n
d
S
ect�

�
p
resen

ts
co
n
clu

sio
n
s
a
n
d
so
m
e
fu
tu
re

w
o
rk
�



�
T
h
e
S
y
ste

m
U
n
d
e
r
S
tu
d
y

T
h
is
sectio

n
d
escrib

es
th
e
g
o
a
ls
o
f
th
e
M
o
sq
u
ito

N
et

p
ro
ject

a
n
d
th
e
h
a
rd
w
a
re

a
n
d
so
ftw

a
re

th
a
t
m
a
k
e
u
p
o
u
r
testb

ed
�

�
��

G
o
a
ls

T
h
e
g
o
a
l
o
f
th
e
M
o
sq
u
ito

N
et

p
ro
ject

is
to

w
o
rk

tow
a
rd
s
p
rov

id
in
g
�
a
n
y
w
h
ere�

a
n
y
tim

e�
In
tern

et
co
n
n
ectiv

ity
fo
r
m
o
b
ile

h
o
sts�

A
h
o
st

sh
o
u
ld

b
e
a
llow

ed
to

rem
a
in

co
n
tin

u
o
u
sly

co
n
n
ected

to
th
e
In
tern

et�
If

co
st

o
r
b
a
ttery

p
ow

er
a
re

co
n
cern

s�
th
en

th
e
m
o
b
ile

h
o
st

m
ay

d
isco

n
n
ect

a
s
a
p
p
ro
p
ria

te�
b
u
t
it
sh
o
u
ld

b
e

a
b
le
to

reco
n
n
ect

sea
m
lessly

w
h
en
ev
er

d
esired

�
If
u
sers

h
av
e
co
n
tro

l
ov
er
w
h
en

to
d
isco

n
n
ect�

th
en

th
ey

ca
n
ch
o
o
se

to
d
o
so

g
ra
cefu

lly�
p
erh

a
p
s
b
y
sy
n
ch
ro
n
izin

g
�
le
ca
ch
es

o
r
u
n
lo
ck
in
g
lo
ck
ed

�
les�

F
o
r
co
n
tin

u
o
u
s
co
n
n
ectiv

ity�
a
m
o
b
ile

h
o
st

m
u
st

b
e
a
b
le
to

sw
itch

to
th
e
b
est

n
etw

o
rk

ava
ila
b
le
in

its
cu
rren

t
lo
ca
tio

n
�
T
h
e
m
etric

fo
r
ch
o
o
sin

g
th
e
n
etw

o
rk
�

if
m
o
re

th
a
n
o
n
e
n
etw

o
rk

is
ava

ila
b
le�

co
u
ld

b
e
p
erfo

rm
a
n
ce�

co
st�

ava
ila
b
le

reso
u
rces

in
th
e
n
etw

o
rk
�
secu

rity�
o
r
so
m
e
co
m
b
in
a
tio

n
o
f
th
e
a
b
ov
e
a
n
d
o
th
er

fea
tu
res�

W
e
d
o
n
o
t
b
eliev

e
th
a
t
a
sin

g
le�

g
lo
b
a
lly

ava
ila
b
le

w
ireless

n
etw

o
rk

w
ill

p
rov

id
e
m
o
b
ile

h
o
sts

w
ith

th
e
b
est

p
erfo

rm
a
n
ce

o
r
co
st�

In
stea

d
�
w
e
b
eliev

e
u
sers

w
ill

w
a
n
t
th
e
g
en
era

lly
b
etter

p
erfo

rm
a
n
ce

o
f
w
ired

n
etw

o
rk
s
w
h
ere

th
ey

a
re

ava
ila
b
le�

T
h
ey

m
ay

a
lso

ch
o
o
se

lo
ca
l�a

rea
w
ireless

n
etw

o
rk
s
ov
er

w
id
e�a

rea
w
ireless

n
etw

o
rk
s
w
h
en

ava
ila
b
le�

W
h
ile

it
is
n
o
t
y
et

p
o
ssib

le
fo
r
m
o
b
ile

h
o
sts

to
�
n
d
a
p
ra
ctica

l
w
ireless

n
etw

o
rk

in
a
ll
lo
ca
tio

n
s�
w
e
b
eliev

e
th
e
recen

t
g
row

th
o
f

w
ireless

serv
ices

is
ev
id
en
ce

th
a
t
th
is
is
a
d
irectio

n
w
o
rth

p
u
rsu

in
g
�

�
��

H
a
r
d
w
a
r
e

T
h
e
M
o
sq
u
ito

N
et

testb
ed

cu
rren

tly
co
n
sists

o
f
eig

h
t
la
p
to
p
co
m
p
u
ters

�o
u
r
m
o
�

b
ile

h
o
sts��

a
ro
u
ter�

a
n
d
tw
o
n
etw

o
rk
s�
T
h
e
la
p
to
p
s
a
re

IB
M

T
h
in
k
p
a
d
�
�
�
�s�

S
a
m
su
n
g
S
en
sL
ite

�
�
�
�s
a
n
d
a
P
a
n
a
so
n
ic
P
ro
N
o
te
C
F
��
�
�
T
h
e
ro
u
ter

is
a
	
�
M
H
z

P
en
tiu

m
�
T
h
e
la
p
to
p
s
a
n
d
th
e
ro
u
ter

a
ll
ru
n
L
in
u
x
�
T
h
e
tw
o
n
et w

o
rk
s
a
re

�
�

M
b
it�

s
E
th
ern

et
a
n
d
p
a
ck
et

ra
d
io
�
W
e
p
ick

ed
th
e
p
a
ck
et

ra
d
io

n
etw

o
rk

fo
r
tw
o

rea
so
n
s�
F
irst�

it
is
ava

ila
b
le
th
ro
u
g
h
o
u
t
o
u
r
m
etro

p
o
lita

n
a
rea

�
so

it
a
llow

s
u
s
to

ex
p
erim

en
t
w
ith

co
n
tin

u
o
u
s
w
id
e�a

rea
m
o
b
ility�

S
eco

n
d
�
it
is
su
�
cien

tly
d
i�
eren

t
in

ch
a
ra
cteristics

fro
m

E
th
ern

et
to

b
rin

g
fo
rth

th
e
p
ro
b
lem

s
a
n
d
ch
a
llen

g
es

th
a
t

a
rise

fo
r
a
p
p
lica

tio
n
s�
p
ro
to
co
ls�

a
n
d
u
sers

w
h
en

co
n
n
ectiv

ity
sw

itch
es

b
etw

een
su
ch

ex
trem

es�

T
h
e
p
a
ck
et

ra
d
io

n
etw

o
rk

co
n
sists

o
f
M
etrico

m
sp
rea

d
�sp

ectru
m
�
freq

u
en
cy
�

h
o
p
p
in
g
ra
d
io
s
��
�
�

T
h
ese

o
p
era

te
in

th
e
	
�
�
�	
�
�
M
H
z
b
a
n
d
o
f
th
e
u
n
licen

sed
sp
ectru

m
a
llo
ca
ted

b
y
th
e
F
C
C
fo
r
low

�p
ow

er
d
ev
ices�

E
a
ch

la
p
to
p
is
eq
u
ip
p
ed

w
ith

o
n
e
su
ch

ra
d
io

co
n
n
ected

v
ia

th
e
seria

l
p
o
rt�

W
e
co
n
sid

er
th
e
M
etrico

m
n
etw

o
rk

to
b
e
o
n
e
la
rg
e
w
ireless

IP
su
b
n
et�

R
a
d
io
s
m
ay

co
m
m
u
n
ica

te
w
ith

ea
ch

o
th
er

p
eer�to

�p
eer

w
h
en

w
ith

in
ra
n
g
e�

b
u
t
o
th
erw

ise
th
ey

co
m
m
u
n
ica

te



th
ro
u
g
h
M
etrico

m
�s
p
a
ck
et�sw

itch
ed
�
g
eo
g
ra
p
h
ica

lly
ro
u
ted

n
etw

o
rk
�
w
h
ich

fo
r�

w
a
rd
s
p
a
ck
ets

b
etw

een
�
p
o
leto

p
�
tra

n
sceiv

ers
sp
rea

d
a
ro
u
n
d
o
u
r
m
etro

p
o
lita

n
a
rea

�
P
a
ck
et

fo
rw

a
rd
in
g
w
ith

in
th
e
w
ireless

n
etw

o
rk

is
d
o
n
e
a
t
th
e
lin

k
lev

el
a
n
d

is
in
v
isib

le
to

h
ig
h
er�lev

el
p
ro
to
co
l
lay

ers�

M
H

M
H

router
M

H

Internet

D
epartm

ental
N

etw
ork

H
om

e E
thernet

W
ireless

S
ubnet

M
H

file
server

F
ig
�
�
�
T
h
is
�
g
u
re

sh
ow

s
th
e
lay

o
u
t
o
f
th
e
M
o
sq
u
ito

N
et

testb
ed
�
T
h
e
ro
u
ter

fo
rw
a
rd
s

p
a
ck
ets

b
etw

een
th
e
w
ireless

su
b
n
et


th
e
�
h
o
m
e�

E
th
ern

et
o
f
th
e
m
o
b
ile

h
o
sts


a
n
d

th
e
d
ep
a
rtm

en
ta
l
E
th
ern

et�
M
o
b
ile

H
o
sts

�M
H
�
ca
n
co
n
n
ect

to
th
eir

h
o
m
e
n
etw

o
rk


o
r

th
ey

ca
n
co
n
n
ect

to
��
v
isit�

�
th
e
w
ireless

su
b
n
et

o
r
o
th
er

E
th
ern

et
su
b
n
ets

ava
ila
b
le

a
ro
u
n
d
th
e
In
tern

et�
N
o
te

th
a
t
th
e
�
le
serv

er
is
o
n
th
e
d
ep
a
rtm

en
ta
l
E
th
ern

et

so

a
ll

�
le
serv

er
tra

	
c
to

th
e
m
o
b
ile

h
o
sts

ru
n
s
th
ro
u
g
h
th
e
ro
u
ter�

T
h
e
lay

o
u
t
o
f
th
e
M
o
sq
u
ito

N
et

testb
ed

is
sh
ow

n
in

F
ig
�
�
�
T
h
e
ro
u
ter

fo
rw

a
rd
s

p
a
ck
ets

b
etw

een
th
ree

n
etw

o
rk
s�
th
e
w
ireless

su
b
n
et�

th
e
m
o
b
ile

h
o
sts�

�
h
o
m
e�

E
th
ern

et
su
b
n
et�

a
n
d
th
e
b
u
ild

in
g
�w
id
e
d
ep
a
rtm

en
ta
l
E
th
ern

et�
P
a
ck
ets

sen
t

b
y
m
o
b
ile

h
o
sts

v
isitin

g
�
fo
reig

n
�
n
etw

o
rk
s
su
ch

a
s
th
e
w
ireless

su
b
n
et

p
a
ss

th
ro
u
g
h
th
e
ro
u
ter

�S
ect�

�
�
��
A
lso

�
a
n
y
p
a
ck
ets

fro
m
m
o
b
ile

h
o
sts

o
n
th
eir

h
o
m
e

E
th
ern

et
w
ill

g
o
th
ro
u
g
h
th
e
ro
u
ter

w
h
en

a
ccessin

g
h
o
sts

o
r
serv

ices
o
u
tsid

e
th
a
t

n
etw

o
rk
�
su
ch

a
s
o
u
r
�
le
serv

er�

A
lth

o
u
g
h
th
e
ra
d
io
s
a
re

so
ld

a
s
H
ay
es

A
T
m
o
d
em

em
u
la
to
rs�

w
e
h
av
e
w
ritten

a
d
ev
ice

d
riv

er
in

th
e
L
in
u
x
o
p
era

tin
g
sy
stem

th
a
t
u
ses

th
eir

low
er�lev

el
p
a
ck
et

sw
itch

in
g
in
terfa

ce�
T
h
is
a
llow

s
th
e
o
n
e
ra
d
io
o
n
o
u
r
ro
u
ter

to
co
m
m
u
n
ica

te
w
ith

m
u
ltip

le
clien

t
ra
d
io
s�
O
th
erw

ise�
w
e
w
o
u
ld

n
eed

to
ru
n
a
S
L
IP

o
r
P
P
P
serv

ice
a
n
d
a
tta

ch
a
b
a
n
k
o
f
ra
d
io

m
o
d
em

s
to

