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IETF 72 (Dublin, 2008/07)
n MPLS-TP (PWE3, L2VPN )
n RFC, I-D ( )
« RFC 5654: MPLS-TP
« RFC 5860: MPLS-TP OAM
e RFC 6371: MPLS-TP OAM
* RFC 7271: MPLS-TP Linear Protection (ITU-T APS )
» draft-bhh-mpls-tp-oam-y1731
ITU-T SG15
n Editor ( MPLS-TP )
G.806, G.8112, G.8121 series, G,8151, G.8013/Y.1731

n MPLS CCAMP, TEAS, PCE, NETMOD, LIME, SDNRG...
n Contribute
o draft-txh-lime-gap-analysis
» draft-lam-lime-summary-10-12-layer-independent
 draft-tissa-lime-yang-oam-model
» draft-lam-teas-usage-info-model-net-topology
» draft-mansfield-netmod-uml-to-yang
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— |ETF SDN

IRTF (SDDRG) RFC

n RFC 7426 - Software-Defined Networking (SDN): Layers and
Architecture Terminology
Reference Layer Model

@ Application Plane ?

I Service Abstraction Layer (SAL)
RestAPls, CORBA, NETCONF, IZRS

Sl2rs ; .
o] Agent " g
B £5
Control Abstraction Layer (CAL) Management Abstraction Layer (MAL)
5
ForCES ForCES
QpenFlow NETCONF

Device Abstraction Layer (DAL) (ForCES Model)
1T - 1 1 |vanc

B

F i A | st ] Model

Forwarding Plane Opemﬂonal TN

http://www.ietf.org/proceedings/88/slides/slides-88-sdnrg-5.pdf

n Info Model/Data Model
. SNMP MIB & Netconf/YANG YANG
e https://www.ietf.org/iesqg/statement/writable-mib-module.html
n SDNRG ( )

e Security, Policy, Scale-out, Resiliency ...
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RTG OPA

(1) - ?
n Security: I2NSF (Bof) (SEC)
n Policy: SUPA (BoF), ANIMA (OPS)

(2) — Data model (YANG)

n WG
e OPS Area: NETMOD, LIME
e RTG Area: RTGWG, TEAS, I2RS
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[I2NSF](Bof)

Interface to Network Security Functions

n (IETF 91) BoF (IETF 92) Bits-n-Bites
SDN/NFV
5,6 ( ) use case, charter
BoF Problem statement, Framework
SDN controller secure Security controller
controller NSF Interface
NSF Flow-based (packet based)

n Open source

n Flow based
WG

n DOTS
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[I2NSF](Bof)

Problem statement

Incident reports
from External
Sources

Aftack Analyzers, Incidents Response
o Actlons Intelligence Intelligence/Feedback

from Network

CIIEI‘ItE;'Ap;JSJ'EtE

f—————————————————-ﬂb————————-———-————\
1 Security

: Controller
i_ (e.g. SDN)

*

ﬁ AL Standard format for Rules, Signatures,
t In[$ ) -
2 . h. '.‘_I .

to dynamlcaily setfmumturfquery the

Feedback from
MSFs/Network

i e e o

e =

f _________

https://www.ietf.org/proceedings/93/slides/slides-93-i2nsf-2.pdf
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[I2NSF](Bof)

draft-merged-i2nsf-framework-02 B s et
N (o] | ient/AppGW ' wﬁmir_:dm
I nET_-.'I'lF.: - i
| Client Facing Interface
Fo— o +
|Service Provider mgmt]| Fom + _ e
| Security Controller | < —-————-——- > | Vendor | e R
Fom + Vendor Facing|] Sys | L
| Interface +--——————————- + ” |
| 8l /
| NSF Facing Interface
|
e +
| |
| |
S + o + o + S +
+ NSF-1+ ——————- + NSF-n+ +NSF-1 + ————- +NSF-m + . . .
o + o + o + o +
Vendor A Vendor B
n Cluster S — .
] Security Controller |
e + i CRgnL
e JI, JI, ____________ i https://www.ietf.org/proceedings/93
| | [slides/slides-93-i2nsf-4.pdf
Vv \
+ - - - - - - - - - - - - - - - + + - - - - — - - - - — - - - - - +
| NSF-A 4o + I | NSF-B +-———o—— + |
| |Sub Controller] 1 1 |sub Controller] |
| e + 1 1 e + |
| +----=-=-=-—=-=---- - +] 1 +--------=-=---- + |
| |+-——-—--—-—- + o +H 1 1 1+ + o +]| |
| 1] NSF=A#1 | ... | NSF-A#n|] | | Il NSF-B#1] ... | NSF-B#m|| |
I + Fomm oo S T T B R + Fommmmmm +
| 1 NSF-A cluster 11 11 NSF-B cluster | 1
| +----=-=-=-—=-=---- - +]1 1 +--------=-=---- + |
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[Supa](BoF)

