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Abst ract

Thi s docunent di scusses the mechani snms that support the nanagenent
and creation of know edge graphs from data sources specific to the
net wor K managenent dommi n. The docunent provi des background on core
aspects such as ontol ogy devel opnent, identifies nethodol ogi es and
standards, and shares guidelines for integrating network data

sour ces.

About Thi s Docunent
This note is to be renoved before publishing as an RFC

The latest revision of this draft can be found at

https://idom ngu. gi t hub. i o/ know edge- gr aph-yang/ dr aft - mar cas-

know edge- graph-yang. htm. Status information for this document may
be found at https://datatracker.ietf.org/doc/draft-marcas-nnop-kg-
construct/.

Di scussion of this document takes place on the Network Managenent
Qperations Wrking Goup nmailing list (mailto:nmop@etf.org), which
is archived at https://mailarchive.ietf.org/arch/browse/ nnop/.
Subscribe at https://ww.ietf.org/mailmn/listinfo/nnop/.

Source for this draft and an issue tracker can be found at
https://github. com i dom ngu/ know edge- gr aph- yang.

Status of This Meno

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

Internet-Drafts are working documents of the Internet Engineering
Task Force (I ETF). 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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1. Introduction

Knowl edge graph introduces a new paradigmin data managenent t hat
facilitates the integration of heterogenous data silos thanks to a
semantic layer. 1In the case of network nmanagenment, know edge graphs
provide a data integration solution that can cope with the diverse
network data sources and tel enmetry nechani sns

[1-D. mackey- nnop- kg- f or - net ops] .

The construction of know edge graphs is a challenging activity that
requires the conbination of skills in semantic nodelling and data
engi neering. Semantic data nodels are represented by ontol ogi es and
other forms of structured know edge, which must be kept in sync with
the data pipelines that integrate the different data silos into the
know ede graph. The data integration process is based on the
ingestion of raw data fromtheir data sources, the mapping of the raw
data to the respective ontol ogies, and the transfornmati on of the data
into a graph structure senantical |l y-annot at ed.

In this sense, Know edge Graph Construction (KGC) underpinned by two
pillars: i) ontol ogy devel opnent; and ii) know edge graph
construction pipeline. These pillars are described in detail in the
fol |l owi ng secti ons.

2. Conventions and Definitions
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in
BCP 14 [ RFC2119] [RFCB174] when, and only when, they appear in all
capitals, as shown here

2.1. Term nol ogy
Thi s docunent defines the follow ng terns:

Data integration: Process of conbining data from diverse sources into
a unified view.

Dat a mappi ng: Techni que that defines how data from one data node
corresponds to anot her data nodel .
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Data nmaterialization: Technique that collects data fromrenote data
source and persists a copy the data in a target data storage. This
process can al so be seen as Extract-Transform Load (ETL).
Data virtualization: Technique wherein an internedi ate conponent
(i.e., data virtualization |ayer) exposes data available in a renote
data sources wi thout creating an copy of the data. The data
virtualization |layer keeps pointers to the original |ocation of data,
so when a data consuner asks for these data, the virtualization | ayer
collects the data fromthe source and directly serves the data to the
consuner.
Ontol ogy: Formal, shared representation of know edge in a donain.
2.2. Acronyns
CQ Competency Question
ETL: Extract-Transform Load
KG Know edge Graph
KGC. Know edge G aph Construction
LOT: Linked Open Terns
OAL: Wb Ontol ogy Language
RDF: Resource Description Franework
RDFS: RDF Schemma
RML: RDF Mappi ng Language
SAREF: Smart Applicati ons REFerence
SHACL: Shapes Constrai nt Language
WBC: Wirld Wde Web Consortium
3. Ontol ogy Devel opnent
Ont ol ogi es provide the formal representation of the conceptual nodels
that capture the semantics of data, and building on this, the
integration of data in the know edge graph. Ontol ogi es can be
devel oped follow ng different techniques, ranging frommnual to

fully automated, depending on the characteristics of the data to be
integrated in the know edge graph (e.g., format or schenm).
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3.1. Standard Devel opnent Met hodol ogi es

Devel opi ng an ontology is a challenging task that requires skills in
know edge managenent and semantic nodelling. To ease this process, a
good practice is to foll ow mature, proven nethodol ogi es that provide
t horough gui delines and recommend tools that can help in the

devel opnment of an ontol ogy. An exanple of these nmethodologies is

Li nked Open Terns (LOT) [Poveda-Villal on2022].

