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Abst ract

Net wor k operators and service providers are facing the chall enge of
depl oyi ng systens fromdifferent vendors while |ooking for a trade-
of f anmong transm ssion performance, network device reuse, and capita
expenditure wi thout the need of being tied to single vendor

equi pnent. The depl oynent and operation of nore dynam c and
programuabl e network infrastructures can be driven by adopting nodel -
driven and software-defined control and managenent paradigns. In
this context, YANG enables to conpile a set of consistent vendor-
neutral data nodels for networks and conponents based on actua
operational needs energing from heterogeneous use cases. This
docunent proposes YANG nodel s to describe events, operations, and
finite state machi ne of YANG defined network el enents. The proposed
nmodel s can be applied in several use cases: i) in the context of
optical networks to pre-instruct data plane devices (e.g., an optica
transponder) on the actions to be perforned (e.g., code adaptation)
in case sone events, such as physical |ayer degradations, occur; ii)
in general data networks, network telenetry applications can define
and enbed custom data probes into data plane devices. A probe in
many cases can be nodeled as an FSM iii) the nonitoring of packet

| oss and del ay through a network clustering approach.

Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunments of the Internet Engineering
Task Force (IETF). Note that other groups may also distribute
wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.
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Internet-Drafts are draft documents valid for a maxi num of six nonths
and may be updated, replaced, or obsol eted by other docunents at any

tinme.

It is inappropriate to use Internet-Drafts as reference

material or to cite themother than as "work in progress."

This Internet-Draft will expire on May 3, 2018.

Copyright Notice

Copyright (c) 2017 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

This docunment is subject to BCP 78 and the | ETF Trust’'s Legal
Provisions Relating to | ETF Documents
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1.

I nt roducti on

Net wor ks are evolving toward nore programmability, flexibility, and
mul ti-vendor interoperability. Milti-vendor interoperability can be
applied in the context of nodes, i.e. a node conposed of conponents
provi ded by different vendors (naned fully disaggregated white box)

i s assenbl ed under the sanme control system This way, operators can
optinize costs and network performance w thout the need of being tied
to single vendor equi prent. NETCONF protocol RFC6241 [ RFC6241] based
on YANG dat a nodel i ng | anguage RFC6020 [ RFC6020] is energing as a
candi date Software Defined Networking (SDN) enabl ed protocol. First,
NETCONF supports both control and managenent functionalities, thus
permits high programmability. Then, YANG enables data nodeling in a
vendor-neutral way. Sonme recent works have provided YANG nodels to
describe attributes of links (e.g., identification), nodes (e.g.
connectivity matrix), nedia channels, and transponders (e.g.
supported forward error correction - FEC) of networks
([I-D.ietf-i2rs-yang-network-topo] [I-D.vergara-ccanp-flexigrid-yang]
[1-D. zhang-ccanp-1 1-topo-yang]), also including optical technol ogies.
Thi s docunment presents YANG nodel s to describe events, operations,
and finite state machi ne of YANG defined network el ements. Such
nodel s can be applied to several use cases. |n the context of

el astic optical networks (EONs), the nodel enables a centralized
renote network controller (rmanaged by a network operator) to instruct
a transponder controller about the actions to performwhen certain
events (e.g., failures) occur. The actions to be taken and the
events can be re-programmed on the device. |In general data networKks,
programabl e network telenetry is considered a killer SDN application
whi ch can hel p applications gain unprecedented visibility to network
data plane. |Instead of providing raw data, network devices can be
configured to filter and process data directly on the data pl ane and
only hand preprocessed data to the collector, in order to save data
bandwi dt h and reduce reaction delay ([I-D.song-opsawg-dnp4iq]) . Such
configurations can be progranmed as custom probes and dynami cally

depl oyed into data plane devices. A probe in nmany cases can be
nmodel ed as an FSM  Anot her use case is the nonitoring of packet |oss
and del ay through a network clustering approach: in this case, each
FSM state is determ ned by a specific subdivision of the network in
Clusters ([I-D.fioccola-i ppmmultipoint-alt-mark]).

Conventions used in this docunent
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",

"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC2119 [ RFC2119].
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3.

4.

4.

