
 

 

 

 

 

 

 
ATIS-I-0000044 

 
 

 

 

 

Operational Opportunities and Challenges of 
SDN/NFV Programmable Infrastructure  

 
 

October 2013 
 
  

 



 

 

 
As a leading technology and solutions development organization, ATIS brings together the top global ICT companies to advance the 
industry’s most-pressing business priorities. Through ATIS committees and forums, nearly 200 companies address cloud services, 
device solutions, emergency services, M2M communications, cyber security, ehealth, network evolution, quality of service, billing 
support, operations, and more. These priorities follow a fast-track development lifecycle — from design and innovation through 
solutions that include standards, specifications, requirements, business use cases, software toolkits, and interoperability testing. 

ATIS is accredited by the American National Standards Institute (ANSI). ATIS is the North American Organizational Partner for the 
3rd Generation Partnership Project (3GPP), a founding Partner of oneM2M, a member and major U.S. contributor to the 
International Telecommunication Union (ITU) Radio and Telecommunications sectors, and a member of the Inter-American 
Telecommunication Commission (CITEL). For more information, visit < www.atis.org >. 

 

Notice of Disclaimer & Limitation of Liability  

The information provided in this document is directed solely to professionals who have the appropriate degree of 
experience to understand and interpret its contents in accordance with generally accepted engineering or other 
professional standards and applicable regulations. No recommendation as to products or vendors is made or should 
be implied.  

 

NO REPRESENTATION OR WARRANTY IS MADE THAT THE INFORMATION IS TECHNICALLY ACCURATE OR 
SUFFICIENT OR CONFORMS TO ANY STATUTE, GOVERNMENTAL RULE OR REGULATION, AND FURTHER, 
NO REPRESENTATION OR WARRANTY IS MADE OFMERCHANTABILITY OR FITNESS FOR ANY PARTICULAR 
PURPOSE OR AGAINST INFRINGEMENT OF INTELLECTUAL PROPERTY RIGHTS. ATIS SHALL NOT BE 
LIABLE, BEYOND THE AMOUNT OF ANY SUM RECEIVED IN PAYMENT BY ATIS FOR THIS DOCUMENT, AND 
IN NO EVENT SHALL ATIS BE LIABLE FOR LOST PROFITS OR OTHER INCIDENTAL OR CONSEQUENTIAL 
DAMAGES. ATIS EXPRESSLY ADVISES THAT ANY AND ALL USE OF OR RELIANCE UPON THE 
INFORMATION PROVIDED IN THIS DOCUMENT IS AT THE RISK OF THE USER. 

NOTE - The user’s attention is called to the possibility that compliance with this standard may require use of an invention 
covered by patent rights. By publication of this standard, no position is taken with respect to whether use of an invention 
covered by patent rights will be required, and if any such use is required no position is taken regarding the validity of this 
claim or any patent rights in connection therewith.  Please refer to [http://www.atis.org/legal/patentinfo.asp] to determine if 
any statement has been filed by a patent holder indicating a willingness to grant a license either without compensation or 
on reasonable and non-discriminatory terms and conditions to applicants desiring to obtain a license. 

 

The Operational Opportunities and Challenges of SDN/NFV Programmable Infrastructure was developed for the 
Technical and Operations (TOPS) Council. 

 
Published by 
Alliance for Telecommunications Industry Solutions 
1200 G Street, NW, Suite 500 
Washington, DC 20005 
 
Copyright ©2013 by Alliance for Telecommunications Industry Solutions 
All rights reserved. 
 
No part of this publication may be reproduced in any form, in an electronic retrieval system or otherwise, without the 
prior written permission of the publisher. For information contact ATIS at 202.628.6380. ATIS is online at  
< http://www.atis.org >. 
 
Printed in the United States of America. 

 



ATIS-I-0000044 

iii 

 

 

Table of Contents 

	
1 INTRODUCTION ................................................................................................................................... 1 

2 SCOPE................................................................................................................................................... 2 

3 PROGRAMMABILITY ........................................................................................................................... 2 

3.1 OPERATOR INFRASTRUCTURE PROGRAMMABILITY IN THE PRESENT MODE OF OPERATION ................... 3 
3.1.1 eTOM ....................................................................................................................................... 4 
3.1.2 SID ........................................................................................................................................... 5 
3.1.3 TAM ......................................................................................................................................... 5 
3.1.4 Integration Framework ............................................................................................................ 5 
3.1.5 Business Metrics ..................................................................................................................... 5 

