ETSI GR CIM 056 v1.1.1 2025-02)

<d

GROUP REPORT

Context Information Management (CIM);
Handling of Linked Data Event Streams with NGSI-LD

Disclaimer

The present document has been produced and approved by the cross-cutting Context Information Management (CIM) ETSI
Industry Specification Group (ISG) and represents the views of those members who participated in this ISG.
It does not necessarily represent the views of the entire ETSI membership.



2 ETSI GR CIM 056 V1.1.1 (2025-02)

Reference
DGR/CIM-0056

Keywords

API, architecture, data interoperability, data
sharing, NGSI-LD

ETSI

650 Route des Lucioles
F-06921 Sophia Antipolis Cedex - FRANCE

Tel.: +334 9294 42 00 Fax: +33 4 93 65 47 16

Siret N° 348 623 562 00017 - APE 7112B
Association & but non lucratif enregistrée a la
Sous-Préfecture de Grasse (06) N° w061004871

Important notice

The present document can be downloaded from the
ETSI Search & Browse Standards application.

The present document may be made available in electronic versions and/or in print. The content of any electronic and/or
print versions of the present document shall not be modified without the prior written authorization of ETSI. In case of any
existing or perceived difference in contents between such versions and/or in print, the prevailing version of an ETSI
deliverable is the one made publicly available in PDF format on ETSI deliver repository.

Users should be aware that the present document may be revised or have its status changed,
this information is available in the Milestones listing.

If you find errors in the present document, please send your comments to
the relevant service listed under Committee Support Staff.

If you find a security vulnerability in the present document, please report it through our
Coordinated Vulnerability Disclosure (CVD) program.

Notice of disclaimer & limitation of liability

The information provided in the present deliverable is directed solely to professionals who have the appropriate degree of
experience to understand and interpret its content in accordance with generally accepted engineering or
other professional standard and applicable regulations.
No recommendation as to products and services or vendors is made or should be implied.

No representation or warranty is made that this deliverable is technically accurate or sufficient or conforms to any law
and/or governmental rule and/or regulation and further, no representation or warranty is made of merchantability or fithess
for any particular purpose or against infringement of intellectual property rights.

In no event shall ETSI be held liable for loss of profits or any other incidental or consequential damages.

Any software contained in this deliverable is provided "AS IS" with no warranties, express or implied, including but not
limited to, the warranties of merchantability, fithess for a particular purpose and non-infringement of intellectual property
rights and ETSI shall not be held liable in any event for any damages whatsoever (including, without limitation, damages

for loss of profits, business interruption, loss of information, or any other pecuniary loss) arising out of or related to the use
of or inability to use the software.

Copyright Notification

No part may be reproduced or utilized in any form or by any means, electronic or mechanical, including photocopying and
microfilm except as authorized by written permission of ETSI.
The content of the PDF version shall not be modified without the written authorization of ETSI.
The copyright and the foregoing restriction extend to reproduction in all media.

© ETSI 2025.
All rights reserved.

ETSI


https://www.etsi.org/standards-search
http://www.etsi.org/deliver
https://portal.etsi.org/Services/editHelp/Standards-development/Tracking-a-draft/Status-codes
https://portal.etsi.org/People/Commitee-Support-Staff
https://www.etsi.org/standards/coordinated-vulnerability-disclosure

3 ETSI GR CIM 056 V1.1.1 (2025-02)

Contents

INtellectual Property RIGNES.... ..ot b e e e en e ns 4
0 (=117 0 (o R 4
MoOdal VErDS TEMINOIOQY ... .ccteieeiicieee ettt st e e s te s ae e aesbeeaeesbesreentesaeeasessesneensesreeneensessens 4
EXECULIVE SUMIMAIY ....eeviieieite ettt ettt e st st e e st e s e s be s st e teeaeeseesteaaeesbesaeentesseenseseenseseeateeneenteseeensenseeseessesnennns 4
1 o0 o< TP P URUP PRSPPSO 5
2 RS LS (= 010 TP PR 5
21 INOIMBLIVE FEFEIEINCES ... .veieeeeee ettt e ettt e e ettt e e ettt e e ettt eseeaaeesseaaeeessabeeesaasaesssabeeesessbesssanseesssassnesssabenesssensssansneas 5
2.2 0 (o]0 AV SR L= (= (0. T 5
3 Definition of terms, symbols and abbrevialions............cooeecereieene e s 6
31 L= (SOOIt 6
3.2 Y 1210 6
33 J N o] o[ (< /= (0] ISR 6
4 LiNKEO Data EVENT SITEAMIS. ...ceeiiceeeee e ettt eeeeee e e e e e ee e e eet et e e s seseeeessaeeeessasseeessasseeessaaseresesareeeseaeeessaareeessaanes 7
41 (g1 0o [8 (o1 1o TR 7
4.2 TREE tO NGSI-LD MEPPING ...0uteiteeieieitieiteeteeteeseesteesteeseessessessessessseesseesseasssasssssesssesssesssesssessssssssseesssessessseans 8
4.3 LDEStO NGSI-LD MaDPING .....cutiieiieiieiiesieeseeseesieeseesseesseesseesteessessasssaesseessessssasssssssssssssessseeseassessssssesssenssens 9
5 MapPiNGg NGSI-LD tO LDES ........o oottt sreeeesne e e stesneeneeseeenes 9
5.0 [0 =YLV (o) (o [F ST 9
51 NGSI-LD Data Representation t0 LDES MaAPPING. ......c.eiververertiriereriieeeesseessesseessesseessessesessesseessessesessessesesses 10
511 NGSI-LD entity representation t0 LDES MEMDET ........c..coiiiiiiiieeseree s 10
512 Temporal Representation of an Entity t0 LDES MEMDEY ..o 11
6 ATCHITECIUral CONSIUEIAIONS. ......veeeee ettt eeteee e e et e e e eee e e e s eereeeessaaeeessaseeessanseeessanseeessaareeessarseeessarseeessas 12
6.0 [0 £=Y1V0) (o [ 12
6.1 DTSy (ol N LS K I I PO 12
6.2 NGSI-LD tOLDES ... .. et e e e e e e e s s e e e e e e e e s e st b aaeeeeeesassbabbeeeeeesaasarbeeeeeaseaan 14
6.2.0 0 (<1170 (o RO 14
6.2.1 L 0Tz (=0 Y S 14
6.2.2 Geospatial fragMENTALION .......c.ciiiieiete ettt ettt et bbbt b e b e b b e e b e sb e e ebesbeneenea 15
6.2.3 REFEreNCE fragMENLALiON........c.civeieeeete ettt b e et b e bbb 16
Annex A: M aPPING EXAMPIES ...ttt b e b e e e aees e s e 18
A.1l Mapping TREE collection and itS MEMDEYS.........cccoiiiiiiieecieee ettt nee e 18
A.2 Mapping TREE COECtion @nNd itSVIBW.........ccueeiiiiceece ettt ne s 19
A.3 Mapping LDES collection and itS MEMDEYS...........coeiiiirieieieee et nee e 21
Annex B: LO{gE= T o N o TE (0] Y 23
11 (TSP P PR PRPRPRPROTN 24

