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Solution Overview 

Description 

The exponential growth of network traffic and the pressures of efficiently running network operations pose huge 

challenges for network operators. Providing quick intent-based service delivery with optimal network utilization and the 

ability to react to bandwidth and latency demand fluctuations in real time is vital to success. Migration to Software-

Defined Networks (SDNs) and automation of operational tasks is the optimal way to become more efficient and 

competitive. 

Cisco Crosswork Network Controller is a turnkey network automation solution for deploying and operating IP transport 

networks that delivers increased service agility, cost efficiency, and optimization for faster time-to-customer value and 

lower operating costs. The solution combines intent-based network automation to deliver critical capabilities for service 

orchestration and fulfilment, network optimization, service path computation, device deployment and management, and 

anomaly detection and automatic remediation. Using telemetry gathering and automated responses, Cisco Crosswork 

Network Controller delivers network optimization capabilities that are nearly impossible to replicate even with a highly 

skilled and dedicated staff operating the network. 

The fully integrated solution combines functionality from multiple Crosswork components installed upon a common 

Crosswork infrastructure, as well as industry-leading capabilities from Cisco® Network Services Orchestrator (NSO) and  

Cisco Segment Routing Path Computation Element (SR-PCE). Its unified user interface provides a single pane of glass for 

real-time visualization of the network topology and services, provisioning, monitoring, and optimization.  

²ƘŀǘΩǎ bŜǿ ƛƴ ¢Ƙƛǎ wŜƭŜŀǎŜ  

This release of Cisco Crosswork Network Controller supports the following new features and capabilities: 

ǒ {ǳǇǇƻǊǘ ŦƻǊ άBrownfieldέ ǎŜǊǾƛŎŜǎΥ With the assistance of Cisco Customer Experience (CX) specialists, you can use the 

Cisco Crosswork Network ControllerΩǎ service extensibility framework and APIs to visualize existing (also called 

άbrownfieldέύ ǎŜǊǾƛŎŜǎ ǘƘŀǘ are based on a custom model and have been implemented in Cisco NSO.  

ǒ Flex-Algo: Crosswork Network Controller now supports use of Segment Routing Flexible Algorithm (Flex-Algo) to 

customize and compute IGP shortest paths over a network according to constraints specified in the Flex-Algorithm 

in which each device participates.  

ǒ SRv6: Crosswork Network Controller now supports L2VPN services over SRv6 (L2VPN EVPN VPWS). 

ǒ Multipoint VPLS using EVPN: Cisco Crosswork Network Controller now extends L2VPN EVPN VPWS support with 

the addition of L2VPN EVPN VPLS and the following service topologies: ELAN, ETREE, and Custom. 

Ǔ ELAN any-to-any: Full mesh topology where all sites communicate with one another. The same RTs are assigned across 

all nodes. 

Ǔ ETREE hub-spoke: Route targets are assigned in a manner which spokes are able to communicate with the hub, but not 

with each other. A spoke is defined if node-role is defined for a given site. 

Ǔ Custom: User will manually define RT values for each site. 

ǒ Tree-SID Visualization: Tree-SID is a technology used to implement multicast trees in segment routed transport 

networks. Using Cisco Crosswork Network Controller, the visualization of such trees render in the UI.  

ǒ EMS Services Support: To enable service-driven workflow for packet networks, Element Management System 

(EMS) services are bundled with the Crosswork Network Controller Advantage pack. The EMS functions include 

inventory, fault, and Software Image Management (SWIM). 

Ǔ Inventory service integratŜǎ ŘŜŜǇ ƛƴǾŜƴǘƻǊȅ ŎƻƭƭŜŎǘƛƻƴ ǿƛǘƘ /ƛǎŎƻ /ǊƻǎǎǿƻǊƪΩǎ 5ŜǾƛŎŜ [ƛŦŜŎȅŎƭŜ aŀƴŀƎŜƳŜƴǘ ό5[aύΦ Lǘ 

enriches the existing device onboarding workflow to gather more insights about the device. Built-in device packages 

https://blogs.cisco.com/sp/flexible-algorithm-makes-segment-routing-traffic-engineering-even-more-agile
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enable deep inventory collection when the user manually attaches a device to the Crosswork Data Gateway. The 

collection is persisted in the database and monitored using the Inventory APIs. 

Ǔ Fault service is associated with alarm management. It provides API support for subscription, request, retrieval, and 

auto-clearing of alarms for Topology Visualization services. Monitored using the Fault APIs, the fault service improves the 

existing topology views by showing the alarm status for devices and links. 

Ǔ SWIM is integrated with Crosswork Change Automation and managed with SWIM APIs. It allows operators to view, 

import, and delete software images, as well as push software images to the devices in the network. SWIM improves 

compliance, accelerates upgrades, and improves the network engineer experience.  

ǒ Configurable Service Points: The configurable service points feature allows a user to define a list of service points 

and to appear on the service provisioning tree in the Provisioning UI.  

ǒ Service Health: Service Health monitoring is available for both Basic Monitoring and Advanced Monitoring. For help 

selecting the appropriate monitoring option for your needs, see the section Basic and Advanced Monitoring Rules. 

In total, Basic + Advanced Monitoring provides up to 52,000 services that can be monitored. For more information 

on Service Health, see Cisco Service Health in the Solution Components and Integrated Architecture section. 

Note:   Service Health is accessible through Limited Availability. Engage your account team for further details. 

Ǔ External Storage supported, in conjunction with Internal Storage, for expanded historical Service Health monitoring 

data capacity.  

Ǔ The Service Health Collection Jobs administrative option provides the capability to view Parameterized Jobs (template-

based collection jobs) that supports a greater number of jobs, adding the ability to view CLI collection jobs. This is useful 

when troubleshooting collection job issues by examining details of individual devices using Parameterized Jobs. Devices 

are identified by their Context ID (protocol) so to determine if they are GMNI, SNMP, or CLI-based jobs. 

 

Supported Use Cases  

ǒ Orchestrated service provisioning: Provisioning of layer 2 VPN (L2VPN) and layer 3 VPN (L3VPN) services with 

underlay transport policies to define, meet, and maintain SLAs, using the UI or APIs. Using Segment Routing Flexible 

Algorithm (Flex-Algo) provisioning and visualizing to customize and compute IGP shortest paths over a network 

according to specified constraints.  

ǒ Real-time network and bandwidth optimization: Intent-based closed-loop automation, congestion mitigation, and 

dynamic bandwidth management based on Segment Routing and RSVP-TE. Optimization of bandwidth resource 

utilization by setting utilization thresholds on links and calculating tactical alternate paths when thresholds are 

exceeded.  

ǒ Local Congestion Management: Local Congestion Mitigation (LCM) provides localized mitigation recommendations 

within surrounding interfaces, with the use of standard protocols. Data is gathered in real-time and when 

congestion is detected, solutions are suƎƎŜǎǘŜŘΦ [/a Ƙŀǎ ŀ άƘǳƳŀƴ-in-the-ƭƻƻǇέ ŀǎǇŜŎǘ which ensures that the 

control of making changes in the network is in the hands of the operator.  

ǒ Visualization of network and service topology and inventory: Visibility into device and service inventory and 

visualization of devices, links, and transport or VPN services and their health status on maps with logical or 

geographical contexts. 

ǒ Performance-based closed-loop automation: Automated discovery and remediation of problems in the network by 

allowing Key Performance Indicator (KPI) customization and monitoring of pre-defined remediation tasks when a 

https://developer.cisco.com/docs/cw-sandbox/#!common-services-inventory-api
https://developer.cisco.com/docs/cw-sandbox/#!common-services-fault-api
https://developer.cisco.com/docs/cw-sandbox/#!common-services-swim-api
https://blogs.cisco.com/sp/flexible-algorithm-makes-segment-routing-traffic-engineering-even-more-agile
https://blogs.cisco.com/sp/flexible-algorithm-makes-segment-routing-traffic-engineering-even-more-agile
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KPI threshold is breached. For this use case, Cisco Crosswork Health Insights and Cisco Crosswork Change 

Automation must be installed. 

ǒ Planning, scheduling, and automating network maintenance tasks: Scheduling an appropriate maintenance 

window for a maintenance task after evaluating the potential impact of the task (using WAE Design). Automating 

the execution of maintenance tasks (such as throughput checks, software upgrades, SMU installs) using playbooks. 

For this use case, Cisco Crosswork Health Insights and Change Automation must be installed. 

ǒ Secured zero-touch onboarding and provisioning of devices: Onboarding new IOS-XR devices and automatically 

provisioning Day0 configuration resulting in faster deployment of new hardware at lower operating costs. For this 

use case, Cisco Crosswork Zero Touch Provisioning must be installed. 

ǒ Visualization of native SR paths: Visualizing the native path using the traceroute SR-MPLS multipath command to 

get the actual paths between the source and the destination can be achieved using Path Query. With Cisco 

Crosswork Network Controller, a traceroute command runs on the source device for the destination TE-Router ID 

and assists in retrieving the paths.  

ǒ Discovery, Analysis, and Visualization of Multicast Trees using Tree-SID in Segment Routed Networks: Visualizing 

pre-provisioned Segment Routing Path Computation Elements (SR-PCE) created Multicast Trees using TREE-SID 

within your network is critical for video broadcasting and streaming service providers who must use multicast 

protocols to replicate traffic and send it to different points in the network. With Cisco Crosswork Network 

Controller, users can visualize pre-provisioned Tree Segment Identifier (Tree-SID) SR paths easily and quickly. 

Solution Components and Integrated Architecture 

The following diagram provides a high-ƭŜǾŜƭ ƛƭƭǳǎǘǊŀǘƛƻƴ ƻŦ Ƙƻǿ ǘƘŜ ǎƻƭǳǘƛƻƴΩǎ ŎƻƳǇƻƴŜƴǘǎ ǿƻǊƪ ǘƻƎŜǘƘŜǊ ǿƛǘƘƛƴ ŀ ǎƛƴƎƭŜ 

pane of glass to execute the primary supported use cases.  

 

The following components make up the Cisco Crosswork Network Controller 4.1 solution: 
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Note:   Crosswork Zero Touch Provisioning, Crosswork Health Insights, Crosswork Network Change Automation, and 

Service Health are optional add-on components. 

ǒ  

ǒ Cisco Crosswork Active Topology 

ǒ Cisco Crosswork Optimization Engine 

ǒ Cisco Crosswork Data Gateway (CDG) 

ǒ Crosswork Common UI and API 

ǒ Crosswork Infrastructure and Shared Services 

ǒ Cisco Crosswork Health Insights and Cisco Crosswork Change Automation 

ǒ Cisco Crosswork Zero-Touch Provisioning (ZTP) 

ǒ Cisco Network Services Orchestrator (NSO) 

ǒ Cisco Segment Routing Path Computation Element (SR-PCE) 

ǒ Cisco Service Health 

Cisco Crosswork Active Topology 

Cisco Crosswork !ŎǘƛǾŜ ¢ƻǇƻƭƻƎȅΩǎ ƭƻƎƛŎŀƭ ŀƴŘ ƎŜƻƎǊŀǇƘƛŎŀƭ ƳŀǇǎ ǇǊƻǾƛŘŜ real-time visibility into the physical and logical 

network topology, service inventory, and SR-TE policies and RSVP-TE tunnels, all within a single pane of glass. They enable 

operators to see, at-a-glance, the status and health of the devices, services, and policies. Services and transport policies 

can be visualized end-to-end as an overlay within the context of the topology map. Cisco Crosswork Active Topology 

provides device grouping functionality so that operators can set up their maps to monitor exactly the set of devices, 

services, and locations for which they are responsible. In addition, operators can save custom views for quick and easy 

access to the views and functionality they use on an ongoing basis.  

Cisco Crosswork Optimization Engine 

Cisco Crosswork Optimization Engine provides real-time network optimization allowing operators to effectively maximize 

network capacity utilization, as well as increase service velocity. Leveraging real-time protocols, such as BGP-LS and Path 

Computation Element Communication Protocol (PCEP), SR-PCE and Crosswork Optimization Engine enables closed-loop 

tracking of the network state, reacting quickly to changes in network conditions to support a self-healing network. 

Cisco Crosswork Data Gateway (CDG) 

Cisco Crosswork Data Gateway is a secure, common collection platform for gathering network data from multi-vendor 

devices. It is an on-premise application deployed close to network devices that support multiple data collection protocols 

including MDT, SNMP, CLI, standards-based gNMI (dial-in), and syslog. Any type of data can be collected by Crosswork Data 

Gateway as long as it can be delivered over one of the supported protocols. In this way, it can provide support for a 

growing set of use cases and customizations. 

To address scale challenges, Cisco Crosswork Data Gateway is implemented as a number of VMs and designed with a 

distributed architecture in mind. Each lightweight VM manages a subset of the overall network and as the network grows, 

additional VMs can be added horizontally to address the new demands on the compute resources. It also supports a 

ŦƭŜȄƛōƭŜ ǊŜŘǳƴŘŀƴŎȅ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ōŀǎŜŘ ƻƴ ǘƘŜ ƻǇŜǊŀǘƻǊΩǎ ƴŜŜŘǎΦ After the initial setup, Cisco Crosswork Network 

Controller automatically orchestrates the collection across the multiple Cisco Crosswork Data Gateway VMs. APIs and 

configuration examples are available to illustrate how to add new collection jobs (outside of those built for you by Cisco 
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Crosswork Network Controller) to gather additional information from your network. The collected data can be published 

to approved destinations. Supported destinations are Kafka and gRPC messaging bus. 

Crosswork Common UI and API 

!ƭƭ /ƛǎŎƻ /ǊƻǎǎǿƻǊƪ bŜǘǿƻǊƪ /ƻƴǘǊƻƭƭŜǊΩǎ ŦǳƴŎǘƛƻƴŀƭƛǘȅ are provided within a single, common graphical user interface. This 

common UI brinƎǎ ǘƻƎŜǘƘŜǊ ǘƘŜ ŦŜŀǘǳǊŜǎ ƻŦ ŀƭƭ /ǊƻǎǎǿƻǊƪ bŜǘǿƻǊƪ /ƻƴǘǊƻƭƭŜǊΩǎ ŎƻƳǇƻƴŜƴǘǎΣ ƛƴŎƭǳŘƛƴƎ ŎƻƳƳƻƴ ƛƴǾŜƴǘƻǊȅΣ 

network topology and service visualization, service and transport provisioning, and system administration and 

management functions. When optional add-on Crosswork components are installed, their functionalities are also fully 

integrated into the common UI. Having all functionality within a common UI, instead of having to separately navigate 

individual application UIs, enhances the operational experience and increases productivity. 

A common API enables /ǊƻǎǎǿƻǊƪ bŜǘǿƻǊƪ /ƻƴǘǊƻƭƭŜǊΩǎ ǇǊƻƎǊŀƳƳŀōƛƭƛǘȅΦ ¢ƘŜ ŎƻƳƳƻƴ !tLs provides a single access point 

for all APIs exposed by various built-in components. The API provides a REST-based Northbound Interface to external 

systems (e.g., OSS systems) to integrate with Cisco Crosswork Network Controller. RESTCONF and YANG data models are 

made available for optimization use cases. For details about the APIs and examples of their usage, see the Cisco Crosswork 

Network Automation API Documentation on Cisco DevNet. 

Crosswork Infrastructure and Shared Services 

The Cisco Crosswork Infrastructure provides a resilient and scalable platform on which all Cisco Crosswork components can 

be deployed. This infrastructure and shared services provide:  

ǒ A single API endpoint for accessing all APIs of Crosswork applications deployed 

ǒ A shared Kafka bus to pass data between applications 

ǒ Shared database(s) (such as relational and graph) for applications to store data 

ǒ A singe shared database to store all gathered time-series data from the network 

ǒ A robust Kubernetes-based orchestration layer to provide for process-level resiliency 

ǒ Tools for monitoring the health of the infrastructure and the cluster of virtual machines (VMs) on which it resides 

Cisco Crosswork Health Insights and Cisco Crosswork Change Automation 

Cisco Crosswork Health Insights  and Cisco Crosswork Change Automation are components that can optionally be installed 

with Cisco Crosswork Network Controller.  

Cisco Crosswork Health Insights performs real-time Key Performance Indicator (KPI) monitoring, alerting, and 

troubleshooting. Cisco Crosswork Health Insights enables programmable monitoring and analytics. It provides a platform 

dynamically for addressing changes to the network infrastructure. Cisco Crosswork Health Insights builds dynamic 

detection and analytics modules that allow operators to monitor and alert about network events based on user-defined 

logic. 

Cisco Crosswork Change Automation automates the process of deploying changes to the network. Orchestration is defined 

via an embedded Ansible Playbook and then configuration changes are pushed to Cisco Network Services Orchestrator 

(NSO) to be deployed to the network. 

These components within Cisco Crosswork Network Controller enable closed-loop discovery and remediation of problems 

in the network. Operators can match alarms to pre-defined remediation tasks, which are performed when a defined Key 

Performance Indicator (KPI) threshold is breached. This reduces the time it takes to discover and repair a problem while 

minimizing the risk of human error resulting from manual network operator intervention. 

https://developer.cisco.com/docs/crosswork
https://developer.cisco.com/docs/crosswork
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Cisco Crosswork Zero-Touch Provisioning (ZTP) 

Cisco Crosswork ZTP can optionally be installed with Cisco Crosswork Network Controller.  

Cisco Crosswork ZTP is an integrated turnkey solution for automatically onboarding and provisioning new IOS-XR devices, 

resulting in faster deployment of new hardware at lower operating costs. Operators can quickly and easily bring up devices 

using a Cisco-certified software image and a day-zero software configuration. After it is provisioned in this way, the new 

device is onboarded to the Crosswork device inventory where it can be monitored and managed along with other devices. 

Cisco Crosswork ZTP offers Secure ZTP functionality in addition to the Classic ZTP functionality. Secure ZTP is based on RFC 

8572 standards and uses secure transport protocols and certificates to verify devices and perform downloads. Secure ZTP 

is useful when public Internet resources must be traversed to reach remote network devices, or when the devices are from 

third-party manufacturers. With Secure ZTP, the device and the Cisco Crosswork ZTP bootstrap server authenticate each 

other using the device's Secure Unique Device Identifier (SUDI) and Crosswork server certificates over TLS/HTTPS. After a 

secure HTTPS channel is established, the Crosswork bootstrap server allows the device to request to download and apply a 

set of signed image and configuration artifacts adhering to the RFC 8572 YANG schema. After the image (if any) is 

downloaded and installed, and the device reloads with the new image, the device downloads configuration scripts and 

executes them. 

