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AOWTC: All Optical Wavelength Converter
CAPEX: Capital Expenditure
CMOS: Complementary Metal Oxide Semiconductor
CO: Central Office
CPE: Customer Premises Equipment
CWDM: Coarse Wavelength Division Multiplexing
DWDM: Dense Wavelength Division Multiplexing
EML: Ectro-absorbtion modulated laser
FSR: Free Spectral Range
FPGA: Field Programmable Gate Array
InP: +'6( ()1( 8*(
IP: Internet Protocol
MPLS: Multiprotocol label switching
MRR: Micro ring resonator
MSPP: Multi-service provisioning platform
MSTP: Multi-service transport platform
NRZ: No Return to Zero
OBS: Optical Burst Switching
OCh: Optical Channel
: On Off Keying
OPEX: Operational Expenditure
OPS: Optical Packet Switching
OSI: Open Systems Interconnection
OTN: Optical Transport Network
PIC: Photonic Integrated Circuit
QoS: Quality of Service
ROADM: Reconfigurable Optical Add Drop Multiplexer
SDH: Synchronous Digital Hierarchy
Si: 0 "(
SOI: Silicon on Insulator
VoD: Video on Demand
WAN: Wide Area Networks
UDWDM: Ultra Dense Wavelength Division Multiplexing

11



12



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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Pt o " # I &$&", #(O0# ((' #™*5 " !
$$"3 0 (") (s buffering " ! 14 " 03% ( 2 #

($($% +'/ (M (L 4 B2

I+ 5(1/ ( "G #& $ " R G s, A
o " #ax/ 10! (" I 140& 02" )1 $ ") /(")
O # 1L 28 (( 1%+ (") s ("
$C ()¢ $+ @© 20" 0% ""#% '! $"(H+" % (4
0% ! " S (0 Patrick Gelsinger, !'" (.* (0 / Intel, ( ((¢/ ™105 "
B [ 0OV "%/  (#4*/  1M($( / 25w w (
( L & ( & &
( ”
34 1 '(& % $ $ %. *$0 %" AMetro A %  Ethernet
%ot 11($( Metro "I " &S ¢ # )yor e
(%) $( / 1" (" %/ ( "#.10 o LO# S 2 0(1'%
[ L*] 4"(C )¢ 5Y ( *O0o( (#0 $$4 " "/ 0 038%./
n /" *0 2"/
# (! (4 10 #( Lo " 0 2%/ #+ 4
r$(™ ! S G (A S (T o ot RS #.'+
#/ O(CH%/ Metro / (1 2™ (# (O ** )0 ,*$"™45 " 4 36
#%!/,# 0 1( 1% *"6 +l +( $+! " )& I ($0$( /
0 *) o 2%$"11" 01( " 1#!/ o'/ . "$( ("
1/ %" )+l Metro e A (1% 1 (" /
1#1/ 0o '/ (QosS) O (% 5% # + '/ "#'/ . #2410/
0’31 (I # 4% ( $@6("! o = 1) # &)  +
$ (I 0 HAH (" #LIIM( 1EHE() )4 S
I )&(0! 1" “((/ &'6%$5(0! I v % I#%  + + "
KNHY%  *R(H I+ ) ! 04 " &" $" (0 A
0o '/ X 41+ * O # ! '"4 (O (2%%# , #
Hit( '$ 1 0&#.! I' Rl * 0o( . Lt A
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" "0+ -% (4 $ (1 ($(0 # 0. "/

&$&" " ($$0/ $ (O .1/ oQ/ ! " (" ('6 '/ 0 '/
6 #(./ .10 ($." (# ' (4 1+ #4110 &!$%'"
(.# YOF 511 4+l LU(CLH R )4l 1t G ¢ )y

64" (O " " "L Moo I 5% ' " 1 0. 1+

005+"! & ($(0(Q! ! !" 03%4.

($™( 0 , &S$"& + ¥ )Hl #4111
L) 28 L)t $'" ' "84 H1( *oO
2% (( [1% b el 0] M@ 1"
6$ (0 - CAPEX)
# 4+ +H$TO" *L #+ $"(0",) &*! -OPEX)

2% + /A G L (sH "l (1% 06™ 4# !+!
I+ 0 ™! &' " #(0 I+ ! TR,
. * o "MH4(0# g (4 P L 0%
11($( " (0 $(0 (o/ $@© ;! iy $4 / 1 "#((" #"
*("##) (SH "% $)' P #ASS( )S(( Y o#" T 0% M
#1 e, " LIt 4 % [ . "8 o41" # ™ 10% 4' !
124%( " (" # 4%/ *) oLl o 0@#/ Lot 4qar
$ T o ™! #.1(0! 0% +/ " 1 "R((" *6(4 # L/
(s / *$*% # % "™ |/ o '/ (0] ' U($(%'(0! I 03 %%
1x0! 4" ( ((C (" s(a&+!/ ( $0! killer application. 1 "4 #
+ ($$ , IP, Ethernet " SDH +()! " 4! "% / "$(. , M™% I
0.+ *"**#. (O ) N (4 " 0.t R K (
prom I +I""4 (%) $ (0O (0 *! (SO “( !
( O+ "ol (" 1(¢ [ 005+!"%/ '2'/ " (1%/
o " 2" "( internet, !'" (" 4'( 6( / -4@C ' " (/
4%%/ 0 '/ P, +/ " 4% " 4 Video Broadcasting, VolP $6+!
N1/ 0o '/
#'+ (! " "All-IP* 0 " .1(0! $/ "0 '/ IPO #(6% .+!
A 4SS/ AWS( /S )+ (0 1 ROt " # 4x( S
+ " 4* " # Ethernet ' '0*0 '# # ($03%& #% (O/ Y (/! (WDM).
4 ( '# o/, ‘Al-iP* 0 * ." Lo " o$( (" 0, +!
)+ ! $) # 1(%( .+ (9
(L + ($%(
"#1"% O™ # 4%/ $ ©6( / e 1"% WD , ((
($$ $M45" 2"% 1+ " +o(") "L 11($( WDM .1"
($$4 ' " 6(4 ‘0! S5#! + (3% ((
*roreeor ' 03% * 24" (O OSI (Open Systems
Interconnection), '01% +/  #+/ #(6% Ethernet "$. " . 1&4 (
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6(. #4(/ 4+ .+, ( Ethemet OC 5 "  ($(! " ™ (

'« ! - (O S S o EY (R R A 0, A

"/ "# &$'&% O (O (0" '( '# MPLS (multiprotocol label switching)

" ((C 02 I $"(0 (0 Ethernet ( L!I(" / (*0( " %4
* e ! " ! (($""4 0 (WAN:Wide Area Networks)

Head En%

Sede POP OPB
VOD

erver :
x| Mobile Core
Network
_ £
P s ‘\\ e AN
L I e T T TG
/ . N
\
\

OPM
Regional Area

Business con Business con

13:* Metro Telecom ltalia
"4 0 1(" 4" (incumbentoperators) '"45(0! '! $ #! N
(convergence) +!' *"6( ",! " +H4 4 (network layers) ,/ " !
1" ("% (1%# 13), (!/ o (% " 4 (¢ 1,( +!
$ (I
D s 0% "6." + T#D ($$./  "#.(0/ $$ ./ ' a &%l
) B )0 :'01+)" *0  "l'%/  $6+!/ # "4 *0 (O
1 "#(CO " " (""% 005+"% 1%' , Ethernet, "1" # "./ o '/ :
# " # A #'+ (0 * )0 (#0
)" &(S"#() : I'+# " *e( ./ $"0O0 /(" # * (0
( + " 4*" # , ! & ' L )& 1+ "/ , ("%
# +% )-' 1 " *( ™0 &( $"#()
) B o "/ "4 ($% $./ o "/ (24"#/ (("*% (
#"% '0' 0% -t 4R H , $6+( , $ , .
%# ' *( &$"#) , ( 0 I (-! ("% 1N$( / " *0
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Metro !" $6# o " MSPP (multi-service provisioning platform) %MSTP
(multi-service transport platform) , (( 2'5 " ' NG-SDH (Next Generation SDH),
"$ #24!" Ethernet, ,/ " wbM1 ™" 4 . &($"#/ 0/
(% dooro# /' NG-SDH 1I($( / " | # +%/ Ethernet.
To ROADM

ITU Compliant w/ .709
Broadband Tunable
— Optical interfaces

Common Switch
Fabric
(SDH + Packet)

@ SDH, SANS, Ethernet

N

U

14: SDH (cross-connect)

" MSPP.

0% +/ 1 "#(('O!" IO#(4x) 0+ .+ ' "# "*O0
(0 * )© (( # 1 '"4 (0O 06"'"!" # +% I$ +/ # 10

(0 5 " . 04 FEREY " R/ $)' "/ " *0 "I %/
$6+!/ "o + )+ # 4% (backhaul).

1"% WDM (WDM dense # 80 !4%" , " WDM coarse, '01% +/ 4+ 16

143" " * 0 Metro) *"O)" 1+ " + S+ +] (" "l
#U00/ N G ( $$4 " I "% (4 " 4" I I
e 124 8" [ 1+ "] o 1% I ("% # +%l
'01"6. " "4 bit# + "o/ (6. " *0! "4 1)

(("*% ( 438 +' % 4+ 11($(

2% + 2 S S I ! (o " 6 #(./ o "
#4%( ) 5!/ +/ IPTV " IGMP snooping, " !#! " # 4x(

.+ Ioxixg #50 $ "' &$'& /[ 1Y($( / Metro.

4" $ () o ™! 145 " 1 $42(0! O *3" (0/ $(0/
o/ 41+ 4/ ! (6 '5(0! " L N (N (© *)O
*$*% (! "# +1oxom (0 $#241(00 1, 4 # &1+"4
¢t 2# 0.0+ (aggregation) +! . +! vl " 2# #2']

(" (local) % ! " (centralized)  *( ( "#.1(0 $ (6( !