Simplified Use of Policy Abstractions (SUPA)

n Policy Driven (Based) Service Management: PBSM 2 BoF
n Policy
Charter (Proposed)
n Generic policy information model (GPIM)
* YANG (Data model) Information model
n “event-condition-action” policy rule
policy rule Intent based policy rule
n Information model, Data model
n Charter discussion
n WG
n Use case (example)

Service model, Intent I2RS, ANIMA
n WG Poll (Hum) or (

S
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[Supa](BoF) Use case

VPC (Virtual private cloud)

n VM VPC connection (Overlay
Virtual SP Traffic Enginnering

n DC

VPN

Target:

Configure VPN for an enterprise customer to connect its
enterprise network with VPC

Flexible)

SUPA information Model

ECA Policy:

Event: service management system receive a CE request

SUPA Translation Function

g
SUPA Data Models
I

for VPN creation (forwarded by PE)

2. Request + [ |
Condition: Authentication OK physical info | | m

Action: Configure VPN based on received request,
including user grade and physical info
(port/slot/frame/route id, etc, from which the request is
received)

1. Reques/t/ﬂ

Traditional method: service staff make wire connection
and feedback physical information.

|| 3. VPN Config

7/

https://www.ietf.org/proceedings/93/slides/slides-93-supa-5.pdf
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[Supa](BoF)

Framework
SUPA Framework

o mEm_—_—_—EEmE_—e—e——————— iy
*
f,r SUPA GPIM \ FOLICY REFRESENTATION
1 Defines Fﬂ"c:"' [ECA ar | INSERT NO DATABASE
1 Declarative) 1 L4 ACL = “permit snmp 10.10.0.0/16 any™ I*rule we nesd to apply*/
: for the set of Network Objects : where NO_TYPE = router * set of NO*/
L
1 |
[ 0SS Network W Y [ S SV TS FV .
Objects Database 1 Set S:ft Feeding results Translation System under
represents Filtering NE an & to the 0SS
SP Network Definina Rule of |4 Rule Transiation (Selecting appropriate IETF
g NEs s for vetom YANG DM and building
I ; MNEs ) — ':rms configuration snippets
1 — 1 specific based on selected NEs and
I SUPA Policy | IBTE YANG DM Rules
1 1 Each SP can use own
@@@ 1| Selecting the set of NEs 1 F—— Applying
[ | based on specific policy 1 implementation how to Configuration
@@@ 1 | translate SUPA to NEs
1 Defining rules how to handle | Policies ta
@@@ 1| configuration for selected setof | 1 configuration snippets @@
1| NEs |
1 1
@@@ 1| Feeding selection result and 1 @@
L J 1 rules to internally implemented 1 \_ y,
: EEF% Eramework :
I defines how to bulild requests I
. for selecting NEs and applying rules
I to this NEs based on specific I
\ conditions or without in terms ofa

, specific IETF YANG Data Models -
Sy -

https://www.ietf.org/proceedings/93/slides/slides-93-supa-1.pdf
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[Supa](BoF) GPIM
Data Model

SUPA Generic Policy Info Model

derived fron/ vaed from

SUPA Generic Policy ECA Info SUPA Generic Policy Logic Info
Model Model
derived from / \derfved from
SUPA Policy ECA YANG Data SUPA Policy YANG Logic Data
Model Model
provides policy provides policy
Dc ”é i concepts for ; EI Ain- D é _ concepts for: h '
Specific Specific Specific Specific
YANG Model |"""| YANG Model YANG Model |""°| YANG Model
#1 #] #1 #k

https://www.ietf.org/proceedings/93/slides/slides-93-supa-4.pdf
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[Supa](BoF) GPIM  Data model

Supa Environment

. . Policy concepts, subjects, targets,
SUPA Generic Policy Y P yocts, tare
i and metadata, refined into
Information Model imperative and declarative policies

Could be ANY data model, but
SUPA is focused on YANG right now

Data Models

D e et L it | -~
rd s \
/ Local SUPA ! \
Execution smmmm——- e - - - Technology-and Vendor-

s 1 . e
Environment , Policy Engine \ Specific Data Models

- " olieyinterace
(locally defined forms,
scripts, apps,...)

