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EXECUTIVE SUMMARY

The goal of this deliverable, which is of typeDemonstrator, is to accompanythe three demonstrators built
for the three pilots: Smart Manufacturing, eHealth, andSmart Agriculture and document the internal
prototype milestone of the project.

These usecases cover threevery distinct application scenarios (i.e., manufacturing, health, and agriculture)
that cover three major areas of European everyday life and economic activityVe thus demonstrate the
benefits of the PHYSICS platform in a broad range of application scenarios and show hownprove agility
and adbption by applying more advanced computing models and cover a wide and diverse range of available
edge resources (e.gsmall 10T sensors, mobile device®r Edge nodesn diverse clustes).

The current document D66: PHYSICS Application Prototype2is thefinal of a series of 2 deliverables that

i AOE OEA O6AOOEI T po ATl Arotoypds@rdaré Heingpidued ih thedicinfed ofi £ OF
Task T6.3: Use Cases Adaptation and Experimentation.

In this document you will find, the following elements:

U A brief overview of the PHYSICS Project and the PHYSICS Platfgrio provide the necessary
context for the remainder of the documentwe describe the high level aims of the PHYSICS project,
as well as the high-level PHYSICS technical architecture, consisting of Infrastructure Layer,
Continuum Deployment Layer, and ApplicatiorDeveloper Layer z the last of which allows the
development of the three prototypes as described in thidocument.

U An overview and short description of design decisions that were made in the process of producing
the demonstrators for the three use cased-or all three use cases we provide a short summary of
their aims andobjectives andhighlight the major Functional Requirementghat have beenfulfilled.

U Descriptions of the three demonstrators produced, covering the use cases of Smart Manufacturing,
eHealth, and Smart AgricultureFFor each use case, it is described how NodRED flows are designed
and usedto implement the application flow, and how the use cases are deployed in the PHYSICS
Platform. For each use case, the fulfillment of functional requirementsdgtailed, leading to the final
versions of the services for evaluation

D66 7 PHYSICS Application Prototype2/Page| 4
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1 INTRODUCTION

This document D6.6: PHYSICS Application Prototype2/accompangsthe final version of three separate
demonstrators that are delivered under this Task 6.3 Use Cases Adaptation & Experimentation. As the name

of the task implies, the activities in this slice of the PHYSICS project deal with adapting the Use C&msut
Manufacturing, eHealth andSmart Agriculture) to the PHYSICS PlatforAp-be in an experimental fashion.

The three use cases mentioned have in some detail been defined in T6.2: Use Case Bagnas described

in D64: PHYSICS Application Scenarios Definitior2\Franke, et al., 2022)For the current document to be
understandable in isolation, we provide a short summary of each of the use cases in the relevant subsection

of Section3, but we refer to the details regarding requirements for each of the Use Cases to the4D6.
document. We alsobuilt this document on top of itspredecessor D6.5: PHYSICS Application Prototype V1

(op den Akker, et al., 2022) resulting in a single document containing all relevant information on
experimentation.

'l OET OCE OANOEOAI AT OO EAOGA AAAT AADOOOAA ET A OAC
%@DAOEI AT OAOCET T 6 EO ET AAAADuéko thel dgndmicAngtiyd @ Ehé RHYSIAS D O]
Pl AO&I Oi ET OEA AAOI U OOA®@AKch het feQiitel andfOnctibnblAics @@ A A O 4
implemented continuously. Nevertheless, and agaito maintain a document that isself-contained, weaim

to provide a quick overview of the PHYSICS platform and architecture in Secti2of this document.

The core contents of this deliverabledescribe the final version of the application demonstrators as
developed by the three use case partnerghis isdescribed in Section4 of this document.

1.1 Objectives of the Deliverable

The objective of this deliverable is talemonstrate three use case prototypes, in the Smart Manufacturing,
eHealth, and Smart Agriculture domains respectivelyand how they use the PHYSICS Platform and platform
components This documentis part of the deliverable,accomparying those prototypes and serving as a
guide for the preparation and experimentationleading to their delivery for evaluation.

1.2 Insights from other Tasks and Deliverables

Figure 1 shows the timeline of activities for Task 6.3 under which this document is delivered. As shown, this
document builds on the previously delivered documents D3: PHYSICS Reference Architecture
Specification \2 (Patifio, et al., 2022)z describing the reference architectureof PHYSICSnd D62:
Prototype of the Integrated PHYSICS solution framework and RAMR {Mamelli, et al., 2023)z describing
a recent state of the integrated PHYSICS platform, as well as D6Application scenarios definition \2
(Franke, et al., 2022)- describing the definitions and requirements for the use cases.

D6.7: PHYSICS | DB.8: PHYSICS |
application appiication

T6.3: Use Cases Adaptation & Experimentation - Timeline evataton V1 evaloaion V2
(CYBE) (CYBE)
MO M7 M9 M15 M7 M23 M32 M34 M'ps
D2.4: PHYSICS | ms-wvsuc;'
e D6.5: PHYSICS o D6.6: PHYSICS
Falerence ol application Relererce o)  application
Jfication V1 #1  prototype V1 o v2 H *1 prototype v2
(UPM) (ISPRINT) (uPM) (ISPRINT)
A
s 2> : S D6.2: Prototype of |
D6.3: PHYSICS B D6.4: PHYSICS
.1: Integrated H the Integrated
e PGS souion i o satowon] PHYSICS soluion
V1 (FTDS) framework and g V2 (FTDS) framework and
RAMP V1 (HPE) RAMP V2 (HPE)
Preparation S Development Moy Nowenter  Pilot Running & Octaber

Development Iterations

Exteral Deliverables External Deliverables
D Task Deliverables (Input for T6.3) (Dependent on T6.3)

Figure 1: Timeline for T6.3 including dependencies between the various relevant deliverables.
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1.3 Structure

The remainder of this document is structured as follows. Sectio? gives a brief overview of the PHYSICS
architecture. This overview is not meant to be exhaustive, but merely provides some context to better
understand the contents of the following sections. Sectio8 provides a short overview as well as any
potentially relevant designspecifications of the three different use cases: Smart Manufacturing, eHealth and
Smart Agriculture. In Sectiond, the actual prototype demonstrators for the use cases are described, and
finally conclusions and an outlook for future work is provided in Sectiorb.

1.4 Changes sinc®6.5

The changes in this document compared to the previous versidop den Akker, et al., 2022are grouped
per use case. For themart manufacturing, the changes are as follows

Minor changes insection 3.1.

Input & Output JSON specifications updated section4.1.1

Updated existing flow to final version insection4.1.1

Added newly implemented flow insection4.1.2

Updated function requirement fulfillment section4.1.3

[enti ent B en i ent S wni]

For the eHealth use casethe main area of update is th optimization and finalization of the inference
scenario, as well as the introduction of two more scenariosn phenotyping and synthesis. In detail the
following sections have been updated asxplained:
U Introduced patient phenotyping and data synthesis cases alongside inferencing as goals of the use
casein section3.2.1
U Updatedthe specifications of the use case in secti@2.2
U Updatedsections4.2.1and 4.2.2 toinclude the flows on phenotyping andsynthesis. Also updated
the figures therein toreflect the latest version of the design environment.
U Completelyre-written section 4.2.4, to reflect the final experimentation results.