ETSI



4 ETSI GR CIM 056 V1.1.1 (2025-02)
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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 investigates how L DES sources can be consumed by NGSI-LD context brokers and vice versa
how NGSI-LD context brokers can make their context information available to LDES consumers.

ETSI
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1 Scope

The present document brings an introduction of the Linked Data Event Streams (LDES) and TREE specifications and
maps part of its key conceptsto the NGSI-LD model. Also, a mapping of the NGSI-LD entity representation to LDES
members is proposed.

The second part of the present document focuses on the architectural considerations of consuming and publishing LDES
with NGSI-LD context brokers.

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
non-specific. 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] "Linked Data Event Streams Specification”.

[i.2] W3C®: "The TREE hypermedia specification”.

[i.3] ETSI GS CIM 009 (V1.8.1): "Context Information Management (CIM); NGSI-LD API".
[i.4] OGC?®: "Web Feature Service".

[i.5] OGC® APIs.

[i.6] W3C® Recommendation 21 March 2013: "SPARQL 1.1 Query Language".
[i.7] Linked Data Event Streams Server (Flemish Smart Data Space).

[i.8] Linked Data Event Streams JSON-LD context.

[i.9] Slippy map tilenames.

[i.10] Pagination (Flemish Smart Data Space).

[i.11] Reference Fragmentation (Flemish Smart Data Space).

[i.12] Geospatial fragmentation (Flemish Smart Data Space).

ETSI


https://w3id.org/ldes/specification
https://w3id.org/tree/specification
https://www.ogc.org/publications/standard/wfs/
https://ogcapi.ogc.org/
https://www.w3.org/TR/sparql11-query/
https://informatievlaanderen.github.io/VSDS-LDESServer4J/
https://w3id.org/ldes/context
https://wiki.openstreetmap.org/wiki/Slippy_map_tilenames
https://informatievlaanderen.github.io/VSDS-Tech-Docs/basic/fragmentations/pagination
https://informatievlaanderen.github.io/VSDS-LDESServer4J/3.5.0-SNAPSHOT/configuration/fragmentations/reference
https://informatievlaanderen.github.io/VSDS-LDESServer4J/3.5.0-SNAPSHOT/configuration/fragmentations/geospatial

6 ETSI GR CIM 056 V1.1.1 (2025-02)

3 Definition of terms, symbols and abbreviations

3.1 Terms

For the purposes of the present document, the following terms apply:
L DES member: object whose status cannot change after it was created

LDES view: event stream view that connects the collection to the root node such that all members of the collection can
be found

Linked Data Event Stream (LDEYS): collection of immutable objects (such as version objects & sensor observations)

NGSI-LD attribute: reference to both an NGSI-LD Property and to an NGSI-LD Relationship
NGSI-LD attribute Type: categorization of an NGSI-LD Property or NGSI-LD Relationships
NGSI-LD element: any JSON element that is defined by the NGSI-LD API

NGSI-LD entity: informational representative of something that is supposed to exist in the real world, physically or
conceptually

NGSI-LD entity type: categorization of an NGSI-LD entity as belonging to a class of similar entities, or sharing a set
of characteristic properties

TREE collection: collection containing members following an imposed shape
NOTE: The members may be spread across multiple nodes.
TREE member: object that is part of a collection
TREE node: HTTP page, which itself may already contain members, that can contain relationships to other nodes
TREE ontology: hypermedia specification for fragmenting collections

TREE root node: home page, which itself may already contain members, through whose linked pages all members can
be found

TREE shape: technical description of the structure to which objects from the collection has to conform

3.2 Symbols

Void.

3.3 Abbreviations

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

API Application Programming Interface
DCAT Data CATaog vocabulary

FSDS Flemish Smart Data Space

HTTP HperText Transfer Protocol

JSON Java Script Object Notation

LDES Linked Data Event Streams

NGSI Next Generation Service Interface
OGC Open Geospatial Consortium

SEMIC Semantic | nteroperability Community
SPARQL SPARQL Protocol and RDF Query Language
URI Uniform Resource Identifier

URL Uniform Resource Locator

WFS Web Feature Service

ETSI
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NOTE: TREE isnot an abbreviation, but the name of an ontology for fragmenting collections of items across
multiple HTTP pages in a 'tree’-like way (linear, hierarchical, tiling-based, etc.).

4 Linked Data Event Streams

4.1 Introduction

The Linked Data Event Streams (LDES) specification enables datasets to be repurposed in different contexts. All kinds
of datasets are in scope: static data, such as bibliographic records, as well as real-time data, such as sensor observations.
A dataset is represented as an event source, which is an append-only collection of immutable objects: each time the
dataset changes, a new object, called member, is added to the collection and is expected never to change. Typically, a
member isaversion object, but this can also be an immutable sensor observation or an activity object describing the
occurred action.

The LDES specification [i.1] isavailable at https.//w3id.org/Ides/specification.

NOTE 1: A collection imposes a certain shape on its members expressing the structure of the members. For
example, members require to have atype "Vehicle" and a property "speed".

