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Internet

1974: for the first time the word internet (RFC 675 - Specification of Internet
Transmission Control Program) [note -> Open process!|

1981: the TCP/IP standard was ready to be adopted (RFC 791,792,793)

1989: WWW was born

internet users as percentage of population

100% Peopie with access 10 the Intemet per 100 inhabd

Y Present status

Heoorved blocks( LANA)

2%

7/256 blocks

X-day (estimation)

Jan 20, 2011

Untit X-clay (@stemation)

Today(exhausted?)
Num of IPv4 Addross

June 8" @ UvA
Jan 2011 - TANA IPv4 address space depleted' -  Ipv6day.nl



Internet 1s a Billion - Business!

GOOgle 1 97 guardiam co.uk Monday 3 January 2011
Amazon 83 News | Sport | Comment | Culture | Business | Mone

News ) Technology ) Facebook 4

Facebook's value swells to $50bn after
BAIDU 37 Goldman Sachs investment
eBay 36
Yahoo ok e.g.. Exxon Mobil 368
PriceLine 21 Apple Inc. 333

SalesForce 18
F5 Networks 11
CheckPoint 9
NetFlix 9
Expedia 7




... more qata! Internet
developments
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... more data! Internet
Comee developments
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100 pflops
-m- fastest supercomputer in the world
10 pflops 4 —a— nr. 500 supercomputer in the world
-@— 1 single Graphics Processing Unit
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Capacity (GB)

Data storage: doubling every 1.5 year!
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Multiple colors / Fiber

Wavelength Selective Switch

Per fiber: ~ 80-100 colors * 50 GHz
Per color: 10 — 40 — 100 Gbit/s

, New: Hollow Fiber!
BW * Distance ~ 2*10!7 bm/s

=» less RTT!



Wireless Networks Wi T

igital technology reviews
och XO provied latest Digital Tochnology reviews like digital camars digital lens reviews digital «

You Are Here : Digital Technology Reviews » Network Devices » Next Ceneration
Throughput With

0l Next Vireless LAN Technology

06 802 1 ac1 Gbps thnoughput with
3 ader : evices Lags ighps throughput, 1gbps

wireless |gbps WATCIE oS AN grnere cw peneralion Lechaologies

technology . throughpol. wirchess, wirchess

WiFi & one )3t
preferred COMMuncatn
protocad LAN dee 10 the casy COMPArson and convenience i the digital home, While

consumer PC prodects has jast stanted to migrate to a moch higher bandwidth of 8o2.11n

wircless LAN now working on next-generation standard defimition s already o progress.
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peotocal LAN dee 10 the casy comparison and convenience i the digital home, While

consumer PC prodects has just started to migrate to a much higher bandwideh of 802.11n

wircless LAN now working on next-generation standard defimition is already i progress.
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Green-IT ‘_/ / / / / / X/ X/

Privacy/Trust / _/5(/ / /) /X))
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[LOFAR as a Sensor Network

20 flops/byte

— LOFAR is a large distributed research

infrastructure: 2 Tflops/s

e Astronomy:
— >100 phased array stations
— Combined in aperture synthesis array
— 13,000 small “LF” antennas
— 13,000 small “HF” tiles
* Geophysics:
— 18 vibration sensors per station
— Infrasound detector per station
e >20 Thit/s generated digitally
e >40 Tflop/s supercomputer
* innovative software systems
— new calibration approaches
— full distributed control
— VO and Grid integration
— datamining and visualisation




e -Very Large Base Interferometer
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2008 2009
Deadiine for submirting observing proposals

Program commitiee:
' rates proposals
' allocates observing time

— - VLBI Observing Session

Disks shipped to NVE
L

Correlation at JIVE

Data shipped
—

Data arrives at
at scienlist’s desk!

ay un






eEVN: Europ

;,; “South: ==

@ Data processing

centre: Dwingeloo

7. 16 Gbps (2005)

= )8

star topology
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 Dec 4 Dec 5§ Dec 6 ‘

Deadiine for submitting eVLBI observing proposals

Program committee decides
if eVLBI science can be justified
eVLBI Observing Run

pr— |

Correlation at IVE

Scientist downloads data
from www_ jive.n!

|1z-oo [18:00 [24:00 [os:00 [12:00 [18:00 [24
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The SCARIe project

SCARIle: a research project to create a Software Correlator for e-VLBI.
VLBI Correlation: signal processing technique to get high precision image from
spatially distributed radio-telescope.

