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p
a
ck
et
sw
itch
ed
n
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p
a
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d
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t
d
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u
n
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h
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a
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in
d
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u
a
lly
ca
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fro
m
a
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u
rce
to
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d
estin
a
tio
n
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h
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th
a
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1
.
d
a
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ca
n
n
o
t
b
e
sen
t
a
s
a
co
n
tin
u
o
s
b
it
strea
m
a
t
a
g
iv
en
ra
te,
b
u
t
it

m
u
st
b
e
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m
en
ted
in
to
p
a
ck
ets
w
h
ich
a
re
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n
sm
itted
fro
m
n
o
d
e
to

n
o
d
e
a
t
w
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p
a
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m
u
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b
e
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b
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w
ith
a
n
h
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d
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n
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in
g
th
e
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fo
rm
a
tio
n

n
eed
ed
b
y
th
e
n
etw
o
rk
to
p
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p
erly
h
a
n
d
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it
(i.e.,
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u
tin
g
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fo
rm
a
tio
n
s
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a
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u
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a
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h
u
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w
ith
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to
a
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it
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ed
n
etw
o
rk
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a
ck
et
sw
itch
ed
n
et-

w
o
rk
in
tro
d
u
ces
b
o
th
a
n
ex
tra
d
elay
(d
u
e
to
th
e
p
a
ck
etiza
tio
n
p
ro
cess)
a
n
d

a
red
u
ctio
n
in
b
a
n
d
w
id
th
eÆ
cien
cy
(d
u
e
to
th
e
a
d
d
itio
n
a
l
h
ea
d
er).

In
a
p
a
ck
et
sw
itch
ed
n
etw
o
rk
th
ere
ex
ist
a
lso
a
n
o
th
er
so
u
rce
o
f
d
elay.

S
in
ce
p
a
ck
ets
ca
n
b
e
sen
t
b
y
so
u
rces
w
ith
o
u
t
a
n
y
sp
eci�
c
tim
e
rela
tio
n
sh
ip

(i.e.,
a
sy
n
ch
ro
n
o
u
sly
),
it
m
ay
h
a
p
p
en
th
a
t
m
a
n
y
p
a
ck
ets
ca
n
a
rriv
e
sim
u
l-

ta
n
eo
u
sly
a
t
a
p
a
rticu
la
r
n
etw
o
rk
n
o
d
e
a
n
d
th
ey
h
av
e
to
b
e
retra
n
sm
itted

fro
m
th
e
sa
m
e
o
u
tp
u
t
p
o
rt.
In
th
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a
tio
n
p
a
ck
et
a
re
b
u
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a
n
d
a
re

sch
ed
u
led
fo
r
tra
n
sm
issio
n
o
n
e
b
y
o
n
e.
T
h
e
tim
e
sp
en
t
b
y
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a
ck
ets
in
to
a

n
o
d
e
b
u
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er
w
a
itin
g
fo
r
tra
n
sm
issio
n
is
ca
lled
q
u
eu
in
g
d
elay.

T
h
e
q
u
eu
in
g
d
elay
is
stro
n
g
ly
rela
ted
to
th
e
sch
ed
u
lin
g
a
lg
o
rith
m

ex
-

p
lo
ited
b
y
n
etw
o
rk
n
o
d
es.
T
h
e
sim
p
lest
sch
ed
u
lin
g
m
ech
a
n
ism
s
is
ca
lled

F
irst
In
F
irst
O
u
t
(F
IF
O
).
W
h
en
a
n
o
u
tp
u
t
p
o
rt
ex
p
lo
its
F
IF
O
sch
ed
u
lin
g
,

p
a
ck
ets
a
re
tra
n
sm
itted
ex
a
ctly
in
th
e
sa
m
e
o
rd
er
th
ey
a
rriv
ed
a
t
th
e
p
o
rt.
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T
h
is
a
lg
o
rith
m
is
n
o
t
su
ita
b
le
fo
r
co
n
tro
llin
g
q
u
eu
in
g
d
elay
b
eca
u
se
it
d
e-

p
en
d
s
o
n
th
e
tim
e
p
a
ck
ets
g
et
in
to
th
e
b
u
�
er
rela
tiv
ely
to
o
th
er
p
a
ck
ets.

S
in
ce
th
is
ev
en
ts
a
re
a
sy
n
ch
ro
n
o
u
s,
th
e
q
u
eu
in
g
d
elay
is
n
o
t
d
eterm
in
istic.

T
h
is
co
u
ld
b
e
a
ccep
ta
b
le
in
a
d
a
ta
n
etw
o
rk
ca
rry
in
g
ju
st
b
est
e�
o
rt
tra
Æ
c

b
u
t
n
o
t
in
n
etw
o
rk
w
h
ich
is
a
lso
in
ten
d
ed
to
tra
n
sp
o
rt
tim
e-sen
sitiv
e
tra
Æ
c

su
ch
a
s
v
o
ice
a
n
d
v
id
eo
.
T
h
u
s,
m
o
re
so
p
h
istica
ted
p
a
ck
et
sch
ed
u
lin
g
a
lg
o
-

rith
m
s
h
av
e
b
een
in
tro
d
u
ced
.
O
n
e
o
f
th
ese
a
lg
o
rith
m
s
is
th
e
G
en
era
lized

P
rocesso
r
S
h
a
rin
g
(G
P
S
)
[5
]
a
lg
o
rith
m
,
d
ev
elo
p
ed
b
y
P
a
reck
a
n
d
G
a
lla
g
h
er

sta
rtin
g
fro
m
a
n
o
rig
in
a
l
id
ea
o
f
N
a
g
le
[6].
G
P
S
is
a
sch
ed
u
lin
g
a
lg
o
rith
m

w
h
ich
a
llow
s
fo
r
b
o
th
fa
ir
sh
a
rin
g
o
f
th
e
lin
k
b
a
n
d
w
id
th
a
m
o
n
g
d
i�
eren
t


ow
s
a
n
d
a
d
eterm
in
istic
b
o
u
n
d
o
n
th
eir
q
u
eu
in
g
d
elay.
G
P
S
is
a
n
id
ea
l

a
lg
o
rith
m
b
eca
u
se
it
is
in
ten
d
ed
to
w
o
rk
w
ith

u
id

ow
s.
H
ow
ev
er,
a
p
a
ck
et

v
ersio
n
o
f
it,
P
a
cket-by
-pa
cket
G
P
S
(P
G
P
S
),
h
a
s
b
een
d
ev
ised
w
h
ich
w
o
rk
s

w
ith
p
a
ck
et
strea
m
s
p
reserv
in
g
a
lm
o
st
co
m
p
letely
th
e
G
P
S
p
ro
p
erties.
T
h
e

n
ex
t
sectio
n
d
escrib
es
in
so
m
e
d
eta
il
th
e
tw
o
a
lg
o
rith
m
s.

2
.1

(P
a
c
k
e
t-b
y
-p
a
c
k
e
t)
G
e
n
e
r
a
liz
e
d
P
ro
c
e
sso
r
S
h
a
rin
g

T
h
e
G
P
S
a
lg
o
rith
m
o
p
era
tes
w
ith
tra
Æ
c

ow
s
h
av
in
g
a
n
in
�
n
itely
�
n
e
g
ra
n
-

u
la
rity.
T
h
is
is
referred
to
a
s
th
e

u
id

o
w
m
o
d
el.
E
a
ch
a
ctiv
e

ow
feed
s
a

sep
a
ra
te
b
u
�
er
a
n
d
a
ll
th
e
b
a
ck
-lo
g
g
ed
b
u
�
ers
a
re
serv
ed
co
n
cu
rren
tly
w
ith

a
ra
te
p
ro
p
o
rtio
n
a
l
to
a
w
eig
h
t
�
i .
A
G
P
S
sch
ed
u
ler
g
u
a
ra
n
tees
to
ea
ch


ow
i
a
m
in
im
u
m
serv
ice
ra
teg

i
=

�
i

P
j
�
j
�
r;

(1
)

w
h
ere
r
is
th
e
o
u
tp
u
t
ra
te,
u
su
a
lly
th
e
o
u
tp
u
t
lin
k
ca
p
a
city.
T
h
e
serv
ice

ra
te
a
sso
cia
ted
w
ith
a
p
a
rticu
la
r

ow
is
in
d
ep
en
d
en
t
o
f
th
e
serv
ice
ra
te
a
s-

so
cia
ted
w
ith
o
th
er

ow
s.

�
i

P
j

�
j

rep
resen
ts
th
e
fra
ctio
n
o
f
th
e
lin
k
ca
p
a
city

a
sso
cia
ted
w
ith

ow
i.

M
o
reov
er,
p
rov
id
ed
th
a
t
a

ow
is
co
m
p
lia
n
t
w
ith
th
e
tra
Æ
c
ex
itin
g
a

lea
k
y
b
u
ck
et
w
ith
a
n
o
u
tp
u
t
ra
te
B
i
<

g
i
a
n
d
to
k
en
b
u
ck
et
o
f
d
ep
th
�
i ,

G
P
S
g
u
a
ra
n
tees
a
n
u
p
p
er
b
o
u
n
d
to
th
e
q
u
eu
in
g
d
elay
o
f
ea
ch

ow
i
g
iv
en

b
y

Q
G
P
S

i

=
�
i

g
i
=
�
i
� P
j
�
j

�
i

�
r

T
h
is
b
o
u
n
d
ca
n
b
e
in
tu
itiv
ely
ex
p
la
in
ed
b
y
co
n
sid
erin
g
th
a
t
a
b
u
rst
o
f
�
i

b
its
g
en
era
ted
b
y
a
so
u
rce
g
ets
b
u
�
ered
a
t
th
e
a
ccess
n
o
d
e
w
h
ich
\

u
id
ly

d
ra
in
s"
it
a
t
th
e
m
in
im
u
m
ra
te
g
i ,
th
u
s
in
tro
d
u
cin
g
a
m
a
x
im
u
m
d
elay
�
i =
g
i .

S
in
ce
a
ll
th
e
su
b
seq
u
en
t
n
o
d
es
o
n
th
e
p
a
th
to
th
e
d
estin
a
tio
n
serv
e
th
e

ow

a
t
ex
a
ctly
th
e
sa
m
e
ra
te,
n
o
fu
rth
er
b
u
�
erin
g
is
req
u
ired
in
th
e
n
etw
o
rk
,

i.e.,
n
o
ex
tra
d
elay
is
a
d
d
ed
.

U
n
fo
rtu
n
a
tely,
th
e

u
id

ow
m
o
d
el
d
o
es
n
o
t
ex
ist.
In
rea
l
n
etw
o
rk
s,

tra
Æ
c

ow
s
a
re
m
a
d
e
o
f
p
a
ck
et
strea
m
s
w
ith
a
n
h
ig
h
ly
va
ria
b
le
g
ra
n
u
la
r-

ity.
P
G
P
S
,
d
ev
elo
p
ed
b
y
D
em
er,
K
esh
av
a
n
d
S
h
en
ka
r
u
n
d
er
th
e
n
a
m
e
o
f

W
eigh
ted
F
a
ir
Q
u
eu
in
g
[7
],
ex
ten
d
s
G
P
S
in
o
rd
er
to
h
a
n
d
le
p
a
ck
et-b
a
sed


ow
s.
T
h
e
b
a
sic
id
ea
b
eh
in
d
P
G
P
S
is
q
u
ite
stra
ig
h
tfo
rw
a
rd
:
in
co
m
in
g

p
a
ck
ets
a
re
sch
ed
u
led
fo
r
tra
n
sm
issio
n
a
cco
rd
in
g
to
th
eir
eq
u
iva
len
t
G
P
S

serv
ice
tim
e,
i.e.,
th
e
in
sta
n
t
o
f
tim
e
in
w
h
ich
th
e
la
st
b
it
o
f
a
p
a
ck
et
w
o
u
ld

b
e
sen
t
b
y
G
P
S
.

A
ssu
m
in
g
th
a
t
a
p
a
ck
et

ow
is
still
co
m
p
lia
n
t
w
ith
th
e
a
b
ov
e
lea
k
y
b
u
ck
et

(i.e.,
lea
k
ra
te
B
i

a
n
d
b
u
ck
et
d
ep
th
�
i ),
th
e
q
u
eu
in
g
d
elay
b
o
u
n
d
is
a
s

fo
llow
s
[8,
2]

D
i
=
�
i

g
i
+
(h
i
�

1
)
�
L
i

g
i

+

h
i

Xm
=

1

L
m
a
x

r
m

(2
)

w
h
ere
h
i
is
th
e
n
u
m
b
er
o
f
h
o
p
s
o
n
th
e
p
a
th
o
f

ow
i,
r
m

is
th
e
serv
ice
ra
te

o
f
th
e
m
t
h

n
o
d
e
(u
su
a
lly
lin
k
ca
p
a
city
m
),
L
i
is
th
e
m
a
x
im
u
m
p
a
ck
et
size

fo
r

ow
i
a
n
d
P
M

is
th
e
m
a
x
im
u
m
p
a
ck
et
size
a
llow
ed
in
th
e
n
etw
o
rk
.

T
h
e
d
elay
b
o
u
n
d
p
rov
id
ed
b
y
E
q
u
a
tio
n
2
is
p
ro
p
o
rtio
n
a
lto
th
e
b
u
rstin
ess

o
f
th
e
so
u
rce
�
i
a
n
d
th
e
n
u
m
b
er
o
f
trav
ersed
n
o
d
es
h
i
�
1
,
a
n
d
it
is
in
v
ersely

p
ro
p
o
rtio
n
a
l
to
th
e
w
eig
h
t
�
i
a
sso
cia
ted
w
ith
th
a
t
so
u
rce.
T
h
u
s,
w
h
en
a

d
elay
req
u
irem
en
t
is
to
b
e
m
et
b
y
a

ow
i,
th
e
h
ig
h
er
th
e
b
u
rstin
ess
o
f
a

so
u
rce,
th
e
la
rg
er
th
e
w
eig
h
t
�
i
(rela
tiv
ely
to
th
e
o
th
er
w
eig
h
ts)
m
u
st
b
e.
In

o
th
er
w
o
rd
s,
a
s
sh
ow
n
b
y
E
q
u
a
tio
n
1
,
in
o
rd
er
to
k
eep
th
e
d
elay
b
elow
th
e

req
u
ired
b
o
u
n
d
th
e
la
rg
er
th
e
b
u
rstin
ess
o
f
a
so
u
rce,
th
e
la
rg
er
th
e
sh
a
re
o
f

lin
k
ca
p
a
city
(i.e.,
th
e
a
m
o
u
n
t
o
f
reso
u
rces)
a
ssig
n
ed
to
th
e

ow
m
u
st
b
e.

T
h
is
su
g
g
ests
th
a
t
P
G
P
S
is
b
etter
su
ited
to
co
n
sta
n
t
b
it
ra
te

ow
s.

M
o
reov
er,E
q
u
a
tio
n
2
sh
ow
s
th
a
t
th
e
d
elay
b
o
u
n
d
d
ep
en
d
s
o
n
th
e
n
u
m
b
er

o
f
trav
ersed
n
o
d
es.
T
h
u
s,
g
iv
en
a
d
elay
req
u
irem
en
t
fo
r

ow
i,
th
e
la
rg
er
th
e

n
u
m
b
er
o
f
h
o
p
s
o
n
its
p
a
th
,
th
e
la
rg
er
th
e
serv
ice
ra
te
n
ecessa
ry
to
sa
tisfy

th
e
d
elay
req
u
irem
en
t.
E
q
u
a
tio
n

2
is
a
p
p
lica
b
le
w
h
en
th
e
sa
m
e
serv
ice

ra
te
is
p
rov
id
ed
to

ow
i
in
ea
ch
n
o
d
e.
F
o
r
th
e
sa
k
e
o
f
sim
p
licity,
th
e
m
o
re

g
en
era
l
ca
se
in
w
h
ich
th
e
n
o
d
es
o
n
th
e
p
a
th
o
f

ow
i
p
rov
id
e
a
d
i�
eren
t

serv
ice
ra
tes
is
n
o
t
co
n
sid
ered
h
ere.
In
g
en
era
l,
h
ow
ev
er,
th
e
m
a
x
im
u
m

d
elay
in
tro
d
u
ced
b
y
ea
ch
n
o
d
e
in
th
e
n
etw
o
rk
is
in
v
ersely
p
ro
p
o
rtio
n
a
l

3



to
its
serv
ice
ra
te
a
n
d
th
e
g
lo
b
a
l
m
a
x
im
u
m
d
elay
ex
p
erien
ced
b
y
p
a
ck
ets

b
elo
n
g
in
g
to

ow
i
is
th
e
su
m
o
f
th
e
d
elay
b
o
u
n
d
a
sso
cia
ted
w
ith
ea
ch
n
o
d
e.

E
q
u
a
tio
n
2
sh
ow
s
th
a
t
in
certa
in
n
etw
o
rk
co
n
d
itio
n
s
th
e
serv
ice
ra
te
o
f

a

ow
m
u
st
b
e
la
rg
er
th
a
n
th
e
b
a
n
d
w
id
th
n
ecessa
ry
to
tra
n
sm
it
b
o
th
th
e

d
a
ta
a
n
d
th
e
p
ro
to
co
l
ov
erh
ea
d
.
A
s
d
iscu
ssed
la
ter,
th
is
\
ov
er-req
u
irem
en
t"

ca
n
b
e
seen
a
s
a
n
ex
tra
ov
erh
ea
d
w
ith
resp
ect
to
th
e
a
m
o
u
n
t
o
f
reso
u
rces

n
ecessa
ry
fo
r
th
e
tra
n
sm
ittin
g
th
e
sa
m
e
d
a
ta
o
n
a
circu
it
sw
itch
ed
n
etw
o
rk
.

2
.2

C
a
ll
A
d
m
issio
n
C
o
n
tr
o
l

In
a
p
a
ck
et
sw
itch
ed
n
etw
o
rk
d
esig
n
ed
fo
r
ca
rry
in
g
telep
h
o
n
e
ca
lls,
tw
o


ow
s
a
re
g
en
era
ted
fo
r
ea
ch
n
ew
ca
ll:
o
n
e
fro
m

th
e
ca
llin
g
p
a
rty
to
th
e

ca
lled
p
a
rty,
a
n
d
o
n
e
in
th
e
o
p
p
o
site
d
irectio
n
.
B
o
th
o
f
th
ese

ow
s
a
re

ch
a
ra
cterized
b
y
sp
eci�
c
Q
o
S
req
u
irem
en
ts
in
term
s
o
f
m
in
im
u
m
b
a
n
d
w
id
th

req
u
ired
a
n
d
a
n
d
m
a
x
im
u
m
d
elay
to
lera
b
le.

