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I ntroduction

1. Term nol ogy

The keywords "MJST", "MJST NOT", "REQU RED', "SHALL",

July 2016

QOO RRDMBDWNDNDN

"SHALL NOT™,

"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMVENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in BCP

14, [RFC2119].

1.1. Tree Diagrans

A simplified graphical representation of the data nodel is used in
this docunent. The neaning of the synbols in these diagrans is as

fol | ows:
o Brackets "[" and "]" enclose |ist keys.

o0 Abbreviations before data node nanes: "rw'
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2

0 Synbols after data node names: "?" neans an optional node, "!"
means a presence container, and "*" denotes a list and leaf-Ilist.

o Parentheses encl ose choi ce and case nodes, and case nodes are al so
marked with a colon (":").

o Ellipsis ("...") stands for contents of subtrees that are not
shown.

Backgr ound

YANG has two nechani sms for extending a data nodel with additiona
nodes; "uses" and "augnent". The "uses" statenent explicitly

i ncorporates the contents of a "grouping" defined in some other
nmodul e. The "augnent” statenent explicitly adds contents to a target
node defined in some other nodule. |In both these cases, the source
and/ or target nodel explicitly defines the relationship between the
nodel s.

In sone cases these nmechanisns are not sufficient. For exanple,
suppose we have a nodel like ietf-interfaces [RFC7223] that is
defined to be inplenented in a device. Now suppose we want to nodel
a device that supports nultiple |ogical devices

[1-D. rtgyangdt-rtgwg-devi ce-nodel ], where each such | ogical device
has its own instantiation of ietf-interfaces (and other nodels), but
at the sane tine, we’'d like to be able to manage all these | ogica
devices fromthe main device. W would |like sonmething like this:

+--rwinterfaces
| +--rwinterface* [nane]
+--rw | ogi cal -devi ce* [nane]
+--rw nane string
+--rwinterfaces
+--rw interface* [nane]

Wth the "uses" approach, ietf-interfaces would have to define a
grouping with all its nodes, and the new nodel for |ogical devices
woul d have to use this grouping. This is a not a scal able solution
since every tine there is a new nodel defined, we would have to
update our nodel for |ogical devices to use a grouping fromthe new
nmodel .  Another problemis that this approach cannot handl e vendor-
speci fi c nodul es.

Wth the "augnent" approach, ietf-interfaces would have to augnent
the logical-device list with all its nodes, and at the sane tine
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define all its nodes on the top-level. This approach is also not
scal abl e, since there nmay be other nodels to which we would like to
add the interface list.

3. Schenma Mount

The schema nmount nechani smdefined in this document takes a different
approach to the extensibility problem described in the previous
section. It decouples the definition of the relation between the
source and target nodels fromthe definitions of the nodels

t henmsel ves

This is acconplished with a YANG extension statement that is used to
specify a mount point in a data nodel. The purpose of a nmount point
is to define a place in the node hierarchy where other YANG data
nodel s may be attached, w thout any special notation in the other
YANG dat a nodel s.

For each nount point supported by a server, the server popul ates an
operational state node hierarchy with information about which nodel s
it has nounted. This node hierarchy can be read by a client in order
to learn what is inplenmented on a server

Schema nount applies to the data nodel, and specifically does not
assune anythi ng about how the nounted data is inplenented. It may be
i mpl ement ed using the sanme instrunentation as the rest of the system
or it may be inplenmented by querying sonme other system Future
specifications may define nechanisnms to control or nonitor the

i mpl ement ation of specific nmount points.

Thi s docunent allows nounting of conplete data nodels only. O her
specifications may extend this nmodel by defining additiona
mechani sms, for exanpl e nmounting of sub-hierarchies of a nodule.

3.1. Augnent and Validation in Munted Data

Al paths (in leafrefs, instance-identifiers, XPath expressions, and
target nodes of augnents) in the data nodel s nounted at a nount point
are interpreted with the nmount point as the root node, and the
nmount ed data nodes as its children. This neans that data within a
nmount ed subtree can never refer to data outside of this subtree.

3.2. Top-level RPCs
If any mounted data nodel defines RPCs, these RPCs can be invoked by

clients by treating themas actions defined where the nount point is
specified. An exanple of this is given in Appendi x B. 1.
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3.3. Top-level Notifications

If the server emits a notification defined at the top-level in any
mount ed data nodel, it is treated as if the notification was attached
to the data node where the nount point is specified.

