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Intellectual Property Rights

Essential patents

IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The declarations
pertaining to these essential IPRs, if any, are publicly available for ETSI members and non-member s, and can be
found in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to
ETS in respect of ETS standards’, which is available from the ETS| Secretariat. Latest updates are available on the
ETSI Web server (https://ipr.etsi.org/).

Pursuant to the ETSI Directivesincluding the ETSI IPR Policy, no investigation regarding the essentiality of IPRS,
including I PR searches, has been carried out by ETSI. No guarantee can be given as to the existence of other IPRs not
referenced in ETSI SR 000 314 (or the updates on the ETS| Web server) which are, or may be, or may become,
essential to the present document.

Trademarks

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does
not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are trademarks of ETSI registered for the benefit of its
Members. 3GPP™ and LTE™ are trademarks of ETSI registered for the benefit of its Members and of the 3GPP
Organizational Partners. oneM 2M ™ logo is atrademark of ETSI registered for the benefit of its Members and of the
oneM2M Partners. GSM ® and the GSM logo are trademarks registered and owned by the GSM Association.

Foreword

This Group Report (GR) has been produced by ETSI Industry Specification Group (1SG) cross-cutting Context
Information Management (CIM).

Modal verbs terminology

In the present document “should", "should not", "may", "need not", "will", "will not", "can" and "cannot" areto be
interpreted as described in clause 3.2 of the ET S| Drafting Rules (Verbal forms for the expression of provisions).

"must” and "must not" are NOT alowed in ETSI deliverables except when used in direct citation.

Executive summary

The present document provides an analysis of a small representative of data models that maps different domains (Smart
Cities, Communities, Geo-spatial Objects, etc.) and that are defined in different technologies (OWL, SKOS, RDF,
JSON Schema). The goal of the analysis was to retrieve and formulate recommendations to use external data models
with NGSI-LD (see ETSI GS CIM 009 [i.26]). Recommendations come as examples, suggestions and guidelines to
allow usersto link external data modelsinside NGSI-LD [i.26] Entities. Lastly, the analysis highlighted possible new
features to add inside NGSI-L D [i.26]. Each proposal comes with a brief description of the use case and the reasons to
support its addition inside the NGSI-LD [i.26] specification.
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Introduction

Thereis atremendous amount of data models being developed the needs of businessesin all verticals. The complexity
of these models and the associated technologies can vary from simple tabular files (e.g. .csv) to complex OWL 2
ontologies. NGSI-LD aims at providing a cross-domain meta model based on property graphs together with an API to
interact with context information.

It isimportant to empower NGSI-LD users how to use various ontologies: it is not the intent to create new ontologies,
but to describe options to make use of exter nal vocabularies, taxonomies, thesauri and ontologies within an NGSI-LD
context and to describe how to articulate them with the NGSI-LD graph-based meta-model and cross-domain ontol ogy.
Some are relatively simple, providing multi-lingual definitions of termsin a structure way. Thisis the case of the
Agrovoc [i.17] thesaurus based on SKOS. Others adds restrictions on the fields of a data model, such as defining the
allowed datarange of adatafield. Thisisthe case of the schema.org initiative. And others go further providing means
for reasoning over the data structure which can provide means for data quality control, new properties discovery, etc.
Thisis provided by for example, OWL 2 ontologies.

It isthus very important to make clear the potential of approaches listed above and illustrate their use within a
NGSI-LD deployment to increase the usage of the cross-domain capabilities of NGSI-L D, by using working examples.

ETSI
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1 Scope

The present document considers a selection of relevant and representative knowledge organization systems, to provide
an illustrative basis of data schemas and vocabularies relevant to be used in aNGSI-LD context. It provides
recommendations on how to link external data modelsin NGSI-LD, considering the illustration of their use with the
NGSI-LD API in complex environments, such as system-of-system models for Digital Twins. The present document
also provides suggestions for changes or enhancements to the NGSI-LD specification (APl and data model).

Unless expressly stated, the NGSI-LD version referenced in the present document is 1.5.1.

2 References

2.1 Normative references

Normative references are not applicable in the present document.

2.2 Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
nonspecific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

NOTE: While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.1] ETSI TS 103 264 (V3.1.1): "SmartM2M; Smart Applications; Reference Ontology and oneM2M
Mapping".

NOTE: Availableat:
https://www.etsi.org/deliver/etsi t5/103200 103299/103264/03.01.01 60/ts 103264v030101p.pdf.

[i.2] ETSI TS103410-4 (V1.1.2): "SmartM2M; Extension to SAREF; Part 4: Smart Cities Domain".

NOTE: Availableat:
https://www.etsi.org/deliver/etsi 5103400 103499/10341004/01.01.02 60/ts 10341004v010102p.pdf.

[i.3] ETSI TS103410-1 (V1.1.2): "SmartM2M; Extension to SAREF; Part 1. Energy Domain".

NOTE: Availableat:
https://www.etsi.org/deliver/ets t5/103400 103499/10341001/01.01.02 60/ts 10341001v010102p.pdif.

[i.4] ETSI TS103410-10 (V1.1.1): "SmartM2M; Extension to SAREF; Part 10: Water Domain".

NOTE: Availableat:
https://www.etsi.org/deliver/etsi 5103400 103499/10341010/01.01.01 60/ts 10341010v010101p.pdf.

[i.5] ETSI TS103410-8 (V1.1.1): "SmartM2M; Extension to SAREF; Part 8: eHealth/Ageing-well
Domain".

NOTE: Availableat:
https://www.etsi.org/deliver/etsi 5103400 103499/10341008/01.01.01 60/ts 10341008v010101p.pdf.

[i.6] ETSI TR 103 509: "SmartM2M; SAREF extension investigation; Requirements for
eHeath/Ageing-well".

NOTE: Available at:
https://www.etsi.org/deliver/etsi tr/103500 103599/103509/01.01.01 60/tr 103509v010101p.pdf.
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NOTE:

[i.8]
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[i.9]
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[i.10]
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ETSI TS103410-3 (V1.1.2): "SmartM2M; Extension to SAREF; Part 3: Building Domain".

Available at:
https://www.etsi.org/deliver/etsi t5/103400 103499/10341003/01.01.02 60/ts 10341003v010102p.pdf.

ETSI TS103410-5 (V1.1.2): "SmartM2M; Extension to SAREF; Part 5: Industry and
Manufacturing domains'.

Available at:
https://www.etsi.org/deliver/etsi t5/103400 103499/10341005/01.01.02 60/ts 10341005v010102p.pdf.

ETSI TS103 410-6 (V1.1.2): "SmartM2M; Extension to SAREF; Part 6: Smart Agriculture and
Food Chain Domain".

Available at:
https://www.etsi.org/deliver/etsi t5/103400 103499/10341006/01.01.02 60/ts 10341006v010102p.pdf.

ETSI TS103410-7 (V1.1.1): "SmartM2M; Extension to SAREF; Part 7: Automotive Domain".

Available at:
https://www.etsi.org/deliver/etsi 5103400 103499/10341007/01.01.01 60/ts 10341007v010101p.pdf.

ETSI TS103410-9 (V1.1.1): "SmartM2M; Extension to SAREF; Part 9: Wearables Domain".

Available at:
https://www.etsi.org/deliver/etsi 5103400 103499/10341009/01.01.01 60/ts 10341009v010101p.pdf.

ETSI TS103410-11 (V1.1.1): "SmartM2M; Extension to SAREF; Part 11: Lift Domain”.

Available at:
https://www.etsi.org/deliver/ets t5/103400 103499/10341011/01.01.01 60/ts 10341011v010101p.pdf.

ETSI TS103 548 (V1.1.2): "SmartM2M; SAREF consolidation with new reference ontology
patterns, based on the experience from the SEAS project”.

Available at:
http://www.etsi.org/deliver/etsi ts/103500 103599/103548/01.01.02 60/ts 103548v010102p.pdf.

ETSI TS103410-2 (V1.1.2): "SmartM2M; Extension to SAREF; Part 2: Environment Domain".

Available at:
https://www.etsi.org/deliver/etsi 5103400 103499/10341002/01.01.02 60/ts 10341002v010102p.pdf.

Schema.org About Web Page.

Available at: https.//schema.org/docs/about.html.

SKOS Simple Knowledge Organization System RDF Schema.
Available at: https://www.w3.org/TR/2008/\WD-skos-reference-20080829/skos.html.

Agrovoc About Web Page.

Available at: https://agrovoc.fao.org/browse/en/about.

Smart Data Models About Web Page.

Available at: https.//smartdatamodel s.org/index.php/about/.

W3C® DCAT2 (V2): "Data Catalog Vocabulary (DCAT) - Version 2".
Available at: https://www.w3.0rg/TR/vocab-dcat-2/.

CIDOC-CRM (V7.2): "Volume A: Definition of the CIDOC Conceptual Reference Model".

Available at: https.//www.cidoc-crm.org/sites/default/files/cidoc_crm version 7.2.pdf.
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3 Definition of terms, symbols and abbreviations

3.1 Terms

For the purposes of the present document, the following terms apply:

DATEX: European standard for the exchange of traffic information and traffic data [i.46]

3.2 Symbols

Void.

3.3 Abbreviations

For the purposes of the present document, the following abbreviations apply:

AEF Agricultural industry Electronics Foundation
AP Application Programming Interface

ASC Ascending order

ASNE American Society of Newspaper Editors
BCP Best Current Practice

CIDOC Centro Intercultural de Documentacion
CIDOC-CRM  CIDOC Conceptua Reference Model

CIF Cadigo de Identificacion Fiscal

NOTE: The Tax/Fisca ID of the organization or person in Spain (CIF/NIF).

DCAT Data Catalog Vocabulary (Version 1)

DCAT2 Data Catalog Vocabulary Version 2
DCAT-AP DCAT Application profile

DE-9IM Dimensionally Extended 9-Intersection Model
DTDL Digital Twins Definition Language

ECGs ElectroCardioGram(s)

EHAW eHEALTH and Ageing-Well

FAO Food and Agriculture Organization of the United Nations
FoaF Friend of a Friend

GBFS General Bikeshare Feed Specification
GeoJSON Geographic JSON

GeoSPARQL A Geographic Query Language for RDF Data
GIS Geographic Information System

GLN Global Location Number

GML Geography Markup Language

GQL Graph Query Language

GTFS General Transit Feed Specification

HTTP Hypertext Transfer Protocol

ICAR International Committee for Animal Recording
ID I dentifier

|IEEE Institute of Electrical and Electronics Engineers
IRI Internationalized Resource Identifier

IETF Internet Engineering Task Force

IFC Industry Foundation Classes

ILN International Location Number

loT Internet of Things

ISIC International Standard of Industrial Classification of All Economic Activities
ISO International Organization for Standardization
ITS Intelligent Transport Systems

IUDX India Urban Data Exchange

JSON JavaScript Object Notation
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JSON-LD JSON Linked Data

JiC Joint Techncial Committee

NAICS North American Industry Classification System
NGSI Next Generation Service Interfaces

NGSI-LD NGSI-Linked Data

NIF Numero de Identificacién Fiscal

NOTE: The Tax/Fisca ID of the organization or person in Spain (CIF/NIF).

NLP Natural Language Processing

OASC Open and Agile Smart Cities

OCF Open Connectivity Foundation

OGC Open Geospatial Consortium

OGC GeoSPARQL OGC Geographic Query Language for RDF Data
oM Ontology of units of Measure (OM ontology)
OwWL Web Ontology Language

OWL-DL Web Ontology Language Description Logic
RAMI Reference Architecture Model for Industry
RDBMS Relational Database Management System
RDF Resource Description Format

RDFS Resource Description Framework Schema
RTDNA Radio Television Digital News Association
SAREF Smart Applications REFerence ontology

SAREFACITY SAREF for Smart Cities
SAREF4ENER SAREF for Engergy

SAREFAWATR SAREF for Water

SAREFAEHAW SAREF for eHealth/Ageing-well
SAREF4BLDG SAREF for Building

SAREF4INMA SAREF for Industry and Manufacturing
SAREF4AGRI SAREF for Agriculture and Food Chain
SAREF4AUTO SAREF for Automotive
SAREFAWEAR SAREF for Wearables

SAREFALIFT  SAREF for Lift

SAREFASYST SAREF for System

SAREF4ENVI  SAREF for Environment

SC Sub Committee

SEO Search Engine Optimization

SKOS Simple Knowledge Organization System
SPARQL SPARQL Protocol and RDF Query Language
SQL Structured Query Language

TC Technical Committee

TCP/IP Transaction Control Protocol/Internet Protocol
TD Thing Description

TIN Taxpayer Identification Number

NOTE: Tax/fiscal ID of organization or person in USA.

URI Uniform Resource Identifier
URL Universal Resource Locator
USA United States of America
V2V Vehicle(s) to Vehicle(s)
W3C® World Wide Web Consrtium

W3C® SSN W3C Semantic Sensor Network
NOTE: W3C SSN ontology includes W3C SOSA.
W3C® SOSA  W3C Sensor, Observation, Sample, and Actuator

WG Working Group

WKT Well-Known Text

WoT Web of Things

WoT TD Web of Things Thing Description
WSN Wireless Specialty Networks
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NOTE: SeelEEE 802.15™ [i.35] Working Group WSN.

ZIP Zone Improvement Plan
XML Extensible Markup Language
4 Existing Relevant Semantic Models

4.1 Classification of Data Models

There are alot of different technologies used to define and maintain data models (OWL, SKOS, RDFS, etc.). The way
to map each type of data model in NGSI-LD may differ depending on the structure of the data model itself. In the
present document, the following data model s have been analysed:

e  JSON-Schema

- SmartDataM odels Program
. OWL:

- SAREF family

- GeoSPARQL Ontology

- FoaF
. SKOS:

- Agrovoc
. RDF:

- DCAT

- WoT

NOTE: Informative referencesto al these data models can be found in the following detailed clauses.

4.2 SAREF Family

4.2.1 SAREF Core

SAREF (ETSI TS 103 264 [i.1]) and its eleven derived extensions in different domains aims at facilitating the matching
of existing assets (standards/protocolsdata modelg/etc.) in smart applications. They are created and maintained by the
ETSI TC SmartM2M. The starting point of SAREF is the concept of a device (e.g. aswitch). The SAREF ontology
offerslists of basic functions that can be eventually combined in order to have more complex functionsin asingle
device. Each function has some associated commands, which can also be picked up as building blocks from alist.
Depending on the functions it accomplishes, a device can be found in some corresponding states that are also listed as
building blocks. When connected to a network, a device offers a service, which is the representation of a function which
allows by other devices in the network to discover the function, register to it and control it remotely. A service can
represent one or more functions and it is offered to any device that needs a certain set of functions. A devicein the
SAREF ontology is also characterized by a profile that can be used to optimize some property, such as Energy, in a
home or office that is part of a building. Thus, the elements depicted by the ontology can be represented in NGSI-LD as
Properties of Entities, and the connection between the different elements as Relationships. Additionally, SAREF core
also describes the measurement element that relates the Device class to the SAREF Property and allows the storage of
the values measured by the device.

Most relevant ones are depicted in next paragraphs including the ones for Smart Cities, Energy, Water management,
and Health and ageing-well. The Smart Applications REFerence ontology (SAREF) is developed for interoperability
between solutions from different providers and among various activity sectors for the Internet of Things (10T) domain.
In thisclause, SAREF core and extension ontol ogies are described.

ETSI



14 ETSI GR CIM 021 V1.1.1 (2022-08)

The core ontology defined within the SAREF core is shown in Figure 4.2.1-1.

sarefisAbout saref-hasProperty

saref:Profile }» —————————— b@ ---------------------- )| saref:Property | ‘ saref FeatureOfinterest

4 sarefisMeaszured | * [ saref.isPropertyOf
. ByDevice sarefrelatesTo
¥ sarefisControlled Measurement
saref. Commodity ByDevice sarefhasMeasurement
A saref:-measuresProperty
sarefhasProfile isarefisUsedFor saref-controlsProperty
< sarefrelatesTo
sarefaccomplishes sarefmeasurement v Property
sarefTask | » SISt - MadeByi M t i<
» saref-Measuremen
sarefis
AccomplishadBy saref makesMeasurement e e saref-isMeasurementOf
h
saref-offers sarefisMeasuradin

Y

saref-hasState
¢ saref:UnitOflMeasure
saref:Service

sarefisOfferedBy

sarefrepresents

A

) saref-hasFunction
saref:Function

saref:-hasCommand

sarefisCommandOf v

saref:Command '—b saref State
saref.actsUpon

Figure 4.2.1-1: An overview of the SAREF core ontology

SAREF is designed as a domain-independent ontology for 10T applications. Thus, SAREF core ontology is designed as
a set of simple core ontology patterns, including definitions for general fields. The SAREF core ontology is defined as
device-centric including essential classesfor 10T devices such as saref: Device, saref: Function, saref: Task, etc. This
core ontology can be used with any real device, which is atangible object designed to accomplish a particular task in
households, common public buildings, or offices such as light switches, temperature sensors, and energy meters.

4.2.2 SAREF Extensions

4221 Introduction

SAREF extensions are domain specific applications of the SAREF ontology identifying specific elements of the
domains. Hereisthelist of extensions available in June 2022.

4222 SAREF4CITY

SAREFACITY (ETSI TS 103 410-4 [i.2]) focuses on extending SAREF in order to create a common core of general
concepts for Smart City data-oriented |oT applications. SAREFACITY has defined the classes for city management
such as sAcity: AdministrativeArea, sAcity: City, and s4city: Facility that can be used for city stakeholders or various city
services. SAREFACITY isinitsversion 1.1.2.

4.2.2.3 SAREF4ENER

SAREF4ENER (ETSI TS 103 410-1 [i.3]) isthe extension of SAREF for the energy domain that can be enabled to
interconnect facilities (e.g. Italy-based and Germany-based industry associations). Classes and relationships included in
SAREFAENER can express all the powers and states of energy-related devices such as s4ener: Power Sequence,

SAener: Energy, and s4ener: EnergyExpected. SAREF4ENER isinitsversion 1.1.2.

4224 SAREF4AWATR

SAREFAWATR (ETSI TS 103 410-10 [i.4]) is an extension for the water domain which is based on alimited set of use
cases and from available existing data models. SAREFAWATR has been developed in the context of the STF 566 which
was established with the goal to create SAREF extensions. The water meter can be depicted as an example of extension
uses. It can be described by a set of static classes and properties either reused from SAREF or from SAREFAWATR
such as saref:Measurement and sAwatr:WaterMeter. SAREFAWATR isinitsversion 1.1.1.
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4.2.2.5 SAREF4EHAW

SAREF4EHAW (ETSI TS 103 410-8[i.5]) extension has been specified and formalized by investigating EHAW
(eHEALTH and Ageing-Well) domain related resources, as reported in ETSI TR 103 509 [i.6]. Therefore,
SAREFAEHAW modular ontology has to alow the implementation of alimited set of typical EHAW related use cases,
i.e:

. Use case 1: "monitoring and support of healthy lifestylesfor citizens'.
. Use case 2: "Early Warning System (EWS) and Cardiovascular Accidents detection".

SAREFAEHAW mainly reuses the following existing ontologies: SAREF, SmartBAN, SAREF4ENV |, SAREFAWEAR
and SAREF4health ontology which isavery first try to somehow extend SAREF ontology for the health vertical.
SAREF4EHAW extension, specified and formalized asreported in ETS| TR 103 509 [i.6]. SAREFAEHAW isinits
version 1.1.1.

4.2.2.6 SAREF4BLDG

SAREF4BLDG (ETSI TS 103 410-3[i.7]), an extension of the SAREF ontology that was created based on the Industry
Foundation Classes (IFC) standard for building information. It should be noted that not the whole standard has been
transformed since it exceeds the scope of this extension, which islimited to devices and appliances within the building
domain.

