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Embracing the Inevitability of 
Software-Defined Networking

By DEAN CAMPBELL, LightRiver Technologies

ACCORDING TO A report by Market Research Future, the global 
software-defined networking (SDN) market is projected to increase 
at a 39% compound annual growth rate from last year to reach 
approximately $61 billion by 2023. North America continues to 

be the dominant SDN market worldwide, in part due to ongoing advances in 
the technology. However, Europe and the Asia-Pacific markets are expected to 
experience significant growth over the next five years as well. Meanwhile, many 
leading global carriers already have SDN initiatives under way that strive to 
virtualize large parts of their networks and associated services.

As IDC networking analysts Rohit Mehra and Brad Casemore have written about 
SDN, “It’s not so much the next big thing on the networking horizon as much as it 
is a reality and inevitability for enterprises and service providers worldwide, even 
for those who’ve yet to embrace it.”

Leaving aside the meteoric market predictions and qualified claims of 
inevitability, there’s no question that SDN has changed the industry by decoupling 
network controls from hardware and allowing the network to be managed by a 
much more flexible software layer. This in turn opens up the networking space 
to a larger professional network by including software developers, increasing the 
potential for innovation.

Where in the past, network monitoring, analytics, provisioning, and automation 
may have been achieved by network operators and service providers deploying 
costly customized development initiatives, each aimed at a specific network 
component, SDN changes the face of network automation by providing a playbook 
of open standards and application programming interfaces (APIs). These enable 
network equipment and software to integrate tightly together, thus reducing 

https://www.lightwaveonline.com/sdn-nfv.html
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the development hurdles that previously hamstrung automation and analysis. 
Ultimately, SDN enables intelligent network automation to become a reality for 
service providers and enables them to realize the value associated with it.

Widespread Vertical Penetration and More Intelligent Smart Grids

While many SDN deployments in recent years have focused on data center 
networks, a number of other current and future drivers such as the widespread 
adoption of cloud computing, the imminent arrival of 5G, and the surge of data 
traffic expected from the Internet of Things (IoT) are now encouraging service 
providers to integrate this next-generation architecture into their networks. In 
terms of verticals, banking, financial services, and insurance (BFSI); consumer 
goods and retail; healthcare; manufacturing; and government, among others, are 
all poised to take advantage of SDN.

Additionally, as public utilities move toward implementing smart grids, new 
operational challenges have emerged that are similar to those faced by other 
network operators. Since smart grids rely heavily on communication networks, 
by applying SDN technology, the efficiency and resiliency of smart grid systems 
can be improved. SDN, with its programmability, protocol independence, and 
granularity features, can help the smart grid to integrate different standards, 
cope with diverse communication systems, and help perform traffic flow 
orchestration to meet specific quality of service requirements.

With so many current and future use cases in play, let’s take a look at the core 
benefits of SDN.

Advantages of SDN

For service providers, one of the key benefits of deploying SDN is faster service 
activation. When processes required to activate a service are unified and 
automated, less human intervention is required and service providers can achieve 
quote-to-cash more quickly. Additionally, service providers reduce operating costs 
associated with service activation because less human intervention is necessary.

The chief advantages of SDN for service providers, of course, are network and 
hardware optimization as well as continuous monitoring and predictive analytics 
to achieve enhanced performance. SDN enhances a services provider’s ability 
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to optimize bandwidth and network elements usage by better keeping track of 
inventory and eliminating the unnecessary stranding of bandwidth and network 
devices. By optimizing bandwidth and network element usage, service providers 
can also avoid purchasing additional devices, reducing capital expenditures. 
Additionally, by reducing vendor and equipment lock-in, operators can select the 
vendors and models that are best suited to meet their requirements, without 
having their management software dictate which hardware must be deployed.

