
M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Q
oS

 fo
r R

ea
l T

im
e 

A
pp

lic
at

io
ns

 o
ve

r N
ex

t 
G

en
er

at
io

n 
D

at
a 

N
et

w
or

ks
Fi

na
l P

ro
je

ct
 P

re
se

nt
at

io
n

D
ec

em
be

r 8
, 2

00
0

ht
tp

://
w

w
w

.e
ng

r.u
da

yt
on

.e
du

/fa
cu

lty
/m

at
iq

uz
z/

Pr
es

/Q
oS

-fi
na

l.p
df

U
ni

ve
rs

ity
 o

f D
ay

to
n

M
oh

am
m

ed
 A

tiq
uz

za
m

an
 (P

I)
H

ao
w

ei
 B

ai
H

on
gj

un
Su

Jy
ot

sn
a 

C
hi

tri
Fa

ru
qu

e 
Ah

am
ed

N
AS

A 
G

le
nn

W
ill

 Iv
an

ci
c

NASA/TM—2001-210904 185



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Pr
og

re
ss

 o
f t

he
 ta

sk
s

�
Pr

og
re

ss
 to

 d
at

e:
�

Ta
sk

 1
: Q

oS
 in

 In
te

gr
at

ed
 S

er
vi

ce
s 

ov
er

 D
iff

Se
rv

 
ne

tw
or

ks
 (U

D
)

�
Ta

sk
 2

: I
nt

er
co

nn
ec

tin
g 

AT
N

 w
ith

 th
e 

ne
xt

 g
en

er
at

io
n 

In
te

rn
et

 (U
D

)
�

Ta
sk

 3
: Q

oS
 in

 D
iff

Se
rv

 o
ve

r A
TM

 (U
D

)
�

Ta
sk

 4
: I

m
pr

ov
in

g 
Ex

pl
ic

it 
C

on
ge

st
io

n 
N

ot
ifi

ca
tio

n 
w

ith
 

th
e 

M
ar

k-
Fr

on
t S

tra
te

gy
 (O

SU
)

�
Ta

sk
 5

: M
ul

tip
le

xi
ng

 V
BR

 o
ve

r V
BR

 (O
SU

)
�

Ta
sk

 6
: A

ch
ie

vi
ng

 Q
oS

 fo
r T

C
P 

tra
ffi

c 
in

 S
at

el
lit

e 
N

et
w

or
ks

 w
ith

 D
iff

er
en

tia
te

d 
Se

rv
ic

es
 (O

SU
)

�
C

on
cl

us
io

ns

NASA/TM—2001-210904 186



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Ta
sk

 1

Q
oS

 in
 In

te
gr

at
ed

 S
er

vi
ce

s
ov

er
 D

iff
Se

rv
 n

et
w

or
ks

NASA/TM—2001-210904 187



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rgIn
te

gr
at

ed
 S

er
vi

ce
s

�
In

tS
er

v 
is

 o
ne

 o
f m

od
el

s 
pr

op
os

ed
 b

y 
IE

TF
 to

 m
ee

t t
he

 
de

m
an

d 
fo

r e
nd

-to
-e

nd
 Q

oS
 o

ve
r h

et
er

og
en

eo
us

 n
et

w
or

ks
.

�
Th

e 
In

tS
er

v 
m

od
el

 is
 c

ha
ra

ct
er

iz
ed

 b
y 

re
so

ur
ce

 
re

se
rv

at
io

n.

�
In

tS
er

v 
im

pl
em

en
ta

tio
n 

re
qu

ire
s 

R
SV

P 
(R

es
ou

rc
e 

R
es

er
va

tio
n 

Pr
ot

oc
ol

) s
ig

na
lin

g 
an

d 
re

so
ur

ce
 a

llo
ca

tio
ns

 a
t 

ev
er

y 
ne

tw
or

k 
el

em
en

t a
lo

ng
 th

e 
pa

th
.

�
Al

l t
he

 n
et

w
or

k 
el

em
en

ts
 m

us
t b

e 
R

SV
P-

en
ab

le
.

�
Sc

al
ab

ilit
y 

pr
ob

le
m

 b
ec

om
es

 a
 b

ou
nd

 o
n 

its
 im

pl
em

en
ta

tio
n 

fo
r t

he
 e

nt
ire

 In
te

rn
et

.

NASA/TM—2001-210904 188



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

D
iff

er
en

tia
te

d 
Se

rv
ic

es

�
D

iff
Se

rv
 is

 c
ur

re
nt

ly
 b

ei
ng

 s
ta

nd
ar

di
ze

d 
to

 o
ve

rc
om

e 
th

e 
 

sc
al

ab
ilit

y 
is

su
e 

of
 In

tS
er

v.

�
Th

is
 m

od
el

 d
oe

s 
no

t r
eq

ui
re

 s
ig

ni
fic

an
t c

ha
ng

es
 to

 th
e 

ex
is

tin
g 

in
fra

st
ru

ct
ur

e,
 a

nd
 d

oe
s 

no
t n

ee
d 

m
an

y 
ad

di
tio

na
l 

pr
ot

oc
ol

s.

�
Be

ca
us

e 
it 

is
 b

as
ed

 o
n 

th
e 

pr
oc

es
si

ng
 o

f a
gg

re
ga

te
d 

flo
w

s 
(c

la
ss

es
), 

D
iff

Se
rv

 d
oe

s 
no

t c
on

si
de

r t
he

 n
ee

d 
of

 e
nd

 
ap

pl
ic

at
io

ns
. 

NASA/TM—2001-210904 189



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rgIn
tS

er
v 

vs
. D

iff
Se

rv

�
Ad

va
nt

ag
e

of
 In

tS
er

v:
 a

pp
lic

at
io

n 
or

ie
nt

ed
.

�
D

is
ad

va
nt

ag
e

of
 In

tS
er

v:
 s

ca
la

bi
lit

y 
pr

ob
le

m
.

�
Ad

va
nt

ag
e

of
 D

iff
Se

rv
: e

na
bl

es
 s

ca
la

bi
lit

y 
ac

ro
ss

 la
rg

e 
ne

tw
or

ks
.

�
D

is
ad

va
nt

ag
e

of
 D

iff
Se

rv
: d

oe
s 

no
t c

on
si

de
r t

he
 Q

oS
 

re
qu

ire
m

en
ts

 o
f e

nd
 u

se
rs

.

NASA/TM—2001-210904 190



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rgPr
ob

le
m

 S
ta

te
m

en
t

�
W

ith
 th

e 
im

pl
em

en
ta

tio
n 

of
 In

tS
er

v 
fo

r s
m

al
l W

AN
 n

et
w

or
ks

 
an

d 
D

iff
Se

rv
 fo

r t
he

 In
te

rn
et

 b
ac

kb
on

e,
 c

om
bi

ni
ng

 th
e 

ad
va

nt
ag

es
 o

f I
nt

Se
rv

 a
nd

 D
iff

Se
rv

, c
an

 T
C

P/
IP

 tr
af

fic
 m

ee
t 

th
e 

Q
oS

 d
em

an
ds

?

�
C

an
 Q

oS
 b

e 
pr

ov
id

ed
 to

 e
nd

 a
pp

lic
at

io
ns

?

NASA/TM—2001-210904 191



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

O
bj

ec
tiv

e

�
To

 in
ve

st
ig

at
e 

th
e

PO
SS

IB
IL

IT
Y

of
 p

ro
vi

di
ng

 e
nd

-to
-e

nd
 

Q
oS

 w
he

n 
In

tS
er

v 
ru

ns
 o

ve
r D

iff
Se

rv
 b

ac
kb

on
e 

in
 th

e 
ne

xt
 

ge
ne

ra
tio

n 
In

te
rn

et
.

�
To

 p
ro

po
se

 a
 M

AP
PI

N
G

 F
U

N
C

TI
O

N
to

 ru
n 

In
tS

er
v 

ov
er

 
th

e 
D

iff
Se

rv
 b

ac
kb

on
e.

�
To

 s
ho

w
 th

e 
SI

M
U

LA
TI

O
N

 R
ES

U
LT

S
us

ed
 to

 p
ro

ve
 th

at
 

Q
oS

 c
an

 b
e 

ac
hi

ev
ed

 b
y 

en
d 

In
tS

er
v 

ap
pl

ic
at

io
ns

 w
he

n 
ru

nn
in

g 
ov

er
 D

iff
Se

rv
 b

ac
kb

on
e 

in
 th

e 
ne

xt
 g

en
er

at
io

n 
In

te
rn

et
. 

NASA/TM—2001-210904 192



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Po
ss

ib
ili

ty
 o

f E
nd

-to
-e

nd
 Q

oS

�
To

 s
up

po
rt 

th
e 

en
d-

to
-e

nd
 Q

oS
 m

od
el

, t
he

 In
tS

er
v 

ar
ch

ite
ct

ur
e 

m
us

t b
e 

su
pp

or
te

d 
ov

er
 a

 w
id

e 
va

rie
ty

 o
f 

di
ffe

re
nt

 ty
pe

s 
of

 n
et

w
or

k 
el

em
en

ts
.

�
In

 th
is

 c
on

te
xt

, a
 n

et
w

or
k 

th
at

 s
up

po
rts

 D
iff

Se
rv

 m
ay

 b
e 

vi
ew

ed
 a

s 
a 

ne
tw

or
k 

ba
ck

bo
ne

.  

�
C

om
bi

ni
ng

 In
tS

er
v 

an
d 

D
iff

Se
rv

 h
as

 b
ee

n 
pr

op
os

ed
 b

y 
IE

TF
 a

s 
on

e 
of

 th
e 

po
ss

ib
le

 s
ol

ut
io

ns
 to

 a
ch

ie
ve

 e
nd

-to
-e

nd
 

Q
oS

 in
 th

e 
ne

xt
 g

en
er

at
io

n 
In

te
rn

et
.

NASA/TM—2001-210904 193



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Po
ss

ib
ili

ty
 o

f E
nd

-to
-e

nd
 Q

oS
 

(C
on

tin
ue

d)

�
O

bv
io

us
ly

, a
 m

ap
pi

ng
 fu

nc
tio

n 
fro

m
 In

tS
er

v 
flo

w
s 

to
 

D
iff

Se
rv

 c
la

ss
es

 h
as

 to
 b

e 
de

ve
lo

pe
d.

 

NASA/TM—2001-210904 194



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

R
eq

ui
re

m
en

ts
 o

f I
nt

Se
rv

 S
er

vi
ce

s

�
Th

e 
ob

je
ct

iv
e 

of
 G

ua
ra

nt
ee

d 
Se

rv
ic

e:
 to

 a
ch

ie
ve

 a
 b

ou
nd

ed
 

de
la

y,
 w

hi
ch

 m
ea

ns
 it

 d
oe

s 
no

t c
on

tro
l t

he
 m

in
im

al
 o

r 
av

er
ag

e 
de

la
y 

of
 d

at
ag

ra
m

, m
er

el
y 

th
e 

m
ax

im
al

 d
el

ay
.

�
Th

e 
ob

je
ct

iv
e 

of
 C

on
tro

lle
d-

lo
ad

 S
er

vi
ce

: t
o 

ac
hi

ev
e 

lit
tle

 o
r 

no
 d

el
ay

 a
s 

th
at

 p
ro

vi
de

d 
to

 b
es

t-e
ffo

rt 
tra

ffi
c 

un
de

r l
ig

ht
ly

 
lo

ad
ed

 c
on

di
tio

ns
.

�
D

el
ay

: f
ix

ed
 d

el
ay

(s
uc

h 
as

 tr
an

sm
is

si
on

 d
el

ay
) &

 q
ue

ui
ng

 
de

la
y.

 

�
Fi

xe
d 

de
la

y
is

 a
 p

ro
pe

rty
 o

f c
ho

se
n 

pa
th

; q
ue

ui
ng

 d
el

ay
is

 
pr

im
ar

ily
 a

 fu
nc

tio
n 

of
 to

ke
n 

bu
ck

et
an

d 
da

ta
 ra

te
. 