< Operator

Done by other
IETF WGs

Var: : NBIe SUPA f Local Devices and
arious S, ocuses .. . N
on NETCONE/RESTCONF Specific Translation » Management
\ \ Functions , Systems |
\ > 4 ’
~ N . e o e e d 7
b - -
___________________________ Various SBIs; SUPA focuses [ — ~ ~ ~ ~
SUPA GPIM - Strassner on NETCONF/RESTCONF | glide 6

https://www.ietf.org/proceedings/93/slides/slides-93-supa-4.pdf
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[ANIMA] WG

Autonomic Networking Integrated Model and Approach

n SDN WG( SDN )
* RFC 7575: Autonomic Networking: Definitions and Design Goals WG
n Generic Signaling (Discovery Negotiation) “"GRASP”
n Discovery, Negotiation Reference Model & Control Plane
* Reference Model (draft-behringer-anima-reference-model) ACP
(Autonomic Control Plane) API, Agent ( )

« ACP(draft-behringer-anima-autonomic-control-plane) Self-managing overlay
(Self-creating/managing/healing/optimiding/protecting)

LY r

Intent Feedback loops r 1___I 1 r 1
Autonomic Function B l I Registrar
ASA ASHA AZA
1 P | 5 ] L
Autonomic User ASas l l Autonomic Function A l
Agent deployed as ASA ASA ASA ASA ASA
needed S T R R S — S—— (I S—— -
vetwork. | I Conceplual AP ="
Self-Knowledge I Autonamic Knowledge Ef:.:.',ﬁ; Autonomic Networking Infrastructure: i
Service Agents (Discovery) must support GDMF, Bootstrap, ACP, Naming, addressing, Discovery
L i mban. r Mlarsade. ! Prmmasin I i '?‘

Basic APl Examples: (Treat ACP as a "network™)
- “Which address belongs to node x¥" ("amp”)
- “Send packet to node x”

Sagonomes
Autonomic Contral Plane Intaractions

Standard Operating System Functions - - -

Metwork with autonomic functions
Bl [rer

https.//www.ietf.org/proceedings/93/slides/slides-93-anima-4.pdf é—“—)

https://www.ietf.org/proceedings/93/slides/slides-93-anima-5.pdf “'E G’%
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[ANIMA]

Intent (An abstract, high level policy used to operate the network [RFC 7575])

n draft-du-anima-an-intent
draft-liu-anima-intent-distribution
n Intent Uniform format GRASP SUPA

Using Autonomic Control Plane for Stable Connectivity of Network OAM
n draft-eckert-anima-stable-connectivity
n AMIMA (CP) OAM

. Scope NoC
NOC (network operation P o o Rt
controller) Regsvar  Aulhoriy e rorr
.-
n OAM DP
DP Communication l: l: j
*NOC < DAMIMGMT
(ITU T G7712 Lising DP to modify DP can be self-dastructive
DCN ) Workijng around thal can make provisioning

complex
Day O/1: Use ACP to build DP
n IPv6 source routing ? Day N: Use ACP to change DP autonomic

Dual-path:
ACP refiable, secure, polentially slow
D fast, msecure, Funreliable?
How to monitor DP 7 Inband (DP), out-of-band..

¢ Inband or out-of-band?

OAMMgmL plane

RSN MotcanliY ANG

NpimpATacerie
CLEDIMPR MPLS-0AM

https://www.ietf.org/proceedings/93/slides/slides-93-anima-10.pdf

15 IETF 93 (2015/8/27)


https://www.ietf.org/proceedings/93/slides/slides-93-anima-10.pdf

(2)

— DATA MODEL (YANG)




Information Model/Data Model

Information model (IM) Data model (DM)

RFC 3444 “On the Difference between Information Models and Data Models”
n IM — Conceptual/Abstract model
» specify relationships between objects

 model managed objects at a conceptual level, independent of any specific
Implementations or protocols used to transport the data.

n DM — Concrete/Detailed model

» define managed objects at a lower level of abstraction. They include implementation-

and protocol-specific details, e.g. rules that explain how to map managed objects
onto lower-level protocol constructs.