T
h
e
P
G
P
S
sch
ed
u
lin
g
a
lg
o
rith
m
ca
n
m
eet
su
ch
req
u
irem
en
ts
if
th
e
fra
c-

tio
n
o
f
th
e
o
u
tp
u
t
lin
k
ca
p
a
city
u
sed
to
serv
e
ea
ch

ow
i
is
la
rg
e
en
o
u
g
h
.

T
h
is
ca
n
b
e
a
cco
m
p
lish
ed
b
y
p
ro
p
erly
a
ssig
n
in
g
th
e
w
eig
h
t
�
i
to
a
lim
-

ited
n
u
m
b
er
o
f

ow
s
trav
ersin
g
th
e
sa
m
e
lin
k
.
A
m
ech
a
n
ism
k
n
ow
n
a
s
ca
ll

a
d
m
issio
n
co
n
tro
l
(C
A
C
)
ca
n
b
e
ex
p
lo
ited
to
ca
rry
o
u
t
th
is
ta
sk
.

T
h
e
C
A
C
is
m
ech
a
n
ism

w
h
ich
is
in
ch
a
rg
e
o
f
p
ro
cessin
g
th
e
sig
n
a
lin
g

req
u
ests
g
en
era
ted
b
y
so
u
rces
to
p
la
ce
a
ca
lla
n
d
d
ecid
e
w
h
eth
er
th
e
n
etw
o
rk

ca
n
a
ccep
t
th
e
n
ew

ow
s
w
h
ile
g
u
a
ra
n
teein
g
th
e
Q
o
S
req
u
irem
en
ts
o
f
b
o
th

th
e
n
ew
a
n
d
th
e
a
lrea
d
y
esta
b
lish
ed

ow
s.
W
h
en
a

ow
is
a
ccep
ted
,
th
e

fra
ctio
n
o
f
lin
k
ca
p
a
city
a
ssig
n
ed
to
it
is
sa
id
to
b
e
reserved
to
th
e

ow
.

In
su
m
m
a
ry,
th
e
C
A
C
m
ech
a
n
ism
h
a
s
to
(1
)
d
eterm
in
e
th
e
a
m
o
u
n
t
o
f

b
a
n
d
w
id
th
th
a
t
n
eed
s
to
b
e
reserv
ed
to
th
e
n
ew

ow
s
in
ea
ch
n
o
d
e
in
o
rd
er

to
k
eep
th
e
ov
era
ll
d
elay
b
elow
th
e
g
iv
en
b
o
u
n
d
,
a
n
d
(2
)
ch
eck
w
h
eth
er
th
e

a
p
p
ro
p
ria
te
a
m
o
u
n
t
o
f
b
a
n
d
w
id
th
is
ava
ila
b
le
a
t
ea
ch
n
o
d
e
trav
ersed
b
y

th
e
ca
ll.
If
th
e
la
tter
co
n
d
itio
n
is
m
et,
th
e
ca
ll
is
a
ccep
ted
,
o
th
erw
ise
it
is

rejected
.

If
P
G
P
S
is
d
ep
loy
ed
in
to
n
etw
o
rk
n
o
d
es,
th
e
C
A
C
ca
n
u
se
In
eq
u
a
lity
(2
)

to
d
ev
ise
th
e
m
in
im
u
m
a
m
o
u
n
t
o
f
b
a
n
d
w
id
th
to
b
e
reserv
ed
in
ea
ch
n
o
d
e
to

sa
tisfy
th
e

ow
Q
o
S
req
u
irem
en
ts
1.
T
h
e
b
o
u
n
d
o
n
th
e
d
elay
in
tro
d
u
ced
b
y

th
e
n
etw
o
rk
ca
n
b
e
o
b
ta
in
ed
b
y
su
b
tra
ctin
g
fro
m
th
e
d
elay
a
ccep
ta
b
le
b
y

1
If
th
e
C
A
C
is
b
a
sed
o
n
In
eq
u
a
lity
(2
),
it
co
n
sid
ers
a
ll
th
e
n
o
d
es
o
n
th
e
ca
ll
p
a
th
to

co
n
trib
u
te
eq
u
a
lly
to
th
e
w
h
o
le
d
ela
y.
A
m
o
re

ex
ib
le
reso
u
rce
a
llo
ca
tio
n
ca
n
b
e
a
ch
iev
ed

b
y
co
n
sid
erin
g
th
a
t
ea
ch
n
o
d
e
ca
n
co
n
trib
u
te
d
i�
eren
tly,
a
n
d
th
u
s
reserv
e
reso
u
rces

a
cco
rd
in
g
to
its
lo
ca
l
a
v
a
ila
b
ility.

th
e
u
ser
b
o
th
th
e
tim
e
n
eed
ed
fo
r
a
p
p
lica
tio
n
lev
el
p
ro
cessin
g
(i.e.,
a
u
d
io
o
r

v
id
eo
co
m
p
ressio
n
),
a
n
d
th
e
p
ro
to
co
l
p
ro
cessin
g
tim
e
(in
clu
d
in
g
th
e
d
elay

in
tro
d
u
ced
b
y
th
e
p
a
ck
etiza
tio
n
p
ro
cess).

T
h
e
C
A
C
ch
eck
s
w
h
eth
er
ea
ch
n
o
d
e
o
n
th
e
ca
ll
p
a
th
h
a
s
a
n
a
m
o
u
n
t
o
f

ava
ila
b
le
(i.e.,
n
o
t
y
et
reserv
ed
)
b
a
n
d
w
id
th
la
rg
er
th
a
n
m
a
x
(�
i ;g
�i ),
w
h
ere

�
i
is
th
e
b
a
n
d
w
id
th
req
u
ired
fo
r
th
e
tra
n
sm
issio
n
o
f
th
e
i
t
h


ow
a
n
d
g
�i

is

th
e
m
in
im
u
m
g
i
va
lu
e
th
a
t
sa
tis�
es
In
eq
u
a
lity
(2
)
w
h
en
D
i
is
th
e
n
etw
o
rk

d
elay
b
u
d
g
et
fo
r
th
e
ca
ll.
If
en
o
u
g
h
b
a
n
d
w
id
th
is
ava
ila
b
le,
th
e
a
p
p
ro
p
ria
te

a
m
o
u
n
t
is
reserv
ed
to
th
e
ca
ll
o
n
ev
ery
lin
k
trav
ersed
.
W
h
en
a
ca
ll
is
to
rn

d
ow
n
,
th
e
b
a
n
d
w
id
th
p
rev
io
u
sly
reserv
ed
to
it
is
relea
sed
.

In
eq
u
a
lity
(2
)
sh
ow
s
th
a
t
ca
lls
h
av
in
g
th
e
sa
m
e
Q
o
S
req
u
irem
en
ts,
b
u
t

ro
u
ted
a
lo
n
g
p
a
th
s
w
ith
a
d
i�
eren
t
n
u
m
b
er
o
f
h
o
p
s,
req
u
ire
a
d
i�
eren
t

a
m
o
u
n
t
o
f
b
a
n
d
w
id
th
to
b
e
reserv
ed
.
In
p
a
rticu
la
r,
th
e
h
ig
h
er
th
e
n
u
m
b
er

o
f
h
o
p
s,
th
e
la
rg
er
th
e
b
a
n
d
w
id
th
w
h
ich
m
u
st
b
e
reserv
ed
.
T
h
u
s,
in
g
en
-

era
l,
th
e
sa
m
e
Q
o
S
req
u
irem
en
ts
d
o
n
o
t
n
ecessa
rily
lea
d
th
e
sa
m
e
reso
u
rce

reserva
tio
n
.

A
t
a
�
rst
g
la
n
ce,
th
e
p
ro
p
o
sed
a
p
p
ro
a
ch
seem
s
to
w
o
rk
o
n
ly
w
ith
co
n
n
ec-

tio
n
o
rien
ted
p
ro
to
co
ls.
A
ctu
a
lly,
w
h
en
ev
er
Q
o
S
g
u
a
ra
n
tees
a
re
req
u
ired
,

a
n
a
p
p
lica
tio
n
m
u
st
a
sk
th
e
n
etw
o
rk
fo
r
reserv
in
g
reso
u
rces
th
ro
u
g
h
so
m
e

so
rt
o
f
sig
n
a
lin
g
p
ro
to
co
l,
ev
en
th
o
u
g
h
th
e
serv
ice
p
rov
id
ed
is
co
n
n
ectio
n
-

less.
T
h
is
reserva
tio
n
in
sta
lls
in
to
th
e
n
etw
o
rk
n
o
d
es
so
m
e
sta
te
in
fo
rm
a
tio
n

co
n
cern
in
g
th
e

ow
g
en
era
ted
b
y
th
e
a
p
p
lica
tio
n
w
h
ich
is
eq
u
iva
len
t
to
th
e

sta
te
in
fo
rm
a
tio
n
sto
red
fo
r
a
ca
ll
in
a
co
n
n
ectio
n
o
rien
ted
n
etw
o
rk
;
th
e

m
a
in
d
i�
eren
ce
is
th
a
t
in
th
e
co
n
n
ectio
n
-less
n
etw
o
rk
th
e
reserva
tio
n
is

u
su
a
lly
h
a
n
d
led
so
ft-sta
te,
i.e.
it
h
a
s
to
b
e
ren
ew
ed
p
erio
d
ica
lly.

2
.3

E
v
a
lu
a
tin
g
th
e
E
Æ
c
ie
n
c
y
o
f
G
u
a
ra
n
te
e
d
S
e
rv
ic
e
s

o
v
e
r
P
a
c
k
e
t
N
e
tw
o
rk
s

S
in
ce
th
e
g
o
a
l
o
f
th
is
w
o
rk
is
to
stu
d
y
to
ll
q
u
a
lity
telep
h
o
n
y
o
n
a
p
a
ck
et

sw
itch
ed
n
etw
o
rk
,
th
e
q
u
a
lity
p
erceiv
ed
b
y
a
u
ser
ca
n
n
o
t
b
e
u
sed
a
s
a

co
m
p
a
riso
n
in
d
ex
b
eca
u
se,
o
b
v
io
u
sly,
it
m
u
st
b
e
a
lm
o
st
th
e
sa
m
e
a
s
w
ith

a
circu
it
sw
itch
ed
n
etw
o
rk
.
W
e
co
m
p
a
re
th
e
tw
o
tech
n
o
lo
g
ies
a
cco
rd
in
g

to
th
e
eÆ
cien
cy
in
ca
rry
in
g
rea
l-tim
e
a
n
d
b
est
e�
o
rt
tra
Æ
c;
th
e
eÆ
cien
cy

rela
tes
th
e
tra
Æ
c
ca
rried
to
th
e
a
m
o
u
n
t
o
f
reso
u
rces
em
p
loy
ed
.

C
o
n
sid
erin
g
a
g
iv
en
a
m
o
u
n
t
o
f
n
etw
o
rk
reso
u
rces,eÆ
cien
cy
ca
n
b
e
v
iew
ed

fro
m
tw
o
d
i�
eren
t
p
ersp
ectiv
es:

1
.
rea
l-tim
e
eÆ
cien
cy
ta
k
es
in
to
a
cco
u
n
t
th
e
a
m
o
u
n
t
o
f
rea
l-tim
e
tra
Æ
c

4



ca
rried
b
y
th
e
n
etw
o
rk
;

2
.
tra
n
spo
rt
eÆ
cien
cy
refers
to
th
e
ov
era
ll
a
m
o
u
n
t
o
f
tra
Æ
c
ca
rried
b
y

th
e
n
etw
o
rk
.

T
h
e
fo
rm
er
fo
cu
ses
o
n
th
e
ca
p
a
b
ility
o
f
th
e
n
etw
o
rk
to
ca
rry
rea
l-tim
e

tra
Æ
c,
w
ith
o
u
t
ca
rein
g
o
f
o
th
er
k
in
d
s
o
f
tra
Æ
c.
T
h
u
s,
it
is
releva
n
t
w
h
en

th
e
n
etw
o
rk
is
in
ten
d
ed
to
ca
rry
m
a
in
ly
rea
l-tim
e
tra
Æ
c,
lik
e
a
co
m
m
ercia
l

telep
h
o
n
e
n
etw
o
rk
.
T
h
e
la
tter
is
releva
n
t
w
h
en
a
sig
n
i�
ca
n
t
p
a
rt
o
f
th
e

tra
Æ
c
is
to
b
e
b
est
e�
o
rt
a
n
d
th
e
p
rov
isio
n
o
f
th
e
co
rresp
o
n
d
in
g
serv
ice
is

n
o
t
a
m
a
rg
in
a
l
issu
e.

W
e
d
e�
n
e
a
set
o
f
fo
u
r
eÆ
cien
cy
p
a
ra
m
eters
th
a
t
a
re
in
d
ep
en
d
en
t
fro
m

th
e
tw
o
d
e�
n
itio
n
a
b
ov
e
a
n
d
ca
n
b
e
u
sed
to
co
m
p
a
re
th
e
eÆ
cien
cy
o
f
p
a
ck
et

sw
itch
in
g
a
n
d
circu
it
sw
itch
in
g
:

1
.
T
h
e
e�
ective
loa
d
is
th
e
d
a
ta
ra
te
a
t
th
e
a
p
p
lica
tio
n
lev
el.
T
h
e
e�
ectiv
e

lo
a
d
d
o
es
n
o
t
a
cco
u
n
t
fo
r
th
e
p
ro
to
co
l
ov
erh
ea
d
,
i.e.,
it
is
th
e
b
a
n
d
-

w
id
th
th
a
t
w
o
u
ld
b
e
req
u
ired
to
sen
d
th
e
d
a
ta
o
n
a
circu
it
sw
itch
ed

n
etw
o
rk
.

2
.
T
h
e
rea
l
loa
d
is
th
e
raw
lin
k
ca
p
a
city
u
sed
b
y
u
ser
d
a
ta
;
it
co
rresp
o
n
d
s

to
th
e
e�
ectiv
e
lo
a
d
a
u
g
m
en
ted
b
y
th
e
ov
erh
ea
d
in
tro
d
u
ced
b
y
th
e

va
rio
u
s
p
ro
to
co
l
lay
ers.

3
.
T
h
e
a
p
pa
ren
t
loa
d
is
th
e
b
a
n
d
w
id
th
reserv
ed
to
th
e
p
h
o
n
e
ca
lls
(m
o
re

in
g
en
era
l
to
th
e
rea
l-tim
e
sessio
n
s)
in
o
rd
er
to
m
eet
th
eir
Q
o
S
req
u
ire-

m
en
ts.

4
.
T
h
e
ca
ll
blockin
g
p
ro
ba
bility
is
th
e
ra
tio
b
etw
een
th
e
n
u
m
b
er
o
f
ca
lls

rejected
a
n
d
th
e
to
ta
l
n
u
m
b
er
o
f
ca
lls
o
�
ered
to
th
e
n
etw
o
rk
.

T
h
e
e�
ectiv
e
lo
a
d
g
iv
es
a
n
id
ea
o
f
th
e
a
m
o
u
n
t
o
f
rea
l-tim
e
tra
Æ
c
ca
rried

b
y
th
e
n
etw
o
rk
.
C
o
m
p
a
rin
g
e�
ectiv
e
a
n
d
rea
l
lo
a
d
g
iv
es
a
n
in
sig
h
t
in
th
e

tra
n
sp
o
rt
eÆ
cien
cy,
w
h
ile
th
e
co
m
p
a
riso
n
b
etw
een
th
e
e�
ectiv
e
a
n
d
a
p
p
a
r-

en
t
lo
a
d
sh
ow
s
th
e
rea
l-tim
e
eÆ
cien
cy.
T
h
e
ca
ll
b
lo
ck
in
g
p
ro
b
a
b
ility
ca
n
b
e

u
sed
b
y
a
ca
rrier
to
en
g
in
eer
th
e
n
etw
o
rk
w
ith
p
a
ck
et
sw
itch
ed
tech
n
o
lo
g
y.

T
h
ro
u
g
h
o
u
t
th
e
p
a
p
er
th
e
term
s
e�
ectiv
e,
rea
l
a
n
d
a
p
p
a
ren
t
ba
n
d
w
id
th

a
re
u
sed
to
refer
to
th
e
a
ctu
a
l
d
a
ta
ra
te,
th
e
ov
era
ll
tra
n
sm
issio
n
ca
p
a
city

req
u
ired
,
a
n
d
th
e
b
a
n
d
w
id
th
to
b
e
reserv
ed
,
resp
ectiv
ely,
to
a
sin
g
le
ca
ll
in

o
rd
er
to
m
eet
its
Q
o
S
req
u
irem
en
ts.
T
h
ese
a
re
in
d
ex
es
o
f
h
ow
e�
ectiv
ely

ca
lls
w
ith
su
ch
ch
a
ra
cteristics
ca
n
b
e
ca
rried
b
y
th
e
n
etw
o
rk
.
F
o
r
ex
a
m
p
le,

th
e
low
er
th
e
a
p
p
a
ren
t
b
a
n
d
w
id
th
o
f
a
ca
ll,
th
e
h
ig
h
er
is
th
e
a
m
o
u
n
t
o
f

su
ch
ca
lls
th
e
n
etw
o
rk
ca
n
ca
rry
;
w
h
ile
th
e
la
rg
er
th
e
rea
l
b
a
n
d
w
id
th
,
th
e

h
ig
h
er
th
e
a
m
o
u
n
t
o
f
raw
tra
n
sm
issio
n
ca
p
a
city
req
u
ired
.