EXAMPLE 1: "Bob'svehicle speed is 10 km/h" can be modelled as an immutable sensor
observation.

EXAMPLE 2: "Bob'svehicle brand is Mercedes' can be modelled as a version object of Bob's
vehicle.

EXAMPLE 3:  "Bob'svehicle's speed was measured at 10, 20, and 30 km/h" can be represented with
three LDES members.

The LDES specification is based on the TREE hypermedia specification to publish collections. When a collection
becomestoo big for one HTTP page, fragmentation in multiple pages is needed. The TREE specification originates
from the idea to provide an aternative to one-dimensional HTTP pagination. It allowsto fragment a collection of items
and interlink these fragments. Instead of linking to the next or previous page, a relation between two fragments, called
TREE nodes, describes what elements can be found by following the link to another fragment.

The TREE specification [i.2] isavailable at https.//w3id.org/tree/specification.

EXAMPLE 4: A TREE node identified with query parameter "time=2024-05-14" contains members with a
modifiedAt property greater than "2024-05-14".

EXAMPLES5: A TREE relation describes that TREE node <?time=2024-05-14> has members with a modified
greater than "2024-05-14". The relation has as specific type "tree:GreaterThanRelation", has
tree:node property with value <?time=2024-05-14>, and has a tree:path property with value
modifiedAt.

NOTE 2: LDEStypically uses one-dimensional pagination where updates are appended to a"latest” fragment. This
way, consumers only need to be subscribed to one fragment for updates. When this latest fragment
reaches a certain threshold, a new, latest fragment is created.

NOTE 3: The members of an LDES can be published through different types of fragmentations, which are called
TREE views. For example, a view can first fragment a collection in geographical regions, and then enable
aone-dimensional pagination per region.

With LDES, data consumers can set up pipelines to automatically replicate the history of a dataset and stay in sync with
the latest updates. Today, custom code has to be created to integrate data, which makes it rather expensive to integrate
multiple data sources. With LDES, atechnical standard [i.1]was created that allows data to be exchanged across silos
using domain-specific ontologies. An LDES alows third parties to build specific services (ETSI GS CIM 009 [i.3],
Web Feature Service (WFS) [i.4], OGC APIs[i.5], SPARQL [i.6]) that are awaysin sync with the original dataset.

The next clauses describe how the TREE and LDES models map with the NGSI-LD meta model.
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4.2 TREE to NGSI-LD mapping

The TREE vocabulary defines 5 classes, and 16 propertiesin total. The present document only maps the classes and
properties that are required to be retrievable by LDES clients. Features like imports, view descriptions, shapes,
remaining items, etc. are optional in the TREE specification [i.2] and therefore out-of-scope. Figure 4.2-1 demonstrates
for asubset of TREE classes and properties how they map to NGSI-LD Entities, Relationships, Properties and value.

NOTE 1: Following prefixes are used to enhance readability:

] tree: https://w3id.org/treett

] dcat: http://www.w3.org/ns/dcat#

i rdis:subClassOf of
i rdis:subPropertyOl |

Figure 4.2-1: High-level mapping of TREE Specification to NGSI-LD Meta Model

The class tree:Collection can be mapped to NGSI-LD entity. A collection corresponds with a dcat: Dataset and has two
relationships:

e  Thetreemember relationship linking to other members (NGSI-LD entities) that are part of the TREE
collection. Clause A.1 provides an example.

. The tree:view relationship towards atree:Node being an entrypoint (HT TP page) to retrieve members.
Clause A.2 provides an example.

NOTE 2: The tree:member relationship typically only lists the members that are described in the same page.

The class tree:Node, being an HT TP page containing a part of the collection, can also be mapped to an NGSI-LD entity
and has following property:

. the treexrelation property linking to another tree:Node. Clause A.2 provides an example.
The value of the treecrelation is an instance of atree:Relation and is mapped as an NGSI-LD Value. More specifically,
as aJSON-LD structured value. The reason isthat atree:Relation always is part of atree:Node and therefore has no
identity. The tree:Relation has following properties:

e A tree:node property (mandatory) containing the URL of another TREE node.

. A tree:path property (optional) indicating to which of the members' properties this relation applies.

e A treeivaue property (optiond) indicating a value constraint on the members' values.

NOTE 3: Thetree:path and tree:value properties have to be used in conjunction to be useful for an LDES
consumer.

ETSI
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NOTE 4: The tree:path and tree:value properties allow LDES consumers to decide whether to continue to the next
node.
This clause demonstrates how TREE allows to:
i)  defineacollection of NGSI-LD Entities;
ii)  define nodesthat contain a subset of the collection; and
iii) usequalified relations to guide consumers to retrieve relevant nodes.

In clause 4.3, it is presented how LDES is a specialization of a TREE collection to replicate versions of entities.

4.3 LDES to NGSI-LD mapping

The LDES vocabulary defines 7 classes, and 8 properties in total. Features like event source, retention policies, version
or materialization are not required to be retrievable by L DES clients and therefore out-of-scope.

Figure 4.3-1 shows that the Ides:EventStream class is mapped to an NGSI-LD entity, similar to its super class
tree:Collection. Two properties are introduced to enable versioning on the entities of a collection:

e  TheldesitimestampPath is mapped to an NGSI-LD Property indicating how a member precedes another
member in the LDES using a timestamp.

e  Theldes:versionOfPath is mapped to an NGSI-LD Property indicating the non-version object of a member.

An example of these properties and how this resolves in an LDES member can be found in clauses 5.1 and A.3.

Figure 4.3-1: High-level mapping of Linked Data Event Streams data model to NGSI-LD Meta Model

This clause describes how LDES introduces versioning of entities using the timestamp and version of properties. This
way, instances of the same entity have an explicit identifier and consumers know whether an entity version precedes
another. In contrast with clause 4.6.6 in ETSI GS CIM 009 [i.3], entity instances of the same entity are not expected to
come in chronological order. In clause 5, away will be proposed to map an instance of an NGSI-LD entity to an LDES
member.