o
u
r
ro
u
ter

to
su
p
p
o
rt

its
p
o
in
t�to

�p
o
in
t

co
n
n
ectio

n
s
w
ith

m
u
ltip

le
la
p
to
p
clien

ts�
T
h
e
ro
u
ter

w
o
u
ld

req
u
ire

o
n
e
ra
d
io
p
er

co
n
cu
rren

tly
a
ctiv

e
clien

t�

C
o
m
p
a
red

to
lo
ca
l�a

rea
n
etw

o
rk
s�
w
id
e�a

rea
p
a
ck
et

ra
d
io

n
etw

o
rk
s
g
en
era

lly
h
av
e
low

er
b
a
n
d
w
id
th

a
n
d
h
ig
h
er

la
ten

cies
fo
r
th
e
sa
m
e
lev

el
o
f
p
ow

er�
M
etrico

m
ra
d
io
s
a
re
n
o
ex
cep

tio
n
�
T
h
eir

a
ir
tra

n
sm

issio
n
sp
eed

is
�
�
�
K
b
its

p
er

seco
n
d
�
W
e



ru
n
o
u
r
seria

l
p
o
rts

a
t
�
�
�
��
�
�
b
its

p
er

seco
n
d
to

a
llow

fo
r
th
e
fu
ll
b
a
n
d
w
id
th

o
f

th
e
ra
d
io
s�
T
h
e
ra
d
io
s
a
re

h
a
lf�d

u
p
lex

�
w
h
ich

m
ea
n
s
th
a
t
d
a
ta

trav
elin

g
th
ro
u
g
h

a
n
in
term

ed
ia
te

ra
d
io

h
a
s
its

b
a
n
d
w
id
th

cu
t
to

h
a
lf
th
e
a
ir
tra

n
sm

issio
n
sp
eed

�
P
er�p

a
ck
et

la
ten

cies
a
re

v
ery

h
ig
h
�
w
ith

a
m
in
im
u
m

ro
u
n
d
trip

tim
e
o
f
�
�
�
m
s�

T
h
e
M
etrico

m
ra
d
io
s
h
av
e
o
n
e
a
d
d
itio

n
a
l
ch
a
ra
cteristic

th
a
t
is

n
o
t
co
m
m
o
n

to
a
ll
p
a
ck
et

ra
d
io

n
etw

o
rk
s�
th
ey

d
o
n
o
t
su
p
p
o
rt

b
ro
a
d
ca
st�

A
M
etrico

m
ra
d
io

ca
n
o
n
ly

sen
d
a
p
a
ck
et

to
o
n
e
o
th
er

ra
d
io

a
t
a
tim

e�
T
o
d
o
so
�
th
e
ra
d
io
s
m
u
st

tu
n
e
th
eir

freq
u
en
cy

h
o
p
p
in
g
seq

u
en
ce

to
m
a
tch

ea
ch

o
th
er�

T
o
h
a
n
d
le
b
ro
a
d
ca
st

p
ro
to
co
ls
su
ch

a
s
A
R
P
�
w
e
cu
rren

tly
esta

b
lish

o
n
e
w
ell�k

n
ow

n
ra
d
io

h
a
rd
w
a
re

a
d
d
ress

a
s
th
e
a
d
d
ress

o
f
a
n
A
R
P
serv

er
��

�
H
o
sts

p
erio

d
ica

lly
let

th
is
serv

er
k
n
ow

th
eir

h
a
rd
w
a
re�to

�IP
a
d
d
ress

m
a
p
p
in
g
s�
a
n
d
h
o
sts

ca
n
q
u
ery

th
is
serv

er
fo
r
o
th
er

h
o
sts�

m
a
p
p
in
g
s�

�
��

S
o
ftw

a
r
e

T
o
su
p
p
o
rt
m
o
b
ility�

it
m
u
st
b
e
p
o
ssib

le
to

sw
itch

sea
m
lessly

b
etw

een
n
etw

o
rk
s�

i�e��
w
ith

o
u
t
d
isru

p
tin

g
o
n
g
o
in
g
n
etw

o
rk

co
n
n
ectio

n
s�
T
h
e
M
o
sq
u
ito

N
et

p
ro
to
�

ty
p
e
u
ses

a
m
o
b
ile

IP
p
ro
to
co
l
��
�


to
a
ch
iev

e
th
is�

W
ith

m
o
b
ile

IP
�
co
n
n
ectio

n
�

o
rien

ted
p
ro
to
co
ls
su
ch

a
s
T
C
P
ca
n
co
n
tin

u
e
to

u
se

th
e
�
h
o
m
e�

IP
a
d
d
ress

o
f

th
e
m
o
b
ile

h
o
st�

ev
en

if
it
sw

itch
es

to
a
n
etw

o
rk

in
terfa

ce
w
ith

a
d
i�
eren

t
IP

a
d
d
ress�

O
u
r
m
o
b
ile

IP
p
ro
to
co
l
su
p
p
o
rts

th
e
u
se

o
f
�
fo
reig

n
a
g
en
ts�

if
th
ey

a
re

fo
u
n
d
in

th
e
n
etw

o
rk
s
to

w
h
ich

a
m
o
b
ile

h
o
st

co
n
n
ects�

b
u
t
w
e
p
refer

th
e

ex
tra

�
ex
ib
ility

th
a
t
is
p
rov

id
ed

w
h
en

a
m
o
b
ile

h
o
st

a
cq
u
ires

its
ow

n
�
ca
re�o

f�
IP

a
d
d
ress

in
th
e
n
etw

o
rk
s
it
v
isits

��

�

M
o
b
ile

IP
u
ses

en
ca
p
su
la
tio

n
o
f
n
etw

o
rk

p
a
ck
ets�

a
n
d
th
e
size

o
f
th
e
ex
tra

h
ea
d
er

red
u
ces

th
e
m
a
x
im
u
m

tra
n
sm

issio
n
u
n
it
�M

T
U
�
ava

ila
b
le
w
h
en

a
m
o
b
ile

h
o
st

is
co
n
n
ected

to
a
�
fo
reig

n
�
n
etw

o
rk

�a
n
y
n
etw

o
rk
�
in
clu

d
in
g
th
e
w
ireless�

th
a
t
is
n
o
t
its

h
o
m
e
E
th
ern

et
su
b
n
et��

T
h
e
ra
d
io
s
h
av
e
a
sm

a
ll
M
T
U

to
b
eg
in

w
ith

��
�
�
�
b
y
tes��

w
h
ich

is
fu
rth

er
red

u
ced

to
�
�
�
�
b
y
tes

w
ith

en
ca
p
su
la
tio

n
�

�
D
a
ta

C
o
lle
c
tio

n

T
h
is
sectio

n
d
escrib

es
h
ow

w
e
g
a
th
ered

a
n
d
a
n
a
ly
zed

o
u
r
n
etw

o
rk

tra
ces�

T
o
g
a
in

a
g
en
era

l
p
ictu

re
o
f
h
ow

m
o
b
ile

h
o
sts

a
re

u
sed

�
a
n
d
to

g
a
th
er

d
a
ta

to
co
m
p
a
re

w
ired

a
n
d
w
ireless

u
sa
g
e�

w
e
set

a
sid

e
eig

h
t
d
ay
s
�fro

m
�
��
�
a
m

o
n
e
S
a
tu
rd
ay

m
o
rn
in
g
u
n
til

�
��
�
a
m

o
n
S
u
n
d
ay

m
o
rn
in
g
�
d
u
rin

g
w
h
ich

o
u
r
resea

rch
g
ro
u
p

u
sed

o
n
ly

o
u
r
la
p
to
p
s
a
s
d
isp

lay
a
n
d
in
p
u
t
d
ev
ices�

W
e
reco

rd
tw
o
ty
p
es

o
f
in
fo
rm

a
tio

n
fo
r
o
u
r
tra

ces�
a
tcp

d
u
m
p
reco

rd
o
f
a
ll

p
a
ck
ets

sen
t
ov
er

th
e
n
etw

o
rk

in
terfa

ces�
a
n
d
a
reco

rd
o
f
th
e
ra
d
io

n
etw

o
rk

sta
tu
s�
W
e
u
se

tcp
d
u
m
p
to

tra
ce

IP
a
n
d
A
R
P
a
ctiv

ity
o
n
b
o
th

th
e
ra
d
io

a
n
d

E
th
ern

et
in
terfa

ces
o
f
ea
ch

la
p
to
p
�
a
s
w
ell

a
s
o
n
th
e
ra
d
io

a
n
d
h
o
m
e
E
th
ern

et
in
terfa

ces
o
f
o
u
r
ro
u
ter�

T
h
e
ra
d
io

sta
tu
s
in
fo
rm

a
tio

n
in
clu

d
es

th
e
list

o
f
v
isib

le
p
o
leto

p
s
a
n
d
th
eir

sig
n
a
l
stren

g
th
s�
W
e
u
se

th
is
in
fo
rm

a
tio

n
to

d
eterm

in
e
th
e

p
h
y
sica

l
lo
ca
tio

n
o
f
th
e
m
o
b
ile

h
o
st

w
ith

in
th
e
w
ireless

n
etw

o
rk
�



�
U
se
r
s�
L
a
te
n
c
ie
s
a
n
d
P
a
c
k
e
t
L
o
ss

W
e
receiv

ed
feed

b
a
ck

a
b
o
u
t
th
e
u
sa
b
ility

o
f
th
e
w
ireless

n
etw

o
rk

fro
m

a
ll
o
f
o
u
r

u
sers�

T
h
e
ov
erw

h
elm

in
g
co
n
sen

su
s
is
th
a
t
h
ig
h
en
d
�to

�en
d
d
elay

s
a
re
th
e
b
ig
g
est

p
ro
b
lem

�
E
v
en

ty
p
in
g
a
sin

g
le
ch
a
ra
cter

in
teln

et
o
r
d
o
in
g
a
d
irecto

ry
listin

g
in

N
F
S
ca
n
in
cu
r
a
fru

stra
tin

g
d
elay�

U
sers

rep
o
rt
th
a
t
X
�
�
a
n
d
N
F
S
a
re

u
n
u
sa
b
le�

T
h
ey

a
lso

rep
o
rt

th
a
t
teln

et
ca
n
b
e
p
a
in
fu
l�
b
u
t
th
ey

u
se

it
a
n
y
w
ay�

sin
ce

th
ere

a
re

n
o
b
etter

a
ltern

a
tiv

es�
H
ow

ev
er�

a
ll
u
sers

rep
o
rted

w
eb

b
row

sin
g
�H

T
T
P
�
to

b
e
a
ccep

ta
b
le
o
n
th
e
w
ireless

n
etw

o
rk
�
W
e
b
eliev

e
th
is
is
th
e
ca
se
fo
r
tw
o
rea

so
n
s�

U
ser

ex
p
ecta

tio
n
a
llow

s
fo
r
lo
n
g
er

d
elay

o
f
o
p
era

tio
n
s
w
h
ile

w
eb

b
row

sin
g
�
sin

ce
th
is
ca
n
b
e
slow

ev
en

o
n
w
ired

n
etw

o
rk
s
w
h
en

a
ccessin

g
sites

ov
er

th
e
In
tern

et�
A
lso

�
m
a
n
y
w
eb

b
row

sin
g
o
p
era

tio
n
s
d
o
a
m
o
re

sa
tisfy

in
g
a
m
o
u
n
t
o
f
w
o
rk

p
er

u
ser

req
u
est

th
a
n
d
o
m
o
re

in
tera

ctiv
e
a
p
p
lica

tio
n
s
su
ch

a
s
teln

et�
w
h
ich

in
cu
rs

a
ro
u
n
d
trip

d
elay

fo
r
a
sin

g
le
ch
a
ra
cter

ech
o
�

In
th
e
rest

o
f
th
is

sectio
n
�
w
e
ex
a
m
in
in
e
h
o
st

m
o
b
ility

a
n
d
teln

et
a
n
d
N
F
S

b
eh
av
io
r�
W
e
p
resen

t
ev
id
en
ce

th
a
t
h
ig
h
en
d
�to

�en
d
d
elay

s
ca
u
se

u
sers

to
ch
a
n
g
e

th
eir

b
eh
av
io
r�
T
h
ese

d
elay

s
a
re

d
u
e
to

th
e
h
ig
h
p
er�p

a
ck
et

ro
u
n
d
trip

tim
e
o
f

th
e
w
ireless

n
etw

o
rk

a
n
d
to

p
a
ck
et

lo
ss

