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Mission

Can we create smart and safe data processing infrastructures that
can be tailored to diverse application needs?

 Capacity

Capability

e Security

Sustainability

o Resilience



Mission

Can we create smart and safe data processing infrastructures that
can be tailored to diverse application needs?
e Capacity
— Bandwidth on demand, QoS, architectures, photonics, performance
e Capability
— Programmability, virtualization, complexity, semantics, workflows

* Security
— Anonymity, integrity of data in distributed data processing

e Sustainability

— Greening infrastructure, awareness

o Resilience

— Systems under attack, failures, disasters
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What Happens in an Internet Minute?

20 47,000 61,141

New victims of App downloods Hours of music
identity theft

20 million 3,000
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100 pflops
—m— fastest supercomputer in the world
10 pflops 4 —m— nr. 500 supercomputer in the world
—m— 1 single Graphics Processing Unit
1 pflops - K
20.000.000$
100 tflops -

10 tflops —

1 tflops -

100 gflops 4

10 gflops -

1 gflops —
#500 *555:;;\,’2/ '
100 mﬂops r T ryrrrryrrrJpprrrrjprrrjyprrryrrirryrnrryprrnrjpprrr gy rrryprrrypnrnri
(4p) To) N~ (®)) pay ™ Tg) N~ o A ™ T} N~ (o)}
o (o)) o o o o o o o 5 — — — —
(o)) o (o)) (o)) o o o o o 01 o o o o
— -— -— — N N N N N N N N N




Reliable and Safe!

This omnipresence of IT makes us not only strong but also
vulnerable.

c A , @ , or a system failure iInstantly
around the world.

Hard Drive Cost per Gigabyte

1980 - 2009

The hardware and software that allow all our
systems to operate is becoming bigger and more
complex all the time, and the capacity of networks
and data storage is increasing by leaps and
bounds.

1 Eflop/s

6 PFlop/s

1
10 Pflop/g
1 Pflop/s /Q//‘

] 76.5 TFlop/s
100 Trlop/4 p/

R We will soon reach the limits of

10 Gflop/4 59.7 GHop/s

oo what is currently feasible and
controllable.

https://www.knaw.nl/shared/resources/actueel/publicaties/pdf/20111029.pdf ; \_



The GLIF - LightPaths around the World

F Dijkstra, J van der Ham, P Grosso, C de Laat, “A path finding implementation for multi-layer
networks”, Future Generation Computer Systems 25 (2), 142-146.
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GLIF Map 2011: Global Lambda Integrated Facility  Visualization by Robert Patterson, NCSA, University of lllinois at Urbana-Champaign  Data Compilation by Maxine D. Brown, University of lllinois at Chicago  Texture Retouch by Jeff Carpenter, NCSA  Earth Texture, visibleearth.nasa.gov ~ www.glif.i
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Amsterdam is a major hub in The GLIF

F Dijkstra, J van der Ham, P Grosso, C de Laat, “A path finding implementation for multi-layer
networks”, Future Generation Computer Systems 25 (2), 142-146.




Alien light

From 1d

ca to

realisation!

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

Alien wavelength advantages

- Direct connection of customer equipment!"
-> cost savings

- Avoid OEO regeneration - power savings

- Faster time to servicel! > time savings

- Support of different modulation formats®

- extend network lifetime

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.

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 Merit) for concatenated fiber spans.

= L, span losses in dB
(5 N, number of spans

B | 5504 Easy-to-use formula that accurately quantifies
C | 1897 transmission system performance

Transmission system setup

JOINT SURFnet/NORDUnet 40Gb/s PM-QPSK alien wave-
length DEMONSTRATION.

End-to-end FoM = 1400 ‘ 1

VA
r4

12

416km TWRS
Alcatel-Lucent
v e

640km TWRS
Nortel

[ sx106b/s @ 100GH

5X10Gbis @ S0GHz

Test results

— Endime

Error-free transmission for 23 hours, 17 minutes - BER < 3.0 1016

Conclusions

- We have investigated experimentally the all-optical
transmission of a 40Gb/s PM-QPSK alien wavelength
via a concatenated native and third party DWDM
system that both were carrying live 10Gb/s wave-
lengths.

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

NCRTEL NORDUnet T g %
NORDUnet eindus (17
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



Alien light
From i1dea to
realisation!

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

Alien wavelength advantages

- Direct connection of customer equipment!"
-> cost savings
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- extend network lifetime
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- Complex interoperability testing.

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

- End-to-end service activation.
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- We have investigated experimentally the all-optical
transmission of a 40Gb/s PM-QPSK alien wavelength
via a concatenated native and third party DWDM
system that both were carrying live 10Gb/s wave-
lengths.