LOT is an ontol ogy devel opnent net hodol ogy that adopts best practices
fromagile software devel opnent. The net hodol ogy has been wi dely
used in European projects as well as in the creation of the ETS
SAREF ontology and its extensions. Precisely, wth SAREF Ontol ogy
ETSI tackled a simlar problemin the scope of |I0T, where there is a
het er ogeneous variety of standard data nodels and protocols. The

met hodol ogy iterates over a workflow of the foll owi ng four
activities:

1. ontology requirenents specification
2. ontol ogy inplenmentation

3. ontology publication, and

4. ontol ogy naintenance.

The workflow starts with the specification of requirenents that the
ontology nust fulfill. To that aim the methodol ogy requires

col l ecting know edge from domai n experts, but also by analyzing the
data sources (e.g., network devices) and schemas for the data (e.qg.,
YANG data nodel s) to be ingested and integrated in the know edge
graph. LOT recommends several approaches such as competency
questions (CQ®), natural |anguage statenents, or tabular information
i nspired by METHONTOLOGY.

3.2. Automatic Know edge Extraction from YANG Model s

The extraction of know edge from YANG nodel s coul d be automated, for
exanpl e, by analyzing YANG identities to generate controlled
vocabul ari es and taxonom es.

[ RFC7950] defines a YANG identity as "globally unique, abstract, and
untyped identity", therefore, a relation between a YANG i dentity and
a concept is straightforward. Additionally, YANG identities can
inherit fromother YANG identities via the "base" statenment. These
ideas align with the notion of a taxonomy, where concepts are

hi erarchically linked with other concepts.
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4.

4.

4.

To support the creation of know edge structures |ike taxononies or
thesauri, the WBC standardi zed the Sinple Know edge Organization
System (SKOS). In such ontol ogy, a concept schene conprises a set of
concepts that can be linked with other concepts via hierarchical and
associative relations. Typically, a YANG nodel containi ng YANG
identities can be represented as an instance of the

"skos: Concept Schene" class. Next, all YANG identities included in a
YANG nodel can be represented as "skos: Concept instances" that are
contained in the concept schenme. Lastly, those YANG identities that
include the "base" statenent, the respective SKOS concept wll
include a rel ation "skos: broader" whose range is the SKOS concept
representing the parent YANG identity.

Knowl edge G aph Construction Pipeline
1. Know edge njects

The intrinsic nature of know edge graphs is to connect as nuch
know edge as possible within certain scope---tine and/or space.
However, not all processes and operations require whol e know edge
graphs. For instance, the comunication of a piece of telenetry
data, organized according to NTF [ RFC9232], can be repreented as a
subset of the know edge graph of all neasurenents.

A know edge object, as defined in [ EERVC], consists in a know edge
graph subset of an arbitrary size---fromsingle atons to tens or
hundreds of triples---that is decorated with metadata to facilitate
its contextualization.

Know edge objects are particularly well suited to enable entities
that work with know edge graphs to conmuni cate to each other

know edge pi eces, obtained fromtheir know edge graphs or newy
created from other sources, such as nmonitoring. It has been
denonstrated in [ SECDEP] .

