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Abstract—NETCONF is emerging as Software Defined Net-
working (SDN) protocol for the control and management of
optical networks. It enables data plane device configuration and
access to monitoring information. NETCONF may exploit YANG
data model to describe network elements to be controlled/man-
aged. YANG and NETCONF are of interest for operators since
they provide a standard way to control and manage network
elements, independently from the vendor.

This paper presents and demonstrates a management plane
based on NETCONF protocol. In particular, a YANG model
describing optical transponders supporting slice-ability, variable
rate, and monitoring functionalities is proposed. NETCONF
experimental demonstrations are carried out to validate the
proposed model and to prove the control and management capa-
bilities of these technologies applied to elastic optical networks
(EONs).

Index Terms—NETCONF, YANG, Sliceable Transponder,
EON, SBVT, slice-ability, elastic.

I. INTRODUCTION

Data and control plane of optical networks have expe-
rienced relevant advances in the recent years. Considering
data plane technologies, sliceable transponders are emerging
as a technology meeting the requirements of operators to
support variable bit-rate, optimizing the spectral efficiency
based on the required optical reach — thus supporting multiple
modulation formats or forward error correction (FEC) — and
also enabling slice-ability (i.e., the capability of generating
independent optical flows to be directed toward different
paths and destinations) [1]–[4]. Such transponders, thanks to
coherent detection, also support monitoring of transmission
parameters (e.g., pre-FEC bit error rate —pre-FEC BER) [5].
These technologies aims to increase both the scalability and
agility of the transport network, allowing resource optimiza-
tion and scaling of bandwidth as demands change and increase.
However, while data and control planes have experienced
such advances, the innovations in the management plane still
need improvements [6] to develop management mechanisms to
reduce deployment and operational complexity and maximize
benefits of EONs capabilities.

Network Configuration Protocol (NETCONF) [7] is emerg-
ing as an SDN protocol standardized by the Internet Engineer-
ing Task Force (IETF), providing both control (e.g., data plane
device configuration) and management functionalities (e.g., ac-
cess to monitoring information). NETCONF protocol provides
mechanisms to install, manipulate, and delete management

states and information of network devices. NETCONF may
rely on the Yet Another Next Generation (YANG) modelling
language [8], [9] to describe network devices in a standard
way. YANG and NETCONF are gaining interest for operators
and research since they provide a standard way to control
and manage network elements, independently from the vendor
[10].

NETCONF and YANG have been introduced in several
networking scenarios. For example, in [11], authors pro-
pose a NETCONF agent for link state monitoring compared
with other management technologies such as Simple Network
Management Protocol (SNMP). In [12], authors highlight
the benefits provided by NETCONF in terms of security and
scalability, compared with SNMP and REpresentational State
Transfer (REST). In [13], authors uses YANG and NETCONF
to manage a 10G-PON. Preliminary works of YANG mod-
elling applied to EONs are mentioned in [14]. However, the
YANG model has not been reported, and NETCONF is not
fully supported.

All the mentioned works do not address a definition of a
YANG model for sliceable transponders in EONs employing
NETCONF protocol.

This paper presents and demonstrates a control and manage-
ment plane based on NETCONF protocol exploiting YANG
model. In particular, the proposed YANG model describes
transponders based on multi-carrier technology, enabling slice-
ability and variable baud rate, bit rate, number of carriers,
FEC, and modulation format, and supporting the monitoring
of several physical parameters such as chromatic dispersion,
BER, Q-factor, and others. The paper presents a management
experiment using NETCONF exploiting the proposed YANG
model. In particular, the controller performs device state
discovery, and monitoring information polling.

II. YANG AND NETCONF

YANG is a data modelling language that can be used to
express the structure and semantics of a device information
in a vendor-neutral format [8]. Two types of information
are present in a YANG model: configuration data and state
(operational) data. Configuration data are explicitly set by an
external entity on the system. State data reflects the parameters
that cannot be set by an external entity (some of these data
are fixed by the vendor).
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Fig. 1. NETCONF message exchange.

