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m RFC 7426 - Software-Defined Networking (SDN): Layers and
Architecture Terminology

Reference Layer Model
w Apsisn Fe ?
| Sarvice Abstracnon Layer (SAL) |
RestAPls, CORBA, NETCONF, QRS

am (@ g

Control Abaraction Lager {CAL) Managomars Adeyscton Liyer PUAL)
ForCES ForCES
OpenFiow NEYCONF

0

Forwardng Plane I o o
.\ ~ACTY e~
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S ——

B ZOHRT, RrvkT—4#fH1EL Tinfo Model/Data Model D EZEMNEE(Z
« FE[Z.SNMP MIB = Netconf/YANG L TrDEIE D=8 YANG £YI(Z
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F 0y NETCONF WG

Network Configuration (NETwork CONFiguration) WG:

» i charter BEFTAHY . M FE T, NETCONF protocol (RFC6241)IZB74E AT
HD . ELTULV =AY, YANG data modellZ&E DWW =FOr )L DORFEEEEIIXL

THRIHTIWGLEE

NETCONF protocol (RFC6241)& YANG (RFC7950) [ZDUNT

FubI—2
TERS FURD—O%E
{NETCONF Client) (NETCONF Server)

Transport @ # 3L (SSH/TLSEE)

Capability 321 (Hello)

)
v

<rpc>

v

-
-

<rpc-reply>
(<edit-config>, <get-config>7£ & M
TaraLBEIZTT—28BE)

YANGT—4Fa— )L (#1)
module example-system |
yvang-version 1.1;

- ne spa anpl ystem
P ix “aya®*:
jani xarg I
a

key "name®;
leat name |

type string;
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NETCONF WG

B D B TR
RFCIE SN =X E (2016 F LUE)
RFC7895: YANG Module Library
« ietf-yang-library % (Server(NE)T{E )
RFC8040: RESTCONF Protocol
« RESTCONFI&. Web application[Zi#E A TE 5 LOHTTPZR—XIZNETCONF
3R (<get-config>ht. <edit-config>h' {DELETE, PATCH ,POST, PUT}
(25t hE)
RFC8071: NETCONF Call Home and RESTCONF Call Home
« Server(NE){l/h5Secure connection (SSH/TLS)Z % E 3 4 FIEHE
RFC8072: YANG Patch Media Type
« NETCONF/YANGIZH[+4HPatch method (DL T, RESTCONF (24 % it
RFC7803: Changing the Registration Policy for the NETCONF
Capability URNs Registry
« RFC6241528MDNETCONF Capability URNs Policy/Zx{L Tregistration
policy z #ZfI(E %), BCP




NETCONF WG E7GrEYI X

Zerotouch provisioning

m RFC8071 (Netconf Call home) I A

= draft-ietf-netconf-zerotouch-13 (£ X) e e | |
NETCONF/RESTCONF Client/Server ETILE %
(Keystore, SSH/TLS)

= draft-ietf-netconf-keystore-01 i _:_,;:f:,;.,.;:.fmy_:,'._5:_,;;:_,‘;1 ]
draft-ietf-netconf-ssh-client-server-02 e | |
draft-ietf-netconf-tls-client-server-02
draft-ietf-netconf-netconf-client-server-02
draft-ietf-netconf-restconf-client-server-02

Push&!##REDNETCONF

= |2RS WGTH1%5t, Routing system®
pushfE{EZ XTI 51O DEXRRFC7923

Subscriber Receiver

(Requirements for Subscription to YANG Subscription
Datastores)&L THAT Request | | fesponse Updaes
= [EIBFIZEEF DNotification RFC5277~DRELL

Publisher Datas e

SHEFELTHL

8 IETF 983k &= (2017/5/12)




NETCONF WG

YANG push IZE9 BK5Tk

draft-ietf-netconf-yang-push
Subscribing to YANG datastore push updates
draft-voit-netmod-yang-notifications2
YANG 1.1 &2 D 7.16E Notification|ZED<E#
Transport agnostic header objectsi EF E &

draft-ietf-netconf-subscribed-notifications
Subscribing to Event Notifications. 5277bis &%
RFC5277% & #i(obsolete)d 5 Z &l

draft-ietf-netconf-netconf-event-notifications
NETCONF Support for Event Notifications
Event Notification ZNETCONFZOraLTESEIR T LM ELE
draft-ietf-netconf-restconf-notif
RESTCONF & HTTP Transport for Event Notifications




NETCONF WG

YANG push BE:&ERS7kMDscope

(FoEL i RE

https://www.ietf.org/proceedings/98/slides/
slides-98-netconf-netconf-notification-drafts-00.pdf

Subscribed Notifications
* Dynamic & Configured subscriptions
* Multiple subscriptions / transport
* Multiple configured receivers
* Establish, modify, delete, kill RPC
« State change notifications
* Suspend/resume
* Filtering full notifications

draft-ietf-netcond-yang-push
draft-icti-netconf-subscribed-notifications

Legend

draft-voit-netmod-yang-notifications?