5 Mapping NGSI-LD to LDES

5.0 Foreword
This clause 5 describes what needs to be adapted to the NGSI-LD Meta Model to map with the LDES standard. First, it

will be discussed how the NGSI-LD entity representation from the core interfaces maps to one member. Then, it will be
presented how the temporal representation of an entity can be mapped to multiple members.

ETSI
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5.1 NGSI-LD Data Representation to LDES mapping

51.1 NGSI-LD entity representation to LDES member

Here is a presentation of an instance of an entity with identifier urn:person:1. The system attributes createdAt and
modifiedAt are provided to explain how a version can be created based on these properties.

EXAMPLE 1: NGSI-LD entity as base example to demonstrate LDES members:
{

"id": "urn:person:1",
"type": "Person",
"name": {
"type": "Property",
"value": "Bill Smth",
"createdAt": "2022-08-09T18: 25: 022",
"nodi fiedAt": "2022-08-10T18: 25: 022"

H
"createdAt": "2022-08-09T18: 25: 027",
"modi fiedAt": "2022-08-10T18: 25: 022"

}

A member of an LDES represents an entity at a certain time. With the modifiedAt temporal property of an NGSI-LD
entity, the last time the entity has been modified can be used to describe the latest version of an entity. Example 2 shows
how the modifiedAt value is appended to create a version-specific identifier. For the timestamp property of a member, it
is not allowed to use modifiedAt, because thisis a system attribute and is preserved for internal usage in a context
broker. Therefore, the present document proposes to define the observedAt temporal property at the entity level with
following definition:

. observedAt is defined as the temporal Property at which a certain Entity became valid or was observed. For
example, a person Entity with certain Properties and Relationships was observed at this point in time.

Example 2 shows how the observedAt property was added to the entity version. This version represents how the entity
was observed at the time of modification.

It isalso proposed to add the observedAt property on all the Relationships and Properties where thisis not yet defined.
Example 1 shows how the observedAt property was added to the name Property.

AnisVersionOf property is added as non-reified property (the value only contains the entity id) containing the non-
version entity id. Typically, LDESs use isVersionOf from the Dublin Core initiative
(http://purl.org/dc/terms/isV ersionOf).

All system attributes are hidden as this should not be part of the LDES publication.

EXAMPLE 2: Versioned entity using the observedAt temporal property:

{
"id": "urn:ngsi-|d:Person: 1: 2022- 08- 10T18: 25: 022",
"type": "Person",
"isVersionO'": "urn:ngsi-|d:Person:1",
"observedAt": "2022-08-10T18: 25: 027",
"name": {
"type": "Property",
"value": "Bill Smith",
"observedAt": "2022-08-10T18: 25: 022"
}
}
EXAMPLE 3: A simplified representation of the versioned entity is also possible:
{
"id": "urn:ngsi-|I|d:Person:1: 2022- 08- 10T18: 25: 022",
"type": "Person",
"isVersionO'": "urn:ngsi-|d:Person:1",
"observedAt": "2022-08-10T18: 25: 022",
"nane": "Bill Smith"
}

ETSI
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EXAMPLE 4:  When observedAt is already defined, then thisis not replaced with its modifiedAt value:

{
"id": "urn:ngsi-|I|d:Person: 1: 2022- 08- 10T18: 25: 022",

"type": "Person",
"isVersionO'": "urn:ngsi-|d:Person:1",
"observedAt": "2022-08-10T18: 25: 022",
"nane": {
"type": "Property",
"value": "Bill Smth",
"observedAt": "1990-01-01T00: 20: 022"
}
}
EXAMPLES: AnHTTP(S) URI can aso be used:
{
"id": "https://exanple.org/id/ person/1/2022-08-10T18: 25: 022",
"type": "Person",
"isVersionO'": "https://exanple.org/id/ person/1",
"observedAt": "2022-08-10T18: 25: 022",
"name": "Bill Smth"
}

5.1.2  Temporal Representation of an Entity to LDES member

The temporal representation of an entity extends the NGSI-LD entity representation by composing each Property and
Relationship with the sequence of instances of the referred Property during a period of time within its lifetime.
Example 1 demonstrates how the name of a person is changed from " Joe Bloggs' to "Bill Smith".

EXAMPLE 1:  Base example of an NGSI-LD entity using the temporal representation:
{

"id": "urn:ngsi-I|d:Person:1",
"type": "Person",
"name": {
"type": "Property",
"val ues": [
{
"type": "Property",
"val ue": "Joe Bl oggs",
"instanceld": "instanceid: fb6b8ca8-d563-42ae-9a67-8b5cc97dc3ee",
"createdAt": "2022-08-09T18: 25: 022",
"modi fiedAt": "2022-08-09T18: 25: 022"
1
{
"type": "Property",
"value": "Bill Smith",
"instanceld": "instanceid: 6deblf47-280c-4b18-866f-f49ea2f9cd7f",
“createdAt": "2022-08-10T18: 25: 022",
"modi fiedAt": "2022-08-10T18: 25: 022"
}

]

b,

"createdAt": "2022-08-09T18: 25: 022",

"nmodi fiedAt": "2022-08-10T18: 25: 022"
}

To convert the temporal representation of Example 1 to LDES, the evolution in time of the entity needs to be
reconstructed with the createdAt and modifiedAt properties. From these properties, one member represents the entity at
creation time with name "Joe Bloggs'. Another member represents the entity when it was modified with the name "Bill
Smith". Example 2 gives an overview of these members.

EXAMPLE 2:  Conversion of the base example with NGSI-LD temporal representation to two LDES members:

"id": "urn:ngsi-|d:Person: 1: 2022- 08- 09T18: 25: 022",
"type": "Person",
"isVersionO'": "urn:ngsi-|d:Person:1",
"observedAt": "2022-08-09T18: 25: 022",
"name": {

"type": "Property",

"val ue": "Joe Bl oggs",

"observedAt": "2022-08-09T18: 25: 022"

ETSI
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}oA
"id": "urn:ngsi-I|d:Person: 1: 2022- 08- 10T18: 25: 022",
"type": "Person",
"isVersionO'": "urn:ngsi-|d:Person:1",
"observedAt": "2022-08-10T18: 25: 022",
"nane": {
"type": "Property",
"value": "Bill Smth",
"observedAt": "2022-08-10T18: 25: 022"
}
}
}
6 Architectural Considerations

6.0 Foreword

This clause provides an overview how LDES sources that can be integrated into a context broker. Also, which
fragmentations would be interesting for context brokers to expose LDESs will be discussed.