16 Gbit/s - 2 Tflop =>»
Telescopes THIS IS A DATA FLOW
PROBLEM !!!

Research:
Input nodes

O

GridBroker NetBroker |<€
-CPU -Topology ’
-Storage -Bandwidth

(4
O b

Correlator nodes

Output node

Figure 2. Grid architecture that includes
programmable network services.
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COSmOGrid ‘. 'Observed s
« Motivation: . B

previous simulations
found >100 times more .
substructure than is

Simulated™\ :

. 4
. L ., -
ol .
$ . ‘ » ™
N
. . »

| «
« Simulate large structure formation in the Universe

observed!

- Dark Energy (cosmological constant)

- Dark Matter (particles)
« Method: Cosmological N-body code

« Computation: Intercontinental SuperComputer Grid



The hardware setup

Eflops/s
« 2 supercomputers :

- 1in Amsterdam (60Tflops Power6 @ SARA)

- 1in Tokyo (30Tflops Cray XD0-4 @ CFCA)

« Both computers are connected via an
intercontinental optical 10 Gbit/s network

270 ms RTT




Where when will it happen?

Green-IT / / / / / / X/ X/
Privacy/Trust / /3( / / / / X/ /
Authorization/policy J/ / X/ X/ / X/ X/ /
Programmable networks / X / / X/ / / / /
40-100Gig/TCP/WF/QoS /X / /) IX/X) /X/)
Topology/Architecture / X / / X/ X/}( /

Optical Photonic / / /\/\/é(/(/@/(/




N _af 4
IJKDIJK
Sensors: 15000km* 800 bps/m ->12 Gbit/s to cover all Dutch dikes



Sensor grid: instrument the dikes
First controlled breach occurred on sept 27th ‘08:

=~ e - w A~
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' - =g \any Pflops/s
- T
e e S Vany STORS/S §

d Many small flows -> 12 Gbl
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Tera-Thinking

What constitutes a Tb/s network?

think back to teraflop computing!
— MPI turns a room full of pc’s in a teraflop machine

massive parallel channels in hosts, NIC’s

TeraApps programming model supported by

— TFlops
— TBytes
— TPixels
— TSensors

— Thit/s

— 7

MPI / Globus / Cloud
DAIS / MONETdb ...
SAGE

LOFAR, LHC, LOOKING, CineGrid, ...

?

Programmable Networks



User Programmable Virtualized Networks.

The network is virtualized as a collection of resources |

UPVNs enable network resources to be programmed

as part of the application

Mathematica interacts with virtualized networks using
UPVNs and optimize network + computation

;-2 @
Eigezwnluves[] 2 9
\ 3 2

'
Plot{Sim(13 )+ Sexsallifi, 3 +2]

Sinfisx], (=, 0. 2]

sisplityf{r 610’100t a6 0" 1%

~ mpdata « ({0 4445399 91491).
(2 4486 _1 84577}, (1 8734, 1 84677)....)

ritfaysats, {1 =z x’] )

JELTLGA435 . L Q07 £ - 0. Q04 2

application

[nc][nc][nc]

[nc][nc][nc]

A A\ 4
network network network
element element element

139.6339503146.kR145.16
139.63145.15

139.6304538 \ \\ 39 #3145
139.63.145.86

139.63.45.52

“130N3123.3

1396314851 39 s5145.82
139.63145.63 \ 9x14545
DN 11/ 1396314587
Q2

139.63145.50
OSSO/

139.63145:64139631454¢ N 2963 145.83

e ‘ 139763145.88
139,635 /) \\
139.63445.65 G63444539 63N AN RS
/’ 1 3003145.84
139654454

139.63445.66 1

49 634454
: /63 )
139.63/45.43 3bahpsa

P-ORI9RL0 s 14585

139.43145 )00 -03145.73
139.6¥45.68 139.63145.72

139611450 as. 8 14571

ref: Robert J. Meijer, Rudolf J. Strijkers, Leon Gommans, Cees de Laat, User Programmable Virtualiized
Networks, accepted for publication to the IEEE e-Science 2006 conference Amsterdam.