SAREF4BLDG isan OWL-DL ontology that extends SAREF with 72 classes (67 defined in SAREF4EBLDG and 5
reused from the SAREF and geo ontologies), 179 object properties (177 defined in SAREFAEBLDG and 2 reused from
the SAREF and geo ontologies), and 83 data type properties (82 defined in SAREF4EBLDG and 1 reused from the
SAREF ontology). SAREF4BLDG isinitsversion 1.1.2.

4.2.2.7 SAREF4INMA

SAREF4INMA (ETSI TS 103 410-5[i.8]) is an extension of SAREF that was created for the industry and
manufacturing domain. SAREF4INMA was created to be aligned with related initiatives in the smart industry and
manufacturing domain in terms of modelling and standardization, such as the Reference Architecture Model for
Industry 4.0 (RAMI), which combines severa standards used by the various national initiatives in Europe that support
digitalization in the manufacturing. These initiativesinclude but are not limited to, the platform Industrie 4.0 Germany,
the Smart Industry initiative in the Netherlands, Industria 4.0 in Italy, the ‘Industrie du future initiative' in France and
more.

SAREF4INMA isan OWL-DL ontology that extends SAREF with 24 classes (in addition to a number of classes
directly reused from the SAREF ontology and the SAREF4ABLDG extension), 20 object properties (in additionto a
number of object properties reused from the SAREF ontology and the SAREF4ABL DG extension) and 11 data type
properties.

SAREF4INMA solvesthe lack of interoperability between various types of production equipment to produce itemsin a
factory and, once outside the factory, allowsto uniquely track back the produced items to the corresponding production
equipment, batches, material and precise time in which they were manufactured. SAREF4INMA isinitsversion 1.1.2.

42.2.8 SAREF4AGRI

SAREF4AGRI (ETSI TS 103 410-6 [i.9]) isan OWL-DL ontology that extends SAREF for the Smart Agriculture and
Food Chain domain. The intention of SAREF4AGRI isto connect SAREF with existing ontologies (such as W3C SSN,
W3C SOSA, GeoSPARQL, etc.) and important standardization initiatives and ontologies in the Smart Agriculture and
Food Chain domain, including ICAR for livestock data (see https.//www.icar.org/), AEF for agricultural equipment (see
http://www.aef-online.org), Plant Ontology Consortium for plants (see http://archive.plantontol ogy.org), AgGateway
for IT support for arable farming (see http://www.aggateway.org/), as mentioned in the associated SAREF4AGRI
requirements document ETSI TR 103 511 [i.38]. SAREF4AGRI isinitsversion 1.1.2.
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4.2.2.9 SAREF4AUTO

SAREF4AUTO (ETSI TS 103 410-7 [i.10]) isan OWL-DL ontology that extends SAREF for the Automotive domain.
The intention of SAREF4AUTO isto connect SAREF with existing ontologies (such as W3C SSN, W3C SOSA,
GeoSPARQL, etc.) and important standardization initiatives and ontologies in the Automotive domain, as mentioned in
the associated SAREF4AUTO requirements document ETSI TR 103 508 [i.39], including:

. ETSI TCITSfor V2V communications.
e  The SENSORIS data model for exchanging data between vehicles and cloud services.

e  TheDATEX Il standard for information exchange between traffic management centres, traffic information
centres and service providers.

. The DATEX Il Parking Publications for specifying information about parking sites and individual parking
vehicles.

SAREF4AUTO isinitsversion 1.1.1.

4.2.2.10 SAREF4AWEAR

SAREFAWEAR (ETSI TS 103 410-9[i.11]) is an extension of SAREF for the Wearables domain. SAREFAWEAR has
been specified and formalized by investigating related resources in the Wearables domain, as reported in ETSI
TR 103 510 [i.40], such as:

. potential stakeholders

e  standardization initiatives

e  aliances/associations

. European projects

. EC directives

. existing ontologies

. data repositories

Therefore, SAREFAWEAR allows both:

. The implementation of alimited set of typical Wearable-related use cases already identified, i.e.:
- Use case 1 "Healthcare"
- Use case 2 "Open Air Public Events®
- Use case 3 "Closed Environment Events'

o  Tofulfil the Wearable-related requirements provided in ETSI TR 103 510 [i.40], mainly the ontological ones
that were mostly taken as input for the ontology specification

SAREFAWEAR isan OWL-DL ontology. For embedded semantic analytics purposes, SAREFAWEAR is designed
using the modularity principle and can thus be mainly described by a set of knowledge modules. SAREFAWEAR isin
itsversion 1.1.1.

42211 SAREFALIFT

SAREFALIFT (ETSI TS 103 410-11[i.12]) is an extension of SAREF for Smart Lift applications. It is based on a
limited set of use cases and existing data models identified within available initiatives that was detailed in previous
documents ETSI TR 103 546 [i.41] and ETSI TS 103 735 [i.42]. This extension specializes the SAREF4SY ST ontology
pattern for the Smart Lift domain.
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The definition of SAREFALIFT consisted of specifying and producing an extension of SAREF for the aforementioned
domain based on the requirements resulting from previous initiatives. SAREFALIFT isinitsversion 1.1.1.

4.2.2.12 SAREF4SYST

SAREF4SY ST (ETSI TS 103 548 [i.13]) isageneric extension of ETS|I TS 103 264 [i.1] SAREF that defines an
ontology pattern which can be instantiated for different domains. SAREFASY ST defines s4syst: System,
sAsyst:Connection (connections between systems), and s4syst: ConnectionPoint (which highlights how systems are be
connected). These core concepts can be used generically to define the topology of features of interest and can be
specialized for multiple domains. The topology of features of interest is highly important in many use cases. For
instance, if aroom holds alighting device, and if it is adjacent with an open window to aroom whose luminosity is low,
then by turning on the lighting device in the former room one may expect that the luminosity in the latter room will rise.

SAREF4SY ST has two main ams:

. To extend SAREF with the capability or representing general topology of systems and how they are connected
or interact.

e  Toexemplify how ontology patterns may help to ensure a homogeneous structure of the overall SAREF
ontology and speed up the development of extensions.

SAREF4SY ST consists both of a core ontology, and guidelines to create ontologies following the SAREFASY ST
ontology pattern. The core ontology is a lightweight OWL-DL ontology that defines 3 classes and 9 object properties.
SAREF4SYST isinitsversion 1.1.2.

4.2.2.13 SAREF4ENVI

SAREF4ENVI (ETSI TS 103 410-2 [i.14]) is an extension for the environmental domain. The extension was created in
collaboration with domain expertsin the field of light pollution currently working in the STARS4ALL European H2020
project [i.52] (see http://www.stars4all.eu/index.php/Ipi/).

SAREF4ENVI hastwo main aims:
. To be the basis for enabling the use of SAREF in the environment domain.
. To exemplify how to enable interoperability between environmental devicesin cooperation.

SAREF4ENVI isan OWL-DL ontology that extends SAREF with 32 classes (24 defined in SAREF4ENVI and 7
reused from the time, SAREF and geo ontologies), 24 object properties (22 defined in SAREF4ENV | and 2 reused from
the SAREF and geo ontologies), 13 data type properties (9 defined in SAREF4ENV | and 4 reused from the SAREF
ontology), and 24 individuals (9 defined in SAREF4AENV I and 12 reused from the OM ontology). SAREF4AENVI isin
itsversion 1.1.2.

4.2.3 Common features

The SAREF extension share common elements. They all reference the SAREF core ontology using its concepts as
super-classes for their domain-specific elements. Plus, extensions may reference to each other'sif it is needed (e.g.
SAREFAEHAW references the Wearable Device from SAREFAWEAR). All of them reference external data models (as
GeoSPARQL) to reference those concepts that are not featured in any SAREF extension (e.g. representation of
geospatial objects).

SAREF extensions share similar characteristic in their definitions. They are rather modular and based on shared
elements to represent the devices and the measurements depending on the domain they are referencing.

They define functions as classes that implement atask to be performed. These functions have commands associated
which allow the interaction between elements. They also implement the states to define the current situation of the any
device/element.

Finally, both the core and the extensions have a dedicated @context file. Each file has two members:
o @graph, which contains al the triplets and definitions of every term

. @context, which contains the prefixes of every namespace (data model)
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Although they are mostly used to represent the ontologiesin JSON-LD documents, these files can be used to reference
these ontologiesin NGSI-LD as discussed in clause 5.

4.3

Schema.org [i.15] is an initiative founded by four very well known search engines for the creation of standardized
semantic objects to allow the identification of such assets on the global web. It compiles more than 3 000 object types
and specific extensions for eHealth and medical types, hotels, automotive and banks/financial institutions.

Schema.org

It iswidely adopted in the web pages as long as these definitions are taken into account by the search engines.
Consequently, their adoption is very relevant in other areas as they provide a JSON-LD export of the different elements.

The entities defined are extensively populated with attributes and each attribute is linked to their datatypes. It isvery
common that the same attribute can have different types. For example, inside the class Organization (shown in

table 4.3-1) the address can be either a plain string, or a complex object including the sub-attributes of a Postal Address
that includes more details (e.g. addressCountry, addressLocality, AddressRegion, PostOfficeBoxNumber, postalcode
and StreetAddress). Main classes start with a capital letter, while attributes start with a small letter. All conceptsarein
camel Case. It is worth to mention that the number of different attributes (like in the example provided) is large and that

these sub-attributes are deeply intertwined. For instance, the attribute areaServed includes address as a sub-attribute.
Anyway, address can be represented as a postal Address which has as a sub-attribute areaServed.

Table 4.3-1: Organization class defined in schema.org

actionableFeedbackPolicy

CreativeWork or URL

For a NewsMediaOrganization or other news-related
Organization, a statement about public engagement activities
(for news media, the newsroom's), including involving the public
- digitally or otherwise - in coverage decisions, reporting and
activities after publication.

address

PostalAddress or Text

Physical address of the item.

The overall rating, based on a collection of reviews or ratings, of

Organization

aggregateRating AggregateRating the item
alumni Person Alumni of an org.anlzatlo_n.
Inverse property: alumniOf
AdministrativeArea or . . . . .
areaServed GeoShape or Place The geographic area where a service or offered item is provided.
Supersedes serviceArea.
or Text
award Text An award won by or for this item. Supersedes awards.
brand Brand or The brand(s) associated with a product or service, or the

brand(s) maintained by an organization or business person.

contactPoint

ContactPoint

A contact point for a person or organization. Supersedes
contactPoints.

correctionsPolicy

CreativeWork or URL

For an Organization (e.g. NewsMediaOrganization), a statement
describing (in news media, the newsroom's) disclosure and
correction policy for errors.

department

Organization

A relationship between an organization and a department of that
organization, also described as an organization (allowing
different urls, logos, opening hours). For example: a store with a
pharmacy, or a bakery with a cafe.

dissolutionDate

Date

The date that this organization was dissolved.

diversityPolicy

CreativeWork or URL

Statement on diversity policy by an Organization e.g. a
NewsMediaOrganization. For a NewsMediaOrganization, a
statement describing the newsroom's diversity policy on both
staffing and sources, typically providing staffing data.

diversityStaffingReport

Article or URL

For an Organization (often but not necessarily a
NewsMediaOrganization), a report on staffing diversity issues. In
a news context this might be for example ASNE or RTDNA
(USA) reports, or self-reported.

email Text Email address.
employee Person Someone working for this organization. Supersedes employees.
Statement about ethics policy, e.g. of a NewsMediaOrganization
regarding journalistic and publishing practices, or of a
ethicsPolicy CreativeWork or URL Restaurant, a page describing food source policies. In the case

of a NewsMediaOrganization, an ethicsPolicy is typically a
statement describing the personal, organizational, and corporate
standards of behavior expected by the organization.
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Upcoming or past event associated with this place, organization,

event Event or action. Supersedes events.
faxNumber Text The fax number.
founder Person A person who founded this organization. Supersedes founders.
foundingDate Date The date that this organization was founded.
foundingLocation Place The place where the Organization was founded.
funder Organization or A person or organizatipn the}t supports (sponsors) something
Person through some kind of financial contribution.
A Grant that directly or indirectly provide funding or sponsorship
funding Grant for this item. See also ownershipFundinginfo.
Inverse property: fundedltem
The Global Location Number (GLN, sometimes also referred to
globalLocationNumber  [Text as Intgrna}tional Location Number or ILN).of the re;pective
organization, person, or place. The GLN is a 13-digit number
used to identify parties and physical locations.
hasCredential Educatlona_IOccupatlo A credential awarded to the Person or Organization.
nalCredential

hasMerchantReturnPolicy

MerchantReturnPolicy

Specifies a MerchantReturnPolicy that may be applicable.
Supersedes hasProductReturnPolicy.

Indicates an OfferCatalog listing for this Organization, Person, or

hasOfferCatalog OfferCatalog Service.
hasPOS Place Points-of-Sales operated by the organization or person.
The number of interactions for the CreativeWork using the
. . — . WebsSite or SoftwareApplication. The most specific child type of
InteractionStatistic InteractionCounter InteractionCounter should be used. Supersedes
interactionCount.
The International Standard of Industrial Classification of All
isicv4 Text Economic Activities (ISIC), Revision 4 code for a particular
organization, business person, or place.
An organization identifier as defined in ISO 6523-1 [i.43]. Note
that many existing organization identifiers such as leiCode or
is06523Code Text vatID can be expressed as an ISO 6523-1 [i.43] identifier by
setting the ICD part of the ISO 6523-1 [i.43] identifier
accordingly.
DefinedTerm or Text Keyyvor_ds or tags useq to descri_be some_ite_m. Multiple textual
keywords or URL entries in a keywords list are typically delimited by commas, or
by repeating the property.
Of a Person, and less typically of an Organization, to indicate a
topic that is known about - suggesting possible expertise but not
knowsAbout Text or Thing or URL |implying it. It is not used to do not distinguish skill levels here, or
relate it to educational content, events, objectives or JobPosting
descriptions.
Of a Person, and less typically of an Organization, to indicate a
known language. It is not used to do not distinguish skill levels or
knowsLanguage Language or Text reading/writing/speaking/signing here. It ses language codes
from the IETF BCP 47 [i.44] standard.
legalName Text The official name of the organization, e.g. the registered
company name.
. An organization identifier that uniquely identifies a legal entity as
leiCode Text defined in 1SO 17442 [i.45].
locati Elacelzrdd T The location of, for example, where an event is happening,
ocation osta ress or Text where an organization is located, or where an action takes place.
or VirtualLocation
logo ImageObject or URL  |An associated logo.
A pointer to products or services offered by the organization or
makesOffer Offer person.
Inverse property: offeredBy
A member of an Organization or a ProgramMembership.
Organization or Organizations can pe .mem.bers of o.rga.ni.zations;
member Person ProgramMembership is typically for individuals. Supersedes
musicGroupMember, members.
Inverse property: memberOf
o An Organization (or ProgramMembership) to which this Person
memberOf (F?rrgapalﬁlf/llz%%rershi or Organization belongs.
9 P linverse property: member
. The North American Industry Classification System (NAICS)
naics Text

code for a particular organization or business person.
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nonprofitStatus

NonprofitType

nonprofit Status indicates the legal status of a non-profit
organization in its primary place of business.

numberOfEmployees

QuantitativeValue

The number of employees in an organization e.g. business.

ownershipFundinginfo

AboutPage or
CreativeWork or Text
or URL

For an Organization (often but not necessarily a
NewsMediaOrganization), a description of organizational
ownership structure; funding and grants. In a news/media
setting, this is with particular reference to editorial independence.
Note that the funder is also available and can be used to make
basic funder information machine-readable.

owns

Ownershiplnfo or
Product

Products owned by the organization or person.

parentOrganization

Organization

The larger organization that this organization is a
subOrganization of, if any. Supersedes branchOf.
Inverse property: subOrganization

publishingPrinciples

CreativeWork or
URL

The publishingPrinciples property indicates (typically via URL) a
document describing the editorial principles of an Organization
(or individual e.g. a Person writing a blog) that relate to their
activities as a publisher, e.g. ethics or diversity policies. When
applied to a CreativeWork (e.g. NewsAtrticle) the principles are
those of the party primarily responsible for the creation of the
CreativeWork.

While such policies are most typically expressed in natural
language, sometimes related information (e.g. indicating a
funder) can be expressed using schema.org terminology.

Person

review Review A review of the item. Supersedes reviews.
seeks Demand A pointer to products or services sought by the organization or
person (demand).
slogan Text A slogan or motto associated with the item.
Organization or A person or organization that supports a thing through a pledge,
sponsor promise, or financial contribution. e.g. a sponsor of a Medical

Study or a corporate sponsor of an event.

subOrganization

Organization

A relationship between two organizations where the first includes
the second, e.g. as a subsidiary. See also: the more specific
‘department’ property.

Inverse property: parentOrganization

taxID

Text

The Tax/Fiscal ID of the organization or person, e.g. the TIN in
the USA or the CIF/NIF in Spain.

telephone

Text

The telephone number.

unnamedSourcesPolicy

CreativeWork or
URL

For an Organization (typically a NewsMediaOrganization), a
statement about policy on use of unnamed sources and the
decision process that is needed.

vatlD

Text

The Value-added Tax ID of the organization or person.

+ Properties from Thing

Additionally, the class Organization inherits the attributes of the class Thing, which includes alist of 12 additional

attributes.

A defined context islocated at https://schema.org/docs/jsonldcontext.json containing al the 2 844 terms. For each
element its corresponding long IRI (in the format " https://schema.org/element”) is listed.

Mapping schema.org in NGSI-LD is quite straightforward. The classes can be mapped as NGSI-LD Entities and the
attributes (and sub-attributes) can mapped as NGSI-LD Attributes and/or NGSI-LD sub-Attributes.

4.4

4.4.1

Thesauri

General Overview

Thesauri are domain-based controlled vocabularies generally used to find synonyms or antonyms. They may contain
definitions as well and express the difference of meaning of every term giving more insights about their usage. They are
generally structured in some way: some group words in a hierarchical taxonomy of concepts, others are organized
aphabetically or in some other way.
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4.4.2 SKOS ontology

The Simple Knowledge Organization System ontology (SKOS, [i.16]) is a common data model for sharing and linking
knowledge organization systems via the Semantic Web. SKOS ontology offers a consistent vocabulary for defining and
linking different concepts. Several domain-based thesauri are proposed and maintained using SKOS.

4.4.3 Agrovoc

Agrovoc [i.17] isarelevant Linked Open Data set based on SKOS ontology about agriculture but also covers all areas
of interest to FAO, such as food, nutrition, forestry, fisheries, names of animals and plants, environment, biological
notions, and technigques of plant cultivation, etc. Agrovoc concept model consists of concepts, terms, and rel ationships.
The concept isthe set of terms used in any language to describe the same idea identified by dereferenceable URIs.
Agrovoc supports more than 40 000 concepts, and 937 000 terms and Agrovoc thesaurus content in 41 languages is how
released under the international license CC BY 1GO 3.0. (see https://creativecommons.org/licenses/by/3.0/igo/).

4.5 SmartDataModels program

4.5.1 General Overview
The SmartDataM odels program [i.18] is a collaborative program lead by four organizations (March 2022), FIWARE

Foundation, IUDX, OASC and TMForum to provide open licensed data models based on actual experiences and open
and adopted standards. Table 4.5.1-1 contains all the 12 business domains and 55 subjects (groups of data models).

Table 4.5.1-1: The 12 business domains featured in the SmartDataModels Program

Smart Cities Smart Agrifood Smart Water Smart Energy
Smart Environment Smart Robotics Smart Sensoring Cross sector
Smart Aeronautics Smart Destination Smart Health Smart Manufacturing

These data models are open-licensed: it is not only allowed to use them in third-party applications, but it is also possible
for external developersto modify any model and share their modifications with the maintainers.

Every domain is structured in its own GITHUB repository. The technical specifications are available in the "docs'
directory in each datamodel. They are intended to be used with compliance with FIWARE NGSI version 2 and NGSI-LD.
They are also available for any other platform (e.g. DTDL initiative).