4. Data Model

Thi s docunment defines the YANG 1.1 nodul e
[I-D.ietf-netnod-rfc6020bis] "ietf-yang-schema-nount”, which has the
foll owi ng structure:

nmodul e: i etf-yang- schema- nount
+--ro nount-points
+--ro nount-point* [nodul e nane]

+--ro nodul e yang: yang-identifier
+--ro0 hane yang: yang-identifier
+--ro (data-nodel)

+--:(inline-yang-library)

| +--ro inline-yang-library? enpty

+--: (nodul es)

+--ro nodul es
+--ro nodul e* [nane revi sion]

+--ro name yang: yang-i dentifier
+--ro0 revision uni on
+--ro schema? inet:uri
+--ro0 nanmespace inet:uri
+--ro feature* yang: yang-identifier
+--ro deviation* [nanme revision]
| +--ro nane yang: yang-i dentifier
| +--ro revision uni on
+--ro conformance-type enumrer ati on
+--ro subnodul e* [name revision]
+--ro0 nane yang: yang-identifier
+--ro revision uni on
+--ro schema? inet:uri

5.  Schema Mount YANG Modul e
This nodul e references [ RFC6991] and [ RFC7895].
<CODE BEG NS> file "ietf-yang-schema-nmount @016- 04- 05. yang"
nmodul e i et f-yang-schema- nmount {
yang-version 1.1;

nanespace "urn:ietf:parans: xm :ns:yang:ietf-yang-schenma-nmount";
prefix yangmt;
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i mport ietf-yang-types {
prefix yang;
reference "RFC 6991: Common YANG Data Types";

}
import ietf-yang-library {

prefix yanglib;

reference "RFC 7895: YANG Modul e Library";
}

organi zati on
"I ETF NETMOD ( NETCONF Dat a Mbdel i ng Language) Worki ng G oup”;

cont act
"WG Web: <http://tools.ietf.org/wy/ netnod/ >
WG List: <nmailto:netnod@etf.org>

WG Chair: Thomas Nadeau
<mai | t 0: t nadeau@ uci dvi si on. conP

WG Chai r: Juergen Schoenwael der
<mai |l to: ] . schoenwael der @ acobs- uni versity. de>

WG Chair: Kent Watsen
<mai | t 0: kwat sen@ uni per. net >

Edi t or: Martin Bjorkl und
<mailto:nbj @ail-f.conm";

/'l RFC Ed.: replace XXXX with actual RFC nunber and renmove this

/1 note.

description
"Thi s nodul e defines a YANG extension statement that can be used
to incorporate data nodels defined in other YANG nodules in a
module. It also defines a operational state data so that
clients can learn which data nodels a server inplenents for the
mount poi nts.

Copyright (c) 2016 | ETF Trust and the persons identified as
authors of the code. Al rights reserved.

Redi stribution and use in source and binary fornms, with or

wi t hout nodification, is pernmitted pursuant to, and subject to
the license terns contained in, the Sinplified BSD Li cense set
forth in Section 4.c of the I ETF Trust’'s Legal Provisions

Rel ating to | ETF Docunents
(http://trustee.ietf.org/license-info).
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The key words 'MJUST', ' MJUST NOT', ' REQUIRED , ' SHALL', ’'SHALL
NOT’, *SHOULD , 'SHOULD NOT', ' RECOMVENDED , ' MAY', and
"OPTIONAL’ in the nobdule text are to be interpreted as descri bed
in RFC 2119 (http://tools.ietf.org/htm/rfc2119).

This version of this YANG nodule is part of RFC XXXX
(http://tools.ietf.org/htm/rfcXXXX); see the RFC itself for
full legal notices.";

/1l RFC Ed.: update the date below with the date of RFC publication
/! and renopve this note.
revision 2016-07-01 {
description
"Initial revision.";
reference
"RFC XXXX: YANG Schema Munt";

}

/*
* Extension statenents
* [

ext ensi on nount - poi nt {
argument nane;
description
"The argunent 'nane’ is a yang-identifier. The nanme of
the mount point MJST be unique within the nodul e where it
i s defined.

The 'nmount-point’ statement can be present in 'anydata’

If a nount point is defined in a grouping, its nane is bound
to the nodul e where the grouping is used. Note that this

i nplies that such a grouping can be used at nbst once in a
nodul e.