3

T
h
e

S
im

u
la
t
io
n

e
n
v
ir
o
n
m

e
n
t

In
o
rd
er
to
stu
d
y
th
e
fea
sa
b
ility
o
f
a
p
a
ck
et
sw
itch
ed
telp
h
o
n
e
n
etw
o
rk
b
a
sed

o
n
th
e
P
G
P
S
m
ech
a
n
ism
,
w
e
ex
p
lo
ited
a
sim
u
la
tiv
e
a
p
p
ro
a
ch
.
In
p
a
rticu
la
r,

w
e
d
ev
elo
p
ed
a
C
+
+
sim
u
la
to
r
ca
p
a
b
le
to
m
o
d
el
a
p
a
ck
et
sw
itch
ed
n
etw
o
rk

co
m
p
o
sed
o
f
n
o
d
es,
lin
k
s
a
n
d
u
sers
a
rra
n
g
ed
in
a
n
a
rb
itra
ry
to
p
o
lo
g
y.

N
o
d
es
a
re
co
n
n
ected
a
m
o
n
g
th
em
b
y
fu
ll
d
u
p
lex
lin
k
s
in
o
rd
er
to
fo
rm

th
e
n
etw
o
rk
.
U
sers
a
re
co
n
n
ected
to
in
g
ress
n
o
d
es
a
n
d
g
en
era
te
ca
lls
w
ith

eith
er
d
eterm
in
istica
lly
o
r
sto
ch
a
stica
lly
d
istrib
u
ted
in
tera
rriva
l
tim
es.
T
h
e

d
estin
a
tio
n
s
o
f
th
ese
ca
lls
ca
n
b
e
ch
o
sen
o
n
a
d
eterm
in
istic
o
r
sto
ch
a
stic

b
a
sis
to
o
.

W
h
en
a
so
u
rce
g
en
era
tes
a
ca
ll
2,
a
ro
u
tin
g
m
od
u
le
selects
a
n
a
p
p
ro
p
ri-

a
te
fo
rw
a
rd
in
g
p
a
th
fo
r
th
e
p
a
ck
ets
b
elo
n
g
in
g
to
th
e
sessio
n
3.
E
v
ery
n
o
d
e

a
lo
n
g
th
e
p
a
th
fro
m
th
e
so
u
rce
to
th
e
d
estin
a
tio
n
ch
eck
s
if
it
h
a
s
en
o
u
g
h

free
reso
u
rces
to
sa
tisfy
th
e
ca
ll
Q
o
S
req
u
irem
en
ts.
T
h
e
a
m
o
u
n
t
o
f
reso
u
rce

n
eed
ed
is
d
eterm
in
ed
a
cco
rd
in
g
to
a
C
A
C
ru
le
w
h
ich
d
ep
en
d
s
b
o
th
o
n
th
e

sch
ed
u
lin
g
a
lg
o
rith
m
ex
p
lo
ited
b
y
n
etw
o
rk
n
o
d
es
a
n
d
o
n
th
e
Q
o
S
g
u
a
ra
n
-

tees
to
b
e
p
rov
id
ed
to
th
e
ca
ll.
If
a
ll
th
e
n
o
d
es
h
av
e
en
o
u
g
h
reso
u
rces
to

h
a
n
d
le
th
e
ca
ll,
it
ca
n
b
e
a
ccep
ted
;
o
th
erw
h
ise
it
is
b
lo
ck
ed
.
A
sta
tistica
l

m
o
d
u
le
reco
rd
s
th
e
o
u
tco
m
e
o
f
ea
ch
ca
lla
n
d
eva
lu
a
tes
b
o
th
th
e
ca
ll
b
lo
ck
in
g

p
ro
b
a
b
ility
ex
p
erien
ced
b
y
ea
ch
so
u
rce
a
n
d
th
e
av
era
g
e
lin
k
u
tiliza
tio
n
.

T
h
e
rest
o
f
th
is
sectio
n
d
escrib
es
in
m
o
re
d
eta
il
th
e
sim
u
la
to
r
m
o
d
u
les.

T
h
e
sim
u
la
tio
n
scen
a
rio
is
a
lso
in
tro
d
u
ced
.

3
.1

C
a
ll
d
u
ra
tio
n
m
o
d
e
l

T
elep
h
o
n
e
n
etw
o
rk
s
a
re
u
su
a
lly
d
im
en
sio
n
ed
b
y
co
n
sid
erin
g
th
a
t
th
e
av
er-

a
g
e
p
h
o
n
e
ca
ll
h
a
s
a
d
u
ra
tio
n
o
f
a
b
o
u
t
3
m
in
u
tes
a
n
d
th
e
ca
ll
in
ter-a
rriva
l

2
If
th
e
sim
u
la
to
r
is
u
se
d
to
stu
d
y
a
co
n
n
e
ctio
n
le
ss
n
etw
o
rk
,
th
e
c
a
ll
ca
n
b
e
th
o
u
g
h
t

a
s
a
rea
l-tim
e
sessio
n
w
ith
a
n
a
sso
c
ia
ted
d
estin
a
tio
n
,
sta
rtin
g
tim
e,
a
n
d
d
u
ra
tio
n
.
T
h
e

n
etw
o
rk
is
a
sk
ed
to
reserv
e
e
n
o
u
g
h
reso
u
rce
s
fo
r
th
e
c
a
ll
to
p
ro
v
id
e
th
e
req
u
ired
Q
o
S
.

3
A
t
p
resen
t,
th
e
ro
u
tin
g
m
o
d
u
le
is
ju
st
a
b
le
to
ch
o
se
fo
rw
a
rin
g
p
a
th
s
a
m
o
n
g
a
se
t

o
f
p
reco
n
�
g
u
red
sta
tic
ro
u
tes.
In
fu
tu
re,
its
ca
p
a
b
ilities
w
ill
b
e
im
p
ro
v
e
d
in
o
rd
er
to

su
p
p
o
rt
a
lso
d
in
a
m
ic
ca
ll
ro
u
tin
g
.
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tim
es
a
re
ex
p
o
n
en
tia
lly
d
istrib
u
ted
(i.e.,
p
h
o
n
e
ca
lls
a
re
m
o
d
eled
a
s
a
P
o
is-

so
n
p
ro
cess).
T
h
is
ex
trem
ely
sim
p
le
m
o
d
el
w
a
s
d
ev
ised
in
th
e
ea
rly
d
ay
s

o
f
telep
h
o
n
e
co
m
m
u
n
ica
tio
n
s
a
n
d
it
h
a
s
b
een
u
sed
fo
r
a
lm
o
st
a
cen
tu
ry.

L
a
stly,
su
ch
a
m
o
d
el
is
n
o
t
a
rea
listic
rep
resen
ta
tio
n
o
f
p
h
o
n
e
ca
lls
a
n
y

m
o
re
b
eca
u
se
o
f
n
ew
a
n
d
d
i�
eren
t
tra
Æ
c
p
a
ttern
s.
B
o
lo
tin
[9
]
p
ro
p
o
ses

a
m
o
re
a
ccu
ra
te
m
o
d
el
in
w
h
ich
th
e
ca
ll
d
u
ra
tio
n
is
d
istrib
u
ted
a
cco
rd
in
g

to
a
p
ro
b
a
b
ility
d
istrib
u
tio
n
o
b
ta
in
ed
b
y
th
e
w
eig
h
ted
co
m
p
o
sitio
n
o
f
3

fu
n
ctio
n
s:F

(x
)
=
w
s
�
F
s (x
)
+
(1
�

w
s )
�[�
�
F
1 (x
)
+
(1
�

�
)
�
F
2 (x
)]

F
s (x
),
w
eig
h
ted
fro
m
1
to
3
%
,
ta
k
es
in
to
a
cco
u
n
t
sh
o
rt
ca
lls
(sh
o
rter
th
a
n

3
seco
n
d
s).
E
v
en
th
o
u
g
h
th
e
rea
l
p
ro
b
a
b
ility
d
istrib
u
tio
n
o
f
sh
o
rt
ca
lls
is

q
u
ite
co
m
p
lex
,
F
s (x
)
a
p
p
rox
im
a
tes
it
w
ith
a
u
n
ifo
rm
p
ro
b
a
b
ility
d
istrib
u
-

tio
n
.
F
1 (x
)
a
n
d
F
2 (x
)
a
re
G
a
u
ssia
n
lo
g
a
rith
m
ic
d
istrib
u
tio
n
s
a
n
d
ta
k
e
in
to

a
cco
u
n
t
th
e
co
n
trib
u
tio
n
s
d
u
e
to
th
e
o
th
er
ty
p
es
o
f
ca
lls
(g
en
era
ted
b
y
b
o
th

resid
en
tia
l
a
n
d
b
u
sin
ess
u
sers).
F
ig
u
re
1
sh
ow
s
th
e
p
ro
b
a
b
ility
d
en
sity
o
f

th
e
d
u
ra
tio
n
o
f
ca
lls
g
en
era
ted
b
y
th
e
sim
u
la
to
r
a
cco
rd
in
g
to
th
is
m
o
d
el;

th
e
co
m
p
o
n
en
t
p
ro
b
a
b
ility
d
en
sities
f
1 (x
)
a
n
d
f
2 (x
)
a
s
p
ro
d
u
ced
b
y
th
e

sim
u
la
to
r
a
re
a
lso
p
lo
tted
.

3
.2

V
o
ic
e
E
n
c
o
d
in
g

T
h
e
b
a
n
d
w
id
th
req
u
ired
b
y
a
p
h
o
n
e
co
n
v
ersa
tio
n
d
ep
en
d
s
essen
tia
lly
o
n

th
e
en
co
d
in
g
sch
em
e
ex
p
lo
ited
.
O
u
r
sim
u
la
to
r
en
co
m
p
a
sses
�
v
e
ty
p
es
o
f

en
co
d
in
g
tech
n
iq
u
es:

1
.
P
u
lse
C
od
e
M
od
u
la
tio
n
(P
C
M
)
is
th
e
en
co
d
in
g
sch
em
e
tra
d
itio
n
a
lly

u
sed
in
d
ig
ita
l
telep
h
o
n
e
n
etw
o
rk
s.
T
h
e
v
o
ice
sig
n
a
l
is
sa
m
p
led
ev
ery

1
2
5
�
a
n
d
ea
ch
resu
ltin
g
sa
m
p
le
is
en
co
d
e
o
n
8
b
its
u
sin
g
a
n
o
n
lin
ea
r

co
m
p
ressio
n
law
.
A
s
a
resu
lt
a
P
C
M
en
co
d
er
p
ro
d
u
ces
a
C
B
R

ow
a
t

6
4
K
b
/
s.

2
.
A
D
a
p
tive
P
C
M

(A
D
P
C
M
)
en
co
d
ers
a
re
b
a
sed
o
n
th
e
so
ca
lled
d
i�
er-

en
tia
l
en
cod
in
g
w
h
ich
ex
p
lo
its
th
e
tem
p
o
ra
l
red
u
n
d
a
n
cy
in
trin
seca
lly

p
resen
t
in
th
e
v
o
ice
sig
n
a
l
to
red
u
ce
th
e
b
it
ra
te
o
f
th
e
en
co
d
ed

ow
.

T
h
e
IT
U
-T
R
eco
m
m
en
d
a
tio
n
s
G
.7
2
6
a
n
d
G
.7
2
7
sp
ecify
th
e
E
m
bed
d
ed

A
D
P
C
M

en
co
d
in
g
fo
r
o
u
tp
u
t
ra
tes
o
f
4
0
,
3
2
,
2
4
,
a
n
d
1
6
K
b
/
s.
O
u
r

sim
u
la
to
r
im
p
lem
en
ts
A
D
P
C
M
3
2
so
u
rces.

0

0,1

0,2

0,3

0,4

0,5

0,6

1
10

100
1000

10000
100000

1000000

T
im

e [s]

Probability density

f1(x)
f2(x)

f(x)

F
ig
u
re
1
:
P
ro
b
a
b
ility
d
en
sity
o
f
ca
ll
d
u
ra
tio
n
a
s
g
en
era
ted
b
y
th
e
sim
u
la
to
r.
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3
.
L
in
ea
r
P
red
ictive
C
od
in
g
(L
P
C
).
D
i�
eren
tly
o
f
th
e
o
th
er
tech
n
iq
u
es,
a
n

L
P
C
en
co
d
er
d
o
es
n
o
t
en
co
d
e
th
e
v
o
ice
sig
n
a
l
b
u
t
a
set
o
f
p
a
ra
m
eters

th
a
t
rep
resen
te
it.
F
irst
th
e
v
o
ice
sig
n
a
l
is
p
a
rtitio
n
ed
in
a
seq
u
en
ce

o
f
1
0
to
3
0
m
s
lo
n
g
seg
m
en
ts.
E
a
ch
seg
m
en
t
is
th
en
a
p
p
rox
im
a
ted

b
y
a
lin
ea
r
sy
stem
h
av
in
g
in
in
p
u
t
a
p
red
e�
n
ed
sig
n
a
l.
T
h
e
sy
stem
is

ch
a
ra
cterized
b
y
a
set
o
f
p
a
ra
m
eters
(fro
m
8
to
1
2
)
a
n
d
a
g
a
in
co
n
sta
n
t

w
h
ich
a
re
ex
tra
cted
fro
m

th
e
v
o
ice
seg
m
en
t
b
ein
g
en
co
d
ed
.
T
h
ese

co
eÆ
cien
ts
a
re
�
n
a
lly
en
co
d
ed
a
n
d
tra
sm
itted
to
th
e
d
eco
d
er.
T
h
e

d
eco
d
er
u
ses
th
e
p
a
ra
m
eters
receiv
ed
fro
m
th
e
en
co
d
er
to
co
n
�
g
u
re
a

lin
ea
r
sy
stem
w
h
ich
is
fed
w
ith
th
e
sa
m
e
p
red
e�
n
ed
sig
n
a
l
u
sed
d
u
rin
g

th
e
en
co
d
in
g
p
h
a
se
in
o
rd
er
to
o
b
ta
in
a
reco
n
stru
cted
v
o
ice
seg
m
en
t.

T
h
e
b
a
n
d
w
ith
o
f
C
B
R

ow
g
en
era
ted
b
y
a
n
L
C
P
en
co
d
er
is
a
b
o
u
t

2
.4
K
b
/
s
to
9
.6
K
b
/
s.

4
.
G
lo
ba
l
S
y
stem
fo
r
M
o
bile
co
m
m
u
n
ica
tio
n
s
(G
S
M
)
en
co
d
in
g
.
G
S
M
en
-

co
d
ers
sa
m
p
le
th
e
v
o
ice
sig
n
a
l
a
t
8
k
H
z
a
n
d
d
ig
ita
lize
ea
ch
sa
m
p
le
o
n

1
3
b
its.
E
a
ch
g
ro
u
p
o
f
1
6
0
w
o
rd
s
(co
n
ta
in
in
g
2
0
m
s
o
f
v
o
ice
sig
n
a
l)
is

in
d
ep
en
d
en
tly
co
m
p
ressed
to
2
6
0
b
it
(i.e.
w
ith
a
co
m
p
ressio
n
ra
tio
n

o
f
1
:8
)
th
u
s
p
ro
d
u
cin
g
a
1
3
K
b
/
s
C
B
R

ow
.

5
.
C
od
e-E
xcited
L
in
ea
r
P
red
ictive
(C
E
L
P
)
en
co
d
in
g
.
C
E
L
P
en
co
d
ers
a
lso

d
ev
ise
th
e
p
a
ra
m
eters
o
f
a
m
o
d
el
o
f
�
x
ed
d
u
ra
tio
n
seg
m
en
ts
o
f
th
e
v
o
ca
l

sig
n
a
l.
T
h
ey
p
ro
d
u
ce
a
C
B
R

ow
a
t
4
K
b
/
s
to
1
6
K
b
/
s.

O
u
r
sim
u
la
to
r
p
erm
its
th
e
u
se
o
f
d
i�
eren
t
en
co
d
in
g
sch
em
es
sim
u
lta
n
e-

o
u
sly,
th
u
s
a
llow
in
g
to
sim
u
la
te
d
i�
eren
t
k
in
d
s
o
f
tra
Æ
c.
O
n
ce
ch
o
sen
b
o
th

a
p
a
rticu
la
r
en
co
d
in
g
sch
em
e
ch
o
sen
(i.e.,
o
n
th
e
b
it
o
f
th
e
en
co
d
ed
sig
n
a
l)

a
n
d
th
e
m
a
x
im
u
m
to
lera
b
le
p
a
ck
etiza
tio
n
d
elay,
th
e
size
o
f
p
a
ck
ets
g
en
er-

a
ted
b
y
so
u
ces
is
d
eterm
in
ed
a
cco
rd
in
g
ly.
T
h
e
en
co
d
in
g
sch
em
e
d
eterm
in
es

th
e
e�
ectiv
e
lo
a
d
g
en
era
ted
b
y
ea
ch
ca
ll
w
h
ile
th
e
rea
l
lo
a
d
is
d
eterm
in
ed

a
d
d
in
g
th
e
p
ro
to
co
l
ov
erh
ea
d
.

T
ra
Æ
c
so
u
rces
a
re
a
lso
ch
a
ra
cterized
b
y
p
a
ra
m
eters
su
ch
a
s
th
e
av
era
g
e

ca
ll
in
ter-a
rriva
l
tim
e
(w
h
o
se
p
ro
b
a
b
ility
d
istrib
u
tio
n
ca
n
b
e
set
to
b
e
eith
er

a
P
o
isso
n
o
r
a
G
a
u
ss
o
n
e)
a
n
d
th
e
av
era
g
e
ca
ll
d
u
ra
tio
n
tim
e.

3
.3

L
in
k
m
o
d
e
l
a
n
d
P
r
o
to
c
o
l
S
ta
c
k

C
u
rren
tly,
th
e
m
o
st
co
m
m
o
n
p
h
y
sica
l
lay
er
tra
n
sp
o
rts
in
th
e
teleco
m
m
u
n
i-

ca
tio
n
s
a
rea
a
re
th
e
P
lesioch
ro
n
o
u
s
D
igita
l
H
iera
ch
y
(P
D
H
)
a
n
d
th
e
S
y
n
-

ch
ro
n
o
u
s
D
igita
l
H
iera
ch
y
(S
D
H
)
h
iera
rch
ies.
W
e
co
n
sid
er
th
ese
tech
n
o
lo
-

g
ies
a
s
th
e
b
a
sis
(th
e
p
h
y
sica
l
lay
er
tra
n
sp
o
rt)
fo
r
b
o
th
circu
it
sw
itch
in
g

a
n
d
p
a
ck
et
sw
itch
in
g
.

