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Abstract  

The ever-increasing demands on network speed and capacity of arising from the use of 

specialized or even daily servicew to accentuate the application of new technologies to be 

able to withstand the "burden" of  data traffic, but also the ability to be processed. WDM 

networks and switching circuit technology seems to have completed its purpose and is no 

longer necessary thus we need to go one step further in Optical Packet Switched Networks. 

This new technology is based on nodes that incorporate all the new features through specific 

processes designed and implemented on the optical level. 

In this thesis is presented an ideal optical switch able to carry out the basic function of routing 

packets as well as comparative data with conventional routers. 

The first chapter is an introduction on the current situation in order to understand the friction 

points of outgoing and current technologies and what is required of the upcoming. 

The second chapter is an overview of the optical switch and the individual parts of which is 

composed. 

In the third chapter it is put forward the most important applications of this technology so that 

it becomes clearer why we really need to move on. 

In the fourth chapter is performed a comprehensive reference on one very important element 

that has begun to govern reasonably many human activities and could not be anything other 

than energy consumption. 

In the fifth chapter we have a feasibility analysis using the optical switch and the economical 

advantages compared to the switches that make up today's networks. 

Finally, in the sixth chapter there are recorded some important conclusions which can provide 

useful guidance for the start of the next technology project and skepticism about the 

immediately succeeding one. 
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1 ��������  

�  �&.$"&� ��"  �  �0����  ��(*(1%   �/   �1!($(���/  IP (Internet Protocol) +/  �� �$�$$� ���  
�"�   �!  �! �$$��%  *�*(#.!+!  �$$4  ��"   �!  ���(1%  �!����#� +!  0����'",!  .1�"  
(*��%'�"   (0/  ��$��"�("!+!"��()/  ����1(0/  ' �!  0"(�. �'�  !.+!  "*�,!  ��"  ���� "�,!  
'�  � , " �6(�4   (!   '1�*"�'#�  ��"   �!  0$(�(��'�  ')�1�(!+!  *"� )+! . ��   �  '�"�4   (0/  
(" "*.�/  �0 ./  .$�2�!  '4���  ��"  (' 4  +/  ���" %'�"/   �/  ')�1�(!�/  ��(�4/   +!  
 �$��"�("!+!",!  ��"  *�!  4���'�!  !�  #� (0'"+�()!  '�  �("!4  ��(*�� ./  ��(*"����6./  
*"4 #.'(0  '0!����",!  *"�6��+!  (���!"'#,!  (ITU, IETF, 3GPP �$� .) , �� �'��0�' ,!  
(vendors) ,  �$��"�("!+!"��,!  � �"��",!  - ����1+!  (operators) , (#4*+!  ����'��/  (work 
groups)  �$$4  ��"  #�#(!+#.!+!  ����' ���+!  (labs). �(  ���#�!(  2%#� *�!  % �!  4$$(  
�� ’  �!  �!������+�%   +!  ��(*"������##.!+!  "*�,!  ��"   �!  *�#"(0����  #��/  �!!"���/  
�$� 6��#�/  �(0  (*����  ' �!  �!(�(��'� , ��"   �!  ����('#"(�(��'�   �$+!   +!  
 �$��"�("!+!"��,!  *"� )+!  ��"  #("����  ' �!  ')��$"'�  #� �&)   +!  ' ����,!  ��"  �"!� ,!  
��"�("!+!",!  �(0  ��( �$��  ��"   (!  ���(�+!"��(  $��(   +!  �"� )+!  �.�/  ��!�4/ .   
 
�  '0!�1%/  �)&�'�   �/   �$��"�("!+!"��%/  ��!�'�/  ���4   (  ���(!�/  � "  *"4�(0#�  #��  
����(*(  ("�(!(#"�%/  ���'�/  ��!�"  (  2�'"��/  $��(/  �"�   (!  (�(�(  ���� ���� �"  .! (!�  
�"!� "�� � �  '�  � , " �6(�4   �!  �&.$"&�  +!   �$��"�("!+!"��,!  '0' �#4 +!  #� 4*('�/ . 
�"  �� �'��0�' ./  ���!*)(0!  ($(.!�  ��"  ���"''� ���  ' �!  �!4� 0&�  ��"   (!  '1�*"�'#�  
!.+!  '0' �#4 +!  #�  2�'"�%  ��"*�+&�   �!  #��+'�   �/  �� �!4$+'�/  �  (�(��  ��  
��( �$.'�"   �!  �"*(�("�  *"�6(�4  �!  '0����'�"  #�   �  '0' %#� �   +!   �$�0 ��+!  
*���� ",! .  
 
�� ’  �!  �$�0�4   (0/  ("  ��$��"�("!+!"��(�  �4�(1("  *�!  #.!(0!  �#. (1("  '�  �0 �   (  
��1����#�  ��"  '0##� .1(0!  �!���4  #�   (  !�  �! (��5(0!   "/  ���" %'�"/   �/  ��(�4/  ��"  !�  
*"�2$.�(0!   "/   �.1(0'�/  �$$4  ��"   "/  #�$$(! "�./   4'�"/  (" (�(��/  #�   �  '�"�4   (0/  
 �(6(*( ()!   �!  2"(#�1�!��  #�  "*.�/  ��"  �6�'(!  ��!�"  0$(�("%'"#�/  �� �'��0�' "�4 , 
("�(!(#"�4  ��"  ��"1�"��#� "�4   ��($(0�()!   �!  ���##%  �����+�%/  ��"  �!   .$�"  
�6��#�5(! �"  #.1�"  .!�/  !.(/  �)�$(/  "*�,!  !�  ��"'�"4'�"   �!   �.1(0'�   �1!($(��� . 
�'6�$,/  (  �.!�(/  �0 �/  �)�$(/  ����#� (�("�� �"  '�  .!�  .! (!�  �! ��+!"' "��  
���"24$$(! , 1���� ���5� �"  ���   �!  ����$�'�   �/  #��+'�/   +!  ("�(!(#",!  �$�#��(/ , 
 �!  #��+'�   (0  ���" ()#�!(0  1,�(0  ' �   �$��"�("!+!"��4  �.! ��  (Central Offices – CO) 
��"   �!  #��+'�   �/  �� �!4$+'�/  ��"   �/  ���#� � �/  �(0  ��$��(0!   �   �$��"�("!+!"��4  
'0' %#� � . ��  �����4!+  ��!(! �"  �! (!� ���  �'(  �0&4!(! �"  (" ���" %'�"/  �"�   (  
$���#�!(  �)�(/  5,!�/  (bandwidth). 	�  � , " �6(�4   (  �.#�   �/  �� �!4$+'�/  ��"  ' �  
�$��'"�  #��/  �!"���/  ��('�4��"�/  �"�   (!  '1�*"�'#�  ��"   �!  0$(�(��'�  
 �$��"�("!+!"��,!  '0' �#4 +!  6"$"�,!  ��(/   (  ���"24$$(!  ��(*"���46� �"  #��  
'�#�! "�%  ' �(6%  ��(/   "/  �� "�./  ��"�("!+!��/  (" (�(��/  �� �/   +!  #��4$+!   �1!"�,!  
*0!� ( % +!   (0/ , �$��()!  ��"�$.(!   "/  ��(�!�6�����'�/  ���"2�$$(! "�./  
��(9�(�.'�"/ . 
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	%#��� , ��   +!  ����#4 +!  �  #� 42�'�  ' �  (� "�4  '0' %#� �  (CWDM, DWDM) 
��( �$��   �!  ��$) ���  $)'�  '�  � , " �6(�4   "/  03�$./  ���" %'�"/  �)�(0/  5,!�/ ,  �!  
#��+'�   (0  ��' (0/  �$$4  ��"   �!  �� �!�$"'��#�!�  "'1) . ��   ���  �0 4  ��" %�"�  
��(0'��5�!  ��(   �"��(! �� ��/  � �!  (" (� "�./  �!�/  ��( (�#6�!�'����!  #�  ��( .$�'#�  
�  1�%'�   (0/  !�  ��"��! �+���  '�  ���0!� "��  �����*(  �6()  �  #�!�   �$��"�("!+!"��%  
�6��#(�%   �!  *���� ��   (0  70 ���"(�"5� �!  ' �!  2�'"�%   �$�6+!"�%  �$%'�  �  (�(��  *�!  
���" ()'�  (��"  *�!  ���" �� )  ��( �  �����4!+  ���   �  64KB #��/  *"')�#� �/  ���##%/ .  
 
�  ��$(/   �/  (� "�%/   �1!($(���/  ' �  '0' %#� �  *�(#($���'�/  (high capacity routers) 
*�!  .1�"  ���#�  *"�'�6�!�'���  ���4   (  ���(!�/  � "  .1(0!  *���!����  ���� 4  1��!"�  
.��0!�/  ���  �&�"*"��0#.!(0/  ��"' %#(!�/  ��"  #�1�!"�()/  (" (�(�("  #�   �!  '�"�4   (0/  
*"� ��!(! �"   "/  ����"��"' �/  *0!� � � ./   �/ . �(  �!*"�6.�(!   ,��  �' "45� �"  ' �!  
�� �'��0%  6+ (!"�,!   '"�  (($(�$��+#.!+!  �0�$+#4 +! ) �$�#���/  �4�("+!  mm �(0  
(*��()!  '�  1+�� "�� � �/   �/   4&�+/   (0  Tb/s �!,  ' (  �(! "!�  #.$$(!   �/   4&�+/  
#��"�,!  Pb/s. ���4$$�$�   (  2�'"��  #.$�#�   +!  �� �'��0�' ,!  ��!�"  �  '�#�! "�%  
#��+'�  "'1)(/  �(0  ��  �� �!�$�'�� �"  �� ’  �  �!  $��+  '0' %#� � . 
 
��( �$��  �("!�   ��(   (  ���(!�/  � "  (  ���(/  *�*(#.!+!  (Internet video, P2P �$� ) �(0  
#� �6.�� �"  ���   �  ')�1�(!�  *�� 0�  �($$��$�'"45� �"  #�  �(��()/  �0�#()/  ��"  
�!*�"� "�4  ��  �!�6.�(0#�  � "  #.'�  ' (  2012 % �!   �/   4&�+/   +!  1500 Pbytes/#%!�  �!,  
' �   .$�   (0  2015 ��  6 4'�"  ����   �  6500 Pbytes/#%!�  ����('#�+/ . �' �'(  �  
 �(#�� "�%  �)&�'�   �/   �$��"�("!+!"��%/  ��!�'�/  #�(���  #�!  !�  '�#� (*( ��   �!  
 �1!($(�"�%  ��"  �("!+!"�%  �&.$"&� *�!  ��)�"  �#+/  !�  ��"6.��"  ��"� ,'�"/  #�  
'�#�! "�� ���/  �0 ./  �(0  �$% (0!   (  ���"24$$(! . �"*"�� ���   (  2007  (  2%  +!  
�����'#"+!  �)�+!  (% (" 830 ��� (#)�"�   �!!("  CO2 ) ��(*�*(! �"  ' "/  
 �$��"�("!+!"��./  *��' ��"� � �/  �!,  �"�   (  2020 �  ���2$�3�  �!.�1� �"  '�  4%. �("(  
'0�����"#.!�   (  57% ��  ��(.�1� �"  ���   (0/  ��('+�"�()/  0�($(�"' ./ ,  �  
���"6���"��4  ��"   (0/  �� 0�+ ./ ,  (  25% ���   �$��"�("!+!"��./  0�(*(#./  ��"  
�$�� �(!"�4  '0' %#� �  �!,   (  0��$("�(  18% ��  (6��$� �"  ' �  Data Centers. 	0!($"�4  
�0 �  #� �6�45� �"  '�  1,43 *"/   �!!("  CO2. 
 
�' �'(  �  ����$�'�  ��!�"  ���� 4  #��4$�  �!  �!�$(�"'���  ��!��/   (0/  �($$()/   �1!"�()/  
��"  60'"�()/  ���"(�"'#()/  �(0  ��(�)� (0!  ���   (!  �!�$(�"��  1���� %��   +!  (� "�,!  
6�"!(#.!+!  �$$4  ��"   (0  ���(!� (/  � "   (  6+/  ���"(��5� �"  '�  #��  �($)  #"��% ���"(1%  
 (0  �$�� �(#��!� "�()  64'#� (/  (400-700 nm). 
 
�  �&.$"&�  +!  #(!($"�"�,!  ��"  02�"*"�,!   �1!"�,!  ($(�$%�+'�/  '�  InP (�+'6(�()1(  
8!*"( ) ��"  Si (�0�� "( ) 2��'�� �"  �0 %  �  ' "�#%  '�  .!�  #� �2� "��  ' 4*"(   (  (�(�(  (*����  
#�   �1��/  �0�#()/  ' �!  �!4� 0&�  6+ (!"�,!  '0' �#4 +!  #� 4*('�/  03�$%/  �$�#���/  
(systems on chip). �!�6(�"�4  #�   �!  '0#2� � � �  #� �&)  CMOS (Coplementary Metal 
Oxide Semiconductor) ��"  �+ (!"�%/   �1!($(���/  ���,/  ��"   �/  #��+'�/   (0  
�� �'��0�' "�()  ��' (0/  �$$4  ��"   �/  �� �!4$+'�/ , ���� 4  5� %#� �  �&��($(0�()!  !�  
2��'�(! �"  0��  '05% �'� . 	�  �0 �   (  '�#��(  ��.��"  !�  ��!�"  �!�6(�4  ' �  �+ (!"�4  



 
 

18 
 

�0�$,#� �   �  (�(��  1��'"#(�("()!  �0�� "(  (Si)  (  (�(�(  #�   �  '�"�4   (0  ��( �$��   �!  
24'�  �"�   "/  ')�1�(!�/  �$�� �(!"�./  �6��#(�./  *�#"(0��,! �/  . '"  .!�  �("!�  
�� �'��0�' "��  '�#��(  �!�6(�4/  �"�   "/  *)(  '0#�$��+#� "�./   �1!($(���/ .  
 
�  1�%'�  �0�" �(0  +/  24'�  02�"*"�,!  �0�$+#4 +!  ��!�"  �0 % �  (�(��  #�   �  '�"�4   �/  
��" �.��"   �!  1�%'�  6 ��"  8-"! ',!  SOI (silicon-on-insulator) �$��"*�+!  (wafers) �"�   �!  
�� �'��0%  ($(�$��+#.!+!  �$��� ,!  �$$4  ��"   �!  2.$ "' �  1�%'�  #"��,!  �$��"*�+!  
InP 2 "! ',! . ���  �$�0�4/  ��"*�'�+!  (" 1�#�$,!  ��,$�",!  (0.1 dB/cm) �0#� (*��(�  
�0�" �(0  ���0,! �"  03�$./  ��"*�'�"/  '�  2�'"�./  $�" (0����/  ��+/  6"$ �4�"'#�  (filtering), 
�($0�$�&�� /��(�($0�$�&�� , (multiplexing/demultiplexing) ��"  ')5�0&�  (coupling). ���4  
 "/  �&�"�� "�./  "*"� � �/   +!  ���� "�,!  ' ("1��+!  #�  24'�   (  �0�� "( , �  �� �'��0%  
�! �' ("1+!  �!���,!  ' ("1��+!  (6+ (*"�*+! , ���,!  laser, *"�#(�6+ ,! ) ���(0'"45�"  
'�#�! "�./  *0'�($��/  "*"�� ���  ' �!  ���"(1%  #��,!  �)#� (/  1,55 #m �(0  �0��+/  
�!*"�6.��"  ' "/   �$��"�("!+!"��./  5�)&�"/  #��4$+!  ��(' 4'�+! , ���,/  ' �!  ���"(1%  
�0 % $�" (0����  (  (� "��/  �!"'10 %/  ��2�(0 . : '"  �!  ��"  ' �  2"2$"(���6��  .1(0!  
���(0'"�' ��  ���'6� �   . ("�  �!���4  ' ("1���  #�  24'�   (  �0�� "( , �0 4  �� 4  ��!�!�  
���" ()!  "*"�� ���  �($)�$(��/  *"�*"��'��/  �� �'��0%/  ��"  '01!4  ��" 0�14!(0!  
�� , ���  ���*('�  ���   �  �! �' ("1�  0$"�4 III-V ��+/   (  InP. �! ��� � , (" $�" (0����/  
#� � �(�%/  � -�  (�� "�� -�$�� �"�� ) ��"  � -�  (�$�� �"�� -�� "�� ) ��+/  �!�1!�0'� , 
�!��.!!�'�  ��"  *"�#��6+'�  '%#� (/  #�(�()!  !�  ����#� (�("��()!  .�!  
��#� �$$�0�()#�   "/  *0!� � � �/   (0  InP (" (�(��/  6 4!(0!  '�  �($)  03�$./  '01� � �/ . 
�(  #�"(!.� �#�   (0  InP .���" �"  ' "/  �0&�#.!�/  ��,$�"�/   +!  �0#� (*��,!  ���,/  ��"  
' (  03�$�  ��' (/   (0  0$"�() .  
 
;�+/  ��(�)� �"  ���   �  ��,��'�   +!  "*"( % +!   +!  *)(  �0�"� ��+!  0$"�,!  
($(�$%�+'�/  ' "/  (� "�./   �$��"�("!+!��/  (Si ��"  InP) �����" �"  �"�  *)(  
'0#�$��+#� "�./   �1!($(���/ . �  '0!*0�'#�/   +!  �$�(!�� �#4 +!   (0/  #�  '�(��   �  
*�#"(0����  ')!�� +!  (� "�,!  ($(�$��+#.!+!  �0�$+#4 +!  �� 4$$�$+!  �"�  #�5"�% 
�����+�%  ��( �$��   (  �! "���#�!(  �! � "�%/  .��0!�/  �!4   (!  ��'#( . 	 �!  �0�,�� , #��  
���   "/  �0�"� ���/  ���0!� "�./  ��+ (2(0$��/  ��(/   �!  �� �)�0!'�  �0 % ��!�"   (  
�0�+��-��  .��(  
���  [�$(�$��+#.!�  6+ (!"�4  ' ("1���  '�  #���(  ��"  !4!( -�$�#���  
1��'"#(�("()#�!�  '�  '0' %#� �  03�$%/  1+�� "�� � �/  Tb/s]  (  (�(�(  ��('�(���  ' �!  
����#� (�(��'�  �!�/  ��+ (�(�"��()  2%#� (/  #�   �!  �&.$"&�  �/  �$� 6��#�/  SOI ��"  
 �!  02�"*"�%  ($(�$%�+'�  �!���,!  ' ("1��+!  InP �4!+  '�  �$��. �/  SOI. �  '0!*0�'#�/  
�0�" �(0  ��"  InP #�(���  !�  #�",'�"  '�#�! "�4   �!  �� �!4$+'�  ��"  !�  �0&%'�"  ���4$$�$�  
 �!  ���*('�  ��( �$,! �/  . '"  .!�  ')' �#�  !.�/  ��!�4/  �($$4  0�('1�#�!(  �"�   "/  
 �.1(0'�/  ��"  #�$$(! "�./  �6��#(�./  '�  � , " �6(�4   �  ($(�$��+#.!�  '0' %#� �  
#� 4*('�/  03�$,!   �10 % +! . 
 

4'�"  �$+!   +!  �����4!+  ��  ��.��"  !�  ����#� (�("����  #��  �0����  '05% �'�  ��"  
�!4$0'�   +!  ���" %'�+! , #�$$(! "�,!  �6��#(�,! ,  4'�+! , ��((� "�,!  �$$4  ��"  
 �1!( -("�(!(#"�,!  5� �#4 +!  �(0  ���+! �"  ���   "/  2�'"�./  ��1./  �(0  '0!"' ()!   (  
'0�����"#.!(  ��1����#�  (
��� ) ���,/  ���'�/  ��"  ���  �0 ./  �(0  *".�(0!   �!   60'"�%  



 
 

19 
 

$�" (0����   +!  6+ (!"�,!  ($(�$��+#.!+!  �0�$+#4 +! . �"*"�� ���  (  '�(��/   (0  
'0�����"#.!(0  �0�+��-�()  ��(��4##� (/  ��!�"  (  '�6%/  *"�1+�"'#�/  #� �&)   +!  
 �1!($(�"�,!  *0'�($",! -���"(�"'#,! , �  ��(,��'�  �$+!   +!  �"��!,!  ��((� "�,! , �  
*�#"(0����  #��/  !.�/  ($(�$��+#.!�/  �$� 6��#�/  ��"  ���4$$�$�  �  *�#"(0����  �!�/  
"'(50��(0   +!  *0!� ,!  ��"   +!  �6"� ,!  *�4'�+! . 
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2 ���	���	�  ����������  �		�  

�  2�'"�%  ��1%  �(0  *".��"  .!�!  *�(#($(�� %  
���  (  (�(�(/  2�'�5� �"  '�  �$� 6��#�  
SOI ��"  6+ (!"�4  ($(�$��+#.!�  �0�$,#� �  InP �*�45� �"  ' "/  �&%/ *(#"�./  $�" (0����/ : 
#� � �(�.�/   O/H 0�.� -03�$%/   �1) � �/  (ultra fast O/E conversion), �&��+�%  ��"  
�!�1!�0'�  � /H (�� "�%/ /�$�� �(!"�%/ ) � "�. �/  (label detection) ��"  *�#"(0����  '%#� (/  
�$.�1(0  (control signal generation), ��+/  ���"�(!�5� �"  ' (  �����4 +  '1%#� :  
 

 
�����  1: ����	
	�  ���
���  �����
�  ����
  ���
������
���  ����  

 

�"  2�'"�./  $�" (0����/  (" (�(��/  ���(0'"45(! �"  ' �!  �!  $��+  #�$. �  ��!�"  (" ���$(0��/  
(	1%#�  1):  

�  �� � �(�%  #%�(0/  �)#� (/  0�.� -03�$%/   �1) � �/  (ultra-fast all-optical 
wavelength conversion) [11],  

�  �&��+�% -�!�1!�0'�  � "�. �/  ��"  *�#"(0����  '%#� (/  �$.�1(0  [12],  
�  �0#� (*��(�  �0�" �(0  1�#�$,!  ��+$�",!  (0.1 dB/cm) �"�  03�$./  ��"*�'�"/  

���� "�,!  $�" (0��",!  ((� "�% -(� "�% /O-O) ��+/  6"$ �4�"'#� , 
�($0�$�&�� /��(�($0�$�&��   ��"   ')5�0&�  [13], 

�  O-�  ��"  � -�  $�" (0����/  ��+/  *�#"(0����  '%#� (/  ��"  *"�#��6+'� , - 
�$�(!�� %#� �  1�%'�/   �/  03�$%/  '01!� � �/  $�" (0����/   (0  InP [14] 

�  ��1!($(���  ($(�$%�+'�/  Triplex �"�   �!  0$(�(��'�  ROADM ��"  ��"#.�(0/  
$�" (0��",!  [15]

. 
 
�"  �����4!+  $�" (0����/  ��"  (" �! �' ("1�/  #(!4*�/  ' "/  (�(��/  �!'+#� ,!(! �" , 
��( �$()!   .!�  �$(�$��+#.!(  
2�"*"��  	)' �#�  SOI  (  (�(�(  ����#� (�("��  
#� ��+�%  #%�(0/  �)#� (/   ��"  *�(#($���'�  (� "�,!  ���. +!  #�   �1) � �/  �(0  
6 4!(0!   �  160 Gb/s. 
 
 

�!�1!�0'�  

� "�. �/  

���&����'��   

�$�� �(!"�%/  

 � "�. �/  

	%#�  �$.�1(0   

�� � �(�%/  

� -�  

�% ��  �� ��+�%/  SOA-WC  


3�$%/  

��1) � �/  

���. (  � "�. �  
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�����  2: ����	
	���  BOOM ��
  ��
������  ������� : a. EML ��
���  b. �
�����  ����������  �����  

� �����  c. UDWDM !
��������  d. �������
���  �
��" -���� �
��  ������  � �����  e. #�
���
��  

���$�  �
�  PCB �������� . 

 
 

�  ��1" �� (!"�%  �(0  ��+�%����  ' �  #�$. � , 2�'�5� �"  ' �!   �1!"�%  �#"�()/  (� "�%/  
*�(#($���'�/  �(0  ��( 4����  ���'6� �  #�  #"��./  ��$(�("%'�"/  ,' �  !�  ��(6�)�� �"  
�  �!4���  1��'"#(�(��'�/  (� "�,!  #�! �$+ ,!  (flip-flops), ���,/  ("  �$�0 ��("  
��( �$()!  �����4  ���0!� "��  �.#�  ��"  *�!  .1(0!  4#�'�  �6��#(�%  '�  ����#� "�4  
'0' %#� � . �  *(#%  (0  ���. (0  �(0  1��'"#(�("%����  ��( �$�� �"  ���   �  ���$(0��  
��*��  [16]:  (  +6.$"#(  6(� �(  (payload)  (  (�(�(  .1�"  ' ����%  1�(!"�%  *"4���"�  ��"  
���".1�"  160 Gb/s, ���  (On-Off Keying) ��$#()/  Gauss ��"  (" (� "�./  � "�. �/  �(0  #�  
 �!  '�"�4   (0/  ��!�"  ��('*�*�##�!�/  '�  0�(6.�(! �  (sub-carriers) �($0�$��#.!�  
(� "�4  '%#� �  [12]. 	 �!  ��$()' ���  ����� +'�  �  (� "�%  � "�. �  ��!�"  .!�/  ��$�/  (label 
swapping) NRZ (Non return to zero) (� "��/  ��$#�/  �!,  ' �!  �! ��� �  ����� +'�  .!�  
')!($(  �($$��$,!  (label stripping) NRZ ��$#,!  *"4���"�/  �'�/  #�  1 ns, �  (�(��  ��!�"  
���� %  !�  �!���(�(��'�"  .!�  (� "��  �)�$+#�  flip-flop % #��  ��!!% �"�  �$�� �"�,!  
��$#,! . �  (� "�%  � "�. �  0��"'.�1� �"  ' (  ���. (  '�!  .!�  ��('+�"!�  �!��!+�"' "��  
' ("1��(  (header) #�  1�(!(*"���� �  (time guard). ���  ���$"' "�%  ��� �'�  ��  #�(�()'�  
!�  ��!�"  .!�  ���. (  *"4���"�/  6.8 ns #�  +6.$"#(  6(� �(  3.9 ns (78 bytes) ���  '0!�$(0  
147.06 ���. +!  �!4  *�0 ���$�� (  (�0�#�/  #� ��+�%/ ). 
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;�+/  6��!� �"  �����4!+  ' (  	1%#�  1  �  (� "�4  ���. �  �� �6�4!(0!  ' (!  #� ��+�.�  
��"  *"�1+��5(! �"  '�  *)(  #.��  ��($(0�,! �/  �! �' ("1�  *)(  *"�6(�� "�()/  *��#(0/ . 
 
	 (!  ��, (  *��#( ,  (  �"'��1�#�!(  ���. (  ���!4�"  *"�  #.'+   �/  �(!4*�/  
���&����'��/  � "�. �/  (label processing unit) ��"  �  (�(��  ��1�5�"  #�   �!  *"�*"��'��  
�!��!,�"'�/  � "�. �/  (label detection). �6�'(!  (" � "�. �/  2��'�(! �"  �($)  �(! 4  �  #��  
#�   �!  4$$�  ���" �� �"  .!�/  UDWDM 6+ � -�!"1!�0 %/  ,' �  !�  #�(���  !�   "/  *"�1+��5�" . 
	 �!  ����� +'�  �0 %  (  ')' �#�  ���"$�#24!�"   �!  #(!4*�  ��(�($)�$�&�/  MRR (Micro 
Ring Resonator – �! �1��(  ����(  ��� 0$�(0 ) #�  *0!� � � �  *"�1+�"'#()  #%�(0/  
�)#� (/  �!4  0.1 nm, '0!(*�0�#�!�  ���  .!�  ')' �#�  ($(�$��+#.!+!   �!"1!�0 ,!  10 
GHz �"�   �!  �!�1!�0'�   (0  +6.$"#(0  6(� �(0 . �  (� "�%  � "�. �  �!���(�("��  #��  �$�� �"�%  
#(!4*�  ���&����'��/  (� .1 FPGA) �  (�(��  ��!!4  .!�  �$�� �"��  '%#�  *"4���"�/  �$�6�,/  
#���$) ���/   (0  (� "�()  ���. (0 . �(  '%#�  �0 �  �!  '0!�1���  �!"'1)� �"  #�  
#"��(�0#� "��  �!"'10 %  10 GHz ��"   �(6(*( ��  .!�  laser  )�(0  EML (electro-absorption 
modulated laser)  (  (�(�(  1��'"#(�("�� �"  �"�   (!  .$��1(   (0  #� � �(�.�  #%�(0/  
�)#� (/  ,' �  !�  ��" )1�"  03�$%  �1) � �  #� � �(�%/  #%�(0/  �)#� (/  '�  $�" (0����  
(� "�,!  ���. +! . �  ��"�#�/   +!  laser EML �! "' ("1��  ' (!  '0!($"��  ��"�#�  #��,!  
�)#� (/  �(0  0�(' ���5(! �"  ���  �4��  ��!4$"  �!4  �)��  (output port), ���,/  �"�  �4��  
���. (  *�*(#.!+!  �!���(�("�� �"   (  laser  (  (�(�(  ���.#��"  ' (  ��"�0#� �  #%�(/  
�)#� (/  #� � �(�%/ . To laser EML ��.��"  !�  ���4��"  ��$#"�4  (� "�4  '%#� �   �/  
 4&�+/   +!  100 ps rise/fall times, �(0  ��('�(���  '�  '1� "�4  #"��./  #�4! �/  �'6�$���/  
(guard-bands) ��"  #.1�"  50 dB on/off �('(' �  �"�   �!  ��� �0&�  1�#�$%/  *"�6+!��/  
(crosstalk) ' �!  .&(*( . 
 