[Serar Tl e L o= gt T NS e N

draft-ir alqs “Went-netcont
[ 5= SRR P00, NS Ry St - P

« Stream discovery

* Replay (and start time negotiation)
* Prioritization

* Monitoring / reporting

- QOS

* Error responses

YANG Datastore Push

* Datastore and periodic triggers * Tagging of partial updates

* Filtering objects n a notification * Tagging of on-change object su

* Authorization model per object Neao!hﬁmofﬂlteuondpeﬂodlewm
. SendmoffulVANGtteesorm-patd\ * More error responses

mmmmm

RESTCONF & HTTP2 Transport for Subscribed Notifications
* Transport mappings (including HTTP2 QoS)
* Heartbeats and clean-up

10
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NETCONF WG

-~ O — § k3 ) '7
© YANG push BH:EFS 7k MDscope(Et &k i BE TS ——
Legend mmwm
—— ; —
https://www.ietf.org/proceedings/98/slides/ — — —— - :
slides-98-netconf-netconf-notification-drafts-00.pdf draft-ietf-netcont-event-restconf

Application

i L’;
HTTPZ  HTTPLL

"~ a9 Restconf

Thoft BCBOR E GPB r.‘u .!u.

> LI VL ':;|
 Admission Control
OAM Negotiation _
 Bundiing
LIEAM INSCOVED

R TNETYWY T VUGN W ey N e ey
Filtering - Access Control  On-Change  Periodic

" P T e e
-

< : Running | Startup Candidate Intended
% custom | “Config | Config  Config | Config

Publisher
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NETCONF WG

YANG push gk (#t%) - draft-ietf-netconf-yang-push-06 H\i5

module: ietf-subscribed-notifications
+--rw filters
+--rw _subscription-config {configured-subscriptions}?

+--ro subscriptions Subscription(push)
R DID E57E

+--rw subscription-config {configured-subscriptions}?
| +--rw subscription* [identifier]

| +--rw identifier subscription-id XML or JSON
| +--rw encoding? encoding

| +--rw (target)

| | +--:(event-stream) BRATA

| | | +-—-rw stream stream FiIteriEE(?EE)
| | +--: (yp:datastore)

| | +--rw yp:datastore datastore

| +--rw (applied-filter)

| | +-—: (by-reference)

| | |  +--rw filter-ref filter-ref

| |  +--:(locally-configured)

| | +--rw filter-type filter-type

| | +--rw filter

| +--rw stop-time? yvang:date-and-time

| +--rw receivers .

| | +--rw receiver* [address port] Tlmeframe

| | +--rw address inet:host

| | +--rw port inet:port-number e

| | +-—-rw protocol? transport-protocol SUbSCI"IptIOHi‘T%
| +--rw (notification-origin)? (Interface *E’E%)
| |  +--:(interface-originated)

| | | +--rw source-interface? if:interface-ref

| | +--:(address-originated) . .

| | +--rw source-vrf? string PeﬂOdIC Ol'

| | +--rw source-address inet:ip-address-no-zone on-demand

| +--rw (yp:update-trigger)?

| | +--: (yp:periodic)

| |  +--:(yp:on-change) {on-change}?

