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THE SUBSCRIBER IS IN COMMAND
Subscribers evaluate, select, and access new services in very new ways today. Rather than 
choosing their services based on what the broadband service provider (BSP) offers—such as 
telephone service, broadcast TV, and internet access—the subscriber now chooses the service they 
want, and the service provider typically is not involved in that choice. Key examples include Zoom 
(for working from home); Peloton (for exercise); Arlo (for home security); and Netflix, cloud gaming, 
or virtual reality (for entertainment). From a network operations perspective, each service has 
different requirements, such as high security for the home office, low latency for the gamers, and 
bandwidth for video streaming.

Subscribers’ view of the network is very simplified, yet they have very high expectations. They expect 
their services to work from any device, from anywhere, and at high quality. The challenge is that the 
BSP’s network is the means to deliver all these services—and the service provider is on the hook to 
ensure a high-quality experience. Service providers are caught in the middle, and subscribers expect 
them to make everything work.

Figure 1–Subscriber View of the Network

Figure 2–Service Provider Network in the Middle



WINNING FROM THE MIDDLE 
Broadband service providers are sitting between subscribers and the services those subscribers 
are most interested in. If the service provider has plenty of bandwidth (i.e., a big pipe), that should 
make subscribers happy, right? But what happens when that pipe (i.e., fiber) is cut, oversubscribed, 
or having some issue more difficult to diagnose? What happens when just one or two of the 
subscribers’ services aren’t working well? How can the BSP quickly resolve the issue and get back 
to the business of exciting subscribers by connecting them to their services? 

On top of that, as Figure 2 shows, a subscriber may be running eight services or more. In addition, 
the service provider has more than one subscriber, which multiplies the number of services the 
provider must is responsible for. For instance, a BSP with 10,000 subscribers must deliver 80,000 
services across the network—at high quality, high security, and low latency. Subscribers expect 
those services to always be available and over an operationally efficient network that delivers the 
ultimate subscriber experience.   

 
DELIVERING THE ULTIMATE SUBSCRIBER EXPERIENCE
To keep up with rapidly changing subscriber demands and deliver the ultimate subscriber experience 
(and win against the competition), BSPs need to be agile and innovative. They must also deliver 
differentiated services. To achieve these goals, BSPs around the world recognize they must 
simplify their access network by provisioning, monitoring, and managing the entire subscriber-
facing network—not from many points in the network, but from a single point that is much closer 
to the subscriber. By moving key functions like routing and subscriber management closer to the 
subscriber, service providers greatly reduce CAPEX by reducing the number and scale of systems. 
More importantly, BSPs substantially reduce ongoing and recurring OPEX. 

To do that, BSPs like WWZ, in Switzerland, have used the Intelligent Access EDGE solution 
to reduce their network OPEX by 50 percent. They have moved the routing and subscriber 
management closer to the subscriber, and achieved benefits such as:

• Reduced failure groups

• Improved security and scalability

• Common operational workflows for provisioning, monitoring, and maintaining subscriber services



THE CALIX INTELLIGENT ACCESS EDGE SOLUTION 
The Intelligent Access EDGE solution redefines the access edge of the network and enables BSPs to 
build a network capable of delivering and maintaining many subscriber services for decades to come. In 
that regard, it’s the last network any broadband provider would ever need to build. The solution simplifies 
the structure and operation of the network while eliminating nearly 40 percent of initial CAPEX and as 
much as 95 percent of recurring fees. 

It does this by consolidating the subscriber-facing functions in the network into optional specialized 
software modules—dramatically reducing the total cost of ownership (TCO) and the time to market for 
new services. 

From a single point in the network, the Intelligent Access EDGE solution 
enables BSPs to maintain all their subscriber-facing services and manage their 
network with one common service model, while reducing network OPEX as 
much as 80 percent. 

The Intelligent Access EDGE solution provides:

• Enhanced analytics and automation to optimize network planning, 
automate critical tasks, and accommodate future capabilities  
and services 

• The ability to provision and manage existing EXA networks and AXOS networks with  
a single provisioning model

• An integrated Diagnostics Toolbox to diagnose subscriber issues remotely— 
eliminating truck rolls

• An Integration and Testing Sandbox—eliminating the need to build large labs to train personnel 
and integrate solutions into the network and BSS/OSS systems

Expanding Services
Growth by 40%



The Intelligent Access EDGE solution includes three key components: Intelligent Access EDGE 
Foundation, Intelligent Access EDGE Clouds, and Intelligent Access EDGE Software. To gain all 
the benefits of the Intelligent Access EDGE solution, BSPs must utilize all three. However, to begin 
the journey toward an autonomous network that simplifies network operations, the service provider 
begins with the Intelligent Access EDGE Foundation.