NASA/TM—2001-210904 195



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Ts
pe

c

�
Ts

pe
c:

 a
cc

or
di

ng
 to

 R
FC

 2
21

2 
(G

ua
ra

nt
ee

d 
se

rv
ic

e)
 a

nd
 

R
FC

 2
21

1 
(C

on
tro

lle
d-

lo
ad

 s
er

vi
ce

), 
Ts

pe
c

ta
ke

s 
th

e 
fo

rm
 

of
: �

a 
to

ke
n 

bu
ck

et
 s

pe
ci

fic
at

io
n,

 i.
e.

,  
bu

ck
et

 ra
te

 (r
) a

nd
 b

uc
ke

t 
de

pt
h 

(b
), 

an
d

�
a 

pe
ak

 ra
te

 (p
), 

a 
m

in
im

um
 p

ol
ic

ed
 u

ni
t (

m
) a

nd
 a

 m
ax

im
um

da
ta

gr
am

si
ze

 (M
).

B
uc

ke
t D

ep
th

 b

In
co

m
in

g 
T

ok
en

 
r 

(t
ok

en
/S

ec
)

In
co

m
in

g
T

ra
ffi

c
P

NASA/TM—2001-210904 196



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

R
es

ou
rc

e 
R

es
er

va
tio

n

�
In

 In
tS

er
v,

 re
so

ur
ce

 re
se

rv
at

io
n 

ar
e 

m
ad

e 
by

 re
qu

es
tin

g 
a 

se
rv

ic
e 

ty
pe

 s
pe

ci
fie

d 
by

 a
 s

et
  o

f q
ua

nt
ita

tiv
e 

pa
ra

m
et

er
s 

kn
ow

n 
as

Ts
pe

c
(T

ra
ffi

c 
Sp

ec
ifi

ca
tio

n)
.

�
Ea

ch
 s

et
 o

f p
ar

am
et

er
s 

de
te

rm
in

es
 a

n 
ap

pr
op

ria
te

 p
rio

rit
y 

le
ve

l.

NASA/TM—2001-210904 197



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

M
ap

pi
ng

 C
on

si
de

ra
tio

ns

�
PH

Bs
in

 D
iff

Se
rv

 d
om

ai
n 

m
us

t b
e 

ap
pr

op
ria

te
ly

 s
el

ec
te

d 
fo

r 
ea

ch
 re

qu
es

te
d 

se
rv

ic
e 

in
 In

tS
er

v 
do

m
ai

n.
 

�
Th

e 
re

qu
ire

d 
po

lic
in

g,
 s

ha
pi

ng
 a

nd
 m

ar
ki

ng
 m

us
t b

e 
do

ne
 

at
 th

e 
ed

ge
 ro

ut
er

 o
f t

he
 D

iff
Se

rv
 d

om
ai

n.

�
Ta

ki
ng

 in
to

 a
cc

ou
nt

 th
e 

re
so

ur
ce

 a
va

ila
bi

lit
y 

in
 D

iff
Se

rv
 

do
m

ai
n,

 a
dm

is
si

on
 c

on
tro

l m
us

t b
e 

im
pl

em
en

te
d 

fo
r 

re
qu

es
te

d 
tra

ffi
c 

in
 In

tS
er

v 
do

m
ai

n.

NASA/TM—2001-210904 198



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Pr
op

os
ed

 In
tS

er
v 

to
 D

iff
Se

rv
 M

ap
pi

ng
 

�
In

 th
is

 s
tu

dy
, w

e 
pr

op
os

e 
to

 m
ap

 

�
G

ua
ra

nt
ee

d 
se

rv
ic

e
to

 E
F

PH
B 

an
d 

�
C

on
tr

ol
le

d-
lo

ad
se

rv
ic

e 
to

 A
F

PH
Bs

.

NASA/TM—2001-210904 199



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rgM
ap

pi
ng

 F
un

ct
io

n

�
M

ap
pi

ng
 fu

nc
tio

n:
 a

 fu
nc

tio
n 

w
hi

ch
 is

 u
se

d 
to

 a
ss

ig
n 

an
 

ap
pr

op
ria

te
 D

SC
P 

(D
iff

Se
rv

C
od

ep
oi

nt
) t

o 
a 

flo
w

 s
pe

ci
fie

d 
by

Ts
pe

c
pa

ra
m

et
er

s 
in

 In
tS

er
v

do
m

ai
n.

 

�
Th

e 
M

ap
pi

ng
 fu

nc
tio

n 
sh

ou
ld

 e
ns

ur
e

th
at

 th
e 

re
qu

ire
d 

Q
oS

 
co

ul
d 

be
 a

ch
ie

ve
d 

fo
r I

nt
Se

rv
 w

he
n 

ru
nn

in
g 

ov
er

 D
iff

Se
rv

 
do

m
ai

n.
   

NASA/TM—2001-210904 200



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

M
ap

pi
ng

 F
un

ct
io

n 
(C

on
tin

ue
d)

�
Ea

ch
 p

ac
ke

t i
n 

th
e 

flo
w

 fr
om

 th
e 

In
tS

er
v 

do
m

ai
n 

ha
s 

a 
flo

w
 

ID
in

di
ca

te
d 

by
 th

e 
va

lu
e 

of
 fl

ow
-id

 fi
el

d 
in

 th
e 

IP
 h

ea
de

r.

0
4

8
16

24
31

V
er

s
T

C
la

ss
P

ay
lo

ad
 L

en
gt

h
N

ex
t H

ea
de

r
H

op
 L

im
it

S
ou

rc
e

A
dd

re
ss

D
es

tin
at

io
n

A
dd

re
ss

F
lo

w
 ID

40
-o

ct
et

 IP
v6

 b
as

e 
he

ad
er

NASA/TM—2001-210904 201



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

M
ap

pi
ng

 F
un

ct
io

n 
(C

on
tin

ue
d)

�
Th

e 
flo

w
 ID

 a
ttr

ib
ut

ed
 w

ith
 th

e
Ts

pe
c

pa
ra

m
et

er
s 

is
 u

se
d 

to
 

de
te

rm
in

e 
w

hi
ch

 fl
ow

 th
e 

pa
ck

et
 b

el
on

gs
 to

.

�
It 

is
 p

os
si

bl
e 

fo
r d

iff
er

en
t s

en
de

rs
 to

 u
se

 th
e 

sa
m

e
Ts

pe
c

pa
ra

m
et

er
s 

to
 re

qu
es

t s
er

vi
ce

. H
ow

ev
er

, t
he

y 
ar

e 
di

ffe
re

nt
ia

te
d 

by
 th

e 
flo

w
 ID

. F
lo

w
 ID

 is
 u

ni
qu

e.
 

�
It 

is
 a

ls
o 

po
ss

ib
le

 th
at

 d
iff

er
en

t f
lo

w
s 

ca
n 

be
 m

ap
pe

d 
to

 th
e 

sa
m

e 
PH

B 
in

 th
e 

D
iff

Se
rv

 d
om

ai
n.

 

NASA/TM—2001-210904 202



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

A
n 

Ex
am

pl
e 

M
ap

pi
ng

 F
un

ct
io

n

�
An

 e
xa

m
pl

e 
m

ap
pi

ng
 fu

nc
tio

n 
us

ed
 in

 o
ur

 s
im

ul
at

io
n

00
10

10
AF

11
4

r=
0.

5 
M

b,
 b

=8
00

0 
by

te
s

00
10

10
AF

11
3

r=
0.

5 
M

b,
 b

=8
00

0 
by

te
s

00
10

10
AF

11
2

r=
0.

5 
M

b,
 b

=8
00

0 
by

te
s

10
11

10
EF

1
r=

0.
7 

M
b,

 b
=5

00
0 

by
te

s
10

11
10

EF
0

r=
0.

7 
M

b,
b=

50
00

 b
yt

es
D

SC
P

PH
B

Fl
ow

 ID
Ts

pe
c

NASA/TM—2001-210904 203



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

H
ow

 D
oe

s 
th

e 
M

ap
pi

ng
 F

un
ct

io
n 

W
or

k?

�
Pa

ck
et

s 
sp

ec
ifi

ed
 b

y
Ts

pe
c

pa
ra

m
et

er
s 

an
d 

Fl
ow

 ID
 a

re
 

fir
st

 m
ap

pe
d 

to
 th

e 
co

rre
sp

on
di

ng
PH

Bs
in

 th
e 

D
iff

Se
rv

 
do

m
ai

n 
by

 a
pp

ro
pr

ia
te

ly
 a

ss
ig

ni
ng

 a
 D

SC
P 

ac
co

rd
in

g 
to

 
th

e 
m

ap
pi

ng
 fu

nc
tio

n.

�
Pa

ck
et

s 
ar

e 
th

en
 ro

ut
ed

 in
 th

e 
D

iff
Se

rv
 d

om
ai

n 
w

he
re

 th
ey

 
re

ce
iv

e 
tre

at
m

en
ts

 b
as

ed
 o

n 
th

ei
r D

SC
P 

co
de

.

NASA/TM—2001-210904 204



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Si
m

ul
at

io
n 

C
on

fig
ur

at
io

ns

�
Si

m
ul

at
io

n 
to

ol
: B

er
ke

le
y 

ns
V2

.1
b6

�
Si

m
ul

at
io

n 
co

nf
ig

ur
at

io
n. D
S

R
o
u
te

r
D

S
R

o
u
te

r
5
M

b
,1

m
s

2Mb, 0.1ms

2Mb, 0.1ms

2M
b,

 0
.1

ms

2
M

b
,

0
.1

m
s

2Mb, 0.1ms

2Mb, 0.1ms

2Mb, 0.1ms

2M
b,

0.
1m

s

T
w

o
G

u
a

ra
n

te
e

d
s
e

rv
ic

e
S

o
u

rc
e

s
 

T
h

re
e

C
o

n
tr

o
lle

d
-l
o

a
d

S
o

u
rc

e
s
 

F
iv

e
B

e
s
t-

e
ff

o
rt

S
o

u
rc

e
s

In
tS

e
rv

D
e
s
ti
n
a
ti
o
n
s

In
tS

e
rv

S
o
u
rc

e
s

0 1 2 4 5 9

0 1 2 4 5 9

NASA/TM—2001-210904 205



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

�
W

e 
in

te
gr

at
ed

 th
e 

m
ap

pi
ng

 fu
nc

tio
n 

in
to

 th
e 

ed
ge

 D
iff

Se
rv

 
ro

ut
er

. Si
m

ul
at

io
n 

C
on

fig
ur

at
io

n 
(C

on
tin

ue
d)

Q
ue

ue
in

g

M
F

C
la

ss
ifi

er
M

ar
ke

r
M

ap
pi

ng
F

un
ct

io
n

T
ra

ffi
c

C
on

di
tio

ne
r

T
ra

ffi
c 

M
et

er

In
gr

es
s

R
ou

te
r

C
or

e
R

ou
te

r

B
A

C
la

ss
ifi

er
A

dm
is

si
on

 C
on

tr
ol

NASA/TM—2001-210904 206



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Si
m

ul
at

io
n 

C
on

fig
ur

at
io

ns
 (C

on
tin

ue
d)

�
C

on
fig

ur
at

io
n 

of
 q

ue
ue

s 
 in

si
de

 th
e 

co
re

 D
iff

Se
rv

 ro
ut

er
.

�
Si

nc
e 

th
e 

ba
nd

w
id

th
 o

f b
ot

tle
ne

ck
 li

nk
 is

 5
M

b,
 th

e 
ab

ov
e 

sc
he

du
lin

g 
w

ei
gh

t i
m

pl
ie

s 
ba

nd
w

id
th

 o
f 

�
EF

: 2
M

b
�

AF
: 2

M
b

�
BE

: 1
M

b

0.
2

R
ED

B
E 

Q
ue

ue
0.

4
R

IO
AF

 Q
ue

ue
0.

4
PQ

-T
ai

l d
ro

p
EF

 Q
ue

ue

Sc
he

du
le

r 
w

ei
gh

t
Q

ue
ue

 T
yp

e

NASA/TM—2001-210904 207



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Pe
rf

or
m

an
ce

 C
rit

er
ia

�
G

oo
dp

ut
of

 e
ac

h 
In

tS
er

v 
so

ur
ce

.

�
Q

ue
ue

 s
iz

e 
of

 e
ac

h 
qu

eu
e 

in
 th

e 
D

iff
Se

rv
 c

or
e 

ro
ut

er
. 

�
D

ro
p 

ra
tio

at
 s

ch
ed

ul
er

.