A rmount point defines a place in the node hierarchy where
other data nodels may be attached. A server that inplenments
a modul e with a nmount point, popul ates the

/ mount - poi nts/ nmount-point list with detailed information on
whi ch data nodels are nounted at each nount point.

The ’nount-yang-library’ extension nmay be used as a
substatenment to 'nount-point’.";

}

ext ensi on nount-yang-library {
description
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"The presence of this statenent as a substatenent to
"mount -poi nt’ indicates that the data nodel defined in the
modul e "ietf-yang-library’ is mounted. When this statement is
present, a client can discover the nounted YANG nodul es by
reading fromthe nounted 'ietf-yang-library’ data.

This statenment is useful if the nount point is defined in a
list and different list entries may nount a different
set of nodul es.”;

}

/*
* (perational state data nodes
*/

cont ai ner nount-points {
config fal se
description
"Contains information about which nount points are inpl enented
in the server, and their data nodels.";

Iist nount-point {
key "nodul e nane";
description
"Contains informati on about which data nodels are inpl emented
for the nountpoint 'nanme’ defined in 'nodule .";

| eaf nodule {
type yang: yang-identifier;
description
"The name of the nodul e where the nount point is defined.";

| eaf nane {
type yang:yang-identifier;
description
"The name of the nount point.";
}
choi ce dat a- nodel {
mandat ory true
description
"I ndi cates which data nodels the server inplenents
for this nount point.

It is expected that this choice may be augnented with other
dat a nodel discovery nmechansisns.";

| eaf inline-yang-library {
type enpty;
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description
"This leaf indicates that the server has nounted
"ietf-yang-library’ at the nount point, and that the
instantiation of 'ietf-yang-library’ contains the
i nformati on about which nodul es are nount ed.

This is useful if the mount point is defined in a

list and different list entries may nount a different
set of nodul es.”;

}

cont ai ner nodul es {
description
"The 'nodul e’ list contains the set of nodules that are
mount ed at the nount point.";

uses yangli b: nodul e- i st;

<CODE ENDS>
6. | ANA Consi derations
This docunent registers a URl in the |ETF XM. registry [ RFC3688].
Following the format in RFC 3688, the following registration is
requested to be nmde.
URI: urn:ietf:parans: xm :ns:yang:ietf-yang-schena- nount
Regi strant Contact: The | ESG
XM.: N A the requested URI is an XM. nanmespace

Thi s docunment registers a YANG nodul e in the YANG Mbdul e Nanes
registry [ RFC6020] .

nane: i etf-yang-schena- nount
nanespace: urn:ietf:parans: xm :ns:yang:ietf-yang-schema- nount
prefix: yangmmt

ref erence: RFC XXXX
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7.

9.

9.

9.

Security Considerations
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nmodul e exanpl e- | ogi cal - devi ces {
yang-version 1.1;
nanespace "urn: exanpl e: | ogi cal - devi ces”
prefix exld;

i mport ietf-yang-schema-nount {
prefix yangmt;

cont ai ner | ogical -devices {
list |ogical-device {
key nane;
| eaf nane {
type string;

anydata root {
yangmmt : nount - poi nt | ogi cal - devi ce;

}
}
}
A server with two | ogical devices that both inplenent
"ietf-interfaces" [RFC7223], "ietf-ip" [RFC7277], and "ietf-systent
[ RFC7317] YANG nodul es ni ght popul ate the "mount-poi nts" container
with:

Bj or kl und & Lhot ka Expi res January 2, 2017 [ Page 12]