DM IETF YANG IEEE, MEF YANG model
IM
no 1M WG: I2RS (RIB info model ) M
Application:
n M SDO: ITU-T, ONF, TMF, MEF... {} Prune and refactor
n IM View
. Interaction:
 draft-lam-teas-usage-info-model-net-topology {} Form relevant structures
e draft-betts-netmod-framework-data-schema-uml DM
 draft-mansfield-netmod-uml-to-yang {} Encode
Interface
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[NETMOD] YANG

YANG (RFC 6020)

n Data modeling language

+ RFC6087
n NETCONF

NETCONF XML

n YANG

» Leaf Nodes

» Leaf-List Nodes

e Container Nodes

(Data modeling

API

)

» List Nodes
1 list Leaf Configuration data
State Data
n Tree (RFC 6087bis)
+-=-Yw top-level-config-container
| rw conlig-list™ [key-name]
| p==1TwW kKey-nams etring
| +-=-rw opbtiocnal-parm? string
| +=--rw mandatory-parm identityref
| p==10 read-anly-leaf etring
+=-=-ro top-level -nonconfig-container
+--r0 nonconblig-list* [name])
+==¥d name string
+=-=ro Lype string

n pyang
» code.google.com/p/pyang

module acme-system o
namespace
"http://acme.example.com/system";
prefix "acme";
organization "ACME Inc.";
contact "joe@acme.example.com";
description
"The ACME system.";
revision 2007-11-05 {
description "Initial revision.";
}
container system {
leaf host-name o
type string;

}
leaf-list domain-search {
type string;
}
list interface {
key "name";
leaf name {
type string;
}
leaf type {
type enumeration {
enum ethernet;
enum atm;
T
}
leaf mtu {
type int32;
}
must ‘‘ifType != ’ethermet’ or ‘‘+
““(ifType = ’ethernet’ and ‘‘ +
“imtu = 1500)¢¢ {
}
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[NETMOD] YANG

N YANG RFCs

Q

Q 8 8 8 8 8 8 8 8 W

RFC 6020 (YANG)

RFC 602126991 (YANG types)
RFC 6087 (YANG usage)

RFC 6110 (Mapping YANG to DSDL)
RFC 6244 (Netmod/YANG )
RFC 6643 (SMIv2 to YANG)

RFC 7223 (YANG for Interface )
RFC 7224 (YANG IF type (IANA))
RFC 7277 (YANG IP )

RFC 7317 (YANG )
RFC 7407 (YANG SNMP )

(YANG

YANG 1.1 - draft-ietf-netmod-rfc6020bis

Guideline
rfc6087bis

YANG to JSON - draft-ietf-netmod-yang-
json

- draft-ietf-netmod-

(YANG )

Network Access Control List Model
@ draft-bogdanovic-netmod-acl-model

SYSLOG YANG model
@ draft-asechoud-netmod-diffserv-model

Core Routing Data model
@ draft-ietf-netmod-routing-cfg

Diffserv
@ draft-asechoud-netmod-diffserv-model

Peer Mount (controller — device
YANG interconnect)
@ draft-voit-netmod-peer-mount-

requirements, draft-clemm-netmod-
mount

YANG model classification

@ draft-bogdanovic-netmod-yang-model-
classification-01

Operational State Data,
Operational Structure and Organization

@ draft-openconfig-netmod-{opstate, model-
structure}

2  UMLaYANG

@ draft-mansfield-netmod-uml-to-yang
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YANG In RTG Area

YANG (RFC 6020) Data model IETF RTG
WG YANG
RTG Area Wiki, ML

n http://trac.tools.ietf.org/area/rtg/trac/wiki/RtgYangCoord
n rtg-yang-coord@ietf.org

RTG ( )

n Core Routing (Generic)
o draft-ietf-netmod-routing-cfg (NETMOD and RTGWG)
OSPF, ISIS, BGP Specific WG
n Topology

» draft-liu-yang-abstract-te-topo (TEAS) or draft-clemme-i2rs-yang-network-topo (I12RS)
I2RS L1, L2, L3 topo

n OAM
» draft-tissa-lime-yang-oam-model (LIME (OPSArea))
MPLS, BFD WG Overlap
NVOS3, SFC(, TRILL) YANG

n VPN
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RTG area YANG

RTGWG

draft-li-rtgwg-tunnel-policy-yang
draft-acee-rtg-yang-key-chain
draft-chen-rtgwg-key-table-yang
draft-wu-rtgwg-flowspec-cfg
draft-liu-rtgwg-yang-vrrp
draft-liu-rtgwg-yang-rip
draft-chen-rtgwg-qos-yang

