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Need for automation

. Many different software and hardware platforms, even if they
come from the same vendor

- JunOS

« MX304
— Juniper Trio6

— Junos EVO

*  PTX10001-36MR
— Juniper Express4

e ACX 7100 series
— Broadcom Jericho2

« ACX 7024
— Broadcom Qumran-2U

. Avoid mistakes for repetitive instances

. Use valid(ated) configuration for given platform
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Need for orchestration

. Wide set of services

— Internet access

—  MPLS based
e Virtual networks (VRFs)
— Unicast
—  Multicast
+ Pointto point circuits
— BGP based
— LDP based

+ EVPN
. Demanding users with different needs

. Atomic development and deployment

. Generic solution and tools for future development
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HOW IT WORKS

. Resources and services modeling in Maat

— Describe resources and services
— Avoid data duplication

. Workflows

— Collect user input
— Interact with Maat via REST API
* Read existing data
» Create new object
+ Maodify existing objects
— Control implementation on devices

«  (Changelog

i
Grafana loki
@ Mattermost

/%

& rEYCLOAK
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RESOURCES AND SERVICES MODELING

TMF based resources and services models

+name

+ @type PhysicalResource
+category ModuleCategoryType
+description

+serialNumber

+ resourceCharacteristic (list)
+resourceRelationshp (list)
+ ModuleCategoryType

el

+name
+@type LogicalResource
+category vendor

+description
+resourceCharacteristic  (list)

+resourceRelationshp  (list)

+name
+@type LogicalResource
+category vendor

+description
+resourceCharacteristic ~ (list)

+resourceRelationshp (list)

+name

+@type PhysicalResource
+category  DeviceCategoryType
+ description
+serialNumber

+ resourceCharacteristic (list)
+ resourceRelationshp (list)
+ place

+ DeviceCategoryType

+name

+@type Physical
+category
+description

+resourceRelationshp

+resourceCharacteristic  (list)

+name
Resource +@type
location +category
+description

(list) +resourceRelationshp

+name
+ @type PhysicalResource
Jo-| + category Interface
+description
+ resourceCharacteristic (list)
+resourceRelationshp (list)

+InterfaceResourceType

+name
+ @type LogicalResource
+category Interface

+description
+resourceCharacteristic (list)
+resourceRelationshp (list)
+InterfaceResourceType

LogicalResource

+resourceCharacteristic

identifier

+name +name

+@type LogicalResource
+category identifier
+description

+serviceCharacteristic (list)

+ @type
+ category CustomerCategoryType
+ description
+ resourceCharacteristic (list)
+ serviceRelationship

LogicalResource

(list)

+name

+@type Service
+category SapCategoryType
+description
+serviceCharacteristic (list)
+serviceRelationship (list)

+ resourceRelationship

tmforum

+name
+@type Service
+ category LinkCategoryType
+description
+ serviceCharacteristic (list)
+ serviceRelationship (list)

y

I

+name

+ @type Service
+category ServiceCategoryType
+ description

+serviceCharacteristic (list)
+serviceRelationship (list)

template

+name
+@type Service
+category template

+description

+serviceCharacteristic  (list)

identifier

+name

+@type Service
+category identifier
+description
+serviceCharacteristic (list)
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: o forum
Ethernet point to point circuits (E-LINE)

identifier
+name +name +name
. + @type LogicalResource 3 + @type Service +@type Service
° @type - SerVICe + category customer | +category 12.circuit +category identifier
+ description + description +description
+ resourceCharacteristic (list) +serviceCharacteristic (list) +serviceCharacteristic (list)
° Catego ry + serviceRelationship (list) +serviceRelationship (list)

— |2.circuit
— |2.circuit.sap

. serviceCharacteristic +name +name

+ @type Service + @type Service
+category 12.circuit.sap +category 12.circuit.sap

— Parameters specific to service instance +description +description

+serviceCharacteristic (list) +serviceCharacteristic (list)
+serviceRelationship (list) +serviceRelationship (list)

M refe rences + resourceRelationship + resourceRelationship

—  serviceRelationship
— resourceRelationshp

+name
+@type |InterfaceResourceType

+name
+@type |InterfaceResourceType

. identifier

+category interface +category interface
+description

+resourceCharacteristic (list)

