
MAX All-Hands Meeting
September 19, 2013

9ȄŜŎǳǘƛǾŜ 5ƛǊŜŎǘƻǊΩǎ !ŘŘǊŜǎǎ

Tripti Sinha





Introductions

MAX All-Hands Meeting
September 19, 2013



Welcome to our participants and guests!

Federal Labs and Agencies
Army Research Lab
D.C. Government (through Columbia Telecommunications 
Corporation)
Energy Sciences Network (ESnet)/U.S. Department of Energy
Laboratory for Telecommunications Sciences
Library of Congress
NASA Goddard Space Flight Center
National Archives and Records Administration (NARA)
National Institutes of Health (NIH)
National Institute of Standards and Technology (NIST)
National Library of Medicine (NLM)
National Oceanic and Atmospheric Administration (NOAA)
National Science Foundation (NSF)
Space Telescope Science Institute (STSI)
U.S. Department of State (through GWU)
U.S. Department of Transportation (Federal Highway 
Administration)

Corporate and Non-Profit
Columbia Telecommunications Corporation (CTC)
Howard Hughes Med. Institute
J. Craig Venter Institute
Northrop Grumman Corporation

Higher Education
American University
Baltimore Education & Research Network
Catholic University
Gallaudet University
GEANT / DANTE
Georgetown University
George Washington University
Internet2, D.C. Office / University Consortium for Advanced 
Internet Development (UCAID )
Johns Hopkins University
Johns Hopkins University ςApplied Physics Laboratory (JHU-APL)
Johns Hopkins University Medical Institutions
National Center for Supercomputing Applications (NCSA) / ACCESS
Network Virginia (aggregating the state of Virginia)
Smithsonian Institution
University of Maryland, Baltimore
University of Maryland, Baltimore County
University of Maryland, College Park
University of Maryland, University College
University System of Maryland Network (aggregating 11 campuses)
University of Southern California, Information Sciences Institute ς
East
Washington Research Library Consortium



Mid-Atlantic Crossroads (MAX)

1999

ÅMAX is 
conceived by 
a consortia
ÅOC48 

backbone
Å4 PoPs

2001

ÅMAX and 
ATDnet 
establish 
collaboration 
ÅOC48 and 

GigE
Å5 PoPs

2003

ÅNSF 
DRAGON 
grant
Å10G Research 

infrastructure 
(early adopter 
of all optical 
networking)
Å6 PoPs

2007

Å10G backbone 
for production
Å8 PoPs

2010

Å100G 
backbone 
for research
Å9 PoPs

2013

ÅUMD 
assumes full 
responsibility 
for operating 
MAX with 
stronger 
focus on 
research and 
innovation
Å100G
Å11 PoPs



MAX IN 2013



MOTIVATORS

Yesterday

ωRegional 
Cooperation

ωBandwidth

ωR&E Networking

Today

ωEnable domain 
sciences

ωInnovate

ωIntegrate innovations

Tomorrow?



¢ƻŘŀȅΩǎ ǿƻǊƭŘ ƛǎ ŎƻƳǇƭŜȄΗ
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Four Pillars of MAX
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Network
ÅA footprint in Maryland, 

Virginia and 
Washington DC defined 
by 11 PoPs 

ÅNetwork Refresh ς
consolidated 
production and 
research 100G DWDM 
Fujitsu infrastructure 

ÅProfessionally 
ƳƻƴƛǘƻǊŜŘ ōȅ ¦a5Ωǎ 
NOC

ÅEmbedded 
infrastructure in 
support of advanced 
and innovative services
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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
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The cycle of innovation and advanced services

Network

Services

Research

Innovation



Research
¢ƘŜ ǎǘŀǘŜ ƻŦ a!·Ωǎ ǎǇƻƴǎƻǊŜŘ ǊŜǎŜŀǊŎƘ ŀŎǘƛǾƛǘƛŜǎ ƛǎ ǾƛōǊŀƴǘΗ

Tom Lehman is at the helm of research

SDNX, HPCDNA,GENI,JHU100G

NetSurvive

RAINS

DoD
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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



Questions?