BESS & PALS (L2VPN), L3SM (OPS),

draft-zhuang-pals-l12vpn-yang
draft-tsingh-bess-pbb-evpn-yang-cfg
draft-I3vpn-service-yang
draft-zhuang-bess-I3vpn-yang (

SFC, LISP, NVO3

draft-penno-sfc-yang
draft-ermagan-lisp-yang
draft-zhang-nvo3-yang-active-active-
cfg

draft-zhang-nvo3-yang-cfg

ISIS, OSPF, IDR (BGP)
draft-ietf-isis-yang-isis-cfg
draft-ietf-ospf-yang
draft-shaikh-idr-bgp-model &
draft-zhdankin-idr-bgp-cfg
draft-wu-idr-flowspec-yang-cfg

BFD
draft-zheng-bfd-yang

SPRING
draft-hu-spring-yang
draft-litkowski-spring-sr-yang

CCAMP, PCE
draft-dharini-netmod-g-698-2-yang-02
draft-pkd-pce-pcep-yang
draft-lee-ccamp-wson-yang

TRILL
draft-ietf-trill-yang
draft-ietf-trill-yang-pm

BIER
draft-chh-bier-bier-yang

MPLS, TEAS, I2ZRS
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RTGWG YANG

RTGWG (Routing Area WG) Routing WG
IPFRR (Fast Reroute)

draft-shaikh-rtgwg-policy-model
n openconfig ( SP ) Routing policy

routing
oS I:l proto e afic modek
/ routing
po= - policy
roubing =
: instancas : apphy -
palicy
atlaches policy o |,
Uing cortexts,, #
OSFF 1545 | ®#e | BGF -
/ :
Defines protocol Frovides commaon policy Augm ants generic policy to
configuration and fram ework and genaric allow proto ool specfic
state parameters conditions/actions conditions and actions https://www.ietf.org/proceedings/
(bgp.yvang) (routing=policy vang) (bgppolicyyvang) 93/slides/slides-93-rtgwg-0.pdf

draft-rtgyangdt-rtgwg-device-model
n Design Team YANG

» draft-openconfig-netmod-{model-structure, opstate}
. VPN Networking YANG
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RTGWG YANG

draft-rtgyangdt-rtgwg-device-model
n Device (Physical or VM) Root Interface (RFC 7223)

+--rw device
+--rw info
| +--rw device-type? enumeration
+--rw hardware
+--rw Interfaces
| +--rw interface* [name]

+--rw gos
+--rw logical-network-elements

» Logical-network-elements ( ) networking instance (VRF/VSI )
networking instance OAM, Control plane, policy

+--rw device
+--rw logical-network-elements
+--rw logical-network-element* [network-element-id]
+--rw network-element-id uint8
+--rw network-element-name? string
+--rw default-networking-instance-name? string
+--rw system-management
| ---
+--rw i1etf-acl
+--rw 1etf-key-chain
+--rw networking-instances
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RTGWG YANG

draft-rtgyangdt-rtgwg-device-model ( )

n Device-view logical-network-element view
= true logical-network-element  full device view

device-view=true device-view=false
+--rw device +--rw device
+--rw info +--rw info
+--rw hardware +--TwW hardware
+--rw interfaces +--rw interfaces

| +--rw interface* [name]

——rw i * 7 :
| +--rw interface* [name] _ I +--rw name string
+--rw name string | +--rw bind-network-element-id?  uint8

+--rw bind-network-element-id? uints I |

| ... +--TW os
+--rw interface* [name] ,T——rw logical-network-elements

I
I
I
I
[ +--rw name string +--rw logical-network-element* [network-element-id]
I
I
I
I
I

+--rw bind-network-element-id? uints | +--rw network-element-id uints

I | +--rw default-networking-instance-name? string
I +--rw system-m
+--rw interface* [name] I v