12 IETF 983k &= (2017/5/12)



NETCONF WG

Event Notification(5277bis) vs YANG push
w RFC5277 WoDEF

n BEIXLITIZEESH SN TLVASEY ., Configured support, Negotiation D F . RPC AL
DB TE, subscription-idDFEAIZ#S

Event Notifications YANG Datastore
5277 Mode Enhanced Push

- Types of Subscription Dynamic Dynamic and Configured
2 Subscriptions per Session | one many |
g Negotiation No Yes
2 RPCs ' create establish, modify, delete
p
A T v started, suspended, resumed,
Control Plane Notifications None terminated, modified
Data Plane Notifications . notification +subscription-id s'r::r;:\a-:p:-aute, ate
=3 NETCONF A 18 Yes |
72} . |
S RESTConf, HTTP, HTTP2 No Yes |

YANG push + HTTP2 j& {5
m draft-ietf-netconf-restconf-notif

IETF 98%R &= (2017/5/12)
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HE50V YANG (NETMOD WG)

YANG RFC 6020(v1.0)>RFC7950(v1.1)

= Data modeling language%RE

« RFC6087IZTHARSAVERTE
= NETCONFDIZATUhEH—N—LDRBIDAPIZF

FEHIZEEub, EF/-NETCONF XML KL H#dHY,

= YANG OEARMER (Data modeling # k)

* Leaf Nodes

» Leaf-List Nodes

« Container Nodes

« List Nodes
1 list [CEEE D Leaf ZFEFET S & T Configuration data
N #H155Y State Data D EZE AIHE

= Tree 1BRELTEHFRIEL-KRELESRE (RFC 6087bis)

+=--1rw top-level-config-container
+--rw config-list* [key-name)

4+--¥w Kkey-name string
+--rw optional-parm? string
+-~rw mandatory-parm identityref
+-~r0 read-only-leaf string

+~=-1r0 top-level-nonconfig-container
+-=-ro nonconfig-list* [name]
4+--Yo name string
+--r0 Lype string

» BARIREZBIL. PYANG, YANG validator,
YANG Explorer, YANG Development Kit ZEM7F7E

YANGT—ZETa—)L ()

module example-system {
yang-version 1.1;
namespace "urn:example:system";
prefix "sys";

organization "Example Inc.";
contact ”“isocjpl@example.com";

revision 2017-05-12 {
}

container system {
leaf host-name {
type string;
}

leaf-1list domain-search {
type string;
}

container login {
leaf message {
type string;

}

list user {
key "name";
leaf name {
type string;

IETF 98344 (2017/5/12)



[INETMOD] YANG i1Xk;

B YANG RFCs

RFC 6020->7950 (YANG)

RFC 6021->6991 (YANG types)
RFC 6087 (YANG usage)

RFC 6110 (Mapping YANG to DSDL)
RFC 6244 (Netmod/YANG 7—)
RFC 6643 (SMIv2 to YANG)

RFC 7223 (YANG for Interface’& i)
RFC 7224 (YANG IF type (IANA))
RFC 7277 (YANG IP &1H#)

RFC 7317 (YANGU R T LEH)
RFC 7407 (YANG SNMPZ& 7€)

RFC 7951 (YANG to JSON)

RFC 7952 (Metadata for YANG)
RFC 8022 (YANG for Routing Mgt)

B REETHOEGFZTH

GuidelineE ¥
> draft-ietf-netmod-rfc6087bis

> £59CRFCIZHSIET

RAEEITHRORSTH

Network ACL Model

» draft-ietf-netmod-acl-model
SYSLOG YANG model

» draft-ietf-netmod-syslog-model

Operational State Data
(Requirements)
» draft-ietf-netmod-opstate-reqs

Schema Mount
» draft-ietf-netmod-schema-mount

Revised Datastore
» draft-ietf-netmod-revised-datastores

YANG model classification

» draft-ietf-netmod-yang-model-
classification

Entity (Hardware) Management
» draft-ietf-netmod-entity

IF Management (ext,vlan)
> draft-ietf-netmod-intf-ext-yang
» draft-ietf-netmod-sub-intf-vlan-model




NETMOD WG 73352k

Schema Mount - draft-ietf-netmod-schema-mount
YANG module OifFEz=XE 9 5FIE
%19 5. Logical Network Element (LNE), Network Instance(NI) & [+
YANG module IZR A4 V4 EE

Operational State Data - draft-ietf-netmod-opstate-reqgs

Configuration data IZA0Z . Operational State data H7/R—K ZDULVTD
YANG EE83Z AL ZXLED
« draft-{openconfig-netmod-opstate, kwatsen-netmod-opstate, wilton-
netmod-opstate-yang} Z#H&(CTERXEELTHRST
Revised Datastore - draft-ietf-netmod-revised-datastores

YANG 1.1 Tconfiguration datastore®D & &= MNBAFEICM =2 ERZHT
EFEERINSTIELEIC, UT(RASAF)D@EYDatastore ET ILEE#




NETMOD WG F7%k57k

REVised DataStOre | {candidate> | | <startup> |

|  (ct, rw) [<{—+ +——>| (ct, rw) |

= Datastore €T J/ILEZE#H e :
" FRCRUE-EFRAEHGEM) ! NP !