NETCONF is a network configuration and management
protocol standardized by the IETF [7]. NETCONF is based
on a simple Remote Procedure Call (RPC) layer running over
secure transport protocols (typically SSH) to foster interop-
erability and security. Compared to Simple Network Man-
agement Protocol (SNMP), NETCONF has been standardized
later, thus it has been designed with additional features to
overcome SNMP lacks. Some of the limitation of SNMP have
been in RFC 3535 [15] after the IETF workshop held by the
Internet Architecture Board on Network Management in 2002.
NETCONF provides all the benefit of SNMP as well as many
useful features. In particular, NETCONF is transaction based,
i.e. when some of the network devices successfully upload the
configuration but others fail, NETCONF allows a managed
device to rollback to a known-state configuration. Config-
uration and operational states are well defined and clearly
separated. NETCONF supports multiple configuration data
stores (candidate, running, startup). Moreover, streaming and
playback of event notifications are also supported. The main
NETCONF message exchange is illustrated in Fig. 1. Initially,
controller (client) and device (server) create a NETCONF
session and exchange the list of their capabilities by sending
<hello> messages (1,2). A capability describes a supported
data model. Once the session is opened, the NETCONF
peers exchange <rpc> and <rpc-reply> messages. The
<rpc> message is used to enclose a NETCONF command
sent from the controller (client) to the device (server). The
<get> command of the <rpc> message is used to retrieve
the running configuration and state information of the de-
vice (3). The <edit-config> request is used to write
a specific configuration on the device (5) (e.g. to set the
maximum transmission unit of a specific Ethernet interface).
The <rpc-reply> message is sent from the device to the
controller in response to an <rpc> message. The response
data for the given method invoked is encoded as one or more
child elements enclosed in the <rpc-reply> message.

III. TRANSPONDER MODEL

In this section, the proposed YANG model for a sliceable
transponder with monitoring capabilities is described. The
sliceable transponder presented in [2] has been used as a
reference architecture to design the YANG model. Standard-
ization guidelines on data modelling suggested by IETF in [16]
and by the OpenConfig working group in [17] have been
considered. The model has been published online on a public
repository [18]. A schematic view of the proposed YANG
model describing the transponder is organized in the tree
diagram shown in Fig. 2. In particular, a generic transponder is
modelled as a list of sub-carrier modules, each one generating
or detecting a sub-carrier and a list of connections. In case
more than one sub-carrier modules are installed, the Boolean
field slice-ability-support is used to indicate whether the
transponder supports slice-ability or not [2]. The configuration
data of the sub-carrier module are the following: e.g., bit rate,
baud rate, modulation, FEC, central frequency, and bandwidth.
Some additional fields may appear depending whether the sub-
carrier is used in reception (e.g., local oscillator, sampling rate,
and analog bandwidth) or in transmission (e.g., the launch
power). The state data of the sub-carrier module are the
following: supported bit rates, baud rates, modulation formats,
and FEC. Then, an additional field is proposed for monitoring
capabilities, i.e. listing the parameters that can be monitored
by the transponder itself: e.g., input power at the receiver.
Regarding the connections, the configuration data are the
following: a list of sub-carriers module ids referring to those
sub-carriers involved in the connection, and the frequency slot
composed by the nominal central frequency (n) and the slot
width (m), according to ITU-T [19].

Listing 1 shows the proposed YANG model. In the next
sections, the proposed YANG model code will be detailed.

A. Sub-carrier module

In the model, each sub-carrier module (line 290) has a
configurable direction (line 156) which is either transmission
(TX) or reception (RX). Several parameters of the sub-carrier
module can be configured, e.g. the bit rate (line 159), baud
rate (line 163), modulation format (line 167), FEC (line 171),
central frequency (line 172), and bandwidth (line 175). In
addition, some other parameters can be configured depending
whether the sub-carrier is used in reception or in transmission.
In reception, those parameters are the local oscillator (line
104), sampling rate (line 107), and analog bandwidth (line
111), while in transmission, the launch power (line 94).
The state data is composed by a replica of the configuration
data (as explained in section II), plus the supported func-
tionalities and some additional monitoring information. The
supported functionality are organized in lists, in particular:
list of supported bit rates (line 181), baud rates (line 186),
modulation formats (line 191), and FEC (line 85). Then, an
additional field is proposed for monitoring functionalities, i.e.
listing the parameters that can be monitored by the transponder
itself: input power at the receiver (line 117), pre-FEC BER
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Fig. 2. Transponder YANG Tree

(line 121), polarization mode dispersion (line 134), chromatic
dispersion (line 141), and Q-factor (line 147).