With an Avaya survey indicating that network downtime can cause a business 
to incur lost revenue of $140,000 per incident on average, $540,000 for financial 
services firms, and even higher costs for large service providers (not to mention 
the risk of physical harm added for public utilities), the raison d’être of SDN is the 
increased service assurance it provides. By deploying SDN to automatically detect, 
predict, and resolve performance issues and network outages, service providers 
can greatly reduce the number of service outages. This also reduces operating 
expenditures associated with the staff required to resolve issues when compared 
to a traditional non-SDN network. Trouble spots and bottlenecks can be identified 
in advance of an outage, with predictive analysis enabling graceful mitigation. 
Additionally, SDN also reduces operating expenditures associated with the staff 
required to resolve issues when compared to a traditional non-SDN network.

Going hand in hand with the increased service assurance of SDN is enhanced 
customer satisfaction and retention. Higher customer satisfaction in turn means 
reduced churn and increased customer lifetime value.

Do Not Try This at Home

The greatest challenge to deploying SDN is the adoption of the open standards, 
which is currently being addressed by the demand service providers are placing 
on vendors. However, waiting for standards to gel is often an excuse to delay SDN 
deployments that can bring immediate benefits today.

The best deployment strategy is to start now with flexible software APIs and 
match the speed at which you evolve to SDN with the customer demand that it 
helps best satisfy, whether that means a specific customer vertical or network 
function such as service deployment. If service providers attempt to evolve all 
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areas of the network to SDN at once, they’re certain to set themselves up for 
failure because of the massive scope of the effort.

The message here for service providers is not to attempt to deploy SDN on their 
own. The essence of SDN is to use software to coordinate and manage disparate 
elements of the network. So it’s best to work through the deployments leveraging 
the expertise of a team you can trust.

The Future of SDN

In the near future, SDN will become more important as the IoT matures and its 
demands on the network increase. To gain a better sense of just how prominent 
SDN will become, consider a Gartner report that predicts the number of IoT 
devices will reach 20.8 billion by 2020, up from 6.4 billion two years ago. Cisco 
puts the number of connected devices at greater than 50 billion. Bear in mind, 
we’re not just talking about smart refrigerators, wearables, and autonomous 
vehicles, but also smart systems and applications in agriculture, oil and gas, and 
transportation, as well as public safety and security infrastructure spanning the 
entirety of smart cities.

In the U.S., New York, Chicago, Los Angeles, and San Francisco have launched 
smart city initiatives, as have so-called Tier II cities such as Boston, Charlotte, 
NC, Columbus, OH, and Kansas City, MO. If not tomorrow then certainly in the 
next decade, smart city systems and applications will be coming to an urban or 
suburban community near you too.

For service providers, SDN’s ability to intelligently route traffic and use 
underutilized network resources will make it much easier to prepare for the data 
surge caused by IoT and the development of smart city technologies. SDN will 
eliminate bottlenecks and induce efficiencies to help the data generated by the 
IoT to be processed without placing a larger strain on the network. It will provide 
the network agility and elasticity, which the IoT demands. Moreover, SDN will 
offer an open environment for application developers to develop innovative tools 
and software connecting the IoT more effectively.

While it’s difficult to predict if the nirvana of the zero-touch network will ever be 
achieved, service providers will continue to push the boundaries of SDN, driven 
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by the current and future trends of the cloud, IoT, and 5G. With respect to the 
latter, the digital transformation of network infrastructure through SDN will play 
a significant role in the commercialization of 5G.

Beyond increased bandwidth and low latency, 5G networks have a complex 
architecture, combining cloud infrastructure, a virtualized network core, 
intelligent edge services, and a distributed computing model that derives insights 
from the data generated by billions of devices. 5G is also about flexibility, agility, 
manageability, and the ability to create new services, all of which compose the 
foundation of SDN.

