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T
elco Services

T
he Integrated S

ervices D
igital N

etw
ork (IS

D
N

) is the phone com
pany 

solution to hierarchical services.  S
om

e of these services are geared 
tow

ard telephone custom
ers, and som

e are geared tow
ard data 

netw
orking.  A

ll of these services are provided over a high-speed optical 
netw

ork.  T
his netw

ork carries your long-distance phone calls, Internet 
data, private corporate netw

orking, television program
s, and other “bits” 

of inform
ation.  

A
t the top of the netw

ork hierarchy is S
O

N
E

T
, the S

ynchronous O
ptical 

N
etw

ork.

O
ne layer below

 S
O

N
E

T
 is A

T
M

, the A
synchronous T

ransfer M
ode.

B
elow

 A
T

M
 is D

S
L, the D

igital S
ubscriber Loop.

B
elow

 D
S

L is the B
-IS

D
N

 B
roadband Integrated S

ervices N
etw

ork.

B
elow

 B
-IS

D
N

 is IS
D

N
.

IS
D

N
 is a set of service offerings.  T

hese offerings include item
s like call 

w
aiting, call forw

arding, and voicem
ail.  B

ut because all of these services 
are based on a digital infrastructure, the phone com

pany can also offer 
services such as high speed netw

orking via D
S

L, B
-IS

D
N

, A
T

M
, or 

S
O

N
E

T
.
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N
o

tes

B
roadband Services

S
D

H
  / S

O
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E
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W
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N

C
am

pus
A

T
M

 / LA
N

N
etw

ork

C
am

pus
A

T
M

 / LA
N

N
etw

ork

R
esidential

C
ustom

er
N

etw
ork

R
esidential

C
ustom

er
N

etw
ork

O
C

-n /
S

T
S

-n
Link

O
C

-n /
S

T
S

-n
Link

F
ig

u
re 2.28 B

ro
ad

b
an

d
 S

ervices N
etw

o
rk

S
ervice

P
roviders

G
atew

ay

B
roadband
A

ccess
B

roadband
A

ccess

•
Integrated services: V

oice, video, and data
•

N
arrow

 band IS
D

N
 (Integrated S

ervices D
igital N

et.)
•

B
asic rate:2B

 +
 D

 (B
 channel 64 kbps and D

 channel 16 kbps
•

P
rim

ary rate: 23B
 +

 D
 channels 

•
B

roadband (IS
D

N
) S

ervices uses A
T

M
 technology

•
S

O
N

E
T

 (S
ynchronous O

ptical N
etw

ork) or S
D

H
 (S

ynchronous D
igitalH

ierarchy)
•

D
ata rate O

C
-n

•
O

C
-1  51.84 M

bps
•

O
C

-3  155.52 M
bps

•
A

ccess technologies:
•

H
F

C
 (H

ybrid F
iber C

oaxial) / C
able m

odem
•

A
D

S
L (A

sym
m

etric D
igital S

ubscriber Line) 
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B
-ISD

N

B
roadband IS

D
N

 is the nam
e given to the entire IS

D
N

 offering.  B
IS

D
N

 
includes the low

-end IS
D

N
 services, as w

ell as several high-end 
offerings.  

T
he low

-end IS
D

N
 services provide data rates of 64 kbit/second.  W

hile 
this is m

ore than sufficient for voice com
m

unications, they are w
oefully 

inadequate for com
puter netw

orking.  B
-IS

D
N

 offers channels that 
operate at m

uch higher data rates than the IS
D

N
 channels.

T
his figure gives an idea of how

 m
uch bandw

idth is required to support 
specific applications.  B

-IS
D

N
 provides the capability for phone 

com
panies to offer services that cover the entire range of data rates 

above.
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SO
N

E
T

T
he S

ynchronous O
ptical N

E
T

w
ork is the backbone of the telephone 

netw
ork.  S

O
N

E
T

 offers connections at various data rates.  T
hese

data 
rates are m

ultiples of the basic data rates used in voice telephony: 64 
kbit/second, w

ith a little bit of extra bandw
idth to handle the control and 

m
anagem

ent.

A
 voice line is called a D

igital S
ignal zero (D

S
0) circuit.  E

ach D
S

0 line 
provides 64 kilobits per second of bandw

idth.

A
 T

1 analog line carries tw
enty four  D

S
0 circuits, w

ith a little extra 
bandw

idth reserved for signaling.  A
 T

1 is also know
n as a D

S
1. T

he 
bandw

idth of a T
1 line is 1.544 m

egabits per second.  