TouchTable Demonstration @ SCOS
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ATLAS detector @ CERN Geneve




ATLAS detector @ CERN Geneve




One Heavy Ion Collision in Atlas!

%ATLAS

EXPERIMENT

directly from the ATLAS experiment




\ | = o
CMS as example, Atlas is similar “

% LHC Data Grid Hierarchy
N

_ Online System

simulation

lier () +1]

CMS detector: 15m X 15m X 22m
12.500 tons, $700M.

= .5 Gb#Hs/sec \
lier 1
German Regiona @ IKHEF Dutch @ Fermilab,
Center Reglonal Center Regional C

>< Status 2002!

e
D -

Malian Regional
Center

- Physicists work on analysis “channels”™ at 135 institutes.
Each institute has ~10 physicists working on one or
more channels.

A Fiar i Nt ) S 2000 physicists in 31 countries are involved in this 20-
CalTech and CERN Werkstations - year experiment in which DOE is a major player,

P ‘_, Y pn AT
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Big and small flows don’t go well
together on the same wire! ®




A.Lightweight users, browsing, mailing, home use

Need full Internet routing, one to all

N W WS

Need VPN services and full Internet routing, several to several + uplink to

C.E-Science applications, distributed data processing, all sorts of grid

B. Business/grid applications, multicast, streaming, VO’s, mostly LAN

all

S

Need very fat pipes, limited multiple Virtual Organizations, P2P, few to few

For the Netherlands 2011
2A=2B=2C=1Tb/s
However:

e A > all connects

e B -> on several

e C -> just a few (SP, LHC, LOFAR)

ADSL (12 Mbit/s)

BW

Ref: Cees de Laat, Erik Radius, Steven Wallace, "The Rationale of the Current Optical Networking Initiatives”
1Grid2002 special issue, Future Generation Computer Systems, volume 19 issue 6 (2003)

GigE




A.Lightweight users, browsing, mailing, home use

Need full Internet routing, one to all

B.Business/grid applications, multicast, streaming, VO’s, mostly LAN

Need VPN services and full Internet routing. several to several + uplink to all

O
[
Ax
‘Y
-
(3]
.-
-
Q
-
'S
Ed
=4

4
]
04 d 16 N
B irgut
Meak In ] a4 Th/s Pear Dt : 2. 804 Th/s
Average : A3V RSy Myeroge Ot ¢ TP .00 /s
Lurrent In o8S To/s CQurremt O 2. 084 Th/s

Cogyright ! Ll ARSI BLY [updsted: 10-Mar-2001 18:15: % «Q00)

ADSL (12 Mbit/s)

Ref: Cees de Laat, Erik Radius, Steven Wallace, "The Rationale of the Current Optical Networking Initiatives”
iGrid2002 special issue, Future Generation Computer Systems, volume 19 issue 6 (2003)

BW




Towards Hybrid Networking!

Costs of photonic equipment 10% of switching 10 % of full routing
— for same throughput!
— Photonic vs Optical (optical used for SONET, etc, 10-50 k$/port)
— DWDM lasers for long reach expensive, 10-50 k$
Bottom line: look for a hybrid architecture which serves all classes in a cost
effective way
— mapA->L3,B->L2,C->L1and L2
Give each packet in the network the service it needs, but no more !

L1 = 2-3 k$/port ‘L2 ~ 5-8 k$/p0t 1.3 = 75+ k$/port




How low can you go?