B. Connections

In the model, each connection (line 270) is identified with a
unique connection-id (line 272), uses a specific transmission
scheme (e.g. NWDM) (line 232), is supported by one or
more sub-carriers specified by the sub-carrier list (line 235),
and occupies a certain amount of bandwidth specified by the
frequency-slot (line 243). The sub-carrier list contains the
IDs of those sub-carriers involved in the connection while the

frequency slot is describes by the nominal central frequency
index (n) (line 253) and the slot width (m) (line 257) accord-
ing to ITU-T [19]. All the connection parameters introduced
so far are configuration data. The state data is composed for
the connections by just the replica of the configuration data.

Listing 1. Transponder YANG Model
1
2 module t r a n s p o n d e r {
3 namespace ” h t t p : / / s s s u p . i t / t r a n s p o n d e r ” ;
4 p r e f i x t r a n ;
5 i m p o r t modu la t ion−f o r m a t s {
6 p r e f i x mdfrms ;
7 }
8 i m p o r t fec−t y p e s {
9 p r e f i x f e c ;

10 }
11 i m p o r t i e t f−yang−t y p e s {
12 p r e f i x yang ;
13 }
14
15 t y p e d e f t r a n s m i s s i o n−t y p e {
16 t y p e e n u m e r a t i o n {
17 enum NWDM;
18 enum O−OFDM;
19 enum TFP ; / / Time−f r e q u e n c y p a c k i n g
20 }
21 }
22 t y p e d e f d i r e c t i o n−t y p e {
23 t y p e e n u m e r a t i o n {
24 enum TX;
25 enum RX;
26 }
27 }
28 t y p e d e f b i t−r a t e−t y p e {
29 t y p e dec ima l64 {
30 f r a c t i o n−d i g i t s 3 ;
31 r a n g e ” 0 . . max” ;
32 }
33 u n i t s ”Gb / s ” ;
34 }
35 t y p e d e f baud−r a t e−t y p e {
36 t y p e dec ima l64 {
37 f r a c t i o n−d i g i t s 3 ;
38 r a n g e ” 0 . . max” ;
39 }
40 u n i t s ” Gbaud ” ;
41 }
42 t y p e d e f modu la t ion−t y p e {
43 t y p e i d e n t i t y r e f {
44 base mdfrms : modu la t ion−f o r m a t ;
45 }
46 }
47 t y p e d e f fec−t y p e {
48 t y p e i d e n t i t y r e f {
49 base f e c : fec−t y p e ;
50 }
51 }
52 t y p e d e f f r e q u e n c y−ghz−t y p e {
53 t y p e dec ima l64 {
54 f r a c t i o n−d i g i t s 8 ;
55 r a n g e ” 0 . . max” ;
56 }
57 u n i t s ”GHz” ;
58 }
59
60 g r o u p i n g fec−c o n f i g {
61 c o n t a i n e r fec−in−use {
62 p r e s e n c e ” E n a b l e s FEC” ;
63 l e a f name {
64 t y p e fec−t y p e ;
65 }
66 c o n t a i n e r r a t e {
67 l e a f message−l e n g t h {
68 t y p e i n t 1 6 {
69 r a n g e ” 1 . . max” ;
70 }
71 }
72 l e a f b lock−l e n g t h {
73 t y p e i n t 1 6 {
74 r a n g e ” 1 . . max” ;
75 }
76 }
77 must ” b lock−l e n g t h >= message−l e n g t h ” {
78 e r r o r−message ” block−l e n g t h must be >=

message−l e n g t h ” ;
79 }
80 } / / r a t e
81 } / / f ec−in−use
82 } / / f ec−c o n f i g
83
84 g r o u p i n g fec−s t a t e {
85 c o n t a i n e r s u p p o r t e d−f e c {
86 d e s c r i p t i o n ” L i s t o f s u p p o r t e d FEC schemes ” ;
87 l e a f− l i s t f e c {
88 t y p e fec−t y p e ;