3.2 OPERATOR INFRASTRUCTURE PROGRAMMABILITY IN THE FUTURE MODE OF OPERATION ..................... 5 
3.2.1 Network Function Virtualization ............................................................................................... 8 
3.2.2 SDN ......................................................................................................................................... 9 
3.2.3 Cloud Services ...................................................................................................................... 11 
3.2.4 Support for Big Data Analytics & Network Optimization ....................................................... 11 

4 USE CASES ........................................................................................................................................ 12 

4.1 OVERVIEW ...................................................................................................................................... 12 
4.2 OPERATOR PROGRAMS OPERATOR INFRASTRUCTURE ...................................................................... 13 

4.2.1 Operator A Programs Operator A Infrastructure (Internal) .................................................... 13 
4.2.2 Operator A Programs Operator B Infrastructure (NNI) ......................................................... 19 

4.3 ENTERPRISE PROGRAMS OPERATOR INFRASTRUCTURE.................................................................... 21 
4.3.1 Operator exposes Virtual Network Platform as a Service (VNPaaS) to Enterprise .............. 21 

4.4 CONSUMER PROGRAMS OPERATOR INFRASTRUCTURE ..................................................................... 22 
4.4.1 Consumer Uses Service Provider’s “SaaS-Like” Offer of a Firewall Service ........................ 22 

4.5 OPERATOR PROGRAMS ENTERPRISE INFRASTRUCTURE.................................................................... 24 
4.5.1 Enterprise Exposes Network Function Virtualization Infrastructure as a Service (NFVIaaS) to 
Operator 24 

4.6 ENTERPRISE PROGRAMS ENTERPRISE INFRASTRUCTURE ................................................................. 25 
4.6.1 Bin Packing Data Center WAN Connectivity ......................................................................... 25 

4.7 CONSUMER PROGRAMS ENTERPRISE INFRASTRUCTURE ................................................................... 26 
4.8 OPERATOR PROGRAMS CONSUMER INFRASTRUCTURE ..................................................................... 27 

4.8.1 Service Provider Configures CPE During Administrative Change ........................................ 27 
4.9 ENTERPRISE PROGRAMS CONSUMER INFRASTRUCTURE ................................................................... 28 

4.9.1 Work Partition on Mobile Device ........................................................................................... 28 
4.10 CONSUMER PROGRAMS CONSUMER INFRASTRUCTURE .................................................................... 29 

5 OSS/BSS IMPACTS ............................................................................................................................ 29 

6 STAFFING SKILL SET IMPACTS ...................................................................................................... 30 

6.1 NEW EMPLOYEE ONBOARDING USE CASE ........................................................................................ 31 
6.2 SKILLS PIVOTS/STAFFING LEVELS/HR ISSUES .................................................................................. 31 

7 FINANCIAL/TAX IMPLICATIONS/ECONOMIC MODELING CONSIDERATIONS ........................... 32 

7.1 ECONOMIC ADVANTAGES FROM INFRASTRUCTURE PROGRAMMABILITY .............................................. 32 
7.2 TAX & OTHER FINANCIAL CONSIDERATIONS ..................................................................................... 33 

8 SDO GAP ANALYSIS SUMMARY ..................................................................................................... 33 

8.1 OPEN SOURCE PROJECTS ............................................................................................................... 33 
8.1.1 OpenStack/Neutron ............................................................................................................... 34 



ATIS-I-0000044 

iv 

 

8.1.2 OpenNaaS ............................................................................................................................. 34 
8.1.3 OpenDaylight ......................................................................................................................... 34 

8.2 SDO ECOSYSTEM ........................................................................................................................... 34 

9 OTHER CONSIDERATIONS ............................................................................................................... 37 

10 CONCLUSIONS & RECOMMENDATIONS .................................................................................... 38 

ANNEX A: ACRONYMS ............................................................................................................................. 40 

ANNEX B: SOFTWARE DEFINED NETWORKING FOCUS GROUP MEMBERS ................................... 41 

 

 

Table of Figures 

FIGURE 1: VALUE VS EFFORT OF INTRODUCING PROGRAMMABILITY ................................................................... 1 
FIGURE 2: PMO OSS/BSS ............................................................................................................................. 4 
FIGURE 3: SDN AND NFV AS ENABLERS FOR OPEN INNOVATION ........................................................................ 6 
FIGURE 4: NETWORK FUNCTION VIRTUALIZATION .............................................................................................. 9 
FIGURE 5: SEPARATION OF CONTROL AND DATA IN SDN ................................................................................. 10 
FIGURE 6: CONCEPTUAL MODEL OF SDN ARCHITECTURE (ADAPTED FROM ODCA) .......................................... 11 
FIGURE 7: INFRASTRUCTURE ENTITIES ........................................................................................................... 12 
FIGURE 8: MODEL DRIVEN APPROACH ............................................................................................................ 29 
FIGURE 9 - EXAMPLE NFV DEPLOYMENT ........................................................................................................ 33 
 