a
n
d
reo

rd
erin

g
in

th
e
n
etw

o
rk
�

�
��

H
o
s
t
M
o
b
ility

W
e
in
v
estig

a
te

th
e
m
o
b
ility

o
f
h
o
sts

in
th
ese

n
etw

o
rk
s�

W
e
a
re

in
terested

in
a
n
sw

erin
g
q
u
estio

n
s
su
ch

a
s
w
h
eth

er
u
sers

ta
k
e
a
d
va
n
ta
g
e
o
f
th
e
w
ireless

n
etw

o
rk

w
h
en

th
e
w
ired

n
etw

o
rk

is
n
o
t
ava

ila
b
le�h

ow
o
ften

th
ey

sw
itch

b
etw

een
th
e
w
ired

a
n
d
w
ireless

n
etw

o
rk
s�
a
n
d
h
ow

m
u
ch

th
ey

m
ov
e
a
ro
u
n
d
g
eo
g
ra
p
h
ica

lly
w
ith

in
th
e
w
ireless

n
etw

o
rk
�

T
h
e
�
rst

d
a
ta

co
lu
m
n
o
f
T
a
b
le
�
sh
ow

s
th
e
n
u
m
b
er

o
f
tim

es
ea
ch

h
o
st
sw

itch
es

b
etw

een
th
e
w
ired

a
n
d
w
ireless

n
etw

o
rk
s
ov
er

th
e
eig

h
t
d
ay
s�
A

h
o
st

sw
itch

es
to

th
e
w
ired

n
etw

o
rk

w
h
en

its
u
ser

in
serts

a
n
E
th
ern

et
P
C
M
C
IA

ca
rd

th
a
t
is

co
n
n
ected

to
th
e
n
etw

o
rk
�
T
h
e
m
ov
em

en
t
b
etw

een
n
etw

o
rk
s
va
ries

sig
n
i�
ca
n
tly

a
cro

ss
h
o
sts�

w
ith

th
e
av
era

g
e
n
u
m
b
er

o
f
sw

itch
es

b
ein

g
�
�
�
th
e
m
in
im
u
m

th
ree

a
n
d
th
e
m
a
x
im
u
m


�
�
T
h
e
h
o
st

th
a
t
sw

itch
ed

n
etw

o
rk
s

�
tim

es
a
lso

h
a
d
th
e

m
o
st

tra
�
c
ov
era

ll�
S
in
ce

u
sers

o
ften

leav
e
th
e
ra
d
io
s
o
n
ev
en

w
h
en

th
ey

a
re

u
sin

g
th
e
E
th
ern

et�
w
e
d
o
n
o
t
co
u
n
t
th
e
w
ireless

n
etw

o
rk

a
s
b
ein

g
a
ctiv

e
if
th
e

E
th
ern

et
in
terfa

ce
is
a
ctiv

e
a
s
w
ell�

T
h
e
seco

n
d
d
a
ta

co
lu
m
n
o
f
T
a
b
le

�
sh
ow

s
th
a
t
u
sers

ta
k
e
a
d
va
n
ta
g
e
o
f
th
e

w
ireless

n
etw

o
rk

a
t
m
a
n
y
lo
ca
tio

n
s�
T
h
e
ta
b
le

p
resen

ts
th
e
n
u
m
b
er

o
f
tim

es
a

h
o
st

u
ses

th
e
w
ireless

n
etw

o
rk
�
m
ov
es

b
y
a
t
lea

st
a
h
a
lf�m

ile�
a
n
d
th
en

u
ses

th
e

w
ireless

n
etw

o
rk

in
th
e
n
ew

lo
ca
tio

n
�
T
h
e
av
era

g
e
n
u
m
b
er

o
f
m
ov
es

is
�
v
e�
w
ith

a
m
in
im
u
m

o
f
o
n
e
a
n
d
a
m
a
x
im
u
m

o
f
�
�
�
T
h
ere

a
re

sev
en

d
istin

ct
lo
ca
tio

n
s

rep
resen

ted
in

th
is
d
a
ta
�
K
n
ow

n
v
isited

lo
ca
tio

n
s
in
clu

d
e
th
e
C
o
m
p
u
ter

S
cien

ce
d
ep
a
rtm

en
t�
th
e
stu

d
en
t
ca
m
p
u
s
resid

en
ce

a
rea

�
th
e
h
o
m
e
o
f
a
fa
cu
lty

m
em

b
er�

a
ca
fe
o
n
th
e
so
u
th

sid
e
o
f
P
a
lo
A
lto

�
F
rem

o
n
t�
S
a
n
F
ra
n
cisco

�
a
n
d
th
e
b
ea
ch

in
S
a
n
ta

C
ru
z�
S
a
n
F
ra
n
cisco

a
n
d
S
a
n
ta

C
ru
z
a
re

a
b
o
u
t
sev

en
ty

m
iles

a
p
a
rt�



T
a
b
le

�
�
T
h
is
ta
b
le
sh
ow

s
th
e
n
u
m
b
er

o
f
tim

es
a
g
iv
en

la
p
to
p
sw
itch

es
b
etw

een
th
e

w
ired

a
n
d
w
ireless

n
etw

o
rk
s
a
n
d
th
e
n
u
m
b
er

o
f
tim

es
it
ch
a
n
g
es

its
p
h
y
sica

l
lo
ca
tio

n
w
ith

in
th
e
w
ireless

n
etw

o
rk
�
N
o
te
th
a
t
th
is
is
n
o
t
a
co
u
n
t
o
f
th
e
n
u
m
b
er
o
f
u
ser

sessio
n
s


a
s
th
ese

m
ay

ex
ten

d
a
cro

ss
n
etw

o
rk

sw
itch

es�

H
o
st

N
a
m
e

a
n
t
b
ee

b
u
tter�

y
d
ra
g
o
n
�
y
ju
n
eb
u
g
m
id
g
e
term

ite
w
eev

il

N
u
m
�
o
f
N
etw

o
rk

S
w
itch

es
�
�

�
�


�
�

�
�

�
�
�

�
�

N
u
m
�
o
f
M
ov
es


�

�
�

�
�

�
�
�

U
n
fo
rtu

n
a
tely�

u
sin

g
p
o
leto

p
in
fo
rm

a
tio

n
a
lo
n
e�
w
e
a
re

n
o
t
a
b
le
to

d
etect

m
ov
e�

m
en
t
w
ith

in
a
o
n
e�h

a
lf
m
ile

ra
d
iu
s�
F
o
r
in
sta

n
ce�

w
e
a
re

u
n
a
b
le

to
d
istin

g
u
ish

b
etw

een
a
la
p
to
p
u
ser

u
sin

g
h
is
la
p
to
p
in

h
is
o
�
ce

a
n
d
a
t
a
n
ea
rb
y
lib

ra
ry�

T
h
u
s�

th
is
d
a
ta

rep
resen

ts
a
low

er
b
o
u
n
d
o
n
th
e
a
m
o
u
n
t
o
f
m
o
b
ility

w
h
ile

u
sin

g
th
e

w
ireless

n
etw

o
rk
�

�
��

E
n
d
�to

�E
n
d
D
e
la
y
s
in

th
e
W
ir
e
le
s
s
N
e
tw
o
r
k

In
th
is
sectio

n
�
w
e
lo
o
k
a
t
en
d
�to

�en
d
d
elay

s
ex
p
erien

ced
in

th
e
w
ireless

n
etw

o
rk

b
y
teln

et
�ov

er
T
C
P
�
a
n
d
N
F
S
�ov

er
U
D
P
��
tw
o
o
f
th
e
a
p
p
lica

tio
n
s
u
sers

rep
o
rted

a
s
b
ein

g
slow

�
W
e
�
n
d
th
a
t
th
e
h
ig
h
d
elay

s
h
av
e
tw
o
ca
u
ses�

T
h
e
�
rst

ca
u
se
is
th
e

h
ig
h
m
in
im
u
m

ro
u
n
d
trip

la
ten

cy
o
f
th
e
w
ireless

n
etw

o
rk
�
T
h
e
seco

n
d
ca
u
se

is
a

h
ig
h
lev

el
o
f
p
a
ck
et

retra
n
sm

issio
n
s�
d
u
e
to

lo
ss

a
n
d
reo

rd
erin

g
in

th
e
n
etw

o
rk
�

W
e
ca
lcu

la
te

th
e
en
d
�to

�en
d
d
elay

s
fo
r
teln

et
a
n
d
N
F
S
in

a
m
a
n
n
er

th
a
t
re�

ects
w
h
a
t
th
e
u
sers

a
ctu

a
lly

ex
p
erien

ce
w
ith

th
ese

a
p
p
lica

tio
n
s�
F
o
r
teln

et�
th
e
d
elay

is
th
e
d
i�
eren

ce
b
etw

een
w
h
en

d
a
ta

is
sen

t
a
n
d
w
h
en

th
e
�
rst

a
ck
n
ow

led
g
m
en
t

fo
r
th
a
t
d
a
ta

is
receiv

ed
�
F
o
r
N
F
S
�
th
e
d
elay

is
th
e
d
i�
eren

ce
b
etw

een
w
h
en

th
e

�
rst

p
a
ck
et

fo
r
a
n
N
F
S
req

u
est

is
sen

t
a
n
d
w
h
en

th
e
�
rst

rep
ly

is
receiv

ed
�

F
ig
u
re

�
sh
ow

s
th
e
d
istrib

u
tio

n
o
f
ro
u
n
d
trip

tim
es

seen
fo
r
teln

et
a
n
d
N
F
S

tra
�
c�
T
h
ese

resu
lts

sh
ow

d
elay

s
in
th
e
w
ireless

n
etw

o
rk

ra
n
g
in
g
fro

m
�
��
seco

n
d
s

to
sev

era
l
h
u
n
d
red

seco
n
d
s�
N
o
te

th
a
t
ev
en

th
e
m
in
im
u
m

la
ten

cy
is
n
o
ticea

b
le
to

u
sers�

sin
ce

p
rev

io
u
s
rep

o
rts

sh
ow

th
a
t
u
sers

b
eg
in

to
�
n
d
in
tera

ctiv
e
resp

o
n
se

tim
e
slow

w
h
en

it
ex
ceed

s
�
�
�
to

�
�
�
m
s
��
�
�

T
h
e
m
ed
ia
n
d
elay

s
a
re

p
a
in
fu
l�

b
u
t
n
o
t
h
o
p
eless�

th
e
teln

et
m
ed
ia
n
is
�
�	
�
seco

n
d
s
a
n
d
th
e
N
F
S
m
ed
ia
n
is
�
��

seco
n
d
s�
S
ix
ty

p
ercen

t
o
f
teln

et
d
elay

s
a
re

�
�

seco
n
d
s
o
r
less�

a
n
d
six

ty
p
ercen

t
o
f
N
F
S
d
elay

s
a
re
�
��
seco

n
d
s
o
r
less�

H
ow

ev
er�

th
e
h
ig
h
en
d
o
f
th
e
sca

le
is
clea

rly
in
to
lera

b
le�

F
ro
m

th
e
�
g
u
re�

w
e
see

th
a
t
teln

et
a
n
d
N
F
S
d
elay

s
d
i�
er

in
d
istrib

u
tio

n
�
T
h
is

is
b
eca

u
se

T
C
P
a
n
d
N
F
S
retra

n
sm

issio
n
stra

teg
ies

a
n
d
p
a
ra
m
eters

d
i�
er�

N
F
S

u
ses

a
�
x
ed

ex
p
o
n
en
tia

l
b
a
ck
o
�
sta

rtin
g
a
t
�
��
seco

n
d
s�
H
ow

ev
er�

T
C
P
in

g
en
era

l
w
a
its

lo
n
g
er

th
a
n
N
F
S
to

retra
n
sm

it�
a
n
d
so

its
ov
era

ll
d
elay

s
w
ill

b
e
la
rg
er�

T
o

set
its

retra
n
sm

issio
n
tim

er�
T
C
P

u
ses

a
n
a
d
ju
sta

b
le

m
ech

a
n
ism

b
a
sed

o
n
its

estim
a
te

o
f
th
e
av
era

g
e
ro
u
n
d
trip

tim
e
a
n
d
th
e
av
era

g
e
d
ev
ia
tio

n
o
f
ro
u
n
d
trip



R
ound T

rip T
im

e in seconds (log scale)