The program allows for contribution and creation of additional data models, to improve the existing ones as long as new
features/modifications can be used in actual use cases or in open and adopted standards (e.g. GTFS, GBFS,

IEC 61850 [i.48], OCF Open Connectivity Foundation, DCAT-AP 2.0.1, etc.). The added value is that every data model
provides guidance in many aspects, such as the data type of aterm/concept (which is not always provided by
regulations and standards). A document with the guidelines for contributions (called the " contribution manual") and
dedicated tools are public to simplify the contribution process for external developers. More than 70 organizations have
already contributed mapping 18 000 terms, with over 100 collaborators in the 800 data models available.
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Asan example, the following is a payload that may be returned by one of the services that have been created within the
SmartDataM odel s program:

{

"id": "urn:ngsi-ld:ArQualityCoserved: RZ: Cbsv4567",
"type": "AirQualityCbserved",
"dat eCbserved": {
"type": "Property",
"val ue": {
"@ype": "DateTine",
"@al ue": "2018-08-07T12: 00: 002"

}
}
"Ne": {
"type": "Property",
"val ue": 22,
"uni t Code": "GP",
"accuracy": {
"type": "Property",
"val ue": 0.95

}

"refPointOfInterest": {
"type": "Rel ationship",
"object": "urn:ngsi-|d:PointOInterest: RZ: Mai nSquar e"

T
"@ontext": [
" SAREF core",
"saref 4Env",
"https://smart-dat a- nodel s/ dat aMbdel . Envi ronment / cont ext . j sonl d",

45.2 Suggested methods to link external data

Every subject (group of data models) of the SmartDataM odels program includes local IRIs that can be used to reference
linked data resources, but the actual goal isto combine and re-use existing ontologies and vocabularies. There are

18 ontologies/vocabularies available (including SAREF core and all its extensions, IUDX, GSMA, schema.org, €tc.),
but this number may increase in the future (depending on contributions).

When working with the SmartDataM odels services, it is possible to define a configuration file which allows to choose
which ontologies would be mapped. The order matters, hence, the first elements have a higher priority than the
subseguential ones when mapping the elements. An example of a configuration file is shown below.

"ngsi-l1d": "https://raw. githubusercontent.conf snart-dat a- nodel s/ dat a-
nodel s/ mast er/ cont ext/ontol ogi es_fil es/ ngsi-1d-core-context.jsonld#l. 4",
"saref": "https://raw. githubusercontent.conl snmart-dat a- nodel s/ dat a-
nodel s/ mast er/ cont ext/ont ol ogi es_fil es/saref.json#3. 1. 1"
"schema.org": "https://raw. githubusercontent.com snmart - dat a- nodel s/ dat a-
nodel s/ mast er/ cont ext/ontol ogi es_fil es/ schema. org. j son#l. 0",
"iudx": "https://raw githubusercontent.conl snart-dat a- nodel s/ dat a-
nmodel s/ mast er/ cont ext/ ont ol ogi es_fil es/i udx. json#l. 0"
}

Assaid, a configuration file sets the precedence of the mapping of the different terms (short IRIs or prefixes) of the
attributes. Following the order, the service will look for the long IRIs of every term starting by the first option ("ngsi-1d"
in the example). If any term has not been found, it will 1ook for its mapping in the second option. This operation will
continue until all the terms have been referenced or if there are not more options in the configuration file. If at the end
of the process any term has not been referenced, then the default IRI from SmartDataModelsis applied (similar to what
happens inside the Context Brokers with the core context of NGSI-LD).

Using this configuration, alocal context, defined with the SmartDataModels IRI, can be mapped with external
vocabularies. Below it is shown an example of alocal context merging the subjects Battery, building, device and
Weather based on the SmartDataModels IRI.
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{

"@ontext": {
"acPower | nput ":
"acPower Qut put ":
"activePower":

"address": "https://smartdatanodel s. or g/ address",

"al t ernat eNanme":
"application":

"areaServed": "https://smartdatanodel s. org/ areaServed",

"aut ononyTi me":
"averagelLife":

"batteryAssessnment Met hods": "https://smartdatanodel s. or g/ dat aMbdel . Battery/ batteryAssessnment Met hods",

"batteryStatus":

"batteryType": "https://smartdatanodel s. org/ dat aMbdel . Battery/ batteryType",

"capaci tyCnnn":

"char geDi schargeReactivity": "https://snartdatanpdel s. org/ dat aMbdel . Batt ery/ chargeDi schargeReactivity",
"chargeEfficiency": "https://smartdatanpdel s. org/ dat aMbdel . Battery/ chargeEfficiency",
"chargePower": "https://smartdatanodel s. or g/ dat aModel . Bat t ery/ char gePower ",

"char gi nghModeAl |
"communi cation":

"current": "https://smartdatanodel s. org/ dat aMbdel . Battery/current",
"cycleLife": "https://smartdatanodel s. or g/ dat aMbdel . Battery/ cycl eLife",

"dat aProvi der":

"dateCreated": "https://smartdatanpdel s. or g/ dateCreated",
"dat eEnergyMeteringStarted": "https://smartdatanodel s. or g/ dat aMbdel . Batt ery/ dat eEner gyMet eri ngStarted",
"dat eLast Reported": "https://smartdatanodel s. org/ dat aMbdel . Batt ery/ dat eLast Reported",

"dat eModi fied":

"dat eObservedFroni: "https://smartdatanodel s. or g/ dat aMbdel . Bat t ery/ dat eCbser vedFr oni',
"dat eQbser vedTo"

"dcPower | nput ":
"dcPower Qut put ":

"deepOf Di scharge": "https://smartdatanodel s. or g/ dat aMbdel . Batt ery/ deepOf Di schar ge",

"description":

"dimension": "https://smartdatanodel s. or g/ dat aMbdel . Bat t ery/ di nensi on",

"di schargeEffici

"di schar gePower "

"durationPeakPower": "https://smartdatanodel s. or g/ dat aModel . Bat t ery/ dur ati onPeakPower ",

"id r@d,

"installationCondition": "https://smartdatanpdel s. org/ dataMbdel . Battery/installationCondition",
"installationMbde": "https://smartdatanodel s. org/ dataMbdel . Battery/installati onMbde",

"inverterStatus"
"lifeCycl eNunber": "https://smartdatanodel s. org/ dat aMbdel . Battery/|ifeCycl eNunber",
"l ocation": "ngsi-ld:location",

"massEner gyDensi

" maxQut put Power "
"maxi mumVol t ageEOC': "https://smartdat anodel s. or g/ dat aModel . Bat t er y/ maxi nunVol t ageECC",
"m ni mnunVol t ageEOD": "https://smartdat anodel s. or g/ dat aModel . Bat t er y/ m ni nunVol t ageEQCD",
"nane": "https://smartdatanodel s. org/ nane",
"ngsi-ld": "https://uri.etsi.org/ngsi-ld/",

"nom nal Anpere":

"nom nal Capacity": "https://smartdatanodel s. or g/ dat aMbdel . Bat t er y/ nom nal Capacity",
"nom nal Frequency": "https://smartdatanodel s. or g/ dat aMbdel . Bat t er y/ nom nal Fr equency",
"nom nal Vol t age"
"openCircuitVoltage": "https://smartdatanodel s. org/ dat aMbdel . Battery/ openCircuit Vol tage",
"operatingAltitude": "https://smartdatanodel s. or g/ dat aMbdel . Battery/ operatingAltitude",
"operatingAnpere": "https://smartdatanodel s. or g/ dat aMbdel . Batt ery/ oper ati ngAnpere",
"operatingFrequency": "https://smartdatanodel s. org/ dat aMbdel . Batt ery/ oper ati ngFrequency",
"operatingTenperature": "https://smartdatanodel s. org/ dat aMbdel . Battery/ operati ngTenperature",
"operatingVoltage": "https://smartdatanodel s. org/ dat aMbdel . Batt ery/ operati ngVol t age",

"overl oadAccepted": "https://smartdatanodel s. org/ dat aMbdel . Battery/ over| oadAccept ed",

"over | oadAccept edTine": "https://smartdatanodel s. or g/ dat aMbdel . Batt ery/ over| oadAccept edTi ne",

owner": "https:

protectionl K':
protectionl P':
reactivePower":
rechargeTi ne":

roundTri pEffici

"seeAl so": "https://smartdatanpdel s. org/ seeAl so",
"sel f Di schargeRate": "https://smartdatanodel s. or g/ dat aModel . Battery/ sel f Di schargeRate",
"source": "https://smartdatanodel s. org/ source",

"stateOf Charge":
"stateCOf Heal th":

"status": "ngsi-ld:status",
"st orabl eEner gy"
"tool BMS": "https://smartdatanodel s. or g/ dat aMbdel . Battery/t ool BVMS",

“type": "@ype",

"typeEnergySource": "https://smartdatanodel s. org/ dat aMbdel . Battery/typeEner gySource",
"typeOfUse": "https://smartdatanodel s. or g/ dat aMbdel . Battery/typeOf Use",

"usabl eEner gy":

"vol EnergyDensity": "https://smartdatanodel s. or g/ dat aMbdel . Batt ery/ vol EnergyDensity",
"wei ght": "https://smartdatanodel s. or g/ dat aMbdel . Battery/ wei ght",
"accel erati onMeasured": "https://smartdatanodel s. or g/ dat aModel . Bui | di ng/ accel erati onMeasured",

"bui | di ngTypeChi

"bui | di ngTypeParent": "https://smartdatanodel s. or g/ dat aModel . Bui | di ng/ bui | di ngTypePar ent ",

"col | apseRi sk":

peakPower": "https://smartdatanodel s. or g/ dat aMbdel . Bat t er y/ peakPower ",
"possibilityOfUse": "https://smartdatanpdel s. org/ dat aMbdel . Battery/ possi bilityOf Use",

rechar geEnergySource": "https://smartdatanpdel s. or g/ dat aMbdel . Bat t ery/ r echar geEner gySour ce",

ref StorageBatteryDevi ce": "https://smartdatanodel s. or g/ dat aMbdel . Battery/ref St orageBatt eryDevi ce",

"https://smartdatanodel s. or g/ dat aMbdel . Bat t ery/ acPower | nput ",
"https://smartdatanodel s. or g/ dat aModel . Bat t er y/ acPower Qut put ",
https://smartdat anodel s. or g/ dat aMbdel . Battery/ acti vePower ",

"https://smartdatanodel s. org/ al t er nat eNanme",
https://smartdat anodel s. or g/ dat avbdel . Batt ery/ appl i cation",

"https://smartdatanodel s. or g/ dat aMbdel . Bat t ery/ aut ononyTi nme",
https://smartdat anodel s. or g/ dat aMbdel . Batt ery/ aver ageLi fe",

"https://smartdatanpdel s. or g/ dat aMbdel . Battery/ batteryStatus",

"https://smartdat anpodel s. or g/ dat aMbdel . Bat t ery/ capaci t yCnnn",

owed": "https://smartdatanodel s. or g/ dat aModel . Bat t ery/ char gi nghMbdeAl | owed",
"https://smartdatanodel s. or g/ dat aMbdel . Bat t ery/ conmuni cati on",

"https://smartdat anpbdel s. or g/ dat aProvi der",

"https://smartdatanodel s. or g/ dat eModi fied",

: "https://smartdat anodel s. or g/ dat aMbdel . Batt ery/ dat eCbser vedTo",

"https://smartdatanodel s. or g/ dat aMbdel . Bat t er y/ dcPower | nput ",
"https://smartdatanodel s. or g/ dat aMbdel . Bat t ery/ dcPower Qut put ",

http://purl.org/dc/terns/description”,

ency": "https://smartdatanodel s. or g/ dat aMbdel . Batt ery/ di schargeEffici ency",

: "https://smartdat anodel s. or g/ dat avbdel . Batt ery/ di schar gePower ",

: "https://snmartdat anodel s. or g/ dat aMbdel . Battery/inverter Status",

ty": "https://smartdatanodel s. org/ dat aMbdel . Battery/ massEnergyDensity",

: "https://snmartdat anodel s. or g/ dat aMbdel . Bat t er y/ naxQut put Power ",

"https://smartdatanodel s. or g/ dat aMbdel . Bat t ery/ nom nal Anpere”,

: "https://smartdat anodel s. or g/ dat avbdel . Batt er y/ nom nal Vol t age",

/| smar t dat anodel s. or g/ owner ",

"https://smartdat anpdel s. or g/ dat aMbdel . Battery/ protecti onl K',

"https://smartdat anpodel s. or g/ dat aMbdel . Batt ery/ protectionl P",
"https://smartdatanodel s. or g/ dat aMbdel . Battery/reacti vePower",

"https://smartdat anpdel s. or g/ dat aMbdel . Battery/ rechar geTi ne",

ency": "https://smartdatanpdel s. or g/ dat aMbdel . Battery/ roundTri pEfficiency",

"https://smartdatanodel s. or g/ dat aMbdel . Batt ery/ st at eOf Char ge”,
"https://smartdatanodel s. or g/ dat aMbdel . Battery/ stateOf Heal t h",

: "https://smartdat anodel s. or g/ dat avbdel . Batt ery/ st or abl eEner gy",

"https://smartdatanodel s. or g/ dat aMbdel . Bat t er y/ usabl eEner gy",

Idren": "https://smartdatanodel s. or g/ dat aMbdel . Bui | di ng/ bui | di ngTypeChi | dren”,

"https://smartdat anpdel s. or g/ dat aMbdel . Bui | di ng/ col | apseRi sk",
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"contai nedl nPl ace": "https://smartdatanodel s. or g/ dat aMbdel . Bui | di ng/ cont ai nedl nPl ace",
"dat eFi ni shed": "https://smartdatanodel s. or g/ dat aMbdel . Bui | di ng/ dat eFi ni shed",
"dat eGbserved": "https://smartdatanodel s. or g/ dat eCbserved",

"dateStarted": "https://smartdatanodel s. org/ dat aMbdel . Bui | di ng/ dateStarted",

"endDate": "https://smartdatanodel s. or g/ dat aMbdel . Bui | di ng/ endDat e",

"fl oorsAboveG ound": "https://smartdatanodel s. org/ dat aMbdel . Bui | di ng/ f| oor sAboveG ound"”,
"fl oorsBel owG ound": "https://smartdatanodel s. or g/ dat aMbdel . Bui | di ng/ f| oor sBel owGr ound"”,

"occupier": "https://smartdatanodel s. or g/ dat aMbdel . Bui | di ng/ occupi er"”,
"openi ngHours": "https://smartdatanodel s. or g/ dat aMbdel . Bui | di ng/ openi ngHour s",
"operationSequence": "https://smartdatanodel s. org/ dat aMbdel . Bui | di ng/ oper ati onSequence"”,

"peopl eCapacity": "https://smartdatanodel s. or g/ dat aModel . Bui | di ng/ peopl eCapacity"”,

"peopl eCccupancy”: "https://smartdatanodel s. or g/ dat aMbdel . Bui | di ng/ peopl eCccupancy”,
"refBuilding": "https://smartdatanodel s. org/ dat aMbdel . Bui | di ng/ ref Bui | di ng",

"ref Map": "https://smartdatanodel s. or g/ dat aModel . Bui | di ng/ r ef Map",

"refQperator": "https://smartdatanodel s. or g/ dat aMbdel . Bui | di ng/ ref Operator",

"ref Rel at edBui | di ngOperation": "https://smartdatanpdel s. or g/ dat aMbdel . Bui | di ng/ r ef Rel at edBui | di ngOper ati on",
"ref Rel at edDevi ceQperation": "https://snartdatanpdel s. org/ dat aMbdel . Bui | di ng/ r ef Rel at edDevi ceCperation”,
"root": "https://smartdatanpdel s. or g/ dat aMbdel . Bui | di ng/ root ",

"startDate": "https://smartdatanodel s. org/ dat aMbdel . Bui | di ng/ startDate",

"addressedAt": "https://smartdatanpdel s. or g/ dat aMbdel . Devi ce/ addr essedAt ",

"annotations": "https://smartdatanodel s. org/annotations",

"caneraNane": "https://smartdatanpdel s. or g/ dat aMbdel . Devi ce/ caner aNane",

"cameraNunm': "https://smartdatanodel s. or g/ dat aMbdel . Devi ce/ camer aNunt',
"caneraOrientation": "https://smartdatanpdel s. org/ dat aMbdel . Devi ce/ caneraCOri entation”,
"cameraType": "https://smartdatanodel s. or g/ dat aMbdel . Devi ce/ canmer aType",

"caneraUsage": "https://smartdatanodel s. or g/ dat aMbdel . Devi ce/ caner aUsage",

"color": "https://smartdatanodel s. org/color",

"configuration": "https://smartdatanodel s. or g/ dat aMbdel . Devi ce/ confi guration”,

"control |l edAsset": "https://smartdatanodel s. or g/ dat aMbdel . Devi ce/ control | edAsset ",
"control |l edProperty": "https://smartdatanodel s. or g/ dat aMbdel . Devi ce/ control | edProperty"”,
"crosshorder Transfer": "https://smartdatanodel s. or g/ dat aMbdel . Devi ce/ cr ossbor der Transfer”,
"dateFirstUsed": "https://smartdatanodel s. org/ dat aMbdel . Devi ce/ dat eFi r st Used",
"datelnstalled": "https://smartdatanodel s. or g/ dat aMbdel . Devi ce/ dat el nstal | ed",

"dateLast Calibration": "https://smartdatanodel s. org/ dat aMbdel . Devi ce/ dat eLast Cal i brati on",
"dat eLast Val ueReported": "https://smartdatanodel s. or g/ dat aMbdel . Devi ce/ dat eLast Val ueReported",
"dat eManuf actured": "https://smartdatanodel s. or g/ dat aMbdel . Devi ce/ dat eManuf act ured”,
"depth": "https://smartdatanodel s. or g/ dat aMbdel . Devi ce/ dept h",

"device": "https://snartdatanpdel s. org/ dat aMbdel . Devi ce/ devi ce",

"deviceCl ass": "https://smartdatanpdel s. or g/ dat aMbdel . Devi ce/ devi ceCl ass",

"deviceState": "https://smartdatanpdel s. org/ dat aMbdel . Devi ce/ devi ceState",

"devi ceType": "https://smartdatanpdel s. or g/ dat aMbdel . Devi ce/ devi ceType",

"direction": "https://smartdatanpdel s. or g/ dat aMbdel . Devi ce/ di recti on",

"di stance": "https://smartdatanpdel s. or g/ dat aMbdel . Devi ce/ di st ance",

"dst Aware": "https://smartdatanmpdel s. or g/ dat aMbdel . Devi ce/ dst Aware",

"endDat eTi me": "https://smartdatanpdel s. or g/ dat aMbdel . Devi ce/ endDat eTi nme",

"endedAt": "https://snmartdatanpdel s. org/ dat aMbdel . Devi ce/ endedAt ",

"energylLimtationC ass": "https://smartdatanpdel s. or g/ dat aMbdel . Devi ce/ energyLi m tati onCl ass",
"entityVersion": "https://smartdatanpdel s. org/ dat aMbdel . Devi ce/ entityVersion",
"firmareVersion": "https://smartdatanpdel s. or g/ dat aMbdel . Devi ce/ fi r mwar eVer si on",
"floor": "https://smartdatanodel s. or g/ dat aMbdel . Devi ce/ fl oor",

"function": "https://smartdatanodel s. or g/ dat aMbdel . Devi ce/ function”,

"har dwar eVersi on": "https://smartdatanodel s. or g/ dat aMbdel . Devi ce/ har dwar eVer si on",
"image": "https://smartdatanodel s. org/image",

"imageSnapshot": "https://smartdatanodel s. or g/ dat aMbdel . Devi ce/ i mageSnapshot ",

"i pAddress": "https://smartdatanodel s. or g/ dat aMbdel . Devi ce/ i pAddr ess”,