Ter ni nol ogy
ABNG: Application-Based Network Operations
BER Bit Error Rate
EON: El astic Optical Network
FEC. Forward Error Correction
FSM Finite State Machine
NETCONF: Networ k Configuration Protoco
CAM QOperation Administration and M nt enance
SDN:  Sof t ware Defined Network
YANG Yet Another Network Generator
DNP: Dynamni c Network Probe
AMM Al ternate Marking Method
Exanpl e of application
1. Pre-programming resiliency schemes in EONs

EONs (optical networks based on flexible grid supporting circuits of
di fferent bandwi dth) are expected to enploy flexible transponders,
i.e. transponders supporting nultiple bit rates, nultiple nodul ation
formats, and nmultiple codes. Such transponders permits the (re-)
configuration of the bit rate value based on traffic requirenents, as
well as the configuration of the nodul ation format and code based on
t he physical characteristics of a path (e.g., quadrature phase shift
keying is nore robust than 16 quadrature anplitude nodul ation). This
way, transm ssion paraneters can be (re-) configured based on

physi cal |ayer changes. The YANG nodel presented in this draft
enabl es to pre-programreconfiguration settings of data pl ane devices
in case of failures or physical |ayer degradations. |n particular
soft failures are assuned. Soft failures inply transm ssion
performance degradation, in turns a bit error rate (BER) increase,
e.g. due to the ageing of some network devices. Wthout | oosing
generality, the ABNO architecture is assuned for the control and
managenent of EONs (RFC7491 [ RFC7491]). Considering the state of the
art, when pre-FEC BER passes above a predefined threshold, it is
expected that an alarmis sent to the OAM Handl er, which conmuni cat es
with the ABNO controller that may trigger an SDN controller (that

Sanbo, et al. Expires May 3, 2018 [ Page 4]



Internet-Draft YANG for FSM Cct ober 2017

coul d be the Provisioning Manager of ABNO RFC7491 [ RFC7491]) for
computing new transm ssi on paraneters. The involved ABNO nodul es are
shown in the sinplified ABNO architecture of Fig. 1. Then
transponders are reconfigured. Wen alarns related to severa
connections inpacted by the soft failure are generated, this
procedure nay be particularly tinme consuming. The related workflow
for transponder reconfiguration is showmn in Fig. 2. The proposed
nmodel enables an SDN controller to instruct the transponder about
reconfiguration of new transm ssion paraneters values if a soft
failure occurs. This can be done before the failure occurs (e.g.
during the connection instantiation phase or during the connection
service), so that data plane devices can pronptly reconfigure

t hensel ves wi thout querying the SDN controller to trigger an on-
demand recovery. This is expected to speed up the recovery process
fromsoft failures. The related flow chart is shown in Fig. 3.

| ABNO | | OoAM |
| controller |  ------ | Handl er
[ I [ I
I I
I I
I I
____________ I
I SDN I I
| controller | |
[\ I I
I
I I
I I
I I
[ dient [
| net wor k |

Figure 1: Assumed ABNO functional nodul es
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I 1 I
| Sending alarmto the |
[ OAM Handl er [
I I
I I

2
Tri gger
SDN Controll er

3
Conput ati on of
new transm ssi on
par anet ers

4
Dat a pl ane
reconfiguration

Figure 2: Flow chart of the expected state-of-the-art approach
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4.

2

[ 1

| I'nstructing the |oca
[ controller of

| data plane devices

I

2
Local reconfiguration
upon failure
det ecti on

3

notification

Figure 3: Flow chart of the approach exploiting YANG nodels in this
draft

Depl oyi ng Dynani ¢ Probes for Programmabl e Network Tel emetry

In the past, network data anal ytics was considered a separate
function from networks. They consune raw data extracted from

net wor ks t hrough pieceneal protocols and interfaces. Wth the advent
of user programmabl e data plane, we expect a paradi gm shift that
makes the data plane be an active conponent of the data telenmetry and
anal ytics solution. The programmabl e in-network data preprocessing
is efficient and flexible to offload sonme |ight-weight data
processi ng through dynanm c data pl ane programm ng or configuration

A universal network data analytics platformbuilt on top of this
enables a tight and agile network control and OAM f eedback | oop. A
proposed dynanic network telenmetry systemarchitecture is illustrated
in Fig.4.

