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EXECUTIVE SUMMARY

Deliverable DR details the final implementation of the tools for Continuous Semantic
Integration (CSKefined by the SmartEdge projewstthin WP3

These activitiesire circumscribed within the Work Rage 3 (WP3) of the SmartEdge project,
and the results have been concretized as software artifacts that are fully detailed in this
document.

More specifically, these artifacts includ&3.1:SmartEdge Semantic Models3.2:Middleware
with Standardized Interfaceé3.4:Knowledge Graph Reposito#3.5:Mendix ToolchainA3.6:
DataOps Pipeline Componenss3.6:DataOps Deployment Templates3.7:.Lowcode DataOps
Configuration A3.8:Semantic Recipe Integration with Mendi3.9:RecipeTD Matcher A310:
Mendix Orchestratgrand A3.11Semantic Media Service
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1 INTRODUCTION

Deliverable 3B presents and discussdhbe final implementation othe SmartEdgedools for
Continuous Semantic Integration (CSI). In this deliverable we report the status of the work in
Work Package 3 (WP3), which aims to provide CSI via three tasks: (i) edge semantics with
standardized semantic interfaces for 10T devices; (ii) a Qetatdlbox for continuous semantic
integration, and (iii) a declarative and les@de approach for creation and orchestration of
swarm apps based dRecipe. Toachievethis goal, we desiggd and implemenéd conceyis for

these three tasksonsidering theequirements fromthe SmartEdge use cases. Tl design

is based orits first iteration describedn deliverable D3 and the final list ofrequirements
reported in D2.2. This deliverables a followup to the first implementation of tools for
Continuous Semantic Integratioaported in D3.2 These results were uséd support the first

lab tests and validation phase within WB%.1(and later D6.2provides a validation and report

on how the developments described in this deliverable match the SmartEdge requirements
defined in D2.2 and theomplete set of SmartEddé€Pls.

The following introduction explains the concept of Continuous Semantic Integration (CSI)
defined and implemented by WP3 in SmartEdgée present the different tasks that are
required to enable CSind the associated artefacts that SmartEdge implements to supiport
Moreover, we discuss the mapping between KPIs and artefactithe relations between WP3

and other technicalvork packagesFinallywe outline the structure of the deliverable.

1.1 CONCEPT GBONTINUOUSEMANTIGNTEGRATION

The Internet of Things (I0T) together with edge intelligence brings several benefits across various
industries and everyday life. These technologies enable the seamless flow of data between
devices and systems, leading to improved efficiency and produyctiViiey can lead to cost
savings by optimizing operatioimscomplex environmentdoT devices generate a vast amount

of data whichcan be analged to gain valuable insights and lead to better decigitaking
systems. But all these promises come withypdthesis that the data generated with 10T devices
can be easily consumed by intelligent applications. This is not always true, and very often it is a
challenge. The reason is that 10T devices have different capabilities, communicate via different
protocols, exchange information in different formats, and may change over time. For all these
reasons, it is not an easy task to integrate data generated by IoT devices and make them
consumable for application developers. Figure 1.1 introduces the concept ofnGousi
Semantic Integrationn the SmartEdge projectt isa building block between 10T devices and
addedvalue appsContinuous Semantic Integration (CSI) provides access to horizontally and
vertically integrated data via standardized communication interfaces. It also provides semantics
about data, devices, and applications, and runs on the edge. For example, cagaffilitevices

are described in a machiley 4t SNLINB il 6t S gF& S6AGK adl yRIFNRAT SR
also semantically described aratcessible via unified and standardized interfaces. CSl is a
prerequisite for the lowcode application developmerin a way thatit facilitates semantic
discoveryof device skilland providesmatchmakingof skillswith application requiremats. It

also integrates data with different formats andsemantics andprovides a uniform and
standardized access ta With CSI, the SmartEdge project aims to enalalgydevelopment of
low-codeapplications.
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Figurel-1: Continuous Semantic Integration for SmartEdge

The concept of CShtroduces severalnnovative contributions to the SmartEdgeproject.
Semantic modelg CSformalizekeyconceptdike Svarm Node, Device,Capability, and Recipe
among others. Through CB&cipesare introduced as a practicaleansto specify, developand
deploy lowcode swarm application8uilt onstandardized models and interfaceSSI promotes
interoperability, automates lowcodetoolchains and enhances the reusabilityf Recipebased
applications CSI also incorporateke DataOps todiox to enable adeclarative specificatioof
pipelinesto guarantee semantic interoperabilityetween swarm or devicenodes It supports
pipeline deploymentacross diversenvironmentsand providesa low-code toolfor pipeline
definition. Additionally, CShtegratesa Knowledge Graph Repositpgyspecialized semantic
repository designed fostoring, retrieving andmanagingknowledgeartefacts. Thisrepository
interfaces withtwo key standards: W3C Web of Thingsind OPC WA and storesdatain RDF
format. Thisformat allows for the integration of multiplsemantic vocabulariesupporting a
range ofSmartEdge use casdSrucially it enablesan effectiveapplication oflarge language
models [LM3 on this data simplifying the useof semantic models$n low-code application
development and enhancing the usabilif/the SmartEdge loveode toolchainBy addressing
complexity and usabilitcommon barrierdo the adoption osemanticdechnologiesCSI tackles
these challageseffectively.

The following sectionsf this documentbreak downthe functionalitiesof CSI into aet of
SmartEdgartefacts, each addressing a specific functieithin CSIWe also cover thedesgn
andinitial implementation of thesartefacts.

1.2 CONTINUOUSEMANTIENTEGRATION SMAREDGE

This sectiorprovides an overview of the integianh of WP3artefacts for enablingContinuous
Semantic Integratiofor a set of nodes that are used to comp@sswarmand execute a swarm

1 https://www.w3.0rg/WoT/

2 https://opcfoundation.org/about/opechnologies/opaia/
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intelligenceapplication The diagram irFigure1-2 summarees the relatiorshipsamong the
different artifactsand we discuss theintegration ©nsidering the different taskeequired to
adoptthe artefacts for a certain use caseachartefactis described in detail withia dedicated
section in theremainderof the deliverable.
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Figurel-2: Continuous Semantic Integration enabled by SmartEdgea&facts

Interoperable description of nodes and their capabilities

The first task is based on an interoperable description of the nddegices)available for a
certain use case.e., the list of nodes that can be selected to form a swarm and execwarm
intelligence app. The description of the nodes should be compliant with the SmartEdge Semantic
Models (A3.1) and stored within the Knowledge Graph Repository (AB&Knowledge Graph
Repository provides support for both W3C Thing Descriptions and OPC UA Nodesets.

Enable standardizedommunicationinterfaces for relevant nodes

The second task is associated with the need for enabdigpmunicationamong nodes
leveraging different protocols. Standambmmunicationinterfaces can be enabled with the
support of theartefactMiddleware with Standardized Interfac@s3.2. Moreover, theéSemantic
Media Service(A3.1]) is defined to support the efficient exchanges of data among ndusts
do not require the intermediation of the orchestrator

Definemediated data exchanges ensurirggmanticinteroperability

The DataOps tool provides a set of modular and configurable components (A3.5) that can be
used to define a pipeline for mediated data exchanges among niodése swarm Sucha
pipelinesupportsa semantic conversion proceaad guaranteeqiot only the exchange afata
among nodes, but also theequired schema and datatransformatiors for semantic
interoperability, e.g., considerinthe semanticsa specific domain ontology (A3.1)These
pipelines may alssupport thestatic management of nodes, e.g., the conversiorOSICUA

nodes descriptiorfor their insertion/retrieval from the Knowledge Graph Repository (A3.3).
Moreover, they can support the execution sivarm intelligence applications by fuqoting
communication between the orchestrator and specific nodes in the swarm.

3



The definition of pipelines can be simplified by foade approaches via artefatibw-code
DataOps Configuration (A3.7)

Support execution of mediated data exchangestween nodes on Cloud and Edge

Theexecution of Data Ops pipeline should be fleximlet the deployment environment of the
different nodes. Thartefact DataOps Deployment Templates (A3.6) supports the execution of
pipelines in different deploymentenvironments to enable communicationand data
managementcross differentypes of nodes

Define interoperableRecipe for swarm intelligence apps

In SmartEdge, Recipeserves as an application template. It formally outlines the application
requirements based on the Recipe Model (A3.1). Additionally, it specifies the steps that nodes
(devices) must follow to implement a swarm application. These steps, along with thesaiopl

logic, can be defined using a lamede approach (A3.4). As an application templateeaipecan

be reused to create multiple applications. Therefo€SI facilitates the discovery and retrieval

of existingRecipe within the lowcode environment43.8).0Once asuitableRecipdsidentified,

then the low code developer can customizand finish the design of the application.

Orchestrate interoperabldrecipes on a swarm

SemantidRecips in SmartEdge, described using thedels from A3.lcan be used as the basis

for low code developers to build their applications, usartgfact 3.8. In order to match the
capabilities required by the semantecipe, ArtefactA3.9 provides the alify to matchthem

with the affordances of available nodes in the swarm. Thanks to the matching features of A3.9,
then specific nodes can beound to the runtime environmentto be later enacted and
orchestrated througtartefactA3.10Q

1.3 CONTINUOUSEMANTIGNTEGRATIOAREFACTS

Table 1.1 describes the complete list ofefacts representing Continuous Semantic Integration
tools developed by SmartEdg&he table summarizes the role of ttetefact, where it is
described within the document and the current implementation status.

Tablel.1: Tools for Continuous Semantic Integration.

ID Component | Lead | Section Description Implementation
Status

A3.1 | SmartEdge SAG | 211 Common data structures tq Final version
Semantic represent the data from diversq delivered for the
Models machines, applications, an| secondrelease.

swarms.

A3.2 | Middleware SAG | 2.1.2 Middleware provides| Final version
with standardized data access to th delivered for the
Standardized RSOAOS&aQ RI G @ |secondelease.
Interfaces

A3.3 | Knowledge SAG | 2.1.3 Specialized semantic reposito| Final version
Graph designed for the storage delivered for the
Repository retrieval, and management g secondrelease.

standardized knowledgartefacts

A3.4 | Mendix SAG | 214 A programming environment tq Final version
Toolchain create Recips in a lowcode | delivered for the

manner. secondrelease.




A3.5 | DataOps CEF | 3.1.] Set of components to defin¢ Final version
Pipeline 3.1.4 DataOps pipelines and reusab delivered for the
Components 3.2 pipelines defined for SmartEdg second release.

use cases.

A3.6 | DataOps CEF | 3.1.2 Templates for DataOps pipelin Final version
Deployment 3.1.4 deployment on Cloud and Edg delivered for the
Templates 3.2 environments. second release.

A3.7 | Lowcode CEF | 3.1.3 Artefacts and tools to support thg Final version
DataOps 3.2Error | low-code definition of DataOpy delivered for the
Configuration ! pipelines. second release.

Referen
ce
source
not
found.

A3.8 | Semantic HESSQ 4.1.1, Integration of semanticRecipe| Available in the
Recipe 4.2.1 directory with Mendix for| second release.
Integration discovery and retrieval of existin
with Mendix Recips, related to specific swarn

tasks

A3.9 | RecipeTD HESS( 4.1.2, Implementation of matching o] Available in the

Matcher 4.2.2 Recips and thing descriptiony second release.
according to TD affordances al
swarmRecipespecifications

A3.10 | Mendix HESS( 4.1.3, Orchestrator of Mendix flowg Available in the
Orchestrator 42.3 following a givenRecipeand a| second release.

given set of swarm node
previously matched

A3.11 | Semantic DELL | 2.1.4 Artefact to stream semanti¢ Available in the
Media Service graphs between nodes in th| second release

swarm, which will facilitate g updates expected
shared environmental context. | in WP6

1.4 MAPPINGKP$ ANDARTEFAGT

KPlIs relevant for WP3 are showriliablel.2 and mappedwvith relevantartefacts designed and

implementedto address themThe progress towards KPls for the first release of the CSigools

summarized in this tablby referencingspecific sections of the deliverable

Tablel.2: WP3 Key Performance Indicators for CSI toolsedated artefacts.

KPI Description Relatedartefacts
number
K2.1 Semantic integration should be provided for | A3.2
least 4 brownfield protocols and more thamgBzen
field devices.
Status The semantic integration of communication protocols was initially designé
Update Section 3.5 of D3.1. The first implementation was delivered and document

Section 3.4 of D3.2. The final implementation is provided as middleware
Standardized Semantinterfaces, as described in Sectidi.2

During the project proposal phase, the middleware was intended to support
brownfield protocols and more than three greenfield devices. As planned
proceeded with the design and implementation for greenfield protocol sup
(see Sectio.5in D3.1). However, the use case requirements analysis reve
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that support for brownfield protocols was not necessary. Instead, in use (¢
UC1 and UC4, it became evident that the SmartEdge middleware shoul
enable protocol integration within a virtual environment.
As a result, the design of the middleware with Standardized Semantic Intef
was extended to include support for two additional protoaolSPC UA an
MQTT within Unity, the preferred virtual environment in SmartEdge.
In summary, the middleware now supports seven distinct communicg
options:

1 Zenoh
DDS
MQTT (in lowcode environments)
MQTT (in virtual environments)
OPC UA (in lowode environments)
OPC UA (in virtuginvironments)
Bluetooth Low Energy (BLE

=A =4 =4 -4 -4 4

K2.2 Message conversion performances increased b A3.5, A3.6
least 80% wrt. the baseline described i
[Scrocca?]l(140ms conversion time with 50KByt
XML payloads)
Status Analysisof existing processors for declarative mapping languages to ide
Update relevant components and operations affecting the performance of the sem
conversion process (cf. design of the mapping processor for a DataOps p
reported in D3.1). Enhancement the Mapping Template tool to support th
optimized execution of declarative mapping rules for message conversion
lifting and lowering) in a DataOps pipeline [©8.2. Performance tests wer
performed to compare semantic conversion with the MagpTemplate tool and
existing processors for knowledge graph constructiond8f2. Testingagainst
the baselinevas performed using DataOps pipelinprocessingraffic data from
UC2 (c.f. SectioB.1.4, andwe were capable of processinSON strean
payloadsof 60Kb in less than7 milliseconds on averagémore than 80%
improvement)
K2.3 Semantic integration scalability (in terms | A3.5, A3.6
maximum concurrent requests and data veloci
increased by at least 50% wrthe baseline
described in [&occa2] (100 requests pesecond
with XML payloadsof around 50 Kbytes on
commodity hardware) on a single convert
instance (T3.2)
Status Analysis of different deployment options for a DataOps pipelinentnimize
Update resource usage of a single instance and enable flexible scalability for incre
demand (cf. D3.2)lesting was performed against the baselirgnga DataOps
pipeline processingtraffic data from UC2 (c.f. Sectidhl.4), and we were
capable of processingEON streawith 400requestgsecondof 60Kbwithout
dropping requestgmore than 50% improvement)
K2.4 Reduced complexity and configuration time ( A3.8, A3.9, A3.10
least 70%) of swarm intelligence Apps through
automatic instantiation and orchestration ¢
template-based specifications.
Status The dmplification of the configuration process is part of the facilitated use
Update Smantic Recipes, matching and orchestratibemonstration of howsemantic
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Recipes and WoT integration simplify the configuration process by eng
automated matching and orchestration based on standardized descripis,
reported in Section 4and will be validated in UC%nd UC4UsingMendix
enabledapplicatiors connected through WoTnodescan be retrievedhrough
capabilitybased search and interact with 10T devices using uniform interfg
reducing manual setup and technical complexity.

1.5 RELATIONS MWYP4ANDWPS

There are multiplénteractions and relationshigsetweenthe artefacts for Continuous Semantic
Integration (CSI), developed by WP3, and the ones developed within WP4 andr kPl
details on the referred artefactsf WP4 and WPW@ill be availablen D43 and D53.

SpecificallyWP4 focuses on the networking aspects of a swarm and leverages the semantic
representations defined by WP3 (A3.1) to exchange interoperable representations of the
information on nodes composing a swarm. Additionally, the Task Orchestrator (A5.3.2) uses
both the Knowledge Graph Repository (A3.3) and the Distributed Database for Network
Information¢ Address Resolution Table (A4.5) to discover the available swarm nodes together
with their semantic description and IP addresses. This informatitiren provided to the Swarm
Coordinator (A4.2) to establish the communication to the Node Managers (A4.3) to request the
designated nodes to join the swarm.

To ensure interoperability between the developments in WP3 and WP5, the Mendix toolchain
from WP3 has been extended to support the serialization of Recipes in W3C RDF Tdrenat.
recipescan be:

1 Createdusing the Mendix toolchain (A3.4)
1 Serializedvia the DataOps toolchain (A3.5 and A3.6)

1 Stored and discovereitirough the Knowledge Graph Repository (A3.3), which also
provides a discovery interface

Thisinfrastructure enables seamless integration with the SmartEdge runtime engine developed
in WP5, allowing the execution of Recipes within the SmartEdge environment.

Within WP5, the DataOps toolbox is also used as part of A5.1 to implement the Data Stream
Fusion artefact (A5.1.4). Indeed, a set of DataOps pipelines can be customized to process
heterogeneous data sources and integrate them according to a shared semggumésentation.

1.6 STRUCTURE OF IDECUMENT

The document has the following sections. Seclgnovides thesecondrelease implementation

for Standardized Semantic Interfaces in SmartEdge. This work is primarily the subject of Task
3.1 Section3 outlines thefinal releaseof the DataOps toolbox in SmartEdge, which is in the
scope of Task 3.5ectiond reports theWP3contribution in Task 3.3 on a leeode approach

for orchestration of swarm edge applications; and finally, Secharloses the document
highlighting some of the conclusions found atiscussinghe next steps in WP3.



2 STANDARDIZEREEIMANTIENTERFACES FMREDGE

Standardized Semantic Interfaces are fundamental in SmartEdge, providing access to integrated
data and metadata through standardized communication interfaces. This section discusses the
final implementation of the artefacts dedicated to these interfaces,part of Task 3.1 of
SmartEdge WP3. Specifically, these artefacts include:

A3.1: SmartEdge Semantic Models

A3.2: Middleware with Standardized Interfaces
A3.3: Knowledge Graph Repository

A3.4: Mendix Toolchain

2.1 HNAUMPLEMENTATION

2.1.1 Fnallmplementation oSmartEdge Semantic Modéfstifact A3.1)

2.1.1.1 Description and supported features

This artifact provides standardized semantic models which serve as common data structures to
represent the data from diverse machines, applications, and swarmghiSopurpose, three
main semantic models are defined and implemented in SmartEdge. They are:

1. Device models: They are used as common data structures to describe the components,
attributes and runtime data of a device. Standardized device semantic models such as
OPC UA information models and W3C Web of Things Thing Description are reused in
SmartEdg for this purpose as they enable interoperability.