	 (!  *�) ��(  *��#( ,  (  �"'��1�#�!(  ���. (  ��(' .$� �"  ' (  �!����  ' ("1��(  
#� � �(�%/  �(0  ��( �$�� �"  ���  .!�!  #� � �(�.�  AOWC (All Optical Wavelength 
Converter) �(0   �(6(*( �� �"  ���   (  '%#�  �(0  ���4�� �"  ���   (  laser EML,  (  (�(�(  
��($(0��� �"  #�   �  '�"�4   (0  ���  .!�!  ��(�($0�$.� �  #%�(0/  �)#� (/  �"�  !�  ��"$.&�"  
 �$"�4   �!  �! �' ("1�  �)��  �&�*(0 . �  AOWC ��!�"  2�'"'#.!(/  ' (  #�  ���##"��  (� "��  
chirp '�  �#"��,�"#(  (� "��  �!"'10 %  SOA ��"  ��( �$�� �"  ���  .!�!  SOA ��"  .!�  
���"(*"��  � �!+ �  (comb) 6�$ �(  �"�   (  6"$ �4�"'#�   (0  chirp. �  �$�)����  ��'#� "�%  
���"(1%  FSR (Free Spectral Range)  (0  ���"(*"�()  6�$ �(0  ��.��"  !�  ��!�"  �'�  #�   (  
*"4' �#�  #� �&)   +!  ��!�$",!   (0  EML. 
�(�. (! �/  � "  (  SOA .1�"  .!�  �)�(/  5,!�/  3 
d
  ASE 30 nm,  (  ���. (  #�(���  !�  #� � �����  ��"  !�  ���(*������  '�  7 *"�6(�� "�4  
#%��  �)#� (/  �(0  1+��5(! �"  '�  *"�' %#� �   +!  4 nm. �  *"�#��6+'�  �0 % 
����#� (�("�� �"  �"�  !�  ���0!%'�"   �  *0!� � � �  '�"�"��%/  *"�')!*�'�/   (0  (� "�()   
AOWC ' �  160 Gb/s. �  #�$. �  *0!� � � �/  '�"�"��%/  *"�')!*�'�/  2�'�' ���  ' �  
��( �$.'#� �  ��('(#(�+'�/   (0  '0' %#� (/  �(0  �' "45�"  ' �!  ���*('�  #� ��+�%/  
 (0  AOWC ��!(,! �/  4$$�/  ���./  0�(24�#"'�/   (0  '%#� (/ , � .1. $��+   #� 4*('�/ . 
 
�' �'(  �� 4   "/  *(�"#�' "�./  ��('(#(",'�"/  #� 4*('�/  ���� ��%����!  ��(2$%#� �  
' (  (� "��  '%#�  ��+/  �  *"�)�0!'�  ��$#()  ��"  �  *"��)#�!'�  �$4 (0/  [17].�  3R 
�!��.!!�'�  ��� .$�'�  #"�  ��"$(�%  �"�  !�  $0�()!  �0 4   �  5� %#� �  �$$4  *0' 01,/  �0 % 
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�  $)'�  *�!  % �!  ���� "�4  �6"� %  #�  ��( .$�'#�  !�  ���� �$�"6��� . ��4�#� " , .!�/  
��%�(�(/  SOA ��!�"  #"�  �$�0' "�%  ��"$(�%  �"�  !�  *"� ������   (  �$4 (/  ��$#()  #�   (  
�$41"' (  *0!� �  ��' (/  [18] [19]. ��  �0 %!   �!  ��"$(�% , (  ��"�#�/   +!  �!  '�"�4  
#(!4*+! /��#2+!  #�(���  !�  �0&����  ����" .�+  �4!  1��'"#(�("����  .!�  (� "��  6�$ �(  
���"(�"'#()  ��(��"#.!(0  !�  #� �"�'���  �  *"��)#�!'�  �$4 (0/  ��(��$()#�!�  ���   �  
*"�*"��'��  AOWC. ��"�$.(!  �4!  �  '�"�"��%  *"�')!*�'�  �. �"  �4�("(  ��"(  ' (!  ��"�#�  
��#2+!  �!4  (� "��  #� ��+�.� , (" ���4$$�$�/  ��1" �� (!"�./  ��!�"  ��(*( "�./  ��"  
���� "�./  #�   �!  �$41"' �  *0!� %  �($0�$(�� � � . 
4'�"   +!  �!+ .�+  �  ���*('�  SOA 
 �/   4&�+/   +!  8 #��,!  �)#� (/  #�(���  !�  ��+�����  �6"� % . �0 �  �(0  ���"��46���  
�����4!+  ��( �$��  #��!  ' ("1�",*�  *(#"�%  #(!4*� : #��  �)��  �"'�*(0  ��"  4/8 �)��/  

�&�*(0 , #(!� -�� �0�0! "��  ' (1��(  #� ��+�%/  #�  *0!� � � �  �  150 � p/sec. �  
�!'+#4 +'�   �''4�+!  % (� ,  #(!4*+!  '�  #��  #� �"�%  �4� �   )�(0  SOI '�#��!�"  4x4 % 
8x8 '0!($"��  ��"�#�  (� "�,!  #� ��+�.+! . 
 
�*�!"�4  �4!  '0���! �,'(0#�   "/  ��"#.�(0/  #(!4*�/  '�  #��  % ���"''� ���/  �4� �/  
('0!*�*�#.!�/  ���4$$�$�  % �!  '�"�4  '�  .!�  *�� 0(  Benes) �(0  *"��. (0!  �$(0/   (0/  
������ � (0/  #�1�!"'#()/  �$.�1(0 , ���&����' "�%  "'1) , 1�(!(��(���##� "' ./  ��"  
' ("1���  ��('+�"!%/  ��(�%��0'�/  (*��()#�' �  '�  #��  �($)�$(��  #(!4*�  (� "�%/  
#� ��+�%/  03�$%/  1+�� "�� � �/  ��"   �1) � �/  #�  *0!� � � �/  *�(#($���'�/  (� "�,!  
���. +! .   
 

2.1 � !"#�   $��%&�  '���()(&�  8� 8  

 
	 (  ����!  ����#� (�("�� �"  #��  �� �!%/  �!4$0'�  #��/  ��� 0��/  (� "�%/  #(!4*�/  
#� ��+�%/  ���,/  ��"  �� "#%'�"/  '�  � , " �6(�4   �  5� %#� �  �� �!�$,'�+/  "'1)(/ . 
�  '0�����"#.!�  ��1" �� (!"�%  ��( �$��  .!�  '�#��(  �!�6(�4/  ��"  #�!(! , ��"  *�!  ��( �$��  
�����" % +/   �!  2.$ "' �  $)'�  ���  '1�*"�' "�%/  ���3�+/ . ��( �$�� �"  ���  (� ,  �*"�/  
' ("1�",*�"/  *(#"�./  #(!4*�/  (	1%#�  1) #�  #��  (� "�%  �)��  �"'�*(0  ��"  (� ,  �)��/  
�&�*(0 ,  (�(�� �#.!�/  �!  ����$$%$+  ��"  �!'+#� +#.!�/  '�  #"�  �!!"���  #� �"�%  �4� �  
SOI, �(0  ���"$�#24!�"   (!  ������ � (  #�1�!"'#�  �$�� �(!"�()  �$.�1(0 , 
' ����(�(��'�/  ��"  ���&����'��/ . �  '0!($"�%  �0�#���*('�  ��!�"  1280 Gb/s #�  .!�  
'0!($"��  �('(' �  ���. +!  1176 Mp/sec. �  �'+ ��"�%  ��1" �� (!"�%   �/  #(!4*�/  8� 8 
(	1%#�  3) ���"$�#24!�" :  
 
• 2 ($(�$��+#.!�/  �$� 6��#�/  SOI:  

- �� �"�%  �4� �  SOI - 1: 1��'"#(�("�� �"  �"�  '�#� (*('��  #�  88 �$�&�*�/  (� "�%/  
�!�/  �"�   �!  �"'��+�%  ' ("1��+!  (8), �����+�%  ' ("1��+!  (64), �! $� "�()  laser 
AOWC (8) �����6%  � "�� ,!  (8), '%#� �  �$.�1(0  � "�� ,!   

- �� �"�%  �4� �  SOI - 2: 1��'"#(�("�� �"  �"�   �!  ����" .�+  ���&����'��  ��"   �  
*�#"(0����  !.+!  � "�� ,!  #�  16 (� "�./  �$�&�*�/  �"�   �  �! $� "�4  laser OAWC (8) 
��"  �����6%  � "�� ,!  (8) 

• :$��1(/ , ' ����(�(��'�  ��"  �$�� �(!"�%  ��"�("!+!��  -13 
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• �!"'10 ./  -10, -12  EDFA �"'��+�%/ /�����+�%/  - (�!*�1(#.!+/  �!'+#� +#.!("  ' �!  
�*"�  #(!4*� )  
• ���� "�4  ' ("1���  ��+/  8x1 (� "�(�  '05�)� �/  �"�  '0$$(�%  (� "�,!  '�#4 +!   (0  "*�(0  
#%�(0/  �)#� (/ . 
 
• ���� "�4  ' ("1���  ' (  0��' �+#�  SOI:  

- 8 (� "�(�  1x2 '05�)� �/ , .!�/  �"�  �4��  ���##%  �"'��+�%/ , �"�  !�  *"�1+��'�"   "/  
� "�. �/  ���   �  *�*(#�!�   

- 8 (� "�(�  2x1 '05�0� �/ , .!�/  �"�  �4��  ���##%  �����+�%/ , �"�  !�  ��('�.'�"   "/  
� "�. �/  ' �  �! �' ("1�  ' ("1���  -5 

- 8 ROADMs .!�  �"�  �4��  ���##%  �����+�%/  +/  ��"$�� "��  *"���� �  #%�(0/  
�)#� (/  #�  1 ��'(*(  ��"  8 1�+#� "'#.!�/  �&�*(0/   -6-  

-  8 UDWDMs, .!�  �"�  �4��  ���##%  �"'��+�%/  �"�   �!  ��"$(�%  -2- � "�� ,! .  
 

• �0!�#"��  02�"*"��  ' ("1��(  �!'+#� +#.!(  '�  0��' �+#�  SOI:  
- 8 '�"�./  � "�� ,!  �!"1!�0 ,!  6+ �/  ��"  �$�� (!"�4  TIA, .!�  �"�  �4��  ���##%  

�"'��+�%/  -3-  
- 8 AOWC (��%�(�(  SOA ��($(0�()#�!(  ���  6�$ �(  �"�  chirp), .!�  �"�  �4��  

���##% , �(0  $�" (0����  '�  (� ,  �"��!4  #%��  �)#� (/  �(0  �! "' ("1�5(! �"  ' "/  
(� ,  *"�6(�� "�./  �)��/  �&�*(0  -4-.  

• �  #� �"�%  �4� �  SOI 2  ���"$�#24!�" :  
- (�$��+#.!�  �0�$,#� �  IC (FPGA) �"�   �!  �����+�%  1�(!"�%/  �!�6(�4/ ,  �!  

���&����'��  � "�� ,! ,  (  '0! (!"'#�  $."5�� ,  �!  �����+�%  �����)�(0  
#� ��+�%/  ��"  (*%��'�   (0  EML laser -7-  

- 8 (*"4 �&�  CW $."5��  ) /�0�#"5�#�!�  EML, .!�  �!4  (� "�%  ���##% , �"�   �!  
�����+�%   '�#4 +!  ��$#"�()  '%#� (/  4! $�'�/  AOWC -8- 

- 8 �0�#"5�#�!�  $."5�� , .!�  �"�  �4��  �)��  �&�*(0  , �"�   �  !.�  ��!�4  � "�� ,!  -9-.  
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�����  3: %���������  ���
������
��  8x8 ���
��  ����	
	�� .  

�  (� "��/  #� ��+�.�/  ��+��� �"  +/  #��  �#"�,/  �0 �!(#�  (! � � � , #�  (� ,  (8) �$�&�*�/  
(� "�,!  �"'�*+!  ��"  (� ,  (8) �$�&�*�/  �&�*+!  ���,/  ��"  �! �' ("1�/  �$�� �"�./  60'"�./  
�"'�*(0/  ��"  �&�*(0/ , �"�   �!  ���(1%  �$�� �"�()  ��)#� (/ ,  �!  *0!� � � �  �$.�1(0  ��"  
 �!  ��"�("!+!�� .  
 
�  �)�"(/  '�(��/  �"�   �!  �� �'��0%   (0  8x8 (� "�()  #� ��+�.�  (' �  �$��'"�   (0  
���0!� "�()  ��(��4##� (/  
��� ) ��!�"  !�  *�"1���  � "  �  #��  �$� 6��#�  SOI #�(���  !�  
���.1�"  #"��� ���  ��"  ���"''� ��(  ��(*( "�4  6+ (!"�4  ' ("1���  �(0  ��" 0�14!(0!  
03�$� ���/  ��(*�'�"/  '�  '1.'�  #�   �  �! �' ("1�  �$�� �(!"��  ' ("1��� . �"'4��"  ���'�/  
�$�/   "/  ������ � �/   �1!"�./  �"�  !�  ����#� (�("����  �  #.�"' �  *0!� %  ���*('�   (0  
'1�*�(0 , ��+/  �  �!'+#� +'�  SOA '�  #��  *"4 �&�  SOI ���,/  ��"   �  *"�')!*�'�  
(� "�,!  6�$ �+! . �   �1!($(���  �0 % �!�#.!� �"  !�  ��('*,'�"  !.�/  *0!� � � �/  ' (!  
'1�*"�'#�  ��"   �!  �� �'��0%  !.+!  6+ (!"�,!  *�(#($(�� ,!  �(0  2�'�5(! �"  ' �!  
*�(#($���'�  #%�(0  �)#� (/ . 
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2.2 � !"#�  	$��%&�  ����()(&�  4x4   

 

�  ��1" �� (!"�%  ��!�"  �  �*"�  �(0  ���"��46���  %*�  ' �!  ��(��()#�!�  ���4���6(  #�  
#(!�*"�%  *"�6(�4   �!  )���&�   �''4�+!  �0�,!  �! �  (� ,  (	1%#�  4). �  �($0�$(�� � �  
#�",!� �"  �� 4  .!�!  ���4�(! �  *)(  (2), ���(!�/  �(0  ���"' 4   �  '0�����"#.!�  
��1" �� (!"�%  ("�(!(#"�4  �"�  ��('" %  ���"(��5(! �/  �#+/   �!  �0�) � �  �6��#(�%/   �/  
[17].  
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3 ���������  �����	���  

	 "/  ���#�!�/  ������46(0/  ������46(0/  ���(0'"45(! �"  (" �6��#(�./  (� "�,!  
#� ��+�.+!  ��"   �/  �$� 6��#�/  02�"*"�%/  ($(�$%�+'�/  BOOM ��(0  ��!� �"  �� �!%/  
�!�6(�4  ' �!  �!4$0'�  ��!�'�/ ,  �!  �'+ ��"�%  ��1" �� (!"�%  �!�/  ' ("1��(0  
���  
���,/  ��"  ' "/  ��"#.�(0/  �6��#(�./  '�  *�� 0�  METRO Ethernet, *�� 0�  �(�#()   )�(0  
DWDM ��"  IP DWDM.   
 

3.1 ��%�
�%&  %�!*�*  ��  ���#�%�
  & �+,*�*  �)�*��%-�*���  

 

��('64 +/  �  �����'#"�  ("�(!(#��  2",'�  #��  ��+ ��!+��  '0����!+'�  (*��,! �/  '�  
)6�'�   "/  ��"#.�(0/  ("�(!(#��/   +!  ���"''( .�+!  ��� ,! . ���4   �!  )6�'�  �0 %  (  
�"�*�� 0(  �&��($(0���  !�  �&��$,!� �"  ��"  !�  �"��! ,!� �"  ($(.!�  ��"  ���"''� ��( . �  
���(/  *�*(#.!+!  �(0  *"��"!�� �"  ' (  *"�*�� 0(  �0&4!� �"  '0!�1,/  ��"  '�  �($$4  
�!�� 0''�#�!�  ��4 �   (  �('(' �  �)&�'�/  ��!�"  �($$./  6(�./   �"3%6"( . �"  �4�(1("  
�(0  �$.�1(0!   �  *�� 0�  �(�#() , #�   �  '�"�4   (0/  �!� ��(���!(! �"  '�  #��4$(  2��#�  
' �!  !.�  �0 % ����$�'�  #�  �� �'��0%  !.+!  0�(*(#,!  "��!./  !�  ��+#"' ()!   (  24�(/  
�0 � .  
 
�  � %'"�  .��0!�   (0  TeleGeography �� ���46�"  ��!"�4   "/  ���� 4'�"/   +!  *"� )+!  
�(�#()  �"�*"� )(0  ��+/  ���'�/   (!  #.�"' (  �$$4  ��"   (!  #.'(  ' ��#"��  ��(  '�  � , " 
�6(�4   (!  *"��"!()#�!(  ���(  *�*(#.!+! . 	�#�"+ .(!  ���   (  2007 �  � %'"�  �('(' "���  
�)&�'�  ��.� �'�/   +!  *"� )+!  �0 ,!  .1�"  0���2��   (  60%. �(  2009  (  '0!($"��  
*"� "�.#�!(  �)�(/  5,!�/  �0&%����  �� 4  64% +/  ��( .$�'#�   +!  ��"  #.�(0/  
���� 4'�+!  ���   �!  �$�0�4   +!  ����1+! . �"(  '0�����"#.!�  (" �4�(1("  �)&�'�!   �!  
'0!($"�%  *"� "�.#�!�  1+�� "�� � �  ���  8.7 Tbps  (  2007 '�  9.4 Tbps  (  2009.  
 

   
�����  5: �����
�"  � ���  �����  ���  �
���&���  ��"  ��  2005 �
�  ��  2009 [20]. '��"	�����  ���  

���
���(��
  ���  ����
�  �����  � ����  �����  	
�  ������(��  �
��
�� ��  ���  �������	� ���
  ���"�  

�&�
���  �
�� 
�  



 
 

28 
 

�' �'(  (  �!  �.!�"  �0&�!�#�!(/  �0 �/  �0�#�/  ���(0'"45�"  ��"  '�#4*"�  ��"2�4*0!'�/  
��+/  #�(���  !�  6�!��  ' (  '1%#�  (	1%#�  5). 	 �!  ����#� "�� � � , �  �)&�'�  
��" �1)!����   (  2009, *�*(#.!(0  � "  �  #.'�  �0�$(6(���  �0&%����  74%, ���� 4  
�����4!+  ���   (  55% �)&�'�/  ��+/  �0 % #� �%����   (  2008. �  ���(/  #.�"' �/  
�0�$(6(���/  �)&�����  �� 4  79%  (  2009, .!�! "  61%  (  2008. ��"�$.(!  �  �� "�  �'�� , �  
�.'�  �!� ($% , ��"  �  �!� ($"�%  �0�,��  ���(0'��'�!  �! (!� ���/  ��"  ����(�� ���/  
�0&� "�./   4'�"/ . �� �&)  2005 ��"  2009, ' "/  ���"(1./  �0 ./ , (" �4�(1("  *(�"#4' ���!  
���� 4  �6()  �  #.�"' �  ��"  #.'�  *"��!%/  ��!�'�   (0  *"� )(0  �0&4!(! �!  ���"''� ��(  
���  100% � �'�+/ . 
 
�  ��!�'�   (0  *"� )(0  ��1�  #"��� ���  �)&�'�  ' "/  *�(#($(�%'�"/  �! �/  �#��"�%/  �!,  
�! ��� �  % �!  #���$) ���  '�  � "  �6(�()'�   "/  *"��!��/  *�(#($(�%'�"/  ��"  '0!*.'�"/ . �"�  
 "/  �(�06���/  20 �#��"��!"�./  *"�*"� 0��./  '0!*.'�"/ -*�(#($(�%'�"/  �  #.'�  ��!�'�  
 (0/  �0&%����  �� 4  36% #� �&)  2008 ��"  2009, �!,  �  #.�"' �  �0�$(6(���  �0&%����  
�� 4  33%. �  1+�� "�� � �  *"� )+!  �0&%����  �� 4  37% , �4 "   (  (�(�(  '0#2�*�5�"  #�   �!  
�! �' ("1�  �)&�'�   (0  *"��"!()#�!(0  ���(0  �$��(6(�",! . 
 
�  �0�#�/  �)&�'�/   (0  *"��"!()#�!(0  ���(0  �$��(6(�",!  0���.2�   �!  �! �' ("1�  
�)&�'�   �/  1+�� "�� � �/   +!  *"� )+! , #�  '0!.��"�  #"�  #� �"� � �  4!(*(  ' �  �('(' 4  
���!�1��'"#(�(��'�/  �"�  ��, �  6(�4  ���   (  2006 (	1%#�  7). �! () ("/ , �"�   �  
�('(' 4  ���!�1��'"#(�(��'�/   +!  *"� )+!  �(�#() , �� 4  ��"�()/  .1(0!  ��!�"  
��(2$.3�"/   (" (�(��/  �!�6.�(! �"  ���#�  ��"  '�  '�!4�"�  �� 4���0'�/  $��+   �/  
0�.�#� ��/  �)&�'�/   �/  5% �'�/  *�*(#.!+!  �$$4  ��"  ��(0'��/  ���!*)'�+! . 	 �!  
����#� "�� � �  '%#���   �  *�� 0�  �(�#()  ��.1(0!  ���  .!�   . ("(  �� �' �(6"��  
'�!4�"(  ��"  �4 "  $"�� ��(  ���   (  .!�   . �� (   +!  ����1+!  ��" �.��"   �!  (�"��%  1�%'�  
 +!  ���+!   +!  *"� )+!   (0/  #�  � , " �0 �  '0!��4�� �" .  
 
�  �0&�!�#�!(/  �0�#�/  5% �'�/  2(��4  !�  �! "' ��#�'�"   �  '0!�1%  � ,'�   +!   "#,!  
*"�*"� )+'�/ , (" (�(��/  .1(0!  #�"+���  �� 4  20 .+/  30% � �'�+/  ���   (  2007 ��"  #� 4 . 
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�����  7: ��	
���  �����  �"�
�  	
�  �
�&��(�  �������	���
� .�
�	�����  ���  ���
���(��
  ���  ����
�  

��	
���  �����  � ���  �����  	
�  ������(��  �
��
�� ��  ���  �������	� ���
  ���"�  �&�
���  

�
�� 
� .  

��"�$.(!  �!��!+��5� �"  �0�.+/  � "  �  �0�$(6(���  ' �  *�� 0�  #� 4*('�/  ���#�!�/  
��!�4/  ��  �� ��$0'���  ' �*"��4  ���  *�*(#.!� . �0 �  (6��$� �"  ' �!  ��((*�0 "�%  
�!'+#4 +'�  �($$,!  �6��#(�,!  ��"  0����'",!  �(0  ��  2�'�5(! �"  ' (  ��+ ��($$(  
�"�*"� )(0  (IP). ��*(#.!(0  � "   �  ' � "' "�4  1���� ��"' "�4   �/  *"���!�'�/  *�*(#.!+!  
��!�"  #4$$(!  *"�6(�� "�4  ���  ����!�   �/  ����*('"��%/  #� 4*('�/  6+!%/ , (�"�   �!  
(�(��   �  *�� 0�  TDM .1(0!  4$$+' �  '1�*"�'��� ) ��   ��()!  (" '�#�! "�./   �1!"�./  
���" %'�"/  ��(��"#.!(0  !�  ����#� (�("��()!  �! �' ("1�/  '�#�! "�./  �$$��./  ' "/  
�$� 6��#�/  �$.�1(0  *"� )+!  �(0  2�$ "' (�("()!   �  �0�$,#� �  0����'",!  ��"  
#� 4*('�/  ��+/  �0 4  ��  ����#� (�("()! �"  �$.(!  ' �!  24'�   (0  ��+ (��$(0  �� .  
 
�' "45(! �/ , �"�  ���4*�"�#� , ' (  *�� 0(  #� �*('�/   �/  Telecom Italia, '%#���   (  
6(� �(  �$��(6(�",!  �(0  #� �6.�� �"  ' (  (� "��  ' �,#�  �0&4!� �"   �($)  ��%�(��  
$��+   �/  �)&�'�/   �/  #� 4*('�/  �$��(6(�",!  '�  ��!"��  �$$4  ��"  *"��!./  �����*(  �(0  
*"�'1�5�"   �!  � �$��  ���   (  �� (  .+/   (!  
(��4  [21]. ��!�"  �&"('�#��+ (  � "  �  � �$��  
*"��. �"  �($$./  0�(2�)1"�/  0�(*(#./  #� 4*('�/  �$��(6(�",!  �($$./  ���   "/  (�(��/  
�� �$%�(0!  ' �!  	"��$��  ��"  ���  ‘��"  (*�)(0!  ��(/   �!  
���"(  � �$��  ��(0  2��'�� �"   (  
��!�0�+��"��  �.! �(  % �$$",/   (  '�#��(  �&�*(0  ��(/   �!  0��$("��  �0�,�� . ��  
���'�� �  *"��!%  *�� 0�  ��$� ,!  ���(0'"45(! �"  ' (  	1%#�  8 ��"   (  	1%#�  9. 
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�����  9: ������
��  ���
�"�
��  ������"	����  �������
�  ��"�  �
�&���  #��
��)�"  �(����  

����� .  

�.$(/ , �  #� 4*('�  *�*(#.!+!  03�$%/   �1) � �/  ��( .$�'#�   �/  ��1,�"�/  1(!*�"�%/  
��(�4/  ��"   +!  '�#�! "�� ��+!  ��$� ,!  & ��"1�"�%'�+!  �!�#.!� �"  !�  �0&����  ���'�/  
' (  �(! "!�  #.$$(! . �"  #���(�����'#�/  �� "#%'�"/  ��  #�(�()'�!  !�  �4!(0!  $��(  �"�  
�!�&"(�"' ��  '�  � "  �6(�4   �!  #� 4*('�  �$��(6(�",! , �! () ("/ :  
• �4!  �&� 45(0#�  .!�  � %'"(  �('(' �  �)&�'�/  *"��"!()#�!+!  *�*(#.!+!   �/   4&�+/  
 (0  25%,  (  '0!($"��  6(� �(  ��  ��!�"  �����(0  55 Tbit/s  (  2020.  
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• ���#�   (  03�$� ��(  �('(' �  �)&�'�/  �0�$(6(���/ , #.1�"  ��"  40%  (  1��!( , #�(���  
!�  ' ��"1���  #�   �!  �"'��+�%  #"�/  0�(*(#%/  !.�/  ��!�4/  #�  ��"#.�(0/  6+ (!"�./  
$�" (0����/  #.'�  ' �!  ���#�!�  *���� �� .  
 
�0 �  ��  .1�"  '�!  ��( .$�'#� , !�  #�(�()#�  !�  ��#� �$$�0�()#�   (  *�� 0(  24'�"  
���2$�3�/  *"���!�'�/  6(� �(0  �"�   (  2011 ����   (  30% '�  � "  �6(�4  6(���/  � Ch ��"  
11% ���   �!  4�(3�   (0  �)�(0/  5,!�/  (�(0  �!�6.�� �"  '�  .!�  �$%��/  *�� 0(  40 Gbit/s 
OCh), #�  #"�  #.�"' �  1+�� "�� � �  *"� )(0  �����(0  130 Tbit/s, '0!��,/   (  �!  $��+  
')' �#�  #�(���  !�  *�1���  �)&�'�   (0  6(� �(0   �/   4&�+/   (0  35%  (  1��!(  �"�   �  
���#�!�  10 . � . 
 

3.2 ��%�
�%.�  �/��' (.�  %�� ��&����  �
��*'"�)!  BOOM 

 

:!�  ')' �#�  BOOM ���� "�4  �"'4��"  ��"  ���"��,!�"   �!  1�%'�  SOI +/  02�"*"�%  
�$� 6��#�  �!(�(��'�/  ���,/  ��"  !.�/   �1!"�./  ($(�$%�+'�/  �"�   �!  �� �'��0%  ��"  
 (�(�. �'�  III-V '0'��0,!  [22]. 
 
�($$./  ���   "/  #���$) ���/   � �"����/  �� �'��0%/  '0' �#4 +!  �0�" �(0  .1(0!  
����#� (�("%'�"  #���������'#�/  ���!*)'�"/  ' �!  .��0!�  �"�   �!   1�%'�  �0�" �(0  ��"  
'�  4$$�/   �1!($(���/ , ��+/  (" (� "�./  ��"�("!+!��/ . �0 �   (  ��*�( , �!+' �  +/  �+ (!"�%  
�0�" �(0  (silicon photonics) .1�"  +/  ' �1(  !�  ���4'1�"  6��!4  *(#"�4  ' ("1���  �0�" �(0  
�(0  #�(�()!  !�  �!'+#� +�()!  �"�   �!  �����+�%  (� "�,!  ��(-�! +!  �(0  ��"$)(0!  
����#� "�4  ��(2$%#� �  ��"�("!+!��/  �"�   (0/  �*"(0/   (0/   �$"�()/  �� �!�$+ ./ . 
 
�  �+ (!"�%  �0�" �(0  ��!�"  #"�  ��('�4��"�  .��0!�/  ��"  �!4� 0&�/  �  (�(��  �!�#.!� �"  
!�  ��"6.��"   �!  ���!4' �'�  ' "/  0�($(�"' "�./  �$� 6��#�/   �� �'��045(! �/  (� "�4  
' ("1���  #�   �!  1�%'�  ����*('"��,!   �1!"�,!  CMOS. �(  �0�� "(  ��!�"   (  2�'"�� ��(  
0$"��  �(0  1��'"#(�("�� �"  ' �!  �� �'��0%  �#"��+�,!  '%#���  ��$4  �"� �  .1�"  �($$./  
��"�0#� ./  "*"� � �/ . �"�  ���4*�"�#� ,  (  �0�� "(  ��!�"  46�(!( , 6��!� , �)�($(  !�  
�� ����'���  ��"  #�  '0#���"6(�4  �$%�+/  �� �!(� %  �(0  ���"��46� �"  ���   �!  �0'"�%  
 +!  �#"��+�,! . �(  �0�� "(  ��!�"  .!�  "*"�� ���  1�%'"#(  0$"��  �"�   �!  6+ (!"�%   �1!($(���  
��"  �  '�#�! "�� � 4   (0  ' ���5� �"  '�  #��  2�'"�%  "*"� � � : ��!�"  *"����� �  '�  0�.�0���  
#%��  �)#� (/   �  (�(��  1��'"#(�("()! �"  ' "/  (� "�./  ��"�("!+!��/  . 
 
�  �"'��+�%   +!  6+ (!"�,!  $�" (0��",!  ' �  ')�1�(!�  *�� 0�  ���. +!  *�*(#.!+!  ��  
(*��%'�"  *0!� "�4  ' �  #��+'�   �/  �($0�$(�� � �/   +!  ��"  #.�(0/  '0' �#4 +! ,  (0  
��' (0/  �$$4  ��"  ' �!  �� �!4$+'�  �!.���"�/ . ���#�  �"  �!  #"�  �$%��/  �! "�� 4' �'�  
 +!  �$�� �(!"�,!  ' ("1��+!  #�   �  �! �' ("1�  (� "�4  *�!  �� �' ��  �6"� %  ' (  4#�'(  
#.$$(!   ($��+   �/  "'10�%/  *0!� � � �/   +!  3�6"��,!  �$�� �(!"�,!  '0' �#4 +!  �(0  
1��'"#(�("()!  �&�"�� "�4  #��4$�/  �$�#���/  ($(�$%�+'�/  ��"  ��(*�*�"�#.!�  03�$()  
��' (0/  �0�$,#� �  ���#�  ��"  �"�  ' ("1�",*�"/  $�" (0����/ ), �4�("�  �!*"4#�'�  ' ("1���  % 
0�( -$�" (0����/  ��  #�(�()'�!  �4$$"' �  !�  0$(�("��()!  . 