Cisco Network Services Orchestrator (NSO) 

Cisco Network Services Orchestrator (NSO) is an orchestration platform that makes use of pluggable function packs to 

translate network-wide service intent into device-specific configuration. Cisco NSO provides flexible service orchestration 

and lifecycle management across physical network elements and cloud-based virtual network functions (VNFs), fulfilling 

the role of the Network Orchestrator (NFVO) within the ETSI (European Telecommunications Standards Institute) 

architecture. It provides complete support for physical and virtual network elements, with a consistent operational model 

across both. It can orchestrate across multi-vendor environments and support multiple technology stacks, enabling the 

extension of end-to-end automation to virtually any use case or device.  

Cisco NSO has a rich set of APIs designed to allow developers to implement service applications. It provides the 

infrastructure for defining and executing the YANG data models that are needed to realize customer services. It is also 

responsible for providing the overall lifecycle management at the network service level.  

Service and device models, written using YANG modelling language, enable Cisco b{h ǘƻ ŜŦŦƛŎƛŜƴǘƭȅ ΨƳŀǇΩ ǎŜǊǾƛce intent to 

device capabilities and automatically generate the minimum required configuration to be deployed in the network. This 

feature, facilitated by Cisco b{hΩǎ C!{¢a!t ŀƭƎƻǊƛǘƘƳΣ is capable of comparing current configuration states with a 

ǎŜǊǾƛŎŜΩǎ intent and then generating the minimum set of changes required to instantiate the service in the network. 

All Crosswork components that are included in Cisco Crosswork Network Controller or are optional add-ons, with the 

exception of Cisco Crosswork ZTP, require integration with Cisco NSO. 

Cisco Crosswork Network Controller requires the following Cisco NSO function packs: 

ǒ SR-TE core function pack (CFP) enables provisioning of explicit and dynamic segment routing policies, including 

SRv6, and on-demand SR-TE policy instantiation for prefixes with a specific color. 

ǒ Sample function packs for IETF-compliant L2VPN and L3VPN provisioning. These function packs provide baseline 

L2VPN and L3VPN provisioning capabilities, based on IETF NM models. Prior to customization, these sample 

function packs enable provisioning of the following VPN services:  

Note:  The Service Health function pack should be independently installed apart from Cisco Crosswork Network 

Controller function packs. 

ǒ L2VPN: 
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Ǔ Point-to-point VPWS using Targeted LDP 

Ǔ Point-to-point VPWS using EVPN 

Ǔ Multipoint VPLS using EVPN (with service topologies ELAN, ETREE, and Custom) 

ǒ L3VPN 

ǒ Sample IETF-compliant RSVP-TE function pack intended as a reference implementation for RSVP-TE tunnel 

provisioning, to be customized as required.   

Note:  By default, the IETF-compliant NM models are used. If your organization wishes to continue to use the Flat 

models that were provided with the previous version, a manual setup process is required. Consult your Cisco 

Customer Experience representative for more information. 

Note:  The Cisco NSO sample function packs are provided as a starting point for VPN service provisioning 

ŦǳƴŎǘƛƻƴŀƭƛǘȅ ƛƴ /ƛǎŎƻ /ǊƻǎǎǿƻǊƪ bŜǘǿƻǊƪ /ƻƴǘǊƻƭƭŜǊΦ ²ƘƛƭŜ ǘƘŜ ǎŀƳǇƭŜǎ Ŏŀƴ ōŜ ǳǎŜŘ άŀǎ ƛǎέ ƛƴ ǎƻƳŜ ƭƛƳƛǘŜŘ 

network configurations, they are intended to demonstrate the extensible design of Cisco Crosswork Network 

Controller.  Answers to common questions can be found on Cisco Devnet and Cisco Customer Experience 

representatives can provide answers to general questions about the samples. Support for customization of the 

samples for your specific use cases can be arranged through your Cisco account team. 

Note:  Cisco NSO currently does not support bundle ethernet (BE), route distinguisher (RD), or BGP route-target 

(RT) functions with L2VPN EVPN. Although it does support multihoming and L2VPN route policy, there is no option 

to specify an RD value in L2VPN for an EVPN ELAN/ETREE, nor is there an option to specify load balancing type. To 

perform these functions, contact your Cisco account team for a set of custom configuration templates and advice 

on configuring bundles manually. 

Cisco Segment Routing Path Computation Element (SR-PCE) 

Cisco SR-PCE is an IOS-XR multi-domain stateful PCE supporting both segment routing (SR) and Resource Reservation 

Protocol (RSVP). Cisco SR-PCE builds on the native Path Computation Engine (PCE) abilities within IOS-XR devices, and 

provides the ability to collect topology and segment routing IDs through BGP-LS, calculate paths that adhere to service 

SLAs, and program them into the source router as an ordered list of segments. A Path Computation Client (PCC) reports 

and delegates control of head-end tunnels sourced from the PCC to a PCE peer. The PCC and PCE establish a Path 

Computation Element Communication Protocol (PCEP) connection that SR-PCE uses to push updates to the network and 

re-optimize paths where necessary. 

Cisco SR-PCE can either reside on server resources using virtualized XRv9000 , or as a converged application running within 

IOS-XR Routers. 

Note:  Adding static routes for auto-discovering the scale nodes from SR-PCE after 2,000 nodes is not supported. 

Cisco Service Health  

Note:  Service Health is accessible through Limited Availability. Engage your account team for further details. 

Service Health substantially reduces the time required to detect and troubleshoot service quality issues. It monitors the 

health status of provisioned L2/L3 VPN services and enables operators to pinpoint why and where a service is degraded. It 

can also provide service-specific monitoring, troubleshooting, assurance, and proactive causality through a heuristic model 

that visualizes the:  

ǒ Health status of sub-services (device, tunnel) to a map when a single service is selected 
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ǒ Service logical dependency tree and help the operator in troubleshooting in case of degradation by locating where 

the problem resides, an indication of possible symptoms, and impacting metrics in case of degradation 

ǒ Historical view of service health status up to 60 days 

 

Service Health also provides the following:  

ǒ Service Health monitoring is available for both Basic Monitoring and Advanced Monitoring options. For help 

selecting the appropriate monitoring option for your needs, see the section Basic and Advanced Monitoring Rules. 

ǒ Service Health provides Internal Storage of monitoring data up to a maximum limit of 50 GB. This data is stored on 

your system. If you exceed the limit of the internal storage, historical data will be lost. If you choose to extend 

Service Health storage capacity, you can optionally configure External Storage in the cloud using an Amazon Web 

Services (AWS) cloud account. By leveraging External Storage, all existing internal storage data will be automatically 

moved to the external cloud storage (see Configuring Service Health External Storage Settings appendix for more 

details) and your internal storage will act locally as cache storage. Configuring External Storage for Service Health 

ŜƴǎǳǊŜǎ ȅƻǳ ǿƛƭƭ ƴƻǘ ƭƻǎŜ ƘƛǎǘƻǊƛŎŀƭ Řŀǘŀ ŦƻǊ ǎŜǊǾƛŎŜǎ ǘƘŀǘ ŎƻƴǘƛƴǳŜ ǘƻ ƳƻƴƛǘƻǊ ŀ ǎŜǊǾƛŎŜΩǎ ƘŜŀƭǘƘΣ ŀƴŘ ǿƛƭƭ ǊŜǘŀƛƴ 

service health data for any service you choose to stop monitoring when you select the option to retain historical 

monitoring service for the data. For more information on Internal and External Storage, and how to retain historical 

monitoring service data when stopped, see the Appendix sections Configuring Service Health External Storage 

Settings and Stopping Service Health monitoring. 

Note:  If you anticipate monitoring a large amount of Service Health services, Cisco recommends you configure 

External Storage after you install Service Health and before you begin monitoring services so to avoid exceeding 

the Internal Storage and losing historical data.   

ǒ Service Health supports point-to-point L2VPN. 

Note:  Currently, Service Health does not support multipoint L2VPN. 

ǒ To view subservices supported by Service Health L2VPN/L3VPN, see the Service Health Supported Subservices 

appendix section. Details are provided that define which subservices are supported by each VPN service flavor. 

ǒ Service Health support for Cisco Network Services Orchestrator (NSO) Layered Service Architecture (LSA) adds 

additional NSO cluster instances: one of CFS type, and two of RFS type. These additional NSO types serve as a high 

availability feature. By distributing your devices across the different types, the LSA feature in Service Health allows 

for dynamic configurations for assurance. To manage the Service Health provider Access, select Administration > 

Manage Provider Access. The Providers screen appears. See the Crosswork Administration guide and NSO 

documentation for additional, detailed information. 

ǒ The Service Health Collection Jobs administrative option provides the capability to view Parameterized Jobs 

(template-based collection jobs) that supports a greater number of jobs, adding the ability to view CLI collection 

jobs. This is useful when troubleshooting collection job issues by examining details of individual devices using 

Parameterized Jobs. Devices are identified by their Context ID (protocol) so to determine if they are GMNI, SNMP, 

or CLI-based jobs. Additionally, you may export the collection job information to review. The information provided 

is collected at the time the export is initiated in a .csv file. 

Note:  When exporting the collection status, you must fill in the information each time an export is executed. In 

addition, make sure to review the Steps to Decrypt Exported File content available on the Export Collection Status 

pop up to ensure you can access and view the exported information. 

ǒ Service Health provides expanded redundancy/High Availability (HA) for Assurance Graph Manager, Expression 

Orchestrator, and Crosswork Expression Tracker microservices (two instances are now available). To view, select 
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Administration > Crosswork Manager. In the Crosswork Summary tab, select Crosswork Service Health to view the 

Application Details screen and Microservices.  

Ǔ For example, if you click the Assurance Graph Manager name, two redundant/high availability instances appear. In 

certain situations, one of the instances will be in the active-active mode while the other is in the active-standby mode. 

This ensures that if one instance goes down, the second acts as a redundant, HA, backup. 

ǒ Heuristic Packages: Three additional Rules have been added to assist in Basic monitoring level rules (Rule-L2VPN-

NM- Basic , Rule-L2VPN-NM-P2P-Basic, Rule-L3VPN-NM-Basic ) where a rule to generate Assurance Graph 

information, for example Basic L2VPN NM P2P services, can be used along with two sub services. Heuristic Package 

Metrics now has the capability for CLI based metrics and GMNI filtering customizations of packages. 

Multi -Vendor Capabilities  

¢ƻŘŀȅΩǎ ƴŜǘǿƻǊƪǎ ƘŀǾŜ ǘȅǇƛŎŀƭƭȅ ōŜŜƴ ōǳƛƭǘ ǳǇ ƻǾŜǊ ǘƛƳŜ ŀƴŘ ƛƴŎƻǊǇƻǊŀǘŜ ƳǳƭǘƛǇƭŜ ǾŜƴŘƻǊǎ ŀƴŘ ƳǳƭǘƛǇƭŜ ƎŜƴŜǊŀǘƛƻƴǎ ƻŦ 

hardware and software. Furthermore, there is a lack of industry standardization, making support for these networks using 

a single tool challenging.  

Service providers require an integrated solution to manage third-party devices that will reduce operational expenses and 

maintenance overhead, as well as eliminate the need to build custom operational applications to deploy and maintain 

different vendor products for a single network. 

Because it uses standards-based protocols, Cisco Crosswork Network Controller has multi-vendor capabilities for: 

ǒ Network service orchestration via Cisco NSO using CLI and Netconf/YANG. Cisco NSO is a YANG model-driven 

platform for automating provisioning, monitoring, and managing applications and services across multi-vendor 

networks. 

ǒ Telemetry data collection using SNMP with standards-based MIBs, syslog, and gNMI with standard OpenConfig 

models. Cisco CDG also supports Native YANG data models for external destinations and proprietary SNMP MIBs 

with custom packages.  

ǒ Topology and transport discovery via SR-PCE, using IGP and BGP-LS, with link utilization and throughput collected 

via SNMP using standard MIBs.  

ǒ Transport path computation using PCEP. 

Note:   For third-party network device support, use cases must be validated by Cisco Customer Experience 

represenǘŀǘƛǾŜǎ ƛƴ ǘƘŜ ŎǳǎǘƻƳŜǊΩǎ Ƴǳƭǘƛ-vendor environment, especially if legacy platforms and non-standard devices or 

services are involved. 

Extensibility 

The Cisco Crosswork Network Controller provisioning functionality can be extended using the product application 

programming interfaces (APIs). For more information about the product APIs, see the Cisco Crosswork Network 

Automation API Documentation on Cisco DevNet. 

The provisioning UI is extensible as it is rendered based on the Yang model; when new services are introduced, they can be 

easily incorporated. 

UI Overview 

Log In 

Log into the web UI by entering the following URL in the ōǊƻǿǎŜǊΩǎ ŀŘŘǊŜǎǎ ōŀǊΥ 

https://<Crosswork Management Network Virtual IP (IPv4)> :30603/  

https://developer.cisco.com/docs/crosswork/
https://developer.cisco.com/docs/crosswork/
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or 

https:// [<Crosswork Management Network Virtual IP (IPv6)>] : 30603/   

Note:   The IPv6 address in the URL must be enclosed with brackets. 

In the Log In window, enter the username and password configured during installation and click Log In.  

Self-signed certificate: At first-time access, some browsers display a warning that the site is untrusted. When this happens, 

follow the prompts to add a security exception and download the self-signed certificate from the server. After you 

download the certificate, the browser accepts the server as a trusted site in all future login attempts. 

CA signed certificate: For production use, a CA signed certificate may be installed and is recommended so to avoid a 

warning that the site is untrusted. 

Dashboard  

After successful login, the Home page opens. The Home page displays the dashboard which provides an at-a-glance 

operational summary of the network being managed, including reachability and operational status of devices, as well as 

transport policies and VPN services. The dashboard is made up of a series of dashlets. The specific dashlets included in 

your dashboard depend on which Cisco Crosswork applications you have installed. Links in each dashlet allow you to drill 

down for more details. 

 

Note:  Your Dashboard may differ from this screen capture, which also displays optional components you may not 

have installed. 

Navigation 

The main menu along the left side of the window provides access to all features and functionality in Cisco Crosswork 

Network Controller, as well as to device management and administrative tasks. The Home, Topology, Services & Traffic 

Engineering, Device Management and Administration menu options are available when all native components of Cisco 
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Crosswork Network Controller are installed. Additional menu options are available in the main menu depending on which 

Cisco Crosswork add-on applications are installed. 

Home 

The home page contains the dashboard, as described in Dashboard. 

Topology 

The network topology can be displayed on a logical map or a geographical (geo) map where the devices and links are 

shown in their geographic context. The logical map shows devices and their links, positioned according to an automatic 

layout algorithm. The geo map shows single devices, device groups, device clusters, links, and tunnels, superimposed on a 

map of the world. Each device location on the map reflects the device's GPS coordinates (longitude and latitude). 

The Topology page consists of a map showing managed devices and the links between them along with a device table 

listing managed devices. In the map you can see the status and health of the devices at a glance. Clicking on a device in the 

table highlights the device on the map and shows details of the device and its associated links. Use the toggle buttons to 

switch between the logical map (shown below) and the geographical map. Clicking on the question mark in the map 

provides a detailed legend of the various symbols and their meaning. 
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Services & Traffic Engineering 

 

The Services & Traffic Engineering menu provides access to VPN and transport provisioning and visualization functionality, 

bandwidth management functionality, as well as access to the configuration pages used to enable Feature Packs. For more 

information, see the Cisco Crosswork Optimization Engine 4.1 User Guide here. 

Choose VPN services or Traffic Engineering to see managed VPN services or SR-TE policies/RSVP-TE tunnels within the 

context of a logical or geographical map. 

Choose Provisioning (NSO) to access the provisioning UI rendered from the Cisco NSO models. Here you can create L2VPN 

and L3VPN services, SR-TE policies, SR ODN templates, and RSVP-TE tunnels. You can also create the resources required for 

these services and policies, such as resource pools, route policies for L2VPN and L3VPN services, and SID lists for SR-TE 

policies. SR-TE policies and RSVP-TE tunnels can be attached to VPN services to define and maintain SLAs by tracking 

network changes and automatically reacting to optimize the network.  

Device Management 

 

The Device Management menu provides access to device-related functionality, including adding, managing, and grouping 

devices, creating and managing credential profiles, and viewing a history of device-related jobs. 

https://www.cisco.com/c/en/us/td/docs/cloud-systems-management/crosswork-optimization-engine/4-1/UserGuide/b_cisco-crosswork-optimization-engine-4_1_userguide.html
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Administration  

 

The Administration menu provides access to all system management functions, data gateway management, Crosswork 

cluster and application health, backup and restore, smart licensing and other setup and maintenance functions that are 

typically performed by an administrator. 

Refer to the Cisco Crosswork Infrastructure 4.4 and Applications Administration Guide for information about these 

functions. 

Orchestrated Service Provisioning 

Overview 

By using the scenario workflows described in this section, we are providing examples of how to configure the system to 

ŘŜƭƛǾŜǊ ǘƘŜ ƻǇŜǊŀǘƻǊΩǎ ƛƴǘŜƴŘŜŘ ŎƻƴŦƛƎǳǊŀǘƛƻƴΦ ¢ƘŜǎŜ ǎŎŜƴŀǊƛƻǎ Řƻ ƴƻǘ Ŧǳƭƭȅ ŘŜƳƻƴǎǘǊŀǘŜ ŀƭƭ ƻŦ ǘƘŜ ŎŀǇŀōƛƭƛǘƛŜǎ ƻŦ /ƛǎŎƻ 

Crosswork Network Controller. They are intended to demonstrate the flexibility of the platform. Additional customization 

is possible either by leveraging the resources available on Cisco DevNet or through engagement with Cisco Customer 

Experience. 

Objective 

Provision VPN services with underlay transport policies to meet and maintain service-level agreements (SLA). 