« <intended> | (ot W) |
f——————— +
i |
[ ]
<:E3F)F)IIEB(1:> | // e.g., removal of 'inactive
| // nodes, expansion of templates
v
Fom e + fom e + S +
| <candidate> | | <startup> | | <intended> | // subject to validation
| (ct, rw) | <———+ +-———>| (ct, rw) | | (ct, ro) |
o + | | B aataa e + e +
| | | | |
| tommmm o + | | // e.g., missing resources or
te—————— >| <running> |[<-------- + | // delays
| (ct, rw) | v
fom o + N .
L | <applied> |<———+-—— dynamic configuration

operational state | (ct, ro) | | protocols

control-plane datastores

<--- control plane
(cf, ro) |
| +——— auto-discovery
| e +——— control-plane protocols
| | +——— control-plane datastores
v v
ct = config true; cf = config false | <operational-state> |

rw = read-write; | (ct + cf, ro) |
ro = read-only boxes denote named datastores = =

18 IETF 983k &= (2017/5/12)



IETF98 YANG BEErE VIR

Operational State & Revised Datastore Z>(7TRTG AD »5
UTDEIGIREGFETR)N
Opstate IZB§9 5(&3). YANG Module [Z2ELVT, Top level “foo”[ 23 LT
B E M foo-state”Zx DITIRER T HOY M =ZREL. LITFIZO T AL
= [Train 1] WD THLEWY A Z B “state” containerzE%17F. opstatel 2%t L Tldconfig false Txf i
= [Train 2] Revised Datastore~MD {7

Recommendations for YANG Models in the Routing Area

Old Train: Separate top-level foo and foo-state trees.

Should be restructured. Augmenting models can just extend main https://www.ietf.org/

tree. proceedings/98/slides/
slides-98-mpls-sessb-ietf98-
yang_modeling_quidelines-00

-pdf

Train 1: Sprinkle “state” containers as needed with duplicate
“config false” for view of operational state. Place where makes
sense for the model. Mark the “state” containers as deprecated,
since the <operational> datastore will provide those values. N

Train 2: Revised data-store dependencies (fully spec'd with protocol
9-10 months, then implementations)

No need for duplicate “config false"; all state in tree.

Models without dependency on operational values can do now.

19 IETF 983k &= (2017/5/12)




IETF98 YANG BEErE VIR

Operational State & Revised Datastore|ZB§ 9 5YANGHE

= TE YANG (TEAS)®D 4l

= €3k Module # R (OId train)
. te & te-state AABEER/THERK

https://www.ietf.org/proceedings/98/
slides/slides-98-rtgwg-rtg-dt-yang-
arch-yang-drafts-updates-00.pdf
(p.20~23)

+ -

TE Tunnel Model with Split Top-level Trees | 1 ¢ + «

¢-=rw te!

| *==rw tunnels

| +==rw tunnels [name]

| *==fw Nane

| twwrw protection-type?
I

|

-

sevrw reoptimnfize-tiner?
+==rw set-bandwidth?
-=ro te-state!
s==ro tunnels
t==ro tunnel= [name]
4==ro name
+--ro protection-type?
t==ro reoptinize-timer?
t==r0 set-bandwidth?
*==ro oper-status?
state
t«=ro protection-statue?
+-=-ro statistics
+==ro octets?
temro errors?

leafref
fdentityref
uintlé
bandwidth-kbps

leafret
identityref
uintlié
bandwidth-kbps
fdentityrer

identityref

yang:counterc4
yang:counteri2

tTE»

20

/] Configuration

/] Operational

/] Derived operational

/] Statistics

i

IETF 98344 (2017/5/12)



IETF98 YANG BEErE VIR

Operational State & Revised Datastore(ZB§ 9 2YANGE 1
s TE YANG (TEAS)D
» State containerZ{tEEL1=# R (Train 1483)

+-=-rw te!
s--rw tunnels
t==rw tunnel* [name]

te=rW Name leafref

+==rw protection-type? identityref // Configuration

d-=rw reoptinize-tiner? uintls

t==rw set-bandwidth? bandwidth-kbps Deprecate

+--ro state ///

I *-=ro protection~type? fdentityref // Operat onlf/

|[ s==ro reoptimfze-timer? uintlé ]//

I\ *--ro set-bandwidth? bandwidth-kbps

| +--ro oper-status? identityref // Derived operational
state

| *=~ro protectifon-statue? identityrefr

+--ro statistics
4¢--ro octets?
*==ro errors?