MAX Network Update

Status of network refresh, 100G upgrade, and new Points of 
Presence (PoPs)

Tom Lehman
Director of Research



Network Refresh

ÅUpgrading Layer 1, Layer 2, and Layer 3 to 
100 Gbps capable

ïInitial Layer 1 100G DWDM Refresh funded by 
NSF Infrastructure Grant (Aug 2010- Jan 2013)

ïMAX is now building on that infrastructure 

ÅConnecting to Internet2 at 2 x 100G

ïLayer 3/Layer 2 Combo Port

ïAL2S and R&E IP Routed Infrastructure



MAX Network Overview

ÅDark Fiber based network

Å11 Points of Presence (PoPs) across Maryland, DC, 
Virginia

ÅDense Wave Division Multiplexing (DWDM) based

ÅMix of 10G and 100G Network Equipment 
currently, evolving to all 100G capable soon for 
core components (DWDM, switches, routers)

ÅInterconnects to wide area infrastructures

ÅNetwork Services: Layer 1, Layer 2, and Layer 3

ÅAdvanced services (AWS, Research Network, SDN)



MAX Fiber/DWDM Footprint

Dark Fiber Between PoPs/WSS 

Degrees

ASBN

RSTN

MCLN

IB
BR

SHGR

300W

6STP

DCNE

ARLGDCGW

Ring 1

Ring 2

Ring 3

Ring 4
Ring 5

Ring 6

CLPK

CLPK

300W - UMB, Baltimore, Maryland

6STP - NetworkMD, Baltimore, Maryland

ARLG - ISI, Arlington, Virginia

ASBN - Equinix, Ashburn Virginia

CLPK - University of Maryland, College Park

DCGW - GWU, Washington DC

DCNE - CenturyLink, Eckington, Washington DC

IBBR - IBBR/Universities at Shady Grove, Rockville, Maryland

MCLN - Level 3, McLean Virginia

RSTN - CoreSite, Reston Virginia

SHGR - JHU Montgomery County, Rockville, Maryland

NODE DWDM Network Element



Recently Added PoPs

ÅShady Grove Life Sciences Center Area

ÅIBBR (Institute for Bioscience and Biotechnology 
Research) in Rockville, Maryland

ïDeployed and in service

ÅJohns Hopkins University Montgomery County 
Campus

ïpartnership with JHU 

ïequipment deployed, scheduled to be online in 
October 2013



MAX Fiber/DWDM Footprint

LTS

GSFC

NGC

JHU

ASBN

RSTN

MCLN

IB
BR

SHGR

300W

6STP

DCNE

ARLGDCGW

300W - UMB, Baltimore, Maryland

6STP - NetworkMD, Baltimore, Maryland

ARLG - ISI, Arlington, Virginia

ASBN - Equinix, Ashburn Virginia

CLPK - University of Maryland, College Park

DCGW - GWU, Washington DC

DCNE - CenturyLink, Eckington, Washington DC

IBBR - IBBR/Universities at Shady Grove, Rockville, Maryland

MCLN - Level 3, McLean Virginia

RSTN - CoreSite, Reston Virginia

SHGR - JHU Montgomery County, Rockville, Maryland

JHU - Johns Hopkins University, Baltimore, Maryland

LTS - Laboratory for Telecommunications Sciences

GSFC - NASA Goddard, Greenbelt, Maryland

NGC - Northrop Grumman, McLean, Virginia

Ring 1

Ring 2

Ring 3

Ring 4
Ring 5

Ring 6

CLPK

CLPK

NODE DWDM Network Element

Owned by Connecting 

Organization

Dark Fiber Between PoPs/WSS 

Degrees NODE DWDM Network Element



DWDM Elements
ÅCurrently a mix of Fujitsu 7500s and 9500s
Å10  9500s in the network today, expect to have around 14 

when complete with refresh
ÅEvolving to all 9500s by early 2014

FLASHWAVE 9500 HDS

40G,100G Capable
8 Degree Chassis

FLASHWAVE 7500

10G, 40G Capable
480G Packet

480G TDM
2 Degree ROADM

Additional Degress
24 Universal Slots

ноέ wŀŎƪ aƻǳƴǘŀōƭŜ

ÅFujitsu 9500supports up to 88 lambdas per degree

Å100G Transpondersused on MAX

Å10x10G Muxponders also to be used

10G Capable
2 Degree Chassis
Extension shelves 
for additional degrees



FLASHWAVE® 9500 100G 
Transponder

Å Client interface

ï 100GBASE-LR4, 100GBASE-SR10, or 10x10MSA

Å Network interface

ï Full-Band Tunable DWDM single-carrier DP-QPSK

ï Spectral width compatible with 50 GHz spaced ROADM.

ÅAllows switching/sharing of 100G wavelengths by ROADM

ÅOperates with or without Dispersion Compensation

ïCan mix 10G and 100G wavelengths on same fiber



So what do we do with this advanced 
multiple 100G DWDM Network?