DEAN CAMPBELL has been with LightRiver since 2004. As chief technology 
officer, he is responsible for the development of LightRiver’s product and 
technology solutions portfolio, translating complex solutions into clear value 
propositions relevant to LightRiver markets. He leads the Pre-Sales Engineering 
and the Project Management teams and maintains technical relationships with 
LightRiver’s vendor partners. Throughout his career, Dean’s focus on technology 
as an enabler has always been paired with the recognition that the human side 
of the equation is equally important. He brings over 20 years of IT management, 
software applications development, and large-scale data-networking experience 
to LightRiver; has held leadership roles across the technology value chain; and 
was a pioneer in the development of e-Commerce infrastructures, working with 
established and startup organizations. Dean holds a BA in Computer Sciences 
from Rutgers University, as well as multiple technology certifications including, 
but not limited to, Carrier Ethernet Professional and PMP Project Management.

http://lightriver.com/
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The Rise of SDN in Open 
Optical Networks

By NIALL ROBINSON, ADVA Optical Networking

WITH ALL THE buzz about the promise of software-defined 
networking (SDN), it’s easy to miss the real-world impact that 
the technology is starting to have. But dig below the hype and 
you see many major operators starting to seriously explore 

SDN-based solutions. Some have already begun turning their network into a 
programmable resource under central software-based control.

Service providers, enterprises, and Web 2.0 companies across the world are right 
now pursuing solutions that meet changing customer needs with automated 
equipment provision driven by service-level requests. What’s more, many are 
choosing to implement SDN through open standards for simplified network 
design and operation, with instructions provided by SDN controllers instead of 
multiple, vendor-specific devices and protocols.

What’s the fuss about?

Key drivers for SDN include the need for greater operational efficiency to enable 
the delivery of self-provided bandwidth services and cloud-based hosting services 
that require real-time connections. The requirement for interoperability to enable 
layered architecture featuring open interfaces and automated control is another 
compelling reason to leverage SDN. And, of course, SDN turning the transport 
network into a programmable resource creates the ability to offer a host of 
lucrative new services that would never previously have been possible.

Heavy Reading’s 2017 carrier SDN survey of 142 network operators around the 
globe found that the top three priorities for use cases were:
1. Software control of data center connectivity. 50% of respondents said they 

were deploying, or planning to deploy, SDN in their data center interconnect 
(DCI) networks.

http://img.lightreading.com/heavyreading/hr20180207_esum.pdf
https://www.lightwaveonline.com/data-center/data-center-interconnectivity.html
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2. Multi-layer network optimization (IP/MPLS and optical integration). 52% 

were looking to harness SDN for deep insight into network operations and the 

power to explore multi-layer topologies and interconnections.

3. Automated provisioning of WAN links. 60% were leveraging SDN so that the 

cloud and models such as software-as-a-service can be used to address the 

wide area network demands, putting this use case top of the pile.

Data from Heavy Reading’s Charting the Path to Network Automation & Disaggregation: Carrier 
SDN Survey Analysis, based on responses from 142 network operators surveyed in September 2017.

http://img.lightreading.com/heavyreading/hr20180207_esum.pdf
http://img.lightreading.com/heavyreading/hr20180207_esum.pdf
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Clearly automation as a means of driving down operational expenditures is a 
significant driver for many end users. DCI networks can range from the simplest 
point-to-point links to complex national and international networks. Even for 
the simplest links, application programmable interfaces (APIs) are required to 
simplify network operations and automate connectivity. Such solutions are often 
coupled with another growing trend, zero touch provisioning (ZTP), which further 
reduces human touch/interaction time with networking equipment. ZTP enables 
newly installed equipment to be turned up with the absolute minimum amount 
of human intervention. The goal here is to be able to scale deployment capability 
without having to equivalently scale the operations team’s size.

The ability for SDN-enabled equipment to continuously report network 
performance and telemetry data to a centralized controller for analysis, 
delivering network optimization insights, is also now being coupled with 
another growing trend, the use of artificial intelligence and machine learning 
(AI/ML). In one example, utilizing advances in AI/ML technology, networking 
data can be assessed to determine if deployed routes have sufficient margin to 
increase transmission rates (i.e., margin mining), with the SDN controller then 
automatically optimizing the traffic rate of any transceivers.

Multi-layer traffic analysis requires complex algorithms to determine optimum 
traffic maps. SDN interfaces have enabled controllers to interface with equipment 
in a multi-vendor environment, often with one vendor used in Layer 1 and a 
second vendor used in Layers 2/3. The ability to gather and analyze data in a 
multi-vendor/multi-technology scenario enables the operator to squeeze the 
maximum amount of revenue out of deployed network assets and is a primary 
business driver for many SDN deployments.