yangicounteréd [/ Statistics

yang:counter32

ContainerZiL (Train 248)

ex=rw tel
t==rw tunnels
«==-rw tunnel+s [name)

- ~rwW_namne leafref
[---rv protection-type? fdentityref /] ConYiguration and
operatipnal
so-rw reoptimize-timer? uintle
semrw set-bandwidth? bandwidth-kbps \\\
+--ro oper-status? identityref // Derived operational
state
s==ro protection-statue? fdentityrer N
v==ro statistics \\\\
4-<ro octets? yang:icountersd J/ Statiztics
- e e - .
¢««ro errors? yangicounteri2 Gain benefits of additional states

21
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RTGWG

VRIS L=, RTGWG DTIZ&5bDevice®T ILDIREIZDLNT
IR7E (L. Logical Network Element(LNE), Network Instance(NN)IZLEEZES D
FL. FSOMERRZETH
Standards Track Models
» Logical Network Element (draft-ietf-rtgwg-Ine-model)
m Network Instance (draft-ietf-rtgwg-ni-model)

1 Informational Meta Model

= Network Device YANG Organizational Model (draft-rtgyangdt-rigwg-device-
model)

Network Device (Physical or Virtual)

LogicaliNetwork Log
Net | Net
INStance | INStance | INStance
_—— . —_——

Interfaces

Net | Net

INStance INStance

22 IETF 983k &= (2017/5/12)



RTGWG

Logical Network Element (draft-ietf-rtgwg-lne-model)

= Schema mount ZHIZIZHE K

LNE Schema View

module: detf-logical-network-element
t==rw logical-network-elements
¢~=rw logical-network-elenent
4--rw name sgp g
+==r'w root? _Aangmnt:ng

name)

point
// module: fetf-libr
// module: jetf-routing
// module: jetf-interface
+-=-rw Interfaces
| #--rw interfacer
| tem'W Dame
v==ro Interfaces-state
+--ro interfaces [name]
$==ro namnec
module: fetf-interfaces
+=~rw Interfaces 2x;
| #--rw interfaces [name)
| $-=rw name
string

[name )
string

augment

+==ru Inetbind-lne-nanme?

S

/1 wodule: detf-routing

———————————
+==ro router-id?

quad

| +--ro control-plane-protocols

yang:dotted-

| | +=-ro control-plane-protocols [type name]
/7 module: fetf-ospf
sv=ro ospf

s=~r0 Instances~<£at]
senurw routing augment
+-=rw router-id? yang:dotted-

Quad
+==rw control-plane-protocols
| *==rw control-plane-protocols [type name]
// module: 1etf-ospf
ererw ospfiospf
senrm O30T instances [af)
s-~rw ospfiarecas
| e=~rw ospfiarear [area-1d]
| s==rw ospf:interfaces
| v==rw ospriinterfaces

avgment

string
t==ro interfaces-state

s==ro interface* [name) e .

23

[name)
| s==ru 05pT:nane
ff:interface~
ref
| | e-=rw Ospficost?
oY

IETF 98%R &= (2017/5/12)
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YANGO&ERIZRIFTT

CCETOYANGRYZELT.RTG & OPSTHEEI SN T-YANGIE K= T T3%&
= Network Element/Device model:

« {5]: Data plane Bg:#E(MPLS, NETMOD (IP) etc), RoutingR§;:&(IDR, OSPF etc), TEZ%:
E—igr45tE (TEAS, RTGWG), Element (NETMOD, RTGWG)
# PCEPHZEDMTORIL

= Network Service model:
« L2 Connection/L2VPN service (L2SM, BESS), Service chaining (SFC)
m Topology:
* I12RS WG, TEAS WG
APIREICAIFT TIEIN L ZRYANGEARZRMICHIRVVMEHR TEZ LI ENDE

| OSS/EMS/NMS U OSS/EMS/NMS
Logical f,—_—_—_j — :- __________________________________________________________________________
=T Network Service model
7 _—— | ; (L2VPN(VPWS, EVPN etc), L3VPN SFC,...) [«
- -l | WG: L2SM, BESS, SFC Network