Finally, for the smart agricultureuse caseahe main area of update is the introduction of two more pipelines.
The changes are as follows

U Minor updates in section4.3.1(introduction of subsections for conformity)

U Implementation, deployment and testing of simulation pipeline as a servide a newsection4.3.2

U Implementation, deployment and testing of calibration pipeline as a service a newsection4.3.3

U Parallelization of the calibration pipeline taking advantage of Faa8 section4.3.3

There are alsdhorizontal changesacross the use casethat are as follows.
U The introduction section1 is updated.
U This section (L.4) is new.
U The references have been updated throughout the document.
U The concluing section5 is re-written.

D66 7 PHYSICS Application Prototype2/P a g e | 10
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2 OVERVIEW OF PHYSICS ARCHITECTURE

The PHYSICS platform architectures described in D25: PHYSICS Reference Architecture Specificatiog V
(Patifio, et al., 2022)In the rest of this sectionwe provide a short summary ofthe overall objectives for the
PHYSICS project and platformsgéction 2.1), as well asthe platform architecture (section 2.2), in order to
help better understand the prototypes as described in Sectioh.

2.1 The PHYSICS Project

PHYSICS empowers Europedioud Service Providers (CSPH) exploit the most modern, scalable and cost
effective cloud model, operated across multiple service and hardware types, provider locations, edge, and
multi -cloud resources. To this end, it applies a unified continuum approach, including functional and
operational management across sites and service stacks, performance through the relativity of space
(location of execution) and time (of execution), enhanced by semantics of application components and
services. PHYSICS applies this scope via a vertical solution consisting of

U A Cloud Design Environmentenabling design of visual workflowsfor applications, exploiting
provided generalized Cloud design patterns functionalities with existing application components,
easily integrated and used with FaaS platforms, including incorporation of applicatielevel control
logic and adaptation to the FaaBiodel.

U An Optimized Platform Level FaaS Servjcenabling CSPs to acquire a crosite FaaS platform
middleware including multiconstraint deployment optimization, runtime orchestration and
reconfiguration capabilities, optimizing FaaS application placement and execution as well as state
handling within functions, while cooperating with provider-local policies

U A Backend Optimization Toolkitenabling CSPs to enhance their baseline resources performance,
tackling issues such as coldtart problems, multi-tenant interference and data locality through
automated and multipurpose techniques.

Furthermore, PHYSICS will produce an Artefacts MarketplaRAMP)(see(Mamelli, et al., 2023), in which
internal and external entities (developers, researchersetc.) will be able to contribute fine-grained reusable
artifacts (such asfunctions, flows, or controllers). PHYSICS will valida the outcomes in 3 realworld
applications (eHealth, Agriculture and Manufacturing), making a business, societal and environmental
impact onthe lives of EU citizens.

2.2 Basic Architecture

The following summary of the PHYSICS Architecture has been adopted fr¢gilamelli, et al., 2023) The
main components of the PHYSICS architecture are shownHigure 2. There three layersare depictedfrom
top to bottom: (1) the Application Developer Layer(2) the Continuum Deployment Layeand (3) the
Infrastructure Layer, which correspond to the developments in the three technical work packages of the
PHYSICS project:

0 WP3: Functional and Semantic Continuum Services Design Framework (Application Layer)

U WP4: Cloud Platform Services for Global Spad&me Continuum Interplay (Continuum Deployment

Layer)
U WPS5: Extended Infrastructure Services with Adaptable Algorithms (Infrastructure Layer)

The top layer, Application Developer Layer, is the entry point for users that design their applications using
a Visual Workflow tool. The design of applications is eased by reusing common design patterns such as-split
join for function parallelization, batch processing, data collection, and more, provided by the Design
Patterns Repository. Application components (e.g., functions) can be semantically annotated providing
information to lower layers that may affect the placement, deployment, operation ancbnfiguration of the
application (Semantic Models). Application components may have elasticity controllers that regulate the
algorithms and resources needed for scaling a component.

D66 7 PHYSICS Application Prototype2/P age| 11
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The Continuum Deployment Layeroversees providing uniform access to the diverse cloud services
provided by one or more cloud providers. The Global Continuum Placememterseesdeciding on the most
suitable deployment of applications taking into account the performance of the services, costsd affinity
constraints of components For that purpose, it receives the list of candidate serviceshat the Reasoning
Framework has filtered taking into account the application graph needs and the performance of thegees
provided by the cloud services and edge devices Performance Evaluation component. The placement of the
components is done by the Global FaaS Layer component. The Global Hag®r abstracts the usage of
different data centers from one or more cloud providers. The management of data shared by functions of
applications is provided at this level by the Distributed Memory Service.

The Infrastructure Layer provides a view and interface for enabling an optimed operation of the edge and
cloud services utilized for the realization of the application service graph. To this endthe Service
Capabilities component depicts and models the abilities of each service and resource type. The analysis of
different algorithmic approaches for adaptive and reatime provider level scheduling (Scheduling
algorithms) so that resources are adaied to current application needs while maintaining overallQoS levels

is done by the Resource Management component. The-allocation strategies component provides, on
behalf of the provider strategies, optimizations tanaximize performance.

D66 7 PHYSICS Application Prototype2/P age| 12
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3 USE CASES: OVERVIEW AND DESIGN

As explained in the introduction section of this deliverable document, the main contents of the document
are split into two parts. This section provides short overviews of the three different useases andgives
room to document any design decisions or functional specifications that were used to create the actual
prototypes that are described in Sectior.

In the following three sub-sections,we provide for each of the three use cases, a short summary or synopsis
to refresh the reader on the context of the use case, as well as any design or specifications that may be of
interest or required to understand certain development choices that were made in the development of the
prototypes. Note that eachof the use cases define their owdesign and functional specificationsbased on

the usecase specificequirements that were finalized earlier in D64 (Franke, et al., 2022)

31 50A #A0OAqg O3i A0OO - Al OEAAOOOET Co
3.1.1 Synopsis

SmartFactory-KL provides an Industry 4.0compliant and manufacturerindependent demonstrator for the
PHYSICSroject. The integration of SmartFactoryKL with the PHYSICS platform enables the decoupliod

the available services in the production lineThe initial version of the pilot plant already follows a service
oriented approach, whichmade it easier to convert it into a Functioras-a-Service (FaaS) system. Within
the Smart Manufacturing use case, two scenarios were defined. One of the scenarios implama failover
case. In case of the local Quality Control (QC) service failure, the system is expected to forward the QC
request to the PHYSIC®latform and continue the QC without downtime. The second use case develops a
more complex QC service following F&approach, which is expected to increase the certainty le¥gh case
the local QC service fails to provide an adequate value. Initially, the local QC seruitilizing PHYSICS at the
edgewith low computing resources will be used for a faster analysis. If the certainty level is not satisfactory,
then the system will forward the QC data to the complex QC service and perform computations with more
available resources.

An important factor in both use cases is the priority of the Local and Cloud version of the services. In both,
the local services have precedence. If the loc@lCservice doesnot function properly or not at all, then the
QCservice in theCloudwill be used.The PHYSIC®Ilatform (which will be used at the edge and Cloudgnd
FaaS approaclenable higher availaliity which was not available at theinitial version of the pilot plant.