�
N

on
-c

on
fo

rm
an

t r
at

io
: t

he
 ra

tio
 o

f n
on

-c
on

fo
rm

an
t 

pa
ck

et
s 

as
 c

om
pa

re
d 

to
 in

-p
ro

fil
e 

pa
ck

et
s.

NASA/TM—2001-210904 208



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

�
C

as
e 

1:
 N

o 
co

ng
es

tio
n;

 n
o 

ex
ce

ss
iv

e 
tr

af
fic

.

�
Tw

o 
G

ua
ra

nt
ee

d 
se

rv
ic

e 
so

ur
ce

s 
ge

ne
ra

te
 1

.4
M

b 
tra

ffi
c 

w
hi

ch
 is

 le
ss

 th
an

 th
e 

sc
he

du
le

d 
ba

nd
w

id
th

 (2
M

b)
   

   
N

o 
co

ng
es

tio
n.

�
So

ur
ce

 ra
te

 is
 e

qu
al

 to
 th

e 
bu

ck
et

 ra
te

   
   

N
o 

ex
ce

ss
iv

e 
tr

af
fic

.Q
oS

 O
bt

ai
ne

d 
by

 G
ua

ra
nt

ee
d 

Se
rv

ic
e:

 
C

as
e 

1

0.
7M

b
0.

7M
b

So
ur

ce
 

R
at

e

0.
7M

b
0.

7M
b

To
ke

n 
R

at
eR

es
ou

rc
e 

R
es

er
va

tio
n

50
00

by
te

s
50

00
by

te
s

B
uc

ke
t 

D
ep

th

G
ua

ra
nt

ee
d 

Se
rv

ic
e

G
ua

ra
nt

ee
d 

Se
rv

ic
e

So
ur

ce
 T

yp
e

10

So
ur

ce
 

N
O

.

NASA/TM—2001-210904 209



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

G
oo

dp
ut

of
 G

ua
ra

nt
ee

d 
Se

rv
ic

e:
 

C
as

e 
1

�
Si

m
ul

at
io

n 
re

su
lts

 o
f C

as
e 

1:
G

oo
dp

ut
of

 e
ac

h 
G

ua
ra

nt
ee

d 
Se

rv
ic

e 
so

ur
ce

.

�
O

bs
er

va
tio

n:
th

e 
go

od
pu

to
f e

ac
h 

so
ur

ce
 is

 a
lm

os
t e

qu
al

 
to

 th
e 

co
rre

sp
on

di
ng

 s
ou

rc
e 

ra
te

.

69
9.

80
1

1
69

9.
82

0
0

C
as

e 
1 

(K
b/

S)
Fl

ow
 

ID
So

ur
ce

 
N

o.

NASA/TM—2001-210904 210



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

D
ro

p 
R

at
io

 o
f G

ua
ra

nt
ee

d 
Se

rv
ic

e:
 

C
as

e 
1

�
Si

m
ul

at
io

n 
re

su
lts

 o
f C

as
e 

1:
 D

ro
p 

ra
tio

 o
f  

G
ua

ra
nt

ee
d 

Se
rv

ic
e 

tr
af

fic
 (m

ea
su

re
d 

at
 s

ch
ed

ul
er

).

�
O

bs
er

va
tio

n:
si

nc
e 

th
er

e 
is

 n
o 

si
gn

ifi
ca

nt
 c

on
ge

st
io

n,
 th

e 
dr

op
 ra

tio
 is

 z
er

o.
 

0.
00

G
ua

ra
nt

ee
d 

Se
rv

ic
e

C
as

e 
1

Ty
pe

 o
f t

ra
ffi

c

NASA/TM—2001-210904 211



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

N
on

-c
on

fo
rm

an
t R

at
io

 o
f G

ua
ra

nt
ee

d 
Se

rv
ic

e:
 C

as
e 

1

�
Si

m
ul

at
io

n 
re

su
lts

 o
f C

as
e 

1:
 n

on
-c

on
fo

rm
an

t r
at

io
 o

f 
ea

ch
 G

ua
ra

nt
ee

d 
Se

rv
ic

e 
so

ur
ce

.

�
O

bs
er

va
tio

ns
:s

in
ce

th
er

e 
is

 n
o 

ex
ce

ss
iv

e 
tra

ffi
c,

 th
e 

no
n-

co
nf

or
m

an
t r

at
io

 is
 z

er
o.

0.
00

1
1

0.
00

0
0

C
as

e 
1 

Fl
ow

 
ID

So
ur

ce
 

N
o.

NASA/TM—2001-210904 212



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Q
ue

ue
 S

iz
e 

Pl
ot

: C
as

e 
1

Q
u

eu
eS

iz
eV

S
.T

im
e

C
L

(A
F

1
1

)q
.t

r

B
E

(B
E

)q
.t

r

G
L

(E
F

)q
.t

r

Q
u

e
u
e
S

iz
e

T
im

e

0
.0

0
0
0

0
.5

0
0
0

1
.0

0
0
0

1
.5

0
0
0

2
.0

0
0
0

2
.5

0
0
0

3
.0

0
0
0

3
.5

0
0
0

4
.0

0
0
0

4
.5

0
0
0

5
.0

0
0
0

0
.0

0
0

0
2

0
.0

0
0

0
4

0
.0

0
0

0
6

0
.0

0
0

0
8

0
.0

0
0

0
1

0
0
.0

0
0

0

NASA/TM—2001-210904 213



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Q
ue

ue
 S

iz
e 

Pl
ot

: C
as

e 
1 

(C
on

tin
ue

d)

�
O

bs
er

va
tio

ns
:

�
Si

nc
e 

C
as

e 
1 

is
 a

n 
id

ea
l c

as
e,

 th
e 

si
ze

 o
f e

ac
h 

qu
eu

e 
is

 
ve

ry
 s

m
al

l. 

�
BE

 q
ue

ue
 h

as
 th

e 
la

rg
es

t j
itt

er
.

NASA/TM—2001-210904 214



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

�
C

as
e 

2:
 N

o 
co

ng
es

tio
n;

 s
ou

rc
e 

1 
ge

ne
ra

te
s 

ex
ce

ss
iv

e 
tr

af
fic

.

�
Tw

o 
G

ua
ra

nt
ee

d 
se

rv
ic

e 
so

ur
ce

s 
ge

ne
ra

te
 1

.6
M

b 
tra

ffi
c 

w
hi

ch
 is

 le
ss

 th
an

 th
e 

sc
he

du
le

d 
ba

nd
w

id
th

 (2
M

b)
   

   
N

o 
co

ng
es

tio
n.

�
So

ur
ce

 ra
te

 o
f s

ou
rc

e 
1 

(0
.9

 M
b)

 is
 g

re
at

er
 th

an
 th

e 
bu

ck
et

 
ra

te
 (0

.7
M

b)
   

   
So

ur
ce

 1
 g

en
er

at
es

 e
xc

es
si

ve
 tr

af
fic

.

Q
oS

 O
bt

ai
ne

d 
by

 G
ua

ra
nt

ee
d 

Se
rv

ic
e:

 
C

as
e 

2

0.
9M

b
0.

7M
b

So
ur

ce
 

R
at

e

0.
7M

b
0.

7M
b

To
ke

n 
R

at
eR

es
ou

rc
e 

R
es

er
va

tio
n

50
00

by
te

s
50

00
by

te
s

B
uc

ke
t 

D
ep

th

G
ua

ra
nt

ee
d 

Se
rv

ic
e

G
ua

ra
nt

ee
d 

Se
rv

ic
e

So
ur

ce
 T

yp
e

10

So
ur

ce
 

N
O

.

NASA/TM—2001-210904 215



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

G
oo

dp
ut

 o
f G

ua
ra

nt
ee

d 
Se

rv
ic

e:
C

as
e 

2

�
Si

m
ul

at
io

n 
re

su
lts

 o
f C

as
e 

2:
 G

oo
dp

ut
of

 e
ac

h 
G

ua
ra

nt
ee

d 
Se

rv
ic

e 
so

ur
ce

.

�
O

bs
er

va
tio

ns
:t

he
 g

oo
dp

ut
of

 s
ou

rc
e 

0 
is

 a
lm

os
t e

qu
al

 to
 

th
e 

co
rre

sp
on

di
ng

 s
ou

rc
e 

ra
te

; h
ow

ev
er

, t
he

 g
oo

dp
ut

 o
f 

so
ur

ce
 1

 is
 e

qu
al

 to
 it

s 
to

ke
n 

ra
te

, 0
.7

M
b,

 in
st

ea
d 

of
 it

s 
so

ur
ce

 ra
te

, 0
.9

M
b.

69
9.

64
69

9.
80

1
1

69
9.

80
69

9.
83

0
0

C
as

e 
2 

(K
b/

S)
C

as
e 

1 
(K

b/
S)

Fl
ow

 
ID

So
ur

ce
 

N
o.

NASA/TM—2001-210904 216



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

D
ro

p 
R

at
io

 o
f G

ua
ra

nt
ee

d 
Se

rv
ic

e:
C

as
e 

2

�
Si

m
ul

at
io

n 
re

su
lts

 o
f C

as
e 

2:
 D

ro
p 

ra
tio

 o
f  

G
ua

ra
nt

ee
d 

Se
rv

ic
e 

tr
af

fic
 (m

ea
su

re
d 

at
 s

ch
ed

ul
er

).

�
O

bs
er

va
tio

n:
si

nc
e 

th
er

e 
is

 n
o 

si
gn

ifi
ca

nt
 c

on
ge

st
io

n,
 th

e 
dr

op
 ra

tio
 is

 z
er

o.
 

0.
00

0.
00

G
ua

ra
nt

ee
d 

Se
rv

ic
e

C
as

e 
2

C
as

e 
1

Ty
pe

 o
f t

ra
ffi

c

NASA/TM—2001-210904 217



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

N
on

-c
on

fo
rm

an
t R

at
io

 G
ua

ra
nt

ee
d 

Se
rv

ic
e:

 C
as

e 
2

�
Si

m
ul

at
io

n 
re

su
lts

 o
f C

as
e 

2:
 n

on
-c

on
fo

rm
an

t r
at

io
 o

f 
ea

ch
 G

ua
ra

nt
ee

d 
Se

rv
ic

e 
so

ur
ce

.

�
O

bs
er

va
tio

n:
si

nc
e

so
ur

ce
 1

 g
en

er
at

es
 e

xc
es

si
ve

 tr
af

fic
, 

its
 n

on
-c

on
fo

rm
an

t r
at

io
 is

 in
cr

ea
se

d,
 c

om
pa

re
d 

to
 C

as
e 

1.

0.
22

0.
00

1
1

0.
00

0.
00

0
0

C
as

e 
2 

C
as

e 
1 

Fl
ow

 
ID

So
ur

ce
 

N
o.

NASA/TM—2001-210904 218



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Q
ue

ue
 S

iz
e 

Pl
ot

: C
as

e 
2

Q
u

eu
eS

iz
eV

S
.T

im
e

C
L

(A
F

1
1
)q

.t
r

B
E

(B
E

)q
.t

r

G
L

(E
F

)q
.t

r

Q
u

eu
eS

iz
e

T
im

e

0
.0

0
0

0

0
.5

0
0

0

1
.0

0
0

0

1
.5

0
0

0

2
.0

0
0

0

2
.5

0
0

0

3
.0

0
0

0

3
.5

0
0

0

4
.0

0
0

0

4
.5

0
0

0

5
.0

0
0

0

0
.0

0
0

0
2
0
.0

0
0
0

4
0
.0

0
0
0

6
0
.0

0
0
0

8
0
.0

0
0
0

1
0
0
.0

0
0
0

NASA/TM—2001-210904 219



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Q
ue

ue
 S

iz
e 

Pl
ot

: C
as

e 
2 

(C
on

tin
ue

d)

�
O

bs
er

va
tio

ns
:

�
In

 th
is

 c
as

e,
 B

E 
qu

eu
e 

ha
s 

th
e 

la
rg

es
t s

iz
e 

an
d 

jit
te

r; 

�
G

ua
ra

nt
ee

d 
se

rv
ic

e 
qu

eu
e 

ha
s 

th
e 

sm
al

le
st

 s
iz

e 
an

d 
jit

te
r. 