An application translates its data requirenents into a set of Dynanic
Net wor k Probes (DNP) targeting a subset of data plane devices. After
the probes are depl oyed, each probe conducts its correspondi ng in-
networ k data preprocessing and feeds the preprocessed data to the
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collector. The collector finishes the data post-processing and
presents the results to the data-requesting application

e +
| network telenetry applications |
oo m e e e e e e e e e e e eeaa o +
n I
[ Y
| o m e e e e e oo oo +
[ | DNP conpile/config
| - +
I I
[ Y
B B SR +
| data coll ection| | Probe depl oynent |
S S S +
AN AN AN | | |
[ [ [ v V VvV
oo e e e e e e e e e e e e mme— oo - +

| network data plane devices
| (in-network data preprocessing) |

Fi gure 4: Depl oy dynani c network probes using YANG FSM nodel s

Many DNPs can be nodel ed as FSM which are configured to capture
specific events. Here FSMs essentially preprocess the raw stream
data and only report the necessary data to subscribing applications.

For exanple, a congestion control application needs to nonitor the
router buffer occupancy. |Instead of polling the buffer depth
periodically, it is only interested in the real-tinme events when the
buffer depth crosses a low and a high threshold. W can install a
probe to achieve this data plane function and the probe can be
nodel ed as a three-state FSM Each state represents a buffer region
bel ow the | ow threshol d, above the high threshold, and in between the
two thresholds. A possible state transition is checked against the
buffer depth for each incom ng and outgoi ng packet. Wenever a state
transition happens, an event is generated and reported to the
application. This approach significantly reduces the anount of data
sent to the application and also allows a tinely event notification

For anot her exanple, an application would like to nmonitor the del ay
experienced by a flow The packet delay on its forwardi ng path can
be acquired by using i OAM [ | - D. br ockner s-i nband- oam r equi r enent s] .

However, the application only needs to know that N consecutive flow
packets experience a delay longer than T. Instead of forwarding the
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raw del ay data to the application, a probe can be deployed to detect
the event. Sinmilarly, the probe can be nodel ed as an FSM

4.3. 1P Performance Measurenents on nultipoint-to-mnultipoint |arge
Net wor ks

Net works offer rich sets of network perfornance measurenent data, but
tradi tional approaches run into limtations. One reason for this is
the fact that in many cases, the bottleneck is the generation and
export of the data and the anount of data that can be reasonably
collected fromthe network runs into bandw dth and processing
constraints in the network itself. |In addition, nmanagenent tasks
related to determining and configuring which data to generate lead to
si gni ficant depl oynent chal | enges.

In order to address these issues, an SDN controller application
orchestrates network performance neasurenents tasks across the
network to allow an optinized nmonitoring. In fact the I P Perfornmance
Measurement SDN Controller Application in Figure 5 can calibrate how
deep can be obtained nonitoring data fromthe network by configuring
measur enent points roughly or neticulously. This can be established
by using the feedback nechanismreported in Figure 5.

For instance, the SDN Controller can configure initially an end to
end nonitoring between ingress points and egress points of the
network. |If the network does not experinment issues, this approximte
monitoring i s good enough and is very cheap in terms of network
resources. But, in case of problens, the SDN Controller becones
aware of the issues fromthis approximte nonitoring and, in order to
| ocalize the portion of the network that has issues, configures the
measur enent points nore exhaustively. So a new detail ed nonitoring
is performed. After the detection and resolution of the problemthe
initial approximate nonitoring can be used again. This idea is
general and can be applied to different perfornance neasurenents
techni ques both active and passive (and hybrid).

| | P Performance Measurenent |
| SDN Controller Application |

o e e e e e e e e e e e e e e e e e e eo oo +
AN AN AN | | |
| | | % % %
T +
| Mul ti poi nt Net wor k |
o e e e e e e e e e e e e e e e e e e +

Fi gure 5: Feedback mechani smon multipoint-to-multipoint |arge
Net wor ks
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One of the nost efficient nmethodol ogy to perform packet, |oss del ay
and jitter measurenments both in an I P and Overlay Networks is the
Al ternate Marking nmethod, as presented in [I-D.ietf-ippmalt-mark]
and [I-D.fioccola-i ppmmnultipoint-alt-nmark].

This techni que can be applied to point-to-point flows but also to
mul ti point.to-multipoint flows (see [I-D.ietf-ippmalt-nmark] and
[I-D.fioccola-ippmmultipoint-alt-mark]). The Alternate Marking
met hod creates batches of packets by alternating the value of 1 or 2
bits of the packet header. These batches of packets are

unanbi guously recogni zed over the network and the conparison of
packet counters pernits the packet |loss calculation. The sanme idea
can be applied for delay neasurenment by selecting special packets
with a marking bit dedicated for delay nmeasurenments. This method
needs two counters each marking period for each fl ow under nonitor
For this reason by considering n nmeasurenent points and n nonitored
flows, the order of nmagnitude of the packet counters for each tine
interval is n*n*2 (1 per color).