0.1
1

10
100

Percentage of Packets (log scale)

0.0001

0.001

0.01

0.1 1 10

100

R
esponse T

im
e in S

econds (log scale)

0.1
1

10
100

Percentage of Packets (log scale)

0.0001

0.001

0.01

0.1 1 10

100

F
ig
�
�
�
T
h
is
�
g
u
re

sh
ow

s
th
e
p
ercen

ta
g
e
o
f
teln

et
p
a
ck
ets

�to
p
�
a
n
d
N
F
S
req

u
est

p
a
ck
�

ets
�b
o
tto

m
�
v
ersu

s
resp

o
n
se

tim
e
fo
r
th
e
w
ireless

n
etw

o
rk
�

tim
es

��

�

F
o
r
T
C
P
�s
retra

n
sm

issio
n
tim

eo
u
t
to

b
e
a
s
sm

a
ll
a
s
N
F
S
�s�

it
w
o
u
ld

h
av
e
to

ca
lcu

la
te

th
e
d
ev
ia
tio

n
in

ro
u
n
d
trip

tim
es

a
s
b
ein

g
less

th
a
n
�
�
�
m
s�

H
ow

ev
er�

ev
en

u
n
d
er

id
ea
l
co
n
d
itio

n
s�
T
C
P
�s
av
era

g
e
estim

a
te

o
f
th
e
d
ev
ia
tio

n
is

�
�
�
m
s�
�T

h
is

resu
lt
w
a
s
m
ea
su
red

b
y
p
in
g
in
g
p
a
ck
ets

p
eer�to

�p
eer

b
etw

een
n
ea
rb
y
ra
d
io
s
o
n
tw
o
o
th
erw

ise
in
a
ctiv

e
h
o
sts�

T
h
ere

w
a
s
a
n
av
era

g
e
ro
u
n
d

trip
tim

e
o
f


�
m
s
ov
er

th
e
�
�
�
�
sa
m
p
les��

T
C
P
�s
a
d
ju
sta

b
le

m
ech

a
n
ism

a
lso

ca
u
ses

th
e
sm

o
o
th
er

d
istrib

u
tio

n
o
f
teln

et
d
elay

s�
w
h
ile

N
F
S
sh
ow

s
tw
o
p
ea
k
s

�o
f
a
b
o
u
t
th
ree

p
ercen

t�
b
etw

een
o
n
e
a
n
d
ten

seco
n
d
s�
w
h
ich

co
rresp

o
n
d
to

its
retra

n
sm

issio
n
tim

eo
u
ts�

A
lth

o
u
g
h
N
F
S
d
elay

s
a
re

g
en
era

lly
sh
o
rter

th
a
n
teln

et
d
elay

s�
w
e
�
n
d
th
a
t

u
sers

a
re

m
o
re

fru
stra

ted
w
ith

N
F
S
th
a
n
teln

et�
W
e
b
eliev

e
th
is

is
b
eca

u
se

a
u
ser

ca
n
see

w
h
a
t
p
ro
g
ress

teln
et

is
m
a
k
in
g
�
ev
en

if
it
is
slow

�
In

co
n
tra

st�
w
h
en

N
F
S
is
slow

�
u
sers

ca
n
n
o
t
see

w
h
a
t
is
a
ctu

a
lly

h
a
p
p
en
in
g
�



T
h
e
v
ery

lo
n
g
d
elay

s
o
f
teln

et
a
n
d
N
F
S
a
re
d
u
e
to

p
a
ck
et
retra

n
sm

issio
n
s�F

ig
u
re


sh
ow

s
th
e
n
u
m
b
er

o
f
teln

et
a
n
d
N
F
S
req

u
ests

th
a
t
u
n
d
erg

o
a
g
iv
en

n
u
m
b
er

o
f
retra

n
sm

issio
n
s�
In

b
o
th

ca
ses�

�
�
�

o
r
m
o
re

o
f
th
e
req

u
ests

a
re

tra
n
sm

itted
o
n
ly

o
n
ce

�n
o
retra

n
sm

issio
n
s��

O
n
e
N
F
S
req

u
est

is
retra

n
sm

itted
�
�
tim

es�

T
h
e
rea

so
n
s
fo
r
th
ese

retra
n
sm

issio
n
s
a
re

p
a
ck
et

lo
ss

a
n
d
a
sm

a
ll
a
m
o
u
n
t
o
f

reo
rd
erin

g
�
T
a
b
le

�
su
m
m
a
rizes

th
ese

resu
lts�

T
h
e
d
a
ta

is
d
iv
id
ed

in
to

p
a
ck
ets

sen
t
fro

m
th
e
ro
u
ter

to
th
e
m
o
b
ile

h
o
sts

a
n
d
p
a
ck
ets

sen
t
fro

m
th
e
m
o
b
ile

h
o
sts

to
th
e
ro
u
ter�

F
o
r
tra

n
sm

issio
n
s
fro

m
th
e
m
o
b
ile

h
o
sts

to
th
e
ro
u
ter�

w
e
see

a
�
�
��
�

p
a
ck
et

lo
ss

ra
te�

T
h
is
is
clea

rly
h
ig
h
en
o
u
g
h
to

ca
u
se

sev
ere

p
erfo

rm
a
n
ce

d
eg
ra
d
a
tio

n
in

th
e
n
etw

o
rk
�

N
um

ber of R
etransm

issions

-5
0

5
10

15
20

25
30

35

Percentage of Packets (log scale)

0.01

0.1 1 10

100

N
um

ber of R
etransm

issions

-5
0

5
10

15
20

25
30

35

Percentage of Packets (log scale)