�
In

 a
dd

iti
on

, c
om

pa
re

d 
w

ith
 C

as
e 

1,
 th

e 
up

pe
r b

ou
nd

 o
f 

G
ua

ra
nt

ee
d 

qu
eu

e 
si

ze
 is

 g
ua

ra
nt

ee
d.

NASA/TM—2001-210904 220



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

�
C

as
e 

3:
 G

ua
ra

nt
ee

d 
se

rv
ic

e 
ge

ts
 in

to
 c

on
ge

st
io

n;
 n

o 
ex

ce
ss

iv
e 

tr
af

fic
---

-e
va

lu
at

io
n 

un
de

r c
on

ge
st

io
n.

�
Tw

o 
G

ua
ra

nt
ee

d 
se

rv
ic

e 
so

ur
ce

s 
ge

ne
ra

te
 2

.7
M

b 
tra

ffi
c 

w
hi

ch
 is

 g
re

at
er

 th
an

 th
e 

sc
he

du
le

d 
ba

nd
w

id
th

 (2
M

b)
 

G
ua

ra
nt

ee
d 

se
rv

ic
e 

ge
ts

 in
to

 c
on

ge
st

io
n.

�
So

ur
ce

 ra
te

 is
 e

qu
al

 to
 th

e 
bu

ck
et

 ra
te

   
   

 N
o 

ex
ce

ss
iv

e 
tr

af
fic

.Q
oS

 O
bt

ai
ne

d 
by

 G
ua

ra
nt

ee
d 

Se
rv

ic
e:

 
C

as
e 

3

2M
b

0.
7M

b

So
ur

ce
 

R
at

e

2M
b

0.
7M

b

To
ke

n 
R

at
eR

es
ou

rc
e 

R
es

er
va

tio
n

50
00

by
te

s
50

00
by

te
s

B
uc

ke
t 

D
ep

th

G
ua

ra
nt

ee
d 

Se
rv

ic
e

G
ua

ra
nt

ee
d 

Se
rv

ic
e

So
ur

ce
 T

yp
e

10

So
ur

ce
 

N
O

.

NASA/TM—2001-210904 221



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

G
oo

dp
ut

 o
f G

ua
ra

nt
ee

d 
Se

rv
ic

e:
 

C
as

e 
3

�
Si

m
ul

at
io

n 
re

su
lts

 o
f C

as
e 

3:
 G

oo
dp

ut
of

 e
ac

h 
G

ua
ra

nt
ee

d 
Se

rv
ic

e 
so

ur
ce

.

�
O

bs
er

va
tio

n:
th

e 
to

ta
lg

oo
dp

ut
of

 tw
o 

so
ur

ce
s 

is
 li

m
ite

d 
by

 
th

e 
sc

he
du

le
d 

ba
nd

w
id

th
, 2

M
b,

 in
st

ea
d 

of
 2

.7
M

b.
 

15
40

.1
40

0
69

9.
63

59
69

9.
80

39
1

1
45

9.
87

90
69

9.
80

39
69

9.
82

50
0

0

C
as

e 
3 

(K
b/

S)
C

as
e 

2 
(K

b/
S)

C
as

e 
1 

(K
b/

S)
Fl

ow
 

ID
So

ur
ce

 
N

o.

NASA/TM—2001-210904 222



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

D
ro

p 
R

at
io

 o
f G

ua
ra

nt
ee

d 
Se

rv
ic

e:
 

C
as

e 
3

�
Si

m
ul

at
io

n 
re

su
lts

 o
f C

as
e 

3:
 D

ro
p 

ra
tio

 o
f  

G
ua

ra
nt

ee
d 

Se
rv

ic
e 

tr
af

fic
 (m

ea
su

re
d 

at
 s

ch
ed

ul
er

).

�
O

bs
er

va
tio

n:
th

e 
dr

op
 ra

tio
 is

 in
cr

ea
se

d.
 

0.
26

0.
00

0.
00

G
ua

ra
nt

ee
d 

Se
rv

ic
e

C
as

e 
3

C
as

e 
2

C
as

e 
1

Ty
pe

 o
f t

ra
ffi

c

NASA/TM—2001-210904 223



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

N
on

-c
on

fo
rm

an
t R

at
io

 o
f  

G
ua

ra
nt

ee
d 

Se
rv

ic
e:

 C
as

e 
3

�
Si

m
ul

at
io

n 
re

su
lts

 o
f C

as
e 

3:
 n

on
-c

on
fo

rm
an

t r
at

io
 o

f 
ea

ch
 G

ua
ra

nt
ee

d 
Se

rv
ic

e 
so

ur
ce

.

�
O

bs
er

va
tio

ns
:s

in
ce

th
er

e 
is

 n
o 

ex
ce

ss
iv

e 
tra

ffi
c,

 th
e 

no
n-

co
nf

or
m

an
t r

at
io

 is
 z

er
o.

0.
00

0.
22

0.
00

1
1

0.
00

0.
00

0.
00

0
0

C
as

e 
3 

C
as

e 
2 

C
as

e 
1 

Fl
ow

 
ID

So
ur

ce
 

N
o.

NASA/TM—2001-210904 224



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Q
ue

ue
 S

iz
e 

Pl
ot

: C
as

e 
3

Q
u

eu
eS

iz
eV

S
.T

im
e

C
L

(A
F

1
1

)q
.t

r

B
E

(B
E

)q
.t

r

G
L

(E
F

)q
.t

r

Q
u
e
u
e
S

iz
e

T
im

e

0
.0

0
0
0

0
.5

0
0
0

1
.0

0
0
0

1
.5

0
0
0

2
.0

0
0
0

2
.5

0
0
0

3
.0

0
0
0

3
.5

0
0
0

4
.0

0
0
0

4
.5

0
0
0

5
.0

0
0
0

5
.5

0
0
0

6
.0

0
0
0

6
.5

0
0
0

7
.0

0
0
0

7
.5

0
0
0

8
.0

0
0
0

8
.5

0
0
0

9
.0

0
0
0

9
.5

0
0
0

1
0
.0

0
0
0

0
.0

0
0
0

2
0
.0

0
0
0

4
0
.0

0
0
0

6
0
.0

0
0
0

8
0
.0

0
0
0

1
0
0
.0

0
0
0

NASA/TM—2001-210904 225



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Q
ue

ue
 S

iz
e 

Pl
ot

: C
as

e 
3 

(C
on

tin
ue

d)

�
O

bs
er

va
tio

ns
:s

in
ce

 w
e 

in
cr

ea
se

d 
th

e 
so

ur
ce

 ra
te

 a
nd

 
to

ke
n 

ra
te

 o
f s

ou
rc

e 
1 

in
 o

rd
er

 to
 m

ak
e 

G
ua

ra
nt

ee
d 

se
rv

ic
e 

co
ng

es
te

d,
 it

 is
 re

as
on

ab
le

 th
at

 th
e 

up
pe

r b
ou

nd
 o

f 
G

ua
ra

nt
ee

d 
se

rv
ic

e 
qu

eu
e 

si
ze

 is
 in

cr
ea

se
d.

NASA/TM—2001-210904 226



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

�
N

o 
co

ng
es

tio
n;

 s
ou

rc
e 

3 
ge

ne
ra

te
s 

ex
ce

ss
iv

e 
tr

af
fic

. 
(S

im
ila

r t
o 

C
as

e 
2 

of
 G

ua
ra

nt
ee

d 
Se

rv
ic

e)

�
To

ta
l s

ou
rc

e 
ra

te
 is

 1
.7

M
b,

 le
ss

 th
an

 th
e 

sc
he

du
le

d 
ba

nd
w

id
th

 (2
M

b)
   

   
 N

o 
co

ng
es

tio
n.

�
So

ur
ce

 ra
te

 o
f s

ou
rc

e 
3 

(0
.7

 M
b)

 is
 g

re
at

er
 th

an
 it

s 
bu

ck
et

 
ra

te
 (0

.5
M

b)
   

   
 S

ou
rc

e 
3 

ge
ne

ra
te

s 
ex

ce
ss

iv
e 

tr
af

fic
.

Q
oS

 O
bt

ai
ne

d 
by

 
C

on
tr

ol
le

d-
lo

ad
 S

er
vi

ce

80
00

by
te

s
0.

5M
b

0.
7M

b
C

on
tro

lle
d-

lo
ad

 S
er

vi
ce

3
80

00
by

te
s

0.
5M

b
0.

5M
b

C
on

tro
lle

d-
lo

ad
 S

er
vi

ce
4

0.
5M

b

So
ur

ce
 

R
at

e

0.
5M

b

To
ke

n 
R

at
eR

es
ou

rc
e 

R
es

er
va

tio
n

80
00

by
te

s

B
uc

ke
t 

D
ep

th

C
on

tro
lle

d-
lo

ad
 S

er
vi

ce

So
ur

ce
 T

yp
e

2

So
ur

ce
 

N
O

.

NASA/TM—2001-210904 227



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

G
oo

dp
ut

 o
f C

on
tr

ol
le

d-
lo

ad
 S

er
vi

ce

�
Si

m
ul

at
io

n 
re

su
lts

: G
oo

dp
ut

of
 e

ac
h 

G
ua

ra
nt

ee
d 

Se
rv

ic
e 

so
ur

ce
.

�
O

bs
er

va
tio

ns
:t

he
go

od
pu

to
f e

ac
h 

so
ur

ce
  i

s 
al

m
os

t e
qu

al
 

to
 th

e 
co

rre
sp

on
di

ng
 s

ou
rc

e 
ra

te
, w

hi
ch

 is
 d

iff
er

en
t f

ro
m

 
C

as
e 

2 
of

 G
ua

ra
nt

ee
d 

se
rv

ic
e.

�
Th

is
 is

 b
ec

au
se

th
e 

no
n-

co
nf

or
m

an
t p

ac
ke

ts
 a

re
 d

eg
ra

de
d 

an
d 

th
en

 fo
rw

ar
de

d.
 (P

ro
po

se
d 

as
 o

ne
 o

f t
he

 fo
rw

ar
di

ng
 

sc
he

m
e 

fo
r n

on
-c

on
fo

rm
an

t p
ac

ke
ts

 b
y 

R
FC

22
11

)

70
0.

01
40

3
3

49
9.

98
89

4
4

49
9.

98
89

2
2

G
oo

dp
ut

(K
b/

S)
Fl

ow
 

ID
So

ur
ce

 
N

o.

NASA/TM—2001-210904 228



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

D
ro

p 
R

at
io

 o
f C

on
tr

ol
le

d-
lo

ad
 S

er
vi

ce

�
Si

m
ul

at
io

n 
re

su
lts

: D
ro

p 
ra

tio
 o

f  
G

ua
ra

nt
ee

d 
Se

rv
ic

e 
tr

af
fic

 (m
ea

su
re

d 
at

 s
ch

ed
ul

er
).

�
O

bs
er

va
tio

ns
:s

in
ce

 th
er

e 
is

 n
o 

si
gn

ifi
ca

nt
 c

on
ge

st
io

n,
 th

e 
dr

op
 ra

tio
 is

 z
er

o.
 

0.
00

00
C

on
tro

lle
d-

lo
ad

 S
er

vi
ce

D
ro

p 
ra

tio
Ty

pe
 o

f t
ra

ffi
c

NASA/TM—2001-210904 229



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

N
on

-c
on

fo
rm

an
t R

at
io

 o
f 

C
on

tr
ol

le
d-

lo
ad

 S
er

vi
ce

�
Si

m
ul

at
io

n 
re

su
lts

: n
on

-c
on

fo
rm

an
t r

at
io

 o
f e

ac
h 

G
ua

ra
nt

ee
d 

Se
rv

ic
e 

so
ur

ce
.

�
O

bs
er

va
tio

ns
:s

in
ce

so
ur

ce
 3

 g
en

er
at

es
 e

xc
es

si
ve

 tr
af

fic
, 

its
 n

on
-c

on
fo

rm
an

t r
at

io
 is

 m
uc

h 
hi

gh
er

 th
an

 o
th

er
 tw

o’
s.

0.
28

59
3

3
3

0.
00

00
0

4
4

0.
00

00
0

2
2

N
on

-c
on

fo
rm

an
t 

R
at

io
Fl

ow
 

ID
So

ur
ce

 
N

o.