3.1.2 Design & Specifications

As stated above, for the Smart Manufacturing pilot, two scenarios were defined. The first prototype
implemented only the secondscenario sinceit had minimum dependency with the development progress

of the PHYSICSomponents. Now that all required PHYSICS components are availabbmth smart
manufacturing scenariosare implemented.

AEA-ARGI "0-. AEACOAI O &£ O OEA OAAT A (FEahke EtARIOZ20220FATAT A A
easier trackability, the diagram of the second scenario is also givenkigure 3.

To realize the Smart Manufacturing use cases, the functional requirements shown in fhable 1 are defined.

300 O Odéf Albdsédresults.
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Figure 3: BPMN Diagram of Scenario #2 of the Smart Manufacturing Pilot.
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Table 1: Functional Requirements of the Smart Manufacturing Use Case.

Code Functional Requirements
FRSUC1-01 An inference service for quality control must be provided to be invoked by
DFKI.

FRSUC1-02 The inference service is to be deployed according to the principles of tt
PHYSICS project through the OpenWhisk platform.

FRSUC1-03 The inference service is to be utilized via the endpoints exposed by Ned
RED flows.

FRSUC1-04 The inference will take place in a custom dockebbased OpenWhisk action.

FRSUCI1-05 The inference service is to be invoked by specifying the inputs (image ar
other quality related data) to infer upon and the model to be used.

FRSUC1-06 The inference service tolerates the server failures by utilizing the PHYSIC
platform (Edge & Cloud).

FRSUC1-07 The inference service runs preferably on the local Edge.

32 50A #AOAd OA(AAI OEO

3.2.1 Synopsis

AEA AET 1 &£ OEA OA(AAI OE6 O0EI | (airfababiy of thel HedhheGtiA OE A
platform, developed by Innovation Sprint (iISPRINT), by using Functieas-a-Service (FaaS) technologies as
provided by the PHYSICS Platform for some of the smart services on offer. Healthentia is an eClinical
Software-as-a-Service (SaaS) platform, consisting of a mobile app for patients/citizens, a web portal for

healthcare professionals and researchers, and a servplatform for data storage and processing (seEigure
4 for an impression of the mobile app and its functionalitieg as taken from(Franke, et al., 2022).
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| meais

| ) mooo

Figure 4: Screenshots of the Healthentia mobile application.

Deliverable 6.3(Franke, et al., 2022)provides all details and requirements for this Use Case. In order to
better understand the provided functional specifications and prototype description (seeection 4) we
include a summary of a typical usage scenario here

An individual interested in monitoring or improving their health or lifestyle will download the Healthentia
mobile application to their phone. The user provides an email address and password and finalizes their
account creation by consenting to their datdoeing used for research purposes. Once in the application, the
user can link their Fitbit or Garmin account to Healthentia to start providing activity and sleep data.
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Additionally, they can report various symptoms and events and will be able to regularly answer
guestionnaires related to their overall health statusAfter sufficient data has been collected for a particular
user, the Healthentia platform will start to offer its inference services. Depending on the specific study
configuration, this inference can bee.g.,a prediction of future health status. The predictions that are made
in an online fashion serve as input to a virtual coaching component conversationalagent that can discuss
the prediction with the user in natural language dialogues.

A healthcare professional is interested in grouping their patientso handle them Generativemodels are
learnt to describe the derived clusters of patientsThe models corresponding to clusters thahealthcare
professionals findmeaningful are termed phenotypesPatients are then grouped into those clusters based
on the similarity of their datato the different generative data, a process called phenotyping.

A data engineer is interested inworking with Healthentia data. To do so, data is synthesized from the
generative models.

3.2.2 Design & Specifications

The goal of the eHealth use casetisus to demonstrate the benefits of the PHYSICS FaaS approactitore
scenarios

U Inference for patients

U Patient phenotyping

U Data synthesis

To implement all three of them, severaluse case specifi¢unctional requirements have been derived as
shownin Table2. These functionalrequirements are used as practical goals for the development of the first
prototype described in Sectiord.2 and as indications of its progress

Table 2: Functional requirements for the eHealth use case.

Code Functional Requirements

FRSUC2-01 Service must be provided to be invoked byhird parties

FRSUC2-02 The services are to be deployed according to the principles of the PHYSI
project through OpenWhisk

FRSUC2-03 The services are to be utilized via the endpoints exposed by functior
deployed from NodeRED flows

FRSUC2-04 The flows will utilize ML scripts written in Python

FRSUC2-05 The ML scrips are to be invoked by specifying the model(s) to be used an
if applicable, the vectors to infer upon

The fulfillment of theserequirements in the current implementation of the eHealthuse case is discusseit
Section 4.2.

33 50A #A0OAd O31 AOO ! COEAOI OO0OA®G

3.3.1 Synopsis

The smart agriculture pilot aims to provide growers enhancing greenhouse management scenarios. To
achieve this goal, it is necessary to have: 1) A reliable tool to gather data collected in the greenhouse; 2)
high performing simulation and optimization; 3) Up-to-date agronomic model parametrizatiorobtained

through calibration on empiric measurements.Figure 5 shows a global overview of the CybeleTech
solution for greenhouses.

D6.4(Franke, et al., 2022provides all details and requirements for this Use Case. To better understand the
provided functional specifications and prototype description (see sectiod) we include a summary of a
typical usage scenario here.
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Figure 5: Overview of the Cybeletech solution for greenhouses.

Growers interested in monitoring plant development in their greenhouses and in improving the
management of the environmental conditions will contact Cybeletech. Cybeltech will audit the computer
infrastructure, adapt the solution to the greenhouse constrdi OO AT A AABPI T U EO8 /1 AA
deployed in the greenhouse, the data collected by greenhouse sensors are automatically retrieved,
preprocessed,and stored in Cybeletech databases. The grower can visualize these data through the
Cybeletechplatform in near real time (NRT) to follow the environmental conditions in the greenhouse.
Moreover, the system uses agronomic models developed by Cybeletech to give an overview of the plant
status (e.g, healthy, heating of the leaves, water stress) in NRT. On the other hand, the grower can provide
greenhouse management scenarios. Dedicated statistical models are then used to convert these scenarios
in environmental conditions, which are in turn used to Bnulate plant development. Finally, the growers
can ask for optimal greenhouse management scenarios. In this case, several scenarios are automatically
generated and the best scenarios according to the tradeoff between plant development and environmental
cost are returned.

3.3.2 Design & Specifications

The goal of the smart agriculture use case is thus to demonstrate: 1) hdHYSICEomponents can be
deployed and used in the context of fog computing; and 2) the benefits of the PHYSICS FaaS approach on
NRT simulation of plant development and optimization of greenhouse management. To achieve this, several
use case specific functional requirementhave been derived, as shown ifiable 3.

Table 3: Functional requirements for the Smart Agriculture use case.

Code Functional Requirements

FRSUC301 A data collection pipeline that takes as input the Python script for data pr
processing must be provided.

FRSUC3-02 The data collection pipeline is triggered automatically at regular time stey
and store data locally when connection is lost.
FRSUC3-03 A minimal version of the docker image allowing to run the data collectior

pipeline is built during the deployment phase and can be pull from the edgt
FRSUC3-04 A simulation / optimization flow must be provided to be invoked by
Cybeletech greenhouse management suite.