6.1 LDES to NGSI-LD

Figure 6.1-1 gives a general overview how the data from an LDES can be reused through a context broker. A context
producer uses an LDES client to provision LDES members as context information to the context broker. The LDES
client retrieves LDES membersin an automated way by fetching TREE nodes, parsing members and following TREE
relations towards next nodes. Each member is then sent to the NGSI-LD API of the context broker by the context
producer.

PR e p———

T o oy
LDES View '«——! LDES Clent —> Context {0 Gbl‘LD —>» Context Broker —>» Seoned
L e = | Producer ; API Consumer

Figure 6.1-1: Architectural overview of a context producer retrieving data from
an LDES towards a NGSI-LD context broker

Following assumptions are made on the structure of the LDES members and how they can be sent to the NGSI-LD API:
ASSUMPTION 1: The LDES usesthe NGSI-L D datamodel

LDES isatransport protocol for sharing a dataset and thus does not mandate which datamodel hasto be used. It is
assumed that the LDES contains NGSI-LD entities as members. When another datamodel is used, an extra
transformation step will be needed by the context producer before sending the member to the NGSI-LD API, or a
derived LDES has to be published where the transformation has already been done. How this transformation has to be
doneisout of scope of the present document.

ASSUMPTION 2: Membersareversioned NGSI-LD Entities

The NGSI-LD Entities are assumed to be versioned to be retrievable by generic LDES clients. As NGSI-LD does not
have the concept of versioning, it is proposed in clause 5 with a mapping from the NGSI-LD (Temporal) Entity
representation to versioned LDES members. Versioning is enabled by using a dedicated version URI, and adding a
versionOf Relationship and timestamp Property.
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ASSUMPTION 3: Context producer materializesthe membersto non-versioned NGSI-LD Entities

Before sending the LDES member, being aversioned NGSI-LD entity, to the NGSI-LD API, aversion materialization
step should be performed by the Context Producer, because NGSI-LD systems do not have the concept of versioning.
Otherwise, the Context Broker would treat every version Entity as a separate Entity. Materialization implies that the
"isVersionOf" property is removed and the non-version identifier is used. Applying materialization to example 2 of
clause 5.1.2 leads to following entities:

EXAMPLE 1. Materidlization of versioned NGSI-LD Entities:

"id": "urn:ngsi-|d:Person:1",
"type": "Person",
"observedAt": "2022-08-09T18: 25: 022",
"nane": {
"type": "Property",
"val ue": "Joe Bl oggs",
"observedAt": "2022-08-09T18: 25: 022"

}
oA

"id": "urn:ngsi-I|d:Person:1",
"type": "Person",
"observedAt": "2022-08-10T18: 25: 027",
"nane": {
"type": "Property",
"value": "Bill Smth",
"observedAt": "2022-08-10T18: 25: 022"

}
b
}H

ASSUMPTION 4: Members can be out-of-order and historical

Depending on the LDES view, members can be fragmented in different ways (geospatial, time-based, etc.). The
members that are returned by the LDES client can be out-of-order and older than what is already available in the
context broker. An assumption is that the context broker relies on the context producer doing the right thing: the core
API should be used when the member is new or more recent than an existing Entity, else the temporal API should be
used.

NOTE 1: Batching could be used on both the core and tempora API to provide multiple members with one HTTP
request. With the core API, sorting is required where the last entity is the latest version. With the temporal
AP, entities may be provided unordered.

The following algorithm could be used:
. Create the Entity if it does not exist (i.e. no Entity with the same Entity 1d is present).
. If there were an existing Entity with the same Entity Id, an update mechanism should be applied:

- If the observedAt of the member is more recent than the observedAt property of the existing entity, the
entity will be replaced or updated depending on the update mode using the Core API.

- Otherwise, the entity will be treated as historical and should be sent to the temporal API of the context
broker. A Temporal Representation has to be created from the member before sending to the temporal
API. Example 2 (see below) provides an example of converting the member towards the temporal
representation. Depending on the assumptions, there may be the need to check whether the historical
instance (property or relationship) already existsto avoid duplication.

- Optionally, each property and relationship of the member should be checked whether its observedAt
timestamp is more recent than the observedAt timestamp of the property or relationship in the existing
entity:

" Create the Property or Relationship if it does not exist using the Core API.

" Update the Property or Relationship if the property or relationship of the member is more recent,
using the Core API.
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" Otherwise, the property or relationship will be treated as historical and should be sent to the
temporal API of the context broker. A Temporal Representation has to be created from the member
before sending to the temporal endpoint.

NOTE 2: The context producer should probably remove the "observedAt" at the Entity level. This property should
be generated automatically by the context broker.

EXAMPLE 2: Temporal Representation generated from the versioned NGSI-LD Entities of example 1:

"id": "urn:ngsi-I|d:Person:1",
"type": "Person",
"nane": {
"type": "Property",
"val ues": [{
"type": "Property",
"val ue": "Joe Bl oggs",
"observedAt": "2022-08-09T18: 25: 022"
oA
"type": "Property",
"value": "Bill Smth",
"observedAt": "2022-08-10T18: 25: 022"

}
}
}H

6.2 NGSI-LD to LDES

6.2.0 Foreword

The first step of publishing an LDES is versioning a dataset with immutable members. How this can be done with
NGSI-LD Entities has been discussed in clause 5.1. Then, one or more views needs to be configured how these
members have to be published.

Clause 6.2 first describes the algorithm to create a paginated view. Then, it is demonstrated how this view can be
extended with fragmentations, such as geospatial, timebased and reference-based fragmentations.

NOTE: How the LDES views are structured is up to the publisher. Clause 6.2 shows how views are currently
tackled within the LDES Server of the Flemish Smart Data Space project [i.7].