- The end-to-end transmission system consisted of
1056 km of TWRS (TrueWave Reduced Slope) trans-
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.
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ClearStream @ TNC2011

Setup UVA Copenhagen

iPerf iPerf

...+ 17 3.2 GHz Q-core Amd Ph Il 3.6 GHz HexC iPerf iPerf
—R 2* dual 2.8 GHz Q-core

codename:
FlightCees

Mellanox
Mellanox

40G E

Hamburg

' Alcatel DWDM

CIENA DWDM

CIENA
OME —
6500 17 ms RTT
27 ms RTT >

Amsterdam — Geneva (CERN) — Copenhagen — 4400 km (2700 km alien light)




Server Architecture

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

Intel® Xeon® Intel” Xeon®
Processor Processor
S600/5500 5600/5500
Series Series

I I J Non—':c;?;erent l l J

T SR56x0 SR56x0 ™
/o /0

I— virtualization virtualization —

Ethernet
Controller

Supermicro X8DTT-HIBQF
2 x Intel Xeon

DELL R815
4 x AMD Opteron 6100



CPU Topology benchmark
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Mission

Can we create smart and safe data processing infrastructures that
can be tailored to diverse application needs?
e Capacity
— Bandwidth on demand, QoS, architectures, photonics, performance
e Capability
— Programmability, virtualization, complexity, semantics, workflows

* Security
— Anonymity, integrity of data in distributed data processing

e Sustainability

— Greening infrastructure, awareness

o Resilience

— Systems under attack, failures, disasters
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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




Network Description Language

Article: F. Dijkstra, B. Andree, K.

: : Koymans, J. van der Ham, P. Grosso
h f RDF inst f XML syntax ' ' '
Choice o In_s ead o y L C. de Laat, "A Multi-Layer Network
Grounded modeling based on G0805 description: Model Based on ITU-T G.805"

nu Device "J about= ‘#Forcell’>
ndl:hasinte : "d"'f:SQU'iE*
“#Forcell lt y
o /ndl:Device>
<ndl:Interface rdf:about="#Force10:te6/0">
<rdfs:label>te6/0< /rdfs:label>
<ndl:capacity>1.25E6</ndl.capacity>
<ndlconf:multiplex>
dicap:adaptation rdf.resource=
o Q O Q "#Tagged-tthernet-in-tEthernet™/ >

JUEIY Value
esource="#MTU-15000byte" />
<ndlcor

dico nel rdf.about=
"‘#ForcelOited/0vland™>

A ,_- .:_" l 3 ;.' ,\
'Pﬁrn‘mm AR A\

</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



Location
~ tedAl
Network Object \oc2
K name: string . .
ghas\——‘ iy existsDuring Lifetime
- version: serial sequence of (start,end)
Ordered List
ordered list of Network
Objects

Bidirectional Link

isSerialCompoundLink

pastt® W
Link

logical (virtual) directed ] Link Group
data transport between haslink Collection of Links
Ports layerencoding: URI

Proy; eelinK
layerencoding: URI 'deSLink p(o\J\deS\'
0-1

Switching Service
Ability to create a Link

(cross connect) 6\/\&
@
hasSgrvice Topology
connected graph [f1as o}JoIogy
version: <serial>

isSource
isSource

Label hasNode Label Group
labelencoding: URI labelencoding: URI
value: type dependant Node value: type dependantl

A device, or partition of
a device

implel tedBy

Adaptation
Service
Ability to create a given
adaptation

\eo\e,\ge\)\

DeAdaptation

Service
Ability to create a given

P 3
: ! rou
Port proY deadaptation N

logical (virtual) directed hasPort Port Group
interface at a certain Collection of Ports
layer layerencoding: URI

layerencoding: URI /

Bidirectional Port




Network Topology Description

Network topology research supporting automatic network provisioning
* Inter-domain networks

* Multiple technologies

e Based on incomplete information

e Possibly linked to other resources

- ~~

.-
s
'''''''

http://redmine.ogf.org/projects/nml-wg
http://redmine.ogf.org/projects/nsi-wg http://sne.science.uva.nl/ndl
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Information Modeling

Define a common information model for infrastructures and services.
Base it on Semantic Web.

Infrastructure pixe'lasr;("ec"°r Services

pixelsY

NTTDisplayService

Display
pixelsX
pixelsY

DisplayService

/\/ Host pixelsX

Device <]__ hostName pixelsY
dentifier 0S NFSStorageService

SAGEDisplayService

A/

Element 1 providesService Service StorageService

* idedB totalDiskSpace
providedBy freeDiskSpace iRODSStorageService

Group Cluster
Description <]”\ hasElements:
hasElgments (Host)

StreamService
capabilities NTTStreamService
maxStreams

Node
hasElements:(not
Node or
NExchange)

AN
Exchange
hasElements:(not
Exchange)

SAGEStreamService

J. van der Ham, F. Dijkstra, P. Grosso, R. van der Pol, A. Toonk, C. de Laat R.Koning, P.Grosso and C.de Laat

A distributed topology information system for optical networks based on the Using ontologies for resource description in the CineGrid Exchange
semantic web, Elsevier Journal on Optical Switching and Networking, Volume 5, In: Future Generation Computer Systems (2010)
Issues 2-3, June 2008, Pages 85-93