0.01

0.1 1 10

100

F
ig
�
�
�
T
h
is
�
g
u
re

sh
ow

s
th
e
p
ercen

ta
g
e
o
f
teln

et
p
a
ck
ets

�left�
a
n
d
N
F
S
req

u
est

p
a
ck
�

ets
�rig

h
t�

th
a
t
u
n
d
erg

o
a
g
iv
en

n
u
m
b
er

o
f
retra

n
sm

issio
n
s�

It
is
in
terestin

g
to

n
o
te

th
a
t
p
a
ck
et

lo
ss

is
m
u
ch

low
er

in
th
e
rev

erse
d
irectio

n
�

fro
m

th
e
ro
u
ter

b
a
ck

to
th
e
m
o
b
ile

h
o
sts

�
��
�
��
T
h
is
is
b
eca

u
se

a
m
o
b
ile

h
o
st

w
ill

retra
n
sm

it
req

u
ests

u
n
til

n
etw

o
rk

co
n
d
itio

n
s
a
re

g
o
o
d
en
o
u
g
h
�th

e
m
o
b
ile

h
o
st

is
w
ith

in
ra
n
g
e
o
f
a
p
o
leto

p
�
o
r
a
tem

p
o
ra
ry

co
n
d
itio

n
o
f
n
etw

o
rk

in
ter�

feren
ce

o
r
co
n
g
estio

n
h
a
s
ea
sed

��
W
h
en

co
n
d
itio

n
s
a
re

g
o
o
d
�
th
e
m
o
b
ile

h
o
st�s

p
a
ck
ets

w
ill

g
et

th
ro
u
g
h
to

th
e
ro
u
ter�

B
eca

u
se

th
e
resp

o
n
ses

to
th
ese

p
a
ck
ets

fo
llow

q
u
ick

ly�
th
ey

w
ill

u
su
a
lly

ex
p
erien

ce
th
e
sa
m
e
g
o
o
d
co
n
d
itio

n
s
a
n
d
w
ill

su
ccessfu

lly
rea

ch
th
e
m
o
b
ile

h
o
st

o
n
th
e
�
rst

try�

T
a
b
le
�
a
lso

sh
ow

s
p
a
ck
ets

a
rriv

in
g
o
u
t
o
f
o
rd
er�

O
n
e
o
f
th
e
rea

so
n
s
fo
r
th
is
is

th
a
t
p
a
ck
ets

ca
n
ta
k
e
m
u
ltip

le
ro
u
tes

fro
m

a
so
u
rce

to
a
d
estin

a
tio

n
in

o
u
r
ra
d
io

n
etw

o
rk
�
S
in
ce

a
M
etrico

m
ra
d
io
is
u
su
a
lly

in
ra
n
g
e
o
f
sev

era
l
p
o
leto

p
s
th
ro
u
g
h

w
h
ich

it
co
u
ld

sen
d
p
a
ck
ets�

p
a
ck
ets

sen
t
la
ter

th
ro
u
g
h
a
fa
ster

ro
u
te

w
ill

a
rriv

e
b
efo

re
p
a
ck
ets

sen
t
ea
rlier�



T
a
b
le

�
�
T
h
is
ta
b
le
su
m
m
a
rizes

th
e
ch
a
ra
cteristics

o
f
th
e
w
ireless

n
etw

o
rk
�
W
e
cla

ssify
p
a
ck
ets

in
to

tw
o
ca
teg

o
ries�

p
a
ck
ets

sen
t
fro

m
th
e
m
o
b
ile

h
o
sts

to
th
e
ro
u
ter

a
n
d
p
a
ck
ets

sen
t
fro

m
th
e
ro
u
ter

to
th
e
m
o
b
ile

h
o
sts�

T
h
e
n
u
m
b
ers

in
p
a
ren

th
eses

g
iv
e
th
e
a
ctu

a
l

n
u
m
b
er

o
f
p
a
ck
ets

in
v
o
lv
ed
�

N
etw

o
rk

C
h
a
ra
cteristic

M
o
b
ile

H
o
sts

to
R
o
u
ter

R
o
u
ter

to
M
o
b
ile

H
o
sts

P
a
ck
ets

lo
st


�
��
�

��
�


�

�

�
��
�

�

�
�
�
�

P
a
ck
ets

receiv
ed

in
o
rd
er

�

��
�

��
�

�
�
�
�

�
�
��
�

��
�

�
�

�

P
a
ck
ets

receiv
ed

o
u
t
o
f
o
rd
er


��
�

��

�
�
�
�

�
��
�

��

�
�
�
�

A
v
era

g
e
o
u
t�o

f�o
rd
er

d
ista

n
ce

�
��
�

�
��

W
e
a
re

a
b
le

to
ca
lcu

la
te

p
a
ck
et

lo
ss

a
n
d
reo

rd
erin

g
b
y
m
a
tch

in
g
p
a
ck
et

�
sig

�
n
a
tu
res�

o
n
th
e
h
o
sts

a
n
d
th
e
ro
u
ter�

T
h
e
p
a
ck
et

sig
n
a
tu
re

is
a

�
b
it

C
R
C
�

A
p
a
ck
et

sen
t
b
y
a
h
o
st

is
co
n
sid

ered
lo
st

if
its

sig
n
a
tu
re

d
o
es

n
o
t
a
p
p
ea
r
in

th
e
ro
u
ter�s

tra
ce�

a
n
d
v
ice

v
ersa

�
P
a
ck
et

A
is
co
n
sid

ered
to

b
e
receiv

ed
o
u
t
o
f

o
rd
er

if
it
a
rriv

es
a
t
th
e
d
estin

a
tio

n
a
fter

so
m
e
p
a
ck
et

B
th
a
t
w
a
s
sen

t
la
ter�

T
h
e

o
u
t�o

f�o
rd
er

�
d
ista

n
ce�

o
f
a
p
a
ck
et

A
is
th
e
n
u
m
b
er

o
f
p
a
ck
ets

sen
t
a
fter

it
b
u
t

receiv
ed

b
efo

re
it�

T
h
is
p
a
ck
et

reo
rd
erin

g
ca
n
co
n
trib

u
te

to
retra

n
sm

issio
n
s
in

p
ro
to
co
ls�

su
ch

a
s

T
C
P
�
th
a
t
a
re

sen
sitiv

e
to

it�
T
C
P
n
o
rm

a
lly

a
cco

u
n
ts

fo
r
m
in
im

a
l
o
u
t�o

f�o
rd
er

d
eliv

ery
o
f
p
a
ck
ets�

b
u
t
trea

ts
p
a
ck
ets

a
s
lo
st

if
th
ey

a
re

d
eliv

ered
a
t
a
n
o
u
t�

o
f�o

rd
er

d
ista

n
ce

o
f
th
ree

o
r
m
o
re�

E
a
ch

o
u
t�o

f�o
rd
er

p
a
ck
et

ca
u
ses

a
d
u
p
lica

te
A
C
K

to
b
e
sen

t�
a
n
d
th
ree

d
u
p
lica

te
A
C
K
s
ca
u
se

th
e
sen

d
er

to
p
erfo

rm
a
fa
st

retra
n
sm

it
��
�
�

U
n
fo
rtu

n
a
tely�

th
e
av
era

g
e
o
u
t�o

f�o
rd
er
d
ista

n
ce

in
M
o
sq
u
ito

N
et

is
g
rea

ter
th
a
n
th
ree�

so
so
m
e
o
f
th
ese

p
a
ck
ets

a
re

trea
ted

a
s
lo
st

a
n
d
w
ill

th
u
s

co
n
trib

u
te

to
th
e
to
ta
l
n
u
m
b
er

o
f
retra

n
sm

issio
n
s�

�
A
p
p
lic
a
tio

n
O
p
tim

iz
a
tio

n
s
fo
r
th
e
W
ir
e
le
ss
N
e
tw
o
r
k

In
th
is
sectio

n
�
w
e
co
n
sid

er
so
m
e
o
p
tim

iza
tio

n
s
fo
r
teln

et
a
n
d
N
F
S
ov
er
th
e
w
ire�

less
n
etw

o
rk
�
S
in
ce

w
e
a
re

u
n
a
b
le
to

red
u
ce

th
e
la
ten

cy
o
f
th
e
w
ireless

n
etw

o
rk
�

w
e
lo
o
k
fo
r
w
ay
s
to

av
o
id
a
n
d
h
id
e
en
d
�to

�en
d
d
elay

s�
W
e
ca
n
av
o
id
d
elay

s
in

tel�
n
et

b
y
b
a
tch

in
g
to
g
eth

er
a
s
m
a
n
y
ch
a
ra
cters

a
s
p
o
ssib

le
in
to

a
p
a
ck
et�

F
o
r
N
F
S
�

w
e
ca
n
h
id
e
d
elay

s
b
y
p
refetch

in
g
d
a
ta

a
n
d
av
o
id

d
elay

s
b
y
b
a
tch

in
g
to
g
eth

er
lo
o
k
u
p
s
o
f
�
les

in
o
n
e
d
irecto

ry
in
to

a
sin

g
le
req

u
est�

T
eln

et
h
a
n
d
les

lo
n
g
en
d
�to

�en
d
d
elay

s
p
o
o
rly

b
eca

u
se

u
sers

m
u
st

su
�
er

th
e

ro
u
n
d
trip

tim
e
fo
r
ev
ery

ch
a
ra
cter

th
ey

ty
p
e�

In
a
d
d
itio

n
�
p
la
cin

g
o
n
ly

o
n
e

ch
a
ra
cter

in
a
p
a
ck
et

is
in
e�

cien
t
u
se

o
f
th
e
n
etw

o
rk

a
n
d
ro
u
ter�

W
ith

N
a
g
le�s

a
lg
o
rith

m
�
w
h
ich

so
m
etim

es
b
a
tch

es
to
g
eth

er
ch
a
ra
cters

in
in
tera

ctiv
e
tra

�
c�

th
is
p
ro
b
lem

w
o
u
ld
n
o
t
b
e
a
s
sev

ere
��
�
�

H
ow

ev
er�

teln
et

a
p
p
lica

tio
n
s
so
m
etim

es
tu
rn

o
�
th
is

a
lg
o
rith

m
b
eca

u
se

it
in
crea

ses
th
e
en
d
�to

�en
d
d
elay

fo
r
term

in
a
l

k
ey
stro

k
es

th
a
t
g
en
era

te
m
u
ltip

le
ch
a
ra
cters

��
�
�

O
u
r
teln

et
tra

�
c
d
o
es

n
o
t
u
se

N
a
g
le�s

a
lg
o
rith

m
�



O
n
e
p
o
ssib

le
o
p
tim

iza
tio

n
is

to
u
se

�
lin

e
m
o
d
e
teln

et�
��

�
T
h
is

a
llow

s
a
n

en
tire

lin
e
to

b
e
ty
p
ed

a
n
d
p
o
ssib

ly
ed
ited

b
efo

re
a
p
a
ck
et

is
sen

t�
F
o
r
a
lin

e
�
�

ch
a
ra
cters

lo
n
g
�
lin

e
m
o
d
e
teln

et
w
o
u
ld

u
se

�
p
a
ck
ets

sen
t
a
n
d
receiv

ed
�
w
h
ile

reg
u
la
r
teln

et
w
o
u
ld

u
se

�
�
p
a
ck
ets

sen
t
a
n
d
receiv

ed
�
M
o
re

im
p
o
rta

n
tly�

th
e

u
ser

w
o
u
ld

o
n
ly

su
�
er

th
e
ro
u
n
d
trip

d
elay

o
n
ce

in
stea

d
o
f
�
�
tim

es
�o
n
ce

fo
r

ea
ch

ch
a
ra
cter

a
n
d
o
n
ce

fo
r
th
e
retu

rn
k
ey
��
T
h
is
o
p
tim

iza
tio

n
is
m
o
re

e�
ectiv

e
fo
r
u
sers

th
a
n
N
a
g
le�s

a
lg
o
rith

m
�
b
eca

u
se

it
g
iv
es

u
sers

im
m
ed
ia
te

feed
b
a
ck

fo
r

w
h
a
t
th
ey

h
av
e
ty
p
ed

a
n
d
a
llow

s
th
em

to
ed
it
w
ith

o
u
t
su
�
erin

g
a
n
y
n
etw

o
rk

la
ten

cy�

W
e
co
m
p
a
red

th
e
tra

ce
o
f
o
n
e
o
f
o
u
r
h
eav

y
teln

et
u
sers

u
sin

g
lin

e
m
o
d
e
teln

et
fo
r
o
n
e
d
ay

w
ith

th
e
sa
m
e
u
ser�s

tra
ce

�u
sin

g
reg

u
la
r�
o
r
�
ch
a
ra
cter

m
o
d
e�

tel�
n
et�

d
u
rin

g
o
u
r
eig

h
t�d

ay
p
erio

d
�
T
a
b
le

su
m
m
a
rizes

th
e
T
C
P
p
a y
lo
a
d
sizes

o
f

p
a
ck
ets

sen
t
fro

m
th
e
m
o
b
ile

h
o
st

to
th
e
ro
u
ter�

W
e
o
m
it
T
C
P
A
C
K
s
b
eca

u
se

th
ey

a
re

n
o
t
sen

t
a
s
a
d
irect

resu
lt
o
f
u
ser

a
ctio

n
s�

T
a
b
le

�
�
T
h
is
ta
b
le
co
m
p
a
res

th
e
p
ay
lo
a
d
size

fo
r
p
a