NASA/TM—2001-210904 230



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Q
ue

ue
 S

iz
e 

Pl
ot

Q
u

eu
eS

iz
eV

S
.T

im
e

C
L

(A
F

1
1

)q
.t

r

B
E

(B
E

)q
.t

r

G
L

(E
F

)q
.t

r

Q
u

e
u

e
S

iz
e

T
im

e

0
.0

0
0

0

0
.5

0
0

0

1
.0

0
0

0

1
.5

0
0

0

2
.0

0
0

0

2
.5

0
0

0

3
.0

0
0

0

3
.5

0
0

0

4
.0

0
0

0

4
.5

0
0

0

5
.0

0
0

0

0
.0

0
0

0
2

0
.0

0
0

0
4

0
.0

0
0

0
6

0
.0

0
0

0
8

0
.0

0
0

0
1

0
0

.0
0

0
0

NASA/TM—2001-210904 231



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

O
bs

er
va

tio
ns

�
Th

e 
up

pe
r b

ou
nd

 o
f q

ue
ui

ng
 d

el
ay

 o
f G

ua
ra

nt
ee

d 
Se

rv
ic

e 
is

 g
ua

ra
nt

ee
d.

 In
 a

dd
iti

on
, i

t a
lw

ay
s 

ha
s 

th
e 

sm
al

le
st

 ji
tte

r 
w

ith
ou

t b
ei

ng
 a

ffe
ct

ed
 b

y 
ot

he
r t

ra
ffi

c 
flo

w
s.

�
Th

e 
co

nt
ro

lle
d-

lo
ad

 S
er

vi
ce

ha
s 

th
e 

sm
al

le
r j

itt
er

 a
nd

 
qu

eu
e 

si
ze

 th
an

 th
e 

be
st

 e
ffo

rt 
tra

ffi
c.

 T
he

 n
on

-c
on

fo
rm

an
t 

pa
ck

et
s 

ar
e 

de
gr

ad
ed

 a
nd

 th
en

 fo
rw

ar
de

d.
 

NASA/TM—2001-210904 232



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

C
on

cl
us

io
n

�
W

e 
ha

ve
 s

ho
w

n 
th

at
 th

e 
en

d-
to

-e
nd

 Q
oS

 re
qu

ire
m

en
ts

 
of

 In
tS

er
v 

ap
pl

ic
at

io
ns

 c
an

 b
e 

su
cc

es
sf

ul
ly

 a
ch

ie
ve

d 
w

he
n 

In
tS

er
v 

tr
af

fic
 is

 m
ap

pe
d 

to
 th

e 
D

iff
Se

rv
 d

om
ai

n 
in

 th
e 

ne
xt

 g
en

er
at

io
n 

In
te

rn
et

. 

NASA/TM—2001-210904 233



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Ta
sk

 2

In
te

rc
on

ne
ct

in
g 

A
TN

w
ith

 
N

ex
t G

en
er

at
io

n 
In

te
rn

et

NASA/TM—2001-210904 234



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Q
oS

 R
eq

ui
re

m
en

ts
 o

f A
TN

�
To

 c
ar

ry
 ti

m
e 

cr
iti

ca
l i

nf
or

m
at

io
n

re
qu

ire
d 

fo
r a

er
on

au
tic

al
 

ap
pl

ic
at

io
ns

, A
TN

 p
ro

vi
de

s 
di

ffe
re

nt
 Q

oS
 to

 a
pp

lic
at

io
ns

.

�
In

 th
e 

AT
N

, p
rio

rit
y

ha
s 

th
e 

es
se

nt
ia

l r
ol

e 
of

 e
ns

ur
in

g 
th

at
 

hi
gh

 p
rio

rit
y 

sa
fe

ty
 re

la
te

d 
an

d 
tim

e 
cr

iti
ca

l d
at

a 
ar

e 
no

t 
de

la
ye

d 
by

 lo
w

 p
rio

rit
y 

no
n-

sa
fe

ty
 d

at
a,

 e
sp

ec
ia

lly
 w

he
n 

th
e 

ne
tw

or
k 

is
 o

ve
rlo

ad
ed

 w
ith

 lo
w

 p
rio

rit
y 

da
ta

. 

�
Th

e 
tim

e 
cr

iti
ca

l i
nf

or
m

at
io

n 
ca

rri
ed

 b
y 

AT
N

 a
nd

 th
e 

Q
oS

 
re

qu
ire

d 
by

 A
TN

 a
pp

lic
at

io
ns

 h
as

 le
d 

to
 th

e 
de

ve
lo

pm
en

t o
f 

th
e 

AT
N

 a
s 

an
 e

xp
en

si
ve

 in
de

pe
nd

en
tn

et
w

or
k.

 

NASA/TM—2001-210904 235



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

A
TN

 &
 D

iff
Se

rv

�
Th

e 
la

rg
es

t p
ub

lic
 n

et
w

or
k,

 In
te

rn
et

, o
nl

y 
of

fe
rs

 b
es

t-e
ffo

rt 
se

rv
ic

e 
to

 u
se

rs
 a

nd
 h

en
ce

 is
 n

ot
 s

ui
ta

bl
e

fo
r c

ar
ry

in
g 

tim
e 

cr
iti

ca
l A

TN
 tr

af
fic

.

�
Th

e 
ra

pi
d 

co
m

m
er

ci
al

iz
at

io
n 

of
 th

e 
In

te
rn

et
 h

as
 g

iv
en

 ri
se

 
to

 d
em

an
ds

 fo
r Q

oS
 o

ve
r t

he
 In

te
rn

et
.

�
D

iff
Se

rv
ha

s 
be

en
 p

ro
po

se
d 

by
 IE

TF
 a

s 
on

e 
of

 m
od

el
s 

to
 

m
ee

t t
he

 d
em

an
d 

fo
r Q

oS
.

NASA/TM—2001-210904 236



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

O
bj

ec
tiv

e

�
To

 in
ve

st
ig

at
e 

th
e

PO
SS

IB
IL

IT
Y

of
 p

ro
vi

di
ng

 Q
oS

 to
 A

TN
 

ap
pl

ic
at

io
ns

 w
he

n 
it 

ru
ns

 o
ve

r D
iff

Se
rv

 b
ac

kb
on

e 
in

 th
e 

ne
xt

 g
en

er
at

io
n 

In
te

rn
et

.

�
To

 p
ro

po
se

 a
 M

AP
PI

N
G

 F
U

N
C

TI
O

N
to

 ru
n 

AT
N

 o
ve

r t
he

 
D

iff
Se

rv
 b

ac
kb

on
e.

�
To

 s
ho

w
 th

e 
SI

M
U

LA
TI

O
N

 R
ES

U
LT

S
us

ed
 to

 p
ro

ve
 th

at
 

Q
oS

 c
an

 b
e 

ac
hi

ev
ed

 b
y 

en
d 

AT
N

 a
pp

lic
at

io
ns

 w
he

n 
ru

nn
in

g 
ov

er
 D

iff
Se

rv
 b

ac
kb

on
e 

in
 th

e 
ne

xt
 g

en
er

at
io

n 
In

te
rn

et
. 

NASA/TM—2001-210904 237



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Si
gn

ifi
ca

nc
e

�
C

on
si

de
ra

bl
e 

co
st

 s
av

in
gs

 c
ou

ld
 b

e 
po

ss
ib

le
if 

th
e 

ne
xt

 
ge

ne
ra

tio
n 

In
te

rn
et

 b
ac

kb
on

e 
ca

n 
be

 u
se

d 
to

 c
on

ne
ct

 A
TN

 
su

bn
et

w
or

ks
. 

N
e

x
t

G
e

n
e

ra
ti
o

n
In

te
rn

e
t

A
T

N

A
T

N
D

S
 E

d
g
e
 R

o
u
te

r

D
S

E
d
g
e

R
o
u
te

r

A
ir
-G

ro
u
n
d

C
o
m

m
u
n
ic

a
ti
o
n

A
ir
-G

ro
u
n
d

C
o
m

m
u
n
ic

a
ti
o
n

G
ro

u
n

d
-G

ro
u

n
d

C
o

m
m

u
n

ic
a

ti
o

n

NASA/TM—2001-210904 238



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Po
ss

ib
ili

ty
 o

f A
TN

 o
ve

r D
iff

Se
rv

�
Th

e 
D

iff
Se

rv
 m

od
el

 u
til

iz
es

 s
ix

 b
its

 in
 th

e
TO

S
(T

yp
e 

of
 

Se
rv

ic
e)

 fi
el

d 
of

 th
e 

IP
 h

ea
de

r t
o 

m
ar

k 
a 

pa
ck

et
 fo

r b
ei

ng
 

el
ig

ib
le

 fo
r a

 p
ar

tic
ul

ar
 fo

rw
ar

di
ng

 b
eh

av
io

r.

�
Th

e 
N

PD
U

 (N
et

w
or

k 
Pr

ot
oc

ol
 D

at
a 

U
ni

t) 
he

ad
er

 o
f a

n 
AT

N
 

pa
ck

et
 c

on
ta

in
s 

an
 o

pt
io

n 
pa

rt 
in

cl
ud

in
g 

an
 8

-b
it 

fie
ld

 
na

m
ed

 P
rio

rit
y

w
hi

ch
 in

di
ca

te
s 

th
e 

re
la

tiv
e 

pr
io

rit
y 

of
 th

e 
N

PD
U

.

�
Th

e 
va

lu
e 

00
00

 0
00

0
in

di
ca

te
s 

no
rm

al
 p

rio
rit

y;
 th

e 
va

lu
es

 
00

00
 0

00
1

th
ro

ug
h 

00
00

 1
11

0
in

di
ca

te
 th

e 
pr

io
rit

y 
in

 a
n 

in
cr

ea
si

ng
 o

rd
er

.

NASA/TM—2001-210904 239



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Po
ss

ib
ili

ty
 o

f A
TN

 o
ve

r D
iff

Se
rv

 
(C

on
tin

ue
d)

�
Th

e 
si

m
ila

rit
y

be
tw

ee
n 

an
 A

TN
 p

ac
ke

t a
nd

 a
n 

IP
 p

ac
ke

t, 
sh

ow
n 

be
lo

w
, p

ro
vi

de
s 

th
e 

po
ss

ib
ili

ty
fo

r m
ap

pi
ng

 A
TN

 to
 

D
iff

Se
rv

 to
 a

ch
ie

ve
 th

e 
re

qu
ire

d 
Q

oS
 w

he
n 

th
ey

 a
re

 
in

te
rc

on
ne

ct
ed

. 

D
at

a

N
et

w
or

k 
L

ay
er

L
en

gt
h 

In
di

ca
to

r

V
er

si
on

/P
ro

to
co

l 
ID

L
if

et
im

e

S
P

   
   

  M
S

   
   

  E
/R

T
yp

e

S
eg

m
en

t 
L

en
gt

h

C
he

ck
su

m

D
es

ti
na

ti
on

 A
dd

re
ss

   
L

en
gt

h 
In

di
ca

to
r

D
es

ti
na

ti
on

 A
dd

re
ss

S
ou

rc
e 

A
dd

re
ss

  L
en

gt
h 

In
di

ca
to

r

S
ou

rc
e 

A
dd

re
ss

S
eg

m
en

t 
O

ff
se

t

T
ot

al
 L

en
gt

h

O
pt

io
ns

D
at

a 
U

ni
t 

Id
en

ti
fi

er

A
T

N
 P

ac
ke

t
IP

 P
ac

ke
t

V
er

si
on

 F
ie

ld

In
te

rn
et

 H
ea

de
r

T
yp

e 
of

 s
er

vi
ce

T
ot

al
 L

en
gt

h

Id
en

ti
fi

ca
ti

on

0 
   

   
D

F
   

   
   

M
F

F
ra

gm
en

t 
O

ff
se

t

T
im

e 
to

 L
iv

e

   
  P

ro
to

co
l

H
ea

de
r 

ch
ec

ks
um

S
ou

rc
e 

A
dd

re
ss

D
es

ti
na

ti
on

 a
dd

re
ss

O
pt

io
ns

 F
ie

ld

D
at

a

P
ri

or
it

y

0 
0 

0 
0

P
ri

or
it

y

11
10

 h
ig

h
11

01
11

00
10

11
10

10
10

01
10

00
01

11
01

10
01

01
01

00
00

11
00

10
00

01
-l

ow
00

00
-n

or
m

al

NASA/TM—2001-210904 240



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

M
ap

pi
ng

 C
on

si
de

ra
tio

n 

�
Th

e 
PH

B 
tre

at
m

en
t o

f p
ac

ke
ts

 a
lo

ng
 th

e 
pa

th
 in

 th
e 

D
iff

Se
rv

 d
om

ai
n 

m
us

t a
pp

ro
xi

m
at

e 
th

e 
Q

oS
 o

ffe
re

d 
in

 th
e 

AT
N

 n
et

w
or

k.