Challenge 

The network state changes continuously and so quickly that it is difficult to track and react to network problems fast 

enough to avoid congestion and maintain SLAs. In a typical lifecycle, there is a feedback loop that traditionally requires 

manual monitoring and intervention, which is time- and resource-intensive.  

https://www.cisco.com/c/en/us/td/docs/cloud-systems-management/crosswork-infrastructure/4-4/AdminGuide/b_CiscoCrossworkAdminGuide_4_4/m_BR41.html
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Solution 

With network automation, the objective is to automate the feedback loop to enable quicker reaction to and remediation 

of network events. With Cisco Crosswork Network Controller, network operators can orchestrate L2VPN and L3VPN 

services across the transport network, via a programmable interface, in a very quick and efficient manner. Segment 

routing traffic engineering (SR-TE) polices can be configured to continuously track network changes and automatically 

react to optimize the network. These SR-TE polices can serve as the underlay configuration for the VPN services to 

automatically maintain the SLAs. 

The services required for this solution can be created and managed using the Cisco Crosswork Network Controller UI. L2/L3 

VPN Yang model-based service intents are implemented using the Cisco NSO sample function packs, which provide sample 

service models that can be extended and fine-tuned to meet customer needs. Optionally, Service Health monitoring can be 

enabled to see which services are working as provisioned, if issues have been flagged, and what symptoms are detailed so 

to quickly address and fix. 

Note:   The Cisco NSO sample function packs are provided as a starting point for VPN service provisioning functionality in 

Cisco Crosswork Network Controller. While the saƳǇƭŜǎ Ŏŀƴ ōŜ ǳǎŜŘ άŀǎ ƛǎέ ƛƴ ǎƻƳŜ ƭƛƳƛǘŜŘ ƴŜǘǿƻǊƪ ŎƻƴŦƛƎǳǊŀǘƛƻƴǎΣ ǘƘŜȅ 

are intended to demonstrate the extensible design of Cisco Crosswork Network Controller.  Answers to common questions 

can be found on Cisco Devnet and Cisco Customer Experience can provide answers to general questions about the 

samples. Support for customization of the samples for your specific use cases can be arranged through your Cisco account 

team. 

How Does it Work? 

1. User creates an SR-TE policy/ODN template with intent (e.g., bandwidth, latency) using the Cisco Crosswork 

Network Controller UI or APIs. 

2. User creates a VPN service using the UI or APIs and specifies the following: 

Ǔ The endpoints participating in the VPN 

Ǔ Other required VPN parameters 

Ǔ The SR-TE policy/ODN template that is to be associated with the VPN service  

3. During the provisioning process for the above steps, Cisco NSO configures the SR-TE policy and the VPN service on 

the specified endpoints.   

4. When the service is active, the network interacts with the SR-PCE to dynamically program the path that meets the 

intent in the configured SR-TE policy/ODN template. The headend device requests a path from the SR-PCE via PCEP 

(for dynamic SR-TE policies). If the request specifies bandwidth, the SR-PCE gets the path from Cisco Crosswork 

Optimization Engine. 

5. The SR-PCE sends the path to the headend device via PCEP and updates the headend if path changes are required. 

Usage Scenarios 

We will walk you through the following usage scenarios that illustrate the execution of the orchestrated service 

provisioning use case using the Cisco Crosswork Network Controller UI:  

ǒ Scenario 1 ς Implement and Maintain SLA for an L3VPN Service for SR-MPLS (using ODN) 

ǒ Scenario 2 ς Implement and Maintain SLA for an L3VPN Service for SRv6 (using ODN) 

ǒ Scenario 3 ς Mandate a Static Path for an EVPN-VPWS Service using an Explicit SR-TE policy 
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ǒ Scenario 4 ς Provision an L2VPN service over an RSVP-TE tunnel with reserved bandwidth 

ǒ Scenario 5 ς Provision a Soft Bandwidth Guarantee with Optimization Constraints  

Additional Resources 

ǒ For information about segment routing and segment routing policies, refer to the Cisco Crosswork Optimization 

Engine 4.1 User Guide here.  

ǒ Cisco NSO documentation is included in the Cisco NSO 5.7.5.1 image here:  

 

Scenario 1 ς Implement and Maintain SLA for an L3VPN Service for SR-MPLS (using ODN)  

Scenario Context 

This scenario walks you through the procedure for provisioning an L3VPN service that requires a specific SLA objective. In 

this example, the lowest latency path is the SLA objective. The customer requires a low latency path for high priority 

traffic. The customer also wants to use disjoint paths, i.e., two unique paths that steer traffic from the same source and to 

the same destination, avoiding common links so that there is no single point of failure. 

This is achieved using Segment Routing (SR) On-Demand Next Hop (ODN). ODN allows a service head-end router to 

automatically instantiate an SR-TE policy to a BGP next-hop when required (on-demand). The headend is configured with 

an ODN template with a specific color that defines the SLA, at which the traffic path will be optimized when a prefix with 

the specified color is received. Prefixes are defined in a route policy that is associated with the L3VPN.  

Cisco Crosswork Network Controller continues to monitor the network and will automatically optimize the network based 

on the defined SLA, in a closed loop. 

You also have the option within the workflow to enable Service Health monitoring and visualize Flex-Algo as a constraint. 

With Service Health, you may monitor a serviceΩs health status and use the insights provided into degraded and down 

services to visualize, inspect, and troubleshoot for improved network optimization.  

Note:  Service Health is accessible through Limited Availability. Engage your account team for further details. 

With Flex-Algo, you may customize an IGP shortest path computation according to user-defined algorithms where the IGP 

computes paths on a user-defined combination of metric type and constraint, as well as view a filtered topology based on 

your specific Flex-Algo definitions.  

The following topology provides the base for this scenario: 

 

In this scenario, we will: 

https://www.cisco.com/c/en/us/td/docs/cloud-systems-management/crosswork-optimization-engine/4-1/UserGuide/b_cisco-crosswork-optimization-engine-4_1_userguide.html
https://software.cisco.com/download/home/286323467/type/286283941/release/5.7.5.1
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ǒ Create a segment routing ODN template with a specific color on the endpoints to ensure that traffic is transported 

within an LSP (underlay) and that a best-path tunnel is created dynamically when a prefix with the specified color is 

received. The ODN template defines the SLA on which you want to optimize the path. In this case, we will optimize 

on latency.  

ǒ Specify that the computed paths be disjoint: they will not share the same link.  

ǒ Create a route policy on each endpoint to be used to bind the L3VPN to the ODN template. This route policy adds a 

color attribute to the customer prefixes and advertises via BGP to other endpoints. This color attribute is used to 

indicate the SLA required for these prefixes. 

ǒ Create an L3VPN service with 3 endpoints and enable Service Health monitoring.  

ǒ Visualize how this overlay/underlay configuration optimizes the traffic path and automatically maintains the SLA 

while monitoriƴƎ ȅƻǳǊ ǎŜǊǾƛŎŜΩǎ ƘŜŀƭǘƘ. 

Assumptions and Prerequisites 

ǒ To use ODN, BGP peering for the prefixes must be configured between the endpoints or PEs. Usually for L3VPN, this 

is the VPNv4 and VPNv6 address family peering. 

ǒ For Service Health enablement, Service Health must be installed.  

Note:  Service Health is accessible through Limited Availability. Engage your account team for further details. 

ǒ (Optional) Service Health provides Internal Storage of monitoring data up to a maximum limit of 50 GB. This data is 

stored on your system. If you exceed the limit of the internal storage, historical data will be lost. If you choose to 

extend Service Health storage capacity, you can configure External Storage in the cloud using an Amazon Web 

Services (AWS) cloud account. By leveraging External Storage, all existing internal storage data will be automatically 

moved to the external cloud storage (see Configuring Service Health External Storage Settings appendix for more 

details) and your internal storage will act locally as cache storage. Configuring External Storage for Service Health 

ŜƴǎǳǊŜǎ ȅƻǳ ǿƛƭƭ ƴƻǘ ƭƻǎŜ ƘƛǎǘƻǊƛŎŀƭ Řŀǘŀ ŦƻǊ ǎŜǊǾƛŎŜǎ ǘƘŀǘ ŎƻƴǘƛƴǳŜ ǘƻ ƳƻƴƛǘƻǊ ŀ ǎŜǊǾƛŎŜΩǎ ƘŜŀƭǘƘΣ ŀƴŘ ǿƛƭƭ ǊŜǘŀƛƴ 

service health data for any service you choose to stop monitoring when you select the option to retain historical 

monitoring service for the data. For more information on Internal and External Storage, and how to retain historical 

monitoring service data when stopped, see the Appendix sections Configuring Service Health External Storage 

Settings and Stopping Service Health monitoring. 

ǒ .ŜŦƻǊŜ ǳǎƛƴƎ {ŜǊǾƛŎŜ IŜŀƭǘƘΩǎ !ǎǎǳǊŀƴŎŜ DǊŀǇƘΣ ŜƴǎǳǊŜ ǘƘŀǘ ǘƻǇƻƭƻƎȅ ƳŀǇ ƴƻŘŜǎ ƘŀǾŜ ōŜŜƴ fully configured and 

created with a profile associated to the service. If not, Subservice Details metrics will show that no value has yet to 

be reported. 

ǒ L3VPN service monitoring supports XR devices and does not support XD devices. Thus, after an L3VPN service is 

created and Service Health monitoring is enabled, if a provider and devices are removed, and then added back, 

service monitoring remains in a degraded state with a METRIC_SCHEDULER error. To recover, service monitoring 

must be stopped and restarted. 

ǒ (Optional) Flexible Algorithms, and the IDs that are used, must be configured in your network. 

Workflow 

ǒ Step 1. Create an ODN template to map color to an SLA objective and constraints 

ǒ Step 2. Create an L3VPN Route Policy 

ǒ Step 3. Create and provision the L3VPN service 
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ǒ Step 4. Enable Service Health monitoring 

ǒ Step 5. Visualize the New VPN Service on the Map to See the Traffic Path  

ǒ Step 6. Observe automatic network optimization 

ǒ Step 7. Inspect a degraded service using Service Health to determine active symptoms 

Note:   Screen captures, showing services and data, are for example purposes only and may not always reflect the 

devices or data described in the workflow content. 

Step 1.  Create an ODN template to map color to an SLA objective and constraints 

In this step, we will create an ODN template on each endpoint. The ODN template specifies the color and the intent; in this 

case, latency and disjointness. This ODN template will be used to dynamically create tunnels (on-demand) when prefixes 

with matching colors are received via BGP. Traffic to these prefixes will be  automatically steered into the newly created 

tunnels, thereby meeting the SLA objective and constraints intended for these prefixes and signaled using colors in the 

BGP routes.   

Disjointness constraints work by associating a disjoint group ID with the ODN template, and all tunnels with the same 

disjoint group ID will be disjoint, i.e., they will use different links, nodes and shared risk link groups depending on how the 

disjoint groups are configured. 

We will create the following ODN templates:  

ǒ Headend PE-A, color 72, latency, disjoint path (link), group ID 16 - L3VPN_NM-SRTE-ODN_72-a 

ǒ Headend PE-A, color 71, latency, disjoint path (link), group ID 16 - L3VPN_NM-SRTE-ODN_71-a 

ǒ Headend PE-B and PE-C, color 70, latency - L3VPN_NM-SRTE-ODN_70 

ǒ Headend PE-B, color 72, latency - L3VPN_NM-SRTE-ODN_72-b 

ǒ Headend PE-C, color 71, latency - L3VPN_NM-SRTE-ODN_71-c 

For example purposes, we will show how to create the first ODN template - L3VPN_NM-SRTE-ODN_72-a. The other ODN 

templates can be created using the same procedure. 

Procedure 

1. Go to Services & Traffic Engineering > Provisioning (NSO) > SR-TE > ODN-Template. 

2. Click + to create a new template and give it a unique name.  

In this case, the name is L3VPN_NM-SRTE-ODN_72-a. Click Continue. 

 

You may also browse for an existing template on your system so to import the file. The information from the 

imported file is populated into the form. 

 

 

 

 

 

 

 

3. Choose the head-end device, PE-A, and specify the color 72.  

4. Under dynamic, select άƭŀǘŜƴŎȅέ as the metric-type. This is the SLA objective on which we are optimizing.  
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5. Select the pce check box to specify that the path should be computed by the SR-PCE, not by the Path Computation 

Client (PCC). 

6. Define the required constraints. In this case, we want the computed paths to be disjoint in that they must not 

share a link.  

Under disjoint-path, choose link as the type, and specify a numeric group ID, in this case, 16, as the group-id. 

Note:  You may choose the group ID. All paths requested with the same group-id will be disjoint from each other. 

Note:  Optionally, you may configure Flex-Algo as a constraint. 

 

 

7. Commit your changes or click Dry Run to check what will be configured on the devices before you commit.  

8. Check that the new ODN template appears in the table and its provisioning state is Success. Click Χ in the Actions 

column and choose Config View to see the Yang model-based service intent data that details the ODN template 

you created.  
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9. Create the other ODN templates listed above in the same manner. 
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Step 2.  Create an L3VPN Route Policy 

In this step, we will create a route policy for each endpoint, and we will specify the same color as defined in the ODN 

template for that endpoint. The route policy defines the prefixes to which the SLA applies. When traffic from the specified 

network with a matching color is received, paths are computed based on the SLA defined in the ODN template. 

We will create the following route policies: 

ǒ Color 70, IPv4 prefix 70.70.70.0/30 - L3VPN_NM-SRTE-RP-PE-A-7 

ǒ Color 71, IPv4 prefix 70.70.71.0/30 - L3VPN_NM-SRTE-RP-PE-B-7 

ǒ Color 72, IPv4 prefix 70.70.72.0/30 - L3VPN_NM-SRTE-RP-PE-C-7 

For example, we will show how to create the first route policy - L3VPN_NM-SRTE-RP-PE-A-7. The other route policies can 

be created using the same procedure. 

Procedure 

1. Go to Services & Traffic Engineering > Provisioning (NSO) > L3vpn > L3vpn Route Policy. 

2. Click + to create a new route policy and give it a unique name. 

3. Under Color, click +. Specify the same color that is specified in the ODN template for PE-A, 70, and click Continue. 

4. Enter the required IPv4 or IPv6 prefixes to identify the network traffic. For instance, expand ipv4 and click + to 

create a new prefix. Enter IPv4 prefix 70.70.70.0/30 and click Continue.  

 

5. Click X in the top-right corner to close the Color pane. 

6. Commit your changes. 

7. Check that the new route policy appears in the table. 

8. Create the other route policies listed above in the same manner. 
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Note:  After creating an L3VPN Route Policy, the VPN profile for each route policy will be automatically created. 

The VPN profile will be referenced from the L3VPN service. This will bind the route policy to the L3VPN service. 

Thus, VPN profiles for each of the route policies we created in the previous step will be created:  

¶ L3VPN_NM-SRTE-RP-PE-A-7 

¶ L3VPN_NM-SRTE-RP-PE-B-7 

¶ L3VPN_NM-SRTE-RP-PE-C-7 

Step 3.  Create and provision the L3VPN service  

In this step, we will create the L3VPN service with three endpoints: PE-A, PE-B, and PE-C. Each endpoint will be associated 

with an ie-profile, which in turn points to a VPN profile that contains the route policy with the same color as specified in 

the ODN template. In this way, traffic that matches the specified prefixes and color will be treated according to the SLA 

specifications.  

1. Go to Services & Traffic Engineering > Provisioning (NSO) > L3vpn > L3vpn-Service. 

2. Click + to create a new service and give it a unique name. Click Continue. 

3. Create an ie-profile, which is a container that defines the route distinguisher (RD), route targets, and the 

export/import route policy. We will create an ie-profile for each endpoint, as follows: 

Ǔ L3VPN_NM_SR_ODN-IE-PE-A-7 with route distinguisher 0:70:70 

Ǔ L3VPN_NM_SR_ODN-IE-PE-B-7 with route distinguisher 0:70:71 

Ǔ L3VPN_NM_SR_ODN-IE-PE-C-7 with route distinguisher 0:70:72 

a. Under ie-profile, click + to create a new ie-profile and give it a unique name. 
b. Enter the route distinguisher that will differentiate the IP prefixes and make them unique. 
c. Define the required VPN targets, including route targets and route target types (import/export/both).  
d. Under vpn-policies, in the export policy dropdown list, choose the relevant VPN profile (which contains the 

route policy). This forms the association between the VPN and the ODN template that defines the SLA. 
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e. Click X in the top-right corner when you are done. 
f. Similarly, create the other IE profiles. 

4. Define each VPN endpoint individually: PE-A, PE-B, and PE-C. 

a. Under vpn-nodes, click +, select the relevant device from the dropdown list, and click Continue. 
b. Enter the local autonomous system number for network identification. 
c. Select the ie-profile you created in the previous step. 
d. Define the network access parameters for communication from the PE towards the CE: 

Ǔ Under vpn-network-accesses, click + to create a new set of VPN access parameters and provide a unique ID. Click 

Continue. 

Ǔ In the port-id field, provide the name of a loopback interface that will be dedicated for this VRF. 

Ǔ Under ip-connection > IPv4 > address-allocation-type, choose static-address. 

Ǔ Under static-addresses, there is a table where you can create a list of IP addresses for network access for this endpoint. 

After creating at least one address, you can select a primary address. 

In the address table, click + to create a new address and provide a unique ID. Click Continue. Specify the IP address and 

prefix length of the loopback interface.  

Ǔ Click X in the top-right corner to return to the VPN network access parameters. 

Ǔ Select the address you just created from the dropdown list in the primary-address field. 

Ǔ Define BGP routing protocol parameters, including the peer AS number and local AS number, IP address type (IPv4), the 

IP address of the BGP neighbor, and the number of hops allowed between the BGP neighbor and the PE device.  

e. Click X in the top-right corner when you are done. 
f. Repeat these steps for each endpoint. 

5. Commit your changes or click Dry Run to check what will be configured on the devices before you commit. 

6. Check that the new L3VPN service appears in the table and its provisioning state is Success.  

Step 4.  Enable Service Health monitoring 

Note:  Service Health is accessible through Limited Availability. Engage your account team for further details. 

1. Go to Services & Traffic Engineering > VPN Services. The map opens on the left side of the screen and the table 

opens on the right side of the screen. 

2. In the Actions column, click Χ for the new service you want to start monitoring health. 

3. Click Start Monitoring.  
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Note:  The Health column color coding indicates the health of the service: Green = Good; Orange = Degraded; Red 

= Down, Gray = Not Monitoring. 

4. In the Monitor Service pop-up, select the Monitoring Level. For help selecting the appropriate monitoring level for 

your needs, see the section Basic and Advanced Monitoring Rules.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note:  Once you have started monitoring the health of this service, if you select the Actions column and click Χ to 

view additional Service Health options, you will see: Stop Monitoring, Pause Monitoring, Edit Monitoring 

Settings, Assurance Graph. 
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Note:  If you select Edit Monitoring Settings, you may update the Monitoring Level setting from Basic Monitoring 

to Advanced Monitoring, or from Advanced Monitoring to Basic Monitoring, at any time. 