Table of Tables 

TABLE 1: CONTRASTING OPERATIONAL ATTRIBUTES AND FEATURES OF FMO AND PMO ..................................... 7 
TABLE 2: PERMUTATIONS OF INFRASTRUCTURE ENTITIES ................................................................................ 13 
 

 

 

 

 

 

 



Operational Opportunities and Challenges of 
SDN/NFV Programmable Infrastructure 

1 

 

 

1 Introduction  
The development of technologies, including network function virtualization and Software-Defined 
Networking (SDN), builds on previous concepts such as active networks and programmable networks to 
increase the level of programmability within the infrastructure (communication, computation, storage, 
etc.). 

This document will identify operational issues and opportunities associated with increasing 
programmability of the infrastructure. For example, this includes OSS/BSS impacts, reliability/fault 
detection, and administration, as well as maintenance issues over the network element, and service life 
cycles of IP-infrastructure-based network elements. The FG will also identify likely changes in operational 
procedures and staffing skill sets required to support increasing programmability. 

The need for greater programmability is a common thread inherent in recent technology concepts such as 
SDN; Network Function Virtualization (NFV); evolution in device capabilities (e.g., due to Moore’s Law); 
evolution in service concepts [e.g., Service Oriented Architectures (SOA) and cloud service delivery 
models (e.g., IaaS, PaaS)]; and evolving market expectations. This leads to the top down consideration of 
the range of impacts as the industry pivots towards supporting various forms of programmability. This 
pivot is an industry transition that is potentially more significant than previous technology transitions (such 
as that from circuit to packet technologies) because of the impacts on operational and service aspects.     

In considering this transition between the traditional device centric, service-siloed infrastructure (A in 
Figure 1) and the emerging programmable infrastructures (B in Figure 1), there may exist more than one 
path from A to B based on the situation of that particular infrastructure operator. The goal is to identify use 
cases that articulate the vision of programmable infrastructure (with a particular emphasis on customer 
visible capabilities), motivate further work in the problem space, and help the industry understand the 
range of challenges and opportunities from the programmability pivot.    

 

Figure 1: Value vs Effort of Introducing Programmability 
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2 Scope  
The approach has been to conduct a top-down analysis of various programmability use cases leading to 
developing requirements for the following: 

 Business Process Changes 
 Information exchange between components 
 Performance needs of components 
 Personnel Staffing 

 

Use cases and areas of standards gaps were identified as time permitted. There was no plan for the 
development of technical solutions, protocols, and data models. This document was completed in 6 
months, ending in October 2013. 

 

3 Programmability 
Programs are generally considered as being comprised of algorithms operating on data structures1. There 
are various data structures associated with network infrastructures. For example, a given network 
element may implement data structures associated with: 

 The protocols that the NE supports on its interfaces. 
 The management information bases (MIBs) used to administer the NE (e.g., CLEI codes).  
 Internal data structures used by software within the NE to perform the functions required of the 

NE. 

 

An Operations Support System (OSS) may implement data structures associated with: 

 The management information bases (MIBs) used to administer the NEs. 
 The connectivity arrangements.  
 Location of devices and facilities (e.g., CLLI codes).  

 

A Business Support System (BSS) may implement data structures associated with: 

 the subscribers/consumers of the network services (e.g., accounting records) 
 business processes ( e.g., work flow sequences). 

 

Computer programming is the process of designing, writing, testing, debugging, and maintaining the 
source code of computer programs.  Whatever the approach to development of software, the final 
program may be evaluated for various properties, including reliability, robustness, usability (ergonomics), 
portability, maintainability, and efficiency/performance. Programming languages can be used to create 
programs to execute algorithms or control the state of a machine.  In the case of programmability of 
network infrastructure, the program may control the state of the network infrastructure, or be used to 
transform the data being transported through the network. 

Programming paradigms are fundamental styles of computer programming, including imperative 
declarative, functional, and object-oriented paradigms. Imperative programming is a paradigm that 

                                                      

1  See, Wirth, Niklaus (1976). Algorithms + Data Structures = Programs (in English). Prentice-Hall. ISBN 978-0-13-
022418-7 