_ eI ¢e -viewsfalse
+--rw name strlng

+- -
+--rw bind-network-element-id? uints

+--rw qos

. | - _ )
v %ev;ggrw networking-instances

oW l"fg-—r'n' “etworki“g-instﬁ"ce* [netuorking-instance-name]
2\ :'_ W ha:dw?¥§—rw networking-instance-name string
+--rw 1ogica%-network-elements ) | ?_i: EEtZE?Eéé* [name]
+--rw logical-network-element* [network-element-id] I +--rw name string
| +--rw network-element-id uints | +--rw bind-network-element-id? uint8
| +--rw default-networking-instance-name? string ‘““‘ﬂhamﬂhhﬁm | | ...
| +--rw system-management S rw qos
L1 4--rw device-view? honlean +--rw _logical-network-elements

https://www.ietf.org/proceedings/93/slides/slides-93-rtgwg-3.pdf
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[TEAS] WG
TEAS: Traffic Engineering Architecture and Signaling

n 2014 12 ( CCAMP )
n WG CCAMP
 TEAS
TE Architecture

Generic protocol work for TE
Oversight and coordination of TE protocol work
« CCAMP
Protocols for non-packet data planes
LMP
e MPLS
Protocols for MPLS-TE (including MPLS-TP)
All other MPLS work as normal
 PCE
Coordination with TEAS on TE architecture involving PCE
All PCE work as currently
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[I2RS] WG

Interface to The Internet Routing System

N . Application Routing (routing system) (Configuration
or management interfaces) Application Routing
. NETCONF (pubsub )
n RIB
[ Applicatior% [ Application ]
Server [ Application
[ 12RSClient | I2RS Client  |]  IRS Protocol &
Data Encoding
Router l_\\rl

OAM, Events
and I2RS Agent

Measurement
‘ \f Routing and
Signaling
Hl Policy DB ::>[ RIBs and RIB Manager ]C:k Protocols

Data Plane [ FIB ]

Topology DB

www.olddog.co.uk/lIR-SDN-Farrel.ppt (IRS  12RS )



http://www.olddog.co.uk/IIR-SDN-Farrel.ppt

TEAS YANG

*
I-D (* MPLS ) MPLS D
draft-ietf-teas-yang-te-topo draft-chen-mpls-ldp-yang-cfg
draft-saad-teas-yang-te draft-chen-mpls-te-yang-cfg

draft-gandhi-mpls-te-yang-model

draft-saad-teas-yang-rsvp* draft-zhang-mpls-tp-yang-oam

draft-openconfig-mpls-consolidated-model*
draft-zhang-mpls-Ispdb-yang*
M draft-lam-teas-usage-info-model-net-topology

MPLS, RSVP(-TE)
n http://mww.isoc.jp/wiki.cgi?action=ATTACHA&file=isocjp%5Fietf92%5Frtqg%2Epdf&page=IETF92Update

( )
n Topology WG (I2RS)

« draft-ietf-i2rs-yang-network-topo Topology
draft-clemm-i2rs-yang-13-topo
draft-ietf-i2rs-12-network-topology
draft-hares-i2rs-info-model-service-topo, draft-wang-i2rs-yang-service-topo-dm
draft-zhang-i2rs-11-topo-yang-model-01

n IM DM

S 3 3 3 3 3
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TEAS Topology YANG

module: ietf-te-topology

draft-ietf-teas-yang-te-topo +--rw te-topologies

L. +--rw topology* [te—topo!ogy—id
N TEChnOIOgy Ag0n|st|c TE | +--rw node* [te-node-id]
Topology YANG

| +--rw te-node-id te-node-id
| +--rw te-node-template? leafref

| +--rw te-node-attributes

| +--rw schedules* [schedule-id]

+--rw underlay-topology? leafref {te-
N TOpOIOQy topology rarchy}?
. +--rw te-link* [te-link-id]
Root Node , TE-link, | +——rw te-link-id te-link-id

matrIX +--rw connectivity-matrix* [id]
| +--rw id uint32

| +--rw from-link

———————— —— () ————————

|
|
|
|
|
11

gy-hie

11

(|

[
11

11

1

1

11

1

11

n .....
( TE | +--rw to-link
Topology as a Service ] Foorw ted
) | +--rw node-template* [name]
|
|l | +--rw te-node-attributes
Overlaylunderlay I 1 +--rw underlay-topology? leafref {te-
topology-hierarchy}?
i +--rw link-template* [name]
N +--ro te-topologies-state
configuration data operational +-—ro topology* [te-topology-id]
+--ro node* [te-node-id]
State data | +--ro te-node-attributes
| | +--ro underlay-topology? leafref {te-

topology-hierarchy}?