A
 T

2 line runs at 6.312 m
egabits per second, and carries 96 voice 

circuits. A
 T

2 is also know
n as a D

S
2.

A
 T

3 line operates at 44.736 m
egabits per second, and carries 672 voice 

circuits. A
 T

3 is also know
n as a D

S
3.

A
 S

O
N

E
T

 S
T

S
-1 / O

C
-1 line provides slightly m

ore bandw
idth than a T

3 
line.

T
he other S

T
S

 / O
C

 circuits operate at m
ultiples of S

T
S

-1 data rates.
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SO
N

E
T

A
n S

T
S

-1 link delivers 8000 fram
es per second.  E

ach fram
e is 6480 

bytes long. 
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SO
N

E
T

S
O

N
E

T
 provides service in the P

hysical and D
ata Link layers of the O

S
I 

m
odel.  B

ecause S
O

N
E

T
 w

as designed for voice services, it does not 
define any services in the other O

S
I layers. 
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SO
N

E
T

In the S
O

N
E

T
 w

orld, low
-speed data circuits are m

ultiplexed into high-
speed data stream

s.  T
hese stream

s are T
D

M
 m

ultiplexed over the high 
speed link.

O
ne w

ay to think of the S
O

N
E

T
 transport is that it is sim

ilar to
a high-

speed conveyor.  T
he conveyor runs at a constant speed (S

ynchronous). 
T

he conveyor carries m
any buckets.  E

ach bucket m
ay contain a 

payload, or it m
ay be em

pty.  O
f course the telephone com

pany w
ould 

like to fill each bucket to m
axim

ize utilization of the conveyor.

A
t the sending end of the conveyor, the low

 end services of B
-IS

D
N

 are 
m

ultiplexed into stream
s that are sent to a conveyor headed tow

ard their 
final destination.  

T
he inform

ation is placed  into S
O

N
E

T
 buckets and sent to the end of the 

conveyor.  A
long the w

ay, the signal m
ay be regenerated m

any tim
es.  

T
his regeneration is perform

ed to ensure that the data is decipherable 
w

hen it reaches the other end. 

A
t the end of this conveyor (a sw

itch-point), the contents are exam
ined, 

and possibly sent to other conveyors for further transport.  

O
nce the content of the bucket reaches it’s final sw

itch-point in the fabric, 
it is dem

ultiplexed, and sent to the final destination.
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B
-ISD

N

T
he B

-IS
D

N
 specification details three basic access m

ethods.

T
hese m

ethods are 155.520 M
b/s sym

m
etrical, 155.520/622.080 M

b/s
asym

m
etrical, and 622.020 M

b/s sym
m

etrical.

T
he 155.520 M

b/s sym
m

etrical connections are full-duplex links that 
operate at 155.520 M

b/s in, and 155.520 M
b/s out.  T

his rate m
atches 

the S
O

N
E

T
 specification’s “O

ptical C
arrier 3” (O

C
-3) data rate.

T
he 155.520/622.080 M

b/s asym
m

etrical connections are full-duplex 
links that operate at 155.520 M

b/s outbound, and 622.020 M
b/s inbound.  

T
his corresponds to an O

C
-3 outbound connection, and an O

C
-12 

inbound connection.

T
he 622.020 M

b/s connections are full-duplex links that provide O
C

-12 
data rates inbound and outbound.
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ISD
N

M
ost of the services offered (to the public) by the telephone com

panies 
are voice related. V

oice is a very low
 bandw

idth (3000 hz) service.  B
ut 

the telephone infrastructure is capable of m
uch higher bandw

idth
services.  T

he “subscriber loop” is usually capable of providing
1M

bit of 
bandw

idth.

T
he IS

D
N

 hierarchical netw
ork allow

s the phone com
pany to m

ultiplex 
m

any low
-speed services into high-speed bit stream

s, send these 
stream

s through a high-speed netw
ork, and break them

 back out into 
individual com

ponents at the other end.

A
t the low

 end of the “low
 speed” data services is an offering called 

IS
D

N
. IS

D
N

 offers several services over several different types of 
connections.

H
om

e connections are typically relatively low
 speed, w

ith lim
ited 

services.  IS
D

N
 allow

s the user to use the voice, and the data portions of 
the netw

ork sim
ultaneously using existing house w

iring. 