"islndoor": "https://smartdatanodel s. org/ dat aMbdel . Devi ce/ i sl ndoor",

"I sPersonal Data": "https://smartdatanodel s. or g/ dat aMbdel . Devi ce/ i sPersonal Dat a",
"legitimatelnterest”: "https://smartdatanodel s. org/ dat aMbdel . Devi ce/l egiti matel nterest”,
"macAddress": "https://smartdatanodel s. or g/ dat aMbdel . Devi ce/ macAddr ess”,

"mce": "https://smartdatanodel s. or g/ dat aMobdel . Devi ce/ ncc"”,

"measur ement Type": "https://smartdatanodel s. or g/ dat aMbdel . Devi ce/ measur enent Type",

"medi aURL": "https://smartdatanpdel s. or g/ dat aMbdel . Devi ce/ medi aURL",

nmeter Type": "https://smartdatanpdel s. or g/ dat aMbdel . Devi ce/ et er Type",

"mc": "https://smartdatanpdel s. or g/ dat aMbdel . Devi ce/ mc",

"nunVal ue": "https://smartdatanpdel s. or g/ dat aMbdel . Devi ce/ nunval ue",

"of f PeakConsunption": "https://snart datanodel s. or g/ dat aMbdel . Devi ce/ of f PeakConsunpti on",
"operator": "https://smartdatanpdel s. or g/ dat aMbdel . Devi ce/ operator”,

"osVersion": "https://smartdatanpdel s. or g/ dat aMbdel . Devi ce/ osVersi on",

"outlier": "https://smartdatanpdel s. org/ dataMdel . Devi ce/ outlier",

peakConsunption": "https://smartdatanpdel s. or g/ dat aMbdel . Devi ce/ peakConsunpti on",
"pl annedEndAt": "https://snartdat anodel s. or g/ dat aMbdel . Devi ce/ pl annedEndAt ",
"plannedStartAt": "https://smartdatanpdel s. or g/ dat aMbdel . Devi ce/ pl annedStart At ",
power Factor": "https://smartdatanodel s. or g/ dat aMbdel . Devi ce/ power Factor ",
provider": "https://smartdatanpdel s. or g/ dat aMbdel . Devi ce/ provi der",

"purpose": "https://smartdatanodel s. or g/ dat aModel . Devi ce/ pur pose”,
"recipientList": "https://smartdatanodel s. org/ dat aModel . Devi ce/ reci pi ent Li st",
"ref Devi ceModel ": "https://smartdatanodel s. or g/ dat aModel . Devi ce/ r ef Devi ceModel ",
"relativePosition": "https://smartdatanodel s. org/ dat aMbdel . Devi ce/ rel ati vePosition",
"reportedAt”: "https://smartdatanodel s. org/ dat aMbdel . Devi ce/ reportedAt”,
"retentionPeriod": "https://smartdatanodel s. org/ dat aModel . Devi ce/ retenti onPeri od",
"rssi": "https://smartdatanodel s. or g/ dat aModel . Devi ce/rssi ",

"sof twareVersion": "https://smartdatanodel s. or g/ dat aMbdel . Devi ce/ sof t war eVer si on",
"startDateTinme": "https://smartdatanodel s. org/ dat aModel . Devi ce/ start Dat eTi me",
"startedAt": "https://smartdatanodel s. org/ dat aMbdel . Devi ce/ startedAt",
"streanmNanme": "https://smartdatanodel s. or g/ dat aMbdel . Devi ce/ st reanNanme",
"streamJRL": "https://smartdatanodel s. or g/ dat aMbdel . Devi ce/ streanmJRL",

"supportedProtocol ": "https://smartdatanodel s. or g/ dat aMbdel . Devi ce/ support edPr ot ocol ",
"supportedUnits": "https://smartdatanodel s. or g/ dat aModel . Devi ce/ supportedUnits"”,
"textValue": "https://smartdatanpdel s. or g/ dat aMbdel . Devi ce/ t ext Val ue",
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"total Consunption": "https://smartdatanodel s. org/ dat avbdel . Devi ce/ t ot al Consunpti on",

"unit": "https://snmartdatanodel s. or g/ dat aMbdel . Devi ce/ unit",

"user": "https://snmartdatanodel s. or g/ dat aMbdel . Devi ce/ user",

"val ue": "ngsi-|d: hasVal ue",

"airQualitylndex": "https://smartdatanodel s. org/ dat aModel . Weat her/ ai r Qual i tyl ndex",
"airQualitylndexForecast": "https://smartdatanodel s. org/ dat aModel . Weat her/ ai r Qual i tyl ndexFor ecast ",
"ai r Tenper atureForecast": "https://smartdatanodel s. or g/ dat aMbdel . Weat her/ ai r Tenper at ur eFor ecast ",
"airTemperatureTSA": "https://smartdatanodel s. or g/ dat aModel . Weat her/ ai r Tenper at ur eTSA",

"al ertSource": "https://smartdatanodel s. or g/ dat aModel . Weat her/ al ert Sour ce",

"aqgi Maj or Pol lutant”: "https://smartdatanodel s. or g/ dat aModel . Weat her / agi Maj or Pol | ut ant ",

"aqgi Maj or Pol | ut ant Forecast": "https://smartdatanodel s. or g/ dat aModel . Weat her / agi Maj or Pol | ut ant For ecast ",
"at mosphericPressure”: "https://smartdatanodel s. or g/ dat aModel . Weat her / at nospheri cPressure"”,
"data": "ngsi-ld:data",

"datel ssued": "https://smartdatanodel s. or g/ dat aMbdel . Weat her / dat el ssued",

"dateRetrieved": "https://smartdatanodel s. or g/ dat aMbdel . Weat her/ dat eRet ri eved",

"dayMaxi mun': "https://smartdatanpdel s. or g/ dat aMbdel . Weat her / dayMaxi nuni',

"dayM ni muni': "https://smartdatanpdel s. or g/ dat aMbdel . Weat her / dayM ni nuni',

"dewPoi nt": "https://smartdatanodel s. or g/ dat aMbdel . Weat her / dewPoi nt ",

"feel Li kesTenperature": "https://smartdatanodel s. or g/ dat aModel . Weat her/ f eel Li kesTenperature",
"feel sLi kesTenperature": "https://smartdatanodel s. or g/ dat aMbdel . Weat her/ f eel sLi kesTenperature",
"gust Speed": "https://smartdatanodel s. or g/ dat aMbdel . Weat her / gust Speed",

"illum nance": "https://smartdatanodel s. org/ dat aModel . Weat her/i || um nance",

"pH': "https://smartdatanpdel s. or g/ dat aMbdel . Weat her / pH',

"precipitation": "https://smartdatanodel s. org/ dat aModel . Weat her/ preci pitation",
"precipitationForecast": "https://smartdatanodel s. or g/ dat aModel . Weat her/ preci pi tati onFor ecast",
"pressureTendency": "https://smartdatanodel s. or g/ dat aMbdel . Weat her / pressur eTendency",
"relativeHum dity": "https://smartdatanodel s. org/ dat aMbdel . Weat her/rel ati veHum dity",
"relativeHum di tyForecast": "https://smartdatanodel s. org/ dat aMbdel . Weat her/rel ati veHum di t yFor ecast",
"salinity": "https://smartdatanodel s. org/ dat aMbdel . Weat her/salinity",

"severity": "https://smartdatanodel s. org/ dat aMbdel . Weat her/ severity",

"snowHei ght": "https://smartdatanodel s. or g/ dat aMbdel . Weat her / snowHei ght ",

"sol arRadi ation": "https://smartdatanodel s. or g/ dat aMbdel . Weat her/ sol ar Radi ati on",

"streamGauge": "https://smartdatanodel s. or g/ dat aModel . Weat her/ st r eanGauge",

"subCategory": "https://smartdatanodel s. or g/ dat aModel . Weat her / subCat egory",

"surfaceTenperature": "https://smartdatanodel s. org/ dat aMbdel . Weat her/ sur faceTenperature",

"uVl ndexMax": "https://smartdatanodel s. or g/ dat aMbdel . Weat her / uVI ndexMax",

"val i dFront': "https://smartdatanodel s. or g/ dat aMbdel . Weat her/ val i dFroni',

"val i dTo": "https://smartdatanodel s. or g/ dat aMbdel . Weat her/val i dTo",

"validity": "https://smartdatanpdel s. org/ dat aMbdel . Weat her/validity",

"visibility": "https://smartdatanpdel s. org/ dat aMbdel . Weat her/visibility",

"waveHei ght": "https://smartdatanpdel s. or g/ dat aMbdel . Weat her / waveHei ght ",
"wavelLevel ": "https://smartdatanodel s. or g/ dat aMbdel . \eat her / wavelLevel ",
"wavePeriod": "https://smartdatanpdel s. or g/ dat aMbdel . Weat her / wavePeri od",

"weat her Type": "https://smartdatanodel s. or g/ dat aMbdel . \eat her / weat her Type",

"wi ndDirection": "https://smartdatanodel s. or g/ dat aMbdel . Weat her/ wi ndDi recti on",

"wi ndSpeed": "https://smartdatanodel s. or g/ dat aMbdel . Weat her / wi ndSpeed"

The resulting context is a mapping of every short term with their external reference, according to the configuration file,
preserving the original IRI for those elements not found in the corresponding vocabularies.

4.6 OGC GeoSPARQL

46.1 General Overview

OGC (previously known as OpenGis Consortium) is a non-profit organization which provides open standards for
geospatial content and services. Although many current and past work within the OGC involves semantic and graph
technologies, there is one main applicable OGC standard: GeoSPARQL . GeoSPARQL offers semantics for representing
geospatial data and it specifies how geospatial data, expressed using the Resource Description Framework (RDF), can
be queried using SPARQL, the query language for RDF.

References to GeoSPARQL in other standards, such as DCAT2 [i.19], CIDOC-CRM [i.20] and SAREF extensions (e.g.
SAREFACITY) suggests that, if not popular, it is a well-known data model for geospatial concepts.

The GeoSPARQL standard comprises multiple parts. The main ones are the following:
. Domain model RDF/OWL 2 ontology
e  Functions & Rule SKOS taxonomy
e  Simple Features vocabulary

e  SPARQL extension functions
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OGC has published GeoSPARQL in 2012 asv0.1 [i.21] and it is currently updating it by drafting the latest v1.1 [i.22],
which brings new changes as the support to GeoJSON literals and the addition of new concepts inside the ontology.

4.6.2  The ontology

The ontology defined within the GeoSPARQL standard v1.1 is shown in Figure 4.6.2-1.
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Figure 4.6.2-1: An overview of the GeoSPARQL ontology

The main concept is the Spatial Object which represents everything that can have a spatial representation and it is the
superclass of Geometry and Feature. A Geometry is equivalent to GM_Object (defined in 1SO 19107 [i.49]) and
represents the top-level geometry type. It is the superclass of al the geometry types (such as Point, Line, Polygon, etc.).
Any geometry is represented as a serialization of type geomLiteral (such as GeoJSON, WKT, GML, etc.). A Featureis
equivalent to GFl_Feature (defined in SO 19156 [i.50]) and represents a top-level feature type (such asabuilding, a
statue, etc.). A Feature may be described by a Geometry. For instance, a Feature may have a bounding box (described
as aPolygon) or a geospatial location (described as a Point).

Soatial Objects can have properties that add metadata or additional information (e.g. size, length, etc.). Spatial Objects
are linked to each other with special relations named Topological Relations. They have been described using the
Dimensionally Extended 9-Intersection Model (DE-9IM) pattern.

GeoSPARQL V1.1 defines a new class which is the Spatial ObjectCollection which represent any collection of
individual SpatialObjects, and it is the superclass of FeatureCollection and GeometryCollection. A FeatureCollection is
acollection of individual Features elements. A GeometryCollection is a collection of individual Geometries.

When compared with other data models in the present document, the GeoSPARQL ontology is the simplest, but thisis
not alimitation. The limited number of classes does not reduce the expressivity of this ontology which excelsin
describing geospatia objects and properties. Furthermore, the GeoSPARQL ontology can be easily referenced in other
data models since it is domain-independent: a Feature may be anything from a Building to a Statue or even a Car. For
instance, as mentioned in clause 4.6.1, SAREFACITY references GeoSPARQL by stating that one of the super-classes
of aCity is Feature from GeoSPARQL.
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NGSI-LD contains references for Geometries (cross-domain ontology) and Features (core-context). They are not the
ones defined in SO 19107 [i.49] and 1SO 19156 [i.50] (as the ones described in GeoSPARQL), but they have been
formalized inside the GeoJSON specification (IETF RFC 7946 [i.51]). Anyway, it may be safe to say that these
concepts are equivalent. Other authorities/organizations seem to agree with this fact. For instance, the Inspire Directive
has created a mapping between GeoJSON and GeoSPARQL [i.23] explaining how to represent GeoSPARQL
Geometries and Features using GeoJSON. Any GeoSPARQL Geometry can be represented with a GeoJSON Geometry
since they are equivalent classes; in the same way, any "FeatureType" concept (as the Feature classin GeoSPARQL)
can be represented as a GeoJSON Feature since they are equivalent classes.

Assaid, the NGSI-LD cross-domain ontology contains a reference for the GeoJSON Geometry class (which isthe type
of the value of a GeoProperty), but it does not explicitly reference the Feature class. Anyway, in clause 4.5.16 of the
NGSI-LD specification (ETSI GS CIM 009 [i.26]) it is clearly stated that every NGSI-LD entity can be represented as a
GeoJSON Feature.

4.6.3 SPARQL extension functions

GeoSPARQL comprises of a set of SPARQL extension functions that allow to perform geospatial queries against
geometries. There are three types of query functions allowed:

e  Topological query functions

o Non-topological query functions

e  Spatial Aggregate query functions
Topological query functions may be used to assessiif there exists a Topological Relation between two Geometries. They
are predicates (functions that returns a Boolean value) that have the same meanings of the Topological Relations

described in clause 4.6.2. The following example shows a query which uses the Topologica Function "sfTouches' to
filter the results:

Find all features that touch the union of feature my: A and feature my: D, where computations are based on my: hasGeometry.
PREFIX my: <http://example.org/ApplicationSchemad>
PREFIX geo: <http://www.opengis.net/ont/geospargl#& gt;
PREFIX geof: <http://www.opengis.net/def/function/geosparql/>
SELECT ?f
WHERE { 2 my:hasGeometry 2fGeom .
2¥Geom geo:asWKT AWKT .
my:A my:hasGeometry ?aGeom .
?aGeom geo:asWKT 2aWKT .
2my:D my:hasGeometry 2dGeom .
2dGeom geo:asWKT 2dWKT .
FILTER (geof:sfTouches(?fWKT, geof:union(?aWK T, 2dWKT)))
}

Non-topological query functions may be used to retrieve additional information or "enriched" versions of one or more
Geometries. For instance, one functionsisthe "area’ function which returns a double value representing the area of the
given Geometry in square meters; another oneisthe "distance” function that returns the distance between two
Geometries. The following example shows how to use the "distance” function to order the results inside a query:

Find the 3 closest features to feature my: C, where computations are based on my:hasGeometry.

PREFIX uom: <http://www.opengis.net/def/uom/OGC/1.0/& gt;
PREFIX my: <http://example.org/ApplicationSchematt>

PREFIX geo: <http://www.opengis.net/ont/geospargl#>
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PREFIX geof: <http://www.opengis.net/def/function/geospargl/>
SELECT %
WHERE { my:C my:hasGeometry 2cGeom .

2cGeom geo:asWKT 2cCWKT .

2 my:hasGeometry ?fGeom .

Geom geo:asWKT AWKT .

FILTER (?fGeom != 2cGeom)
}
ORDER BY ASC (geof:distance(?cWK T, 2fWKT, uom:metre))
LIMIT 3

Finaly, Spatial Aggregate query functions may be used to retrieve a new Geometry which aggregates information of the
given Geometries. An example of a Spatial Aggregate query function is the "aggCentroid" which returns the centroid (a
Point) of the set of given Geometries.

These SPARQL extension functions allow very powerful and expressive queries with respect to geospatial objects.
NGSI-LD does support geospatial queries (GeoQueryL anguage), allowing to perform queries that are similar to the
topological query functions of GeoSPARQL.

It might make no sense to provide a complex query language, as GeoSPARQL does, inside the NGSI-LD specification,
but some of the non-topological and spatial aggregate functions might be good additions for the GeoQueryL anguage.
For instance, GeoQueries may return enriched versions of entities containing computed information, such as the
distance from the referenced geometry. Enriched versions of entities and the introduction of an "ORDER BY" statement
inside the GeoQueryL anguage of NGSI-LD might allow to perform meaningful queries as "Return the three closest
Cars'.

4.7 Friend of a friend (FoaF)

The Friend of a Friend (FOAF [i.24]) is a project devoted to link people and information using the Web. It is built using
decentralized semantic web technology and has been designed to allow the integration of data across a variety of
applications, web sites and services, and software systems. FOAF provides avocabulary to describe various
characteristics and acquai ntances of a person. In such a vocabulary, not only properties but also classes are defined. The
FOAF vocabulary definitions are written in OWL, which makesit easy for software (reasoners) to process basic facts
about the terms in the FOAF vocabulary, and consequently about the things described in FOAF documents. The URI of
the namespace is " http://xmlns.com/foaf/0.1/", and is usually referenced as "foaf".

Table 4.7-1: The classes and definitions of FoaF vocabulary

Class Definition
foaf:Agent A class that collectively refers to 'objects that have the ability to
perform certain actions', such as people, groups, and software.
foaf:Person A class representing a person. Subclass of foaf:Agent.
foaf:Document A class representing a document.
foaf:Image A class representing an image. Subclass of foaf:Document.

FOAF isintended to describe not only people but also various resources related to people. The classes are provided to
express a document written by a person, a photograph taken, or a group to which that person belongs. In addition to
basic information such as name and e-mail address, attributes, such as hobbies, projects, and friends, are provided, and
alternative information can be described.

A special feature of FOAF isthat it can describe relationship between friends with the foaf: knows attribute. Using this
relationship, it is possible to represent friends networks, groups of foaf: Persons interconnected to each other by

foaf: knows. Thisis something that could be exploited in social networks, where it is desiderable to represent these types
of networks. The following example shows the representation in XML of a foaf: Person.
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<f oaf : Per son>
<f oaf : name>John</ f oaf : nanme>
<f oaf: mhox rdf:resource="mailto:john@xx.xx"/>
<f oaf : knows>
<f oaf : Per son>
<f oaf : name>Al i ce</ f oaf : nane>
<f oaf : mhox rdf:resource="nmmilto:alice@xx.xx"/>
</ f oaf : Per son>
</ f oaf : knows>
</ f oaf : Person>

4.8 Data Catalogue Vocabulary (DCAT)
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Figure 4.8-1: Overview of the DCAT model

DCAT [i.19] isan RDF vocabulary standard devel oped to promote interoperability between data catal ogs scattered
across the web. Using DCAT for the description of the data catalog, allows to take advantage of these facts:

o Easily use and fuse metadata from different data catalogs

. Data can be easily found on the web

e  Variousdistributed data can be accessed through data catalogue management systems
o  Allowsto access various data with the same query and structure

The DCAT ontology depicts data resource as well as various classes and relationships between classes, including data
catalogs, data services, and data distributions. The namespace for DCAT termsis "http://www.w3.org/ns/dcat#".
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Table 4.8-1: The classes and definitions of DCAT

Class Definition
dcat:Catalog A class representing a catalog, a dataset with each element, a metadata
record that describes a resource.
dcat:Resource A class represents each element in the catalog.
dcat:Dataset A class represents a dataset in catalog. A dataset is a collection of data

created and curated by a singel agent. Data is created in many forms,
including numbers, words, pixels, images, sounds, and other multi-media,
and any other form that can be gathered into dataset.

dcat:Distribution A class represents an accessible form of a dataset such as a
downloadable file.
dcat:DataService A class represents a collection of operations accessible through an

interface (API) that provide access to one or more datasets or data
processing functions.

dcat:DatasetSeries A class is a dataset that represents a collection of datasets that are
published separately, but share some common characteristics that group
them.

dcat:CatalogRecord A class represents a metadata record in the catalog, primarily concerning

the registration information, such as who added the record and when.

