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16 Kb/s minimum shift keying (MSK)

16 Kb/s binary phase shift keying (BPSK)

Freqncy shift [Khz]

Measured
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Physical layer

ATM layer

ATM adaptation layer

User planeControl plane

Plane management

Layer management

Higher layersHigher layers

Management

plane

ATM      asynchronous transfer mode
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Generic flow control

Cell header generation/extraction

Cell VPI/VCI translation

Cell multiplex and demultiplex

Cell rate decoupling

HEC sequence generation/verification

Cell delineation

Trsnamission frame adaption

Transmission frame generation/recovery

Bit timing

Physical medium

ATM      asynchronous transfer mode

AAL       ATM adaptation layer

CS        convergence sublayer

SAR      segmentation and reassembly

VPI        virtual path identifier

VCI       virtual channel identifier

TC         transmission convergence

HEC      header error control

PM        physical medium

Higher layer functions

Convergence

Segmentation and reassembly

Higher layers

AAL

ATM

layer

Physical

CS

SAR

TC

PM

(SUB) LAYERFUNCTION
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regenerator section

digital section

virtual channel connection

virtual path connection

transmission path

virtual channel

level

virtual path

level

transmission path

digital section

level

regenerator section

level

Physical 

layer

ATM

layer

ATM      asynchronous transfer mode

end points of corresponding level

connecting point of corresponding level

F5

F4

F3

F2

F1

OAM

info flow

OAM     operation and management

level

� y ���:~/p � ��l��0~D� y �n� ��~/r m�x/y ���!����eC�(y �gx/w:p�~�n3� o m���pq~¥m���� �!w��n�?y �qm�o o m���pq~
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Header Information field

5 octets 48 octets

� y ���:~/p � ��l�~C�#~�n3�A��pqo o

m��?������w:~/���:�����!�³m��?w:y ����|:p�u ��u:��� �npqr m����`|�m����gy �¥y ���npq}0pq���npq�6x ���
x/w:p@���?pq~ ��� y ���:~/p � ��m���� � y ���:~/p � �  �u
~�n3� e¥y o o��?�:}:}0��~?x@�0��x/w ��y ~����:y x¤��e¥y x���w:p��Qm���� }�m���f�p�x¤��e¥y x���w:p�� � �?��r�p�x/y r�p��-~/p�� pq~/~/p�� x/� m�� ��� 	����U� �
� ����� m���� ��p:��s0�6� � ����� |6~/p��?}0p���x/y ��pqo �V ��?pq~/��y ��p��qu

c1 c2 cn c1 c2 cn

framing information

user data

cx          channel number x

time slot

� y ���:~/p � �Vl�n(w:p-}:~/y ����y }:o pD���¶�?������w:~/���:�����!x/~�m������ pq~¥r��n�np

user data

cx          channel number x

c1 c2 not

used
c1 c3 c2 c1

header (routing id)

cell
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m 	(�Uq³�&����q�qL{�� �!w��n�?y �qm�o!o m���pq~  R~t��pqo o!x/w�m�x y �¤y ���?pq~?x/p�� ��p(j�x/~�m���x/p�� ���x/w:p }:w��n�?y �qm�o�o m���pq~-� ��~@x/w:p
}:�:~/}0�6�?p������{}�m���o �6m�� �qm�}�m���y x��_m��:m�}nx�m�x/y ���4u

~ � p(jn}:o m�y �:p���p�m�~/o y pq~�|�x/w:pq~/pgm�~/p_xLe�� y �6x/pq~?�³m���p��@x/� x/w:p vY� � l | s+x/�Q�������?y �npq~�, x/w:pg���?pq~���x/�b���:p�xLe���~gf
y �6x/pq~?�³m���p �³� s �  �m����_x/w:p��:p�xLe���~gf���x/�b���:p�xLe���~gf¤y �6x/pq~?�³m���p � s s �  �u � ��~�x/w:p��?p�xLe��¤y �6x/pq~?�³m���p���x/w:pDy �6x/pq~/��m�o
��x/~/����x/�:~/pD����x/w:p�~�n3�A��pqo o w:p�m��npq~¥y �C�?o y ��w6x/o � �ny �"pq~/pq�6x�|:m��¥�?w:��e¥�gy � � y ���:~/p � ��m���� � y ���:~/p � �:u
n(w:p-��m�~/y ������}�m�~?x��(���
x/w:p@��pqo o4w:p�m��npq~Cm�~/p�l

m � �����6	��³� �{��rA���0�"�q	���q6u � � �
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8 7 6 5 4 3 2 1