B
usiness connections are usually high speed connections w

ith m
ultiple 

services. 

IS
D

N
 also has the capability of offering P

lain O
ld T

elephone S
ervice 

(P
O

T
S

) via local subscriber loops.
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ISD
N

T
here are tw

o types of IS
D

N
 circuits:

A
 B

asic R
ate Interface (B

R
I) circuit consists of tw

o 16, or 64 kbit data 
channels (called B

 or B
earer ch

an
n

els), and a 16kbit  signaling channel 
(called the D

ata or D
 channel) and 48 kbits of overhead bandw

idth. T
otal 

bandw
idth of the B

R
I channel is 192 kbit/second.

A
 P

rim
ary R

ate Interface provides 23 of the 64 kbitB
 channels, a single 

64 kbitD
 channel, and 8 kbitof overhead bandw

idth.  T
otal bandw

idth of 
a P

R
I channel is 1.544 M

bit/second (the sam
e as a T

1 line!).

Im
p

o
rtan

t n
o

te:  In previous technologies that w
e explored, the control 

and error inform
ation w

as carried in special data packets on the
single 

channel offered by the technology.  T
his is called in-band signaling. 

IS
D

N
 uses the low

-speed D
 channel for control and error signaling.  T

he 
use of a separate channel for signaling/error handling is referred to as 
“out-of-band” signaling.
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ISD
N

IS
D

N
 requires som

e special equipm
ent in order to provide the high-speed data 

connections on the existing infrastructure:

A
 T

erm
inal A

dapter (T
A

) box is required at the “house” end of the w
ire.  T

his box 
allow

s the user to connect D
T

E
 equipm

ent (com
puters (T

E
2)  and telephones 

(T
E

1) ) to the IS
D

N
 line.  T

he T
A

 box is basically an IS
D

N
 m

ultiplexer /
dem

ultiplexer
(m

odem
).

A
nother box located at the custom

er prem
ise is the N

etw
ork T

erm
ination 1 (N

T
1) 

box.  T
he N

T
1 box converts inform

ation from
 the D

T
E

 into IS
D

N
 fram

es, and vice-
versa.

A
 N

etw
ork T

erm
ination 2 (N

T
2) box m

ay be required for P
B

X
 and other types of 

D
T

E
.  T

he N
T

2 box provides another layer of data conversion.

In phone-com
pany speak, IS

D
N

 defines several reference points along the length 
of an IS

D
N

 circuit.

T
he R

 reference point –
defines a connection betw

een a T
E

2 and a T
A

 box.

T
he S

 reference point –
defines a connection betw

een a T
E

1 and a T
A

 box.

T
he T

 reference point –
defines a connection betw

een an N
T

2 and an N
T

1 box.

T
he U

 reference point –
defines a connection betw

een a N
T

1 and the IS
D

N
 office.
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ISD
N

It is extrem
ely difficult to apply the O

S
I m

odel to IS
D

N
.  O

ne reason for 
this is that IS

D
N

 provides tw
o types of “channels”  (B

&
D

), w
ith different 

functionality, in one connection.  T
he D

 channel is used for out-of-band 
signaling, w

hile the B
 channel is used for data transfer.

F
or those w

ho m
ust see it, the picture above show

s how
 the O

S
I m

odel 
is usually applied to the IS

D
N

 service. Instead of a single seven layer 
stack, this “m

odel” offers three stacks; the user plane, the control plane, 
and the m

anagem
ent plane.

T
he user-plane stack defines the “B

” channel, the control plane stack 
defines the “D

” channel, and the m
anagem

ent stack defines the 
interfaces to the rest of the telephone infrastructure.
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ISD
N

In reality, m
ost IS

D
N

 specifications rely on a sim
plified version of the 

IS
D

N
 stack as show

n above. 

T
he physical layer is defined by the International T

elephone U
nion (IT

U
) 

(form
erly the C

C
IT

T
) specifications I.430 and I.431 (for B

R
I and

P
R

I 
respectively).

O
n the B

 channel side, the datalink layer is defined by the Link A
ccess 

P
rotocol B

alanced  (LA
P

B
), and other sim

ilar protocols.  T
he D

 channel 
side A

LS
O

 relies on LA
P

B
.

A
t the netw

ork layer, the B
 channel side relies on X

.25 (and other) 
protocol.  O

n the D
 channel side, another IT

U
 protocol, Q

.931, is 
em

ployed.

