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Welcome to our participants, partners and guests!

ÅHigher Education

ÅFederal Labs and Agencies

ÅNon-Profit Agencies

ÅCorporations

ÅPartners

ÅGuests



Introductions



 

 
 

 

All Hands Meeting  
September 25, 2014  

College Park Marriott Hotel & Conference Center 
3501 University Boulevard, East 

Hyattsville, Maryland 20783 
2nd Floor ï Room 2110 

 

  9:15am Breakfast   
 

10:00am 
 

Executive Directorôs Welcome and  
Opening Statements  

 

Tripti Sinha 
Executive Director, MAX 
 

10:10am Keynote Address  Eric Denna 
CIO & VP of Information Technology 
University of Maryland 
 

10:30am Executive Directorôs Address Tripti Sinha 

11:00am Refreshment Break   
 

11:15am 
 

Innovation and Advanced Services  
 

 

Jarda Flidr 
Director of Services, MAX 

 

11:45am 
 

MAX ï BYTEGRID  Partnership  
 

Tripti Sinha 
 
Don Goodwin 
Executive Vice President, BYTEGRID 
 

12:15pm Lunch   
 

1:15pm 
 

Sponsored Research Projects  
 

 

Tom Lehman 
Director of Research, MAX 

2:00pm MAX Innovation Sandbox:   Student Spotlight  
 

Christian Johnson 
 

2:15pm Refreshment Break   
 

2:30pm 
 

Participants Forum  
 
Tripti Sinha to facilitate  

 
3:30pm 

 
Closing Remarks  

 
Tripti Sinha 

 

 



Eric Denna

CIO and Vice President of Information Technology

University of Maryland 
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Since we last met - MAX Focused on Thematic 
Activities

ωUpgrading the MAX 100G footprint  
Network Refresh

ωLƳǇƭŜƳŜƴǘƛƴƎ a!·Ωǎ ƴŜǿ ǇǊƛŎƛƴƎ ƳƻŘŜƭ ƻƴ Wǳƭȅ мΣ 
2014

New service pricing 
model

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

Architecting a 
Cyberplatform

ω5ŜŜǇŜǊ ŦƻŎǳǎ ƻƴ {5b ŀƴŘ ŎǊŜŀǘƛƴƎ a!·Ωǎ {5b 
roadmapSDN Strategy

ωEstablishing strategic and synergistic partnerships
Strategic Partnerships



MOTIVATORS

Yesterday

ωRegional 
Cooperation

ωBandwidth

ωR&E Networking

Today

ωEnable domain 
sciences

ωInnovate

ωIntegrate innovations

Tomorrow?



Operative Words

Yesterday

Advanced Regional 
Internetworking for 
Higher Education 
and Research

Today

Applied Cyber 
Innovation for 
Higher Education 
and Research

Tomorrow?



¢ƻŘŀȅΩǎ ǿƻǊƭŘ ƛǎ ŎƻƳǇƭŜȄΗ
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Four Pillars of MAX



N

E

T

W

O

R

K

S

E

R

V

I

C

E

S

R

E

S

E

A

R

C

H

I

N

N

O

V

A

T

I

O

N

Four Pillars of MAX



N

E

T

W

O

R

K

S

E

R

V

I

C

E

S

R

E

S

E

A

R

C

H

I

N

N

O

V

A

T

I

O

N

Four Pillarsof MAX





MAX Network Refresh



MAX Network ςlayer 2 view



d.root.servers.net
ωIn 1988, the University of Maryland was selected to serve the root of the Domain Name 

System by operating D-root.  

ωRoot servers are the foundation of global DNS services.

ωDNS is a hierarchical lookup system.

ω12 distinct operators operate 13 root services (A thru M).

ωRoot servers are anycasted.  

ωD-root currently has over 58 sites, 94 instances in 34 countries

ωOne instance of d-root lives in the heart of the MAX network.