Note:  If you later decide to Stop Monitoring a service that has already been started, you have the option to retain 

the historical service data for that stopped service. See the Stopping Service Health monitoring section in the 

Appendix for additional steps and details.  

5. Click Start Monitoring. 

6. Repeat this step for each service you wish to start health monitoring. 

7. Click X in the top-right corner when you are done. 

Step 5.  Visualize the New VPN Service on the Map to See the Traffic Path 

1. In the L3VPN Service table, click on the service name or click Χ in the Actions column and choose View Details 

from the menu. The map opens and the service details are shown to the right of the map. 

or 

Go to Services & Traffic Engineering > VPN Services. 

The map opens and a table of VPN services is displayed to the right of the map. 

Click on the VPN in the Services table. If there are many services in the table, you can filter by name, type, or 

provisioning state to help locate the VPN.  

In the map, you will see the VPN as an overlay on the topology. It shows a representation of the three endpoints 

and a dashed line that indicates that it is a virtual path. 

Note:  The image below shows VPN overlay in the logical map. Use the buttons at the top right of the map  

to toggle between the logical and geographical maps.  
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Select the Show Participating Only check box if you do not want to see the devices that are not involved in the 

selected VPN. 

2. In the Actions column, click Χ to drill down to a detailed view of the VPN service, including the device 

configurations and the computed transport paths. 

3. To see the computed paths for this VPN, click on the Transport tab in the Service Details pane. All the dynamically 

created SR-TE policies are listed in the Transport tab. Select one or more SR-TE policies to see the path from 

endpoint to endpoint on the map.  

In this example, we are looking at the disjoint paths computed from PE-A to PE-B and from PE-A to PE-C. 

 

4. To see the physical path between the endpoints, select the Show IGP Path check box in the top-left corner of the 

map. Hover with your mouse over a selected policy in the table to highlight the path in the map and show prefix 

SID and routing information. 
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5. To filter the topology to a specific Flex-Algo constraint and visualize nodes and links you have configured manually 

in your network, click the button at the top right of the map  and do the following: 

 

 
 

a. Click the Flex Algo tab. 
b. From the drop-down list, choose up to 2 Flex-Algo IDs.  
c. View the Flex-Algo Types and confirm that the selection is correct. Also, note the color assignments for each 

Flex-Algo ID. 
d. (Optional) Check the Show selected Flex Algo topology only check box to isolate the Flex-Algo IDs on the 

topology map. When this option is enabled, SR policy selection is disabled.  
e. Check the Show Flex Algo A+B links only to show only those links and nodes that participate in both Flex-Algos. 
f. Click Apply. You must click Apply for any additional changes to your Flex-Algo selections to see the update on 

the topology map. 
 
Note: If a selected Flexible Algorithm is defined with criteria but there are no links and node combinations that 
match it (for example, a defined affinity to include all nodes or links with the color blue), then the topology map 
will be blank. If a selected Flexible Algorithm is not configured on a node or link, then the default blue link or 
node color appears. 

g. (Optional) Click Save View to save the topology view and Flexible Algorithm selections.  

Step 6.  Observe automatic network optimization  
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The SR-PCE constantly monitors the network and automatically optimizes the traffic path based on the defined SLA. For 

ƛƭƭǳǎǘǊŀǘƛƻƴ ǇǳǊǇƻǎŜǎΣ ƭŜǘΩǎ ƭƻƻƪ ŀǘ ǿƘŀǘ ƘŀǇǇŜƴǎ ǿƘŜƴ ƻƴŜ ƻŦ ǘƘŜ ƭƛƴƪǎ ƎƻŜǎ ŘƻǿƴΣ ƛƴ ǘƘƛǎ ŎŀǎŜΣ ǘƘŜ ƭƛƴƪ ōŜǘǿŜŜƴ t-

BOTTOMLEFT and P-BOTTOMRIGHT. This means that the previous path from PE-A to PE-C is no longer viable. Therefore, 

the SR-PCE computes an alternative path, both from PE-A to PE-C and from PE-A to PE-B, to compensate for the link that is 

down and to maintain the disjoint paths. 

Recomputed paths: 

Source and Destination Old path New path 

PE-A > PE-C PE-A > P-BOTTOMLEFT > P-BOTTOMRIGHT > PE-C PE-A > P-TOPLEFT > P-BOTTOMRIGHT > PE-
C 

PE-A > PE-B PE-A > P-TOPLEFT > P-TOPRIGHT > PE-B PE-A > P-BOTTOMLEFT > P-TOPRIGHT > PE-
B 

 

 

Step 7.  Inspect a degraded service using Service Health to determine active symptoms 

Note:   Service Health is accessible through Limited Availability. Engage your account team for further details.  

 

In this step, we will monitor the VPN services using Assurance Graph capabilities and inspect any services or related nodes 

that are degraded. By inspecting the root causes that lead to reported active symptoms and impacted services, you can 

determine what issues must be addressed first to maintain a healthy setup and what requires further inspection and 

troubleshooting. 

1. Click X in the top-right corner to return to the VPN Services list. 

2. Click on the name of a service that shows as being degraded. The map will update to highlight the service you 

selected. 

Degraded services show an orange icon in the Health column. You can filter by health state (Down, Degraded, 

Good) by clicking in the space at the top of the column and selecting the appropriate filter. To clear the filter, click 

the X next to the designated filter appearing in the space at the top of the column and it will remove all filtering 

and default to showing all VPN Services in the list. 

Note:  If a service is not yet being monitored, the icon in the Health column will show as the color grey. To enable 

monitoring for such a service, click Χ and select Start Monitoring. 

3. In the Actions column, click Χ and click View Details. The Service Details screen appears on the right side.  

4. With the Health tab selected, review Active Symptoms for the degraded service (including the Root Cause, 

Subservice, Priority, and Last Updated details) present in the Health tab if the service is being currently monitored.  
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5. Click on a Root Cause and view both the Symptom Details and the Failed Subexpressions & Metrics information. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6. Select the Transport and Configuration tabs and review the details provided. 

7. To further isolate the degraded service details, click X in the top-right corner to return to the VPN Services list. 

8. Again, click on the name of the degraded service in the list. The Service Details panel appears and the map 

updates, isolating the corresponding devices participating with that service.  
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9. Within the map, view further service health details doing the following: 

Ǔ At the top-left of the map, select the Show Participating Only check box so the map only shows the participating 

services. 

Ǔ In the map, hover your mouse over one of the devices and smaller badges that indicate health status and review the 

pop-up information relating to its Reachability State, Host Name, Node IP, and Type. 

10. In the Actions column, click Χ for the degraded service in the list and click Assurance Graph. The topology map of 

services and subservices appear with the Service Details panel showing Service Key, Status, Sub Services, and 

Active Symptoms details.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note:  This will take time to update after a service has been enabled for monitoring, and may take up to 5-10 

minutes. 

 

At the top-right of the map, select the stack icon to select the appearance option for the Subservices: State + Icon 

+ Label or State + Icon. For example: 
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11. In the topology map, select a degraded subservice. The Subservice Details panel appears with subservice metrics, 

as well as subservice specific Active Symptoms and Impacted Services details. 

Ǔ Active Symptoms: Provides symptom details for nodes actively being monitored. 

Ǔ Impacted Services: Provides information for services that are impacted by issues based on historical monitoring of 

health status. 

Note:  Use your mouse to on subservices in the map for details on the degraded health. At the top left of the map, 

select Down & Degraded Only or Soft Dependencies to further isolate subservices. 

 

 

12. Inspect the Active Symptoms and Impacted Services information and the root causes associated with the degraded 

service so to determine what issues may need to be addressed to maintain a healthy setup. 

To further troubleshoot a service health issue (such as a device that is degraded due to not properly fetching data), 

continue with the following steps to examine if the issue is associated with a collection job. 

13. Select Administration > Collection Jobs. 

The Collection Jobs screen appears. 

14. Select the Parameterized Jobs tab. 

15. Review the Parameterized Jobs list to pinpoint devices that may have service health degradation issues. 

By reviewing Parameterized Jobs, you can identify and focus on GMNI, SNMP, and CLI-based jobs by their Context 

ID (protocol) for further troubleshooting purposes. 

16. In the Job Details panel, select the collection job you want to export and click the export button to download the 

status of collection jobs for further examination. The information provided is collected at the time the export is 

initiated in a .csv file. 

The Export Collection Status pop up appears. 

Note:  When exporting the collection status, you must fill in the information each time an export is executed. In 

addition, make sure to review the Steps to Decrypt Exported File content available on the Export Collection Status 

pop up to ensure you can access and view the exported information. 

17. Click Export. 
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18. To check the status of the exported collection job data, click View Export Status at the top right of the Job Details 

panel.  

The Export Status Jobs panel appears providing the status of the export request. 

19. Review the exported .csv file for collection job details and the possible cause of the degraded device. 

Summary and Conclusion 

As we observed in this example, operators can use Cisco Crosswork Network Controller to orchestrate L3VPNs with SLAs 

and to maintain these SLAs using SR-TE policies that continuously track network conditions and automatically react to 

optimize the network. This automation increases efficiency and reduces human error that is generally unavoidable with 

manual tasks. Enabling Service Health to monitor provisioned services allows for more detailed symptoms, metrics, and 

analyzation of each service. 

Scenario 2 ς Implement and Maintain SLA for an L3VPN Service for SRv6 (using ODN)  

Scenario Context 

This scenario walks you through the procedure for provisioning an L3VPN service that requires a specific SLA objective. In 

this example, the lowest latency path is the SLA objective. The customer requires a low latency path for high priority 

traffic. The customer wants to use disjoint paths, i.e., two unique paths that steer traffic from the same source and to the 

same destination, avoiding common links so that there is no single point of failure. The customer also wants to enable 

SRv6, which utilizes the IPv6 protocol to handle packets with more efficiency, increase security and performance, allowing 

for a significantly larger number of possible addresses. 

This is achieved using Segment Routing (SR) On-Demand Next Hop (ODN). ODN allows a service head-end router to 

automatically instantiate an SR-TE policy to a BGP next-hop when required (on-demand). The headend is configured with 

an ODN template with a specific color that defines the SLA upon which the traffic path will be optimized when a prefix with 

the specified color is received. Prefixes are defined in a route policy that is associated with the L3VPN.  

Cisco Crosswork Network Controller continues to monitor the network and will automatically optimize the network based 

on the defined SLA, in a closed loop. 

The following topology provides the base for this scenario: 

 

In this scenario, we will: 

ǒ Create a segment routing ODN template with a specific color on the endpoints to ensure that traffic is transported 

within an LSP (underlay) and that a best-path tunnel is created dynamically when a prefix with the specified color is 
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received. Enable SRv6 (IPv6) for service and link details. The ODN template defines the SLA on which you want to 

optimize the path. In this case, we will optimize on latency.  

ǒ Specify that the computed paths be disjoint: they will not share the same link.  

ǒ Create a route policy on each endpoint to be used to bind the L3VPN to the ODN template. This route policy adds a 

color attribute to the customer prefixes and advertises via BGP to other endpoints. This color attribute is used to 

indicate the SLA required for these prefixes. 

ǒ Create an L3VPN service with 3 endpoints: PE-A, PE-B, and PE-C. This is the overlay configuration. 

ǒ Visualize how this overlay/underlay configuration optimizes the traffic path and automatically maintains the SLA. 

Assumptions and Prerequisites 

ǒ To use ODN with SRv6, BGP peering for the prefixes must be configured between the endpoints/PEs. Usually for 

L3VPN, this is the VPNv4 and VPNv6 address family peering, and this BGP peering is required to be over IPv6. 

Workflow 

ǒ Step 1. Create an ODN template to map color to an SLA objective and constraints  

ǒ Step 2. Create an L3VPN Route Policy 

ǒ Step 3. Create and provision the L3VPN service 

ǒ Step 4. Visualize the New VPN Service on the Map to See the Traffic Path 

ǒ Step 5. Observe automatic network optimization 

Step 1.  Create an ODN template to map color to an SLA objective and constraints 

In this step, we will create an ODN template on each endpoint. The ODN template specifies the color and the intent; in this 

case, latency and disjointness. This ODN template will be used to dynamically create tunnels (on-demand) when prefixes 

with matching colors are received via BGP. Traffic to these prefixes will be automatically steered into the newly created 

tunnels, thereby meeting the SLA objective and constraints intended for these prefixes and signaled using colors in the 

BGP routes.   

Disjointness constraints work by associating a disjoint group ID with the ODN template, and all tunnels with the same 

disjoint group ID will be disjoint, i.e., they will use different links, nodes and shared risk link groups depending on how the 

disjoint groups are configured. 

We will create the following ODN templates:  

ǒ Headend PE-A, color 72, latency, disjoint path (link), group ID 16 - L3VPN_NM-SRTE-ODN_72-a 

ǒ Headend PE-A, color 71, latency, disjoint path (link), group ID 16 - L3VPN_NM-SRTE-ODN_71-a 

ǒ Headend PE-B and PE-C, color 70, latency - L3VPN_NM-SRTE-ODN_70 

Ǔ With multiple headends in the SRv6 enabled ODN template, the same locator name should be configured on the 

headend routers. Otherwise, different ODN templates should be created for each headend. 

ǒ Headend PE-B, color 72, latency - L3VPN_NM-SRTE-ODN_72-b 

ǒ Headend PE-C, color 71, latency - L3VPN_NM-SRTE-ODN_71-c 

For example purposes, we will show how to create the first ODN template - L3VPN_NM-SRTE-ODN_72-a. The other ODN 

templates can be created using the same procedure. 



 

© 2022 Cisco and/or its affiliates. All rights reserved. Page 36 of 121 

Procedure 

1. Go to Services & Traffic Engineering > Provisioning (NSO) > SR-TE > ODN-Template. 

2. Click + to create a new template and give it a unique name.  

In this case, the name is L3VPN_NM-SRTE-ODN_72-a. 

3. Choose the headend device, PE-A, and specify the color 72.  

4. Under srv6, select the Enable srv6 toggle. 

5. Under locator, enter the required SRv6 locator-name. 

Note:  The locator name should match what is configured on the router. 

6. Under dynamic, select άƭŀǘŜƴŎȅέ as the metric type. This is the SLA objective on which we are optimizing.  

7. Select the pce check box to specify that the path should be computed by the SR-PCE, not by the Path Computation 

Client (PCC). 

8. Define the required constraints. In this case, we want the computed paths to be disjoint in that they must not 

share a link.  

Under disjoint-path, choose link as the type, and specify a numeric group ID, in this case, 16. 
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Commit your changes or click Dry Run to check what will be configured on the devices before you commit. 

9. Check that the new ODN template appears in the table and its provisioning state is Success. Click Χ in the Actions 

column and choose Config View to see the Yang model-based service intent data that details the ODN template 

you created.  
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10. Create the other ODN templates listed above in the same manner. 

Step 2.  Create an L3VPN Route Policy 

In this step, we will create a route policy for each endpoint, and we will specify the same color as defined in the ODN 

template for that endpoint. The route policy defines the prefixes to which the SLA applies. When traffic from the specified 

network with a matching color is received, paths are computed based on the SLA defined in the ODN template. 

We will create the following route policies: 

ǒ Color 70, IPv6 prefix 70:70:70::0/64 - L3VPN_NM-SRTE-RP-PE-A-7 

ǒ Color 71, IPv6 prefix 70:70:71::0/64 - L3VPN_NM-SRTE-RP-PE-B-7 

ǒ Color 72, IPv6 prefix 70:70:72::0/64 - L3VPN_NM-SRTE-RP-PE-C-7 

For example purposes, we will show how to create the first route policy - L3VPN_NM-SRTE-RP-PE-A-7. The other route 

policies can be created using the same procedure. 

Procedure 

1. Go to Services & Traffic Engineering > Provisioning > L3vpn > L3vpn Route Policy. 

2. Click + to create a new route policy and give it a unique name. 

3. Under Color, click +. Specify the same color that is specified in the ODN template for PE-A, 70, and click Continue. 

4. Enter the required IPv6 prefixes to identify the network traffic. 

In this case, IPv6 prefix 70:70:70::0/ 64. 
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5. Click X in the top-right corner to close the Color pane. 

6. Commit your changes. 

7. Check that the new route policy appears in the table. 

8. Create the other route policies listed above in the same manner. 

Note:  After creating an L3VPN Route Policy, the VPN profile for each route policy will be automatically created. 

The VPN profile will be referenced from the L3VPN service. This will bind the route policy to the L3VPN service. 

Thus, VPN profiles for each of the route policies we created in the previous step will be created:  

¶ L3VPN_NM-SRTE-RP-PE-A-7 

¶ L3VPN_NM-SRTE-RP-PE-B-7 

¶ L3VPN_NM-SRTE-RP-PE-C-7 

Step 3.  Create and provision the L3VPN service  

In this step, we will create the L3VPN service with three endpoints: PE-A, PE-B, and PE-C. Each endpoint will be associated 

with an ie-profile, which in turn points to a VPN profile that contains the route policy with the same color as specified in 

the ODN template. In this way, traffic that matches the specified prefixes and color will be treated according to the SLA 

specifications. 

1. Go to Services & Traffic Engineering > Provisioning (NSO) > L3vpn > L3vpn-Service. 

2. Click + to create a new service and give it a unique name. Click Continue. 

3. Create an ie-profile, which is a container that defines the route distinguisher (RD), route targets, and the 

export/import route policy. We will create an ie-profile for each endpoint, as follows: 

ð  L3VPN_NM_SR_ODN-IE-PE-A-7 with route distinguisher 0:70:70 

ð  L3VPN_NM_SR_ODN-IE-PE-B-7 with route distinguisher 0:70:71 

ð  L3VPN_NM_SR_ODN-IE-PE-C-7 with route distinguisher 0:70:72 
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a. Under ie-profile, click + to create a new ie-profile and give it a unique name. 
b. Enter the route distinguisher that will differentiate the IP prefixes and make them unique. 
c. Define the required VPN targets, including route targets and route target types (import/export/both).  
d. Under vpn-policies, in the export policy dropdown list, choose the relevant VPN profile (which contains the 

route policy). This forms the association between the VPN and the ODN template that defines the SLA. 