A
s
fa
r
a
s
th
e
p
a
ck
et
sw
itch
in
g
tech
n
iq
u
e
is
co
n
cern
ed
,
a
t
p
resen
t
th
ere

seem
s
to
ex
ist
ju
st
tw
o
ca
n
d
id
a
tes:
th
e
In
tern
et
P
ro
toco
l
a
n
d
A
sy
n
ch
ro
n
o
u
s

T
ra
n
sfer
M
od
e.
IP
is
th
e
tecn
o
lo
g
y
w
ith
th
e
fa
stest
g
row
in
g
p
a
ce,
w
h
ile

A
T
M

is
th
e
o
n
e
m
o
re
la
rg
ely
a
d
o
p
ted
b
y
p
u
b
lic
ca
rriers.
A
n
y
w
ay,
in
a

p
a
ck
et
sw
itch
ed
telep
h
o
n
e
n
etw
o
rk
co
n
tex
t,
th
is
tw
o
tech
n
iq
u
es
a
re
n
o
t

m
u
tu
a
lly
ex
clu
siv
e.
A
t
lea
st
tw
o
scen
a
rio
s
w
h
ere
th
ey
ca
n
co
ex
ist
a
re
en
-

v
isa
g
eb
le:

1
.
A
T
M

is
u
sed
a
s
a
d
a
ta
lin
k
tech
n
o
lo
g
y
to
co
n
n
ect
IP
ro
u
ters.
B
o
th

IP
ro
u
ters
a
n
d
A
T
M

sw
itch
es
co
n
trib
u
te
to
th
e
d
elay
ex
p
erien
ced
b
y

sa
m
p
les
w
h
ich
a
re
b
u
�
ered
b
o
th
in
sid
e
ro
u
ters
(a
s
IP
p
a
ck
ets)
a
n
d

in
sid
e
sw
itch
es
(a
s
cells
co
n
ta
in
in
g
ch
u
n
k
s
o
f
IP
p
a
ck
ets).

2
.
A
T
M

is
u
sed
to
p
rov
id
e
en
d
-to
-en
d
co
n
n
ectiv
ity
w
h
ile
IP
is
u
sed
to

p
rov
id
e
su
p
p
o
rt
th
e
va
st
a
m
o
u
n
t
o
f
a
p
p
lica
tio
n
s
w
h
ich
ex
p
lo
it
th
e
In
-

tern
et
P
ro
to
co
l.

F
ro
m

th
e
p
o
in
t
o
f
v
iew
o
f
th
e
reso
u
rce
u
tiliza
tio
n
eÆ
cien
cy,
th
e
�
rst

scen
a
rio
is
v
ery
clo
se
to
th
e
ca
se
w
h
ere
IP
is
u
sed
d
irectly
ov
er
S
D
H
/
P
D
H
,

ex
cep
t
fo
r
th
e
(n
ea
rly
co
n
sta
n
t)
p
ro
to
co
l
ov
erh
ea
d
d
u
e
to
th
e
A
T
M

lay
er.

T
h
e
seco
n
d
scen
a
rio
,
in
d
eed
,
p
rov
id
es
a
d
i�
eren
t
eÆ
cien
cy
d
ep
en
d
in
g
o
n

th
e
ty
p
e
o
f
tra
Æ
c.
In
fa
ct,
in
th
e
ca
se
o
f
d
a
ta
tra
Æ
c
th
e
eÆ
cien
cy
is
th
e

sa
m
e
a
s
th
e
�
rst
scen
a
rio
,
w
h
ile
in
th
e
ca
se
o
f
v
o
ice
tra
Æ
c
th
e
eÆ
cien
cy
is

la
rg
er
b
eca
u
se
v
o
ice
sa
m
p
les
a
re
ca
rried
d
irectly
in
to
A
T
M

cells.

T
h
e
p
u
rp
o
se
o
f
th
e
sim
u
la
tio
n
stu
d
y
is
to
a
ssess
th
e
eÆ
cien
cy
p
rov
id
ed
b
y

th
e
d
i�
eren
t
a
rch
itectu
ra
l
ch
o
ices
sh
ow
n
in
F
ig
u
re
2
in
o
rd
er
to
d
eterm
in
e

h
ow
th
ey
co
m
p
a
re
w
ith
resp
ect
tra
d
itio
n
a
l
circu
it
sw
itch
ed
telep
h
o
n
y.

3
.4

C
a
ll
A
d
m
issio
n
C
o
n
tro
l

T
h
e
C
A
C
m
ech
a
n
ism
m
u
st
�
rst
d
eterm
in
e
th
e
a
m
o
u
n
t
o
f
reso
u
rces
n
eed
ed

b
y
a
n
in
co
m
in
g
ca
ll.
T
h
e
a
p
p
a
ren
t
lo
a
d
g
en
era
ted
b
y
th
e
g
en
erica
ca
ll

i
is
ca
lcu
la
ted
b
y
so
lv
in
g
fo
r
g
i
th
e
fo
llow
in
g
in
eq
u
a
lity
w
h
ich
is
d
eriv
ed

fro
m
E
q
u
a
tio
n
2
b
y
sim
p
ly
a
d
d
in
g
th
e
p
ro
p
a
g
a
tio
n
d
elay
D
p
ro
p
a
n
d
th
e

p
a
ck
etiza
tio
n
d
elay
D
p
a
ck
:

D
r
e
q
�

D
p
a
ck
+
D
p
ro
p
0
+
�
i
+
(H
�

1
)
�
L
i

g
i

+

H
Xm

=

1
(
L
m
a
x

r
m

+
D
p
ro
p
m
)
(3
)
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F
ig
u
re
2
:
P
ro
to
co
l
sta
ck
s
u
sed
in
th
e
sim
u
la
tio
n
s.

w
h
ere
D
p
ro
p
0

is
th
e
p
ro
p
a
g
a
tio
n
d
elay
o
f
th
e
lin
k
fro
m
th
e
so
u
rce
to
th
e

�
rst
n
o
d
e
a
n
d
D
p
ro
p
m

is
th
e
p
ro
p
a
g
a
tio
n
d
elay
o
n
lin
k
m
.
T
h
e
p
ro
cessin
g

d
elay
to
en
co
d
e
a
n
d
d
eco
d
e
th
e
v
o
ice
sig
n
a
l
is
n
o
t
co
n
sid
ered
h
ere
b
eca
u
se

it
d
ep
en
d
s
o
n
th
e
a
p
p
lica
tio
n
a
n
d
th
e
a
ctu
a
l
en
co
d
in
g
sch
em
e.
H
ere
o
n
ly

n
etw
o
rk
rela
ted
d
elay
s
a
re
ta
k
en
in
to
a
cco
u
n
t.
S
o
u
rces
a
re
su
p
p
o
sed
to
sen
d

p
a
ck
ets
a
s
so
o
n
a
s
th
ey
h
av
e
g
a
th
ered
en
o
u
g
h
sa
m
p
les
to
�
ll
th
em
.
S
in
ce

w
e
co
n
sid
er
o
n
ly
C
B
R
en
co
d
ers,
th
is
resu
lts
in
h
av
in
g
so
u
rces
sen
d
in
g
�
x
ed

size
p
a
ck
ets
a
t
co
n
sta
n
t
in
terva
ls.
M
o
reov
er,
sin
ce
o
n
ly
o
m
o
g
en
eo
u
s
so
u
rces

h
av
e
b
een
co
n
sid
ered
,
L
i
is
th
e
sa
m
e
fo
r
a
n
y

ow
i;
sin
ce
co
n
sta
n
t
b
it
ra
te

so
u
rces
a
re
u
sed
,
�
i
=
L
i
fo
r
a
ll
p
a
ck
et
sw
itch
in
g
a
rch
itectu
res
w
ith
th
e

ex
cep
tio
n
o
f
IP
ov
er
A
T
M
.
In
th
is
ca
se,
L
i
is
th
e
size
o
f
A
T
M
cells
sw
itch
ed

b
y
n
etw
o
rk
n
o
d
es,
w
h
ile
�
i
is
th
e
size
o
f
th
e
IP
p
a
ck
ets
sen
t
b
y
th
e
so
u
rce.

L
m
a
x

h
a
s
b
een
set
to
1
5
0
0
b
y
tes
th
a
t
is
th
e
M
a
x
im
im
T
ra
n
sm
issio
n
U
n
it

fo
r
E
th
ern
et
n
etw
o
rk
s
a
n
d
ca
n
b
e
u
sed
b
y
b
est
e�
o
rt
so
u
rces.

If
w
e
ca
ll
e
i
th
e
rea
l
lo
a
d
o
f
ca
ll
i
o
b
ta
in
ed
b
y
in
crea
sin
g
th
e
e�
ectiv
e

lo
a
d
b
y
th
e
p
ro
to
co
l
ov
erh
ea
d
,
a
n
d
g
�i

th
e
m
in
im
u
m
g
i
w
h
ich
sa
tis�
es
In
-

eq
u
a
lity
(3
),
th
e
a
p
p
a
ren
t
lo
a
d
o
f
ca
ll
i
is
g
iv
en
b
y
m
a
x
f
e
i ;g
�i
g
.
T
h
e
C
A
C

a
ccep
ts
a
ca
ll
if
th
e
su
m
o
f
th
e
a
p
p
a
ren
t
lo
a
d
o
f
a
ll
th
e
ca
lls
(in
clu
d
ed
ca
ll

i
itself)
ro
u
ted
o
n
th
e
lin
k
s
trav
ersed
b
y
ca
ll
i
d
o
es
n
o
t
ex
ceed
th
e
lin
k

ca
p
a
city.
S
o
fa
r,
th
is
is
th
e
o
n
ly
C
A
C
ru
le
im
p
lem
en
ted
in
th
e
sim
u
la
to
r.

3
.5

S
ta
tistic
a
l
m
o
d
u
le

T
h
e
eÆ
cien
cy
in
d
ex
es
d
escrib
ed
in
S
ectio
n
2
.3
a
re
m
ea
su
red
b
y
g
a
th
erin
g

d
a
ta
d
u
rin
g
th
e
sim
u
la
tio
n
.
A
sta
tistica
l
m
od
u
le
is
em
b
ed
d
ed
in
th
e
sim
u
la
-

to
r
to
en
su
re
th
a
t
th
e
n
u
m
erica
l
resu
lts
o
b
ta
in
ed
h
av
e
sta
tistica
l
releva
n
ce.

D
a
ta
g
a
th
ered
d
u
rin
g
th
e
in
itia
l
p
a
rt
o
f
th
e
sim
u
la
tio
n
,
ca
lled
th
e
in
itia
l

tra
n
sien
t
p
h
a
se,
sh
o
u
ld
n
o
t
b
e
co
n
sid
ered
in
th
e
eva
lu
a
tio
n
o
f
th
e
p
erfo
r-

m
a
n
ce
in
d
ex
es.
In
fa
ct,
w
h
en
a
sim
u
la
tio
n
ru
n
sta
rts,
th
e
n
etw
o
rk
is
id
le,

i.e.,
a
ll
th
e
reso
u
rces
a
re
ava
ila
b
le
a
n
d
a
ll
th
e
ca
lls
a
re
co
n
seq
u
en
tly
a
c-

cep
ted
.
T
h
en
,
a
s
fa
r
a
s
ca
lls
a
re
g
en
era
ted
b
y
u
sers,
th
e
n
etw
o
rk
u
tiliza
tio
n

in
crea
ses
a
n
d
rea
ch
es
a
sta
b
le
lev
el.
T
h
e
p
erfo
rm
a
n
ce
in
d
ex
es
sh
o
u
ld
re
ect

th
e
n
etw
o
rk
situ
a
tio
n
in
th
is
sta
ble
p
h
a
se.

E
a
ch
g
a
th
ered
sa
m
p
le
is
p
a
ssed
to
th
e
sta
tistica
l
m
o
d
u
le
w
h
ich
id
en
ti�
es

th
e
en
d
o
f
th
e
in
itia
l
tra
n
sien
t
p
h
a
se.
G
iv
en
a
n
in
d
ex
u
n
d
er
sta
tistica
l

eva
lu
a
tio
n
,
th
e
sta
tistica
l
m
o
d
u
le
co
m
p
u
tes
th
e
m
ea
n
ov
er
a
p
red
e�
n
ed

n
u
m
b
er
n
o
f
sa
m
p
les.
T
h
e
tra
n
sien
t
p
h
a
se
is
co
n
sid
ered
ov
er
if
th
e
rela
tiv
e

d
i�
eren
ce
b
etw
een
ea
ch
o
f
th
e
la
st
N

m
ea
n
s
a
n
d
th
eir
m
ea
n
is
sm
a
ller
th
a
n

a
p
red
e�
n
ed
th
resh
o
ld
�.
T
h
e
p
a
ra
m
eters
th
a
t
d
eterm
in
e
th
e
co
m
p
letio
n
o
f

th
e
tra
n
sien
t
p
h
a
se
m
u
st
b
e
ch
o
sen
em
p
irica
lly.
W
h
en
th
e
tra
n
sien
t
p
h
a
se

is
co
n
sid
ered
ov
er,
th
e
sta
tistica
l
m
o
d
u
le
d
isca
rd
s
a
ll
th
e
d
a
ta
co
llected
in

th
e
m
ea
n
tim
e.

A
n
a
lo
g
o
u
sly,
th
e
sta
tistica
l
m
o
d
u
le
d
eterm
in
es
w
h
en
th
e
sim
u
la
tio
n
ca
n

b
e
sto
p
p
ed
sin
ce
th
e
p
erfo
rm
a
n
ce
in
d
ex
es
h
av
e
rea
ch
ed
a
stea
d
y
sta
te
a
n
d

a
re
n
o
t
g
o
in
g
to
ch
a
n
g
e
sig
n
i�
ca
n
tly.
T
h
is
is
co
n
sid
ered
to
h
a
p
p
en
w
h
en

th
e
co
n
�
d
en
ce
in
terva
l
o
f
th
e
sa
m
p
les
is
sm
a
ller
th
a
n
a
p
red
e�
n
ed
th
resh
-

o
ld
.
T
h
e
co
n
�
d
en
ce
in
terva
l
is
th
e
ra
n
g
e
in
w
h
ich
th
e
av
era
g
e
ov
er
a
�
x
ed

n
u
m
b
er
o
f
sa
m
p
les
fa
lls
w
ith
g
iv
en
p
ro
b
a
b
ility.
T
h
e
co
n
�
d
en
ce
in
terva
l
is

co
m
p
u
ted
u
sin
g
th
e
cen
tra
l
lim
it
th
eo
rem

w
h
ich
sta
tes
th
a
t
th
e
av
era
g
e

o
f
n
sa
m
p
les
o
f
a
sto
ch
a
stic
va
ria
b
le
w
ith
m
ea
n
�
a
n
d
va
ria
n
ce
�
2,
h
a
s
a

G
a
u
ssia
n
p
ro
b
a
b
ility
d
istrib
u
tio
n
w
ith
th
e
sa
m
e
m
ea
n
a
n
d
w
ith
va
ria
n
ce

�
2=
n
.

3
.6

N
e
tw
o
rk
m
o
d
e
l

W
e
co
n
sid
er
a
n
etw
o
rk
m
o
d
el
in
w
h
ich
ea
ch
telep
h
o
n
e
is
co
n
n
ected
to
a
lo
ca
l

ex
ch
a
n
g
e
th
ro
u
g
h
th
e
su
b
scrib
er
lo
o
p
a
n
d
lo
ca
l
ex
ch
a
n
g
es
a
re
in
ch
a
rg
e
o
f

en
co
d
in
g
a
n
d
p
a
ck
etiza
tin
g
.
T
h
e
in
tern
a
l
p
a
rt
o
f
th
e
n
etw
o
rk
,
i.e.,
th
e

m
a
sh
o
f
lo
ca
l
o
Æ
ces
a
n
d
to
ll
o
Æ
ces
sh
ow
n
in
F
ig
u
re
3
,
is
b
u
ilt
b
y
p
a
ck
et

sw
itch
in
g
n
o
d
es.

S
in
ce
lo
ca
l
ex
ch
a
n
g
es
a
re
n
o
t
su
p
p
o
sed
to
p
erfo
rm
a
n
y
p
a
ck
et
sw
itch
in
g

fu
n
ctio
n
,
it
is
p
o
ssib
le
to
co
n
sid
er
th
em

a
s
ca
ll
so
u
rces
ra
th
er
th
a
t
th
e

in
d
iv
id
u
a
l
cu
sto
m
ers'
p
h
o
n
e
sets.
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Long D
istance

T
runk

Local
O

ffice

Local
O

ffice

Local
Exchange

Local
Exchange

T
oll

O
ffice

T
oll

O
ffice

T
oll

O
ffice

T
oll

O
ffice

T
oll

O
ffice

T
oll

O
ffice

Local
E

xchange

Local
E

xchange
Local
O

ffice

Local
O

ffice

P
rim

ary T
runk

B
ackup T

runk

Interoffice
T

runk

Local
O

ffice

Local
O

ffice

Local
E

xchange

Local
E

xchange

F
ig
u
re
3
:
E
x
cerp
t
fro
m
th
e
T
o
p
o
lo
g
y
o
f
a
C
ircu
it
S
w
itch
ed
T
elep
h
o
n
e
N
et-

w
o
rk
.

4

S
im

u
la
t
io
n

R
e
s
u
lt
s

T
h
e
n
etw
o
rk
to
p
o
lo
g
y
u
sed
in
th
e
sim
u
la
tio
n
s
(see
F
ig
u
re
4
)
h
a
s
b
een
m
o
d
-

eled
a
fter
th
e
a
ctu
a
l
T
eleco
m
Ita
lia
's
telep
h
o
n
e
n
etw
o
rk
in
o
rd
er
to
rep
ro
-

d
u
ce
a
q
u
ite
rea
listic
test
en
v
iro
n
m
en
t.

L
o
ca
l
a
n
d
to
ll
o
Æ
ces
h
av
e
b
een
rep
la
ced
b
y
ro
u
ters
w
h
erea
s
lo
ca
l
ex
-

ch
a
n
g
es
h
av
e
b
een
u
p
g
ra
d
ed
w
ith
th
e
p
a
ck
etiza
tio
n
fu
n
ctio
n
a
lity.