 
 

32 
 

 
�  .!!("�   +!  6+ (!"�,!  ($(�$��+#.!+!  �0�$+#4 +!  (PIC) �"�  ��, �  6(�4  
���"��46� �"   (  1969 ���   (0/  S. Miller � �!  ��"!��'�   (!  ��(  «($(�$��+#.!�  (� "�% ". 
��(-�! �  �0 ()   (0  ��*(0/  �0�$(6���'�!  ' �!  ��(�4  ' �   .$�   �/  *���� ��/   (0  90, 
� �!   (  ��, (  PLC (Planar Lightwave Circuit) .��!�   (  ! �#�() (   (0 . 
 
;$�   �  (� "�4  % ���� "�4  "O-O" PIC (!(#45(! �"  ���'�/  �+ (!"�4  ($(�$��+#.!�  
�0�$+#4 � . �  ($(�$%�+'�  �0 % �!�6.�� �"  ' �!  ���� "�%  $�" (0����  �!�/  
�0#� (*��() , �!�/   6�$ �(0 , �!�/   *"���� �  % �!�/  �($0�$.� � . �(  0$"��  �"�  �0 ()/  
 (0/   )�(0/  PIC ��!�"  '0!%�+/   (  *"(&��*"(   (0  �0�" �(0  , ���,/  ��"  (" �#�(�"�./  
�� .! �/   �(0  ��('6.�(! �"  ���   �!  JDSU,  �!   NeoPhotonics ��"  4$$�/  � �"����/ . �  
($(�$%�+'�   +!  �+ (!"�,!  ($(�$��+#.!+!  �0�$+#4 +!  #�(���  !�  ����#� (�("����  
#�  02�"*"�./  #���*(0/  ��"  1�%'�  �!���,!  ' ("1��+!  ��+/  �"�  ���4*�"�#�  #��  
6+ (*�(*(  PIN. �   �1!"�%  UWDM �(0  1��'"#(�("()!  (" ��( -�($0�$.� �/  '�  
'0!*0�'#�  #�   "/  '0' ("1��/  6+ (*�(*+!  �!�� )1����  ' (  �$��'"(  �!4� 0&�/  �!�/  
'0' %#� (/  BOOM #�  '�(��  !�  �! ��+!"'���  �0 %!  ���"2,/   �!  �!�$$�� "�% . �  
 �1!($(���  micro ring ��!�"   (  !.(  ' ("1��(  �0 ,!   +!  ��( -�($0�$�� ,! , 
�! "���"' ,! �/  ��  '(0'��!  *(#./   )�(0  AWG. 	 �!  ����#� "�� � � , .!�/  
��(�($0�$.� �/  BOOM UDWDM ��( �$�� �"  ���  #"�  '�"�4  '0!*�*�#.!+!  MRR 
(�! �1��+!  #"��( -*�� 0$�(0 ) �(0  2�'�5(! �"  #�   �!  '�"�4   (0/  '�  #��  �$� 6��#�  SOI 
nanowire �0#� (*��()  [23]. 
 
��"�$.(! , .!�  �($0�$.� �/  (MUX) ��!�"  ������ � (/  '�  #��  0$(�(��'�  BOOM �"�   �!  
�!�24�#"'�   �/   �1) � �/  �!�/  �(#�()  #�   �!  0$(�(��'�  '0' ("1",! . ���'�/  (  
�($0�$.� �/  ��  2�'�5� �"  ' �!   �1!($(���   +!  4#m  �/  �$� 6��#�/  SOI �!,  (  
'1�*"�'#�/  1�#�$,!  ��"�.*+!  ��+$�",!  ��!�"  �6"� �/  '�  �0 %  �!   �1!($(���  �  (�(��  
1��'"#(�("��  #� � �(�%  #��.�(0/   (0  ��*�(0  (spot-size conversion) �� 4   �!  #� 42�'�  
���   (  �0#� (*���  ��"   �!  ���"(1%  �$�)����/  *"4*('�/   (0  '05�)� �   )�(0  �' .��  [24]. 
 
�(  2004, �  Infinera &���!�'�   �!  �#�(�"�%  *"4��'�  '�  #��4$�  �$�#���  (� (�$�� �(!"�,!  
% �$$",/   � -�   �+ (!"�,!  ($(�$��+#.!+!  �0�$+#4 +! . �0 4  ��" �.�(0!   �!  
($(�$%�+'�   +!  �!���,!  (� (�$�� �(!"�,!  $�" (0��",!  ��+/   �  $."5�� , �0�#"' ./  ��"  
�!"1!�0 ./  PIN. �(  0$"��  �(0  .1�"  ��"$����   ��!�"   (  �+'6(�()1(  8!*"(  (InP), 14��  ' �!  
"��!� � 4   (0  !�  ���&���45� �"   (  6+/  ' (  �$�� �(#��!� "��  ‘���4�0�( ’ �(0  
1��'"#(�("�� �"  ' "/   �$��"�("!+!��/ . 
 
�   )�(/  ($(�$%�+'�/  (#(!($"�"��/  % 02�"*"��/ ) ��!�"  #"�  4$$�  '�#�! "�%  
���4#� �(/  �"�   �!  �� ��(�"(�(��'�   +!  PIC: #(!($"�"�%  ($(�$%�+'�  '�#��!�"  � "  
�$�/  (" (� "�./  $�" (0����/  ����#� (�("()! �"  �4!+  ' (  �*"(  0$"��  �(0   (�(�� ()! �"  
 �   �$���*"�  (wafers) ���,/  ��"  ' �!  �*"�  24'� . 
2�"*"�%  ($(�$%�+'�  .1(0#�  � �!  *)(  
*"�6(�� "�4  0$"�4 ' �  (�(��  ����#� (�("()! �"  �! �' ("1�  
*"�6(�� "�./  (� "�./  $�" (0����/  '0!*.(! �"  #� �&)   (0/  . 
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�  Infinera .1�"  ��"$.&�"   �  #(!($"�"�%  #.�(*(  �"�   (!  '1�*"�'#�   +!  �+ (!"�,!  
�$(�$��+#.!+!  �0�$+#4 +!  1��'"#(�(",! �/  InP +/  0��' �+#�   (0  �#"��+�() .�(  
InP #�(���  !�  1��'"#(�("����  �"�   (  ')!($(   +!  $�" (0��",!   (0  PIC ��"  . '"  �  
#(!($"�"�%  ($(�$%�+'�  ��" 0�14!� �"  ' �  �$��'"�  #��/  ��"  #�!(  �� �'��0�' "�%/  
*"�*"��'��/ . 

�(  #�"(!.� �#�  ��!�"  � "   (  InP ��!�"  .!�  «�&+ "�� » 0$"��  ��"  ��!�"  '�6,/  �"(  *���!���  
���   (  �0�� "( . �  ($(�$%�+'�  #�  1�%'�  �0�" �(0  ��( �$��  #��  "*"�� ���  ���"(1%  
�!*"�6.�(! (/  ���#�  ��"  �"�   (0/  �� �&"+#.!(0/  �� �'��0�' ./  ' �!  �����'#"�  
��(�4 . �0 %  ��� .$�'�   �!   �$"�% ��"$(�%  �"�   �!  �("!(���&��  BOOM, �  (�(��  ��( ��!�"  
#"�  02�"*"�%  �$� 6��#�  �!(�(��'�/ . 

:!�/  #� � �(�.�/   )�(0  AWOC ���,/  ��"  �  #(!4*�   � ���$�'"�'#()  #�(���  !�  
��+�����  '�!  .!�  �0 �!(#(  ' ("1��(  �"�  ���!���(���##� "5�#�!�/  #(!4*�/ . ��(�()!  
!�  1��'"#(�("��()!  '�!  (0*. ���/  �4� �/  '�  #(!4*�/   )�(0  � CX ��"  !�  $)'(0!  . '"   (  
���2$�#�   �/  ���!�1��'"#(�(��'�/  #%�(0/  �)#� (/ . 

�  #� � �(�.�/  AWOC +/  �0 �!(#(  ' ("1��(  #�(���  !�  1��'"#(�("����  ��"  !�  
�6��#('���  '�  �($$./  ���"� ,'�"/  ��+/  #��  ��!��"' �#"()�($�  (� .1. data center, 
campus network) '�  *�� 0�  Metro Ethernet $��+   (0   )�(0  *"�#��6+'�/   �(0  ��!�"  RZ 
(% NRZ ��( .$�'#�  #� � �(�%/ ), �! �  �"�  *"�#��6+'�  64'�/  , �  (�(��  ��!�"  �0�.+/  
*"�*�*(#.!�  '�  #��4$�/  ��1" �� (!"�./  �(0  ��$)� (0!  #��4$�/  ��(' 4'�"/  ���,/  ��"  
 �1) � �/  4!+   +!  40 Gbit / s. 

�  ����� +'�   (0  Metro ��!�"  "*"�� ���  �$�0' "�%  $�#24!(! �/  0� ’ �3"!   (  ���(!�/  � "  
.!�/  ���"(�"'#.!(/  ��"�#�/  *"�'0!*�*�#.!+!  #(!4*+!  #�(���  !�  ��" �01��� , �6()  (" 
#��4$�/  '�  #%�(/  �$0'+ ./  *"�'0!*.'�"/  *�!  #�(�()!  ���� "�4  !�  �6��#(' ()! . 

:!�  ' ("1��(  EML , ��( �$�� �"  ���  .!�  DFB laser, .!�!  EA (electro absorption) 
*"�#(�6+ % , .!�!  spot size expander ��"  .!�!  �0#� (*��� , �  (�(��  '0!"' ()!   �  
2�'"�4  '0' � "�4  �"�   �!  0$(�(��'�  �!�/  ($(�$��+#.!(0  �(#�(*.� �  TX / RX (PIC) '�  
� "  �6(�4   �!  ���'2�'�  '�  *�� 0�  LAN ��"  ��� . �"�   �!  0$(�(��'�   (0  #"��(�0#� "�()  
�!"'10 %  �(0  �!�� )''�"  *)(  �����*�   4'�/  % ��)#� (/  ' �!  (� "�%  '0'��0%  (�(0  
�! "' ("1()!  ' �  *)(  3�6"��4  �����*�   (0  �$�� �"�()  '%#� (/  �"'�*(0 ) ��( ��!� �"  �  

1�%'�   �/  �#�(�"�4  *"��.'"#�/  0,25 � m IHP  �1!($(���/  SiGe BiCMOS. �  
*"�#(�6+ %/ -(*���/  ��  ��.��"  !�  ���.1�"  2Vpp (peak to peak) �)�(/   4'�/  �"�   (!  
*"�#(�6+ %  �$�� �( -��(���6�'�/  (�� ) ' �  10Gbps ��"  ��  #�(�()'�  !�  �!'+#� +���  
'�  .!�  6+ (!"��  ($(�$��+#.!(  �)�$+#�  #�  �6��#(�./  ' �  '0' %#� �  ���'2�'�/  ��"  
Metro Ethernet. 
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�����  10: ������
��  ���
�"�
��  ���
������
���  BOOM EML �����
&
���  �������
���  ��  �����  

spot-size expander & optical power booster. 

 

 

�����  11: SEM �
�"��  ��"�  EML chip ��  ��&��
�"  spot-size expander. 

��1�5(! �/  ���   "/  2�'"�./  $�" (0����/  �!�/  EML (�0�#"5�#�!(  ($(�$��+#.!(  $."5��  #�  
(*���  ��"  (� "��  *"�#(�6+ % )  �  #��4$�/  �$�#���/  6+ (!"�4  ($(�$��+#.!�  �0�$,#� �  
�0�" �(0  ��!�"  �)�($(  !�  '1�*"�'�()! . :!�  ���4*�"�#�  ���"�(!�5� �"  ' (  �����4 +  
'1%#� :  

 

�����  12 : *��
�"�
��  ��"�  �������
��  ���
��  �������  ���
�(��  [25] 
. 
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�.$(/ , ��  ��.��"  !�  �&� �' ��  �  ��( -�($)�$�&�  UWDM ���,/  ��"  �  *"4 �&�  
6+ (*"�*+! . 

�!,   (  UWDM ' ("1��(  ��!�"  �"*"�4  '1�*"�'#.!(  (�'(!  �6(�4   "/  ��(*"����6./ ) �"�   �!  
�6��#(�%  '�  '0' %#� �  BOOM, ����#("�  ' ("1���  #�(�()!  �4$$"' �  !�  
1��'"#(�("��()!  '�  �($$./  ���"� ,'�"/ , ' (!   (#.�   +!   �$��"�("!+!",! , ��+/  '�  
�"'�� %��/  (�! �1��(  '0! (!"'#()   (  (�(�(  ��!�"  �0��'�� (  ' "/  #� �2($$./   (0  
���"24$$(! (/ ) ��"  6�'#� (��46(0/ . 

�"�  �($$./  ���  �0 ./   "/  �6��#(�./  (  ��"�#�/   +!  (� "�,!  ��!�$",!  ��!�"  "*"�� ���  
'�#�! "��/ . 
4'�"   �/   �.1(0'�/  ��(*"����6%/  (5 nm FSR, �!4$0'�  0,1 nm) 
���" ()! �"   (0$41"' (!  50 ��!4$"� . �(  ��"(  ���0�)!� �"  �"��!� � �  '�  �$�� �(!"�4  
�0�$,#� �  �$.�1(0  �(0  ���" ()! �"  �"�   �!  �0�0��4##"'�  �$+!   +!  ��!�$",!  
(#"��(�)�#"'�  + / - 0.5nm �"�  �� �'��0�' "�./  �!����2�"�/ ). 

�"�  03�$� ���/   �1) � �/  *"�#� ��+�%/  (+10 GHz),  (  �)�(/  5,!�/   (0  �! �1��(0  , 
60'"�4 , ��  ��.��"  !�  �0&����  �!�$��+/ . �' �'( , �0 �  #�",!�"   �!  '1�*"�' "�%  ��"  
�� �'��0�' "�%  �($0�$(�� � � . 

�0 %   �  ' "�#%  (" 6+ (�!"1!�0 ./  '1�*"45(! �"  �"�  '1� "�4  1�#�$./   �1) � �/  (2 GHz 
��!�"  �����%/  �"�   �!  �&��+�%  � "�. �/  (label), �!,   �  10 GHz, ��( �$()!   (!  ' �1(  �"�  
 �  '1.*"�  2�/  ��!�4/ ). �' �'(  (" �!"1!�0 ./  03�$%/   �1) � �/  (+40 GHz) .1(0!  
*(�"#�'���  ��" 01,/  '�  �$� 6��#�  �0�" �(0  (nanophotonics) ��"  *"�6��!� �"  � "   (  
' ("1��(  �0 �  #�(���  #�$$(! "�4  !�  1��'"#(�("����  +/  front end ' ("1��(  03�$%/  
 �1) � �/ . 

 

3.3 �/��' (&  & $�  $��%.�  ���  Data Centers !.��  (�!�"�  

��  data centers ' �!  ��(1%  #�/  .�1(! �"  �! "#. +��  ($(.!�  ��"  ���"''� ��(  #�   "/  
'0!�1,/  �0&�!�#�!�/  ���" %'�"/   +!  ')�1�(!+!  �6��#(�,!  . ��  �� "�4  '0' %#� �  
#�   �!  '�"�4   (0/  .1(0!  ��(*��1���  "*"�� ���  ��(*( "�4  '�  � "  �6(�4   "/   �1) � �/  
#� 4*('�/  ��"   (  03�$�  *"��.'"#(  �)�(/  5,!�/ . �  ���(*(/  �0 % ' �!  (� "�%  ��"' %#�  
��('�(���  �!  #.��"  ' �!  �! "#� ,�"'�   +!  ')�1�(!+!  �0 ,!  �!���,!  ��"  ���" %'�+! . 
�"  (� "�./  *"�'0!*.'�"/  .1(0!  1��'"#(�("����  '�  #��4$(  2��#�  '�  '0' %#� �  
0���0�($(�"' ,!  [26] �! "���"' ,! �/   �  �0�.+/  *"�*�*(#.!�  �$�� �"�4  ��$,*"�  #�  
��(6�!%  �$�(!�� %#� � : �4$03�  #���$) ��+!  ��(' 4'�+! , 1�#�$� ��(  24�(/  ��"  
#"��� ��(/  ���(/ .  

�' �'( , ���4   �!  ���'6� �  ��" 01�� , ��"   �!  �#�(�"�%  1�%'�   +!  (� "�,!  
#� ��+�.+!  '�  #"��./  ��(' 4'�"/  (<100m) �  1�%'�   (0/  '�  *�� 0�  *�*(#.!+!  ��(/   (  
����!  *�!  ��!�"  ("�(!(#"�4  '0#6.�(0'� . �� ’��.� �'"!  (" 03�$./  ��"*�'�"/   +!  
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�($(�"' "�,!  	0' �#4 +!  #�  �($) -�)��!(0/  ���&����' ./  ���"(��5(! �"  ' �  
�����*�   (0  �! �' ("1(0  *"� )(0  �(�#() . 

	%#���  ($(.!�  ��"  ���"''� ���  *�*(#.!�  �(0  ��(����)(! �"  '�  data centers �"�  
1�%'�  online, (*�� o)!  '�  �)&�'�   (0  ��"�#()   +!  #�#(!+#.!+!  servers ���,/  ��"   �!  
�)&�'�   (0  ��"�#()   +!  servers �(0  ���" ()! �"  �"�  �4��  .!�  data center. �  ��"�#�/  
 +!  servers '�  .!�  #��4$(  data center �$�'"45�"   "/  100.000, �!,   �0 �1�(!�  0�4�1�"  
�0&�!�#�!�  5% �'�  ��"  �"�  �)�(/  5,!�/ , "*"�� ���  �"�  �6��#(�./  2�! �(  �� 4  �������$��  
(VoD: Video On Demand) '�  ����#� "��  1��!( , ���&����'��  2�! �( , 1��#� (�"' + "�./  
0����'��/ ,  �$�-� �"�% , "� �"�%  ���"��!"'� , ��(�%��0'�  ��"  ��"' �#(!"�()/  
0�($(�"'#()/  [27]. 

���4$$�$�  #�   �!  �!4���  �)&�'�/   �/  1+�� "�� � �/  �#6�!�5� �"  ��"  .!�  4$$(  5% �#�  
�0 �   �/  �� �!4$+'�/  �!.���"�/   +!  *"� )+!  0�($(�"' ,! . ��!�"  5% �#�  �("!+!"�%/  
�0�)!�/  ��+ �' +/  �$$4  ��"  #��+'�/   (0  ��' (0/  ��"  '�  �4��  ����� +'�  �  2"(#�1�!��  
�$$4  ��"  (" �4�(1("  !�  �"!��()!  #�  *"�6(�� "��   ���(  �� ’� "  ' (  ���'6� (  ����$��!  
'�  � "  �6(�4   �!  *"�1���"'�  �0�!� � �/  "'1)(/  [28]. �(  2006,  (  ')!($(   +!  servers ��"  
data centers 0�($(��'����  � "  �� �!4$+'�!   (  1,5%  �/  �$�� �"�%/  �!.���"�/   +!  ��� , 
 (  (�(�(  ��"�#� "�4  '�#��!�"   (!  *"�$�'"�'#�   (  �('(' ()  '�  '1.'�  #�   (  . (/  2000 
[29]. 

��  !�� ��(0   )�(0  data centers ���" ()!   �1) ���  ���'2�'�  '�  ��(����0#.!�  
*�*(#.!�  ��"  ��!�"  �($)  '01!�   (  6�"!�#�!(  !�  �!'+#� ,!(! �"  '�  #��4$�  
0�($(�"' "�4  '0' %#� �  ��"  *"� 0��()/  ��#2(0/ . �' �'( , ' "/  ���"� ,'�"/  #��4$(0  
���(0  *�*(#.!+! , back-up ��"  redundancy (�$�(!45(!  ')' �#�  �'6�$���/ )  �  data 
centers ���"$�#24!(0!  '0!%�+/  ��#2(0/  ��(�%��0'�/  (storage nodes), ���,/  ��"  
'0' ("1��/  *�'�+!  (disk arrays). 	�  .!�  �.! �(  0���0�($(�"' ,!  ,  o ')!($ o  +!  
*�*(#.!+!  �(0  #� �6.�� �"  #� �&)  � /
 , ' ��#,!  ����'��/ , server & disk arrays #�(���  
'01!4  !�  6 4!�"  '�  �����*�  ���  100 terabytes .+/  100 petabytes. 	0!%�+/  �  #� �6(�4  
�0 ,!   +!  �(',!  �$��(6(���/  *"�����  1�(!"�4  ���"''� ��(  �� ’� "  �  ���&����'��  �0 % 
��� ’�0 % ���"(��5(! �/  . '"   "/  ��"*�'�"/   �/  ��4' ( �  �6��#(�%/  �"*"�4  � �!  (  
�! �' ("1(/  ��#2(/  #�(���  !�  ���".1�"  '0�����"#.!(  ��"�#�  disk arrays [30]. ��$(�  
0�($(�"'#(�  *��1!(0!  � "  '�  .!�   0�"��  data center #�  10 GbEthernet '0!*.'�"/ , ��  
1��"�' ()!  �����(0  22 ,��/  �"�  !�  #� �6�����  .!�  ��1��(  100 TByte ���   (!  *�'�(  
��(�%��0'�/  #.1�"   (  '�#��(  ���&����'��/  (0�($(�"' "��  ')' �#�  % ��#2(/ ). 

�0&4!(! �/  #�!(   �!   �1) � �  #� 4*('�/  *�*(#.!+!   (  ���2$�#�  *�!  #�(���  !�  
��"$0���  ���,/  '�  �0 %!   �!  ����� +'�  *�!  $�#24!� �"  0� ’�3"!   (  �)�(/  5,!�/  
(bandwidth) % (�("�*%�( �  ����#��*"'�  (congestion) ��(/   (0/  #� ��+���/  (switches). 

:!�  4$$(  ���4*�"�#�  ��!�"  (  ����#� "��/  1��!(/  ' (  2�! �(  (real time video),  (  (�(�(  
1��'"#(�("�� �"  '�  �6��#(�./  �(0  '1� �5(! �"  #�   �!  ��" %��'�  ��"   (!  .$��1(  
*"�6��+!  *��' ��"( % +!  ���   �!  �$�0�4   (0  1�%' � . �!�$0 "�� ���   �  �"'��1�#�!�  
*�*(#.!�  2�! �(  �!����4�(! �"  '�  ��"#.�(0/  �!� � �/  ��"  �!�$)(! �"  ��"  �!  '0!�1���  
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��(+�()! �"  �"�   �!  #� �&)   (0/  '0�1,!�0'�  . '"  ,' �  !�  ��( �$.'(0!  .!�  
'0�����"#.!(  ��"  ���(�"'#.!(  ���(!�/  (event) �!  #.'+  �4�("�/  '0�����"#.!�/  
*"����'��/  (task)  (  (�(�(  ��  #�(���  !�  �!��!+�"'���  +/  Real Time Video. �  
�!*(��"�("!+!��  #� �&)   +!  ��"#.�(0/  *"����'",!  .1�"   �!  ���$(0��  "*�" ��� � � :  �  
��!4$"�  #� 4*('�/  2�! �(  ���" ()!  ���� 4  03�$�  �)�(/  5,!�/  '�  '1.'�  #�  �0 4  �(0  
#� �*�*(0!   �  ��( �$.'#� �  �!4$0'�/   +!  *"����'",! .  

�"  .��0!�/  ��(*�"�!)(0!  � "   �  �#"�,/  �� "�4  ��� 0�  % ��� 0�  �� "�%/  �� ��+�%/  ��!�"  
�$�"*(6���  ��"  �($$4  0�('1�#�!�  �"�   �!  ��� �0&�  03�$� ��(0  �)�(0/  5,!�/  *"� )(0 . 
�!  ��"  �  .��0!�  ��!�"  ���#�  �!  �&�$�&�", �  �#�(��0#� (�(��'�  ����#�(*�5� �"  ���   �!  
.$$�"3�  (� "�,!   �1!($(�",!  buffering ��"   �!  �!4���  �"�  03�$� ��(  2��#�  
($(�$%�+'�/   +!  (� "�,!  ' ("1��+!  [31, 32, 33]. 

�!��!+��5(! �/   (  "'(5)�"(  #� �&)  �$�� �"�,!  ��"  (� "�,!   �1!($(�",! , ���� ./  
���0!� "�./  (#4*�/  .1(0!  ��( ��!�"   �!  �!4� 0&�  02�"*"�,!  �$�� �"�,!  / (� "�,!  
*"� )+!  #�  ' �1(  !�  2�$ "' (�("����  �  1�%'�   +!  (� "�,!  ��"  �$�� �"�,!   �1!($(�",!  
'�  �$(   (  �)�(/  $)'�+!  �(0  ���.1(! �"  �0 %  �  ' "�#%  ' �!   �$��"�("!+!"��%  ��(�4 . 
�0 %  ��!�"  ��"  �  �.'�   (0  Patrick Gelsinger, �! "��(.*�(0   �/  Intel, (  (�(�(/  "'10��5� �"  
' �!  "' ('�$�*�   �/  ���0!� "�%/  (#4*�/   �1!($(���/  [25] � "  "�  ���
��  ������  �(��
  �
�  
���
�
�������  �������	(� . * �
�  &�  �������(  ���  ���
��  �����������
��  ��&���  	
�  ��&�  
��(�  ���  ����
�����
 ”. 

 

3.4 �/��' (&  %�� $�  $��%.�  ���  �*�� $ 0���%"  �Ä�Ä�Ä�ÄMetro �Å�Å�Å�Å ��%�
�  Ethernet 

	%#���  �   �1!($(���  Metro �"!�� �"  ��"  �&�$�''� �"  ��(/  #��  �� �)�0!'�  "*"�� ���  
�($)�$(��/  ��1" �� (!"�%/  ��(��"#.!(0  !�  �! ��(��"���  ' �!  #���$���2($�  0�('1�'%  
 �/  �"�  '1�*�!  4��"�(  �)�(/  5,!�/  ' (  *�� 0(  �(�#()  �$$4  ��"   "/  0���03�$./  
 �1) � �/  ' �  *�� 0�  ���'2�'�/ .  

	�#�"+ .(!  � "  (  �����4!+  ' �1(/  #�(���  !�  ��()�� �"  0���2($"��/  �#+/  �4!  
�!�$(�"'���  ��!��  � "  (  ���(/  �$��(6(�",!  �(0  '0���! �,!� �"  ��"  *�(#($(��� �"  #.'+  
#��/  0�(*(#%/  Metro ���/   (!  2�'"��  �(�#�   (0  *"�*"� )(0 , *"�$�'"45� �"  �4��  3-6 
#%!�/ , #�   �0 �1�(!�  1�%'�  *"�6��+!  ��+ (��$+!  ��"  �)&�'�/   �/  �($0�$(�� � �/  
 (0  *"� )(0  2�$ ",!(! �"   �0 �1�(!�  (" ����1�#�!�/  0����'��/ . ��"�$.(!  (" 
'1�*"�' ./  *"� )+!  Metro ��  ��.��"  !�  *,'(0!  "*"�� ���  ��('(1%  ' �!  �("� � �   �/  
����1�#�!�/  0����'��/  (QoS) �(0  ��( �$��  5% �#�  ��+ �' �/  '�#�'��/ . ��#24!(! �/  
0� ’�3"!   (!  #��4$(  ���(  �$��(6(�",!  �(0  *"��"!�� �"   �1) � �  #� �&)   +!  
 �$��"�("!+!"��,!  '0' �#4 +! , (" #�1�!"�(�  '1�*"�'#()  *"� )+!  ��  ��.��"  !�  
�!�� )&(0!  ��1" �� (!"�./  (" (�(��/  �&�'6�$�5(0!   �!  '+' %  �� �!(#%   +!  ���+!  ��"  
*"�!(#%  *�*(#.!+!  . '"  ,' �  !�  ���04 �"  �  �&"��"' �  $�" (0����   �/  ��4' ( �  
0����'��/ . �' �'(   �  �����4!+  (*��()!  #�   �!  '�"�4   (0/  '�  ��(2$%#� � , #�  
'�#�! "�� ��(  �� ’�$�   �!  �0&�#.!�  ��!�'�  *�*(#.!+!  ' (  *�� 0( . ��.��"  ���'�/  !�  
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��"'�#�!���  � "  �  �0�+��-�%  ��(�4   �$��"�("!+!",!  ��($(0���  #�  ���0' .��'�   "/  
�&�$�&�"/  �"�  �($$()/  $��(0/ : .!�/  ���  �0 ()/  ��!�"  � "  (" ��(�!�6�����'�/  0����'��/  
��"  �6��#(�./  .1(0!  ��(��$.'�"  �(��'#�  ' �  ��(�4  1+��/  �#+/  !�  .1(0!  �&�! $%'�"  
 �  ��(�.#� �  �)�(0/  5,!�/   +!  �! �' ("1+!  *"� )+! . �! "' ��6+/  (" ���!*)'�"/  ��"   �  
��64$�"�  �(0  ���" ()! �"  �"�  !�  ���"!%'(0!   �!  5% �'�  ��"   �!  0"(�. �'�  !.+!  
�0�05+!"�,!  �&��($(0�()!  !�  ��!�"  03�$4 . 

	 (  �$��'"(  �0 � , �  �&.$"&�  +!  *"� )+!  #� 4*('�/  ��!�"  �"��!�  !�  (*��%'�"  �! �' ("1�  
'�  !.�/  2�$ "+#.!�/  ��"  �! ��+!"' "�./  $)'�"/  '�  � "  �6(�4   �  ')�1�(!�  *�� 0� :  
- ��  2�$ "' (�(��'�   �/  1�%'�/   +!  *"��.'"#+!  *"� 0��,!  ���+!  (#��+'�  ��1"�()  
��6�$��(0  - CAPEX) 
- ��  #��+'�   +!  $�" (0��"�,!  *���!,!  (#��+'�  $�" (0��"�,!  �&�*+!  - OPEX) 
- ��  2�$ �+'�   �/  �("� � �/ ,  �/  ��( �$�'#� "�� � �/  ' �!  ���(1%  06"' 4#�!+!  ��"  
!.+!  0����'",!  (�)&�'�  ��"  *�#"(0����  !.+!  ���,!  �'�*+! ). 