How SDN will keep pace

So what are the next steps and is the pace of SDN deployments ever going to pick 
up to match the hype? Well, the key to answering these questions is to look at 
why progress has been so much slower than many first thought, and that’s in 
large part down to the wide and growing range of APIs that today’s vendors are 
forced to support. These software intermediaries are essential to enable services 
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to interact. But there are currently several of them competing to be the most 
popular model for optical networks, and no clear front runner has emerged so far.

There are probably four serious contenders leading the device/network API pack, 
each with strengths and weaknesses for SDN implementation.
1. IETF Traffic Engineering Architecture and Signaling (TEAS) TE Topology: 

The main focus of this API, which already has several customers, is IP over 
optical transport. It uses SDN to guide network traffic, improving resource 
utilization and helping to meet network quality of service requirements.

2. ONF Transport-API: Initiated at ONF in 2014, this standard northbound 
interface supports both high-level intent-based services and detailed 
technology-specific services. It’s focused primarily on carrier transport 
networks and is currently at the heart of several major RFIs for SDN solutions. 
Ongoing tests and demonstrations include the OIF SDN Transport-API 
Interoperability Test 2018 based on ONF T-API 2.0, exploring the basis for real-
time orchestration of on-demand connectivity setup, control, and monitoring 
across diverse multi-layer, multi-vendor, multi-domain carrier networks.

3. OpenConfig: Active in some of the largest DCI networks and used by leading 
Web 2.0 providers, this direct device API is applied to the configuration of IP, 
Ethernet, and streaming telemetry devices – meaning data can be continually 
and automatically streamed from devices for enhanced network monitoring. 
Operators can subscribe to the specific data items they need using OpenConfig 
data models as the common interface. For many, it’s a key element of network 
disaggregation.

4. Open ROADM: Along with OpenConfig, this is one of the two leading device 
APIs right now and, while OpenConfig is favored by the cloud community, 
OpenROADM is gaining traction in the carrier community. Driven by AT&T 
and supported by a small group of vendors, this interface is seen by many as a 
path to full network disaggregation.

https://www.lightwaveonline.com/articles/2017/09/at-t-completes-400-gigabit-ethernet-trials-using-openroadm.html
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The four models compared:

Of course, it’s a different picture for service level APIs, where there is one clear 
leader. Launched in January, MEF’s LSO Presto has been at the heart of several 
tests looking to transform Ethernet service. It’s also being defined for transport 
networks.

So there’s certainly a lot of progress being made in API definitions. But what the 
industry’s really looking for next to accelerate adoption of SDN-driven networking 
is for the market to select one or two APIs as the winner. When vendors are clear 
which will take center stage, it will become a great deal easier to build bespoke 
solutions tailored to specific operator use cases. Only then will operators start 
to reap the benefits they desire from the primary use cases offered by SDN-
supported solutions that are so tantalizingly close at hand.

Watch this space. In the next couple of years, we’re likely to see SDN coupled 
with other industry mega-trends, namely ZTP and AI/ML, to open up additional 
operations cost savings and revenue opportunities.

NIALL ROBINSON is ADVA’s VP of global business development, specializing in 
moving cutting-edge technology from the lab into the network. He has played 
an instrumental role in transforming the data center interconnect (DCI) market, 
working with companies such as Facebook to create open optical packet transport 

https://www.advaoptical.com/
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systems. Niall has spent more than 25 years in the telecommunications industry 
and has worked at all levels, from service provider to component provider. 
During the course of his career he has generated 20 patents. He has an M.Sc. 
in microwave and optical communications from University College London and 
a B.Eng. in electrical, electronics, and communications engineering from the 
University of Newcastle.
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Multi-platform Test Instruments 
for Successful SDN Migration

By DANNY GONZALEZ, Anritsu Co.