T
h
e

p
h
y
sica
l
len
g
th
a
n
d
ca
p
a
city
o
f
lin
k
s
a
re
th
e
sa
m
e
a
s
th
e
rea
l
p
h
o
n
e
n
etw
o
rk
.

T
h
e
ty
p
ica
l
d
o
m
estic
lo
n
g
d
ista
n
ce
ca
ll
ov
er
th
e
T
eleco
m
Ita
lia
's
n
etw
o
rk

cro
sses
a
t
m
o
st
tw
o
lo
ca
l
o
Æ
ces
a
n
d
tw
o
to
ll
o
Æ
ces.
In
th
e
scen
a
rio
d
ep
icted

in
F
ig
u
re
4
,
tw
o
lo
n
g
d
ista
n
ce
ca
lls
a
re
o
rig
in
a
ted
fro
m
tw
o
d
i�
eren
t
a
rea
s

(lo
ca
l
o
Æ
ces
L
O
1

a
n
d
L
O
3 )
tow
a
rd
th
e
sa
m
e
a
rea
(L
O
2 ).

S
in
ce
th
e
p
a
ck
etiza
tio
n
p
ro
cess
is
ca
rried
o
u
t
b
y
lo
ca
l
ex
ch
a
n
g
es,
fro
m

th
e
sim
u
la
tio
n
sta
n
d
p
o
in
t
th
ey
ca
n
b
e
a
ssu
m
ed
a
s
th
e
en
d
p
o
in
ts
o
f
p
h
o
n
e

ca
lls.
T
h
ese
a
re
o
rig
in
a
ted
fro
m

ea
ch
lo
ca
l
ex
ch
a
n
g
e
co
n
n
ected
to
L
O
1

a
n
d
L
O
3

a
n
d
a
re
d
irected
tow
a
rd
s
ev
ery
lo
ca
l
ex
ch
a
n
g
e
co
n
n
ected
to
L
O
2 .

U
n
less
sp
eci�
ed
d
i�
eren
tly,
th
e
A
D
P
C
M
3
2
co
d
in
g
sch
em
e
is
ex
p
lo
ited
.

S
im
u
la
tio
n
s
h
av
e
b
een
ru
n
w
ith
a
n
in
crea
sin
g
o
�
ered
lo
a
d
in
term
s
o
f

ca
lls
p
er
h
o
u
r
in
o
rd
er
to
d
eterm
in
e
th
e
m
a
x
im
u
m
a
ch
ieva
b
le
u
tiliza
tio
n
o
f

lin
k
T
O
2

�

L
O
2 .
S
in
ce
th
e
a
ctu
a
l
o
�
ered
lo
a
d
d
ep
en
d
s
b
o
th
o
n
th
e
ca
lls

d
u
ra
tio
n
a
n
d
freq
u
en
cy,
in
th
e
rest
o
f
th
e
p
a
p
er
it
is
ex
p
ressed
u
sin
g
a

m
ea
su
rem
en
t
u
n
it
k
n
ow
n
a
s
E
rla
n
g.
T
h
e
E
rla
n
g
,
i.e.,
ca
ll
freq
u
en
cy
tim
es

av
era
g
e
ca
ll
d
u
ra
tio
n
,
is
th
e
ty
p
ica
l
m
ea
su
rem
en
t
u
n
it
u
sed
in
telep
h
o
n
y
to

LO
1

T
O

1
LO

2

LO
3

T
O

2

LE
 1_1

LE
 1_2

LE
 1_3

LE
 2_1

LE
 2_4

LE
 2_5

LE
 3_3

LE
 3_1

LE
 3_2

LE
 2_1

LE
 2_3

LE
 2_6

S
TS

-3

100 K
m

S
TS

-3

100 K
m

S
TS

-12

1000 K
m

S
TS

-3
100 K

m

E
3

10 K
m

E
3

10 K
m

E
3

10 K
m

LE
: Local E

xchange
LO

: Local O
ffice

T
O

: T
oll O

ffice

O
verloaded Link

F
ig
u
re
4
:
N
etw
o
rk
to
p
o
lo
g
y
u
sed
in
th
e
sim
u
la
tio
n
.

q
u
a
n
tity
th
e
o
�
ered
lo
a
d
.

A
s
ex
p
la
in
ed
in
S
ectio
n
3
.4
,
th
e
b
o
u
n
d
o
n
th
e
d
elay
in
tro
d
u
ced
b
y
th
e

n
etw
o
rk
o
n
th
e
p
a
ck
ets
b
elo
n
g
in
g
to
a

ow
d
ep
en
d
s
o
n
th
e
a
p
p
a
ren
t
lo
a
d

o
f
th
a
t

ow
.
G
iv
en
th
e
m
a
x
im
u
n
en
d
-to
-en
d
d
elay
co
n
stra
in
t
o
f
1
0
0
m
s,

th
e
a
m
o
u
n
t
o
f
b
a
n
d
w
id
th
th
a
t
m
u
st
b
e
reserv
ed
to
a

ow
,
ca
lled
th
e
a
p
-

pa
ren
t
ba
n
d
w
id
th
,
ca
n
h
a
p
p
en
to
b
e
la
rg
er
th
a
n
th
e
m
in
im
u
m
a
m
o
u
n
t
o
f

b
a
n
d
w
id
th
req
u
ired
to
a
ctu
a
lly
tra
n
sm
it
th
e
d
a
ta
,
referred
to
a
s
th
e
rea
l

loa
d
.
T
h
e
rest
o
f
th
is
sectio
n
is
d
ev
o
ted
to
id
en
tify
in
g
th
e
fa
cto
rs
th
a
t
a
�
ect

th
e
eÆ
cien
cy
o
f
p
a
ck
et
sw
itch
in
g
a
n
d
to
d
eterm
in
e
th
e
tra
d
e-o
�
b
etw
een

rea
l-tim
e
eÆ
cien
cy
a
n
d
tra
Æ
c
eÆ
cien
cy,
w
h
en
ev
er
p
o
ssib
le.
S
ectio
n
4
.1
a
n
-

a
ly
zes
th
e
d
i�
eren
ce
b
etw
een
a
p
p
a
ren
t
a
n
d
rea
l
lo
a
d
o
n
th
e
n
etw
o
rk
a
n
d

h
ig
h
lig
h
t
th
e
co
n
seq
u
en
ces
o
n
n
etw
o
rk
u
tiliza
tio
n
eÆ
cien
cy.
S
ectio
n
4
.2

stu
d
ies
th
e
im
p
a
ct
o
f
p
a
ck
etiza
tio
n
o
n
b
a
n
d
w
id
th
a
llo
ca
tio
n
,
w
h
erea
s
S
ec-

tio
n
4
.3
d
iscu
sses
th
e
lim
ita
tio
n
o
f
th
e
cu
rren
t
circu
it
sw
itch
in
g
tech
n
o
lo
g
y

fo
r
tra
n
sp
o
rtin
g
co
m
p
ressed
v
o
ice.
L
a
stly,
S
ectio
n
4
.4
ex
p
la
in
s
h
ow
to
d
e-

term
in
e
th
e
p
a
ck
et
size
w
h
ich
m
a
x
im
izes
rea
l-tim
e
eÆ
cien
cy.
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V
oice over IP

: O
verallocation O

verhead (P
ack D

elay 32m
s)

0%

20%

40%

60%

80%

100%

120%

9.3
27.8

46.4
64.9

83.4
102.0

120.5
139.1

157.6
176.2

194.7

O
ffered Load (E

rlang)

Link Occupancy (%)

A
pparent Load

R
eal Load

E
ffective Load

F
ig
u
re
5
:
E
Æ
cien
cy
in
d
ex
es
o
n
lin
k
T
O
2

�

L
O
2 ,
w
ith
h
ig
h
p
a
ck
etiza
tio
n

d
elay.

4
.1

B
a
n
d
w
id
th
O
v
e
r
-a
llo
c
a
tio
n

F
ig
u
re
5
sh
ow
s
th
e
e�
ectiv
e,
rea
l
a
n
d
a
p
p
a
ren
t
lo
a
d
o
n
lin
k
T
O
2
�
L
O
2

a
s
a

p
ercen
ta
g
e
o
f
th
e
lin
k
ca
p
a
city
4.
V
o
ice
sa
m
p
les
a
re
ca
rried
in
to
IP
p
a
ck
ets

tra
n
sm
itted
ov
er
P
lesio
ch
ro
n
o
u
s
D
ig
ita
l
H
iera
rch
y
(P
D
H
)
a
n
d
S
in
ch
ro
n
o
u
s

O
p
tica
l
N
E
T
w
o
rk
/
S
y
n
ch
ro
n
o
u
s
D
ig
ita
l
H
iera
rch
y
(S
O
N
E
T
/
S
D
H
)
lin
k
s
a
t

va
rio
u
s
sp
eed
s.
T
h
e
p
a
ck
et
p
ay
lo
a
d
size
h
a
s
b
een
ch
o
sen
to
b
e
1
2
8
b
y
tes,

w
h
ich
lea
d
s
to
a
p
a
ck
etiza
tio
n
d
elay
o
f
3
2
m
s.

In
th
e
leftm
o
st
p
a
rt
o
f
th
e
p
lo
t,
th
e
th
ree
lo
a
d
s
in
crea
se
lin
ea
rly
a
s
th
e

tra
Æ
c
o
�
ered
to
th
e
n
etw
o
rk
in
crea
ses.
T
h
is
m
ea
n
s
th
a
t
a
ll
th
e
ca
lls
a
re

a
ccep
ted
.
W
h
en
th
e
o
�
ered
tra
Æ
c
b
eco
m
es
la
rg
e
en
o
u
g
h
to
sa
tu
ra
te
th
e

b
o
ttlen
eck
lin
k
(i.e.,
th
e
a
p
p
a
ren
t
lo
a
d
rea
ch
es
1
0
0
%
o
f
th
e
b
o
ttlen
eck
lin
k

ca
p
a
city
),
th
e
th
ree
lo
a
d
s
cu
rv
es

a
tten
,
in
d
ica
tin
g
th
a
t
p
a
rt
o
f
th
e
in
co
m
-

in
g
ca
lls
a
re
rejected
b
y
e
th
e
C
A
C
.
T
h
e

a
t
p
a
rt
o
f
th
e
cu
rv
es
rep
resen
ts

th
e
m
a
x
im
u
m
lin
k
u
tiliza
tio
n
a
ch
ieva
b
le
in
th
is
scen
a
rio
.

4
T
h
ro
u
g
h
o
u
t
th
e
p
a
p
er
w
e
o
ften
refer
to
th
e
lo
a
d
o
n
lin
k
T
O
2

�

L
O
2

a
s
th
e
lo
a
d

o
n
th
e
n
etw
o
rk
.
T
h
is
is
m
o
tiv
a
ted
b
y
th
e
fa
ct
th
a
t
b
ein
g
T
O
2

�

L
O
2

th
e
p
o
ten
tia
l

b
o
ttlen
eck
lin
k
o
f
th
e
referen
ce
to
p
o
lo
g
y
,
its
u
tiliza
tio
n
is
a
g
o
o
d
rep
resen
ta
tiv
e
o
f
th
e

o
v
era
ll
lo
a
d
o
n
th
e
n
etw
o
rk
.

T
h
e
d
i�
eren
ce
b
etw
een
th
e
a
p
p
a
ren
t
lo
a
d
a
n
d
th
e
rea
l
lo
a
d
cu
rv
es
is

th
e
ba
n
d
w
id
th
o
ver-a
lloca
tio
n
p
erfo
rm
ed
b
y
th
e
C
A
C
b
a
sed
o
n
a
cco
rd
in
g

to
In
eq
u
a
lity
3
.
T
h
e
ov
er-a
llo
ca
ted
b
a
n
d
w
id
th
ca
n
n
o
t
b
e
u
sed
to
a
ccep
t

fu
rth
er
tim
e-sen
sitiv
e

ow
s
o
n
th
e
n
etw
o
rk
b
eca
u
se,
o
th
erw
h
ise,
th
is
w
o
u
ld

in
crea
se
th
e
en
d
-to
-en
d
d
elay
ex
p
erien
ced
b
y
telep
h
o
n
e
ca
lls.
H
ow
ev
er,
it

ca
n
b
e
u
sed
to
tra
n
sm
it
b
est
e�
o
rt
tra
Æ
c.

T
h
e
e�
ectiv
e
lo
a
d
cu
rv
e
a
llow
s
to
co
m
p
a
re
th
e
p
a
ck
et
sw
itch
ed
telep
h
o
n
e

n
etw
o
rk
w
ith
th
e
circu
it
sw
itch
ed
o
n
e
fro
m
th
e
eÆ
cien
cy
sta
n
d
p
o
in
t.
G
iv
en

a
ca
ll
tra
Æ
c
o
�
ered
to
th
e
n
etw
o
rk
,
th
e
e�
ectiv
e
lo
a
d
rep
resen
ts
th
e
fra
c-

tio
n
o
f
lin
k
b
a
n
d
w
id
th
th
a
t
circu
it
sw
itch
in
g
w
o
u
ld
req
u
ire
to
ca
rry
th
e

sa
m
e
n
u
m
b
er
o
f
p
h
o
n
e
ca
lls
a
ccep
ted
b
y
th
e
p
a
ck
et
sw
itch
ed
n
etw
o
rk
.
T
h
e

d
i�
eren
ce
b
etw
een
th
e
rea
l
lo
a
d
a
n
d
th
e
e�
ectiv
e
lo
a
d
cu
rv
es
rep
resen
t
th
e

a
m
o
u
n
t
o
f
b
a
n
d
w
id
th
w
a
sted
to
ca
rry
th
e
p
ro
to
co
l
ov
erh
ea
d
,
i.e.,
p
a
ck
et

h
ea
d
ers.
T
h
e
d
i�
eren
ce
b
etw
een
th
e
a
p
p
a
ren
t
lo
a
d
a
n
d
th
e
e�
ectiv
e
lo
a
d

cu
rv
es
sh
ow
s
h
ow
th
e
circu
it
a
n
d
p
a
ck
et
sw
itch
ed
telep
h
o
n
e
n
etw
o
rk
co
m
-

p
a
re
fro
m

th
e
rea
l-tim
e
eÆ
cien
cy
p
o
in
t
o
f
v
iew
.
F
o
r
ex
a
m
p
le,
F
ig
u
re
5

sh
ow
s
th
a
t
th
e
sa
m
e
n
u
m
er
o
f
p
h
o
n
e
ca
lls
ca
rried
o
n
lin
k
T
O
2

�

L
O
2

u
sin
g

p
a
ck
et
sw
itch
in
g
ca
n
b
e
ca
rried
w
ith
ju
st
a
p
p
rox
im
a
tely
3
5
%
o
f
th
e
ca
p
a
c-

ity
u
sin
g
circu
it
sw
itch
in
g
.
In
o
th
er
w
o
rd
s,
th
e
rea
l-tim
e
eÆ
cien
cy
o
f
th
e

p
a
ck
et
sw
itch
ed
telep
h
o
n
e
n
etw
o
rk
is
a
b
o
u
t
o
n
e
th
ird
o
f
th
e
eÆ
cien
cy
o
f

th
e
co
rresp
o
n
d
in
g
circu
it
sw
itch
ed
n
etw
o
rk
.

A
s
sh
ow
n
b
y
F
ig
u
re
5
(a
n
d
o
th
er
�
g
u
res
sh
ow
n
la
ter)
p
a
ck
et
sw
itch
ed

telep
h
o
n
y
is
a
lw
ay
s
w
o
rse
th
a
n
circu
it
sw
itch
in
g
fro
m

th
e
rea
l-tim
e
eÆ
-

cien
cy
sta
n
d
p
o
in
t.
T
h
e
d
i�
eren
ce
b
etw
een
e�
ectiv
e
a
n
d
rea
l
lo
a
d
(i.e.,
th
e

ov
erh
ea
d
d
u
e
to
p
ro
to
co
l
h
ea
d
ers)
is
u
n
av
o
id
a
b
le
a
n
d
ca
n
b
e
co
n
sid
ered
a
s

th
e
fee
to
b
e
p
a
id
in
o
rd
er
to
ex
p
lo
it
\
in
ex
p
en
siv
e"
p
a
ck
et
sw
itch
in
g
eq
u
ip
-

m
en
t
in
p
la
ce
o
f
\
co
stly
"
circu
it
sw
itch
in
g
d
ev
ices.
O
n
th
e
o
th
er
h
a
n
d
,
th
e

rea
l-tim
e
eÆ
cien
cy
red
u
ctio
n
d
u
e
to
th
e
d
i�
eren
ce
b
etw
een
rea
l
a
n
d
a
p
p
a
r-

en
t
lo
a
d
(i.e.,
th
e
b
a
n
d
w
id
th
ov
era
llo
ca
tio
n
),
is
less
o
b
v
io
u
s
to
u
n
d
ersta
n
d
.

H
ow
ev
er,
it
p
lay
s
k
ey
ro
le
sin
ce,
a
s
sh
ow
n
b
y
F
ig
u
re
5
,
ov
era
llo
ca
tio
n
h
a
s

a
sig
n
i�
ca
n
tly
stro
n
g
er
im
p
a
ct
o
n
rea
l-tim
e
eÆ
cien
cy
th
a
n
p
ro
to
co
l
ov
er-

h
ea
d
.
M
o
reov
er,
b
a
n
d
w
id
th
ov
era
llo
ca
tio
n
a
n
d
p
ro
to
co
l
ov
erh
ea
d
a
re
tig
h
ly

co
u
p
led
,
a
s
sh
ow
n
in
th
e
n
ex
t
sectio
n
.