��  ��.��"  �*,  !�  ��"'�#4!(0#�  � "  .!�  #.�(/   �/  ��(�4/  �!��' � �"  ' �!  !.�  �0 % 
 �1!($(���  �"�   (0  ���$(0�(0/  $��(0/ : ; �!  .!�/  ��$4 �/  1��'"#(�("��  #"�  
*(�"#�'#.!�  ��"  ��( �$�'#� "�%  $)'�  ��!�"  #4$$(!  �)$(�(  !�  �##.!�"  '�  �0 %!  ��"  !�  
#�!  �!*"�6.�� �"  �"�   �!  �! "�� 4' �'%   �/ . ��"�$.(!  0�4�1�"  #"�  "'10�%   4'�  !�  
�!�24$(! �"  (" #��4$�/  ���!*)'�"/  �"�   "/  !.�/  *"� 0��./  0�(*(#./  �!,  (" �4�(1("  
 �$��"�("!+!"��,!  0����'",!  �!�#.!(0!  '0!%�+/  �"�   �!  �"*(�("�  *"�6(�4  #��  !.�/  
 �1!($(���/  *�$�*%  #��  % ���"''� ���/  0����'��/  �(0  ��  *"��"($(�%'(0!   �!  03�$% 
��.!*0'�  �4 "   (  (�(�(  (" ���$('4&+!�/  ��(��$()!  killer application. 	1� "�4  #�   �  
��+ ��($$� , IP, Ethernet ��"  SDH ��+�()! �"  �4! �  (" ��$) ���/  ��"$(�./ , ���"*%  ��!�"  
�0�.+/  *"�*�*(#.!� , .1(0!  *"�"'*)'�"  ' �!  ��(�4  ��"   (0/  �� �'��0�' ./  ��"  ��"�$.(!  
��!�"  "*"�� ���  �! ��+!"' "�4  �"�  �($$()/  $��(0/  �(0  *�!  ��  '1($"�'�()!  ' (  ����! .  

�   ���(/  () +/  ,' �  !�  ��" �01���  (  ' �1(/   �/  �0�05+!"�%/  ���'2�'�/  ��"  ���(1%/  
0����'",!  2�'"'#.!�/  ' (  internet, ��!�"  (" ��4' ( �  6(���/ -�4�(1("  !�  �"!��()!  ��(/  
4$$�/  0����'��/  IP, ��+/  �"�  ���4*�"�#�  Video Broadcasting, VoIP  �$�6+!�� , 
')�1�(!�/  0����'��/ . 

	�#�"+ .(!  � "   �  "All -IP *�� 0� " ���.1(0!  �$�/   "/  0����'��/  IP 0��  #(�6%  ���. +! , 
���,/  ��"  4$$�/   �1!($(���/  *"� )+!  �(0  1��'"#(�("()! �"  �"�   �  #� 4*('�  ���. +! , 
��+/  �"�  ���4*�"�#�  Ethernet '�  '0!*0�'#�  #�  �($0�$�&��  #%�(0/  �)#� (/  (WDM). 
���4   (  �!(#�   (0/ , ‘All-IP *�� 0� ’ ��.��"  !�   (!"'���  � "  �  0$(�(��'�  �0 ,!   +!  
*"� )+!  ���" ��  �($)  ���"''� ���  ���  #��   �1!($(���  ���. +!  ��"  �($)  ���"''� ���  
���   (  �!,' (  ��+ ��($$(  �� .    

�"�  '�#�! "�%  '0!"' ,'�  #� 4*('�/  �$��(6(���/  ��!�"  �   �1!"�%  WD� , �  (�(��  
�($$��$�'"45�"   �  2�'"�%  1+�� "�� � �   +!  (� "�,!  "!,! . �   �1!($(���  WDM .1�"  
�($$4  ���"�,�"�  '�  � "  �6(�4   �  '0!����5�#�!�  ��+ ��($$�   �  (�(��  
*��' ��"(�("()! �"  '�  03�$� ���  �����*�  24'�"   (0  OSI (Open Systems 
Interconnection), '0!%�+/  �#+/  �  #(�6%  Ethernet ��"$.�� �" . �!�&4� � �  ���   (!  
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6(�.�  #� 4*('�/   +!  ���. +! ,  (  Ethernet, 0�(' ���5� �"  ($(.!�  ��"  ���"''� ��(  
 �'(  ' �!  ��"#.�(0/  *"�')!*�'�   +!  *"� )+!  �'(  ��"  ' �!  *"�1���"'�  �0 ,!  ���,/  
���'�/  ��"  �  #� �&.$"&%  (0  �(0  ��()�"  ' (  �!(#�  MPLS (multiprotocol label switching) 
��"   (  (�(�(  0�(2(����   �!  $�" (0����   (0  Ethernet  (���!,!(! �/   (  *�� 0(  '�  $(�"�4  
�����*�  �"*"�� ���  � �!  �����" �"  �"�  �� �(�($" "�4  ��� 0�  (WAN:Wide Area Networks) 
. 
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�����  13: *��
������
��  Metro �
�� �� Telecom Italia 

�"  ��4' ( �  �0����1("  �4�(1("  (incumbent operators) �' "45(0!  ' �!  $���#�!�  ')��$"'�  
(convergence)  +!  *"�6(�� "�,!  ' �+#4 +!  (network layers) ���,/  ��"   �!  
��1" �� (!"�%  (	1%#�  13), ���(!�/  �(0  ��( �$��  ��!"�� ���   4'�  ' (!  1,�(   +!  
 �$��"�("!+!",! . 

�  ')��$"'�  �0 % ��"6.��"  ��+/  �!�#�!� �!  �($$./  ��"#.�(0/  �$$��./  ' a �&%/: 
• 	)��$"'�  *"� )(0 : '0�1+!�)�"  *�� 0�  �"!� %/   �$�6+!��/  #�   �  ' ����4  *�� 0�  �(0  
1��'"#(�("()! �"  �"�  ("�"��%  �0�05+!"�%  1�%'� , Ethernet, ��"1�"��#� "�./  0����'��/ , 
���#�  ��"  ' �  #� 4*('�  #.'+   (0  *"� )(0  �(�#() . 
• 	)��$"'�  �&(�$"'#() : �!'+#� ,!�"  *"�6(�� "�./  $�" (0����/  ' (  ' �,#�  *"� )(0   
(��+/  �"�  ���4*�"�#� ,  �!  ���&����'��  ���. +! , �)&�'�  1+�� "�� � �/ , (� "�%  
#� ��+�% ) - '�  .!�  �!"��(  ��*(/  *"� 0��()  �&(�$"'#() . 
• 	)��$"'�  0����'��/ : ���"' 4  �($$��$./  0����'��/  ��('24'"#�/  ���  (�("�*%�( �  
 ��#� "�%  '0'��0%   - �"�  ���4*�"�#� ,  �$.6+!( ,  �$����'� , � /
 . 
	%#���  '�  �����*(  �&(�$"'#() ,  (  �0����1(  ��(-�!  (� "�%/   �1!($(���/  '�  *�� 0�  
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Metro ��!�"  �  �$� 6��#�  0����'",!  MSPP (multi-service provisioning platform) % MSTP 
(multi-service transport platform) , �  (�(��  2�'�5� �"  '�  NG-SDH (Next Generation SDH), 
��"  ���"$�#24!�"  Ethernet, ���,/  ��"  WDM 1���� ��"' "�4 . �  �&(�$"'#�/  �0 �/  
��( �$��  .!�  '0!*0�'#�   �/  NG-SDH  �1!($(���/  ��"   �/  #� ��+�%/  Ethernet. 

Common Switch 
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(SDH + Packet)

SDH, SANS, Ethernet

ITU Compliant w/ .709
Broadband Tunable
Optical interfaces

To ROADM

Common Switch 
Fabric 
(SDH + Packet)
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ITU Compliant w/ .709
Broadband Tunable
Optical interfaces

To ROADM

 

�����  14: SDH �������
���  � �����  (cross-connect) ��
  �����  ����	
	��  �����
�  ��  

����!"���  MSPP. 

	0!%�+/  1��'"#(�("()! �"  '�!  #(!4*�/  '0��.! �+'�/  ���. +!  ' �  '�#���  �"'�*(0  
 (0  *"� )(0   �  (�(��  #�   �!  '�"�4   (0/  06�' �! �"  #� ��+�%  �!�$��+/  #�   �!  0����'��  
�(0  5� �� �" . ��!�"  �0�.+/  *"�*�*(#.!(  �"�  � �"�"�./  $)'�"/  ��"  *�� 0�  �"!� %/  
 �$�6+!��/  ��"  �"*"�� ���   +!  *"� )+!  #� 4*('�/  (backhaul). 

�   �1!"�%  WDM (WDM dense #�  80 ��!4$"� , ��"  WDM coarse, '0!%�+/  �4 +  ���  16 
��!4$"�  �"�  *�� 0�  Metro) *"�0�)!�"   �  1+�� "�� � �   +!  ��$+*�+!  (� "�,!  "!,!  
#�",!(! �/  . '"   (  ��' (/  �$$4  ��"   �!  �"��!%  ��(�4  ��"  ���� 4' �'�  !.+!  (� "�,!  
"!,!  �"�  �!�24�#"'�   �/  1+�� "�� � �/ . ���'�/  �  1�%'�   �/  (� "�%/  #� ��+�%/  
'0!�"'6.��"  ' �!  �!4  bit #��+'�  ��' (0/  ��"  ��('6.��"  *0!� "�4   �1) ���  �����"'�  
���  (�("�*%�( �  4$$�  �!+' %  .+/   ,��   �1!($(��� . 

�  2�$ �+'�   +!   �1!"�,!  1���� ��"' "�,!  ��( 0�,!� �"  ' "/  �6��#(�./  �(0  ���" ()!  
#��4$(  �)�(/  5,!�/  ��+/  IPTV ��"  IGMP snooping, ��"  �!�#.!� �"  �  #� 4*('�  
���. +!  !�  *"�*��#� �'�"  #��5(!�  ��$(  ' �!  �&.$"&�  �/   �1!($(���/  Metro. 

�"  �4�(1("   �$��"�("!+!"��,!  0����'",!  1��"45� �"  !�  $42(0!  0� ’�3"!   (0/  �$(0/  
 (0/  �����4!+  ���4�(! �/  � �!  ��(6�'�5(0!  �"�   �!  ��1" �� (!"�%   (0  *"� )(0  
*�$�*%   (!  ��"�#�   +!  *"����'",!  �(0  $�#24!(0!  1,��  '�  �4��  ' �,#�  &�1+�"' 4 , 
 (!  2��#�  '0��.! �+'�/  (aggregation)  +!  ���. +! , ���,/  ��"   (!  2��#�  ���.#2�'�/  
'�   (�"��  (local) % ��! �"��  (centralized) �����*(   ��(��"#.!(0  �  �$��(6(���  !�  
���&����'���  �!�$��+/ . 	%#���  0�4�1�"  #��  �#6�!%/   4'�  �  #� 4*('�  ���. +!  !�  
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����#� (�("�� �"  ���  *"�*"� 0��()/  ��#2(0/  (internet exchanges) �$$4  ��"  
�&0���� � ./ -*"��(#"' ./  (servers) ('0#���"$�#2�!(#.!�/  ��"   �/  peer-to-peer 
�0�$(6(���/ ), *"�0�)!(! �/  . '"   (  �$�(!.� �#�   �/  '0��.! �+'�/  �$��(6(���/  ' (  
2(  �����*(  (OSI layer 2 – Data Link) .!�! "   +!  �!�$$�� "�,!   �/   (�"�%/  #� ��+�%/  
(local switching) ��"   �/  *�(#($���'�/  '�  �����*(  3 (OSI layer 3 – Networking). 

�4��  ����� +'�  ��.��"  !�  �&"($(�����  #�#(!+#.!�  ��"  ��('�� "�4 . �($$4  �&�� ,! �"  
���   �  ��+���6�� ,  �!  ��!�'� ,  �!  0�4�1(0'�  0�(*(#%  ��"   �!  �� �!(#%   (0  
��('+�"�() . �  "'(��(���  #� �&)  �$+!  �0 ,!   +!  ������! +!   �$"�4  (*����  
��"1�"�%'�"/  '�  *"�6(�� "�./  $)'�"/ , 1��'"#(�(",! �/  '01!4  ���"''� ���/  ���  #��  
0$(�("%'�"/  #.'�  ' (  �*"(  *�� 0( . 

 

3.4.1 �/��' (.�  �*�  $0��/-�'��  '���()(&�  BOOM ���  �+(�� !�  #�%�
�   

 

��  *�� 0�  Metro ��( �$()!  "*"�� ���  �($)�$(��/   �1!($(���/  (" (�(��/  (0'"�' "�4   
�0�"��1()! �"  ���   (  Ethernet  ��(0  (" 2�'"�./  $�" (0����/  ('0��.! �+'�  ���. +! , 
'0�1�(!"'#�/ , *"�!(#% , .$��1(/  �("� � �/ ) 0$(�("()! �"  #.'+  �$�� �(!"�,!  #��,! . ��  
(� "�4  #�   �  '�"�4   (0/  1��'"#(�("()! �"  �0��+/  �"�   �  #� 4*('�  IP ��"  Ethernet 
���. +!   ��"   �!  (#�*(�(��'�  ��"#.�(0/  (� "�,!  "!,!  �4 +  ���  #��  $(�"�%  (! � � � . 
;�+/  �!�6.�����  ��(��(0#.!+/ , �  �0�$"&��  ' (  (� "��  ' �,#� , ��  '0#24$�"  ' �  
*�#"(0����  (� "�,!  ��!�$",!  �"�  L2 (layer 2) *"�'0!*.'�"/ ,  �!  2.$ "' �  1�%'�   (0  
�)�(0/  5,!�/  ��"  *"�*"��'��/  '0��.! �+'�/   +!  ���. +! . 

��  1���� ��"' "�4  �0 4  #�(�()!  !�  2�$ "' (�("%'(0!   �!  0�(*(#%   (0  *"� )(0  '�  
���"� ,'�"/  �6��#(�,!  �(0  ���" ()!  ��+/  ��(����#�  03�$�  �)�(/  ��+/  �  IPTV 
��(0  ��  #�",'�"   (  ��' (/  *"�1���"'�/  multicast '�  (� "�4  *�� 0�   )�(0  Metro. H 
 �1!($(���  L2 tunelling �&��($(0���  !�  ��!�"   �1!($(���  #� ��+�%/  �0�$,#� (/  (circuit 
switched oriented) ���#�  ��"  �4!  1��'"#(�("����  '�  .!�  *�� 0(   �1!($(���/  #� ��+�%/  
���. +!  (packet switched oriented) '0#����')�(! �/  �$�   �  �$�(!�� %#� �  ��"  
#�"(!�� %#� �   �/ . 

�  �� "�%  #� ��+�%  ��"  *�(#($���'�  ���. +!  ��( �$��   (  4��(  �0 %/   �/  *"�*"��'��/  
��"  ��!�"  �! "���#�!(  #�$. �/  ���  �($$./  ��"' �#(!"�./  (#4*�/  '�  �$(   (!  ��'#(  (	1%#�  
15). 

�  �!�5% �'�  �"�  �6��#(�./  03�$()  �)�(0/  5,!�/  � .1 IPTV, ���! 4 �"  '�  (�"'#.!(0/   
��� 0�(0/  �"$( "�()/  ��#2(0/  24'�"  "*"�� ��+!  ��1" �� (!"�,!  ���  *"�6��(0/  
��(#���0 ./  ��(��"#.!(0  !�  ��(*��&�"   �  �!����"� � �  ��"   "/  *0!� � � �/   +!  (� "�,!  
*"� )+! . :!�/  ���  �0 ()/   (0/  ��(#���0 ./  ��!�"  �  � �"����  Yokogawa, �  (�(��  
'0##� .1�"  �!���4  ' (!  '1�*"�'#�  (� "�,!  *�� )+!  #�  1�%'�  ���. +!  ���   (  2000. 
��(��"#.!(0  !�  ��" �10!���  �  *"�*"��'��   �/  �"'��+�%/  (� "�,!  ��#2+!  !.�/  ��!�4/ , �  
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(�(��  6��!� �"  !�  ��!�"  '�  �.'�  2($%/ #.1�"   (  2015, �  Yokogawa .1�"  �� �6.��"  �!   +  
#� �&)  !�  �!�� )&�"  .!�  ��(-�!  (� "�%/  #� ��+�%/  ���. +!  ��"   (  (�(�(  *"� ��� �"  %*�  
' �!  ��(�4 . 

 

�����  15: +�	�"��
�  ������  ����  ���
��  ����	
	�  +����
�  [34] 

�  ��(�!�6�����'�  $)'�  ���(0'"4' ���  '�  *"46(��  '0!.*�"�  ��"  ���.'�"/ , ��"  % �!  
. ("#�  !�  *(�"#�' ��  '�  �"$( "�4  ��(��4##� �  '�  '0!����'��  #�  �4�("(0/  ����1(0/  
 �$��"�("!+!"��,!  0����'",! . 	 (  (� "��  *�� 0(  �(�#()   (  (�(�(  �!�� )1����  ���  
 �!  Yokogawa .1(0!  0$(�("����   .''��"/  (� "�./  #(!4*�/  #� ��+�%/  #�  1�%'�  *)(  
�����*+!  �0#� (*��,!  �(0  2�'�5(! �"  '�  0��' �+#�   6+'6(�()1(0  "!*�(0 . �  
#(!4*�  #� ��+�%/ , ��!�"  '0#2� %  #�   �1!"�./  *"�#��6+'�/  #��4$+!  ��(' 4'�+!  , #�  
1��!(  #� ��+�%/  �����(0  1,4 ns, �!�&4� � �  ���   (  #%�(/  �)#� (/ , #.'+   �/  #�4! �/  
C. �  1��!(/  #� ��+�%/  ���"' 4   "/  $)'�"/  '0#2� ./  #�   �  ��4' ( �  ("*"(�� �'��0%  – 
proprietary)  (� "�4  ���. �  #�  1�%'�  �!�/  Optical Media Manager �(0  �!'+#� ,!�"   "/  
$�" (0����/  '0��.! �+'�/  (aggregation) ���. +!  Ethernet , ��('+�"!%/  ��(�%��0'�/  
(buffering) ��"  �!�0$4�+'�/  (encapsulation) (� "�,!  ���. +! , *�#"(0����  (� "�,!  
� "�� ,!  (label generation) ��"  #� 4*('�/  ���. +!  (packet transmission) ' (0/  ��#2(0/  
#� ��+�%/  (	1%#�  16). 
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�����  16: *��
������
��  ���
��  �
�� ��  ����	
	��  �������  ��"  ���  Yokogawa [34] 

 

�� �/   +!  4$$+!  �  ��('.��"'�  �0 % #�(���  !�  1��'"#(�("����  ���'�/  ��"  �"�   �!  
�$� 6��#�  BOOM. �"  ��#2("  (� "�%/  #� ��+�%/   )�(0  
���  #�(�()!  !�  �"'�1�()!  
'�  #"�  #� �(�($" "�%  ��1" �� (!"�%  '�  ���"(�"'#.!(  ��"�#�  ��#2+! , ��(0   �  ��4' ( �  
���. �  �� �$%�(0!   '�  .!�  ')' �#�  *"�1���"'�/  (Optical Data Manager), �(0  0$(�("��  
�$�/   "/  $�" (0����/  '�  �!, ��(  �����*(  (Ethernet, IP aggregation, buffering, resource 
management, multicast). 

�  �$� 6��#�  #� ��+�%/  BOOM #�(���  !�  ����$$�$"'���  #�   (!  ��#2(  (� "�%/  
#� ��+�%/    )�(0  Yokogawa, ��(0  �   �1) � �  #� ��+�%/  ��!�"  160 Gbit/ s, �! �   +!  40 
Gbit/s. 

��($(0�,! �/  �"' 4   "/  �� �0�0! %�"�/  ���##./  �0 %/   �/  ��1" �� (!"�%/ , ��.��"  !�  
 (!"'���  � "  #��  "*"(�� �'��0%   �� (0  '�  �.#� �   �1!"�%/  *"�#��6+'�/  ��"  �0�#�  
#� 4*('�/  *�*(#.!+!  ��( �$��  #��  ��(*�� %  ��"$(�% . ��!  ��.��"  ���'�/  !�  
�����!+��5(0#�   (  ���(!�/  � "  �  ���� �'�  �"�  03�$�  �)�(/  5,!�/  ��( �$��  2�'"��  
���4�(! �   ' �!  ����� +'�   �/  0����'��/  2�! �(  HD (High Definition) #� �&)   +!  
*"��(#"' ,!  2�! �(  (video distribution servers)  % ��#2(0/  *"�!(#%/  ���"�1(#.!(0  
(content delivery node). 
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3.5 
�  $��%.�  ���  #�%�
�  % �' +  DWDM 

 

;�+/  �!�6.�����  ' �!  ��(��()#�!�  ���4���6(  �'(!  �6(�4   �!  ���2$�3�   �/  
��!�'�/   +!  ���. +!  , (" �4�(1("  ��$��"�("!+!"��,!  0����'",! , ��+/  � .1 �  Telecom 
Italia .1(0!  *"��"' ,'�"  #"�  '�#�! "�%  �)&�'�   �/  '�  �����*(  ��!"�()  *"� )(0  �(�#() , 
$��+   �/   �)&�'�/   �/  �0�$(6(���/  ��  ���. +!  '�  '0!*0�'#�  #�   �!  ��.� �'�   +!  
*"� )+!  4$$+!  ����1+! ,  �!  �)&�'�   +!  1��' ,!  (("�"��,!  ��"  � �"�"�,! ) ���,/  ��"  
 �/  #� �6(�4/  0����'",!  ���  �0 ()/ . �' �'(  �!,   �  ')�1�(!�  '0' %#� �  DWDM ��  
#�(�()'�!  �4$$"' �  !�  ' ���&(0!  �0 �   (  �$��!�'#�  6(� �(0 ,  (  03�$�  ��' (/   �/  
1+�� "�� � �/  �!4  (� "��  ��!4$"  (OCh – Optical Channels) ���,/  ��"  �  ���"(�"'#.!�  
�0�$"&��   �/  %*�  ���� �' �#.!�/  0�(*(#%/   �$"�4  ���"(��5�"   �  *0!� � � �  !�  
��('6.��"  0����'��/  03�$%/   �1) � �/  ��"  #� 4*('�/  #�  1�#�$�  ��' (/ . 

 

3.5.1 �  �1!�%-  	$��%-  ��%�
  �*�  Telecom Italia  

 

�(  ����*('"���  *�� 0(  �(�#()   �/  Telecom Italia ��( �$��  .!�  *�� 0(  ��!"�%/  �#2.$�"�/  
 (  (�(�(  ��$)� �"  #��4$�/  ��(' 4'�"/  ��"  '0!*.�"   "/  #��4$�/  ��$�"/   �/  � �$��/ . 
��( �$�� �"  ���   ���  �����*� :  (  60'"��  �����*(  (� "�,!  "!,! ,  �  '0' %#� �  DWDM, 
��"   �  *�� 0�  SDH ��"  IP. ;'(!  �6(�4   �!  0�(*(#%  (� "�,!  "!,! ,  ��"/   )�("  "!,!  
���! ,! �" : � ) �!�  ��$�"4/  ��!!�4/  ')#6+!�  #�   �!  ')' �'�  ITU-T G.653, 
2)2�$ "+#.!�  �"�  #(!(�4!�$(  SDH (�($)  1�#�$./   "#./  �&�'�.!�'�/  ��"  *"�'�(�4/ ), �  
(�(��  '�#�"+ .(!  *�!  ��!�"  �� 4$$�$�  �"�  �6��#(�./  WDM, � ) �!�  !�, ���/  ��!!�4/  
24'�"   �/  ')' �'�/  ITU-T G.655, 2�$ "+#.!�  �"�  !.�/   �1!($(���/  WDM ��"  �!�  ITU-T 
G.652, �  (�(��  1��'"#(�("�� �"  �0��+/  ' �  �$��'"�   +!  ���"6���"��,!  *"� 0��,!  
0�(*(#,!  ��"  �  (�(��  ���.1�"  4�"' �/  0����'��/  '�  '0!*0�'#�  #�   �!   �1!($(���  
WDM. 

	 "/  ��1./   (0  2009 �����(0  170 DWDM '0' %#� �  % �!  �!���4 , '�  ')!($(  '0!*.'�+!  
40.000 1"$"(#. �+! . �  ���6"�%  ���4' �'�  ' (  '1%#�  17 �!����"' 4   �!  �� �!(#%   (0  
#%�(0/  '0!*.'�+!   �/  '0�����"#.!�/  0����'��/ . �"  ��$�"� ���/  '0!*.'�"/  .1(0!   �  
#"��� ���  #%��  ( �  ���"''� ���  '0' %#� �  ��!�"  #"��� ���   +!  400 1$#). ���   (  2006 
��"  #� 4  4�1"'�!  !�  �0&4!(! �"  '�#�! "�4  (" ���� �' 4'�"/   �1!($(���/  DWDM   �� �/  
��!!�4/  ULH #�  #%�(/  .+/  ��"  1200 1"$"(#. �+!  4!�0  �$�� �"�()  �!����!� % . 
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�����  17 :,�������  ������  ���
���  �������
�  ����  Telecom Italia [21]
. 

��(/   (  ����! ,  (  (� "��  �����*(   �/  Telecom Italia ��( �$�� �"  ���  #"�  '�"�4  
point-to-point '0' %#� +!  DWDM, �(0  $�" (0��()!  '�  2,5 ��"  10 Gbit/s �"�  #%�(/  
�)#� (/ , 1+��/  (� "�./  $�" (0����/  #� ��+�%/ . ;$�/  (" $�" (0����/  #� ��+�%/  
$�#24!(0!  1,��   ' �  03�$� ���  �����*�   (0  *"� )(0 , *�$�*%  SDH ��"  IP. 

 

 

DWDM layer

!"	#$%&'()*
�"#

!"	#$%&'()*
�"#

+�,	�+�-

".(*)/0

+�,	�+�-

".(*)/0
+�,	�/)12
�3/$))$

+�,	�/)12
�3/$))$

 

�����  18: #	�����������  DWDM ������� . -�  ���
�"  ��(����  �������(��
  ��"   ���  server �
�  

IP ��
  SDH client �
�� 
� . 

�)(  ��!�"  (" 2�'"�(�  ���"(�"'#(�  '�  � "  �6(�4   �  *(#%  (0  �!  $��+  (� "�()  ��"�.*(0 : 
��, (! ,  �  ���"''� ���  �" %#� �  ��!�'�/  ���" ()!  #�   �  '�"�4   (0/  ���"''� ��(0/  
���(0/  #�  ��( .$�'#�    �  '0!.!+'�   +!  2 % 3 DWDM '0' %#� +!  #�  �$�� �"�%  
�!��.!!�'�  �0&4!(! �/  �� 4  '0!.��"�   (  ��' (/   +!  OCh ��"  �� ’ ��.� �'"!   (!  1��!(  
����#� �(�(��'%/   (0/ . ��) ��(! , �  .$$�"3�   +!  #�1�!"'#,!  ��(' �'��/  ' (  �����*(  
DWDM ��" �.��"  �� �(�%   �/  �0�$(6(���/  ' �  (� "�4  ��!4$"�  '�  ����� +'�  2$42�/  % 
��"  �"�  $��(0/  '0! %��'�/   (0  *"� )(0 . 
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20%
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��"  (" *)(  ���"(�"'#(�  #�(�()!  !�  ���()!  #�   �!  �!4� 0&�  �!�/  !.(0  *"� )(0  �(�#()  
2�'"'#.!(  '�  $�" (0����/  (� "�()  ��"�.*(0 , ��+/  ��"  ���!�'1�*"�'#()  $�" (0��",!  
*�(#($���'�/ , ��(' �'��  ��"  ��(�� 4' �'�  (� "�,!  '0!*.'�+!   '�  '0!*0�'#�  #�  
 "/  �)�($�/  *"�*"��'��/  O&M (Operation & Maintenance). 

 

� ������	

� �����	

� ������	

� �����	

 

�����  19: ���
�"�  ����
���"�  .
���
��  �
�� �� . 

�"  $�" (0����/  *�(#($���'�/  ' (  !.(  (� "��  *�� 0(  �(�#()  ��  ��.��"  !�  '1�*"�'�()!  
#�  #� ��+���/  OXC 2�'"'#�!(0/  '�  *"���� �/  ��"$(�%/  #%�(0  �)#� (/  (WSS). :!�  
���   �  �0�"� ���  1���� ��"' "�4   �/  (� "�%/  *"�*�(#%/  ��!�"  � "  �  �($0�$(�� � �  ��"  �  
�� �!4$+'�  "'1)(/   +!  *"��(� ,!  *�!  �&�� 4 �"  ���   (  �0�#�  bit �(0  #� �6.�(! �"  
���   �  (� "�4  #(!(�4 "�  ' �!  #(!4*�   (0  1��!(0 . ��  �$�� �"�./   �1!($(���/ , �  �$$��%  
��!� �"  �"(  *)'�($�  ��"  �� �!�$,!� �"  ���"''� ���  �$�� �"�%  �!.���"� , ���,/  (  �0�#�/  
*�*(#.!+!  �0&4!� �" . 

��"�$.(! ,  �  !.�  �+ (!"�4  *�� 0�  �(�#()  ��.��"  !�  ��!�"  '�  �.'�  !�  �! "#� +��'(0!   �  
#�$$(! "�4  '�!4�"�  �&.$"&�/   �/   �1!($(���/  % ("  �  *"�6(�� "�4  #%��  �)#� (/   �  (�(��  
��  ���"��,!(! �"  ' "/  ��4' ( �  !.�/   �1!($(���/  #� ��+�%/  ���. +!  ��"  #� ��+�%/   +!  
*"� )+! . 



 
 

47 
 

 

�����  20: +��� -��(����  ���
������
��  .
���
��  �
�� �� . 

�0' 01,/ , .!�   . ("(  ���" � "��  ���"24$$(!  *"� )(0  (	1%#�  20) ���"' 4   �  '0!($"�%  
#� 42�'�  '�  '0' %#� �   )�(0  BOOM #4$$(!  *)'�($� , �0��+/  $��+   (0  ���"(�"'#()  
 �/  1��'(#(�("()#�!�/  *"�#��6+'�/  ���  (On Off Keying) ��"   �/  ���"(�"'#.!�/  
*0!� � � �/   �  '0' %#� �  !�  0�(' ���&(0!  '�"�"��%  *"�')!*�'� . �   �1!"�%  
quad-AOWC *�!  #�(���  !�  '0!*0�'���  #�  G.709 ��� ’ � "  *"�#(�6,!� �"  03�$�/  
�0�#�/  *�*(#.!+!  �*0!� ,! �/  !�  ���4'1�"  $�" (0����/  ROADM . ��"�$.(! , �  #% ��  
#� ��+�%/  ���" ��  OTN (Optical Transport Network) ��"  $�" (0����/  �(0  ��!�"  *"��.'"#�/  
#�!(  ' (!  �$�� �"��   (#.� . 

 

3.6 ��  ��%�
�  � �' +  

��#24!(! �/  0� ’ �3"!  � "  �  �6��#(�%  #��/  �$� 6��#�/  
���  ' (  6+ (!"��  *�� 0(  
�(�#()  DWDM *�!  ��!�"  '���"#� , ���  �0 �   (  '�#��(  ��"  ' (  �&%/  ��  ��"��! �+�()#�  
' �!  �6��#(�%   �/  '�  (� "�4  0��'0' %#� �  �(0  ��!�"  �!'+#� +#.!�  #�   �  '�"�4   (0/  
'�  ��  '0' %#� � . 