Local MEMS 15454

Application Eth ( €500 Application
: erne .
Endpoint A Regional pyc Endpoint B
POS dark Trans-Ocearms

fiber

Ronter-\a

Fthernet [
SONET e R A e ey 4

DWDM m.,’g.y.
Fiber A
DU A Y
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In The Netherlands SURFnet
connects between 180:

- universities;

- academic hospitals;

- most polytechnics;

- research centers.
with an indirect ~750K user
base

~ 8860 km

scale
comparable
to railway
system




Diagram for SAGE video streaming to ATS

Lab 10, Nortel UvA, Amsterdam
A—
Netherlight
Canarie comp
clusters

SAGE Display SAGE Servers

=

Traffic Generators

] 4 Internet
e — ,5‘ Content Choice

User Regular Browser

Content Portal Streaming Server 100 TB
A v Storage

Content Request

—Neortel CIENA Confidential



Experimental Data

Sage without Sage with
background background
traffic traffic

10 Second Traffic 10 Second Traffic
bursts with No PBT bursts with PBT

PBT is SIMPLE and EFFECTIVE
technology to build a shared Media-Ready Network

x(X x




40Gb/s alien wavelength transmission via a
multi-vendor 10Gb/s DWDM infrastructure

Alien wavelength advantages Transmission system setup

- Direct connection of customer equipment!" JOINT SURFnet/NORDUnNet 40Gb/s PM-QPSK alien wave-
- cost savings length DEMONSTRATION.

- Avoid OEO regeneration - power savings

- Faster time to servicel! > time savings

- Support of different modulation formats®
- extend network lifetime

End-to-end FoM = 1400 ‘

AeatarLucont

Alien wavelength challenges

- Complex end-to-end optical path engineering in
terms of linear (i.e. OSNR, dispersion) and non-linear
(FWM, SPM, XPM, Raman) transmission effects for
different modulation formats.

- Complex interoperability testing.

- End-to-end monitoring, fault isolation and resolution.

- End-to-end service activation.

5X10Gbis @ S0GHz

Test results

In this demonstration we will investigate the perfor-
mance of a 40Gb/s PM-QPSK alien wavelength instal-
led on a 10Gb/s DWDM infrastructure. =

New method to present fiber link quality, FOM (Figure
of Merit)
In order to quantify optical link grade, we propose a new

= +——Fadime
method of representing system quality: the FOM (Figure
Of Merlt) for concatenated ﬁber Spans Error-free transmission for 23 hours, 17 minutes - BER < 3.0 1016
7 Lj, span losses in dB Conclusions
& () N, number of spans . . . .
FomM = 2 10! - We have investigated experimentally the all-optical
A transmission of a 40Gb/s PM-QPSK alien wavelength
via a concatenated native and third party DWDM
e system that both were carrying live 10Gb/s wave-
c lengths.
- The end-to-end transmission system consisted of
5504 1056 km of TWRS (TrueWave Reduced Slope) trans-
5504 Easy-to-use formula that accurately quantifies L. .
1897 | transmission system performance mission fiber.

- Wedemonstrated error-free transmission (i.e. BER
below 10-15) during a 23 hour period.

- More detailed system performance analysis will be
presented in an upcoming paper.

NKGRTEL NORDUnet . %

REFERENCES [1] “OPERATIONAL SOLUTIONS FOR AN OPEN DWDM LAYER", O. GERSTEL ET AL, OFC'2009 | [2] “AT&T OPTICAL TRANSPORT SERVICES”, BARBARA E. SMITH, OFC'09
[3] "OPEX SAVINGS OF ALL-OPTICAL CORE NETWORKS", ANDREW LORD AND CARL ENGINEER, ECOC2009 | [4] NORTEL/SURFNET INTERNAL COMMUNICATION
ACKNOWLEDGEMENTS  WE ARE GRATEFUL TO NORDUNET FOR PROVIDING US WITH BANDWIDTH ON THEIR DWDM LINK FOR THIS EXPERIMENT AND ALSO FOR THEIR SUPPORT AND ASSISTANCE
DURING THE EXPERIMENTS. WE ALSO ACKNOWLEDGE TELINDUS AND NORTEL FOR THEIR INTEGRATION WORK AND SIMULATION SUPPORT



40Gb/s alien wavelength transmission via a
multi-vendor 10Gb/s DWDM infrastructure

Alien wavelength advantages Transmission system setup

- Direct connection of customer equipment!" JOINT SURFnet/NORDUnNet 40Gb/s PM-QPSK alien wave-
- cost savings length DEMONSTRATION.