OPERATORS ARE DRAWN to software-defined networks (SDNs) because 
they simplify network management. As operators migrate from 
traditional environments to SDN, they must be aware of potential 
service disruptions, lower client quality of service (QoS), and other 

issues. Testing, while always important, takes on an even greater role during this 
transitionary stage, particularly at the data-plane level where operator revenue is 
generated.

While the tests – QoS, traffic generation, etc. – haven’t changed, the technologies 
certainly have, and operators will be required to test a variety of client signals 
over the data plane. Circuit-based traffic common in legacy networks is now 
being encapsulated into next-generation transport technologies such as Optical 
Transport Network (OTN), Multiprotocol Label Switching (MPLS), and Generalized 
MPLS (GMPLS).

FIGURE 1. OTN segmentation.

http://www.lightwaveonline.com/sdn-nfv.html
http://www.lightwaveonline.com/topics/o/optical-transport-network.html
http://www.lightwaveonline.com/topics/o/optical-transport-network.html
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OTN has increasingly become the preferred method for high-speed networks for 
a number of reasons. It provides operators with better visibility and control closer 
to the network edge. Network management becomes simplified, as OTN places 
user traffic at the core managed infrastructure earlier. OTN can also enable 
operators to better monitor and service large customers.

OTN uses Optical Data Unit (ODU) as digital wrapper to many technologies, such 
as Ethernet, SONET, and Fibre Channel (Figure 1). In essence, ODU is a transport 
container that carries client signals from network ingress to egress. It provides a 
payload area for client data along with overhead for performance monitoring and 
fault management. ODUflex (Figure 2) is a new feature that supports the flexible 
allocation of client-signal bandwidth to make the best use of OTN capacity.

The use of ODU reduces the number of technologies that need to be measured 
from many to one. The result is that test platforms must support ODU wrappers 
and be easily updated to keep pace with the constantly changing standards so 
they can generate any type of data to accurately measure the data plane.

Appeal of SDN

OTN is only one change in the ever-evolving network. In the traditional approach 
to networking, most network functionality is implemented in a dedicated 
appliance, such as a switch, router, or application delivery controller. Within 
the respective appliance, most of the functionality is implemented in specific 

FIGURE 2. ODUflex divides capacity to optimize OTN capacity.
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hardware such as an application-specific integrated circuit (ASIC). SDNs are 
viewed as a superior approach to this hardware-centric networking approach.

As described by the Open Networking Foundation (ONF), the SDN architecture 
(Figure 3) is dynamic, manageable, cost-effective, and adaptable. These attributes 
make an SDN ideal for today’s high-bandwidth networks. This architecture 
decouples the network control and forwarding functions, enabling the network 
control to become directly programmable and the underlying infrastructure to be 
abstracted for applications and network services.

FIGURE 3. SDN architecture. (Photo courtesy of OTN)
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Proponents of SDN point to five key benefits:
1. Programmability: Control of the network can be programmed directly because 

it is decoupled from forwarding functions.
2. Responsive: Administrators can dynamically adjust network-wide traffic flow 

to meet changing needs.
3. Centrally managed: Software-based SDN controllers centralize network 

intelligence to create a universal network appearance to applications and 
policy engines.

4. Dynamic Configuration: Network managers can configure, manage, secure, 
and optimize network resources very quickly via dynamic, automated SDN 
programs. Because the programs are open standards-based they can write 
themselves.

5. Vendor-agnostic: When implemented through open standards, network 
design and operation are simplified because instructions are provided by SDN 
controllers rather than multiple, vendor-specific devices and protocols.

Network Testing

Many believe incorporating test software controlled by SDN into the network is 
another benefit and the best approach to maintain network performance. While 
this may be the most logical solution in a few years when standards and SDN 
technology have fully evolved, independent transport testers not integrated into 
SDN remain the best approach for today.

The reason test software integrated into the SDN is not currently optimal is that 
there is no reference when tests are conducted. For example, most networks use 
switches from multiple manufacturers. With SDN controlling the tests, there 
is no way to determine which results correlate to each switch. The incestuous 
nature of having the network element become the network tester by installing 
virtualized test capabilities creates additional points of failure. In this case, 
both the network element and optical modules raise questions when test results 
between interoperable devices yield inconclusive results.