Layers 4,5,6,7 are “users choice” on the B
 channel, w

hile end-to-end 
user signaling is used on the D

 channel.
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ISD
N

T
he fram

e form
ats in the user plane define how

 data is sent over
an 

IS
D

N
 circuit. T

he fram
e form

ats differ betw
een B

R
I and P

R
I 

connections.  

E
ach B

R
I fram

e includes 16 bits of B
1 channel data, 16 bits of B

2 
channel data, four bits of D

 channel data, and 12 bits of overhead 
(fram

ing, …
), for a total fram

e size of 48 bits..  A
 B

R
I operates at 4000 

fram
es per second, providing a bandw

idth of 192 kbits/second (4000*48)

B
R

I service is typically available for $30 to $60 a m
onth..

A
 P

R
I fram

e is identical to the telephone com
pany T

1 fram
e.  T

he
P

R
I is 

capable of delivering 8000 fram
es per second.  E

ach fram
e is 193

bits 
long, providing a throughput of 1.544 M

bit/second.   E
ach fram

e contains 
1 bit of overhead, 8 bits of D

 channel inform
ation, and 23 eightbit B

 
channel subfram

es w
hich contain data for each of the 23 B

 channels.

P
R

I services are usually several hundred dollars a m
onth.
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ISD
N

O
n the control plane side, there are several fram

e form
ats.  

T
he LA

P
D

 addressing fram
e is used to provide addressing inform

ation 
for the data packets on the B

 channel.  

T
he S

ervice A
ccess P

oint Identifier (S
A

P
I) and T

erm
inal E

quipm
ent 

Identifier fields are used to determ
ine the internal telephone com

pany 
routing for this packet.  Inform

ation in these fields also determ
ines if this 

fram
e is associated w

ith a data packet, or is m
erely a control fram

e for 
use by the netw

ork sw
itchgear.  

T
he N

etw
ork layer packet is used to com

m
unicate inform

ation about the 
data fram

es involved in this com
m

unication session.  

IS
D

N
 addresses are based on the 13 digit telephone num

ber convention.  
T

he first three fields of the address are country code, a netw
ork identifier 

(N
C

) field, and then the 10 digit phone num
ber (A

rea C
ode /exchange 

/num
ber).  T

his portion of the address gets the fram
e to the subscriber’s 

N
T

1 interface. 

A
 40 digit field allow

s addressing of a specific device on the subscriber’s 
netw

ork.
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ISD
N

A
t the netw

ork layer, packets are called m
essages.  A

 m
essage is

encapsulated in the inform
ation field of an LA

P
D

 I-fram
e for transport 

across the link.  T
he N

etw
ork layer packet is used to com

m
unicate 

inform
ation about the data fram

es involved in this com
m

unication
session.  

T
he P

rotocol D
iscrim

inator field (1 byte)  tells w
hich protocol is in use.

T
he C

all R
eference field (2 or 3 bytes) gives the sequence num

ber of this 
call. T

he C
all R

eference fram
es are used to define the purpose of the 

data fram
e.  T

he four types of fram
es are: call establishm

ent, call 
inform

ation, call clearing, and m
iscellaneous m

essages.
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ISD
N

Inform
ation elem

ent fram
es carry details about the connection.  T

hese 
details are required for call establishm

ent.  F
or exam

ple the source and 
destination addresses, routing inform

ation, type of channel requested for 
B

 channel com
m

unications (X
.25, circuit sw

itched, A
T

M
, F

ram
e R

elay).

T
he inform

ation elem
ents consist of one or m

ore bytes, as show
n in the 

bottom
 picture.
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D
SL

•
D

igital Subscriber L
oop is situated just above ISD

N
 in the B

-ISD
N

 
bandw

idth hierarchy.
•

D
SL

 defines several different types of service:
–

A
sym

m
etric D

igital Subscriber L
oop (A

D
SL

) provides a circuit w
ith one 

data rate on the uplink side, and a different data rate on the dow
nlink side.  

N
ative A

D
SL

 divides the 1M
hz subscriber loop into three bands.  T

he 0 –
25 khz band is reserved for voice.  T

he 25-200 khz band is used for uplink 
data, w

hile the 250 –
1000 khz band is used for dow

nlink data.
–

R
ate A

daptive A
sym

m
etric D

igital Subscriber L
oop (R

A
D

SL
) allow

s 
different data rates depending on the type of com

m
uniation: voice, data, 

m
ultim

edia, …
. 