- Avoid OEO regeneration - power savings

- Faster time to servicel! > time savings

- Support of different modulation formats®
- extend network lifetime

End-to-end FoM = 1400 ‘

AeatarLucont

Alien wavelength challenges

- Complex end-to-end optical path engineering in
terms of linear (i.e. OSNR, dispersion) and non-linear
(FWM, SPM, XPM, Raman) transmission effects for
different modulation formats.

- Complex interoperability testing.

- End-to-end monitoring, fault isolation and resolution.

- End-to-end service activation.

640km TWRS
Nortel

5X10Gbis @ S0GHz

Test results

In this demonstration we will investigate the perfor-
mance of a 40Gb/s PM-QPSK alien wavelength instal-
led on a 10Gb/s DWDM infrastructure. . ’

New method to present fiber link quality, FOM (Figure
of Merit)
In order to quantify optical link grade, we propose a new

method of representing system quality: the FOM (Figure =
Of Merlt) for concatenated ﬁber Spans. Error-free transmission for 23 hours, 17 minutes - BER < 3.0 1016
e s Condlusions _ _

FomM = /210 - We have investigated experimentally the all-optical

A ; s transmission of a 40Gb/s PM-QPSK alien wavelength
! et via a concatenated native and third party DWDM

e system that both were carrying live 10Gb/s wave-
c ? lengths.

- The end-to-end transmission system consisted of
1056 km of TWRS (TrueWave Reduced Slope) trans-

B | 5504 Easy-to-use formula that accurately quantifies L. .

C | 1897 | transmission system performance mission fiber.

- We demonstrated error-free transmission (i.e. BER
below 10-15) during a 23 hour period.

- More detailed system performance analysis will be
presented in an upcoming paper.

N QRT EL NORDUnet R =linds mm @

REFERENCES [1] “OPERATIONAL SOLUTIONS FOR AN OPEN DWDM LAYER", O. GERSTEL ET AL, OFC'2009 | [2] “AT&T OPTICAL TRANSPORT SERVICES”, BARBARA E. SMITH, OFC'09
[3] "OPEX SAVINGS OF ALL-OPTICAL CORE NETWORKS", ANDREW LORD AND CARL ENGINEER, ECOC2009 | [4] NORTEL/SURFNET INTERNAL COMMUNICATION
ACKNOWLEDGEMENTS ~ WE ARE GRATEFUL TO NORDUNET FOR PROVIDING US WITH BANDWIDTH ON THEIR DWDM LINK FOR THIS EXPERIMENT AND ALSO FOR THEIR SUPPORT AND ASSISTANCE
DURING THE EXPERIMENTS. WE ALSO ACKNOWLEDGE TELINDUS AND NORTEL FOR THEIR INTEGRATION WORK AND SIMULATION SUPPORT




ClearStream @ TNC2011
S — UvA Copenhagen

FlightjCeesv iPerf 1Perf

= 17 3.2 GHz Q-core Amd Ph II 3.6 GHz HexC iPerf iPerf
2% dual 2.8 GHz Q-core

Mellanox

Mellanox

40G E

CERN Hamburg

Alcatel DWDM

CIENA DWDM

17 ms RTT

H" < 27 ms RTT
Amsterdam — Geneva (CERN) — Copenhagen — 4400 km (2700 km alien light)



