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Welcome to our participants, partners and guests!

A Higher Education

A Federal Labs anélgencies
A Non-Profit Agencies

A Corporations

A Partners

A Guests
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All Hands Meeting
September 25, 2014
College Park Marriott Hotel & Conference Center
3501 University Boulevard, East
Hyattsville, Maryland 20783
2" Floori Room 2110

Breakfast

Executive Directoros
Opening Statements

Keynote Address

Executive Directoros

Refreshment Break

Innovation and Advanced Services

MAX i BYTEGRID Partnership

Lunch

Sponsored Research Projects

MAX Innovation  Sandbox:

Refreshment Break

Participants Forum

Closing Remarks

We | ¢

Addr

Student Spotlight

Tripti Sinha
Executive Director, MAX

Eric Denna
CIO & VP of Information Technology
University of Maryland

Tripti Sinha

Jarda Flidr
Director of Services, MAX

Tripti Sinha

Don Goodwin
Executive Vice President, BYTEGRID

Tom Lehman
Director of Research, MAX

Christian Johnson

Tripti Sinha to facilitate

Tripti Sinha



EricDenna
ClO and Vice President of Information Technoloc
University of Maryland
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Since we last met MAX Focused on Thematic

Network Refresh

New service pricing
model

Architecting a

Cyberplatform

SDN Strategy

Strategic Partnerships

Activities

wUpgrading the MAX 100G footprint

wL YL SYSylGdAy3 a! - Qa ySg
2014

wSolving complex problems with the integration of
storage, compute and networking

w5 SSLISNI F20dza 2y {5b I VYR
roadmap

wEstablishing strategic and synergistic partnerships

LJIN
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Yesterday

wRegional
Cooperation

wBandwidth
wR&E Networking

MOTIVATORS

Today

wEnable domain
sciences

wlnnovate
wlntegrate innovations
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Operative Words

Yesterday TO d ay

Advanced Regional Applied Cyber
Internetworking for Innovation for
Higher Education Higher Education

and Research and Research
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MA Network Points of Presence

MID-ATLANTIC CROSSROADS

Baltimore, MD #2° ' Baltimore, MD #1
Rockville, MD #1 >/

Rockville, MD #2 =" ® Silver Spring, MD
Ashburn, VA= >/ College Park, MD #1
Reston, VA =’ - . ®College Park, MD #2

-~ Washington, DC - NE

Mclean, VAA 'Y Washington, DC - NW

Arlington, VA~

>/ Operational @ Coming Soon
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d.root.servers.net

win 1988, the University of Maryland was selected to serve the root of the Domain Nam
System by operating-idot.

wRoot servers are the foundation of global DNS services.

wDNS is a hierarchical lookup system.

wl?2 distinct operators operate 13 root services (A thru M).

«wRoot servers aranycasted
wD-root currently has over 58 sites, 94 instances in 34 countries

wOne instance of doot lives in the heart of the MAX network.

€€E€EEs
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Queries by Node (DNSMEWCVAEXtIPtypg
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Queries by Node (DNSMEWCVAMAXIPtyp@
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MAX peers with Apple CDN Eqjuinix

A Peering is on a 10G port

A MAX network capable of handling high demand
situations (like IOS 8 rollout)

WL gl [
Sep 15 2014 Sep 16 2014 20:00:00 Sep 17 2014 20:00:00 Sep 18 2014 20:00:00 Sep 19 2014 20:00:00 Sep 20 2014 20:00:00 Sep 21 2014 20:00:00 Sep 22 2014
20:00:00 8:00:00 8:00:00 8:00:00 8:00:00
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MAX NetworkResources

Deepthought2 HPC

ﬁ | D-ROOt

Commodity
Internet

amazon
WEDBENVICes

100G W

N x 10G EQUINIX
10G
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Principles

Services

w asSsSii (Kiw 25a YR 9GKSNYS
al - 03 LJ- NJ Transport

lj

community w Lt w2dziSR { SNBWAOSa
winnovation and “R&E-

advanced services - Commodity

for Research and w ! ROFYOSR { S 5= _
Education _AWS Service Suite

w [/ 240 NI ( -Research Network
sustainability based , _joeation Services
business model