Internet-Draft YANG Scherma Mount July 2016

<mount - poi nt's
xm ns="urn:ietf:parans: xnm : ns:yang:i etf-yang-schema- nount ">
<mount - poi nt >
<nmodul e>exanpl e-1 ogi cal - devi ces</ nodul e>
<nane>| ogi cal - devi ce</ nane>
<modul es>
<nmodul e>
<name>i et f -i nt er f ace</ name>
<revi si on>2014- 05- 08</revi si on>
<nanespace>
urn:ietf:parans: xm:ns:yang:ietf-interfaces
</ nanespace>
<conf or mance-t ype>i npl enent </ conf or mance-t ype>
</ nodul e>
<nmodul e>
<nane>i et f - i p</ nane>
<revi si on>2014- 06- 16</ r evi si on>
<nanespace>
urn:ietf:paranms: xm:ns:yang:ietf-ip
</ nanespace>
<conf or mance-t ype>i npl enent </ conf or mance-t ype>
</ modul e>
<modul e>
<name>i et f - syst enx/ nanme>
<revi si on>2014- 08- 06</ revi si on>
<nanespace>
urn:ietf:parans: xm:ns:yang:ietf-system
</ nanespace>
<conf or mance-t ype>i npl enent </ conf or mance-t ype>
</ modul e>
<nmodul e>
<nane>i et f - yang-t ypes</ nanme>
<revi si on>2013- 07- 15</ revi si on>
<nanespace>
urn:ietf:parans: xm:ns:yang:ietf-yang-types
</ nanespace>
<conf or mance-t ype>i nport </ conf or mance-t ype>
</ nodul e>
</ nodul es>
</ nount - poi nt >
</ nount - poi nt s>

and the "l ogi cal -devi ces" contai ner mnight have:
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<l ogi cal - devi ces xm ns="urn: exanpl e: | ogi cal - devi ces" >
<l ogi cal - devi ce>
<name>vrtr A</ nane>
<r oot >
<interfaces
xm ns="urn:ietf:params:xm:ns:yang:ietf-interfaces">
<interface>
<name>et h0</ name>
<i pv6 xm ns="urn:ietf:paranms:xm:ns:yang:ietf-ip">
<enabl ed>t r ue</ enabl ed>

</ipv6>

</interface>
</interfaces>

<system xm ns="urn:ietf:parans: xm :ns:yang:ietf-systen>
</ syst enp
</ root >
</ | ogi cal - devi ce>
<l ogi cal - devi ce>
<nane>vrtr B</ nane>
<r oot >
<interfaces
xm ns="urn:ietf:params:xm :ns:yang:ietf-interfaces">
<interface>
<name>et h0</ name>
<i pv6 xml ns="urn:ietf:parans: xm:ns:yang:ietf-ip">
<enabl ed>t r ue</ enabl ed>

</ipv6>

</interface>
</interfaces>

<system xm ns="urn:ietf:parans: xm :ns:yang:ietf-systenm'>
</ syst enp
</root >

</ | ogi cal - devi ce>
</l ogi cal - devi ces>

Appendi x B. Exanpl e: Network Manager

Thi s exanpl e shows how a Network Manager application can use schema
mount to define a data nodel with all its managed devices. Schema
mount is used to nount the data nodels each device supports, and
these data nodels can be discovered by a client via the
"ietf-yang-library" nodule that is mounted for each device
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nodul e exanpl e- net wor k- manager {
yang-version 1.1;
nanespace "urn: exanpl e: net wor k- manager "
prefix exnm

inmport ietf-inet-types {
prefix inet;

}

i mport ietf-yang-schema-nount {
prefix yangmt;

cont ai ner managed- devi ces {
description
"The managed devi ces and devi ce communi cation settings."”

Iist device {
key nane;
| eaf nane {
type string;

contai ner transport {
choi ce protocol {
mandat ory true
cont ai ner netconf {
| eaf address {
type inet:ip-address;
mandat ory true
}
contai ner authentication {
11
}
}
cont ai ner restconf {
| eaf address {
type inet:ip-address;
mandat ory true

11

}
}

anydata root {
yangmmt : nount - poi nt managed- devi ce {
yangmmt : nount - yang- | i brary;
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}
}

The "devi ces" container night have:

<devi ces xnl ns="urn: exanpl e: net wor k- nanager " >
<devi ce>
<nane>rt r A</ nane>
<transport >
<net conf >
<addr ess>2001: db8: : 2</ addr ess>
<aut henti cati on>

</ aut henti cati on>

</ net conf >
</transport >
<r oot >
<nmodul es-state
xm ns="urn:ietf:paranms: xm :ns:yang:ietf-yang-library">
<nmodul e>
<nane>i et f - syst enx/ nane>

</ nodul e>
</ nodul es- st at e>
<system xm ns="urn:ietf:parans: xm :ns:yang:ietf-system >
</ systenp
</ root >
</ devi ce>
<devi ce>
<nane>rt r B</ nane>
<transport >
<r est conf >
<addr ess>2001: db8: : 3</ addr ess>
<aut henti cati on>