2. Recipe model: It serves as a common data structure for an application template e.g.,
template for a swarm application. It describes the functional and -fumttional
requirements for an application and the dataflow between various application
components.tldescribes the capabilities of devices / ingredients required to execute an
application, the interactions between the ingredients.

3. SmartEdge Schema: it serves as a common data structure to describe a swarm in
runtime. It can be seen as an instantiation of a Recipe. It describes the devices
participating in a swarm, their attributes, data etc.

GraphRAG Toolchain:

In addition to the above three semantic models, A3.1 provides also features that enable simple
and effective usage of the semantic models in SmartEdge. That is, abasel application is
developed and integrated into Mendix to provide a natural languiagerface to easily query

the information from the semantic models and to simplify the instantiation of swarms from
Recipes from a natural language interface.

Overall, the semantic models and GraphRAG toolchain together enable to describe the devices
or offerings from each use case of SmartEdge in an interoperable way, they enable to easily
develop applications of the use cases using Recipe model and GraphR&wlir tool. Further
describing the runtime attributes of a swarm in SmartEdge schema enables dynamically
replacing a node with another similar node in a swarm.

2.1.1.2 Implementation

All three semantic models mentioned above have been implemented for the first release.
Implementation details can be found in document [D3.2].
8



For the second release, the final version includes modifications to the Recipe model, while the
Device models and the SmartEdge Schema remain unchanged. These changes were introduced
to enable serialization of Mendix Recipes in W3C RDF format, therebynangantegration
between WP3 and WP5 (specifically, the Mendix plugin: A5.4.3.4).

To support this, a semantic mapping between the Mendix domain model and the SmartEdge
Recipe model is required. By default, Mendix workflows can be exported in JSON format, based
on a proprietary Mendix domain model. Since this model differs significhmotly the Recipe
model, several adjustments were necessary to facilitate the serialization of Mendix workflows
into SmartEdge Recipes in RDRe details of these changes are described in the remainder of
this section.

A Mendix Microflow is a visual representation of business logic or process flow within the
Mendix lowcode development platform. It enables developers to define how data is processed,
decisions are made, and actions are executedthout writing traditional code. The structe

of a Microflow is illustrated ifrigure2-1.

MX_ID
microflowlD

origm destination nrigm | destination
ActionActivity i ActionActivity
'oT /OPC UAnode! Activity 'oT /OPC UAnade!
Input/ output . Input / output y

Figure2-1: Mendix Microflow Model

For example, a user can create multiple process flows as Mendix Microflows (represented by
MxSequenceflow in pink). Each sequence flow consists of multiple activity nodes
(ActionActivity, shown in green). These nodes are defined as either origin or destination nodes.
Between each pair of origin and destination nodes, the user can implement a business logic
function (depicted in yellow). In this way, a process flow is constructed usingsrbdt read

data, apply logic, and consume or display the results.

Figure2-2 illustrates aSmartEdge Recipenplemented within the Mendix platform. A Recipe
instance includes a unique ID and a reference to a Mendix project. It is composed of
multiple Interactions as described in deliverable [D3.2]. Each Interaction contains
severalinteraction Activitynodes, which may include input and output data, as well as
an Operation(e.g.,Publish SubscribeRetrieve, as shown ifrigure2-2.
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hasMendixProject MendixProject

interactionlD

=
o
o
=
2
[}
o
o
=4
5]
3

Interactionidentifier

Interaction

ae  Publish

destination

origin

------ Subscribe

Retrieve

operation !
> Operat|o N pa

Inter.act.identifier

EhaSIHDUtDEta et _.[:
:} rdfs:subClassof -:]

Figure2-2: Recipe Instance with Mendix Model

Update

Create

After introducing the Mendix Microflow and SmartEdge Recipe models, we presamtance
of Recipe fromJse Case 5fseeFigure 2-3). Thisexample Recipeinstanceis designed for
monitoring temperature, evaluating a defined threshold, and triggering an alert. It includes:

1 AnActionActivityto read temperature data from a W3C WeThabled device,
1 A business logic function to evaluate the threshold,
1 AnActionActivityto trigger and display an alert in the Mendix user interface.

TemperatureMonitoring RecipelD

Recipelnstance

recipelnstancelD

haslnteraction hasInteraction

Interaction 2 NLQ2

destination origin destination hasNLQ

Interaction 1

origin

hasNLQ

Temperature TemperatureAlert
Alert
rdfs:subClassOf hasOutputData ton rdfs:subClassOf hasQutputData .
WoT:Property 2 WoT:Event -

Legend:

@ c:paviity node

Business logic node

—
[:] Data node
s

Device node

Figure2-3: Example Recipe Instance: MendixSensorAlertRecipe Instance.

Figure2-4 shows an updated Recipe model aligned with the Mendix model. The Recipe model
introduces the concept of Capability, which defines the skills a node must possess to execute
the application described by the Recipe. These skills are implemented losnaction
Activities, which correspond closely to MendhctionActivities. Since Operations in the Mendix

10
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model are defined at the level d@fctionActivities, we adopted the same approach

for InteractionActivities.
recipelD

interactionlD

Aupgededsey
uonoelzjujsey

Interactionidentifier

Capability Interaction

--= Publish

arigin destination

B Subscribe

hasNLQ

hasInteractionActivity

------ Retrieve

operation )
Operation g
l Inter.act.ID

Inter.act.identifier Update
[:‘_ penpnare reoupba
:} _________ wissibclassof {:]

Figure2-4: Updated Recipe Model That Aligns with Mendix Model

Create

% Delete

)
[

Additionally, a new attribute calledLQ(Natural Language Query) has been introduced. This
attribute allows skillrequirements to be described in natural language, making them easily
interpretable by large language models (LLMs). HatetlnactionActivitycan now include an NLQ
description.

Finally,Figure2-5 presents a graphical representation of teemantic mappingetween the
Recipe model and the Mendix model. The Recipe model is shown at the center, surrounded by
green boxes representing corresponding Mendix concepts. This mapping is further summarized
in the following tablesseeTable2.1, Table2.2, Table2.3, Table2.4, Table2.5, Table2.5, and
Table2.7 for mapping theRecipanodel toWoTand OPC UBasedViendixFlows its Operations
andInteractions respectively

___________________ Microflows§Microflow.
! qualifiedName
------- Microflows$Microflow.id

Microflow$sequenceFlow

Microflow$sequenceFlow.
origin

ferac: - —
wng | orin wiarcn an
___________________ Microflow$sequenceFlow.
it 2 o destination

WoTReadPro
perty.propertyName

MXActionActivity.Java MXActionActivity.lava
scriptActionCallAction Any MXActionActivity scriptActionCallAction
.JavaScriptAction= other than WoTClient JavaScriptAction =
WoTClient.WotReadPr or OPCUAClient WoTClient.WotSubscr

aperty ibeEvent

Infarmation can be inferred

’ User-defined
A Tobe added to Mx domain model

Figure2-5: Example Recipe: MendixSensorAlertRecipe Instance Mapping to Mendix Domain Model
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Table2.1: MappingTable: Recipe Model to Waiid OPC UBased Mendix Flows.

Nr. Recipe Term Mendix Term
: Microflows$Microflow.

1 Recipe Name .
qualifiedName

2 Recipe Id Microflows$Microflow.id

Table2.2: Mapping Table: Recipe Model to WoT Based Mendix Flows

Nr. Recipe Term Mendix Term

. - Microflows$ActionActivity.

1 InteractionActivity Microflows$JavaScriptActionCallAction
Microflows$ActionActivity.

5 EventAffordancelD M|crofIOWS$Jav§Scr|ptActlonCalIActlon.
parameterMappings. Parameter:

"WoT_Client. WoTSubscribeEvent.eventName"
Microflows$ActionActivity.

3 ActionAffordancelD M|croflows$Jav§Scr|ptActlonCalIActlon.
parameterMappings. Parameter:
"WoT_Client.WoTlnvokeAction.actionName"
Microflows$ActionActivity.
Microflows$JavaScriptActionCallAction.

4 PropertyAffordancelll] parameterMappings. Parameter:
hb22¢yg/ t ASyiad22¢wSt Rt N
"WoT/ f ASyidd22¢2 NRGSt NR

5 InputData All other parameters from parameterMappings
array except the above.

6 OutputData Infer from semantics of InteractionActivity
Microflows$ActionActivity.

7 Operation Microflows$JavaScriptActionCallAction.
javaScriptAction

Table2.3: Mapping Table for Operations: Recipe Model to WoT Based Mendix Flows.

Nr. Recipe Term Mendix Term
Microflows$ActionActivity.

: Microflows$JavaScriptActionCallAction.

1 Retrieve . : .
javaScriptAction:

G22¢yp/ ftASydod2z2¢wSIFRtN
Microflows$ActionActivity.

5 Subscribe Microflows$JavaScriptActionCallAction.

2 G { ONRLII! OGA2YY a2 2
22¢{ dzo AONRAOGS9OSY ¢

3 Create Microflows$ActionActivity.

Microflows$JavaScriptActionCallAction.
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2 G { ONRLII! OGA2YY a2 2
22¢Ly@21S! OGAz2yé

Update

Microflows$ActionActivity.
Microflows$JavaScriptActionCallAction.
javaScriptActiolf WaiT_Client.

WoTWriteProperty

Table2.4: Mapping Table: Recipe Model to OPC UA Based Mendix Flows

Nr.

Recipe Term

Mendix Term

InteractionActivity

"$Type": 'Microflows$ActionActivity,
bl OliA2yé dhbp¢@LIShHY
"Microflows$JavaActionCallAction"

MethodID

"$Type": 'Microflows$ActionActivity,
bl OGA2yé¢ dhb¢&LIShHY
"Microflows$VI @ ! QG A2y /[ | f €1 ¢
b I O (i pagyieteappingsParameter:
"OpcUaClientMx.OpcUaMethod.methodId"

ObjectID

"$Type": 'Microflows$ActionActivity,
bl OGA2yé¢ dhb¢&LIShHY
"Microflows$VI @ ! QG A2y /[ | f €1 ¢
b I O (i pagyieteappingsParameter:
"OpcUaClientMx.OpcUaMethod.objectld"

InputData

All other parameters from parameterMappings
array except the above.

OutputData

All other parameters from parameterMappings
array except the above.

OutputData

Infer from semantics of InteractionActivity

Operation

"$Type": 'Microflows$ActionActivity,
bl OGA2yé¢ dhbP¢&LIShHY
baAONRTt2abWF Sl ! OGA2

bt OtiA2yéd ael L OGA2y]

Table2.5: Mapping Table foOperations: Recipe Model to OPC UA Based Mendix.Flows

Nr.

Recipe Term

Mendix Term

Retrieve

"$Type": 'Microflows$ActionActivity,

bl OliA2yé dhb¢teLIShY
baAONRTft26abWF ! OGA?2
bl OQliA2yéd a2l B! QGA2Y]
GhLIO! I/ €t ASylaEdhLIO! | w

Create

"$Type": 'Microflows$ActionActivity,
" QiA2yé dhbteLIShY
baAONRTf26abWF ! OGA?2
bl OQliA2yéd a2l B! QGA2Y]
GhLIO! I/ t ASylaEdhLIO! | a
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"$Type": 'Microflows$ActionActivity,

bl OliA2yé dhbp¢@LIShHY

4 Update baAONRTt26abWF @I ! OGA2
bl QGA2yé¢d a2l @ ! OGAz2Yy]
6hLO!' I/t ASylGaEdhLIO! |2

Table2.6: Mapping Table for Interactions: Recipe Model to VEB0ODPC UBased Mendix Flows.

Nr. Recipe Term Mendix Term
1 Interaction Tt 20 a odvicoiowi$SequEnceFlow
Tt 26 a odvichoiond$Iequ¥nceFlaw

2 Interactionldentifier T2 AmoabrLydSN: OGA2Y L
3 origin Ft2 é.é. © dviicioowd$Sequ¥nceFlaw
Tf2digndd f 2NAIAYH
o Tt 20 a odvicoiowi$equEnceFlaw
4 destination

Tt 2dedtidatiors Y f RSadAy ! 47

Table2.7: Mapping Table for Additional Parameters to be Generated for Recipe Creation by Chimera Tool

Nr. Recipe Term Mendix Term
1 Capability To be inferred
2 InputDataType To be inferred
3 OutputDataType To be inferred
4 InteractionAffordanceType| To be inferred

The mapping of these tables will be used in WPe@riableserializationof Mendix Recipes in
W3C RDHF his will help the integration dendix Recipes with other artifacés Recipes created
across different use casesll be available in Knowledge Graptepository (A3) andcan be
discovereckither via SPARQL an interaction via LLMs.

2.1.1.3 Interfaces

Since Artefact A3.1 provides information models, it does not have interfaces with other
components as other software artifacts. Artefact A3.1 is used horizontally in all use cases in the
SmartEdge project, to formally describe devices, their skills aralp&based) applications
created with them.

2.1.1.4 Artifact details

Lead Partner: SIEMENS, Contributor:-88S
Repository:
https://qgitlab.com/smartedgeprojecteu/SMARTEDGH#tee/main/WP3/A31?ref type=heads

Documentation:

o The SmartEdge Schemiattps://w3id.org/smartedge/smartedgeschema#

o The SmartEdge Recipe modsips://w3id.org/smartedge/recipemodel#

o The SmartEdge Device moddaips://www.w3.org/TR/wotthing-description11/

Public/Private: public
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2.1.2 Fnal Implementation ofMiddleware with Standardized Semantic Interfaces
(A32)

2.1.2.1 Description and supported features

Standardized semantic interfaces provide a unified method for accessing device data at the
application level. IrSmartEdgeadeliverable D3.1, we identified the need for communication
across various protocols, including OPC UA, MQTT, DDS, HTTP(S), and Bluetooth (BLE), to
support different use cases. Ensuring protelesel interoperability is crucial for leveraging

these intercmnected systems.

To address the challenges of mygtiotocol device communication and enable interoperability,
we provided a middleware solution that unifies messages across different protocols, as
illustrated inFigure2-6. This middleware layer allows for both vertical and horizontal data flow
and provides unified data access from the application layer.

zenoh rest
lugin

zenoh router
zenoh dds zenoh maqtt
plugin plugin

I
T O pbs fﬁ)\ MQTT O OPcuA o O orcua O B

MQTT

‘ PRDAIEIE SRR / L - g i
! I : I I
I'SmartEdge smart | | - | : | Virtual
|
| e | AMR | ISman trafiic node | Industrial FLC | | Environment

S o —_——_— = = - - —_ - - — - - - — — -

Figure2-6: Standardized Semantic Interfaces in SmartEdge.

Artifact A3.2 is used in all cases. It provides middleware, delivered as a Docker container with
Zenoh router, supporting usease specific protocols. Initially, it includes MQTT and DDS as
southbound interfaces and REST as a northbound interface. Thecpsljifted focus from
supporting brownfield protocols to enhancing virtual environment integration, adding OPC UA
and MQTT support for Unity in SmartEdge Use Cases 1 and 4. We provided implementations for
these two connectors, as well as an OPC UA coonémt Mendix lowcode platform.

This artefact is dependemn use case For example, Use Case 1 uses Thing Descriptions with
MQTT bindings, while Use Case 3 uses Thing Descriptions and the DDS protocol. Further on, Use
Case 4 employs OPC UA for data communication in the real and virtual environments and uses
OPC UA Nodeset® describe devices. Middleware also integrates -lmvde and virtual
environments using OPC UA, facilitating seamless interaction within SmartEdge.

The concept and implementation is designed to be extensible via apkghitecture so that
additional communication channels can be added in the future. An example of this is a NATS
integration. Use Case 2 can provide live and simulation data fronteteenvironment. This

data can also be used in Use Case 1 to map digital twins of traffic lights, for example, and thus
enable crosaise case integration.
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2.1.2.2 Implementation

The middleware implementation is based on the ofsemrce project Eclipse Zenpha data
centriccommunication middleware developed under the Eclipse Foundation. Zenoh is designed
for distributed systems and excels in réiahe communication, edge computing, IoT, robotics,
and data storage and querying across networks.

A key feature of Zenoh is its interoperability at the communication level with other ecosystems
such as DDS, ROS 2, and MQTT. As part of the SmartEdge project, we conducted successful tests
with all three protocols, leading us to select Zenoh as the fotioddor further middleware
development.

However, since Zenoh does not natively support communication via the OPC UA protocol, we
developed an OPC UA connector for the Mendixtoge platform. This connector is based on

an existing opessource modul& which initially lacked support for method invocation on OPC
UA servers.

For instance, in Use Case 4, the skills of an industrial device are exposed through OPC UA
semantic descriptions (nodesets) and made accessible vialaecated OPC UA server. A
Recipe a lowcode edge applicatianruns within the Mendix runtime. During exaton, the

Recipe may read and write variables from the OPC UA server and invoke methods to perform
specific actions. To enable full OPC UA integration, we extended the connector to support
method invocation. Our enhancements have been contributed batha@pensource OPC UA
Connector project.

In regard to extensibility, a proobf-concept based on Zenoh, NATS and MQTT was
implemented, which is particularly relevant in the context of Use Case 1. This darther
developedin the ongoingprogress of UCih a native integration ito the middleware

Beyond communicatiotevel integration, SmartEdge also emphasizes semantic integration. We
have implemented DataOps pipelines for OPC UA support (artifactg 837, which are now
integrated into the Knowledge Graph Repository (A3.3).

Finally, to support testing and validation of Recipes in a virtual environment, we developed an
OPC UA connector for the Unity platfoxnn parallel, we also created a W3C Thing Description
connector for Unity.

2.1.2.3Interfaces

Middleware with Standardized Interfaces tise key artifact within the SmartEdge project,
serving as a central integration point for multiple other components. It primarily facilitates data
exchange between heterogeneous devices and the Mendixclode platform, enabling
bidirectional communication.

This middleware (artifact A3.2) is integrated with artifacts A3.5, A3.6, and A3.7 to support
semantic integration, mulprotocol data ingestion, standardized querying, and -mvde
deployment strategies, particularly demonstrated in Use Case 4.

Additionally, A3.2 interfaces with A5.3.2 to support orchestration tasks and with the Knowledge
Graph Repository (A3.3) in Use Cases 2, 3, and 5a. These integrations enable coordinated data
flow and semantic reasoning across the system.