& '$ + . %# 041" # #6'%/ 4 # 4% .+l !
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B¢ " 0 () #2(0/ (internet exchanges) $%$4

&0 ./ S (servers) ('0# "$#2!(#.!/ " | peer-to-peer
os@®6( /), *™o)¢/ S s # /0. + $ 6( / "(
20 % (OSl layer 2 — Data Link) .1t"  +1 1$$ "] I ("%l # +%/
(local switching) " [/ *(#($ '/ ‘ *( 3 (OSI layer 3 — Networking).
4 +' S &M (%( ##(1+#. ("4 . ($%4 & 1

+ 6 , ! e, 1 041(0 0 (*(#% "o (#% (0]
(+"0 C(( #.& $+ 0! 4 ! +] $'4 (*
1%t e " ', LR ‘o4 M #

O$( ("% " #' ( *(* O( .

341 /(. * %0 /- " O(& BOOM +( ! # %

* 0 Metro ( $()! e ($) $( / 1($( / "/ (@©"'"4
o" 10! " ( Ethernet (© " 2™./ $"0©O / (0. + .+
01("#/ VN #% L, S 1 1 )os(Cor e #+s () # !

("4 # 4 (OF 1 UH(CO 0+ " # 4 IP " Ethernet
! " @ w0/ (") UL 4+ # $("% (!
4+ 16 ( (O#.1+/ . 0%'& "( (" o # o, o#24%"
*#'(0 (") 1! " L2 (layer 2) ¥, 128%™ 1% (0
Y/ 51/ toAE 0 )+ o+
1 4 04 #((0! ! 2%"(("%'(O! I 0(*(#% (0 *" )0
" 6 #(,! o " + ( # 03$ (U  + IPTV
(0] - G ( 1™ multicast * ("4 * 0 )(O Metro. H
11($( L2 tunelling & ($(0 A AT 6 # +%/ 0$# (/ (circuit
switched oriented) # o4 1 R 2o aus( / # o+ %/
.+ (packet switched oriented) '0# ) (! / $ $( %#
#( % /.

"% # +% " (S .+ (% (4( 0%/ [ *=*="]

o g #$. ! ($$./ ™ #O ./ @ax1 ' $( (0 #H( (1%#
15).

15% " 6 #(.J 03%) )O 5!/ AIPTV, 4" ' ("#N0/

0 (o/ "$(" () #2(0/ 24" R 4 R (A 6 (0/
# 0. ("#)0 ! (*&" P TR +o("
O+l oo (o # 0./ " " Yokogawa,  ((
O## 1" v 4 (0 1 (. * O+ # 1% .+ ( 2000.
("#.)0 " 10! o [ ™ +% (") #2+! 1/ 14/
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(C 61v " 1 v 2($%/ #1" (2015, Yokogawa .l" 6. " 1 +
#.& o1&t b (L ("% # v O o

|W*:)rlc:lv\»fiuc:le Research on Optical Packet Switching

Univ Essex = ALU-Bel
Univ. Strathclyde Univ. Eindhoven :
BT 4 Ghent Univ. éEtlaorgtJ? tech.
Univ. Denmark Our:d IE? univ.
o e Aﬂlens Princeton Univ
=41 Univ. McGill :
Univ. Laval
ALU -R&1
i Fram:e Telecom
Univ. Shanghai Yakogawa Stanford Univ.
/?/ I Univ. Hong Kong NLCT UCDavis %
UsTC a U. of Osaka ucsBe
Univ. Pisa Tsinghua Univ. © | NaralST. UC Berkelsy 3
Telecom talia Japan W.L. Cisco
Univ. Bologna U. of Kyoto Josu
Yokohama N.U. usc
Intel

15:+ " + 54
('e $) o"a4 tor46( ‘orx" " " %!
C(# L (e toNg(n4 (AHH toor # 40/ 1(0/
$ (! o ™! oo oC (# CC 1
' Yokogawa .1(0! O$( (" S (" #A # +% # 1% )
x4 o# (* ! (0 2'501" ' 0'+# 6+'6( ()1(0 (o
#4* # +%/ , !" O#2 % # 11"/ *# 6+'/ # 45+ (4 +! , H#
1 # +%/ (0O 14ns, |&4 (#%( W ( #+ | #41/
C. 11 # +% 4t S)T O#2 o # 4'( (*"( ' 0%  —
proprietary) ( "4 : # 1% !/ Optical Media Manager (0 !'+# ,I" "l
$"0©O0 / 0.+ (aggregation) . +! Ethernet, (‘+"1%/ (% 0'/
(buffering) " 10$4 +'/ (encapsulation) ( ",! S #0 ("
"1 (label generation) " # 4*("/ .+ (packet transmission) ' (0/  #2(0/

# +%  (1%# 16).
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Optical Packet Network ynet™

m World’s first practical optical packet network system
B Optical packet transmission w/o OE conversion
B Live demonstration at exhibitions in 2005

5@&];;? Pese ket - ?@ &,
Sy : :
PRz m v )
— Metwork ynet
H ‘,”ﬂ"‘ IR Latl Re-assemble Ethernet frames I
R N
I:: .";' E:';:'Ei Oplical packet -
= _ = |1___
e B B e ~ —I__
gzlgg:;nsaafilzes:[;g: Corp., Photonics Business Headquarters luri Ee]: Jlll‘l‘;"[Jl(lt::].J&I;'l{::L\; » 4
16: * Yokogawa %
/ + 4$$+! (T 0% #( Pl "#( (" "/ o
$6# BOOM. " #2(" ("% # +%/ )(O #(O! Foma(
# # (($""% 1" ("% ("N "H# #2+ |, (O 4' (
$% (0! ) # S Y (Optical Data Manager), (0 0$( ("
$/ "1$"@O /N |( *( (Ethernet, IP aggregation, buffering, resource
management, multicast).
$6# # o+ %/ BOOM # ( ! $$ " # (0 #2( ("%
# + %/ )(0 Yokogawa, (0 1) # + %/ 1" 160 Gbit/s, !  +! 40
Ghit/s.
($@©,1/ "4 " 001%"/ #i./ 0%/ [/ 1" ("% , ." !
(O HEC 0% o * # 1"%/ *"# 6+'/ " 0#
# 4*(C/ G AR ($ # * % "$(% . ! " "/ !
I+ 5(0# « @/ " ‘ " 03% )( 5! ($ 2"
4(! " +' /0 '/ 2! ( HD (High Definition) # &) +!
oHE ) 2! ( (video distribution servers) % #2(0/ *"(#%/ "1(#.1(0

(content delivery node).
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35 $ %. #% % '+ DWDM

; I'6. " ( O#! 4 6( (! 6(4 ! 2$3 /
. + 4+ R G O (G T (& T o ™! , + .1 Telecom
Italia .1(0! *" ™ /'" # #H1"% )&’ /! *( "0 * )0 (#O
$+ /1 )&/ I 0$(6( / .+ o0 '# # +!
)4 A$S+H 1+ 1 )&! + 1) " A D I
/ # 6(4 0 ™| o0/ ." ¥ L N1 ‘0" %o# DWDM
#0"! 4$$" ' &0! 0 ( $!'# 6( O , (038 '(/ /
1+ " 4 (" 14$" (OCh — Optical Channels) ,/ " "("M#!
09$"& I %* A 0 (*(#%/ $" 4 (5" *0! !
(6. " o '/ 03%%/ 1) / "H A # 1#$ “(/
351 11%- $ % % *  Telecom lItalia
 * *0( (#0 | Telecom ltalia ( $ oo "% #2.8"/
( CCcC $) " # 4%/ (4" "ot N #4%81  $" / $/
(s " * : (60" *( (" LU, 0 %# DWDM,
" *0 SDH " IP.;(! 6(4 P OoC*#% (") e troyeo!
e o) ! $"4/ ma/ )#6+! #01) ITU-T G.653,
2)2$ "+#.! "OR(A $( SDH (($) 1#$./ "#/ &'.1'/ "4l )
(( "#U+ () 11" 4%% % "6 #(./ wDM, ) ! 1] 4/
24|y ITU-T G.655, 2 $ "+#.! L/ 1Is(/  wWDM " ITU-T
G.652, (( 1 "#(C" " 0o+ $ ™ +! "6 ", * 0!
0 (*(#,! " (( A" 4™/ 0 '/ "O'00'# #00 1(%(
WDM.

"/ 1/ (0 2009 (0 170DWDM'O'%# % ! | 4 ' O($( 'O+

40.000 1"$"(#. +! . 6"% 4 "( "1%# 17! M4 ! I(#% (O

#% (O/ 'O!*." +! [0 "#!/ o '/ S8t ot .1(0!

#" #% ( '0' %# s +!1 400 1$#). ( 2006
#4410 1 0841 '#!1"4 " "4 1($( / DWDM /

W4/  ULH# #%(/ +/ " 12001"$"# + 410 $ "( ! !'%
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25%

0%

100 km 150 km 200 km 250 km 300 km 400 km 500 km 700 km 900 km 1200 km

17 :, Telecom Italia #%
(/ ( s *( | Telecom ltalia ($ " #'"4
point-to-point '0' %# +! DWDM, (0 $" (0 ()! " 25 " 10 Gbhit/s " #% (/
w({( , 1+/ (" $"@O / # +% . ;$/ (" $"@© / # o+ %/
$#24l0t 1, 033 “ (0* )0 ,*$*% SDH " IP.

18: # DWDM .- " ( ( " server
IP SDH client

2T (W T B4 W% (0 1S+ (10 "
N "ot 1) "o # "4 © ™ (0

© # ($'# 0L+ +1 2 %3 DWDM '0'%# +  # $ "%
L og4l(! / 4 'OL." (‘¢ +# och " o .™ ¢ 1
# (('%l © . ) (t , $$"3 + #1I"#] ¢/ O
DWDM " . " (% /| O$6(/ ' ("4 g + 2842/ %

$ 0/ '0!% '/ © * )
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" "(M#( #(0! ! 0! # 1 14 0& /L0 * )0 (#(
27N st |/ ("0 X0 o, 4+ " 1" *" () $"(@O ")
*HES , (! (4 (. ‘o +! "O'0r0# #
Y@ et O&M (Operation & Maintenance).