Queries by Node (DNSMON-MCVA-Ext-IPtype)



Queries by Node (DNSMON-MCVA-MAX-IPtype)



MAX peers with Apple CDN at Equinix

ÅPeering is on a 10G port

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



MAX Network Resources
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Services

ω aŜŜǘ ǘƘŜ ƴŜŜŘǎ ƻŦ 
a!·Ωǎ ǇŀǊǘƛŎƛǇŀƴǘ 
community

ω Innovation and 
advanced services 
for Research and 
Education

ω /ƻǎǘ ǊŜŎƻǾŜǊȅ ŀƴŘ 
sustainability based 
business model

ω ²5a ŀƴŘ 9ǘƘŜǊƴŜǘ 
Transport

ω Lt wƻǳǘŜŘ {ŜǊǾƛŎŜǎ

- R&E

- Commodity

ω !ŘǾŀƴŎŜŘ {ŜǊǾƛŎŜǎ

- AWS

- Research Network

ω /ƻ-location Services

ω 9ȄŎƘŀƴƎŜ tƻƛƴǘǎ (WIX, 
NGIX)

Principles Service Suite



MAX Services & Fee Structure Implemented July 1, 2014

Mid-Atlantic Crossroads (MAX)Services

Participation Fee

MAX Participation Fee

Layer 3 ςIP Routed (R&E) Service

1G

10G

100G

Layer 2 ςEthernet Transport Service

1G

10G

Layer 1 ςDWDM Transport Service

10G

100G

Mid-Atlantic Crossroads (MAX)Services 

IP CommodityRoutes

CommercialProviders

TR-CPS

Advanced Services

MAXAWS Direct Connect

ResearchNetwork Connection

MAX Platinum Service

Access to multiple services

Other Services

RackColocation Space

Machine/VirtualMachine Hosting

Remote Hands



Mid-Atlantic Crossroads (MAX)Services

Washington InternationalExchange 
(WIX)

10G

100G

Next GenerationInternet Exchange 
(NGIX)

1G-10G

MAX Services & Fee Structure Implemented July 1, 2014



HPC ςDeepthought2



Mid-Atlantic Crossroads (MAX)Services

HPC Offering

DataCenter

Security

New Services in the next year
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The cycle of innovation and advanced services

Network

Services

Research

Innovation



MAX Focus on Thematic Activities

ωUpgrading the MAX 100G footprint  
Network Refresh

ωLƳǇƭŜƳŜƴǘƛƴƎ a!·Ωǎ ƴŜǿ ǇǊƛŎƛƴƎ ƳƻŘŜƭ ƻƴ Wǳƭȅ мΣ 
2014

New service pricing 
model

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

Architecting a 
Cyberplatform

ω5ŜŜǇŜǊ ŦƻŎǳǎ ƻƴ {5b ŀƴŘ ŎǊŜŀǘƛƴƎ a!·Ωǎ {5b 
roadmapSDN Strategy

ωEstablishing strategic and synergistic partnerships
Strategic Partnerships



MAX Sponsored Research

SDNX, 
HPCDNA,GENI,JHU100G

NetSurvive

RAINS

DoD



MAX-Fujitsu 400 Gbpsand 800 GbpsField Trial 



MAX-Fujitsu 400 Gbpsand 800 GbpsField Trial 



MAX-Fujitsu 400 Gbpsand 800 GbpsField Trial 

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

5ŀǘŀ ǘǊŀƴǎŦŜǊǊŜŘ ƻǾŜǊ a!·Ωǎ ƻǇǘƛŎŀƭ ƴŜǘǿƻǊƪ ŦǊƻƳ .ŀƭǘƛƳƻǊŜΣ 
MD, to McLean, VA.

First-ŜǾŜǊ ǘǊƛŀƭ ŘŜƳƻƴǎǘǊŀǘƛƴƎ CǳƧƛǘǎǳΩǎ ǎǳǇŜǊ-channel capabilities 
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 (DWDM) ςgreatly 
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 speed will 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 of data.

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

¢ƘŜ 5ƻƳŀƛƴ {ŎƛŜƴŎŜ ǎŀȅǎΣ ά5ƻƴΩǘ just connect me but 
compute me, store me and transport meΦέ

Å SDNX 
ïApplication and SDN 

integration technology

ïWell engineered and optimally 
positioned network related 
service exchange point

Å HPCDNA ςflexible coupling of 
application specific data sets 
with high performance 
compute and networking

NEXUS

Domain Science 
applications

Compute

NetworksStorage



Commodity Internet, 
a!·Σ LƴǘŜǊƴŜǘнΣΧ

The Problem Space (of the domain scientist)