FRSUC3-05 The simulation / optimization service is to be deployed according to the
principles of the PHYSICS project through the OpenWhisk platform.
FRSUC3-07 The optimization service must take advantage of parallelization

As the first prototype, the emphasis was on adapting the pipeline for data collectiofhe fulfillment of these
requirements in the current implementation of the Smart Agriculture use case is discussed in Secti@h3.
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4 PROTOTYPE DESCRIPTIONS

41 50A #AOA O3i A0OO - A1 OEAAOOOET Co

Based onthe BPMNdiagram presented in Section 8.1.2 a flow was designed with thePHYSICS design
environment in Node-REDas shown inFigure 6. This flow contains two OpenWhisk (OW) Actions: 1)

10A1T EOQOU #11001T1h ¢q #7101 Pl Ao 10A1TEOQOU #1711 GOJd s80AANT AGK
packaged as a custom OW Actiecompatible dockercontainer. The OW Action (2) performs, as theame

suggests, a more complex quality control requiring GPU acceleration. Both OW Actions contain proprietary

code and Al models developed prior to PHYSICS project and thus will not be disclosed. The actions just
encapsulate those to be usable within PHYSS platform following its requirementsand are importedto
0(93)#3 xEOE OEA O#0001i )i AcA s5bPi 1T AA6 £O01 AGEIT 1T Al EC
4.1.1 Quality Control PHYSICS Flow

The flow starts after it receives a base64ncoded image data in JSGNrmat through a POST request to
Oino (standard interface for any OpenWhisk functior). An example of the request can be seém Code
Snippet 1. Apart from the base64encoded image, it also contains the expected product configuration
depending on the customer order.

{
"mime": "image/jpeg”,
"encoding": "base64",
"image": "base64 - encoded input image",
"expected": [
{
"name": "UsbPenDrive_2x4 Blue",
"type": "USB - PenDrive",
"color": "blue”,
"size": "2x4",
"horizontal_position™: 0,
"vertical_position™: 0
b
{
"name": "FlatStone_2x4_Black",
"type": "FlatStone",
"color": "black",
"size": "2x4",
"horizontal_position": 0,
"vertical_position": 1
}
]
}

Code Snippetl: Example JSON input for the quality control inference service.

After eachquality control operation, the certainty of the results is checkedAn example outputis given in
Code Snippet2. Apart from the processed base64encoded image, it contains the Object Detection results
(bounding boxes, labels, and confidence of prediction) for each object as well as the time taken in
milliseconds for performance measurement purposes.

D66 7 PHYSICS Application Prototype2/P ag e | 18



H2020-ICT-40-2020 (RIA) PHYSICS101017047

{

"complex": true,

"encoding": "base64",

"image": "base64 - encoded output image"
"mime": "image/jpeg",

"results": [

"confidence": 0.9248585104942322,
"label": "UsbPenDrive_2x4 Blue",
"x0": 2,
"x1": 778,
"y0": 687,
"y1": 877

h

{

"confidence": 0.9240514039993286,
"label": "FlatStone_2x4_Black",
"x0": 0,
"x1" 777,
"y0": 413,
"y1": 701
}
]!
"time_taken": 0.66082,
"version": "1.3.0"

Code Snippet2: Example JSON output for the quality control inference service.

The resulting array scores are inspected, and the minimurnonfidenceof all resutse O OOAA &£ O OAA
Based on the thresholdin the following manner:
1. After simple QC
a) If certainty is above the threshold, the quality result is checked,
b) If certainty is below the threshold, the image data is forwarded taomplex QC
2. After complexQC
a) If certainty is above the threshold, the quality result is checked
b) If certainty is below the threshold, a manual inspection will be required.

Based on the conditions written above, three different status codes are generated. The computation results
are summarized inTable 4.

Table 4: Summary of Status Codes of Use Case #2 in Smart Manufacturing Pilot

Quality OK Quality Not OK
Certainty OK AlIOK Certainty OK, Quality Not OK
Containty Not OK CeranyNoOK B

If certainty is not OK, the operator will be notified by the caller of thiéNode-REDflow.

Figure 6 shows a prototype of the second scenario of manufacturing use case depicted in BPMN diagram
(SeeFigure 3). The two ynamicsimple/ AT | D1 A @ 1n#desfale Oded tacall the actual QCunctions

(custom images)dynamically via PHYSIC® $ UT ATl EA [ ZERAOGNC#HE BEAAED #AOOAEI
checks whether the certainty is above the thresholdd EA O# EAAE 2A001 606 OOA A1
results of the QGunction match the expected product partsSub flows were used for reusability and status

reported for debugging. Note that the notification of the operator is handled outside of this flow.
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Figure 6: Smart Manufacturing Scenario#2, Final QCNode-REDFlow.
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InFigure7h OE-# EQ1A# #AOOAET OUuo OOA Eiix EO OEiIixig8 )OO 1TAA
check result message, but NodRED does not support nodes with multiple inputs, hence thin node is

used for working around that limitation. Status is red if an error occurs, yellow if certainty is below the
threshold and green otherwise.

Jjoin 2 msg H check certainty

output
) 1 above ]

output
) 2 below ]

-

Figure 7: GYC- Check Certaintydsub flow.

is not OK and green if it is OK.

OK

input () ) Check Results Not OK

Figure 8: GCheck Result®sub flow.

4.1.2 Fail-Over PHYSICS Flow

The complete Quality Check function discussed in sectiohl1.lis deployed both on the local edge instance

of PHYSICS as well as in the cloud. The flow deciding which instance to use is showiignre98 4 EA O %A C
/17 -/1.)Y4/2 1 .$ /""" %26 0(93)#3 AIIiBITATO I1T1EOT 0O
PHYSICS component uses this information to route incoming requests according to its configuration. It is

setup such that if the edge instance is not aitable or overloaded the cloud instance is used instead (see in

Figure 10). Further information about the router component can be found in Deliverable D3.2 Sectidnl2.

Because the OW monitor needs to run constantly, this flow is deployed as a service rather than a function.
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Figure 9 Fail-Over flow for Smart Manufacturing Use Case.
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redirectifLarger « ©® true v

redirectionValue + % 1000
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Figure 10 Fail-Over Router setup for Smart Manufacturing Use Case.

4.1.3 Concluding remarks

The source material for the prototype described here can be found on the internal PHYSICS repository:

https://repo.apps.ocphub.physiefas.eu/PHY SICS/test/src/dfki

Access to this repository is limited to members of the PHYSIE@®nsortium but may be granted upon
request.

Based on the prototypes andhe functional requirements defined in section3.1.2,a summary of fulfilment
statuses of the requirementds shown in Table5.
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Table 5: Fulfil Iment of the functional requirements for the Smart Manufacturing usecase.

Code Functional Specification Fulfilment

FRSUC1-01 Fulfilled. Endpoint is available at Kubernetescluster with POSTto O 7 N A ¢

FRSUC1-02 Fulfilled. Final version of NodeRED flows and quality control inference as
OW-Action deployed.

FRSUC1-03 Fulfilled. Integrated into the NodeRED flows.

FRSUC1-04 Fulfilled. The inference takes place in a custom dockéased
OpenWhiskaction.

FRSUC1-05 Fulfilled. Two separate functions for simple and complex QC are used
instead of specifying the model.

FRSUC1-06 Fulfilled. Both edge and cloud PHYSICS deploymeniseidentical functions.
Fail-Over is implemented using the PHYSICS Routeattern.

