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ÅLarge Scale Cloud Services Require Support  for 

Multiple Tenants Within  Single or Federated Distributed 

Cloud Environments

ÅThere May Be 1,000s, 10,000s, or 100,000s of Tenants

ÅA Central NOC Cannot Manage and Control That Many 

Networks

ÅTenants Require Their Own Tools For Network Design, 

Implementation, And Production Operations

ÅConsequently, Architecture and Techniques Are Being 

Developed To Enable Tenants To Use ñSelf-Serviceò 

Networks, With Autonomous Management, Control, and 

Data Planes As Well As Tools for Service Ochestration

Large Scale Clouds and Tenant  Networks
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ÅTenant Networks Must Extend Beyond (ñOutsideò) 

Clouds

ÅThey Must Extend Across Multidomain WANs

ÅThey Must Extend To Global Locations

ÅThey Must Be Multi Layer Hybrids

ÅSoftware Defined Networking (SDN) Is  a Key Enabler

ÅPerhaps **THE** Key Enabler? Of Tenant Networks

ÅEnabler of Trend From ñOne-Size-Fits -Allò Networks To 

Specialized Networks

Large Scale Clouds and Tenant  Networks
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ÅEnterprise

ÅConsumer

ÅData Intensive Science Networks

ÅHigh Secure Networks

ÅHi-Definition Media Networks

ÅSpecialized Networks

ÅHighly Customized Networks

ÅSmart City Networks

ÅSpecialized Service Networks

ÅPersonal Networks

ÅEtc.

Private Networking/Cloud Use Cases
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NB:It is Increasingly Important To Know Exactly Where Your Data Is Going and Why
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Å Integrating Tenant Service Workflows With Foundation 

Infrastructure Workflows (Orchestration)

ÅProviding Built -In Preconfigured Examples/Templates 

To Establish Infrastructure Foundation Workflows

ÅProviding Zero -Touch ñPlaybooksò For Different 

Segments of Infrastructure Foundation Workflows After 

Implementing Initial Suites (e.g., Using Jupyter)

ÅSupporting Interactive Control Over Running Workflows

ÅProviding Portability for Different Infrastructure 

Foundation Workflows

ÅProviding Capabilities for Specialized Customization

ÅProviding Options For Real Time Visualization Of 

Workflows

Emerging Capabilities/Technologies
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Supporting Inter - Domain Tenant Networks With Software 

Defined Networking Exchanges (SDXs )

Å With the Increasing Deployment of SDN In Production Networks, 

the Importance of SDN Exchanges (SDXs) Has Been Recognized. 

Å Current SDN Architecture/Protocols/Technologies Are Single 

Domain Centralized Controller Oriented 

Å SDXs Are Required To Interconnect  Increasing Numbers Of SDN 

ñIslands.ò

Å SDXs Provide Highly Granulated Views Into (and Control Over) All 

Flows Within the Exchange ïi.e., Much Enhanced Traffic 

Engineering and Optimization.

Å SDXs Provide Options for Many New Types of Services and 

Capabilities, e.g., Encryption E2E, Ultra High Resolution Digital 

Media, Data Intensive Applications

Å Enhanced Support for Federation 

Å Democratization Of Exchange Facilities ïOptions for Edge Control

Over Exchange Flows 
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ÅEvaluating New Classes Of SW Chips Enabling:

ïModular and Virtual SWs (SWs That Can Be Highly 

Segmented)

ïSWs With Options For Allocating Specific Capacity 

To Individual Tenants Encapsulated Within Chassis

ïNFV Support for Tenant Networks

ïProviding Tenant Networks With Extremely High 

Variance/Mixes in Capacity/Performance/Speeds

ïSwitches Based On Programmable Network 

Language ASICs (e.g., P4 ASICs)

Other Emerging Enabling Technologies: 

Highly Programmable Switches
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ÅGENI: Virtual Laboratory For Networking and 

Distributed Systems Research and Education. 

ÅGENI Is Being Used To Explore Networks At Scale, 

Promoting Innovations In Network Science, Services, 

Security, Operations, And Applications.

ÅGENI Anticipates Future Communications Infrastructure 

Design and Technology (e.g., Flexible and 

Programmable vs Rigid and Static, Decentralized vs 

Centralized, Customizable vs Predetermined).

ÅFoundations Consists Of Clouds and Private Networks

National Science Foundationôs Global 

Environment for Network Innovations (GENI) 
nnovation 
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Connect Compute Resources Using Layer 2 Networks In 

Topologies Best Suited To Their Specific Experiments 

(i.e., Highly Customizable Individual Networks);

Å Install Custom Software And/Or Custom Operating 

Systems On Compute Resources;

ÅControl Exactly How Network Switches In Experiments 

Handle Traffic Flows;

ÅDesign, Implement and Manage Individualized L3 and 

Higher Layer Protocols by Installing Protocol Software 

in Compute Resources 

ÅDiscover and Obtain Compute Resources from US and 

Multiple International Sites, e.g., By Providing Flow 

Controllers For Their Switches

GENI Allows Experimenters (ñTenantsò) To:
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An Experimental Testbed For 

Computer Science Research

Another Model For ñTenantò Networking ïExperimenters As Tenants
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Open Stack SW Architecture For Neutron Reference Platform
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ÅTenant Networks Are Not Only Implemented In Cloud 

Facilities, And Among Cloud Facilities

ÅThey Must Be Extended To Multiple External Sites ï

Across Multiple Domains ïAcross The US and 

Internationally

ÅCreating Global Private Networks Enhanced Through 

Federation

ÅE.g., GENI Has Been Federated With the Future Internet 

Research and Experimentation (FIRE), With the Smart 

Applications On Virtual Environments (SAVI) Testbed, 

with NSFCloud Testbeds, and the International GENI.

Extending Tenant Networks Through Federation
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ÅNetwork Service Interface (NSI 2.0)

ÅAn Architectural  Standard Developed By the Open Grid 

Forum (OGF)

ÅOGF Pioneered Programmable Networking (Initially 

Termed ñGrid Networkingò)

ÅTechniques That Made Networks óFirst Class Citizensò 

in Grid Environments ïProgrammable With Grid 

Middleware

ÅCurrently Being Placed Into Production By R&E 

Networks Around the World

Global Tenant L2 Services 

Federated Over Multi -Domains
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Network Service Interface (NSI): Open Grid Forum Standard 

For E-W InterDomain L2 Federation
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Global Lambda Integrated Facility 2017

Prepared by Maxine Brown and Robert Patterson
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Source: GLIF Auto GOLE Group

Based On NSI 2.0 
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Source: John MacAuley

iCAIR

GLIF AutoGOLE 

Initiative
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AutoGOLE Dashboard

Control Plane Data Plane
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International SDN/OpenFlow Testbed
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StarLight International/National Communications 

Exchange Facility ïñBy Researchers For Researchersò

Abbott Hall, Northwestern Universityôs

Chicago CampusView from StarLight

StarLight Is an Innovation Platform 
For Advanced Communications 
Services Architecture and 
Technologies, Including Experimental 
Testbeds Optimized For
High -Performance Data Intensive 
Applications
Multiple
10GE+100 Gbps
StarWave
Multiple 10GEs
Over Optics ï
Worldôs ñLargestò
10G/100G Exchange
First of a Kind

Enabling Interop erability
At L1, L2, L3 
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