19:
"$"0 / *#ES '/ (N (" *0( (#0 S o ()
# # + |/ OXC 2 "#1(0/ o "$( %/ #% (0 )# (/ (WSS). :!
o" T " 4 [ ("% **(#%/ " (%0 $(
4%+ B TV T B (O I & 4" ( O#  bit (0O # 6.(1"
("4 #M(4" Y #(4* (0 110 . $ " s/, %
L)' (% " I " $ "% L - ( o#/
*R(HA+] o&4! "
"$.(! , Lo +("4 * 0 (#0 O Pt oI+ (0!
#e$(1"4 14" &$"&/ 1 1N($( / % (" *6( "4 #% ) (/ ((
e 4( L aus( / # + %/ .+ " H# o+ %/ +!
*1 )+|
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Bandwadth Management Layer

. Madl DAY M lBegree
H smiom

il 35 les) GIMEE B0 8
o il

({5 LFRLE-I RSy . 1] ]
el

T i ¥ bylorcemen sxe e
| b Leper

Reimriars lmgiche = 100 W

Contiol Planse
(s DSNCF)

Photonic Layer

Leaacy DWDOM laver

20:+ - (

oo/ ,.0 .(CCc " "24%$(! )OO (1%# 20) "4 '01($" %
# 42 "0 Y%# )(0O BOOM#4$3$(! *)'($ , 0+ $+ (0O "("#(0

[ 1 '@#CO#!/ M H 6+ / (On Off Keying) " [/  "(™#!/
*0! / ‘0" %o# ! o(C &0 M % O . 1" %
quad-AOWC *! #( I o0’ # G.709 TN ORE(e,! " 03%/
O#/ **@I+ 0! 1/ I 41" $"(0 / ROADM. "$.( , #%
# + %/ " OTN (Optical Transport Network) " $"(@© / (0 !'" * "#/
#1C'¢ " (#.
3.6 % "+

#241(1 | 0'31 " 6#H% #/ $6#/ OIS (o
(#) DWDM*! " ' "# | 0o ('#( "'( &%l "+ ()
16 #(% /' ("4 0'0%# (0 1" I'+# +#) # "4 (0

‘0" %o#

P . ( $0! ("#I"( (% (e( / ( ((( "1($%' "
" 4 A$S('( #BB(, * 0 ("% # +% . '#6"2%
PO "/ 0%&! )" % [/ 1/ (0 * )0 ™ 4
$0 * "6 4%/ 0 '/ .+ 6+1% #.'+ TDM, $$4

* 0 FR#IH (0] 1! i S A O I | - =AY ##./ (leased
lines) , (6.t " $C " "™ |( #.'+ [ NS/ IP
0HS +# "% 4 (( 21" 0&!'#! " 0% (0 (* ¢
"0 4%"3 +! ! 0 (*(#,! ' " 6(4 1 $+
o '/
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"l #o* I .+ P'( *0( %! “$4 #" 4%$$ O
" * 6./ (interfaces) (0 * (#($( % (router) (#()  *"(2 (! ol

(" * 0( SONET / SDH. %# " * 6./ 0./ $"( (! 0 #()/
* *(#. 1+ +! 10 Gb/s %40 Gb/s, " 1" 1" 4#' O**#1/ # (* 0
# 6(4/  WDM. 4%" 1) D1 # &) IP*#$( ! (#) (0
"I"450! 0114 & 4 100 Gb/s, ' * 0 # 4%/ #2.$"/
($0$( /

0 (1% / 1N$( / + (( (0 03" () o /7 1/ (0 * )(©
o4 " " oN$” "/ (0 * )0 ' COHA( 2 #
L1t ("% 0 *)O0 , (I IP*@#HS$( % 0! '0 ! J "

# ((' O '0%H# (I , $34 " ( (U  FHEHS( % . 43$$3%

# & 1" ("% ("0 &($MH()  #( R (%)
HIT $¢ ' 28" ((° (O 'o$" () ‘(0 (0 * )0 .

(1 : IP4#' ' WDM 14$" , 4# (1 / ' H
# 6(4/ SDH " ATM, #( IS # #1"% 2%+ I %/ (@
)0 . ( (64+ ("#( MPLS + ($%( " ( IP-over-WDM,
A0/ #oO( W (" 48" # +%l  # #(( ( +/ "2,/

# +% " "#.(0/  #(0(4" (0 MPLS 3,
Yot # +% 1P .+ - A 0 % $$"/ '0#2 " ()/
* (S J

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

( 21%# 21 *"(5 " *#% + O+ # & O FH#(S( !
(routers) "( * O( (#( | Telecom ltalia. ;+/ 6! " '( '1%# ((8(
g . # 00" (¢ (#a5 " + " (#/  (inner core)
(1%# 22) - # & + *( #2+! (node)- " 1! . o (% (!
&+ " (# (core) " O + "6 " (Points of Presence)

(0 () (#0)

S ) L+ RS 200 Of % [ o# (1 o
# PtP (pointto point—"# ( (/ '# ( )'ox'/ ' &1+™M4 #% (I
&1+™4 ("4 #((4" 6+ *#0 40("! 181 10Gbits.'( #

($0% & DWDM .

" 6(4 e # &) + *(HS( " 4l 'O #4+!  DWDM,
"1 Telecom ltalia *! 041" # J¥& 6. (1 (/ " Foos( (" IP
* )0 2"5#10 ' DWDM 1($( .0 (6$ " O+  ® 2"
$© ,( ,(¢ e/ "B DWDM POS (Point of Service)
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I ®) 2 L # VH# <] DWDM [/ " # 1 (44

(short haul) ** 6./ POS " ( *) (! I | *)( * )'(O!
R G G I G - $30 (¢ $"©OQ"/ *1 ™/ (M)
'6 $#4 +!

Inner Core
(RM and MI: 4 PoP)
With 4 x 10Gb/s circuits

21 * Telecom ltalia.# ( ( 32
Backbone POPs (Point of Presence) ( ( gateway
POPs

- ﬁ?l 71 Milano Bersaglio .......... o Milano Malpaga

Tz 2
- &R-je j: CS 4
“-_@ S 2 pos10 dis cs3 =iy
adan OC POS 10 §bls Ll
\\% 5 ’é/ "
B %l =~
m| : CR WiseNet

PP RUPA VGW BBN

/

pos10Gbis /

\

POS 10 Gblx

POS 10 Gb/s
POS 2.5 Gb/S
POS 2.5 Gb/S
POS 10|Gb/s

E2 El E2

El
| = >C o o> g
. P m\c&

= E T
[ SC i B oC |

=
172 ls_s Roma Sud fos 10 Gb/SRoma Inviolatella % ITZ 2
22: - POP (inner core) T ( Telecom ltalia)
& ( ! ( I &( &
" (core routers)
“transit traffic” (edge routers)

” |P-access side traffic”.
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"*0f POP 1" I/ ($0%$"(0 "/ #2(/  (#( ‘04 ("1 $+ 4+
( ( ( ¢ C#( (

$,0 ' #0 "wl +6"% (1% " )$  *$0/ x4
(/7 ), 1" (% #( 1 o $( " #)
"#.(0/ 'O #4+  &" "4 03$/ ,# ($$/ *On 1/ + 60",

(+ (0 POP (1%# 22).

"¢t ac v s((! A R (A7 A I#% 4+ 4+
& (1#' N 6% (0 - CAPEX (# + 0 "#0 "#. (0/
0 #A+ ) " st ") * 41 - OPEX ( 4%+ L, 3)&/

+ % # /) (" 4@ o ™! ¢ QO AN | POP
1" ("% "l 6 #(%  AN$("!  virtualization B (1%# 23).
4 16, " a #) 4 6( +.+ (% () 1 "4 "
)& (O #.(00/ (0 * )0 *@($( 1" ("%  multishelf # 4'"(
"# 0,0 01( #+ # ($) # 4% *O! # o+ %]/
23: Virtualization & // (
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3.6.2 % | %& Router Virtualization

("4 , 1" ("% virtualization 1 "#( ("% ( ($) "( '014 ' datacenters
" 1"% 0% ! 6 #5 " " .1 data center !6. '
6 #(./ R € 6 #(,! , H  ( HTTP " SAP. ™0 ( * ".#I(/
L,¢/ '( ")+# (rack) '™ &" "4 P)"H(I , (% e )
J "4 *o/ L 1+ / )&’ O * ™#0O 1,(0 P
"0# %
24: - ( Virtualization  Data Center.
" , ¥a6( (" 41/ .+ (0 "248%( " 6/ &$&" "
6(4 "V ] s s /0, o)t (64 4 *0! (% +!
/ 1" (" %/ ) (0  virtualization . data centers " (/ !
)or +  POP !/ 1(0 $ () (O . " High-end
*(H#HS( S "O! "#1"4 (4 M)/ & #I( Ot 2™
$"©o / , " 1" ("% virtualization # ( ! (6. " "H1"%
&M (M # L/ # 1 (% $! '("M1+ (0 041 &($"#
$( %# #0"! Foons™ () J o &Yl
# +  CAPEX (4 $ + $"+!  (chassis),
ot +' OPEX ! 4" $ o+ $"+! b (! /
(s /
ot +' +"28$(¢ ") R 1R " ( $ " )#
it o(C .M v oo (0! # " 06" 4#!/ "% "/ /" /
(1% " ! #I+ + 0 "I .
S ™" O 0O " 1" ("%  Virtualization' *( POP " '01% +/ ("
$OC M :
o I((" +($$ 8! "4 + " 6(4 Fo((%( *#ES

(routing) 2$.  '"1%# 25.
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- M HO@E$ S MH (0 L 21() L) (0 *(0
30 (0 1(0 ,2%. '1%# 26.