��  IP ���. �  ��( �$()!   (  '�#�! "�� ��(  ��*(/  �$��(6(���/   (  (�(�(  ��  ���'1($%'�"  
���"''� ��(  ���  �4��  4$$(  ' (  #.$$(! ,  �  *�� 0�  (� "�%/  #� ��+�%/ . �!�#6"'2% � �  
(" IP 0����'��/  0�%�&�!  �  �)�"�  ���%   �/  ��!�'�/   (0  *"� )(0  �"*"�� ���  �� 4   �!  
 �$�0 ���  *���� �� . �"(  ���'6� �  4$$�/  0����'��/ , ��+/  �  6+!%  #.'+  TDM, �$$4  ��"  
 �  *�� 0�  *�*(#.!+!  �(0  �����1�!  "*"+ "�./  0����'��/  ��"  #"'�+#.!�/  ���##./  (leased 
lines)  ,��  ��('6.�(! �"  �$(  ��"  ���"''� ��(  #.'+   �/   �1!($(���/  IP ��"  �  
'0#�$��+#� "�%   4'�  �  (�(��  2��!�"  �0&�!�#�!�  ��!�"  �0 % �(0  (*����  ��(/   �!  
' �*"��%  ���� 4$�"3�   +!  ����*('"��,!  0�(*(#,!  '�  � , " �6(�4   "/  �!  $��+  
0����'��/ . 
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��"!  ���  #"�  *���� ��  �  ��!�'�  ���. +!  IP ' (  *�� 0(  % �!  “��$4  #"�  4$$�  0����'�� ", 
��"  (" *"���6./  (interfaces)  (0  *�(#($(�� %  (router) �(�#()  *"(1� �)(! �!  '�  .!�  
(� "��  *�� 0(  SONET / SDH. 	%#���  (" *"���6./  �0 ./  $�" (0��()!  '�  �0�#()/  
*�*(#.!+!   +!  10 Gb/s % 40 Gb/s, ��"  ��!�"  ��!�"  4#�'�  '0!*�*�#.!�/  #�   (  *�� 0(  
#� �6(�4/  WDM. �4$"' �  �   �1) � �   ')!*�'�/  #� �&)  IP *�(#($(�� ,!  �(�#()  �(0  
��" !"45(0!  '01!4  &����!4   �  100 Gb/s, '�  *�� 0�  #��4$�/  �#2.$�"�/  ��"  
�($0�$(�� � �/ . 

�  0���(1%   �/   �1!($(���/  ��  +/  �('(' �   (0  '0!($"�()  ���(0   �/  ��!�'�/   (0  *"� )(0  
'0!��4�� �"  � "   (  '0!($"��  ��' (/   (0  *"� )(0  ��  ������'���  '�  #��4$(  2��#�  ���  
 �!  ��1" �� (!"�%   (0  *"� )(0 ,  (!  IP *�(#($(�� %  �0 �!  ��� ’�0 �!  ���,/  ��"   �!  
����#� �(�(��'�   (0  '0' %#� (/ , �$$4  ��"   (  ��' (/  *�(#($(�� % . ���4$$�$� , 
#� �&)  ��1" �� (!"�%/  ��  ��"  (� "�()  �&(�$"'#()  #�(���  !�  *"�*��#� "'���  .!�/  �($)  
'�#�! "��/  ��$(/  ' �  2�$ "' (�(��'�   (0  '0!($"�()  ��' (0/   (0  *"� )(0 . 

�� � �.�(! �/  ���. �  IP 4#�'�  '�  WDM ��!4$"� , �����4#� (! �/  . '"   �  ' �,#� �  
#� �6(�4/  SDH ��"  ATM, #�(���  !�  ��.$��"  #"�  '�#�! "�%  2�$ �+'�   �/  ���*('�/   (0  
*"� )(0 . �(  ��('64 +/  ��( �"!�#�!(  MPLS ��+ ��($$(  ��" �.��"   (  IP-over-WDM, 
���.1(! �/  #%�(/  �)#� (/  '�  ��!4$"�  #� ��+�%/  #�  ����#("(   ���(  ��+/  ���"2,/  �  
� "�. �  #� ��+�%/  �"�   �  ��"#.�(0/  #(!(�4 "�   (0  MPLS [43]. 
	%#���  �  #� ��+�%  IP ���. +!  ��!� �"  '�  �$�� �(!"�()/  % �$$",/  '0#2� "�()/  
*�(#($(�� ./ . 

 

3.6.1 ������%� !�%&  #�%�+ 
  % �' +  TELECOM ITALIA 

 

	 (  	1%#�  21 ���"�(!�5� �"  �  *(#%  +!  *"�'0!*.'�+!  #� �&)   +!  *�(#($(�� ,!  
(routers) ' (  *�� 0(  �(�#()   �/  Telecom Italia. ;�+/  6��!� �"  ' (  '1%#�  �   (�($(���  
��!�"  *"�$()  �' .��  #�  .!�!  �' .��  (  (�(�(/  (!(#45� �"  �'+ ��"��/  �(�#�/  (inner core) 
(	1%#�  22) - #� �&)   +!  *)(  ��#2+!  (node)- ��"  .!�!  �' .��  �(0  ��( �$��   (!  
�&+ ��"��  �(�#�  (core) �"�   �  *"�')!*�'�   +!  ���"6���"��,!  ���  (Points of Presence) 
�! �/   (0  �'+ ��"�()  �(�#() . 

;$�/  (" �)��/   +!  *�(#($(�� ,!  .1(0!  O/�  % � /�  #� � �(���/  (" (�(�("  *"�'0!*.(! �"  
#�  PtP (point to point – '�#��(  ��(/  '�#��( ) '0!*.'�"/  '�  &�1+�"' 4  #%��  �)#� (/  ��"  
&�1+�"' 4  (� "�4  #(!(�4 "�  6+ �/  *"�#.'(0  40 (� "�,!  ��!�$",!  10 Gbit/s .��' (  #�  
�($0�$�&��  DWDM . 

	�  � , " �6(�4   �  *"�')!*�'�  #� �&)   +!  *�(#($(�� ,!  ��"   +!  '0' �#4 +!  DWDM, 
' �!  Telecom Italia *�!  0�4�1�"  ��#��  .!*�"&�  �!*"�6.�(! (/  �"�   �!  0$(�(��'�  IP 
*"� )(0  2�'"5�#�!(0  '�  DWDM  �1!($(��� . �0 �  (6��$� �"  �0��+/  '�  *)(  2�'"�()/  
$��(0/ , (  ��, (/  ��!�"   (  ���(!�/  � "  (" *�(#($(�� ./  DWDM POS (Point of Service) 
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��!�"  �($)  ���"2(�  '�  '1.'�  #�  �!�#� �*� �/  DWDM ���,/  ��"  #"��,!  ��(' 4'�+!  
(short haul) *"���6./  POS ��"   (  *�) ��(!  ��!�"  � "  �4!   �  *)(  �����*�  �� ����)'(0!  
�"�  �4�("(  $��( , �)$(��  ��  ��$��3(0!  (" $�" (0��"�/  *"�1���"'�/  ��"  �! (�"'#()  
'6�$#4 +! . 
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�����  21: *��
������
��  �
�� ��  �����  ���  Telecom Italia.#��  ���
���(����
  �  ������	(�  32 

Backbone POPs (Point of Presence) ��  ���(�  �(��
  �
������������  ��  � �  �����
��  gateway 

POPs ��  �
�����  �
���  ������ . 
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�����  22: -�  POP ���  ��
���
��  �����  (inner core) ���  ��������  '/  (���  Telecom Italia) 

�����  �����
�&�(  ��  ���!�  ���
���  ������	(��  ���
  ����  ��  ����!��
�&�(  �  ��&���
�"����  ���  

�
�� ��  ����  ��
  �  �
��
�
��"�  �������	����  �����  (core routers) ���  ��������� �  ���  

��	"����  ‘’transit traffic” ��
  �
�  �������	����  �����  (edge routers) ���  ��������� �  ��  ��  

��
��  ����  ’’ IP-access side traffic’’. 



 
 

50 
 

���"*%   (  POP ��!�"  .!�/  �($0$�" (0��"��/  ��#2(/  ('�#��(  '0!4��("'�/  �$+!   +!  
��$� ,!  '�  #"�  '0�����"#.!�  ��+���6"�%  ���"(1%  ��"  �)$�  *".$�0'�/  *�*(#.!+!  �4��  
�� ��(���/ ), �  ��1" �� (!"�%  #�(���  !�  ��!�"  "*"�� ���  �����$(��  ��"  (  ��"�#�/   +!  
��"#.�(0/  '0' �#4 +!  �&�"�� "�4  03�$�/ , #�  �($$./  *"�'0!*.'�"/  �! �/   +!  60'"�,!  
(��+!   (0  POP (	1%#�  22). 

��  �)�"(  ' �1(   �!  ��$(�(��'�   �/  ��1" �� (!"�%/ ,  �!  �� �!(#%   +!  ���+! ,  �!  
�&("�(!�#�'�  *���!,!  ��6�$��(0  - CAPEX (#��+'�   (0  ��"�#()  ��"#.�(0/  
'0' �#4 +! ) ��"  $�" (0��"�,!  *��4!,!  - OPEX (�� �!4$+'�  �!.���"�/ , 3)&�/ , 
����+�%  ���#� � �/ ) (" �4�(1("  0����'",!  ��('���()!  !�  �*��",'(0!   �!  POP 
��1" �� (!"�%  ��"   �!  �6��#(�%   �1!($(�",!  virtualization [44] (	1%#�  23 ). 

;�+/  �!�6.�� �"  ' �!  ���#�!�  ���4���6(   �  �!+ .�+  (*��()!  �!����' "�4  ' �!  
�)&�'�   (0  #��.�(0/   (0  *"� )(0  *�(#($(�� ,!  ��1" �� (!"�%/  multishelf #�   ��4' "(  
��"�#�  �0�,!   �0 �1�(!�  �#+/  #�  �($)  #��4$�  *0!� � � �  #� ��+�%/ . 

 
�����  23: Virtualization & /�/  ���
������
��  ��  �(����  �����  
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3.6.2 ������%� !�%&  Router Virtualization  

�' (�"�4 , �  ��1" �� (!"�%  virtualization �1��'"#(�("% (  �($)  �"(  '01!4  ' �  data centers 
���  � "  ' �  ��� . �   �1!"�%  �0 % � �!  �6��#�5� �"  '�  .!�  data center �!�6.�� �"  '�  
�6��#(�./  ��"  *"��(#"' ./  �6��#(�,! , ��+/   (  HTTP ��"  SAP. ���"*%  (  *"� �"�.#�!(/  
1,�(/  ' (  "��)+#�  (rack) ��!�"  �&�"�� "�4  �($) "#(/ , �  ��('�%��  ��"�$.(!  *"��(#"' ,!  
���,/  ��"  �4��  ��*(0/  ��.� �'�  1+��/  �)&�'�   (0  *"��.'"#(0  1,�(0  ��!�"  �.��  �"�  
�.��  ��"�0#� % . 

 

�����  24: -������	(�  Virtualization ��  Data Center.  

�' �'( , *"46(�("  ���4�(! �/ , ��+/   (  ���"24$$(!  ��"  (" ���'6� �/  �&�$�&�"/  '�  � "  
�6(�4   "/  !�� ���/   �1!"�./  ��"   �1!($(���/ , .1(0!  *"�0�)!�"   (  64'#�   +!  *0!� ( % +!  
 �/  ��1" �� (!"�%/   )�(0  virtualization �.��  ���   �  data centers ��"  ��(/   �!  
�� �)�0!'�   +!   POP �!�/  ����1(0   �$��"�("!+!"��,!  0����'",! . �"  High-end 
*�(#($(�� ./  ���" ()!  '�#�! "�4  �('4  "'1)(/  ��"  3)&�/  #�!(  �"�   "/  2�'"�./  
$�" (0����/ , . '"  �  ��1" �� (!"�%  virtualization #�(���  !�  ��('6.��"  '�#�! "�%  
�&("�(!�#�'�  �!.���"�/  #�   �!  ��('�%��  ��$,!  ' ("1��+!  ' (!  0�4�1(! �  �&(�$"'#� . 
��  �$�(!�� %#� �  ��  #�(�()'�!  !�  '0!(3"' ()!  ,/  �&%/: 
• #��+'�  CAPEX ���   �!  ��(�4  $"�� ��+!  �$�"'�+!  (chassis), 
•#��+'�  OPEX ���   �!  ���� 4' �'�  $"�� ��+!  �$�"'�+!   ��"   �!  ��$(�(��'�   �/  
 (�($(���/ , 
•#��+'�   +!  ���"2�$$(! "�,!  ��"� ,'�+! , 1��'"#(�(",! �/  $"�� ��(  �$�� �"��  ��)#� . 

�"  ' �1("  �0 (�  ��.��"  !�  '0#��� (0!  #�   "/  06"' 4#�!�/  ���" %'�"/   �/  ' ����� � �/ , 
 �!  �!(1%  ��"   �!  ��(#�!+'�   +!  0����'",! . 
�"  $��("  �(0  (*��()!  ' �!  ��1" �� (!"�%  Virtualization '�  �����*(  POP ��!�"  '0!%�+/  (" 
���$(0�("  *)( :  
• �!(�(��'�   +!  �($$��$,!  ' �+#4 +!  '�  � "  �6(�4   �!   (�($(���  *�(#($���'�/  
(routing) 2$.��  '1%#�  25. 
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• �!(�(��'�   +!  �($$��$,!  *"� )+!  (*�� 0�  *�*(#.!+!  ��"  2�! �( ) �! �/   (0  �*"(0  
*"� )(0   (0  ����1(0 , 2$.��  '1%#�  26. 

 

�����  25: 0����(���  ��
���
�  POP  

 

 

�����  26: 0����(���  �
�� ��  POP  

 

	�  �4��  ����� +'� ,  (  ')!($(   +!  1���� ��"' "�,!  #�(���  !�  ��!�"  �($)  *"�6(�� "��  
#� �&)   +!  *)(  �"�(!"�,!  *�(#($ o�%'�+!  (virtual routing). �"�  ���4*�"�#� , .!�/  
�4�(1(/  ��"  .!�  4��(  ���(1%/  (C�� ) .1(0!  �($)  *"�6(�� "�()/  ��$(0/  ' �  �$��'"�  
�!�/  *"� )(0  , ��"   �0 �1�(!�  .!�/  *�(#($(�� %/  '�  .!�  *�� 0(  *�*(#.!+!  ��!�"  �"��!�   
!�  .1�"  *"�6(�� "�./  ���" %'�"/  �"�   �!  ��4' ( �  ����1�#�!�  0����'�� . ���"*%   (  POP 
��!�"   (  '�#��(  '0��.! �+'�/  �$+!   +!  1��' ,!  - ��$� ,!  �! �/  #��/  '0�����"#.!�/  
��+���6"�%/  ���"(1%/ , (  ��"�#�/   +!  ��" !"�5�! +!  (adjacencies) *�(#($(�%'�+!  ��!�"  
���� 4  #��4$(/  ��"  �� 4  '0!.��"�  ��!�"  #��4$(/  (  ��"�#�/   +!  $(�"�,!  �0�,!  
(UDP/TCP ports) �(0   ���" �� �" , ���,/  ��"  (" �$%��"/  *"�*�(#./  (routes) �! �/   (0  
�"�*"� )(0  �(0  ��  ���� �' ��()!  #� �&)   +!  '�#��+!  *�(#($���'�/ . ��"�$.(! , �0 ./  
(" '0'��0./  '0!���(�5(0!   �!  ��!�'�   +!  *�*(#.!+!  ' �  1�#�$4  ' �,#� �   (0  
*"� )(0 , #�  ��( .$�'#�  (" ���" %'�"/  �)�(0/  5,!�/  ��!�"  �&�"�� "�4  03�$./ . 
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�!  ��"  (  2��#�/  �"�(!"�%/  *�(#($���'�/  �("��$$�" , ' (  ����!   ��  ��"��! �+�()#�  
' (!  $���#�!(  Hardware-Isolated Virtual Router (HVR) (  (�(�(/  ���� "�4  ��!�"  
���"(�"'#.!(/  '�  � "  �6(�4   �!  �!4��'�  ���+!  �! �/   (0  *"� )(0  24'�"  
�� �'��0�' "�,!  #�1�!"'#+!   (0/  (�(�(0/  *�!  #�(���  !�  0���2��  '�  �! ���'�  #�   (0/  
Software-Isolated Virtual Routers (SVR) (" (�(�("  �� 4  ����� +'�  #�(�()!  !�  
����#� �(�("��()!  #�   �!  2(%��"�   (0  ��4' ( �  Firmware.  

	 �!  ��('.��"'�  HVR *�!  0�4�1�"  �! �$$��%  % *"�#("��'#�/  '�  �����*(  �$.�1(0  % '�  
�����*(  *"�1���"'�/  *"� 0��,!  ���+! . �0 �  '0#2��!�"  $��+   (0  � "   �  �����*�  �0 4  
��!�"  �!'+#� +#.!�  ' (  $(�"'#"��   (0  '0' %#� (/ . 

�  ��!���/  1 '0!(3�5�"   �  2�'"�4  1���� ��"' "�4   +!  HVRs. 

  

�� ��(���  HVR 

�����*(  �$.�1(0  *"��.'"#+!  ���+!  (CPU, #!%#� ) ��(�$�"' "��  

�����*(  *�*(#.!+!  (#�1�!%  ��(,��'�/  ���. +! , (0�./  
�!�#(!%/ ) 

��(�$�"' "��  

��"#.�(0/  '0' %#� �  �$�"'�(0  ( �(6(*( "�� , ����+���/  
���#� � �/ , �'+ ��"�%  #� �"�% ) 

�"�#("��5�#�!�  

�"�1���"'� , ����#� �(�(��'�  ��(�$�"' "��  

�"�'0!*.'�"/  #� �&)  Virtual Routes �&+ ��"�./  

�0!� � � �  ��.� �'�/  �$�"'�(0  (*�(#($���'� ) �!4$(��   �/  
�)&�'�/   +!  
*�(#($(�%'�+!  

+(�����  1. � 	��
��  ���
������
���  Virtualized Routing 

�"�  2�'"�%  ��(9����'�  �"�   �!  0$(�(��'�  �0 ()   (0  ��*(0/  *�(#($(�� %  ��!�"  � "  ("  
��#�$",*�"/  � 01./   �/  $�" (0����/   (0  *�!  ��  ��.��"  !�  0�(2��#"'�()!  , +/  
��( .$�'#�   �/  �6��#(�%/   (0  virtualization, ���,/  �  �0�$"&��  ��"  �  �!(1%  '�  '64$#� �  
��!�"  .!�  ���   �  �"(  '�#�! "�4  ' ("1���  $�" (0����/   (0 . �"�  *"��(�%  % ��(')!*�'�  '�  
#"�  �"�(!"�%  (! � � �  *�(#($���'�/  (��(���##� "5�#�!�/  % *0!�#"�%/ ), *�!  ��.��"  
�� ’(0*�!�  $��(  !�  .1�"  �! �� 0�(  ��"  ' "/  0��$("��/ . ��  HVRs, �  ���� �'�  �0 % 
�$���� �"  '1� "�4  �)�($� . �0 �  '0#2��!�"  *"� "  �4��  HVR �!'+#� ,!�"  .!�  �����*(  
�$.�1(0  ��"  *"�1���"'�/  ���+!  *�*(#.!+! ,  �  (�(��  ��!�"  �& ($(�$%�(0  �6"��+#.!�  '�  
�0 %  �  $�" (0����  #�  ��( .$�'#�  !�  #�!  ���" �� �"  $�� (#��%/  '1�*"�'#�/  �"�   "/  
#(!4*�/  *"�1���"'�/  ���+! . ��  HVRs '0!%�+/  ���" ()!  �&+ ��"�./  '0!*.'�"/ , �  
(�(��/  #�(�()!  !�  �0&%'(0!   (  ')!($(   +!  ���" ()#�!+!  *���!,!  '�  � "  �6(�4   �  
'0!($"�%  $)'� ,  �0 �1�(!�  �#+/  ���.1(0!  #"�  '�6%  ��"  4��+/  ��('*"(�"'#.!�  HVR 
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��1" �� (!"�%  �  (�(��  ��!�"  '0#2� %  '�  �����*(  $�" (0����/  #�  (�("(*%�( �  4$$(  4��(  
(router) . 

��(��"#.!(0  !�  �! "#� +�"'���  �  ���� �'�  �"�  03�$�  �)�(/  5,!�/  ��"  �  ���(0'��   (0  
��"�.*(0  �$.�1(0  '�  *�� 0�  ���(1%/  0����'",! , (" *)(  #���$) ��("  ���� �/   �/  
��(�4/ , % (" CISCO ��"  Juniper, ���"$�#24!(0!   �!   �1!($(���  HVR ' �  �$��'"�   �/  
 �1!"�%/   (0/  0�(' %�"&�/ . �)!�! �"  !�  ���.1(0!  �$%��  ��(#�!+'�  #� �&)   +!  
virtualized routes #.'+   �/  1�%'�/   +!  K� �!�#�#.!+!  ���&����' ,!  ��(#($���'�/  
(DRPs) �"�   �!  *�#"(0����  ��"�$.(!  *"��.'"#+!  ���+!  ' (  �����*(  �$.�1(0 . ��  HVRs 
'�!  (! � � �/  2��'�(! �"  �! �/  #��/  �4� �/  �  (�(��  �!'+#� ,!�"  �"*"�()/  ���&����' ./  
*�(#($���'�/  HVR .�����4 +  ' (  	1%#�  27  ���"�(!�5� �"  �  �!4� 0&�  SDRs '�  .!�  
Cisco CRS-1 *�(#($(�� %  #�  firmware Cisco IOS XR . 

 

 

 

�����  27: +�����
	��  ���������  SDR ��  Cisco CRS-1/16 

�  �� 4 #�'�   (0  *�(#($(�� %  #�  �0 �!   (!   ���(  ��" �.��"   �!  *0!� � � �  ��.� �'�/  
'�  �����*(  �$�"'�(0  �$$4  ��"  '�  �����*(  �$.�1(0  ��"  *�(#($���'�/ . �4��  HVR 
*"� ����  #"�  &�1+�"' %  ����#� �(�(��'�  ��"  *"�1�"��5� �"   "/  *"�./   (0  *"�'0!*.'�"/  
�!�&4� � �  ���   (0/  4$$(0/  HVR �! �/   (0  "��0,#� (/  (cabinet). 
�(' ���5(0! , 
���'�/ , &�1+�"' ./  *"�*"��'��/  *�(#($���'�/ , ��(,��'�/ , ��"  ��!���/  ��" !��'�/  
(adjacency tables). 	 �!  ����#� "�� � � ,  �  #�!�  #.��   (0  "��0,#� (/  �(0  #("�45(! �"  
��!�"   �  '0' %#� �  ���"'#()  ��"  ����+�%/  ���#� � �/  ��"  (" ���(1./  �$�� �"�()  
��)#� (/ , *�$�*%  #(!4*�/  �(0  ���" ()!  �$41"' (0/  ���(0/  ��"  #�1�!"'#()/  �$.�1(0  
(�0�",/  ���"24$$(! (/ ). 
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3.7 	$��%&  ����()(&  ��  �� ' 0 (*�.�  ��  � �' +   

;�+/  �!�6.�����  ��(��(0#.!+/ , (" ��#2("  �!�/  *"� )(0  �(�#()  ���"$�#24!(0!  #"�  
'�"�4  ���  #��4$(0/  '0#2� "�()/  *�(#($(�� ./  (" (�(�("  *"�'0!*.(! �"  #.'+  �!�/  
DWDM (� "�()  *"� )(0 . �' �'(  �  *�(#($���'�   )�(0  Virtualization �0&4!�"   �  5% �'�  
'�  �����*(  *"� 0��,!  ���+!  �&�! $,! �/  . '"   "/  *0!� � � �/  ��"   �  ��"�   +!  
*�(#($(�� ,! .  

: '"  $("��!  �  �� 4' �'�  �(0  ��"��� ��  ' �!  �$�(3�6��   +!  *"� )+!  ��!�"  � "  0�4�1�"  

 (  *�� 0(  ��  �(0  ��( �$��   (!  2�'"��  �(�#�  ��"   (  (�(�(  '0!�1,/  �&�$�''� �"  ���  Pt�é

Pt (Point to point) WDM (1��'"#(�(",! �/  WDM '0!*.'�"/  #� �&)   +!  *�(#($(�� ,! ) 
'�  *�� 0(  �� "�%/  �� ��+�%/  (optical circuit switched –OCS) ��('6.�(! �/  ��"�$.(!  
$�" (0��"�./  *0!� � � �/ . :!�  ��"1����#�  �(0  1��'"#(�("�� �"  �($)  '01!4  ���   (0/  
0�(' ��"� ./   �/  (� "�%/  #� ��+�%/  ' �  *�� 0�  �(�#()  ��!�"  � "  �  (� "�%   �1!($(���  ��  
 +!  ����#4 +!  *)!� �"  !�  ��('6.��"  �($)  #���$) ���  1+�� "�� � � . 
 

�(  ���#�!(  ' 4*"(   (0  '�!���(0  �(0  6��!� �"  ' (  '1%#�  28 ��!�"  �  �&.$"&� ' �  $���#�!�  

(� "�%  #� ��+�%  �"�%/  (OBS). �!,   (   �$�0 ��(  ' 4*"(  �0 %/   �/  #� 42�'�/  ���"$�#24!�"  

 �!  �&.$"&� ���  OBS ' �!  (� "�%  #� ��+�%  ���. +!  (OPS), ' �!  (�(��   �  (� "�4  ���. �  

#� ��4�+! �"  ��"  ��(����)(! �"  ��('+�"!4  '�  (� "�%  #(�6%  ��"!  ���   �  #� 4*('%   (0/  

' (!  ���#�!(  ��#2(   (0  *"� )(0 . �0 �/  ��!�"  (   �$"��/  ' �1(/  '�  � "  �6(�4   �!  �6��#(�%  

 �/  �� "�%/  �� ��+�%/ . 

 

�����  28: ����
�  ����
���  ���  �������	(��  ���
���  ����	
	��  ��  DWDM �(����  [42] 

�!  ��"   �  ��, �  *)(  ' 4*"�  ��!�"  �$%�+/  ��('*"(�"'#.!�  ��"  2��'�(! �"  �!  �&�$�&�" �$�  
 �  0��$("��  ��!�"  ���#�  ' (  ' 4*"(   �/  .��0!�/  ��"  �!�#6"'2% � �  �($$4   �1!"�4  
5� %#� �  ��!�"  �&�"�� "�4  *)'�($(  !�  ��"$0�()!  ���   (0  ����! (/ , ��+/  ��!�"   (  
�!����"���  ��"  �  2�$ "' �  $�" (0����   +!  !.+!  �0 ,!  '0' �#4 +!  *�(#($���'�/ . 
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8'+/ , #��  �)$(��  �!*"4#�'�  �6��#(�%   +!  (� "�,!  ($(�$��+#.!+!  �0�$+#4 +!  
#� ��+�%/  !�  #�(�()'�  !�  ' ��"1���  ' �!  �&.$"&�  �/  �'+ ��"�%/  ��1" �� (!"�%/  #�   �!  
1�%'�  "��0+#4 +!  �($$,!  �.'�+!  ��+/  6��!� �"  ' (  �����4 +  *"4���##�  (	1%#�  29 
- 30– ����*�'�"/  ���  Blumenthal ECOC 2009 [2]). 

	 (  	1%#�  29 ���"�(!�5� �"  �  ��1" �� (!"�%   �/   �.1(0'�/   �1!($(���/  *�(#($(�� ,!  
((!�#� "  4�/  ��!"4/ ): ��(��"#.!(0  !�  �! "#� +�"'���  �  �!4���  5% �'�/  60'"�,!  �0�,!  
03�$%/  1+�� "�� � �/  (40Gbit/s % ���"''� ��(  ' (  ���)/  #.$$(! ). 	�  ��!"�./  ���##./  
�4��  &�1+�"' %  �.'�  �$�"'�(0  ('�'� ) ���"$�#24!�"  ��"#.�(0/  �4� �/  �$$4  ��"  
&�1+�"' %  �'+ ��"�%  #% ��  #� ��+�%/  '0!*�*�#.!�/  #�  (� "��  #.'(  '�  *"4 �&�  �' .��  
��(0  �  ��! �"�%  #% ��  #� ��+�%/  ��( �$��   (  '�#��(  �!�6(�4/ . 
 
��"�$.(! , �  03�$% ���*('�  #� ��+�%/  �(0  ���" �� �"  (���� 4  Tbit/s) ��"24$$�"  
���4$$�$�  ���&����'��  �"�   �  *�(#($���'�  ���. +!  ��"  ���&����'��   �/  ��  
��"��6�$�*�/  (�P header). 

 

�����  29: +�����(���  �������	����  �����  � ���  multi-shelf (���������  ���
�(
� ) [2] 

�(  ���#�!(  2%#� (	1%#�  30) ��  ��!�"  $(�"�4  �  0�(�� 4' �'�   �/  �'+ ��"�%/  #% ��/  
#� ��+�%/  (% #.�(0/   �/ ) #�   �!  �$��*�  !�  #�",'�"   (  $���#�!(  �!����"���  ��( )�+#�  
 �/  '�  � "  �6(�4   �!  �� �!4$+'�  �!.���"�/  ���,/  ��"  !�  �0&%'�"   �0 �1�(!�   �!  
1+�� "�� � �   �/ . 

�  ��!"�� ���  ��1" �� (!"�%  ��  ��.��"  $��(  .+/  �($)  !�  ��('(#("45�"  #�   �!  �! �' ("1�  
��1" �� (!"�%   +!  *�(#($(�� ,!  !.�/  ��!�4/ ,  �(�(�("�#.!�  *�  '�  � "  �6(�4   �!  
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*"�')!*�'�  #� �&)   +!  �$�"'�+!  (chassis -shelves) (�"��!,/  '0!*.'�"/  03�$%/  
 �1) � �/  #.'+  (� "�%/  �!�/  ��"  '�#�! "�%  �)&�'�   (0  �0�#()  *"�#� ��+�%/ ). 

	�  � "  �6(�4   (  �� "��  buffering �&��($(0���  !�  ��( �$��  5% �#�  0��  *"���)!�'� , ��(/  
 (  ����!  �#+/  (" $)'�"/  #� � �(�%/   O / H / O '�"�"��%/  *"4 �&�/  '�  ���4$$�$�  
���,/  ��"  �  1�%'�  �$�� �(!"�()  buffering, 6��!� �"  �+/  ��!�"  ���� 4  ��('" ./  ��"  
��( �$�'#� "�./  [2]. 

��"�$.(!  ��  #�(�()'�!  !�  1��'"#(�("��()!  PICs '�  � "  �6(�4   "/  �4� �/  *"���6,!  
(interface cards) ���,/  ��"   �!  *"�')!*�'�  #� �&)   +!  ���  #.�(0/  �$�"'�+! .  

