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 What is an R&E network? 0
* Returning by popular demand — velociraptors! qj /
 Why isn't a network just a network? TELEMNE (TGS ﬂmm
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 Build yourself a picture
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Will this make me A
Network Engineer?
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But it will allow you to
navigate their world.
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Maybe even understand
them...
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But why do | need to know this?

Um

The element of

CONFUSION
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So what makes this so complex anyway?

I ADDED ALL OF THE

PRODUCT FEATURES

THAT EACH OF YOU
DEMANDED.

Dilbert.com DilbertCartoonist@gmail.com

NOW OUR PRODUCT
IS A WORTHLESS
HODGEPODGE OF
COMPLEXITY.

)

22512 ©2013 Scott Adams, Inc. /Dist. by Universal Uclick

I APPRECIATE YOUR
INPUT. T COULDNT HAVE
FAILED WITHOUT YOU.




Commodity/commercial Networks









Commodity/commercial Networks

TeInaSonera

verizon’
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Commercial Networks

Works great for traffic such as

Ewitch I (I Tube




So why do commercial networks work well for this?

Further proof that cats are liguid. (via jabbathechav)



Cumulative Percentage

M Count

Consumer Financial Protection Bureau: Consumer Complaints

o

Auedoid ey} pos Jepue
H00U0 UB|0}s JO 1507
ajes ebuBLIXS 1900
seinjes) spremel Jo sbuiaes ‘yeipiend
8j91yeA paosisep Jo pebewep 16pueT
1910 ABuow uslo}s 10 1507

seinsopsip Jo Bugexsew ‘Buiseapy
9[OIY8A 8y} PIOS 10 Passessodes Jepua
500 GNISSEOX]

jwe Jo Aep Buoum oe yueq pebreyd
80UBADE USED
paaasel Jo pebreyo unowe Buoiy

19pue| PBIN0D JUBD

POSIWOID UBYM BIE]IBAR JOU SBM ABUOWN
junocooe Buisop 10 ‘Bujuedo ‘Buibeueyy
aindsip 1GOp UoKeY0D

lojsuey) eouejeg

s81pRId UoIDBII0D

09j o]

co_«scooc&o__ 10 SJUOWETS BS[e

wewebeuew Jo ‘Busop ‘Guiuedo Junocoy
PeMO JOu Jqep 08|00 sidweye piuoD
UNCOOE MOs0se 'siuowhed ‘Bupwies ueo
UOdal IPaId UO UOKBULIOMI J08LI00U|

QUNS0[08.0] ‘UOHOB|ICD ‘UONBILIPOW UBOT
(=]







80%
effort




Commercial Networks

80%
effort
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Now to the technical reasons...
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ARPANET LOGICAL MAP, MARCH 1977
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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
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Autonomouys systems, mterconnectlng using
' tandardized protocols...
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Commodity/commercial networks

The good

Great for “normal” traffic

Resilient by design

Can move lots of “small” things moving around

Great if what you are doing is accessing and on a CDN (Content Delivery Network)
Available almost everywhere

The not so good

Not at all optimized for large flows

Can be very expensive at scale

Often sub optimal routing and peering for point to point research traffic
Throttling , queuing, traffic shaping destroy throughput (and “they” don’t care)
Commodity networks assume, and are designed for, “lots of small stuff”

High speeds are not always available, or cost effective (10G, 40G, 100G)

If you have issues, good luck getting help



Lets take a smaller network and use as an
example of this issue...



The academic network




What makes up an academic network?

h
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Student
access



What makes up an academic network?

» ()

Student Intellectual
access Property



What makes up an academic network?

Student Intellectual Payroll &
access Property Accounting



What makes up an academic network?

Student Intellectual Payroll &
access Property Accounting

Business
systems



What makes up an academic network?




The academic network...
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The academic network...
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The academic network...
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“Firewall”
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The academic network...

Intrusion
Prevention
“Firewall” \
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The academic network...

Bureaucracy Intrusio.n
(aka “Paperwork”) Prevention
\ “Firewall” \
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CAUTION

ANA[OGIES AIIH\II

PROTECTIVE HEADGEAR MUST BE WORN IN 'I'IIIS AREA




Data Intensive Science, an analogy...

Computational Research Velociraptor



Data Intensive Science, an analogy...

Data Intensive Science Velociraptor



Data Intensive Science, an analogy...

Irrefutable proof the analogy is valid...



Data Intensive Science, an analogy...




Data Intensive Science, an analogy...




Data Intensive Science, an analogy...

Agile

Moves Rapidly



Data Intensive Science, an analogy...

Agile
Moves Rapidly

More Effective
In Groups



Data Intensive Science, an analogy...

Agile

Moves Rapidly

More Effective
In Groups

Consumes All
Available Resources



Data Intensive Science, an analogy...

Moves Rapidly

More Effective
In Groups

Consumes All
Available Resources

Cool



Data Intensive Science, an analogy...

U '¢

Agile
Moves Rapidly

More Effective

In Groups

Is not reptile Is reptile

Consumes All
Available Resources

Cool



When Data Intensive Science Meets Traditional Networks
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When Data Intensive Science Meets Traditional Networks
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When Data Intensive Science Meets Traditional Networks
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When Data Intensive Science Meets Traditional Networks

= I
[ 11._'1' T - q | [ =Y
S35 s 2 b ms _:
i,l-;:":...
| have some

important research
data...