+description
+resourceCharacteristic (list)

— Register for available identifiers (eg. virtual circuit id, vrf target etc)

+resourceRelationshp (list) +resourceRelationshp (list)

+InterfaceResourceType +InterfaceResourceType
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forum

identifier

EVPN

+name +name +name
+ @type LogicalResource +@type Service +@type Service
+ category customer [ +category 12.evpn +category identifier
+ description +description +description

. S . + resourceCharacteristic (list) +serviceCharacteristic (list) +serviceCharacteristic (list)

@type — >ervice + serviceRelationship (list) +serviceRelationship (list)
. category
12.evpn.bd 12.evpn.bd
+name +name
— 2. ev pn + @type Service +@type Service

+category 12.evpn.bd +category 12.evpn.bd

- | 2 . e\/ p n . b d +description | T +description
— |2.eVp N.Sa p + serviceCharacteristic (iist)

+serviceRelationship (list)

+serviceCharacteristic (list)
+serviceRelationship (list)
+ resourceRelationship

+ resourceRelationship

. serviceCharacteristic

—  Parameters specific to service instance

12.evpn.sap 12.evpn.sap 12.evpn.sap 12.evpn.sap

+name +name

+name +name

+@type Service | |+@type Service +@type service | | +@type Service

. references

+@type LogicalResource | +category 12.evpn.sap | |+ category 12.evpn.sap +category 12.evpn.sap | | +category 12.evpn.sap
+category identifier + description +description + description +description

+description

+serviceCharacteristic (list) +serviceCharacteristic (list) +serviceCharacteristic (list) +serviceCharacteristic (list)

+serviceCharacteristic  (list) (ist)

—  serviceRelationship
— resourceRelationshp

+serviceRelationship (list)
+ resourceRelationship

+serviceRelationship (list)
+ resourceRelationship

+serviceRelationship
+ resourceRelationship

+serviceRelationship (list)
+ resourceRelationship

. esi
interface

+name +name +name +name

+@type InterfaceResourceType [ [+@type InterfaceResourceType +@type InterfaceResourceType | |+ @type InterfaceResourceType

—  Ethernet segment identifiers

+category Interface +category Interface +category Interface +category Interface
o +description +description +description +description
/) +resourceCharacteristic (list) +resourceCharacteristic (list) & +resourceCharacteristic (list) +resourceCharacteristic (list)
& \ 8 2z L "'f, +resourceRelationshp (list) [~ + resourceRelationshp (list) +resourceRelationshp (list) +resourceRelationshp (list)

“| * InterfaceResou

rceType - | + InterfaceResourceType +InterfaceResourceType +InterfaceResourceType
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RESOURCES AND SERVICES MODELING

VRF

. @type - Service
. Category

- 3wt
- 3.wrfsap

. serviceCharacteristic

. References

—  serviceRelationship
— resourceRelationshp

. protocol

— signaling protocol enabled for service instance (BGP, OSPF etc)

. identifier

— . Register for available identifiers (eg. Virtual circuit id, vrf target etc)

+name +name

+ @type LogicalResource

+ category customer
+ description
+ resourceCharacteristic (list)

+ senviceRelationship (iist)

+name
+ @type Service
+category protocol
+description

+ serviceCharacteristic (list)

+serviceRelationship (iist)

+name

—  Parameters specific to service instance +@uype

+category 13.vrf.sap

+description

+serviceCharacteristic (list)
+serviceRelationship (list)
+resourceRelationship

+@type
+category
+description

+serviceCharacteristic
+ serviceRelationship

Service
13.vrf

(list)
(list)

+name
+@type Service
+category 13.wrf.sap

+description

+serviceCharacteristic (list)
+serviceRelationship (list)
+resourceRelationship

|

+@type InterfaceResourceType

+name

+category Interface
+description
+resourceCharacteristic (list)
+resourceRelationshp (list)
+InterfaceResourceType

l

+@type InterfaceResourceType

+name

+category Interface
+description
+resourceCharacteristic (list)
+resourceRelationshp (list)
+InterfaceResourceType

forum

identifier

+name
+@type Service
+category identifier
+description

+serviceCharacteristic  (list)
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Maat GUI
ﬂ MOOT Resources Services tomeks ¥