25:0 ( POP
26:0 ( POP

4 +' I 11T G o I A ! #( Lo (¢ e "
# & o ") *#S o0%'+!  (virtual routing). " 4*" # , A
4. (1(/ "4 1%/ (C ).1(00 ($) *e6( " $0O/ $"
/. *)yo , " 01 L (#HS( %/ R R O [ G AR e
boaa*e( "/ "% "/ b4 1#! 0 . "% ( POP
" ('#( '00+Y $+ 4+ 1) - $ ! ro#11 0 "#1
+ 6" %/ "%/ ,( "#/ 41 "I"5I+ (adjacencies) * (#($( %' +! e

4  # 4%(/ "4 oLt " # A% (1 “"#/ +o$(" ! 0,
(UDP/TCP ports) (O S (" $% T R # (routes) '/ (O
") (0 (0] ! # & 4 #+ S C"s( L, 0
(" '0" 0./ ‘0! (5(0! oo S AR ' 1#%4 ' # (0]

» )0 ,# ($# ¢ "% ) 5!/ 1" &" "4 03$/ .
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Lot (2 #] (%l S ¢ $$" (! "+ (O#

s #Y Hardware-Isolated Virtual Router (HVR) ( (((/ "4 M
"M ' " 6(4 ! 14 +! L/ (o *)o 24"
o' #11"#+! ©f ((© >t #( I 0 2 R # (0/

Software-Isolated Virtual Routers (SVR) (" (((" 4 +' #(0O! !
# (" O # 1 2% " (0 4'( Firmware.

! . HVR*! 041" | $$ % %™ #(" '#/ ' *( $.10 %
*( 1™ * 0 + .0 'o#2!" $+ (O " * 04
I I+ ) CO$(Me (0 '0"%# (/
r/ 1'0/(35" 2"4 1 ™" 4 +! HVRs.
( HVR
*( $.1(0 * H#+! + (CPU, #1%# ) (™"
*( xR #1% (' A, (0 ($™"
F#(1%/ )
"#. (0/ ‘0" %# $" (O (6t , + / "H#(" 5#!
# , "% # "% )
Lt # ($""
"ol # &) Virtual Routes &+ "/
0! o $" 0O (*#HS ) 14%( /
)&/ +!

* (#(S( %' +!

+( 1. Virtualized Routing

2"% (9 "D 0s(( 00 (O >0/ *#HS( % e
#e" " 01./ /I $"(© / (0 *! " 0@ #" (! .+
($# /| 6 #(%/ (0 virtualization, ,/ 0%'& " 1% ' '64%#
o "( "#1"4 ("1 $"(0O / ©o." (% % ()
# "M% (! *HES '/ (( ## "5#!/ %*0! #" %/ ), *!

‘o s (! o1t o0( 0 st . HVRs, ' 0%
$ " 1T"4 )@ .0 o#2!'" " 4  HVR I'+# 1" ! *(
$.10 " *™1 ™/ + xFEH D (( " & ($($% (0 6" +#.!

0% $"(0 # ($'# oyl $ # % 1L*#] "
#4x/ *1 ™/ + HVRs '0!% +/ " &+ "/ O

¢/ #0! I 0&%'(0Y  ( IN(S( + " O# I+ * 1l " 6(4
0/($"% %) , 01( #+  .1(0! # '6% " 4+ ("("#. HVR
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1" ("% (( " '0#2 % *( $"0O0 [/  # (("(%( 4$$( 4 (
(router) .

( "#.10 oo+ ' " 03% )( 5! " (0} (0]
(0] $10 ' * 0 1%/ o ™ , N # %) / /
(4/ , % ("CISCO " Juniper, "$#24!(0! P 2n(s( HVR ' $ ™ /
1"%/ 0/ 0(%"&/ . N " ! .1(0! $% (# 1+ # & 4!
virtualized routes #.'+ [/ 1%'/ +! K !##.1+! & ') #ES '/
(DRPs) " I *#'(0 S0 + *( $.1(00 . HVRs
S 2'(" Vro# 4] (( P+# 1" () & ./
*#ES HVR. 4+ "( 1%# 27 "(5 " 14 0& SDRs' !

Cisco CRS-1* (#($( %  # firmware Cisco IOS XR .

27 + SDR Cisco CRS-1/16

4#' O *#S$( % # 0! ( ( B I 0! St
*( $" (0 $$4 " *( $.10 " *#S '/ .4 HVR

! #' &1+" % # ((° Y F - T R N (O O

1 &4 (0/ 4$$(0/ HVR !/ © "o# (/ (cabinet). (* 5(0!
o, &AM Rt *HS G , " "
(adjacency tables). ! # " ,  HI # © "o# (/ (O #(45(¢ "
P ‘0" %# "#() " + %/ # @ $ "0
(8% #(4*/ (O () $41™ (0/ o/ "HLIMH()/ $.1(0
(o"/ "2488(1 (1 ).
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37 $%w& (& 0 (*. Lt

c+/ l'6. ( (O#.1+/ (#2200 (#0 "$ #24!(0! #"
! # 480/ '0#2 " () *(HSC " o #'+ 1/
DWDM("() * )0 ." *HES ) (0 Virtualization 0&4!" 5% '
' *( 0, +! &!'$,!/ Y A / " " +!
*(HS( !
$(" ! 4" (o " " $(36 +* )+ rmoom o041t

(* o O (% ¢ 2™ (# " ((C 'or1y &$" " Pté
Pt (Point to point) WDM (1 "#((",! / WDM 'Ol "/  # & + *(#($( ! )

* 0 " %/ + %/ (optical circuit switched —OCS) (‘6. (! / "$.(!
$"(@0 "./ *0! / . "1 # O 2 ™#((™ " ($) 014 (of
o " ./ I ("% # +% ' * 0 (#0 et ("% 2N(S(
+ #4 4 ) L S s T % # 9 1+ "
( #X "4*( (0 '! (O O 6! " "( "1%# 28 !" &$"& ' $ #!
("% # +% "%/ (OBS). !, ( $0 ( "4*( 0%/ [ # 42'/ "$#241"
I &$'& OBS'! ("% # +% .+ (OPS),'! (( ("4
# o4+ O (+"4 ("% #(6% M # 4%(% (0
0 #Y #2( (0 * )0 .0/ " ( %/ 1/ ' " 6(4 ! 6#%

[ "%l + %/

28: ( Dwpm (M
P , N A $% (R m2rt !l &%&"$
0 $(" R G G B "HE"2% $$4 1"4
5 %# A G G ) ©

|- 28" $"(0 oI+ 00 0 #HAH RS
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8+ , # )% A 6 #(% 4+ (" (B($ +HI+! 0 $+#4 +1

# o+% 1 #(() ] &$& Ot w1t ("% # !
1% " O+#4+1  ($$,! .4 +H 61" N A+ 4 ## (1%# 29
-30— *' Blumenthal ECOC 2009 2.

( 1%# 29 "(15 " 1" ("% / .10/ S 1 FESC !
((t# " 41 14 ) ("#)0 Lo+ 14 5% '/ 60", 0,
03%$%/ 1+ " |/ (40Gbit/s % " ( O #3$%(0). " H##
4 &1+"% $"@O (') "s#24" "#. (0/ 4 1  $$4 "
&1+™% '+ "% #% # +%/ O *#1/ # (" #( " &

(0 "% #% # +% ($ ('#( 64l

"$.(! , 03%% *( # +% (O " " (4 Thitls) "24%$3$"
4$$ $ & " *(#S L+ " & /

"6$*/ ( P header).

29:+ multi-shelf ( ) 1
( #1(  2%# (1%# 30) " $("4 0( 4" I '+ "%l  #% |/
# +%  (YH. (O /T )# 1 S Lot (S #I( () +#
/" e(4 | 14$+' Lo/ J "l 0&%' " 0 1 !
1+ /.
" 1" ("% S (H O $) ! (Hast #  1'M
1" ("% xS LA, () 0 n (4 !
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x # & 4+ $"+  (chassis -shelves) (" !/  'O*'"/ 03 $%/

1) / #'+ ("% ' " H#I"% )& O o#() *# +%/ ).
"e6(4 (" buffering & ($(0 (% 50 # 0 * ) , (!

( ! #+ ("9 # (%l O/H/O"'"" %/ *4 &/ ' 4$$ $

J " 1%  $ ("0 buffering, 6 ! " +/ e 4 ./

($# "/ @

"$.(! #O"! Lo "#((" ! PICs' " 6(4 " 4/ * 6)
(interface cards) ,/ R B L # &) +! #.(0/  $™+!

30: 0 " ol " N -
(2

( $  &$" " 4 #(O Lot 8%+ (" (#S( %/
(#0 (1%# 31).

o 22" 11 % $(( 1 # (o 2™ 5% # e
0 | # 4%/ * (14! Y# 48 (4 ( (2$# "% "
H# 64'/ , $4(0/ , 1"%/ *# 6+'/ , FEC-Forward Error Correction, 3 6" %

& , *0! B\ A O [ 1% #/ (") T

$ ) "% (2%%# O 150" # ! ("% # +% (($
033%$% S$# (B($% +'/ +H (") $"o"y , & '/ "6%*/
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buffering ' 4 / R B ' #% # + %/ , contention rate, *"1 ™/
&"'$ '/ + "4 $ ). LI+ 01(

31: : all optical core router ( " A,
#2411 / 0o 3" + .+ $6# , + # "4 A"
1 CU#( I 6 #( "0 (% '4(C (© "o 4$$(0
*o/ %), " 4 # P ("0 %7 ABB" # (% 24"
+ D NS (B($% +'/ O 1"#Co" 10, (" &
APACHE) ¥ :¢/ 0. (*$)" *0!"4 6 #5(" 102" % $6 #
BOOM SOI, (" &"($(%'"/ 0./ #+ 1" . ('™ #Y I 0/
#$. /
(N A $6# # + %/ r $$ 3 (0 AR
"4+ (15 " "( 1%# 30.
/ 0@ ,°' , " (80 & 4'(0# 0% ! ¢ &"1/ #(
$ # % " 6% [ '+ "%/ 1" (" %/ +F(HS( ! (#0 (0]
1 "#(COr " (/ ( ! # '( ! $%&(0# o '
1 (" %/ (0 "s#241" I $6# 43$$ 1 #) o
L + 5 #4+! 14%+"/ L/ $$4 " 2 -("((#" %/
&"($ '/
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3.7.1 % ! %& 0% !%+ '0(*& "+

0 ! " # O (# " 6% [+ "%l 1" (" %/
XE o+l (S ! O 1 "#(Cor" 0.+ ! " (4 " (0
6 # 5(0! virtualization.