6.2.1 Paginated view

A pagination needs to be created in which aninitial set of members can be found through the first tree:Node, and more
members can be found by interpreting the TREE hypermedia controls.

When the size of an LDES collection becomes too big for 1 HTTP response, pagination will be required in which an
initial set of members can be found through the first tree:Node, and more members can be found by interpreting the
TREE hypermedia controls [i.2]. One approach is to use partitioning, which means that the LDES server will create
fragments based on the order of arrival of the LDES members. The latest arriving members are appended to the "latest
page". When this latest page reaches a certain size, this page becomes immutable and a new latest page will be created.
This approach is efficient for Open Data publishing asit allows to set a max-age: immutable header on the pages that
will not be updated anymore. The algorithm for this append-only, paginated view [i.10] works as follows:

e  Thefragment to which the member should be added is determined:
- The currently open fragment is retrieved from the database.

- If this fragment contains members equal to or exceeding the member limit or no fragment can be found, a
new fragment is created instead.

. If anew fragment is created, the following steps are taken:

- The new fragment becomes the new open fragment and the previous fragment becomes immutable.
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- This newly created fragment and the previous fragment are then linked with each other by 2 generic
relationships.

- The page number of the new fragment is determined based on the old fragment or is set to 1 in case of
the first fragment.

Example 1 shows how the configuration of a view can be done using a separate tree:ViewDescription object. This
ViewDescription allows alignment with DCAT, but also to describe fragmentation strategies and retention policies (out
of scope of the present document). tree:viewDescription is mapped as an NGSI-LD Relationship, because this
description could be referenced from several places, such as DCAT catalogs or TREE nodes that share the same view
description.

EXAMPLE 1. A tree:ViewDescription is attached to a view to indicate that a page size of 100 membersis
configured. For demonstration purposes, an empty list for the fragmentation strategy and retention
policy was added. A relation is added to the first page.

{
"id": "/by-page",
"type": "tree: Node",
"tree:viewbDescription": {
"type": "Rel ationship",
"val ue": {
"type": "tree: ViewDescription",
"tree:fragnentationStrategy": [],
"tree:retentionPolicy": [],
"tree: pageSi ze": 100
H
"tree:relation": [{
"type": "Property",
"val ue": {
"type": "tree:Relation",
"tree:node": "/by-page?page=1"
}
}H
}

NOTE: A JSON-LD context of LDES can be found on Github [i.8].

6.2.2 Geospatial fragmentation

Views can be configured with a geospatial fragmentation strategy. Example 1 shows how atiling-based approach [i.9]
can be configured on aview. The property tree:maxZoom allows defining the zoom level of the tiles that will be
generated. The property tree:fragmentationPath allows defining the location property that will be used to fragment the
member in tiles.

EXAMPLE 1: Theview description indicates that a geospatial fragmentation strategy is used on the
ngsi-ld:location property and tiles at zoom level of 14 will be created.

"id": "/by-location",
"type": "tree:Node",
"tree:viewbescription": {
"type": "Rel ationship",
"val ue": {
"type": "tree:ViewDescription",
"tree:fragnentationStrategy": [{
"type": "tree: Geospati al Fragmentati on”,
"tree: maxZoont: "14",
"tree:fragnmentationPath": "ngsi-ld:location"
3
}

}

To traverse from the /by-location view to the different tiles, aroot tile 0/0/0 can be used as intermediate node. When the
number of tiles becomes too much to list in one page, pagination on the root tile can be performed.
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EXAMPLE 2:  The/by-location view links to aroot tile.

{
"id": "/by-1location",
"type": "tree:Node",
"tree:relation": {
"type": "Property",
"value": {
"type": "tree:Rel ation",
"tree:node": "/by-location?tile=0%2F0%2F0"
}
}

The TREE specification provides specializations of tree:Relations, such as tree:GeospatiallyContainsRel ation to
indicate a geospatial constraint on the members within a node.

EXAMPLE 3: Theroot tile contains alist of GeospatiallyContains relations to the tiles on the zoom level. In this
example, the tile 14/7762/5275 only contains members that have a ngsi-ld:location within the
GeoJSON polygon.

"id": "/by-location?tile=0%2F0%2F0",
"type": "tree:Node",
"tree:relation": [{
"type": "Property",
"value": {
"type": "tree: Ceospatial | yCont ai nsRel ati on",
"tree:node": "/by-location?til e=149%2F77629%2F5275",

"tree:path": "ngsi-ld:location",
"tree:value": {
"value": {

"type": "Polygon",
"coordinates": [

[
9. 42626953125, 53.813625792352354],
9. 42626953125, 53.80065082633022],
9. 4482421875, 53.80065082633022],
9. 4482421875, 53.813625792352354],
9. 42626953125, 53.813625792352354]

}
}H
}

Finally, pagination should be applied on the specific tile when too many members are added within that region. More
information on the algorithm can be found here: https://informatievlaanderen.github.io/V SDS-L DESServer4J/3.5.0-
SNAPSHOT /configuration/fragmentations/geospatial [i.12].

6.2.3 Reference fragmentation

Reference fragmentation is used to filter members that have arelationship to a certain entity. Example 1 shows how
Person 1 isafriend of Person 2. Example 2 shows how the configuration of a reference fragmentation uses
tree:fragmentationPath to fetch the value on which the member should be bucketized, and tree:fragmentationK ey to
provide a query parameter to search on.

Applying example 1 with the fragmentation of example 2 generates a fragment with URL: /by-
friendOf ?friendOf=urn:ngsi-ld:Person:2. This fragment only contains members that have a friendOf relationship with
Person:2.

EXAMPLE 1: Person:1lisafriend of Person:2, using arelationship as example.