2. Pipeline Steps

The construction of a know edge graph is supported by a data pipeline
that follows the archetypi cal Extract-Transform Load (ETL), wherein
the raw data is collected fromthe source(s), transfornmed, and
finally, stored for consunption. The know edge graph creation

pi peline can thus be split into multiple steps as depicted in

Fi gure 1.
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Figure 1. Hi gh-level architecture of a Know edge G aph
Construction Pipeline

These steps are the foll owi ng: ingestion, mapping, and integration
4.2.1. Ingestion

Represents the first step in the creation of the know edge graph

This step is realized by neans of collectors that ingest raw data
fromthe selected data source. These collectors inplenment data
access protocols which are specific to the technol ogy and type of the
data source. For instance, when it cones to network nmanagenent
protocol s based on YANG these protocols can be NETCONF [ RFC6241],
RESTCONF [ RFC8040] and gNM [G\M].

Two main types of data sources are identified based on the techniques
used to ingest the data, nanely, batch and streaming. |In the case of
bat ch data sources data are pulled (once or periodically) fromthe
data source

Regardi ng stream ng data sources, the collector subscribes to a YANG
server to receive notifications of YANG data periodically or upon
changes in the data source (e.g., a network device whose interface
goes down). These subscriptions can be realized, either based on
configuration or dynamcally, using nechanisns |ike YANG Push

[ RFC8641]. But additionally, another conmon scenario is the use of
message broker systems |ike Apache Kafka for decoupling the ingestion
of streams of YANG data

[1-D. net ana- nnop- yang- nessage- broker-integration]. Hence, know edge
graph collectors could al so support the ingestion of YANG data from
these ki nds of nessage brokers.
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4.2.2. Mapping

This second step consists at receiving the raw data data fromthe

I ngestion step. Here, the raw data is mapped to the concepts
captured in one or nore ontol ogies. By applying these mapping rules,
the raw data is semantically annotated and transforned i nto RDF data.
Dependi ng on the nature of the raw data, different techni ques can
appl i ed.

In the case of (sem -)structured data such as tabular data (e.g.

CSV, rel ational databases) or hierarchical data (e.g., JSON, XM.)

t hese mappi ngs can be defined by using declarative |anguages |i ke RDF
Mappi ng Language (RM.) [ gl esias-Mlina2023].

RWML is a declarative |anguage that is currently being standardized

wi thin the WBC Knowl edge Graph Construction Community group [ WBC- KGC]
that allows for defining mappings rules for raw data encoded in sem -
structured formats like XM. or JSON. The benefits of using a

decl arative |l anguage like RML are twofold: i) the engine that

i mpl ements the RML rules is generic, thus the nmappings rules are
decoupled fromthe code; ii) the explicit representati on of mapping
and transformation rules as part of the know edge graph provi des data
| ineage insights that can greatly inprove data quality and the

troubl eshooti ng of data pipelines. RM is making progress towards
becom ng a standard, but support of additional YANG encoding formats
i ke CBOR [ RFC8949] or Protobuf remains a challenge. The know edge
payl oad carried by CBOR and/or Protobuf is organized as know edge
objects transmtted by the mapping entities and received by the
materialization entities. The use of know edge objects allows them
to easily "cut" know edge graphs into smaller pieces, transnt them
and "paste" and/or "glue" the pieces onto the destination know edge
graph. Consistency is retained by naking the sane ontol ogi es be used
with the particul ar know edge objects.

4.2.3. Integration

This is the final step of the know edge graph creation. This step
receives as an input the know edge object that contai ns RDF data
generated in the Mapping step, which has easily nanageabl e semantic
triples---or quadruples---, as well as netadata to contextualize them
and facilicate the incorporation of the knwol edge to the | oca

know edge graph storage elenent. At this point, the RDF data can be
sent to an RDF triple store |like Apache Jena Fuseki [Fuseki] for
consunption via SPARQL. But alternatively, this step may transform
the RDF data into an LPG structure and store the resulting data in a
graph database |ike Neoj4 [Neod4j]. Sinmlarly, the RDF data could

al so be transformed into the ETSI NGSI-LD standard [ ETSI - GS- Cl M 009]
and stored in an NGSI-LD Context Broker.
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5. Chall enges