D
S

L is one of the “low
er m

iddle ground” offerings in the B
IS

D
N

 hierarchy.

It is faster than IS
D

N
, but slow

er than A
T

M
.  

D
S

L is usually relatively inexpensive service ($50 -
$75 a m

onth), and 
like IS

D
N

, allow
s the user to have voice, and data, connections over a 

single phone line.
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D
SL

–
H

igh bit-rate D
igital Subscriber L

oop (H
D

SL
) provides an alternative to 

the telephony T
1 circuit.  H

D
SL

 provides a 1.544 M
bit circuit.  H

D
SL

 
em

ploys a different encoding m
ethod than T

1, w
hich results in m

ore than 
doubling the length of a T

1 circuit.  H
D

SL
 uses tw

o tw
isted pairs to 

provide a full-duples circuit.

–
Sym

m
etric D

igital Subscriber L
oop (SD

SL
) is H

D
SL

 over a single pair of 
w

ires.
–

V
ery high bit rate D

igital Subscriber L
oop (V

D
SL

) provides an alternate 
type of circuit over coax, fiber, or tw

isted pair cabling up to 1800 m
eters  

in length. V
D

SL
 is capable of providing throughput of 50 to 55 m

egabit 
dow

nstream
, and 1.5 to 2.5 m

egabit/second upstream
.

T
here are several other flavors of D

S
L service defined, but m

any
are not 

offered by m
ost phone com

panies.  O
ne reason for this is that the phone 

com
panies w

ill lose revenue if they offer such high-speed service in place 
of their traditional T

1 lines.

A
 T

1 line typically costs $1000 -
$2000 a m

onth.  W
hy w

ould anyone 
w

ant to pay this m
uch m

oney w
hen an equivalent  D

S
L circuit  m

ight cost 
$200 a m

onth?
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A
T

M

A
synchronous T

ransfer M
ode is one of the “upper m

iddle ground ” pieces 
of the B

-IS
D

N
 offering.  It is slow

er than the S
O

N
E

T
 service, but faster 

than the D
S

L service.  

A
T

M
 is a cell relay service.  U

nlike previous services that w
e have 

discussed, A
T

M
 operates on very sm

all pieces of  inform
ation. W

hile 
E

thernet, T
oken R

ing, and other technologies operate w
ith fram

e sizes in 
the thousands of bytes, A

T
M

 operates on 53 byte cells.

T
he 53 byte size is a result of negotiations by the international standards 

organizations.  O
ne side w

anted 64 to 128 byte cells, and the other side 
w

anted 16 to 32 byte cells.  T
he com

m
ittee com

prom
ised on 48 byte 

cells.  A
 previous agreem

ent determ
ined that the header w

ould only be 
10%

 of the entire fram
e, so: 48 bytes +

 10%
 (5 bytes) =

=
 53 bytes per 

cell.

T
he advantage of w

orking w
ith such sm

all data units is the speed
that 

they can be sw
itched through the netw

ork.  B
ecause everything is

sliced 
and diced into cells. R

eal-tim
e sensitive data does not suffer long delays 

w
hile non-critical data m

onopolizes the m
edia.

C
S

E
 458 Lecture 4

2/3/2004
22

A
T

M

A
T

M
 uses a T

im
e D

om
ain M

ultiplexing (T
D

M
) schem

e to encode the 
data onto the m

edia.  M
ultiple bit stream

s arrive at the m
ultiplexer 

sim
ultaneously.  T

he m
ultiplexer clocks the data through to the output, 

giving each bit stream
 equal tim

e.
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A
T

M

F
or data netw

orking, A
T

M
 connections can take m

any form
s.  It is

even 
possible to provide T

C
P

/IP
 netw

orking over an A
T

M
 infrastructure.

W
hen this service is provided w

ithout any of the LA
N

 em
ulation services 

(discussed later), it is called C
lassical IP

 over A
T

M
.
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A
T

M

W
hen tw

o A
T

M
 hosts w

ant to com
m

unicate, they m
ust rely on an 

infrastructure service called the A
T

M
 A

ddress R
esolution P

rotocol 
(A

T
M

A
R

P
)  service.  T

his service m
aps the A

T
M

 address of each host to 
a set of perm

anent/virtual circuit num
bers.  T

his is necessary because 
the hosts are incapable of deriving this inform

ation on their ow
n.  T

his is 
true, because there is no m

echanism
 w

ithin A
T

M
 to broadcast a 

cell/packet to all hosts on the netw
ork.  A

ll service requests m
ust be sent 

to a specific host.