{
"id": "urn:ngsi-|I|d:Person: 1: 2022- 08- 10T18: 25: 022",
"type": "Person",
"isVersionO'": "urn:ngsi-|d:Person:1",

"observedAt": "2022-08-10T18: 25: 027",
"exanmple:friendO": {
"type": "Rel ationship",
"object": "urn:ngsi-Id:Person:2"
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}
}
EXAMPLE 2: A reference fragmentation provides a query parameter using tree:fragmentationKey to allow
filtering members on a certain relationship, which is defined with tree:fragmentationPath.
{
"id": "/by-friendOr",
"type": "tree: Node",
"tree:viewbDescription": {
"type": "Rel ationship",
"val ue": {
"type": "tree:ViewDescription",
"tree:fragnmentationStrategy": [{
"type": "tree: ReferenceFragnentation",
"tree:fragnentationKey": "friendOH",
"tree:fragnmentati onPath": "exanple:friendO"
}H
}
}
}

More information about this fragmentation strategy can be found on the FSDS Web page [i.11].
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Annex A:
Mapping examples

A.1  Mapping TREE collection and its members

An example TREE collection is represented below in Turtle format. The tree:Collection is mapped to an NGSI-LD
entity and has a NGSI-LD relationship towards its members, which in this case are NGSI-LD Entities.

@refix ex: <http:exanple.org/> .

@refix tree: <https://w3id.org/tree#> .

@refix dcternms: <http://purl.org/dc/terns/> .

@refix ngsi-ld: <https://uri.etsi.org/ngsi-ld/> .

@refix sdm <https://smartdatanodel s.org/> .

@refix sdmo: <https://smartdatanodel s. or g/ dat anodel . Or gani zati on/ > .

ex: Col l ectionl a tree: Col |l ecti on;
dterms: description [ a ngsi-|d:LanguageProperty ;
ngsi - | d: hasLanguageMap "A Col |l ection of people."@n

tree: menber <urn:ngsi-|d:Person: Alice> <urn:ngsi-I|d:Person: Bob> .

<urn:ngsi-ld:Person: Ali ce> a sdm o: Person;
sdm gi venNane [ a ngsi-|d:Property ;
ngsi -1 d: hasVval ue "Alice"
]

<urn: ngsi -1 d: Person: Bob> a sdm o: Per son;
sdm gi venNanme [ a ngsi-|d:Property ;
ngsi - | d: hasVal ue " Bob"
]

For this example, the NGSI-LD entities generated are displayed below in the NGSI-LD normalized format:

[
{

"id": "ex:Collectionl",

"type": "tree:Collection",

"description": {
"type": "LanguageProperty",
"l anguageMap": {

"en": "A Collection of people."

}

ree: nenber": {

"type": "Rel ationship",

"object": [
"urn:ngsi-|ld:Person: Alice",
"urn: ngsi -1 d: Per son: Bob"

}

}
b
{
"id": "urn:ngsi-|d:Person:Alice",
"type": "Person",
"gi venNanme": {
"type": "Property",
"value": "Aice"
}
b
{
"id": "urn:ngsi-|d:Person: Bob",
"type": "Person",
"givenName ": {
"type": "Property",
"val ue": "Bob"
}
}
]
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And the @context vocabulary would be:

{
"@ontext": [

{
"ex": "http://exanple.org/",
"tree": "https://w3id.org/tree#"

" ’ht tps://raw. githubusercontent.conm snart-dat a-
nodel s/ dat avbdel . Organi zat i on/ nast er/ cont ext . j sonl d",
"https://uri.etsi.org/ngsi-ld/vl/ngsi-Id-core-context-vl.8.jsonld"

]

}

A.2  Mapping TREE collection and its view

An example view of a TREE collection is represented below. The tree:Collection Entity has atree:view NGSI-LD
relation to atree:Node Entity. A tree:Node that isreferred to as view acts as an entry node to retrieve all members (not
all nodes allow aclient to retrieve al members). A tree:Node has atreeirelation NGSI-LD property describing the
relation towards another node. In the example, a simple (tree:Relation) and a complex (tree:Equal ToRel ation) relation
are demonstrated.

@refix ex: <http:exanple.org/> .

@refix tree: <https://w3id.org/tree#> .

@refix ngsi-ld: <https://uri.etsi.org/ngsi-ld/ > .
@refix dcternms: <http://purl.org/dc/terns/> .
@refix sdm <https://snmartdat anodel s.org/> .

ex: Col l ectionl a tree: Coll ection;
dcterms: description[ a ngsi-|d:LanguageProperty ;
ngsi - |1 d: hasLanguageMap "A Col | ection of NGSI-LD Entities"@n

tree:view </ ?page=1> .

</ ?page=1> a tree: Node;
dcterms: description [ a ngsi-ld:Property ;
ngsi -1 d: hasVal ue "First page"
]

tree:relation [
a tree:Relation ;
dcterms: description [ a ngsi-ld:Property ;
ngsi -1 d: hasValue "Sinple relation that refers to a next page"
[

tree: node </ ?page=2>

a tree: Equal ToRel ati on ;
dcterns: description [ a ngsi-ld:Property ;
ngsi -1 d: hasVal ue "Second, conplex relation that refers to a page containing
menbers with an address locality equal to Berlin."

tree: node </ ?addressLocality=Berlin> ;
tree:value "Berlin" ;
tree:path (sdm address sdm addressLocal ity)
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For this example, the NGSI-LD entities generated are displayed below in the NGSI-LD normalized format:

[
{

"id": "ex:Collectionl",
"type": "tree:Collection",
"description": {
"type": "LanguageProperty",
"l anguageMap": {
"en": "A Collection of NGSI-LD Entities"
}

ree:view': {
"type": "Rel ationship",
"object": {

"id": "/?page=1"

}

"id": "/?page=1",

"type": "tree: Node",

"description": {
"type": "Property",
"val ue": "First page"

}

ree:relation": [{

"type": "Property",

"val ue": {
"type": "tree:Rel ation",
"description": "Sinple relation that refers to a next page.",
"tree:node": {

"id": "/?page=2"

}

}
boA
"type": "Property",
"val ue": {
"type": "tree: Equal ToRel ati on",
"description": "Second, conplex relation that refers to a page containing menbers with an
address locality equal to Berlin.",
"tree:node": "/?addressLocality=Berlin",
"tree:value": "Berlin",
"tree:path": {
"type": "ListProperty",
"valueList": [ {
"id": "sdm address"
oA

"id": "sdm addresslLocal ity"

And the @context vocabulary would be:

{
"@ontext": [
{
"ex": "http://exanple.org/",
"sdni: "https://smartdatanodels.org/",
"tree": "https://w3id.org/tree#",
"tree:node": {"@ype": "@d"}
D
"https://uri.etsi.org/ngsi-Ild/vl/ ngsi-I|d-core-context-vl.8.jsonld"
]
}
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A.3  Mapping LDES collection and its members

An example LDES collection is represented below.