Demo setup codename: FlightCees

Ciena ActiveFlex(OME)
6500

Broadcom 40GE 18 port L.2
Ethernet Switch

Supermicro Intel Server

Dell R815 Server




Visit CIENA Booth
surt to http://tncl1.delaat.net

ClearStream

End-to-End Ultra Fast Transmission Over a Wide Area 40 Gbiv/'s Lambda

Incoming Amsterdam 25,5 Gbps
Incoming Copenhagen 20.97 Gbps

Total Throughput 46.47 Gbps RTT 44.032 ms




“RBR Bele-wee i

From GLIF October 2010 @ CERN

UVA

Perf

Quad core




Results (rtt = 17 ms)

Single flow 1Perf 1 core
Single flow 1Perf 1 core <>
Mult1 flow 1Pert 2 cores
Multi flow 1Pert 2 cores <>
DiViNe <>
Multi flow 1Pert + DiVine

Multi flow 1Pert + DiVine <>

21 Gbps
15+15 Gbps
25 Gbps
23+23 Gbps
11 Gbps

35 Gbps

35 + 35 Gbps



Performance Explained

Mellanox 40GE card is PCI-E 2.0 8x (5GT/s)
40Gbit/s raw throughput but ....

PCI-E 1s a network-like protocol

— 8/10 bit encoding -> 25% overhead -> 32Gbit/s
maximum data throughput

— Routing information
Extra overhead from IP/Ethernet framing

Server architecture matters!
— 4P system performed worse in multithreaded 1pert



Server Architecture

4P Socket G34 Server Platform
12/8 core Processor Support

Ci-L

Supermicro X8DTT-HIBQF
2 X Intel Xeon

DELL R815
4 x AMD Opteron 6100



CPU Topology benchmark

cpu3

1.6E+10 A
SR AL D
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= \\\\ 4PZZ =
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= Q1 )U.G’ Bandwidth (bps)
m6E+09

4E+09

Bandwidth (bps) for single iperf thread - testcees
2E+09

0123456789 101112131415161718192021%2232%%326272829303132333435363738394041424344454647
ore

We used numactl to bind 1pert to cores



We investigate: H}?m for e

complex networks!

17.7% 11:01" wannll
» 65 0:25* 11:26= 50~

Avenue Des Champs-Elystes
TOMTOM




»"% NORDUnet n*10Gb

J‘ Oslo Stockholm
SHE'E';"‘:?" ORDUnet-
- GLORIAD 10Gb
GLORIAD Copenhagen
50Gb NorthernLi ht
.. Amsterdam NORDUnet 50Gb

stherLight Hamburg

NS en= " CESNET 10Gb

CzechLight
Prague

Londgl'\( Lan

CERN/TIF

“ Barcelona

< CATLigh#12CAT10Gb
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LinkedIN for Infrastructure = %%

* From semantic Web / Resource Description Framework.
 The RDF uses XML as an interchange syntax.
 Data is described by triplets (Friend of a Friend):

@ Predicate
—
Object
Subject Object
Subject
. Object
Object .

name descriEtiOE located At hasInterfacs
— —
connectedTo capacit encodingType encodinglabel




NetherLight in RDF

<?xml version="1.0" encoding="UTF-8"7>

<rdf:RDF xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:ndl="http://www science.uva.nl/research/air/nd1#">

<!-- Description of Netherlight -->

<ndl:Location rdf:about="#Netherlight">
<ndl:name>Netherlight Optical Exchange</ndl:name>

</ndl:Location>

<!-- TDM3.amsterdam1 .netherlight.net -->

<ndl:Device rdf:about="#tdm3.amsterdam1 .netherlight.net">
<ndl:name>tdm3.amsterdam1 .netherlight.net</ndl:name>
<ndl:located At rdf:resource="#amsterdam1 .netherlight.net"/>
<ndl:hasInterface rdf:resource="#tdm3.amsterdam1 .netherlight.net:501/1"/>
<ndl:hasInterface rdf:resource="#tdm3.amsterdam1 .netherlight.net:501/3"/>
<ndl:hasInterface rdf:resource="#tdm3.amsterdam1 .netherlight.net:501/4"/>
<ndl:hasInterface rdf:resource="#tdm3.amsterdam1 .netherlight.net:503/1"/>

<ndl:hasInterface rdf:resourd<!-- all the interfaces of TDM3.amsterdam1 .netherlight.net -->
<ndl:hasInterface rdf:resourg