89 }
90 } / / s u p p o r t e d
91 } / / f ec−s t a t e
92
93 g r o u p i n g t r a n s m i t t e r−c o n f i g {
94 l e a f o u t p u t−power {
95 t y p e i n t 1 6 ;
96 u n i t s ”dBm” ;
97 }
98 } / / t r a n s m i t t e r−c o n f i g
99

100 g r o u p i n g t r a n s m i t t e r−s t a t e {
101 }
102
103 g r o u p i n g r e c e i v e r−c o n f i g {
104 l e a f l o c a l−o s c i l l a t o r {
105 t y p e f r e q u e n c y−ghz−t y p e ;
106 }
107 l e a f sampl ing−r a t e {
108 t y p e u i n t 3 2 ;
109 u n i t s ”GS / s ” ;
110 }
111 l e a f ana log−bw {
112 t y p e f r e q u e n c y−ghz−t y p e ;
113 }
114 } / / r e c e i v e r−c o n f i g
115
116 g r o u p i n g r e c e i v e r−s t a t e {
117 l e a f i n p u t−power {
118 t y p e i n t 1 6 ;
119 u n i t s ”dBm” ;
120 }
121 l e a f pre−fec−b e r {
122 t y p e dec ima l64 {
123 f r a c t i o n−d i g i t s 1 8 ;
124 r a n g e ” 0 . . max” ;
125 }
126 }
127 l e a f sample−v a r i a n c e {
128 t y p e dec ima l64 {
129 f r a c t i o n−d i g i t s 1 8 ;
130 r a n g e ” 0 . . max” ;
131 }
132 r e f e r e n c e ” h t t p : / / i e e e x p l o r e . i e e e . o rg / x p l /

a r t i c l e D e t a i l s . j s p ? arnumber =7035536 ” ;
133 }
134 l e a f pmd {
135 t y p e dec ima l64 {
136 f r a c t i o n−d i g i t s 8 ;
137 r a n g e ” 0 . . max” ;
138 }
139 u n i t s ” ps / ( km) ˆ 0 . 5 ” ;
140 }
141 l e a f cd {
142 t y p e dec ima l64 {
143 f r a c t i o n−d i g i t s 5 ;
144 }
145 u n i t s ” ps / nm / km” ;
146 }
147 l e a f q−f a c t o r {
148 t y p e dec ima l64 {
149 f r a c t i o n−d i g i t s 5 ;
150 }
151 u n i t s ”dB” ;
152 }
153 } / / r e c e i v e r−s t a t e
154
155 g r o u p i n g s u b c a r r i e r−module−c o n f i g {
156 l e a f d i r e c t i o n {
157 t y p e d i r e c t i o n−t y p e ;
158 }
159 l e a f b i t−r a t e {
160 d e s c r i p t i o n ” The b i t−r a t e i n use ” ;
161 t y p e b i t−r a t e−t y p e ;
162 }
163 l e a f baud−r a t e {
164 d e s c r i p t i o n ” The baud−r a t e i n use ” ;
165 t y p e baud−r a t e−t y p e ;
166 }
167 l e a f m o d u l a t i o n {
168 d e s c r i p t i o n ” Modu la t ion f o r m a t i n use ” ;
169 t y p e modu la t ion−t y p e ;
170 }
171 u s e s fec−c o n f i g ;
172 l e a f c e n t r a l−f r e q u e n c y {
173 t y p e f r e q u e n c y−ghz−t y p e ;
174 }
175 l e a f bandwid th {
176 t y p e f r e q u e n c y−ghz−t y p e ;
177 }
178 } / / s u b c a r r i e r−module−c o n f i g
179
180 g r o u p i n g s u b c a r r i e r−module−s t a t e {
181 c o n t a i n e r s u p p o r t e d−b i t−r a t e s {
182 l e a f− l i s t b i t−r a t e {
183 t y p e b i t−r a t e−t y p e ;
184 }
185 }
186 c o n t a i n e r s u p p o r t e d−baud−r a t e s {