Mul tipoint Alternate Marking, described in
[I-D.fioccola-ippmmultipoint-alt-mark], ainms to reduce this val ue
and nakes the performance nonitoring nore flexible in case a detail ed
anal ysis is not needed.

It is possible to nonitor a Miultipoint Network without exam ning in
depth by using the Network Custering (subnetworks that are portions
of the entire network that preserve the sanme property of the entire
network). So in case there is packet loss or the delay is too high
the filtering criteria could be specified nore in order to performa
per flow detailed analysis, as described in [I-D.ietf-ippmalt-nmark].

An application of the multipoint performance nonitoring can be done
by using FSM (each state is a conposition of clusters) and feedback
nmechani sm where the SDN Controller is the brain of the network and
can nanage flow control to the switches and routers and, in the sane
way, can calibrate the performance nmeasurenents dependi ng on the
necessity.

5. YANG for finite state machi ne (FSM

This nodel defines a list of states and transitions to describe a
generic finite state machine (FSM. The related code and tree are
shown in the Appendi x.

<current-state>: it defines the current state of the FSM
<states>: this elenent defines the FSM as foll ows.
<state>: this list defines all the FSM st ates.
<id>: this leaf attribute of <state> defines the
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identifier of the state
<name>: this leaf attribute of <state> defines the
nane of the state
<description> this leaf is a "string" describing the
state
<transitions>. this attribute defines a list of
transitions to other states in the FSM
<nane>: this attribute defines the nane of a
transition
<type>:. this attribute defines the type of the
transition froma pool of possible transition
types predefined inside the YANG nodel .
Together with the <nane> attribute, it
uniquely identifies the transition
<description>: this optional attribute is a
"string" describing the transition
<filters> this leaf is a list of input
paraneters related to the transition. This
attribute enables to further express a
transition: as an exanple, if a transition can
be triggered by a paraneter (e.g., a nonitored
performance paraneter) exceeding a threshold
(as in Sec. 5), an elenent of the list defines
this threshold. Thus, if the paraneter is
outside the threshold, the transition is
taken, otherw se not.
<filter>: this leaf of <filters> defines
a filter paraneter.
<filter-id> this leaf of <filters>
define the identifier nunber associated
with the <filter> attribute.
<actions>: this attribute defines a |ist of
actions to take during the transition.
<action>: this attribute is the list of
actions
<id>: this leaf of <action>
defines the identifier nunber of
an action.
<type>: this |leaf of <action>
defines the type of an action
<sinple> this |eaf defines
(differently from <conditional >
detail ed bel ow) an action that
has to be directly executed.
<execute>: this attribute
recalls an RPC encapsul ati ng
the effective task (action)
to be executed by the
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hardware. |If npbre actions
(e.g., "A" and "B"), defined
in the <action> list, have
to be executed, these
actions can be executed
sequentially according to
the <next-action> attribute
det ai |l ed bel ow. Thus, by
referring to the tree of the
Appendi x, when an action
("A") is executed, the
<next-action> attribute wll
bring to another action
("B"). If nore actions have
to be executed in parallel
(e.g., "A" & "B"), not
sequentially, an el ement of
the <action> list should be
defined to express an action
(e.g., "A&B") consisting of
nore actions to be executed
in parallel
<next-action>: this
attribute defines the
identification nunber of a
next action that has to be
taken. The <next-action>
can assune a NULL val ue.
<conditional > this |eaf enables a
check ("true" or "false") to be
verified before executing the
action. Based on the check, the
proper attributes <execute> and
<next - operati on> are consi dered.
<statenment>: this |eaf
of <condi tional > defines
the condition to be
verified before executing
t he action.
<true>: this |eaf of
<condi ti onal > defines a
result of the check
associated to
<statement>. Proper
<execut e> and
<next - oper ati on>
attri butes are associ at ed
with this result of the
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6

check.
<false>: this |eaf of
<condi ti onal > defines a
result of the check
associated to
<statenent>. Proper
<execut e> and
<next - oper ati on>
attri butes are associ at ed
with this result of the
check.
<next-state>:. this attribute defines
the next state of FSM when an action is
execut ed.