INTELLIGENT ACCESS EDGE FOUNDATION 
Simplifying the network and its operation begins with the Intelligent Access EDGE Foundation, 
which includes the Network Innovation Platform, AXOS—the tools and systems required to deliver 
an always-on subscriber experience that reduces OPEX and that can be enhanced at the pace of 
subscriber demand.

 
Intelligent Access EDGE Framework

Software is the key to ensuring an amazing subscriber experience—and it’s not just the operating 
system that delivers that experience. It’s the platform architecture, including the operating system, 
the software tools and connectors that enable the reduction of the services’ integration time, the turn-
up, and the diagnosis of issues that ensure service is always on and continues to meet and exceed 
subscriber expectations. 



Network Innovation Platform, AXOS

The simplified network that enables an always-on subscriber experience is 
possible because of the software platform the solution runs on. It is modular, 
which enables the BSP to rapidly include functions such as the Subscriber 
Management Module (SMm), Advanced Routing Module (ARm), as well as 
other functions. 

The modules are independent yet have standard APIs to easily integrate 
with the platform. They are stateful, which ensures that, whether upgrading 
software or needing to restart a module, the system continues to operate, 
and the module restarts where it left off. The platform uses standards-
based deployable northbound interfaces (NETCONF/YANG) and automated 
integration tools to ensure you can integrate with any northbound system. 

Delivering the services we’ve discussed requires switches and technologies like PON. However, your 
operations personnel should not need to worry about that underlying technology; the software and the 
APIs to the chipsets are hidden by the hardware abstraction layer, which is also hidden by the service 
abstraction layer. So, when your operations personnel provision a gigabit service, they just provision the 
service the subscriber wants.

The platform delivering this simplified network is the Network Innovation platform, AXOS—a Linux-based, 
fully disaggregated network operating system and software platform. 

“Verizon reduced  
OSS / BSS integration 
from two years 
to three months.”

— Lee Hicks, VP, 
Network Planning, Verizon
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• Modular Architecture: The AXOS architecture is modular, and each 
module is has its own versions. Because AXOS modules can be 
upgraded and restarted independently, the architecture ensures that 
changes to one function do not impact other system functions.

• Hardware Independence: The AXOS Hardware Abstraction Layer 
(HAL) software emulates the underlying hardware—isolating the 
reusable modules above from the low-level chipset drivers so you 
can adopt new technology without impacting subscriber services.

• Services Abstraction: The Service Abstraction Layer (SAL) 
ensures that the data models and interfaces for the services you 
deploy remain consistent across all access technologies, systems, 
and deployment applications—simplifying your operations.

• Stateful Operation: AXOS ensures that the variables required by 
every module are stored and available upon restart of any individual 
module. Any module can then be upgraded and restarted without 
impact to other system functions—ensuring a self-healing network 
that is always on.

• SDN Ready: AXOS is the world’s only natively NETCONF-enabled 
OS. Whether service providers are transitioning their networks 
to SDN today or working with existing OSS/BSS systems, AXOS 
provides the northbound and southbound connections needed to 
eliminate middleware and reduce cost and complexity.

AXOS runs in an x86 CPU complex, allowing Calix and operators to 
quickly bring nearly any control and management software into AXOS 
systems. Each AXOS software component has native modeled APIs and 
can thus be controlled locally or remotely without loss of function. 
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Services Management Connectors

The Services Management Connector (SMx) is a software application for element and network 
management that provides an automated development and service normalization and simplification 
environment. SMx is extensible to new applications and enables quick integration with other open 
platforms. SMx provides a REST/JSON northbound interface with integrated tools like SWAGGER 
for rapid back-office integration.

Diagnostics Toolbox

The AXOS Diagnostic Toolbox is an integrated set of network diagnostic tools such as Wireshark, 
TCP Dump, and Video Channel Analyzer that enables remote management and troubleshooting 
of the access network. These tools help reduce or eliminate costly truck rolls and enable network 
operations teams to ensure or restore high-quality services as quickly as possible. The toolbox also 
includes the always-on ability of AXOS to minimize unplanned downtime by:

• Self-diagnosing and self-restarting modules 

• Upgrading software modules without resetting the system 

Local Packet
Capture

• Tool utilizes command 
line packet analyzer TCP 
Dump to display and 
inspect TCP/IP and other 
data packets

• Verify data delivery and 
integrity

• Quick time to resolution—
no truck rolls

• Tool utilizes network 
protocol analyzer 
Wireshark

• Captures packet stream 
and redirects it to remote 
Linux server running 
Wireshark application

• Embedded packet 
capture that places a 
virtual technician on site

Remote Packet
Capture

• Ideal tool for 
troubleshooting 
subscriber video

• Isolate network from STB 
issues

Video Channel
Analyzer

• Eliminate Maintenance 
Windows with Always-On 
upgrades

• Stateful operation

• Auto restart of modules

Always On

Business Systems and Applications

SDN OrchestrationCurrent OSS



Integration and Testing Sandbox

AXOS Sandbox is a virtual testing environment that dramatically improves service introduction by 
eliminating the need for physical lab systems—deploying virtual instances of AXOS systems that 
allow service providers to accelerate service delivery by reducing the time needed for lab testing, 
BSS and OSS integration, and software certification. AXOS Sandbox runs the actual production 
software release of each AXOS system. 

