“The internet
is fine — I'm
on Facebook
right now!”

A discussion on how networking
in support of data intensive
research is not at all the same as
networking for general use.

https://www.pnas.org/ddi/lo.1073/pnas.1609793113



Will this make me A
Network Engineer?

Tev TELEPHINE WAE ,r/J/ RADIO
X eADYD EmER

i} Boee? | v,

TELEDWNE



No.

"A CABLE-TEEE ETHER

ALTO

AL

TELEPWONE

e M.



Start 4

But it will allow you to
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Maybe even understand
them...



But why do | need to know this?

Um

The element of

CONFUSION




;‘ YT
e i €2
gy
(FUAE o
‘&/"-n 3')51' ?‘
[~ ,&‘l’a“ ‘ A
P l,',.'"n-'z‘ >
— ———t et 4 U=
] e T Sy
el e
e "
,é "f_\,l\!‘\‘\.; X

-

;’:‘;l": .’ - ,‘o : : 7 : o
A0¥ ‘l‘t,,w..;
",',sw*«
=

N
MERSIN e
e ‘ v, ) o L RS ¥
| SN TG W Res{ Fdan I

-
4'.:




Wallace Chase
Head of Department, ITS

wallace.chase@otago.ac.nz

SAPERE AUDE

@bmtfr

UNIVERSITY

OTAGO

Te Whare Wananga o Otago
NEW ZEALAND

CLEMSON

COMPUTING AND
INFORMATION TECHNOLOGY

REANNZ

<

SC LightRail

PN THE GEORGE
WASHINGTON STATE S WASHINGTON
@UNIVERSITY '\/‘\\é\\ WASHINGTON, DC
World Class. Face to Face.
%[S] LAKE SUPERIOR Black

STATE UNIVERSITY
Hawk College



Congratulations,\
it only took you |
65299 seconds

So, what is
the
difference in
the data?
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My First Webpage

Welcome to my first webpage!

Here's a new paragraph...

Done
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Who provides the
transport? g




Commodity/commercial Networks
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Content
Delivery
Network

* Globally distributed network
of web servers or Points of
Presence (PoP) whose

purpose is to provide faster
content delivery.

« Content s replicated and
stored throughout the CDN
so the user can access the
data that is stored at a
location that is

geographically closest to the
user.

Without CDN

|
=} !l'ln

[ INTERNET

| G

/

With CDN

INTERNET

https://www.globaldots.com/resources/blog/content-delivery-network-explained/



An example of traffic flows...

Volumes Transferred

r\ . & I ' &

2.52PB 462TB 734TB 30.6TB 1.06PB

Total Traffic International Commodity Domestic Commodity International NREN Domestic NREN
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But they go
about it in
different ways...

They both eat
the leaves...






Now to the technical reasons...

IO




ARPANET LOGICAL MAP, MARCH 1977
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(PLEASE NOTE THAT WHILE THIS MAP SHOWS THE HOST POPULATION OF THE NETWORK ACCORDING TO THE BESY
INFORMATION OBTAINABLE,NO CLAIM CAN BE MADE FOR (TS ACCURACY }

NAMES SHOWN ARE IMP NAMES. NOT INECESSARILY)} HOST NAMES

By ARPANET - The Computer History Museum ([1]), en:File:Arpnet-map-march-1977.png, Public Domain, https://commons.wikimedia.org/w/index.php?curid=9990864



The goal was to exploit new computer technologies to meet the needs of military command and control against
nuclear threats, achieve survivable control of US nuclear forces, and improve military tactical and management

decision making. Stephen J. Lukasik

Lukasik, Stephen J. (2011). "Why the Arpanet Was Built". IEEE Annals of the History of Computing. 33 (3): 4—20. doi:10.1109/MAHC.2010.11



https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1109%2FMAHC.2010.11










Autonomous systems, interconnecting using
standardized protocols...




internet-map-FB.jpg
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Clarke's Third Law: Any sufficiently
advanced technology is indistinguishable
from magic.

(Arthur C. Clarke)

izquotes.com




Transmission Control Protocol (TCP)

There are three major factors ~ Client Server
that affect TCP performance
(there are others, but these
are the Big Three):

 Latency (or RTT -Round Trip
Time)

e Buffer/window size.