NASA/TM—2001-210904 241



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rgM
ap

pi
ng

 F
un

ct
io

n

�
W

e 
m

ap
 th

e 
no

rm
al

 p
rio

rit
y

(in
di

ca
te

d 
by

 P
rio

rit
y

fie
ld

 in
 

N
PD

U
) i

n 
AT

N
 d

om
ai

n 
to

 B
E

PH
B 

in
 D

iff
Se

rv
 d

om
ai

n;
 

�
M

ap
 th

e 
hi

gh
 p

rio
rit

y
in

 A
TN

 d
om

ai
n 

to
 E

F
PH

B 
in

 
D

iff
Se

rv
 d

om
ai

n;
 

�
M

ap
 th

e 
m

ed
iu

m
 p

rio
rit

ie
s

in
 A

TN
 d

om
ai

n 
to

 th
e 

co
rre

sp
on

di
ng

 c
la

ss
es

 o
f A

F
PH

Bs
 in

 D
iff

Se
rv

 d
om

ai
n.

 

NASA/TM—2001-210904 242



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

A
n 

Ex
am

pl
e 

M
ap

pi
ng

 F
un

ct
io

n

�
An

 e
xa

m
pl

e 
m

ap
pi

ng
 fu

nc
tio

n 
us

ed
 in

 o
ur

 s
im

ul
at

io
n

10
11

10
EF

H
ig

h
00

00
11

10
00

10
10

AF
11

M
ed

iu
m

00
00

 0
11

1
00

00
00

BE
N

or
m

al
00

00
 0

00
0

D
SC

P
PH

B
Pr

io
rit

y
A

TN
 P

rio
rit

y 
C

od
e

NASA/TM—2001-210904 243



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Si
m

ul
at

io
n 

C
on

fig
ur

at
io

ns

�
Si

m
ul

at
io

n 
to

ol
: B

er
ke

le
y 

ns
V2

.1
b6

�
Si

m
ul

at
io

n 
co

nf
ig

ur
at

io
n. D

S
R

o
u
te

r
D

S
R

o
u
te

r
5
M

b
,1

m
s

2Mb, 0.1ms

2Mb, 0.1ms

2M
b, 

0.1
ms

2
M

b
,

0
.1

m
s

2Mb, 0.1ms

2Mb, 0.1ms

2Mb, 0.1ms

2M
b,

0.
1m

s

2
 A

T
N

S
o
u
rc

e
s

w
it
h

P
ri
o
ri
ty

C
o
d
e
:

0
0
0
0
 1

1
1
0

3
 A

T
N

S
o
u
rc

e
s

w
it
h

P
ri
o
ri
ty

C
o
d
e
:

0
0
0
0
 0

1
1
1

5
 A

T
N

S
o
u
rc

e
s

w
it
h

P
ri
o
ri
ty

C
o
d
e
:

0
0
0
0
 0

0
0
0

A
T

N
 S

in
k
s

A
T

N
 S

o
u

rc
e

s

0 1 2 4 5 9

0 1 2 4 5 9

NASA/TM—2001-210904 244



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Si
m

ul
at

io
n 

C
on

fig
ur

at
io

ns
 (C

on
tin

ue
d)

�
W

e 
in

te
gr

at
ed

 th
e 

m
ap

pi
ng

 fu
nc

tio
n 

in
to

 th
e 

ed
ge

 D
iff

Se
rv

 
ro

ut
er

. (
R

ec
al

l)

Q
u

e
u

e
in

g

M
F

C
la

ss
ifi

e
r

M
a

rk
e

r
M

a
p

p
in

g
F

u
n

ct
io

n
T

ra
ff

ic
C

o
n

d
iti

o
n

e
r

T
ra

ff
ic

 M
e

te
r

In
g

re
ss

R
o

u
te

r
C

o
re

R
o

u
te

r

B
A

C
la

ss
ifi

e
r

NASA/TM—2001-210904 245



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

�
Ta

bl
e 

be
lo

w
 s

ho
w

s 
th

e 
co

nf
ig

ur
at

io
n 

of
 q

ue
ue

s 
in

si
de

 th
e 

co
re

 D
iff

Se
rv

 ro
ut

er
.

Si
nc

e 
th

e 
ba

nd
w

id
th

 o
f b

ot
tle

ne
ck

 li
nk

 is
 5

M
b,

 th
e 

ab
ov

e 
sc

he
du

lin
g 

w
ei

gh
t i

m
pl

ie
s 

ba
nd

w
id

th
 o

f
�

EF
: 2

M
b

�
AF

: 2
M

b
�

BE
: 1

M
b

Si
m

ul
at

io
n 

C
on

fig
ur

at
io

ns
 (C

on
tin

ue
d)

 

0.
2

R
ED

B
E 

Q
ue

ue
0.

4
R

IO
AF

 Q
ue

ue
0.

4
PQ

-T
ai

l d
ro

p
EF

 Q
ue

ue
Q

ue
ue

 w
ei

gh
t

Q
ue

ue
 T

yp
e

NASA/TM—2001-210904 246



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Pe
rf

or
m

an
ce

 C
rit

er
ia

�
G

oo
dp

ut
of

 e
ac

h 
AT

N
 s

ou
rc

e.

�
Q

ue
ue

 s
iz

e 
of

 e
ac

h 
qu

eu
e.

 

�
D

ro
p 

ra
tio

 a
t s

ch
ed

ul
er

.

NASA/TM—2001-210904 247



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

�
C

as
e 

1:
 N

o 
co

ng
es

tio
n.

�
Th

e 
am

ou
nt

 o
f t

ra
ffi

c 
w

ith
 d

iff
er

en
t p

rio
rit

ie
s 

ar
e 

eq
ua

l t
o 

th
e

co
rre

sp
on

di
ng

 s
ch

ed
ul

ed
 li

nk
 b

an
dw

id
th

   
   

   
  N

o 
co

ng
es

tio
n.Q
oS

 O
bt

ai
ne

d 
by

 A
TN

 A
pp

lic
at

io
ns

: 
C

as
e 

1

0.
66

6M
b

M
ed

iu
m

 P
rio

rit
y

2,
 3

, 4
1M

b
H

ig
h 

Pr
io

rit
y 

0,
 1

0.
2M

b

So
ur

ce
 

R
at

e

N
or

m
al

 P
rio

rit
y

So
ur

ce
 T

yp
e

5,
6,

7,
8,

9

So
ur

ce
 

N
O

.

NASA/TM—2001-210904 248



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

G
oo

dp
ut

 o
f A

TN
 A

pp
lic

at
io

ns
:

C
as

e 
1

�
R

es
ul

ts
 o

f C
as

e 
1:

G
oo

dp
ut

of
 e

ac
h 

A
TN

 s
ou

rc
e. 19

9.
48

20
0.

00
19

9.
65

20
0.

00
Sr

c 
5

N
or

m
al

20
1.

98
20

0.
00

20
1.

85
20

0.
00

Sr
c 

6
20

1.
68

20
0.

00
20

2.
42

20
0.

00
Sr

c 
7

20
0.

46
7

19
9.

98
19

9.
88

19
9.

98
Sr

c 
8

19
6.

39
20

0.
00

19
6.

20
20

0.
00

Sr
c 

9

66
8.

47
66

8.
24

66
6.

66
66

6.
66

Sr
c 

2
66

7.
53

66
7.

34
66

6.
66

66
6.

66
Sr

c 
3

99
9.

99
99

9.
99

99
9.

99
99

9.
99

Sr
c 

0

66
3.

99
66

4.
42

66
6.

66
66

6.
66

Sr
c 

4
M

ed
iu

m

99
9.

99

C
as

e 
3 

(K
b/

S)

99
9.

99

C
as

e 
4 

(K
b/

S)
So

ur
ce

 P
rio

rit
y

99
9.

99
99

9.
99

Sr
c 

1
H

ig
h

C
as

e 
2 

(K
b/

S)
C

as
e 

1 
(K

b/
S)

NASA/TM—2001-210904 249



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

D
ro

p 
R

at
io

 o
f A

TN
 A

pp
lic

at
io

ns
: C

as
e 

1

�
Si

m
ul

at
io

n 
re

su
lts

 o
f C

as
e 

1:
 D

ro
p 

ra
tio

 o
f  

A
TN

 tr
af

fic
 

(m
ea

su
re

d 
at

 s
ch

ed
ul

er
).

�
O

bs
er

va
tio

ns
:s

in
ce

 th
er

e 
is

 n
o 

si
gn

ifi
ca

nt
 c

on
ge

st
io

n,
 th

e 
dr

op
 ra

tio
 is

 z
er

o.
 

0.
00

0.
00

0.
00

0.
00

H
ig

h 
Pr

io
rit

y 
Tr

af
fic

0.
49

0.
49

0.
00

0.
00

M
ed

iu
m

 P
rio

rit
y 

Tr
af

fic

0.
00

C
as

e 
3

0.
67

C
as

e 
4

0.
67

0.
00

N
or

m
al

 P
rio

rit
y 

Tr
af

fic

C
as

e 
2

C
as

e 
1

Ty
pe

 o
f t

ra
ffi

c

NASA/TM—2001-210904 250



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Q
ue

ue
 S

iz
e 

Pl
ot

: C
as

e 
1

Q
u

e
u

e
S

iz
e
V

S
.T

im
e

0
1

1
1

(A
F

)q
.t

r

0
0

0
0

(B
E

)q
.t

r

1
1

1
0

(E
F

)q
.t

r

Q
u
e
u

e
S

iz
e

T
im

e

0
.0

0
0

0

0
.5

0
0

0

1
.0

0
0

0

1
.5

0
0

0

2
.0

0
0

0

2
.5

0
0

0

3
.0

0
0

0

3
.5

0
0

0

4
.0

0
0

0

4
.5

0
0

0

5
.0

0
0

0

0
.0

0
0

0
2

0
.0

0
0

0
4

0
.0

0
0

0
6

0
.0

0
0

0
8

0
.0

0
0

0
1

0
0

.0
0

0
0

NASA/TM—2001-210904 251



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Q
ue

ue
 S

iz
e 

Pl
ot

: C
as

e 
1 

(C
on

tin
ue

d)

�
O

bs
er

va
tio

ns
:s

in
ce

 C
as

e 
1 

is
 a

 id
ea

l c
as

e,
 th

e 
av

er
ag

e 
si

ze
 o

f e
ac

h 
qu

eu
e 

is
 v

er
y 

sm
al

l. 
BE

 q
ue

ue
 h

as
 th

e 
la

rg
es

t 
jit

te
r.

NASA/TM—2001-210904 252



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

�
C

as
e 

2:
 N

or
m

al
 P

rio
rit

y 
tr

af
fic

 g
et

s 
in

to
co

ng
es

tio
n.

�
Th

e 
am

ou
nt

 o
f t

ra
ffi

c 
w

ith
 N

or
m

al
 P

rio
rit

y 
(3

M
b)

 is
 g

re
at

er
 

th
an

 th
e 

co
rre

sp
on

di
ng

 s
ch

ed
ul

ed
 li

nk
 b

an
dw

id
th

 (1
 M

b)
 

N
or

m
al

 P
rio

rit
y 

tr
af

fic
 g

et
s 

in
to

co
ng

es
tio

n.

Q
oS

 O
bt

ai
ne

d 
by

 A
TN

 A
pp

lic
at

io
ns

: 
C

as
e 

2

0.
66

6M
b

M
ed

iu
m

 P
rio

rit
y

2,
 3

, 4
1M

b
H

ig
h 

Pr
io

rit
y 

0,
 1

0.
6M

b

So
ur

ce
 

R
at

e

N
or

m
al

 P
rio

rit
y

So
ur

ce
 T

yp
e

5,
6,

7,
8,

9

So
ur

ce
 

N
O

.