 

g. Click X in the top-right corner when you are done. 
h. Similarly, create the other IE profiles. 

4. Define each VPN endpoint individually: PE-A, PE-B, and PE-C. 

a. Under vpn-nodes, click +, select the relevant device from the dropdown list, and click Continue. 
b. Enter the local autonomous system number for network identification. 
c. Select the ie-profile you created in the previous step. 
d. Define the network access parameters for communication from the PE towards the CE: 

¶ Under vpn-network-accesses, click + to create a new set of VPN access parameters and provide a unique ID. Click 

Continue. 

¶ In the port-id field, provide the name of a loopback interface that will be dedicated for this VRF. 

¶ Under ip-connection > IPv6 > address-allocation-type, choose static-address. 

¶ Under static-addresses, there is a table where you can create a list of IP addresses for network access for this endpoint. 

After creating at least one address, you can select a primary address. 

In the address table, click + to create a new address and provide a unique ID. Click Continue. Specify the IP address and 

prefix length of the loopback interface.  

¶ Click X in the top-right corner to return to the VPN network access parameters. 

¶ Select the address you just created from the dropdown list in the primary-address field. 

¶ Define BGP routing protocol parameters, including the peer AS number and local AS number, IP address type (IPv6), 

the IP address of the BGP neighbor, and the number of hops allowed between the BGP neighbor and the PE device. 
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Enable SRv6 and provide the address-family name and locator-name. The locator-name must match what is configured 

on the L3VPN PEs. 

e. Click X in the top-right corner when you are done. 
f. Repeat these steps for each endpoint. 

5. Commit your changes or click Dry Run to check what will be configured on the devices before you commit. 

6. Check that the new L3VPN service appears in the table and its provisioning state is Success.  

Step 4.  Visualize the New VPN Service on the Map to See the Traffic Path 

1. In the L3VPN Service table, click on the service name or click Χ in the Actions column and choose View from the 

menu. The map opens and the service details are shown to the right of the map. 

or 

Go to Services & Traffic Engineering > VPN Services. 

The map opens and a table of VPN services is displayed to the right of the map. 

Click on the VPN in the Services table. If there are many services in the table, you can filter by name, type, or 

provisioning state to help locate the VPN.  

In the map, you will see the VPN as an overlay on the topology. It shows a representation of the three endpoints 

and a dashed line that indicates that it is a virtual path. 

Note:  The image below shows VPN overlay in the logical map. Use the buttons at the top right of the map  

to toggle between the logical and geographical maps.  

 

Select the Show Participating Only check box if you do not want to see the devices that are not involved in the 

selected VPN. 

Note:  When a Provision State shows a Failed state, an information icon appears. This is true whether you are on 

the VPN Services, Service Details, and many of the Provisioning screens that show a table of services and their 

Provisioning status. If you select the icon, Error Message details appear describing the failure. You can also click 

the Show Error Details link to view the Component Errors screen and take action to fix the error. Each failed 
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source provides further error message details and recommendations. For example, in the Action column for the 

failed source on the component 9ǊǊƻǊǎ ǎŎǊŜŜƴΣ ȅƻǳ Ƴŀȅ ŎƭƛŎƪ Χ ŦƻǊ ŘƛŦŦŜǊŜƴǘ ƻǇǘƛƻƴǎ όǎǳŎƘ ŀǎΣ Check-Sync, Sync-

To, Sync-From, Compare-Config, View Job Status) that will assist in fixing the error. Service level actions are also 

available for additional options (such as, Re-Deploy, Reactive-Re-deploy, Re-Deploy Reconcile, Clean-up, etc.) 

that will assist in fixing the service level error. Use the information icons that appear next to these options, as 

well, for further fix details.  

 

    
 

 
 

 

2. In the Actions column, click Χ to drill down to a detailed view of the VPN service, including the device 

configurations and the computed transport paths. 

 

3. To see the computed paths for this VPN, click on the Transport tab in the Service Details pane. All the dynamically 

created SR-TE policies are listed in the Transport tab. Select one or more SR-TE policies to see the path from 

endpoint to endpoint on the map.  

In this example, we are looking at the disjoint paths computed from PE-A to PE-B and from PE-A to PE-C. 
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4. To see the physical path between the endpoints, select the Show IGP Path check box in the top-left corner of the 

map. Hover with your mouse over a selected policy in the table to highlight the path in the map and show prefix 

SID and routing information. 

 

Step 5.  Observe automatic network optimization  

The SR-PCE constantly monitors the network and automatically optimizes the traffic path based on the defined SLA. For 

ƛƭƭǳǎǘǊŀǘƛƻƴ ǇǳǊǇƻǎŜǎΣ ƭŜǘΩǎ ǘŀƪŜ ŀ ƭƻƻƪ ŀǘ ǿƘŀǘ ƘŀǇǇŜƴǎ ǿƘŜƴ ƻƴŜ ƻŦ ǘƘŜ ƭƛƴƪǎ ƎƻŜǎ ŘƻǿƴΣ ƛƴ ǘƘƛǎ case, the link between P-
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BOTTOMLEFT and P-BOTTOMRIGHT. This means that the previous path from PE-A to PE-C is no longer viable. Therefore, 

the SR-PCE computes an alternative path, both from PE-A to PE-C and from PE-A to PE-B, in order to compensate for the 

link that is down and to maintain the disjoint paths. 

Recomputed paths: 

Source and Destination Old path New path 

PE-A > PE-C PE-A > BOTTOM-LEFT > BOTTOM-RIGHT > PE-C PE-A > TOP-LEFT > BOTTOM-RIGHT > PE-C 
PE-A > PE-B PE-A > TOP-LEFT > TOP-RIGHT > PE-B PE-A > BOTTOM-LEFT > TOP-RIGHT > PE-B 

 

 

Summary and Conclusion 

As we observed in this example, operators can use Cisco Crosswork Network Controller to orchestrate L3VPNs for SRv6 

with SLAs and to maintain these SLAs using SR-TE policies that continuously track network conditions and automatically 

react to optimize the network. This automation increases efficiency and reduces human error that is generally unavoidable 

with manual tasks. 

Scenario 3 ς Mandate a Static Path for an EVPN-VPWS Service using an Explicit MPLS SR-TE Policy 

Scenario Context 

To ensure that mission-critical traffic within a VPN traverses the higher capacity interfaces, rather than the lower capacity 

interfaces, we will create a point-to-point EVPN-VPWS service and associate a preferred path (explicit) MPLS SR-TE policy 

on both endpoints for service instantiation. In this way, we will mandate a static path for the mission-critical traffic.  

In this scenario, we will see how quick and easy it is to create SR-TE policies and VPN services by uploading a file containing 

all the required configurations. We will download sample files (templates) from the provisioning UI, fill in the required 

data, and then import the file via the UI. Lastly, we will use the Service Health functionality to review the health of the 

services and view the Assurance Graph and Last 24Hr aŜǘǊƛŎǎ ǘƻ ōŜǘǘŜǊ ŀƴŀƭȅȊŜ ƻǳǊ ǎŜǊǾƛŎŜΩǎ ƘŜŀƭǘƘ ŘŜǘŀƛƭǎ. 

Note:   In this scenario, reference to SR-TE specifically means SR-TE over MPLS.  

In this scenario, we will: 

ǒ Create a SID list - a list of prefix or adjacency Segment IDs, each representing a device or link along the path.  
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ǒ Provision an explicit SR-TE policy, which will reference the SID list, thus creating a predefined path into which the 

EVPN prefix will be routed.  

ǒ Provision a point-to-point EVPN-VPWS service from PE-A to PE-C and attach the explicit SR-TE policy. 

ǒ Visualize the path of the service and review the health of the services. 

Assumptions and Prerequisites  

ǒ For transport mapping to L2VPN service, devices must be configured with the l2vpn all command. 

ǒ For Service Health enablement, Service Health must be installed. 

Note:  Service Health is accessible through Limited Availability. Engage your account team for further details. 

ǒ (Optional) Service Health provides Internal Storage of monitoring data up to a maximum limit of 50 GB. This data is 

stored on your system. If you exceed the limit of the internal storage, historical data will be lost. If you choose to 

extend Service Health storage capacity, you can configure External Storage in the cloud using an Amazon Web 

Services (AWS) cloud account. By leveraging External Storage, all existing internal storage data will be automatically 

moved to the external cloud storage (see Configuring Service Health External Storage Settings appendix for more 

details) and your internal storage will act locally as cache storage. Configuring External Storage for Service Health 

ensures you will not lose historical data for services that continuŜ ǘƻ ƳƻƴƛǘƻǊ ŀ ǎŜǊǾƛŎŜΩǎ ƘŜŀƭǘƘΣ ŀƴŘ ǿƛƭƭ ǊŜǘŀƛƴ 

service health data for any service you choose to stop monitoring when you select the option to retain historical 

monitoring service for the data. For more information on Internal and External Storage, and how to retain historical 

monitoring service data when stopped, see the Appendix sections Configuring Service Health External Storage 

Settings and Stopping Service Health monitoring. 

ǒ .ŜŦƻǊŜ ǳǎƛƴƎ {ŜǊǾƛŎŜ IŜŀƭǘƘΩǎ !ǎǎǳǊŀƴŎŜ DǊŀǇƘΣ ŜƴǎǳǊŜ ǘƘŀǘ ǘƻǇƻƭƻƎȅ ƳŀǇ ƴƻŘes have been fully configured and 

created with a profile associated to the service. If not, Subservice Details metrics will show that no value has yet to 

be reported. 

ǒ For Service Health, you must configure 2 buckets on the Y1731 profile associated with the device. If you have fewer 

than 2 buckets configured, Service Health cannot report the Y1731 probes/KPIs on the service details page. 

Workflow  

ǒ Step 1. Prepare for Creating a SID List 

ǒ Step 2. Create the SID List in the Provisioning UI 

ǒ Step 3. Create an explicit SR-TE policy for each VPN endpoint by importing a file 

ǒ Step 4. Create and provision the L2VPN service 

ǒ Step 5. Attach the SR-TE policies to the L2VPN Service 

ǒ Step 6. Enable Service Health monitoring 

ǒ Step 7. Visualize the L2VPN on the Map 

ǒ Step 8. Inspect a degraded service using Service Health and Last 24Hr Metrics to identify issues 

Note:   Screen captures, showing services and data, are for example purposes only and may not always reflect the 

devices or data described in the workflow content. 

Step 1.  Prepare for Creating a SID List 
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The SID list consists of a series of prefix or adjacency SIDs, each representing a node or link along on the path. Each 

segment is an end-to-end path from the source to the destination, and it instructs the routers in the network to follow the 

specified path instead of the shortest path calculated by the IGP.  

To build the SID list, you will need the MPLS labels of the desired traversing path. You can get these labels from the devices 

themselves or you can invoke the northbound Cisco Crosswork Optimization Engine API to retrieve this information.  

Refer to Cisco Crosswork Network Automation API Documentation on Cisco Devnet for more information about the API. 

Procedure 

1. Prepare the input required to produce the SID list for the path from endpoint to endpoint. You will need the router 

ID of each endpoint, as follows: 

'{  

  "input": {  

    "head - end": "100.100.100.7",  

    "end - point": "100.100.100.5",  

    "sr - policy - path": {  

      "path - optimization - objective": "igp - metric"  

    }  

  }  

}'  

2. Invoke the API on the Cisco Crosswork Network Controller server by using the input prepared in the previous step. 

For example: 

curl -- location -- request POST 
'https://10.194.63.198:30603/crosswork/nbi/optima/v1/restconf/operations/cisco - crosswork -
optimization - engine - sr - policy - operations:sr - policy - dryrun' \  

-- header 'Content - Type: application/y ang- data+json' \  

-- header 'Accept: application/yang - data+json' \  

-- header 'Authorization: Bearer 
eyJhbGciOiJIUzUxMiJ9.eyJzdWIiOiJhZG1pbiIsImlzRnJvbU5ld0xvZ2luIjoidHJ1ZSIsInBvbGljeV9pZCI6ImFkb
WluIiwiYXV0aGVudGljYXRpb25EYXRlIjoiMjAyMS0wMy0yMlQxNjozODozNy43NDY2MTZaW0dNVF0iLCJzdWNjZXNzZnV
sQXV0aGVudGljYXRpb25IYW5kbGVycyI6IlF1ZXJ5RGF0YWJhc2VBdXRoZW50aWNhdGlvbkhhbmRsZXIiLCJpc3MiOiJod
HRwOlwvXC9sb2NhbGhvc3Q6NTQ4OVwvU1NPIiwibGFzdF9uYW1lIjoic21pdGgiLCJjcmVkZW50aWFsVHlwZSI6IlVzZXJ
uYW1lUGFzc3dvcmRDcmVkZW50aWFsIiwiYXVkIjoiaHR0cHM6XC9cLzEwLjE5NC42My4xOTg6MzA2MDNcL2FwcC1kYXNoY
m9hcmQiLCJhdXRoZW50aWNhdGlvbk1ldGhvZCI6IlF1ZXJ5RGF0YWJhc2VBdXRoZW50aWNhdGlvbkhhbmRsZXIiLCJsb25
nVGVybUF1dGhlbnRpY2F0aW9uUmVxdWVzdFRva2VuVXNlZCI6ImZhbHNlIiwiY2hhbmdlX3B3ZCI6ImZhbHNlIiwiZXhwI
joxNjE2NDU5OTIwLCJpYXQiOjE2MTY0MzExMjAsImZpcnN0X25hbWUiOiJqb2huIiwianRpIjoiU1QtODQtOFVlWXMybEt
3R2d1Z3RIYjl4MzVmTFlNTGVVRlp6OURyNGpoeFcxakhsV01VYXdXSWgxbUdTd01aRC1tOEk1S2Z0amI2ZmlWTUhlYnBYY
jBMMFZqRFc2WVppUFVUbHRpNFVpZnNUeG9aQ284WWpPWEc2VlFjS0Mwb29lWjJhc3BWanMzYnA3bHo5VkhySlBCTzl5TDN
GcFRIWXRPeWJtVi1jYXMtMSJ9.Vi4k0w8KsOv5M_O8zBqWochT3k9V9Pn2NjSn5ES9c5Pf-
4ds0o4kk6xuZx5_cggauiEICuUMnzmRzneST- oAuA' \  

-- data - raw '{  

  "input": {  

    "head - end": "100.100.100.5",  

    "end - point": "100.100.100.7",  

    "sr - policy - path": {  

      "pa th - optimization - objective": "igp - metric"  

    }  

https://developer.cisco.com/docs/crosswork
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  }  

}'  

3. Note the SID list ID in the API response.  You will use this when creating the SID list in the next step. For example: 

{  

  "cisco - crosswork - optimization - engine - sr - policy - operations:output": {  

    "segment - list - hops": [  

      {  

        "step": 0,  

        "sid": 23002,  

        "ip - address": "100.100.100.7",  

        "type": "node - ipv4"  

      }  

    ],  

    "igp - route": [  

      {  

        "node": "PE - A",  

        "interface": "GigabitEthernet0/0/0/0"  

      },  

      {  

        "node": "P - TOPLEFT", 

        "interface": "GigabitEthernet0/0/0/2"  

      },  

      {  

        "node": "P - BOTTOMRIGHT", 

        "interface": "GigabitEthernet0/0/0/3"  

      }  

    ],  

    "st ate": "success",  

    "message": ""  

  }  

}  

Step 2.  Create the SID List in the Provisioning UI 

In this scenario, we will create a SID list for traffic from PE-C to PE-A and another SID list for traffic in the opposite 

direction. 

Procedure 

1. Go to Services & Traffic Engineering > Provisioning (NSO) > SR-TE > SID-List. 

2. Click + to create a new SID list and give it a unique name. For this example, the SID list name is L2VPN_NM-P2P-

SRTE-PE-C-240. Click Continue. 

3. Under sid, click + to create a new SID index and give it a numeric value. Click Continue. 

4. Under mpls, enter the SID ID that was received in the API response in Step 1. 
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5. Click X in the top-right corner to return to the SID list. Your new SID appears in the index table. 

6. Repeat these steps to create additional SID indexes, as required. 

7. Commit your changes. 

8. Check that the new SID list appears in the table. 

9. Create another SID list for the traffic from PE-A to PE-C. For this example, the SID list name is L2VPN_NM-P2P-

SRTE-PE-A-240. 

Step 3.  Create an explicit SR-TE policy for each VPN endpoint by importing a file 

In this step, we will provision two explicit SR-TE policies which will reference the SID lists created in Step 1.  

The first SR-TE policy specifies PE-C as the headend and provides the IP address of PE-A as the tail end. The second SR-TE 

policy specifies PE-A as the headend and provides the IP address of PE-C as the tail end. 

Instead of manually filling in each field in the provisioning UI, we will import an xml file containing all the configurations 

required to create the SR-TE policy. 

Procedure 

1. Go to Services & Traffic Engineering > Provisioning (NSO) > SR-TE > Policy. 

2. Click Import  above the table. 

3. Download the sample .json or .xml file which will serve as a template for the required configuration. 

In the Import Service dialog, click the Download sample .json and .xml files (.zip) link. 
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4. Unzip the downloaded file and open sr-Policy.xml in an XML editor.  

5. Edit the xml file as required. Provide a name for the SR-TE policy, and specify the SID list to be associated with this 

policy. Save the xml file. 
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6. In the Import Service dialog, select Policy as the type of file to import, browse to the edited xml file, and click 

Import. If there are any errors in the file, you will be notified. If there are no errors, the file will be imported. The 

policy will be created and the devices will be configured accordingly. 

7. Check whether the new SR-TE policy appears in the Policy table and its Provisioning State is Success.  

8. Click Χ in the Actions column and choose Config View to see to see the Yang model-based service intent data that 

details the SR-TE policy you created. You can also check the devices themselves to make sure that they were 

provisioned correctly. 

Step 4.  Create and provision the L2VPN service 

In this step, we will create and provision a P2P VPN service with PE-A and PE-C as the endpoints. The VPN service will 

reference the SR-TE policies we created in the previous step to ensure that the traffic traversing the VPN will follow the 

path defined in the SID lists. 

As we did with the SR-TE policy, we will create the VPN service by importing an xml file containing all the required 

configurations. Once we have provisioned the VPN service, we will edit it in the provisioning UI in order to associate the 

SR-TE policies.  