4.9 WoT

The W3C Web of Things (WoT, [i.25]) is the standard that solves the problem of interworking fragmented platforms
through web technology. While 10T (Internet of Things) devices communicate using various network technologies, such
as |EEE 802.15™ [i.35]or TCP/IP, WoT mainly utilizes web-based communication such as HTTP and WebSocket. The
WoT architecture explains the basic structure and use cases for the WoT standard and presents the requirementsto
create aWoT platform, a basic concept to allow the interworking between 10T platforms, and guidelines to configure
devices and software.

The WoT Thing Description (TD), the core of WoT, defines the metadata of things necessary to implement the WoT.
Since the WoT is not oriented toward a different 10T standard but is focused on interworking fragmented platforms, the
WoT standard does not create a separate protocol for communication between objects. Instead, WoT TD defines what
properties a Thing includes, what kind of data it generates, and its metadata so that different platforms can understand
how to connect and use the device. Metadata is expressed as a JSON or as a JSON-LD document.

The WoT TD ontology is an RDF axiomatization of the TD information model, one of the building blocks of the WoT.
Besides providing an aternative to the standard JSON representation format for TD documents, the TD ontology can
also be used to process contextual information on Things and for alignments with other WoT-related ontologies.

5 Using External Models in NGSI-LD

5.1 Introduction and Goals

In the era of Big Data and System-of-Systems, it is not possible to map an entire system using a single data model.
Clause 4 has presented reviews of a small representative of the many different types of data models. Data models differ
on the types of technology used to define them (OWL, RDF, SKOS, etc.) and the domains they represent (smart cities,
agriculture, health care, etc.). Despite al these differences, NGSI-LD is capable to reference the most common and
known data models and it is able to represent complex concepts (as System-of-Systems) highlighting the relationships
between entities, thanks to the fact that it is structured as a Property Graph.
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Even though NGSI-LD is capable to reference external data models while being highly expressive, there are at least two
facts that may prevent usersto link external data models that are worth to point out. The first oneisapractical issue. It
may be not clear how to map concepts of an external data model in NGSI-LD. Thisis understandable because, as said,
NGSI-LD isvery expressive and there are alot of different kinds of data models (ontologies, thesauri, SQL schemas
etc.) with their own ways to represent structured data. It is, in fact, not possible to give absol ute suggestions on how to
map concepts since it strongly depends on the use-case, but it is possible to give few genera rulesthat can be adapted
based on the users needs. In the present document, solutions are presented either as a suggestion to use a particular
NGSI-LD element for a specific concept (e.g. SQL tables, OWL Object Property etc.), or as ageneral guidelineto help
users taking the right decision when it is not obvious which NGSI-LD element has to be used.

The second problem that has been noticed is potentially more concerning. Not only it may be not clear how to link
more than one external data modelsin NGSI-LD (or morein general, in JSON-LD), but also it may be unclear why it
may be useful to even link one in the first place. NGSI-LD works out of the box, because it is easy to set up and it
comes with context brokers which are very powerful systemswith alot of functionalities. Even if concepts are not
mapped in an external data model, every concept receives a generic URI from the context brokers, allowing usersto
benefit of the Data Storage, the Notification System, the Temporal APl and many other functionalities ignoring the
semantic part of NGSI-LD.

Even if thisislegit, it is not awise approach in the long run, and it does not take full advantage of one of the main
forces of NGSI-LD whichisthe fact that is able to link data with its semantic meaning. There are many reasons and use
cases that may benefit from the adoption of NGSI-LD combined with external data models. Some of these may be very
trivial and obvious (such as to perform semantic queries or to perform input validation against a schema or a model),
but there are more important and fascinating use cases that may take advantage of external data modelsinside NGSI-LD
entities.

SUGGESTION-01 Many different use-cases can take advantage of any external data model, but it is
important to note that the structure of the NGSI-LD Entities may differ depending
on which data model userstry to link.

One big upside of linking external data modelsisthat it is possible to explain clearly the meaning of every single
element in a data model, helping both humans and machines in their work. This is becoming more and more important
because many applications and services are representations of system-of-systems: they do not just gather data from
many different sources, but they have to explain how entities are connected to each other. In such applications, data
belongs to many different domains, and it is not possible to find a single data model that is capable to give a definition
for every single concept. For instance, in a Smart City there alot of concepts that are defined in several different
domains: there are several types of buildings, several types of sensors, several type of industries, parks with several
species of plants and so on. With such a complex system, it would be very hard to understand the meaning of each
concept just by reading their name. Also, it would be time consuming both to write and to read dedicated documentation
with the explanation of every single element, which is needed, for instance, to the developers to understand the
workflow of the application and the data structure of any element in the data model. Moreover, there can be ambiguity
because many elements may have overlapping concepts. Linking external data models solves all these problems. It
clarifies every single element in amodel, by telling explicitly its meaning and the expected relationships/data structure,
and it removes the ambiguity of overlapping concepts helping both the humans and the machines.

To help machines understanding the meaning of datais an important concept for Machine Learning models. In these
years, one of the new trends is to use semantic structured data to support Machine Learning applications. An article
published for Oxford Academics[i.27] states that ontologies may be used to support similarity-based analysis and
Machine Learning models. The three key points behind this study are the following:

. Ontologies provide background knowledge that can be exploited in machine learning models.

. Ontology embeddings are structure-preserving maps from ontologies into vector spaces and provide an
important method for utilizing ontologies in machine learning. Embeddings can preserve different structuresin
ontologies, including their graph structures, syntactic regularities or their model-theoretic semantics.

. Axiomsin ontologies, in particular those involving negation, can be used as constraints in optimization and
machine learning to reduce the search space.
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In few words, a Machine Learning model may take advantage from the knowledge expressed inside an ontology to
speed up the learning process. For instance, ontol ogy-based approaches have been used to perform NLP for biomedical
purposes [i.28] and to support image classification models[i.29]. Also, Machine Learning models can re-use the
knowledge of many ontologies to create new knowledge. For instance, a semantic relations discovery model for atraffic
safety monitoring loT system in Smart Cities has been published in IEEE™ Xplore [i.30]. The paper [i.30] presents a
way to infer new semantic rules automatically to extend reason capabilities and help their data analysis systemsin order
to perform tasks as connection prediction, entity prediction, relationship prediction, and attribute prediction.

Also, links to external data models are needed if the final goal isto create Knowledge Graphs. Knowledge Graphs are a
relatively recent term created by Google in 2012 when they published their Google Knowledge Graph. Thereis not yet
aclear definition of what is a Knowledge Graph, but it is reasonable to accept the definition provided by Paulheim
[i.31]: "A knowledge graph (i) mainly describes real world entities and their interrelations, organized in a graph, (i)
defines possible classes and relations of entitiesin a schema, (iii) allows for potentially interrelating arbitrary entities
with each other and (iv) covers various topical domains'. In few words, a Knowledge Graph is used to represent data as
agraph to be able to catch the relationships between each element and its semantic meaning. This type of representation
isvery common in Machine Learning Applications (worthful remark: it appears both in [i.28] and [i.30]) and in data
analysis/management. Considering that GQL [i.36] and graph databases are becoming more and more popular, it is
becoming more common to see implementations of Knowledge Graphs. Comparing it with other solutions, in most of
the cases, NGSI-LD has the upper-hand when it comes to create a Knowledge Graph because it does not need to rely on
external systems to provide semantic context for the data and because it is a Property Graph by default, capable to
express the relations between entities from many different domains effortlessly.

SUGGESTION-02 When the application can interact directly with the context broker, it should always
take advantage of the NGSI-LD Query system to get any additional information out
of Relationships.

Lastly, NGSI-LD may be used as the data structure to represent semantic web contents for SEO purposes. Structured
Data may help the search engines to reference web pages. Many search engines offer suggestions and advices on how to
describe a webpage with structured data expressed in JSON-LD. When structured datais present in a website, search
engines can understand the meaning of that page and decide to return it as aresult of a specific query. Structured data
may also be used to allow special search result features and enhancements. For example, a recipe page with valid
structured datais eligible to appear in agraphical search result. Among all the possible types of structured data, the
most recommended is generally JSON-L D, because it is possible to embedded JSON-LD documentsin a webpage
without disrupting its own structure. This meansthat it is also possible to adapt NGSI-LD, since it is a sub-set of
JSON-LD. Currently JSON-LD is supported by the most of the search engines.

5.2 Mapping Semantic concepts in NGSI-LD

5.2.1 Review and classification of all different semantic technologies for
representing data models

5211 Overview

OWL and RDF are the basics technologies for standardized data models such as SAREF, SKOS, SOSA. Mapping of
thiskind of vocabulary to NGSI-LD is not asimple Task sinceit strongly depends on the use case itself and on the
semantic expressivity between NGSI-LD, core (OWL, RDFS, RDF) and standardized (SAREF, SKOS, etc.) models. In
the following and according to the descriptions of existing data modelsin clause 4, this clause provides examples and
explications of mapping recommendations for these data models to map them in NGSI-LD.

5.2.1.2 Mapping SAREF ontology to NGSI-LD

Though a more comprehensive mapping of the main concepts of SAREF core ontology has been presented in ETSI
GS CIM 006 [i.47], in the present clause 5.2.1.2, asmall portion of the mapping of the main concepts of
SAREF4ENER and SAREFAWATR extensions is presented. Although it is generally possible to follow these
mappings, they may not work for every application, asit may differ depending on the specific use case.

SAREF4ENER
Figure 5.2.1.2-1 shows the mapping of the SAREFAENER extension to the NGSI-LD meta-model.

ETSI



33 ETSI GR CIM 021 V1.1.1 (2022-08)

1d(s:subClassOl
-

~~—wEntity Property Relationship hasObject hasValue  Value
U 4 NGSI-LD

-, Meta-Model
sdener:Device ; i : 4 i .""‘f/ \

] | =:./ \\
\\\ ,r' “. i ".
/ d \\\,z; : belongsTo

/ 7 \ H
/ 4 . i
J . hasEnergy

Figure 5.2.1.2-1: SAREF4ENER mapped in NGSI-LD

SAREF4AWATR
Figure 5.2.1.2-2 shows the mapping of the SAREFAWATR extension to the NGSI-LD meta-model.
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Figure 5.2.1.2-2: SAREFAWATR mapped in NGSI-LD

5.2.1.3 Mapping FoaF ontology to NGSI-LD
Figure 5.2.1.3-1 shows the mapping to NGSI-L D of the main elements defined within the FoaF ontology.

rdfs:subClassOf
-~ »Entity Property Relationship  hasObject  hasValue  Value
2 + 2 NGSI-LD
b : Meta-Model

Figure 5.2.1.3-1: FoaF mapped in NGSI-LD
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5.2.1.4 Mapping DCAT ontology to NGSI-LD

Figure 5.2.1.4-1 shows the mapping to NGSI-LD of the main elements of the DCAT ontology.

~Entity Property Relationship hasObject | hasValue  Value
A 1 A NGSI-LD
: Meta-Model

Catalog

Dataset -@
k Distribution
language

Figure 5.2.1.4-1: DCAT mapped in NGSI-LD

5.2.15 Suggestions to map OWL and RDFS to NGSI-LD

The examples of mapping presented in the previous clauses give an overview of how to map at least their main concepts
in NGSI-LD. Anyway, the full mapping of a whole data model would not be always fair or correct because it may
change depending on the use case. The following table defines a couple of mapping strategies that can be followed
when mapping the main basics elements of RDFS and OWL in NGSI-LD.

Table 5.2.1.5-1: Suggestions to map OWL/RDFS in NGSI-LD

Vocabulary Mapping and Explication
owl:Class or rdfs:Class An OWL or RDFS class may be mapped usually to an
Entity in NGSI-LD. In several cases RDFS or OWL
classes may be mapped as Relationships or Properties.
rdfs:comment A comment is used to provide a human-readable
description of a resource. In NGSI-LD this may be
mapped to a Property of an Entity. It could be also
mapped as a Relationship or Entity of type comment.
rdfs:subClassOf A RDFS subclass may be mapped to a Relationship
that relates NGSI-LD Entities. It may be also mapped to
a Property where its value is the URI of its super-class
instance.
owl:DatatypeProperty Owl data type properties are generally literal values
which corresponds to a Property in NGSI-LD.
owl:ObjectProperty Owl object properties are generally seen as relations
between individuals which corresponds to Relationship
in NGSI-LD.

5.2.2 Suggestions to map SKOS ontology to NGSI-LD

In NGSI-LD, SKOS ontology could help in the task of aligning the NGSI-LD data with external thesauri. The following
table shows the mapping of the main elements from the SKOS ontology to NGSI-LD meta-model.
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Table 5.2.2-1: Suggestions to map SKOS in NGSI-LD

Vocabulary Mapping and Explication
skos:concept A SKOS concept may be the type of a NGSI-LD Entity, a
Relationship, or a Property.
skos:broader, A SKOS broader or narrower could be mapped as Relationships
skos:narrower relating Entities or a Property specifying the broader or the
narrower of the correspondent Entity.
skos:exactMatch A SKOS exact matching and all semantic matching concepts

(close, related, broad, and narrow matches) could be seen as
Properties that help in aligning the corresponding Entity to external

thesauri.
skos:example, SKOS example and definition could be mapped as Properties as
skos:definition well as types of Entities.

5.3 Using URIs to point to external models

5.3.1 Link an external model with @context

The most obvious possible thing to do to link external data modelsin NGSI-LD would be to use long IRIs. To be more
specific, long IRIs may be used to link Entity types and Attribute identifiers with concept of external data models.
While being straightforward, this approach is not always practical because applications may need to work with short
IRIs.

InNGSI-LD it is possible to map long |RIs with simpler and easier-to-use short IRIs. Being a subset of JSON-LD,
NGSI-LD presents a dedicated field where it is possible to reference externa data models called " @context”. Thisfield
can be used to give a meaning (a context) for terms (most commonly short IRIS) that appear inside an Entity, as shown
in the following example:

{
"@ontext": [

{

"Person": "http://schema. org/ Person",
“name": "http://schema. org/ nanme",
"image": "http://schena. org/inmage",
"emai|l": "http://schema.org/email"

"https://uri.etsi.org/ngsi-ld/vl/ngsi-Id-core-context-vl.5.jsonld"
I,
"id": "urn:ngsi-|d:person: manusporny",
"type": "Person",
"name": {
"type": "Property",
"val ue": "Manu Sporny"

}

emmil " {
"type": "Property",
"val ue": "manu. sporny@xanpl e. cont
}
"image": {
"type": "Property",
"val ue": "http://exanple.conlimges/ manu. png"
}
}

Hereit isrepresented a NGSI-LD Entity of type "Person” having three Properties called "name”, "email" and "image".
As shown, the @context contains the references of al the Properties and the Entity type. For each of them it is given an
URI that defines them. This URIs are used later on, when the NGSI-LD is serialized in JSON-LD, to perform an
operation called " context expansion”, which is the replacement of all short IRIs with the corresponding long IRIs
defined inside the @context field. For instance, the result of the " context expansion™ operation in the previous example
would return this JSON-LD object:

{
"@d": "urn:ngsi-|d:person: manusporny",
"@ype": "http://schema. org/ Person",
"http://schema.org/email": {

ETSI



36 ETSI GR CIM 021 V1.1.1 (2022-08)

"@ype": "https://uri.etsi.org/ngsi-|d/Property",
"https://uri.etsi.org/ngsi-|d/hasVal ue": "manu.sporny@xanpl e. cont

" ’http: //scherma. org/i mage": {
"@ype": "https://uri.etsi.org/ngsi-|d/Property",
"https://uri.etsi.org/ngsi-Ild/ hasValue": "http://exanple.comimges/ manu. png"

" ’ht tp://schena. org/ nane": {
"@ype": "https://uri.etsi.org/ngsi-|d/Property",
"https://uri.etsi.org/ngsi-|d/hasValue": "Manu Sporny"
}
}

Asitispossibleto see above, all short IRIs has been replaced with the long IRIs expressed in the @context.

SUGGESTION-03 Even though it would be possible to omit the @context member since Context
Brokers enforce the core context in every Entity (hence, they apply fakelong IRIs
to every term that has not a mapping in the @context), if the goal isto reference
external data model, the most effective way to do it isto provide a custom
@context.

The value inside the @context field can be expressed in three ways:
. Direct Definition, by providing a JSON with the mapping of short IRIsand long IRIs

o Indirect Definition, by providing an URL which pointsto the JSON-L D @context file that holds the context
definition of a data model

. Array of Definitions, by providing an array that contains either direct and/or indirect definitions

For instance, in the previous exampl e, the @context was defined with an array which contains the direct definitions of
terms and the URL of the NGSI-LD core context (indirect definition).

While the direct and indirect definitions are straightforward, when using an array of definitions, it is strongly suggested
to order the definitions from the least important (or least meaningful) to the most important (or most meaningful). In
fact, during the JSON-LD serialization, if the @context is an array, the serializer would always start from the first
element of the array to the last one, overwriting resultsif there are overlapping concepts. It isimportant to remember
that every Context Broker is going to apply the NGSI-LD core context at the end of the serialization, which means that
it is not possible (not allowed) to re-define terms featured inside the cross-domain ontology or the meta-model of
NGSI-LD.

SUGGESTION-04 When deciding how to build a custom @context, users should rely on arrays of
definition because they are more powerful, and they allow to overcome common
problems (as for overlapping concepts).

SUGGESTION-05 Considering that the order inside an array of definitions matters, users should order
all the external data models by importance in increasing order (least important to
most i mportant).

Generally speaking, most of the data models (such as SAREF, schema.org etc.) provide their definition as a JSON-LD
@context file. Even though context brokers do not store the definition of the data models contained in a JSON-LD
@context file, it is strongly suggested to reference these files as Indirect Definitions because they contain all that is
needed to reference the concepts of the external data models. If for any reason it is not suitable to directly reference a
JSON-LD @context file, it is suggested to review its @context member to see how it r efer ences conceptsinside the
data model, and which are all the external data models referenced.

Few questions may arise at this point: "How are concepts referenced in general? What is the main mechanism?*' Mainly,
to reference concepts of external data models they use JSON-LD Compact IRIs. A compact IRI is a prefix/namespace
associated with the root IRI of a datamodel. It may be used to explicitly tell to the serializer what is the data model
which defines a concept. Both the SAREF family and Schema.org use this approach: in their JSON-LD @context files
the @context members contain the prefixes of all the data models used to reference their concepts.
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For instance, if one would use a prefix for the "schema.org” data model with the previous example, the resulting
NGSI-LD Entity would look like the following:

{

"@ontext": [
{

"schema": "http://schema.org/"

" https: [luri.etsi.org/ngsi-|d/vl/ngsi-I|d-core-context-vl.5.jsonld"
I,
"id": "urn:ngsi-|d:person: manusporny",
"type": "schema: Person",
"schema: name": {
"type": "Property",
"val ue": "Manu Sporny"
e
"schema:emai |l ": {

"type": "Property",

"val ue": "manu. sporny@xanpl e. cont
e
"schema: i mage": {

"type": "Property",

"val ue": "http://exanple.conlimges/ manu. png"

}

}

In this case, "schema" is the prefix/namespace that refer to the external data model that is obtainable from
"https.//schema.org/". It should not be confused with the definition of a concept. The serializer is smart enough to
understand that thisis a prefix/namespace because the IRI associated with the key ends with a specific character: IRIs
ending with "/* or "#" are considered as prefixes/namespaces.

Thanksto this, it is possible to provide compact IRIs for al the concepts (Person, name, email, image) using the prefix
"schema:", linking all these concepts specifically to the ones defined in "schema.org”.