NASA/TM—2001-210904 253



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

G
oo

dp
ut

 o
f A

TN
 A

pp
lic

at
io

ns
: C

as
e 

2

�
R

es
ul

ts
 o

f C
as

e 
2:

 G
oo

dp
ut

of
 e

ac
h 

A
TN

 s
ou

rc
e. 19
9.

47
90

20
0.

00
39

19
9.

64
69

20
0.

00
39

Sr
c 

5

N
or

m
al

20
1.

97
80

20
0.

00
39

20
1.

85
20

20
0.

00
39

Sr
c 

6
20

1.
68

40
20

0.
00

39
20

2.
41

90
20

0.
00

39
Sr

c 
7

20
0.

46
60

19
9.

98
30

19
9.

87
79

19
9.

98
30

Sr
c 

8
19

6.
39

20
20

0.
00

39
19

6.
20

30
20

0.
00

39
Sr

c 
9

66
8.

47
19

66
8.

24
09

66
6.

66
60

66
6.

66
60

Sr
c 

2
66

7.
52

70
66

7.
33

79
66

6.
66

60
66

6.
66

60
Sr

c 
3

99
9.

99
90

99
9.

99
90

99
9.

99
90

99
9.

99
90

Sr
c 

0

66
3.

99
90

66
4.

41
89

66
6.

66
60

66
6.

66
60

Sr
c 

4
M

ed
iu

m

99
9.

99
90

C
as

e 
3 

(K
b/

S)

99
9.

99
90

C
as

e 
4 

(K
b/

S)
So

ur
ce

s

99
9.

99
90

99
9.

99
90

Sr
c 

1
H

ig
h

C
as

e 
2 

(K
b/

S)
C

as
e 

1 
(K

b/
S)

NASA/TM—2001-210904 254



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

D
ro

p 
R

at
io

 o
f A

TN
 A

pp
lic

at
io

ns
: C

as
e 

2

�
Si

m
ul

at
io

n 
re

su
lts

 o
f C

as
e 

2:
 D

ro
p 

ra
tio

 o
f  

A
TN

 tr
af

fic
 

(m
ea

su
re

d 
at

 s
ch

ed
ul

er
).

�
O

bs
er

va
tio

ns
:t

he
 d

ro
p 

ra
tio

 o
f N

or
m

al
 P

rio
rit

y 
tra

ffi
c 

is
 

in
cr

ea
se

d.

0.
00

00
0

0.
00

00
0

0.
00

00
0

0.
00

00
0

H
ig

h 
Pr

io
rit

y 
Tr

af
fic

0.
49

98
2

0.
49

98
2

0.
00

00
0

0.
00

00
0

M
ed

iu
m

 P
rio

rit
y 

Tr
af

fic

0.
00

00
0

C
as

e 
3

0.
66

56
2

C
as

e 
4

0.
66

56
4

0.
00

00
0

N
or

m
al

 P
rio

rit
y 

Tr
af

fic

C
as

e 
2

C
as

e 
1

Ty
pe

 o
f t

ra
ffi

c

NASA/TM—2001-210904 255



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Q
ue

ue
 S

iz
e 

Pl
ot

: C
as

e 
2

Q
u

eu
eS

iz
eV

S
.T

im
e

0
1

1
1

(A
F

)q
.t

r

0
0

0
0

(B
E

)q
.t

r

1
1

1
0

(E
F

)q
.t

r

Q
u

eu
eS

iz
e

T
im

e

0
.0

0
0

0

1
0

.0
0

0
0

2
0

.0
0

0
0

3
0

.0
0

0
0

4
0

.0
0

0
0

5
0

.0
0

0
0

6
0

.0
0

0
0

7
0

.0
0

0
0

8
0

.0
0

0
0

9
0

.0
0

0
0

1
0

0
.0

0
0

0

1
1

0
.0

0
0

0

1
2

0
.0

0
0

0

1
3

0
.0

0
0

0

1
4

0
.0

0
0

0

1
5

0
.0

0
0

0

1
6

0
.0

0
0

0

1
7

0
.0

0
0

0

1
8

0
.0

0
0

0

1
9

0
.0

0
0

0

2
0

0
.0

0
0

0

0
.0

0
0

0
2

0
.0

0
0

0
4

0
.0

0
0

0
6

0
.0

0
0

0
8

0
.0

0
0

0
1

0
0

.0
0

0
0

NASA/TM—2001-210904 256



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Q
ue

ue
 S

iz
e 

Pl
ot

: C
as

e 
2 

(C
on

tin
ue

d)

�
O

bs
er

va
tio

ns
:

�
In

 th
is

 c
as

e,
 th

e 
hi

gh
 p

rio
rit

y 
tra

ffi
c 

ha
s 

th
e 

sm
al

le
st

 
av

er
ag

e 
qu

eu
e 

si
ze

 a
nd

 ji
tte

r; 

�
Th

e 
no

rm
al

 p
rio

rit
y 

tra
ffi

c 
ha

s 
th

e 
bi

gg
es

t a
ve

ra
ge

 
qu

eu
e 

si
ze

 a
nd

 ji
tte

r.

NASA/TM—2001-210904 257



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

�
C

as
e 

3:
 M

ed
iu

m
 P

rio
rit

y 
tr

af
fic

 g
et

s 
in

to
co

ng
es

tio
n.

�
Th

e 
am

ou
nt

 o
f t

ra
ffi

c 
w

ith
 M

ed
iu

m
 P

rio
rit

y 
(4

M
b)

 is
 g

re
at

er
 

th
an

 th
e 

co
rre

sp
on

di
ng

 s
ch

ed
ul

ed
 li

nk
 b

an
dw

id
th

 (2
 M

b)
 

M
ed

iu
m

 P
rio

rit
y 

tr
af

fic
 g

et
s 

in
to

co
ng

es
tio

n.

Q
oS

 O
bt

ai
ne

d 
by

 A
TN

 A
pp

lic
at

io
ns

: 
C

as
e 

3

1.
33

3M
b

M
ed

iu
m

 P
rio

rit
y

2,
 3

, 4
1M

b
H

ig
h 

Pr
io

rit
y 

0,
 1

0.
2M

b

So
ur

ce
 

R
at

e

N
or

m
al

 P
rio

rit
y

So
ur

ce
 T

yp
e

5,
6,

7,
8,

9

So
ur

ce
 

N
O

.

NASA/TM—2001-210904 258



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

G
oo

dp
ut

 o
f A

TN
 A

pp
lic

at
io

ns
: C

as
e 

3

�
R

es
ul

ts
 o

f C
as

e 
3:

 G
oo

dp
ut

of
 e

ac
h 

A
TN

 s
ou

rc
e. 19
9.

47
90

20
0.

00
39

19
9.

64
69

20
0.

00
39

Sr
c 

5

N
or

m
al

20
1.

97
80

20
0.

00
39

20
1.

85
20

20
0.

00
39

Sr
c 

6
20

1.
68

40
20

0.
00

39
20

2.
41

90
20

0.
00

39
Sr

c 
7

20
0.

46
60

19
9.

98
30

19
9.

87
79

19
9.

98
30

Sr
c 

8
19

6.
39

20
20

0.
00

39
19

6.
20

30
20

0.
00

39
Sr

c 
9

66
8.

47
19

66
8.

24
09

66
6.

66
60

66
6.

66
60

Sr
c 

2
66

7.
52

70
66

7.
33

79
66

6.
66

60
66

6.
66

60
Sr

c 
3

99
9.

99
90

99
9.

99
90

99
9.

99
90

99
9.

99
90

Sr
c 

0

66
3.

99
90

66
4.

41
89

66
6.

66
60

66
6.

66
60

Sr
c 

4
M

ed
iu

m

99
9.

99
90

C
as

e 
3 

(K
b/

S)

99
9.

99
90

C
as

e 
4 

(K
b/

S)
So

ur
ce

s

99
9.

99
90

99
9.

99
90

Sr
c 

1
H

ig
h

C
as

e 
2 

(K
b/

S)
C

as
e 

1 
(K

b/
S)

NASA/TM—2001-210904 259



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

D
ro

p 
R

at
io

 o
f A

TN
 A

pp
lic

at
io

ns
: C

as
e 

3

�
Si

m
ul

at
io

n 
re

su
lts

 o
f C

as
e 

3:
 D

ro
p 

ra
tio

 o
f  

A
TN

 tr
af

fic
 

(m
ea

su
re

d 
at

 s
ch

ed
ul

er
).

�
O

bs
er

va
tio

ns
:t

he
 d

ro
p 

ra
tio

 o
f M

ed
iu

m
 P

rio
rit

y 
tra

ffi
c 

is
 

in
cr

ea
se

d.

0.
00

00
0

0.
00

00
0

0.
00

00
0

0.
00

00
0

H
ig

h 
Pr

io
rit

y 
Tr

af
fic

0.
49

98
2

0.
49

98
2

0.
00

00
0

0.
00

00
0

M
ed

iu
m

 P
rio

rit
y 

Tr
af

fic

0.
00

00
0

C
as

e 
3

0.
66

56
2

C
as

e 
4

0.
66

56
4

0.
00

00
0

N
or

m
al

 P
rio

rit
y 

Tr
af

fic

C
as

e 
2

C
as

e 
1

Ty
pe

 o
f t

ra
ffi

c

NASA/TM—2001-210904 260



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Q
ue

ue
 S

iz
e 

Pl
ot

: C
as

e 
3

Q
u

eu
eS

iz
eV

S
.T

im
e

0
1
1
1
(A

F
)q

.t
r

0
0
0
0
(B

E
)q

.t
r

1
1
1
0
(E

F
)q

.t
r

Q
u
eu

eS
iz

e

T
im

e

0
.0

0
0
0

5
.0

0
0
0

1
0
.0

0
0
0

1
5
.0

0
0
0

2
0
.0

0
0
0

2
5
.0

0
0
0

3
0
.0

0
0
0

3
5
.0

0
0
0

4
0
.0

0
0
0

4
5
.0

0
0
0

0
.0

0
0
0

2
0
.0

0
0
0

4
0
.0

0
0
0

6
0
.0

0
0
0

8
0
.0

0
0
0

1
0
0
.0

0
0

0

NASA/TM—2001-210904 261



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Q
ue

ue
 S

iz
e 

Pl
ot

: C
as

e 
3 

(C
on

tin
ue

d)

�
O

bs
er

va
tio

ns
:

�
Th

e 
hi

gh
 p

rio
rit

y 
tra

ffi
c 

ha
s 

th
e 

sm
al

le
st

 a
ve

ra
ge

 q
ue

ue
 

si
ze

 a
nd

 ji
tte

r. 

�
N

ot
e 

th
at

 b
ot

h 
th

e 
qu

eu
e 

si
ze

 a
nd

 ji
tte

r o
f m

ed
iu

m
 

pr
io

rit
y 

tra
ffi

c 
ar

e 
gr

ea
te

r t
ha

n 
th

e 
ot

he
r t

w
o’

s.

NASA/TM—2001-210904 262



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

�
C

as
e 

4:
 B

ot
h 

M
ed

iu
m

 a
nd

 N
or

m
al

 P
rio

rit
y 

tr
af

fic
 g

et
s 

in
to

co
ng

es
tio

n.

�
Th

e 
am

ou
nt

 o
f t

ra
ffi

c 
w

ith
 b

ot
h 

M
ed

iu
m

 (4
M

b)
 a

nd
 N

or
m

al
 

Pr
io

rit
y 

(3
M

b)
 is

 g
re

at
er

 th
an

 th
e 

co
rre

sp
on

di
ng

 s
ch

ed
ul

ed
 

lin
k 

ba
nd

w
id

th
 (2

M
b,

 1
M

b)
   

   
  B

ot
h 

M
ed

iu
m

 a
nd

 N
or

m
al

 
Pr

io
rit

y 
tr

af
fic

 g
et

s 
in

to
co

ng
es

tio
n.

Q
oS

 O
bt

ai
ne

d 
by

 A
TN

 A
pp

lic
at

io
ns

: 
C

as
e 

4

1.
33

3M
b

M
ed

iu
m

 P
rio

rit
y

2,
 3

, 4
1M

b
H

ig
h 

Pr
io

rit
y 

0,
 1

0.
6M

b

So
ur

ce
 

R
at

e

N
or

m
al

 P
rio

rit
y

So
ur

ce
 T

yp
e

5,
6,

7,
8,

9

So
ur

ce
 

N
O

.