</ aut henti cati on>

</restconf>
</transport >
<r oot >
<nmodul es-state
xm ns="urn:ietf:paranms: xm :ns:yang:ietf-yang-library">
<nmodul e>
<nane>i etf-interfaces</ nanme>

</ modul e>
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</ modul es- st at e>
<interfaces
xm ns="urn:ietf:parans: xm :ns:yang:ietf-interfaces">

</interfaces>
</ root >
</ devi ce>
</ devi ces>

B.1. Invoking an RPC

A client that wants to invoke the "restart" operation [RFC7317] on
t he managed device "rtr A" over NETCONF [ RFC6241] can send:

<rpc nessage-i d="101"
xm ns="urn:ietf:parans: xm : ns: net conf: base: 1. 0" >
<action xm ns="urn:ietf:parans: xm :ns:yang: 1">
<managed- devi ces xm ns="ur n: exanpl e: net wor k- manager " >
<devi ce>
<name>rt r A</ name>
<r oot >
<system xm ns="urn:ietf:parans: xm :ns:yang:ietf-systenm>
<restart/>
</ syst enp
</ root >
</ devi ce>
</ managed- devi ces>
</ action>
</rpc>

Appendi x C. Open | ssues

0 |Is there a use case for specifying that certain nodul es are
required to be nounted under a nount point?

0 Do we really need the case where ietf-yang-library is not nounted?
The solution would be sinpler if we always use ietf-yang-library
at every nount point. See Appendix D. 1.

0 Support non-naned nount points? (ysdl case) See Appendi x D. 2.

Appendi x D. Alternative solutions

Thi s section di scusses sone alternative sol ution ideas.
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D.1. Static Mount Points with YANG Library Only

This solution supports named nount points, and al ways use ietf-yang-
l'ibrary.

There woul d be just one single extension statenent, and no additiona
operational state data:

ext ensi on nount - poi nt {
argunent name;

}
Data nodels need to be prepared with this extension
cont ai ner | ogi cal -devi ces {
list |ogical-device {
key nane;
yangmmt : nount - poi nt | ogi cal - devi ce;
}
}

The tree on the server from Appendi x A would | ook |ike this:

Bj or kl und & Lhot ka Expi res January 2, 2017 [ Page 18]



Internet-Draft YANG Scherma Mount July 2016

"exanpl e-1 ogi cal - devi ces: | ogi cal -devices": {
"l ogi cal -device": |

{
"name": "vrtrA"
"ietf-yang-library: nodul es-state": {
"nmodul e-set-id": "ef50fel",
"modul e": [
{
"name": "ietf-interfaces”
}1
{ .
"name": "ietf-systent,
}

]
"ietf-interfaces:interfaces": {
"ietf—systen1systenf: {

}

}1

{
"name": "vrtrB",
"ietf-yang-library: nodul es-state": {
}

}

]
}

D.2. Dynamic Mount Points with YANG Library Only

This solution supports only non-naned nount points, and al ways use
ietf-yang-library.

There woul d be no extension statenent. | nstead, the server woul d

popul ate a list of dynami ¢ nmount points. Each such nount point MJST
mount ietf-yang-library.
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cont ai ner mount - points {
config fal se
Iist mount-point {
key path;
| eaf path {
type schema- node- pat h;

}
}

The tree on the server from Appendi x A would | ook |ike this:
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"i et f-yang-schema- nmount : mount - poi nts": {
"mount -point": [

{ "path": "/exld:I|ogical-devices/exld:|ogical-device" }
]
. . . . .
"exanpl e- | ogi cal - devi ces: | ogi cal -devi ces": {
"l ogi cal -device": [
{
"name": "vrtrA",
"ietf-yang-library: nodul es-state": {
"modul e-set-id": "ef50fel",
"modul e": [
{
"name": "ietf-interfaces”
}1
{ .
"name": "ietf-systent,
}
]
b .
"ietf-interfaces:interfaces": {
"ietf-systenlsystenf: {
}
}1
{
"name": "vrtrB",
"ietf-yang-library: nodul es-state": {
}
}
]
}
A client needs to read the "/nount-points/nount-point” list in order

to |l earn where the server has nounted data nodels. Next, it needs to
read the "nodul es-state" subtree for each instantiated nount point in
order to | earn which nodul es are nounted at that instance

Aut hors’ Addresses
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