187 l e a f− l i s t baud−r a t e {
188 t y p e baud−r a t e−t y p e ;
189 }
190 }
191 c o n t a i n e r s u p p o r t e d−m o d u l a t i o n s {
192 l e a f− l i s t m o d u l a t i o n {
193 t y p e modu la t ion−t y p e ;
194 }
195 }
196 u s e s fec−s t a t e ;
197 } / / s u b c a r r i e r−module−s t a t e
198
199 g r o u p i n g s u b c a r r i e r−module {
200 c o n t a i n e r c o n f i g {
201 u s e s s u b c a r r i e r−module−c o n f i g ;
202 c o n t a i n e r t r a n s m i t t e r {
203 when ” . . / d i r e c t i o n = ’TX ’ ” ;
204 u s e s t r a n s m i t t e r−c o n f i g ;
205 }
206 c o n t a i n e r r e c e i v e r {
207 when ” . . / d i r e c t i o n = ’RX’ ” ;
208 u s e s r e c e i v e r−c o n f i g ;
209 }
210 } / / c o n f i g
211 c o n t a i n e r s t a t e {
212 c o n f i g f a l s e ;
213 u s e s s u b c a r r i e r−module−c o n f i g ;
214 u s e s s u b c a r r i e r−module−s t a t e ;
215 c o n t a i n e r t r a n s m i t t e r {
216 when ” . . / d i r e c t i o n = ’TX ’ ” ;
217 u s e s t r a n s m i t t e r−c o n f i g ;
218 u s e s t r a n s m i t t e r−s t a t e ;
219 }
220 c o n t a i n e r r e c e i v e r {
221 when ” . . / d i r e c t i o n = ’RX’ ” ;
222 u s e s r e c e i v e r−c o n f i g ;
223 u s e s r e c e i v e r−s t a t e ;
224 }
225 } / / s t a t e
226 } / / s u b c a r r i e r−module
227
228 g r o u p i n g c o n n e c t i o n−c o n f i g {
229 l e a f c o n n e c t i o n−i d{
230 t y p e u i n t 3 2 ;
231 }
232 l e a f t r a n s m i s s i o n−scheme {
233 t y p e t r a n s m i s s i o n−t y p e ;
234 }
235 l i s t s u b c a r r i e r {
236 key ” s u b c a r r i e r−i d ” ;
237 l e a f s u b c a r r i e r−i d {
238 t y p e l e a f r e f {
239 p a t h ” / t r a n : t r a n s p o n d e r / t r a n : s u b c a r r i e r−module

/ t r a n : s u b c a r r i e r−i d ” ;
240 }
241 }
242 }
243 c o n t a i n e r f r e q u e n c y−s l o t {
244 r e f e r e n c e ” d r a f t−i e t f−ccamp−f l e x i−g r i d−fwk−07” ;
245 l e a f nominal−c e n t r a l−f r e q u e n c y−g r a n u l a r i t y {
246 t y p e f r e q u e n c y−ghz−t y p e ;
247 d e f a u l t 6 . 2 5 ;
248 }
249 l e a f s l o t−width−g r a n u l a r i t y {
250 t y p e f r e q u e n c y−ghz−t y p e ;
251 d e f a u l t 1 2 . 5 ;
252 }
253 l e a f n {
254 t y p e i n t 1 6 ;
255 mandatory t r u e ;
256 }
257 l e a f m {
258 t y p e i n t 1 6 {
259 r a n g e ” 1 . . max” ;
260 }
261 mandatory t r u e ;
262 }
263 }
264 } / / c o n n e c t i o n−c o n f i g
265
266 g r o u p i n g c o n n e c t i o n−s t a t e {
267 }
268
269 g r o u p i n g c o n n e c t i o n s {
270 l i s t c o n n e c t i o n {
271 key ” c o n n e c t i o n−i d ” ;
272 l e a f c o n n e c t i o n−i d {
273 t y p e l e a f r e f {
274 p a t h ” . . / c o n f i g / c o n n e c t i o n−i d ” ;
275 }
276 }
277 c o n t a i n e r c o n f i g {
278 u s e s c o n n e c t i o n−c o n f i g ;
279 }
280 c o n t a i n e r s t a t e {
281 c o n f i g f a l s e ;
282 u s e s c o n n e c t i o n−c o n f i g ;
283 u s e s c o n n e c t i o n−s t a t e ;
284 }
285 } / / c o n n e c t i o n