 

 

�����  30: 0��
�
�"  ���
�" -1�������
�"  � �����  ������"	���� : ����(
��  – ���
��  �����  

����	
	��  [2]. 

�(   �$"��  �&�$"� "��  ' 4*"(  ��  #�(�()'�  !�  ��!�"  .!�/  �$%�+/  (� "��/  *�(#($(�� %/  
�(�#()  (	1%#�  31). 

�0 �  2.2�"�  ��!�"  .!�  �($)  �"(  �����$(�(  ��1����#�  ��(0   �  2�'"�� ���  5% �#� �  ��!�"  
�0 �   �/  #� 4*('�/  *�*(#.!+!  '�  #��4$�/  ��(' 4'�"/  (�  ��(2$�#� "�%  .���" �"  '�  
�.#� �  64'�/ , �$4 (0/ ,  �1!"�%/  *"�#��6+'�/ , FEC-Forward Error Correction, 3�6"��%  
���&����'��  , *0!� � � �  '�"�"��%/  *"�'0!*�'�/ , 1�%'�  �#"�,/  (� "�,!  �!���!!� ,!  
�$�  .) ���,/   ��"  �$�   �   �  ��(2$%#� �  �(0  '1� �5(! �"  #�   �!  (� "�%  #� ��+�%  (�($)  
03�$% �$�#���  ($(�$%�+'�/   +!  (� "�,!  $�" (0��",! , ���&����'��/  ��"��6�$�*�/ , 
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buffering '�  �4� �/  ��"   �!  �*"�   �!  #% ��  #� ��+�%/ , contention rate, *"�1���"'�/  ��"  
�&"($���'�/   +!  ��"*�'�+!  �$�  .) ��.��"  !�  �! "#� +�"'�()!   �0 �1�(!� . 

 

 

�����  31: ����
�  �������
��� : all optical core router (��
	��  ���
�"�  �������	����  [2]. 

��#24!(! �/  0� ’ �3"!   �  �!+ .�+ , �  �$� 6��#�  
��� , ��+/  ����#� "�4  .1�"  
'1�*"�'��� , *�!  #�(���  !�  �6��#(' ��  '�  �0 �   (   �$"��  ' 4*"(  ��(0  ���" ()! �"  4$$(0  
��*(0/  $)'�"/ , �"�  ���4*�"�#�  �  �!��.!!�'�  (� "�()  '%#� (/  %/��"  �  #� � �(�%  24'�"  
 +!  �*"+!   �1!($(�",!  ($(�$%�+'�/  �(0  1��'"#(�("()! �"  ' �!  �0�,��  (�("!(���&��  
APACHE) [41]. ;$�/  �0 ./  (" $)'�"/  *0!� "�4  �6��#�5(! �"  ' �!  02�"*"�%  �$� 6��#�  
BOOM SOI, (" �&"($(�%'�"/  �0 ./  �#+/  ��!�"  �.��  ���   (  �! "���#�!(   �/  ���()'�/  
#�$. �/ . 

�! "�. +/ , �  �$� 6��#�  #� ��+�%/  
���  ��!�"  �  �� �$$�$� ���  �"�   (  �!*"4#�'(  
' 4*"(  ��+/  ���"�(!�5� �"  ' (  	1%#�  30. 

�/  ��   () (0 , '�  � ,  " ��($(0���  ��  �&� 4'(0#�  �0 %  �!  $)'�  &��"!,! �/  ���  #"�  �"(  
$�� (#��%  ���"���6%   �/  �'+ ��"�%/  ��1" �� (!"�%/   +!  *�(#($(�� ,!  �(�#()  �(0  
1��'"#(�("()! �"  ��(/   (  ����!  #�  '�(��  !�  �� �$%&(0#�  '�  #"�  ��� �'�  
��1" �� (!"�%/  �(0  ���"$�#24!�"   �!  �$� 6��#�  
���  �� 4$$�$�  '1�*"�'#.!�  �"�   �!  
�! "#� ,�"'�   +!  5� �#4 +!  �� �!4$+'�/  �!.���"�/  �$$4  ��"   �1!( -("�(!(#"�%/  
�&"($���'�/ . 
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3.7.1 ������%� !�%&  �0�%�� !�% +  �� ' 0 (*�&  � �' +   

	 �!  ���()'�  �!� � �  ��  ��!�"  #��  ')! (#�  ���"���6%   �/  �'+ ��"�%/  ��1" �� (!"�%/  
*"�6��+!  *�(#($(�� ,!  �(0  1��'"#(�("()! �"  �0�.+/  ' �!  �����'#"�  ��(�4  ��"  �(0  
�6��#�5(0!  virtualization. 

�  *�(#($(�� %/  Cisco CRS-1 ��!�"  .!�  ')' �#�  *�(#($���'�/  �(0  #�(���  !�  
0�(' ���&�"  .+/  ��"  92 terabits �!4  *�0 ���$�� (  (Tbps), *�$�*%  0�(' ���5�"  .+/  1152 
�4� �/  ��   +!  (�(�+!  �4��  *"���6%  40 Gbps . 

�(  Cisco CRS-1 ���"$�#24!�"  *)(  '�#�! "�4  ' ("1��� : �$��'"�  (chassis) #�  �4� �/  
*"���6,!  (interface cards) ��"  �$��'"�  #�  #% ��/  #� ��+�%/  (switching cards). ��  24'�  
�0 4   �  *)(  *(#"�4  ' ("1���   (0  '0' %#� (/ , (  Cisco CRS-1 #�(���  !�  *"�#(�6+���  #�  
*)(   ���(0/ : .!�  �!"��(  ')' �#� -�$��'"(   (  (�(�(  ��( �$��  .!�  �0 �!(#(  ')' �#�  
(compact system) % .!�  ')' �#�  �($$��$,!  �$�"'�+!  (modular cascading system) 
(	1%#�  32). 

:!�  �!"��(  ')' �#� -�$��'"(  ��!�"  �� �'��0�'#.!(  ���  .!�  �!"��(  '�'�  & �4� �/  
*"���6,! , �!,  *"� ��� �"  '�  4, 8, % 16 0�(*(1./  (slots) ' "/  (�(��/   (�(�� ()! �"  (" 
�4� �/ . To �!"��(  �$��'"(  ���.1�"  1+�� "�� � �  #� ��+�%/  320 Gbps, 640 Gbps, % 1,2 
Tbps (�#6�*�(#�  1x16x40x2) ��"  4, 8, % 16 *"��.'"#�/  0�(*(1./  �"�  �4� �/  *"���6%/  
 +!  40-Gbps. 

:!�  ')' �#�  �($$��$,!  �$�"'�+!  ��!�"  *(#�#.!(  �� 4   . ("(   ���(  ,' �   �  
��"#.�(0/  �$��'"�  !�  ��!�"  �$%�+/  *"�'0!*�*�#.!�  �!4  #� �&)   (0/  (full mesh topology) 
% !�  '0!*.(! �"  '�  .!�  ��! �"��  �$��'"(  (star topology) – �!�$$�� "�4  #�(�()#�  !�  
.1(0#�  #"� ./   (�($(���/  �!�$��+/  �!���,!  ��"  ���"(�"'#,! . ��"�$��!   (  ��4' ( �  
')' �#� -�$��'"(  #�(���  !�  ��+�����  ��($) +/  �0 �!(#(  (stand alone node) ��"  !�  
*"��. �"   �'(   �!  ��! �"�%  #% ��  #� ��+�%/  �'(  ��"   "/  �! �' ("1�/  �4� �/  *"���6%/  �"�  
 �!  ��"�("!+!��   (0  #�  4$$�  '0' %#� �  �$$4  ��"   (!  .&+  ��'#( . �! "�. +/   (  ')' �#�  
#�(���  �!�$$�� "�4  !�  .1�"  4$$�  #(�6%  ��"  !�  *"��. �"  #�!(!  �4� �/  *"���6%/  ��"  ' �!  
(0'��  !�  0�4�� �"  '�  �4�("(!  ��! �"��  ��#2(  (centralized node) #�   �  �����4!+  
1���� ��"' "�4 . :!�  ')' �#�  �($$��$,!  �$�"'",!  #�(���  !�  ���� ����  .+/  ��"  92 
Tbps, ��"  !�  ��(' ��()!  .+/  ��"  72 �4� �/  *"���6%/   (#�  0�(' %�"&�  .+/  ��"  1152 
�4� �/ ,40Gbps �  �4��  #�� ). �  #.�"' �   �1) � �  (�#6�*�(#� ), ��!�"  #.1�"  92 Tbps 
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(72x16x40x2). 

 

�����  32: CISCO CRS portfolio 

�  Juniper .1�"  �!�� )&�"   (  *�(#($(�� %  T1600 �!!"��(0  �$�"'�(0 , 03�$%/  
1+�� "�� � �/  100 gigabit / second �!4  0�(*(1% . 
	�  .!�  �$��'"(  T1600 *���.&"  0�(*(1./  ��!�"  *"��.'"#�/  �"�  �)��/  (ports) 40G ��"  
*"��� ��  .+/  (� ,  �)��/   +!  100G, �"�  #.�"' �  �#6�*�(#�  1+�� "�� � �  (throughput) 
1.6T. 

 

�����  33: T1600 �
�&��
���  line ������  

�  $)'�  Juniper �.&�/  Matrix Plus *"��. �"  .!�!  ��! �"��  ��#2(  #� ��+�%/  ��"  
*�(#($���'�/  �(0  '0!*.�"  .+/  ��"  16 T1600 �$��'"�  '�  #"�  �!"���  (! � � �  
*�(#($���'�/  (	1%#�  34). �  #.�"' �   �1) � �  (�#6�*�(#� ), ��!�"  #.1�"  25.6 Tbps 
(16x8x100x2). 
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�����  34: T1600 �
�&��
���  ������  ����	
	��  

 

 

3.7.2 
� 21*�*  $�%.�)!  (data packet forwarding) %�� #��#�%����  
#� ' 0-(*�*�  

 

; �!  .!�  ���. (  �"'.�1� �"  '�  .!�!  *�(#($(�� % , 0�(*"�"��� �"  '�  ��"#.�(0/  ��$"4  
(cells),  �0 4  #�   �  '�"�4   (0/  ����46(! �"  ' �!  #!%#�  �"'�*(0  (ingress memory)  (0  
'0' %#� (/   ��"  �!  '0!�1���  ��!� �"  �!�5% �'�   (0  *��#(0  (route) �(0  ��.��"  !�  
��($(0�%'�"  �  '0�����"#.!�  �$��(6(���  �6()  ��, �  �6"1�%  ' �!  #% ��  #� ��+�%/  
��"   �$"�4  ' �!  �4� �  *"���6%/  ��(0  ��  !.(0  ��  ��!�"  �����6%  ' �!  #!%#�  �&�*(0  
(egress memory). �#(�+/  ����#� (�("�� �"  #��  !.�  �!�5% �'�   (0  *��#(0  (route) 24'�"  
 �/  ��"��6�$�*�/  (header) �(0  6.��"   (  ��4' ( �  ��*�(  ��"  (*���� �"  ' �!  .&(*(   (0  
'0' %#� (/  �6()  ��, �   �  ��$"4  '0!�!,!(! �"  �"�  !�  ��( �$.'(0!  &�!4  .!�  ���  
#.�(0/  ���. (  ��"  !�  ��(' �$$��  ' (!  ��((�"'#�   (0  ' (  �0�) ��(  *�� 0( . 	�#�"+ .(!  
�4��  ��$�  CISCO .1�"  (�"'#.!(  #%�(/   �/   4&�+/   +!  136 bytes. 
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�����  35: �
��
���(�  ������"	����  

�4��  �4� �  �"'�*(0  ��"  �&�*(0  ��( �$�� �"  (0'"�' "�4  ���  *)(  #.�� , #��  (� "�%  #(!4*�  
�(0  �! "��('+��)�"   (  �#���'�"(  4��(  (front end)  �/  �4� �/  (�(0  (!(#45� �"  �(!4*�  
PLIM �"�  CISCO % PIC �"�  Juniper) ��"  #"�  4$$�  #(!4*�  �(0  ����#� (�("��   �!  
���&����'��  ���. +!  (MSC �"�   �  CISCO % PFE �"�  Juniper, 	1%#�  35). 

�"  #(!4*�/  PLIM % PIC ����#� (�("()!   �!  ���&����'��  ���. +!   �'(  '�  �0'"��  
�����*(  (Physical Layer – Layer 1) �'(  ��"  '�  �����*(  �"�')!*�'�/  (Data Link Layer – 
Layer 2). ��(�()!  ���'�/  !�  �� �$.'(0!  �$�/   "/  $�" (0����/  �(0  ���" ()! �"  �"�   �!  
�$� 6��#�  *�(#($���'�/  ,' �  !�  $�#24!�"  ��"  !�  #� �*�*�"  ���. �  ���  ��"  ��(/   (  
*�� 0(  (	1%#�  36). 

�����  36:*��
������
��  ������"	����  ��  �(����  JUNIPER  

�  #% ��  #� ��+�%/  ���.1�"  �'+ ��"�%  *"�')!*�'�  #� �&)   +!  *"�6��+!  ��� ,! . 	�  
.!�  ��$�  ')' �#�  �!�/  �$�"'�(0  �  #% ��  #� ��+�%/  ���.1�"  *"�')!*�'�  #� �&)   +!  
��� ,!  �(0  2��'�(! �"  #.'�  ' (  �*"(   (  �$��'"( .  

	�  .!�  ')' �#�  �($$��$,!  �$�"'�+!  +' �'( , �  #% ��  #� ��+�%/  ���.1�"  *"�')!*�'�   
#� �&)  �$+!   +!  ��� ,!  �(0  ��!�"  ���� �' �#.!�/  ' (  ')!($(   +!  ��"#.�(0/  �$�"'�+!  
�(0  ���� �5(0!   (!  ��#2(  *�(#($���'�/ . �  #% ��  #� ��+�%/  *"�"��� �"  '�  �����*�  



 
 

63 
 

((� ,  ���4$$�$�  �����*�  #� ��+�%/  �"�  CISCO *�(#($(�� ./ , �!,  �"�  JUNIPER 
*�(#($(�� ./   �.! �  ���4$$�$�  �����*�  #� ��+�%/ ) �(0  1��'"#(�("()! �"  �"�   �!  
(#("�#(�6�  �� �!(#%    �/  ��!�'�/   +!  ���. +! . ���'�/  #.'+  �0 ,!   +!  ��"�.*+!  
����#� (�("�� �"  �  #� ��+�%  ��"  *�(#($���'�  ���. +!  ��(/   "/  �4� �/  �&�*(0  
(egress). �4��  �����*(  #� ��+�%/  ��!�"  �!�&4� � (  ���   �  4$$�  ��"  *�!  ���" �� �"  
��!.!�/  '0�1�(!"'#�/  #� �&)   (0/ . �!4$(��  #�   (  �!  #��  #% ��  #� ��+�%/  $�" (0����  
'�  ')' �#�  #(!()  �$�"'�(0  (standalone) % �($$��$,!  �$�"'�+!  1��'"#(�("�� �"  ��"  (  
�! �' ("1(/   )�(/  #% ��/ . 

 

3.7.3 ��)����%&  ������%� !�%&  �*�  '&����  '���()(&�  

 

�  �"(  *"�*�*(#.!(/  ��"  ��(*( "��/   )�(/  #% ��/  #� ��+�%/  ��!�"  �0 �/  (  (�(�(/  
����#� (�("��   (  $���#�!(  �($0�����*(  (multistage) buffering '�  #��4$(  ��"�#�  �0�,!  
(ports). �"�  #� ��+���/  (switches) #�  ��� (! 4*�/  .+/  1"$"4*�/  ��� �/  �  �($0�����*�  
��1" �� (!"�%  ��!�"  �.��  �"�  �.��  �!������  �6()  (  �0�#�/  �)&�'�/   (0  ��' (0/  ��!�"  
#"��� ��(/   (0   � ���+!"�() . �  ��1" �� (!"�%  Benes ��( �$��  '�  �0 %  �!  ����� +'�  
 �!  2.$ "' �  ("�(!(#"�%  ��"   �1!"�%  $)'�  '�  � "  �6(�4   �!  $�" (0����   �/  #% ��/  
#� ��+�%/  ���$4''(! 4/   �!  ���   "/   01���/  “'0���()'�"/ ” ���. +! . �(  2�'"��  
1���� ��"' "��   �/  ��1" �� (!"�%/  Benes ��!�"  � "  ��+��� �"  Non-blocking: � �!  �  
')!*�'�  #� �&)  *)(  '�#��+!  *�(#($(��� �"  #.'+  �!�/  '0�����"#.!(0  *��#(0 , �"�   �!  
�*"�  ')!*�'�  #�(���  �!�$$�� "�4  !�  *�(#($(�����  #.'+  �4�("(0  4$$(0  *��#(0  �"�   �!  
��(60�%  “'0���()'�+! ” ���. +!  ��(��$,! �/  ��(2$%#� �  ��(�$�"'#()   +!  
���. +!  ��"  '+��0 "�4  #��4$�/  ���0' ��%'�"/ . �' �'(  (" '0!*.'�"/  *)(  '�#��+!  #.'+  
�($$4�$,!  *��#+!  (multipath routing) #�(���  !�  ��(��$.'�"  4$$(0  ��*(0/  ��(2$%#� �  
' (  *�� 0(   �  (�(��  �#+/  #�(�()!  '1� "�4  �)�($�  !�  ���"(�"'�()! . �  ��1" �� (!"�%  
Benes #�(���  ���'�/  !�  ��$(�("����  '�  #��  4$$�  ��1" �� (!"�%  �(0  (!(#45� �"  
��1" �� (!"�%  Clos.   
 
:!�  *�� 0(  Clos ��!�"  .!�  *�� 0(  #� ��+�%/  �($$��$,!  2��#�*+! . ��  *�� 0�  Clos 
���" ()! �"  � �!  (" 60'"�./  �!4���/  #� ��+�%/  �0�$,#� (/  0���2��!(0!   �!  #.�"' �  
*0!� %  1+�� "�� � �   (0  ' �0�(�"*%  *"���� �  (crossbar switch). �(  2�'"��  
�$�(!.� �#�   (0  *"� )(0  Clos ��!�"  � "  (  ��"�#�/   +!  *"�' �0�()#�!+!  '�#��+!  �(0  
���" ()! �"  (�(0  ���� �5(0!  �4��  ' �0�(�"*%  *"���� � ) #�(���  !�  ��!�"  �($)  $"�� ���  
���  � ,  "  (  ')!($(   (0  '0' %#� (/  #� ��+�%/  �4!  �0 �  0$(�("�� (  #�  .!�!  #(!�*"��  
' �0�(�"*%  *"���� �  (crossbar). 
 
��  *�� 0�  Clos *"��. (0!   ��"/  60'"�./  2��#�*�/ :  �  2��#�*�  �"'�*(0 ,  �!  �!*"4#�'�  
2��#�*�  ��"   �!  2��#�*�  �&�*(0 . �4��  2��#�*�  ��( �$�� �"  ���  .!�!  ��"�#�  
' �0�(�"*,!  *"��(� ,!  (2$.��  '1%#�  37).�4��  �$%'�  �"'��+�%/  �! �/   �/  2��#�*�/  
�"'�*(0  #�(���  !�  *�(#($(�����  #.'+  (�("(0*%�( �  ���   (0/  *"��.'"#(0/  *"���� �/  
�(0  2��'�(! �"  ' �!  �!*"4#�'�  2��#�*�  ��"  !�  *"�' �0�+���  ' (!  '1� "��  *"���� �   �/  
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2��#�*�/  �&�*(0 . �  *"���� �/  #�'���/  2��#�*�/  ��+��� �"  *"��.'"#(/  � �!  (" 
�! �' ("1�/  '0!*.'�"/  ���   �!  2��#�*�  �"'�*(0  ��(/   �!  �!*"4#�'�  2��#�*�  ��"  ���   �!  
�!*"4#�'�  2��#�*�  ��(/   �!  2��#�*�  �&�*(0  ��!�"  �$�)����/ .  
 
��  *�� 0�  Clos (��5(! �"  ���   ��"/  ������(0/  ��"�#()/  n, m, ��"  r  +!  (�(�+!  �  '�#�'��  
��  ���"���6�� . �4��  *"���� �/  2��#�*�/  �"'�*(0  .1�"  m ��"�#�  �&�*+! , �!,  �! �' ("1�  
�  #�'���  2��#�*�  .1�"  ���'�/  m ��"�#�  �"'�*+! . �  ��"�#�/  n �!����"' 4   (!  ��"�#�  
 +!  ���,!  �(0   �(6(*( ()!  r *"���� �/  2��#�*�/  �"'�*(0 . 
�4�1�"  ���"2,/  #��  
')!*�'�  #� �&)  �!�/  *"���� �   �/  2��#�*�/  �"'�*(0  ��"  �!�/  *"���� �   �/  �!*"4#�'%/  
2��#�*�/ . ���'�/  0�4�1(0!  r *"���� �/  2��#�*�/  �&�*(0  �4��  #��  #�  m ��"  n �"'�*(0/  
��"  �&�*(0/  �! �' ("1� . �4��  *"���� �/  #�'���/  2��#�*�/  '0!*.� �"  4��&  #�  �4��  
*"���� �  2��#�*�/  �&�*(0 . 
 

�!  m<n  (  *�� 0(  Clos ��!� �"  non-blocking #�  *0!� � � �  �!�*"4 �&�/ ,  (  (�(�(  
'�#��!�"  � "  � �!  .!�/  *"���� �/  2��#�*�/  �"'�*(0  *�!  1��'"#(�("�� �"  #�(���  !�  
'0!*����  '�  #��  �1��'"#(�(�� �  .&(*(  *"���� �  2��#�*�/  �&�*(0 . 	 �!  ����� +'�  
�#+/  �0 % (" 0�4�1(0'�/  �$%'�"/  ��.��"  !�  �!�*"� �1�()!  #�  24'�  .!�!  !.(  *"���� �  
 �/  �!*"4#�'�/  % ��! �"�%/  2��#�*�/   (0  *"� )(0  Clos.    

 

�����  37: ����  ��"�  �
�� ��  Clos 

	 (  	1%#�  37 ���"�(!�5� �"  .!�  *�� 0(  Clos  �",!  2��#�*+! . �(  �$�(!.� �#�  �!�/  
*"� )(0  Clos ��!�"  � "  �  ')!*�'�  #� �&)  �!�/  #��4$(0  ��"�#()  �0�,!  �"'�*(0  ��"  �&�*(0  
#�(���  !�  ��!�"  #�   �  1��'"#(�(��'�  �!�/  #"��()  ��"�#()  *"��(� ,! . 	 (  	1%#�  37, 
�!����"' 4 �"  (  ��"�#�/   +!  ���,!  �(0   �(6(*( ()!  �4��  .!�!  ���   (0/  m *"���� �/  
 �/  2��#�*�/  �"'��+�%/ . : '"  $("��! , 0�4�1�"  ���"2,/  #��  ')!*�'�  #� �&)  �4��  
*"���� �  2��#�*�/  �"'�*(0  ��"  �4��  *"���� �  �!*"4#�'�/  2��#�*�/  ��"  �4��  *"���� �/  
�!*"4#�'�/  2��#�*�/  '0!*.� �"  ���"2,/  #��  6(�4  #�  �4��  *"���� �  2��#�*�/  �&�*(0 . 

��(���  !�  ��(*�"1���  � "  #�  k < n,  (  *�� 0(  Clos #�(���  !�  ��!�"  non-blocking ��+/  
.!�/  ' �0�(�"*%/  *"���� �/ . : '"  �"�  �4��  ')!*�'�  *)(  '�#��+!  �"'�*(0 -�&�*(0  
0�4�1�"  .!�/  ��"  #�!(!  *��#(/  *"�#.'(0   �/  �!*"4#�'�/  2��#�*�/ . 
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�!  k < 2n-1, #"�  !.�  ')!*�'�  #�(���  �4! �  !�  ��(' ����  1+��/  ��  !.(0  �)�#"'� . �"�   �!  
��('�%��  #"�/  !.�/  ')!*�'�/ , *�!  ��  0�4�1�"  ��#��  �!4���  �"�  �!�*"4 �&�   +!  
06"' 4#�!+!  '0!*.'�+!  �6 '�'(!  (  ��"�#�/   +!  *"��(� ,!  �!*"4#�'�/  2��#�*�/  ��!�"  
���� 4  #��4$(/ . 

 

�����  38: ����  ��"�  non blocking �
�� ��  Clos. 

��  '0#���4'#� �  �(0  ��(�)� (0!  �"�   �  *�� 0�  Clos #�(�()!  ���'�/  !�  ��!"��0�()!  
'�  �4��  ����� +'�  �(0  1��'"#(�("�� �"  #(!�/  ��"�#�/  2��#�*+! . ��   �!  
�! "�� 4' �'�   �/  �!*"4#�'�/  2��#�*�/  #�  .!�  ��"�$.(!  *�� 0(  Clos 3 
2��#�*+! ,��(�)� �"  (0'"�' "�4  .!�  !.(  *�� 0(  Clos 5 2��#�*+! . ���!�$�#24!(! �/   �  
�!+ .�+  #�(�()#�  !�  .1(0#�  �! �' ("1�  *�� 0�  Clos 7,9,11 �$� .. 2��#�*+! . 

 

 

 

�����  39: �(����  Clos ��  ���
��"�����  ��"  3 ��&�(��� . 

�"�  ��  !.(0  �!�*"4 �&�  �!�/  non-blocking *"� )(0  Clos #�  m = n = 2  ��!"�4  (!(#45� �"  
*�� 0(  Beneš. �  ��"�#�/   +!  �"'�*+!  ��"  �&�*+!  ��!�"  N = r × n = 2r. ��  *�� 0�  �0 4  
.1(0!  2log2N - 1 2��#�*�/ , �  �4��  #��  ���".1�"  �  / 2, 2 × 2 *"�' �0�()#�!(0/  *"���� �/  
��"  1��'"#(�("()! �"  '0!($"�4  Nlog2N - �  / 2, 2 × 2 *"���� �/ . �"   ��"/  ��! �"�./  
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2��#�*�/  ��( �$()! �"  ���  *)(  #"��� ���/  *�$�*%   4 × 4 *�� 0�  Benes, �!,  ' �!  
��! �"�%  2��#�*� , �4��  2 × 2 *"���� �/  #�(���  !�  ��+�����  +/  .!�  2 × 2 *�� 0(  Benes. 
�0 �   (  ���4*�"�#�   (!�5�"  ��(#.!+/   �!  ���!�$�� "�%  �� �'��0%  �0 ()   (0   )�(0  
*"� )(0 . 

�4!  1��'"#(�("()! �"  *"���� �/  4x4, .!�  *�� 0(  Clos 3 2��#�*+!  #�(���  !�  
����#� (�("����  ��+/  ���(0'"45� �"  ' (  	1%#�  40. 

 

 

�����  40: �(����  Clos networks ��  4x4 �
��"���� . 

:!�  non-blocking *�� 0(  Clos #�  �!�*"4 �&�  #�  m = n = 4 ��"  r = 8, �6()  �  = r × n = 32 
�"'�*(0/  ��"  �&�*(0/ , ��!� �"  ���  2log28 – 1 2��#�*�/  (5 2��#�*�/ ). 

 

�����  41: �(����  Clos ��  32 & ���  �
�"��� , �
�����  5 ��&�(�
�  4x4 �
������� , 
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�"�  *�(#($(�� ./  CISCO ��"  JUNIPER �  #% ��  #� ��+�%/  ��!�"  '1�*"�'#.!�  24'�"   �/  
��1" �� (!"�%/  Benes ��"  *"� ��� �"  '�  �($$()/   )�(0/  ��� ,! . 

�!4$(��  #�   (  �!  .1(0#�  ')' �#�  �!�/  �$�"'�(0  % �($$��$,! , ��('��#�5(! �"  ��"  (" 
�!4$(��/  �4� �/  #� ��+�%/ . 	 �!  ����� +'�   (0  '0' %#� (/  �!�/  �$�"'�(0  
(standalone) (  #� ��+�.�/  ����#� (�("��   "/  $�" (0����/  ��"   +!   �",!  2��#�*+!  �!,  
' (  ')' �#�  �($$��$,!  �$�"'�+!  �  ��! �"�%  �4� �  #� ��+�%/  ��!�"  �0 % �(0   "/  
����#� (�("��  .!�! "  �$+!   +!  0�($(��+!  �(0  ��!�"  ���� �' �#.!("  ' (!  ��#2( . 

 

�����  42: #�
���
��  ���
������
��  ���  ������  ����	
	�� . 

���� 4  *(#"�4  ' ("1���   �/  �4� �/  #� ��+�%/  '0##� .1(0!  ' �!  ���4 +'�   +!  
$�" (0��",!   +!   �",!  2��#�*+!  (S1,S2 & S3). �4��  2��#�*�  �� �$��  *"�6(�� "�./  
$�" (0����/  – �  �� �!(#%   (0/  ����#� (�("�� �"  ���   "/  2��#�*�/  S1 & S2 �!,  �  
*�(#($���'�  ���   "/  S2 & S3.    

�"*"�� ��� : 
• 
��#�*�  1 (S1 )-�� �!.#�"   �!  ��!�'�  ' �!  2��#�*�  2  (0  ��"�.*(0  #� ��+�%/ . ��  
' ("1���   �/  2��#�*�/  1 $�#24!(0!   �  ��$"4  (cells) ���   "/  �)��/  ��"   �  �� �!.#(0!  ' �!  
2��#�*�  2. �  �� �!(#%  �0 % ��!� �"  #�   (!  �$�''"��  �$���"�#(  Round-Robin. 
• 
��#�*�  2 (S2)-����#� (�("��   �!  #� ��+�%  �0 % ��� ’ �0 % #�  *"�$�'"�'#�   �1) � �/  
(2� ), ���,/  ��"   (  ��, (  ' 4*"(   (0  multicasting. Ta ' ("1���   �/  2��#�*�/  2 
$�#24!(0!   �  ��$"4  ���   �!  2��#�*�  1 ��"   �  *�(#($(�()!  �� 4  ����� +'� : 
f �4� �  �&�*(0  '�  ����� +'�  '0' %#� (/  �!�/  �$�"'�(0  
f �4� �  *"���6%/  �&�*(0  '�  ����� +'�  '0' %#� (/  �($$��$,!  �$�"'�+!  

• 
��#�*�  3 (S3)- ����#� (�("��   �!  #� ��+�%  �0 % ��� ’ �0 % #�  *"�$�'"�'#�  
 �1) � �/  (2� ), ��"  �� �$��  .!�  *�) ��(  �����*(  multicasting. ��  ' ("1���   �/  2��#�*�/  3 
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$�#24!(0!   �  ��"#.�(0/  ��$"4  ���   �!  
��#�*�  2 ��"   �  *�(#($(�()!  ��(/   �!  
�� 4$$�$�  �4� �  �&�*(0 . 