When Data Intensive Science Meets Traditional Networks

...that is highly important to myself, the educational
community, and all of mankind as a whole. It is
imperative that this data be reasonably secured; yet,
available to my research peers. The datasets are rather
large, and they may need to be shared across
institutions.



When Data Intensive Science Meets Traditional Networks

Would it be possible to place this in a secure,
reliable, flexible, accessible, as well as high
performing infrastructure?



When Data Intensive Science Meets Traditional Networks
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When Data Intensive Science Meets Traditional Networks

Lemme G,
check...
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When Data Intensive Science Meets Traditional Networks
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When Data Intensive Science Meets Traditional Networks

Yo!
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When Data Intensive Science Meets Traditional Networks

Gotta guy here.
Says he needs
stuff.
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When Data Intensive Science Meets Traditional Networks

What kinda
stuff?
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When Data Intensive Science Meets Traditional Networks

Something about
security and
connectivity (maybe).




When Data Intensive Science Meets Traditional Networks

We got plenty of
that! Send ‘em
in.
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When Data Intensive Science Meets Traditional Networks
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When Data Intensive Science Meets Traditional Networks
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When Data Intensive Science Meets Traditional Networks

o Ye gads!
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When Data Intensive Science Meets Traditional Networks

AHHHH!!




When Data Intensive Science Meets Traditional Networks

AHHHH!! THE

Ye gads! INHUMANITY!!! o
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When Data Intensive Science Meets Traditional Networks

AHHHH!! THE
Ye gads! INHUMANITY!!!
f AR | P
'ﬁf..".'{' !7 i 7é 5] S |
- . B T B s
HOM!
NOM!

NOM!



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




When Data Intensive Science Meets Commercial Commodity Networks

Eeek, | just need some help...



When Data Intensive Science Meets Commercial Commodity Networks

On second thought,
how much money yah
gots and how may friends
do you have | can eat,
um, | mean meet?



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

WAN T Routed ;
; Clean, r
High-bandwidth
path to/from cess to Science
WanN DMZ resources
10
perfS@NAR Vit 8l Glibouit
o

Dedicated
path for wirtual “{“‘t“‘/ Science DMZ
circuit traffic . g | Switch/Router

Enterprise Border
Router/Firewall

pus

Per-service EGEFS_‘_.EAR_
security policy
control points
High Latency WAN Path
High performance Site/Campus
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)

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

© o 8 B &

WAN ElnrdeflRouter Border Firewall Internal

101G

|
L =
%. 10G -— 10G ﬁ 106 ETE

DMZ Switch High Performance Data High Performance
Transfer Mode Storage Data
Acquisition Hardware




REANNZ MX 204 REANNZ MX 204

UoA ASR UoA ASR
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UoA enterprise

UoA data science

REANNZ
backbone




REANNZ

Portland [Oregon)

Seattle
100G network with 360+ member connections

NEW HAWAIKI CABLE

Los Angeles

=== 100Gbps national backbone network
—— 20Gbps and under

—— new Hawaiki Cable
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Traffic Load
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Created: Mar 22 2019 00:00:10
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Relationships make the packets flow...

WHY ARE FROGS'SO HAPPY?

THEY/EAT, WHATEVER BUGS THEM



C-Light

Relationship can be complex...
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Local networks
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State/regional networks Charter

aka ”y0ur|SP” COMMUNICATIONS
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Exchanges and PoPs PACIFIC

NORTHWEST

2

PAC”:lc WA\/E JACKSONVILLE INTERNET EXCHANGE

Mindion
j munn

indiana.gigapop.net

13 l:lgaPﬂP & NNENIX

NEUTRAL INTERNET EXCHANGE



National Networks (US)

INTERNET. W

NOAA ENTERPRISE NETWORK

EShet

ENERGY SCIENCES NETWORK

REANNZ




INTERNET.
INTERNET2 NETWORK CONNECTIONS

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

* Department of Energy Office of Science Mational Labs
Ames Ames Laborstory (Ames, 1A)

Argonne National Laboratory (Argonns, L}

Brookhawven National Laboratory (LUpton, MY}

Fermi Mational Accelsrator Laboratory (Batavia, (L}

Thomas Jefferson Mational Accelerator Facility (Mewport Newsa, WA}

LBNL
ORNL
PHNL
PPPL
SLAC

Lawrance Barkeley MNational Laboratory (Berkelay, GA)
Cak Ridge Mational Labaratory (Oak Ridgs, TN}

Pacific Morthwest Mational Laboratory (Richland, W)
Princaton Plasma Physics Leboratony (Princeton, MJj
SLAC Mational Accalerator Labaratory (Menlo Fark, CA)
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International Networks
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International
community of NRENs
enabling collaboration

on a global scale!
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TECHNOLOGY

THE UNIVERSITY OF OKLAHOMA

®
Advancing Technology Across Oklahoma
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PACIFIC WAVE

NATIONAL & INTERNATIONAL PEERING EXCHANGE Pacific Wave is a project of CENIC & PNWGP
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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 make more 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 to facilitate YOUR transfers. If its not working ask for help!

If your data has to transit it - its “your” network!



Our goal.




Wallace A. Chase

Technical Engagement Manager

wallace.chase@reannz.co.nz
@bmtfr

REANNZ

A very special thanks to Matt Younkins at OU, as the raptors are on loan from him!
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