286 } / / c o n n e c t i o n s
287
288 / /−−−−−−−−−− MAIN TREE −−−−−−−−−−−−//
289 c o n t a i n e r t r a n s p o n d e r {
290 l i s t s u b c a r r i e r−module {
291 key ” s u b c a r r i e r−i d ” ;
292 l e a f s u b c a r r i e r−i d {
293 t y p e u i n t 3 2 ;
294 }
295 u s e s s u b c a r r i e r−module ;
296 }
297
298 l e a f s l i c e−a b i l i t y−s u p p o r t {
299 when ” c o u n t ( . . / s u b c a r r i e r−module ) > 1 ” ;
300 t y p e b o o l e a n ;
301 c o n f i g f a l s e ;
302 }
303
304 l e a f node−i d {
305 t y p e u i n t 1 6 ;
306 }
307
308 l e a f add−drop−i d {
309 t y p e u i n t 1 6 ;
310 }
311
312 c o n t a i n e r c o n n e c t i o n s {
313 u s e s c o n n e c t i o n s ;
314 }
315 }
316
317 } / / t r a n s p o n d e r

IV. EXPERIMENTAL DEMONSTRATION

The controller runs a python implementation of a NET-
CONF client. The device is emulated using a virtual machine
with 4GB RAM, 1 processor at 3.4GHz, and Ubuntu Linux
as operating system. The virtual machine runs ConfD, a NET-
CONF server implementation made by Tail-f (CISCO), and a
C program we made to emulate the monitoring capabilities of
the device (Fig. 3). Our program communicates with ConfD
through specific APIs provided by the latter. The transponder
YANG model, as in section III, has been included in the
capabilities of both client and server. In the experiment, con-
troller and devices are under the same local area network and
connected to the same fast Ethernet switch. The experiment is
divided into two parts. First, the controller discovers the device
state and functionality. Then, the controller monitors an active
connection by issuing NETCONF <get> command.

A. Transponder discovery

In this part of the experiment, the controller interrogates the
device to retrieve its current state (e.g. installed sub-carriers
modules, supported transmission parameters). In particular, the
controller issues an RPC <get> command asking for the full
state information of the transponder (Fig. 1 (3)). Listing 2
shows the content of the message captured with Wireshark.

Listing 2. NETCONF RPC <get> message.
<?xml v e r s i o n = ” 1 . 0 ” e n c o d i n g =”UTF−8” ?>
<r p c xmlns =” urn : i e t f : params : xml : ns : n e t c o n f : ba se : 1 . 0 ”

message−i d =”1”>
<ge t><f i l t e r t y p e = ’ xpa th ’ s e l e c t = ’ / t r a n s p o n d e r ’ /></ ge t>

</ rpc>

The device replies with a <rpc-reply> message containing
the full transponder state information (Fig. 1 (4)). Listing 3
shows the content of the captured message (some portions
of the message have been skipped by adding ”...”). Among
all data, it is possible to evince that the transponder has four
sub-carrier modules installed. The first sub-carrier module (ID
equal to 1) supports the following transmission parameters:
four bit rates (112, 124, 224, 248 Gbps), two baud rates (28,

CONTROLLER
Python NETCONF Client

DEVICE

ConfD DB

(NETCONF Server)

C program emulating 
the DEVICE

ConfD API

TCP Socket

IP Switch

Fig. 3. Experimental setup.