Ont ol ogy devel opnent: Tine-consuming task that requires skills in
know edge managenent and conceptual nodeling. Additionally,
ont ol ogy devel opers should nmaintain a tight coordination with
domai n owners and ontol ogy users. Follow ng a standard
met hodol ogy |i ke LOT provides gui dance in the process but still,
the devel opnent of the ontol ogy requires manual work. Tools that
can produce or bootstrap ontol ogies fromexisting data nodels in a
sem -automatic, or even automatic, are desirable. 1In this sense,
data nodel s could include explicit semantics in the data nodels,
in the sane way that JSON-LD [JSON-LD] or CSVW ][ CSWW i ncl ude
met adat a i ndi cating which concepts from concepts are referenced by
the dat a.

Pi peline performance: To integrate the raw data fromthe origina
data source into the know edge graph entails several steps as
descri bed before. This steps add an extra | atency before having
the data stored in the know edge graph for consunption. This
| atency can be an inportant limtation for real-time analytics use
cases.

Scal ability: The know edge graph nust be able to integrate nassive
amounts of data collected fromthe network. Distributed and
federated architectures can inprove the scalability of a global,
composabl e knowl edge graph. However, these architectures add
complexity to the managenent of know edge graph as well as extra
| at ency when federating requests.

Virtualization: The comopn approach for data integration is by
materializing the data in the know edge graph, which entails
duplicating the data. However, this approach presents multiple
limtations in terns of data governance and data cadence.
Regar di ng data governance, having copies of the original data
hanpers keeping track of all the available data. Wth respect to
data cadence, in particular for batch data sources, data are
periodically pulled fromthe source at particul ar frequency, which
m ght not be optimal depending on the use case. In this sense,
data virtualization introduces a new data access techni que that
can overcone these limtations. Wth this technique, the
know edge graph defines pointers to the data at the origina
source, and the KGC pipeline perforns the ingestion and mappi ng of
the data, and eventually the delivery of data to the consuner,
only when requested on demand.

6. Security Considerations

Access control to data: The know edge graph becones an integrator of

Marti nez- Casanueva, et al Expires 30 August 2025 [ Page 9]



I nternet-Draft kg- const ruct February 2025

data, and, in nany cases, sensible. Therefore, data access
control mechani sms nust be present to ensure that only authorized
consuners can di scover and access data fromthe know edge graph
Access control policies based on roles or attributes are comon
approaches, but additional aspects |ike sensitivity of data could
be included in the policy.

Integrity and authenticity of mappings: The declaration of nappings
of raw data to concepts in ontologies is a critical step in the
know edge graph construction. Unauthorized mappi ngs, or even
t amper ed mappi ngs, can lead to security breaches and anonalies
producing a great inmpact on anal ytics and machi ne | earning
applications that consunme data fromthe know edge graph. To
protect consumers fromthese scenarios, the know edge graph nust
i ncl ude mechani sms that verify the correctness, authenticity, and
integrity of the mappings used in the construction of the graph
Only data owners, as accountable of their data, should be
aut hori zed to define and depl oy mappi ngs for the know edge graph
constructi on.

Dat a provenance: Keeping track of the history of data as they go
t hrough the know edge graph construction pipeline can inprove the
quality of the data of the knowl edge graph. As part of the
know edge graph construction, signatures can be appended to the
data [I-D.| opez- opsawg-yang- provenance], can help in verifying
that such data come fromthe gol den data source, and therefore,
that the data can be trusted

7. |1 ANA Consi derations
Thi s docunent has no | ANA acti ons.
8. Open Issues

* Shoul d this docunent provide guidelines for generating URI s of
nodes/ subj ects in the know edge graph? Take into account there
are several levels of abstraction device vs network/service |evel
For exanple, the URI that identifies a network interface cannot be
generated only fromthe name of the interface as there could
conflicts with other interfaces of other network devices having
t he same nane.