B
ecause A

T
M

 is a connection-oriented technology, before tw
o hosts can 

com
m

unicate a connection m
ust be built.  

T
he sending host asks for the A

T
M

 address of the destination system
.  

T
he A

T
M

A
R

P
 server provides this inform

ation to the sending host.

T
he sending host contacts the destination host, and asks for a 

connection.  

T
he destination host asks the A

T
M

A
R

P
 server fir inform

ation about the 
source host.

T
he A

T
M

A
R

P
 service provides this inform

ation to the host.

T
he destination host opens a connection to the sending host…

O
nce the connection is set up, the tw

o hosts com
m

unicate.
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A
T

M

A
T

M
 defines a pair of connection types:

T
he U

ser to N
etw

ork Interface (U
N

I) is are used to connect end-station 
equipm

ent to the netw
ork sw

itches.

T
he N

etw
ork to N

etw
ork Interface (N

N
I) is used to connect tw

o netw
ork 

com
ponents (sw

itches) together.
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A
T

M

Like F
ram

e R
elay, and X

.25, A
T

M
 em

ploys the concept of virtual circuits 
in order to establish a connection betw

een tw
o end points.

In A
T

M
-speak, A

 transm
ission path (T

P
) is a physical connection 

betw
een tw

o pieces of A
T

M
 equipm

ent.

V
irtual paths (V

P
) are connections betw

een tw
o sw

itches in the A
T

M
 

netw
ork. T

hink of virtual paths as highw
ays that connect tw

o cities.  E
ach 

highw
ay is a virtual path.  T

he set of all highw
ays is a transm

ission path.

C
ell netw

orks are based on virtual circuits (V
C

’s).  A
ll cells belonging to a 

single m
essage follow

 the sam
e virtual circuit, and rem

ain in order until 
they reach their destination.  T

hink of virtual circuits as the lanes of the 
highw

ay (virtual path). 
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A
T

M

In order to route data through the netw
ork, each connection in a

virtual 
circuit netw

ork m
ust be identified.  In A

T
M

, this is done by assign unique 
num

bers to each V
irtual P

ath (V
irtual P

ath Identifier) and virtual circuit 
(V

irtual C
ircuit Identifier).  

T
he size of the V

P
I and V

C
I depend on the type of connection betw

een 
the tw

o entities: A
 N

N
I interface requires a larger “address”, so the V

P
I is 

allocated 12 bits, and the V
C

I is allocated 16 bits.  A
 U

N
I interface 

requires sm
aller addresses, so the V

P
I is allocated 8 bits, and the V

C
I is 

allocated 16 bits.
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A
T

M

T
he A

T
M

 cell is a pretty sim
ple fram

e form
at.  T

he header consists of 5 
bytes (m

uch of this is the V
P

I/V
C

I).  T
he header is follow

ed by 48 bytes 
of “data”.
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A
T

M

T
he call setup, data transfer, and circuit teardow

n phases of an
A

T
M

 
conversation is very sim

ilar to those of F
ram

e R
elay, and IS

D
N

.
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A
T

M

Like F
ram

e R
elay, the packet routing is interface, and table driven.  

T
here are tw

o types of sw
itches in the A

T
M

 fabric; V
P

 sw
itches, w

hich 
route the cells using only the V

P
I portion of the address.  A

s the cell is 
routed through the netw

ork, the V
P

I value changes at each sw
itch…

but 
the V

C
I rem

ains the sam
e through the entire netw

ork.

A
s a cell arrives on an interface, the sw

itch consults a table to determ
ine 

w
hich interface it should send the cell to.
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A
T

M

T
he other type of A

T
M

 sw
itch routes cells based on the V

P
I and V

C
I 

fields.  B
oth the V

P
I and V

C
I fields are m

odified as the cell passses 
through these sw

itches.

T
his tw

o-tier routing schem
e allow

s for efficient routing.  T
he sw

itches at 
the edges of the A

T
M

 fabric use both portions of the address (V
P

I’s and 
V

C
I’s) to deliver the cells.  T

hese sw
itches m

ust have detailed 
inform

ation about the end-point netw
orks.  