* Packet loss

All three are interrelated.
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Throughput vs. increasing latency on a 10Gb/s link with 0.0046% packet loss

10000
3000 \\r %

Local |

R\
100 \\ L (LAN) J

6000

International

N
Continental \\

e

=

Metro Area Regional

S
—

g

Throughput (Mbits/sec)

g

=

[

0 10 20 30 40 50 60 10 80 % 100

Round Trip Time (milliseconds)

Measured (TCP Reno) Measured (HTCP) Theoretical (TCP Reno) Measured (no loss)
o —— E——  ———



WAN vs LAN vs MAN




LAN vs MAN vs WAN

* LAN
4 * Local Area Network
T pesesspant ¥y e Shorter distances *
* “internal” network *
* Switching and routing *
* You provide *

* As with all networking the “it depends” rule applies



LAN vs MAN vs WAN

* LAN

* Local Area Network

e Shorter distances *
= * “internal” network *
* Switching and routing *
* You provide *

/o ON
N ~ [ ON
( AN \\ ‘ AN
N B }_/_‘ \
B \ - e N B \
7 Wireless cless \ 7 Wireless
AY Access Point \
Access Point \ \ Access Point \
\ \
\ ‘ \
\ M \
\ ' \

e i e e i

* As with all networking the “it depends” rule applies



LAN vs MAN vs WAN

* MAN

* Metropolitan Area Network
—a East Campus .
\ - I e Connections that are between LAN

and WAN
e University campuses *

* As with all networking the “it depends” rule applies



LAN vs MAN vs WAN

* WAN
e Wide Area Network

L East Campus

o~
~
.
.
\
wireless \
Access Po

* Crosses longer distances *

. * Sometimes considered “outside”
= the network *

Mostly routing *

e Someone else provides *

* As with all networking the “it depends” rule applies
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Throughput vs. increasing latency on a 10Gb/s link with 0.0046% packet loss
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When Data Intensive Science Meets Commercial Commodity Networks

This can result in adverse consequences:

® Performance issues for the researcher
® Performance issues for everyone else
® Frustration for the researcher

® Frustration everyone else

® Frustration for the IT staff

Not a fan of
being lunch...




When Data Intensive Science Meets Commercial Commodity Networks

Sigh. | guess
cancer cures
can wait.




When Data Intensive Science Meets Commercial Commodity Networks

But how do we overcome this? /
can’t stop my research just
because the network can’t keep
up! Being able to collaborate is
the future of science!




Specialty networks to the rescue!

* Both internally to your organization and externally
* Science DMZ is an example of a specialty network

Border Router

Enterprise Border
- ' A A Router/Firewall
| WAN g, Routed ,
' Clean, t
High-bandwidth Site / Campus
path to/from access to Science
WAN DMZ resources
106
[ perfS.NAR Virtuah Cltguit .
0

Site / Campus

Dedicated
path for virtual
circuit traffic

‘;!" > Science DMZ
.' /] Switch/Router

 perfSONAR |
Per-service ' perfSONAR |

security policy
control points

High Latency WAN Path
High performance Site/Campus " LowlLatency LAN Path
Data Transfer Node Virtual Circuits

with high-speed storage High Latency VC Path

~



Parts of the puzzle...

Science DMZ
DTN (Data Transfer Node)

Storage

Research and Education networks

NREN (National Research and Education
Network)

RON (Regional Optical Network)

R&E Network (Research and Education
Network)




Data Transfer Nodes (DTN)

e Simply put, a DTN is a server that is specially designed to move data
from disk to a network at speed.

o & B @

Borde n‘R uter Border Firewall Internal

10G

@ 10G ‘-ﬁ 10G ﬁ 10G T
e EEE

DMZ Switch High Performance Data High Performance
Transfer Node Storage

Acquisition Hardware
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Relationships make the packets flow...

WHY ARE FROGS SO HAPPY?

THEVEATWHATEVER'BUGS THEM
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Exchanges and PoPs PACIFIC

S |_|)( REANNZ et
o GIGAPOP
WX X
N
PACIFIC WAVE JACKSONVILLE INTERNET EXCHANGE
Eﬂlnthn NNENIX

NORTHERN NEW ENGLAND
NEUTRAL INTERNET EXCHANGE

siaiana l:lyaPlIP @

indiana.gigapop.nel

)



National Networks (US)

o
INTERNET. {"W

NOAA ENTERPRISE NETWORK

ESnhet

ENERGY SCIENCES NETWORK

REAN/N Z



INTERNET.
INTERNET2 NETWORK CONNECTIONS

WWW.INTERNET2.EDU /CONNECTORS — MARCH OF 2017
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ENERGY SCIENCES NETWORK

* Department of Energy Office of Science National Labs

Ames
ANL
BNL
FNAL
JLAB

Ames Laboratory (Ames, LA)

Argonne Natlonal Laboratory (Argonne, IL)

Brookhaven National Laboratory (Upton, NY)

Fermi National Accelerator Laboratory (Batavia, IL)

Thomas Jefferson National Accelerator Facility (Newport News, VA)

Lawrence Berkeley National Laboratory (Berkeley, CA)
Oak Ridge National Laboratory (Oak Ridge, TN)

Pacific Northwest National Laboratory (Richland, WA)
Princaton Plasma Physics Laboratory (Princaton, NJ)
SLAC National Accelerator Laboratory (Menlo Park, CA)
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National Networks

S
C
ke SANREN
RcD N South African National
CLARA QQ Research Network
| GEANT
Networks - Services - People
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canarie