* I nplenentations? References to exanples based on open-source
i mpl ementations. Integration with YANG Push-Kaf ka architecture.
Target future hackat hons.

9. References
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Appendi x A NETCONF Data Sources

Thi s appendi x presents a scenario that denonstrates the construction
of a know edge graph based on YANG data coll ected froma NETCONF
server. In particular, the scenario tackles the creation of a data
catal og based on a know edge graph that keeps registry of the YANG
data sources and the YANG data nodel s that they inplenent.

As described in [I-D.ietf-netconf-yang-1ibrary-augnentedby], data
catal og i npl ement ati ons backed by know edge graphs provi de powerful
solutions that can easily incorporate additional context to the
catalog. As an evolution of the YANG Catal og service, the resulting
know edge graph facilitates the navigation across dependenci es of
YANG nodul es, but nore inportantly, enables the conbination of these
data with other data silos such as the network topol ogy [ RFC8345] or
network hardware inventory [I-D.ietf-ivy-network-inventory-yang].

To create a know edge graph that supports the data catal og, the
proposed approach is based on collecting data fromthe YANG Li brary
fromdevices running in the network, in this case, froma NETCONF
server. For this, the RML engi ne queries the NETCONF server to
retrieve the YANG Li brary data, and then, applies the RML mappings to
transformthe YANG data into RDF according to the target ontol ogy.

Thi s prototype was conducted as part of the paper "Declarative
Construction of Know edge Graphs from NETCONF Data Sources" sent to
the Semantic Web Journal (currently under review):

https://ww. semanti c- web-j ournal . net/content/decl arati ve-

const ructi on- know edge- gr aphs- net conf - dat a- sour ces-0

A.1. Prototype Architecture

A high-level architecture of the prototype that validates the
i mpl ementation is shown bel ow
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RML
S + S + Fom e o +
o | o _ |
| I'ngestion +------ >| Mapping +------ >| I ntegration |
| XML | (BURP) | RDF | |
A + data +--------- + data +-------- e +
" |
XM | | RDF
data | | data
I I
| v
+----- +o-m - - + S +
| NETCONF | | Know edge |
| Server | | Graph |
| (netopeer?2)]| | Database
Fomm e oo - + N +

Figure 2: Architecture of prototype to construct know edge graph
from NETCONF data source

BURP was sel ected as the open-source inplenentation of an RVML engine
that was chosen for this prototype. The NETCONF server is emul ated
usi ng the netopeer?2

A. 2. Target Ontol ogy

The YANG Library Ontol ogy was devel oped to represent the

i mpl ement ati on details of YANG nodul e and subnodul es, along with
their interdependencvies, in the different datastores of YANG server
The ontol ogy was devel oped foll owi ng the LOT nethodol ogy and is
publicly available at: https://w3id.org/yang/library

The code of the ontology and all related artifacts are publicly
avail abl e on G tHub: https://github.conlf candil -data-fabric/yang-
I'i brary-ontol ogy

A. 3. KCC Pipeline

In addition to the YANG Li brary Ontol ogy, the YANG Server Ontol ogy
was devel oped to represent YANG data sources such as NETCONF servers
and operations to retrieve data fromthem such as queries or
subscriptions. Simlarly, this ontol ogy was devel oped follow ng the
LOT net hodol ogy and is publicly available at: https://w3id. org/yang/
server
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The code of the ontology and all related artifacts are publicly
avail able on G tHub: https://github.coni candil -data-fabric/yang-
server -ont ol ogy

The YANG Server Ontology is used in conbination with the RWML
vocabul ary to describe the access to YANG servers, from which the
collected data are transformed into RDF. 1In this sense, BURP was
ext endended to support the ingestion of YANG data from NETCONF
servers using NETCONF queri es.