FRSUC1-07 Fulfilled. PHYSICS Router is setup to prefer edge deployment unless it is
available oroverloaded.

The smart manufacturing use case has successfully fulfilled the respective functional requirements. Several
components of the PHYSIQ8atform are utilized to exploit the FaaS benefits.

42 50A #AOA OA(AAI OE®

The eHealth use case iatilizing a local deployment of thePHYSICSlesign environment to preparethe
necessary flows, and then invokes their version deployed on OpenWhisk run inference on healthcare
data, given pretrained ML models. Tte use of thePHYSICS design environment to implement and build the
inference flow and the use ofPython for the actual inference scriptas discussed inSection 4.2.1 The
experimentation that can currently be carried out isdemonstrated in Section 4.2.2 This demonstration is
followed in Section 4.2.3by instructions on running and using the system, as well as by a description of how

the necessary docker image is buil Finally, the fulfillment of the use case functional gecifications is
considered inthe concluding Section 4.2.4.

4.2.1 The eHealth PHYSICS flow

Once the locaimplementation of the PHYSICS Design Environmeist up and running, one can access the
Admin Panel to see the flows exposed by No€RED, as shown ifrigure 11.

Selecting any of the flows allows the user to build the flow using Jenkins (sEgure 12) and then have the
resulting image deployed at OpenWhisk, whereupon the flow is available for inference both from the Nede
RED environment, but also via externahvocation.

Selecting NodeRED from the menu, one accesses the NeR&D flow editor, where all the flows in the local
implementation (in this case the flows of the eHealth use case) are loaded, together with the PHYSICS Node
RED components. This is shown iRigure 13.

Three of the flows of the editor correspond to the inference, phenotyping and synthesis cases. Each of those
flows are divided in three sections. The annotations section on the top utilizes PHYSICS annotations to allow
the user to add information on the b&avior of the flow as deployed in OpenWhisk. The endpoints definition
section defines the two endpoints exposed by the flow, adapted to the Openwhisk Action specification:

A POST init handles initialization and is currently a stub (empty top row suffiow), and

A POST run performs the inference (middle row suffiow).
1O OEA EAAOO 1T £ OEA 001 AT APIET O 1EAO OEA O)1 EAO «xE
script, passing it the command ET A AOCOIi AT 60 POAPAOAA AU OEA O00OADPA
* AOAOAOCEDO &£O01 AOGETT TRAAAQCEKAOI ABREOOEROROOBEAOAI Ad
Javascript function node considers the standard and error output streams of the execution node, as they are
concatenated together using the PHYSICS Branébin pattern. The configuration of all thre nodes is shown
in Figure 14.
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Figure 11: Admin Panel showing the flows exposed by NodeRED in the eHealth local workflow.
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Figure 12: Jenkins build job initiated by the PHYSICS design environment(Admin panel) for the inference flow
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Figure 13: Node-REDinterface depicting in inference flow in the eHealth local implementation (a) and zoom in
the main flow (b) .
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The manual invocation section of the flove, as well as the OW inference flow are considered in the
experimentation section
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4.2.2 Experimentation on the eHealth PHYSICS flaw

Any of the three flows can be executed within the NoddRED environment by manually activating the
timestamp nodein the manual invocation section ofachflow. This is quite useful for debugging the flow at
the creation stage without having to undergo theOpenWhisk deployment phase

The inference flow expects two input parameters: the input vectors toinfer upon (given in
msg.payload.value.input ), and the name of the model to be used(given in
msg.payload.value. model) for inference in theinference.py  Python script. The JSON string to be
passed tomsg.payload.value.input for the inference is as follows:

[
{
"patient":"4140D",
"date™:"10 - 06-2022",
"vector":[ -0.1756308,0.3731949,0.2202068,0.8069529, -0.1448357,0.8299854, -0.3774286,
1.6622097, -0.6561496, -0.1429273, - 0.3793805,0.7972746,0.1187435, -0.0117112,0.3693147]

>*

This outputs the inferences, one per provided vectorA second Python scriptinference_test.py s
provided that also tests the inference using the known inference resultsproviding the classification
accuracy.

Manually invoking the POST run of theélow results in successful inference asndicated by the inference
results at the logs shown in the right column oFigure 13.

The phenotyping flow expectsthe input vectors to be phenotypedand the name of the joblifile containing
all the generative models tacompare each vector against. Thgynthesis flow expects the joblib file with the
generative modelsan array of the initial phenotype of each of the synthetic patients (the length of the array
thus determines thenumber of synthetic patients),the number oftime steps to infer for each synthetic
patient and the phenotype transition probability matrix.

Any flow deployed in OpenWhisk can be executdry POSTing at its init and run endpointérom outside the
PHYSICS design environment, or within an OpenWhisk experimentation flowhis is the OW inference flow,
shown in Figure 15.
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Figure 15: The OpenWhisk experimentation flow for the deployed flows of the three cases

The flow is designed for manuabnly invocation via any of the threeinject nodes Onference functiong,

OO0 EAT T OUDE I Qsyanesig¥EDH 1Al Qdadrel the respective deployed action name is given The

user can find this action name in the Jenkins build@he POST URIs reconstructed from this action name,

and the expected parameters of the endpoint are givek T OEA O! AOE T JavasedpChin&idnOE T 1
The log of executing the deployed flow is shown on the right column Bfgure 15, where the final success is
indicated.

4.2.3 eHealth usecase localdesign environmentinstructions

This section provides the installation and usage instructions for the local PHYSICS design environmiamt
the eHealth use caselhe systemcan be found in theehealth branchof the PHYSICS Design Environment
project in Gogs:

https://repo.apps.ocphub.physicsfaas.eu/PHYSICS/test/src/ehealth

Access to this repository is limited to members of the PHYSIEC®nsortium but may be granted upon
request.

A screenshot of thaepository is shown inFigure 16.

@ Dashboard lssues PUll Requests Explors + - ;'}'
1 PHYSICS / test mwatch |2 | frsr 0| Yrok | 0
[l Files @ 1ssues @ 1 Pull Requests @ EE wiki
Mo Description
P 134 Commits ¥ 9 Branches % 0 Releases
b Branch: ehealth - test [FTTes|s5H | httpsifrepospps.ocphuby B &
E: apnevmatikakis @daifedb2 README.md improvements 1 week ago
i data faa0fecssf Handle input arguments 1 month ago
El .gitignore rifeziasaz  Dockerfile update 1 menth ago
El Dockerfile s4z738254d  Setup instructions in README md 1 week ago
Bl Dockerfile debian fiaeaszess  Add proper debian base image url 1 month ago
B Dockerfilecustom ecieisdsa  commit to deploy 2 months ago
B Dockerfiledome eEcieisgaa  commit to deploy 2 months ago
B Jenkinsfile 5f3e57571F  Merge branch 'master into ehealth 1 month ago
Bl Jenkinsfile-base erbabiscce  add proper bibeline for building debian imags 1 month ago
B Jenkinsfile-dome ekcleisada  commit to deploy 2 months ago
B Jenkinsfile-ow sfie57571F  Merge branch 'master into ehealth 1 month ago
El READMEmd edazfedhzs  README.md improvements 1 week ago
B python-requirements txt 718c2459F7  commit to deploy 2 months ago
B test-deployyam Jeceguardc  commit to deploy 2 months ago
EE README.md
This is the system for Mode-RED inferencing used in the PHYSICS Healthcare use case. Information on running and using the
system are given first, followed by a description of how he necessary docker image iz build.
.
Running
On Windows, first run Docker Desctop

Figure 16: Screenshot of the Gogs Eealth repository.
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To run the adapted PHYSICS Design Environment for the eHealth use dasally, first pull the repository
in an ehealth directory. Add to the parent of the ehealth directorgtwo files. The credentials.env
environment file should have a number of tokens defined, as given by the PHYSICS prdgsCode Snippet
3).

