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Projected IP Growth
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Its Raining Data
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Ave. FIIeSV on HD Retail Customer DB Clinical Image DB HD V|deo prOJectlon Physics (LHC) :
54GB 600 TB ~1PB 12 EB/yr 300 EB/yr
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MEGA GIGA™ TERA PETA

Estimating the Exaflood, Discovery Institute, January 2008
Amassing Digital Fortunes, a Digital Storage Study, Consumer Electronic Association, March 2008
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B'iIIions of New Sources to Come

. AR AR AL )

50+ billion devices. <1% connected as of 2009
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Global Data Timeline

Slide Courtesy Intel
A Zetabyte of

2 2B data is
generated in
one year
1.57B demilonbiogs

234 million websites
1.73 billion web users

1 ZB Generated data 90 trl”lon emaIIS Sent .......................................................................................................

exceeds global Twice as much
storage data generated

Capacity .............................................................................................................................................................. than can be
S00 EB stored

A Flood of Data is being created at a
60% growth rate — may become more than we can handle!
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Example: Advanced Video
Tech nology

Slide

HDR Increase 24
(color depth)
Today: Full HD 1.19 2.39 2.39 4.78 2.99 5.97 5.97 11.94
1080p Gbps Gbps Gbps Gbps Gbps Gbps Gbps Gbps

Tomorrow : Quad HD  4.78 9.56 9.56 19.11 11.94 23.89 23.89 47.78
2160p Gbps Gbps Gbps Gbps Gbps Gbps Gbps Gbps

Photonic links could facilitate better TV experiences

ECE 228A Winter 2011 Daniel J. Blumenthal

1.6



Data Center Ethernet Demands
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Rationale for Terabit Optical
Ethernet

@ Commercial Ethernet is rapidly moving to 100Gbps deployment using optical
coherent technologies — Slow for future Terabyte Applications !!!

\

‘ 100GbE DPQSK Data Centers
100 GbE Network FO Transmission

/ Links_ o .4
AO ,.-'_‘--,I g - b
POP H 100 GbE 7 . POP | .

— Regen Switchi AO
100GbE DPQSK witching
Center

Data Centers

Decimal Binary
Value SI Value IEC JEDEC
1000 k kilo | 1024 Ki kibi K kilo
10002 M mega || 10242 Mi mebi M mega

1000° G giga || 1024° Gi gibi G giga

1000% T tera || 1024* Ti tebi

1000° P peta || 1024° Pi pebi

10008 E exa | 1024° Ei exbi

10007 Z zetta | 10247 Zi zebi
Data centers are talking this capacity! » 1000° Y yotta || 1024° Yi yobi
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Historical Fiber Capacity
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Capacity Limits of Optical Fiber Networks, René-Jean Essiambre et. al., JOURNAL
OF LIGHTWAVE TECHNOLOGY, VOL. 28, NO. 4, FEBRUARY 15, 2010
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Carbon Footprint Contributions of
Information Technologies

2002 %0f053 ® Telecoms, infrastructure
% of 0.83 Data centres
PCs, peripherals and printers*
xofle
CAGR 5 7 5
% * Printers were 11% of the total ICT footprint in 2002, 8% in 2007 and will be 12% in 2020
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Network Classification

@ise Ne@ Public Net@
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Public Networks

Central Office (CO)
HEEBEB

HEEBER
BEEEEEE g B E = B
BE == BE
— Local > Metropolitan > Long Haul
Access Network Local-exchange Interexchange
Network Network

ECE 228A Winter 2011 Daniel J. Blumenthal 1.12



Enterprise Networks

BEBBER

LAN \

HE B9 EE Nele)

ol
GV POP /
BEEEEE

o
86 m Bl

wal=lE[Vaon: iy

T —— g

BEEEER
EEmES

Point-of-Presence (POP)

ECE 228A Winter 2011 Daniel J. Blumenthal



Granularity Driven Function and Node
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Evolution of Fiber-Optic
Point-to-Point Transmission

[

.. Multichannel
. Low loss Single Operation in the erbium doped AT&T True
Multimode mode optical low loss window of fiber amolifiers Wavej Fiber and
fiber-optic fibers 1 dB/km 0.2 dB/km @ 1550 EDFA p@ 1550 Corning Large
waveguides @ 1310 nm nm but high ( q ?) g Optical Core
>5dB/km dispersion @ 1550 fim deployec. Fiber reduce
attenuation nm fiber FWM
Early 80s Mid to Late 80s Late 80s to Early 90s
Mi i ]
Early 70s Multimode _ . id 90s Mid 90s
Fabry-Perot Cw dispersion . Optical Solitons,
Room shifted fiber Multichannel . .
temperature 1210 mm fasers | Development of =) L) 07 ers WDM @1550 nm, | 4SPersion.
GaAs LEDs and single frequency y compensation
ans San DFB 1310 nm dispersion @ Number of
multimode FP and 1550 nm 1550 nm and 0.5 channels and_
Lasers @ 830 lasers dB/km loss @ channel spacing
nm 1310 nm limited by fiber
four-wave mixing
(FWM)
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