31 Gbaud), two possible modulation formats (dual polarization
quadrature phase shift keying —DP-QPSK— and dual polar-
ization 16 quadrature amplitude modulation —DP-16QAM),
and two FEC schemes (Low-Density Parity-Check – LDPC,
Golay). In particular, 112 and 124 Gbps are associated to DP-
QPSK with 28 and 31 Gbaud, respectively, while 224 and 248
Gbps to DP-16QAM with 28 and 31 Gbaud, respectively.

Listing 3. NETCONF RPC reply message with the requested data.
<?xml v e r s i o n = ” 1 . 0 ” e n c o d i n g =”UTF−8” ?>
<rpc−r e p l y xmlns =” urn : i e t f : params : xml : ns : n e t c o n f : ba se : 1 . 0 ”

message−i d =”1”>
<da ta>

<t r a n s p o n d e r xmlns =” h t t p : / / s s s u p . i t / t r a n s p o n d e r”>
<s u b c a r r i e r−module>

<s u b c a r r i e r−id>1</ s u b c a r r i e r−id>
<s t a t e>

<s u p p o r t e d−b i t−r a t e s>
<b i t−r a t e >112.0</ b i t−r a t e>
<b i t−r a t e >124.0</ b i t−r a t e>
<b i t−r a t e >224.0</ b i t−r a t e>
<b i t−r a t e >248.0</ b i t−r a t e>

</ s u p p o r t e d−b i t−r a t e s>
<s u p p o r t e d−baud−r a t e s>

<baud−r a t e >28.0</ baud−r a t e>
<baud−r a t e >31.0</ baud−r a t e>

</ s u p p o r t e d−baud−r a t e s>
<s u p p o r t e d−m o d u l a t i o n s>

<m o d u l a t i o n xmlns : mdfrms =” h t t p : / / s s s u p . i t /
modu la t ion−f o r m a t s”>mdfrms : dp−qpsk</
modu la t ion>

<m o d u l a t i o n xmlns : mdfrms =” h t t p : / / s s s u p . i t /
modu la t ion−f o r m a t s”>mdfrms : dp−16qam</
modu la t ion>

</ s u p p o r t e d−m o d u l a t i o n s>
<s u p p o r t e d−fec>

<f e c xmlns : f e c =” h t t p : / / s s s u p . i t / f ec−t y p e s”> f e c :
ldpc </ f ec>

<f e c xmlns : f e c =” h t t p : / / s s s u p . i t / f ec−t y p e s”> f e c :
go lay </ f ec>

</ s u p p o r t e d−fec>
</ s t a t e>

</ s u b c a r r i e r−module>
<s u b c a r r i e r−module>

<s u b c a r r i e r−id>2</ s u b c a r r i e r−id>
<s t a t e>

<s u p p o r t e d−b i t−r a t e s>
<b i t−r a t e >112.0</ b i t−r a t e>
<b i t−r a t e >124.0</ b i t−r a t e>
<b i t−r a t e >224.0</ b i t−r a t e>
<b i t−r a t e >248.0</ b i t−r a t e>

</ s u p p o r t e d−b i t−r a t e s>
<s u p p o r t e d−baud−r a t e s>

<baud−r a t e >28.0</ baud−r a t e>
<baud−r a t e >31.0</ baud−r a t e>

</ s u p p o r t e d−baud−r a t e s>
<s u p p o r t e d−m o d u l a t i o n s>

<m o d u l a t i o n xmlns : mdfrms =” h t t p : / / s s s u p . i t /
modu la t ion−f o r m a t s”>mdfrms : dp−qpsk</
modu la t ion>

<m o d u l a t i o n xmlns : mdfrms =” h t t p : / / s s s u p . i t /
modu la t ion−f o r m a t s”>mdfrms : dp−16qam</
modu la t ion>

</ s u p p o r t e d−m o d u l a t i o n s>
<s u p p o r t e d−fec>

<f e c xmlns : f e c =” h t t p : / / s s s u p . i t / f ec−t y p e s”> f e c :
ldpc </ f ec>

<f e c xmlns : f e c =” h t t p : / / s s s u p . i t / f ec−t y p e s”> f e c :
go lay </ f ec>

</ s u p p o r t e d−fec>
</ s t a t e>

</ s u b c a r r i e r−module>



<s u b c a r r i e r−module>
<s u b c a r r i e r−id>3</ s u b c a r r i e r−id>. . .. . .. . .. . .