Physical —

<:> Topology

= model
— | Network Element model - WG
l jL . (MPLS, IP, Routing, Traffic Enginnering, QoS...) ’
\ ! WG: MPLS, IDR, OSPF, TEAS, RTGWG, LIME I2RS, TEAS

___________________________________________________________________________

25 IETF 98%R#5% (2017/5/12)
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CCAMP WG OTNZE O - mEMICHE LTI LT OB YIRRILTHEET

The List of YANG Models for Transport
Controller NBI : Overview

-------

‘
|y LO-Tunnel |

II ' ' YANG
https://www.ietf.org/proceedings/96/slides/slides-96-ccamp-7.pdf

EEEIERT A1=-6. IETF97h S Transport NBl DT (Design Team)#E ik

26 IETF 98%R &= (2017/5/12)




Transport NBl (CCAMP WGQG)

Problem statements

» Transport networks, such as Optical Transport Network (OTN) and
Wavelength Division Multiplexing (WDM) networks, are built using
equipment from a single vendor and are managed using proprietary
interfaces to dedicated Element Management Systems (EMS) / Network
Management Systems (NMS). A common open interface to each domain
controller/management system is pre-requisite for network operators to
control multi-vendor/multi-domain networks and enable also service
provisioning coordination/automation.

» This can be achieved by using standardized YANG models, used together
with an appropriate protocol (e.q., RESTCONF). However, there is often
confusion of how the existing models in IETF can be used for transport
networks. Furthermore, there is no clear answer to the question of whether
there is missing information for the control of specific technologies in the
existing models (available in IETF or other SDOs) or even missing models
since existing drafts focus on providing only the YANG models and
explanation around them.

» Draft-zhang-ccamp-transport-yang-gap-analysis-00 already provides an
overview of the problem.

https.//github.com/TransportModels , https.//github.com/danielkinguk/transport-nbi/




CCAMP: Transport NBI

IRE D EERETIRR
TEAS ACTN (Abstraction and Control of TE Networks)E7T JLZERN—X
(working assumption)IZ IP/Etherenet over OTN/WDM#8 TD & 5+

Chart Cormolier

https://www.ietf.org/proceedings/98/
M [Indsally out of sope) slides/slides-98-ccamp-5-transport-
northbound-interface-use-cases-01.pdf
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CCAMP: Transport NBI

IRTE D F 1 FREPIKS
= ODU connection (EER DK mR#R)Zx TE YANG 57k (draft-ietf-teas-
yang-te) [Z& % Tunnel b2 RILETILEE IR IGFTITHH?

= Tunnel ETIILEMHEFELDDIREEH e @@ "é

ODU2 Connection: TEAS Tunnel Model

+--rw identifier? uint16

Instantiation
| i J [ i
I . | | -
: — 1 module: ietf-te
e OFP M e d v +--rw te'
e " .
M ! ! +--rw tunnels
e S s . ——r e ot | +--rw tunnel* [name]
ot St . .- | | +--rw name -> _/configiname
..-"':'.‘:."'_-: m S m | | +--rw identifier? -> ..[config/identifier
e | | +--rw config
! [P ——— | | | +--rw name? string
I NS e TSR | ]| +--rw type? identityref
[P SR —
"I o [ 1]

Codd neume the apha | | +--rw p2p-primary-paths
AR EGEN e W Bute £ / e Litst dew how % get y + 2 : th*
Wents e L0 rgresotng - s o am g e g \\ nfamation ot he rout o // | | | --f'W p£p-primary-pa [name]
The i coung ad (RO 2 oadap-voonzae \| Mmimetecridtomthe | || +--rwname -> ../config/name
posts om the dommmn Simas ET TE topatogy .
Mot dew how 8 UpaThe | || +--rw config
b el £ 0 dentilly the spcecii Revarse drewn :
o
+--ro Isps-state
1 J *
I ' R | +--rolsp
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LlTEZDREATMEAARTLEDHTDI L. ..
{51 Z £ Transport APl (ONF/On.lab)
» BMIIEERIZT, LTOAPIE
YANGGZETRET 212D
* Topology Service

» Connectivity Service
 Path Commutation service

) Vi rtual network SerVice ANotwork Prowder (Do) with we Customerns (Red and
Al UNImrfacesae ETH (0 g 10GE) NN neriaces are OTU (0 g 100G OTN
NI PE NE are COUETH capable, while P NE i1s only ODU cepable