<ndl:hasInterface rdf:resourd<ndl:Interface rdf:about="#tdm3.amsterdam1 .netherlight.net:501/1">
<ndl:hasInterface rdf:resourg <ndl:name>tdm3.amsterdam 1 .netherlight.net:POS501/1</ndl:name>
<ndl:hasInterface rdf:resourg <ndl:connectedTo rdf:resource="#tdm4.amsterdam1 .netherlight.net:5/1"/>
<ndl:hasInterface rdf:resourd </ndl:Interface>

<ndl:hasInterface rdf:resour¢<ndl:Interface rdf:about="#tdm3.amsterdam1 .netherlight.net:501/2">
<ndl:hasInterface rdf:resourg <ndl:name>tdm3.amsterdam1 .netherlight.net:POS501/2</ndl:name>

<ndl:connectedTo rdf:resource="#tdm1.amsterdam1 .netherlight.net:12/1"/>
</ndl:Interface>




Multi-layer descriptions in NDL

SONET switch Ethernet & SONET switch
End with SONET switch SONET with End
host Ethernet intf. switch Ethernet intf. host

Université @

<

MAN LAN m @

Universiteit
<«

Amsterdam



Multi-layer Network PathFinding

Path between interfaces A1 and E1:
A1-A2-B1-B4-D4-D2-C3-C4-C1-C2-B2-B3-D3-D1-E2-E1

Scaling: Combinatorial problem

Ethernet layer
/ C1 C4 /
Al ( a )i d :/ /
A v
K WDM layer
/B = < D1
B2 \\
B3 D3 D2 (
A2 DE2
1310 (2 é‘} b
1310




A weird example

can adapt GE
in STS-24c¢

Université
du Quebec @ G

Universiteit
van
Amsterdam

0C-192
(22 free) GE
Storkigh /\

(hicc:go » .‘!;‘.:ﬁ}Light

Amsterdam

) OC 92 New York
can adapt GE in (38 free) 2x 0C-192 can adapt GE
STS-24c¢ or STS-3¢-7v (63 free) in STS-3¢-7v

Thanks to Freek Dijkstra & team



The Problem
I want HC and AB
Success depends on the order

Wouldn’t it be nice if I could request [HC, AB, ...]




Another one ©

I want AB and CD
Success does not even depend on the order!!!




Virtualisatie van
infrastructuur

Y
YN,

ardware (CPU, Memory, NIC, Disk)
Hyperviser (Hyper-V, Xan, ESX Server)

Other FI
Platforms

Vituel Mardmere Vel <ardmae Yy Herdware

@ Router/Switch
i Host for Virtual nodes
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MOMENT
PerfSonar/ (ELTE)
NM
NMC
(OGF)

(OGF)
NML
/ (OGF)
G.805, G809
/
NDLv1 NDLv2
El-E

\ NDL-OWL

(RENCI) GEYSERS
SFA/Rspec : SFAvV2/Rspec
(GENI) (GENI)

FEDERICA |
Rspec

VXDL
(INRIA)




RDF describing Infrastructure

Application: find video containing x,
then trans-code to it view on Tiled Display

/

RDF/CG

PG&CdL

I

! RDF/VIZ

!

RDF/NDL

RDF/ST

RDF/NDL




CineGrid Description Language

ClneGrld ’S an Iﬂl!lail\'e 10 faCIllfafe ‘he Elament descrigtion Omiclogy descrigtion
exchange, storage and display of high-quality

digital media. ST :
C naam

The CineGrid Description Language (CDL)
describes CineGrid resources. Streaming,
display and storage components are
organized in a hierarchical way.

SQWRL is used to query the
CDL has bindings to the NDL ontology that Ontology.
enables descriptions of network components

| | o
Ap p I I Catl O n S and their interconnections. N vty commactedt
With CDL we can reason on the CineGrid \

infrastructure and ils services.