Build, test, and integrate your network up to 70% faster
AXOS Sandbox is a virtual environment that dramatically improves service 

introduction by eliminating the need for physical lab systems. 

AXOS SMx and Sandbox—OSS Integration Goes Viral

AXOS virtual management and 
services connector

NETCONF / YANG

REST / JSON

NETCONF / YANG 
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OpenFlow

Complete SDA network in a virtual machine environment

Billing Provisioning Inventory Alarm



Intelligent Access EDGE Systems

The Network Innovation Platform, AXOS, runs on the Calix E-Series family of modular, non-blocking 
systems, including the E9-2, E7-2, and E3-2. But not all deployments are created equal. With that in 
mind, Calix designed the systems to meet the deployment requirements of different locations. Here 
are some examples. 

• Data centers serving larger cities and towns where network systems typically are elastic—
easily enabling the addition of capacity and compute power by cabling additional systems 
together. These locations are typically temperature controlled and require easy rack installation 
with airflow from front to back.

• Small central office and remote cabinets serving lower density locations—especially in 
the remote cabinets, which require temperature-hardened systems and optical transport. In 
larger cabinet deployments, proper thermal and power analysis is critical for proper airflow and 
loading.  

• Remote nodes serving even lower density locations, where cabinets do not already exist. The 
installation location may be a pole, a “doghouse,” or a wire strand. In this very remote location, 
the system must be void of parts that require servicing.

Data Center
• Temperature controlled
• Engineered for rack installation

Small CO / Remote Cabinet
• Temperature hardened
• Engineered for cabinet installation

Remote Node
• Temperature hardened
• Engineered for anywhere installation



To meet the needs of the various deployment locations, the Intelligent Access EDGE solution 
systems include the E9-2 (designed for the data center location), the E7-2 (designed for the smaller 
central office / remote cabinet location), and the E3-2 (designed for the very remote location where it 
is not cost-effective to install a cabinet).

By offering AXOS on the whole E-Series family of systems, Calix provides a common operational 
model and workflow across the entire subscriber-facing network. In addition, as new technologies 
are incorporated into the systems, the operational model remains the same—further reducing back-
office integration of new technologies and cards from months and weeks to days. This has been 
shown recently by several customers who have added the next-generation E7-2 XGS-PON line card 
(XG801) to their existing networks. 

Data Center / Headend
• Controlled environment

• Stackable / Easily expandable

• Front-to-Back airflow

Central Office / Remote Cabinet
• Temperature hardened

• Designed for small spaces—1RU

• Side-to-Side airflow

Remote Node / Strand / Pole
• Outdoor installation

• Pole, wire, doghouse

• No fans required



CALIX CLOUDS 
The Calix Cloud solution is a set of persona-based clouds built on a common infrastructure with a 
single view into the BSP’s business. The combination of all three clouds ensures that three groups—
the teams acquiring subscribers, the teams managing individual subscriber support calls, and the 
teams managing broadband operations from the subscriber’s premises through the network—have 
all the data and insights they need to help the BSP simplify operations, excite subscribers, and grow 
their business.

Calix Operations Cloud for the 
Intelligent Access EDGE 
Calix Operations Cloud is the newest 
part of the Calix Cloud portfolio—
and is what enables BSPs to offer 
subscriber self-service, automate 
provisioning across the entire 
subscriber-facing network, and provide 
an amazing subscriber experience. 

Service Provider 
Marketers

• Reduce churn

• Maximize profit

• Boosting marketing ROI

• Grow business

Network/Subscriber
Operations

• Remote troubleshooting

• Optimized and automated 
workflow

• Proactive network health  
and monitoring

• SLA monitoring and assurance

Customer
Care/Support

• Lower average talk times

• Improve first resolution call 
(FRC)

• Reduce truck rolls

• Proactively prevent calls



Calix Operations Cloud provides the ability to provision, monitor, maintain, and manage the entire 
end-to-end subscriber-facing network—from the subscriber premises to the access network edge, 
ensuring the BSP can:

• Optimize and automate workflows with faster decision making and problem resolution, fewer 
help desk calls, and automation of repetitive tasks—avoiding human error.

• Minimize truck rolls by understanding what’s causing the service-affecting issues and fix 
them remotely—removing the need for technicians on-site.

• Reduce support costs with end-to-end network visibility—reducing resolution times and 
improved proactive and predictive maintenance

The BSP will see increased subscriber satisfaction because Calix Operations Cloud helps reduce the 
time it takes to resolve issues, and even proactively resolves issues before subscribers can pick up 
the phone. 