Q9EOKI yWK, t 2Ayia
NGIX)
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MAX Services & Fee Structure Implemented July 1, 2014

Mid-Atlantic Crossroads (MAXServices
Participation Fee

Mid-Atlantic Crossroads (MAXServices

IP CommodityRoutes

MAX Participation Fee CommerciaProviders
Layer 3¢ IP Routed (R&E) Service TRCPS

1G Advanced Services
10G MAXAWS Direct Connect
100G ResearchiNetwork Connection

Layer 2¢ Ethernet Transport Service

MAX Platinum Service

Acces to multiple services

10G Other Services
Layer 1¢ DWDM Transport Service RackColocation Space

10G Machine/VirtualMachine Hosting
100G Remote Hands
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MAX Services & Fee Structure Implemented July 1, 2014

Mid-Atlantic Crossroads (MAXgervices

Washington InternationaExchange
(WIX)

10G
100G

Next Generationinternet Exchange
(NGIX)

1G10G
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HPC; Deepthought?2

University of Maryland Cyberinfrastructure Center and
Deepthought2 High-Performance Computing Cluster

The University of Maryland's Cyberinfrastructure Center, a new facility to enhance the university's advanced research capabilities,
opened in January 2014. The Cyberinfrastructure Center is home to Deepthought2, a new high-performance computing cluster
launched in May 2014. It also offers space for colocation of departmental research computing equipment, www.it.umd.edu/CC

Cyberinfrastructure Center
Offers Research Computing Resources

UMD’s new Cyberinfrastructure Center
is located in approximately

square feet of leased space ,

in the Rivertech Building at 5700 Rivertech Court

in the university's M Square research park.

1,80

square feet of floor space in the data facility
is dedicated to colocation of college and
department research computing assets

The colocation facility
was developed with the needs of campus researchers in mind
and provides environmental and physical security controls,

The new center's electrical supply offers both
UPS :nd generator senice for reliability.

A staging area
is available for preparing equipment
to be installed in the colocation area

After initial set-up fees, there are

no recurring charges

assaciated with colocation space and power

Deepthought2
Better Supports UMD Researchers

UMD paid about $4 02 million

for Deepthought2, which has a processing speed of about

300 teraflops.

The new supercomputer can complete between

250 trillion . 300 trillion

operations per second.

Deepthought2 is the equivalent of
10,000 |aptops werking together. It has
2,000 times the storage of an average
laptop and an internal network that is

50 rimes faster than broadband. This is the
type of compute power needed to solve
urgent scientific and societal problems.

Deepthought2 has a

petabyte
{1 million gigabytes)
of storage as well as
avery high-speed
internal network.

Based on current rankings, Deepthought2 s
expected to rank as one of the top high-performance
computing clusters among U5, universities and as one of

the top 500 clusters in the world TO P 5 0 0

inthe Cyberinfrastructure Center. in the World
UMD Partners
gﬁﬁpfh?UQh‘iFBi““gitE;MaI“_ N o omur  Expanding our research computing
ECESS g ig Data Analysis: § = [ assets helps UMD researchers further
) . A 5 25 5 £EE g ) . )
Studying the formation of the first galaxies 52 H E %;}g 52 contribute to solving major societal
y . = = S8
+ Simulating fire and combustion for fire 5 E b SE£X §2e challenges, answering complex scientific
protection advancements ‘5 = 5 § TEE £55 ) .
g ia :-..M %5 H ST ¥ questions, and advancing human welfare.
s = 5% 29 8=
resistance in bacteria to help develop < g g==

better antibiotics

« Understanding how the universe evolved

UNIVERSITY OF

&



MA™

MID-ATLANTIC CROSSROADS\

New Services in the next year

Mid-Atlantic Crossroads (MAXgervices
HPC Offering

DataCenter

Security
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The cycle of innovation and advanced services
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MAX Focus on Thematic Activities

wUpgrading the MAX 100G footprint

wLYLX SYSYGUAy3 a! - Qa ySg LN
2014

Architecting a wSolving complex problems with the integration

Cyberplatform of storage, compute and networking

w5 SSLISNJ F20dza 2 5b | yR (

wEstablishing strategic and synergistic partnerships
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MAX Sponsored Research