GFC VPI

VPI

VCI

PT CLP

HEC

1

2

3

4

5

OCTET

BIT

VCI

VCI

VPI    virtual path identifier

VCI     virtual channel indentifer

HEC    header error control

PT     payload type

CLP    cell loss priority

GFC   generic flow control
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8 7 6 5 4 3 2 1

VPI

VCI

PT CLP

HEC

1

2

3

4

5

OCTET

BIT

VCI

VCI

VPI    virtual path identifier

VCI     virtual channel indentifer

HEC    header error control

PT     payload type

CLP    cell loss priority

VPI
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CS

SAR

AAL

SSCS

CPCS

SAR

service access point (SAP)

CS               convergence sublayer

SAR             segementation and reassembly

SSCS    service specific CS

CPCS   comman part CS
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(sub-)layer header

(sub-)layer padding

(sub-)layer trailer

AAL-SDU

CS-PDU

SAR-PDUs

AAL      ATM adaptation layer

CS       convergence sublayer

SAR      segmentation and reassembly
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(sub-)layer header

(sub-)layer padding

(sub-)layer trailer

CS-PDU

SAR-PDUs

AAL      ATM adaptation layer

CS       convergence sublayer

SAR      segmentation and reassembly

AAL-SDUs

� y ���:~/p�� �Vl�~D~ � � � ����x/~/p�m�r�y �:��r��n�np-�?pq~/��y ��p
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AAL-SDU

CS-PDU

SAR-PDUs

0 - 47 8 octets

AAL      ATM adaptation layer

CS       convergence sublayer

SAR      segmentation and reassembly

(sub-)layer padding

AAL 5 tail

� y ���:~/p�� ��l�~D~ � � �?pq~/��y ��p

UU CPI length CRC

1 1 2 4

UU        AAL user-to-user identifier

CPI        common part identifier

CRC      cyclic redundancy check

octets
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PTE STE STE STE

LTE

STE STE STE

LTE

PTESTE

LTE

path

line line

section section section section

LTE       line termination equipment

PTE       path termination equipment

STE       section termination equipment
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SOH

SOH

5 octets

1 octet

3 octets

261 octets

AU-4 pointer

STM-1

9 octets

AU-4

VC-4 POH

VC-4

53 octets

ATM cell

SOH     section overhead

AU        administrative unit

POH      path overhead

STM      syncronous transport module

ATM      asynchronous transfer mode

C           container      

VC        virtual container

1 octet

C-4

� y ���:~/p�� � l � ~�m�r�p-��x/~/����x/�:~/p�� ��~-�����b� �����¥l | �3����m��?p�� y �6x/pq~?�³m���p
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SOH

SOH

5 octets

1 octet

3 octets

AU-4 pointer

53 octets

ATM cell

SOH     section overhead

AU        administrative unit

POH      path overhead

STM      syncronous transport module

STM-4

VC-4-4c

POH

1 octet

C-4-4c

C-4-4c       container 4 concatenated

ATM             asynchronous transfer mode

VC-4-4c     virtual container 4 concatenated

9 x 4

octets 261 x 4 octets

� y ���:~/p�� �Vl � ~�m�r�p-��x/~/����x/�:~/p�� ��~ � � � � �����¥l | �3����m��?p�� y �6x/pq~?�³m���p
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inputs outputsTSI

A = 3, B = 5 A = 5,, B = 3

TSI      time slot interchange

MUX MUX

MUX      multiplexor

USERS: A, B
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input controllers

output controllers

Memory
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input controllers

output controllers

TDM bus
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input controllers

output controllers
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Stage 1 Stage 2 Stage 3 Stage 4
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Distribution

network

Banyan

network
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Banyan

network

Sorting

network

Trap
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HIPPI-LE HIPPI-FC HIPPI-IPI

HIPPI-FP

HIPPI-PH HIPPI-SC

HIPPI-FC    HIPPI fibre channel

HIPPI-PH    HIPPI physical layer

HIPPI-SC    HIPPI switch control

HIPPI-FP     HIPPI framing protocol

HIPPI-IPI     HIPPI intelligent peripheral  interface

HIPPI-LE     HIPPI LAN encapsulation (IEEE 802.2)