*(#($( %/  Cisco CRS-1 !" 1 ') # *(#($ '/ O #( !
O( &" .+ " 92terabits 14 *0 $ ( (Tbps), *$*% 0( 5"  .+/ 1152
4 | + ((#! 4 *" 6% 40 Gbps.

( Cisco CRS-1 "$#24!" 1 [ 2 B G (chassis) # 4 |/

* 6, (interface cards) " $ ™ # #% | # +%/  (switching cards). 24'
04 N #4 ("L (0 '0'%# (/| ,( Cisco CRS-1#( I *"#(6+ #
)( ©or oM Y# -$ ( ( (((C (9 o0 I#( N #

(compact system) %.! ) # ($$ 8! $" + (modular cascading system)
(1%# 32).

:! me ) # -$"( P "O0HN( ! N & 4/
* 6, Lot 4.8, %16 0(*(2./  (slots) ' ((/ corr @
41 . To!"( $"( A" 1+ # +%/ 320 Gbps, 640 Gbps, %1,2
Tbps (#6 * (# 1x16x40x2) " 4, 8, %16 *" ."#/ 0./ "4l 6%/
+! 40-Ghps.

:! N # ($$ $.! $"+! It r# N 4 (' ( !

.0/ ™ 11" $% 4+ O *A 14 # &) (O/ (full mesh topology)
%! or.( " SN L $ "( (star topology) — !'$$ "4  #((O# !
A00# #0 (($( '$ +/ Fo (M) "8 ! ( 4'¢

N # -$ (0 #( Lo+ ($) + 0 !(#( (stand alone node) " !
P { "% #% # +%/  '( " "Vl 4 [ * 6%/
P (0 # 4%% '0' %# $$4 " (0 &+ H( . 1"+ (Y #

#( I$$ "4 1 1" 4$$ #(6% " ! .t #I(U 4 6% ")
(e} o4 " ' 40 P #2( (centralized node) # 41+
" 4 Y # ($$ 8! $m"! #( ! A" 92
Tbps, " ! ( (! At 72 4 ] 6%/ # 0(%"& .+ " 1152
4 | ,40Gbps 4 # ). #" 1) (#6*@# ), '" #1" 92 Tbps

59



(72x16x40x2).

32: CISCO CRS portfolio

Juniper .1" 1 )&" ( *#HS( % T1600 !"" (O $"(0O , 03%$%/
1+ "/ 100 gigabit / second 4 0 (*(1% .

8™ T1e00 * .&" O (*(1./ P g " )/ (ports) 40G
! A, )] +! 100G, " #.™ #6 * (# 1+ (throughput)
1.6T.

33: T1600 & line

$)’ Juniper .&/ Matrix Plus * . " .1l P #2( # + %/
*HES (o 'o*" 4+ " 16 T1600 $ ™ ooH# (!
GO (1%# 34). #.™ 1) (#6*(# ), '" #1" 25.6 Tbps
(16x8x100x2).
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34:T1600 &

3.7.2 21** $%.)! (data packet forwarding) % # #%
# 0_(* *

A ( A B B R T G R O G ' "#. (0/ $"4
(cells), 04 # "4 (0/ 46(1 " "I #%# "*0 (ingress memory) (O
‘0" %# (/ "o " 15% " (0O *#0O (route) (O ." !
($(0%'" 0 "#! $ (6( 6() 6"1% '! #% # + %/

%4 ' 4 *' 6%/ (0] L.(0 e 6% ! #%# &*0
(egress memory). #(+/ #0C " # L 15% " (O * #(0 (route) 24'"
I "68%*/ (header) (O 6. " ( 4'( *( A G SR (o (R (0]
‘0" %# (/ 6() , $'4 o "ol ( $.'(0 &4

#. (0/ ( "l ($% O (G ©'(C o)y ( *o(.#"+.0

4 $ CISCO.1" ("#) #%( /| A&+ + 136 bytes.
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Linecard

jemphasizing fabric interface)

Reguest/Grant
Contral
s

el [>L_R}
Irars i

=arrol

1
Wirlual Outpul

Ingress - Queues
data e C.r._:_ul CJ_n_m_e Faer

eleasi? ralicz o irvecare

Reassambly

Egress Queues -
data AEEIT
1 ta 16 transmit and
receive lanes
# of lancs varies per linccard
tvpe based on bandwidth
35: (
4 4 m *(0 n & *(0 ( $ " (Olu [l 4 *)( #

© 1"(+)"  (#

SeCUCsT
L el

c@ract _____connections for just

To-raotic Larcis!

Tren-Tabe z Lancisy

PLIM " CISCO %PIC " Juniper) " #"

& ' .+ (MSC CISCO %PFE "

" #(14*1  PLIM %PIC # (("()! ! &

*( (Physical Layer — Layer 1) ‘(" ' *( "
Layer 2). (()! "/ ! $.'(0! $/ "/ $"0©O [/
$6# HES ! og#24!" " 1 # x*"

* 0( (1%# 36).
36:* ( JUNIPER

#% # + %/ ar + "% P # &) +!
N $ )H# /- $"(O #% # + %/ a

Lo 20w

(8

o) # ($$ 3! $"+ 0+

#8& $+H + 1 (@0 1"

"#

(0 5(0! ( #2( S '/

Fabric Schedulaer
(showing

one linecard}

H
1 ®mBAR Corral

*

connections for just

KBAR Switching
hatrix
ishowing

one linecard}

48$  #(14*

, #% # + %/

OONE(
#0 # +%/

JHO( "% #(14*
4 ( (frontend) / 4 / ((0 (\(#45 "

Juniper, 1%# 35).

(Data Link Layer —
!

(

+!
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(, 4$$ $ * # + %/ " CISCO *(#($( ./ , 1, " JUNIPER

* (#($( ./ | 43$ $ o f +% ) (0 1"MH(CO" "
#(" #( 6 1(#% R e D A 2 S I B Y
#(C " B o+% " r#(S .+ ¢ " 41 &*0
(egress). 4 *( # o+ %/ " 1&4 ( N T
L1/ 01 (M#/ # & (Of . M$( # (! # #% # +% $"(0
Y # #(!) $"(0 (standalone) % ($$ $,! $"+ 1 MR "

Ve )0 #% T

373 ) %& % 1%8& * '& ' O(&

N €A () (" Y #% | # + %l o0/ ( (U
#((C (% #1( (30 % (multistage) buffering' # 4$( "# 0!
(ports). " # + [/ (switches) #  (14*/ A1U$Ax ] (0 *

R (L7 S " ! 60 ( o#/ &'/ (0 ‘(0 1"
# o (/ © +"(0 . 1" ("% Benes ($ ' 0% ! +

I 2$" ((#% " 1'% $) ' " 64 ! $"(0 I #% |
# o+ %] $4"(1 4/ ! o1/ t0 O L+ L (2
i ™" /1 ("%l Benes " " + " Non-blocking: !
Yo # &) F)( #+ O *HES( " #+ U0 "#10 *#O , " !
AP # ( I$$ "4 1 xS #'+  4("(0 4330 * #0 " !
(60%  “0 () +! "4 ($!/ (5%t ($"#() +!
+] " 04 #4800 % L (ORI R B+
($$4$,!  * #+!  (multipathrouting) #( ! ($."  4$$0 *O/ (2$%#
C* 0( (( #+ #(O' '1"4 )Y@ ! (o L1 (%
Benes # ( (" Co# 4%$ 1" ("% (0 (145 "
1" ("% Clos.

2 *0( Clos !'" 1 *0( # +%l ($3$ 3! 2 #*+. * 0 Clos
“ore b "eo"., 4/ # +% 0$# (/ 0 2 (0! Lo#
*0l % 1+ " (0 '"0(™% * (crossbar switch). ( 2™
$(. # (0 * )0 Clos !'" " ( "#/ + 0 ()# 1+ "# o+ (0]
“ore ((© 5(0! 4 '0(™% * ) #( Lo (%) ¢
M CONE( O '0%# (/! # +% 4 0 O$((" ( # MV o#™
"0(™% (crossbar).

* 0 Clos * . (0! "OB0M. 2 #%) . 2 #* KO o, 1 g
2 #* "L 2#% &%0 . 4 2 #* ($ " U
Lo (") o (2.  1%# 37).4  $W "% V[ | 2 #*]
mrO #( 1 * (S #4 (("(0%% ( ©f * "#Ol
© 2'(" 1 p4pt 2#% "1 Q4 (R B /
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2 #%/  &*0 . * ] #' 1 2 #%/ (. L
NG Ao TEAR L2 #%  Mx0 () A 2 #x " !
A% 2 #* (I 1 2 #*%  &*0 1" $)

* 0 Clos (50" "/ o/ "#)/ n,m, " r + ((+! "#'
"6 .4 ] 2#*  "*0 1"m "# &*+l 1 1"l
#' 2 #* A" '] m "# s N "#/ n !l ™4 ¢ "#
+! ! © .o r> 2 #*/ "*0 . 41" "2,/ #
DL # & !/ * I 2 #*] "*0 o [ *"4A# "%/
2#*1 . '/ o410" r* |/ 2 #*/ &*0 4 # # m " n "*O0O/
&*0/ 1'("M .4 R #'/ 2 #*[ O " 4 & # 4
! 2#*/ &*0 .
' m<n ( * O( Clos !' " non-blocking # *O! x4 &1, ( (((
#1 AR R A 2 #*/ B (O T T < ( #( !
‘o R 1 MH(( & 2 #*/ &*0 . ! +'
#+/ 0% (" 04 1(0"/ $%' "1 1 () # 24 0 (0

[ =4’ %1 "% 2#*/ (0 * )O Clos.

