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Developments

* Infrastructure

e Latency, bandwidth, diversity

« DWDMs and RAMAN amplifiers
 10GE and Cloud Computing

e Multi-core, multi-threading

* References



Network Infrastructure
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The Internet /124 IP networks

Image Nov 2003
www.opte.org
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Physical connections - JANET
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Latest JANET status
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Latency, Bandwidth, Diversity

— Round Trip Latency
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Latency, traffic, attacks

http://www.akamai.com/html/technology/datavizl.html
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Diversity
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Fast, reliable network — latency, bandwidth, diversity
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Avalilable bandwidth

User experience governed by available bandwidth

O_> 45 Mbps 10 Mbps 100 Mbps 45 Mbps —)O
SOurce / sink
Narrow Link \

Tight Link

Capacity: link speed
* Narrow Link: link with the lowest capacity along a path
« Capacity of the end-to-end path = capacity of the narrow link
o Utilized bandwidth: current traffic load
 Available bandwidth: capacity — utilized bandwidth
« Tight Link: link with the least available bandwidth in a path
 Achievable bandwidth: includes protocol and host issues

http://fasterdata.es.net/talks/Bulk-transfer-tutorial.pdf



wide area bulk data transfers

Bandwidth Requrements to move Y Bytes of data in Time X

10PB
1PB
100TB
10TB
1TB
100GB
10GB
1GB
100MB

Bits per Second Requirements
25,020.0Gbps  3,127.5Gbps 1,0425Gbps 148.9Gbps  34.7 Gbps
2,502.0 Gbps 312.7 Gbps 104.2Gbps  14.9 Gbps 3.5 Gbps

244.3 Gbps 30.5 Gbps 10.2 Gbps 1.5Gbps 339.4 Mbps
24.4 Gbps 3.1 Gbps 1.0Gbps 1454 Mbps
2.4 Gbps 305.4 Mbps 101.8 Mbps
238.6 Mbps

1H 8H 24H 7Days 30Days
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DWDM - XKL

Dense wave division multiplexor

Passive Opfical Mulfiplescor combines
miultiple wavelengths. OXM fillers both
Jincoming and outgoing waves for
/ added reliability.
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Single fiber pair

All active DarkStar components are High performance electrical cross

Client ports connect with single fiber

s ity o el b et =Jipped with & faciRties separsied bar

protocols Optical Service Channel fo aid in allows for operator reassignment of
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Raman Amplification

Distributed
Discrete Amplifier Amplification Discrete Amplifier

Upgrade unrepeated and
short repeated links

Credit XTERA
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Clouds, clusters, containers

e Cloud computing
e Server interconnect
e Building data centers



What is “Cloud Computing”?

An emerging computing paradigm where data and
services reside in massively scalable data centers and

can be ubiquitously accessed from any connected
devices over the internet.

Businesses,
from

startups to
enterprises

p enabled PCs,
4+ billion phones by TVs, etc. _
2010 %ol\t/ljrce.



10 GbE Market Growth Drivers

10 GbE server attachment
will increase significantly in

the next 2 years: Storage over Ethernet
(NFS, ISCSI, NAS)

Applicatlons demanding

lower latency and more
throughput
Growth in high-
performance/ .
technical computing

10GbE optimized nhext
gen server CPUs

10GbE on next generation Historically, the inflection point for
server motherboards g adopting the next generation
Ethernet speed has been 2-3X the price
per port of the previous speed



Rack-Server Aggregation - Arista

6&-” 18 beg'r Rack-Top Switch 24-48 Ports

Typically 2040 servers per rack

4 to 8 uplinks
Copper cables in rack

Optics to core switches
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288 port non blocking 10GE cluster

= 12 spine switches, 24 leaf switches, 12 x 24 = 288 10GE ports

= Each leaf switch connected to each spine switch via 2X 10G trunk connection

= L3 ECMP for multi-path and load balancing



Data Centers in Containers

ICE Cube™ i

rRackable
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Google containers

First used 2005
Battery backup for each server

Data center use 1AAA containers (12m)
with1,160 servers each

A faclility may have hundreds of containers

Minimise costs of software, hardware,
facilities — revenue per query is low
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Inside a server

o Started with long haul and UK Wide Area
Networks

e Reviewed containers and clusters
e Look at CPU inside the latest servers



Nehalem — Intel Xeon 5500

ntel Hehalerr microsrchitechune
quadruple associative Instruction Cache 32 KByte, Uncare =
128-entry TLE-AK, 7 TLB-2/4 K per thread
= -
Quick Path — [—® -
! Branch Irter-
| Prefetch Buffer |16 Ey:es| panch L || mee "
globalbimodal —
loop, indirect L E D BN —
jmp EAETE
1
Instruction Queus
18 =86 Instructions [:En'::'y I .- =
Jlinniee nt Controller - i
ELT
1,30 OTis -
Cormnmaon
L3-Cach
8 MByt
h | f | £
E;‘fgﬁgirﬂ 2 u Register Allocation Table [RAT
h E"e —| Peorder Bubfer f'.]g enhy, fused =
" 250 HEv
B-waw .
64 Byte
Cacheline -
private
L2-Cach
S12-entry
L2-TLB-4 K
octruple associative Data Cache 32 KByte, L
G4-entry TLB-4K, 32-entry TLE-2/4M [
OThe: pigerensfers per secomn]

http://upload.wikimedia.org/wikipedia/commons/6/64/Int
el_Nehalem_arch.svg

May 2009

Lithography Process: 45 nm
Cores: 4

Threads: 8

Frequency: 2.66 GHz

Cache: 256 KB L2/core and
8 MB shared L3

Memory Controller: Triple
channel DDR3
800/1066/1333 MHz

Bus Interface: 1x 4.8 GT/s
QuickPath

TDP: 130W
Socket: LGA1366
£200.49 ex vat
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Quad core CPU

Copy of L2 cache on L3 cache

Memory controller on CPU die not on
motherboard — new mechanism
(QuickPath) for access to external
memory, PCIl Express interconnect

Multi-threading — 2 threads per core

Changes available bandwidth for
application



Response time - server

Multiple cores, multi-threading support can
reduce latency and improve bandwidth

Serialization has performance implications
Job service time variation matters too
Communication bandwidth to cloud
Where Is the bandwidth bottleneck ?




Accelerating old applications

Motherboards with Nehalem and LOM 10GE

Existing performance limited programs
retesting

Finite element analysis — automotive crash,
powertrain simulation; seismic analysis for oll
and gas exploration

Image processing, video storage and delivery
Financial automated trading



Enabling new applications

o Lifestreams — subscribing
to people (David
Gelerenter, Mirror Worlds;

BlogRollr

Rc_)bert Scoble, s
Friendfeed) B fuckns
P Computlng and i rr;:w: G techcrunch.com

networking moves ‘from e | e S

. =y 8 missingtoc Hetlvexin.com
object to fabric’ (Clay .
S h I rky) ﬂ.EQc.U—lEE.L.'?_ﬂ._f_"J

« Blogrollr — collects blog
reading activity




Summary

Internet infrastructure Is pervasive

More reliability, bandwidth, less latency
Improves user experiences

Huge quantities of processing, bandwidth,
storage, memory are available at rapidly
reducing cost

Infrastructure has not yet become ‘fabric’
Expect more new features and functions
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Network System complexity
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