</ s u b c a r r i e r−module>
<s u b c a r r i e r−module>

<s u b c a r r i e r−id>4</ s u b c a r r i e r−id>. . .. . .. . .. . .
</ s u b c a r r i e r−module>
<s l i c e−a b i l i t y−s u p p o r t>t r u e </ s l i c e−a b i l i t y−s u p p o r t>
<node−id>1</node−id>
<add−drop−id>1</add−drop−id>
<c o n n e c t i o n s>
</ c o n n e c t i o n s>

</ t r a n s p o n d e r>
</ da t a>

</ rpc−r e p l y>

B. Retrieve monitoring information

In the last part of the experiment, the controller monitors
the Q-Factor of a specific connection by periodically issuing
a <get> command (polling). The considered monitored con-
nection was previously installed and assigned to the first sub-
carrier module (sub-carrier id=1) in reception. More in details,
it is a 112 Gbps (28 Gbaud) connection, modulated with DP-
QPSK modulation and a 14/15 LDPC code. Listing 4 shows
the content of the <get> command encapsulated in the RPC
message issued by the controller.

Listing 4. NETCONF RPC <get> message to retrieve the Q-Factor.
<?xml v e r s i o n = ” 1 . 0 ” e n c o d i n g =”UTF−8”?>
<r p c xmlns =” urn : i e t f : params : xml : ns : n e t c o n f : ba se : 1 . 0 ”

message−i d =”1”>
<ge t>
< f i l t e r t y p e = ’ xpa th ’ s e l e c t = ’ / t r a n s p o n d e r / s u b c a r r i e r−

module [ s u b c a r r i e r−i d = 1 ] / s t a t e / r e c e i v e r / q−f a c t o r ’/>
</ ge t>

</ rpc>

The reply of the device is showed in Listing 5. In particular,
the returned message shows that the monitored connection has
a Q-Factor value equal to 6dB.

Listing 5. NETCONF RPC <rpc-reply> message containing the Q-Factor.
<?xml v e r s i o n = ” 1 . 0 ” e n c o d i n g =”UTF−8”?>
<rpc−r e p l y xmlns =” urn : i e t f : params : xml : ns : n e t c o n f : ba se : 1 . 0 ”

message−i d =”1”>
<da ta>

<t r a n s p o n d e r xmlns =” h t t p : / / s s s u p . i t / t r a n s p o n d e r”>
<s u b c a r r i e r−module>

<s u b c a r r i e r−id>1</ s u b c a r r i e r−id>
<s t a t e>

<r e c e i v e r>
<q−f a c t o r >6.0</q−f a c t o r>

</ r e c e i v e r>
</ s t a t e>

</ s u b c a r r i e r−module>
</ t r a n s p o n d e r>

</ da t a>
</ rpc−r e p l y>

During the experiment we measured the time from the
instant when the <get> command is issued to the instant
that the <rpc-reply> returns to the controller. This time is
around 11 milliseconds. We also measured the time required
to the device to process the request, i.e. from the instant
when the <get> command is received to the instant when
the <rpc-reply> is sent. This processing time is around
8.5 milliseconds.

V. CONCLUSION

This paper proposed and demonstrated a NETCONF pro-
tocol including YANG model describing a transponder with
monitoring capabilities. The proposed YANG model of a
sliceable transponder is fully detailed in the paper. An exper-
iment is successfully conducted considering two use cases:
transponder discovery and monitoring of a connection. In

both use cases, extremely fast performance has been achieved.
NETCONF message captures are provided for <get>, and
<rpc-reply> messages.
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