37: " Clos

( 1%# 37 "(5 " do*0( Clos "!' 2#* . ( $(0 # H
)0 Clos ! ™ nHi*' # & !/ #4%0 "#) 0! "*0 " &*0
#( R 1"#((" Wo# 0 "#) () (0 1%# 37,
™4 ( "#/ + ! 0 (B! 4 I o/ m=* |/

[ 2 #*/ " +% .M B!, 041" "2,/ # o # & 4
! 2 #*/ " *0 "4 44 2 #*/ "4
44 | 2 #*/ o " "2, # 6(4 # 4 * 2 #*] &*0 .
( I G "# k<n, (* O( Clos #( I 1" non-blocking +/
0 (™ %/ o Y ) N # A "*0 -&*0

o41" M/ " #I(Y *#( *#'0 [ a# ] 2 #*/
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Iok<2n1,# L O #( 4 1 1+/ L0 )y#" .o
¢ % BN ) *d 041" # 4 LN, +1

06™ 4# !+! ‘0% +! 6''(" ( "#/ +o* (] X4 | 2 #*/ P
4 # 4%(/
38: " non blocking Clos.
'O# 4'# o () (o " * 0 Clos#(()! "/ ! " 0!

4 +' O 21 ™ " #(1/ "#1 2 #H*+ !
"4 / 44" | 2 #*/ # "$.(! * 0( Clos 3
2 #* () " om' "4 oL * 0( Clos52 #*+! . 1$#241(1 /

I+ .+ #(0# Foio# (M *0 Clos7,911 $ .. 2 #*+!
39: ( Clos " "3 &(

L0 1*4 & I/ non-blocking*" )(0 Clos# m=n=2 "4 (|(#45 '

* 0( Benes. "#/ 4+l "*+#l " &%l 1" N=rxn=2r *O0 04
40! 2log2N-12 #*/ , 4 # "1 [2,2x2* 0(#!0 A
1" (0! " '0($"4 Nlog2N - /2,2 x2* [ " v 1vy
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2 #%/  ($0" S # | *$*% 4x4* 0 Benes, !, !

1% 2 #* 4 2x2* | #( 1 + + 1 2x2* 0( Benes.
0 ( 4 "# (15" (14 I 1$ "% 0% 00 (0 )(0

)0 .

a1 RO o 4x4, 1 * O( Clos 3 2 #*1  #( !
#((" +  (0™45 " '( 1%# A40.

sl

40: ( Clos networks  4x4

I non-blocking* 0( Clos# !*4 & # m=n=4 " r=8, 6( =rxn=32
" *(0/ "o&*O/ " 2log28 —-12 #*/ (52 #*/ ).

S

e | | D
pe=sdip=

41: ( Clos 32& " 5 &( 4x4
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*(#S( CISCO " JUNIPER #% # +%l/ R 2 24'" |

1" (" %/ Benes " * " ' ($3$(0)/ ) (O/ !
14%( # (! .1o# ) # I/ $"0 % ($$ 8! . (C#S5(0" "o
14$( / 4 / # +% . ] +' (0 '0"%# (/ I $"(©
(standalone) ( # +./ # (" "' $" (0 / "o+ L 2 #R+ L
() # ($% 3! $"+! "% 4 # o+ %/ " 0% (O "/
#((" S+ + O ($( +! o A (o #2( .
42: #

4 *#4 ("1 I 41 # +% '0## .1(0! " 4+ +!
$"@"! + " 2 #*+1 (S1,S2 & S3). 4 2 #* $ *e( "./
$"0©0 / - (#% o/ # " 2 #* S1 & S2 |,
*HS "/ S2 & S3.

o #* 1(S1) L& A oo 2#* 2 (0 "*0 # +% .
("1 [ 2 #* 1$#241(0! $"4 (cells) ")/ " L#(O! "l
2 #* 2. i 0% ! " # (¢ $™ $ "#(  Round-Robin.

o #* 2(S2)- # ((" F'# +% 0% "0% # *EMH 1) /
2), J/ L ( "4*'( (0 multicasting. Ta ' ("1 [ 2 #*/ 2
$ #241(0! $"4 ra2#* 1" *(#HSCO! 4 +' :

f 4 &*0 +' ‘0" %# (/ /- $"(©O

f 4 * 6%/ &*0 +' ‘0" %# (/ (3% 3! $"+!

o H#x 3 (S3)- # ((" I # +% 0% 0% # *M$M'H

1) / @) " % For) ( *( multicasting. ' ("1 [ 2 #*] 3
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$ #241(0! "#.(0/  $'4 A * (#(S( 0! ¢
438 4 &*(0 .

A ! "()#! 1+ # o+ %/ "4 4 6%/, |
#%  # + %/ e ( P "$.(! Y 54 $+
$ (145(0'/ $ (6( / (cell overhead) ,/ "/ "HLIMR()/ buffering &
(60%/ 0 6 +'/ + ##) (congestion avoidance). ( $0 (  #( !
'0#2 ! ($$4  **#! "o T #% # + %l 01
145 " 1 *#S$( () "l o4 &*0 . 0"4 ,# % 0 6 +
4! 06" " M2 #* S1 & S2%$+ (0 "(M#NO %! (0
Contention Rate " ##(1+#.!/ ot L+ $ + (0 multicasting ( !
2#* 2'1 3 $'4 #(()! o "1()! N € R !
& .

I #"+ "l o."'/ +! .+ *R(H 1+ I 2 #*
S2 (/ 2 #* S3' 1(".J " *(0/ '0#6 '/ , H#% # + %/

& 45 " #o* 4™ 1)

#LI"#/ Buffering 1 "#((" " "0/ ' 2#*] S2 " S3()+
oIy o+ ( 2%# "l +' O ( *™$™m#/ /1)

& '/ *1oo /. ("#)0 $4 1 #1 6"1() # 4 ( (

#Or " #o1%4 & (o " 04 1+ B 2 (0]
$ #! : RHE 0 "ol " ( 2 #/ Buffering .!/
#1I"#/ )#" / . * X (141 1 "#((C" " ( "#.1(0 !
"2 ) ( O# # 4%/ .+ o ¢ 4¢ (("# : Pl
#)# # 6.(0" "l "6 o $0 .

*(#S( S Cisco CRS ($$ $/! $"+! G ‘o /
#% | # +%l # 0" # &) *'OM+ +! ! )(0O S13 &
S2 0 (0" 72 (%) -o0#". (" I/ +1 2.5 Gbit/s (1%# 43).
4 ("% #(4* O #( I o( &" #1" 9 * 4&" (")
$+* +! 4 $"( A (7 L B
43:
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3.7.4 00! %. $ %. ( * $0 /'

1" ("% I #% | # +% (0 *GS( % © (5" 't
( O#! 4 6 o #0S( 'e(4l "t "% [ #% /
# +% BOOM.

"1+ (# , 11" ("%  # +% BOOM I, $/ (" 4$$/
$"(0 /  *HS( % R B O Y Gl A I " S G A € (.
($(0 0%t At & " 0/

2"% #(M4* (O "46 " 1 4 6 2.1.1 1" #  #4r
8xs, 0 "(I5 " # M4 (. 1%# 3. 0r045(1 | #  #(14*
# +% 8x8' #' 1" ("% * )0 Cls " Al (" # +. 64x64
#( 1 "ol 1.(0 # non-blocking *'4 & # " 2 #*/

K#O% 0 2#*1 1" O#2 % # [ (* 6./ #1 #(4*/ 8x8
0% (I ‘(! 6(4 ! *0! T gp R + AOWC. & " /
+ 038! 4% 4+ " LA T e &
| #(4*/ , ("% 1'10' # EDFA !" U
# +% . " EDFA*! 1" I+ 441" | $6# SOl or.(I " #+
$H+4 MO/ " &*OI 4 (M) ORHl L 1#$% 14+
"¢ $$4 " (0 "(UHN # (30! ©f '#!" (0 4( 1/

I 4$$$  "$(% (0 $) (0O EDFA (0 1 (" Y1 #(4r

# + %/
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':‘.\_ .\ .. I:
e/
i) \.‘f"\'!f';
BB
RO
WA

W

i
AT

VAT AR WV WA WYY RN WA R

44 # 64x64.

1" ("% | #% | # +%/ 64x64 "(!5 " "( 1%# 44. +)' ]
"4 "(*(/ o1& (0 #%( WU # +6.8"#( 6( (' 160 Ghbit/s,
*( I" 10,24 Terabit/s. #% # +%/ $"(0  # ) or
. # 4%$ *"' 4+ 64x64 ! $"(0 (/ Fol )or #

01$" % * 20,5 Terabit/s. #% # +%/ BOOM.1" *( 0 "#
# ! #% # +%/  JUNIPER. 14%( N # #% # + %l
CISCO (0™45 " ¢! 2.
CISCO | JUNIPER | BOOM_ | BOOM_
64 1 |64 2

0I(%"% O0# *( (Thit/s) 92 25 20.5 20.5
0# *( /1$ "( (Gbit/s) 640 800 640 1280

1) # +% # "%l full | 80 100 NA NA
duplex (Ghit/s)
oc768 4 | 1$™( 16 16 16 32
100GbE 4 / /$ ™( 8 8 12
(3% 3! $"+ 4 |/ 72 16 16 8
* 6%/ [ $"(

(3% 3! $M+ 4 16 16 16 32
* 6%/ /3% ™( S
+( 2. CISCO, JUNIPER & BOOM
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(! ! 2 (Om45(! " N el "/ "$(./ (@O ™M) o)