@refix ex: <http:exanple.org/> .

@refix tree: <https://w3id.org/tree#> .

@refix dcternms: <http://purl.org/dc/terns/> .

@refix ngsi-ld: <https://uri.etsi.org/ngsi-ld/> .

@refix sdm <https://smartdatanodel s.org/> .

@refix sdmo: <https://smartdat anodel s. or g/ dat anodel . Or gani zati on/ > .
@refix xsd: <http://ww. w3. org/ 2001/ XM_Schema#> .

ex: LdesCol | ectionl a | des: Event Stream
dcterms: description [ a ngsi-|d:LanguageProperty ;
ngsi - |1 d: hasLanguageMap "An LDES Col | ecti on of NGSI-LD Entities"@n

J
| des: ti mest anpPat h ngsi -1 d: observedAt ;
| des: versi onOf Pat h dcternmns:isVersi onOf ;
tree: menber <urn:ngsi-|d:Person: Ali ce: 2022- 08-10T18: 25: 02Z>, <urn: ngsi - | d: Per son: Bob: 2022-
08-10T18: 25: 022> .

<urn: ngsi -1d: Person: Al'i ce: 2022- 08- 10T18: 25: 02Z> a sdm o: Per son;
sdm gi venName [ a ngsi-Id: Property ;
ngsi -1 d: hasVal ue "Alice";
ngsi -1 d: observedAt "2022-08-10T18: 25: 022" *~ngsi -| d: Dat eTi ne
1
dcterns: i sVersi onOf <urn:ngsi-I|d: Person: Ali ce> ;
ngsi -1 d: observedAt "2022-08-10T18: 25: 027"~ ngsi -1 d: Dat eTi e .

<ur n: ngsi -1 d: Per son: Bob: 2022- 08- 10T18: 25: 02Z> a sdm o: Per son;
sdm gi venName [ a ngsi-I|d: Property ;
ngsi -1 d: hasVal ue "Bob" ;
ngsi - |1 d: observedAt "2022-08-10T18: 25: 022" ~~ngsi -| d: Dat eTi ne
1
dcterns: i sVersi onOf <urn:ngsi-|d: Person: Bob> ;
ngsi -1 d: observedAt "2022-08-10T18: 25: 02Z"~"ngsi -1 d: Dat eTi me .

For this example, the NGSI-LD entities generated are displayed below in the NGSI-LD normalized format:

[
{

"id": "ex:Collectionl",
"type": "l des: Event Streant,
"description": {
"type": "LanguageProperty",
"l anguageMap":
"en": "An LDES Collection of NGSI-LD Entities"
}

’ des: timestanpPath": {
"type": "Property",
"val ue": "ngsi-I|d:observedAt"

}

}

des: versionOPath": {
"type": "Property",
"val ue": "dcterms:isVersionO"

}

ree: nenber": {

"type": "Rel ationship",

"object": [
"urn: ngsi-Id: Person: Al'i ce: 2022- 08- 10T18: 25: 022",
"urn: ngsi -1 d: Person: Bob: 2022- 08- 10T18: 25: 022"

}
{,

"id": "urn:ngsi-|ld:Person: Alice: 2022- 08-10T18: 25: 022",
"type": "Person",
"gi venNanme": {

"type": "Property",

"val ue": "Alice",

"observedAt": "2022-08-10T18: 25: 022"
}

cterms:isVersionO": "urn:ngsi-|d:Person: Alice",
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"observedAt": "2022-08-10T18: 25: 022"
b
{
"id": "urn:ngsi-|d:Person: Bob: 2022- 08- 10T18: 25: 022",
"type": "Person",
"gi venNane": {
"type": "Property",
“val ue": "Bob",
"observedAt": "2022-08-10T18: 25: 022"
b
"observedAt": "2022-08-10T18: 25: 022"
}
]

And the @context vocabulary would be:

{
"@ontext": [
{
"ex": "http://exanple.org/",
"tree": "https://w3id.org/tree",
"l des": "https://w3id.org/l des#",
"dcterms": "http://purl.org/dc/terns/",
"dcterms:isVersionO": {"@ype": "@d"},
"menbers": {"@ype": "@d", "@d": "tree:nmenber", "@ontainer":"@ist"},
"timestanpPath": {"@d":"ldes:tinmestanpPath", "@ype":"@d", "@ontainer":"@ist"},
"versionOfPath": {"@d":"|des:versionOfPath", "@ype":"@d", "@ontainer":"@ist"}

b

"https://raw. githubusercontent.conlsmart-dat a-
nodel s/ dat avbdel . Organi zat i on/ nast er/ cont ext . j sonl d",

"https://uri.etsi.org/ngsi-|ld/vl/ngsi-Id-core-context-vl.8.jsonldh"

]
}
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https://raw.githubusercontent.com/smart-data-models/dataModel.Organization/master/context.jsonld
https://uri.etsi.org/ngsi-ld/v1/ngsi-ld-core-context-v1.8.jsonld
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Change history

Date Version Information about changes
May 14" 2024 0.0.1 |First draft
June 3" 2024 0.0.2 |Stable early draft
September 2024 0.04 Add mapping LDES/TREE to NGSI-LD. Expand representation mapping. Add
architecture proposal
September 2024 0.0.5 |Process feedback of weekly call
October 2024 0.0.6 |Process feedback plenary (8" October 2024). Extend fragmentations NGSI-LD to LDES.
December 2024 0.0.7 [Process feedback API call 11" December 2024. Add JSON-LD context of LDES
th
2D§§2mber 18 0.0.8-r1 |Incorporate review NEC. Check formatting
January 2025 111 ETSI Technical Officer review before ETSI EditHelp publication preprocessing after TB

approval
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