I mpl enent ati on of the pre-programmng resiliency schenes in EONs

These presented nodel can be used to enable a centralized network
controller, managed by a network operator, to instruct data plane
hardware on its reconfiguration if some events, such as a failure or
physi cal |ayer degradation, occur. As an exanple, an optical signa

i npacted by a soft failure (i.e., a physical |ayer degradation

i nducing a pre forward error correction bit error rate increase -
pre- FEC) can be nmi ntai ned by adapting the FEC of the signal itself.
This action to be taken and, nore in general operations to be
execut ed depending on critical events, can be (re-) progranmred on the
transponder by (re-) sending a NETCONF <edit-config> nessage to the
device controller including a FSM defined by the YANG nodel. Such a
system has the main goal to speed up the reaction of the network to
certain events/faults and to alleviate the workl oad of the
centralized controller. The speed up derives fromthe fact that the
centralized controller is able to pre-conpute and pre-configure on
the network devices the actions to take when an event occurs taking
into account a gl obal view and know edge of the network. In this
way, the device is already aware of the actions to be locally applied
to reconfigure a connection, avoiding to informthe controller and to
wait for the response indicating what to do. Consequently, part of
the workload is also renoved fromthe centralized controller. \Wen
the reaction is successfully conpleted in the data plane, the
centralized controller can be notified about the faults and the taken
action. A flexible transponder supporting two FEC types, 7% and 20%
is considered. A two-states FSMis also assumed. The states have
<name> attribute set to "Steady" and "Fec-Baud-Adapt", respectively.
In the "Steady" state, the signal is in a healthy condition, adopting
a 7% FEC, with a pre-FEC BER bel ow an assigned threshold of 9 x 10-4.
A transition fromthis state can be triggered by the event with
<nanme>=BER CHANGE and <filter-type>=9 x 10-4, thus expressing a
change of the pre-FEC BER above the threshold. In case the pre-FEC

Sanbo, et al. Expires May 3, 2018 [ Page 13]



Internet-Draft YANG for FSM Cct ober 2017

7.

7.

BER exceeds 9 x 10-4 due to a soft failure, the state machi ne evol ves
to the "Fec-Baud-Adapt" state and an adaptation to a nore robust FEC
of 20% (executed by the attribute <execute>) is performed. The
systemcan return to the "Steady" state if the pre-FEC BER goes bel ow
anot her pre-defined threshold and the FEC is reconfigured to 7%

Appendi x
Thi s appendi x reports the YANG nodel s code and the related tree.
1. YANG nodel for FSM - Tree

nodul e: finite-state-machine
+--rw current-state? | eaf r ef
+--rw states
+-rw state [id]
+-rwid state-id-type
+--rw description? string
+--rw transitions
+--rw transition [name type]
+--rw nane string
+-rw type transition-type
+--rw description? string
+-rwfilters
| +-rwfilter [filter-id]
| +-rwfilter-id yp:filter-id
+--rw actions
+--rw action [id]

+-rwid transition-id-type
+-rw type enurer ati on

+--rw condi tional

| +--rw statenent string

+--rwtrue
| +--rw execute
| +--rw next-action? transition-id-type

|

I

I

| | +--rw next-state? | eaf r ef

| +--rwfalse

| +--rw execute

| +--rw next-action? transition-id-type
[ +--rw next-state? | eaf r ef

+--rw sinple

+--rw execute
+--rw next-action? transition-id-type
+--rw next-state? | eaf r ef
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7.2. YANG nodel for FSM - Code
nmodul e transitions {
nanespace "http://sssup.it/transitions";

prefix ev;

i mport ietf-yang-push {

prefix yp;

organi zati on

"Scuol a Superiore Sant’ Anna Network and Services Laboratory";

cont act
" Editor: Matteo Dallaglio

<mai |l to: mdall agli o@ssup.it>

description

"This nodul e contains a YANG definitions of events and generic
reactions.";

revision 2016-03-15 {
description "lnitial Revision.";
reference

"RFC xxxx: A YANG data nodel for the description of events and
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reactions”;

/] identity statenments

identity TRANSI TI ON {

description "Base for all types of event";

identity ON_CHANGE {
base TRANSI TI ON;
description

"The event when the database changes.";

/] typedef statenents

typedef transition-type {

type identityref {

base TRANSI TI ON;

typedef transition-id-type {
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type uint32;

/1 grouping statements
groupi ng action-bl ock {
leaf id {
type transition-id-type;
}
| eaf type {
type enuneration {
enum CONDI Tl ONAL_CP;
enum S| MPLE_OP;

}

mandat ory true

groupi ng execution-top {

anyxm execute {

description "Represent the action to perfornt;

}

| eaf next-action {

type transition-id-type;

description "the id of the next action to execute";
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cont ai ner conditional {
when "../type = ' CONDI TI ONAL_OP ";
| eaf statenent {
type string;
mandat ory true;

description

"The statenent to be eval uated before execution.