HIPPI            high performance parallel intreface

� y ���:~/p������Vl � � � � � }:~/��x/�n����o �?�:y x/p

H

H

H

H

D

D

D

D

D

D

D

HIPPI  switch

HIPPI    high performance parallel interface

HIPPI device

� y ���:~/p������Vl�~^��~ s^��������x/~/����x/p��g���?y �:� � � � � � ��e¥y x���w:p��
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I-fieldidle idleconnection

packet packet packetpacket

burst parity check burst parity check

256 words

� y ���:~/p�������l�� � � � � �:m�x�m¤� ~�m�r�y �:��w:y pq~�m�~���w��

L W D PS C destination addresssource address

1 2 1 1 2 12 12BITS

L           1 indicates locally defined format

W          1 indicates 64 bit connection

D          1 indicates swap source and destination addresses

PS path selection

C           camp on

1
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A

A A

A

W W

W

W

W W

W

E

W

E

A

W

E

ATM hub

ATM workstations

ATM      asynchronous stransfer mode

public network to network interface

private network to network interfaceATM equipment

B-ISDN

traditional

LANs
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4B/5B encoder

NRZI encoder

optical transmitter

clock synchroniser

125MHz local clock 4B/5B decoder

latency buffer

optical receiver

transmission control unit

4 bits

5 bits

4 bits

5 bits

from MAC unit to MAC unit

fibre out fibre in

NRZI     non-return to zero invertedMAC      medium access control

� y ���:~/p�������l!ln��w:pqr m�x/y ����� �{|�| � }:w��n�?y �qm�o"y �6x/pq~?�³m���p

m �4	�p � � �t������s3��� � ����������u�� �
�Uy l � �?��r¤�0��o �C�����6x�m�y �:y �:�_m � � ���:y xD� �C� u�n(w:p � �(l ������pq~���x/w:ph�pqo �:� � �D| | ~�|0l�~�|:y �n� ��~/r m�x/y ��� m���� � �(l"u
m � �U� ����q�� � � ���6	=u � �=y l4�D��~ � n=�����6x/~/��o �?��r¤�0��o �qu
m �4	�p � �¤�q��pn�����6u��D�Uy l � �?��r¤�0��o ��e¥w:y ��w¤m�~/p�m ����r¤�:y ��m�x/y ���@��� �Ym����¤l@�?��r¤�0��o �
y ���ny �qm�x/y �:��y �:x/w:p� ~�m�r�pDw�m��¥�0pqpq� �?pqpq� ���_x/w:p¤�np���x/y ��m�x/y ��� ��x�m�x/y ��� m����gy �¶y x w�m��¥�0pqpq� ����}:y p��g��� x/w:p@�np���x/y ��m�x/y ���
��x�m�x/y ���4u

n(w:p¥��}0pq~�m�x/y ������� �{|�| � y �!r¤����w x/w:pC�/m�r�pCm��{x/��f�pq� ~/y �:��u�~3��x�m�x/y ����r¤����x!�0pCy � }0�6�/�?p��/�?y ���¤���4m�x/��f�pq�
�0p�� ��~/p y x¥�qm���x/~�m����?r�y x(m��_y �n� ��~/r m�x/y ��� � ~�m�r�p�u�� ����pCy x(w�m����?pqpq� x/w:pC� ~�m�r�p ���¤m�~/���:����x/w:p ~/y �:�¤y x(�qm��
x/w:pq� ~/pq��pq�:pq~�m�x/pDx/w:p-x/��f�pq� m�o o ��e¥y �:�_�?��r�pq���:p@pqo �?p-x/� x/~�m����?r�y x�u �C��e�pq��pq~�|nx/w:p¤}0��x/pq�6x/y m�o o �go m�~/��p@�?y iqp
���
x/w:p �{|�| � ~/y �:��r�p�m�����x/w�m�x¥y xCw�m��(m w:y ��w:pq~(o m�x/pq����� x/w�m�� x/��f�pq� ~/y �:� m���� �?��r���~/p x/w�m��g���:p�� ~�m�r�p
r m�� �0p ��y ~����:o m�x/y �:� m�~/���:��� x/w:p ~/y �:� m�x-m ��y ��pq� x/y r�p�u
n(w:p�}:w��n�?y �qm�o�y �6x/pq~?�³m���p�e¥y o o{x/w:pq� ~/pq}0p�m�xDx/w:p
�`~�|:l | | � �7m���� | ~ h�pqo �_�0p�� ��~/p�y x f��:��eC��y �
x/w:y ��y ��y x��(��e¥� � ~�m�r�pDe¥w:y ��w y x¥�?w:���:o �_~/pqr�����p¥� ~/��r x/w:p
~/y �:��u � ��x/w:y �¥�n�q���:~���|nx/w:p@��x�m�x/y ��� ��x/��}��¥�?pq���ny �:�_m����_r���~/p-����x/w:pD� ~�m�r�p@m����gy ����x/p�m��g�?pq���:�¥���nx ��| � �
�?��r¤�0��o ���:�6x/y o y x(~/p���pqy ��p���m�� l | y ���ny �qm�x/y �:��m��:��x/w:pq~�� ~�m�r�p�u�n(w:y �&e¥y o o"o p�m�� x/�¤r m������ ~�m�r�pC� ~�m���r�pq�6x��
m�~/���:���_x/w:p-~/y �:��e¥w:y ��w �?w:���:o � �0p-~/pqr�����p��_��� ~/p���pqy ��y �:����x�m�x/y �����qu
~Co o ��x�m�x/y ������m�o �?�6f�pqpq} m@�:��x/p����4x/w:p ����s0���Y	�����pn���³�0� ��� � � u	
���
�y e¥w:y ��w_y ��x/w:p x/y r�p�pqo m�}��?p��_�?y ����p
x/w:p ��x�m�x/y ����o m���x��/mte x/w:p¥x/��f�pq�4u�~ �{x/w:pCo �6m��¤��� x/w:p �{|�| � �:p�xLe���~gf-x/w:y �¶x/y r�p0e¥y o o:y ����~/p�m��?p�u�n(w:p0n ��n
�qm�� �0p ����r�}�m�~/p��_x/� m�}:~/p��?p�x ��m�o �:p¤�qm�o o p�� x/w:p ��pn	 �0�6�_����s0���3	�����pn���³�0�I��� � ��u	