8 https://github.com/eclipseenoh

4 https://marketplace.mendix.com/link/component/230843

5 https://unity.com/
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Further integrations are planned. For example, with A3.11, to connect standardized data sources
to a streaming protocol, as well as with A5.1.2.2, to link Mendix with the artifact responsible for
manufacturing scene understandinbhese integrations arexpected in the scope of WP6

2.1.2.4 Artifact details

Lead Partner: SIEMENS, Contributor: Fraunhofer

Repository:

This artifact contains parts that apeiblic andothers that areprivate.
Main SmartEdge repository for A3.2:

9 https://gitlab.com/smartedgeprojecteu/SMARTEDGE/
[tree/main/WP3/A32%ref type=heads
OPC UA Client Connector (a part of A3.2 available in a public repository):

9 https://github.com/ki-do/OPCUA-Connector
MQTT TD Client Connector (under MQTTUnityConnector)

9 https://gitlab.com/smartedgeprojecteu/SMARTEDGE/
[tree/main/WP5/A5443%ref type=heads
Documentation:

9 https://gitlab.com/smartedgeprojecteu/SMARTEDGE/
[blob/main/WP3/A32/README.md?ref type=heads

1 [D3.2] for A3.2 as whole

9 https://marketplace.mendix.com/link/component/23084f&r OPC UA Connector

2.1.3 Fnallmplementation oKnowledge Graph RepositqArtifact A3.3)

2.1.3.1 Description and supported features

The artefact A3.3 implements a Knowledge Graph Repository for W3C WoT Thing Descriptions
and OPC UA standard Nodesets. It serves HXp&sed SPARQL endpoints supporting different
triple storeslike Fuseki, GraphDB, Virtuoso, Neptune. The A3.3 enables semantic queries and
discovery service in the leaode toolchain.

The DataOps toolbox (artefacts A3.5 and A3deSection3.2.2) is used to develop pipelines
supporting the OPC UA standard in A3.3. The features enabled by these pipelines are:

1 Import of OPC UA Nodeset (conversion to RDF and store)
1 Retrieval of OPC UA Nodegebnversion to XML frorriple store
1 Query Capabilities (return result as CSV, JSON, etc. according to SPARQL protocol)

1 Lowering of an input RDF graph leveraging the othedels available in the repository

2.1.3.2 Implementation

The Knowledge Graph Repository is the basis for semantic queries and the discovery service in
the low-code toolchain. We use thBomus TDD ARiom Eclipse ThingWeb as our Knowledge
Graph Repository. This is an opgwurce project, which is loAgrm supported and co
developed by SIEMENS. The solution implements the standardi3€il WoT Discovery API
Domus implements a Python and SPARGded Thing Description Directory (TDD). It complies
with the W3C specifications and implements the Web of ThiBgscovery Exploration
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Mechanisms The API relies on a SPARQL endpoint as a database connection. The supported
endpoints are Apache Jena's Fuseki (default), Ontotext's GraphDB, OpenLink Software's
Virtuoso, and AWS NeptunEigure2-7 depicts how Thing Descriptions (TDs) are stored in the
Knowledge Graph Repository, as well as how they can be uploaded and retrieved.
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Figure2-7: Thing Description Upload and Retrieval via TDD API

The Knowledge Graph Repository has been extended to provide similar support for the OPC UA
standard, too. For this purpose, a set of DataOps pipelines have been implemented to support
OPC UA in A3.3 and satisfy the requirements mentioned above. Eacheipgfoses its
functionalities as an HTTP endpoint leveraging a prdgede Connectocomponent and
interacts with a remotetriple store that can be configured depending on the specific
environment. For the second release, we integrated the latest version of the DataOps artefacts,
we completed the developments of the expected features, and we resolved some of the
limitations of the first elease. In particular, we automated the management of interdependent
OPC UA NodeSets by handling different named graphs in the renijg&estore Additionally,

we enabled support fomapping operationgrom multiple data sources (e.g., RDF and XigL)
modularizethe mapping rules and fix references from incoming inputs to other NodeSets
already in the Knowledge Graph Repository.

2.1.3.3 Interfaces

The artifact A3.3 integrates with the Mendix Toolchain (A3.4) to facilitate the discovery of device
skills during Recipe development. This discovery process supports devices described using either
the W3C Thing Description or the OPC UA standards.

The A3.3 also integrates a set of DataOps pipelines developed with A3.5 components and
deployed through A3.6 templates. The pipelines support integration with vatigule stores

The functionalities are exposed as HTTP endpoint that accepts/returns OPC UA specifications in
XML format and allows querying with results in all formats supported by the SPARQL protocol.
The A3.3 is also utilized by the A3.9 to perform matchmaking between device skills and Recipe
requirements Finally, using a REST interfacéhte Thing Description Directory (TDD), A3.3, the
Streaming Media Service, 3.11, issues SPARQL queries to retrieve static properties. This

AYGSNI OGA2yT FLFHOAfAGFOISR o0& GKS {GNBFYAy3 aSRAI

Things or Thing Mitels that have been detected in the environment and codified within the
scene understanding graph.

2.1.3.4 Artifact details
Lead Partner: SIEMENS
1 DataOps pipelines for ORIA support: Cefriel
Repository:
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f Thing Description Directory (TDD): https://gitlab.com/smartedgeproject
eu/SMARTEDGHfee/main/WP3/A33?ref type=heads

1 DataOps pipelines for OREA support: https://gitlab.com/smartedgeproject
eu/SMARTEDGH#fee/main/WP3/A35/uc4dataopsopcua

Documentation:
1 Thing Description Directory (TDD): READM&Nus TDD APkand Web of Things
Discovery
1 DataOps pipelines for ORGA support: README and Postman collection in the
repository.

Public/Private:
1 Knowledge Graph Repository for Thing Descriptions: Public
1 DataOps pipelines for ORMA support: Private

2.1.4 Finallmplementation oMendix ToolchaifjA34)

2.1.4.1 Description and supported features

The Mendix Toolchain comprises the Menlditegrated Development Environment (IDE), which
has been extended to support the development of SmartEdge Recipes, and the Mendix
Runtimea an interpreter that executes Mendix applications and provides the -teeng
frontend.

The Mendix Toolchain enables seamless interaction with the Knowledge Graph Repository and
incorporates GraphRAGan LLMbased application designed to provide a natural language
interface for querying the Knowledge Graph and simplifying the instantiatiawafms from
Recipes. By integrating GraphRAG, the Mendix Toolchain significantly lowers the barrier to using
complex standardized semantic models within adowde environment, making it accessible to
non-technical users.

The Mendix Runtime facilitates communication with heterogeneous devices that operate over
various protocols (via A3.2) and are described using W3C Web of Things (WoT) and OPC UA
standards (A3.1). The Runtime itself is delivered as a Docker containerngnsaortability and

ease of deployment.

2.1.4.2 Implementation

The Mendix Toolchain and Runtime have been developed to support the implementation of low
code solutions that leverage predefined SmartEdge Recipes, streamlining the creation and reuse
of complex IoT applications. To enhance these capabilities, the Gr&fiBdichain has been
integrated, enabling natural languagpased discovery and matchmaking with heterogeneous
devices.

SmartEdge Recipes developed within Mendix can also be tested and validated in a virtual
environment using Unity, as demonstrated in Use Case 4.

wSOSyild I ROFIyOSYSyia KIFI@S &aAIyATAOLyidte SEGSYF
supporting diverse communication protocols and integrating new connectors for advanced use

cases. The WoT client connector Mendixhas been developed, enabling property read/write
operations, event subscriptions, and action invocations via the WoT REST API.
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Additionally, Mendix has been extended to support Bluetooth Low Energy (BLE) communication,
specifically tailored for Use Case 5b. This BLE connector allows direct data acquisition from BLE
devices within Recipe instances running in the Mendix Runtime.

The OPC UA connector has also been enhanced to support methoanchitsade available for
Mendix applicationsThe current version supports parameiess methods, with future releases
planned to include support for methods with parameters.

With successful integration and testing of BLE, OPC UA, and REST connectors, Mendix now
supports a wide range of communication protocols, enabling interaction with diverse devices
for executing Recipes. The Mendix Runtime, capable of executing these Réxipmvided as

a Docker container for ease of deployment.

2.1.4.3Interfaces

The Mendix Toolchain integrates with GraphRAG from A3.1, and further connects with A3.9 for
matchmaking tasks and with A3.10 for device orchestration.
The Mendix Runtime communicates with the A3.3 Knowledge Graph Repository via a SPARQL
based RESTTful interface to enable the discovery of devices and their capabilities, as well as to
support the matchmaking process (A3.1 and A3.9). Additionally, it interaith the A3.2
Middleware over REST to execute Recipes on the selected devices.

2.1.4.4 Artifact details

Lead Partner: SIEMENS, Contributor:-88S

Repository:

https://gitlab.com/smartedgeprojecteu/SMARTEDGHitee/main/WP3/A34?ref type=heads
Documentation: README

Public/PrivateThe Mendix Toolchais private, andiie MendixRuntime is public.

2.1.5 Fnallmplementation ofStreamingMediaServicgA3.11)

The Streaming Media Service, artefact A3.11, acts as an interface between artefacts of the
SmartEdge system, converting data streams to other formats and publishing them to know
topics. The service can interface directly to other artefacts, such as thienSigaalization
artefact, A5.4.4.5. The input streams are typically in the form of RDF scene graphs, and the
outputs can be in various formats, from JSON messages to occupancgepapsging on the
requirements of the downstreaoomponents

Figure2-8, illustrates how the Streaming Media Service is deployed and used in one of its
primary use cases, and is taken from use case 3 demo A. The use case demo shows how camera
feeds can be converted into scene understanding graphs and then stylisticallyydipiaan

operator using swarm visualization. The swarm visualization shows the operator what the
swarm understands of the environment. The Streaming Media Service is responsible for
consolidating scene understanding graphs being streamed from variousnodbe swarm,

into a common 3D semantic model of the environment. The model is then converted into
different outputs and shared with other members of the swarm. Allowing the members of the
swarm to better comprehend their environment than would be poksftiom a single viewpoint.
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Figure2-8 - Schematic diagram of use case 3 demo A illustrating the primary context for the Streaming Media
Service

The Streaming Media Service is deployed as a docker container running under the control of the
SmartEdge runtime. The service starts automatically once the contaiimestéstiated It first
connects to its local Zenoh router and subscribes to topic:

*/perception/scene_understanding/graph.

2.15.1 Interfaces

The Streaming Media Service has a:

1. input interface;
2. aninterface to the TDD; and

3. the output interface to the swarm visualization artefact.

Three of the interfaces are illustrated on the schematic diagrafignre2-8, however there

are additional output interfaces depending on the use case requirements. Typically, the output
interfaces are customised for the specific input requirements ofdbenstreamartefact or
system. One output interface produces an occupancy map; the map can be used by the Robot
Operating System (ROS) to safely navigate the robot around obstacles defined in the map.
Another output interface exchanges pallet classification andtionanformation with the AMR

pallet mover. Currently these are the only outputs planned for the Streaming Media Service, but
additional output interfaces could be added in the future to meet the functional requirements

of new SmartEdge artefactds in the case of the occupancy map, the outputs are not always in
text format.

TDD Interface A2-11

The TDD interface A3.42 is used to retrieve static properties from the Thing Description
Directory (TDD). The Streaming Media Service uses a REST interface to the TDD to issue a SPARQL
query on specific Things or Thing Models detected in the environarhtodified in the scene

codified in the scene understanding graph.

Input Interface A3.1111
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The input interface A3.I1 is a Zenoh pub/sub client that subscribes to messages

on the topic: */perception/scene_understanding/graph.K S G fFé¢ A& | G2LIA O LINBT

the source of the messag8, @3 ® X & dzNJ/ Y dzdzk B bniversdlly priqueSdedpifier
(UUID) can then be looked up in the T@Mbtain its static properties, such as the robot it is
Y2dzy i SR 2y 2 NJ i K STheQdpi¥ frélix edsureNEatitiferfe dré o hafrdspace
collisionsbetween different Things in the swarnthe terms Things and Thing Description
S5ANBOG2NE | NB LI NIi 2 Ticattom Tha nessadeopaydall is @ sdeyed &
understanding graph in JSEI® format.JSON messages are a common format for the body of
pub/sub messages arate easily read by humans or machines.

Output Interface A3.11A5.4.4.5

The Streaming Media Service useé#/abSocket communication channel update the swarm
visualization artefact about changes to the location or state of Things in the environment. It also
receives requests for additional information regarding the Thing, which it obtains from the TDD.
Originallyjt hadbeen planned thaZenoh would be used as theommunications channel to the
swarmyvisualizationartefact, butit was written inJavaScripand the Zeph client provedtoo
difficult to setup.

The output interface A3.1I2 is a Zenoh pub/sub client that publishes messamgethe topic:
fthing/state. The message payload is in JSON iaditatesthe new state of the thingThe
format of the JS® message is:

"id": "f47ac10b58cc4372a5670e02b2¢c3d479",
"type": "obstacle",
"operation™: "add",
"location™: {
"x":10.5,
" 5.2,
"z 1.1
3
"orientation": {
"u": 0.0,
"v": 0.0,
"w": 90.0
2
"speed": 2.5,
"timestamp": "202310-27T710:00:00Z"

Where:
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key description mandatory for operation

id UUID of the Thing add, update, delete
type Type of the Thing: pallet, human, palletMov¢ add, update
obstacle

operation | Operation being performed on the state of th add, update, delete
Thing: add, updatajelete

location Relative x, y, and z coordinates of the Thing fr add, update
the origin in meters

orientation | Relative u (roll), v (pitch), and w (yaw) pose ¢ add, update
Thing from the origin axis in degrees

speed Speed type of the Thing in meters per secq update only for
update only for palletMover palletMover
timestamp | In 1ISO 8601 format add, update, delete

Output Interface A3.142

The Streaming Media Service publishes occupancy maps for an environment. The message is
published on topic nav_msg/OccupancyGrid, and Zenoh prefixes the topic with the Streaming
Media Service instance namespace to identify where the map came from. Thagedsss the

same elements and structure as the standard ROS nav_msg/OccupancyGrid, except that the
message body is in JSON rather than binary format, as it is for standard ROS messages. The JSON
keys and data types are derived from the standard ROS message

Output Interface A3.143

The Streaming Media Service communicates with the AMR pallet mover, used in use case 3
demo A, by exchanging messages over MQTT. The Streaming Media Service passes the AMR the
location and classification of pallets in the pallet lane, and the ARM retwrisdation and

whether it has lifted its forks, indicating that it is holding a pallet. The precise structure of the
messages has yet to be defined.

23



3 DATAOPSTOOLFORSEMANTIAMANAGEMENT OFHINGSAND
BEVIBEDDER\I APPS

The DataOps todjox is designedand implementedin SmartEdge to support theontinuous
integration of Things and Apps, facilitating their deployment from the Cloud to the Htige.
tool aimsto provide a solutiorfor enalding data exchanged)armonisation, andntegrationin
implementingedge intelligence among nodes within a swarnspeciafocusis givento the
performance and scalability requirementd the need to supportdifferent deployment
environments.

Considering the SmartEdge requirements elicited in D2.1 and refined in D2.2, the final design of

the DataOps toolbox has been discussed in D3.2 to address two main challenges:

1 Interoperability of static node informatiothe description of the node information and

its capabilities should be made interoperable and exchanged/retrieved according to

common semantics
1 Interoperability at runtime within a swarma node's runtime information should be

made interoperable, or the runtime data exchanges between nodes in the swarm should

be mediated taguarantee their interoperability.

The DataOps toolbox is designed as a set of artefacts that can be configured to address

heterogeneous interoperability requirements as representedrigure3-1. In particular, three
artefacts are designed and released for the DataOps toolbox:

1 DataOps Pipeline Componelis3.5): a set of composable and configuratilecks to
define DataOps pipelines for data operations within a swarm

1 DataOps Deployment Templat¢83.6): reusable templates to provide flexibility in
deploying DataOps pipelines both in the Cloud and on the ;Edge

1 Lowcode DataOps Configurati¢A3.7): lowcode approaches to support developers in
the configuration of DataOps pipelines

Low-code DataOps Configuration (A3.7
/ DataOps Pipeline \ / P 9 (A3.7) \

Components (A3.5)

DataOps Pipeline

Y

b— C 4 A - A —>»c

a b)..(n Source Target

\ J \ .

DataOps

J - Pipeline

Deployment Environment

DataOps Deployment Yy
Templates (A3.6)

Figure3-1: Overview of the DataOps toolbox artefacts
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The application of the DataOps toolbox to a specific use case requires: ¢drifiguration of

one or more DataOps pipelines using the components from A3.5 and possibly the tools-for low
code configuration from A3.7, (ii) the deployment of the pipeline(s) selecting one of the available
deployment templates from A3.6.

DataOps pipelines can be reused for use cases with similar requirements. As an example, for
UC4we implemented a pipeline to guarantee support for GP&nodes with the KG Repository
(A3.3) that can be reused in any use case leveragingU2P@des. Similarly, the pipeline for
discovery of the devices developed for UC5b can support the R&Eipelather (A3.8) in
different use cases. In any case, the modular approach guarantees the possibility of adapting an
existing pipeline to different requirements by simply modifying the configuration of the affected
portion.

In Section3.1, we provide a brief overview of th#designof the three artifacts in the DataOps
toolbox and report on their final release. We specifically focus on the new developments
compared to the first release, which is thoroughly detailed in CRErfally, ve report on thefinal
performance and scalabiliyesting to assess the artefacts against theskP2 and 2.3 defined

for the DataOpsgoolbox.

In SectiorB.2, we describespecificpipelinesdefined to support differenDataOps requirements
across the SmartEdge requirements.

3.1 HANAUMPLEMENTATION

This section discusses tfieal release ofartefacts inthe DataOps ToolboXor each artefact,
we provide an overview of its final design and the supported featuwes, describe the
developments made for the secondlease, we discusss expectedusage considering other
artefacts andwe report onhow the artefactis made available.

3.1.1 Finallmplementation of the DataOps Pipeline Components (A3.5)

Artefact A3.5 provides a set of modular and configurable building blocks to develop pipelines
addressing heterogeneouzataOpgequirements

3.1.1.1  Description and supported features

The A3.5 componens define the building blocksfor configuring pipelines foDataOpsby
supporting the amto-one mapping approachselected and discussed in D3.1
[VetereO5Scrocca20] Figure 3-2 summarizesthis approach that leverages Semantic Web
technologies and declarative mapping rules to support data interopenabilit

The representation of the exchanged data through a common reference ontology enables the
possibility of data harmonisation and fusioconsidering heterogeneous data sourcdhe
definition of mapping ruleso (lifting) andfrom (lowering)the reference ontologyor each data
sourceenablesmediated data exchanges across different nodes and reduces the number of
point-to-point custom integrations in the system. Furthermore, the usage of declarative
mapping rules improves the maintenance of such rules arar theusability for nodes
communicating using the same datehema/formatfVanAssche22]
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Figure3-2: Declarative semantic conversion process for interoperability

To implement suctht Y I LILINE | OK & geh8icD&&DpsApibeliteRas represented in
Figure3-3. The main types of building blocks are tdede Data Connectpwhich are blocks
responsible for enabling data exchanges with different types of interfaces/protocols, and the
Mapping Processpmhich are blocks capable of executing declarative mapping rules for data
and schema transformations. Additional blocks may be integrated within a pipeline to perform
additional manipulationge.g., for data fusionr to implementdata integration requirements

I
I
: Input Data to Semantic Interface
1| Input Node Semantic Interface to Output Data Output Node
—H Data ' Mapping Mapping 1 Data
Connector Connector
Mapping Executor Mapping Executor

DataOps pipeline

Figure3-3: DataOps Pipeline

3.1.1.2  Implementation

We selected the Apache Cartieiramework as a solution enabling enterprise integration
through thedeclarativeconfiguration of building blocks within an executable pipeliypache
Camel offers many productieready components that can be easily integrated within a pipeline
as Node Data Connectdor common protocols and interfacesdditionally, it offers buikin
support for theEnterprise Integration Patterf$iohpe04 for data integrationFinally, Camel
can be easily extended to defimestomcomponents to be integrated within a pipeline

TheChimeraframework is an opersource project that extends Apache Camelriiyodudng
operations for constructing, manipulating, and exploitiRipFgraphs within a pipelineln
particular,Chimerasupports the execution of declarative mapping rules by provitiagping
Exectorscomponents.