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 -
and their interconnections. L Grecty comategt A

With CDL we can reason on the CineGrid

Applications and
NetW Or ks bec Ome UML representation §f kcoL

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

coL NDL
—_—— - - e W )
LI ¥ e
- + ML =
—- oo o &
e 0 S &

. whmagrid. nl | Raap A o baageid. sry Nalph Mol et v L -l

GigaPort




COMMIT/

Our connecting models

geysers.owl novi.owl cdl.owl

indl.owl gosawf.owl

full import I
gosawf_map
| nml.owl |—|>| oing.owl \ octive | t
: selective |mporJl>

S\-

| edl.owl \

X
X




COMMIT/ ENVRI

N@WQOS D‘an ner The NSI — Network Service

Interface — creates on the fly
connections between domains.

Data intensiD ——
lication workflo Rl
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'l o 1 _
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: z e Provisioning Workflow !
1 \ > Plan Agent | (Composition Agent/ !
: —/ N 1
: .
o
I | I
1 2 3

Domains in request

Z. Zhao, J. v/d Ham, A. Taal, R. Koning, P. Grosso and C. de Laat

X Planning data intensive workflows on inter-domain resources using the Network Service Interface —
%I (NSI) In: WORKS 2012 —
X




COMMIT/

qQ
Hyperklow SR

Encoding times improve as the end
nodes are connected via dynamic
lightpaths

16 Wrk. ®
20 Wrk. e

N

‘o

E % <l>
=}

£

£ o

© Compute Visualization

£ Cluster
=

4 5 6 7 8 9 10
Download workers (nodes)

C. Dumitru, Z. Zhao, P. Grosso and C. de Laat

X HybridFlow: Towards Intelligent Video Delivery and Processing Over Hybrid Infrastructures
|| (In CTS 2013))




Mission

Can we create smart and safe data processing infrastructures that
can be tailored to diverse application needs?

Capacity
— Bandwidth on demand, QoS, architectur g s

Capability

Susrmeni /ity

— Greening infrastructure, awareness

Resilience

— Systems under attack, failures, disasters



“Show Big Bug Bunny in 4K on my Tiled Display using
green Infrastructure”

* Big Bugs Bunny can be on multiple servers on the Internet.

* Movie may need processing / recoding to get to 4K for Tiled Display.
* Needs deterministic Green infrastructure for Quality of Experience.
e Consumer / Scientist does not want to know the underlying details.

> His refrigerator also just works!



= \WE Started this
we strongly participated
—\VE USE

AAA

TimelLine

GreenlIT&Nets »
=== SF for Clouds
= NDL SF for complex nets »

== Programmable Networks = NetApp’s »
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TimelLine

GreenIT&Nets } Sustainable Internet
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Apps Apps Apps Apps

NN

@
—
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Layers

Schedulers
to act

XML, RDF, rSpec,
text, Java based, etc.




Mission

Can we create smart and safe data processing infrastructures that
can be tailored to diverse application needs?
e Capacity
— Bandwidth on demand, QoS, architectures, photonics, performance
e Capability
— Programmability, virtualization, complexity, semantics, workflows

* Security
— Anonymity, integrity of data in distributed data processing

* Sustainability

— Greening infrastructure, awareness

o Resilience

— Systems under attack, failures, disasters



Need for GreenlT

Global Average Temperature and
Carbon Dioxide Concentrations, 1880 - 2004
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Greening the Processing

Positive proof of global warming.
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ECO-Scheduling
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COMMIT/

Green scheduling

Network infrastructures Green energy sources

CO, footprint;
Energy needed and lost
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COMMIT/ SNV

-nergy saving in clouds
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Energy Efficient Ethernet (802.3az)E'\'\/RI
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Networks and CO2 ENVR

e Take a network (Esnet, working on using SURFnet data)

e Define the traffic model running on it

e Use the energy monitoring information and energy costs data

e (Compare path selection strategies : shortest, cheapest and greenest

1TB, ©=0.1s, long flows 1TB, u=1s, long flows 1TB, x=10s, long flows
2.0 ‘ ‘ ‘ 2.0 ‘ ‘ ‘ 10
_ ol
1.5 : 1 1.5 <
5 c) 3 35 9
5 5 . eﬁ
1.0f
S 3 3
O O o ,l
— Idle — Idle — Idle k.
0.5r 0.5f 1 ™
[-] Cheapest [-+] Cheapest ol [+] Cheapest
[--1 Greenest [--| Greenest [-] Greenest
=1 Shortest [—] Shortest -] Shortest
0. i i i ; ; i i i i
8% 25% 50% 75% 1007 Ofg 25% 50% 75% 100 0% 25% 50% 75%  100%
Dynamic power Dynamic power Dynamic power

“A motivation for carbon aware path provisioning for NRENs” (submitted to eEnergy2014)

S\-




Because we can!
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