Procedure 

1. Go to Services & Traffic Engineering > Provisioning (NSO) > L2vpn > L2vpn-Service. 

2. Click Import  above the table. 

3. If you did not download the sample .json or .xml files in Step 3, do so now.  

4. Open l2nm.xml in an XML editor. 

5. Edit the xml file as required. Provide a name for the L2VPN, configure each endpoint, and define the VPN 

parameters.  

This is the configuration for PE-A in our example: 
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6. Save the xml file. 

7. In the Import Service dialog, select l2vpn service as the type of file to import, browse to the edited xml file, and 

click Import. If there are any errors in the file, you will be notified. If there are no errors, the file will be imported. 

The service will be created and the devices will be configured accordingly. 

8. Check that the new L2VPN service appears in the L2VPN Service table and its Provisioning State is Success.  

9. Click Χ in the Actions column and choose Config View to see the Yang model-based service intent data that details 

the VPN service you created. You can also check the devices themselves to make sure that they were provisioned 

correctly. 

Step 5.  Attach the SR-TE policies to the L2VPN Service 

At this stage, the provisioned L2VPN service you created does not have associated SR-TE policies that define the transport 

path. In this step, we will edit the L2VPN service in the provisioning GUI, attach the relevant SR-TE policies to each 

endpoint, and re-provision it. 

Procedure 

1. Locate the L2VPN in the VPN Service table. 

2. Click Χ in the Actions column and choose Edit. 

3. Under vpn-nodes, select PE-A and click the Edit button above the table. 

4. In the pane that opens on the right, open the te-service-mapping > te-mapping section. 

5. In the sr-policy tab, in the policy field, enter the name of the SR-TE policy created for PE-A:  

L2VPN_NM-P2P-SRTE-PE-A-240  
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6. Click X in the top-right corner to close the PE-A pane. 

7. Repeat the above steps for PE-C and attach the SR-TE policy: L2VPN_NM-P2P-SRTE-PE-C-240. 

8. Click Commit Changes. 

Step 6.  Enable Service Health monitoring  

Note:  Service Health is accessible through Limited Availability. Engage your account team for further details. 

1. Go to Services & Traffic Engineering > VPN Services. The map opens and a table of VPN Services is displayed to the 

right of the map. 

2. In the Actions column, click Χ for the new service you want to start monitoring health. 

3. Click Start Monitoring.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note:  The Health column color coding indicates the health of the service: Green = Good; Orange = Degraded; Red 

= Down, Gray = Not Monitoring. 

4. In the Monitor Service pop-up, select the Monitoring Level. For help selecting the appropriate monitoring level 

option for your needs, see the section Basic and Advanced Monitoring Rules. 
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Note:  Once you have started monitoring the health of this service, if you select the Actions column and click Χ to 

view additional Service Health options, you will see: Stop Monitoring, Pause Monitoring, Edit Monitoring 

Settings, Assurance Graph. 

 

 

Note:  If you select Edit Monitoring Settings, you may update the Monitoring Level setting from Basic Monitoring 

to Advanced Monitoring, or from Advanced Monitoring to Basic Monitoring, at any time. 

Note:  If you later decide to Stop Monitoring a service that has already been started, you have the option to retain 

the historical service data for that stopped service. See the Stopping Service Health monitoring section in the 

Appendix for additional steps and details. 

5. Click Start Monitoring. 

6. Repeat this step for each service you wish to start health monitoring. 

7. Click X in the top-right corner when you are done. 

Step 7.  Visualize the L2VPN on the Map 

In this step we will take a look at the representation of the L2VPN on the map, ŀƴŘ ǿŜΩƭƭ ǎŜŜ ǘƘŜ ǇŀǘƘǎ ǘƘŜ ǘǊŀŦŦƛŎ ǿƛƭƭ ǘŀƪŜ 

from PE-A to PE-C and vice versa, based on the explicit SR-TE policies we created. 

Procedure 

1. In the L2VPN Service table, in the Actions column for the new VPN, click Χ and choose View Details from the 

menu. The map opens and the service details are shown to the right of the map. 
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or 

Go to Services & Traffic Engineering > VPN Services. 

The map opens and a table of VPN services is displayed to the right of the map. 
a. Click on the VPN in the Services table. If there are many services in the table, you can filter by name, type, or 

provisioning state to help locate the VPN.  
b. In the map, you will see the VPN as an overlay on the topology. It shows a representation of the endpoints and 

a dashed line that indicates that it is a virtual path. 

Note:   The image below shows the VPN overlay in the geographical map. Use the buttons at the top right of the map 

 to toggle between the logical and geographical maps.  

 

c. Select the Show Participating Only check box if you do not want to see the devices that are not involved in the 
selected VPN. 

 

2. Under the Actions column, click Χ and choose View Details to drill down to a detailed view of the VPN service, 

including the device configurations and the computed transport paths. 

3. In the Transport tab, select one or more SR-TE policies to see the path from endpoint to endpoint on the map. The 

image below shows the path for PE-C to PE-A. The Show IGP Path check box in the top left corner of the map is 

selected so the physical path is shown. The dashed line indicates that this link is being used to transport multiple 

services. 
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Step 8.  Inspect a degraded service using Service Health and Last 24Hr Metrics to identify issues 

Note:  Service Health is accessible through Limited Availability. Engage your account team for further details. 

In this step, we will review the Service Health assurance graph and utilize the Last 24Hr Metrics to identify issues within a 

specific time range. By isolating the issues within a specific time range, you can drill down on the details that may have 

caused the degraded (or down) service that can lead to troubleshooting the service or the node to address detailed 

symptoms. For this example, we will inspect a degraded service. 

1. Click X in the top right corner to return to the VPN Services list. 

2. Click on the name of a service that shows as being degraded. The map will update to highlight the service you 

selected. 

Degraded services show an orange icon in the Health column. You can filter by health state by clicking in the space 

at the top of the column and selecting the appropriate filter. To clear the filter, click the X next to the designated 

filter appearing in the space at the top of the column and it will remove all filtering and default to showing all VPN 

Services in the list.  

Note:  If a service is not yet being monitored, the icon in the Health column will show as grey. To enable 

monitoring for such a service, click Χ and select Start Monitoring. 

3. In the Actions column, click Χ and click View Details. The Service Details panel appears on the right side where you 

can review Active Symptoms for the service (including the Root Cause, Subservice, Priority, and Last Updated 

details) present in the Health tab if the service is being currently monitored. Review the details provided. 
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4. Click on a Root Cause and view both the Symptom Details and the Failed Subexpressions & Metrics information. 

 

5. To further isolate the degraded service details, click X in the top-right corner to return to the VPN Services list. 

6. Again, click on the name of the degraded service in the list. The map will update and isolate the corresponding 

devices participating with that service.  

Within the map, to view further service health details, do the following: 
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a. In the map, hover your mouse over the device showing as degraded and its smaller badges that indicate 
health status and review the pop-up information relating to its Reachability State, Host Name, Node IP, and 
Type. 

b. At the top-left of the map panel, you may also select the Show Participating Only check box so the map only 
shows the participating services. 

7. In the Actions column, click Χ for the degraded service in the list and click Assurance Graph. The topology map of 

services and subservices appear with the Service Details panel showing Service Key, Status, and Sub Services 

details. Metrics also appear, such as Jitter-RT (Jitter Round Trip), Latency-RT (Latency Round Trip), PktLoss-DS 

(Packet Loss from Destination to Source), and PktLoss-SD (Packet Loss from Source to Destination). Additionally, a 

table of Active Symptoms listing Root Cause, Subservice, Priority, and Last Updated details is populated. 

Note:  This will take time to update after a service has been enabled for monitoring, and may take up to 5-10 

minutes. 

8. At the top-right of the screen, select the Show History mode toggle. The historical Date Range graph appears.  

This graph shows different ranges of historical health service monitoring details from one day (1d) up to sixty days 

(60d).  

You can select the (+) icon at the top-right to zoom in on the event or use your mouse to draw a rectangle over 

events to further zoom. Events that are consecutive may appear as a line of white space. 

Note:  After selecting Show History, the Date Range graph opens by default to the range of one day (1d). If no 

events of significance have occurred over the last day, or even in the last several days (such as 1d to 3d), it is 

possible no data is available to display. Select a different time range, starting with 5d to broaden the data 

collection range that is available to display. 

 

 
 

 

Note:  When you select an event on the Date Range graph, a tool tip with information about that event appears 

(such as date and time of the event, and severity level and number of symptoms). Click anywhere within the chart 

to hide the tool tip. 

9. Review the Root Cause information by either hovering your mouse over a particular row or click the arrow to 

expand the Service Details panel to full screen mode. Columns can be resized using your mouse or you can select 

the gear icon to deselect or select columns you want to appear. 
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Note:  Once you enable Show History mode, Root Cause information in the Active Symptoms table will start to 

show the blue Last 24Hr Metrics icon. Data from the device will be initially delayed, however, and may take some 

time before Last 24Hr Metrics begins to populate with data. Until then, the value of zero is reported. 

 

 

10. You can also use the map and click on the degraded node to bring up Service Details information on both Active 

Symptoms and Impacted Services. 

¶ Active Symptoms: Provides symptom details for nodes actively being monitored. 

¶ Impacted Services: Provides information for services that are impacted by issues based on historical 

monitoring of health status. 

Note:  If you view the Subservice Details panel, each subservice metric (Jitter-RT, Latency-RT, PktLoss-DS, PktLoss-

SDύ ǿƛƭƭ ƛƴƛǘƛŀƭƭȅ ǊŜǇƻǊǘ ŀ ǾŀƭǳŜ ƻŦ ȊŜǊƻΦ .ŀǎŜŘ ƻƴ ŀ ŘŜǾƛŎŜΩǎ ŎƻƴŦƛƎǳǊŀǘƛƻƴΣ ƛǘ Ƴŀȅ ǘŀƪŜ ǳǇ ǘƻ мл ƳƛƴǳǘŜǎ ŦƻǊ ǘƘŜ 

metric values to begin reporting. 

11. Use the active and impacted information to inspect the degraded service details to determine the issues that led 

to the degraded service. 

12. To further isolate the possible issues and to utilize the Last 24Hr Metrics, perform the following steps:  

a. In the Date Range graph, use your mouse to select the range of historical health service monitoring details from one 
day (1d) up to sixty days (60d).  

Note:  At the top-right of the Date Range graph, select the appropriate icons to either zoom in or out, horizontally 

scroll through the date ranges, or refresh the graph to go back to the most recent event, for example. You can 

also use your mouse to draw a rectangle over events to further zoom in on degraded devices. Events that are 

consecutive may appear as a line of white space. 

b. Click on a degraded service in the graph. The Service Details panel reloads, showing any active symptoms and the 
root causes to be inspected. Expand the table and information as necessary for further details. 
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13. Next, select the Show: Down & Degraded Only check box in the top-left corner of the map so only Subservices 

which are degraded, along with other dependent but healthy subservices, appear. Inspect the Service Details panel 

showing the active symptoms and their root cause. 

14. Deselect the Show: Down & Degraded Only check box and select the Soft Dependencies check box in the top-left 

ŎƻǊƴŜǊ ƻŦ ǘƘŜ ƳŀǇΦ {ƻŦǘ 5ŜǇŜƴŘŜƴŎƛŜǎ ƛƳǇƭƛŜǎ ǘƘŀǘ ŀ ŎƘƛƭŘ ǎǳōǎŜǊǾƛŎŜΩǎ ƘŜŀƭǘƘ Ƙŀǎ ŀ ǿŜŀƪ ŎƻǊǊŜƭŀǘƛƻƴ ǘƻ ƛǘǎ ǇŀǊŜƴǘΩǎ 

ƘŜŀƭǘƘΦ !ǎ ŀ ǊŜǎǳƭǘΣ ǘƘŜ ŘŜƎǊŀŘŜŘ ƘŜŀƭǘƘ ƻŦ ǘƘŜ ŎƘƛƭŘ ǿƛƭƭ ƴƻǘ ǊŜǎǳƭǘ ƛƴ ǘƘŜ ǇŀǊŜƴǘΩǎ ƘŜŀƭǘƘ ŘŜƎǊŀŘŀǘƛƻƴΦ  

Use the + or ς symbols in the bottom-right corner of the map to zoom in or out on services mapped. Select the ? to 

view the Link Color Legend that explains all of the icons, symbols, badges, and colors and their definitions. 

Note:  You can also select the Subservices icon in the top-right corner of the map to show service appearance 

options. 

15. Select the degraded service in the map to show the subservice details. 
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16. Select the Active Symptoms tab to show any root causes for the service health details that are displayed and then 

select the Impacted Services tab to show services where their health is degraded. 

17. Click X in the top-right corner to return to the VPN Services list and in the Actions column, click Χ for the degraded 

service in the list and click Assurance Graph to show the Service Details panel. 

18. Again, select the Show History toggle in the top-right corner of the Service Details panel before selecting the blue 

metrics icon in one of the Root Cause rows. The Symptoms Metrics ς Last 24 Hr bar chart appears.  

This chart provides details of the metric patterns for different sessions states (such as active, idle, failed) for 

individual root cause symptoms with Status, Session, Start Time, and Duration information to assist in 

troubleshooting prevailing issues. Use your mouse to hover over the chart to view the different details. 

Continue to troubleshoot a service health issue using Parameterized Jobs 

To further troubleshoot a service health issue (such as a device that is degraded due to not properly fetching data), 

continue with the following steps to examine if the issue is associated with a collection job. 

19. Select Administration > Collection Jobs. 

The Collection Jobs screen appears. 

20. Select the Parameterized Jobs tab. 

21. Review the Parameterized Jobs list to pinpoint devices that may have service health degradation issues. 

By reviewing Parameterized Jobs, you can identify and focus on GMNI, SNMP, and CLI-based jobs by their Context 

ID (protocol) for further troubleshooting purposes. 

22. In the Job Details panel, select the collection job you want to export and click the export button to download the 

status of collection jobs for further examination. The information provided is collected at the time the export is 

initiated in a .csv file. 

The Export Collection Status pop up appears. 

Note:  When exporting the collection status, you must fill in the information each time an export is executed. In 

addition, make sure to review the Steps to Decrypt Exported File content available on the Export Collection Status 

pop up to ensure you can access and view the exported information. 

23. Click Export. 

24. To check the status of the exported collection job data, click View Export Status at the top right of the Job Details 

panel.  

The Export Status Jobs panel appears providing the status of the export request. 

25. Review the exported .csv file for collection job details and the possible cause of the degraded device. 

Summary and Conclusion 

In this scenario, we observed how simple it is to create explicit SR-TE policies and attach them to a L2VPN service in order 

mandate a static path for the mission-critical traffic. We saw how editing a pre-defined template and then importing it into 

the system enables quick and easy provisioning of services and SR-TE policies. We were then able to visualize the actual 

traffic paths on the map. Lastly, we used Service Health to monitor the health of the new service using the Assurance 

Graph, Last 24hr Metrics, and SubExpressions metrics to view when service may have been up, degraded, or down, and 

what the root causes were identified. 
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Scenario 4 ς Provision an L2VPN service over an RSVP-TE tunnel with reserved bandwidth  

Scenario Context 

For the continuous stream transmission required for rich data media types, such as video and audio, bandwidth 

reservation is often required to provide higher quality of service. Cisco Crosswork Network Controller supports the 

creation and management of RSVP-TE tunnels to reserve guaranteed bandwidth for an individual flow. RSVP is a per-flow 

protocol that requests a bandwidth reservation from every node in the path of the flow. The endpoints, or other network 

devices on behalf of the endpoints, send unicast signaling messages to establish the reservation before the flow is allowed. 

If the total bandwidth reservation exceeds the available bandwidth for a particular LSP segment, the LSP is rerouted 

through another LSR. If no segments can support the bandwidth reservation, LSP setup fails and the RSVP session is not 

established.  

In this scenario we will: 

ǒ Create RSVP-TE tunnels with reserved bandwidth. 

ǒ Enable Bandwidth on Demand functionality. 

ǒ Provision a VPN service from PE-A to PE-B and attach the RSVP-TE tunnels as underlay configuration. 

ǒ Visualize the path of the traffic when link utilization is below the bandwidth threshold. This path would change if 

the bandwidth utilization on the link crossed the specified threshold. 

Assumptions and Prerequisites  

ǒ For transport mapping to L2VPN service, devices must be configured with the l2vpn all command. 

ǒ For Service Health enablement and usage to monitor a services health, Service Health must be installed.  

ǒ For steps to enable Service Health during this scenario, see Enable Service Health on page 25. For additional 

Service Health related details, see the Appendix on page 112.  

ǒ (Optional) Service Health provides Internal Storage of monitoring data up to a maximum limit of 50 GB. This data is 

stored on your system. If you exceed the limit of the internal storage, historical data will be lost. If you choose to 

extend Service Health storage capacity, you can configure External Storage in the cloud using an Amazon Web 

Services (AWS) cloud account. By leveraging External Storage, all existing internal storage data will be automatically 

moved to the external cloud storage (see Configuring Service Health External Storage Settings appendix for more 

details) and your internal storage will act locally as cache storage. Configuring External Storage for Service Health 

ŜƴǎǳǊŜǎ ȅƻǳ ǿƛƭƭ ƴƻǘ ƭƻǎŜ ƘƛǎǘƻǊƛŎŀƭ Řŀǘŀ ŦƻǊ ǎŜǊǾƛŎŜǎ ǘƘŀǘ ŎƻƴǘƛƴǳŜ ǘƻ ƳƻƴƛǘƻǊ ŀ ǎŜǊǾƛŎŜΩǎ ƘŜŀƭǘƘΣ ŀƴŘ ǿƛƭƭ ǊŜǘŀƛƴ 

service health data for any service you choose to stop monitoring when you select the option to retain historical 

monitoring service for the data. For more information on Internal and External Storage, and how to retain historical 

monitoring service data when stopped, see the Appendix sections Configuring Service Health External Storage 

Settings and Stopping Service Health monitoring. 

ǒ (Optional) For initializing a Heuristic Package to monitor health of a services, see the Appendix section, Initializing 

Heuristic Packages to monitor the health of a service, for detailed steps to be performed prior to starting 

monitoring. 

Workflow  

ǒ Step 1. Create an RSVP-TE tunnel for both directions of the L2VPN 

ǒ Step 2. Create the L2VPN service and attach the RSVP tunnel to the service 

ǒ Step 3. Visualize the L2VPN service on the map 
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Step 1.  Create an RSVP-TE tunnel for both directions of the L2VPN 

In this step, we will create an RSVP-TE tunnel from PE-A to PE-B and from PE-B to PE-!Σ ŀƴŘ ǿŜΩƭƭ ǊŜǎŜǊǾŜ ōŀƴŘǿƛŘǘƘ ƻŦ 

1200 on the link. 

