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Who is Ivan Pepelnjak (@ioshints)

Past

ÅKernel programmer, network OS, and web developer

ÅSysadmin, database admin, network engineer, CCIE

ÅTrainer, course developer, curriculum architect

ÅTeam lead, CTO, business owner

ÅSDN skeptic and network automation evangelist

Present

ÅNetwork architect, consultant, blogger, open-source developer

Focus 

ÅSDN and network automation

ÅLarge-scale data centers, clouds, and network virtualization

ÅScalable application design

ÅCore IP routing/MPLS, IPv6, VPN

Also: I built too many labs for one lifetime, and hated that with passion
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THAT SR THING SOUNDS COOL, BUT DOES IT WORK?
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LETôS ASK CHATGPT



5 © ipSpace.net 2026   Segment Routing Workshop

LETôS TRY IT OUT IN A LAB
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Everything Is Better with a Digital Twin

Did you ever want to:

ÅExport or share your topologies?

ÅHave a quick way to modify them?

ÅUse version control to rollback bloopers?

What we need is Infrastructure -as-Code solution for network labs
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Infrastructure -As-Code Labs

ÅTexté

Early solutions

ÅVagrant (virtual machines)

ÅDocker Compose (containers)

Clear winner: containerlab

ÅNetworking focus

ÅNative container or virtual machines in containers 

(vrnetlab)

ÅBuilds point-to-point links between containers

(no Linux bridge shenanigans)

topology:

  kinds:

    ceos :

      env: {'CLAB_MGMT_VRF': 'management'}

      image: ceos:4.35.2F

  nodes:

    pe1:

      kind: ceos

    p:

      kind: ceos

    pe2:

      kind: ceos

  links:

  -  endpoints:

    -  "pe1:et1"

    -  "p:et1"

  -  endpoints:

    -  "p:et2"

    -  "pe2:et1"

containerlab.yml

PE1 P1 PE2

Documentation @ containerlab.dev , sample @ https:// github.com /ipspace /SR-workshop/tree/main/1 -intro/1 -clab
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Demo time: Start a lab with containerlab
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Add SR -MPLS configuration

Configure IS -IS (or OSPFv2)

Initial device configurations

Create addressing plan

A Networking Lab Is Much More than Topology

Build the lab topology
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WHAT IF WE WOULD HAVE A MAGIC TOOLé
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In the Unicorn Land of Infrastructure -as-Code Intent -Based Labs

Create a high-level description of the network

ÅThree devices

Åé they are Arista EOS containers

Åé running IS-IS and SR-MPLS

ÅWe also need two links

Next

ÅSave the file

ÅExecute netlab  up and youôll get a running network

(including IP addressing, IS-IS and SR-MPLS)

topology.yml

nodes: [ pe1, p, pe2 ]

defaults.device : eos

provider: clab

module: [ isis , sr  ]

links: [ pe1 - p, p - pe2 ]

PE1 P1 PE2

More @ https:// netlab.tools /topology -overview/
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Demo time: Start a lab with netlab
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Wait, What Just Happened? netlab  up Behind the Scenes

Start the lab

Adjust networking infrastructure

Prepare virtual infrastructure

Data model transformation

Transformed topology

snapshot

CLI argumentsTopology file Plugins Modules Defaults

Orchestrator

configuration
Ansible

inventory
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Ansible playbook

Deployment task lists

Device

configurations
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Create addressing plan

Building a Networking Lab with netlab

Build the lab topology Initial netlab use case

Built -in and custom IPv4 + IPv6 address pools

(loopback, P2P, LAN, VLAN, VNI, tunnels), DHCPv4/v6

Create virtual interfaces VLAN, VRF and VXLAN configuration modules

Design and implement routing protocols OSPF, IS-IS, EIGRP, BGP, MPLS configuration modules

Add network services EVPN, MPLS/VPN, 6PE, SRv6 configuration modules

Deploy initial device configurations
Jinja2 configuration templates + Ansible plays

for 20+ platforms
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Can I Use My Favorite Device?