UML representation of CDL

become aware
of each other!

odl-ams. ow

CDL links to NOL using the owl:SameAs property. COL defines the services, NDL the network interfaces
and links. The combination of the two antologies kKenbfias the hast pairs that support malching services
via exssting natwork connections
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100 Tbyte
Cache & Store & Forward
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CineGrid Workflow Planner




Green-IT /) ) )/ X/X/

Privacy/Trust B / / / / X/ /

Authorization/policy X)X/ [X/X/) /

Programmable networks /3( ‘ / / / /

40-100Gig/TCP/WF/QoS /X / / "\ X/ /X/

Topology/Architecture / X / / X/}( /

Optical Photonic / / /\/\/é(/(/@/(/




Why is more resolution is better?

1. More Resolution Allows Closer Viewing of Larger Image

2. Closer Viewing of Larger Image Increases Viewing Angle

3. Increased Viewing Angle Produces Stronger Emotional Response

HDTV (2K)

UHDTV(8K) 24 Gbl/s

/7680

4320

0.75 x Picture Height

Yutaka TANAKA
SHARP CORPORATION . .
Advanced Image Research Laboratories 1 5 X PICture Helght
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US and International OptIPortal Sites
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The “Dead Cat” emo

SC2004,
Pittsburgh,

Nov. 6 to 12, 2004
iGrid2005,

San Diego,

sept. 2005

ERVAGERICR K
AMC

SARA

GigaPort

UVvA/AIR

Silicon Graphics,
Inc.

Zoblogisch Museum

M. Scarpa, R.G. Belleman, PM.A. Sloot and C.T.A.M. de Laat, "Highly Interactive Distributed Visualization",
1Grid2005 special issue, Future Generation Computer Systems, volume 22 issue 8, pp. 896-900 (2006).




UNIVERSITEIT VAN AMSTERDAM

Y Use AAA concept to split (time consuming) service
authorization process from service access using secure

tokens in order to allow fast service access.

Service Service

Provider| Provider

Service Service

ref Leon Gommans



UNIVERSITEIT VAN AMsTERDAM ~ LOKen Based networking




Service Provider
Domain Group

Service
Providers

UNIVERSITEIT VAN AMSTERDAM

Service Provider Domain GrouAp

National / Federal Banks

Service
Transaction
Trust

Layer

Card
Holders

1.6 Bilkon

!

How & trust bulld
at global scale?
Can these concepts
be reused in the
Internet as a selectable
Infrastructure Service?

22.4 Billion
transactions / year

Merchants

29 Million

== Regulations

= Membership rules
Contracts

- Transaction



Challenges

Data — Data — Data

— Archiving, publication, searchable, transport, self-describing, DB
innovations needed, multi disciplinary use

Virtualisation

— Another layer of indeterminism

Greening the Infrastructure

— e.g. Department Of Less Energy: nip:/www ecrinitiative org/pdfs/ECR_3_0_I pdf

Disruptive developments
— BufferBloath, Revisiting TCP, influence of SSD’s & GPU’s
— Multi layer Glif Open Exchange model

— Invariants in LightPaths (been there done that ©)
» X25, ATM, SONET/SDH, Lambda’s, MPLS-TE, VLAN’s, PBT, OpenFlow, ...

— Authorization & Trust & Security and Privacy



Hybrid Networking <-> Computing

Ethernet switches €& =» Grid & Cloud

Photonic transport € =»  GPU’s

What matters:
Energy consumption/multiplication

Energy consumption/bit transported



ECO-Scheduling

@ LIVE

What type of route should be planned?
-~

i " ‘ i " ‘ J‘
Fastest Shortest
rouRe folse

motorway's




Pieken-in-de-Delta
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Questions ?

CookReport
feb 2009 and feb-mar 2010

november ’08
interview with
Kees Neggers (SURFnet),
Cees de Laat (UvVA)

and furthermore
on november 09

Wim Liebrandt (SURF),
Bob Hertzberger (UvA) and
Hans Dijkman (UvA)

BSIK projects

GigaPort & L;‘:I
X

VL-e / e-Science

| SURF- ext.delaat.net
4