���
�y x/� m�o o ��e=m
}:~/y ��~/y x�����}0pq~�m�x/y ���_�/��w:pqr�p�l{���:o ��}:~/y ��~/y x�� � ~�m�r�p����qm�� �0p x/~�m����?r�y x?x/p��_y �4x/w:p�n ��nIy ����~/p�m�x/pq~!x/w�m��_x/w:p
n3n ��nDu
~tx/y r�pq~_�qm�o o p���x/w:p ����s0��� ����q�� ��� � �6	vu	
 � 
�y m�o �?�Q�����6x/~/��o �@x/w:p �:��~/r m�o�x/~�m����?r�y �/�?y ��� ���D�:m�x�m:ukIw:pq�m ��x�m�x/y ��� ~/p���pqy ��p��(x/w:p-x/��f�pq� y xCx/~�m������ pq~��(x/w:p�n ��n x/� x/w:p�n �Dn e¥w:y ��w ��x�m�~?x��¥x/� �����:�6x��n��e¥�4u



�����������
	�������������� � � �

�¤�0�"�q	���q ��� � � �
��� �z� ��q ��� �z� ��q
��| � � ���������� �������
� �����:�
n �:�����:�
� ��:�����
l ������:�
� � � �Yn �����
�D~ ��n ��:����

n�m��:o p � ��l �{|�| � �����6x/~/��o ���n�np-�?��r¤�0��o �

PA SD FC ED

PA SD FC DA SA information FCS FSED

PA         preamble

SD        start delimiter

FC         frame control

DA         destination address

SA         source address

FCS       frame check sequence

ED         end delimiter

FS         frame status

token

FCS coverage

16 2 2 4/12 4/12

16 2 2

8 1/2 3

1/2

SYMBOLS

SYMBOLS

0 - 9000
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P           preamble

DPG      dedicated packet group

WBC      wideband channel

P cycle
header

Group
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Group
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Group

2

Group
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1 cycle = 12,500 bits

cycle body/payload

OCTETS 2.5 12 129 129 129 129

OCTETS 16 x 81

WBC15WBC0

DPG0
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SD         start delimiter

C1         syncronisation control

C2         sequence control

CS         cycle sequence

P           programming symbol

IMC       isochronous maintenance channel

SD C1 C2 CS P0 P15 IMC

programming template
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MID       message identifier

LEN       data length

CRC      cyclic redendancy check
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ST MID

115 1 1OCTETS

LEN CRCinformation

CRC coverage

header
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VCI

HEC

1

2

3

4

5

OCTET

BIT

VCI PT

VCI

CLP

VPI        virtual path identifier

VCI        virtual channel identifer

HEC      header error control

PT          payload type

CLP       cell loss priority

ACF       access control field

ACF
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L/CH S/M

5 2 44 2

L/CH S/M

5 2 44 2

L/CH S/M

5 2 44 2

6 6 4

DA SA CMAC frame

DQDB cells

C           cyclic redundancy check

SA         source address

DA         destination address

H           header

L/C        length and cyclic redundancy check

S/M       segemt type and message identifier

MAC      medium access control

DQDB   distributed queue dual bus
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B
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B
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B

R

B

R

B

R

B

R

B

R

B

R

BR

a DQDB network node

slot (cell) generator

a DQDB cell showing:

B     busy bit

R     request bit

Bus B

Bus A

DQDB          distributed queue dual bus
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RC DC

B

+

-

R

B    BUSY bit

R    REQUEST bit

RC        request counter

DC        down counter

Bus B

Bus A
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RC DC

B

+

-

R

B    BUSY bit

R    REQUEST bit

RC        request counter

DC        down counter

-

Bus B

Bus A
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