Maat service url:

https://maat.pionier.net.pl/servicelnventoryManagement/v4.0.0/service

. Administrative (technical)

[ Create new Service
purposes only o 2
., . 12.circuit
. Quick browsing of database o e Q= m =
. .circuit.sap
objects s netwarkceore acions Hame — e categry Lostpdatedate | sedcpate
L. > network.core.link ] service._ids izm':e“e'"“ﬁ“h' Service identifier 2025-09-26T06:02:082  2025-02-07T18:07:24Z
+  Manual editing of selected et coresan
O bj eCtS > 12.evpn Rows perpage 10 »  1-10f1
> I2.evpn.bd

. Fix missing entries or
references for manually

12.evpn.sap

12.circuit.local

defined objects or properties >l
on infrastructure

13.vrf.sap

GMaat
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Maat GUI @ ~
MCICIT Resources Services tomeks *

Maat service url:
https://maat.pionier.net.pl/resourcelnventoryManagement/vd.0.0/resource

. Resources and Services tabs (Qmmmm

» wendor Table JSON
> model
. Category pane ) customer CREATE NEW INTERFACE Q search a s m
g + site Actions  Name Description Type Category UsageState StartOperatingDate
i ) & < Filter by Name Filter by Descrip Filter by Type Filter by Catego Filter by Usage Filter by StartO
3 .
° Ta b u |a I | ISt Of @] bJ ects 3 . device.router i aoon Not used PhysicalResource interface idle 2026-02-07T18:07:39Z
TUEED [ ] et-0/0/4 == Bialystok d4 1/8/c1 == PhysicalResource interface busy 2025-02-07T18:07:39Z
_ TeXt searc h > group [ ] e1:0/0/5 Not used PhysicalResource interface idle 2025-02-07T18:07:39Z
F| |te r_l n k > identifier I et-0/0/6 Not used PhysicalResource interface idle 2025-02-07T18:07:39Z
g . ] et0/0/7 Mot used PhysicalResource interface idle 2025-02-07T18:07:39Z
- P ro p e rty d IS p | ay se | e Cto r ] et-0/0/8 ~ Mikolajki d4 1/9/c1 ~  PhysicalResource interface active 2025-02-07T18:07:39Z
[ ] et-0/0/9 Mot used PhysicalResource interface idle 2025-02-07T18:07:40Z
° J S O N O bJ e Ct O\/e r\/| eW 1] et-0/0/10 ~ OLMAN (man) - PhysicalResource interface active 2025-02-07T18:07:402
l et-0/0/11 Not used PhysicalResource interface idle 2025-02-07T18:07:40Z
[ ] e10/0/12 Not used PhysicalResource interface idle 2025-02-07T18:07:40Z

Rows per page 10 » 11001324 > ol
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@ Maat Resores
Maat GUI S e
«  Object attributes overview and editing = -
«  Define new attributes = - -
— Schemavalidation applied by MaatAPI - 2D -
«  Dynamic links to referenced objects =
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Maat GUI

. Automatic creation of new references
between objects

“backward reference” (bref:)
defined in Maat GUI

— Automatic reference (ref:) from
target object created by Maat AP
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RESOURCES AND SERVICES MODELING

Maat GUI

*  JSON format overview and editing

8 Maat Resources

Services tomeks ™
Maat service url:
‘Create new Resource Submit edited object
* vendor Table 150N
* model
M
> customer
category ¢ “inter:
> site description : “-- GEANT CBPLO (aes) --"
) name : "et-8/8/4"
> device router
¥ resourcecharacteristic : [
interface T
name : “speed"
»
aroug value : "1886"
> identifier }

fschemalocation

https:/ /bitbucket.softuare. geant . org/projects /o repas/mast -schema rau/ THFE39-Res entory-ua-pionier. json’
@type : “PhysicalResource
usagestate : "b
~ resourcerelationship
{
relationshipType : "brefidevice.router”

~ resource s {
id

12297446 -cade -238¢ -h6e2-esbatee3e945"

href @ "https://mast.pionier.net.pl:aa3/resourceInventoryHanagement /v .8/ resource 1239744d-cate- 1488 - h6e2-25bA22a32945

name : “ptx-po:
¥
M

relationshipType

~ resource

? serviceRelationship ¢ []

startoperatingbate : "2025-82-87T18:

9:552"
lastupdatenate : "2025-69-30T14:33:517"

href @ "https

/m3at.pionier net.pl:4a3/resourcalnventoryHanagenent (vd. B 6/ resource 30585718 648b- 4432 -9403- 63958b65CTh"

id : "ad5e3710-GdBb-4432- 9403639 SEFLE!
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Maat GUI

. Boost single source of truth development GMaat e | s

Maat service urk:

o 7 0.0/service

— Add (develop) new services and e

> identifier Table JSON

resources not yet supported by

CREATE NEW NETWORK.CORE LINK aQ = m =
workflows )
Aetions  Neme Description Type Category LasilpdsteDate ServiceDate m
> network.core
| aex-bak1_mx-ols-1 Baldy-Olsztyn Service netwerk.core link 2025-04-16T05 46072 2025-02-10T07.53.212 14f7a272-83c0-4ae2-B4e2-c17T74a245df
> metwork.core link
| B mcbislmewert Bislystok Warazawa Service networkcore link DISO4NGTOSAGINZ  DUDS0210T075321Z  3909530-084e-4bi2ba2a.a1 sed 73067
H > network.core.sap _
— Include emergency fixes or changes B e wson s s s s oo
> 12ewpn _
f . d h : h B mebpimton Bydgoszzz Torun service networlczore.link 202504 16T05:46:417 202502 10T07:63:22Z  BSedboBs Aefa 42ab 8622 debB05de1ba
Or services ana resources wnicn are > oo ~ ‘ ‘
B by mpeed Byduoszez-Poznan Servive network sore link M250LIGTIOAGEAZ  20250210T0753292 16040511 G4 Th5adhd-c1947b5 e T
r-] Ot yet S U p p O rted by WO r kﬂ OWS > 1Z.evpn.sap B mcczelmded Grestochows-Lodz Service networkcore.link J0ISCLAGTOSATOTZ  FOFS2I0TOLSIZIZ  TB4F6Zac-79] cEB5-I766w31 5T 5e5d8h
> IZ.circuit.local B mworemwkard CrestochowaKetowice  Service netwerk core.link 22S04IBI0SAIITZ 2025021010755 242  SSETIAE2BGC-41 TeSTaS bISABIEANSS0
v Bt B wgdelptegdel Gdansk local Service netwark core.link 20260416T0648127  20250210TO7:63242 44310108 3a3e delo OFI 5 edledd6oebla
A| | OW Ilato m i CH a UtO m ati O r.] a n d public_ix | ma-gda |_mxols 1 Gdansk Dlsztyn Service network.corelink 202504-16T05:48:237 202502-10T07:53:252 200f3c0a 21 Go-472e 3b73- 113270166000
pionier_man_edu B mgdel metor] Gdansk Torun Service natwatksore.link 20250416T0648.302  20250210T07:63.26Z 610620065872 442b-aked 40ddd55a1 378
orchestration approach > Bt Rows perpage 10+ 10t .

BMaat
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Maat EventListener

Maat events

Event count

1000

3000

2000

0
09/29 14:42

== maat e eviLstnr

09/29 18:08

2025-09-30 16:34:29

2025-09-30 16:33:51

2025-09-30 16:33:39

2025-09-29 18:06:55

2025-09-29 18:06:55

2025-09-29 18:06:54

2025-09-29 18:06:16

2025-09-29 18:06:16

2025-09-29 18:06:15

2025-09-29 18:05:59

2025-09-29 18:05:52

09/29 18:08 09/30 15:08

09/30 15:08

ResourceAttributeValueChangeEvent
ResourceAttributeValueChangeEvent
ResourceAttributeValueChangeEvent
ResourceAttributeValueChangeEvent
ServiceAttributeValueChangeEvent
ServiceAttributeValueChangeEvent
ResourceAttributeValueChangeEvent
ServiceAttributeValueChangeEvent
ServiceAttributeValueChangeEvent
ServiceAttributeValueChangeEvent

ServiceAttributeValueChangeEvent

'