Campus 
Network

HPC, 
Distributed 
Computing, 

Cloud 
Resources

Scientific 
Instrumentation 

Resources



Three-Pronged Solution for the Problem Space

Solution

Problem Owner / 
Domain Scientist

Integration and 
Innovation

Deploying solution in a 
Campus Environment



Solution

Problem Owner / 
Domain Scientist

Integration and 
Innovation

Deploying solution in a 
Campus Environment

Integration and Innovation Prong



Close Examination of Four Use cases at Maryland

ωImagery from NASA satellites

ωData from telescopes

ωScientific instruments 

ωMassive scale simulations

Data-Intensive Research Use Cases



Before-and-After MSX

BEFORE
ωThe data were transferred 

physically on 2-TB hard drives from 
Maui to Maryland. 

ωBy the end of the survey in March 
2014, the team expected to  collect 
hundreds of terabytes of data,  
which would  take  approximately  
9 monthsto download.

AFTER
ωThe full download time is reduced 

to only 1.5 days.

ωThe team is able to in-line process 
the sets in near-real time as the 
data flows in, rather than 
downloading, storing, and 
processing (which alleviates the 
need for local infrastructure 
upgrades).



Solution

Problem Owner / 
Domain Scientist

Integration 
and 
Innovation

Deploying solution 
in a Campus 
Environment

Three-Pronged Solution ςIntegration and Innovation is complex!

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

ü One size does not fit all!  Every 
distinct problem requires a custom 
solution.

ü Very, very labor intensive.
ü No control of environment beyond 
ƻƴŜΩǎ ǎǇŀƴ ƻŦ ŎƻƴǘǊƻƭΦ

ü End-to-end solution is only as good 
as the end that you do NOT control.

ü Well resourced connectivity can 
have zero impact at solving a 
problem when an ill-defined  (i.e. 
not well known) end-point is a 
critical element in the solution.



Solution

Problem Owner / 
Domain Scientist

Integration and 
Innovation

Deploying solution in a 
Campus Environment

Three-Pronged Solution has Two Major Challenges!



Solution

Problem Owner / 
Domain Scientist

Integration 
and 
Innovation

Deploying solution 
in a Campus 
Environment

Three-Pronged Solution has Two Major Challenges!

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

ü Know what they want but do not  
know how to get there (i.e how to 
use cyber resources effectively).  
External dependency (remote 
instrument).  Very driven.

ü Know what they want and do know 
how to get there .  Well-defined 
workflow.  Insist on complete 
control of IP.  Self-reliant and 
therefore limited by their own 
resources.  Very driven.

ü Know what they want.  Do notwant  
to change status quo.  Rate of 
scientific discovery satisfactory.

Note:  All three types are tightly 
coupled with cyber engineers ςvery, 
very labor intensive!



Solution

Problem Owner / 
Domain Scientist

Integration 
and 
Innovation

Deploying solution 
in a Campus 
Environment

Three-Pronged Solution has Two Major Challenges!

Campus Deployment Challenge:

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

ü Risk must be minimized.  Attack 
vectors mitigated.  Cyber security is 
a very high priorityfor the campus.

ü Many network services - like 
intrusion prevention and firewall 
services ςintroduce network 
performance degradation  which is 
not optimal for scientific research.

ü Well-engineered network edge 
points that bypass security 
measures and traffic policies in an 
isolated topology in the campus 
network are desirable.



Challenges in Integration and Innovation within the Campus Environment

Solution

Problem Owner / 
Domain Scientist

Integration and 
Innovation

Deploying solution in 
a Campus 
Environment

Extremely complex problem space.  You will not see the complexity of the problem until you get 
into the problem!   - Xi Yang, MAX Senior Scientist

Conclusion:  There are many challenges in finding a solution for the problem space within
a campus environment  



MAX Focus on Thematic Activities

ωUpgrading the MAX 100G footprint  
Network Refresh

ωLƳǇƭŜƳŜƴǘƛƴƎ a!·Ωǎ ƴŜǿ ǇǊƛŎƛƴƎ ƳƻŘŜƭ ƻƴ Wǳƭȅ мΣ 
2014

New service pricing 
model

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

Architecting a 
Cyberplatform

ω5ŜŜǇŜǊ ŦƻŎǳǎ ƻƴ {5b ŀƴŘ ŎǊŜŀǘƛƴƎ a!·Ωǎ {5b 
roadmapSDN Strategy

ωEstablishing strategic and synergistic partnerships
Strategic Partnerships

N

E

T

W

O

R

K

S

E

R

V

I

C

E

S

R

E

S

E

A

R

C

H

I

N

N

O

V

A

T

I

O

N

Four Pillars of MAX



Questions?