4
.2

P
a
c
k
e
tiz
a
tio
n

A
s
sta
ted
ea
rlier,
th
e
p
a
ck
et
p
ay
lo
a
d
size
a
�
ects
th
e
ov
era
llo
ca
tio
n
,
i.e.

th
e
d
i�
eren
ce
b
etw
een
rea
l
a
n
d
a
p
p
a
ren
t
lo
a
d
,
w
h
ile
th
e
h
ea
d
er
size
(w
h
ich

d
ep
en
d
s
o
n
th
e
p
a
rticu
la
r
p
a
ck
et
tech
n
o
lo
g
y
d
ep
loy
ed
)
a
�
ects
th
e
d
i�
eren
ce

1
0



V
oice over IP

: O
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verhead (P
ack D
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s)

0%

20%

40%

60%

80%

100%

120%

9.3
27.8

46.4
64.9

83.4
102.0

120.5
139.1

157.6
176.2

194.7

O
ffered Load (E

rlang)

Link Occupancy (%)

A
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R
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E
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F
ig
u
re
6
:
E
Æ
cien
cy
in
d
ex
es
o
n
lin
k
T
O
2

�

L
O
2 ,
w
ith
low
p
a
ck
etiza
tio
n

d
elay.

b
etw
een
th
e
e�
ectiv
e
a
n
d
rea
l
lo
a
d
s.
T
h
is
sectio
n
p
resen
ts
a
q
u
a
n
tita
tiv
e

a
ssessm
en
t
o
f
th
e
im
p
a
ct
o
f
th
e
tw
o
p
a
ra
m
eters
o
n
th
e
rea
l-tim
e
n
etw
o
rk

u
tiliza
tio
n
eÆ
cien
cy.

4
.2
.1

T
h
e
P
a
y
lo
a
d

A
la
rg
e
p
a
ck
et
p
ay
lo
a
d
a
llow
s
to
m
in
im
ize
th
e
e�
ect
o
f
p
ro
to
co
l
ov
erh
ea
d
,

b
u
t
req
u
ires
th
e
tra
n
sm
itter
to
co
llect
a
co
n
sid
era
b
le
n
u
m
b
er
o
f
sa
m
p
les

b
efo
re
sen
d
in
g
a
p
a
ck
et.
T
h
is
in
tro
d
u
ces
a
sig
n
i�
ca
n
t
p
a
ck
etiza
tio
n
d
elay

w
h
ich
,
in
o
rd
er
to
m
eet
th
e
d
elay
req
u
irem
en
t
D
r
e
q ,
m
u
st
b
e
co
m
p
en
sa
ted

b
y
in
crea
sin
g
th
e
th
e
serv
ice
ra
te
g
i
(see
In
eq
u
a
lity
3
).
In
o
th
er
w
o
rd
s,
a

la
rg
er
p
a
ck
et
p
ay
lo
a
d
tra
n
sla
tes
in
a
la
rg
er
a
p
p
a
ren
t
lo
a
d
o
n
th
e
n
etw
o
rk
.

T
h
is
b
eh
av
io
u
r
ca
n
b
e
o
b
serv
ed
b
y
co
m
p
a
rin
g
F
ig
u
re
5
a
n
d
F
ig
u
re
6

w
h
ich
sh
ow
th
e
u
tiliza
tio
n
o
f
lin
k
T
O
2

�

L
O
2

o
n
a
n
IP
n
etw
o
rk
w
ith
a

p
a
ck
etiza
tio
n
d
elay
o
f
3
2
m
s
a
n
d
1
8
m
s,
resp
ectiv
ely.
T
h
e
b
a
n
d
w
id
th
ov
er-

a
llo
ca
tio
n
|
i.e.,
th
e
d
ista
n
ce
b
etw
een
th
e
a
p
p
a
ren
t
a
n
d
rea
l
lo
a
d
cu
rv
es|

is
la
rg
er
in
th
e
fo
rm
er
ca
se.

O
n
th
e
o
th
er
h
a
n
d
,
a
sh
o
rter
p
a
ck
etiza
tio
n
d
elay
im
p
lies
a
la
rg
er
rela
tiv
e

ov
erh
ea
d
(sin
ce
th
e
P
P
P
/
IP
/
U
D
P
/
R
T
P
h
ea
d
ers
h
av
e
a
co
n
sta
n
t
len
g
h
t).

V
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: Link P
erform
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C
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M
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P
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F
ig
u
re
7
:
Im
p
a
ct
o
f
p
a
ck
et
size
ov
er
th
e
eÆ
cien
cy
:
e�
ectiv
e
lo
a
d
.

T
h
is
ca
n
b
e
n
o
ted
b
y
o
b
serv
in
g
th
a
t
in
F
ig
u
re
6
th
e
d
ista
n
ce
b
etw
een
th
e

rea
l
a
n
d
e�
ectiv
e
lo
a
d
cu
rv
es
is
la
rg
er
th
a
t
in
F
ig
u
re
5
.

A
la
rg
e
p
ay
lo
a
d
is
ex
p
ected
to
p
rov
id
e
a
n
h
ig
h
er
eÆ
cien
cy.
H
ow
ev
er,

d
u
e
to
th
e
b
a
n
d
w
id
th
ov
er-a
llo
ca
tio
n
,
th
e
eÆ
cien
cy
is
h
ig
h
er
w
h
en
sm
a
ller

p
a
ck
ets
a
re
u
sed
,
a
s
sh
ow
n
b
y
F
ig
u
re
6
w
h
ere
th
e
e�
ectiv
e
lo
a
d
is
la
rg
er

th
a
n
F
ig
u
re
5
.
T
h
is
is
co
n
�
rm
ed
b
y
F
ig
u
re
7
w
h
ich
p
lo
ts
th
e
e�
ectiv
e
lo
a
d

(g
iv
en
in
E
rla
n
g
)
v
ersu
s
th
e
o
�
ered
tra
Æ
c
fo
r
b
o
th
a
circu
it
sw
itch
ed
a
n
d

a
p
a
ck
et
sw
itch
ed
n
etw
o
rk
a
n
d
tw
o
d
i�
eren
t
p
a
ck
etiza
tio
n
d
elay
s
(1
8
m
s

a
n
d
3
2
m
s)
A
s
fa
r
a
s
m
a
x
im
u
m
v
o
lu
m
e
o
f
tra
Æ
c
a
ccep
ted
o
n
th
e
n
etw
o
rk
,

circu
it
sw
itch
in
g
o
u
tp
erfo
rm
s
p
a
ck
et
sw
itch
in
g
a
s
ex
p
ected
.
A
s
fa
r
a
s
th
e

p
a
ck
etiza
tio
n
d
elay
is
co
n
cern
ed
,
th
e
3
2
m
s
a
ltern
a
tiv
e
is
th
e
lea
st
eÆ
cien
t.

H
ow
ev
er,
th
ere
is
a
n
o
th
er
issu
e
to
co
n
sid
er,
n
a
m
ely
th
e
a
m
o
u
n
t
o
f
n
et-

w
o
rk
reso
u
rces
ava
ila
b
le
to
ca
rry
b
est
e�
o
rt
tra
Æ
c.
W
h
en
a
1
8
m
s
p
a
ck
-

etiza
tio
n
d
elay
is
ex
p
lo
ited
,
a
lm
o
st
a
ll
th
e
ca
p
a
city
is
u
sed
a
s
th
e
n
u
m
b
er

o
f
a
ccep
ted
ca
lls
o
n
lin
k
T
O
2

�

L
O
2

rea
ch
es
th
e
m
a
x
im
u
m
(n
o
te
th
a
t
th
e

a
p
p
a
ren
t
lo
a
d
a
n
d
th
e
rea
l
lo
a
d
cu
rv
es
in
F
ig
u
re
6
a
re
ov
erla
p
p
ed
).
In
stea
d
,

w
h
en
a
3
2
m
s
p
a
ck
etiza
tio
n
d
elay
is
u
sed
,
th
e
n
u
m
b
er
o
f
p
h
o
n
e
ca
lls
a
c-

cep
ted
is
sm
a
ller,
b
u
t
a
la
rg
e
fra
ctio
n
o
f
th
e
lin
k
ca
p
a
city
is
still
ava
ila
b
le
to

ca
rry
b
est
e�
o
rt
tra
Æ
c
(n
o
te
th
e
sig
n
i�
ca
n
t
d
ista
n
ce
b
etw
een
th
e
a
p
p
a
ren
t

1
1



N
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F
ig
u
re
8
:
B
lo
ck
in
g
p
ro
b
a
b
ility
a
n
d
e�
ectiv
e
lo
a
d
.

lo
a
d
a
n
d
th
e
rea
l
lo
a
d
cu
rv
es
in
F
ig
u
re
5
).

T
h
e
la
tter
situ
a
tio
n
is
th
e
m
o
st
d
esira
b
le
o
n
a
n
etw
o
rk
w
h
ere
th
e
fra
ctio
n

o
f
rea
l-tim
e
tra
Æ
c
is
sm
a
ll
co
m
p
a
red
to
th
e
fra
ctio
n
o
f
b
est
e�
o
rt
tra
Æ
c

(e.g
.,
th
e
In
tern
et
a
n
d
m
o
st
o
f
to
d
ay
's
in
tra
n
ets).
T
h
is
situ
a
tio
n
is
a
lso

b
en
e�
cia
l
o
n
a
n
etw
o
rk
en
g
in
eered
to
ca
rry
m
a
in
ly
rea
l-tim
e
tra
Æ
c
b
u
t

a
lso
sig
n
i�
ca
n
t
a
m
o
u
n
ts
o
f
b
est
e�
o
rt
tra
Æ
c.
In
th
is
ca
se,
ev
en
w
h
eth
er
th
e

rea
l-tim
e
eÆ
cien
cy
is
sm
a
ller,
th
e
ov
era
ll
tra
n
sp
o
rt
eÆ
cien
cy
is
sig
n
i�
ca
n
tly

la
rg
e.

T
h
e
n
etw
o
rk
eÆ
cien
cy
ca
n
a
lso
b
e
a
n
a
lized
b
y
stu
d
y
in
g
th
e
ca
ll
b
lo
ck
in
g

p
ro
b
a
b
ility
v
ersu
s
th
e
e�
ectiv
e
a
n
d
rea
l
lo
a
d
o
n
th
e
n
etw
o
rk
.
A
p
lo
t
o
f

th
e
b
lo
ck
in
g
p
ro
b
a
b
ility
v
ersu
s
th
e
e�
ectiv
e
lo
a
d
sh
ow
s
th
e
a
m
o
u
n
t
o
f
rea
l-

tim
e
tra
Æ
c
th
e
n
etw
o
rk
is
a
b
le
to
a
ccep
t
b
efo
re
rejectin
g
a
n
y
ca
lls.
In
stea
d
,

a
p
lo
t
o
f
th
e
b
lo
ck
in
g
p
ro
b
a
b
ility
v
ersu
s
th
e
rea
l
lo
a
d
sh
ow
s
th
e
n
etw
o
rk

u
tiliza
tio
n
a
ch
iev
ed
w
h
en
ca
lls
sta
rt
b
ein
g
rejected
.
F
ig
u
re
8
a
n
d
F
ig
u
re
9

sh
ow
th
e
b
lo
ck
in
g
p
ro
b
a
b
ility
o
f
th
e
ca
lls
trav
ersin
g
lin
k
T
O
2

�

L
O
2

v
ersu
s

th
e
e�
ectiv
e
a
n
d
rea
l
lo
a
d
o
n
th
a
t
lin
k
resp
ectiv
ely.

In
b
o
th
o
f
th
e
ch
a
rts
th
ree
cu
rv
es
a
re
sh
ow
n
:
th
e
�
rst
o
n
e
co
rresp
o
n
s
to
a

p
a
ck
etiza
tio
n
d
elay
o
f
1
8
m
s,
th
e
seco
n
d
o
n
e
co
rresp
o
n
d
s
to
a
p
a
ck
etiza
tio
n

d
elay
o
f
3
2
m
s,
a
n
d
th
e
th
ird
o
n
e
refers
to
a
circu
it
sw
itch
ed
n
etw
o
rk
.
S
in
ce

N
etw

ork E
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eal Load
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C
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M
32)

F
ig
u
re
9
:
B
lo
ck
in
g
p
ro
b
a
b
ility
a
n
d
rea
l
lo
a
d
.

th
e
tra
Æ
c
is
h
o
m
o
g
en
eo
u
s
|
a
ll
th
e
ca
lls
req
u
ire
th
e
sa
m
e
b
a
n
d
w
id
th
a
n
d

d
elay
b
o
u
n
d
|

th
e
b
lo
ck
in
g
p
ro
b
a
b
ility
stay
s
n
u
ll
u
n
til
th
e
a
p
p
a
ren
t
lo
a
d

rea
ch
es
th
e
lin
k
ca
p
a
city.
T
h
en
,
it
ju
m
p
s
to
1
0
0
%

b
eca
u
se
a
ll
in
co
m
in
g

ca
lls
a
re
rejected
.
W
h
en
a
ca
ll
is
clea
red
,
a
n
ew
o
n
e
is
a
ccep
ted
a
n
d
th
u
s

b
o
th
th
e
e�
ectiv
e
a
n
d
rea
l
lo
a
d
s
rem
a
in
co
n
sta
n
t.

A
g
a
in
,
F
ig
u
re
8
sh
ow
s
th
a
t
circu
it
sw
itch
in
g
o
u
tp
erfo
rm
s
p
a
ck
et
sw
itch
-

in
g
sin
ce
th
e
e�
ectiv
e
lo
a
d
rea
ch
ed
b
efo
re
ca
lls
sta
rt
to
b
e
rejected
is
th
e

w
h
o
le
lin
k
ca
p
a
city.
In
stea
d
,
p
a
ck
et
sw
itch
in
g
w
ith
a
p
a
ck
etiza
tio
n
d
elay
o
f

1
8
m
s
rea
ch
es
a
n
e�
ectiv
e
lo
a
d
slig
h
tly
la
rg
er
th
a
n
h
a
lf
o
f
th
e
lin
k
ca
p
a
city,

i.e.
it
ca
rries
h
a
lf
th
e
n
u
m
b
er
o
f
p
h
o
n
e
ca
lls
th
a
t
w
o
u
ld
b
e
ca
rried
u
sin
g

circu
it
sw
itch
in
g
o
n
th
e
sa
m
e
lin
k
.
A
3
2
m
s
p
a
ck
etiza
tio
n
d
elay
lea
d
s
to

ev
en
low
er
eÆ
cien
cy.
H
ow
ev
er,
F
ig
u
re
9
sh
ow
s
th
a
t
u
sin
g
a
1
8
m
s
p
a
ck
eti-

za
tio
n
d
elay
lea
d
s
rea
l-tim
e
tra
Æ
c
to
u
se
th
e
to
ta
l
lin
k
ca
p
a
city.
N
o
ex
tra

ca
p
a
city
is
left
fo
r
th
e
tra
n
sm
issio
n
o
f
b
est
e�
o
rt
tra
Æ
c.
T
h
u
s,
if
th
e
n
et-

w
o
rk
is
in
ten
d
ed
to
ca
rry
co
m
p
a
ra
b
le
fra
ctio
n
s
o
f
rea
l-tim
e
a
n
d
b
est
e�
o
rt

tra
Æ
c,
a
sh
o
rt
p
a
ck
etiza
tio
n
d
elay
is
n
o
t
n
ecessa
rily
th
e
b
est
so
lu
tio
n
.
In

fa
ct,
th
e
1
8
m
s
p
a
ck
etiza
tio
n
d
elay
a
llow
s
fo
r
h
ig
h
rea
l-tim
e
eÆ
cien
cy,
b
u
t

th
e
tra
n
sp
o
rt
eÆ
cien
cy
is
co
n
sid
era
b
ly
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.
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h
e
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e
p
ro
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l
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p
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e
n
et-

w
o
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.
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n
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e
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d
y
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o
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g
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d
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d
i�
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p
ro
to
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l
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rch
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e
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l
b
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n
d
w
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b
y
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n
A
D
P
C
M
3
2

p
h
o
n
e
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ll
v
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s
th
e
p
a
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etiza
tio
n
d
elay
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e
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o
f
th
e
p
a
ck
et
p
ay
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lo
a
d
)
fo
r
d
i�
eren
t
n
etw
o
rk
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n
o
lo
g
ies.
T
h
e
rea
l
b
a
n
d
w
id
th
req
u
ired
o
n
a
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it
sw
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ed
n
etw
o
rk
b
y
b
o
th
a
n
A
D
P
C
M
3
2
a
n
d
a
P
C
M
ca
ll
a
re
p
lo
tted

a
s
w
ell
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T
h
e
rea
l
b
a
n
d
w
id
th
o
n
a
n
IP
n
etw
o
rk
d
ecrea
ses
a
s
th
e
p
a
ck
etiza
tio
n
d
elay
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n
d
th
u
s
th
e
p
ay
lo
a
d
size)
d
ecrea
ses.
T
h
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b
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u
se
o
f
th
e
�
x
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h
ea
d
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T
h
e
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l
b
a
n
d
w
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u
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b
y
a
p
h
o
n
e
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ll
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a
n
A
T
M

n
etw
o
rk
is

sm
a
ller
th
a
n
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a
n
IP
n
etw
o
rk
b
eca
u
se
o
f
sm
a
ller
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h
ea
d
er
ov
erh
ea
d
,

a
n
d
m
o
reov
er,
th
e
p
a
ck
etiza
tio
n
d
elay
is
co
n
sid
era
b
ly
sm
a
ller
(e.g
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w
h
en

A
D
P
C
M
3
2
en
co
d
in
g
is
ex
p
lo
ited
,
a
b
o
u
t
1
0
m
s
a
re
req
u
ired
to
�
ll
u
p
a

cell
p
ay
lo
a
d
).
W
h
en
IP
p
a
ck
ets
a
re
en
ca
p
su
la
ted
in
to
A
T
M

cells,
th
e
rea
l

b
a
n
d
w
id
th
ten
d
s
to
d
ecrea
se,
b
u
t
d
isco
n
tin
u
o
sly.
T
h
is
is
d
u
e
to
th
e
fa
ct

th
a
t
w
h
en
th
e
IP
p
ay
lo
a
d
size
is
in
crea
sed
,
th
e
IP
p
a
ck
et
size
so
m
etim
es

ex
ceed
s
th
e
size
o
f
a
n
in
teg
ra
l
n
u
m
b
er
o
f
cell
p
ay
lo
a
d
s,
so
a
n
ew
cell
is

n
eed
ed
to
ca
rry
a
fra
g
m
en
t
o
f
th
e
p
a
ck
et.
T
h
e
rea
l
b
a
n
d
w
id
th
is
a
n
y
w
ay

la
rg
er
th
a
n
w
h
en
IP
ro
u
ters
a
re
co
n
n
ected
d
irectly
b
y
S
O
N
E
T
/
S
D
H
lin
k
s.