NASA/TM—2001-210904 263



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

G
oo

dp
ut

 o
f A

TN
 A

pp
lic

at
io

ns
: C

as
e 

4

�
R

es
ul

ts
 o

f C
as

e 
4:

 G
oo

dp
ut

of
 e

ac
h 

A
TN

 s
ou

rc
e. 19
9.

47
90

20
0.

00
39

19
9.

64
69

20
0.

00
39

Sr
c 

5

N
or

m
al

20
1.

97
80

20
0.

00
39

20
1.

85
20

20
0.

00
39

Sr
c 

6
20

1.
68

40
20

0.
00

39
20

2.
41

90
20

0.
00

39
Sr

c 
7

20
0.

46
60

19
9.

98
30

19
9.

87
79

19
9.

98
30

Sr
c 

8
19

6.
39

20
20

0.
00

39
19

6.
20

30
20

0.
00

39
Sr

c 
9

66
8.

47
19

66
8.

24
09

66
6.

66
60

66
6.

66
60

Sr
c 

2
66

7.
52

70
66

7.
33

79
66

6.
66

60
66

6.
66

60
Sr

c 
3

99
9.

99
90

99
9.

99
90

99
9.

99
90

99
9.

99
90

Sr
c 

0

66
3.

99
90

66
4.

41
89

66
6.

66
60

66
6.

66
60

Sr
c 

4
M

ed
iu

m

99
9.

99
90

C
as

e 
3 

(K
b/

S)

99
9.

99
90

C
as

e 
4 

(K
b/

S)
So

ur
ce

s

99
9.

99
90

99
9.

99
90

Sr
c 

1
H

ig
h

C
as

e 
2 

(K
b/

S)
C

as
e 

1 
(K

b/
S)

NASA/TM—2001-210904 264



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

D
ro

p 
R

at
io

 o
f A

TN
 A

pp
lic

at
io

ns
: C

as
e 

4

�
Si

m
ul

at
io

n 
re

su
lts

 o
f C

as
e 

4:
 D

ro
p 

ra
tio

 o
f  

A
TN

 tr
af

fic
 

(m
ea

su
re

d 
at

 s
ch

ed
ul

er
).

�
O

bs
er

va
tio

ns
:t

he
 d

ro
p 

ra
tio

 o
f b

ot
h 

M
ed

iu
m

 a
nd

 N
or

m
al

 
Pr

io
rit

y 
tra

ffi
c 

ar
e 

in
cr

ea
se

d.

0.
00

00
0

0.
00

00
0

0.
00

00
0

0.
00

00
0

H
ig

h 
Pr

io
rit

y 
Tr

af
fic

0.
49

98
2

0.
49

98
2

0.
00

00
0

0.
00

00
0

M
ed

iu
m

 P
rio

rit
y 

Tr
af

fic

0.
00

00
0

C
as

e 
3

0.
66

56
2

C
as

e 
4

0.
66

56
4

0.
00

00
0

N
or

m
al

 P
rio

rit
y 

Tr
af

fic

C
as

e 
2

C
as

e 
1

Ty
pe

 o
f t

ra
ffi

c

NASA/TM—2001-210904 265



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Q
ue

ue
 S

iz
e 

Pl
ot

: C
as

e 
4

Q
u

eu
eS

iz
eV

S
.T

im
e

0
1
1
1
(A

F
)q

.t
r

0
0
0
0
(B

E
)q

.t
r

1
1
1
0
(E

F
)q

.t
r

Q
u

eu
eS

iz
e

T
im

e

0
.0

0
0

0

1
0

.0
0

0
0

2
0

.0
0

0
0

3
0

.0
0

0
0

4
0

.0
0

0
0

5
0

.0
0

0
0

6
0

.0
0

0
0

7
0

.0
0

0
0

8
0

.0
0

0
0

9
0

.0
0

0
0

1
0

0
.0

0
0

0

1
1

0
.0

0
0

0

1
2

0
.0

0
0

0

1
3

0
.0

0
0

0

1
4

0
.0

0
0

0

1
5

0
.0

0
0

0

1
6

0
.0

0
0

0

1
7

0
.0

0
0

0

1
8

0
.0

0
0

0

1
9

0
.0

0
0

0

2
0

0
.0

0
0

0

0
.0

0
0

0
2

0
.0

0
0

0
4

0
.0

0
0

0
6

0
.0

0
0

0
8

0
.0

0
0

0
1

0
0

.0
0

0
0

NASA/TM—2001-210904 266



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Q
ue

ue
 S

iz
e 

Pl
ot

: C
as

e 
4

�
O

bs
er

va
tio

ns
:

�
In

 th
is

 c
as

e,
 th

e 
hi

gh
 p

rio
rit

y 
tra

ffi
c 

ha
s 

th
e 

sm
al

le
st

 
av

er
ag

e 
qu

eu
e 

si
ze

 a
nd

 ji
tte

r; 

�
Th

e 
no

rm
al

 p
rio

rit
y 

tra
ffi

c 
ha

s 
th

e 
bi

gg
es

t a
ve

ra
ge

 
qu

eu
e 

si
ze

 a
nd

 ji
tte

r.

NASA/TM—2001-210904 267



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

O
bs

er
va

tio
ns

�
Th

e 
hi

gh
 p

rio
rit

y 
tr

af
fic

al
w

ay
s 

ha
s 

th
e 

sm
al

le
st

 ji
tte

r, 
th

e 
sm

al
le

st
 a

ve
ra

ge
 q

ue
ue

 s
iz

e 
an

d 
th

e 
sm

al
le

st
 d

ro
p 

ra
tio

 
w

ith
ou

t b
ei

ng
 a

ffe
ct

ed
 b

y 
th

e 
pe

rfo
rm

an
ce

 o
f o

th
er

 tr
af

fic
.

�
Th

e 
m

ed
iu

m
 p

rio
rit

y 
tr

af
fic

ha
s 

sm
al

le
r d

ro
p 

ra
tio

, j
itt

er
 

an
d 

av
er

ag
e 

qu
eu

e 
si

ze
 th

an
 th

e 
no

rm
al

 p
rio

rit
y 

tr
af

fic
. 

NASA/TM—2001-210904 268



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

C
on

cl
us

io
n

�
Th

e 
hi

gh
 p

rio
rit

y 
tra

ffi
c 

re
ce

iv
es

 th
e 

hi
gh

es
t p

rio
rit

y;
 th

e 
m

ed
iu

m
 p

rio
rit

y 
tra

ffi
c 

re
ce

iv
es

 h
ig

he
r p

rio
rit

y 
th

an
 n

or
m

al
 

pr
io

rit
y 

tra
ffi

c.

�
Ac

co
rd

in
g 

to
 o

ur
 s

im
ul

at
io

n,
 th

e 
Q

oS
 re

qu
ire

m
en

ts
 o

f A
TN

 
ap

pl
ic

at
io

ns
 c

an
 b

e 
su

cc
es

sf
ul

ly
 a

ch
ie

ve
d 

w
he

n 
AT

N
 tr

af
fic

 
is

 m
ap

pe
d 

to
 th

e 
D

iff
Se

rv
 d

om
ai

n 
in

 th
e 

ne
xt

 g
en

er
at

io
n 

In
te

rn
et

.

NASA/TM—2001-210904 269



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Ta
sk

 3

Q
oS

 in
 D

iff
Se

rv
 

ov
er

 A
TM

NASA/TM—2001-210904 270



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Pr
io

rit
iz

ed
 E

PD

�
D

S 
se

rv
ic

e 
cl

as
se

s 
ca

n 
us

e 
th

e 
C

LP
 b

it 
of

 A
TM

 c
el

l h
ea

de
r 

to
 p

ro
vi

de
 s

er
vi

ce
 d

iff
er

en
tia

tio
n.

�
EP

D
 d

oe
s 

no
t c

on
si

de
r t

he
 p

rio
rit

y 
of

 c
el

ls
.

�
Pr

io
rit

iz
ed

 E
PD

 c
an

 b
e 

us
ed

 to
 p

ro
vi

de
 s

er
vi

ce
 

di
sc

rim
in

at
io

n.
�

Tw
o 

th
re

sh
ol

ds
 a

re
 u

se
d 

to
 d

ro
p 

ce
lls

 d
ep

en
di

ng
 o

n 
th

e 
C

LP
 b

it.

NASA/TM—2001-210904 271



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

B
uf

fe
r M

an
ag

em
en

t S
ch

em
es

�
EP

D
�

PE
PD

0
N

µ
λ

T
H

T
LT

0
N

µ
λ

•Q
L 

< 
T Ac

ce
pt

 a
ll 

pa
ck

et
s.

•T
 ≤

Q
L 

< 
N

D
is

ca
rd

 a
ll 

ne
w

 in
co

m
in

g 
pa

ck
et

s.

•Q
L 

≥
N •D

is
ca

rd
 a

ll.

•Q
L 

<L
T Ac

ce
pt

 a
ll 

pa
ck

et
s.

•L
T 

≤
Q

L 
< 

H
T

D
is

ca
rd

 a
ll 

ne
w

 lo
w

 p
rio

rit
y 

pa
ck

et
s.

•H
T 

≤
Q

L 
< 

N

D
is

ca
rd

 a
ll 

ne
w

 p
ac

ke
ts

Q
L 

≥
N •D

is
ca

rd
 a

ll 
pa

ck
et

s

NASA/TM—2001-210904 272



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

O
PN

ET
 S

im
ul

at
io

n 
C

on
fig

ur
at

io
n

PE
PD

 a
pp

lie
d

NASA/TM—2001-210904 273



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

D
S-

A
TM

 P
ro

to
co

l S
ta

ck

�
AA

L 
La

ye
r m

ar
ks

 th
e 

En
d 

of
 P

ac
ke

t.

�
AT

M
_l

ay
er

 c
ha

ng
es

 th
e 

C
LP

 b
it 

de
pe

nd
in

g 
on

 th
e 

pa
ck

et
 o

f t
he

 D
S 

se
rv

ic
e.

NASA/TM—2001-210904 274



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

A
TM

 S
w

itc
h 

N
od

e

�
Su

pp
or

t s
er

vi
ce

 
di

ffe
re

nt
ia

tio
n 

in
 th

e 
AT

M
 

sw
itc

h 
bu

ffe
r.

�
C

ha
ng

e 
th

e 
bu

ffe
r 

m
an

ag
em

en
t s

ch
em

e 
in

 
th

e 
AT

M
_s

w
itc

h 
pr

oc
es

s 
to

 P
rio

rit
iz

ed
 E

PD
.

NASA/TM—2001-210904 275



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

A
TM

_S
w

itc
h 

Pr
oc

es
s 

Im
pl

em
en

ts
 th

e 
PE

PD
 b

uf
fe

r m
an

ag
em

en
t t

o 
su

pp
or

t s
er

vi
ce

 d
iff

er
en

tia
tio

n.

NASA/TM—2001-210904 276



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

So
ur

ce
 R

at
es

NASA/TM—2001-210904 277



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

C
el

l D
ro

pp
in

g

NASA/TM—2001-210904 278



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

Th
ro

ug
hp

ut

NASA/TM—2001-210904 279



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rgQ
ue

ue
 O

cc
up

an
cy

NASA/TM—2001-210904 280



M
oh

am
m

ed
 A

tiq
uz

za
m

an
, U

ni
ve

rs
ity

 o
f D

ay
to

n,
Em

ai
l: 

at
iq

@
ie

ee
.o

rg

C
on

cl
us

io
n

�
Pr

io
rit

iz
ed

 E
PD

ca
n 

pr
ov

id
e 

di
ffe

re
nt

ia
l t

re
at

m
en

t t
o 

pa
ck

et
s 

in
 a

n 
AT

M
 c

or
e 

ne
tw

or
k.

�
O

VE
R

AL
L:

 T
he

 ta
sk

s 
ha

ve
 b

ee
n 

co
m

pl
et

ed
 s

uc
ce

ss
fu

lly
.

�
Th

an
ks

 to
 N

AS
A 

fo
r t

he
 s

up
po

rt 
of

 th
is

 p
ro

je
ct

.

NASA/TM—2001-210904 281