JENKINS_USERNAME=XXX
JENKINS_TOKEN= XXX
GIT_NODE_RED_TOKEN= XXX
GIT_NODE_RED_PATH=/repository
MINIO_ACCESS_KEY= XXX
MINIO_SECRET_KEY= XXX
MONGODB_PASSWORD= XXX
MONGODB_USER= XXX
JENKINS_PIPELINE_TOKEN= XXX
API_KEY= XXX

Code Snippet3: Example credentials.env file with the required tokens to run the eHealth inference system.

Thedocker - compose.yml configuration file gives the information on how to build the three images of the
system(seeCode Snippett), namely the admin panel Ul, the NodeRED and the SFG backend

version: "3.9"
services:
ui:
container_name: ui
image: registry.apps.ocphub.physics - faas.eu/design - environment/control - ui/design - environment -
ui:latest
ports:
- "4200:4200"
node- red:
container_name: node -red
build: ./ <ehealth directory >
volumes:
- ./ <ehealth directory >/data:/data
ports:
- "1880:1880"
sfg:
container_name: sfg
image: registry.apps.ocphub.physics - faas.eu/design - environment/sfg/design - environment:latest
volumes:
- ./ <ehealth directory >:/repository
ports:
- "3001:3001"
links:
- node-red
env_file:
- credentials.env

Code Snippet4: Docker-compose.yml configuration file.

Where <ehealth directory> is replacedwith the actual ehealth directory name
Thenrun Docker Dektop. Open a terminal and:

1 Go to theparent directory of the <ehealth directory>
9 docker - compose up -- build

The NodeRED image that is built also includes Python, the necessary libraries, the scripts for inference and
the models.Details on using and building the system follow

To wuse the system go to http://localhost:4200/ for the Admin Panel, or to
http://localhost:4200/node -red for the NodeRED instancewhere the created flows are already
loaded. After any useful modification of the flows, click on "Deploy" to actually store the changes in
data/flows.json
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Deployed flows can then be builvia the Admin panel (via Jenkins behind the scene) and be registered in
OpenWhisk.

The Python scripts and the model data to be used in the flows aredata/scripts . In detail, the contents
are:

1 requirements.txt: It is used to setup the Python environment by installing the necessary libraries

1 *.py: The different scripts to be used in the Nod®ED flows

1 *.joblib: Data to be used for inference and model metadata (complete model in the casa Bandom
Forest one)

1 Neural Network models in directories

The Dockerfile found at the root of the project is used teet upthe Node RED and Pythonmageneeded for
the use case. The starting point is the Debian image from the PHYSICS consortium:

FROM registry.apps.ocphub.physics - faas.eu/wp3/debian - base:latest

In there, as ROOT usefirst the scripts directory is created and populated:

USER root
RUN mkdir -p /usr/src/node - red/scripts
COPY data/scripts /usr/src/node - red/scripts

Then Python is installed:

RUN apt install -y python3 -dev python3 - pip
RUN pip3 install -- upgrade pip

To be followed by the 3rd party library requirements:

RUN pip3 install - I scripts/requirements.txt

Finally, the properties of the data folder are set and the working user iset tonode-red:

RUN chown - R node- red /data
RUN chmod- R 775 /data
USER node red

4.2.4 Concluding remarks

After having described theeHealth use case flows and the implementation of services from themve now
look back at the functional specifications that were defined isection 3.2.2 For each of the Functional
Specifications, we discuss how the specifications are fulfille@ihe fulfillment of the functional specifications
introduced in Table 2 is discussedin Table5.

Table 5: Fulfilment of the functional specifications for the eHealth use case.

Code Functional Specification Fulfilment

FRSUC2-01 Fulfilled. Three services have been generated from the respective flows, ai
URLs are provided for their invocation. Any @ party system can utilize
these URLs

FRSUC2-02 Fulfilled. Deployed flows can then be built via the admin panel, whereupo
they are registeredin OpenWhi.

FRSUC2-03 Fulfilled via the run endpoint exposed by the Nod€RED inference,
phenotyping and synthesisflows.

D66 7 PHYSICS Application Prototype2/P a g e | 29



H2020-1CT-40-2020 (RIA) PHYSICS101017047

FRSUC2-04 Fulfilled, since a Python script is provided for each of the three cases o
interest (inference, phenotyping and synthesis). Specifically fanference,
two scripts are provided, one just for inference and another for both
inference and testing to be used in the casthe correct inference results are
known.

FRSUC2-05 Fulfilled: Each service requires its own set of parameters to be POST
These parameters are passed to the underlying Python scripts

The eHealth use case has successfully fulfilled the respective functionauirements. Several components
of the PHYSIC8$latform are utilized to exploit the FaaS benefits.

43 50A #AOA 031 A0OO ' COEAODI OOO0OAG
4.3.1 Data collection ppeline

4.3.1.1 Pipeline definition using Node-Red

The pipeline is implemented as a NodéRED flow and packaged as a subflow (Edge ETL Service). The
implementation appears inFigure 17. Initially an input is provided so that the developer can plug in any
kind of means to obtain the primary data value, encapsulated in the payload field of the message. Then any
custom ETL logic can be applied through one or more functions and apply angeded transformation,
filtering, or other operation on the data. Once this is finalized, the generic part of the pattern begins. Given
that any output nodes, such as the HTTP out node used in this example, may substitute the contents of the
msg.payload fiéd with the results of the call that pushes the data to the central system, it is necessary to
maintain the original data for future use (in case the transmission fails). For this reason, these are moved
in the "Keep contents" function in the msg.origingpayload field. This function is also responsible for
inserting a retry counter in the message, as well as differentiating the origin of the message (new data that
have arrived or past data that have failed and have been stored locallyee(Kousiouris, 2023) for more
details).

Flow 1 Edge ETL Service toHTT || Flowz Flow3 Flow 4 P+

+]| [0 stats node | [ @stete suvtow

X sorns — [
RETRY PAST FAILS /
| sewn ro v FLow =n

INPUT PHASE- Value in msg.payioad

EXAMPLE HTTP OUTPUT PHASE

5 aopentosic " Kesp contentsretry cef pushout  (——  Status cods>=400 S Deiste fromDB | dataost_daad> |
: ===l AR
3
R E=a
™ insertio Datatoss DB
Tt daan
POINTS OF ATTENTION |
T 1)

Figure 17: Implementation Flow for the Edge ETL Pattern .

Besidesthe adaptation of the Python script managing the parsing of the file containing the data collected by
the sensors passed as an argument of the Edge ETL flow, some parameters must be defined including the
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frequency of pipeline triggering, the number of retres before storage of data in the local database, and the
authentication information for API connection to Cybeletech databasé-{gure 18).