F
ig
u
re
1
0
sh
ow
s
th
a
t
if
th
e
p
a
ck
et
size
is
ch
o
sen
in
su
ch
a
w
ay
th
a
t
th
e

ov
erh
ea
d
in
tro
d
u
ced
b
y
th
e
h
ea
d
er
is
sm
a
ll
en
o
u
g
h
,
a
p
h
o
n
e
ca
ll
in
a
p
a
ck
et

n
etw
o
rk
ca
n
req
u
ire
less
b
a
n
d
iw
id
th
th
en
in
a
circu
it
sw
itch
ed
n
etw
o
rk

ex
p
lo
itin
g
P
C
M

en
co
d
in
g
.
T
h
is
m
ea
n
s
th
a
t
if
th
e
d
elay
req
u
irem
en
t
is

n
o
t
to
o
tig
h
t,
th
e
eÆ
cien
cy
in
a
p
a
ck
et
telep
h
o
n
e
n
etw
o
rk
ca
n
b
e
la
rg
er

th
a
n
in
tra
d
itio
n
a
l
telep
h
o
n
e
n
etw
o
rk
.
T
h
is
fa
ct
is
fu
rth
erly
co
n
�
rm
ed
b
y

F
ig
u
re
1
1
w
h
ich
d
ep
icts
th
e
a
p
p
a
ren
t
b
a
n
d
w
id
th
n
eed
ed
to
m
eet
th
e
1
0
0
m
s

en
d
-to
-en
d
d
elay
b
o
u
n
d
v
ersu
s
va
rio
u
s
p
a
ck
etiza
tio
n
d
elay
s
w
ith
d
i�
eren
t

tech
n
o
lo
g
ies.

B
y
co
m
p
a
rin
g
F
ig
u
re
1
0
a
n
d
F
ig
u
re
1
1
,
it
ca
n
b
e
n
o
ticed
th
a
t
th
e
rea
l

b
a
n
d
w
id
th
a
n
d
th
e
a
p
p
a
ren
t
b
a
n
d
w
id
th
a
re
th
e
sa
m
e.
T
h
is
m
ea
n
s
th
a
t
in

th
is
scen
a
rio
n
o
b
a
n
d
w
id
th
ov
era
llo
ca
tio
n
is
n
eed
ed
fo
r
th
e
va
rio
u
s
p
a
ck
et

tech
n
o
lo
g
ies
ex
cep
t
IP
.
O
n
a
n
IP
n
etw
o
rk
,
a
s
th
e
p
a
ck
etiza
tio
n
d
elay
in
-

crea
ses,
th
e
d
elay
b
u
d
g
et
left
to
q
u
eu
in
g
sh
rin
k
s
a
n
d
ov
er-a
llo
ca
tio
n
is
p
o
s-

sib
ly
req
u
ired
in
o
rd
er
to
k
eep
th
e
en
d
-to
-en
d
d
elay
b
elow
th
e
b
o
u
n
d
.
T
h
u
s,

5
In
a
circu
it
sw
itch
ed
n
etw
o
rk
,
th
e
rea
l,
a
p
p
a
ren
t
a
n
d
e�
ectiv
e
b
a
n
d
w
id
th
a
re
co
in
-

cid
in
g
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D
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C

M
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F
ig
u
re
1
0
:
Im
p
a
ct
o
f
p
a
ck
etiza
tio
n
d
elay
ov
er
th
e
rea
l
b
a
n
d
w
id
th
o
f
a
p
h
o
n
e

ca
ll
w
ith
va
rio
u
s
tech
n
o
lo
g
ies.

th
ere
ex
ists
a
n
o
p
tim
a
l
p
a
ck
et
size
w
h
ich
,
b
y
p
rov
id
in
g
m
in
im
u
m
a
p
p
a
ren
t

b
a
n
d
w
id
th
fo
r
a
ca
ll,
m
a
x
im
izes
th
e
eÆ
cien
cy
o
f
IP
telep
h
o
n
y.

V
icev
ersa
,
IP
ov
er
A
T
M
p
rov
id
es
h
ig
h
er
eÆ
cien
cy
(low
er
a
p
p
a
ren
t
b
a
n
d
-

w
id
th
)
th
a
n
IP
ov
er
S
O
N
E
T
/
S
D
H
fo
r
lo
n
g
p
a
ck
etiza
tio
n
d
elay
s.
T
h
is
stem
s

fro
m
th
e
fa
ct
th
a
t
th
e
IP
p
ay
lo
a
d
size
is
la
rg
e
en
o
u
g
h
to
g
en
era
te
a
low

rea
l
lo
a
d
,
b
u
t
n
o
b
a
n
d
w
id
th
ov
era
llo
ca
tio
n
is
req
u
ired
b
eca
u
se
th
e
q
u
eu
in
g

d
elay
ex
p
erien
ced
b
y
A
T
M

cells
in
th
e
n
etw
o
rk
is
sh
o
rt
d
u
e
to
th
e
sm
a
ll

cell
size.

A
m
o
n
g
th
e
va
rio
u
s
p
a
ck
et
tech
n
o
lo
g
ies,
A
T
M
is
th
e
o
n
e
ch
a
ra
cterized
b
y

th
e
sm
a
llest
a
p
p
a
ren
t
b
a
n
d
w
id
th
b
eca
u
se
(1
)
n
o
ov
era
llo
ca
tio
n
is
req
u
ired

d
u
e
to
th
e
low
p
a
ck
etiza
tio
n
a
n
d
q
u
eu
in
g
d
elay,
a
n
d
(2
)
th
e
rea
l
lo
a
d
is
low

d
u
e
to
th
e
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a
ll
cell
h
ea
d
er.
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g
en
era
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a
ll
th
e
p
a
ck
et
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n
o
lo
g
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u
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a
n
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w
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th
ov
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ca
tio
n

if
th
e
u
ser's
d
elay
b
o
u
n
d
is
so
tig
h
t
th
a
t
it
ca
n
n
o
t
b
e
m
et
b
y
a
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ca
tin
g

th
e
rea
l
b
a
n
d
w
id
th
.
T
h
is
is
n
o
t
ev
id
en
t
fro
m
F
ig
u
re
1
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ju
st
b
eca
u
se
g
iv
en

th
e
n
etw
o
rk
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p
o
lo
g
y
a
n
d
th
e
req
u
ired
d
elay
b
o
u
n
d
,
ov
era
llo
ca
tio
n
is
n
o
t

req
u
ired
6.
W
h
en
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era
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n
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req
u
ired
,
th
e
o
p
tim
a
l
n
u
m
b
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o
f
sa
m
p
les
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A
T
M

tech
n
o
lo
g
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th
a
n
k
s
to
th
e
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a
ll
siz
e
o
f
c
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u
ires
o
v
er-a
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c
a
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n
o
n
ly
in

1
3



P
acketization O

verhead: the A
pparent B

andw
idth

0

20000

40000

60000

80000

100000

120000

1400004.0
5.5
7.0
8.5

10.0
11.5
13.0
14.5
16.0
17.5
19.0
20.5
22.0
23.5
25.0
26.5
28.0
29.5
31.0

P
ack D

elay (m
s)

Apparent Bandwidth (byte)

V
oice over A

T
M

V
oice over IP

over A
T

M

V
oice over IP

over S
O

N
E

T

C
ircuit S

w
itching

(P
C
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F
ig
u
re
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:
Im
p
a
ct
o
f
p
a
ck
etiza
tio
n
d
elay
ov
er
th
e
a
p
p
a
ren
t
b
a
n
d
w
id
th
o
f
a

p
h
o
n
e
ca
ll
w
ith
va
rio
u
s
tech
n
o
lo
g
ies.

p
er
p
a
ck
et
is
a
tra
d
eo
�
b
etw
een
low
ov
erh
ea
d
(i.e.,
sm
a
ll
rea
l
lo
a
d
)
a
n
d
low

a
p
p
a
ren
t
lo
a
d
.
If
th
e
n
etw
o
rk
is
in
ten
d
ed
to
ca
rry
a
lso
a
sig
n
i�
ca
n
t
a
m
o
u
n
t

o
f
b
est
e�
o
rt
tra
Æ
c,
th
e
fo
rm
er
is
to
b
e
p
referred
,
o
th
erw
ise
th
e
la
tter
is

th
e
p
rim
a
ry
o
b
jectiv
e.
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S
O
N
E
T
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D
H

a
n
d
V
o
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e
C
o
m
p
r
e
ssio
n

C
o
m
p
a
rin
g
P
C
M
v
o
ice
ca
lls
ov
er
circu
it
sw
itch
ed
n
etw
o
rk
s
w
ith
A
D
P
C
M
3
2

ca
lls
ov
er
p
a
ck
et
sw
itch
ed
n
etw
o
rk
s
seem
s
to
b
e
u
n
fa
ir.
If
a
m
o
re
e�
ectiv
e

co
d
in
g
sch
em
e,
su
ch
a
s
A
D
P
C
M
3
2
,
is
to
b
e
ex
p
lo
ited
in
a
p
a
ck
et
sw
itch
ed

n
etw
o
rk
in
o
rd
er
to
a
ch
iev
e
b
etter
eÆ
cien
cy,
it
co
u
ld
a
lso
b
e
u
sed
in
a

circu
it
sw
itch
ed
n
etw
o
rk
lea
d
in
g
to
ev
en
b
etter
eÆ
cien
cy.
H
ow
ev
er
th
is
is

n
o
t
p
o
ssib
le
b
eca
u
se
o
f
th
e
g
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n
u
la
rity
o
f
S
O
N
E
T
/
S
D
H
ch
a
n
n
els.

S
O
N
E
T
/
S
D
H
is
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e
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n
o
lo
g
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in
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d
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la
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th
e
o
ld
P
D
H
in
b
u
ild
-

in
g
circu
it
sw
itch
ed
n
etw
o
rk
s.
T
h
e
m
a
in
a
d
va
n
ta
g
e
o
f
S
O
N
E
T
/
S
D
H
ov
er

P
D
H
is
th
e
p
o
ssib
ility
to
d
irectly
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la
te
a
sin
g
le
ch
a
n
n
el
fro
m
a
ca
rrier
o
f

ex
trem
e
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m
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n
ces,
i.e.
w
h
en
th
e
d
ela
y
req
u
ired
is
v
ery
tig
h
t
o
r
w
h
en
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e
n
u
m
b
er

o
f
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itch
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o
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a
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b
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h
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n
E
2
lin
k
(8
.1
9
2
M
b
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b
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E
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u
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4
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M
b
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ch
),
th
en
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n
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h
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E
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b
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u
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m
a
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o
f
w
h
a
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b
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P
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o
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d
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g
a
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g
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n
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a
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a
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h
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l
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4
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O
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a
c
k
e
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S
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T
h
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n
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n
a
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e
d
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u
n
d
fo
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u
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u
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o
rd
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n
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p
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a
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p
a
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et
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e
p
a
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et
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w
h
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a
x
im
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rea
l-tim
e
eÆ
cien
cy.
It
is
w
o
rth
to
reca
ll
th
a
t
th
e
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er
th
e
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p
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a
n
d
w
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a
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o
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er
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b
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u
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e
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h
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a
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u
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b
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p
a
ck
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d
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e
d
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b
u
d
g
et
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r
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e
n
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o
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d
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n
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u
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b
a
n
d
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id
th
ov
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tio
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u
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s
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u
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p
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a
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p
a
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d
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d
elay.
T
h
e
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l
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g
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b
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e
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c
k )
�

1
D
p
a
c
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T
h
e
p
a
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et
size
ca
n
b
e
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s
a
fu
n
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p
a
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n
d
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H
e
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c
k
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a
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d
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p
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ith
o
u
t
o
v
e
ra
llo
ca
tio
n
re
q
u
ire
s
a
tim
e
lo
n
g
er
th
a
n
th
e
d
ela
y

req
u
irem
en
t:
a
n
y
p
a
ck
et
siz
e
req
u
ires
o
v
e
ra
llo
c
a
tio
n
a
n
d
lo
o
k
in
g
fo
r
a
n
o
p
tim
a
l
p
a
ck
et

size
is
m
ea
n
in
g
less.
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S
in
ce
v
o
ice
is
en
co
d
ed
a
t
co
n
sta
n
t
b
it
ra
te
b
u
rstin
ess
is
m
in
im
u
m
,
i.e.

�
i
=
L
i .
T
h
e
o
p
tim
a
l
p
a
ck
etiza
tio
n
d
elay
is
th
e
o
n
e
w
h
ich
,
rep
la
ced
in
th
e

seco
n
d
m
em
eb
er
o
f
In
eq
u
a
lity
3
w
ith
g
i
=
b
r
e
a
l
a
n
d
L
i
a
b
ov
e,
p
rov
id
es
a

d
elay
b
o
u
n
d
ex
a
ctly
eq
u
a
l
to
th
e
req
u
ired
d
elay
D
re
q.
S
o
lv
in
g
th
e
resu
ltin
g

eq
u
a
tio
n
fo
r
D
p
a
ck
w
e
o
b
ta
in

D
p
a
ck
=
D
req
�

D
p
ro
p
0

�

P
Hm

=

1

(
L
m

a
x

r
m

+
D
p
ro
p
m
)

H
+
1

(6
)

T
h
e
o
p
tim
a
l
p
a
ck
et
size
d
ep
en
d
s
o
n
m
a
n
y
p
a
ra
m
eters.
H
ow
ev
er,
a
ro
u
g
h

estim
a
te
ca
n
b
e
o
b
ta
in
ed
b
y
a
n
a
p
p
rox
im
a
ted
fo
rm
u
la
w
h
ich
d
o
es
n
o
t
ta
k
e

in
to
a
cco
u
n
t
so
m
e
o
f
th
e
d
elay
co
m
p
o
n
en
ts
in
(6
):

D
p
a
ck
'

D
req

H
+
1

(7
)

T
h
is
eq
u
a
tio
n
is
a
g
o
o
d
a
p
p
rox
im
a
tio
n
w
h
en
th
e
lin
k
s
h
av
e
h
ig
h
ca
p
a
city

a
n
d
th
e
n
etw
o
rk
is
n
o
t
v
ery
ex
ten
siv
e.
In
o
u
r
n
etw
o
rk
w
e
a
re
in
terested
in

th
e
p
a
th
b
etw
een
L
E
1

1

-
L
E
2

2 :
g
iv
en
a
n
en
d
-to
-en
d
d
elay
req
u
irem
en
t
o
f

1
0
0
m
s
fo
r
a
ca
ll
b
etw
een
b
etw
een
L
E
1

1

a
n
d
L
E
2

2

(i.e.,
a
lo
n
g
d
ista
n
ce

ca
ll),
(6
)
g
iv
es
a
n
o
p
tim
a
l
p
a
ck
etiza
tio
n
d
elay
D
p
a
ck
=
1
8
:7
m
s,
w
h
ile
(7
)

p
rov
id
es
D
p
a
ck
=
2
0
m
s.
F
ig
u
re
1
2
,
sh
ow
s
th
e
e�
ectiv
e
lo
a
d
o
n
th
e
IP

n
etw
o
rk
v
ersu
s
th
e
p
a
ck
et
size,
fo
r
va
rio
u
s
lev
el
o
f
ca
ll
tra
Æ
c
o
�
ered
to
th
e

n
etw
o
rk
.
T
h
e
p
a
ck
etiza
tio
n
d
elay
w
h
ich
m
a
x
im
izes
th
e
e�
ectiv
e
b
a
n
d
w
id
th

is
1
8
m
s,
p
rov
id
in
g
a
co
n
�
rm
a
tio
n
o
f
th
e
g
o
o
d
n
ess
o
f
th
e
(6
)
eq
u
a
tio
n
.

T
h
e
n
u
m
b
er
o
f
h
o
p
s
trav
ersed
b
y
a
p
h
o
n
e
ca
ll
is
a
k
ey
fa
cto
r
in
d
eter-

m
in
in
g
th
e
o
p
tim
a
l
p
a
ck
et
size,
ev
en
w
ith
th
e
a
p
p
rox
im
a
te
fo
rm
u
la
in
(7
).

A
s
a
co
n
seq
u
en
ce,
th
ere
is
n
o
a
sin
g
le
o
p
tim
a
l
p
a
ck
et
size
fo
r
a
n
y
g
iv
en

n
etw
o
rk
b
u
t
it
m
u
st
b
e
d
eterm
in
ed
o
n
a
ca
ll
b
y
ca
ll
b
a
sis.

U
su
a
lly,
a
p
p
lica
tio
n
p
ro
g
ra
m
s
a
re
n
o
t
aw
a
re
o
f
th
e
n
u
m
b
er
o
f
n
o
d
es
tra
-

v
ersed
b
y
th
e
tra
Æ
c
th
ey
g
en
era
te.
H
ow
ev
er,
th
e
n
etw
o
rk
k
n
ow
s
th
is
in
fo
r-

m
a
tio
n
a
t
th
e
tim
e
it
ch
o
o
ses
a
ro
u
te
tow
a
rd
s
th
e
d
estin
a
tio
n
a
n
d
p
o
ssib
ly

reserv
es
reso
u
rces
fo
r
th
e
ca
ll.
T
h
e
sig
n
a
llin
g
p
ro
to
co
l
u
sed
fo
r
reso
u
rce

req
u
est
a
n
d
g
ra
n
t
co
u
ld
a
lso
b
e
u
sed
b
y
th
e
n
etw
o
rk
to
p
rov
id
e
th
e
a
p
-

p
lica
tio
n
w
ith
th
e
n
u
m
b
er
o
f
h
o
p
s
o
r
a
su
g
g
ested
p
a
ck
et
size
fo
r
th
e
ca
ll.