The foll owi ng subsections include excerpts of the raw XM. data
(Figure 3), RML mappings (Figure 4), and final RDF data (Figure 3).
The conpl ete exanpl es can be found on: https://github.conicandil -
dat a-fabric/yang-1ibrary-ontol ogy/tree/ mai n/ know edge- gr aph/ xpat h

A .3.1. Raw data

<modul es-state xm ns="urn:ietf:parans: xm :ns:yang:ietf-yang-1ibrary"
xm ns: nc="urn:ietf:parans: xnm : ns: net conf: base: 1. 0" >
<nodul e-set -i d>1</ nodul e-set-i d>
<rmodul e>
<nane>i et f - yang- pat ch</ nane>
<revi si on>2017- 02- 22</ r evi si on>
<schema>file:///etc/sysrepo/yang/ietf-yang-patch@017-02-22. yang</ schena>
<namespace>urn:ietf: parans: xm : ns:yang:i etf-yang- pat ch</ nanespace>
<conf or mance-t ype>i nport </ conf or mance-t ype>
</ nodul e>
<modul e>
<nane>i et f -i p</ nane>
<revi si on>2018- 02- 22</revi si on>
<schema>file:///etc/sysrepo/yang/ietf-ip@018-02-22.yang</schena>
<namespace>urn:ietf:parans: xm : ns:yang:ietf-ip</namespace>
<conf or mance-t ype>i npl enent </ conf or mance-t ype>
</ modul e>
</ modul es- st at e>

Fi gure 3: Excerpt of YANG Library data collected froma NETCONF
server

A. 3.2. Mappi ngs

@refix yl: <https://w3id.org/yang/library#> .
@refix ys: <https://w3id.org/yang/server#>
@refix rm: <http://w3id.org/rm />
@refix xsd: <http://ww. w3. or g/ 2001/ XM_Schena#>
@refix core: <https://ontol ogy. unifiedcyberontol ogy.org/uco/core/> .
@refix dcterns: <http://purl.org/dc/terns/> .
X

@r ef i

observabl e: <https://ontol ogy. unifiedcyberontol ogy. org/uco/ observabl e/ > .
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@ase <https://netconf-rn -deno. org/>

# Connection details to NETCONF server
<net conf -server-1> a ys: Net conf Server
ys: socket Addr ess <net conf -server-1/socket - addr ess>
ys: server Account <netconf-server-1/account> ;
ys: host KeyVerification "fal se"
ys:capability ys: Xpat hCapability ,
ys: YangLi braryl1.0

<net conf - server -1/ dat ast ores/ operati onal > a ys: Qperati onal Datastore ;
ys: server <netconf-server-1> .

<net conf - server -1/ dat ast ores/ runni ng> a ys: Runni ngDat astore ;
ys: server <netconf-server-1>

<net conf - server - 1/ socket - addr ess> a observabl e: Socket Addr ess ;
obser vabl e: addr essVal ue "Il ocal host : 830"

<net conf - server-1/account> a ys: Server Account ;
ys:username "netconf" ;
core: hasFacet <netconf-server-1/account/authentication> .

<net conf -server- 1/ account/aut henti cati on> a observabl e: Account Aut henti cati onFacet ;
observabl e: password "netconf" ;
observabl e: passwor dType "pl ai n-text"

<filters/xpath/yang-library> a ys: XPathFilter
ys: xpat hval ue "/yangli b: nodul es-state";
ys: nanespace [ a ys: Namespace ;
ys: nanespacePrefix "yanglib" ;
ys: namespaceURL "urn:ietf:params:xm:ns:yang:ietf-yang-library" ;

1;