*6( "4 i1(™m"4 s ' " 6(4 I 14 0& o (!¢ ) " !
1" ("% *(#(S( % BOOM. ! 1 "$(% , (0 (I(#45 " 4 1,
*( I #%l (0 *(#S( % BOOM +% ! " -
*( I ##%l (0 *(#S$( % CIsCO. 4" 0%/ [/ 0 '/ , &
orx@s " 4 [/ +! 40G " * "# "4 4 * 6%/ (0 $™(0
o$4 * & 4/ * 6% 14 $"( IL( B G (A "o
*# 6+ 10" %# (/ ($% 3! $"+!
*) "$(% & 45" (2™ $(. # I #+' +O* 4 4] +!
,! 40G " ! "+% 100 [ .O *%" ' 0 #3 ( "H#
,! 4 $"( (*$.324 1/ /$™ ' 40G,12'(0/ 100G) " ! (%)
#" " # ,! * 6%/  $M(O 6+ ‘0" %# (/ ($$ 3!
$"+!
A I $6 0 '3" " # "#1"% # + (0O 0 $'% $#
)& 't 4 6%, +,1 "&S& [ 1N$( / (*
4! / * 6. # #"+#I( # (/ " 4%+ L ("4 0%
o % ! "01%/ I (1% +' @#E* ! 10G, +' ((+' (" 1"/
L A 10 #"+ "( 2% 0 1"(O) #.(0© , VvV ( # [/ MSA 300
PIN 1 %* O((" R , "l v 41/ #+'/ /
4&+/ (0 10# ! "M +% (0O '"("1 (0 XFP pluggable, (* ,!'/ o
#o(/ o " 0,2% (0 1"() I# * ("! 45). xR
(%0 " "o ¢ x| 40G.
,*"L{Z/I;yf/ ¥ o
J .‘.f-!r‘f}.-" f'g I L y
ST E B /
sy y
- !-_.’; . f,\}
2N\ 4.
#" 45: # 10G " MSA300PIN  XFP.
*1#! # + +*4 4 +! ! *' 6%/ * %" $0"+4
2% "+#. *(' o *o ©o $"©O " ((¢c 2" " " #] ol
throughput / 4&+/ +! 1,28Th/s " " "#(  $#241(" / o3 (¢ 11 (©
o I #("% 4 0& o #$( % # I'+# +#1] 6+ (" ./
$"0 [/ , + (v " *H#S( % BOOM.

;+H 60" (0 1%# 44 non-blocking#% # +%/ 64x64, (0 $" (0 #

+6.$"#( 6( ( 160 Ghbit/s, #( "0l # 48 "("L"*"/ 0 #(14*/ ©
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( $0! " HOA] | #% | # +% 4+l 8x8 (0 " 46 "

14 6 2.1.1.

("#10 1 *#'(0 (! 160 Ghit/s ( "4 . "L xS () Co#
% # +%  64x64, " " ('1*'#/ 41 1# * OTDM, /

" #(% ©'' #% # +% . $U (O 1# * OTDM !"
I o*#'0 %" ("4 . 4$$$/  #H(6% [, 1 1" 6" % # +%
o/ #(4*  64x64 $$4 " 01 [ (.$ 1/ (O ! *@HS(O" S

I #% # + %l

("4 ,# 4 OTDM.1" (I *("1( # "S134/ ' 1" ("% CISCO,
*$*% , $%3 .+ I #! 2 #* (0 o # " 4] * 6%/
R #OH% # +% .1 &(H( 1 #% | # +% ,'0$$.(1 "

("4 ., vororr # oL ' $ "% #(6%, " *2"245( "
"( backplane#1" ! .&* (0O/ I 4%$%$ 4 6%/

—t

1
u"h‘-.“, o | aTom I
LN T | wutiplerer Ex,

2 ]
a ]
2 ]
a ]
u | ]
a ]
u | ]
a ]
n [ ]
a ]
n [ ]
a ]
n [ ]
a ]
L] ]
e R =] k== ‘
oy o | Mumiplexer P —
160 Gbit/s RZ

OTDM transponder

46: * , 64 OTDM RZ

160 Gbit/s (

1%/ 41 1 OTDM !" &+ G 1Y, #S$. /"
¢ " " '$ 04, 1" " ERETRN "
4/ OTDM " #%  # +% 1000 (. Fow!vy # 1%
#O(O# %/ ("% !/ (single-mode). $) 0% !" #" # 0./ (O
2(01 0" I CISCO " ! JUNIPER ("#l(0 | *or ()
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$™ L (" H#% | # O +%l "4/ * 6/ . #4% '#1"% *6(4

# & + (! Pt oH2 M ( *HS( 1 "#( ("0
@o# ./ ("J !/ (mult-mode), ™% (" 4 /| V# 4%/ (*$*% S1 "
S3 4/ )20 '0'("L/ # 1#$ O# bit(muli-mode) +/ (#( "+ *. | .
" ( "$(% 1%/ 03$() O#) bit" ( A+ g
e # +% o+ 4 1w %)y L ( # I" 4 ®S((
oo 1/ 03$/  O#/ bt "."  # "# o PIC I+ +1
0" ("1")! ($) 0 #" ! ("L s, #oR (L
#(O! ! 0! Lo BOAX R (4 11'$@ (0
© # & [ 4/ * 6% " | #% | # +% 1, ! +
+($00#" ! ("5 # 100#. . 0Y(35(! / #(0# !
O# " (#OO# S VL #O! U 1B O Loy © *!
041" #4$ + 6"%  *'(4 4 #I(@® #w
S %" #.0/ * 04 ("L L #O! ! (" ty

4" ( 14/ "%

+ (0 #.(0/ /" 14$+" / L, #% # +% M4+
64x64 *1 #( 1 1 "#((" - 2 L R N . 4%%%
1" ("% P ‘014 (™ o #( 4 # + %/ & #B( 8x8,
CRCEN oLttt #04x t )or (1%# 47). 0 %
£ Gt LA H% # + % 1 H((" (18 | 'ON$" %/ #6*#/
)yor/ | #% | 64x64. 4 #% # + %/ ! oo # "
4 | V# 4( OTDM # 4 #((0#'4 ("4 $*  (( . ($
(, Y)'vl 4 #% | # +% ,(" 4 )or ), ("o

# & + "1 8x8 # + .+ " 4+ EDFAs (0 (( (" # & (0,
0$( ("O! " ‘I # SM $*  (1%# 48).
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"

&

1 row with three 8x8 switches East->\\fest

_’\ 1 row with three 8x8 switches West->East

—/

SM ribbon cables to interconnect to switches
8 SM ribbon cables to interconnect switches
and 4 SM ribbons to OTDM transponders

1x160G CGTDM bidirectional transponder

1T

OTDM || Fabric

Card Card

8 OTDM cards
+Line cards

8 Line Chassis (LCC):

1 Fabric Chassis (FCC):
8 Fabric Cards

47: - "

2 Eight fibers ribbon cable
S fibre — 160 Ghitfs optical data

jin FCC

Interconnection between OTDM cards in LCC1 and FC1

FCC

WY
kiididad

AAAAAA

(n

i
8 Fabric cards (FC) in Fabric Card Chaslsis (FCC)
Distribution and Routing of 160 Ghit/s
optical packets between FCs in FCC using intemal
optical interconnections (256 fibers)

OTDM cards in Line Card Chassis (LCC)

From midplane data -» packets cells

Packet cells -> 160 Gbit/s optical packets

Temination and adaptation of optical packets

B OTDM card transponders (@ 150 Gbit’s in each LCC

48: 2

2 Eight fibers ribbon cable

SM fibre — 160 Gbit/s optical data
Interconnection between OTDM cards in
LCCnand FCn in FCC

BOOM.

74



o rabrie
Lﬂ BB BB

Bl e, i f le, e

I inp Card

Rowute Processor

Route Processor

WIS WYY

@
1

49: % " !
"84/ # +%/ [ #% [ " "# ol "% ((cc
(% ($"( o " ($""4 0 )oY R # +%/ ." 8
4/ OTDM 4 & "l P "# C $"C *™ 6!
14%( # "4 +! | o6, I, 4 $"C * 6, !

I 0(C 5" 4 4+ 80TDM 4 / ' I N G T (R " "4

ofbM4 |/ '"( $™( * 6, , 1" ("% O *(#(S$( % "$ #24!"

A $"( # + %/ B [ T *6,! (1%# 50). ! ! 8

4 |/ ' A " ( $"( * g, , 1" ("% O *#S( %
"$#24!" oS # O +%/ s ##,! * 6%/

Fabric Shelf Line Card Shelves

Contains Fabric cards, Contains Route Processors, Line

System Controllers cards, OTDM cards System controllers

NMS
{Full system view)

Syscontroler

Out of band control bus to all shelf controllers

50:3 $ BOOM
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o3 '(o# JH O M+ % © ("0 # 8x8 /
# + %/ (", .+ 64x64, () " #" 4" # o+ (o]
"4 +) o # "1 $)" (0 (6.(0 "M +( " /
*(#HS( ! , CISCO " JUNIPER.
CISCO | JUNIPER | BOOM_ | BOOM_
phase 1 | phase 2

0!(3"% 0# *( (Thit/s) 92 25 20.5 20.5
0# *( /$ "( (Gbit/s) 640 800 640 1280
oc768 4 | 1% "( 16 16 16 32
100GbE 4 / /3% "( 8 8 12
($$4 3! $m! 4 72 16 16 8

* 6%/ 1% (

($$ 3! $"+ 1 4 16 16 16 32

* 6%/ 1% "( "/

($$ $! $"+ 4

# +% /1% "( S 8 16 4 8

($$ $! $"+ 4

# +%/ 1$"( 8 3 1 1

($$ $! $"+ 4

# +%/ 1$"( 24 5 8 8
+( 3. CISCO, JUNIPER BOOM

/
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( #(.%( (- (0 *H#S( % BOOM (% 24 24
4(+1 341 14 1 14 Loty 1
4.1 ' %. $ *

4%+ # (/ A" 6 I*"] + o THLT 2% # (0]
s " I )& (o *(of [ $+ + 1" "28%(1 "
" )#6+! # o *46( / "H%'" , (" 6 #(./ NS/
$ (6(" %/ $ () (Information & Communication Technology)
o) " 1 2% .+ 10% | #'/ 14$+" | Lo/
"(# ) HooL gL g #.1" ( 2020,64!1(/ (O
1,43GtCO, (#+ 48],

4%+ ) [N S B T (A '0' 0,! 0&4! " 4 ® % #
rorr(e )& [ O# ! $ (6( / *0 @R
(™,

51:, sl
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. (O# Loo4xt# 4 81" ( 1%# 51# ! ") (0

6 " (/ * (#(S$( ! + 04 [0S %l
1+ "/ # +%/ . ! I+ 6. (! O . '# , I " 4%+
L") LKL % # L x( * (#($( ! 03%,! (*" 6,

0 10! Vot 10KW "1)( 4 #'( ( .