+--ro link* [source-te-node-id source-te-link-id
dest-te-node-id dest-te-link-id]
| +--ro is-abstract? boolean
| +--ro underlay! {te-topology-hierarchy}?
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I2RS Topology YANG

Topology IM/DM
 draft-medved-i2rs-topology-im (Expired)
o draft-ietf-i2rs-yang-network-topo

modulle: network-topology
+--rw network-topology
+--rw topology [topology-id]
+--rw topology-id topology-id
Topology +--ro server-provided? boolean
+--rw topology-types
+--rw underlay-topology [topology-ref]

| +--rw topology-ref topology-ref
+--rw node [node-id]

| +--rw node-id node-id
| +--rw supporting-node [node-ref]
|l | +--rw node-ref node-ref
| +--rw termination-point [tp-id]
| +--rw tp-id tp-id
| +--ro tp-ref*  tp-ref
Termiﬂﬂtion +—-rw link [I ink—id]
Point +--rw link-id link-id
+--rw source
https://www.ietf.org/proceedings/93/slides/slides-93-i2rs-1.pdf I +--rw source-node node-ref
| +--rw source-tp? tp-ref
+--rw destination
| +--rw dest-node node-ref
| +--rw dest-tp? tp-ref
+--rw supporting-link [link-ref]
+—-rw link-ref link-ref
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Topology YANG: TEAS and I2RS

I2RS
 draft-ietf-i2rs-yang-network-topo
e draft-clemm-i2rs-yang-I3-topo

o draft-ietf-i2rs-12-network-topology 12RS Abstract Network
. . . Madel
» draft-hares-i2rs-info-model-service-topo
» draft-wang-i2rs-yang-service-topo-dm
e draft-zhang-i2rs-l11-topo-yang-model-01
TEAS (draft-ietf-teas-yang-te-topo)

I2RS (7/20 20:00-)
https://www.ietf.org/proceedings/93/slides/slides-93-i2rs-1.pdf ( )

n I2RS  Service Topology TEAS TE Topology
n TE Topology model I2RS Topology model augment ( I2RS )
n L1(/LO) Topology (I12RS) TE Topology Model  augment

« a CCAMP
n L2, L3 Topologies TE Topology Model augment

. L2

Router (L3) (LO-L2) topology
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[LIME] WG

Layer Independent OAM Management in the Multi-Layer Environment
n 91 ( ) OPS Area WG
OAM (IP, MPLS(-TP), Ethernet, TRILL...) generic (layer independent)
Data model (YANG) OAM (IM )

n OAM (Operations, Administration, and Maintenance) IP BFD LSP
ping, ippm : ( )

draft-tissa-lime-yang-oam-model
draft-wang-lime-yang-pm
draft-wang-lime-rpc-yang-oam-management
draft-zhuang-lime-yang-oam-model-applicability
draft-txh-lime-gap-analysis
draft-lam-lime-summary-10-12-layer-independent

5 53 3 S5 35 S

n Layer independent LO-L2 L3 independent
n M DM LO-L2 L3 (draft-lam)
n WG OAM Framework YANG (NVO3, SFC, TRILL, MPLS)

n YANG Ethernet (IEEE, MEF)
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[LIME] Problem statement (@IETF91)

n draft-edprop-opsawg-multi-layer-oam-ps (Problem statement), Expired

n Lacking common architectural OAM management
Layer independent
Multiple Layers, Multiple Technologies, One Manager

Manager
(OSS/NMS)
[omm ] [om]  [oam] [oam ] [oam ]
Customer Access Core Data Center
Wirtual
Host Host
MEF E-LMI [P OAM . NVO3 QAM
& @@ @IND @ -

BFD

[ ] - [
- - & -

—] for My | viam J[ WILAN
[ B o http://www.ietf.org/proceedings/91/
- R ] slides/slides-91-lime-4.pdf
n Ethernet OAM Layering
° M EG(M D) ’ M EL(MA) , M EP’ M I P - equiplmem , lE)riv;ges ; . . lE)ridges , . equipgment
[[EEE802.1 or ITU-T G.8013/Y.1731] u H EE ER B
r Cala T g_"
< *
ETH IPa Pala IPb

Oala Ob2a Choblg v
) ETHor
(G.8013 Appendix Il 11.1) SRV oy Fs
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[LIME] Generic OAM YANG

rpcs:

N draft-tissa-lime-yang-oam-model +---x_continuity-check
] | +--ro input
N Overview -
| +--ro output
N letf-gen-oam module : :
rpc (Remote Procedure Call) +---x continuity-verification
(MEP augment) | +--ro input
N Notification | +--ro output
+---Xx path-discovery
module: ietf-gen-oam | +--ro input
+--rw domains - - -
+--rw domain* [technology MD-name-string] | +--ro output
+--rw technology identityref - -
+--rw MD-name-string MD-name-string
+--rw MD-name-format? identityref
+--rw (MD-name)?
| +--:(MD-name-null)
| +--rw MD-name-null? empty
+—-rw md-level? MD-level notifications:-
+--rw MAs

+---n defect-condition-notification
+--ro technology
+--ro MD-name-string
+--ro MA-name-string?
+--ro mep-name?
+--ro defect-type?

- - L ) +--ro generating-mepid
| +--rw priority? uints -

| +--rw session* [session-cookie]

+--rw MA* [MA-name-string]

+--rw MEP* [mep-name]
| +--rw mep-name MEP-name
| +--rw (MEP-ID)?

+--ro (error)?
+--:(error-null)
| +--ro error-null?
+--:(error-code)
+--ro error-code?
+--ro error-code?

+--rw MIP* [interface]
| +--rw interface if:interface-ref
+--rw related-oam-layer* [offset]
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[TEAS], [NETMOD] IM

( ) Data Model Information model
draft-lam-teas-usage-info-model-net-topology
n ITU-T and/or ONF (Open Networking Foundation ) Core information model  I-D

e ITU-T G.7711 “Generic protocol-neutral information model for transport resources”
* ONF TR-512 “Core information model”

I | MebwoekElement

Melreludeslips
¥ . By Rk P (2
2.1 iskParameter Pac
MelncompassesFds ) [[=] I:L
quhflL!uvlﬁ_‘.IEmumpﬂwrslemlrdl TransferCost Poc
L L (]
bessL .7
Fa e N l B ll- TransferTiming_ Poc
ForwardingDomain -°|1|_
1 Travferiadegrity. Poc
L ; B f0.1)) ity
FdErcompasseslinks
[0.1] TransferCapacity fac
LinkHasagsesinted Py
"l . . Topaleguealbntay | 0.1, Validation Pac
X I . pa— Ll X L L
Logical TerminationFaint "C:frkgndhrm'm LtFT.] LinkEnd ‘él_r.l;cm“nkmd:il' Link -—”u tayerProfacl Tronstion Foc
) f
i w rl
LeplneluleslayerProtocols LinkAggregateslink
| S -
LayeiPratacal
n ONF Topology IM  Topology YAMG (draft-liu-teas-yang-te-topo-00)
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[TEAS], [NETMOD] IM

draft-mansfield-netmod-umi-to-yang
n Guidelines for Translation of UML Information Model to YANG Data Model
n ONF IM(UML)aDM(YANG) I-D
(Informational RFC )

list Classl {
key classlld;
description "This object class models the...";
leaf classlid {
type string;

«onfClass» }
E Classt leaf attributel {

& «onfAttribute» + classlld: String [1] {readOnly, unique} type string;
=) «onfAttribute» + attributel: String [1] config false;

=) «onfAttribute» {valueRange=1-100} + attribute2: Integer [2..6] }
&) «onfAttribute» {isinvariant=false} + attribute3: Boolean [1] = true {readOnly, unique} leaf-list attribute2 {
[©) «onfAttribute» + attributed: Enumerationl [1] = LITERAL_2 {readOnly, unique} type int3 {
range "1..100";
}
/ min-elements 2;
. max-elements 6;
\ }
AN leaf attribute3 {
This object class models the ... type boolean;

default true;

«Enumeration»
config false;

[€)] Enumerationl )
= LITERAL 1 leaf attribute4 {

= LITERAL_2 type enumeration {
=) LITERAL 3 \ enum LITERAL_1;
enum LITERAL_2;
enum LITERAL_3;

}

default LITERAL_2;
config false;
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IETF 93 RTG OPS

(1) - ?
n Security: I2NSF (Bof) (SEC)
n Policy: SUPA (BoF), ANIMA (OPS)

(2) — Data model (YANG)

n WG
e OPS Area: NETMOD, LIME
e RTG Area: RTGWG, TEAS, I2RS
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