More @ https:// netlab.tools /platforms/
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Recap: Lab Addressing

More @ https:// netlab.tools /netlab /report
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Recap: IS -IS Parameters
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Recap: Inspecting the Status of SR -MPLS with IS -IS
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Recap: Inspecting Prefix Segments

PE1 P1 PE2

SID: 1 SID: 2 SID: 3
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Recap: Inspecting MPLS LFIB

PE1 P1 PE2

SID: 1 SID: 2 SID: 3
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Recap: Inspecting SR -MPLS Adjacency Segments



Dual-Stack SR -MPLS
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Dual-Stack SR -MPLS

Change address pools

ÅIPv4 and IPv6 loopbacks

ÅCore links with IPv4 and IPv6 addresses

Change other parameters

ÅDifferent IS-IS area

ÅUse FRRouting

ÅDefine core links as a link group

topology.yml

provider: clab

defaults.device : frr

module: [ isis , sr  ]

isis.area : "49.0042"

addressing:

  loopback:

    ipv4: 10.0.42.0/24

    ipv6: 2001:db8::/48

  core:

    ipv4: 192.168.42.0/24

    prefix: 31

    ipv6: 2001:db8:cafe::/48

nodes: [ pe1, p, pe2 ]

links:

-  group: core

  pool: core

  members: [ pe1 - p, p - pe2 ]

PE1 P1 PE2

Download from https:// github.com /ipspace /SR-workshop/tree/main/1 -intro/3 -ds



24 © ipSpace.net 2026   Segment Routing Workshop

Demo time: Dual -Stack SR -MPLS
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Recap: Lab Addressing
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Recap: IS -IS Parameters
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Recap: MPLS Table on PE1
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Recap: IPv6 Routing Table on PE1



SR-MPLS with

Unnumbered Interfaces
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Does It Work with Unnumbered Interfaces?

Built-in address pools

ÅLoopback, point-to-point, LAN

ÅIPv4 and IPv6

ÅPool prefix and allocation prefix (/30 for IPv4 P2P)

Unnumbered interfaces

ÅSet ipv4 or ipv6 to True

ÅIPv4 interfaces use loopback IPv4 address

(also works in VRFs)

ÅIPv6 interfaces use LLA

topology.yml

provider: clab

defaults.device : eos

addressing.p2p.ipv4: True

module: [ isis , sr  ]

nodes: [ pe1, p, pe2 ]

links: [ pe1 - p, p - pe2 ]

tools:

  edgeshark :

PE1 P1 PE2

Download from https:// github.com /ipspace /SR-workshop/tree/main/1 -intro/4 -unnumbered
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Demo time: SR -MPLS with unnumbered interfaces and IS -IS 
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Recap: Inspecting SR -MPLS Adjacency Segments



SR-MPLS

with

OSPFv2
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Does It Work with OSPFv2?

ÅSegment routing module (sr ) works with IS-IS (isis ) 

or OSPFv2/OSPFv3 (ospf ) modules

ÅIS-IS is the default SR-MPLS protocol

ÅYou have to change sr.protocol  to use OSPFv2

Ånetlab automatically checks device support and 

rejects to start a lab with unsupported devices

(Mostly) useless fact

ÅYou can change sr.protocol  globally or per-node

topology.yml

provider: clab

defaults.device : eos

module: [ ospf , sr  ]

sr.protocol : ospfv2

nodes: [ pe1, p, pe2 ]

links: [ pe1 - p, p - pe2 ]

PE1 P1 PE2

Download from https:// github.com /ipspace /SR-workshop/tree/main/1 -intro/5 -ospf
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Demo time: SR -MPLS with OSPFv2
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Recap: OSPFv2 Segment Routing Prefix Segments

PE1 P1 PE2

SID: 1 SID: 2 SID: 3
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Recap: OSPFv2 Segment Routing Label Bindings

PE1 P1 PE2

SID: 1 SID: 2 SID: 3



Multivendor

SR-MPLS
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Multivendor SR -MPLS

You can specify the device type

ÅGlobally (defaults.device )

ÅFor each node (using the node device parameter)

ÅFor a group of nodes

Off-topic: Selecting the virtualization provider

ÅSystem default, lab topology, or individual node

Ånetlab supports a mix of virtual machines and 

containers

ÅYou can also use virtual machines in vrnetlab 

containers

topology.yml

provider: clab

module: [ isis , sr  ]

nodes:

  pe1:

    device: eos

  p:

    device: frr

  pe2:

    device: crpd

links: [ pe1 - p, p - pe2 ]

PE1 P1 PE2

Download from https:// github.com /ipspace /SR-workshop/tree/main/1 -intro/6 -multivendor



40 © ipSpace.net 2026   Segment Routing Workshop

Demo time: Multi -Vendor SR -MPLS with IS -IS
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Recap: Vendors Use Different Segment Routing Global Blocks

PE1 P1 PE2

SID: 1 SID: 2 SID: 3
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Recap: LFIBs Are Built from SRGB + Index Values

PE1 P1 PE2

SID: 1 SID: 2 SID: 3



WANT MORE FUN?