T
h
is
m
ech
a
n
ism

w
o
u
ld
g
iv
e
th
e
o
p
p
o
rtu
n
ity
to
th
e
n
etw
o
rk
p
rov
id
er
to

d
y
n
a
m
ica
lly
ch
a
n
g
e
th
e
tra
Æ
c
m
ix
o
n
its
n
etw
o
rk
a
n
d
a
d
ju
st
th
e
p
a
ck
et

size
a
cco
rd
in
g
ly.
If
th
e
n
etw
o
rk
is
in
ten
d
ed
to
ca
rry
a
la
rg
e
a
m
o
u
n
t
o
f
b
est

e�
o
rt
tra
Æ
c,
a
p
a
ck
et
size
p
rov
id
in
g
a
low
er
e�
ectiv
e
lo
a
d
w
ill
b
e
su
g
g
ested

to
th
e
u
sers
in
stea
d
o
f
th
e
o
p
tim
a
l
o
n
e.
T
h
e
eÆ
cien
cy
o
f
th
e
n
etw
o
rk
in

O
ptim

al P
ack D

elay

0 50
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150
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2
4

6
8

10
12

14
16

18
20

22
24

26
28

30
32

P
acketization D

elay (m
s)

Effective Load (Erlang)

9.27 E
rlang

27.82 E
rlang

46.36 E
rlang

64.90 E
rlang

83.45 E
rlang

101.99 E
rlang

120.54 E
rlang

139.08 E
rlang

157.63 E
rlang

176.17 E
rlang

194.71 E
rlang

F
ig
u
re
1
2
:
Im
p
a
ct
o
f
P
a
ck
etiza
tio
n
D
elay
o
n
th
e
lin
k
eÆ
cien
cy.

ca
rry
in
g
rea
l-tim
e
tra
Æ
c
w
ill
b
e
low
er,
b
u
t
th
e
b
a
n
d
w
d
th
ava
ila
b
le
to
b
est

e�
o
rt
tra
Æ
c
w
ill
b
e
la
rg
er.

5

D
is
c
u
s
s
io
n

T
h
is
w
o
rk
stu
d
ies
th
e
eÆ
cien
cy
o
f
p
rov
id
in
g
to
ll
q
u
a
lity
telep
h
o
n
y
o
n
p
a
ck
et

sw
itch
ed
n
etw
o
rk
s.
W
h
en
th
e
n
etw
o
rk
is
in
ten
d
ed
to
ca
rry
m
a
in
ly
rea
l-tim
e

tra
Æ
c,
a
s
it
w
ill
lik
ely
b
e
th
e
ca
se
in
a
la
rg
e
sca
le
co
m
m
ercia
l
telep
h
o
n
e

n
etw
o
rk
,
m
a
x
im
izin
g
th
e
eÆ
cien
cy
in
ca
rry
in
g
rea
l-tim
e
tra
Æ
c
is
cru
cia
l.

T
h
is
p
a
ra
m
eter,
ca
lled
rea
l-tim
e
eÆ
cien
cy,
h
a
s
b
een
in
v
estig
a
ted
fo
r
va
rio
u
s

p
a
ck
et
tech
n
o
lo
g
ies
a
n
d
co
m
p
a
red
to
th
e
o
n
e
o
f
circu
it
sw
ith
in
g
.

A
ca
ll
lev
el
sim
u
la
to
r
h
a
s
b
een
u
sed
a
cro
ss
th
is
stu
d
y.
It
en
a
b
les
th
e

sim
u
la
tio
n
o
f
a
n
u
m
b
er
o
f
ca
ll
so
u
rces
g
en
era
tin
g
ca
lls
a
cco
rd
in
g
to
sp
ec-

i�
ed
p
ro
b
a
b
ility
d
istrib
u
tio
n
s
fo
r
ca
ll
a
rriva
l
a
n
d
d
u
ra
tio
n
ov
er
a
g
en
era
l

to
p
o
lo
g
y
n
etw
o
rk
.
T
h
e
sim
u
la
to
r
p
erfo
rm
s
ca
ll
a
d
m
issio
n
co
n
tro
l
a
cco
rd
-

in
g
to
th
e
ava
ila
b
ility
o
f
th
e
reso
u
rces
req
u
ired
to
p
rov
id
e
a
d
eterm
in
istic

d
elay
b
o
u
n
d
to
ea
ch
ca
ll.
T
h
e
n
eed
ed
a
m
o
u
n
t
o
f
reso
u
rces
is
d
eterm
in
ed

a
ssu
m
in
g
th
a
t
th
e
P
a
ck
et-b
y
-P
a
ck
et
G
en
era
lized
P
ro
cesso
r
S
h
a
rin
g
q
u
eu
e

m
a
n
a
g
em
en
t
sch
em
e
is
im
p
lem
en
ted
in
n
etw
o
rk
n
o
d
es.
S
ta
tistica
l
d
a
ta
o
n
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a
ccep
ted
a
n
d
rejected
ca
lls
a
re
th
e
sim
u
la
tio
n
o
u
tp
u
t.

In
o
rd
er
to
sim
p
lify
th
e
in
terp
reta
tio
n
o
f
th
e
resu
lts,
sim
u
la
tio
n
s
h
av
e

b
een
p
erfo
rm
ed
o
n
sim
p
le
to
p
o
lo
g
ies
w
h
ich
a
re
h
ow
ev
er
rep
resen
ta
tiv
e
o
f

th
e
stru
ctu
re
la
rg
e
sca
le
telep
h
o
n
y
n
etw
o
rk
s
u
su
a
lly
h
av
e
n
ow
a
d
ay
s.

S
o
m
e
o
f
th
e
resu
lts
o
f
th
is
p
a
p
er
co
u
ld
h
av
e
b
een
d
ev
ised
a
n
a
ly
tica
lly

b
y
ca
lcu
la
tin
g
th
e
a
p
p
a
ren
t
b
a
n
d
w
id
th
o
f
a
ca
ll
a
n
d
th
en
�
g
u
rin
g
o
u
t
h
ow

m
a
n
y
ca
lls
co
u
ld
b
e
a
ccep
ted
o
n
a
lin
k
,
a
lo
n
g
th
e
lin
e
o
f
w
h
a
t
is
d
o
n
e

in
[1
0].
S
im
ila
rly,
th
e
b
lo
ck
in
g
p
ro
b
a
b
ility
co
u
ld
h
av
e
b
een
d
ev
ised
th
ro
u
g
h

th
e
E
rla
n
g
-B
fo
rm
u
la
.
N
ev
erteless,
th
is
a
n
a
ly
tica
l
a
p
p
ro
a
ch
d
o
es
n
o
t
a
p
p
ly

to
eth
ero
g
en
eo
u
s
ca
ll
tra
Æ
c.

T
h
e
m
a
in
co
n
clu
sio
n
w
e
ca
n
d
raw
fro
m
th
e
sim
u
la
tio
n
resu
lts
a
re:

�

D
eterm
in
istic
d
elay
g
u
a
ra
n
tees
u
su
a
lly
req
u
ire
reso
u
rce
ov
era
llo
ca
tio
n
,

i.e.
ea
ch
p
h
o
n
e
ca
ll
m
u
st
b
e
reserv
ed
m
o
re
tra
n
sm
issio
n
ca
p
a
city
th
a
n

th
e
m
in
im
u
m
req
u
ired
to
tra
n
sm
it
v
o
ice
sa
m
p
les
a
n
d
p
a
ck
et
ov
erh
ea
d
.

�

T
h
e
rea
l-tim
e
eÆ
cien
cy
h
eav
ily
d
ep
en
d
s
o
n
th
e
p
a
ck
et
size.
T
h
u
s,
it
is

p
a
rticu
la
rly
im
p
o
rta
n
t
to
ca
refu
lly
ch
o
o
se
th
e
size
o
f
p
a
ck
ets
u
sed
fo
r

th
e
tra
n
sm
issio
n
o
f
v
o
ice
sa
m
p
les.
T
h
e
o
p
tim
a
l
p
a
ck
et
size
d
ep
en
d
s

o
n
ca
ll
sp
eci�
c
p
a
ra
m
eters,
i.e.
it
sh
o
u
ld
b
e
ch
o
sen
o
n
a
ca
ll-b
y
-ca
ll

b
a
sis
ta
k
in
g
in
to
a
cco
u
n
t
in
fo
rm
a
tio
n
p
rov
id
ed
b
y
th
e
n
etw
o
rk
lik
e
th
e

n
u
m
b
er
o
f
h
o
p
s
trav
ersed
.

�

L
ow
eÆ
cien
cy
(o
b
ta
in
ed
w
ith
lo
n
g
p
a
ck
et
size)
co
rresp
o
n
d
s
to
la
rg
e

ca
p
a
city
sp
a
red
fo
r
b
est
e�
o
rt
tra
Æ
c.
T
h
u
s,
in
ca
se
th
e
n
etw
o
rk
is
n
o
t

in
ted
ed
to
ca
rry
m
a
in
ly
p
h
o
n
e
ca
lls,
rea
l-tim
e
eÆ
cien
cy
ca
n
b
e
tra
d
ed

fo
r
ava
ila
b
le
b
a
n
d
w
id
th
a
cco
rd
in
g
to
th
e
m
ix
o
f
tra
Æ
c
to
b
e
ca
rried
o
n

th
e
n
etw
o
rk
.

�

C
ircu
it
sw
ith
in
g
fea
tu
res
a
h
ig
h
er
rea
l-tim
e
eÆ
cien
cy
in
a
n
y
co
n
sid
ered

scen
a
rio
.

G
iv
en
th
e
la
st
p
o
in
t,
sh
o
u
ld
w
e
reth
in
k
ov
er
th
e
w
h
o
le
p
a
ck
et
telep
h
o
n
y

issu
e
a
n
d
stay
w
ith
th
e
circu
it
sw
itch
in
g
fo
r
p
rov
id
in
g
rea
l-tim
e
serv
ices?

R
eso
u
rce
u
tiliza
tio
n
is
n
o
t
th
e
o
n
ly
co
m
p
a
riso
n
criteria
in
th
e
ch
o
ice

o
f
th
e
tech
n
o
lo
g
y
to
b
e
u
sed
to
p
rov
id
e
rea
l-tim
e
serv
ices
a
n
d
p
o
ssib
ly

in
teg
ra
te
th
em

w
ith
d
a
ta
serv
ices.
A
m
o
n
g
th
e
o
th
ers,
th
e
low
er
co
st
o
f

p
a
ck
et
sw
itch
es
is
to
b
e
ta
k
en
in
to
a
cco
u
n
t.
T
h
is
stem
s
fro
m
th
e
sim
p
ler

tech
n
o
lo
g
y,
b
u
t
a
lso
th
e
low
er
relia
b
ility
o
f
p
a
ck
et
sw
itch
es
w
ith
resp
ect

to
circu
it
sw
itch
es
w
h
ich
fea
tu
re
ex
trem
ely
low
p
ro
b
a
b
ility
a
n
d
d
u
ra
tio
n

o
u
ta
g
es.
H
ow
ev
er,
if
th
e
u
ser
is
sa
tis�
ed
w
ith
th
e
a
n
y
w
ay
h
ig
h
lev
el
o
f

relia
b
ility
fea
tu
red
b
y
p
a
ck
et
sw
itch
es,
th
ere
is
n
o
rea
so
n
to
in
v
est
in
th
e

p
rov
isio
n
o
f
h
ig
h
er
relia
b
ility.

A
lo
n
g
th
e
sa
m
e
lin
e,
if
th
e
u
ser
is
sa
tis�
ed
w
ith
a
lo
u
sier
q
u
a
lity,
a
d
e-

term
in
istic
d
elay
b
o
u
n
d
is
n
o
t
n
ecessa
ry.
A
s
a
co
n
seq
u
en
ce,
a
llo
ca
tio
n
o
f

reso
u
rces
in
th
e
n
etw
o
rk
ca
n
b
e
red
u
ced
,
th
u
s
in
crea
sin
g
th
e
rea
l-tim
e
eÆ
-

cien
cy.
T
h
e
eÆ
cien
cy
im
p
rov
em
en
t
stem
s
fro
m
red
u
cin
g
o
r
p
o
ssib
ly
av
o
id
-

in
g
ov
er
a
llo
ca
tio
n
a
n
d
fro
m
ta
k
in
g
a
d
va
n
ta
g
e
o
f
th
e
sta
tistica
l
m
u
ltip
lex
-

in
g
o
f
p
h
o
n
e
ca
lls
in
w
ich
silen
ce
su
p
p
ressio
n
is
m
o
d
eled
.
T
h
e
eva
lu
a
tio
n

o
f
rea
l-tim
e
eÆ
cien
cy
w
ith
p
ro
b
a
b
listic
q
u
a
lity
g
u
a
ra
n
tees
is
th
e
su
b
ject
o
f

o
n
g
o
in
g
w
o
rk
.

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

T
h
is
w
o
rk
h
a
s
b
een
p
a
rtia
lly
su
p
p
o
rted
b
y
C
en
tro
S
tu
d
i
e
L
a
b
o
ra
to
ri
T
ele-

co
m
u
n
ica
zio
n
i
S
.p
.A
.
(C
S
E
L
T
),
Ita
ly.
T
h
e
a
u
th
o
rs
w
ish
to
th
a
n
k
L
u
ca

F
a
n
to
lin
o
fro
m
C
S
E
L
T
fo
r
h
is
in
sig
h
tfu
l
co
m
m
en
ts
d
u
rin
g
th
e
d
ev
elo
p
m
en
t

o
f
th
e
w
o
rk
d
escrib
ed
in
th
is
p
a
p
er.
T
h
e
a
u
th
o
rs
th
a
n
k
a
lso
S
im
o
n
e
M
a
r-

tin
i
e
V
in
cen
zo
F
ra
p
p
ietro
fo
r
th
eir
w
o
rk
o
n
th
e
im
p
lem
en
ta
tio
n
o
f
th
e

sim
u
la
to
r.

R
e
fe
r
e
n
c
e
s

[1
]
J
.
W
ro
claw
sk
i.
T
h
e
u
se
o
f
R
S
V
P
w
ith
IE
T
F
in
teg
ra
ted
serv
ices.
S
ta
n
-

d
a
rd
T
ra
ck
R
F
C
2
2
1
0
,
In
tern
et
E
n
g
in
eerin
g
T
a
sk
F
o
rce,
S
ep
tem
b
er

1
9
9
7
.

[2
]
S
.
S
h
en
k
er,
C
.
P
a
rtrid
g
e,
a
n
d
R
.
G
u
erin
.
S
p
eci�
ca
tio
n
o
f
g
u
a
ra
n
teed

q
u
a
lity
o
f
serv
ice.
S
ta
n
d
a
rd
T
ra
ck
R
F
C
2
2
1
2
,
In
tern
et
E
n
g
in
eerin
g

T
a
sk
F
o
rce,
S
ep
tem
b
er
1
9
9
7
.

[3
]
J
.
W
ro
claw
sk
i.
S
p
eci�
ca
tio
n
o
f
th
e
co
n
tro
lled
-lo
a
d
n
etw
o
rk
elem
en
t

serv
ice.
S
ta
n
d
a
rd
T
ra
ck
R
F
C
2
2
1
1
,
In
tern
et
E
n
g
in
eerin
g
T
a
sk
F
o
rce,

S
ep
tem
b
er
1
9
9
7
.

[4
]
IE
T
F
.
D
i�
eren
tia
ted
S
erv
ices
(d
i�
serv
).

U
R
L
=
h
t
t
p
:
/
/
w
w
w
.
i
e
t
f
.
o
r
g
/
h
t
m
l
.
c
h
a
r
t
e
r
s
/
d
i
f
f
s
e
r
v
-
c
h
a
r
t
e
r
.
h
t
m
l
.

[5
]
A
.
K
.
P
a
rek
h
a
n
d
R
.
G
.
G
a
lla
g
er.
A
g
en
era
lized
p
ro
cesso
r
sh
a
rin
g

a
p
p
ro
a
ch
to

ow
co
n
tro
l
in
in
teg
ra
ted
serv
ices
n
etw
o
rk
s:
T
h
e
sig
le-

n
o
d
e
ca
se.
IE
E
E
/
A
C
M

T
ra
n
sa
ctio
n
s
o
n
N
etw
o
rkin
g,
1
(3
):3
4
4
{
3
5
7
,

J
u
n
e
1
9
9
3
.
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[6
]
J
.
N
a
g
le.
O
n
p
a
ck
et
sw
itch
es
w
ith
in
�
n
ite
sto
ra
g
e.
IE
E
E
T
ra
n
sa
ctio
n
s

o
n
C
o
m
m
u
n
ica
tio
n
s,
3
5
(4
):4
3
5
{
4
3
8
,
A
p
ril
1
9
8
7
.

[7
]
A
.
D
em
ers,
S
.
K
esh
av
,
a
n
d
S
.
S
h
en
k
er.
A
n
a
ly
sis
a
n
d
sim
u
la
tio
n
o
f
a

fa
ir
q
u
eu
in
g
a
lg
o
rith
m
.
A
C
M

C
o
m
p
u
ter
C
o
m
m
u
n
ica
tio
n
R
eview
(S
IG
-

C
O
M
M
'8
9
),
p
a
g
es
3
{
1
2
,
1
9
8
9
.

[8
]
A
.
K
.
P
a
rek
h
a
n
d
R
.
G
.
G
a
lla
g
er.
A
g
en
era
lized
p
ro
cesso
r
sh
a
rin
g

a
p
p
ro
a
ch
to

ow
co
n
tro
l
in
in
teg
ra
ted
serv
ices
n
etw
o
rk
s:
T
h
e
m
u
ltip
le

n
o
d
e
ca
se.
IE
E
E
/
A
C
M

T
ra
n
sa
ctio
n
s
o
n
N
etw
o
rkin
g,
2
(2
):1
3
7
{
1
5
0
,

A
p
ril
1
9
9
4
.

[9
]
V
.
B
o
lo
tin
.
M
o
d
elin
g
ca
ll
h
o
ld
in
g
tim
e
d
istrib
u
tio
n
s
fo
r
C
C
S
n
etw
o
rk

d
esig
n
a
n
d
p
erfo
rm
a
n
ce
a
n
a
ly
sis.
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,
1
2
(3
),
A
p
ril
1
9
9
4
.

[1
0
]
M
.
B
a
ld
i,
D
.
B
erg
a
m
a
sco
,
a
n
d
E
.
G
u
a
ren
e.
A
rch
itectu
ra
l
ch
o
ices
fo
r

p
a
ck
et
sw
itch
ed
telep
h
o
n
e
n
etw
o
rk
s.
In
In
tern
a
tio
n
a
l
S
w
itch
in
g
S
y
m
-

po
siu
m

(IS
S
'9
7
),
S
ep
tem
b
er
1
9
9
7
.
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