Run multiple isolated 
purpose built networks 

ÅProductionNetwork

ïLayer 3, Layer 2, and Layer 1 Services

ïAdvancedServices (AWS DirectConnect, MSX)

ÅResearchNetwork

ïOpenFlow, Software Defined Networking, Dynamic Circuit 
Network/ION Service/AL2S services

ïMAXNetwork as a GENIAggregate, MAX InstaGENI Rack



Production Network

ÅLayer 2 Network Elements

ïJuniper EX4550 at most PoPs

ïJuniper MX960 at College Park and McLean

ÅLayer 3 Network Elements

ïJuniper MX960 at College Park and McLean

ÅJuniper MX960

ï100 Gbps capable

ïreplacing the current Juniper T640s

ÅJuniper Equipment ordered, deliveries ongoing

ïinstalls to begin this month 



Production Network

Layer 3 / Layer 2 View



Production Network

ExternalNetwork Connection View



WIX ςWashington International Exchange

ÅWIX is a facility jointly managed by MAX and 
Internet2

ÅConsists of a 100G capable Brocade MLXe
located at Level3 Facility in McLean, Virginia

ÅProvides standard exchange point services

ÅConnectors include Internet2 AL2S, MAX, 
ESnet, ACE/GEANT, SINET.

ÅConnections to NGIX for peering between 
exchange points (DREN,NISN)



Research Network

ÅNetwork Equipment

ïBrocade MLXe (100G, OpenFlow),  Dell/Force10 S4810 
(10G, OpenFlow), Raptor (10G), Pronto (10G, OpenFlow)

ÅSoftware and Services

ïDynamic Circuit Network (DCN) (OSCARS/DRAGON 
Software)

ïOpenFlow (Internet2 OESS Software)

ÅGENI Services and Equipment

ïDCN as GENI Aggregate via MAX developed Aggregate 
Manager



Research Network

Brocade 

MLXe

Dell/Force10 

S4810

MCLN

DCGW

MCLN

Pronto

Pronto

Pronto

Pronto

ARLG

CLPK

MCLN

DCGW

ARLG
DCNE

MAX runs the 

Internet2 OESS 

Software Suite to 

control this 

OpenFlow Network

Raptor Switches

Internet2

AL2S
W

ASH

Brocade 

MLXe

MAX OpenFlow 

Research Network

Internet2

IONNEW
Y

Juniper 

MX960

MAX Dynamic Circuit 

Network (DCN)
Global DCN 

Infrastructure

ESnet SDN

DYNES

GEANT AutoBahn

Others

MAX runs the 

OSCARS/DRAGON 

Software to control 

this DCN network

Experiment Nodes

5 HP ProLiant DL360 G7

Control Node

HP ProLiant DL360 G7 Server

HP ProCurve 2620 Switch (J9623A)

24 10/100 Mb/s ports

4 1 Gb/s ports

HP ProCurve 5406zl Switch (J8697A)

48 1 Gb/s ports

4 10 Gb/s ports

MAX InstaGENI Rack

CLPK

CLPK

MAX Developed a GENI 

Aggregate Manager to "cover" 

OSCARS Networks

Intenet2 also runs an instance 

of the MAX GENI AM

to "cover" ION

GENI AM
GENI AM

GENI

MesoScale



MAX Services Update

Summary of MAX services portfolio



MAX Services

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



MAX Services

ÅFor information on specific services and pricing 
contact Tom Lehman (tlehman@maxgigapop.net) or 
Jarda Flidr (jflidr@maxgigapop.net)

ÅOr email services@maxgigapop.net

Mid-Atlantic Crossroads (MAX)Services

Washington InternationalExchange 
(WIX)

10G

100G

Next GenerationInternet Exchange 
(NGIX)

1G-10G



Innovation and Advanced Services 

JardaFlidr
Director of Services



ÅAWS Direct Connect

ÅSDNX ςMSX: MultiServiceeXchange



Definition

ÅCurrent Services (L1, L2, L3, etc.)

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  



Motivation

ÅEnabling researchers and their applications

ïWell-engineered paths to major destinations

ÅAWS

ïNetwork, Compute, and Data optimization

ÅDomain Science Application integration

ÅScience instrument integration



AWS DIRECT CONNECT SERVICE



Direct Connect Overview

Å Physical:
ïDedicated Network Connection

ÅCross connect at MAX EquinixPOP in Ashburn, VA

Å L2 configuration
ïMultiple Public or Private Virtual Interfaces (VLANs)
ïControlled by API
ïOne VLAN per AWS account

Å L3 configuration
ïBGP Peering

ÅAll Amazon East Region routes

Å Benefits
ïDiscounted data pricing
ïDedicated path
ïPrivate BGP peering for VPC integration 



MAX Direct Connect Overview

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.

ÅPersistent options
ïMore physical ports 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



LŦ ŀƴȅōƻŘȅ ƛǎ ƛƴǘŜǊŜǎǘŜŘ Χ



SDNX
Software Defined Network eXchange: End-to-End, Dynamic Science DMZ 

CC-NIE Integration Award Number: 1246386