As part of the first SmartEdge release, a refactoChimerawas completed by defining the
following threecomponents:
1 camelchimeragraph Camel component used to create and manipulate RDF knowledge
graphs(either local or remote)
1 camelchimerarmimapper Camel componentor lifting operationsdefined usinghe
RDF Mapping Language (RMgl)esiasMolina23]

6 https://github.com/cefriel/chimera
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1 camelchimeramappingtemplate Camel componenfor both lifting and lowering
operationsusing theMapping Template Language (MTL) [Scrocca24].

As a result of the refactor, the components now follow the Apache Camel guidelines for Camel
components and are published on Maven Central to facilitate their adoption by external
projects. Thefirst releasealsofocused on theredesignand implementation of the mapping
template’ library thatis used withirthe Chimera Mapping Template componéat (i) support

a genericdeclarativeknowledge conversioapproachvia MTL, (ii) improve performance and
scalability of the conversion, (iii) support the execution of RML mapping byle®nverting

them to MTL filesAdditional details can be found in D3.2.

Thesecond releasef A3.5focuseed onsupporting new featuresconsidering the validation of
the DataOpspipelines within the us&asesand improvingcode reliability by identifying and
resolvingexisting issuesThe work carried out idocumented in theissue trackeand in the
release changelogf both the mappingemplate (from v2.5.1 to v2.6.1)and Chimergfrom
v4.1.1 to v4.5.0yepositorieson GitHub In the following we report the main modifications
introduced.

The firstaspect relates toproviding better support for remote triplestores and improved
management of named graph®n the one hand, wanprovedthe integrated management of
remote RDF graphs within a Chimera pipeltoefacilitate the connection to the remote
triplestore andsupportdata operations and the execution of mapping operatiagsf they were
executed on an imemory RDF graptOn the other handwe harmonged options forthe
consistenthandlingof named graphs across &himeracomponents

A second work stream was dedicated to the integratiomeiv featuresdeveloped forthe
mappingtemplate library in the first release and requiring modification within the Chimera
Mapping Template componeiie.g.,enablemultiple readers for the samenapping execution)
Additionally, we worked in the mappirtigmplate to reflect recent changes in the RML
specification anextend its support tather RML modules. &ticular attentionwasgiven to the
new RML:L\? (Logical Views) extension, which introduces new mechanismeccessing input
data sourcesand it is similar to the dataframe approach defined in MWMe alsoparticipated

in the KGCW Challenge 2025 assess the complianceith respect to the specification and
other RML mapping processousing the TyphoiRML tool described in Sectidhl.3 As a
result, we ensuralmostfull compliance considering the new set of RML Core test casels
partial coverage of the RMIO and RMILVmodules®.

Additionally, we worked onsupporing the observability of DataOps pipelines through
monitoring tools. In particular, wadoptedMicrometer! as a vendoneutral facade that can
be configured to support differerdeployment environments and observability tools.

7 https://github.com/cefriel/mappirgmplate

8 https://kgconstruct.github.io/rmlv/spec/docs/

9 https://kgconstruct.github.io/workshop/2025/challenge.html

10 https://github.com/cefriel/typheml/tree/main/evaluation/kga025

1 https://micrometer.io/
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We leveraged Micrometer's capabilities within the Camel framewarid we provided a
template project onGitHub'? to exemplify its usageThe Camel Micrometer Compongs
facilitates theinstrumentation ofpipelines with custom metrics of type counter, summary and
timer.

Figure 3-4 exemplifies the instrumentation o generic DataOps pipelineonsidering the
following metrics

1 [Summary]Queue Length: length of theessagegiueued within a pipelineto assess
potential bottlenecks and understand the overall system load

T [Timer] Lifting/lLowering Process Durationthe duration of themapping processto
evaluate the efficiencgonsidering different inputs and mapping rules

1 [Summary]Sample Sizeheck size of input processed
1 [Counter]Samples Processecbunt of the total number of samples processed

Asshown in the example, tagsan be used to filter metrics associated with specific pipelines

s=routeId=1ifting")

puteId=lifting")

Lifting")
s=routeId=11fting")

Figure3-4: Micrometer instrumentation of DataOps pipeline

portions of a pipelineCertain metricsnay require custom code to be collected, as done in the
example with the queue size by using a custom processor.

Micrometer can then be configured to expade collected metricsising different approaches.
We investigated thesupport for Prometteus®, a weltknown opensource toolfor metrics and
monitoring in container orchestration systems like Kubernet®bforeover, he Prometheus
format isaccepted by mangther time seriesdatabasedike InfluxDB®. Weexperimented using
the Telegraf® agentto collect and storen InfluxDB themetricsexposed bya set of deployed
DataOps pipelinemstrumented with Micrometer This integration enabled us to create custom
dashboardsn Grafand’ to verify in realtime the trend of each metrias the example shown in
Figure3-5. Additionally,alertscan be configuredo monitor the performance of the system in
reaktime.

12 https://github.com/cefriel/chimerdeploymenttemplates/tree/main/minimahimeraobservable
micrometer

13 https://camel.apache.org/components/4.10.x/micrortei@mponent.html

14 https://docs.micrometer.io/micrometer/reference/implementations/prometheus.html

15 https://www.influxdata.com/

16 https://github.com/influxdata/telegraf

17 https://grafana.com/
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Figure3-5: Grafana dashboard for instrumented DataOps pipeline

Finally, we focused oworking on the implementation of DataOps pipelines §pecific use
cases We investigated and tested the usagerefuired Node Data Connectors (e.g., NATS,
HTTP, WebSocketsye defined and implementethapping rules for data transformatidinom

the consideredsource/target nodesandwe developedcustom blocks to address business
specific logic within the pipelineblore details are reported in Sectid2.

3.1.1.3 Interfaces

To support heterogeneous DataOps requirements, BlaaOpdoolbox was not designed as a
pluggable artefactvith specific interfaces buas a set of components thabould be used to
configure and deploy DataOps pipelines capablef addressing specific interfaces and
requirements Artefact A3.5rovidesmodularand configurablduilding blocks fothe pipelines
Artefact A3.6 provides templatego deploy the pipelines developed using AB&mponents
ArtefactA3.7enables the lowcode definition ofA3.5 pipelines.

The ppelines defined for specific SmartEdggse casegxemplify the potential usage of A3.5
components in combination with other artefacts. Tdieclarative mapping rulemaybe defined
consideing the SmartEdge semantic modebefined in A3.las a reference ontology
Interactionswith the knowledge graph repositopA3.3 allow DataOpgipelines to be enriched
with contextual informatioror to store generated RDF triple§urthermore, A3.£omponents
can be used to support data fusion requirements A%.14 by harmonising and integrating
heterogeneous data streams.

3.1.14 Artifact details
Lead Partner: Cefriel
Repository:

1 Chimerahttps://github.com/cefriel/chimera

1 mappingtemplate https://github.com/cefriel/mappingtemplate

1 SmartEdge DataOps pipelinggps://gitlab.com/smartedgeprojecteu/SMARTEDGE/
[tree/main/WP3/A35?ref type=heads
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Documentations available within each repository. Tagefacts are publicly available as open
source projects released under the Apache License Ph@ DataOps pipelines for each
SmartEdge use case are private and available within the SmartEdge private repository.

3.1.2 Fnallmplementation of thdDataOps Deployment Templa{@e3.6)

Artefact A36 provides a set ofeusable templateso deploy DataOpspipelines addressing
different deployment environments from cloud to edge

3.1.2.1  Description and supported features

The DataOps Tool should support diverse needs, particaanigidering the different strategies
shown inFigure3-6 for deployingpipelinesaddressing the interoperability afata formats and
semanticswithin a swarm. The alternatives discussed in D3.2 are

1 Within a dedicated smamode (mediation hode)
1 Embedded in the swarm orchestrator (mediation service)
1 Embedded in the middleware/network layer
1 Embedded in the source/target smanbde
Orchestrator P
DataOps Pipeline <€
Middleware
o EEEEER > DataOps Pipeline -
DataOps Node Smart Node
Node Node

DataOps Pipeline DataOps Pipeline

Figure3-6: Deployment strategies for DataOps pipelines

In this direction, we investigated Apache Camel and its inherent support for multiple
deployment options to enable flexibility in the deployment of DataOps pipelines botgdge
devices and in theloud. To facilitate the deployment of pipelines in different environments, we
planned the implementation of prdefined and reusable deployment templates.

As part of the A3.6 final design described in D3&identified and discussed the pros and cons
of differentdeployment alternativeshownin Figure3-7.
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Figure3-7: DataOps Deployment Templates

In the following, we brieflgummarisethe options identified focusing onQuarkus and Knative
enabled within the second release.

1. Library. A DataOps pipeline can be integrated within a Java Project by importing Apache
Camel and Chimera dgependencies
2. JAR FilesJAR files are satbntained executables (Java Archive) that encapsulate all the
necessary components for running a DataOps pipeline. Diffenemiimes can be
selected to build and package JAR files for executions:
1 Camel Corebasic runtime for Camel applications.
9 Spring for CamelCamel's Spring integration allows Camel routes to be
configured within a Springased application
1 Quarkus a Java framework designed to start up quickly applications by
implementing specifioptimizationsand configurations at build time. Quarkus
is optimized for low memory usage, making it suitable for rescumestrained
environments, serverless environments and microservices architectures. Java
libraries should be adapted as Quarlextension& to enable their usage within
Quarkus projects.
3. Containerization: JAR files can be packaged as OCI (Opentainer Initiative)
containers using different Java Virtual Machines (JVMs), such as OpenJDK or Oracle JDK.
4. Native Executabl¢GraalVM): GraalVM is a higlerformance Java runtime that offers
aheadof-time (AOT) compilation. This enables the compilation of DataOps pipelines as
native binary executables before deployment, eliminating the need for a JVM at
runtime.

18 htps://quarkus.io/guides/writingxtensions
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5. Kubernetes If a Kubernetes environment is available either on a single device or as a
deployment environment for multiple nodes composing the swarm, DataOps pipeline(s)
can be deployed using different approaches:

1

T

3.1.2.2

Sidecar containét: a Docker container running a DataOps pipeline can be executed
within a Pod deployed for a node as a sidecar container

Service A Docker container running a DataOps pipeline can be executed as a
dedicated Kubernetes Pod and exposed as Kubernetes services. This enables scaling
the number ofreplicas and the automatic load balancing of requests.

Apache Camel:Ka subproject of Apache Camel explicitly designed for running
pipelines in Kubernetebased environments. It can be used to simplify the
deployment of DataOps pipelines for use cases involving alatide and serverless
architectures. One of the core iomations introduced by Camel K is the concept of
Kamelets (Kamel route snippets), which are reusable integration templates that
provide an abstraction to encapsulate pipelines for specific integration tasks (like
accessing data from a certaiode in a specific format).

Knative: a Kubernetesdased platform to deploy, manage, and scale applicatittns.
can beemployed to manage a Camel K deployment of DataOps pipelines in a
serverless manner.rative enables automatic scaling of the pipeliffesallocating

more computing resources to pipelines with increasing workloads and allowing
scaleto-zerofor pipelinesthat are not receiving requestdJsing Knative, DataOps
pipelines can be deployed as:

o Knative aware DataOps pipelinanodifying the DataOps pipelines to make
them Knativé! aware using the Camel Knative comportéand then deploying
it through Apache Camel K. By usthg CameKnativecomponent individual
routes within a DataOps pipeline can automatically scale based on demand and
receive priority resources, while lighter routes can scale to zero and be activated
only when needed.

0 OCI containexdeployed using KnativBecause modifying DataOps pipelines to
make them Knative aware may not always be desirable it is possible to deploy a
DataOps pipeline packaged as an OCI container using Knative. A DataOps
pipeline deployed in this fashion retains the scale to zero capebibffered by
Knative but at a coarser granularity. While for Knative Aware DataOps pipelines
it is possible to automatically scale individual Camel Routes that form the
DataOps pipeline, in this deployment scepathe whole DataOps pipeline is
treated as an atomic unit to be scaled.

Implementation

Deployment templates arelocumentedand demonstrated via gublicly available GitHub
repository’®. Each deployment option is documented through detailed dtgystep instructions
in dedicated README files, accompaniethieyr demonstration considering exampBataOps
pipelines The exampl@ipelines(minimalchimeraprojects)are designed to be runnable cut

19 hitps://kubernetes.io/docs/concepts/workloads/pods/sidecaainers/

20 https://knative.dev/docs/serving/autoscaling/

21 https://knative.dev/docs/

22 https://camel.apache.org/components/4.8.x/knatomponent.html

23 https://qgithub.com/cefriel/chimerdeploymenttemplates
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of-the-box and are supported by dedicated Dockerfiles. In addition to these, templatized
Dockerfiles are also provided to serve a®laeprint for deploymentsof different or more
complex DataOps pipelings addition to the deployment options already present for the first
release, additional templates were introduced.

Knative wasinvestigatedto enable autoscaling for resourdgetensive DataOpspipelines
deployedin cloudon a Kubernetes clusteas well as scat®-zero functionality during periods

of inactivity, optimizing resource usadénative can be used to deploy DataOps pipelines built
with A3.5 in two ways. Firstly, at a finer level of granularity it is possible to alter the DataOps
pipeline by integrating the Apache Camel Knative component. The result of this is that Camel K
candistinguish between individual routes that form the dm@ataOps pipeline, meaning that
each route is treated as a scalable unit by the Knative Deploymentefiiidesroutes that
receive lots of traffic can be scaled up, while routes that, for example, are responsible for logging
do not. A second option is to treat the DataOps pipeline as an atomic unit, meaning that
individual routes are not autecaled but the whole pipeline is. This latter option is preferable
when the original DataOps pipeline cannot be altered to integrate the Camel Knative
component.The deployment templaté for this option is shown ifigure3-8.

apiVersion: serving.knative.dev/vl
kind: Service
metadata:
name: <chimera-example>
spec:
template:

spec:
containers:
- image: <chimera-docker-image>
ports:
- containerPort: <chimera-exposed-port>

Figure3-8: Deployment template for deploying DataOps pipelines as docker images through Knative

A DataOps pipelingpackages as docker containehas been successfully deployed thre
Kubernetesclusterin the integration environment from WPésing Knative. The pipeline has
been exposed through an HTTP interfacel tested by sending?OST request® the service
endpoint, confirming that the pipeline is accessible and functioning as expdedddwing the
initial test, we experimented with different loads andbserved that theKnative Service
exhibited its autoscaling behavior correctiging the following command

kubectl get podsl serving.knative.dev/service=<yesgrvicename>

Specifically, after a period of approximately 2 to 3 minutes with no incoming requests, the
service instance was automatically scaled down to Zerease ofncreasing load, theumber

of pods increased based on tHead. Knative supports the usage of different metrics for
autoscaling We tested the default one based on the number of concurneaguestsreceived

that can be configured considering the requirements of a specific DataOps pipeline.
Alternatively, other metrics such as CPU and memory usagéearsed todetermine the
autoscaling behaviodf.

24 https://qgithub.com/cefriel/chimerdeploymenttemplates/tree/main/knative

25 https://knative.dev/docs/serving/autoscaling/autoscatietrics
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Finally, he Quarkus runtime was exploréal assess the possibility of obtainifagter execution
and reduced memory footprint compared to traditional Java runtinfied may be beneficial for
edge deploymentsCamel Quarku¥ provides Quarkusextensions of Camel components,
enablingthe implementation of Camel projects that mdgnefit from Quarkusptimisations
However, not all theCamel components are available in Camel Quadinse they require
dedicatedmodificationsand testingto adapt the behaviour in thebuild phasefor reduced
runtime dependencies and improdeefficiency Additionally, extensions may offer different
levels of supporti.e., JVM only or also native mode. The same challenges also apply to the
Chimera components, in particular considering the dependenciesdkeernal librariefor RDF
managemen} used by Chimera and ngét available a®Quarkus extensions. For these reasons,
we were currently able to experiment partially with Quarkuws we expect in the future broader
support for this frameworland to be able tomplement dedicated Chimemxtensions.

Nevertheless, he minimaichimeraquarkusapp?’ project demonstratesa DataOps pipeline
successfully developeduilt and testedusing the Quarkus frameworand Camel Quarkus
However, generating a native executable with Quarkus waspnesibledue to therequired
dependenciesind theperformanceadvantages of relying on Quarkaie in this casdimited as
discussedn Sectior3.1.4

3.1.2.3 Interfaces

A3.6is strictly relatedwith A3.5 as it is used to deploy DataOps pipelidegeloped by using
A3.5 componentin different ways according to the specific needs of the use case.

3.1.2.4 Artifact Details
Lead PartnerCefriel

Repositoryhttps://github.com/cefriel/chimeradeploymenttemplates

The documentation and the demonstrator pipelines are publicly available in the provided
repository.

3.1.3 Fnallmplementation oL.owcode DataOps Configurati¢h3.7)

Artefact A3.7 provides a set tifolsto configure DataOps pipelinesing lowcode approaches

3.1.3.1  Description and supported features

A lowcode approach simplifies application developmentdmwiphasizingconfiguration over
manual coding. The overall objectig€A3.7is to enable a declarative configuration@taOps
toolboxcomponentgA3.5) within a pipelineso that users can reduce the need for implementing
custom solutions.

For the DataOps tool, we chose to leverage the Apache Camel framework that enables the
definition of data integration pipelines using the abstractionRijutes as a composition of
building blocks. This abstraction empowerdosv-code approach to data integration, as it
exposes all available functionalities of Camel components through-deellmented URI
parameters, which users can configure when creating a route. This approach also means that
modifying the data integration pipele doesn't necessitate rebuilding the entire software

26 https://qgithub.com/apache/carrmlarkus

27 https://qgithub.com/cefriel/chimerdeploymentemplates/tree/main/minim&himeraguarkusapp
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artefact that executes Camel routeis;only requires changes to the file where the route is
declared.