09/30 16:36

CHANGELOG

aeb

et-0/0/4

et-0/0/4

TASK

pionier_man_edu

pionier_man_edu

et-0/0/8
pionier_man_edu_CZESTMAN_bckp
pionier_man_edu_CZESTMAN_bckp
pionier_man_edu_CZESTMAN_bckp

pionier_man_edu_CZESTMAN_bckp

10/01 14:10

100114
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& PIONIER v Channels  Boards ® - o x

Mattermost integration QL) ‘

PIONIER~ % Infotestv S1e B

tomeks 1542
@ 1service GEANT_AP1

maat st 1942
@

GEANT_AP1 Izelrcult

. Interface between Mattermost channel and Maat o

2025032671 258502 2025-03-26T1307:042

database

—  Quick lookup for services, resources and e —

vian_id 10

parameters descripton

. % tomeks 194
© Iservice customer GEANT
- E b t b d ' maat 80T 1942
rroot Dase m L N

Service name Type  Description
GEANT AP 12circuit GEANT AP
GEANT_AP1_IAS I2.ircuit  GEANT AP1 1A5
GEANT_AP2_backup 1zelrcuit  GEANT APZ backup

GEANT AP2 IAS backup  12.circuit  GEANT AP2 IAS backup
@ omeks 0
S interface aes pupoz-1

s on ptx-poz-1 ae6 interface
Name Description Category
GEANT AP1 GEANT 4P1 2.circult
GEANT_AP1_IAS GEANT AP1 145 2.circult
TASK_Oracle-Copernicus  TASK Oracle-Capernicus
SLICES SLICES

SLICES_BELMET_IMEC ICES BELNET IMEC

SLICES_BELNET_IMEC-2

ES BELNET IMEC-2 2.clrcult

SLICES BELMET IMEC-3  SLICES BELNET IMEC3 2.circuit

2,
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Apache Airflow and GEANT LSO

Generalized workflows for use across multiple networks

— PIONIER
- GP4L

«  GEANT LSO

— configuration changes on devices (resources)

- An'sible playbooks o
— Jinja templates

@Task
1 send data to_lso branch lso_output jlumlmmm

W prepare paybook for confiure physcal intcface [ — — Gk e
P J

t_prepare_playbook_for unconfigure physical _interface
@Task

t configure physical interface
sk S
—l t delete_aggregation_interface in_maat
sk

branch task
@TaskBranch =
—L t test if exists aggregation interface t create aggregation interface t prepare playbook for creating aggregate interface
BTask —————— o« —— o«
t failure
t prepare_playbook for deleting aggregate interface — @Task
@hask
Apsehe
Al'ﬂ tg_track and_manage service -drs tg_track_and_manage resource A ranks & find_and_delete_service
Irnow frrpnng o o J i
it complete_customer_order t_atlocate service parameters  t configure tactivate service test service tallocate fesource parameters  1contigure_resource tactivate resource Ltest_resource ‘branch_track_and_manage_output _clase_customer_orger
—a— g — enu — — e e g — o — — ot e omuBnen i P
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WORKFLOWS

Data/information acquisition

. Predefined forms for specific workflows

. Existing data retrived from Maat

— Devices
— Interfaces
— ldentifiers

L2 circuit submit form

L2 circuit name.

test_circuit

L2 circuit deseription

Some demo circult

Customers

WASK
ZIELMAN
FIONIER_IP
PIONIER_DEMO
Device dX
pti-poz-1
Interface iX
366 (active) - -- GEANT AP1 (peer) -

Vian 1D (iX)

50

no-control-word

ignore-encapsulation-mismateh
@ ignore-mtu-mismatch

pieudonwire-status-thy

Community
ommunity text
mtu
mtu number
bandwidth Units
bandwidth E Kbps

Device dY

mx-paz-1
Interface i

863 (active) - -- POZMAN man
Vlan 1D (iY)

46

burst.