ck
ets

sen
t
fro

m
th
e
m
o
b
ile

h
o
sts

to
th
e
ro
u
ter

u
sin

g
ch
a
ra
cter

m
o
d
e
teln

et
a
n
d
lin
e
m
o
d
e
teln

et�

T
eln

et
M
o
d
e

N
u
m
b
er

o
f

S
a
m
p
les

M
in
im
u
m

S
ize

M
ed
ia
n

S
ize

A
v
era

g
e

S
ize

M
a
x
im
u
m

S
ize

T
o
ta
l
S
ize

C
h
a
ra
cter

�
�
�

�
b
y
te

�
b
y
te

�
��

b
y
tes

�
�
�
b
y
tes

�
�
�
�
b
y
tes

L
in
e

�
�


�
b
y
te

�
b
y
tes

�
�
��
�
b
y
tes

�
�
�
b
y
tes

�
�
�
�
b
y
tes

A
lth

o
u
g
h
th
e
to
ta
l
p
ay
lo
a
d
b
y
tes

sen
t
fro

m
th
e
m
o
b
ile

h
o
st

to
th
e
ro
u
ter

fo
r

lin
e
m
o
d
e
teln

et
is
a
p
p
rox

im
a
tely

th
e
sa
m
e
a
s
fo
r
ch
a
ra
cter

m
o
d
e�
th
e
lin

e
m
o
d
e

tra
ce

h
a
s
�
�
�

few
er

p
a
ck
ets�

T
h
is

m
ea
n
s
th
a
t
th
e
ro
u
ter

h
a
d
a
b
o
u
t
�
�
�

less
in
co
m
in
g
lo
a
d
o
n
it
a
n
d
th
e
u
ser

su
�
ered

th
e
ro
u
n
d
trip

tim
e
�
�
�

less
freq

u
en
tly

fo
r
th
e
sa
m
e
a
m
o
u
n
t
o
f
d
a
ta

ty
p
ed
�
A
ll
th
e
u
sers

w
h
o
h
av
e
tried

th
is
m
ech

a
n
ism

rep
o
rt

th
a
t
it
m
a
k
es

teln
et

a
ccep

ta
b
le

o
n
th
e
w
ireless

n
etw

o
rk
�
A
s
a
resu

lt
o
f

th
is
ex
p
erim

en
t�
w
e
a
re

d
ev
elo

p
in
g
a
m
o
b
ile

sh
ell

th
a
t
u
ses

th
is
tech

n
iq
u
e
b
u
t
is

m
o
re

so
p
h
istica

ted
a
b
o
u
t
o
p
era

tio
n
s
su
ch

a
s
�
le

ed
itin

g
th
a
t
d
o
n
o
t
w
o
rk

w
ell

in
lin

e
m
o
d
e�

W
e
a
lso

lo
o
k
a
t
p
o
ssib

le
o
p
tim

iza
tio

n
s
fo
r
N
F
S
�
O
v
era

ll�
th
e
req

u
est�

resp
o
n
se

�R
P
C
�
n
a
tu
re

o
f
N
F
S
is
aw

k
w
a
rd

in
a
n
etw

o
rk

w
ith

h
ig
h
p
er�p

a
ck
et

la
ten

cies�
A

n
ew

req
u
est

w
ill

n
o
t
b
e
sta

rted
u
n
til

th
e
p
rev

io
u
s
o
n
e
h
a
s
receiv

ed
a
rep

ly�
T
h
e

k
ey

to
im

p
rov

in
g
N
F
S
p
erfo

rm
a
n
ce

is
to

red
u
ce

th
e
n
u
m
b
er

o
f
en
d
�to

�en
d
d
elay

s
seen

b
y
u
sers�

W
e
ca
n
d
o
th
is
b
y
ca
ch
in
g
a
n
d
p
refetch

in
g
m
o
re

d
a
ta
�
p
ip
elin

in
g

req
u
ests�

o
r
b
a
tch

in
g
req

u
ests

in
to

sin
g
le
p
a
ck
ets

w
h
en

p
o
ssib

le�

N
F
S
w
o
u
ld

b
en
e�
t
fro

m
tech

n
iq
u
es

su
ch

a
s
p
refetch

in
g
�
a
s
in
d
ica

ted
b
y
F
ig
�

�
�
w
h
ich

sh
ow

s
th
e
d
istrib

u
tio

n
o
f
N
F
S
req

u
est

ty
p
es

o
n
th
e
w
ired

a
n
d
w
ireless



0 10 20 30 40 50 60 70 80 90

100

create

getattr

link

lookup

mkdir

null

read

readdir

readlink

remove

rename

rmdir

root

setattr

statfs

symlink

write

writecache

R
equest T

ype

Percentage of Requests

W
ireless

W
ired

F
ig
�
�
�
T
h
is

�
g
u
re

sh
ow

s
th
e
d
istrib

u
tio

n
o
f
N
F
S
req

u
est

ty
p
es

o
n
th
e
w
ired

a
n
d

w
ireless

n
etw

o
rk
�

n
etw

o
rk
s�
U
sers

ten
d
to

d
ecrea

se
d
ra
m
a
tica

lly
th
e
n
u
m
b
er

o
f
d
a
ta

req
u
ests

th
ey

m
a
k
e
w
h
en

sw
itch

in
g
fro

m
th
e
w
ired

n
etw

o
rk

to
th
e
w
ireless

n
etw

o
rk

�fro
m

�
�
�
��
�
�
to


�
�
��
A
s
a
resu

lt�
tech

n
iq
u
es
to

im
p
rov

e
d
a
ta

tra
n
sfers�

b
y
p
refetch

in
g
�

a
n
d
to

red
u
ce

n
eed

ed
tra

n
sfers�

b
y
m
o
re

a
g
g
ressiv

e
ca
ch
in
g
�
a
re

essen
tia

l
in

m
a
k
in
g
�
le
sy
stem

p
erfo

rm
a
n
ce

to
lera

b
le
o
n
th
e
w
ireless

n
etw

o
rk
�

B
a
tch

in
g
to
g
eth

er
m
u
ltip

le
req

u
ests

in
to

sin
g
le
p
a
ck
ets

m
ig
h
t
a
lso

h
elp

red
u
ce

en
d
�to

�en
d
d
elay

s�
F
o
r
ex
a
m
p
le�

w
e
co
u
ld

sp
eed

u
p
listin

g
la
rg
e
d
irecto

ries
if
a
ll

th
e
d
irecto

ry
in
fo
rm

a
tio

n
co
u
ld

b
e
tra

n
sferred

in
o
n
e
R
E
A
D
D
IR

P
L
U
S
o
p
era

�
tio

n
�
ra
th
er

th
a
n
in

m
a
n
y
L
O
O
K
U
P
o
p
era

tio
n
s
a
s
is
cu
rren

tly
th
e
ca
se�

T
h
is

o
p
tim

iza
tio

n
is
in

th
e
N
F
S
v
ersio

n

sp
eci�

ca
tio

n
��
�

T
o
d
eterm

in
e
th
e
p
o
ssi�

b
le
b
en
e�
t
o
f
th
e
R
E
A
D
D
IR

P
L
U
S
o
p
era

tio
n
�
w
e
lo
o
k
a
t
h
ow

m
a
n
y
a
sso

cia
ted

L
O
O
K
U
P
req

u
ests

fo
llow

a
R
E
A
D
D
IR

req
u
est�

T
h
e
R
E
A
D
D
IR

P
L
U
S
req

u
est

w
o
u
ld

retu
rn

a
ttrib

u
tes

in
a
d
d
itio

n
to

�
len

a
m
es�

w
h
ich

is
eq
u
iva

len
t
to

b
a
tch

in
g

th
e
R
E
A
D
D
IR

a
n
d
L
O
O
K
U
P
req

u
ests�

G
iv
en

th
e
�
�
�
�
�b
y
te

M
T
U
o
f
th
e
ra
d
io
s

�in
clu

d
in
g
en
ca
p
su
la
tio

n
ov
erh

ea
d
��
w
e
ca
n
�
t
th
e
a
ttrib

u
tes

a
n
d
�
len

a
m
es

fo
r

a
m
a
x
im
u
m

o
f
six

�
les

in
a
p
a
ck
et�

T
h
u
s�

if
six

o
r
few

er
L
O
O
K
U
P
S
fo
llow

a
R
E
A
D
D
IR

�
th
ey

ca
n
b
e
b
a
tch

ed
in
to

o
n
e
req

u
est

p
a
ck
et�

T
a
b
le
�
sh
ow

s
th
e
resu

lts
o
f
b
a
tch

in
g
�
T
h
e
n
u
m
b
er

o
f
b
a
tch

a
b
le
L
O
O
K
U
P
a
n
d

R
E
A
D
D
IR

o
p
era

tio
n
s
is
red

u
ced

b
y
a
fa
cto

r
o
f
six

�fro
m
�
�
��
�
�
to


��
�
�
req

u
ests

in
th
e
w
ired

ca
se��

a
n
d
th
e
n
u
m
b
er

o
f
o
rig

in
a
l
m
eta

�d
a
ta

o
p
era

tio
n
s
is
red

u
ced

b
y
ov
er
�
�
�
�fro

m
�

��
�
�
to

�
�
��
	
�
req

u
ests��

T
h
is
w
o
u
ld
so
m
ew

h
a
t
im

p
rov

e
th
e



sp
eed

o
f
d
irecto

ry
listin

g
s�
w
h
ich

w
a
s
o
n
e
o
f
th
e
o
p
era

tio
n
s
p
a
rticu

la
rly

rep
o
rted

a
s
slow

b
y
o
u
r
u
sers�

N
o
te�

h
ow

ev
er�

th
a
t
th
is
co
rresp

o
n
d
s
to

o
n
ly

a
six

p
ercen

t
im

p
rov

em
en
t
in

ov
era

ll
req

u
ests

o
n
th
e
w
ired

n
etw

o
rk
�
so

it
m
ig
h
t
n
o
t
im

p
rov

e
ov
era

ll
N
F
S
p
erfo

rm
a
n
ce

sig
n
i�
ca
n
tly�

T
a
b
le

�
�
T
h
is

ta
b
le

sh
ow

s
h
ow

b
a
tch

in
g
L
O
O
K
U
P

req
u
ests

w
ith

th
eir

a
sso

cia
ted

R
E
A
D
D
IR

req
u
ests

in
to

a
sin

g
le
R
E
A
D
D
IR
P
L
U
S
req

u
est

w
o
u
ld

a
�
ect

o
u
r
N
F
S
w
o
rk
�

lo
a
d
�

T
y
p
e

W
ired

W
ireless

O
rig

in
a
l
R
eq
u
ests�

to
ta
l


�d
a
ta
�m

eta
�d
a
ta
�


�
�

�
�
�


��
�
�

�
�
�
�
�
�

�
�
�
�
�

�
�
�


��
�
�
�
�

�
�
�
�

N
u
m
b
er

o
f
R
E
A
D
D
IR
�s
w
ith

m
o
re

th
a
n
�
L
O
O
K
U
P
fo
llow

in
g

�

�
�
�

�
�
�

N
u
m
b
er

o
f
L
O
O
K
U
P
s
fo
llow

in
g

R
E
A
D
D
IR

av
era

g
e

�m

in
im
u
m
�

m
a
x
im
u
m
�

�
�
��


��
�
�
�
�
�

�
�
�
�


��
�

�
�

N
u
m
b
er

o
f
o
rig

in
a
l
L
O
O
K
U
P
a
n
d

R
E
A
D
D
IR

req
u
ests

th
a
t
w
e
ca
n

b
a
tch

to
g
eth

er

�
�

�

�



�
�
�

N
u
m
b
er

o
f
b
a
tch

a
b
le
L
O
O
K
U
P

a
n
d
R
E
A
D
D
IR

req
u
ests

a
fter

b
a
tch

in
g

�

�
�
�

�
�
�

R
esu

ltin
g
n
u
m
b
er

o
f
req

u
ests

a
fter

b
a
tch

in
g
o
rig

in
a
ls�

to
ta
l

�d
a
ta
�

m
eta

�d
a
ta
�


�
�


�
�


��
�
�

�
�
�
��
�

�
�

�


�
�
�


��
�
�
�


�
�
�
�

�
R
e
la
te
d
W
o
r
k

W
e
h
av
e
fo
u
n
d
little

litera
tu
re

a
b
o
u
t
p
a
ck
et�lev

el
stu

d
ies

o
f
w
id
e�a

rea
n
etw

o
rk
s�

a
lth

o
u
g
h
��
�


in
clu

d
es

a
la
ten

cy
m
ea
su
rem

en
t
o
f
�
�
seco

n
d
s
o
n
av
era

g
e
fo
r
a

ro
u
n
d
trip

T
C
P
�
IP

p
a
ck
et

ov
er

C
D
P
D
��

�
A
lso

�
a
stu

d
y
o
f
a
sy
m
m
etry

o
n
T
C
P

p
erfo

rm
a
n
ce

��

�
fo
u
n
d
th
e
m
ea
n
en
d
�to

�en
d
ro
u
n
d
trip

d
elay

th
ro
u
g
h
a
M
etrico

m
p
a
ck
et

ra
d
io

n
etw

o
rk

to
b
e
�
��

seco
n
d
s�
va
stly

la
rg
er

th
a
n
o
u
r
m
ea
su
red

m
ea
n

o
f
�
�	
�
seco

n
d
s
fo
r
teln

et
ov
er

T
C
P
�
W
h
ile

th
eir

m
ea
su
rem

en
ts
w
ere

m
a
d
e
fro

m
a
b
u
lk

T
C
P
tra

n
sfer�

ra
th
er

th
a
n
co
llected

ov
er

th
e
co
u
rse

o
f
d
ay
s�
th
e
rea

so
n

fo
r
th
is
sig

n
i�
ca
n
t
d
i�
eren

ce
in

m
ea
n
d
elay

s
rem

a
in
s
u
n
clea

r�

In
co
n
tra

st�
th
ere

a
re

sev
era

l
p
a
ck
et�lev

el
stu

d
ies

o
f
lo
ca
l�a

rea
w
ireless

n
et�

w
o
rk
s�
W
o
rk

b
y
�	


a
n
d
��
	


lo
o
k
s
a
t
th
e
ty
p
es

o
f
p
a
ck
et

erro
rs

fo
u
n
d
in

th
ese

en
v
iro

n
m
en
ts�

a
n
d
��



a
lso

rep
o
rts

th
ro
u
g
h
p
u
t�
M
o
re

recen
t
w
o
rk

b
y
��
�


g
iv
es

a
n
ex
ten

siv
e
stu

d
y
o
f
th
e
p
a
ck
et

lo
ss�

la
ten

cies�
a
n
d
b
a
n
d
w
id
th

o
f
th
e
W
av
e�

L
A
N
n
etw

o
rk

a
s
seen

b
y
a
h
o
st
m
ov
in
g
b
etw

een
b
u
ild

in
g
s
�b
u
t
w
ith

in
th
e
lin

e
o
f

sig
h
t
o
f
th
eir

W
av
eP

o
in
t
b
a
sesta

tio
n
s�
a
n
d
w
ith

in
b
u
ild

in
g
s�
P
a
ck
et
lo
ss
b
etw

een



b
u
ild

in
g
s
rea

ch
es

a
s
h
ig
h
a
s
a
lm

o
st

�
�
�
�
a
n
d
co
rresp

o
n
d
in
g
la
ten

cies
rea

ch
a
l�

m
o
st

o
n
e
seco

n
d
�
In

a
n
o
th
er

scen
a
rio

�
w
h
ile

in
a
n
eleva

to
r�
p
a
ck
et

lo
ss

rea
ch
es

�
�
�
�
�
O
th
erw

ise�
p
a
ck
et

lo
ss

seem
s
to

b
e
q
u
ite

low
�
av
era

g
in
g
fro

m
less

th
a
n

o
n
e
p
ercen

t
to

a
b
o
u
t
�
v
e
p
ercen

t�
a
n
d
la
ten

cies
seem

to
h
ov
er

a
ro
u
n
d
�
�
m
s�
W
e

ca
n
co
n
clu

d
e
th
a
t
th
e
b
eh
av
io
r
o
f
th
is
w
ireless

n
etw

o
rk

d
ep
en
d
s
g
rea

tly
o
n
th
e

lo
ca
tio

n
o
f
th
e
m
o
b
ile

h
o
st�

b
u
t
th
a
t
it
g
en
era

lly
sh
ow

s
a
n
o
rd
er

o
f
m
a
g
n
itu

d
e

b
etter

la
ten

cy�
p
a
ck
et

lo
ss

a
n
d
b
a
n
d
w
id
th

th
a
n
th
e
w
id
e�a

rea
n
etw

o
rk

in
o
u
r

stu
d
y�

B
esid

es
m
ea
su
rem

en
ts

o
f
th
e
W
av
eL
A
N

n
etw

o
rk
�
��
	


a
n
d
��
�


a
lso

p
resen

t
a

m
eth

o
d
to

o
b
serv

e
a
n
d
p
red

ict
th
e
b
eh
av
io
r
o
f
a
p
p
lica

tio
n
s
in

a
w
ireless

n
etw

o
rk

in
a
rep

ea
ta
b
le
m
a
n
n
er�

T
h
e
a
u
th
o
rs
�
rst

m
ea
su
re

en
d
�to

�en
d
b
eh
av
io
r
o
f
ro
u
n
d

trip
p
a
ck
ets

in
a
lo
ca
l�a

rea
w
ireless

n
etw

o
rk

�W
av
eL
A
N
��
T
h
is

in
fo
rm

a
tio

n
is

d
istilled

in
to

a
m
o
d
el
o
f
p
a
ck
et
lo
ss
a
n
d
d
elay

s�
A
m
o
d
u
la
tio

n
lay

er
is
th
en

p
la
ced

b
etw

een
a
p
p
lica

tio
n
s
a
n
d
th
e
w
ired

n
etw

o
rk
�
a
n
d
th
is

lay
er

d
ro
p
s
a
n
d
d
elay

s
p
a
ck
ets

a
cco

rd
in
g
to

th
e
m
o
d
el�

T
h
e
resu

lts
o
f
ru
n
n
in
g
sev

era
l
w
o
rk
lo
a
d
s
o
n
th
e

w
ired

n
etw

o
rk

u
sin

g
th
is
m
o
d
u
la
tio

n
tech

n
iq
u
e
clo

sely
p
red

ict
th
e
b
eh
av
io
r
o
f

th
o
se

w
o
rk
lo
a
d
s
w
h
en

ru
n
in

th
e
rea

l
w
ireless

n
etw

o
rk
�
It

w
o
u
ld

b
e
v
ery

u
sefu

l
to

rep
ea
t
th
is
e�
o
rt

in
a
w
id
e�a

rea
w
ireless

n
etw

o
rk
�

T
h
ere

a
re

m
a
n
y
e�
o
rts

to
a
d
a
p
t
a
p
p
lica

tio
n
s
a
n
d
p
ro
to
co
ls
to

n
etw

o
rk
s
w
ith

w
ea
k
co
n
n
ectiv

ity�
C
o
d
a
��
�

u
ses

a
tech

n
iq
u
e
ca
lled

h
o
a
rd
in
g
to

ca
ch
e
co
p
ies

o
f

n
eed

ed
�
les

o
n
a
la
p
to
p
so

th
ey

w
ill

b
e
lo
ca
lly

ava
ila
b
le
d
u
rin

g
p
erio

d
s
o
f
p
o
o
r

co
n
n
ectiv

ity�
T
h
is
fo
rm

o
f
a
g
g
ressiv

e
ca
ch
in
g
a
n
d
p
refetch

in
g
�
a
lo
n
g
w
ith

ca
ch
e

co
n
sisten

cy
p
ro
to
co
ls�

a
llow

s
m
o
b
ile

h
o
sts

to
av
o
id

issu
in
g
m
a
n
y
req

u
ests

ov
er

a
p
o
o
r
lin

k
�
R
ov
er

��
�


u
ses

q
u
eu
ed
�
n
o
n
�b
lo
ck
in
g
rem

o
te

p
ro
ced

u
re

ca
lls

to
a
llow

a
p
p
lica

tio
n
s
to

co
n
tin

u
e
p
ro
cessin

g
ev
en

if
th
e
rem

o
te

p
ro
ced

u
re

ca
ll
m
u
st

w
a
it

u
n
til

n
etw

o
rk

co
n
n
ectiv

ity
is
reesta

b
lish

ed
�
T
h
u
s
R
ov
er�s

q
u
eu
in
g
tech

n
iq
u
es

ca
n

h
elp

h
id
e
th
e
p
o
o
r
co
n
n
ectiv

ity
a
n
d
h
ig
h
la
ten

cies
fo
u
n
d
in

a
w
ireless

n
etw

o
rk

en
v
iro

n
m
en
t�

T
h
e
co
n
cep

t
o
f
p
rox

ies
h
a
s
b
een

u
sed

to
im

p
rov

e
p
erfo

rm
a
n
ce

o
f
m
a
n
y
p
ro
to
co
ls

su
ch

a
s
X
�
H
T
T
P
a
n
d
T
C
P
in
low

�b
a
n
d
w
id
th

a
n
d
h
ig
h
�la

ten
cy

en
v
iro

n
m
en
ts
��
�


��
�


�
�
A
s
seen

in
�

�
th
is
tech

n
iq
u
e
is
p
a
rticu

la
rly

h
elp

fu
l
fo
r
av
o
id
in
g
T
C
P
�s

b
a
ck
o
�
a
n
d
retra

n
sm

issio
n
fea

tu
res�

w
h
ich

w
ere

d
ev
elo

p
ed

fo
r
w
ired

n
etw

o
rk
s

in
w
h
ich

p
a
ck
et

lo
ss

in
d
ica

tes
co
n
g
estio

n
��

�
U
n
fo
rtu

n
a
tely�

th
ere

a
re

m
a
n
y

n
etw

o
rk
s
a
m
o
b
ile

h
o
st

m
ig
h
t
v
isit

�p
a
rticu

la
rly

n
etw

o
rk
s
n
o
t
u
n
d
er

th
e
co
n
tro

l
o
f
th
e
m
o
b
ile

h
o
st�s

ow
n
a
d
m
in
istra

tiv
e
a
u
th
o
rities�

in
w
h
ich

it
m
ay

n
o
t
b
e

p
o
ssib

le
to

p
la
ce

p
rox

ies
in

u
sefu

l
p
o
sitio

n
s�

N
o
n
eth

eless�
o
u
r
ex
p
erien

ces
in

M
o
sq
u
ito

N
et

lea
d
u
s
to

b
eliev

e
th
a
t
p
rox

ies
sh
o
u
ld

b
e
a
d
o
p
ted

w
h
ere

p
o
ssib

le�

�
C
o
n
c
lu
sio

n
s
a
n
d
F
u
tu
r
e
W
o
r
k

T
h
e
h
ig
h
la
ten

cies
a
n
d
ra
te

o
f
p
a
ck
et

lo
ss

a
n
d
reo

rd
erin

g
p
rev

en
t
h
o
sts

fro
m

fu
lly

u
tilizin

g
th
e
ava

ila
b
le
b
a
n
d
w
id
th

o
n
th
e
w
ireless

n
etw

o
rk
�
O
th
er

w
id
e�a

rea



w
ireless

n
etw

o
rk
s�
su
ch

a
s
C
D
P
D
�
a
lso

h
av
e
h
ig
h
o
r
ev
en

h
ig
h
er

la
ten

cies�
U
n
fo
r�

tu
n
a
tely�

n
etw

o
rk

m
a
n
u
fa
ctu

rers
cu
rren

tly
ten

d
to

fo
cu
s
o
n
in
crea

sin
g
b
a
n
d
w
id
th

ra
th
er

th
a
n
red

u
cin

g
la
ten

cy
��
�
�

W
e
n
eed

to
co
n
v
in
ce

n
etw

o
rk

m
a
n
u
fa
ctu

rers
th
a
t
red

u
cin

g
la
ten

cy
is
ju
st

a
s
cru

cia
l
to

th
e
su
ccess

o
f
w
id
e�a

rea
w
ireless

n
et�

w
o
rk
s
a
s
in
crea

sin
g
b
a
n
d
w
id
th
�

W
e
m
u
st
a
lso

sea
rch

fo
r
w
ay
s
to

o
p
tim

ize
th
e
b
eh
av
io
r
o
f
a
p
p
lica

tio
n
s
sen

sitiv
e

to
h
ig
h
en
d
�to

�en
d
d
elay

s�
W
e
h
av
e
a
t
lea

st
tw
o
o
p
tio

n
s�
T
h
e
�
rst

is
to

av
o
id

la
ten

cy
fro

m
a
p
p
lica

tio
n
s�
T
h
e
lo
ca
l
lin

e
ed
itin

g
tech

n
iq
u
e
w
e
tried

fo
r
teln

et
w
a
s

sim
p
le�

y
et

e�
ectiv

e
en
o
u
g
h
to

ch
a
n
g
e
u
sers�

p
ercep

tio
n
o
f
teln

et
p
erfo

rm
a
n
ce

o
n
th
e
w
ireless

n
etw

o
rk
�
W
e
w
ill

so
o
n
sw

itch
to

u
sin

g
o
u
r
m
o
b
ile

sh
ell�

w
h
ich

in
co
rp
o
ra
tes

th
is
o
p
tim

iza
tio

n
a
n
d
o
th
er

fea
tu
res�

T
h
e
seco

n
d
o
p
tio

n
is
to

h
id
e

en
d
�to

�en
d
d
elay

s�
N
F
S
�
fo
r
ex
a
m
p
le�

w
ill

n
o
t
su
rv
iv
e
in

th
e
w
id
e�a

rea
w
ireless

en
v
iro

n
m
en
t
w
ith

o
u
t
tech

n
iq
u
es

su
ch

a
s
p
refetch

in
g
d
a
ta
�
W
e
m
u
st

eith
er

�
x

N
F
S
�
o
r
w
e
m
u
st

sw
itch

to
a
m
o
re

so
p
h
istica

ted
�
le
sy
stem

�su
ch

a
s
C
o
d
a
��
�
�

th
a
t
p
rov

id
es

th
ese

tech
n
iq
u
es�

W
e
p
la
n
to

in
co
rp
o
ra
te

in
to

M
o
sq
u
ito

N
et

sev
era

l
o
th
er

tech
n
iq
u
es

th
a
t
w
ill

im
p
rov

e
th
e
p
erfo

rm
a
n
ce

o
f
o
u
r
w
ireless

n
etw

o
rk
�
F
o
r
in
sta

n
ce�

w
e
a
re

cu
rren

tly
ex
p
erim

en
tin

g
w