���.1�"   �!  ���" ()#�!�  1+�� "�� � �  #� ��+�%/  �"�  �4��  �4� �  *"���6%/  , �!,  �  
#% ��  #� ��+�%/  ��!�"  ������ � (  !�  *"��.'�"  ��"�$.(!  �)�(/  5,!�/  $��+   �/  
�$�(!45(0'�/  �$��(6(���/  (cell overhead) ���,/  ���'�/  ��"  #�1�!"'#()/  buffering & 
��(60�%/  0���6�� +'�/   +!  ���##,!  (congestion avoidance). �(   �$�0 ��(  #�(���  !�  
'0#2��  � �!  �($$4  *�*(#.!�  �"'.�1(! �"  ' �!  #% ��  #� ��+�%/  ��"   �0 �1�(!�  
1��"45� �"  !�  *�(#($(���()!  ' �!  �*"�  �4� �  �&�*(0 . �0�"�4 , #"��% 0���6�� +'�  
�4! �  06�' � �"  ' "/  2��#�*�/  S1 & S2 $��+   (0  ���"(�"'#.!(0  % �!)���� (0  
Contention Rate �"�  #�#(!+#.!�/  '0!*.'�"/ , +' �'(  $��+   (0  multicasting (���   �!  
2��#�*�  2 ' �!  3)  �  ��$"4  #�(�()!  !�  0�(' ��"1�()!  ���   �!  �*"�  *"�*�(#%  ��(/   �!  
.&(*( .   

�"�  !�  #�"+���  �  �"��!� � �  ���0' .��'�/   +!  ���. +!  *�*(#.!+!  ���   �!  2��#�*�  
S2 ��(/   �  2��#�*�  S3 '�  1�(!"�./  ���"�*(0/  '0#6���'�/ , �  #% ��  #� ��+�%/   �  
���&���45� �"  #�  *"�$4'"�   �1) � � . 

�  #�1�!"'#�/  Buffering 1��'"#(�("�� �"  ��"  �0 �/  ' "/  2��#�*�/  S2 ��"  S3 () +/  ,' �  
!�  �! "#� +�"'���   (  ���2$�#�  ' �!  ����� +'�  �(0  (  *"�$�'"�'#�/   �/   �1) � �/  
���&����'��/  *�!  ��!�"  ���� �/ . ��(��"#.!(0   �  ��$"4  !�  #�!  �6"1�()!  #�  4 �� (   ���(  
����#� (�("�� �"  #��  �!�*"4 �&�   (0/  ��"!  �0 4  ���!�!+�()!  ��"  '1�#� �'(0!   �  
$���#�!�  ���. �  *�*(#.!+! . ���'�/  �"�  !�  ���"(�"'���  (  2��#�/  Buffering .!�/  
#�1�!"'#�/  �)�#"'�/   �/  ��!�'�/  *�*(#.!+!  1��'"#(�("�� �"  ��(��"#.!(0  !�  
��"2��*)!�"   (  �0�#�  #� 4*('�/  ���. +!  ��(/   (!  ��4' ( �  ��((�"'#� . ��  �! �' ("1�  
#�!)#� �  #� �6.�(! �"  ' �!  ��"��6�$�*�   (0  ��$"() . 

�"�  *�(#($(�� ./  Cisco CRS �($$��$,!  �$�"'�+!  , (" �'+ ��"�./  '0!*.'�"/   �/  
#% ��/  #� ��+�%/  ����#� (�("()! �"  #� �&)  *"�'0!*.'�+!   +!  ��� ,!   )�(0  S13 & 
S2 �(0  ��( �$()! �"  ���  72 �($) -�0�#"�./  (� "�./  �!�/   +!  2.5 Gbit/s (	1%#�  43). 
�4��  (� "�%  #(!4*�  *"�')!*�'�/  #�(���  !�  0�(' ���&�"  #.1�"  9 *"� 4&�"/  (� "�,!  
��$+*�+!  �!4  �$��'"(  ��" �.�(! �/   �!  ��"#.�(0/  ')!*�'�   �",!  �$�"'�+! . 

 

     �����  43: ���
��  �
����� . 
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3.7.4 ��00 !��%.�  
�  $��%.�  (��  �*!  $0��/-�'�  �		�  

 

�  ��1" �� (!"�%   �/  #% ��/  #� ��+�%/   (0  *�(#($(�� %  �(0  ���"�(!�5� �"  ' �!  
��(��()#�!�  ���4���6(  ��!�"   (  #(! .$(  �!�6(�4/  �"�   �!  ���"���6%   �/  #% ��/  
#� ��+�%/  BOOM. 
 
��  ��"��! �+�()#�   ,��  ' �!  ��1" �� (!"�%  #� ��+�%/  BOOM �!,  �$�/  (" 4$$�/  
$�" (0����/  *�(#($(�� %  ��  ��.��"  !�  ��+�()! �"  (" �*"�/  #�  .!�  '0#2� "��  (  (�(�(/  
��($(0���   "/  '0!%��"/   �1!"�./  ���&����'��/  ��"  #���*(0/ .  
 
�  2�'"�%  #(!4*�  �(0  ���"��46� �"  ' �!  ���4���6(  2.1.1 ��!�"  #��  #(!4*�  *"���� �  
8x8, �(0  ���"�(!�5� �"  #�   �  '�"�4   �/  ' (  	1%#�  3. 	0!*045(! �/  #��  #(!4*�  
#� ��+�%/  8x8 '�  #"�  ��1" �� (!"�%  *"� )(0  Clos ��"  .!�!  (� "��  #� ��+�.�  64x64 
#�(���  !�  ��" �01���  ��  !.(0  #��  non-blocking *"4 �&�  #�   ��"/  2��#�*�/ . 
 
���  *(#%  �",!  2��#�*+!  ��!�"  '0#2� %  #�   "/  ��(*"����6./  #��/  #(!4*�/  8x8 
'0' %#� (/  �'(!  �6(�4   �!  *0!� � � �  '�"�"��%/  *"�')!*�'�/   +!  AOWC. �&  �" ��/  
 +!  03�$,!  ��+$�",!   +!  ���� "�,!  ' ("1��+!   �'(  ' �!  ��'(*(  �'(  ��"  ' �!  .&(*(  
 �/  #(!4*�/ , �  (� "�%  �!�'10'�  #�  EDFA ��!�"  ������ � �  ��"!  ��"  #� 4   �!  *"�*"��'��  
#� ��+�%/ . �"  EDFA *�!  ��!�"  �!'+#� +#.!("' �!  �$� 6��#�  SOI, '0!*.(! �"  �#+/  
�$"#��+ 4  ' "/  �"'�*(0/  ��"  �&�*(0/   +!  (� "�,!  '0!*.'�+! . �  1�#�$%  �� �!4$+'�  
"'1)(/  �$$4  ��"   (  ���"(�"'#.!(  #.���(/  ��( �$()!   (0/  '�#�! "�� ��(0/  ���4�(! �/  
�"�   �!  �� 4$$�$�  ��"$(�%   (0  ��$) ��(0  EDFA �(0  ��  1��'"#(�("����  ' �!  #(!4*�  
#� ��+�%/ . 
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�����  44: #�
���
��  ���
������
��  ������  ����	
	��  64x64. 

�  ��1" �� (!"�%   �/  #% ��/  #� ��+�%/  64x64 ���"�(!�5� �"  ' (  	1%#�  44. ��+�,! �/  
� "  �4��  ��'(*(/  ��!�"  .!�  �!�&4� � (  #%�(/  �)#� (/  #�  +6.$"#(  6(� �(  '�  160 Gbit / s, �  
���*('�  ��!�"  10,24 Terabit / s. �  #% ��  #� ��+�%/  $�" (0����  ��(/  #��  �� �)�0!'� , 
. '"  ,' �  #��  4$$�  *"�' 4'�+!  64x64 !�  $�" (0����  ��(/   �!  �! ��� �  �� �)�0!'�  #�  
'0!($"�%  ���*('�  20,5 Terabit / s. �  #% ��  #� ��+�%/  BOOM .1�"  ���*('�  '0����'"#�  
#�   �!  #% ��  #� ��+�%/  JUNIPER. ���  �!4$(��  ')���"'�  #�   �  #% ��  #� ��+�%/  
CISCO ���(0'"45� �"  ' (!  ��!���  2. 
 

 CISCO JUNIPER BOOM_ 
64'�  1 

BOOM_ 
64'�  2 

	0!($"�%  �0�#���*('�  (Tbit/s) 92 25 20.5 20.5 

�0�#���*('� /�$��'"(  (Gbit/s) 640 800 640 1280 

��1) � �  #� ��+�%/  #� �"�%/   full 
duplex (Gbit/s) 

80 100 NA  NA  

OC768 �4� �/ /�$��'"(  16 16 16 32 

100GbE �4� �/ /�$��'"(  --- 8 8 12 

�($$��$,!  �$�"'�+! : �4� �/  
*"���6%/ / �$��'"(   

72 16 16 8 

�($$��$,!  �$�"'�+! : �4� �  
*"���6%/ /�$��'"(  ��.� �'�/  

16 16 16 32 

+(�����  2. � 	��
��  �����  �������	����  CISCO, JUNIPER & BOOM  
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	 (!  ��!���  2 ���(0'"45(! �"  *)(  *"�6(�� "�./  ��"$(�./  (�(0  �! "' ("1()!  '�  *)(  
*"�6(�� "�4  1�(!"�4  �$��'"�  '�  � "  �6(�4   �!  �!4� 0&�   (0  ��(-�! (/ ) �"�   �!  
��1" �� (!"�%  *�(#($(�� %  BOOM. 	 �!  1�  ��"$(�%  , �(0  (!(#45� �"  �4'�  1, �  
���*('�   �/  ���##%/   (0  *�(#($(�� %  BOOM ��+�%����  !�  ��!�"  �  �*"�  #�   �!  
���*('�   �/  ���##%/   (0  *�(#($(�� %  CISCO. 
4'�"  �0 %/   �/  0����'�/ , *���.&"  
0�(*(1./  �"�  �4� �/   +!  40G ��!�"  *"��.'"#�/  �"�  �4��  �4� �  *"���6%/   (0  �$�"'�(0  ��"  
'0!($"�4  *���.&"  �4� �/  *"���6%/  �!4  �$��'"(  ��  '�!, � (  ��"(  ��" �.�(! �"  �"�   �!  
*"�#��6+'�  �!�/  '0' %#� (/  �($$��$,!  �$�"'�+! . 

�  *�) ���  ��"$(�%  �&� 45�"   (  2�'"��  �$�(!.� �#�   �/  #��+'�/   +!  *"�' 4'�+!   +!  
��� ,!  40G ��"   �!  �"'��+�%  100 ��� ,! . �0 �  ��  (*��%'�"  '�  .!�  #���$) ��(  ��"�#�  
��� ,!  �!4  �$��'"(  (*�$ . 32 �4� �/  / �$��'"(  ' �  40 G, 12 ' (0/  100 G) ��"  .!�  �($)  
#"���  ��"�#�  ��� ,!  *"���6%/  �$�"'�(0  ' �  *"�#��6+'�  '0' %#� (/  �($$��$,!  
�$�"'�+! . 

��!�"  '�#�! "��  !�  $�6���  0� ’�3"!  � "  #��  '�#�! "�%  #��+'�   (0  '0! �$�' %  �$�#���/  
��!�"  ��" �)&"#�  ' "/  �4� �/  *"���6%/ , ��+�,! �/  � "  �  �&.$"&�  �/   �1!($(���/  (*����  
�4! �  ��(/  *"���6./  #�  #�"+#.!(  #.���(/  ��"  �� �!4$+'�  �!.���"�/ . �' (�"�4  �0 % �  
*"�*"��'��  % �!  ��" 01%/  ���   �!  ��(1%   +!  �(#�(*�� ,!  10G,  +!  (�(�+!  (" ��1"�./  
*"�' 4'�"/  ��1�!  #�"+���  ' (  2%  (0  ��1"�()  #��.�(0/ , � �!  (  �(#�(*.� �/  MSA 300 
PIN ��1�  %*�   0�(�("���� , �!,  ���� ��� , ��" �)1����  .!�/  ���4�(! �/  #��+'�/   �/  
 4&�+/   (0  10 #�   �!  �"'��+�%    (0  ' ("1��(0  XFP pluggable, (*��,! �/  '�  .!�  
#.���(/  �(0   ,��  ��!�"  0,2%  (0  ��1"�()  �!�#� �*� �  (�"��!�  45). �  �*"�  *"�*"��'��  
��($(0��� �"  ' (0/  �!�#� �*� �/  40G. 

 

#
�"��  45: #���
��  ���  ����������  10G ��"  MSA 300 PIN ��  XFP. 

�"�  �!*�1�#�!�  #��+'�   +!  *"�' 4'�+!   +!  ��� ,!  *"���6%/  ��  (*��%'�"  �$0'"*+ 4  
'�  2�$ "+#.!�  ���*('�   (0  �*"(0   (0  �$�"'�(0  ' (  (�(�(  2��'�� �"  ���� �' �#.!� . :!�  
throughput  �/   4&�+/   +!  1,28 Tb/s ��!�"  '���"#(  $�#24!(! �/  0� ’�3"!   (!  1��!(  �(0  
���" �� �"  �"�   �!  �#�(�"�%  �!4� 0&�  �!�/  *�(#($(�� %  #�  �!'+#� +#.!�/  6+ (!"�./  
$�" (0����/ , ��+/  ��( ��!� �"  �"�   (!  *�(#($(�� %  BOOM. 

;�+/  6��!� �"  ' (  	1%#�  44 �  non-blocking #% ��  #� ��+�%/  64x64, �(0  $�" (0����  #�  
+6.$"#(  6(� �(  160 Gbit/s, #�(���  !�  ��" �01���  #�  48 ' ("1�",*�"/  0��#(!4*�/  �(0  
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��( �$()! �"  ���   "/  #(!4*�/   �/  #% ��/  #� ��+�%/  *"�' 4'�+!  8x8 �(0  ���"��46� �"  
' �!  ���4���6(  2.1.1. 

��(��"#.!(0  !�  *�#"(0����()!  160 Gbit /s (� "�4  ���. �  ��"  !�  *�(#($(���()!  '�  #��  
#% ��  #� ��+�%/  64x64, ���" �� �"  (  '1�*"�'#�/  �4� �/  �!�#� �*� �  OTDM, ���,/  
��"  �  ��('��#(�%   (0  ' �!  #% ��  #� ��+�%/ . �  ��$(/   (0   �!�#� �*� �  OTDM ��!�"  
!�  *�#"(0��%'�"  (� "�4  ���. �  �� 4$$�$�/  #(�6%/  ,' �  !�  ��!�"  �6"� %  �  #� ��+�%  
 (0/  ���   �  #(!4*�  64x64 �$$4  ��"  *0!� �/  (  .$��1�/   (0/  � �!  *�(#($(�()! �"  '�  �$�  
 �!  #% ��  #� ��+�%/ . 

�(�"�4 , #��  �4� �  OTDM .1�"   (!  �*"(  ' �1(  #�   "/  S13 �4� �/  '�  ��1" �� (!"�%  CISCO, 
*�$�*% , �  $%3� ���. +!  ���   �!  #�'���  2��#�*�  �(0  '0!*.� �"  #�   "/  �4� �/  *"���6%/  
��"  *"�')!*�'�/  #�   �  #% ��  #� ��+�%/ . 	 �!  .&(*(   �/  #% ��/  #� ��+�%/ , '0$$.�(! �"  
 �  (� "�4  ���. � , ��"  �!  '0!�1���  #� � �.�(! �"  '�  �$�� �"�%  #(�6% , ��"  *"�2"245(! �"  
' (  backplane #.1�"   �!  .&(*�   (0/  ���   �!  �� 4$$�$�  �4� �  *"���6%/ . 

 

 

�����  46: *��
������
��  ������  ����	
	�� , ���  ���
�������
  �����������  � ���  64 OTDM RZ 

�
�  160 Gbit/s 	
�  ���
���	(�  ��
  ���	��  ���
���  �����
� .  

�  '1�*"�'#�/   +!  ��� ,!  OTDM ��!�"  .&+  ���   (  �! "���#�!(   �/  ���()'�/  #�$. �/  ��"  
' (  ����!  *�!  ��  �"���  ����" .�+ . ���  '�$�  �0 4 , ��!�"  '�#�! "��  !�  '�#�"+���  � "  (" 
�4� �/  OTDM ��"  �  #% ��  #� ��+�%/  .1(0!  (� "�./  *"�'0!*.'�"/  #�  1�%'�  
#(!(�0�#"�%/  (� "�%/  �!�/  (single-mode). �  $)'�  �0 % ��!�"  ����#("�  #�  �0 ./  �(0  
.1(0!  0"(�� ����  ���   �!  CISCO ��"   �!  JUNIPER ��(��"#.!(0  !�  *"�'0!*��()!   �  
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�$��'"� , (" #% ��/  #� ��+�%/  ��"  (" �4� �/  *"���6,! . �  #��4$�  '�#�! "�%  *"�6(�4  
#� �&)   +!  *)(  ��('����'�+!  ��!�"  � "  (" '0#2� "�(�  *�(#($(�� ./  1��'"#(�("()!  
�($0�0�#"�./  (� "�./  �!�/  (multi-mode), ���"*%  (" �4� �/  �!�#� 4*('�/  (*�$�*%  S1 ��"  
S3 �4� �/ ) .1(0!  '0' ("1��/  #�  1�#�$�  �0�#�  bit (multi-mode) +/  �(#�(�  ��"  +/  *.� �/ . 
�' �'(  �  ��"$(�%  1�%'�/  03�$()  �0�#()  bit �"�  ��(,��'�  ���. +!  ���  ��"  ��(/   �!  
#% ��  #� ��+�%/  ��+��� �"  ���� 4  *���!��%  $)'� . �(  �.#�  ��!�"  ���� 4  �($)�$(�( , 
���"*%  .!�/  03�$�/  �0�#�/  bit ��" �.��"  #"��� ��(  ��"�#�  PIC *�*(#.!+!   +!  
'0' ("1",!  �($)�0�#"�,!  (� "�,!  "!,! . ��"�$.(! , (" #(!(�0�#"�./  (� "�./  �!�/  
#�(�()!  !�  ���0��()!   �!  �&"��"' �  #� 4*('�  *�*(#.!+!  '�  ��(' 4'�"/  1 1"$"(#. �(0  
�����(0  #� �&)   �/  �4� �/  *"���6%/  ��"   �/  #% ��/  #� ��+�%/  �!,  ' �!  ����� +'�  
 +!  �($0�0�#"�,!  ���"(�"5�#�' �  ����   �  100 #. �� . 	0!(3�5(! �/  ��  #�(�()'�#�  !�  
�()#�  � "  (" #(!(�0�#"�./  �!�/  #�(�()!  !�  1��'"#(�("��()!  '�  ���"� ,'�"/  �(0  *�!  
0�4�1�"  #��4$�  ��+���6"�%  *"�'�(�4  ���4  #�!(  '�  �($)  #"��% �� �!�  ,' �  (  
*�(#($(�� %/  ��"   �  ���  #.�(0/  *"� 0��4  ' ("1���  !�  #�(�()!  !�  �! ��(��"�()!  ' "/  
��4' ( �  �!4���/  ��"  ���" %'�"/ . 

���+   (0  #��.�(0/   �/  ��"   �/  �� �!4$+'�/  �!.���"�/ , �  #% ��  #� ��+�%/  *"�' 4'�+!  
64x64 *�!  #�(���  !�  1��'"#(�("����  '�!  #��  �!"���  �4� �  *�(#($���'�/ .�  �� 4$$�$�  
��1" �� (!"�%  ��!�"  �  '0!4��("'�  '�  #"�  #�!(  �4� �  #� ��+�%/  .&" #�$(�  8x8, 
(#�*(�(",! �/   ��"/  ' ("1�",*�"/  #(!4*�/  �"�  �� �)�0!'�  (	1%#�  47). ��  �0 %  �  
*"�#��6+'� , �4��  #% ��  #� ��+�%/  ��  1��'"#(�("��   (  1/8   �/  '0!($"�%/  �#6�*�(#�/  
�� �)�0!'�/   �/  #% ��/  64x64. �4��  #% ��  #� ��+�%/  ��  ��.��"  !�  '0!*.� �"  #�   "/  
�4� �/  �!�#� 4*('�/  OTDM #�  4 #(!(�0�#"�4  (� "�4  ��$,*"�  ( (  ���.!�  ��( �$�� �"  
���  (� ,  �!�/ ). �! �/  �4��  #% ��/  #� ��+�%/ , (�"�  �4��  �� �)�0!'� ), (" *"�'0!*.'�"/  
#� �&)   +!   �",!  8x8 #� ��+�.+!  ��"   +!  EDFAs �(0   (�(�� ()! �"  #� �&)   (0/ , 
0$(�("()! �"  ���'�/  #�  SM ��$,*"�  (	1%#�  48). 



 
 

74 
 

 

�����  47: -���
���  ���������
��  ��"  ���  �����
��  ���
������
��  ���  ������  ����	
	�� .  

 

�����  48: 2��
��  ���
������
��  ���  ������  ����	
	��  BOOM.  
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�����  49:  *��
������
��  ������"	����  �������
�  �
�  ���
  �
�  ������  �
���!�� , 

������	����  ������"	����  ��
  ������  ����	
	�� . 

�"  8 �4� �/  #� ��+�%/   �/  #% ��/  ��!�"  ���� �' �#.!�/  '�  .!�  �!"��(  �$��'"(   (  (�(�(  
��( �$��   (  �$��'"(  �(0  ��!�"  ��(�$�"' "�4  0��)�0!(  �"�   �!  *"�*"��'��  #� ��+�%/ . �"  8 
�4� �/  OTDM �� 4  �4'�  �"��!� � �  ��  ��!�"  ���� �' �#.!�/  ' (  �$��'"(  *"���6,!  
�!4$(��  #�   "/  *"�' 4'�"/   +!  ��� ,!  *"���6,!  �!,  �4��  �$��'"(  *"���6,!  ��  ��.��"  
!�  0�(' ���5�"  ���  4 .+/  8 OTDM �4� �/  '�  .!�  �!"��(  �$��'"( . �!  �����" �"  �"�  4 
OTDM �4� �/  ' (  �$��'"(  *"���6,! , �  ��1" �� (!"�%   (0  *�(#($(�� %  ��  ���"$�#24!�"  
.!�  �$��'"(  #� ��+�%/  ��"  *)(  �$��'"�  *"���6,!  (	1%#�  50). �!  ���� �' ��()!  8 
�4� �/  '�  .!�  �!"��(  �$��'"(  *"���6,! , �  ��1" �� (!"�%   (0  *�(#($(�� %   ��  
���"$�#24!�"  .!�  �$��'"(  #� ��+�%/  ��"  .!�  �$��'"(  ���##,!  *"���6%/ . 

 

  �����  50: 3��$�  �������	���  BOOM  
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�"�  !�  '0!(3�'(0#� , #�   �!  �"'��+�%   (0  (� "�()  #� ��+�.�  8x8 ��"   �/  #% ��/  
#� ��+�%/  (� "�,!  ���. +!  64x64,��(�)� �"  #"�   ��4' "�  #��+'�   (0  ��"�#()  
"��"+#4 +!  '�  ')���"'�  #�   "/  $)'�"/  �(0  ��('6.�(0!  (" *)(  ��+ (���("   �/  ��(�4/  
*�(#($(�� ,!  , CISCO ��"  JUNIPER. 

 CISCO JUNIPER BOOM_ 
phase_1 

BOOM_ 
phase_2 

	0!($"�%  �0�#���*('�  (Tbit/s) 92 25 20.5 20.5 

�0�#���*('� /�$��'"(  (Gbit/s) 640 800 640 1280 

OC768 �4� �/ /�$��'"(  16 16 16 32 

100GbE �4� �/ /�$��'"(  --- 8 8 12 

�($$4�$,!  �$�"'",! : �4� �/  
*"���6%/ /�$��'(  

72 16 16 8 

�($$��$,!  �$�"'�+! : �4� �/  
*"���6%/ /�$��'"(  ��.� �'�/  

16 16 16 32 

�($$��$,!  �$�"'�+! : �4� �/  
#� ��+�%/ /�$��'"(  ��.� �'�/  8 16 4 8 

�($$��$,!  �$�"'�+! :�4� �/  
#� ��+�%/ /�$��'"(  8 3 1 1 

�($$��$,!  �$�"'�+! :�4� �/  
#� ��+�%/ /�$��'"(  24 5 8 8 

+(�����  3. � 	��
��  �������	����   �����  CISCO, JUNIPER ��
  BOOM  
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4 �
	����  ���  ���  ����������  ���������  

�(  #(! .$(  �(0  ��( ��!� �"  �"�   (!  *�(#($(�� %  BOOM ��( �$��   �  24'�   �!  24'�  
�4�("+!  ���3�+!  '1� "�4  #�   �!  �� �!4$+'�  �!.���"�/  ��"  "'1)(/ . 
 
 
 
 
 

4.1 ��!�%.�  �$��*'"!����  

 

�  �� �!4$+'�  ��)#� (/  .1�"  ���'6� �  �!�*�"1���  +/  .!�  '�#�! "��  ���2$�#�  �(0  
(6��$� �"  ' �!  �)&�'�   (0  ��' (0/   �/  �!.���"�/  $��+   +!  '1� "�,!  ���"2�$$(! "�,!  
��"� ,'�+! . 	)#6+!�  #�  *"46(��/  �� "#%'�"/ , (" �6��#(�./  ' "/  ��1!($(���/  
�$��(6(�"�%/  ��"  ��$��"�("!+!",!  (Information & Communication Technology) 
�0�)!(! �"  �"�  .!�  �('(' �  ���  2% .+/  10%  �/  �����'#"�/  �� �!4$+'�/  �!.���"�/ , 
��"  ���(#�,!  ����+!  �!,  �!�#.!� �"  !�  *"�$�'"�' ()!  #.1�"   (  2020, 6�4!(! �/   (0/  
1,43 Gt CO2 ����('#�+/  [45]. 
 
�  �� �!4$+'�  "'1)(/   +!  �$�� �(!"�,!  '0'��0,!  �0&4!� �"  �4��  �($)  ��%�(��  #�  
 �!  �! �' ("1�  �)&�'�   �/  *"��"!()#�!�/  �$��(6(���/  ' �  *�� 0�  ��"�("!+!",!  ��"  
0�($(�"' ,! . 

 

�����  51: ,������
��  
�� ��  ���������
  ���  �
���
�"�����  �
�  �������	����  [45] 
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�����. (0#�  .!�  ���4*�"�#� , ��+/  6��!� �"  ' (  	1%#�  51 #�   �!  "'1)  �(0  ���" �� �"  
���  *"�6(�� "�./  �� ��(���/  *�(#($(�� ,!  +/  '0!4� �'�   �/  '0!($"�%/  
1+�� "�� � �/  #� ��+�%/ . :!�  �!*"�6.�(!  '0#�.��'#� , ��!�"  � "  �  �� �!4$+'�  
�!.���"�/  ��!�"  '1�*�!  ���##"�%  #�   �!  ���*('�  *�(#($(�� ,!  03�$,!  ��(*"����6,!  
�(0  �� �!�$,!(0!  '%#���  ���"''� ���  ���  10 KW "'1)(/  �� 4  #.'(  ��( . 

�(  ��( .$�'#�  �(0  ��(�)� �"  ��!�"  � "  (" 6(���/  ���(1%/   �$��"�("!+!"��,!  
0����'",!  ��!�"  �$.(!  0��)�0!("  �"�   (  37%  +!  �����'#"+!  ���(#�,!  �(0  
��(.�1(! �"  ���  ICT, �!,   �  �.! ��  *�*(#.!+!  ��"   �   ��#� "�4   +!  1��' ,!  �"�   (  
0��$("�(  �('(' � . 	 �!  � �$�� , �"�  ���4*�"�#� , �  Telecom Italia ��!�"  (  *�) ��(/  
#���$) ��(/  �� �!�$+ %/  �$�� �"�%/  �!.���"�/  #� 4   (!  ����!"'#�  	"*��(*��#+! . 
��#24!(! �/  0� ’�3"!  .!�   0�"��  �4�(1(  0����'",!  Internet (ISP), �  �� �!4$+'�  
�!.���"�/   (0  *"� )(0  �(�#()  ��"  #�!(  ��!�"  �4!+  ���  12 GWh '�  .!�  1��!( . 	�  �0 �   (  
�$��'"( , ���.1(! �/  100 Mb/s (% �����4!+ ), �  ���'2�'�  �"�  �4��  �($� �  ����' � �"  
#4$$(!  �*)!� �  $��+   �/  .$$�"3�/  ���+!  �"�   �!  ���(1%  �$�� �"�%/  �!.���"�/   �'(  
' �!  �����+�%  �'(  ��"  ' �  *"�!(#% . 

�' �'(  �!�$$�� "�./  $)'�"/  ��(��"#.!(0  !�  ��" �01���  �&("�(!�#�'�  �!.���"�/  
���! ,! �"  ' �  (� "�4  *�� 0� . 	�  #��  ��('.��"'�  ��"�.*(0  *"� )(0  (network level), 
#�(���  !�  ��" �01���  03�$% �!����"��%  ���*('�  #�   (!  '1�*"�'#�  #��/  !.�/  
��1" �� (!"�%/  �$$4  ��"  #�1�!"'#,!  '�  � "  �6(�4   �  '0! %��'�  ��"   �  $�" (0����   (0 . 
�)(  ��!�"  (" *0!� ./  ��"$(�./ : ' �*"��%  ���!���(�(��'�  ��$�",!   �1!($(�",!  ��"  
*�(#($���'�   +!  *�*(#.!+!  '�  .!�  �$41"' (  0�(')!($(  '0' �#4 +!  �(0  #�(�()!  !�  
*"�1�"�"'�()!   �!  ��!�'�  #�   �!  2.$ "' �  1�%'�  *"� 0��,!  ���+!  ' (  ��"�0#� �  
�����*(  �("� � �/ . 

���  $�" (0��"�%/  ���3�+/ , !.�  ��(-�! �  ��  #�(�()'�!  !�  ��('6.�(0!  �($)  
'�#�! "�./  $)'�"/  '�  � "  �6(�4   (!  '0!($"��  ��$0� �#�!(  ���(  ,  �!  �!.���"� , ��"   "/  
���" %'�"/  3)&�+/  �!�/  POP (Point Of Presence) ' �  �$��'"�  *"� )(0  !.�/  ��!�4/ . 
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4.1.1 ����!"0)�*  ���+ �  ��  #� ' 0 (*�.�  

�  �!����"��%  ���*('�   +!  *�(#($(�� ,!  *"� )(0  �(�#()  .1�"  2�$ "+���  #�   �!  �4�(*(  
 +!   �$�0 ��+!  � ,! , ��"  ��(2$.�� �"  � "  �  ���*('�   (0/  ��  '0!�1�'�"  !�  2�$ ",!� �"  
' (  #.$$(!  #�   �1��/  �0�#()/  (	1%#�  52). 