V4N SDNX, DoD

HPCDNA GENI JHU100C NetSurvive
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MAX-Fujitsu 400Gbpsand 800GbpsField Trial
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MAX-Fujitsu 400Gbpsand 800GbpsField Trial
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MAX-Fujitsu 400Gbpsand 800GbpsField Trial

Successful transmission of data at rates
of 400Gbpsand 800GbpsA Reveals
future of terabit networking capabilities

2LIGAOFE ySis2N]

FirstS@SNJ GNR I f RSY?2y &Zhamhel dapapiliesCdz2 A G & dzQa & dzLIS NJ
on a deployed network, which allow higher speeds on the existing
installed base of equipment.

Fujitsu FLASHWAVE® 9500 Packet Optical Networking Platform (Packet ONP)
transmitted data with a 25% improvement in channel spacing over
conventional dense wavelength division multiplexing (DWRMeatly

increases network utilization without requiring any physical adjustments to

the MAX network infrastructure.

The field trial demonstrated several key technical advancements which
could lead to the next generation of optical transmission.

This dramatic increase in network spedl help scientists across the
mid-Atlantic minimize the limitations of geographic distance and
maximize the demands of science applications in order to expedite the
transmission otlata.

T NEB Y

*All of these advancements enable a much higher utilization of costly fiber infrastructure and
maximize the bandwidth available for demanding R§Rlications!
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Innovation
The Holy Triad

CKS 52YFAY { OASHEdRectinéuE > a52y Qi
compute me, store me and transport heé

A SDNX

i Application and SDN
integration technology

I Well engineered and optimally
positioned network related
service exchange point

NEXUS

Domain Science A HPCDNA flexible coupling of

applications _ : =
\ application specific data sets

with high performance
compute and networking
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The Problem Space (of the domain scientist)
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ThreeProngedSolution for the Problem Space

ProblemOwner /
Domain Scientist

Integration and ®
Innovation @
O Qoeo o0
®

Deploying solution in a
Campus Environment
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Integration and Innovation Prong

ProblemOwner /
Domain Scientist

Integration and

Innovation .

Deploying solution in a
Campus Environment




MA

MID-ATLANTIC CROSSROADS

Close Examination of Four Use cases at Maryland

Datalntensive Research Use Cases

w Imagery from NASA satellites
w Data from telescopes

w Scientific instruments

w Massive scale simulations
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Before-and-After MSX

BEFORHE AFTER

wTlhe data were transferred wT he full download time is reduced
physically on Z'B hard drives from to only 1.5 days

Maui to Maryland.
wlhe team is able tm-line process

wBYy the end of the survey in March the sets in neaireal time as the
2014, the team expected to collect data flows in rather than
hundreds of terabytes of data, downloading, storing, and
which would take approximately processing (which alleviates the
9 monthsto download. need for local infrastructure

upgrades).
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ThreePronged Solutiorg Integration and Innovation is complex!

The integration and innovation effort
culminates in high returns with nen
trivial challenges:

ProblemOwner /

Domain Scientist U One size does not fit all! Every
distinct problem requires a custom
Integration solution.
and U Very, very labor intensive.
Innovation U No control of environment beyond
_ _ 2ySQa aLly 2F 02y N
Deploying solution i Endto-end solution is only as good
In a Campus

as the end that you do NOT control.
U  Well resourced connectivity can

have zero impact at solving a

problem when an iltefined (i.e.

not well known) enepoint is a

critical element in the solution.

Environment
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ThreeProngedSolution has Two Major Challenges!

ProblemOwner /
Domain Scientist

4

Integration and

Innovation ‘

Deploying solution in a
Campus Environment

A
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ThreeProngedSolution has Two Major Challenges!