Routes can be defined using several dorrspacific languages (DSL), with the most prominent
options being Java, XML, Spring XML, and YAML. Alternatively, routes can be built using a
graphical user interface without writing code using Apache C#ardvari? and the plugin for

Visual Studio Code. This graphical approach significantly eases the process of route definition,
as it avoids syntax and logical errors that may happen when manually writing a route in a text
file.

As a major development for the second releage developedhe TyphonRMI28 tool to support

the fully declarative specificatioof DataOps pipelinessing the RDF Mapping Language (RML)
This tool translates RML mappings into A3.5 DataOps pipelines. RML mabypinigsign
combine both data access logic and data transformation rules. TyRihin insteacdeparates
these twodistinct aspectdy generating: (1) BataOps pipeline, defined using the Apache Camel
XML DSL, whiclconfigures all the necessary A3.5 components for data access and
harmonisation and (2) a declarative MTL mapping file that containsrttagpingrules Both
outputs can be further edited to meespecific requirements or introduce performance
optimisations, as discussed in Sect®B.1for UC2

3.1.3.2 Implementation

The first release of A3.7, described in D&®2used on adapting Chimera to facilitatee usage

of components in the various Camel DSL and especially in YAML. Moreover, we worked on
enabling the usage of Chimera components in Karavarsh@a/nin Figure3-9, a DataOps
pipeline can be configureasing the YAML DSL, or the same route can be obtained by the drag
and-drop editor of Karavan.

Figure3-9: Lowcode DataOps Configuration via Karavan

28 https://github.com/cefriel/typherml
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In the second release, we modified Chimera to allow the names of the operations performed by
its components to be expressed as optional parameters, rather than using URI path parameters.
Before this change get operation for the Chimera Graph componeartuld onlybe expressed
as.to("graph://get?...) This can now alternatively be written as("graph://?operation=get")

which is a syntax preferred by the Karavan Tohls changsimplified the implementation of

the required DataOps pipeline for UC5b gsitaravandiscussed in Sectidh2.3

To streamline the execution of pipelines exported from Karavan and address the issues
mentioned in D3.2, wenade available a project that can be used as a bas&itomatethe
deployment of such pipelinés. The project should be updated in case additional custom
dependencies (other than Chimera) are introduced within the pipeline.

Additionally, we investigated further the possibility of using Karavan to write Kamelets and
execute them directly in Kubernetes environments.

apiVersion: camel.apache.org/vlalphal
kind: Kamelet
metadata:
name: mapping-template-lifting-action
annotations:
camel.apache.org/catalog.version: "
camel.apache.org/provider: "Chim
camel.apache.org/kamelet.group: apping Template"
labels:
camel.apache.org/kamelet.type: "action"
spec:
definition:
title: "Me
description:
properties:
templateUrl:
title: "Template URL"
description JRL of the Chimera mapping template file"
type: "string"
inputFormat:
title: "Input Format"
description: "Format of the input data (e.g., csv, json, xml)"
type: " !
enum: ["csv", "json", "xml", "mysql", "post
outputFormat:
title: "Output Format"
description: "Format of the output RDF data (e.g., turtle)"
type: "string"
enum: ["turtle", "rdfxml", "nt", "json"]
default: “"turtle"
dependencies:
- "mvn:com.cefriel:camel-chimera-mapping-template:4.3.0"
template:
beans:
- name: mappingTemplate
type: "#c “om.cefriel.util.Chimer
propert
url: "{{templateUr
serializationFormat: "vtl"
from:
uri: "kamelet:source"
steps:
- to:
uri: "mapt://{{inputFormat}}?template=#bean:{{mappingTemplate}}
&format={{outputForma !

Figure3-10: Kamelet performing a lifting operation

29 https://qgithub.com/cefriel/chimettaitorial/tree/yamitutorial
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Kamelets can banefficient way to reuse routeemplates i.e., to reuse portions @& parametric
DataOpspipeline by simply providing the required parameters for gwenarioconsidered
Figure3-10 shows anexample Kamelet that allows to abstract the needed configuration for
executing the Mapping Template Component on an incoming inpuperform a lifting
operation. The same cdve done for a lowering operatiolBoth examplekameletsare made
available onlin®.

While it is possible to correctly define Kamelets that use components from A3.5 it is not possible
at the momentto automatically deploy them using the CanteKubernetes operator. This is
because the Chimera Apache Camel components are not registered in the official Camel
Catalod' dependency tracker, meaning that the Chimera Java dependencies are not recognized
automatically at deployment time by the Camel K tool. However, it is possible to use kamelets
in a Kubernetes environment by not using Camel K and manually specifying ¢dedne
dependencies to run the kamelet. A project is made avaifdbdedemonstrate how to execute

a kamelet and can then be used in combination with the deployment templates defined by A3.6.

TheTyphorRMLtool is designed and implemented to waskrossgwo distinctphases, as
illustratedin Figure3-11: the compiletime step and theruntime step.

Input .| DataOps Pipeline
data - Template
sources Typhon RML
, N DataOps
: n »| Pipeline
Router Translator » e
MTL Ly Target
(.vm) (vm) Output
MTL
RML Mapping
Mapping ol Mapping +| Rules
Rules “] Template “1 (.vm)
(.rdf)
(. J L )
RS RS
Compile time Runtime

Figure3-11: Overview of the typhemml approach for modularising the declarative mappi
rules.

During the compildime phase, the RML mapping is processed using the map@inglate Java
library. Thisphaseinvolves two mapping files written in the MTL language. These files are used
to generate both a DataOps pipeline and an MTL mapping, which together produce the desired
target output based on the input data sourceEhe DataOpspipeline is created by extracting
information about the data sourcesuch as their types and how to access thieom the RML
mapping. Thidgnformation extraction and writing of a corresponding DataOps pipeline are
handledby the mapping rules defined in tiHeouter.virfile. In contrast, thelranslator.virfile
handles the transformation of the core mapping logic from RML to an equivalent set of rules in
MTL format hence the name "TranslatorThese sets of mapping rules, expressed in RML and
MTL are considered as equivalent as they produce the same output file. At runtime, the two

30 https://qgithub.com/cefriel/chimera/pull/43

31 https://camel.apache.org/manual/caicaialog.html

32 https://qgithub.com/cefriel/chimerdeploymenttemplates/tree/main/chimekamelet
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produced files are loaded and executed by Thyghon Chimera Skeletaa Java skeleton project
setup with the necessary dependencies to run the produced Dat&ppsne.

While it is technically possible to automatically pass the generated DataOps pipeline and MTL
mapping rules to the Chimera Skeleton, we intentionally avoid doing sodé&tision is made

to give users the flexibility to review, configure, and adapt the generated files to better suit their
specific use case¥heseaequirements are often difficult or even impossible to express in RML.
By combining the Chimera framework with declarative MTL mapping rules, users can achieve a
level of customization and expressiveness that RML alone does not supperadvantages of

this approach are discussed considering the DataOps pipeline for harmonised traffic data
defined for UC2 in Seon 3.2.1

Figure3-12 show an example set of RML mapping rules on the left, and the obtained DataOps
pipeline generated by TypheRML and represented using the Camel XML DSL.

Figure3-12: RML mapping rules and the corresponding DataOps pipeline generated by -Ridhon

We evaluated TyphoRML against the RML test cases, and we reported the results of the
evaluation in the online repositof§ Currently, it provides coverage for the RML Core
specification, as demonstrated by its execution against the test cases for the KGCW Challenge
2024. This includes reading from CSV, JSONXMelihdocal files and from MySQL and Postgres
databases. The configuration used to run the tool and the generated DataOps pipelines and
MTL file for each test case are made available online

3.1.3.3 Interfaces

Artifact A3.7 istrictly related to A3.5 as it allows define and configure DataOps pipelines for
A3.5 usingarious lowcodeapproaches

3.1.34 Artifact Details
Lead Partner: Cefriel

Repository:

33 https://qgithub.com/cefriel/typhemml/tree/main/evaluation
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0o Documentation on howto use Karavanto define DataOps pipelines:
https://github.com/cefriel/chimera/tree/master/karavan

0 Example project to execute YAML pipeline exported by Karavan:
https://github.com/cefriel/chimeratutorial/tree/yaml-tutorial

0 TyphonrRML toolhttps://github.com/cefriel/typhonrml

Additional documentation is provided in the respective repository.

3.1.4 Performance and ScalabiliEyaluation

Starting from the results reported in D3.2, we carried out an additional performance and
scalability evaluation to assege DataOps toolbox against the KPIs 2.2 and 2.3.

In particular, we focused on addressing isstied emerged during the first release regarding
the reproducibility of the test cases and the possibility of varying both the size of messages
processed and their frequency. Finally, we evaluated the performance of the newly introduced
deployment templatdfor Quarkus andéhvestigated the differences in performance by executing
the pipeline oma virtual machine in cloud and @m edge device

The artefacts and the configurations used for testing activities are made availalite on
Zenodo together withihe raw result§Zenodo25]

3.1.4.1  TestingPreparation

For the testing, we considered the same Data@ipslineused for the first release andgesing
reattime data fromthe city of Helsinki radars, which is transmitted via WebSockets in JSON
format. This data includes information on the number and types of vehicles detected, such as
whether they are cars, trucks, or other vehicle types. Once collected, the data is conveoted i
RDFaccording tothe target ontology. The DataOps pipeline is illustrated kigure 3-13.
Declarative mapping rules are defined using the MTL and executed via the Mapping Template
component.

Declarative
Mapping Rules

Websocket JSON RDF
— — Data H  Custom Mapping Executor Smart Traffic — -—>
Connector Input Format Ontology

DataOps pipeline

________________________________________________

Figure3-13: Example DataOps pipeline for the semantic consesi radar data

For this second release, vgenerated a set of test samples from data collected from actual
radars in Helsinkio solve the testing issue with unpredictable variance of the input size and
uncontrolled message frequencyheJSONsamplesreported inTable3.1 were createdwith
varied sizes t@nalysethe impact of sample size on the performance of the applicatidre
name of the file reports the number of records from the radar added to a single measage
the corresponding size of the message.
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Table3.1: Sample files generated for the DataOps evaluation

Sample Fild#records) Size
sample_10.json 4 KB
sample_30.json 9 KB
sample_50.json 15 KB
sample_100.json 30 KB
sample_200.json 60 KB
sample_500.json 149 KB

sample_1000.json 297 KB

A custom Pytho#based WebSocket server has been developed to evaluate the performance of
the DataOps pipelinainder controlled conditions. The server transmits the festzk JSON
samplevia Websockeat configurable intervalensuring consistent input for each test iteration.

The execution of the tests is controlled via a Bash scdptfigurable through several
parameters:

1 Docker imageName and tag of the Docker image executing the DataOps pipeline to be
tested

Number of repetitions Specifies the number of repetitiofier each test
Running intervalDefines theduration ofa single test execution
Waiting interval Sets the waiting time between test executions.

Sample file Indicates which sample file tssefor the test

= =2 =4 -4 -2

Sending interval Controls the interval at which the WebSocket server sends a message
to the connected client.

Both theWebSocket servaand the DataOps pipelinese packaged into specific Docker image
to guaraneean isolated and reproducible testing environment.

In addition to the described test environment, \iwaplemented another version of the DataOps
pipelineaccepting)SON messagemanHTTP POST endpqiahd we tested it by relying on the
Locust* opensource load testing toolndeed, singWebSockeprovidesa single persistent
connectionwhere messages argéransmitted over one channelnstead of multiple parallel
streams. Ifa client is slowin processingnessages, the servédentifiesthis and automatically
reduces themessage delivemate (backpressurgto avoidmemory overflow or latency buildup
This behavior complicates the simulation of high concurrency. On the other hadd@TP
inherentlysupports concurrency through independearidisolated requests, makingat better
optionfor testing scenarios that require simulating multiple users or concurrent requesdtse as
processingpeedof one clientdoes notimpactothers.Moreover, it allowdor gettingadditional

34 https://locust.io/
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insights on the latencgxperienceddy each user for each requesbnsidering alsdelayed and
droppedmessagesiue toqueuingmechanisms.

We developed a Python script using the Locust API togureafithe task of each user to send a
JSON sample of a given size to the DataOps pip@liveeLocust tool allows you to control the
number of requests by setting up the following parameters:

1 Number of users: number of concurrent users at peak
1 Rampup: number of users added every second

1 Test duration: total duration of théest

1 Frequency: frequency of requests for each user

3.1.4.2  Testing Methodology

We instrumentedthe DataOps pipeline to collecthe following metrics to evaluate the
performance of each image:

1 Conversioriime: The time taken t@xecutethe DataOps pipeline

1 Queue size: Give information on the rate at which the imacggprocess the incoming

data.

1 Resourcailtilization: CPlAndmemoryusage sampled at regular intervals.
Additionally,for the test with the WebSocket, we measured theactual number of messages
processedper second, whilausing the Locust topwe alsocollectedmetrics on eneto-end
latency (from the user perspective) afallure rate (requests dropped).

Considering the results of the first release, we decidegadorm the tests by evaluating the
DataOps pipelines associated with the following deployment templates.

1 Temurin Pipeline deployeds a Jar using the Temurin J\a@d it showed the best
performance in terms of conversion time.

1 Native Pipeline executed as aative executable obtained using Graal VM
Community Editionas it showed the best performance in terms of resource usage.

Additionally, we tested theQuarkuspipelineimplementedusing the Quarkus framewowrknd
deployedon the Temurin JVNhat was not availabléor the first releaseAll images are limited
to 1GB memory usage via J\Ad Native executable options.

We performed the test by considering two deploymemivironments representative of a cloud
and edge deployment:

1 C Cloud Virtual Machine (VM) witt2 Intel(R) Xeon(R}A36 CPU @ 3.30GHz, 128
GB RAM and SSD.

1 E NVIDIA Jetson Orin Namdth 6-core Arm CortesA78AE v8.2 6hbit CPU8 GB
RAM andL28GB microSD.

We performed a test for each sample s{a®, 30, 50, 100, 200, 500, 10G0)d considering as
waiting intervalthe values0.1s (100mg; 10 reg/seconds)P.01s {Oms¢ 100 reg/seconds)
0.001s {ms¢ 1000 reg/secondsEach test is executed over a period60 seconds. Finally, to
mitigate the effect of application cold staoin average metrigsan initial burst of messagées
sentbefore theexecution of each test.

To complement the results obtainedie performed a testing witthe Locust Toabn the Cloud
Virtual Machinewith 1000 concurrent users at peaending 1 request per secorahd with
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ramp-up period of 10 users/secondsr a total duration of 120secondsWe compared the
temurinandnativeimages.

3.1.4.3 Results

This sectiodiscussedhe main results obtained in the test activities performed, considering an
assessment of KPIs 2.2 and 2.3.

We focus thediscussioron the results obtained for theTemurin image, confirming the best
results in terms of performance and the Native imagehievingalso in this evaluation the
lowest resource usagd@he Quarkus imagarovides a good tradeff for many test cases among
performance and resource usage, however, as mentioned in previeasoss, the full

advantages of the Quakusntime are notleverageddue to the compatibility of dependencies.

Table3.2 reportsthe results obtained fothe Native, Temurin and Quarkus deployment opsion
with sample siz200 and frequencies (0.1s, 0.01s, 0.00Agjomplete table with results for each
test case is made available in Annex | (Sect)on

We reported in Table 3.2 the sample size of 200 records, as its size (60 KB) allows for a
comparison with the baseline value of 50KB for KPIs 2.2 and 2.3 [Scrocca2l]. For KPI 2.2
regarding performance, we consider the value registered for lower frequency (10
messages/seconds), asthe considered baseline, no concurrency of requests is introduced for
the evaluation The Temurin deployment in cloud registered the best performance with a
minimum conversion time of 2m®Qarkus 4ms, ative 6ms) andn average conversion time

of 15ms. The registered values are higher on the edge device (average 17ms).

For the comparison with the baseline, we use the reported 107ms value for lifting [Scrocca2l]
(instead of 140ms including both lifting and lowering), as in this case, only the lifting operation
is performed. Both on cloud and on edge, we achieved more 8G% improvement with
respect to the baseline (values are lower than 20rRe}.the Native deployment, the average is
higher than 20ms (30ms), but only on the edge device (9ms in cloud), possibly due to specificities
of the ARM architecture that cannot lbrectly compared with values in the baseline.

Notably, also withhigher concurrencyof requests(100-1000 messages/second@nd higher
sample sizesl49KB and 297KBin mostof the configurationghe average valueneetsthe

target value andhe improvement reaches even higher percentages. Finally, it can be noted that
for lower frequency values the average conversion time is in some cases higher than with higher
frequencies (e.g., temuri@00-0.1 vs temurir200-0.01). This may seem countemuritive, but it

is due to the fact that the average is computed over a greater number of messages and the effect
of outliers is reduced.

For KPI 2.3, we consider the message/seconds actually processed for the 1000 message/seconds
casewith sample siz€00 (60KB&nd compare it with the baseline of 100 requests/seconidhk

50KB messagé&or the Temurin caseve managed to conved15 messag&secondon the VM

and 266 messagisecond on the Jetson Nano. For the Native c&828 messagésecondon

the VM and 135 messages/second on the Jetson Namoboth images the deployment on the
Jetson Nano dropped some messages due to the saturation of the queue (max value 1000
messages)in most of the cases we maged to obtain an improvement mudigher than the

50% set for the KFEvenin this casethe only exception is the Native image on the Jetson Nano

and this can be explained as commented before for KPI 2.2.
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Table3.2: Conversion time faXative, Quarkus andTemurin images of the DataOps pipelines in the different test

cases.

Slg‘r:g?e“ msg/s conver:i\clg'n_time converr:iz)r(l_time converrsT::Jnn_time EDS GUISIE ST
Frequency | C E C E C E C E C E
”a“‘é‘flzoo 100 | 100 | 32724 | 36192 | 67.0 | 102.0 6.0 190 | 00 0.0
natg 31200 870 | 850 | 9240 | 30302 | 710 | 1950 | 60 | 180 | 1.0 4.0
”ag‘.’gozloo 3260 | 1350 | 12.023 | 44.064 | 870 | 2480 6.0 180 | 160 | 1000.0
tggz)“gi 9.0 | 100 | 14674 | 16981 | 29.0 36.0 2.0 8.0 0.0 0.0
;%rgtg_igl 770 | 810 | 7539 | 15880 | 22.0 53.0 2.0 7.0 0.0 1.0
ztg(r)"g.rg:)l 4150 | 266.0 | 3.699 | 27591 | 470 | 286.0 2.0 6.0 7.0 | 1000.0
qzuoa(;'g‘_i 100 | 100 | 17.641 | 22.936 | 32.0 55.0 3.0 110 | 00 0.0
gggrgfl 830 | 820 | 5566 | 10518 | 32.0 39.0 3.0 9.0 1.0 | 1000.0
zqouoag‘.ggl 2100 | 410 | 4144 | 19353 | 350 | 71750 | 3.0 9.0 | 1000.0 | 1000.0

Figure3-14 andFigure3-15, report the trend of memory and CPU usage for taseof size200
and frequencyl00 message/secondsmmpled everyb seconds over the test executiowe
report only thiscase as the recordetlends of resource usagare consistent across different
test cases and allow for a comparison of the different deployment templates.