Considering how the JSON-LD @context file provided with "schema.org" is structured, the same result can be achieved
this way:

{

"@ontext": [

"http://schema.org/",

"https://uri.etsi.org/ngsi-|d/vl/ ngsi-I|d-core-context-vl.5.jsonld"
e
"id": "urn:ngsi-|d:person: manusporny",

"type": "schema: Person",
"schema: nanme": {
"type": "Property",
"val ue": "Manu Sporny"
T
"schema:email": {

"type": "Property",

"val ue": "manu. spor ny@xanpl e. cont
}
"schema: i mage": {

"type": "Property",

"val ue": "http://exanple.conlinmges/ manu. png"

}

}

This behaviour is acceptable because inside the JSON-LD @context file of "schema.org" already exists a prefix
"schema” for " https://schema.org/" .

SUGGESTION-06 If it is not suitable to directly reference a JSON-LD @context file, when deciding
which key to choose for a prefix, it is usualy better to use the same key used in the

JSON-LD @context file to avoid ambiguity.
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Compact IRIs are very useful, and they can be used to fix very common problems, such as the overlapping problem that
may occur when linking many different data models (as discussed in clause 5.5), but, unfortunately, they cannot be used
in every situation. Compact IRIs just performs concatenation: serializers of JSON-LD version 1.1 are not smart enough
to understand by themselves which IRI to use as a prefix to reference any concepts. Moreover, it is not possible to give
compact IRIsthat do not end with a"/" or a"#", which isa problem if a prefix ends with other symbols. Y et another
problem is that some data models (as Agrovoc does) use numeric IDsin their IRIs. For instance, the IRI for "Water" is
the following: "http://aims.fao.org/aos/agrovoc/c_330633".

Finally, not al the external data models provide a JSON-LD @context file, in which is possible to find compact IRIs to
use when referencing concepts, which helpsin linking the external data model inside NGSI-LD Entities. If definitions
aremissing or it is not possible to use compact IRIs, the only solution is to provide a custom @context of Direct
Definitions as the following:

{

"@ontext": [
{
"agrovoc_Water": "http://ains.fao.org/aos/agrovoc/c_330633",
"agrovoc_lron": "http://ainms.fao.org/aos/agrovoc/c_3950b"

}
]

Basically, the only way is to define a map where each key is the custom compact IRl and the value is the expanded IRI.
Custom compact IRIs can be used to reference types and Attributesinside a NGSI-LD Entity as described previously.
Interestingly, thisisthe approach of the SmartDataM odels Program: for every domain there exists a specific custom
@context filesthat contain direct definitions for the most rel ative concepts. This approach is suggested when it is not
possible to reference a concept directly with a prefix or when there are overlaps with other concepts.

SUGGESTION-07 If compact IRIs are needed to reference a concept, they should be structured to
avoid ambiguity when used with external data models that rely on compact IRIs (as
the SmartDataM odels). Not only the chosen IRI should be meaningful, but it is
preferable to make it unique within the @context definition to avoid: (1)
overwriting other concept definitions with the same compact IRl and (2) being
overwritten by subsequential concept definitions with the same compact IRI.

In any case, there are way more sophisticated things that custom @context files allow, but they are not relevant for the
scope of the present document. More details and exampl es can be found in the official documentation [i.33].

5.3.2 Entity multi-typing

Multi-typing has been introduced as one of the new features of v1.5.1 of NGSI-LD API. In both object-oriented
modelling and RDF/OWL models, multi-typing is one of the most powerful features when it isimportant to define
complex concepts.

In NGSI-LD, multi-typing can be used with different goalsin mind:
. To define complex concepts without creating a new type
e  To provide more specific details without adding attributes/sub-attributes

When multi-typing is not supported, the only workaround to define complex conceptsisto create new specific types.
The problem with this approach is that, not only it is expected to create a new type every time, but it is not possible to
get advantage of having a prior structure defined in an external ontology or data model. For instance, a MotorHome
would be defined with single typing as a separate class. It would be needed to replicate definitions of relevant attributes
from "Vehicle" and "Home", sinceit is both a vehicle and a home. Though multi-typing it is possible to avoid
replicating definitions since they would be inherited directly from the two classes rather than having to create a new
type. Also, multi-typing makes unneeded to create very narrowly specific classes for dightly different categoriesasa
"Caravan" type. In NGSI-LD multi-typing is easily achieved by adding an array of URIs as the value of the member
"type" of an entity.

{
"@ontext": [

"vehicle": "https://exanpl e. coni vehicl es-ontol ogy/",
"buil di ng": "https://exanpl e. coni buil di ngs-ont ol ogy"
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" https: [luri.etsi.org/ngsi-I|d/vl/ngsi-I|d-core-context-vl.5.jsonld"

o
"id": "urn:ngsi-|d:donus: sensor: Mot or Homel",
"type": ["vehicle:Mtor", "building: Home"],

In the example above, it is possible to see how to define a"MotorHome" entity with multi-typing. It isinteresting to
note that it istotally possible to link many different ontologies when doing this, to create a more specific concept.
Moreover, it is not needed to define anew Attribute to slightly change what it is represented: if for example the concept
should be a"Caravan" there are many different waysto do it:

. It may be possible to add a third more specific type (e.g. "vehicle:Caravan").

. It may be possible to update one of the existing types with a more specific one (e.g. change "vehicle:Motor" to
"vehicle:Caravan").

Asalast remark on this point, context brokers will not check if the classes used in multi-typed Entities are compatible.
So, the application has to double check if the classes used to define the type of an Entity can be together to prevent
creating new types that actually makes no sense and/or contradict what it is stated in the external data models.

SUGGESTION-08 When using multi-typing, if data validation is an important feature for the
application, users need to overcome every overlapping concept providing direct
definitions (clause 5.3.1) or adjusting the @context accordingly (clauses 5.5.2 and
5.5.3).

Another scenario where multi-typing is highly recommended is when the goal is to characterize specific features or
peculiarities of an instance (entity) that are static/immutable. For example, in an eHealth scenario there could be many
different 10T sensors: wearables, thermometers, ECGs, etc. Same types of sensors may have different features:. for
instance, wearables may differ based on the brand, model, main functionalities, etc. The most simple and naive
approach would be to add a set of specific Attributes to specify this type of information. This approach is not always
wrong (it depends on the use case), but it does not get advantage of the multi-typing system combined with the use of
external data models. All of thisinformation can be automatically linked inside an instance by adding a specific type of
a use-case-specific ontol ogy/data model that express the main differences between two instances of the same
type/class/restriction.

{
"@ontext": [

{

"sd4e": "https://saref.etsi.org/sarefd4ehaw v1.1.1/",
"s4w': "https://saref.etsi.org/sarefdwear/v1.1.1/",
"appl e": "https://exanpl e. conl appl e- ont ol ogy"

" https: /luri.etsi.org/ngsi-Ild/vl/ ngsi-Id-core-context-vl.5.jsonld"
.
"id": "urn:ngsi-Id:donus: sensor: Appl eVt ch2",
"type": ["sde: Sensor", "sdw \Wearable", "apple :WatchSeries6"],

}

{
"@ontext": [

{
"sde": "https://saref.etsi.org/sarefd4ehaw vl.1.1/",

"saref": "https://saref.etsi.org/core/v3.1.1/",
"xiaom": "https://exanpl e.conl xi aon - ont ol ogy"

" https: [luri.etsi.org/ngsi-ld/vl/ ngsi-I|d-core-context-vl.5.jsonld"

e
"id": "urn:ngsi-|d:donus: sensor: AABBCC112233",
"type": ["s4e: Sensor", "saref:TenperatureSensor", "xiaom :M 2Tenperature"],

}
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In the previous exampleit is possible to see how multi-typing can be used to give more specific details. The first class
(Sensor) isthe most generic thing that it is possible to state when defining these entities: in this use-case, every 10T
deviceisa Sensor. The second class and the third class are more specific, giving in order:

. the type of a sensor (either a Wearable or a TemperatureSensor); and
e theexact model of asensor (either a WatchSeries6 or a Mi2Temperature).

Using the multi-typing approach, it is not needed to define specific Attributes to express this kind of information. Data
models can already express "static" information, which does not change with time. This way, ontologies and data
models can be used as external documentation to enrich entities with additional knowledge. In any case, this approach is
use-case dependent and it should be used only when really needed: if too many classes are used to distinguish the main
differences between entities, probably it means that the instances are not just representing a dightly different concept,
but a very different one. They are either too complex or too specific and it would be better to split the entity in more
than one and/or to remove the broader classes, leaving only the most relevant.

5.3.3  Attribute typing using @context

As described in clause 5.3.1, @context can be used to reference external concepts from external data models. Ina
NGSI-LD Entity there are two types of Attributesthat can be linked with external data models:

. Property and its sub-classes (GeoProperty, LanguageProperty, etc.)
. Relationship

Asdiscussed in clause 5.1, users are not forced to link external data models to Attributes because fake URIs are
provided when the identifier of an Attribute is not avalid URI. Anyway, with fake URIs the knowledge of the type of
an Attribute is practically lost because the identifier is not a"type", but a short description of the data stored inside the
"value" member (in case of a Property) or of the link between the Entity/Attribute and another Entity (in case of
Relationship). The following example shows an Entity with fake URIs.

{
"@ontext": ["https://uri.etsi.org/ngsi-ld/vl/ngsi-ld-core-context-vl.5.jsonld"],
"id": "urn:ngsi-|d:person: manusporny",
"type": "Person",
"name": {
"type": "Property",
"val ue": "Manu Sporny"
}
"knows": {
"type": "Relationship",
"object": "urn:ngsi-|d:person:|ucasgreen"”
}
}

In the example above, there are two Attributes inside the entity: a Property called "name" and a Relationship called
"knows'. Even if it is possible to suppose the type inside the "value" member or the type of the entity with id "urn:ngsi-
Id:person:lucasgreen”, it is still not possible to know beforehand if there are invalid values (for instance, out of range
values) or incompatible types. In top of that, if the identifier is abroader term (such as "measures”) it is very hard for
the human to suppose what should be stored in that field.

SUGGESTION-09 Explicit is better than implicit. Linking external data models to define Attributes
removes the ambiguity of the terms used within an NGSI-LD Entity.

Linking external data modelsinside the @context can fix these problems. For example, supposing that one would link
the "schema.org" and the "friend of afriend" data models to define both "name" and "knows', the entity would look like
this one:

{
"@ontext": [

{

"schema": "http://schema.org/",
"foaf": "http://xmns.con foaf/0.1/"

" ’https: [luri.etsi.org/ngsi-ld/vl/ngsi-I|d-core-context-vl.5.jsonld"

1,

"id": "urn:ngsi-|d:person: manusporny",
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"type": "schema: Person",
"schema: name": {
"type": "Property",
"val ue": "Manu Sporny"

"%oaf s knows": {
"type": "Rel ationship",
"object": "urn:ngsi-|d:person:|ucasgreen"”
}
}

In this case al Attributes have been linked with external data models. The explicit definition of the Attributes' identifier
as "schema:name” and "foaf:knows" allows many things to happen:

. It is possible to state whether the Property “schema:name” and the Relationship "foaf:knows" may exist inside
an entity of type "schema:Person”.

. It isclear that the type of the "value" is"String". So, for instance, an application should not put an Integer
inside the "value" member.

. It clarifies the semantic meaning of the "value". It is not simply a"String", it is a name of a"schema:Person”.

. It isclear that the type of the entity "urn:ngsi-ld:person:lucasgreen" hasto be "schema:Person™ (whichis
equivaent with "foaf:Person™).

All this knowledge may be used to perform input validation before creating/updating an entity inside the context broker.
Evenif it isnot possible to perform input validation inside a context broker with the current API, there could be specific
use-cases where this would be needed. Possible suggestions on why and how to do it are given in clause 6.2.

Furthermore, when external data models are referenced in Attributes' identifiers, application of third-parties can take
advantage of this fact. For instance, Search Engines may use this knowledge to understand what is contained inside a
webpage (as discussed in clause 5.1). NGSI-LD Entities may be used to perform this task. For example, Google Search
Engine can read JSON-LD documentsinside a webpage to understand what it is about. Anyway, it is not able to
understand the classical structure of NGSI-LD Attributes. So far, al the examples were about NGSI-LD Entities
expressed in Nor malized Representation. Thisis more verbose, and it may be not supported by third-party
applications that cannot directly access the context broker (as for a search engine); for SEO purposes, the suggestion is
to use NGSI-LD Entities that are represented with the Simplified Representation. Simplified Representation is alossy
representation of an Entity where, for each Attribute the value is either the content of the "value" member (Property) or
the "object” member (Relationship). This representation works with Google Search Engine because Properties have a
simpler structure, closer to what the Search Engine expects to see, suggesting that it is possible to use NGSI-LD Entities
to describe the content of a webpage. Anyway, it is still important to underline that Relationships are ignored by search
engines, as they expect actual values/types of the mapped conceptsinstead of 1Ds, so required members of a concept
should be represented as Property.

Lastly, thereis till one thing to note. Since NGSI-LD relies on blank nodes to describe reified members (as most of the
Attributes), this may lead to the loss of the semantic type of Attributes outside context brokers, but thisinformation is
not actually lost. In fact, when external data models are referenced, it is always possible to infer the semantic type of an
Attribute:

e  Thename of aProperty may be treated as the semantic Type of what is stored inside the "value" member.

e  The semantic types of the NGSI-LD Entity's ID stored inside the "object" member of a Relationship can
always be inferred by performing an NGSI-LD query to retrieve the types of the given Entity.

The problem may arise when it is not possible to contact the context broker directly. More specifically, third parties
may want to know about the semantic types of NSGI-LD Attributes, but they cannot ask directly the context broker. In
this case, it may be not possible to actually tell the "type" of the concept.

For instance, Figure 5.3.3-1 shows how the NGSI-LD Entity of the previous example is represented in RDF.
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Subject Predicate Object Language  Datatype
_:h0 http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type https:/furi.etsi.org/ngsi-ld/Property

_:b0 https://uri.etsi.org/ngsi-ld/hasValue Manu Sporny

_hl http:/iwww.w3.0rg/1999/02/22-rdf-syntax-ns#type https://uri.etsi.org/ngsi-ld/Relationship

_hl https://uri.etsi.org/ngsi-ld/hasObject urn:ngsi-ld:person:lucasdavids

urn:ngsi-ld:person:manusporny http:/iwww.w3.0rg/1999/02/22-rdf-syntax-ns#type http://schema.org/Person

urn:ngs-id:person:manusporny http://schema.org/name _:b0

urn:ngsi-Id:person:manusporny http:/lxmins.com/foaf/0.1/knows bl

Figure 5.3.3-1: Person entity without Datatypes for Attributes

Asitispossible to see, the Datatype of both the Attributesis unknown: it isin fact lost since the "value" and " object”
members does not have a" @type" field. Before going through possible solutions, it isimportant to say that thereis not
a clean solution that works for every situation. So, the solution adopted may vary depending on the use case.

For Properties, it is possible to solve this problem easily. If the value of the "vaue" member isnot anative JSON, it can
be expressed as a typed JISON-LD object, which isa JSON which contains an " @type" member that isan IRI (asthe
"type" member of an Entity). The big upside of this approach isthat it is possible to assign more than one type since the
"@type" member expects a string or an array of strings. The downsideisthat it is not possible to use it for Relationships
or for Properties that have avalue that is a native JSON. When the value of the "value" member is a native JSON, it is
possible to provide, as the value of the "value" member, a specific JSON having this structure:

{

'-'.échema: nane": {
"type": "Property",

"val ue": {
"@ype": "schema:nanme",
"@al ue": "Manu Sporny"
}
}

}

The JSON object iswhat is called acompound value: the member " @value" contains the value of the Property,
meanwhile the member " @type" containsthe IRI of the semantic type of what is stored inside the " @value" member.
Even in this case multi-typing is possible, but there are two downsides. While thisis allowed by the NGSI-LD
specification, to structure Properties differently based on their semantic type. In some cases, it may be desirable to keep
the "value" members of Propertiesinside a context broker as simple as possible. Furthermore, neither of these
approaches can be used to add the type of the "object" member of a Relationship.

Thereis actually away to inject the type inside specific Attributes using the concept of scoped @context. This
approach alowsto carry on the type of an Attribute outside of a context broker without disrupting the structure of a
NGSI-LD entity. Scoped @context are nested definition of local @context members within the definition of a concept
inside the top-level @context provided with an entity. They can be used to provide additional information such asthe
type of an Attribute. A way to do thisis shownin bold in the following example:

"@ontext": [
{
"schema": "http://schema.org/",
"foaf": "http://xmns.conl foaf/0.1/"
}
{

"foaf: knows": {
"@d": "foaf:knows",

"@ontext": {
"object": {
"@d": "ngsi-Ild:hasoject",
"@ype": "schema: Person"
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}
b
{
"schema: nane": {
"@d": "schema: nane",
"@ontext": {
"val ue": {
"@d": "ngsi-|d:hasVal ue",
"@ype": "schema: nane"
}
}
b,
"https://uri.etsi.org/ngsi-|d/vl/ ngsi-I|d-core-context-vl.5.jsonld"
IE
"id": "urn:ngsi-|d:person: manusporny",
"type": "schema: Person",

"schema: name": {
"type": "Property",
"val ue": "Manu Sporny"

}

i oaf: knows": {
"type": "Rel ationship",
"object": "urn:ngsi-|d:person:|ucasgreen"”
}
}

Inside the @context there are two new direct definition for "foaf:knows" and "schema:name”. The definitions are placed
after prefixes definition to prevent the serializer to overwrite them. They both contains a nested " @context” member
that is needed to modify the types of "value" (for schema:name) and "object" (for foaf:knows). With this new @context
the resulting conversion to RDF triples will result in what it is seen in Figure 5.3.3-2.

Subject Predicate Object Language Datatype
_:b0 http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type https://uri.etsi.org/ngsi-ld/Property
_bo https://uri.etsi.org/ngsi-ld/hasValue Manu Sporny http://schema.org/name

_bl http:/A nv3.0rg/1999/02/22-rdf-syntax-ns#type https://uri.etsi.org/ngsi-ld/Relationship

_b1 https://uri.etsi.org/ngsi-ld/hasObject urn:ngsi-ld:person:lucasgreen http://schema.org/Person

urn:ngsi-ld:person:manusporny http:/fmww.w3.0rg/1999/02/22-rdf-syntax-ns#type http://schema.org/Person
urn:ngsi-ld:person:manusporny http://schema.org/name _b0
urn:ngsi-ld:person:manusporny http://xmins.com/foaf/0.1/knows _b1

Figure 5.3.3-2: Person Entity with defined Datatypes for Attributes

As shown in the figure, now the Datatype of each Attribute is clearly stated. There are other approaches to achieve this
result, but this approach is preferable because the NGSI-LD Entity is always a valid Entity. In fact, the types will appear
only when the custom @context will be applied outside the context broker. Moreover, the API specs do not alow to
change the structure of an Entity inside a context broker. It is not possible to use this custom context when creating an
Entity, because scoped contexts are ignored by context brokers. Still, it is possible to use it outside, from the client side.

When serialized outside of a context broker, the resulting NGSI-LD Entity would look like this one:

[
“http://xmns. conifoaf/0.1/ knows": [
"https://uri.etsi.org/ngsi-ld/ hasChject": [
{
"@ype": "http://schema. org/ Person",
"@al ue": "urn:ngsi-|d:person:|ucasdavi ds"
}
1,
"@ype": [
"https://uri.etsi.org/ngsi-|d/Relationship"
]
}
1, _
"@d": "urn:ngsi-|d:person: manusporny",
"http://schenma. org/ nane": [
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{
"@ype": [
"https://uri.etsi.org/ngsi-|d/Property"

"https://uri.etsi.org/ngsi-I|d/ hasValue": [
{
"@ype": "http://schema. org/ name",
"@al ue": "Manu Sporny"
}
]
}

ype": [
"http://schema. or g/ Person"
]
}

]

]

It is now possible to know the semantic type of an Attribute because the "value" and "object” members are now
expressed as compound values. This approach is suitable when the goal isto preserve the structure of an NGSI-LD
Entity inside a context broker, while providing the semantic type of Attributes outside the context broker. There are two
downsides. Thefirst oneisthat scoped @context may be not supported by the serializer used by the application of
third-party. The second oneisthat it is not possible to use multi-typing since in scoped @contexts the " @type" member
expects only one string.