A separate test instrument, such as the one shown in Figure 4, solves this 
problem because it has its own “golden” reference, so determining the results 
for each network element is easier and any issues can be located faster. For 
example, duplicating the same test environment and parameters taken from 
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one network element can be achieved on different manufacturers’ devices, 
regardless of control plane and management environment. In the event that one 
manufacturers’ device yields opposing results, the independent test reference 
can capture, troubleshoot, and report the results that can be duplicated without 
removing the network element nor virtual test instance.

Instrument flexibility is also critical, enabling operators to save time and money. 
Test sets need to support legacy and emerging transport technologies, as well as 
rates from DS1 to 100 Gbps, so they can conduct measurements anywhere in the 
network, including inside the metro, access, and core.

Virtualized tools for monitoring network performance, reliability, and dynamic 
traffic management that communicate through the control plane are significant 
reasons to migrate to SDN architecture. However, the need for independent 
testing and troubleshooting from reference is required in the data plane.

FIGURE 4. Separate test instruments with a “golden” ratio more effectively test networks.
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Not any separate test approach can be used to monitor networks during this 
migration to SDN networks. These environments require test instruments 
that support forward error correction (FEC) performance tests using Poisson 
distribution random errors. Adopted by ITU-T O.182, these tests are important 
because the FEC section is one of the most vital areas of the network frame. It 
allows for greater decibel range between equipment by correcting errors within 
the frame at the receiver end.

Reproducible, accurate FEC error correction tests are performed by generating 
truly random signal errors that can stress OTN FEC. This capability enables a 
much lower BERT measurement to ensure testing to the limit or beyond the 
switching equipment’s ability. This is necessary to accurately measure the actual 
performance and threshold of an OTN.

Network Monitoring

To maintain network performance and efficiently troubleshoot issues, test 
platforms need to support section monitoring (SM) and path monitoring (PM) 
of an OTN, each of which has different alarms and error detections. These 
maintenance signals, as they are called, send feedback on issues that occur at 
the network far end and offer an indication of the layer in which they occurred. 
Among the indications are:
• Backward Defect Indication (BDI): indicates signal fail in the upstream
• Backward Error Indication (BEI): indicates the number of errors detected in the 

upstream
• Incoming Alignment Error (IAE): detects error by BIP-8 code in the OTU layer
• Backward Incoming Alignment Error (BIAE): counts the IAE errors in the 

upstream in the out.

Network engineers and technicians use these OTN maintenance signals to 
quickly and correctly locate an issue, so they know the position in the network 
where testing should begin. Use of these signals also enables issues to be 
prioritized. For example, Layer SM will have a higher priority because it is likely a 
core issue, whereas a PM problem is most likely a single customer issue.

Taking this Tandem Connection Monitoring (TCM) approach makes it easy to 
identify the customer or segment level affected. With this information, operators 

http://www.lightwaveonline.com/topics/f/forward-error-correction.html
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can ensure that issues affecting high-priority customers are corrected first. 
Additionally, understanding the various TCM levels that are being analyzed or 
injecting errors identifies the section where there is a problem.

Conclusion

SDNs are evolving to enable networks to effectively and efficiently meet ever-
growing bandwidth needs. The transition from traditional network environments 
to SDN is a complex process that poses many challenges to operators who must 
maintain high QoS and customer retention. The most effective way to ensure 
that this move will be done seamlessly is to use separate test instruments with a 
“golden” reference rather than integrating test software into the SDN.

DANIEL GONZALEZ is digital/optical business development manager for 
Anritsu Co. He has more than 16 years in application planning, development, 
digital and optical transport testing, training, and execution with knowledge in 
technologies including TDM, SONET, OTN, ATM, Carrier Ethernet, and physical 
layer signal integrity. He also is a member of IEEE.

http://www.anritsu.com/
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customer care in multi-technology networking. For more information, please visit 
www.lightriver.com. 
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