4.3.1.2 Adaptation of legacy codes
According to the greenhouse supervisor specifications, the data collection logic must be adapted. As today

Cybeletech application enables to deal with two types of supervisors.

One automatically generates a plairtxt file at regular time intervals. In this case a Python script is run at
regular time intervals with a cron. This script:
1. Read the plain.txt file.
2. Perform preprocessing operations to ensure compliance between sensor data collected by the
supervisor and Cybeletech data model.
3. Check the existence of the preprocessed data in Cybeletech database
4. Insert the data via a dedicated SQLite driver developed by Cybeletech if they are not already in the
database.

In case of connection failure between the supervisor and Cybeletech server, the plakifile is archived and
will be parsed the next time the script runs.

a)Frequency of pipeline triggering b) Number of retry in case of failure ¢) API authentification
(node CRON JOB) (node input) (node pushout)

Edit inject node Edit subflow instance: Edge ETL Service to HTTP out Edit hitp request node
@ Properties o2 KA © Properties o = = © Properties o =
» Name CRON JOB W Name B Method POST v

retrylimit .0 2 Q@URL hitps /est-science. cybeletech friraw-climates
msg. payload = = timestamp

targetur = % hitpsiiest-science cybeletech friraw-cimate: D)Enable scure (SSLITLS) connectior

msg. topic
B Use authentication
& Type bearer authentication v

Token | s
(O Enable connection keep-alive
| ouseoran

‘ O Only send non-2xx responses to Catch node

Inject once ater seconds, ten
€ Retum a UTF-8 string v

C Repeal interval w
® Name pushout

Figure 18: Settings of Node-RED ETL flow for data collection pipeline.

The other provides access to the data collected by the sensor via an API. In this case a Python script is run
at regular time intervals with a cron. This script:
1. Send a request to the supervisor API.
2. Check if sensor data have been archived during the previous runs and read the archive files if they
exist.
3. Perform preprocessing operations to ensure compliance between sensor data obtained with the
API, and eventually from the archived files, and Cybeletech data model.
4. Insert the data via a dedicated SQLite driver developed by Cybeletech.

In case of connection failure between the supervisor and Cybeletech server the data obtained with the API
are archived in ajsonfile, which will be parsed the next time the script runs.

During the adaptation phase the supervisor dependent part of the data collection logic has been extracted
of the legacy codes and adapted so that it can be run using the Edge ETL Pattern.

Moreover, an API for data transfer from the supervisor to Cybeletech server has been developed so that the
http nodecan be used.
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Once this adaptations implemented, the Python script can be passed as argument to the geneEdge ETL
Pattern (seeFigure 19).

As the data collection pipeline logic is defined in a generic pattern, it allows to decorrelate the part of the
code dedicated to data gathering from the sensors and data preprocessing, from the part dedicated to the
job running and connection failure mangement. This has considerably simplified the Python code base
used for data collection and will ease their maintenance and adaptation to new contexts.

4.3.1.3 Pipeline testing using the design environment
The pipeline of data collection has been created and tested using the PHYSICS Design Environment. For this

test the Python script performing data parsing and a .txt file such as those produced by the supervisor of
type 1 have been uploaded in the /data repsitory of the test project. This repository is shared with the
docker container hosting the Design Environment and allows the use of scripts and data in the NeRED
flows.

a
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mag.s
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Figure 19: ETL flow testing.

Three scenarios have been tested:

1. In the first scenario it was assumed that no connection failure occurs during the data collection
procedure. It validates the integration of the Python script in the Edge ETL Patternand the
configuration of the nodes.

2. In the second scenario it was assumed that temporary connection failure occurs during the data
collection procedure. Itvalidatesthat the retry procedure allows to overcome transient connection
troubleshooting.

3. Inthe third scenario it was assumed that extended connection loss occurs during the data collection
procedure. It validates that while the APl cannot be reached the data are stored locally with no
duplicate and that these data are sent to the distant database as soon as the connection is restored.

The outcome of thefirst scenario is presented inFigure 20. In this case the pipeline succeeded, and all the
data collected by the sensors have been preprocessed and sent to Cybeletech database using the API at the
first try.
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a) Brut data returned by the sensor supervisor of the greenhouse b) Data sent using the API
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Figure 20: Example of data returned by the greenhouse supervisor and outcome of the Node-RED ETL flow.

The outcome of the second scenario is presentedfigure 21. In this scenario the pipeline failed three times,
and at the fourth attempt, whenthe connection has been restored, data collected by the sensors have been
preprocessed and sent to Cybeletech database using the API.

a) Content of the local database after connection failure occurs b) Node-RED debug message

Figure 21: Example of data stored in the local database in case of connection failure and outcome of the Node-
RED ETL flow.

In scenario 3 the pipeline failed five times, which is the maximum number of retries. The dasthen stored
in a local SQlite instance. After a while the pipeline is#iein and the data stored in the local database as well
as the new data were sent to Cybeletech database.

4.3.2 Simulation pipeline

4.3.2.1 Pipeline definition using Node-Red

The pipeline is implemented as a Nod®ED flow as described irFigure 22. This flow allows to build the
input required by the python script called in theRun agronomical simulatior® node from the message
payload (Figure 23-A). The output of the simulation script is collected using th&ranchJoinpattern, which
allows to aggregate the results of the simulation together with the logging output used for monitoring in a
single message. The node labelé®repare responséreads this message and gives the output its final shape
(Figure 23-B).
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Figure 22: Node-RED flow describing the simulation pipeline .
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2
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B. Function node for output preparation

Edit function node

Delete Cancel

J 4 Properties | & B =
% Name Prepare response &~
| £ Setup || On Start || On Message | ‘ On Stop
1 var input = msg.payload; -

2
3 msg.payload = {};

4
5- if (inputlol t= ") {

6 msg.payload.predictions = JSON.parse(input[0]);
e 1

8

g9~ if (input[1] != "No error”){

10 msg.payload.errorInfo = input[1].split{/\ri\n/);
11- }

12

13 return msg;

14

Figure 23: Node-RED function node for specification of I/O of simulation pipeline
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4.3.2.2 Adaptation of legacy codes

The integration of the Python script in the NodeRED flow is straightforward. The main change introduced

is the adaptation of the input / output management: the inputs are collected using th&ysmodule, which
enables to get the command line arguments passed to the python script; the output is formatted as a json
string and returned using the standard output channel Figure 24).

Moreover, we introduced the use of théoggingmodule to collect the logs of the script execution. This allows
us to write info, warnings and errors in the standard error channel and to collect them at the end of the
execution.

name ==

logging.basicConfig(level=1logging.INFO)

simulation output = main{env)

t.write(json.dumps(simulation output))

Figure 24: Adaptation of Python script for simulation pipeline execution

4.3.2.3 Pipeline deployment and testing

First, the simulation pipeline has been tested locally using the NoeRED panel of the Design Environment.
The manual invocation of the flow is done using the http request node with a specific URL. The preparation
of the input message is done using the fution node (Figure 25).