Some of the specific capabilities of Calix Operations Cloud include: 

• Network automation: End-to-end (aggregation/access to premises’ ONTs) service 
provisioning, HSI discovery workflow

• Common EXA and AXOS systems provisioning:  Where service providers that have been 
deploying Calix EXA systems will now have a common provisioning view with AXOS.

• Network alarms and traffic monitoring: AXOS and EXA alarms—loss of signal, quarantined 
ONTs, fiber cuts, PON capacity hits, and DDoS attacks, including correlation of multiple alarms 
to simplify diagnosis

• Network performance insights: Across EXA and AXOS systems, view outage and 
degradation trends, and quickly identify the most impacted PONs and Ethernet uplinks as well 
as the ONTs with the lowest light levels and highest BIP errors

• Recommendations to resolve upcoming or existing network issues: By evaluating and 
analyzing the performance of various network elements, predictions can be made about the 
reliability of aging components of your network infrastructure



Common EXA and AXOS Systems Provisioning and Management

As the BSP becomes better equipped to provide the ultimate subscriber experience, Calix understands 
the need to integrate existing subscribers and their services into a common back-office provisioning and 
management view. This consolidated view simplifies the operation of the combined network and enables 
the service provider to focus on the growth of that network. It also enables the provider to maintain their 
existing EXA network—currently managed using Calix CMS—and add the Intelligent Access EDGE 
solution to provide operations teams a single view of their BSS/OSS systems. 



INTELLIGENT ACCESS EDGE SOFTWARE
The Network Innovation Platform, AXOS is a modular architecture where the modules themselves have 
APIs that enable them to be incorporated into the platform as needed. This enables the service provider 
to incorporate additional capabilities that could make sense for their specific network architecture.  

Advanced Routing Module (ARm)

ARm is designed to help service providers bring Layer 3 intelligence to their access network, including 
MPLS capabilities and L2/L3 VPN services. ARm provides the benefits of a routed network, including 
security and the ability to move caching and other edge compute closer to the subscriber without 
impacting other network functions. Broadband service providers can reduce provisioning overhead 
costs, failure groups, and transport costs, and simplify service and subscriber turn-up.

 
Routing Protocol Module (RPm)

RPm provides the same benefits as ARm, but is designed for BSPs who already have (or don’t need) 
an MPLS solution. 

 
Subscriber Management Module (SMm)

SMm is a software module that brings, to the access network, subscriber management capabilities 
such as authentication, authorization, accounting of subscriber sessions, address assignment, policy 
management, security, and Lawful Intercept (short for Lawfully Authorized Electronic Surveillance for 
Internet Access and Services). With SMm, BSPs get unprecedented visibility into the traffic entering the 
network—enabling subscriber management and the use of policy and filters to prevent network attacks.
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SIMPLIFY YOUR NETWORK AND GROW YOUR 
REVENUE FASTER
Beyond the benefits of reduced OPEX, the Intelligent Access EDGE solution focuses on automating 
the many tasks required in the network, including:

• Provisioning of VLANs across the network for transport configuration changes

• Provisioning of services through the network when ONTs are moved or upgraded

• Provisioning of OLTs when put in service

In addition to automation, the Intelligent Access EDGE solution ensures BSPs can deliver services 
faster, at high quality, by:

• Enabling common operational workflows across the entire subscriber-facing network

• Allowing rapid initial BSS/OSS integration and the near elimination of integration time to add 
new capabilities

• Automating critical (yet repetitive) network tasks—reducing errors and shortening time to service

• Increasing the access network’s security and scalability

• Eliminating multiple systems by consolidating functions related to provisioning, monitoring,  
and managing subscriber services

LEARN MORE ABOUT THE CALIX INTELLIGENT ACCESS 
EDGE SOLUTION
Connect with Calix today to learn more about the Calix Intelligent Access EDGE solution and how 
it can help you reduce the total cost of ownership (TCO) of your network, decrease your operating 
expenses, and bring new revenue-generating services to market faster. Contact us for a complimentary 
Network Architecture Review Consult with one of our experts.

About Calix 

Calix, Inc. (NYSE: CALX) – Calix cloud and software platforms enable service providers of all types 
and sizes to innovate and transform. Our customers utilize the real-time data and insights from Calix 
platforms to simplify their businesses and deliver experiences that excite their subscribers. The 
resulting growth in subscriber acquisition, loyalty, and revenue creates more value for their businesses 
and communities. This is the Calix mission; to enable broadband service providers of all sizes to 
simplify, excite, and grow. Follow us on LinkedIn.   

https://communications.calix.com/l/2172/2021-09-21/5fmb8d
https://www.calix.com/
https://www.linkedin.com/company/calix/mycompany/