1. Go to Services & Traffic Engineering > Provisioning (NSO) > RSVP-TE > Tunnel. 

2. Click + to create a new RSVP-TE tunnel and give it a unique name. Click Continue. 

3. In the Identifier field, enter a numeric identifier for the tunnel. You will use this identifier later when you associate 

this RSVP-TE tunnel with the L2VPN service. For this example, the identifier is 2220. 

4. In the source and destination fields, enter the loopback0 IP address of the source (PE-A) and the destination (PE-B) 

devices. This is the TE router ID.  

To find the TE router ID, go to Topology and click on a device in the map or in the list of devices. The Device Details 

pane opens and the TE router ID is shown under the Routing section. 

 

5. Define the endpoints:  

a. Under head-end, select the headend device from the dropdown list. 
b. Under tail-end, select the tailend device from the dropdown list. 

6. Reserve bandwidth on the link. Under te-bandwidth > generic, enter the bandwidth threshold for the link.  

7. Define the path of the RSVP-TE tunnel. You have the option to define an explicit path or to have the path locally 

computed by the participating devices. Alternatively, you can have the SR-PCE compute a path dynamically. For 

this scenario we will have the path locally computed. 

a. Under p2p-primary-paths, click + to create a new path.  
b. In the pane that opens on the right, give the path a name.  
c. Select the path computation method ς path-locally-computed. 
d. Specify a numeric preference for the path. The lower the number, the higher the preference.  
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e. Define the optimization metric, in this case, igp. 

 

8. Click Commit Changes. 

9. Verify that the RSVP-TE tunnel appears in the list of tunnels and its Provisioning State is Success. 

 

10. Click on the tunnel name to visualize the tunnel on the map and to see the tunnel details. 
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Step 2.  Create the L2VPN service and attach the RSVP tunnel to the service 

In this step, we will create a P2P L2VPN service using the provisioning GUI. If you want to create the service by importing a 

template, refer to Scenario 3τMandate a static path for an EVPN-VPWS service using an explicit SR-TE policy.   

1. Go to Services & Traffic Engineering > Provisioning (NSO) > L2VPN > L2vpn Service. 

2. Click + to create a new service and give it a unique name. Click Continue. 

3. Choose vpn-common:t-ldp in the vpn-svc-type field. 

4. Define each VPN endpoint individually ς PE-A and PE-B. 

a. Under vpn-nodes, click +. 
b. Select the relevant device from the vpn-node-id and ned-id dropdown lists and click Continue. 

5. Define the LDP signaling options by creating one or more pseudowires. In this case, specify the TE router ID of the 

peer device (PE-B), and provide a unique numeric label to identify the pseudowire.  

6. Attach the RSVP tunnel to the service: 

a. Under te-service-mapping > te-mapping, click the te-tunnel-list tab. 
b. Click the ietf-te-service tab. 
c. Enter the name of the RSVP-TE tunnel you want to attach to this L2VPN service. The tunnel ID will be extracted from 

the tunnel configuration. 
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Note:   If you have an RSVP-TE tunnel on the device that was configured externally to Cisco Crosswork Network 

Controller, you can provide the tunnel ID under the te-tunnel-id tab. 

7. Define the VPN network access. In this case, we are using dot1q encapsulation and we have specified the physical 

interface (GigabitEthernet0/0/0/2) and the VLAN ID (2220). 

8. Follow the above steps for PE-B as well. 

9. Click Commit Changes. Verify that the L2VPN appears in the list of VPN services and that its Provisioning state is 

Success. 

 

Step 3.  Visualize the L2VPN service on the map 

Lƴ ǘƘƛǎ ǎǘŜǇ ǿŜΩƭƭ ǘŀƪŜ ŀ ƭƻƻƪ ŀǘ ǘƘŜ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ [н±tb ƻƴ ǘƘŜ ƳŀǇ ŀƴŘ ǿŜΩll see the paths the traffic will take 

from PE-A to PE-B and vice versa, based on the RSVP-TE tunnels we created. 
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Procedure 

1. In the L2VPN Service table, click on the service name. The map opens and the service details are shown to the right 

of the map. 

or 

Go to Services & Traffic Engineering > VPN Services. 

The map opens and a table of VPN services is displayed to the right of the map. 

Click on the VPN in the Services table. When there are many services in the table, you can filter by name, type, or 

provisioning state to help locate the VPN.  

In the map, you will see the VPN as an overlay on the topology. It shows a representation of the three endpoints 

and a dashed line that indicates that it is a virtual path. 

Note:  The image below shows the VPN overlay in the geographical map. Use the buttons at the top right of the 

map  to toggle between the logical and geographical maps. 

 

2. To see the hops in the route between PE-A and PE-B, click the Transport tab and select one or more of the 

underlying TE tunnels to see the path from endpoint to endpoint on the map. The image below shows both RSVP-

TE tunnels selected in the Transport tab and the route from PE-A to PE-B and from PE-B to PE-A is shown on the 

logical map.  
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3. As the RSVP-TE tunnels are configured with a reserved bandwidth, if the bandwidth utilization across the link 

exceeds the specified bandwidth, the path would be rerouted.  

Summary and Conclusion 

This scenario illustrated how to create RSVP-TE tunnels with reserved bandwidth and attach them to an L2VPN service to 

meet the high quality of service requirements for continuous streaming of rich data media. We observed the path on the 

map. This path would be recomputed if the bandwidth utilization on the link crossed the bandwidth reservation threshold. 

 

Scenario 5 ς Provision a Soft Bandwidth Guarantee with Optimization Constraints  

Scenario Context 

Service providers must be able to provide fast connections with the lowest latency possible to meet the needs of 

ŎǳǎǘƻƳŜǊǎΩ ǇŜŀƪ ǘǊŀŦŦƛŎ ǳǘƛƭƛȊŀǘƛƻƴ ǘƛƳŜǎ ŀƴŘ ǘƻ ŘȅƴŀƳƛŎŀƭƭȅ ƻǇǘƛƳƛȊŜ ǎŜǊǾƛŎŜǎ ōŀǎŜŘ ƻƴ ǘƘŜ ŎǳǎǘƻƳŜǊǎΩ ŎƘŀƴƎƛƴƎ ǇǊƛƻǊƛǘƛŜǎ 

throughout the day. For this purpose, the operator might need to reserve bandwidth on specific links to ensure a 

dedicated path that can handle a set amount of traffic with a specific optimization intent. The Bandwidth on Demand 

(BWoD) feature within Cisco Crosswork Network Controller enables this functionality. Paths with the requested bandwidth 

are computed when available. If a path that guarantees the requested bandwidth cannot be found, an attempt will be 

made to find a best effort path. 

In this scenario, we will use BWoD to calculate the lowest TE metric path with a specified amount of available bandwidth 

between two endpoints.  

This scenario uses the following topology as a base: 
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The goal is to create a path from F2.cisco.com to F7.cisco.com that can accommodate 250 Mbps of traffic while keeping 

the utilization at 80%. BWoD will initially try to find a single path to accommodate the requested bandwidth without 

exceeding the utilization threshold. If a single path cannot be found, BWoD may recommend splitting the path. 

In this scenario we will: 

ǒ Orchestrate a new SR-TE policy with bandwidth and TE constraints. 

ǒ Configure and enable BWoD. 

ǒ Verify the state of the SR-TE policy and view the path on the map. 

Workflow  

ǒ Step 1. Create a BWoD SR-TE Policy with the Requested Bandwidth and Optimization Intent 

ǒ Step 2. Enable and Configure BWoD 

ǒ Step 3. ±ŜǊƛŦȅ ǘƘŀǘ ǘƘŜ ǇƻƭƛŎȅΩǎ ƻǇŜǊŀǘƛƻƴŀƭ ǎǘŀǘŜ ƛǎ ƴƻǿ ¦Ǉ ŀƴŘ ǾƛŜǿ ǘƘŜ ǇŀǘƘ ƻƴ ǘƘŜ ƳŀǇ 

Step 1.  Create a BWoD SR-TE Policy with the Requested Bandwidth and Optimization Intent 

1. Go to Services & Traffic Engineering > Provisioning (NSO) > SR-TE > Policy. 

2. Click + to create a new SR-TE policy and give it a unique name. Click Continue. 

3. Define the endpoints:  

a. Under head-end, click + and select the headend device from the dropdown list and click Continue. Click X to close 
the Headend pane. 

b. Enter the IP address of the tail-end device. 
c. Enter a color to identify the traffic. 

4. Define the parameters on which the path will be computed: 

a. Under path, click +.  
b. Enter a path preference and click Continue. 
c. In the dynamic-path tab, select te in the metric-type dropdown list as the optimization objective. 
d. Select the pce check box to have the SR-PCE compute the paths for this policy. 
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e. Click X to close the path pane. 

5. In the Bandwidth field enter the requested bandwidth in Kbps. In this case, we are requesting 250 Mbps or 250000 

Kbps. 

 

6. Click Commit Changes. The new policy is created and appears in the list of SR-TE policies. The provisioning state 

ǎƘƻǳƭŘ ōŜ ά{ǳŎŎŜǎǎΦέ 
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7. Verify the new policy by viewing its details and its representation on the map: 

a. Click Χ in the Actions column and choose View. 
b. The map opens with the SR-TE policy details displayed to the right of the map. 

Note that the operational state of the policy is down because the SR-PCE alone is not able to address bandwidth 
computations before the BWoD functionality within Cisco Crosswork Network Controller is enabled. 

 

 

 

Step 2.  Enable and Configure BWoD 

1. Go to Services & Traffic Engineering > Bandwidth on Demand. 

2. Toggle the Enable switch to True, and enter 80 to set the utilization threshold percentage.  To find descriptions of 

other options, hover the mouse over .  

3. Click Commit Changes. 
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Step 3.  ±ŜǊƛŦȅ ǘƘŀǘ ǘƘŜ ǇƻƭƛŎȅΩǎ ƻǇŜǊŀǘƛƻƴŀƭ ǎǘŀǘŜ ƛǎ ƴƻǿ ¦Ǉ ŀƴŘ ǾƛŜǿ ǘƘŜ ǇŀǘƘ ƻƴ ǘƘŜ ƳŀǇ 

1. Go to Services & Traffic Engineering > Provisioning.  

2. In the Policy table, locate and select the path computed for the endpoints. 

3. The path is shown as an overlay on the map. Check the Show IGP Path check box to see the physical path between 

the endpoints. 

 

Summary and Conclusion 

Operators can set and maintain bandwidth requirements based on optimization intent using the BWoD functionality 

provided in Cisco Crosswork Network Controller. This scenario illustrated how to provision an SR-TE policy with a specific 

bandwidth request. We saw how to enable BWoD functionality so that traffic is rerouted automatically to maintain 

bandwidth requirements. This automation alleviates the task of manually tracking and configuring paths to accommodate 

bandwidth requirements set by SLAs. 
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Bandwidth and Network Optimization 

Overview 

Objective 

Tactically optimize the network during times of congestion in real-time. 

Challenge 

Network congestion leads to poor end-customer experiences. If you have poor connections, slow streaming video, and 

packet loss, your users will be dissatisfied, which leads to a poor perception of your service in the marketplace. In the 

worst-case scenario, your network issues lead to service level agreement (SLA) or contract violations and the loss of your 

brand equity. Network operators need a toolset to help automate bandwidth optimization and efficiently steer traffic with 

little operator intervention. 

Solution 

Cisco Crosswork Network Controller provides local congestion mitigation (LCM) as a solution for bandwidth management 

and congestion mitigation. This is an enhanced functionality introduced in Cisco Crosswork Network Controller 4.1. 

Local Congestion Mitigation (LCM) 

Instead of optimizing for bandwidth resource in the network by rerouting traffic in the entire network (end-to-end path 

optimization), LCM checks the capacity locally, in and around the congested area, at an interface level and reroutes traffic 

between the endpoints of the congested interface (local interface-level optimization). Focusing on an issue locally 

eliminates the need for simulating edge-to-edge traffic flows in the network through a full traffic matrix, which is both 

cumbersome to create and is less scalable as node counts continue to increase. 

LCM provides recommendations to divert the minimum amount of traffic away from the congested interface to bring it out 

of congestion. LCM performs the collection of SR-TE policy and interface counters through SNMP. It estimates the amount 

of traffic that may be diverted and, if the user approves, performs the mitigation through the deployment of Tactical 

Traffic Engineering (TTE) SR-TE policies. Mitigating congestion locally does not require the use of the full Segment Routing 

Traffic Matrix (SR-TM). TTE SR-TE policies are created at the device on only either side of the congested link, with the 

shortest paths possible that do not congest interfaces elsewhere. 

How Does LCM Work? 

1. LCM first analyzes the Optimization Engine Model (a realtime topology and traffic representation of the physical 

network) on a regular cadence. 

2. In this example, after a congestion check interval, LCM detects congestion when Node 2 utilization goes above the 

70% utilization threshold.  
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3. LCM calculates how much traffic is eligible to divert.  

LCM only diverts traffic that is not already routed by an existing SR policy (for example: unlabeled, IGP-routed, or 

carried via FlexAlgo-0 SIDs). The traffic within an SR policy will not be included in LCM calculation and will continue 

to travel over the original programmed path.  

Eligible traffic is computed by taking the interface traffic statistics that account for all traffic on the interface and 

subtracting the sum of traffic statistics for all SR-TE policies that flow over the interface.  

Total interface traffic ς SR policy traffic = Eligible traffic that can be optimized 

This process must account for any ECMP splitting of SR policies to ensure the proper accounting of SR policy traffic. 

In this example, the total traffic on congested Node 2 is 800 Mbps. The total traffic of all SR policies routed over 

Node 2 is 500 Mbps.  

The total traffic that LCM can divert in this example is 300 Mbps: 800 Mbps ς 500 Mbps = 300 Mbps 

4. LCM calculates the amount of traffic that must be sent over alternate paths by subtracting the threshold 

equivalent traffic from the total traffic on the interface. In this example, the amount to be diverted is 100 Mbps: 

800 Mbps ς 700 Mbps (70% threshold) = 100 Mbps 

LCM must route 100 Mbps of 300 Mbps (eligible traffic) to another path. Note that if the Over-provisioning Factor 

(OPF) percentage is set to 10, then LCM must route 110 (100 Mbps x 1.10) of the eligible traffic. The OPF can be set 

in the Advanced tab within the LCM Configuration window. 

5. LCM determines how many TTE SR policies are needed and their paths. The ratio of how much LCM eligible traffic 

can stay on the shortest path to the amount that must be rerouted, will determine the number of TTE SR policies 

that are needed on the shortest versus alternate paths, respectively.  

In this example, LCM needs to divert one-third of the total eligible traffic (100 Mbps out of 300 Mbps) away from 

the congested link. Assuming a perfect ECMP, LCM estimates that three tactical SR-TE policies are required to 

create this traffic split: one tactical SR-TE policy will take the diversion path and two tactical SR-TE policies will take 

the original path. There is sufficient capacity in the path between Node 2 and Node 4. Therefore, LCM recommends 

three TTE SR policies (each expected to route approximately 100 Mbps) to be deployed from Node 2 to Node 3 via 

SR-PCE: 

Ǔ 2 TTE SR policies to take a direct path to Node 3 (200 Mbps) 
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Ǔ 1 TTE SR policy takes a path via Node 4 (100 Mbps) 

These recommendations will be listed in the LCM Operational Dashboard. 

 

Assuming you deploy these TTE SR policies, LCM continues to monitor the deployed TTE policies and will 

recommend modifications or deletions as needed in the LCM Operational Dashboard. TTE SR policy removal 

recommendations will occur if the mitigated interface would not be congested if these policies were removed 

(minus a hold margin). This helps to avoid unnecessary TTE SR policy churn throughout the LCM operation. 

Usage Scenarios 

We will walk you through the following usage scenario that illustrates the execution of bandwidth-constrained 

optimization and LCM:  

Scenario 6 ς Use Local Congestion Mitigation (LCM) to reroute traffic on an over-utilized link 

Additional Resources 

Cisco Crosswork Optimization Engine Documentation 

Scenario 6 ς Use Local Congestion Mitigation (LCM) to reroute traffic on an over-utilized link 

Scenario Context 

In this scenario, we will enable LCM and observe the congestion mitigation recommendations to deploy TTE SR policies 

ǿƘŜƴ ǳǘƛƭƛȊŀǘƛƻƴ ƻƴ ŀ ŘŜǾƛŎŜΩǎ ƛƴǘŜǊŦŀŎŜs surpasses the defined utilization threshold. We will preview the recommended 

TTE SR policies before committing them to mitigate the congestion.  

This example uses the following topology: 

https://www.cisco.com/c/en/us/support/cloud-systems-management/crosswork-optimization-engine/model.html
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We will observe the actions taken when the link between F3.cisco.com and F5.cisco.com becomes over-utilized. Note that 

there is currently no indication of congestion on that link. 

Assumptions and Prerequisites 

The following is a non-exhaustive list of high-level requirements for proper LCM operation:  

Congestion Evaluation 

LCM requires traffic statistics from the following:  

ǒ SNMP interface traffic measurements   

ǒ SNMP headend SR-TE policy traffic measurements  

Congestion Mitigation  

The headend device must support PCE-initiated SR-TE policies with autoroute steering.  

 

Devices should be configured with force - sr - include  to enable traffic steering into SR-TE policies with autoroute. For 

example:  

segment - routing traffic - eng pcc profile <id> autoroute force - sr - include  

ǒ The headend device must support Equal Cost Multi-Path (ECMP) across multiple parallel SR-TE policies.   

For more information, contact your Cisco Account representative. 

Workflow 

ǒ Step 1. Enable LCM and configure the global utilization thresholds 

ǒ Step 2. View link congestion on the map 

ǒ Step 3. View TTE SR policy recommendations in the LCM Operational Dashboard 
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ǒ Step 4. Validate the TTE SR policy deployment 

ǒ Step 5. Remove the TTE SR policies upon LCM recommendation 

Step 1.  Enable LCM and configure the global utilization thresholds 

1. Go to Services & Traffic Engineering > Local Congestion Mitigation > Domain-ID and click Configuration. 

2. Toggle the Enable switch to True, and enter the global utilization threshold you want to set. In this case, the 

threshold is set at 80%, and the Interfaces to Monitor > All Interfaces option is selected.   