* Notification Framework(service)
n BERXEB(TR-527)ICA—RT7—RIGELWIZSBETILEHEN

n Y —EXTRMET S, Topology, Connectivity, Path computation 22U\ TI&
IETF, ONF ZNENTYANGEERZED TL\HIRR

= E[Z, Dataplane (OTN/WDM)ET /LD EMEZIZEAL TIXITU-TEIHEEHL(G.709,
G.698. 27 E )WL E(THIN —EBAEEHY)

$,5—D. L2 service (L2SM, BESS) T+ REI# D EE(i.e. Ethernet@ T4 —E
ZYANGEZ)%E T BMEF Forum& DB AT ] R A4 5
= EFE. L2SM WG [IMEFEDREBZEHICSEITHRAEE T

30 IETF 98%R#5% (2017/5/12)



NETCONF/YANG - £ 232U &EDDERFA(?)

Googleb‘\RTGWG—G gRPC [:j][li gNMl E%Eﬁ https://www.ietf.org/proceedings/98/

slides/slides-98-rtgwg-gnmi-intro-

draft-openconfig-rtgwg-gnmi-

m gRPC - draft-talwar-rtgwg-grpc-use-cases 502000 ool
gRPC : an open, multi-platform RPC framework

gRPC leverages standard HTTP/2 as its transport layer
e binary framing, header compression
e Dbidirectional streams, server push support

gRPC is a open source version of Google’s microservice communication framework
e connection multiplexing across requests and streams
gRPC features

e load-balancing, app-level flow control, call-cancellation -

e serialization with protobuf (efficient wire encoding) A
e multi-platform, many supported languages
e open source, under active development

m gNMI - draft-openconfig-rtgwg-gnmi-spec (informational)
» gPRC Network Management Interface

built on the open source gRPC framework (QRPC C gNMI) m
e gNMI defines a gRPC service using protobuf Il

designed to carry any tree-structured data (not limited to YANG-modeled data)
e addressable via paths
e has well-defined serialization

« gNMI (&, H<FETOpenConfigD 11FZE, T=1=C5LVSARBZIETF ~Ninput LT
WAHREIZHZETELND
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IETF98IZ#1T7AHRTG-OPSEIM&EL TLL T 4B
YR —o DOl - EEFMTEIR (1) — NETCONF WG
EFTDRFCIKR
EHENM: YANG push, Notification
YT —o O - EERfiTEIR(2) — Data model (YANG)
NETMOD (FR#FDRFC, =& EM)
« RTGWG £ &%
YT —o 0| - EERATEIR(3) — YANGIGF
YANG #ERIZRITER YT —21ZE [+ ERY $H A 451 (1= 5 54 88 A 451
- BH#EWG CCAMP/TEAS 74&
. IREEAE/ME R R

FEOH/ISRIZRITTEFAR)
NETCONF(RESTCONF)/YANGH R LI=—A . KYERYFT—VIZHEALT:
B - #&RE(FICH—EX-FROED—)E5UIZ, RO I - E BT (Pushiz &) %
EZHFHIC
(K% 1t(catalogueib )&t F A LD EE (B BIB)NSSHIIKRHEND

* https://www.ietf.org/blog/2017/04/yang-catalog-latest-development-ietf-98-hackathon/
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« Overlay (L2 over L3) IZB84>AWG, Encapsulation M#&EHZH LV T,. Geneve (draft-
ietf-nvo3-geneve)&HELE(Z (FYI: VXLAN(RFC 7348), NVGRE(RFC 7637)IZNVO3H R THLY)

DETNET

« Dataplane® AR &L T, IEEES02.1 (TSN)ET L&, MS-PW(Multi Segmant
Psuedowire)ET L ELE<H . MS-PW £ PALS WGTHIRE?

RTGWG
« YANG®Ot1IZDCH] I+ Routing¥h sk DR 5T A EITH
ISIS?DCLOS (Leaf-Spine) xtlit:. BGP shortest path’a &,
IDR (BGP)

« BGP large community RFC1t > RFC8092*. {1, Route leak BE&E A sERE(?)
*EFFI1Z RFC 8093 (Deprecation of BGP Path Attribute; 30, 1297 &)%,. ..

OPS
SUPA
« Policy (Intent) DETILILEEHBWG, IZR[E 2 Charter Shutdown$
ANIMA
« Automatic networkinglZ[F] 7% R /Bootstraping Z##&it, RO Fvr—2—&L Tslicet #x it
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