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Internet History [N oL

 Internet was invented for scientific applications
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Internet History (N oL

« WWW is invented by Physicist at CERN, which is
motivated by the requirement of physicists




Internet History CNC Fomsunee

Chinese Acadeny of Scences

 Usually, requirements from scientists lead the
requirements from common users
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Future Scientific Applications € C Fmmennre

- VLBI

« SKA

« FAST

« LHC

« ITER

« Meteorology




E-VLBI CC Fimsaars
« VLBI: Very Long Baseline Interferometry
« Astronomists use VLBI to observe the sky.

« A typical E-VLBI system consists multiple distributed
networked telescopes and a central correlator.

« Each telescope generates constant-rate massive data, which
need to be transferred to the correlator in real-time
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PEAER
E-VLBI o pitetas
- Compertor Network Information Conter,
ve Acadernvy of Scences

« Global E-VLBI Array

« China CVN, Korea KVN, Japan VERA, Russia
QUASAR, Australia LBA ...

The Global VLBI - Array
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PRAFR

— .: Comprtor Network information Conter,
Chinese Acadenvy of Scences

« Current rate requirement:
— 256Mbps~16Gbps per site real time transfer

* In the future:
— 128Gbps and beyond

- The bigger data rate is available, the more accurate
observation can be done.
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SKA - Square Kilometer Array CNC e

SKA SKA— Key Science Drivers:
The history of the Universe

Will be one of the great physics L

(Strong Regime, Gravitational'Waves)

machines of 21st Century and, g PR e

(Planets, Wlecullles, SETI) g "
when complete, one of the world’s - . .

- er Energy, Large Scale Structure
Cosmic Magnetism . BB )

eng i neeri ng marvels (Origin, Evolution)

Exploration of the Unknown

I Extremely broad range of science!
= = - = = L,
SKA Organisation: 10 countries, more to join =
Dark Energy
Accelerated Expansion
Afterglow Light
Interested Pattern Dark Ages Development of
Countries: 400,000 yrs. / Galaxies, Planets, etc.

- * France
* Germany

Australia (Dol&sS) * Japan Inflation
Canada (NRC-HIA) * Korea
China (MOST) *  Malta
India (DAE) Port.ugal
Italy (INAF) SpaAln
Netherlands (NWO) Switzerland

New Zealand (MED) USA

South Africa (DST)

Sweden (Chalmers) Contacts:

UK (STFC) # s Mexico
* Brazil &
. 1st Stars
PR e f Pt === IE=EFEE . gﬁli?ad about 400 million yrs.

. Full members @ African partner countries
& SKA Headquarters host country (non-member SKA Phase 2 host countries)

Big Bang Expansion

# SKA Phase 1 and Phase 2 host countries 13.7 billion years

This rvsp is inanced fo- relarsncs anly ard 2 na mest to vsprassri laga borders
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S KA c:c HANFS DD
Compettor Network Infiormation Conter,

Chinese Acadenvy of Scences

« Headquarter: UK
« Telescope Array: Australia, South Africa
« 2018-2023, SKA1 construction phase

« 2023-2030, SKAZ2 construction phase

« From 2020, starts the science research
Founding Members Sign SKA Observatory Treaty

L
| _J — * SKA1-LOW: 50 — 350 MHz

* Phase 1: ¥130,000 antennas

-*_’ * across 65km
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PEAR

SKA - a Software Defined Telescope €5C Z:mser..

« SKA is a software telescope
- Very flexible and potentially easy to reconfigure

"' PFLOPS

nabsd

1 100 PFLOPS
RSC,

SKA1-LOW 130 - 300 PB/yr Users




PRAFR

SKA - a Software Defined Telescope €RC &

. u u u u s -
SKA: driving innovation =K%
Dishes, feeds, receivers ~200 ~2500

Aperture arrays ~130,000 ~1,000,000

Signal transport ~1 Pb/s ~10 Pb/s

Signal processing ~exa-MACs ~exa-MACs

High performance computing ~100s tera-flops ~exa-flops

Data storage Exa-byte capacity Exa-byte

Power requirements ~10MW ~50MW

Key innovation: Software engineering and algorithm development.




PEAER

F AST C.C' HHA RSP
Compartor Network Information Conter,
Chinese Acadeny of Scences

« FAST: Five-hundred-meter (500m) Aperture
Spherical radio Telescope
« FAST is the largest single dish radio telescope in the world.

« It is managed by the National Astronomical Observatories of
Chinese Academy of Sciences (NAOC)




FAST N

FAST Data Requirement at the early stage

* Simple mode < Complex

 Pulsar and FRB mode
seek (7x24h),50us, . 19 pheams orginal
4k channel, 4pol, base band data:
SbitS, 19 beam => 1G5p5
6GB/s ~ 520TB/day  *2pol*19%8bits =
~ 200PB/year 38GB/s "~
1ExaByte/year



PRAFR

FAST in 20 years N isictae

e FAST Data Volume
— 2017-2027 100PB
— 2027-2037 1EB, 3EB, 10EB
— 2027-2037 100EB




Others CC iEimsazes

« LHC

ITER
Meteorology
Gene
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Requirement & Challenges o i il

« Extra-High network bandwidth

« Currently, typical 100Gbps,
— eg., e-VLBI:128Gbps/site

 In the near future, >Tbps->...
— Eg., SKA: 8.8Tbps




Requirement & Challenges CC Fimsanse

« High Reliability
« >99.9%

« Eg., ITER experiment requires 99.999% network
reliability (each experiment runs 8~16hours/day,
5~7 days/week, the network fault time has to be
less than Tminute during the experiment)

« LHC experiment requires the network >99.95%
reliability




Requirement & Challenges CC Fimsanse

« End-to-end QoS guarantee and Dynamical on-
demand bandwidth provisioning

« Massive scientific data usually need to be
transferred between multiple sites cross multiple
network domains

« Different experiments have different running time,
from several minutes to many days or even long
term.
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Requirement & Challenges CRC Fiumee

* Determined Delay Gurantee

* For many experiments, data are gathered at the same time with
the experiments, and need to be processed at the remote
processing center in real-time through network transfer.

* Eg., when running an e-VVLBI experiment, data from
distributed multiple telescopes are continually gathered, and
have to be synchronously transferred to the data process
center. It’s only meaningful if all the data from multiple sites
are converged and correlatedly processed.
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Conclusion (N L

« Requirements from scientific applications lead the
development of new network technologies

 Future scientific applications have great
requirements for network performance, such as:
— Bandwidth

— Reliability

— QoS

— Dynamical on-demand provision
— Determined delay




hanks|

renyongmao@cstnet.cn



mailto:renyongmao@cstnet.cn