( ($%# © ()" o oe( 1%/ $ (!

o " "$( o0)ot " ( 37% 4+ | # ) ©
(10" ICT, 1, | ATy " #m4 o+ 10) "
0 $("( ‘¢ ! $ " 4" H# ,  Telecom ltalia !'" ( *) (/
#$) (/ | $+ %/ $ "% L/ #4 (I (% f]
#241(! | 0’3" ! 0" 4@ 0 ™ Internet (ISP), 14$+
LM (0 )0 (#O) " #( !t 4+ 12GWh' 1 11 . 0 (
$ ", 10/ 100 Mb/s (% 4+ ), 2" "4 ($ v

#4$$(1 )] $+ / $$"3/ " 1 (1% $ "/ L "/ (
" +9% (" ORI .

" 1$$ ./ $) " ( "#10 ! " 01 &M (1#' L/
e ' ("4 *0 . # (. ™ (0] ¥ )0  (network level),
#( ! " 01 03%% ! "% *( # 0( 1# #1 L/
1" (" %/ $$4 " #1LI"M#) " 6(4 0% ' ! $"(0 ©.
) (" oxor L/ "$(. T % F((" $"! (S
*HES +OF R b $41M (0 O ()N($( ‘0" #4 +! o #(( !
(! roor # 1 28" 1% * 0! +! " "o#

G G

$" (0 "%/ 3+, L (-! #O"! ! ('6. (0! (%)

A " 6e(4 (P oONs” $0 #( «¢ , v v

"%'" 3)&+/ !/ POP (Point Of Presence) ' $™ )0 L/ 14/

78



411 1O)* + #0 (.

Loy o (S ! # )0 (#0) 1" 2$"+  # 1 4
HO$0 4t @28 " "R ©  or1tt 1 28ty
"(O#$S( # 1/ 0#) (1%# 52).

Current Power Reduction

{

Overall 11%
reduction

>

R - 2, § =
52: & ( CISCO
! (MSC), (RPs)

'6 / .0/ .20 *&" " (" high-end * (#($( ./ ‘%# , | 4&+ (0 1
Th/s, !$,(0! (0O 10nJ 14 bit (0 throughput * *@#.1+1 2],
( 1%# 536! " 1 $ "1#" + )"+ $"@O ") ##a+ 1
high-end $ (1" () *(#(S( %  1Tbls. " *46(/ 2 #*]  (0"45(1 " "
§36.7. & + 2#* 0} , $( ! (2 " #11% ('
ALY (forwarding engine) (32% (0 '0'$(0 ), oé¢x("4 ,(C'"#"%/

+ / # ol (35% (O '0I$(0 ). #% # +%/ 1,1

#10 (10% 1 ($" %/ "1)(
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53: " " " " &

& ™
41+ 140" % (#($( ! (#0 1" #(( VAR

Telecom ltalia, ‘(' '0' %# O $"@O ("' 0%w# (33 3!
$ +

* (L ©"45( " ( 4+ 464 . B #  **# (0
#o0 # " &($"# LR K 28 # +w
xS % 1 4 1% I 43 4+ 1§+ "1)(
4ttt 0N#O O(OwH( , (0 #4 ™ 0 (130% /
0$" %/ 1B+

( $"C #1 *ew , ")) O " " " #% # +% (S13
4 ) 1toUel (o (et At #1Y (12% [ 'ONS" %/
14$+' | (1%# 54), I, +/ ($°( ") gL 4
8wt 41 & o

R I " A oo (¢t S G
4/ S2( " ("4l # +w S13.10 ! * 4%+ ")

(( o#!l "™ ' 220W.
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B@S13 CARD

B FCC_COMMON PARTS B FCC_COMMON PARTS
8S2 CARD OLINE CARDS/RP

12%
36%
23%
64%
65%

54: 2 | ( ( )
! ( ).

' 14$0" | $%6 $#2410 /03" 1 1" ("% (0 *(HS( %
o4& (3550 $M(0 ,'0# "$#21(#.)(0 "0 $"(O0 # +% "
#l O 6%/

@s2
@s13
O Common Units
OLine cards
4%
13%
48%
35%
55:2 | ( & & (
( '/ Telecom ltalia.
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os2

mS13

O Common Units
OLine cards

0.4

56:2 ! ( KWatt Terabit throughput
412 ™0)* + #'0(*.
‘0" %# /I $6 #/ BOOM !8,(0! " . o g()!

CL($B(% Lo "I'$"(0 / ©r (" 4*" # , 1$,1(0! ("% ™"1),

L # (% o #% (0 ) ( o $ " %#  $.10 ) % "
(¢ [ 4" "%l ©o ( +% # |/ N

#( '/ ) % " ! '0!(!5(0! ot #. (O/ o/ (or(m#/

ROADM #" ( -* 0$+! , ("#/ + UWDM (($09% ! D E
(¢ #% 0/ & (I ).

oo 0 ".$(0# ' " $ # "/ a0t 0. .
(! 6(4 ! + % ("% L "/ " # (% #0 0O Y ( , (
$"5 EML s, " #." $ "% "1 © 0,5W.

(! 6(4 $ "4 Yot $. 1(0 1$,!1(0! © 4.5W.
6(4 ! 14+ (O O#5#!1(0 $"5 0% !'" ($) 033 , " 641"
18W.

:! 'YL, o # -* 0$(0 (micro ring resonator) " ROADM 1 "45 "

"0 +/ 4 $41m M1) toLoor(t (M #. (Of ©.
H% 14 11+ " ! (0 500 mw "¢ " 4 #1"
1 A+ (M ! x ' 0%/ " (O# ! 1)/

#1"() ("1 (0 1 4 1 0'$'% 6 4/ 80 mW !4

#1n L. oN$ % L) # N o

'0'0% .0 #( ! 1" # 1% 1/ # $$"0 $4% (| (( #)

1/ (0 ™ (0 * " o % #( L L # o
"("l ( Peltier. ' #48( # (¢ 1  # |/ 1 3) #( !
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# O #oMRS 1EC BO4$8$ 1 3) .

"("1 ( Peltier 1 "#((" " (¢ [ #( " © ("0
os# (¢ - 't (*r ! 1#% ( *(
/ "/ Y , #( ! + " ("1 peltier # (()! !

'$,'(0! # “#1" (%4 (0 (0 [t o 4 " "
%4 " *#'0 / '0" 0%/
413 '0%& % !"0)* $0 /-

*R(#. 1"4 # | 4%+ Lo/ + 0 "$. (00 6+ (1) ("1 +!
(0 '+ (0" % sol " *#"(0 #  #(4*] # +%/ 8x8
($( / BOOM .1(0! '0%$1 "0+ "l 0 4 6( .

L/ 4 (045" "oxae(/ “#S O *#4 (" (o "5
"1 8212 ( 1%# 3. " *»46( ("1 : 4%+ "/ O ($("
$ #2411/ 0 '3" (0/ # (0# "(f * O/ " $."5 , (0/ *"#(6+./
* o/ $ (0 $.10 , #'( $.10 , )#" (! +!

6 +! 6+ (I",!
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8x8 BOOM2™ [ # +./
(14*/ “#/ ( Watt  )!($(
4 /
(
$
4 SOl 2 0 0
"1+ " %/ R (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
"o
driver " $."5 EML 8 8 4.5 36
EML 8 8 0.5 4
O#'5#(/ driver " $."5 EML 9 1 18 18
O#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) / .l "*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/ /(M 1) #" 13 1 0.5 0.5
$ ()
- - 208.5
+( 4: & ( 8x8.
="/ J# o+ 8x8 '0# "$#H2 |(#.1+] +H 8 (")
L+, o+ () o #,0 ,0© +0 # ) "
6. $$34 " L #% # +%/ , ("1 4%+ / 16.(1 "
! 5.

‘(0
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#6* (# 4 4+ %] 3

2 #*++]

(14% | ( Watt/#(14* )(S( KW

8x8 BOOM 2" % #(14* 6.0 208.5 1251 1.2

4 $.10 & $ ("4 1.0 5.0 0.0 0.0

"

4 6+ / 1.0 5.0 0.0 0.0

11"4  &("4 (1 1.0 0.0 0.0 0.0

)I(S( - - 1251 1.2
+( 5., 8x8.

#o*(#  #%  64x64 $™ (0

(14*/ N. Watt/unit  Total KW

#6 * (# 4 # o+ %/ 3 8 1251 10008  10.0

2 #*+!

$" # ("4 # 1 4200 4200 4.2

- - 14208  14.2
+( 6., ( BOOM.
4 # +%/ BOOM " 12KW,*$*% | $4™ 14$+' :
#01'("1 4 '/ *@#®( %  Cisco, (0 " (0O 240 W.
# +./ BOOM " 14 KW + 6! " '( ! 6, *" $4" *$*%
Lo 0% o " " 1 +' I/ # o+, CISCO.
'$ 04, + 6! " '(! ! 3, *(' [ 4] BOOM !
03% , " $ ("4 ("1 O *#HS( % . " 6(4 !
oy +R (I $04/  1($( / 0% " *»$4m |/
(' / / JUNIPER " *0#™ 6(./ 03$ oy # 1 CISCO.
N 0% * 1" " (" $0O/ 3% " 1 0#2"  *HES( %
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B Common parts (chassis, route controller and
processor, power supply, alarm board)

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

0O Switch Fabric Cards (S13+S2+optical cables)

O Common parts (chassis, route controller and
processor, power supply, alarm board)

B Line optical Interface (IR), service cards and packet

forwarding engines
O Switch Fabric Cards (S13+S2+optical cables)
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