 

To see information about other configuration options, hover the mouse over . 

 

3. Click Commit Changes. 

Note:  After committing the configuration changes, LCM will display recommendations on the LCM Operational 

Dashboard if congestion occurs on any monitored interfaces. LCM will not commit or deploy new TTE policies 

automatically. Later, you will be able to preview the recommended TTE policies and decide whether or not to 

commit and deploy them onto your network. 

Step 2.  View link congestion on the map 

The link between F3.cisco.com and F5.cisco.com ƛǎ ƴƻǿ ŎƻƴƎŜǎǘŜŘΦ [ŜǘΩǎ ǎŜŜ ǘƘŀǘ ƻƴ ǘƘŜ ƳŀǇΦ 

1. Go to Services & Traffic Engineering > Traffic Engineering.  

2. Click on the link to view link details, including utilization information. Note that utilization on the P4-NCS5501 

interfaces has surpassed the custom LCM threshold defined at 13%. 
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Step 3.  View TTE SR policy recommendations in the LCM Operational Dashboard 

LCM has detected the congestion and computed tactical policies to mitigate the congestion, which we can preview and 

then decide whether or not to commit them. 

1. Go to Services & Traffic Engineering > Local Congestion Mitigation.  

When congestion is detected, the domain displays the urgency type and recommendations that are available. Click 

the question mark icons to display more information about the urgency type and when the most recent 

recommendation was given.  

 

2. Open the Operational Dashboard (Services & Traffic Engineering > Local Congestion Mitigation > Domain-ID >  > 

Operational Dashboard).  
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The dashboard shows that F3.cisco.com utilization has surpassed 13% and is now at 16.05%. It also shows that 

F5.cisco.com utilization has also surpassed the 11% threshold and is now 19.26%. In the Recommended Action 

column, LCM recommends the deployment of TTE policy solution sets (Create Set) to address the congestion on 

the interface. The Expected Utilization column shows the expected utilization of each of the interface after the 

recommended action is committed. 

 

  

 

 

 

 

 

 

 

3. Before committing TTE policies, you can preview the deployment of each TTE policy solution set. Click Χ in the 

Actions column and choose Preview Solution. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The resulting window displays the node, interface, and the recommended action for each TTE policy. From the 

Preview window, you can select the individual TTE policies, and view different aspects and information as you 

would normally do in the topology map. You can expand each policy to view individual segments. After reviewing 

the potential implications on your network, you can decide whether or not to deploy the bypass policies that LCM 

recommends.  

 

The following figure shows the recommended TTE policies for node F3.cisco.com and interface 

GigabitEthernet0/0/0/1. The top path shows the node SID (orange outline), headend and endpoint (A and Z) 

because the mouse pointer hovers over that segment. 
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4. After you are done viewing the recommended TTE policies on the map, go back to the Operational Dashboard and 

click Commit All. The LCM State column changes to Mitigating.  

All LCM recommendations per domain must be committed in order to mitigate congestion and produce the 

expected utilization as shown in the Operational Dashboard. The mitigating solution is based on all LCM 

recommendations being committed because of dependencies between solution sets. 

 

 

 

 

 

 

 

 

Step 4.  Validate the TTE SR policy deployments 

1. Click  > Events tab to open the Events window in which you can monitor LCM events. You see events for the 

LCM recommendations, the commit actions, as well as any exceptions.  

Note:  Crosswork Optimization Engine will report network events that are detected based on the policies and 

features you have enabled. For example, if a link drop causes an SR-TE policy to go down, or if LCM detects 

congestion, an event is displayed. These alerts are reported in the UI and, if desired, can be forwarded to third 

party alerting/monitoring tools. 

2. Return to the Operational Dashboard to see that the LCM state changes to Mitigated for all TTE policy solution 

sets.  

Note:  The LCM state change will take up to 2 times longer than the SNMP cadence. 
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3. Confirm the TTE policy deployment by viewing the topology map. 

 

/ƭƛŎƪ Χ ƛƴ ǘƘŜ Actions column and choose View Deployed Policies. The deployed policies are displayed in focus 

within the topology map. All other policies are dimmed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. View the SR policy details. From the Actions column ƻŦ ƻƴŜ ƻŦ ǘƘŜ ŘŜǇƭƻȅŜŘ ǇƻƭƛŎƛŜǎΣ ŎƭƛŎƪ Χ ŀƴŘ ŎƘƻƻǎŜ View 

Details. Note that the Policy Type is Local Congestion Mitigation. 
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Step 5.  Remove the TTE SR policies upon LCM recommendation 

1. After some time, the deployed TTE SR policies may no longer be needed. This occurs if the utilization will continue 

to stay under the threshold without the LCM-initiated TTE policies. If this is the case, LCM generates new 

recommended actions to delete the TTE SR policy sets. 

2. Click Commit All to remove the previously deployed TTE SR policies. 

3. Confirm the removal by viewing the topology map and SR Policy table. 

Summary and Conclusion 

In this scenario, we observed how to leverage LCM to alleviate traffic congestion in the network. LCM takes the manual 

tracking and calculation out of your hands but at the same time gives you control as to whether to implement the 

congestion mitigation recommendations, or not. You can preview the recommendations and see how the potential 

deployment will take effect in your network before you deploy them. As traffic changes, LCM tracks the deployed TTE SR 

policies and decides whether or not they are still needed. If not, LCM recommends deleting them.  

Network Maintenance Window 

Overview 

Objective 

Schedule and automate maintenance workflows with minimal network interruption and most efficient results. 

Challenge 

Maintenance activities typically require system downtime and temporary disruption of services. Keeping downtime and 

disruption to a minimum is critical but challenging. Therefore, maintenance activities must take place during a carefully 

calculated optimal time slot, usually when activity is at its lowest.  

Solution 

Cisco Crosswork Change Automation and Cisco Crosswork Health Insights are optional add-on applications that provide the 

functionality needed to automate the scheduling and execution of maintenance tasks. Planning the optimal time for 

ƳŀƛƴǘŜƴŀƴŎŜ ŀŎǘƛǾƛǘƛŜǎ Ŏŀƴ ōŜ ŘƻƴŜ ǎǳŎŎŜǎǎŦǳƭƭȅ ǳǎƛƴƎ /ƛǎŎƻ ²!9 5ŜǎƛƎƴ ǘƻ ǎƛƳǳƭŀǘŜ άǿƘŀǘ-ƛŦέ ǎŎŜƴŀǊƛƻǎ ōŀǎŜŘ ƻƴ ǘƛƳŜŘ 

topology snapshots exported from Cisco Crosswork Network Controller using APIs.  
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How Does it Work? 

 

ǒ Using the Crosswork Network Controller APIs, you can create topology snapshots (plan files) which capture and 

represent topology state at a given point in time, including the IGP topology as well as interface level statistics 

(traffic load). For impact analysis purposes, these snapshots should be representative of a time period to be 

evaluated for an upcoming maintenance activity. For example, if you are planning a router upgrade at midnight on 

a Monday, you would take snapshots from several Mondays at midnight to evaluate typical traffic loads at this 

time. You can export these plan files to a central storage repository, where a library of topology plan files can be 

stored for a specified period of time.  

ǒ /ƛǎŎƻ ²!9 5ŜǎƛƎƴ ŀƭƭƻǿǎ ȅƻǳ ǘƻ ŜȄǇƭƻǊŜ άǿƘŀǘ-ƛŦέ ǎŎŜƴŀǊƛƻǎ ǊŜƭŜǾŀƴǘ ǘƻ the planning of the maintenance window. 

For example, in the case of upgrading a router, Cisco WAE Design can simulate the resulting traffic load on the 

remaining devices after traffic is diverted from the device being upgraded. You can also explore the impact of 

deploying tactical traffic engineering policies to further optimize the topology during the maintenance window. For 

more information, contact your Cisco Customer Experience representative. 

Usage Scenarios 

Scenario 7 ς Perform a software upgrade on a provider device during a scheduled maintenance window 

Additional Resources 

Cisco Crosswork Change Automation and Health Insights User Guide 

Cisco WAE Design documentation 

Cisco Crosswork Network Automation API Documentation on Cisco Devnet  

https://www.cisco.com/c/en/us/td/docs/cloud-systems-management/crosswork-cahi/4-1/UserGuide/bk-cisco-crosswork-change-automation-and-health-insights-4-1-user-guide.html
https://www.cisco.com/c/en/us/support/routers/wae-automation/model.html
https://developer.cisco.com/docs/crosswork
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Scenario 7 ς Perform a software upgrade on a provider device during a scheduled maintenance 
window 

Scenario Context 

This scenario assumes that Cisco WAE Design has been used to evaluate the impact of removing a P node from the 

network to perform a software upgrade during a specific timeframe. In this scenario, we will choose a predefined playbook 

to automate the execution of the SMU on the device, and we will schedule it to run during the predetermined 

maintenance window.  

Assumptions and Prerequisites  

ǒ Cisco Crosswork Change Automation must be installed and running. 

ǒ You must have access to Cisco WAE Design. 

ǒ The Device Override Credentials must be set for Crosswork Network Change Automation to be functional. Go to 

Administration > Settings > System Settings > Network Automation. 

Workflow 

ǒ Download Topology Plan Files for Impact Analysis 

ǒ Schedule and execute the SMU by running a playbook 

ǒ Verify the SMU install job completion status 

Step 1.  Download Topology Plan Files for Impact Analysis  

When considering when to take down a device for maintenance so that there will be the least impact to the network, you 

need information about the traffic trends around that device at the targeted time. Using the Cisco Crosswork Optimization 

API, you can download plan files that capture a snapshot of the network topology at that time. If you download plan files 

at the same time over a period of time, you can use Cisco WAE Design to analyze the traffic trends. Based on this analysis, 

you can decide whether the impact to the network would be acceptable or not. 

Refer to Cisco Crosswork Network Automation API Documentation on Cisco Devnet for more information about the API. 

Procedure 

1. Prepare the input required to download the plan file. You need to specify the version of Cisco WAE design that you 

will be using for analysis and the format in which you want the plan file, either txt or pln.  

Note:  If you download the plan file as a txt file, you can view it in any text editor. If you download it as a pln file, 

you can open it only in Cisco WAE design. 

The input for this scenario is as follows: 

'{  

  "input": {  

    " version ": " 7.3.1 ",  

    " format ": " txt ",  

 

    }  

  }  

}'  

https://developer.cisco.com/docs/crosswork/
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2. Invoke the API on the Cisco Crosswork Network Controller server using the input prepared in the previous step. For 

example: 

curl -- location -- request POST 
'https://10.194.63.198:30603/ crosswork/nbi/optima/v1/restconf/operations/cisco - crosswork -
optimization - engine - operations:get - plan  \  

-- header 'Content - Type: application/yang - data+json' \  

-- header 'Accept: application/yang - data+json' \  

-- header 'Authorization: Bearer 
eyJhbGciOiJIUzUxMiJ9.eyJzdWIiOiJhZG1pbiIsImlzRnJvbU5ld0xvZ2luIjoidHJ1ZSIsInBvbGljeV9pZCI6ImFkb
WluIiwiYXV0aGVudGljYXRpb25EYXRlIjoiMjAyMS0wMy0yMlQxNjozODozNy43NDY2MTZaW0dNVF0iLCJzdWNjZXNzZnV
sQXV0aGVudGljYXRpb25IYW5kbGVycyI6IlF1ZXJ5RGF0YWJhc2VBdXRoZW50aWNhdGlvbkhhbmRsZXIiLCJpc3MiOiJod
HRwOlwvXC9sb2NhbGhvc3Q6NTQ4OVwvU1NPIiwibGFzdF9uYW1lIjoic21pdGgiLCJjcmVkZW50aWFsVHlwZSI6IlVzZXJ
uYW1lUGFzc3dvcmRDcmVkZW50aWFsIiwiYXVkIjoiaHR0cHM6XC9cLzEwLjE5NC42My4xOTg6MzA2MDNcL2FwcC1kYXNoY
m9hcmQiLCJhdXRoZW50aWNhdGlvbk1ldGhvZCI6IlF1ZXJ5RGF0YWJhc2VBdXRoZW50aWNhdGlvbkhhbmRsZXIiLCJsb25
nVGVybUF1dGhlbnRpY2F0aW9uUmVxdWVzdFRva2VuVXNlZCI6ImZhbHNlIiwiY2hhbmdlX3B3ZCI6ImZhbHNlIiwiZXhwI
joxNjE2NDU5OTIwLCJpYXQiOjE2MTY0MzExMjAsImZpcnN0X25hbWUiOiJqb2huIiwianRpIjoiU1QtODQtOFVlWXMybEt
3R2d1Z3RIYjl4MzVmTFlNTGVVRlp6OURyNGpoeFcxakhsV01VYXdXSWgxbUdTd01aRC1tOEk1S2Z0amI2ZmlWTUhlYnBYY
jBMMFZqRFc2WVppUFVUbHRpNFVpZnNUeG9aQ284WWpPWEc2VlFjS0Mwb29lWjJhc3BWanMzYnA3bHo5VkhySlBCTzl5TDN
GcFRIWXRPeWJtVi1jYXMtMSJ9.Vi4k0w8KsOv5M_O8zBqWochT3k9V9Pn2NjSn5ES9c5Pf-
4ds0o4kk6xuZx5_cggauiEICuUMnzmRzneST- oAuA' \  

-- data - raw '{  

  "input": {  

    " version ": " 7.3.1 ",  

    " format ": " txt ",  

    "  

    }  

  }  

}'  

3. Note the plan file content in the API response.  It is encoded for security purposes and must be decoded before 

you can view the content. 

{  

  "cisco - crosswork - optimization - engine - operations:output": {  

    "status": "accepted",  

    "plan - file content": "  

PE5ldHdvcms+ClByb3BlcnR5CVZhbHVlClRpdGxlCQpWZXJzaW9uCTcuMy4xCgo8TmV0d29ya09wdGlvbnM+Ck9wdGlvbg
lWYWx1ZQpFbmZvcmNlQWRqU0lETG9jYWxpemF0aW9uCVRSVUUKCjxDaXJjdWl0cz4KTmFtZQl<<<>>>Ob2RlQQlJbnRlcm
ZhY2VBCU5vZGVCCUludGVyZmFjZUIJQ2FwYWNpdHkJRGVsYXkJRGlzdMJTmV0SW50U05NUF9FcnJvcglOZXRJbnRTb3VyY
2UJTmV0SW50UkUwQ1BVMW0JTmV0SW50UkUwQ1BVNWZpZXIJQWxnb3JpdGhtCVJmbGFnCU5mbGFnCVBmbGFnCUVmbGFnCVZ
mbGFnCUxmbGFnCg==" 

  }  

}  

 

4. Use a script to decode the plan file or copy the plan file content into a decoder. After decoding the plan file, you 

can see the content of the model to be used in Cisco WAE Design. It includes a full snapshot of the topology, 

including the devices, interfaces, links, LSPs, traffic levels, and other information. 

5. Open the plan file in Cisco WAE Design, simulate the device going down, and observe the impact on the network. 

Refer to the Cisco WAE Design documentation for more information.  

https://www.cisco.com/c/en/us/support/routers/wae-automation/model.html
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6. Based on the analysis, decide on an optimal time to execute the SMU. 

Step 2.  Schedule and execute the SMU by running a playbook 

If the simulated impact is acceptable, you can create and schedule the change by running a playbook through Cisco 

Crosswork Change Automation. For this scenario, we will run a predefined playbook to install a Software Maintenance 

Update (SMU) on devices tagged under a certain geographic location (NY).  

Note:   If the predefined (stock) plays and playbooks do not meet your specific needs, you can create custom plays and 

playbooks. To create a custom play, go to Network Automation > Play List, and to create a custom playbook, go to 

Network Automation > Playbook List. 

1. Go to Network Automation > Run Playbook.  

2. Browse the Available Playbooks list, and click the Install a SMU playbook. You can also filter using keywords to 

identify the playbook. Note that the playbook execution stages, supported software platform, software version, 

and individual play details are displayed on the right side.  

 

 

3. Click Next to go to the next task: Select Devices. All devices tagged with City: NY will be selected for SMU 

installation. 

4. Under the City tag on the left, click NY. The devices tagged with NY are listed on the right and are automatically 

selected.  
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5. Click Next to go to the next task: Define Parameters. 

6. Edit the runtime parameters to execute the SMU playbook. Alternatively, you can upload a JSON file that contains 

the parameter values. The following values are used specifically for this scenario. You can change them as 

required:  

a. ¦ƴŘŜǊ άǾŜǊƛŦȅ ǇŀŎƪŀƎŜ ŎƻƴǎƛǎǘŜƴŎȅ ƻƴ ǘƘŜ ŘŜǾƛŎŜέ ǇƭŀȅΣ ǎŜǘ collection_type as mdt.  
b. ¦ƴŘŜǊ άǇŜǊŦƻǊƳ 5[a ƴƻŘŜ ƭƻŎƪ ƻƴ ŘŜǾƛŎŜέ ǇƭŀȅΣ ǎŜǘ retry_count and retry_interval as 3 and 5s respectively.  

 

c. ¦ƴŘŜǊ άLƴǎǘŀƭƭ ŀŘŘ ǇŀŎƪŀƎŜόǎύέ ǇƭŀȅΣ ǎŜǘ action as add, and optimize as false. Enter the <SMU package name> in 
item 1 and set region as NODES.  
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d. Set type as SCP, and enter values for the source, address, destination, and dlm_credential_profile.  

e. Under Install activate package(s), click , select action, and set action to Activate.  
f. Under Install commit package(s), set action to Commit.  
g. Under Verify package in committed list on router, set collection_type to mdt, and enter the <SMU package name> in 

item 1.  
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7. Click Next to go to the next task: Define Execution Policy. 

8. Select Continuous as the Execution mode so that the playbook will run uninterrupted with no pauses. Under 

Failure policy, select the action you want taken if the execution fails ς abort or rollback.  

9. Schedule the execution for the optimal time calculated during the impact analysis stage. Uncheck the Run Now 

option. Note the calendar and timer that are displayed to schedule pre-check and perform plays. Select the date 

and time for the scheduled maintenance.  
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10. Click Next to go to the next task: Confirm Job. 

11. Review your job details. Label your job with a unique name. Click Run Playbook. The SMU installation is now 

scheduled to run in the planned maintenance window. 


























