T
he sw

itches in the m
iddle of the fabric do not need to know

 how
to 

deliver the cell to an endpoint, they just need to get the cell to the 
neighborhood of the destination sw

itch.  T
hese sw

itches use justthe V
P

I 
portion of the address to route the cells.
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A
T

M

A
T

M
 is im

plem
ented on a 3 tier stack m

odel.  

T
he P

hysical layer is sim
ilar to the O

S
I physical layer. 

T
he A

T
M

 layer is sim
ilar to the O

S
I D

ata Link layer.

T
he A

pplication adaptation layer (A
A

L) provides the interface betw
een 

upper-layer protocols in the IS
O

 stack, and the A
T

M
 transport 

m
echanism

s.
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A
T

M

A
T

M
 defines several “classes” of data w

hich exhibit specific properties; 
constant bit rate, variable bit rate, tim

e critical, and tim
e non-critical.

A
T

M
 provides an adaptation layer for each of these services.
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A
T

M

N
otice that the A

A
L1 form

at “steals” som
e of the data portion ofthe cell 

for control inform
ation.  T

his is referred to as the “A
T

M
 C

ell T
ax”.  

T
he inform

ation in the “stolen byte” is used to identify w
hich A

A
L “stack” 

should process this cell at the destination,
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A
T

M

A
A

L2 cells pay a stiffer C
ell T

ax than A
A

L1.  A
gain, the inform

ation in the 
“stolen” bytes is used to encode inform

ation about how
 this cellshould be 

handled by the netw
ork equipm

ent.
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A
T

M

A
A

L3 and A
A

L4 pay the stiffest C
ell T

ax. 
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A
T

M

O
nce A

T
M

 had been deployed, the im
plem

entors determ
ined that there 

w
as a m

ore efficient w
ay to carry IP

 over A
T

M
.  T

hey defined a new
 A

A
L 

layer, called A
A

L5.  

A
A

L5 D
O

E
S

 N
O

T
 suffer from

 the A
T

M
 C

ell tax!  T
his m

akes it the m
ost 

efficient form
at for the transport of data.

In reality, M
O

S
T

 A
T

M
 traffic is carries in A

A
L5 fram

es.
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A
T

M

D
etails of the A

A
L5 fram

e form
at.
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A
T

M

D
etails of the A

T
M

 cell headers.

N
ote, that U

N
I cells have a slightly different form

at than N
N

I cells.
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A
T

M

In addition to native A
T

M
 operating m

ode, the A
T

M
 forum

 decided that in 
order to m

ake the technology m
arketable, they need to be able to

em
ulate existing LA

N
 hardw

are.  T
hey developed an em

ulation m
ode

called Lan
E

m
ulation (LA

N
E

).  

T
he LA

N
E

 driver replaces the native m
ode A

T
M

 driver in the system
 

kernel.  T
he system

 sends inform
ation to the A

T
M

 card under the 
m

istaken im
pression that the interface card is either an E

thernet, or 
T

oken R
ing interface.  T

he driver handles converting these LA
N

 packets 
into A

T
M

 cells. 
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A
T

M

LA
N

 E
m

ulation requires a couple of “helper” system
s.  

T
he LA

N
 technology that is being em

ulated em
ploys broadcast fram

es to 
distribute som

e types of inform
ation.  A

T
M

 does not have a m
echanism

 
for broadcasting cells to every host on the netw

ork, so a B
roadcast and 

U
nknow

n (B
U

S
) server is used to sim

ulate this function.  If a station 
needs to send a broadcast packet, it sends it to the B

U
S

 server,and the 
B

U
S

 server distributes the packet to all other hosts on the netw
ork.

T
he LA

N
 E

m
ulation server sets up the virtual circuits required for the 

LA
N

E
 conversations.  T

his w
ould norm

ally be handled by the sw
itch 

fabric  in native m
ode A

T
M

 netw
orks.

T
he configuration server provides netw

ork configuration services
required 

by the LA
N

 em
ulation clients.
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M
PO

A

A
s if LA

N
E

 w
asn’t enough, the A

T
M

 forum
 decided to im

plem
ent a w

ay to 
carry m

ulti-protocols over A
T

M
 sim

ultaneously. T
his service is called 

M
ulti P

rotocol O
ver A

tm
 (M

P
O

A
).  

M
P

O
A

 requires yet another layer of softw
are to em

ulate the additional  
protocol stacks.  It also requires that the A

T
M

 system
s be running in 

LA
N

E
 m

ode. 