 

 

�����  52: ����  ���&�
��  ��(
��  �������
���  
�� ��  ��  �������	���  CISCO ��  �����  ��
�  

������  �
���!��  (MSC), ������	����  (RPs) ��
  ����
������ . 

���'6� �/  .��0!�/  .1(0!  *��&�"  � "  (" high-end *�(#($(�� ./  '%#��� ,  �/   4&�+/   (0  1 
Tb/s, �� �!�$,!(0!  �����(0  10 nJ �!4  bit  (0  throughput *�*(#.!+!  [42]. 

	 (  	1%#�  53 6��!� �"  .!�  ��$�  '1�#� "��   +!  �)�"+!  $�" (0��"�,!   #�#4 +!  �!�/  
high-end �$�� �(!"�()  *�(#($(�� %  1 Tb/s. �"  *"46(��/  2��#�*�/  ���(0'"45(! �"  ' �!  
§ 3.6.7. �� �&)   +!  2��#�*+!  �0 ,! , �  �$.(!  �!���(2���  ��!�"  �  #�1�!%  ��(,��'�/  
*�*(#.!+!  (forwarding engine) (32% ���   (0  '0!�$(0 ),  �   �(6(*( "�4 , (" �!�#"' %��/ , 
��"  ����+���/  ���#� � �/  (35% ���   (0  '0!�$(0 ). �  #% ��  #� ��+�%/  �� �!�$,!�"  
#�!(   (  10%  �/  ($"�%/  "'1)(/ . 



 
 

80 
 

 

�����  53: ���
�"  �
�	�����  "�
�  �
�  ��
����	
��  ���  ��
���
�"  ��"�  �������	���  ��&��  ��
  

��������  �������
���  
�� 
�  ���  ��&�(��  [42]
. 

 

�  �����4!+  �!4$0'�  *�(#($(�� ,!  �(�#()  .1�"  ����#� (�("����  ���'�/  ' �!  
Telecom Italia,  �'(  '�  '0' %#� �  �!"��(0  �$�"'�(0  �'(  ��"  '�  '0' %#� �  �($$��$,!  
�$�"'�+! . 

��  *�*(#.!�  ���(0'"45(! �"  ' (  �����4 +  ��46�#� . 	)#6+!�  #�   �  *�*(#.!�  �(0  
#� �,! �"  ���  ����#� "��  �&(�$"'#�  ���� �' �#.!(  ' (  ��*�( , �  2��#�*�  #� ��+�%/  
�!�/  *�(#($(�� %  ��!�"  ���� 4  *���!��%  ���   �!  4�(3�   +!  �� �!�$,'�+!  "'1)(/ , 
�"*"�4  '�  �$��'"�  �0 �!(#(0  0�('0' %#� (/ , ��(0  #� �4  ���"''� �� o ���   (  30%  �/  
'0!($"�%/  �� �!4$+'�/ . 

	 (  �$��'"(  ���##,!  *"���6%/ , �  "'1)/  �(0  ���" �� �"  �"�   �  #% ��  #� ��+�%/  (S13 
�4� � ) ��!�"  '�6,/  �"(  ���"(�"'#.!� , ��"  6 4!�"  #.1�"   (  12%  �/  '0!($"�%/  
�� �!4$+'�/  (	1%#�  54), �!,  +/  ���   (  �$��' (!  �  "'1)/  �� �!�$,!� �"  ' "/  �4� �/  
*"���6%/  ���,/  ��"  �� 4   �!  ���&����'��   +!  ���. +! . 

��!�"  '�#�! "��  !�  '�#�"+���  � "  (" �����4!+   "#./  ��!�"  �('(' "���/  ��"  � "   �'(  (" 
�4� �/   S2 �'(  ��"  (" �4� �/  #� ��+�%/  S13 .1(0!   �!  �*"�  �� �!4$+'�  "'1)(/ , �  
(�(��  �0#��!� �"  ' �  220 W. 
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36%

64%

FCC_COMMON PARTS

S2 CARD

12%

23%

65%

S13 CARD

FCC_COMMON PARTS

LINE CARDS/RP

 

�����  54: 2��!���  �������
���  ����	�
��  	
�  �
�  ��
����	(��  ����	
	��  (��
����� )  ��
  

�
���!��  (���
� ). 

�  �*"�  �!4$0'�  ���!�$%6����  $�#24!(! �/  0� ’�3"!   �!  ��1" �� (!"�%   (0  *�(#($(�� %  
'�  *"4 �&�  �($$��$()  �$�"'�(0 , '0#���"$�#2�!(#.!(0  ��"   (0  �$�"'�(0  #� ��+�%/  ��"  
���##,!  *"���6%/ . 

4%
13%

35%

48%

S2

S13

Common Units

Line cards

 

�����  55: 2��!���  ���  ��(���
  ���  ��
������  �������
��  ��  ��&�  ��
����	
��  ��&�(��  ���  ��"�  

�������	���  �����  ���  �(����  '/  ���  Telecom Italia.  
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0.4
1.5

4.1

5.6

S2

S13

Common Units

Line cards

 

�����  56: 2��!���  ���  ��(���
  ���  �������
��  ��  KWatt ���  Terabit throughput 

 

4.1.2 ����!"0)�*  ���+ �  ��  #� ' 0 (*�.�  �		�  

��  '0' %#� �   �/  �$� 6��#�/  BOOM �� �!�$,!(0!  �!.���"� , . '"  ,' �  !�  ��" �$()!  
��"  !�  ($(�$��,!(0!   "/  $�" (0����/   (0/  (�"�  ���4*�"�#� , �� �!�$,!(0!  (� "�%  "'1) , 
�"�   �!  #� � �(�%  �!�/  #%�(/  �)#� (/  '�  .!�  �$�� �"��  '%#�  �$.�1(0 ) % �"�   �  
' ����(�(��'�   �/  �� 4' �'%/   (0/  (����+�%  ���#� � �/ , .$��1(/  ��"  ' ����(�(��'�  
���#(���'��/ ) % �"�  !�  '0! (!�5(0!   "/  (� "�./  ����#. �(0/   (0/  ('0! (!"'#�/  
ROADM #"��( -*�� 0$�+! , ���(�"'#�/   +!  UWDM ��(�($0�$�� ,! , �)�#"'�  ��"  
' ����(�(��'�  #%�(0/  �)#� (/ ). 

	 �!  '0!.1�"�  ��  0��"'.$�(0#�  '�  ���"''� ���/  $�� (#.��"�/  �"�  �4�("�/  ���  �0 ./ . 
;'(!  �6(�4   �!  �����+�%  (� "�%  �!.���"�/  ��"   �  #� � �(�%  #%�(0/  �)#� (/ ,  (  
$."5��  EML ��  �� �!�$,'�"  #.�"' �  �$�� �"�%  "'1)  �����(0  0,5 W. 

;'(!  �6(�4   �  �$�� �"�4  '%#� �  �$.�1(0  ��  �� �!�$,!(0!  �����(0  4.5W. 	�  � "  
�6(�4   �!  �� �!4$+'�   (0  �0�#"5�#�!(0  $."5��  �0 % ��!�"  �($)  03�$� ��� , ��"  6 4!�"  
����   �  18W. 

:!�  �! �1�� o #"��� -*�� 0$�(0  (micro ring resonator) �"�  ROADM 1��"45� �"  
�����" % +/  �4�("�  �$41"' �  "'1)  �"�  !�  '0! (!�'�"   "/  (� "�./  ����#. �(0/   (0 . �  
'�#��"!%  ��!�4  �! �1��+!  ���" ()!  �����(0  500 mW "'1)(/  �"�  �4��  ���#�! "��  
' ("1��(  �4!+  ' (   '"� . 	 �  !�� ���  *"�*"��'��  �� �'��0%/  �  ���" ()#�!�  "'1)/  
���#�! "�()  ' ("1��(0  �� .�1� �"  �� 4  .!�  '0! �$�' %  ���  6 .+/  80 mW �!4  
���#�! "��  ' ("1��( . �  '0!($"�%  "'1)/  ���#� � �/  ��  ��.��"  !�  �6�"�����  ���   �!  �*"�  
 �  '0'��0% . �0 �  #�(���  !�  ��!�"  #�   �  1�%'�  �!�/  #� �$$"�()  �$4'#� (/   (�(�� �#.!(  
�! �/   (0   '"�  �(0  *"� ���� �"  '�  #"�  ' ����%  ���#(���'��  �"�  ���4*�"�#�  #�  .!�  
' ("1��(  Peltier. :!�  #��4$(  #.�(/   �/  ���#� � �/  ���   �!  3)� ��  #�(���  !�  
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��(#���0!���  #�  �� "!(2($��  1��'"#(�(",! �/  #��  �� 4$$�$�  '1�*"�'#.!�  3)� �� . �(  
' ("1��(  Peltier 1��'"#(�("�� �"  �"�   �  ' ����(�(��'�   �/  ���#(���'��/   (0  (� "�()  
�0�$,#� (/ , '�  �'(!   (  *0!� �!  1�#�$� ��(  �����*( . 

�/  ��!"��/  ��!�!�/ , #�(���  !�  ��+�����  � "   �  ' ("1���  peltier #�(�()!  !�  
�� �!�$,'(0!  ���#�  ��"  #.1�"   (  *"�$4'"(   (0  �('()   �/  �!.���"�/  �(0  ��4�� �"  ��"  / 
% 4�� �"  *"�#.'(0   �/  '0'��0%/ . 

 

4.1.3 �
! 0�%&  %���!"0)�*  $0��/-�'��  �		�  

��  *�*(#.!�  '1� "�4  #�   �!  �� �!4$+'�  �!.���"�/   +!  ��"#.�(0/  6+ (!"�,!  ' ("1��+!  
�(0  �!'+#� ,!(! �"  '�  �$��. �  SOI �"�   �  *�#"(0����  #��  #(!4*�/  #� ��+�%/  8x8 
 �1!($(���/  BOOM .1(0!  '0$$�1���  ��"  '0���! �+���  ' �!  ���()'�  ���4���6(  . 
�  ��!���/  4 ���(0'"45�"   "/  *"46(��/   "#./  �"�   �  *(#"�4  ' ("1���  �(0  ���"�(!�5(! �"  
' �!  § 2.1.2 ' (  	1%#�  3. �"�   �  *"46(��  ' ("1��� , �  �� �!4$+'�  "'1)(/  0�($(��' ���  
$�#24!(! �/  0� ’�3"!   (0/   #"��(�0#� "�()/  (*��()/  �"�   �  $."5�� ,  (0/  *"�#(�6+ ./ , 
(*��()/  �$�� �(!"�()  �$.�1(0 , ���#"�()  �$.�1(0 , �)�#"'�  ��"  ' ����(�(��'�   +!  
*"�6��+!  6+ (!"�,!   '"� . 
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8x8 BOOM 2�'"��/  #� ��+�.�/      

�(!4*�/  ��"�#�/  
�4� �/  
' (  
�$��'"(  

�('� � �  Watt 	)!($(  

�4� �  SOI   2 0 0 
�"�1+�"' %/  � "�. �/  �"'�*(0  1 8 0 0 
UWDM ��(�($0�$.� �/  & drivers 2 8 2.5 20 
PD + TIA + drivers 3 8 1.2 9.6 
�$�� �(!"��  ' ("1��(  *�#"(0����/  
� "�. �/  

7 1 2 2 

driver �"�  $."5��  EML 8 8 4.5 36 
EML 8 8 0.5 4 
�0�#"5�#�!(/  driver �"�  $."5��   EML 9 1 18 18 
�0�#"5�#�!(  $."5��  EML  9 1 0.8 0.8 
SOA + 2 DI 4 8 1.2 9.6 
Drivers �"�  SOA (TEC + current) 4 8 4.5 36 
Drivers �"�  2 DIs (TEC) 4 8 4.5 36 
	05�)� �/  � "�. �/  �"'�*(0  5 8 0 0 
ROADM 6 8 2.5 20 
	05�)� �/  �&�*(0  8:1  12 8 0 0 
EDFA IN 10 8 1 8 
EDFA OUT 11 8 1 8 
:$��1(/ /��"�("!+!�� /�)�#"'�  
�$�� �(!"�,!  

13 1 0.5 0.5 

	
����   - - 208.5 

+(�����  4: ,������
��  
�� ��  �
�  ��
������  ��&�(�
�  ��"�  ����	
	��  8x8.  

 

=��"!,! �/  ���  .!�!  #� ��+�.�  8x8 ��"  '0#���"$�#2�!(#.!+!   +!  �$�� �(!"�,!  
' ("1��+! ,  +!  �("!,!   (0/  #��,! ,  (0/  ����+�()/  ���#� � �/ ,  "/  �)��/  ��"�("!+!��/  
��"  *"���6./  �$$4  ��"   �!  #% ��  #� ��+�%/ ,  �  ' ("1���  �� �!4$+'�/  �!�6.�(! �"  ' (!  
��!���  5. 
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�#6�*�(#�  �4� �  #� ��+�%/  3 
2��#�*+!  

    

�(!4*�/  �('� � �  Watt/#(!4*�  	)!($(  KW 
8x8 BOOM 2�'"�%  #(!4*�  6.0 208.5 1251 1.2 
�4� �  �$.�1(0  & �$�� �(!"�4  
��"�("!+!��/  

1.0 5.0 0.0 0.0 

�4� �   �(6(*('��/  1.0 5.0 0.0 0.0 
��1�!"�4  & (� "�4  ' ("1���  1.0 0.0 0.0 0.0 

	)!($(  - - 1251 1.2 

+(�����  5. ,������
��  
�� ��  ����
���  ������  ����	
	��  8x8. 

 

�#6�*�(#�  #% ��   64x64 �$�"'�(0      
�(!4*�/  N. Watt/unit Total KW 
�#6�*�(#�  �4� �  #� ��+�%/  3 
2��#�*+!  

8 1251 10008 10.0 

�$��'"(  #�  �("!4  #.��  1 4200 4200 4.2 
	
����  - - 14208 14.2 

+(�����  6. ,������
��  
�� ��  ���
�(��  ��  ������  ����	
	��  BOOM. 

�  �4� �  #� ��+�%/  BOOM ���" ��  1,2 KW, *�$�*%  ��! ��$4'"�  �� �!4$+'�  ���  � ,  " 
#��  �! �' ("1�  �4� �  �!�/  *�(#($(�� %  Cisco, �(0  ���" ��  �����(0  240 W. �  
#� ��+�.�/  BOOM ���" ��  14 KW ��+/  6��!� �"  ' (!  ��!���  6, *"�$4'"�  *�$�*%  
�!.���"�  �� ’�0 % �(0  ���" �� �"  ' �!  ����� +'�  �!�/  #� ��+�.�  CISCO. 

���  '�$�  �0 4 , ��+/  6��!� �"  ' (!  ��!���  3, �  ���*('�   �/  �4� �/  BOOM ��!�"  
03�$� ���  ���  � ,  "  �  �$�� �(!"�4  ' ("1���   (0  *�(#($(�� % . 	�  � "  �6(�4   �!  
*"���!�'�   +!  *�*(#.!+!  ���  �$�0�4/   �1!($(���/  
���  �0 % ��!�"  *"�$4'"�   �/  
���*('�/   �/  JUNIPER ��"  *0�#"'"  6(�./  03�$� ���  '�  ')���"'�  #�   �!  CISCO. 
 
�  ')���"'�  �0 % *��1!�"  � "  (" ���$(0��/  '�.3�"/  �"�  .!�  '0#2� "��  *�(#($(�� %  ��"  
.!�!  *�(#($(�� %  BOOM ��.��"  !�  ����#� (�("��()!  1��'"#(�(",! �/  #��  �("!%  
�$�#��� . �0 �  #�(���  !�  ��" �01���  #�  #��  .!*�"&�   �/  �� �!4$+'�/  "'1)(/  �!4  Tb/s 
throughput 24'�"  *�(#($���'�/  *"�#.'(0   �/  #% ��/  #� ��+�%/  (	1%#�  56). 
 
 
 

��  ' ("1���  �"�   �!  �� �!4$+'�  ��)#� (/  (*��()!  ' (  '0#�.��'#�  � "  �"�   (0/  
*�(#($(�� ./  
���  ��!�"  '�6,/  1�#�$� ���  '�  '1.'�  #�   (0/  '0#2� "�()/  
*�(#($(�� ./ . 
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��!�"  '�#�! "��  !�  '1($"�'���  � "  (  6+ (!"��/  *�(#($(�� %/  
���  �� �!�$,!�"  
�!.���"�  �!4$(��  #�   (0$41"' (!  .!�  ���   �  #(! .$�  '0#2� "�,!  *�(#($(�� ,!  ��   +!  
*)(  #��4$+!  �� �'��0�' ,! . �0 �  '�6,/  ��( �$��  .��$�&�  *�*(#.!(0  � "  #.1�"   ,��  
' (  ����!  ���#�!(   �!�6.�� �"  '0!�1,/   (  ���(!�/  � "  (" *�(#($(�� ./  
���  ��!�"  
"*"�� ���  6"$"�(�  ��(/   (  ���"24$$(!  ��"  � "  �&("�(!(#()!  #��4$�  �('4  �!.���"�/ . 
 
�  �!4$0'�  �� �!4$+'�/  "'1)(/  #.1�"   ,��  .�1� �"  '�  �! ���'�  #�   (  2�'"��  
'0#�.��'#� , $�#24!(! �/  �#+/  0� ’�3"!   �  *�*(#.!�  �(0  *"� ���! �"  '%#��� , ��  
#�(�()'�  !�  ��!�"  �!���"2%/  ���"*%  ��$4  �!�6���#�' �  '�  .!�  ��+ � 0�(  !.�/  
 �1!($(���/ . ��  .�����  !�  #�!  ��+�����  .��$�&�  �!   (  ��( .$�'#�  ��  % �!   (  
�! ��� ( . 	 �!  ����#� "�� � � , .!�  ��$4  *(�"#�'#.!(  ��(-�!  #�  �($0� %  ���(0'��  
' �!  ��(�4  '0����!� �"  #�  #��  �! �$,/  !.�   �1!($(���  ��"  �  ��1" �� (!"�% . 
�' �'( , (" 0�($(�"'#(�  .1(0!  ��!�"  #�  #��  ���$"' "�%  ��('.��"'� , 0�4�1�"  �#+/  
#���$) ��(  ���"�,�"(  2�$ �+'�/ . 

�"46(��/  $)'�"/  �"�   �!  �!�1!�0'�  � "�. �/  ��"  $�#24!(! �/  0� ’�3"!   �  *0!� � � �  
��(60�%/  *"����6%/   �/  '�  �4��  ' 4*"(  #� ��+�%/ , ��  #�(�()'�  !�  ��!�"  � .1 �  
�&4$�"3�  *"�*"��'��/  ���!�����6%/   �/  ��"  �   �0 �1�(!�  #��+'�  �� �!4$+'�/  
�!.���"�/ . ��"�$.(! , �  #��+'�   +!  ��+$�",!  �0#� (*��()  ��"  (" $)'�"/  $."5��  03�$%/  
"'1)(/  ��  #�(�()'�!  !�  2(��%'(0!  ' �!  �$4  +'�   (0  ��"�#()   +!  EDFAs �(0  
���" ()! �"  �"�  !�  *"� ������  �  ���'2�'�  �! �/   +!  1+�"�,!  �$�"'�+!   �/  #% ��/  
#� ��+�%/ . 

�.$(/ , .!�  4$$(  '�#�! "��  '�#��(  �(0  ��.��"  !�  0�(���##"'���  ��!�"  � "  �  ��1" �� (!"�%  
 (0  6+ (!"�()  *�(#($(�� %  #�(���  !�  '0���"���  #�   (!  '0#2� "��  '�  � "  �6(�4   �!  
'0!($"�%   (0  ���*('�  �6()   (  �!����"���   (0  ��( )�+#�  #�(���  !�  ��!�"  $"�� ��(  ���  
 (  .!�  �.#� (  '�  '1.'�  #�   (!  '0#2� "�� . 
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5  ����	 -	��	�	����  �������  

	�  �0 %!   �!  �!� � �  ��  ��!�"  #��  ��('�4��"�  !�  �!�$0���   �1!( -("�(!(#"�4  �  0"(�. �'�  
#��  $)'�/  �(0  2�'�5� �"  ' �!  �$� 6��#�  BOOM. �  �!4$0'�  ��  $�#24!�"  0� ’�3"!   �!  
�� �'��0% , �!4� 0&�  ��"  ($(�$%�+'�   +!  *"�*"��'",! , ���,/  ��"   (  �! �' ("1(  ��' (/ . 
�  �!4$0'�  �0 % .1�"  �4�("(  ����!%  ��#�$",*�  ���"(�"'#� , �0��+/  $��+   (0  ���(!� (/  
� "  (�"'#.!�/  '0'��0./  .1(0!  .!�  2��10�����'#(  #.'(  ��(  ��#� 4$$�0'�/ , �!,  �  
�$� 6��#�  '�!  ')!($(  ���,/  ��"  4$$�  ��"#.�(0/  ' ("1���  % 2��#�*�/  .1(0!  
#���(�����'#�/  *0!� � � �/  ��#� 4$$�0'�/ . 
 

�  '0�1,!�0'�  �$+!  �0 ,!   +!  ' ("1��+!  ��  (*��%'�"  �'+/  '�  .!�  ��+ ��1"��  
��( .$�'#�  �(0  '�  ��#��  ����� +'�  *�!  ��.��"  !�  ��+�����  '�!  �� �!%/  �!4$0'�  
��(�4/  (market analysis) ��$()' � �  *"� "  �#���".1�"  �4�("�  �2�2�"� � �  �  (�(��  
#�(���  !�  (*��%'�"  '�  '64$#� �  ��"  $�!��'#.!�  '0#���4'#� � .  

 

5.1 ���! - �% ! '�%&  �!"0
�*  (��  �
'3���% +�  #� ' 0 (*�.�  
#�%�+ 
  % �' +  

�"#(�� 4$(�("  �"�   "/  *"46(��/  �4� �/   �  *"46(��  ��(-�! �   �/  CISCO ��"   �/  JUNIPER 
��!�"  *"��.'"#�  on line (www.globalpricelist.com). ��  ' ("1���  �0 4  #�(�()!  !�  
��+���()!  +/  .!�  ��$�  '�#��(  ����!�'�/  �"�  #"�  ��+ ��1"�%   �1!( -("�(!(#"�%  
�!4$0'�  '0#2� "�,!  *�(#($(�� ,! . �"   "#./  �0 ./  ��( �$()!  '0!%�+/   (  '�#��(  
�!�6(�4/  �"�   �!  ("�(!(#"�%  �&"($���'�   +!  ��('6(�,!  �� 4   �  *"4���"�  *"��+!"'#,!  
�"�   �!  ���� �'�  !.+!  *"� 0��,!  ��(-�! +! . 

�"�   (0/  *)(  #��4$(0/  ��(#���0 ./ , #"�  $�� (#��%/  �!4$0'�   �/  ��1" �� (!"�%/  .1�"  
%*�  ����#� (�("����  �!,  .1�"  0�($(�"'���  (  ��"�#�/   +!  ��� ,!  �(0  ���" ()! �"  �"�  
 �!  �$%��  *"�#��6+'�   (0  '0' %#� (/  '�  .!�  ����#� "��  *�� 0( . 
	�#�"+ .(!  � "  ��1�!  *(���  %*�  �!*�"� "�./   "#./  �"�   "/  *"46(��/  �4� �/  #� ��+�%/ , 
*"���6,! , ���&����' ,! , �$.�1(0  ��"   �(6(*('��/ . 

;$�   �  ��"#.�(0/  ' ("1���  �� ��(�"(�("%����!  ��"  (#�*(�("%����!  ,/  �&%/:  
• �("!�  #.�(/  ('�'� , ���(1%  �$�� �"�()  ��)#� (/ , ��!���/  '0!����#() , #(!4*�/  
�$.�1(0 , ���&����' ./  *�(#($���'�/ , �!�#"' %��/ , #(!4*�/  �$.�1(0 ) 
• ���##%  (� "�,!  *"���6,!  ((� "�./  #(!4*�/  ��"  �4� �  ��(,��'�/  (� "�,!  ���. +! ) 
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�4��  ��"#.�(0/   "#% �!�6.�� �"  ' �  '1%#� �  57 ��"  58 �"�   (!  �� �'��0�' %  1 ��"  2 
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�!�&4� � �  ���   �  '0!($"�%  ���*('�   (0  *�(#($(�� %  ��"   �!  ��1" �� (!"�%   (0 , (" 
�("!./  #(!4*�/  .1(0!  2��) � �  ' (  '0!($"��  ��' (/   �/  $)'�/  �����(0  4% . �"  
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' �!  ���*('�   (0  *�(#($(�� % . �(  ��"#.�(0/  ��' (/  �(0  �!�6.�� �"  ' "/  (� "�./  
*"�'0!*.'�"/  ��!�"  1�#�$� ��(  �"�   (!  �� �'��0�' %  (  (�(�(/  .1�"  �!�� )&�"  #��!  
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' �!  #% ��  #� ��+�%/  ��!�"  03�$� ��(  �"�   (!  �� �'��0�' %  �(0  *"��� ��  ��1" �� (!"�%  
03�$� ���/  ���*('�/ . 
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�$"#��,!� �"  ���##"�4  #�   �!  ���*('� , �$$4  ���"''� ��(  #�   �!  �)&�'�   (0  ��' (0/  
*"�')!*�'�/ . �0 �  ��  #�(�()'�  !�  �&������  $�#24!(! �/  0� ’ �3"!  � "  ' �!  ���()'�  
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Common parts (chassis, route controller and
processor, power supply, alarm board)

Line optical Interface (IR), service cards and packet
forwarding engines

Switch Fabric Cards (S13+S2+optical cables)
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Common parts (chassis, route controller and
processor, power supply, alarm board)

Line optical Interface (IR), service cards and packet
forwarding engines

Switch Fabric Cards (S13+S2+optical cables)
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	 �!  ���()'�  #�$. �  '05� %'�#�  ��"  �!�$)'�#�   "/  ��((� "�./  �6��#(�%/  �$$4  ��"   "/  
 �1!(("�(!(#"�./  � 01./   �/  *�(#($���'�/  ���. +!  24'�"   �/  �+ (!"�%/  �0�" �(0  #�  
1�%'�   +!  �! �' ("1+!  ($(�$��+#.!+!  6+ (!"�,!  ' ("1��+! . 
 
;�+/  ��(�)� �"  ���   �!  �!4$0'�  �(0  ����#� (�("%���� ,(  ��$(/   +!  
($(�$��+#.!+!  (� "�,!  ' �  *�� 0�  !.�/  ��!�4/  �&�� 4 �"  '�  #��4$(  2��#�  ���   �  
"*"�� ���  1���� ��"' "�4  �4��   #%#� (/   (0  �0�) ��(0  *"� )(0  ('�  '1.'�  #�   (  #.����/  
 (0 , "/  0����'��/  �(0  ��('6.��"  �$$4  ��"   �!  �0�$"&��   (0 : campus, metro, long haul). 
�!�$(�"5�#�!("  �4! +/  � "   �  '0' � "�4  �4��  !.�/   �1!($(���/  �'(  �&�$"�#.!�  ��"  �!  
��!�"  *�!  ��( �$()!  ��!4��"�  ' (0/  60'"�()/  ��"   �1!($(�"�()/  ���"(�"'#()/  �$$4  ��"  
 �  ��(2$%#� �  �(0  ��$()! �"  !�  ��"$)'(0!  % !�  #� �"4'(0!  ��   +!  ����#4 +!  
�! ��(���!(! �"  #�!(!  '�  '0�����"#.!�/  �!4���/  ��"  �6��#(�./ . �' �'(  �  
�$(�$��+#.!�  �� "�%  �*"�#6"'2% � �  ���5�"  .!�!  '�#�! "��  ��$(  ' �!  #��+'�   �/  
�� �!4$+'�/  �!.���"�/  �$$4  ��"   (0  �!����"��()  ��( 0�,#� (/  �(0  ���" �� �"  �"�   �!  
$�" (0����   +!   �$��"�("!+!"��,!  *"� )+!  ���#�!�/  ��!"4/ .  
 
�"*"�� ��� , �  (� "�%  #� ��+�%  ��( �$��  .!�  �($$4  0�('1�#�!(  0�(�� 4' � (   �/  
'0#2� "�%/  �$�� �"�%/  #� ��+�%/   (0$41"' (!  '�  � "  �6(�4   �!  �'+ ��"�%  $�" (0����  
 +!  *�(#($(�� ,!  �(�#() . �  ��((� "�%   �/  #� 42�'�/  �0 %/  �!�$)����  ��('�� "�4  
' �!  �� �!%  �0 % ����'��  $�#24!(! �/  0� ’ �3"!   �  '0#���4'#� �  �(0  ��(�)� (0!  
���   �!  �!4$0'�   �/  �$� 6��#�/  #� ��+�%/  
���  ��"   �!  #�$. �  �!'+#4 +'�/   �/  
��1" �� (!"�%/   �/  '�  *�(#($(�� ./  �(�#() . �(  '�#�! "�� ��(  �#+/  '�#��(  �0 %/   �/  
#�$. �/  ��( �$��  �  ')���"'�  #�   �!  '0#2� "�%  �$�� �(!"�%  $)'�   �'(  +/  ���/   �!  
'0!($"�%  ���*('�  ��"   �!  �� �!4$+'�  �!.���"�/  �'(  ��"  +/  ��(/   (  '0!($"��  ��' (/ . 
��  ��( �$.'#� �  ��"2�2��+'�!  ��"  �!�'10'�!   "/  ��('*(���/  �(0   (�(�� ()! �"  0�.�  
 �/  ��1" �� (!"�%/  BOOM ��"   �/   �1!($(���/  02�"*"�%/  ($(�$%�+'�/  SOI �$$4  ��"   +!  
���3�+!  �"�  ���($"�%  #� 42�'�  '�  0$(�("%'�"/  (� "�%/  #� ��+�%/   (  (�(�(  *0!� "�4  
��  (*��%'�"  ' �  �($0���� �  �#"�,/  (� "�4  *�� 0� .  
  
�!�6���#�!("  ' �!   �1!( -("�(!(#"�%  �!4$0'� , �!  ��"  �  ���()'�  ����'��  .1�"  �($$4  
'�#���  �(0  1�%5(0!  ����" .�+  #�$. �/ ,  �  ��( �$.'#� �  �(0  ��(�)� (0!  #�(�()!  !�  
2(��%'(0!  ' (!  ��('*"(�"'#�   �/  #�$$(! "�%/  ��#� 4$$�0'�/   �/  ��( �"!�#�!�/  
 �1!($(���/  ($(�$%�+'�/  ��"   +!  6+ (!"�,!  '0' � "�,!   �/ . �.$(/  ��  ��.��"  !�  
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