Innovation and Advanced Services 

JardaFlidr
Director of Services



ÅAWS

ÅMultiServiceeXchange

ÅHPC ςCloud Integration



Definition

ÅCurrent Services (L1, L2, L3 transport)

ïEdge-agnostic

Ådata movement from anywhere to anywhere

ÅAdvanced Services

ïEdge-aware

ÅNetwork Services are an integral part of bigger-scope, 
specific solutions
ïWell-defined destinations

ïEcosystem of Storage, Compute, and Data sources  



What are we trying to do?

ÅEnabling users and their applications

ïWell-engineered paths to major destinations

ÅAWS

ÅHPC Clusters

ïWell-engineered network edge colocation

ÅHigh-Performance Virtualization

ïNetwork, Compute, and Data optimization

ÅDomain Science Application integration

ÅScience instrument integration



AWS SERVICES



AWS Services ςScope

ÅManaged Peering

ïBased on AWS service Direct Connect

ïMore than Direct Connect: Layer 2, brokered BGP 
peering, dynamic provisioning

ÅAccount Management

ÅMigration Services 



Managed Peering Overview
Å Physical:
ï Dedicated Network Connection

ÅCross connect at MAX EquinixPOP in Ashburn, VA

Å L2 configuration
ï Multiple Public or Private Virtual Interfaces (VLANs)
ï Controlled by API
ï One VLAN per AWS account

Å L3 configuration
ï BGP Peering

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

Å Benefits
ï Discounted data pricing
ï Dedicated path
ï Private BGP peering for VPC integration 





Managed Peering Summary

ÅWhat it is:
ïSpecial purpose, dedicated (10Gbps) connection to the 

services offered by AWS at Northern Virginia (us-east-1)
ïDynamic: provisioned by MAX on demand
ÅIt Is not persistent

ÅWhat it is not:
ïOffload connection for general purpose Amazon/AWS traffic

ÅIntended usage:
ïSpecific big-data transfers to/from AWS, data-intensive 

computation at AWS, etc.

ÅLong-term options
ïMore bandwidth capacity can be provisioned



MAX

AWS Services

commodity

ISP

Usern

AWS Acc: nnnn-mmmm-oooo

User2

AWS Acc: dddd-eeee-ffff

User1       

AWS Acc: aaaa-bbbb-cccc

Direct 

Connect 

Service.

Customer Router

Portal/
API

MAX Router

Virtual

Interfaces

10 Gbps
port

Customer Responsibility: 

none - transparent service

Dynamic (L3) Service



MAX

AWS Services

commodity

ISP

Usern

AWS Acc: nnnn-mmmm-oooo

User2

AWS Acc: dddd-eeee-ffff

User1       

AWS Acc: aaaa-bbbb-cccc

Direct 

Connect 

Service.

Customer Router

Portal/
API

Virtual Interfaces (VLANs)

Customer Responsibility: 

BGP configuration, VLAN mapping, 

static routes, etc

10 Gbps
port

L2 Service



AWS Services

MAX
AWS Acc: xxxx -yyyy -zzzzcommodity

ISP

MAX Router

Usern
AWS Acc: nnnn-mmmm-oooo

User2
AWS Acc: dddd-eeee-ffff

User1       

AWS Acc: aaaa-bbbb-cccc

Direct 
Connect 
Service.

Legend:

t0:user1 accesses Glacier Service over Direct Connect resold to them by MAX, the rest will see commodity routes only
t1:user2 accesses EC2 Service over Direct Connect resold to them by MAX, the rest will see commodity routes only
t2:user3 accesses VPC Service over Direct Connect resold to them by MAX, the rest will see commodity routes only

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

Time

Slices

Dynamic Usage Example



Legacy System Migration (Example)



LŦ ŀƴȅōƻŘȅ ƛǎ ƛƴǘŜǊŜǎǘŜŘ Χ



MSX
Multi Service eXchange

CC-NIE Integration Award