E.g. if a=b";
}
contai ner true {
uses execution-top;
}
contai ner false {

uses execution-top;

container sinple {
when "../type = *SIMPLE OP' ";

description

Cct ober 2017

"Si npl e execution of an action w thout checking any condition";
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uses execution-top;

groupi ng action-top {
list action {
key "id";
or der ed- by user;

uses action- bl ock;

groupi ng on-change {

description

"Event occuring when a nodification of one or nore

obj ects occurs"”;

container filters {

description

Cct ober 2017

"This container contains a list of configurable filters

that can be applied to subscriptions.

the reuse of conplex filters once defined.";

list filter {

key "filter-id";

Sanbo, et al. Expires May 3, 2018
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description
"Alist of configurable filters that can be applied to
subscriptions.";
leaf filter-id {
type yp:filter-id,
description
"An identifier to differentiate between filters."

}

uses yp:datatree-filter

grouping transition-top {
| eaf nane {
type string;

mandat ory true

}

| eaf type {
type transition-type;
mandat ory true

}
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| eaf description {

type string;

/1 list of all possible events
uses on-change {

when "type = ' ON_CHANGE ";

cont ai ner actions {

uses action-top

grouping transitions-top {
contai ner transitions {
list transition {
key "nane type";

uses transition-top

Sanbo, et al. Expires May 3, 2018
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/'l data definition statenents

uses transitions-top

/'l extension statenents

/|l feature statenents

/1 augnent statenents

/1 rpc statements

/'l notification statenents

}//nodul e transitions

nmodul e finite-state-nachine {

nanespace "http://sssup.it/fsni;

prefix fsm

import transitions {

prefix ev;

Sanbo, et al. Expires May 3, 2018
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organi zati on

"Scuol a Superiore Sant’ Anna Network and Services Laboratory";

cont act
" Editor: Matteo Dallaglio

<mai |l to: mdall agli o@ssup.it>

description

"This nodul e contains a YANG definitions of a generic finite state
machi ne. ";

revision 2016-03-15 {

description "lnitial Revision.";

ref erence

"RFC xxxx:";

/1 identity statenments

/] typedef statenents

typedef state-id-type {

type uint32;
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/1 grouping statenments
grouping state-top {
leaf id {

type state-id-type

| eaf description {

type string;

groupi ng next-state-top {
| eaf next-state {

type leafref {

Cct ober 2017

path “../../..[..[..l../1..[..]../states/state/id";

}

description "lId of the next state";

uses ev:transitions-top {

augrment "transitions/transition/actions/action/conditional/true" {

uses next-state-top;

Sanbo, et al. Expires May 3, 2018
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augrment "transitions/transition/actions/action/conditional/false" {
uses next-state-top
}
augnment "transitions/transition/actions/action/sinple" {
[l uses next-state-top
| eaf next-state {
type leafref {
path “../.. /.. /.. [..1../..]../states/state/id";

}

description "lId of the next state";

groupi ng states-top {
| eaf current-state {
type leafref {

path "../states/state/id";

Sanbo, et al. Expires May 3, 2018 [ Page 25]



Internet-Draft YANG f or FSM

contai ner states {
list state {
key "id";

uses state-top;

/'l data definition statenents

uses states-top;

/| extension statenents

/|l feature statenents

/1 augnent statenents.

Sanbo, et al. Expires May 3, 2018
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[l rpc statements

YANG f or

/'l notification statenents

FSM
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}// nodul e fsm
7.3. Exanple of values for the YANG node
FI ELD NAME | YANG DATA TYPE | VALUE
I I
Current State | | eaf r ef | ™"an existing state id
[ [ in the FSM
I I
State | |
id | ui nt 32 | 1
nane | string | St eady
description | string | "what ever string”
I I
transition | |
name | string | "what ever string"
type | enum | BER CHANGE
description | string | "what ever string”
| |
filter [ [
filter-id | ui nt 32 | 2
filter-type [ anyxm or xpath [ BER>0. 0009
I I
action | |
id | ui nt 32 | 3
type [ enum [ SI MPLE
st at enent | string | "what ever string"
execut e | anyxm | "this recalls an RPC
| | where the FEC val ue
| | i s expressed”
next - operation | ui nt 32 | NULL
next-state [ | eaf r ef | "an existing state id
| | in the FSM
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