5.34 Create a custom @context file

In previous sections, there have been given alot of recommendations on how to build a custom @context but defining
custom @contexts directly on aNGSI-LD Entity is not the best way to do it for many reasons. In medium to big
applications, custom @context definitions may be very big and the creation and building of a custom @context member
are performed every time an Entity has been created. More importantly, the biggest downside of using custom
@context defined directly inside Entitiesis that @context members are removed from Entities when stored inside a
broker. This affects directly queries and Subscriptions: if it isdesired to return Entities with short IRIs as the result of a
guery (using the LINK Header) or the content of a Notification (defining it inside the Subscription create request), the
only way to achieve thisisto provide the URL of an @context file that is able to convert al the long IRIs inside the
Entities back to short IRIs.

Definitely, it is strongly suggested to setup a custom @context file when using many external data models, especialy
when there are more than one inside the same application.

SUGGESTION-10 Users need to define at least one custom JSON-LD @context file because it isthe
only way to apply the correct @context when interacting with the APIs (create an
NGSI-LD Entity, queries, create NGSI-LD subscriptions, etc.).

The creation of an @context file is avery simple operation. Basically an @context fileisa JSON-LD filethat is
structured as shown in the following example:

{
"@ontext": [
{
"saref": "https://saref.etsi.org/core/v3.1.1/",
"sosa": "https://ww. w3. org/ns/sosal"

h

"'.Https: [luri.etsi.org/ngsi-ld/vl/ngsi-I|d-core-context-vl.5.jsonld"

]
}

Generally, @context files have to contain at least one of the following two members:
J @context
e  @graph

Since the @graph members are not used inside the NGSI-L D, when provided for NGSI-LD Entities, it is expected that
the @context file contains the @context member. Inside the @context member it is possible to do everything that has
been shown in the previous clauses.
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SUGGESTION-11 Since every Indirect Definition brings the serializer of the context broker to
download an additional JSON-LD @context file, it is suggested to avoid using
many Indirect Definition (especially nested definitions) to speed-up operations with
the APIs.

When projecting the structure of a custom @context file for NGSI-LD Entities, it isimportant to remember that the
order matters. In particular, there are basically two things to keep in mind:

. If the @context member contains an array of definitions, what comes first may be overwritten by next
definitions (see clause 5.5.2).

e  Thelast definition hasto always be the NGSI-L D core context. | mplementations of context brokers have to
add it automatically, but it is suggested to provide it. The reason behind thisisthat it is not possible to modify
concepts defined inside the NGSI-L D core context (such as type, Property, observedAt, etc.).

Once the fileisready, it hasto be publicly downloadable using a GET HTTPS request. It is possible to refer to thisfile
by just simply passing the URL of the file inside the @context of the NGSI-LD Entity. If for example an @context file
isreachable at the following URL: "https://example.com/custom-context.jsonld", it can be linked in an NGSI-LD Entity
this way:

{
"@ontext": ["https://exanpl e.con custom context.jsonld"],
"id": "urn:ngsi-|d:person: manusporny",
"type": "schema: Person",
"schema: nane": {
"type": "Property",
"val ue": "Manu Sporny"

"1"oaf s knows": {
"type": "Rel ationship",
"object": "urn:ngsi-|d:person:|lucasgreen"”
}
}

As said, custom @context files become very important when there alot of concepts and many different data models
within the same application. The size or the number of @context files that may be needed to create for the same
application depend strongly from the use case. Generally, one single @context file is enough, but it may be not the case
when the context broker is deployed in a federated deployment, because the knowledge is divided between many
different nodes of the architecture and it may be not possible (nor needed) to hold all the referencesin the same
@context file.

Finaly, as hinted at the beginning of this clause, the custom @context is needed when the goal is to keep the short IRIs
inside Entities especialy when querying Entities or when setting up Subscriptions. Basically, there are three possible
approaches to tackle this problem:

. Use one @context to create and retrieve every Entity

. If more @context files were used to create Entities, provide a specific @context when retrieving Entities that
isthe result of a merge operation of two or more of those @context files

. After retrieving the Entities, the application may apply a custom @context to format all the long IRIs back to
short IRIs

All of these solutions have pros and cons, but they show how powerful can be NGSI-LD. Especially the third solution
showsthat it is always possible to use a specific @context that map long IRIs back in short IRIs. Thelong IRI (whichis
the universal identifier of aconcept) is still kept and preserved, meanwhile the application can access the valuesinside
Attributes by using the short IRIs. In a sense, the @context provided can be used to "adapt" the NGSI-LD Entity to
appear according to what it is expected by the client application.

SUGGESTION-12 When the references are split in many @context files, it may be problematic to keep
short IRIs when querying Entities since they may have been created using several
JSON-LD @context files. In this case, it is either suggested to provide the URL of a
custom JSON-LD @context file which merges the needed references or to let the
application apply the custom @context file after retrieving the Entities.
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5.35 Representing equivalence and hierarchy

NGSI-LD does not have a concept of semantic queries because it is model-agnostic. It is possible to reference external

data models, but Context Brokers are not reasoners (nor it is intended to allow them to act as reasoners). For this reason,
NGSI-LD does not support common features that are represented in complex data models (as OWL ontologies). To be
more specific, it isnot possible to directly represent the equivalence between concepts or the hierarchy between classes.

Anyway, there could be use cases where it would be neeeded to represent equivalence, hierarchy or other similar links
between concepts, using them to query for Entities. For instance, the application would need to query for all the Entities
that are equivalent with "sosa:Sensor” or all the Entities that are sub-class of "saref:Device". How to represent it in
NGSI-LD?

Even though NGSI-LD does not explicitly support these features, there actually a couple of options that a modeler may
adopt depending on the situation. To keep it simple, in this clause equivalence and hierarchy are directly referenced, but
the principles expressed can be applied to any other type of semantic links that NGSI-LD is not able to represent.

The best fitting proposal would be to use Properties to represent these links. Using Properties, it is possible not only to
represent equivalence/hierarchy between Entities, but it is also possible to represent the same links between Attributes
(using sub-Properties). A Property can represent semantic links following these two steps:

. The name of the Property/sub-Property should be the identifier of the semantic link (e.g. owl:equivaentClass).
Optional.

e  Thevaue of the Property/sub-Property should be a string or an array of strings.

The main pro of this representation is that the values of Properties can be queried asking directly the context broker, so
it isvery easy to obtain alist of Entities that share a semantic link. For instance, it is possible to perform these types of
queries:

1) owl:equivaentClass==http://www.w3.0rg/ns/sosa/ Sensor

It returns all the Entities that have a Property called "owl: equivalentClass' having a value that matches/contains
" http: //mwww.w3.or g/ns/sosa/Sensor”

2) foaf:name.ow!:equiva entDataProperty==http://schema.org/name

It returns all the Entities that have a Property called "foaf.name", having a subProperty called " owl: equivalentDataProperty”
which value matches/contains " http://schema.org/name”

Anyway, there is a big downside: values are not expanded during the context expansion of JSON-LD serialization.
Hence, the value has to be the long IRI (or a common short IRI known to the whole application). Furthermore, neither
the value to match expressed in the query is expanded. So, it is clear that the application has to decide to use long IRIs
or short IRIs consistently when using Properties. Finally, one another downside is that this approach may lead to
inconsistency problems because of the redundancy of information: every Entity has to be updated if a semantic link is
added/removed.

Generally, Properties would be the way to go to represent these links, but there may be also other ways to represent
semantic links. It would be possible to follow these routes:

. Multi-typing
. Relationships

Multi-typing may be used when it is not important to represent semantic links between Attributes, while using short
IRIs (context expansion always works with types). The real problem when using multi-typing this way is that the
application has to know that this feature is used this way: inside a context broker it will not be possible to distinguish
whether multi-typing is used to define complicated classes/restrictions or if it is used to represent equivalence/hierarchy.

Relationships may be used if the goal isto represent meta information/meta Entities. These comes with two downsides:
it forces to create one Entity for each concept that has to be represented and datasetl ds should be used to represent 1-to-
many Relationships (if there is more than 1 semantic link to represent).
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54 Representing schemas in NGSI-LD

54.1 SQL

Structured Query Language (SQL) is a domain-specific language used in programming and designed for managing data
held in a Relational Database Management System (RDBMYS). It is particularly useful in handling structured data, i.e.
dataincorporating relations among entities and variables.

SQL structures can be transformed into NGSI- LD entities effortlessy. The indexes (Relationship between tables) are
implemented by the relationships between different entities stored in NGSI-LD. However, in the data types conversion
of SQL to NGSI-LD, it will cause some information loss as long as the different numeric types are not considered in
NGSI-LD (NGSI-LD inherits data types of JSON-LD). Thus, all numeric types but integers will be mapped to the type
number, independently of the original precision.

For instance, taking in account the following SQL definitions of tables:

CREATE TABLE Person ( CREATE TABLE Organi zation (
Personl D i nt, Nane varchar (255)
Last Nane varchar (255), );

Fi rst Nane varchar (255),
Addr ess varchar (255),
Cty varchar (255),

Hei ght fl oat,

Organi zationl D int

Both the definitions can be mapped into the following equivalent NGSI-LD Entities:

{ {
"id": "uri:ngsi-|d:Person: 0003", "id": "uri:ngsi-ld: Oganization: 0001",
"type": "Person", "type": "Organization",
"Last Name": { "Nane": "Mantecadas Astoga",
"type": "Property", "@ontext":
"val ue": "mate en sal sa" [
zi:irstl\larre": { "https://uri.etsi.org/ngsi-Id/vl/ngsi-Id-
"type": "Property" cor e- context-vl.5.jsonld"
"val ue": "Jacinto" ]
I }
"Address": {
"type": "Property",
"val ue": "Castellana 285"
b,
"Gty {
"type": "Property",
"val ue": "Astorga"
b,
"Hei ght": {
"type": "Property",
"value": "1.77"
b
"Organi zationl D': {
"type": "Rel ationship",
"object": "uri:ngsi-Ild:Oganization:0001"
"@ont ext":
[
"https://uri.etsi.org/ngsi-I|d/vl/ ngsi-
| d- core- context-vl.5.jsonld"
]
}

Finally, as a guideline, table 5.4.1-1 shows how the data types may be converted when mapping from SQL to
NGSI-LD.
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Table 5.4.1-1: Data type conversion

SQL data types JSON-LD types (those accepted by JISON Schema)
char, varchar string
Bit, tinyInt, smallint, mediumint, bigint number
float, decimal, double Integer
Bool, boolean boolean
Date, timestamp, time, datetime String (format date and date-time)
Json (see note) Object
Array (see note) Array

NOTE: Some SQL databases accept these types of values.

The other way around is also feasible. JSON schema representation of data models can be exported to SQL in the most
part: aslong as these JISON schemas represent the structure of NGSI-LD payloads, therefore the payloads can be
exported to SQL with the next preventions.

Some conditional structures and options have to be expanded for being alocated into SQL outcomes. SQL data types
exceed the ones in JSON schema. It means that all JSON schema data types can be easily represented in SQL ; the basic
data types, number, Boolean, and string are easily trandated into SQL equivalents.

On the other hand, hierarchical attributesin NGSI-LD have to be deployed into related tables of SQL, and to create a
common index to implement the relationship. Conditional structures (oneOf, anyOf or allOf) have to be expanded also
into the set of attributes and allocated, initialy in the same output table. Arrays data types can be implemented by many
of the current databases, although they are not part of the SQL standard.

Finally, other elements like pattern to validate the names of the attributes can hardly be directly translated into SQL.
This can be present in the definition of an entity in JSON schema. Having said that a valid JSON payload compliant
with a JSON schema using pattern clause contains one or several attributes with names and types that can be easily
mapped into the equivalent insert instruction into SQL. Table 5.4.1-2 shows an example of this process. Worth to be
noted, the names of the attributes should be long IRIs; in this example they are not extended with the context for
simplicity reasons.

Table 5.4.1-2: Conversion from NGSI-LD to SQL INSERT statement

{
"$id": "https://smart-data-
models.github.io/XXXsubjectXXX/XXXdataModelXXX/schema.json",
"title™: ",
"type": "object"”,
"properties": {
"id": {
"type": "string",
"description": "Property. Unique identifier of the entity"

h
“type”: {

"type": "string",

"description": "Property. NGSI Entity type. It has to be Person",
"enum": [

JSON schema "Person”

]
}

"LastName": {
"type": "string"

h

"FirstName": {
"type": "string"

h

"patternProperties": {
"Address[1-3]]": {

"type": "string"

}

h

"City" {
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"type": "string"
)3
"Height": {
"type": "number"”
h
"OrganizationID": {
"type": "string"
}
h
"required": [
"id",
"type"
]

}

Payload valid against the
JSON schema

"id": "uri: ngsi-ld: Person: 0003",
"type": "Person"”,
"LastName": {

"type": "Property",

"value": "mate en salsa"

U
"FirstName": {

"type": "Property",

"value": "Jacinto"
h
"Address1": {

"type": "Property",

"value": "Castellana 285"
U
"Address2": {

"type": "Property"”,

"value": "Franklinstrasse 13"
h
"Address3": {

"type": "Property",

"value": "Astorga"
b
"City": {

"type": "Property",

"value": "Astorga"
h
"Height": {

"type": "Property",

"value": "1.77"

b
"OrganizationID": {

"type": "Relationship”,

"object": "uri:ngsi-ld:Organization:0001"
h
"@contex": [

"https://uri.etsi.org/ngsi-ld/v1/ngsi-ld-core-context-v1.5.jsonld"

]

SQL INSERT Statement

}
INSERT INTO Person (id, LastName, FirstName, Address1, Address2, Address3, City,
Height, Organizationld)

VALUES ("uri:ngsi-ld:Person:0003", "mate en salsa", "Jacinto", "Castellana 285",
"Franklinstrasse 13", "Times square 1","Astorga”, 1.77,"uri:ngsi-ld:Organization:0001");

542 GOL

Graph Query Language (GQL), defined in ISO/IEC CD 39075 [i.36], is a standard that has the goal to incorporate
common foundations from SQL and Property Graph languages and provide an universal Property Graph Query
Language that users can depend on to access graph databases, which have become very popular in the last few years.
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Being a Property Graph, a direct comparation with NGSI-LD isfeasible. They share alot of features, but there are a
couple of differences that are worth to point out.

First of al, NGSI-LD is capable to reference ontologies directly, while GQL does not have away to do it by itself. For
instance, one of the closest implementation of something that can resemble GQL, openCypher [i.37], relies on external
libraries to be able to reference external data models. NGSI-LD is capable to reference virtualy any type of ontologies.

NGSI-LD is more powerful in representing graph of graphs constructs (e.g. system of systems) than GQL because GQL
does not support multilevel composition. In GQL, every node and edge of a subgraph obtains a specific label (or
qualifier) to state that they belong to that specific subgraph. This approach has a very big downside that it isthe high
difficulty to represent relationships between "siblings’ subgraphs. This becomes more important when representing
digital twins for example, where it is desiderable to represent all kinds of relationships between twins through their
components. In NGSI-LD thisis achieved using relationships/edges via the specia "isNodeOfGraph" and
"isSubGraphOf" relationships.

GQL relies heavily on labels. Labels are qualifiers that can be used to create restrictions of nodes and edges. In away,
labels can be seen as the name of tablesin SQL. NGSI-LD does not have the concept of |abels and the member "type” is
not exactly the same asthe "label" from GQL because nodes and edgesin GQL can also have a"type".

Lastly, GQL supports both directed and undirected edges, meanwhile NGSI-LD supports only directed
edges/relationships.

Because of the fact that GQL is a Property Graph, it isaways possible to convert datafrom GQL to NGSI-LD. The
mapping is pretty simple:

J Nodes are Entities

. Edges are Relationships:
- Directed edges can be obtained by simply adding a single Relationship
- Undirected edges can be obtained by adding two Relationships

. Labels and types of nodes can be mapped as "type" of an Entity

. One label of an edge can be used asthe identifier of a Relationship

. Property of nodes can be mapped as Property

. Property of edges can be mapped as Property of a Relationship

The other way around is pretty much the reverse of what just illustrated. The only big incompatibility between NGSI -
LD and GQL isthelack of "labels’ in NGSI-LD: NGSI-LD types performs both the role of GQL types and GQL labels
and it may be not trivial to decide whether an NGSI-LD type should be treated as a GQL label or a GQL type. Plus,
edgesin GQL can have more than one label, meanwhile in NGSI-LD a Relationship can only be "labelled" with one
only label (the identifier). Introducing the concept of "labels" inside NGSI-LD would iron out this problem.

5.5 Federate diverse/heterogeneous semantic models in one
system

55.1 Challenges when merging semantic graphs with overlapping
concepts

Generally, a complete use case could cover many domains of application. For examples, in Smart City use cases, it is
possible to find domains such as |oT, Buildings, Vehicles, Organizations, etc. In Smart Aquaculture, it may be possible
to find domains such as Fisheries, Water Quality Parameters, Weather.

Itisclear that currently very few projects can describe their semantic elements coming from one single source. Also,
finding a consistent models or ontol ogies covering several domains at the same time is a hard task. Thus, merging
several semantic sources isthe most likely scenario. This leadsto potential clashes between the defined terms.
Especially for those less specialized (e.g. category, type, etc.).
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There are three different types of clashes:
. Concept with the same structure in two different models (Iess likely)
. Concept with different structures in two different models (more likely)
. Concept from an external model overlapping one another concept from the NGSI-LD core context

While the first oneis not a problem at al (unlessit is desiderable to use a specific model), the other two clashes are
more challenging and deserve to be discussed in dedicated clauses. Basicaly, there are two ways to solve these types of
clashes:

e  Ordering the @context array effectively

. Using custom short IRIs or compact IRIs (prefixes)

5.5.2 @context order logic

Ashinted in clause 5.3.1, when the @context member is defined as an array of definitionsthe order of the elementsis
not trivial since NGSI-LD is a sub-set of JSON-LD and it inherits the same order logic: the last el ements overwrite the
first ones.

For thisreason, it isimportant to order the array effectively. There isonly one strict rule to keep in mind when doing
thistask: the last element (the most important) has to always be the NGSI-LD core context. Needs to be noted that, to
avoid errors, the current implementations of the context brokers apply the NGSI-LD core context by default and
therefore even in the case of not including anything in the @context member it will be applied.

Assaid, the array should be in ascending order. The first elements have to be considered "less important” than the ones
that come next. So, basically there are two ways to decide the internal order of this array:

o By importance/frequency
. By specialization

The order logic cannot solve the third challenge expressed in clause 5.5.1, but it can solve the second in almost every
situation. Thereis only one case that is not possible to overcome with this approach. Given 2 different concepts that
overlapsin two different models that are going to be used in an NGSI-LD Entity, it is nhot possible to reference one
concept from a model and the other from the second model because one of the two conceptsis going to be overwritten
depending on the order. In this case (and for the third challenge), the only solution isto use a different short IRI or
compact IRI as discussed in clause 5.5.3.

Asan example, it is proposed a smart cities use-case that covers, city infrastructure, weather, air quality (1oT) and uses
some domain-specific attributes. Following the previous recommendations, its context file may follow the following
structure:

{
"@ontext": {
"link to the infrastructure context",
“link to the weat her context",
"l'ink to the |oT context",
"link to the use-case specific domain context",
"link to the NGSI-LD core context"

The most important data model is listed just before the core context to prevent the overwriting of terms during the
JSON-LD seridization, while the least specialized data model is placed at the top of the list.
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55.3 Use compact IRIs and prefixes

There are situations where it may be needed to reference concepts that are normally not possible to reference because
they either clash with the core context (e.g. scope) or they cannot be referenced by just changing the order of the
elements in the @context member. Long IRIs tackle thisissue easily, however it is also true that this notation is not
end-user-friendly because shorter attributes names are preferred. Thus, several solutions are possible, none of them
perfectly tackling the issue.