ProblemOwner /
Domain Scientist

Integration
and
Innovation

Deploying solution
in a Campus
Environment

Human factor elements cannot be
underestimated. We encountered
three types of problem owners:

i

Know what they want butlo not
know how to get therei(e how to
use cyber resources effectively).
External dependency (remote
instrument). Very driven.

Know what they want ando know
how to get there . Welllefined
workflow. Insist on complete
control of IP. Selfeliant and
therefore limited by their own
resources. Very driven.

Know what they wantDo notwant
to change statuguo. Rate of
scientific discovery satisfactory.

Note: All three types are tightly
coupled with cyber engineersvery,
very labor intensive!
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ThreeProngedSolution has Two Major Challenges!

ProblemOwner /
Domain Scientist

Integration
and
Innovation

Deploying solution
in a Campus
Environment

Campus Deployment Challenge:

i

i

The network is the platform for
many services for multiple
constituents.

Risk must be minimized. Attack
vectors mitigated.Cyber security is
a very high priorityfor the campus.
Many network serviceslike
intrusion prevention and firewall
services; introduce network
performance degradation which is
not optimal for scientific research.
Well-engineerednetwork edge
points that bypass security
measures and traffic policies in an
isolated topology in the campus
network are desirable.
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Challenges in Integration and Innovation within the Campus Environment

Conclusion: There are many challenges in finding a sofatidhe problem space within
a campus environment

ProblemOwner /
Domain Scientist

Integration and
Innovation

Deploying solution in
a Campus
Environment

Extremelycomplex problenspace. You will not sélee complexity of the problerantil you get
into the problem! - Xi Yang, MAX Senior Scientist
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MAX Focus on Thematic Activities

Network Refrech

New service pricir
model

Architecting a

Cyberplatform

SDN Strategy

Strategic Partne ouu -
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Innovation and Advanced Services
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A AWS
A MultiServiceeXchange
A HPC; Cloud Integration
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Definition

A Current Services (L1, L2, L3 transport)
I Edgeagnostic
Adata movement from anywhere to anywhere

A Advanced Services

| Edgeaware

ANetwork Services are an integral part of biggeope,
specific solutions
I Welldefined destinations
I Ecosystem of Storage, Compute, and Data sources
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What are we trying to do?

A Enabling users and their applications

I Wellengineered paths to major destinations
AAWS
AHPC Clusters

I Wellengineered network edge colocation
AHighPerformance Virtualization

I Network, Compute, and Data optimization
ADomain Science Application integration
A Science instrument integration



AWS SERVICES



AWS ServicesScope

A Managed Peering
I Based on AWS servibarect Connect

I More thanDirect ConnectLayer 2, brokered BGP
peering, dynamic provisioning

A Account Management
A Migration Services
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Managed Peering Overview

A Physical:

I Dedicated Network Connection
A Cross connect at MAEquinixPOP in Ashburn, VA

A L2 configuration
I Multiple Public or Private Virtual Interfaces (VLANS)
I Controlled by API
I One VLAN per AWS account

A L3configuration

I BGP Peering

A All Amazon East Region routes either direct (Layer 2 path through MAX) or brokered
(MAX maintains the BGP adjacency on behalf of Customer)

A Benefits
I Discounted datgoricing
I Dedicated path
i Private BGP peering for VPC integration
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Logical View of AWS Usage Models

- —
- -
———

-

Direct Connect Account

- —— Lol User,

7
,' < MAX 1AM subaccount
1 MAXIAM subaccount
’

MAX Router

AWS Services UMD CP only
managed
S .
VLAN peering o
User, zone R
Arbitrary AWS Account Userz 4

Arbitrary AWS Account L

User

5

Arbitrary AWS Account
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Managed Peering Summary

A What it is:

I Special purpose, dedicated (10Gbps) connection to the
services offered by AWS at Northern Virginig€ast1)

I Dynamic provisioned by MAX on demand
A It Is not persistent

A What it is not:
I Offload connection for general purpose Amazon/AWS traffic
A Intended usage:

I Specifidig-datatransfers to/from AWS, datantensive
computation at AWS&etc.