J 1| e

aarnet

Australia's Academic
and Research Network

Perth

AARNet Network Access Points
Key Regional Sites

1 Gbps

2.5Gbps

10 Gbps

n* 100G DWDM Transmission
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PACIFIC WAVE

NATIONAL & INTERNATIONAL PEERING EXCHANGE

Pacific Wave is a project of CENIC & PNWGP

-~ T
cSThE = __ United Kingdom
*\ST\I\(REONE N, Netherlands
GN (seattie
/- JGN (seattie g 4, o __— CERN
WIDE TransPAC/Pacific Wave

GEMNet2

China

RIE
cP‘*P\
i PNWGP

~ ESnet
Seattle g
Hi
e ; DREN " Internet2
paciricwavefl  FN'© StarLight Ji Gnicsso
BACKBONE NREN FRGP

(NASA Ames) »

ESnet Denver KT
Singapore San Francisco Los CENIC UltraLight
Bay Area Netto: {Caltech) Tillsa

,/ ‘Albuquerque Internet2

DREN
Los‘QABQG Dalizs
Angeles | Tijuana El Paso' \
\\-—— Houston

Transtelco

Hawaii

AARNET

Q’O/

Australia México

REANNZ SPEEDS/POPS
New Zealand Pacific Wave POPs WESTERN REGIONAL NETWORK
O ews P Rovoneh Piorm (PRp) 5% e b/ manbas
e achts - ABQG: New Mexico GigaPoP
e 7~ SaR S
/ CURRENT . FUTURE O software Defined Network = FRGP: Colorado and Wyoming

= PNWGP: Washington, Montana,
Alaska, Oregon & ldaho
= UH: Hawaii

Commercial Peering Points
(Amazon, Google, & Microsoft)

With support from the National Science Foundation

PACIFIC WAVE

Advancing Technology Across Oklahoma

INTERNET.

PACIFIC

NORTHWEST

==

GIGAPOP




; 2 Okhotsk

e '\/\\\,_{, N S \L\

™\ N~ k_/’/}
\ Mongolia — /
( Uz )
i - ol

o
/\‘,

Sea of Japan
o

China South Korea Japan
B Eést China Sea
e /?{\“1
o i
Myanmar. rq; Mo ¥
¢ ~
(Burn']a)\w_ Philippine Sea
N
Thailand\, South
ol N I~ China Sea
=ng \ ( Vietnam Philippines
ulf of =
Thailand
S
Malaysia =
j N ,/\")/(
Indonesia
Banda Sea Papua New
- Arafura Sea Guinea
Australia

Great
Australian

Bight

Coral Sea

|

|

|

}

|

} North
| Pacific
} Ocean
|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

South
Pacific
Ocean

et T e

® .t|
i l' | INFORMATION
TECHNOLOGY

THE UNIVERSITY OF OKLAHOMA

OneNet

®

Advancing Technology Across Oklahoma

INTERNET.

PACIFIC

;net 1+~ CENIC

GIGAPOP

—_——
PACIFIC WAVE

REAN/N Z



Seattle
Portland (Oregon) INFORMATION
TECHNOLOGY

THE UNIVERSITY OF OKLAHOMA

it

NEW HAWAIKI CABLE

OneNer’

Advancing Technology Across Oklahoma ‘

INTERNET.

100Gbps national backbone network
—— 20Gbps and under

—— new Hawaiki Cable

PACIFIC

;net 1+~ CENIC

GIGAPOP

—_——
PACIFIC WAVE

REAN/N Z



Q’ l't INFORMATION

TECHNOLOGY

THE UNIVERSITY OF OKLAHOMA

OneNet

®
Advancing Technology Across Oklahoma

INTERNET.

PACIFIC

;net 1+~ CENIC

GIGAPOP

—_——
PACIFIC WAVE

REAN/NZ

UNIVYERSILIY

OTAGO

! ! Te Whare Wananga o Otago
NEW ZEALAND




o3t
l' | INFORMATION
TECHNOLOGY
THE UNIVERSITY OF ORLAHOWA

OneNet’

Advancing Technology Across Oklahoma ‘

Gi°

INTERNET.

PACIFIC

;net 1+~ CENIC

GIGAPOP

N
PACIFIC WAVE

REANNZ

UNIVERSITY

OTAGO

Te Whare Wananga o Otago
NEW ZEALAND




So... what does all this mean for me?

The requirements of the data intensive researcher and the service profile of the
traditional campus computer network (or commercial networks) do not always align!

Networks interconnect to networks to networks to networks...
Networks get exponentially complex the more connections you have
NRENSs are at the core of an international community supporting data intensive science!

Research networks are there for YOUR transfers. If its not working, ask for help!

If your data must transit it - its “your” network!



Our goal.




Wallace A. Chase — ¥

Head of Department, ITS
wallace.chase@otago.ac.nz
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A very special thanks to Matt Younkins at OU, as the raptors are on loan from him!
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