As it can be seen, thmemoryusage on the VM and the Jetson Nano @raostcomparable for

the Native image while different for the Temurin imadéevertheless, the usage of resources
on the VMand the Jetson Nano are well below the 1GB limitEleé similarity of resource usage

for the Native imag®n the VM and the Jetson Nasapports our intuition on the fact that the
differencein performance of the same image on the Jetson Nano is mainly due to the underlying
ARMarchitecture.We will investigate this aspect furthés better understand the root causes

of this difference.

All the test cases registered a similar CPU usdtiea valuelower than 50%after the initial
spike.

It isrelevant to highlight here thave managed to reach with the Native image the target values
of KPI 2.2 and 2.3 while also reducing memory consumption.
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Figure3-14: Memory Usage foNative, Quarkus andlfemurin images of the DataOps pipelined on cloud VM and on
the Jetson Nantor the casewith sample size 200 and frequency 100 msg/second
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Figure3-15: CPU Usagier Native, Quarkus andlemurin images of the DataOps pipelined on cloud VM and on the
Jetson Nanavith sample size 200 and frequency 100 msg/second

Table3.3 and Table3.4 report the performance obtained in performing the Locust test with
1000 users at peak concurrenframp-up 10 users/seconds, duration 120k reg/user every
second. Complete chartswith the behaviourovertime are available in Annex | (Secti@h The
charts in Annex | show how tliklecrease in theaumber of requests/second reaeba limit after

a certainnumber of concurrent users are spawnedhe tests performedre aligned withthe
numbers mentioned beforewith 400 requestssecond managedby the Temurin image and
around 350 requestsecond managed by the Native imagrethis case, the limit is not reached
due to the Websockedtaclpressure but to théncrease in thend-to-end latencyresponse time

in the charts)ue to the queuanechanism of Apache Camélcan be seen in the tables how
the averagdime from the usemperspective Table3.3) is much higher than the actual conversion
time (Table3.4).
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Table3.3: Locust summary report for Native and Temurin insage

# Requests | # Fails| Average Min Max Average RPS Failures/s
(ms) (ms) | (ms) size (bytes)
native 36847 0 757.29 11 2401 346315 297.21 0
temurin 39947 0 614.54 7 2092 346315 322.76 0
Table3.4: Conversion time for Native and Temurin imagensidering the Locust test
avg conversion avg queue max conversion min conversion max queue

time size time time size

native 16.427 30.0 107.0 6.0 87.0

temurin 6.917 24.0 46.0 2.0 87.0

Theresults discussed in this section are mainly guaranteed by the improved integration of the
components with the Camel ecosystem and the developments made on the Chimera Mapping
Template component to enable lifting operations and to optimize its execution.

3.2 DATAOPSTOOLBOJAPELINESORSVMAREDGE

This section discusses examples of DataOps pipelines explicitly developed to address the
requirements of SmartEdge use cases. These pipelines exemplify the usage of the artefacts
implemented for the DataOps toolbox and offer additional insights.

In SectiorB.2.1, we considethe DataOps pipelinedefined for SmartEdge Use Cade 2upport
data fusionin artefact A5.1.4f traffic and public transportiata.

In SectiorB3.2.2 we discuss how we implemented support for GPLnodes for Use Case 4 in
artefact A3.3 via a dedicated set of DataOps pipelines.

In SectiorB.2.3 wedescribe the pipeline defined to suppdRecipeTD matchingn artefact 3.9
for Use Case 5by matching recipes witthe required sensors and devices

Additional details on the integration dfie DataOpgoolboxin the use casswill be reported in
deliverable D6.2.

3.2.1 DataOps Pipeline faraffic datafusion in A5.1.4UC2)

Considering the use case 2, we fodnighis sectionon the DataOps pipelireedevelopedto
harmonisetwo traffic data sources data coming from street radars arliblic transportation
data GTFS anGTFSRT feeddor static and reatime informatior®®) from the city of Helsinki
The objective of the pipelire shown inFigure 3-16, is to achievea commonsemantic
representation to makelata interoperable andenable their integrated usagiey downstream
applications In addition to the harmorsation, the DataOps pipelirgseare also in charge of
fetching theneeded data and forwardini to the intended receiverconsidering thelifferent
protocols and access mechanismbefunctionality describeds handledby A3.5components
more specifically theaccessand writingto data sources via WebSockel$TTP(S) and NAdi®
managed by the appropriate Node Data Connectorslefined by Apache CamelThe
harmoniation itself isperformedby the Mapping Template Componeptovided byChimera,

35 https://gtfs.org/documentation/overview/
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whosedesired target output ispecifiedvia declarative mapping rules in the MTL langu&fgV

and JSON format are automatically handled byNwepping Processomwhile GTRRT data are
parsed from their binary Protobuf representation using a custom component and mapped to
their JSON representation before being procesdduse DataOps pipeling are integrated in
A5.1.4to implement multimodal stream fusion for UC2, and additional details will be provided
in D5.3with a focus on the adopted ontologies, the capanding MTL mappisgand the data
fusion logic for the A5.1.4 artefact.

Declarative
Mapping Rules

Mapping Executor

HTTPS csv

Data M GTFS Input
K Connector Format

HTTPS Protobuf

Tram/Bus Line Schedule

Dynamic
Tram/Bus
Position

RDF

- ] Data - GTFS-RT Mapping Executor Smart Traffic —— —
Connector | |Input Format Ontology
Declarative
Mapping Rules Potential
Tram/Bus
detected by
Websocket JSON the radar RDF
— — Data < Custom Mapping Executor Smart Traffic —  —
Connector | |Input Format Ontology

Figure3-16: DataOps pipelirefor harmonised traffic data developed for UC2

In this section, we focusnoa discussion of thgipelinesconsideringa set ofchallengeghat we
addressedn their implementation. In particular, wexplain the advantages of the DataOps
toolbox with respect to other solutions for declarative knowledge graph construtiémed on
RML mapping rule3 he willingness tprovide a solution tahese challengesvhile also enabling
the usage of RML mapping rules to desciiba fully declarative way the intended conversion
processexplains the rationale behinthe design andlevelopment ofTyphorRML[Grassi23,
described in Sectio.1.3.2 Indeed, this tool allow$or the automatic generation of a DataOps
pipeline from RML mapping rules.

The five challenges are:

1. Applying the same mapping rules to an input dsdarcethat adoptsthe same data
format butrequiresdifferent access mechanisns.g., apply mappings to Websocket
data sources)

2. Deploying the same mapping rules for multipleta sourcege.g.,deploy the same
mappings for each road intersection considering the relevant data sources)

3. Forwarding the mapping output to specific targktta sourcege.g., NATS server)

4. Enable custom performance optimizatidepending on the input data being
considerede.g., avoid duplicated data generation)

5. Customizing the KG construction processupport specific requirements for data
integration(e.g., performance metrics)

Challenge 1 arises from how RML mappings are developed. Typically, mappings are created
using local data samples and refined iteratively. However, since RML combines data access and
transformation in a single mapping, moving to productioiere data may be accessed
differently (e.g., via a WebSocke€quires rewriting the entire mapping, even if the datself

remains unchanged. This tight coupling also means theR&plping Processanusthandle the

RFEGF | O00Saa YSiKzahe zasediie A& Krtefach WX is &lsb thé asis for
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TyphorRML, solves this by separating data accesa separate configuration file alongside the
mapping logic in a MTL file. Similarly, by reusing Ap&zrael,wider supportfor Node Data
Connectorss available to the usersuch as WebSocket.

This separation of concerns alsolveschallenge 2, as theonnection details for thdifferent
radarscan bedefinedin the DataOps pipelines.g., via environment variabletgeaving the
mapping logicuntouched and facilitating the deployment of the same pipeline at each
intersection

Regarding lallenge 3the data harmonized bthe DataOps pipelinean be redirected to any
destination using an appropriatdode Data Connectom this case the Apache Camel NATS
componentaddresseshe requirements This would not have bedrivially achievablevith RML,
as NATS is not a supported target destination ambisdirectly supported by RMIMapping
Processm

Considering challenge 4, it can be addressed by adaiinyITL mappingulesdefined forthe
DataOps pipelineThis is because M[Tib contrastto RML, is flexibleenough to allowa tradeoff
between its declarativaspectsand the introduction ofmore custom, use casgpecific logic

For exampledata can be known to always be valid andfiglds to be correctly populated,
making it possible to avoid null chedkghe MTL mappindgsimilarly specific conditions can be
introduced to avoid the generation of duplicated data or to optimise the execution of join
operations.

Finally, since the DataOps pipeline for Use Case 2 is designed to handle continuous traffic data
rather than being executed only once, it becomes important to expose information to enable
runtime observability. This, once again, is something that RML processigijpesdo not
supportout of the box With the DataOps toolbgxobservability can be decoupled from the
mapping logic and integrated into the data handling performed by Chimera, using appropriate
Apache Camel component®r example, the Micrometecomponent can be used to expose
metrics such as harmonization laterey discussed in Sectiril.1

As discussed in D3ahd in SectiorB.1.4 we leveragedataOps pipelinefor UC2also to
experiment with different deployment templatedefined byA3.6.For the second release, we
also focused on the performance of pipelines, considering deployment on edge devices directly
in the Mobility Lab infrastructure in Helsinka particular, we experimented with a Jetson Nano
and, snce this device is based on an ARM architecture and has limited resources, the pipeline
was deployed using the A3.6 template to generaeDocker imageavith a GraalVM native
executable. Using a native build eliminates the needifedava Virtual Machine (JVM), redugi
memory overhead and avoiding Jasjeecific dependencie#t should be noted thatto support

its execution on ARM devicasjs importantduringthe building of the Docker imade declare

a specific build target architecture oo use directlyan ARM device to build the imagas a

result of the teststhe deployed pipelineare able to process incoming data under re@ffic
conditionsat a certain intersectiomvhile maintaining memory consumption under 100MB.

3.2.2 DataOps Pipeline for ORI support in A3.3 (UC4)

The artefact A3.3 implementie Knowledge Graph Repositdryenablesemantic queyingand
discovery service in the leaode toolchainThe DataOps toolbox is used to develop pipelines
supporting the OPC UA standard in A8l enable the features described in Sectibh.3for

the devices involved in use caselfe pipelnes are developed using the A3.5 components and
deployedusing the A3.@emplatefor executionas a containerelying on the Temurin JVMhe
container is currently executed on a server in ttheud, but it can be similarly deployed on an
edge device,
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In this section, we focus on the approach used for implementing the associated DataOps
pipelines andhe challenges addressed.

The implemented pipelines leverage &DF representatiorof the OPC UA specification
(NodeSets)hat enables integration and querying of nodes with certain capatslitieo enable
such transformationa st of declarative mapping rules for liftinfrgm XMLto RDF) andor
lowering from RDRo XML)are defined using the MTL language and executed by leveraging the
Mapping Template Component from A3.5.

The main challenge in the implementation of these DataOps pipelines is related to existing
dependenciesamong the OPC UMNodeSets As illustrated inFigure 3-17, each OPC UA
specification(apart fromthe OPC UA Base specificajioglieson one or more other OPC UA
specifications thatare referenced as RequiredModelsOn the one hand this requires the
presence in the A3.3 all the referenced specifications to execute the lifting. On the other hand,
when the lowering of a certain specification is requeshsda useyit should be possible to
identify and perfornmthe integrated queryingf all theRDRriples associated with the required
NodeSetsIn the implementedDataOpspipeline we leeraged named graphs tstore and
manage evernyOPC U/Aspecification avoidingthe storage ofredundant informationin the
triplestore

http://opcfoundation.org/
http://opcfoundation.org/UA UA/Robotics

Triplestore

http://siemens.com
/BMSEIoT-Robot/

http://opcfoundation.org
/UA/DI

Figure3-17: Dependencies across OPC UA specifications and proposed approach for their representation in a
triplestore
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The implemented DataOps pipelines are representeBigure3-18. Each pipeline exposes its
functionalities as an HTTP endpoint leveraging a prdgede Connectocomponent and
interacts with a remote Triplestore that can be configured depending on the spaefioyment
environment(GraphDB was used and tested for UC4)

apifvifgraph

| BN

-~

; ‘ o i ‘_‘{-'-‘?,

apifvi/graph/lowering? —
named_graph_id={Named graph id}

HTTPS Graph SPARGL Graph Ask Graph Get RDF

= —— Data | A

- - . q —  OPC-UA
| |Connector i o _ 5 Ontology
A

‘ i| Graph Add Graph Get RDF

Mapping Executor

apifvi/graph/lowering?
rdfFormat={rdf format of body}

apifvifsparql

Figure3-18: DataOps pipelines for UC4

The implemented pipelireextend and update the ones discussed for the first reledfe
improved the performance of the overall process and the management of the data in the remote
triplestore. This is made possible by the introduction of the new developments indAscEssed

in Section3.1.1, and by the introduction of the concept of lsleta nhamed graphand an
associated set of declarative mapping rulée Meta graph contains relevant information
across different OPC UA Nodesets, and its management as a separate named graph improves
the performance of the processivoiding the recomputation of specific information for each
request.

To support theMeta named graph effectivelythe lifting DataOps pipeline is modified as
follows. First, the declarative mapping rulae® executed by the Mapping Template
componentto build Meta information for the incoming NodeSet. Then, emrichEIP and the
Mapping Template component are used to process declarative mapping lsulthe combined
processing of two data sources, tMeta graph from the remote triplestore (now including
previously processeMleta information from the current Nodeset) and the incoming NodeSet
in XML format. It should be noted that teta graph is not fetched locally since Chimera
leverages an interface to perform queries and retrieve only the necessary tifjheity, the

36 https://graphdb.ontotext.com/
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interoperable representation in RDF of the incoming OPC UA NodeSet is added to A3.3 within a
specific named graph.

For the lowering, the main modification introducaddresses the problem éétching all the
required NodeSets, stored in different named graphs, to correctly perform the conversion

from RDF back to the XML representation. To enable wWesencoded information on the
RequiredModels the named graph of each NodeSet and we query this informati@tcess

the correct named graphs before executing the lowering declarative mapping rules via the
Mapping Template componenfn important aspect is that the mapms should be applied to

two separate graphs, one containing all the regd triples, and the other only the ones

related to the OPC UA nodes to be lowered. This is important because, while more information
is needed to correctly compute the outpuhe nodes in theRequiredModelshouldnot be

present in the generated XML.

Additionally, to supporthe requirements of UC4 we enabled an additional endpoint to
perform the lowering of an arbitrary set of RDF triptiescribing a set of OPC UA nottes
XML Of course, this functionality is supported under the assumption thatRE€ UA
specificationsassociated with th@rovidedOPC UA nodeme available in A3.3.

Finally, theendpoint toperform SPARQL queriasd get access timteroperableinformation
from A3.3 on OPC UA devices amiguired minor changes due to the new developments in
A3.5.

3.2.3 DataOps Pipeline fétecipeDevice Matchmakinim A3.9 (UGh)

The plannedsupport provided by the DataOps toolboxfor UC5b addresses different
requirements, as shown iRigure3-19. The DataOps pipelines enalile interoperability of
exercises defined by physiotherapistsm the user interfaceas recipes, thematchmaking
between available devices and recipes at runtime and the harmonisation of recipe data for the
exercise execution.

Client (Orchestrator GUI)

Recipe
creation KG Repository GUI

4 i

Mediator Node

Server

Orchestrator Backend

O
;
(

/
y
A

—> Tablet \/

Figure3-19: DataOps pipeline defined for UC5b
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In this section, we focus on the pipeline supporting the matching between recipes and devices
supporting A3.9. Further details on the other DataOps pipelines will be reported in D6.2, which
discusses the final integration of the artefacts in the use case.

To support UC5b a DataOps pipeline has been developed) A3.3hat retrievesall devices
that canbe used to perform a specific physical rehabilitation exerci¥e A3.5 components
composing the pipeline are representedRigure3-20.

uc5h/devices

<«

HTTP Data Graph ASK
Connector e .

Graph GET RDF RDF JSON
Recipe/ [P Recipe —» Nodes —PIVETIIASENLI@——P Device/Capability

Capabhilitie Model h Schema Serialization

Exercise ID — —

DataOps Pipeline

____________________________________________________________

Figure3-20: DataOps pipeline for recifevice matchmaking for UC5b

Each exercisalescribed as a recipbas an associateset ofrequired capabilities Each device
implementsone or morecapabilities Thegoal isto return all those devices that can be used to
satisfyat leastoneof the required capabilitiespecified bythe exercise. This information is used

by the matchmakerA3.9artefactto determinewhich device or set of devices can be used to
perform an exerciseExercises, devices and associated capabilities are modeled and expressed
in RDF through the agreed upsamantic models defined bA3.1

TheDataOps pipelinexposes a RESETendpoint, to whicha caller can supplthe identifier

of an exerciseGiven this identifier, theccording exercise is retrieved througlS2ARQL query
from the Knowledge Graph repository (A3.3¥hich contains all instances of exercises and
devices. The connection detaits the A3.3 can be configured vianvironmentvariablefor the
DataOps pipelineThe result of the SPARQL query is ubgdthe A3.5Mapping Template
Component to generatethe desired informationserialized in the JSON formas shown in
Figure3-21to be interoperable with the other artefacts used in UCShisdata conversions
describedthrough declarative MTL mappingilles Finally, he resultingJSONincludes all
relevantdevicesalong with theirassociated capabilitiess retrieved fromnthe triplestore This
output is further processed by A3.9 to identify the set of devices Wikexecute the exercise.

The pipelinés deployedon a dedicated mediator node hosted in the clauging the A3.6 for
execution as a container relying on the Temurin JVM.
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"device_mapping": [

"device_name": "thir
"capabilities": [
{
"actionFunction": "thi 2C tonFuncti
“requiredCapability"

"device_name": "thingy
"capabilities": [
"actionFunction": "

"requiredCapabilit

"actionFunction": "thi
"requiredCapability":

Figure3-21: Example of a JSON response for UC5b with the necessary devices to perform an exercise

For the definition of the describeldataOp9ipeline,we leveraged the artefact A3.7 ftow-
codedevelopment The pipeline was constructed through a visuatcode interface using the
Apache Karavan editor, which allows users to design Apache Camel integrations via an intuitive
graphical environment, as depictedkigure3-22. This effort hadeen the mairdrive for

identifying limitations and proposing enhancements to AR@dingto the refinement of its
capabilitiesOnce designed, the pipeline was serialized into a YAML file, conforming to the
Apache Camel YAML domaipecific language (DSL). This appraactplifiesthe pipeline
development process arallows forease of maintenance.