A Longterm options
I More bandwidth capacity can be provisioned
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Dynamic (L3) Service

Y

MID-ATLANTIC CROSSROADS

0 AWS over Direct Connect added to your service selectio

Logged in as:

Available Services

@ Advanced Services

® AWS over Direct Connect

User menu

&

Service selection

Remove

Products

<custom name>

count 8- <1111-2222-3333>

\: <10866>

<1.2.3.072&

U <10.20.30.128/30>

Qty Total
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NV,

\_

L2 Service

Portal/
API

Virtual Interfaces (VLANS)

commodlty 10 Gbps
* ISP port

AWS Services

\~/

___ User,
AWS Acc: aaaa-bbbb-cccc

—/

| User,
AWS Acc: dddd-eeee-ffff

79

>y

ustomer Router

/

User,
AWS Acc: nnnn-mmmm-0000

Customer Responsibility:
BGP configuration, VLAN mapping,
static routes, etc




MID-ATLANTIC CROSSROADS

Dynamic Usage Example

L+ =—L Uses
+ .+ AWS Acc: aaasbbb-cccc

. *
.

commodity* BRES
ISP LR

Usey,

MAX Router AWS Acc: ddddeeeffff

AWS Servicei=

User,
AWS Acc: nnnmmmmo000

Legend:

Time
Slices

ty:user, accesses Glacier Service over Direct Connect resold to them by MAX, the rest will see commodity routes only
t,:user, accesses EC2 Service over Direct Connect resold to them by MAX, the rest will see commodity routes only
t,:usel accesses VPC Service over Direct Connect resold to them by MAX; the rest will see commaodity routes only

MAX account administrative control: only Direct Connect, resold to MAX customers dynamically
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AWS

LegaC)System Migration (Example)

WordPress

L

Solr + Tomcat

i
&

Snapshot

i
é

Snapshot

]

CloudWatch

Omeka, Legacy  EBS1
mysql slave

EB52

%Iastlc IP1

lastic IP2
lastic IP3

lastic IP4
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AWS

Amazon Web Services

Compute & Networking

+ Direct Connect
=y Dedicated Metwork Connection to AWS

EC2

Virtual Servers in the Cloud

Route 53

Scalable Domain Name System

s VPC

¥ |solated Cloud Resources

Storage & Content Delivery

CloudFront
Global Content Delivery Network

Glacier
Archive Storage in the Cloud

S3

Scalable Storage in the Cloud
Storage Gateway

Integrates On-Premises IT Environments with Cloud Storage

t X N R

Database

. DynamoDB
Predictable and Scalable NoSQL Data Store

ElastiCache
ww [n-Memory Cache

RDS

Managed Relational Database Service

Redshift
Managed Petabyte-Scale Data Warehouse Service

Deployment & Management

CloudFormation
Templated AWS Resocurce Creation

CloudTrail
User Activity and Change Tracking

CloudWatch

Resource and Application Monitoring

Elastic Beanstalk
AWS Application Container

1AM
Secure AWS Access Control

OpsWorks

DevOps Application Management Service

Trusted Advisor
AWS Cloud Optimization Expert

o & O

Analytics

Data Pipeline
Orchestration for Data-Driven Workflows

Elastic MapReduce

Managed Hadoop Framework

Kinesis

Real-time Processing of Streaming Big Data

a» &

Mobile Services

F Cognito
J User ldentity and App Data Synchronization

== Mobile Analytics
Understand App Usage Data at Scale

SNS

Push Notification Service

Low Latency Application Streaming

c] CloudSearch

Managed Search Service

Elastic Transcoder
Easy-to-use Scalable Media Transcoding

aillin
-
L
. SES
Email Sending Service

2QS

Message Queue Service
m SWF
Workflow Service for Coordinating Application Components

Applications

@ WorkSpaces
Desktops in the Cloud

Zocalo

Secure Enterprise Storage and Sharing Service
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MSX

Multi ServiceeXchange

CGNIE Integration Award — —