<#Tri pl esMap> a rmi: Tri pl esMvap;

rm : | ogical Source [ a rm: Logi cal Source;

rm:source [ a ys:Query, rm: Source ;

ys: sour ceDat ast ore <net conf-server -1/ dat astores/operational >
ys:filter <filters/xpath/yang-I|ibrary>
1
rm :referenceFormul ation [ a ys: Net conf QuerySource ;

rm : namespace [ a rnl: Namespace ;
rm : namespacePrefix "yanglib" ;
rm : namespaceURL "urn:ietf:parans: xm:ns:yang:ietf-yang-library” ;
1
1

rm:iterator "/yanglib: nodul es-state/yanglib: nodul e";
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1
rm :subjectMap [ a rnl: Subject Map;
rm:tenplate "http://exanpl e.org/ nodul e/{yanglib: nane/text()}:{yanglib:revision/text(

)

1
rm : predi cateojectMap [ a rnl: Predi cat eCbj ect Map;
rm : predicateMap [ a rm: Predi cat eMap;
rm : constant yl: nodul eNane;
1
rm:objectMap [ a rmi: Cbj ect Map;
rm:reference "yanglib:nane/text()";
rm : dat atype xsd:string;

1;

l;
rm : predi cateCojectMap [ a rnl: Predi cat eCbj ect Map;
rm : predicateMap [ a rm: Predi cat eMap;
rm : constant yl:revisionDate,;
1
rm:objectMap [ a rm: Cbj ect Map;
rm:reference "yanglib:revision/text()";
rm : dat at ype xsd: dat e;

5
r1rr1 :predicateCbjectMap [ a rm: Predi cat ebj ect Map;
rm : predicateMap [ a rm: Predi cat eMap;
rm : constant yl:nanespace;
1
rm:objectMap [ a rmi: Cbj ect Map;
rm :reference "yanglib: nanespace/text()";
rm : dat at ype xsd: anyURI ;
l;

rm : class yl: Mdul e;

l;
Figure 4. RML mappings that collect YANG Library froma NETCONF
server and map themto the YANG Li brary Ontol ogy

A. 3. 3. RDF dat a
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<http://exanpl e.org/ nodul e/ietf-ip:2018-02-22>
<https://w3id.org/yang/library#nmodul eName>
"ietf-ip" <http://ww. w3. org/ 2001/ XM_Schema#st ri ng>
<http://exanpl e.org/ nodul e/ietf-ip:2018-02-22>
<https://w3id.org/yang/library#revisionDat e>
"2018- 02-22""<ht t p: [/ www. W3. or g/ 2001/ XM_Schenma#dat e>
<http://exanpl e.org/ nodul e/ietf-ip:2018-02-22>
<https://w3id.org/yang/library#nanespace>
"urn:ietf:parans: xm:ns:yang:ietf-ip" <http://ww. w3.org/ 2001/ XM_Schema#anyURI >
<http://exanpl e.org/ nodul e/ietf-ip:2018-02-22>
<http://ww. wW3. or g/ 1999/ 02/ 22- r df - synt ax- ns#t ype>
<https://w3id.org/yang/library#Mdul e> .
<http://exanpl e. org/ nodul e/ i etf-yang-patch: 2017- 02- 22>
<https://w3id.org/yang/library#nmodul eName>
"ietf-yang-patch" " <http://ww. w3. org/ 2001/ XM_Schema#st ri ng>
<http://exanpl e. org/ nodul e/ i etf-yang- pat ch: 2017- 02- 22>
<https://w3id.org/yang/library#revisi onDat e>
"2017-02-22"M<ht t p: [/ ww. W3. or g/ 2001/ XM_Schena#dat e>
<http://exanpl e. org/ nodul e/ i etf-yang-patch: 2017- 02- 22>
<https://w3id.org/yang/library#nanespace>
"urn:ietf:parans: xm :ns:yang:ietf-yang-patch" <http://ww. w3. org/ 2001/ XM_Schema#anyUR
>
<http://exanpl e. org/ nodul e/ i etf-yang-pat ch: 2017- 02- 22>
<http://ww. w3. org/ 1999/ 02/ 22- r df - synt ax- ns#t ype>
<https://w3id.org/yang/library#Ndul e> .

Figure 5: Excerpt of RDF triples generated using the RML nmappi ngs
and the YANG Li brary data
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