Solution 1: rename all short names. For example, what was initially defined as " category" for both building and sensor,
now it can be defined by "buildingCategory" and " sensorCategory”, while keeping their long IRI (e.g.
"buildingCategory": https.//smart-data-model s’dataM odel .Building/category and "sensorCategory”: https.//smart-data-
model s/dataM odel .Device/category).

This solution maintains an easy readability while keeping the original IRI. However, it does not preserve the original
short names. It forces to create specific context for this example and, usually, it is not compatible with other situations.

Solution 2: Rename one of the short names. What initially was defined as " category" for both building and sensor, now
it can be defined by category and "sensorCategory", while keeping their long IRI (e.g. "category": https://smart-data-
model s/dataM odel .Building/category and "sensorCategory": https://smart-data-model s/dataM odel .Device/category.

This solution also maintains an easy readability while keeping the original IRI. However, it does not preserve one of the
original short names and it can lead to ambiguity when reading the payloads without being for those who are not aware
of the change in one of the short names.

Solution 3: Preceding short names with the acronym (compact IRI) of the namespace the term belongsto that it is
expanded into the long IRI. For instance, what initially was defined as " Person” can be defined as "foaf:Person” and
"schema:Person”, while keeping their long IRI as "http://xmlns.com/foaf/0.1/knows" or "https.//schema.org/Person”.

This approach tackles the problem by including a prefix to most, if not all, of the propertiesit provides a complete
solution, but it makes slightly more difficult to map with non-linked-data systems as long as the short names have
always a prefix.

The first two solutions rely on the creation of a custom @context definition (or file) with the mappings of each short
custom IRI with the origina long IRI. Thisfile can be created with external services (as the ones defined by the
SmartDataM odels Program).

Instead, solution 3 does not always results in the creation of a custom @context definition because (as discussed in
clause 5.3.1) it is possible to rely on the @context files defined by the maintainers of the data models.

5.6 System of Systems and graph representation
System of systems (e.g. Digital Twins) can be represented in NGSI-LD using two different types of composition:
e A top-down system composition, using the special Relationships "hasPart" and "hasDirectPart"

e A bottom-up system composition, using the special type "Graph" and Relationships "isNodeof Graph" and
"isSubGraphOf*"

It clearly depends on the use-case, but it is not uncommon to use both these approaches to represent systems of systems.
While it may be clear how to map a complex systemin NGSI-LD (either using "hasPart" or sub-graphs), it may be
unclear what are the benefitsto link external data models as well.

The main reason behind the decision to use external data models with system of systems representationsis to take
advantage of the knowledge and the structure provided by the external data models referenced. Usually, systems of
systems are asked to reference concepts from many different domains so external data models can help to identify if
there are Entities with missing/invalid Properties and they can also help to assess whether an Entity can be linked with a
different one or not.
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Plus, when adopting the bottom-up system composition method, it is possible to take advantage of the multi-typing
system to add a domain-specific reference. Inside the specification of NGSI-LD [i.26], the "Graph" type and the
Relationships "isNodeOfGraph" and "isSubGraphOf" are not mandatory when creating a graph, but they are a
convention, the suggested way to do it. So, Entities that have the "Graph" type are like al the other Entities: they can
have more than one type and Attributes. Hence it is possible to use the multi-typing system to reference a concept of an
external data model as described in clause 5.3.2 and it is also possible to add metadata information about the graph by
adding Attributes (either Properties and/or Relationships). For instance, in an e-health scenario a clinic may be mapped
as agraph of graphs where each roomisagraph. For al the "Graph" Entities representing the rooms, it would make
sense to add a specific type such as the "BuildingSpace” of SAREF4BLDG (SAREF for Building) and/or to add few
attributes such as a Property that contains the number of the room or the date when the room has been renewed. As
discussed in clause 5.3.2, this allows to perform sortof semantic queries when trying to retrieve Graphs.

Generally, there are not many differences when linking external data models when working with graphs, anyway, when
modelling a complicated system in NGSI-LD as a graph or a graph of graphs, usually the reason to follow this path isto
take advantage of the graph structure to perform queries: it is possible to query all the entities of a graph with asingle
guery, which makesit very convenient. Furthermore, if actuation (which is the capability to change the behaviour of a
real object by changing the related Entity inside the context broker) is needed, then, depending on which actuation
workflow method it is adopted, it may be needed to rely on NGSI-LD Subscriptions/Notifications. If the client wants to
receive short IRIs inside the results coming from a query or a notification, the main problem is the one discussed in
clause 5.3.4 regarding the choice of the correct @context file, because it is more likely to incur in a situation where
Entities that map concepts from different domains are linked together in the same graph (hence retrieved by the same
query/Subscription).

5.7 Suggestions and Conclusions
To summarize all the recommendations givenin clause 5, it follows alist with all of them:

SUGGESTION-01 Many different use-cases can take advantage of any external datamodel, but itis
important to note that the structure of the NGSI-LD Entities may differ depending
on which data model userstry to link.

SUGGESTION-02 When the application can interact directly with the context broker, it should always
take advantage of the NGSI-LD Query system to get any additional information out
of Relationships.

SUGGESTION-03 Even though it would be possible to omit the @context member since Context
Brokers enforce the core context in every Entity (hence, they apply fake long IRIs
to every term that has not a mapping in the @context), if the goal isto reference
external data model, the most effective way to do it isto provide a custom
@context.

SUGGESTION-04 When deciding how to build a custom @context, users should rely on arrays of
definition because they are more powerful, and they allow to overcome common
problems (as for overlapping concepts).

SUGGESTION-05 Considering that the order inside an array of definitions matters, users should order
all the external data models by importance in increasing order (least important to
most important).

SUGGESTION-06 If it is not suitable to directly reference a JSON-LD @context file, when deciding
which key to choose for a prefix, it is usually better to use the same key used in the
JSON-LD @context file to avoid ambiguity.

SUGGESTION-07 If compact IRIs are needed to reference a concept, they should be structured to
avoid ambiguity when used with external data models that rely on compact IRIs (as
the SmartDataM odels). Not only the chosen IRl should be meaningful, but it is
preferable to make it unique within the @context definition to avoid: (1)
overwriting other concept definitions with the same compact IRI and (2) being
overwritten by subsequential concept definitions with the same compact IRI.
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When using multi-typing, if data validation is an important feature for the
application, users need to overcome every overlapping concept providing direct
definitions (clause 5.3.1) or adjusting the @context accordingly (clauses 5.5.2 and
5.5.3).

Explicit is better than implicit. Linking external data models to define Attributes
removes the ambiguity of the terms used within an NGSI-LD Entity.

Users need to define at least one custom JSON-LD @context file because it isthe
only way to apply the correct @context when interacting with the APIs (create an
NGSI-LD Entity, queries, create NGSI-LD subscriptions, etc.).

Since every Indirect Definition brings the serializer of the context broker to
download an additional JSON-LD @context file, it is suggested to avoid using
many Indirect Definition (especialy nested definitions) to speed-up operations with
the APIs.

When the references are split in many @context files, it may be problematic to keep
short IRIs when querying Entities since they may have been created using severa
JSON-LD @context files. In this case, it is either suggested to provide the URL of a
custom JSON-LD @context file which merges the needed references or to let the
application apply the custom @context file after retrieving the Entities.

As showed in this clause, external data models can and should be used in NGSI-LD. In general, thisisrelatively easy to
achieve because NGSI-LD is asubset of JSON-LD, which is capable to reference any type of external data models.
Considering its Property Graph definition, NGSI-LD proves to be very powerful in representing structured data and real
systems. It istrue that NGSI-LD users may skip on linking external data models, but as discussed it does not pay off:
there are different use-cases where the usage of external data modelsisthe "ace in the hole", something that may help in
producing better applications for very complicated domains (smart-cities, e-health, etc.) capable both to show the links
between instances and to clarify the semantic meaning and even the expected structure of every concept. There isroom
for improvements still. For instance, Context Brokers may be empowered with some (even basic) reasoners-like
capabilities or they may be allowed to store schemas to use to validate the input, or to give more information about an
Entity. Further discussions on what may be possible to address are introduced in clause 6.
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6 Possible additions to NGSI-LD specification

6.1 What can be achieved in centralized vs. federated
deployments?

NGSI-LD deployments comes in two ways: centralized and federated. Depending on the use-case it may be enough to
rely on a centralized deployment, but there are cases where this is either not feasible or realistic. For instance, when
operating with Smart Cities there may be alot of different data sources and it may be possible that the same Entity
contains information from 2 or more data sources. Even though usually the adoption of a federated deployments implies
to design the whol e architecture in a certain way, it is not needed to perform any particular operation when using
external data models because of how Entities are stored. Inside Context Brokers, any Entity is stored using long IRIs.
This happens because Context Brokers do not store the custom @context file/members when provided. If they did it, it
would have been a problem with federated deployments because the information about the @context may be split in
different nodes. In summary, it is not needed to change anything inside the NGSI-LD specification.

6.2 Representation of a schema

NGSI-LD isintended to work schema-less. Anyway, there are use cases where the presence of a schema may be
desired. NGSI-LD is used to represent "closed-world" systems that may be already partially captured by a schemato
either describe the system or check/enforce consistency and integrity constraints. Schemas would allow to manage
complex systems (as system of systems and digital twins) avoiding classical problems that schema-less models have
(inconsistency, redundancy of information, etc.). For these reasons, it may be convenient to allow context brokers to
perform input validation against a schema. If the context broker could perform input validation, it would be possible to
allow or deny the creation/update of any Entities/Attributes if the new changes do not meet the requirements. To be able
to doit, context brokers should be enabled to represent the schemain some way.

One possible solution could be to represent the schema using graph homomorphisms.
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Figure 6.2-1: Schema representation using graphs homomorphisms
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Figure 6.2-1 shows three different graphs: the RDF/Ontology graph (green elements), the schema graph (yellow
elements) and the instance graph (black elements). The RDF/Ontology graph is outside of the context broker, so it is
only referenced inside the Entities and Attributes of the schema graph. The schema graph is the representation of every
element that exists in the domain of the application. Entities and Attributes represented in this graph may reference
external data models or the NGSI-LD cross-domain ontology and may be called "Prototypes'. Finally, the instance
graph is the representation of instances. Elements of this graph may reference external data models or the NGSI-LD
cross-domain ontology as well, but they also have a special Relationship called "NGSI-LD:hasType" that point to an
element of the schema graph. Through this Relationship isit possible to state that an Entity/Relationship of the instance
graph has to match the Entity/Relationship of the schema graph. Basically, the el ements inside the schema graph can be
used to perform input validation against the elements of the instance graph. The meta-relationship "NGSI-LD:hasType"
should be defined in the meta model as the following:

NGSI-LD:hasType

. hasType rdf:type owl:ObjectProperty

. rdfs:domain [owl:unionOf (NGSI-LD:Entity, NGSI-L D:Relationship)]

. rdfs:range [rdf:type owl:class: owl:unionOf (NGSI-LD:Entity, NGS|-L D:Relationship)]

The schema graph can be provided by the users using the same API callsto create/update Entities and Attributes.
Context brokers have to be able to understand if an Entity belongs to the schema graph. There could be two waysto do
it without changing the API:

. Entities of the schema graph have to have the special type as "NGSI-LD:Schema-Entity"; or

. Context Brokers may create a special Graph Entity called "Schema'. Every Entity of the schema graph has to
have the special Relationship "isNodeOfGraph" pointing to the " Schema" Entity;Having a schema, would
allow to perform input validation within the context broker (to a certain degree). It could work with different
modalities: for instance, it could have a strict mode that would also deny to add Attributes inside an Entity that
do not figure in the Prototype, or a"dack" mode that would allow it.

Finally, it would be also possible to perform specific queries that relies on the schema as "Return al the Entities of type
X that have (or have not) the same structure (or the same number of Attributes) with the Prototype Y". These queries
can already be performed with the current API statically, but with a schemathey could change dynamically by simply
changing the Prototypes in the schema graph.

6.3 Range for values of literals (integers, dates, enums)

In clause 6.2, the validation was intended as a matching between the types of the domain (an Entity or an Attribute) and
the range (the type of the value or the object member) and/or to check if an Entity is missing any Attributes, but there
are many more types of input validation.

An important one, considering digital twing/10T systems, isthe possibility to express arange for the accepted values of
literals and it is not uncommon to see that the value of a concept (e.g. owl:DataProperty) isrestricted in some way: to
give an example, avalve may have arange of temperature expressed in numbers that are considered "safe" values.
Exceeding this range may be very dangerous.

Data models provides a way to express these restrictions. For example, in owl it is possible to use DatatypeRestrictions
to define constraints on literal values. It is possible to give the maximum integer allowed or to express the maximum
length of astring.

Context brokers may take advantage of these constraints to perform input validation and return more detailed
information about errors. In this sense, the types of literals ranges may be:

° Forbidden values
. Safe-to-work values

The former can be used to disallow invalid operations (e.g. "the ZIP code has to have 5 digits"), meanwhile the |atter
can be used to Fire up NGSI-LD Notifications (to subscribed users) to notify once these constraints are being violated
(e.g. adangerous vaue for the temperature of avalve).
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The context broker may take advantage of the schema representation described in clause 6.2 to understand if there are
congtraints for literal values (e.g. DatatypeRestrictions). Anyway, one another approach could be to introduce, inside
the cross-domain ontology, special sub-Properties that can express these constraints. The first approach is more
preferable because it is more efficient since data models are capable to express these constraints, meanwhile the second
approach would allow to permit it even without having a schema or an external data model.

6.4 Query Language improvements

6.4.1 Relationships and navigation in the NGSI-LD Property graph

One feature that would greatly improve the Query Language would be to be able to navigate through Relationships to
return a graph of Entities. For instance, in NGSI-LD it is not possible to make a query as "return all the Persons that
know a Person that knows X (being X a specific Person)". The result of this query would be a graph of Entities (or alist
of graphs of Entities). This may be achieved by allowing Context Brokers to navigate Relationships when querying and
introducing inside the Query Language a specific set of rulesto represent the graph queries.

As one last observation, something may be changed with Relationships as well to improve the Query Language. In
NGSI-LD, Relationships are considered first-class citizens, yet it is not possible to query for Relationships only, or to
reference a specific instance of a Relationship. Thislast point could change if every Relationship would have an ID as
edges do in other Property Graphs implementations (as usually is the case with databases supporting openCypher
queries). Having IDs for Relationships, it would be possible to perform the following queries:

. Query for a specific instance of a Relationship (check existence)
. Query for the Entity pointed by a specific instance of a Relationship

. Navigate the Property Graph when querying, being able to illustrate the path (composed of Entities and
Relationships)

The IDs may be auto generated.

6.4.2 Query sub-Attributes values without giving the identifiers of the
parent Attributes

Using the dot notation, it is possible to query for sub-Attributes by listing all the parent Attributes and then adding the
condition to check depending on the query (equal, not equal, etc). In NGSI-LD it is not possible to query sub-Attributes
without providing the parent Attributes. There are use-cases where this would be useful. For instance, in clause 5.3.5 it
was discussed how to represent semantic links to perform semantic queries. In NGSI-LD it is not possible to perform
these queries:

. "Return all the Entities that have an Attribute that is equivalent to 'saref: Temperature™

e  "Return al the Entities that have an Attribute that has been measured by urn:ngsi-Id:sensor:123" (relying on
the "measuredBYy" relationship)

Both these queries cannot be performed because it is supposed that the application knows and provides the name of
every parent Attributes that contain the target sub-Attribute, which may be not possible to know before-hand nor
important (because the main point would be to return the Entity, not to match a specific pattern of Attributes).

Considering optimization and/or performance, this new modality may be optional by adding a specific parameter when
needed.
6.4.3 Add the missing Topological Functions

In clause 4.10 of ETSI GS CIM 009 [i.26] the NGSI-LD Geoquery Language is defined. As stated in that clause, the
georel are defined asin OGC 06-103r4 [i.34]. Although most of them have been introduced in the Geoquery Language,
two of them are missing: touches and cr osses. Adding them would allow to perform specific geo-spatial queriesthat are
not possible to be represented by the other georels as:

. "Return the Park that touches (which means, only one side of the boundaries overlap) a Street”
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6.4.4 Return enriched Entities with computed data

Asdiscussed in clause 4.6.3, in GeoSPARQL it is possible to return computed values as the distance between two
geospatia objects when performing queries. Context Brokers are already tasked to compute the distance or the area of
geospatia objects (since they can perform GeoQueries), so they would be able to return Entities enriched with
computed data, in away that reminds what happens with the Aggregated Representation.

If explicitly requested, GeoQueries may return the distance between two Entities (if the georel is "near") or the area of
intersection (if the georel is "intersects") as a sub-Property of the target GeoProperty. This Property may have a
structure similar to the following:

"location": {
"type": "GeoProperty",
"value": { ...},
"di stance": {
"type": "Property",
"val ue": "100",
"uni t Code": "nmeters",
"referenceGeonetry" {
"type": "GeoProperty",
"value": { ...}

Users should be allowed to take advantage of this when using Subscriptions as well. In this case, Entities inside the
NGSI-LD Noatification would be enriched with computed val ues.

Other types of computed data that may be returned may be:
. The area of aPolygon
e  Total areaof intersection between two Polygons

o Point of intersection between a Polygon and a Line

6.4.5 Introduce the orderBy clause

In NGSI-LD is actualy not possible to directly use the orderBy clause when querying, with few exceptions as Temporal
Queries (lastN parameter). Thisisabig limitation of Queries, because it is up to the application to reorder the results.

Being able to use an orderBy clause would allow to perform interesting queries as:
. "Find Buildings near (<1 000 m) to the reference geometry ordered by distance in descending order"
. "Find 10 Cars ordered by speed in ascending order” [with limit=10]

While the first query may still be performed if the application reorders the entities retrieved, the second query is
absolutely impossible to perform because of the limit constraint: in fact, any Context Broker would return 10 Carsin
any order.

6.5 Add the special Property "label"

In clause 5.4.2, it was reported that NGSI-LD does not fully support GQL because of the lack of labels. The missing of
labels impacts directly the capability to convert datafrom GQL to NGSI-LD and (especialy) from NGSI-LD to GQL.
This could be a problem if implementations of NGSI-LD would be used on top of GQL to take advantage of therich
guery mechanism that GQL provides.

Thisincompatibility would be solved by adding the concept of "label” inside Entities and Relationships. A "label”
should be a non-reified special member (for Entities) or sub-member (for Relationships). Its value should be either a
string or an array of strings. It is not atype definition, so it is not needed to expand the value.

Labels can be used to query as it happens for types, with the only difference that they are not influenced by the context
expansion (so it is never needed to provide a custom @context as sometimes happens with types).
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6.6 Forbid scoped and local @context definitions

In JSON-LD it is possible to define very complex @context members that are capable to change the structure of
JSON-L D documents when applied. There are actually two particular features that allow to redefine JSON-LD
documents during the serialization with the @context members:

° Scoped @context
. Local @context

Scoped @context definitions are nested definitions of @context inside the main @context member at the top level of
the JISON-L D document. They allow to change the identifier or to completely redefine the structure of termsin the
JSON-LD document.

Loca @context definitions are @context definitions that figure internally another term of the JSON-LD document.
They have a higher priority than the main @context member that figuresin the top level, so they potentially can be used
to redefine terms of the NGSI-LD core context (e.g. renaming "value" as "scope").

At the current time, the API does not explicitly forbid the usage of these features. It istrue that it is not possible to have
local @context members inside Attributes, but implementations may still overlook this problem since thereis not an
explicit warning regarding it.

In this regard, considering the dangerous behaviour that could be permitted by allowing them, it is suggested to
explicitly forbid the usage of these featuresinside the body of an NGSI-LD Entity (local @context) and inside the
@context member at the top level of an NGSI-LD Entity (scoped @context). | mplementations of Context Brokers have
to discard any NGSI-LD payload (Entities, Attributes, Subscriptions, etc.) that contains scoped @context or local
@context definitions.
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