LETôS GOé



BGP-Free Core

with SR -MPLS
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BGP-Free Core

links:

-  group: core

  members: [ pe1 - p, p - pe2 ]

-  group: edge

  isis : False

  bgp.advertise : True

  members: [ ha - pe1, hb - pe2 ]

PE1 P1 PE2HA HB

topology.yml

provider: clab

defaults.device : eos

bgp.as : 65000

groups:

  _auto_create : True

  core:

    members: [ p1 ]

    module: [ isis , sr  ]

  edge:

    members: [ pe1, pe2 ]

    module: [ isis , bgp , sr  ]

  hosts:

    members: [ ha, hb ]

    device: linux

Download from https:// github.com /ipspace /SR-workshop/tree/main/2 -fun/1 -bgp -free
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Demo time: BGP -Free Core
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Recap: SR -MPLS Labels Are Attached to BGP Routes

PE1 P1 PE2HA HB

SID: 2 SID: 1 SID: 3



L3VPN with SR -MPLS
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L3VPN (RFC 4364) with SR -MPLS Core

vrfs :

  tenant:

    links: [ ha - pe1, hb - pe2 ]

links:

-  group: core

  members: [ pe1 - p1, p1 - pe2 ]

PE1 P1 PE2HA HB

topology.yml

bgp.as : 65000

mpls.vpn : True

mpls.ldp : False

groups:

  _auto_create : True

  core:

    members: [ p1 ]

    module: [ isis , sr  ]

  edge:

    members: [ pe1, pe2 ]

    module: [ isis , bgp , sr ,  mpls , vrf  ]

  hosts:

    members: [ ha, hb ]

    device: linux

Download from https:// github.com /ipspace /SR-workshop/tree/main/2 -fun/2 -mpls -vpn
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Demo time: MPLS/VPN with SR -MPLS Core



51 © ipSpace.net 2026   Segment Routing Workshop

Recap: SR -MPLS Labels Are Used as First Labels in VRF Routes

PE1 P1 PE2HA HB

SID: 2 SID: 1 SID: 3



EVPN with SR -MPLS
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EVPN with SR -MPLS Core

vlans :

  tenant:

    mode: bridge

    links: [ ha - pe1, hb - pe2 ]

evpn.vlans : [ tenant ]

links:

-  group: core

  members: [ pe1 - p1, p1 - pe2 ]

PE1 P1 PE2HA HB

topology.yml

bgp.as : 65000

evpn.transport : sr

groups:

  _auto_create : True

  core:

    members: [ p1 ]

    module: [ isis , sr  ]

  edge:

    members: [ pe1, pe2 ]

    module: [ isis , bgp , sr , vlan , evpn  ]

  hosts:

    members: [ ha, hb ]

    device: linux

Download from https:// github.com /ipspace /SR-workshop/tree/main/2 -fun/3 -evpn
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Demo time: EVPN with SR -MPLS core
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Recap: MAC -VRF RIB Uses SR -MPLS Labels

PE1 P1 PE2HA HB

SID: 2 SID: 1 SID: 3



Deployment Scenarios
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Recommended: Ubuntu, KVM, libvirt , Docker

Prerequisite software

ÅPython3

ÅAnsible (to configure the devices)

Devices as virtual machines

ÅKVM

Ålibvirt

ÅVagrant with vagrant-libvirt plugin

Containers (including VM-in-container)

ÅDocker

ÅContainerlab

Linux (Ubuntu)

netlab  CLI

Vagrant / containerlab

Ansible

KVM /

Containers

Linux bridge

libvirt  / Docker

Use standalone server, a local VM, a VM in the cloud, or GitHub Codespaces
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MacOS / Windows / Linux

Use Existing x86 Device: Ubuntu VM

Requirements

ÅYou can run containers with any VM virtualization product

ÅNested virtualization is required to run network device VMs

Virtualization solution with nested virtualization

ÅHyper-V (WSL)

ÅKVM

ÅVirtualBox

ÅVMware Workstation/Fusion

Optional

ÅStart the VM with Vagrant (simplifies the operations)

Alternative

ÅCloud deployment

Vagrant
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More @ https:// netlab.tools /install/ubuntu -vm/