Configuration /fapi/vl 00008

REST  fucSb

GET Jdevices

Returns all devices that are needed for a given exercise

Figure3-22: A3.7 interface showcasing the exposed RESToartdamd a snippet of the whole DataOps pipeline
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4 (CREATION ANDRCHESTRATIONSNWARMINTELLIGEN®EPS

In this sectionwe discuss the finamplementationof the artefactsdedicated to the creation
and orchestration of swarm intelligence Apps part of Task 3.3 of SmartEdge WHMB8re
specifically, these arartefacts:

A A3.8: Semantic Recipe Integration with Mendix
A A3.9: RecipdD Matcher
A A3.10:Mendix Recipe Orchestrator

4.1 HNAUMPLEMENTATION

4.1.1 Fnallmplementationof Semantic Recipe Integratiaith Mendix (A3.8)

This artifact demonstrates a comprehensive semantic integration between the Mendboldev
development platform and a knowledge graph repositofiyhe primary objective of this
integration is to enhance the automation and discoverability of SmartEdge Reaipedular
Mendix applications designed to match specific device capabilifieis semantic approach
ensures a flexible, scalable, and interoperable way to match edge computing needs with existing
Mendix solutiongFigure4-1). The implementation of A3.8 includése following features:

1 Search for suitablMendix recipes based on the capabilities of their devices.

1 Select a desired recipe from the availableiased on the capabilities criteria

T Query the GraphDB repository using SPARQL, the standard RDF query language, to
retrieve devices, capabilities, or recipes.

1 Use an intuitive wehbinterface (see Figure 4-6) to define desired capabilities and
instantly retrieve matching recipes.

[ ]
SmartEdge App
developer

SmartEdge A3 B .
5emantic Recipe / 00 i
integrationinMX | 1 Mendix Studio

: o design enviroment

A

Recipe

h 4

SmartEdge A3.10
JIEEELES Lﬁttivitv Activity B Activity

MX recipe orchestrator

» Goals

« Interactions

* Operations

» Capabilities

& Prerequisites:[.. ... oo
Y - —

' opcun —— WoT }—— ResT —

Iﬂ SmartEdge A3.1 Domain
) — Recipe model |-} Ontologies
SmartEdge |:| —

Recipe
Repository

Figure4-1:Architectural representation of the SmartEdge semantic recipe integration with Mendix

4111  Tools andmplementation

The system was implemented with the following tools:
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Mendix Studio Pro: Used to create and edit the initial recipe model generated from
SmartEdge.

Mendix CLI: Exported the project structure as JSON for further processing.

Turtle (TTL) Conversion: Translated the recipe into RDF format for semantic integration.
GraphDBDesktop: Used to host and manage the semantic repository containing recipes
and Thing Descriptions.

SPARQL Queries: Executed to retrieve recipes and devices based on capability matching.
Web Application (SmartEdgeWebApp): Developed to provide a Ul for recipe selection
based on usespecified capabilities.

The system wasnplemented agollows:

1.

Recipe Creation

1 Recipes are generategccording tothe SmartEdge Recipe Mod&bhich includes
metadata, components, and their capability requiremetiyured-2)

PREFIX sosa: <http://www.w3.org/ns/sosa/>

PREFIX se: <https://w3id.org/smartedge/>

PREFTX se_ex: <https://w3id.org/smartedge ample/>
DREFIX se_re: <https://w3id.org/smartedge/recipemodel/>
PREFIX mx: <https://w3id.org/smartedge/mendix/>

PREFIX gk: <http://qgudt.org/2.1/vocab/guantitykind/>

# Recipe Definition
se_ex:MendixSensorAlertRecipe

rdf:type se_re:Recipe ;
schema : name "MendixSensorAlertRecipe” ;
se_re:NLQ "Display sensor data in Mendix dashboard and show alerts when thresholds are exceeded" ;

se_re:hasCapability se_ex:TemperatureSensing, se_ex:Alerts ;
se_re:hasIngredients

se_ex:GetSensorData,

se_ex:Getalerts ;
mx:hasProject se_ex:MendixSensorfApp .

se_ex:TemperatureSensing
rdf:type se_re:Capability , sosa:ObservableProperty , gk:Temperature .

se_ex:GetAlerts

rdf:type se_re:Capability , sosa:ObservableProperty .

# Ingredientl: GetSensorData
se_ex:GetSensorData

rdf:type se_re:Ingredients , sosa:Observation

schema:name "Get Senscr Data using Mendix WoT Connector" ;

se_re:NLQ "Get senscor data from Raspberry Pi wvia Thingy:52" ;

schema:description "Temperature data observed via Thingy:52 and transmitted via RaspberryPi to Mendix" ;
se_re:hasCapability se_ex:TemperatureSensing ;

sosa:rhasResult [
sosa:Result " " ;
schema:value "float” ;
schema:unitText "Celsius, degrees"
17
se_re:operation se_re:Retrieve ;
se_re:interactsWith se_ex:GetAlerts .

Figure4-2:Aninstance of Mendix Recipe

1 These recipes are instantiated as full Mendix projects uMegdix Studio Pro,
providing a lowmcode environment for rapid development.

2. Recipe Export

1 Completed Mendix projects are exported in JSON format using the Mendix
Command Line Interface (CLI).
o Example:

>\mx.exe dumgnpr Recipel.mpr > FirstRecipe.json

1 This JSON representati (Figure 4-3) enables transformation into semantic
formats.
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D3.3 Fnal implementation of tools for CSI SmartEdge GA 101092908
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Figure4-3: Mendix Recipe Project with its JSON exfilert

3. Recipe Repository

1 Recipes, once exported, are converted into Resource Description Framework (RDF)
using the Turtle (TTL) syntax.

1 These RDF triples are then stored in GrapliBigure4-4), forming a knowledge
graph of devices, recipes, and their interrelationships.
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Figure4-4:GraphDB Representation of Recipe
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9 This repository serves as a semantic registry, enabling queries and inferences based
on relationships between device capabilities and application requirements.

4. Recipe Search

1 Users can search for recipes by defining the desired device capabilities (e.g.,
"temperature, accelerometer”).

1 These queries arenade in SPARQIFFigure4-5), enabling finegrained semantic
search over the RDF dataset in GraphDB.

1 The search mechanism supports both exact and approximate capability matching
(e3 & Y ¢hBoghJROF reasoning and ontology relationships.

< =
GfaphDB Q % test_repository g en
SPARQL Query & Update o Edior oy resutsony (T]
@ Import
SMART_EDGE_TWO_GRAPHS_W... get_classification_from_categor..
@ Explore # Recipes —
?recipe se_re:hasCapability 2capability ; H
rdfs:label ?recipe_name ;
SPARQL schema:description 2recipe_description . [
BIND(str(2recipe) as ?recipe_uri) .
?capability a se :Capability; (§>
Monitor t ime ?capability_name;
FILTER regex(lcase(str(2capability_name)), lcase("Temp")). >>
# Devices
{§} Setup . OPTIONAL { ?device td:title 2title ; &)
td:hasPropertyAffor ce ?property .
?property td:capability 2capability_title ;
@ Help FILTER regex(lcase(str(2capability_title)), lcase("Templ")).
BIND (STR(?title) AS 2device_title) .} m
i keyboard shortcuts
Table  RawResponse  PivotTable  Google Chart Download as
g results from 1 to 4 of 4. Query took 0.1s, moments ago.
recipe_uri S TeCipe_Rame S recipe_description S capability_name $ device_title S
https://w3id org/smartedge/exam| ‘Recipel "One sensor with current temperat  “GetTemperature”
ple/Recipel
‘exam| "Recipel0’ GetTemperature’
Recipel erat  “GetTemperature
Recipel ature

Figure4-5:3PARQL Query representation with capability query matching recipe

5. Web Application

1 A dedicated frontend, SmartEdgeWebAffigure4-6) enables interaction with the
system through a graphical user interface.
9 Users can input capability requirements and view a list of compatible recipes
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Search for Capabilities

Capabinty Name

Figure4-6:SmartEdgeWebApp showing capability and recipe matching feature

4.1.1.2 Interfaces
The system involves several key interfaces facilitating integration between components:

1 Interface A3.8A3.1: connects the SmartEdge platform with semantic models, enabling
the use of RDF and SPARQL for recipe and device matching.

1 Interface A3.8A3.4: integrates the Mendix toolchain, which is used to generate and
manage recipe projects based on the SmartEdge model.

1 Interface A3.8A3.10: ensures the seamless integration of Mendix into the SmartEdge
environment, supporting erttb-end flow from model creation to deployment.

4.1.1.3  Artifact details
Lead Partner: HESO
Repositoryhttps://qgitlab.com/smartedgeprojecteu/SMARTEDGHifee/main/WP3/A38

Documentationhttps://gitlab.com/smartedgeprojecteu/SMARTEDGH#3slob/main/WP3/A38/README.md

Public/Private: Private
Additional details: N/A.

4.1.2 Finallmplementation oRecipeTD Matche(A39)

The artifact is a welservice designed to matcBmartEdgeomputing devices witlthe recipe
requirements according to the capabilitiek. usessemantic querying over RDF graphs via
SPARQL to determine dewigzipecompatibility. Following A3.1, the recipe model is generic
although each use case can adapt it to reflem@nariespecificelements (e.g., exercisetsaffic
control elements, etc.)Additionally, it isdeployedwith the artifact of A3.5DataOpsPipeline
which supportdeviceagnostic input and outpubandling. Ultimately, this leads the system to
dynamically transform, route, and normalize data fremowledge (mainly RDKjto a unified
format (JSONY}o ensue interoperability without requiring devicspecific adagtions.
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Figure4-7: Architectural representation ohe SmartEdge semantic recipe matcher

4121 Implementation
The webservice iaritten in the Python programming languagadis composedas follows

1 FastAPI Library (UvicornHighperformance asynchronous REST API backend.

1 SPARQLWrappeFor communicating witsemanticknowledgebase endpoints

1 Docker and Docker Compos&p containerize the system and deploy with specified
environmental requirements.

1 Triplestore graphs are queried dynamically based on incoming API requests to perform
deviceexercise matching.

4.1.2.2 Interfaces

The artifact interfaces witlartefact A3.5 Besides that, the REST API supports multiple HTTP
request patternsto get various forms of matching in botimplementations The artifact
technical documentation includes all the endpoints ahnelir respetive capabilities

4.1.2.3  Artifact details
Lead Partner: HESO
Repository:
https://gitlab.com/smartedgeprojecteu/SMARTEDGHslob/main/WP3/A39/
Documentation:

https://qgitlab.com/smartedgeproject-eu/SMARTEDGE/
[blob/main/WP3/A39/README.md?ref type=heads&plain=1

Public/Private: Public
Additional detailsN/A.

As part of Task T3.3, we have provided sample TD RDF descriptions usiidpJ8@Nstarted
using local deployments of the Nod®oT servient, a public Node.js framework for hosting and
interacting with Web of Things devices via standardized Thing Desnspto host thedevice
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descriptions.The inclusion of Nod&/oT within Mendix has so far been achieved by running a
browserbundled instance inside Mendix.

As an example for the matching process, the Recipe snippet below representef ghe
description of an exercise in a smart healthcare solution for digital rehabilitation. The Recipe
shippet includes information, among other things, about the required devices, specified in terms
of the capabilities that they should provideigure 48 refers to the capacityo providerotation

data for the limbs of the patient.

exerciseRecipel

type Exercise ;
identifier
additionalType ;
name "Movement control tests -1"
description "Active cervical flexion and extension"
video <https://youtu.be/uKjSvHtylUo>
duration "120s" ;
repetition "3"
requiredDevice ex:headSensor,ex:shoulderSensor ;
requiredMeasurements hasConnectionFunction hasRotationFunction
procedureType Noninvasive ;

howPerformed [

text "The patient flexes the cervical spine so that the chin moves
towards the sternum. The patient then extends the cervical spine into extension as
far as possible and finally returns to the upright position."

I

description "Allow head movements, do not allow shoulder
movements" ;

successMeasurements hasSuccessEulerMeasurements
hasSuccessQuaternionMeasurements ;

alert "positiveCount_anyShoulderMovements, wrongHeadAngle"

Figure4-8: Example of a Recipe snippet for a healthcare physiotherapy Recipe in Turtle format.

The RecipdD matcher then needs to perform SPARQL queries to identify vwdsclte
descriptionscontain the capabilities that are needéa fulfill the goals of the Recipe. Figure

4-9, a wearable devices includal in its devicedescriptor information including the capabilities

of the sensor. Given that it implements one type of rotation monitoring function (e.g., Euler
rotation), it can be one of the devices potentially matched for the Recipe provided above.
Further details couldalso be included in # mapping, including sensor accuracy, trust,
frequency, etc.

thingy52

type Device




se: role se: Sensor

se: title "smartEdgeSensor"

se: description "Detects and responds to some type of
input from the physical environment 3e.g., head movements" ;

se: location "head or shoulder" ;
se: properties fe: hasCapability , fe: identifier_service

se: actions fe: hasConnectionFunction
fe: hasColorFunction ;

se: events fe: hasApplicationFunction

se: goals fe: hasRotationFunction

se: knowledge "compensationinfo”

Figure4-9: Snippet of a TD description of a device including details about its capabilities, in Turtle format.
Accordingly, we have defined SPARQL queries to perform the matching operation between
Recipes andevice definitios (see Figure 511). These queries leverage the intrinsic knowledge
2F ANBIldZANBR OF LI oAfAGASEE YR AGaRSGAOS OF LI 0Af
begins by acquiring the required capabilities of a given recipe, which are formally defimed in t
function knowledge basea structured semantic model that describes highel tasks (e.g.,
exercises or services) along with the capabilities needed to execute them under recipes. We
then merge the capabilities of all available devices to determine whether, collectively or
individually, they can satisfy the requirements. In doing so, the module identifies all devices
capable of executing an exercise. Additionally, we implemented a secondary module to verify
whether a specific device can fulfill the functional requirements of argiask (e.g., the recipe)
on its own.

PREFIX rdf: <http://www.w3.0rg/1999/02/22 - rdf - syntax - ns#>
PREFIX fe: <https://w3id.org/smartedge/functions/>

PREFIX rec: <http://www.semanticweb.org/SmartEdge/RecipeModel/>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf - schema#>

PREFIX schema: <http://schema.org/>

SELECTDISTINCT ?device ?actionFunction ?capability
WHERE
GRAPH{EXERCISE_GRAPH}H
?recipe a rec: Recipe ;

schema:identifier “{lidentifier}" ;

rec: hasCapability  ?requiredCapability .

GRAPH{DEVICE_GRAPH} {




?device a rec: Device ;

rec: actions ?actionFunction .

?actionFunction a fe: Function ;

fe: processes ?capability .

FILTER( ?capability = ?requiredCapability)

ORDERBY ?device ?actionFunction ?capability

Figure4-10: Snippet of a simple recipe matcher query, in SPARQL format.

The finalzed artefact interfaceswith Artefact A3.5 where the dataops pipeline executes the
query upon requesby Use Case 5hJitimately, the flexible nature of knowledge graph stores
and the externalized recipes and TDs led to the independsataseof the artefactas a Python
module where the only requirement is that thgueried knowledgeébases implement the
SmartEdge model (See A3.1)

4.1.3 Fnallmplementation oMendix Recipe Orchestratph310)

This artifact showcases a Mendiased Recipe Orchestrator integrated with Web of Things
(WoT) standard to demonstrate how lesode applications can interoperate with 10T devices in

a semantically rich and scalable manner. The system leverages the Tharigpiien (TD) model
proposed by the W3C WoT initiative to describe, interact with, and orchestrate a range of l1oT
devices from within a Mendix application.

The project highlights the development and deployment of a custom Mendix WoT Connector,
which acts as a bridge between Mendix applications and-éf@bled devices. The artifact also
features two complementary demonstration setups:

1 A Docketbased WoT Counter used for simulating and testing WoT interactions.
1 A realworld sensor integration using the Nordic Thingy:52 via a Raspberry Pi, acting as
a gateway to expose sensor data as Wompliant resources.

The combination of these components demonstrates both simulated and physical integration
use cases, offering a complete perspective on how Mendix can function within the Web of Things
ecosystem.
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Figure4-11: Architectural representation of the SmartEdge Mendix orchestration integration

4131 Features

The key component of this artifact is the Mendix WoT Connector, a reusable module developed
within Mendix Studio Pro. Thizonnector enables dynamic interaction with WoT devices by
consuming Thing Descriptions and performing core WoT operations, including reading and
writing properties, invoking actions, and subscribing to events. By abstracting the interaction
model based o Ds, the connector allows developers to integrate new WoT devices into their
applications without modifying the Mendix app logionly the TD needs to be updated.

The first demonstration, referred to as the W@bcker Test, simulates a WoT environment
using a Dockerized counter device. This device, built using the-Wodeframework, exposes
properties and actionsf a device, and is accessible via HTTP endpoints. The Mendix application
connects to the containerized device using the WoT Connector, allowing developers to test
device interactions such as incrementing a counter, reading the current value, or listening
events without the need for physical hardware. i§tsetupis particularly useful for prototyping
purposes.

The second demonstration, the W.¢daspberryPi Test, involves the réiade integration of a

Nordic Thingy:52 Bluetooth sensor. A Raspberry Pi serves as a local gateway, with a Python script
capturing environmental sensor data (such as temperature, humidibd air quality) via
Bluetooth. This data is then exposed as a WoT Thing using a Node.js script running the Node
WoT framework. The Mendix application consumes this live data via the WoT Connector and
displays it on a dashboard, providing a practicalnegie of how physical sensor data can be
visualized and monitored in real time through a loade interface. This setup demonstrates the
aeaidsSyQa | oAt Adavorld éndiffodzy shawcasifg batly theNiBxibility and
scalability of WoTased intgration in Mendix.
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4.1.3.2 Implementation

The WoTDocker Test was implemented by first creating a WoT Counter device using the
NodeWoT runtime. A JavaScrifitigure4-12) RSTAY SR (G KS O2dzy G SNDa LINE LJ
events, and was containerized using Docker. The environment setup included installing

Node.js, Docker, and Postman, then cloning the N repository and building a Docker

image that could be run locallfhe Mendix WoT Connector was then configured to parse

0KS RS@OGAOSQa ¢KAYy3d 5SaAaONRLIIAZ2Y YR AYAGAILGS
Developers could use Postman or the Mendix @pgured-13 Figured-14,Figured-15) itself

to simulate interactions, such as increasing the counter v@tigrire4-16) or subscribing to

event notifications when the valuehanges(Figure4-17). This test provided a controlled
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48 //for (let property in td.properties) {
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Figure4-13:Mendix Froniend Page to display theunter values
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C:\Users\banani.anuraj\node-wot>docker run -it --init -p 8081:8080/tcp -p 5683:5683
/udp -v "%cd%"/examples:/srv/examples --rm wot-servient /srv/examples/scripts/count

er.js -p http.baseUri:=http://localhost:8081
Produced Counter

Counter ready

Figure4-14:Counter activated in Docke
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Figure4-15:Mendix Frontend showing counter value as ReadProperty
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millisecends.