ith

a
d
d
in
g
m
o
re

th
a
n
o
n
e
ra
d
io

o
n
to

o
u
r
ro
u
ter�

W
e
d
o
th
is

b
y
crea

tin
g
a
v
irtu

a
l
ra
d
io

d
ev
ice

th
a
t
a
ctu

a
lly

u
ses

o
n
e
o
r
m
o
re

ra
d
io
s
fo
r

in
co
m
in
g
p
a
ck
ets

a
n
d
o
n
e
o
r
m
o
re

ra
d
io
s
fo
r
o
u
tg
o
in
g
p
a
ck
ets�

T
o
th
e
o
u
tsid

e
w
o
rld

�
a
ll
th
e
ra
d
io
s
a
p
p
ea
r
to

b
e
fu
n
ctio

n
in
g
a
s
o
n
e
sin

g
le
d
ev
ice�

T
h
is
w
ay�

w
e

ca
n
m
in
im

ize
so
m
e
o
f
th
e
la
ten

cies
ca
u
sed

b
y
th
e
ro
u
ter�s

sin
g
le
ra
d
io
sw

itch
in
g

b
etw

een
in
co
m
in
g
a
n
d
o
u
tg
o
in
g
tra

�
c�

	
A
c
k
n
o
w
le
d
g
e
m
e
n
ts

W
e
w
o
u
ld

lik
e
to

th
a
n
k
th
e
U
S
E
N
IX

A
sso

cia
tio

n
�
D
a
im

ler�B
en
z
R
esea

rch
a
n
d

T
ech

n
o
lo
g
y
a
n
d
th
e
X
erox

P
a
lo
A
lto

R
esea

rch
C
en
ter

fo
r
su
p
p
o
rtin

g
th
e
stu

d
en
t

a
u
th
o
rs
o
f
th
is
p
a
p
er�

T
h
is
w
o
rk

w
a
s
a
lso

su
p
p
o
rted

in
p
a
rt
b
y
M
IT
I
�M

in
istry

o
f

In
tern

a
tio

n
a
l
T
ra
d
e
a
n
d
In
d
u
stry

�
th
ro
u
g
h
th
e
�
A
d
va
n
ced

S
o
ftw

a
re

E
n
rich

m
en
t

P
ro
ject�

o
f
IP
A
�In

fo
rm

a
tio

n
�tech

n
o
lo
g
y
P
ro
m
o
tio

n
A
g
en
cy�

J
a
p
a
n
��

R
e
fe
r
e
n
c
e
s

�
�
A
rm

ita
g
e

G
��
S
u
p
p
o
rt
fo
r
M
u
ltica

st
ov
er

U
N
I
�
��
�
�
��
b
a
sed

A
T
M

N
etw

o
rk
s�
In
ter�

n
et

R
eq
u
est

fo
r
C
o
m
m
en
ts

�




N
ov
em

b
er

�
�
�
�
�


�
B
a
k
er


M
�

Z
h
a
o


X
�

C
h
esh

ire

S
�

S
to
n
e

J
��
S
u
p
p
o
rtin

g
M
o
b
ility

in
M
o
sq
u
ito

N
et�

P
ro
ceed

in
g
s
o
f
th
e
�
�
�
�
U
S
E
N
IX

C
o
n
feren

ce

S
a
n
D
ieg

o


C
A


J
a
n
u
a
ry

�
�
�
�
�

�
�
B
a
la
k
rish

n
a
n


H
�

P
a
d
m
a
n
a
b
h
a
n


V
�

S
esh

a
n


S
�

K
a
tz


R
��
A
C
o
m
p
a
riso

n
o
f
M
ech

�
a
n
ism

s
fo
r
Im

p
rov

in
g
T
C
P
P
erfo

rm
a
n
ce

ov
er

W
ireless

L
in
k
s�
P
ro
ceed

in
g
s
o
f
S
IG

�
C
O
M
M
��
�


A
u
g
u
st
�
�
�
�
�

�
�
B
a
la
k
rish

n
a
n


H
�

P
a
d
m
a
n
a
b
h
a
n


V
�

K
a
tz


R
��
T
h
e
E
�
ects

o
f
A
sy
m
m
etry

o
n
T
C
P

P
erfo

rm
a
n
ce�

P
ro
ceed

in
g
s
o
f
M
o
b
ico

m
��
�


S
ep
tem

b
er

�
�
�
�
�



�
�
B
o
rm

a
n


D
��
T
eln

et
L
in
em

o
d
e
O
p
tio

n
�
In
tern

et
R
eq
u
est

fo
r
C
o
m
m
en
ts
�
�
�
�


O
cto

�
b
er

�
�
�
�
�

�
�
C
a
ceres


R
�

Ifto

d
e

L
��
Im

p
rov

in
g
th
e
P
erfo

rm
a
n
ce

o
f
R
elia

b
le
T
ra
n
sp
o
rt
P
ro
to
co
ls

in
M
o
b
ile

C
o
m
p
u
tin

g
E
n
v
iro

n
m
en
ts�

IE
E
E
J
o
u
rn
a
l
o
n
S
elected

A
rea

s
in

C
o
m
m
u
�

n
ica

tio
n
s

v
o
l�
�
�


n
o
�
�


J
u
n
e
�
�
�
�
�

�
�
C
a
lla
g
h
a
n


B
�

P
aw

low
sk
i

B
�

S
ta
u
b
a
ch


P
��
N
F
S
V
ersio

n
�
P
ro
to
co
l
S
p
eci�

ca
tio

n
�

In
tern

et
R
eq
u
est

fo
r
C
o
m
m
en
ts
�
�
�
�


J
u
n
e
�
�
�
�
�

�
�
C
ellu

la
r
D
ig
ita

l
P
a
ck
et

D
a
ta

S
p
eci�

ca
tio

n
�
R
elea

se
�
��
�
J
u
ly

�
�


�
�
�
�
�

�
�
E
ck
h
a
rd
t

D
�

S
teen

k
iste


P
��
M
ea
su
rem

en
t
a
n
d
A
n
a
ly
sis

o
f
th
e
E
rro

r
C
h
a
ra
cteristics

o
f
a
n
In
�B
u
ild
in
g
W
ireless

N
etw

o
rk
�
P
ro
ceed

in
g
s
o
f
S
IG

C
O
M
M
��
�


A
u
g
u
st
�
�
�
�
�

�
�
�
F
u
lto

n


J
�

K
a
n
ta
rjiev



C
��
A
n
U
p
d
a
te
o
n
L
ow

B
a
n
d
w
id
th

X
�L
B
X
��
a
S
ta
n
d
a
rd

fo
r

X
a
n
d
S
eria

l
L
in
es�

P
ro
ceed

in
g
s
o
f
th
e
�
th

A
n
n
u
a
l
X
T
ech

n
ica

l
C
o
n
feren

ce

J
a
n
u
a
ry

�
�
�
�



�
�
�
H
o
u
sel


B
�

L
in
d
q
u
ist


D
��
W
eb
E
x
p
ress�

A
S
y
stem

fo
r
O
p
tim

izin
g
W
eb

B
row

sin
g

in
a
W
ireless

E
n
v
iro

n
m
en
t�
P
ro
ceed

in
g
s
o
f
M
o
b
ico

m
��
�


N
ov
em

b
er

�
�
�
�
�

�

�
J
a
co
b
so
n


V
��
C
o
m
p
ressin

g
T
C
P
�
IP

H
ea
d
ers

fo
r
L
ow

�S
p
eed

S
eria

l
L
in
k
s�
In
tern

et
R
eq
u
est

fo
r
C
o
m
m
en
ts
�
�
�
�


F
eb
ru
a
ry

�
�
�
�
�

�
�
�
J
a
co
b
so
n


V
��
B
erk

eley
T
C
P
E
v
o
lu
tio

n
fro

m
�
��
�T
a
h
o
e
to

�
��
�R
en
o
�
P
ro
ceed

in
g
s

o
f
th
e
�
�
th

In
tern

et
E
n
g
in
eerin

g
T
a
sk

F
o
rce


p
�
�
�
�


S
ep
tem

b
er

�
�
�
�
�

�
�
�
J
o
sep

h


A
�

d
eL
esp

in
a
sse


A
�

T
a
u
b
er


J
�

G
i�
o
rd


D
�

K
a
a
sh
o
ek


M
��
R
ov
er�

A
T
o
o
lk
it
fo
r
M
o
b
ile

In
fo
rm

a
tio

n
A
ccess�

P
ro
ceed

in
g
s
o
f
th
e
�
�
th

A
C
M

S
y
m
p
o
siu

m
o
n
O
p
era

tin
g
S
y
stem

s
P
rin

cip
les


D
ecem

b
er

�
�
�
�
�

�
�
�
K
a
n
ta
rjiev



C
�

D
em

ers

A
�

F
red

erick


R
�

K
riva

cic

R
�

W
eiser


M
��
E
x
p
erien

ces
w
ith

X
in

a
W
ireless

E
n
v
iro

n
m
en
t�
P
ro
ceed

in
g
s
o
f
th
e
U
sen

ix
M
o
b
ile

a
n
d
L
o
ca
tio

n
�

In
d
ep
en
d
en
t
C
o
m
p
u
tin

g
S
y
m
p
o
siu

m


A
u
g
u
st
�
�
�
�
�

�
�
�
K
istler


J
�

S
a
ty
a
n
a
ray

a
n
a
n


M
��
D
isco

n
n
ected

O
p
era

tio
n
in

th
e
C
o
d
a
F
ile

S
y
stem

�
P
ro
ceed

in
g
s
o
f
th
e
�
�
th

A
C
M

S
y
m
p
o
siu

m
o
n
O
p
era

tin
g
S
y
stem

s
P
rin

cip
les


O
cto

b
er

�
�
�
�
�

�
�
�
M
etrico

m


In
c��

U
R
L
�
h
ttp

��
�
w
w
w
�m

etrico
m
�co

m
�

�
�
�
N
a
g
le


J
��
C
o
n
g
estio

n
C
o
n
tro

l
in
IP
�
T
C
P
In
tern

etw
o
rk
s�
In
tern

et
R
eq
u
est

fo
r
C
o
m
�

m
en
ts
�
�
�


J
a
n
u
a
ry

�
�
�
�
�

�
�
�
N
g
u
y
en


G
�

K
a
tz


R
�

N
o
b
le


B
�

S
a
ty
a
n
a
ray

a
n
a
n


M
��
A
T
ra
ce�B

a
sed

A
p
p
ro
a
ch

fo
r

M
o
d
elin

g
W
ireless

C
h
a
n
n
el

B
eh
av
io
r�
P
ro
ceed

in
g
s
o
f
th
e
�
�
�
�
W
in
ter

S
im
u
la
tio

n
C
o
n
feren

ce

�
�
�
�
�


�
�
N
o
b
le


B
�

N
g
u
y
en


G
�

S
a
ty
a
n
a
ray

a
n
a
n


M
�

K
a
tz


R
��
M
o
b
ile

N
etw

o
rk

T
ra
cin

g
�

In
tern

et
R
eq
u
est

fo
r
C
o
m
m
en
ts

�
�
�


O
cto

b
er

�
�
�
�
�


�
�
N
o
b
le


B
�

S
a
ty
a
n
a
ray

a
n
a
n


M
�

N
g
u
y
en


G
�

K
a
tz


R
��
T
ra
ce�B

a
sed

M
o
b
ile

N
etw

o
rk

E
m
u
la
tio

n
r�
P
ro
ceed

in
g
s
o
f
S
IG

C
O
M
M
��
�


S
ep
tem

b
er

�
�
�
�
�



�
P
erk

in
s

C
��
IP

M
o
b
ility

S
u
p
p
o
rt�

In
tern

et
R
eq
u
est

fo
r
C
o
m
m
en
ts


�
�



O
cto

b
er

�
�
�
�
�


�
�
R
ey
n
o
ld
s

N
�

D
u
ch
a
m
p


D
��
M
ea
su
red

P
erfo

rm
a
n
ce

o
f
a
W
ireless

L
A
N
�
P
ro
ceed

�
in
g
s
o
f
th
e
�
�
th

C
o
n
feren

ce
o
n
L
o
ca
l
C
o
m
p
u
ter

N
etw

o
rk
s

S
ep
tem

b
er

�
�
�

�


�
�
S
a
ty
a
n
a
ray

a
n
a
n


M
��
K
ey
n
o
te

A
d
d
ress

to
A
C
M

M
o
b
ico

m
��
�
�
N
ov
em

b
er

�
�
�
�
�


�
�
S
tev

en
s

W
��
T
C
P
�
IP

Illu
stra

ted


V
o
lu
m
e
�
�
A
d
d
iso

n
�W

esley

�
�
�
�


p
�

�
�
�


�
�
S
tev

en
s

W
��
T
C
P
S
low

S
ta
rt


C
o
n
g
estio

n
A
v
o
id
a
n
ce


F
a
st

R
etra

n
sm

it

a
n
d
F
a
st

R
ecov

ery
A
lg
o
rith

m
s�
In
tern

et
R
eq
u
est

fo
r
C
o
m
m
en
ts

�
�
�


J
a
n
u
a
ry

�
�
�
�
�


�
�
W
a
tso

n


T
�

B
ersh

a
d


B
��
L
o
ca
l
A
rea

M
o
b
ile

C
o
m
p
u
tin

g
o
n
S
to
ck

H
a
rd
w
a
re

a
n
d

M
o
stly

S
to
ck

S
o
ftw

a
re�

U
S
E
N
IX

S
y
m
p
o
siu

m
o
n
M
o
b
ile

a
n
d
L
o
ca
tio

n
�In

d
ep
en
d
en
t

C
o
m
p
u
tin

g


A
u
g
u
st
�
�
�
�
�



T
h
is
a
rticle

w
a
s
p
ro
cessed

u
sin

g
th
e
L
AT
E
X
m
a
cro

p
a
cka

g
e
w
ith

L
L
N
C
S
sty

le