Interface creation form

Interface type
sqgregated

Davice
m-poz-1

Interfaces
£40/0/13 - Not used
£0-0/07% - Nt used
001170 - Nt used
20041713 - Not used

Agregate name

& Lack

B active

Type
<ore

e

choasa mtu number (256-16000) or leave empty

Tagged

Encapsulation

Deseription
Some description
Groups
Some groups names

ESls

=

D in form 00,001 1:2233:44:55:00:0202

ES| Description

Description &g, LAN1
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Apache Airflow and GEANT LSO

. Basing on Maat information verify if
service is implementable on given set
of resources

X
PIONIER-create-L2circuit_dag

@ ¢ I &  options v T2 PIONIER-create-L2circuit_dag @D
H
e Schedule Latest Run Next Run
e Update Maat database 2025-09-26, 18:34:56 @)
ooooo 00 | overview Runs Tasks Events Code Details

. Prepare inventory and set of
parameters for LSO

task_group_track_and_mana...
t_complete_customer_order

tg_track_and_manage_service v
tg_track_and_manage_resour...
branch_track_and_manage_output

- 000600000
o0O000000
00060

~

B Last 24 hours

v 2025-10-05, 11:57:59 - 2025-10-06, 11:57:59

. . @ t_activate_service_in_maat i as il uns
«  Collectimplementation resuls | 1 nc e e O reted e O rted

&
=
8

Last 9 Dag Runs

F

E 300

@ 200

&

£ 100

s

g 0 R —

a 06 an 1A

429 441 gAY

20?,3,09,10. Dw_z,)m,m.o ?015709,2&).0-‘

Run After
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WORKFLOWS

Apache Airflow and GEANT LSO

«  Airflow Mattermost integration DAG

LSO input
— LSO callback

Channels o
@ Mattermost
Network v - Notifications v
i AlrFlow sor
L5
AL i -4545-99be-be836482S
@ Natifications PLAY [Main workflow runner playbook] *=er+

TASK (Print the usage)
prisg; tpal]
pping: [ped]

YASK [meta] sssssensassssssessenssasansueras

skipping: [

YASK [Including port role] sssssss - S— SR

skipping: [
pping: [pes]

ok: [pea] w> {
“nsg*: "Running 12circuit role with operationsverify

TASE [L2cireuit

included: /app/gap/ansible/roles/12circuit/ta

TASK [Build 12eircult config] *

3 T m &

- Channels

() Mattermost rreecomon € Q

Network v ¥t Notifications ~

AirFlow 80T 1300
LS50 input

oo

» KANALY

@ Notification

p://19.255.224.129:8099",

“verify”, -
"12.circuit”, -

escription”s "12_cktl test”,
"name”: "lzcktl_test",

Characteristic": {
virtual_circuit_id":

"ser

150"

156.254.253.17,

gory": "12.circuit.sap”,
"4a052300-68¢ e 42530440 - 406FBAIII69"
: "ge-8/8/3",

T

“vendor”: "Juniper”

"ped”: {
“ansible_host": "158.254.253.4",
"model”: "K', <
gory": “12.circuit.sap”,
"5d2b58d3-2866-4994-B8b6 - fcBIRe7ETE7d",
“ge-a/6/3",
150.254.253.

¥
w_runner, yam]"  <————

b
"playbook_name”: “work

playbook command
ansible role

service parameters

SAP referenced
interface

SAP parameters

model name

vendor name

Playbook name

TR P S T
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SUMMARY

Usage statistics

. Maat / SSoT objects

— Resources - 1 400+
* 1300+ interface
e 45 device.router
* 50+ customer
— Services-1374
e ~37012.circuit
« 2I12.evpn
e 213.vrf
e 50+ network.core.links

. Airflow
— 330+ DAG runs
— 1930 task states

Start Date End Date
06.10.2024, 09:40:44 5 07.10.2025, 09:40:44 (2

Dag Run States

B success B failed W queved [ running

on a total of 338

for a period of 366d00:00:00

Dag Run Types

@8 manual @ backfill WM datasetTriggered 412 p

on a total of 338

Task Instance States

Clear Filters

@ success W skipped @ upstreamfailed @ 4 1/5 P

&

on a total of 1930
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Future works

. New workflows development

— EVPN
« vlan-based
« vlan-bundle
« vlan-aware

— Network configuration consistency verification
- VRF
— Ingres bandwidth control on SAPs
«  Maat Ul ready
. Enabling user roles and Maat object access filtering

— Development finished
— Lab testing phase

*  Theuse of LLM for advanced data search functionality and user interaction
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