Figure4-16:Mendix Frontend Page showing invoke action (Increment)
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[Client] Event "change" 1 m

[client] Subscribed for event: m

change
f' ReadProperty nvokeAction WriteProperty  Subscribe event gg::ggizwlxgiiiyahqz¥5§in0flow Ng
[client] td: [object Object] m
[client] action: increment m
[Client] our output: [object m
Promise]
[client] ret: undefined m
. [nanoflow] [flow_kgs_55] m
< C R O localhost8081/counter/properties/lastChange Finished execution of nanoflow Wo

Execution took 68.5 milliseconds.
retty-print

[client] Event "change" 2 m

"2024-09-18707:38:51.0227" [Nanoflow] [flOw_qu_Ge] m

Starting execution of nanoflow Wo

[client] td: [object Object] m

Figure4-17:Mendix Frontend Page showing WriteProperty (LastChange) and Subscribe(ERange of increment)

TheWoT-RaspberryPi Test involved a mammplex physical integration. A Nordic Thingy:52
sensor was connected to a Raspberry Pi via Bluetooth. A Python(Bagijnted-18)collected
reaktime environmental data from the sensor, including temperature, pressure, and air
quality levels. This data was continuously updated and passed to a Node.js(Bigipe
4-19Figure4-19) that exposed it as a WoT Thing using a standardized Thing Description
(Figure4-20). The Mendix applicatiof) then queried this Thing Description and retrieved
sensor data through the WoT Connector. The live data was visualized within a Mendix
dashboard (Figure 4-21), providing a compelling demonstration of reabrld device
integration.also shows Mendix dashboard showing accelerometer (x, y and z) charts and
static picture showingmovements Figure 4-22)according toa motion alert) This
implementation proved that Mendix could act as a réale interface for WoIcompliant
physical devices, leveraging web standaatiel semantic descriptions to bridge the gap
between IoT and loveode development.

def handleNotification(self, cHandle, data):
global latest sensor data
if not self.notifications_enabled:
return

current_time = time.time()
timestamp = datetime.now().strftime('%F %T.%f')[:-3]
updated = False

with data lock:

if cHandle == 33:
if len(data) == 2:
try:

integer part = struct.unpack("<b", data[6:1])[0]
decimal_part = struct.unpack("<B", data[1:2])[0]
temperature = integer part + decimal part / 100.0
latest_sensor_data["temperature"] = temperature
latest_sensor_data["timestamp”] = timestamp

if temperature > ALERTS["temperature"]["high"]:

latest_sensor_data["temperaturealert"] = ALERTS['temperature']['hmessage’]

elif temperature < ALERTS["temperature"]["low"]:
latest_sensor_data["temperaturealert"] = ALERTS['temperature']['lmessage']

elif temperature >= ALERTS["temperature"]["low"] and temperature < ALERTS["temperature"]["high"]:
latest sensor data["temperaturealert"] = "No Alert"

updated = True
except struct.error as e:
print(f"Error unpacking temperature data: {e}")
else:
print(f"Unexpected temperature data length: {len(data)}. Data: {data.hex()}")

Figure4-18:Python script in Raspberry Pi to get the temperature values
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const{Servient} = require("” );
const{HttpServer,HttpClientFactory} = require( P”);

// Thing Description
const thingDescription = {

title: "ne ,
description: N
properties: {
count: {
type: '
description: 2
observable: true,
readOnly: true,
forms: [{
op: F ,
href: A
H
}
i

}i

Figure4-19:Java$ript in Raspberry Pi to expose sensor data as TD properties

127.0.0.1 - - [10/Apr/2025 13:45:29] "GET /sensor_data HTTP/1.1" 200 -

[2025-04-10 13:45:29] Updated Sensor Data: {'temperature': 24.98, 'humidity': 36, 'air_quality': {'C02': @, 'TvOoC': 0},
'humidityalert': 'Humidity is Too Low! Increase Moisture Levels.', 'temperaturealert': 'No Alert', 'air_qualityalert': '
No alert', 'timestamp': '2025-04-10 13:45:29.515'}

127.0.0.1 - - [10/Apr/2025 13:45:39] "GET /sensor_data HTTP/1.1" 200 -

[2025-04-10 13:45:39] Updated Sensor Data: {'temperature': 24.96, 'humidity': 32, 'air_quality': {'C02': ©, 'TvOoC': 0},
'humidityalert': 'Humidity is Too Low! Increase Moisture Levels.',6 'temperaturealert': 'No Alert', 'air_qualityalert': '

No alert', 'timestamp': '2025-04-10 13:45:39.506'}

[2025-04-10 13:45:49] Updated Sensor Data: {'temperature': 24.89, 'humidity': 29, 'air_quality': {'C02': 400, 'TVOC': O}
, 'humidityalert': 'Humidity is Too Low! Increase Moisture Levels.',6 'temperaturealert': 'No Alert',6 ‘'air_qualityalert':
'No alert', 'timestamp': '2025-04-10 13:45:49.495'}

127U U T - = [TU7ApT72U25 13745749] GE1 sensor_gata ATTP71I.T Z2UU -

[2025-04-10 13:45:59] Updated Sensor Data: {'temperature': 24.9, 'humidity': 30, 'air_quality': {'C02': 400, 'TvOoC': 0},
'humidityalert': 'Humidity is Too Low! Increase Moisture Levels.', 'temperaturealert': 'No Alert', 'air_qualityalert':

'No alert', 'timestamp': '2025-04-10 13:45:59.515'}

Figure4-20:0Output inRaspberry Fshowing sensor data

USER DASHBOARD

Name D

Temperature 24.89

Humidity 29.00

(ale ] 400.00

[TVOC 0.00

[Temperature alert No Alert

Humidity alert Humidity is Too Low! Increase Moisture Levels.
AIr quality alert No alert

Time stamp 2025-04-10 13:45:49.495

Figure4-21:Mendix Project consumes sensor data and displays in the dashboard
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Motion alert Good Mavement (Extension)

Figure4-22:Mendix Project showing accelerometer (@nd z) charts and movements (according to motion alert)

41.3.3 Interfaces

The system interfaces are designed to enable interoperability between semantic models,
middleware, and application tools:

1 Interface A3.10A3.1: connects the system to SmartEdge semantic models

1 Interface A3.10A3.2: integrates a Raspberry Pi as middleware to handle sensor data
collection and communication.

1 Interface A3.10A3.4: utilizes the Mendix toolchain to visualize and display sensor
results within the application interface.

4.1.3.4  Artifactdetails
Lead Partner: HESO
Repositoryhttps://gitlab.com/smartedgeproject-eu/SMARTEDGHifee/main/WP3/A310

Documentation:
https://qgitlab.com/smartedgeprojecteu/SMARTEDGH#slob/main/WP3/A310/README.md

Public/Private: Private
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5 (GONCLUSIONS

This documentescribedhe finalrelease of artefacts implemented in SmartEdge to enable the
concept ofContinuous Semantic Integration (C3his concept is broken down intbree main
parts: (i) Standardized Semantic Interfaces (Secfyn(ii) the DataOps toolbox for semantic
management of things and embedded Al apps (Se@ofrii) Creation and orchestration of
Swarm Intelligence apps (Sectidh Thisdeliverable constitutes an updatiom the latest
version of these artefactslescribed in Delgrable D3.2.

This deliverableprovided the following contributions considering th&martEdgeObj.2
oMiddleware and tools for continuous semantic integragolf

standardized semantic interfacdinal implementation of interoperable semantic
models for the description of nodes (statically and at runtime) and applications (i.e.,
Recipes), repository for the store and retrieval of interoperable descriptions,
middleware solutions for standardized interesamong nodes;

continuous conversion process based on declarative mappings and scalable from edge
to cloud finalimplementation ofreusable and modular component for tlieclarative
definition of conversion pipelines, templates for scalable deployments of pipeline on
Edge and Cloud devices, kmede approach for pipeline definition;

declarative approach for the creation and orchestration of apps based on swarm
intelligence finalimplementation of the artefact$o support the definition of semantic
Recipes, perform matchmaking of nodes for Recipes, and orchestrate Recipes across
nodes

This final releaséncludes a collection of artefacts that will be lasrown integrated into the
SmartEdge use caseswP6.
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7 ANNEXc PERFORMANCE ASDALABILITDATAOPSTOOLBOX

This annex presenthe complete set of performance and evaluation results discussed in Section
3.1.4 Figure7-1, Figure7-2 and Figure7-3 report the performance results for all the test cases
executed for the images Native, Temurin and Quarlkigure7-4 and Figure7-5 report the
charts obtained with the Locust tool for the images Native and Temurin.

Image | avg U i i
msg/s . . - . . . max queue_size
Sample | conversion_time | conversion_time | conversion_time
Frequency C E C E C E C E C E
”at(')"i 101 100 | 100 | 7.082 | 7636 | 500 | 660 | 10 | 30 | 00 | 00
”at(')"i 301 100 | 100 | 10044 | 10424 | 470 | 720 | 10 | 50 | 00 | 00
”at(')"i 0 | 100 | 100 | 14261 | 15018 | 490 | 790 | 20 | 70 | 00 | 00
natve 1991 100 | 100 | 22113 | 23577 | 590 | 860 | 40 | 11.0 | 00 | 00
natve 2901 10.0 | 100 | 32724 | 36292 | 67.0 | 1020 | 60 | 190 | 00 | 00
natve SOl 90 | 100 | 36222 | 48042 | 700 | 930 | 150 | 400 | 00 | 00
native
100004 | 90 | 100 | 44059 | 86.168 | 810 | 1830 | 290 | 79.0 | 00 | 00
“ag"oello 91.0 | 90.0 | 5.865 | 6.896 | 53.0 | 1060 | 1.0 | 3.0 | 10 | 4.0
”ag":l% 89.0 | 880 | 6910 | 9968 | 540 | 1170 | 1.0 | 40 | 10 | 40
nagvoelSO 89.0 | 87.0 | 7.583 | 14.061| 560 | 1170 | 20 | 60 | 10 | 3.0
“at(')"(e) 1100 88.0 | 830 | 8536 | 22.281 | 66.0 | 1950 | 30 | 100 | 1.0 | 40
“atc')"g 1200 87.0 | 850 | 9.240 | 30302 | 71.0 | 1950 | 60 | 180 | 1.0 | 40
“at(')"g 1500 77.0 | 29.0 | 17.863 | 332.521| 53.0 | 950.0 | 150 | 440 | 1.0 |1000.0
natve | 610 | 100 | 37.768 | 429.116| 1460 | 11620 | 200 | 1180 | 1.0 | 150
10000.01 | : : ' ' : : ' ' '
newe 10 | 4620| 2450 | 1722 | 15609 | 560 | 2500 | 10 | 30 | 40 |10000
”"’(‘)“‘6’(3) 130 444.0| 237.0| 2462 | 15867 | 540 | 2090 | 10 | 40 | 20 |10000
”ag"(’)g 150 427.0| 229.0 | 3.475 | 15590 | 60.0 | 1760 | 2.0 | 60 | 50 | 1000.0
nagv(;eoioo 389.0| 175.0 | 6.135 | 26.009 | 77.0 | 1960 | 3.0 | 100 | 40 |1000.0
el 200 326.0| 1350 | 12.023 | 44064 | 870 | 2480 | 60 | 180 | 160 | 10000
”ag"oeoioo 98.0 | 29.0 | 93.278 | 330.097| 220.0 | 968.0 | 18.0 | 46.0 | 1000.0| 1000.0
natve | 630 | 19.0 | 145.805| 446.417| 304.0 | 1209.0 | 48.0 | 129.0 | 10000| 29.0
1000 0.001| °* ' ' ' ' ' ' ' —

Figure7-1: Conversion time fdahe Native image of the DataOps pipeline in the different test cases.
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Image | avg max min :
msg/s Mo - C max queue_size
Sample | conversion_time | conversion_time | conversion_time
Frequency | C E C E © E C E C E
temgr'ln 100 100 | 100 | 3255 | 4929 | 12.0 20.0 0.0 2.0 0.0 0.0
temg”ln 301 100 | 100 | 4458 | 6039 | 130 23.0 0.0 3.0 0.0 0.0
temgr'ln 501 100 | 100 | 5753 | 7.430 | 16.0 22.0 1.0 4.0 0.0 0.0
temurin
10001 | 100| 100 | 8700 | 10260 | 210 | 240 1.0 50 | 00 0.0
temurin
20001 | 90 | 100 | 14674 | 16981 | 290 | 360 2.0 80 | 00 0.0
temurin
o001 | 90 | 100 | 27.787 | 33688 | 440 | 57.0 6.0 | 180 | 0.0 0.0
temurin
o000y | 80 | 100 | 31144 | 44467 | 570 | 830 | 120 | 330 | 00 0.0
temougg 100 900 | 900 | 2849 | 3384 | 100 20.0 0.0 1.0 0.0 0.0
temou32 30| g6.0 | 900 | 4.097 | 4242 | 150 | 410 0.0 2.0 0.0 0.0
temougrl‘ 501 840 | 890 | 5083 | 5385 | 24.0 26.0 1.0 2.0 0.0 0.0
temurin
o000l | 790 | 870 | 6717 | 7982 | 190 | 260 1.0 40 | 00 0.0
temurin
200001 | 770 | 810 | 7539 | 15889 | 220 | 530 2.0 70 | 00 1.0
temurin
500001 | 720 | 840 | 8648 | 24766 | 400 | 97.0 6.0 | 16.0 | 00 1.0
temurin
1000001 | 630 | 830 | 12842 | 43893 | 250 | 2730 | 120 | 300 | 00 | 99.0
terg”(;'onllo 739.0| 476.0| 0953 | 7.090 | 810 | 2380 | 0.0 1.0 | 13.0 |1000.0
terguorl)n130 681.0| 467.0| 1.255 | 9.030 | 580 | 199.0 | 0.0 1.0 | 16.0 | 1000.0
terg”(;g‘fo 636.0| 451.0 | 1.590 | 10.971 | 320 | 2440 | 0.0 2.0 9.0 | 1000.0
temurin
100 0,001 | 5400| 379.0 | 2.323 | 17534 | 350 | 2640 | 10 3.0 9.0 | 1000.0
temurin
200 0.001 | 4150 266.0 | 3699 | 27.501 | 47.0 | 2860 | 20 6.0 7.0 | 1000.0
temurin
500 0.001 | 235:0| 177.0 | 7.360 | 45727 | 440 | 2250 | 60 | 150 | 20 |1000.0
temurin | 12101 104.0 | 14.433 | 81.071 | 420 | 2420 | 120 | 200 | 00 | 10000
1000 0.001| ~* : : : : : : : : :

Figure7-2: Conversion time fahe Temurinimage of the DataOps pipeline in the different test cases.
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MEGE | msg/s avg max m!n . max queue_size
Sample | conversion_time | conversion_time | conversion_time

Frequency| C E c E C E C E c E
q“agf‘i's 101 100 | 100 | 5889 | 10024 | 210 | 330 1.0 40 | 00 | 00
q“agfisg’o 100 | 100 | 7.104 | 11551 | 200 | 330 | 1.0 | 50 | 00 | 00
q”agfis %01 100 | 100 | 8353 | 12900 | 210 | 39.0 1.0 60 | 00 | 00
i%%rg‘ff 10.0 | 10.0 | 11.618 | 15.846 | 26.0 | 37.0 2.0 70 | 00 | 00
quarkus | 460 | 100 | 17.641 | 22,936 | 320 | 550 30 | 110 | 00 | 00
2000.1

%%%r'(‘)‘f 9.0 | 100 | 28847 | 37.249| 420 | 730 | 70 | 220 | 00 | 00
fgggkgi 80 | 10.0 | 33.800 | 41.414 | 59.0 | 840 | 130 | 370 | 00 | 00
quagzulslo 91.0 | 89.0 | 4279 | 6.364 | 140 | 29.0 1.0 3.0 1.0 | 60.0
q”aorf‘oufso 90.0 | 90.0 | 4.422 | 6.456 | 14.0 | 28.0 1.0 40 | 10 | 880
q“agl':)“fso 89.0 | 90.0 | 4611 | 6555 | 320 | 280 | 10 | 40 | 20 | 9.0
fggrg%sl 86.0 | 92.0 | 5003 | 6913 | 240 | 43.0 2.0 60 | 20 | 184.0
gggrg%sl 83.0 | 82.0 | 5566 | 10518 | 32.0 | 39.0 3.0 90 | 1.0 |1000.0
gggrg%j 76.0 | 40.0 | 7.632 | 22.447 | 400 | 59.0 60 | 200 | 50 |1000.0
1%‘6"’(‘)”%1 64.0 | 23.0 | 13484 | 40.107 | 340 | 810 | 120 | 350 | 33.0 | 1000.0
q“gfggilo 491.0| 106.0| 1.770 | 7.979 | 80.0 | 3580 | 00 3.0 | 1000.0 | 1000.0
qugrggslso 425.0| 94.0 | 2.040 | 9.010 | 47.0 | 2450 | 1.0 3.0 | 1000.0| 1000.0
q”gfggiso 378.0| 84.0 | 2290 | 9.997 | 440 | 2310 | 1.0 4.0 | 1000.0| 1000.0
1%‘6’"8?831 293.0| 67.0 | 2.967 | 12.986 | 540 | 231.0 | 2.0 | 6.0 |1000.0| 1000.0
2%%""8_‘831 210.0| 41.0 | 4.144 | 19.353 | 350 | 71750 | 3.0 9.0 | 1000.0| 1000.0
5%‘36‘5‘_(831 113.0| 22.0 | 7.830 | 35.656 | 26.0 |10011.0| 6.0 | 18.0 | 1000.0| 1000.0
lgggrg_‘gsm 64.0 | 17.0 | 13.970 | 54575 | 380 | 496.0 | 12.0 | 31.0 | 1000.0| 1000.0

Figure7-3: Conversion time fahe Quarkus imagef the DataOpgipelirein the different test cases.
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D3.3 Fnal implementation of tools for CSI SmartEdge GA 101092908
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Figure7-5: Locust report fothe Native image
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