The different steps of the pipeline can be monitored using the debug nodes, which output messages in the

debug window of the NodeRED user interface. In a typical run, the usgrovides the id of its greenhouse,

the species grown and the properties of interest. The simulation script looks for model parameters
according to the species and uses them to provide an estimation of the target properties according to
environmental conditions in the greenhouse Figure 2608 ( AOA OEA Al EIi AOA AT T A
parameters are made available through plain files embedded in the docker image.
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Manual invocation section

DR oo S

N

Edit htip request node

Edit function node
Delete Cancel o Delete Cancel Done
1 Properties NI % Properties [a][B][=
@ Name Prepare input a- =Metnoa POST v
& Setup on Start on Message on stop @URL Iocalnst:1880/runsim
1 msg.payload = {}; () Enable secure (SSLATLS) connection
2 msg.payload.value = {};
3 msg.payload.value.greenhouse id = "50"; & Use authentication
2 msg.payload.value.specie = "orge"; .
5 msg.payload.value.feature - “rendement”; aType basic authentication
6
7 return msg; & Usemame
& Password

[JEnable connection keep-alive
0 Use proxy

[ Only send non-2xx responses to Catch node
€ Return a parsed JSON object -
% Name Send request

Tip: If the JSON parse fails the fetched string is returned as-is.

Figure 25: Adaptation of Python script for simulation pipeline execution.
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Figure 26: Local testing of the simulation pipeline using the Node -RED debug window.
Once the local tests passed, the simulation pipeline has been deployed using the admin panel of the Design

Environment (Figure 27-A). The steps of the deployment process can be monitored using Jenktglre 27-
B).
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A. Deployment of the simulation pipeline with the Design Environment

%2 PHYSICS [REGEE]

Admin Fanel
Node Red Fythan BAISc4d055171824
Dashboord [
dE5d95lcedabTad 8
eranch:
™
Logs ® BaBosebeadladan0oBazZca etar_deRl1All-oedt- 7§50

BARGEIEREIAaN0 46220 HiSGRiOREd acs wadd asez

/2123, 148
a

wjafanae
a0 o

0422, 1212 -
o g
wiaie
b o
wiefis, 288 _
052032687SITTEB0edb50 v ]

Jorikins build has stortoctink to jankins jot

B. Deployment monitoring using Jenkins
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Figure 27: Simulation pipeline deployment using the Design Environment (A) and deployment monitoring with

Jenkins (B).

Once the deployment is completed, the Design Environment allows us to test the workflow as FaaS. The
input of the pipeline can be specified via a form and the output is provided in a table when execution
succeeds Figure 28).

R =RYSelfll ~dmin Panel suios GRAPHS  IMAGEWMPORT  § Théophile Lohler £

Admin Parel

Node Red

ashboard [

Branch

Logs

Put JSON for porometers.

Paran o v
greenhouse_id 50

o]
parar parar
specie orge
feature rendement
+

Gheck automaticelly unfil success - requests: 9, updated at 41552 P

Checkresuit  Activation ID: 1055642000214b0095842a002{eb00be

Run_simulation_smortAgri_21703006-0051-48c1-8108-74d7c80409et json 1065642002140
Params
foature rendement

gresnhouse_id | 50

spocio orge

Result

srrorinfo

prodictions

Version: 1.0

Figure 28: Local testing of the simulation pipeline using the Node -RED debug window.
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Moreover, the admin panel provides access to detailed logs in which the debug messages defined in the flow
are made available (Figure XX).

) Put JSON for paramatars. cl
e —— |

'2023 10-20T1415:44. 9260268742 stdout: ",

*2023-10-20TI415:44 stdout > 22 start fusr/

*2023-10-20T14:15:44.9260268742 sidout: » node SNODE_OPTIONS node_modules/node-1 -eu/ red s SFLOWS \'--userDir)" \*/data\",
"2023-10-20TI415:44 9260258742 stdout:”,

2073-10-2071416:45.50361042  stcout: 20 Oct 149545 - [info] ",

*2023-10-2071416:45 50361042 stelout:,

“2023-10-20T1415:45.50361042  stdout: Welcome to Node-RED',

Admin Par

Node Red

Dashboar

Bronch: s

“207710-20TI16:45 50361047 stdout
*2023-10-20T1415:45 5042726332 stlout: 20 Oct 141545 - [info] Made-RED versior: v22.2,
*2023-10-20T1416:45, 5044421152 stdout: 20 Oct 1415:45 - [info] Nodejs version: V1419,
*2023-10-2071415:45 5045257952 stdout: 20 Oct 1415:45 - [infe] Linux 6.018-200 fe36.x86_64 x84 LE',
*2023-10-20T1415:45 7716538017 stdout: 20 Oct 1416:45 - [info] Loading palette nades’

*2023-10-2071415:46 6776882192 stlout: 20 Oct 1415:46 - [infe] Dashboard version 323 started at Juf,
'2023-10-20T14:15:45 7878594362 stdout: 20 Oct 1475:46 - [info] Settings file : fdata/ssttings,s’,
*2023-10-2071415:45.78832652Z stdout: 20 Oct 1415:46 - [info] Context stere : ‘default’ [medule=memory],
12023-10- 20714128 7850046702 stdout: 20 Oct 47155 - [ino] User directory - [datel

*2023-10-2071415:46 7899906482 stdlout: 20 Oct 115:46 - [warn] Proj

*2023-10-20T115:45 7895031832 stut: 20 Oct 1415:46 - [infa] Flows file frmmmqusan

Logs

*2023-10-20T1416:45 8010983892 stdlout: 20 Oct 1416:46 - [info] Server now running at http://127.0.018080/",
*2023-10-20TI415:46 8131421792 stclout: 20 Oct 1431546 - [info) Starting flows’,
- *2023-10-2071415:45 B20BI69552 stdout: 20 Oct 14:16:45 - [info] Started flows’,
“"status@l ‘2023-10-20T1415:48.1167553562 stdout 20 Oct 1415:48 - [info] [debuganut response]
} *2023-10-20T1415:48. 1167653667 stdout. [*,
|| "2023-10-20TI415:481167553667 stdout. [ {Vid\" \50V’, | fecture " \'rende rner\l\ \ specie) \"orge\’, 'value\: 721},
16:15:52,0) 2023-10-20T1415:48.167553562 stdout: INFOTootloading targ: from file redfinput_datofogro_models_setupgeojson..\\n'+,
*2023-10-2071415:48 1157553667 stdout. INFOroot...Done. 3 have been loaded.\ \n”,
[ *2023-10-20Ta15:48. 1157553567 stdout: |',
"2023-18 "2023-10-20TI415:48.17251722 stdout 20 Oct 1415:48 - [info] [debugPrepared respanse] .
2623+ *2023-10-20TI416:48.117351722 stdout. {7,
"2023-18| 2023-10-20TI415:48.17351722 stdout predictions: | { ict 50, feature: rendement, specie: orge, value: 731} |,
"2023-18 "2023-10-20T1416:48.117351722 stdout ermorinfo: [,
"2023- *2023-10-20T415:48.117351722 stdeut  INFOrootioading target areas from file /ust/stcfnode-red/input_datofagro_models_setup.geojson...’,
"2023-18 °2023-10-20T1416:48]17251722 stdout  INFOxoot:.Done. 3 have been loaded..,
"2023-! ‘2023-10-20TI416:48.11735172Z stdout ™,
2023~ '2023-10-20TI415:48 117351722 stdout |,
"2023-18 “2073-10-20T1416:48.117351722 stdout
*2023
2023-1

Figure 29: Local testing of the simulation pipeline using the Node -RED debug window.

4.3.3 Calibration pipeline
4.3.3.1 Pipeline definition using NodeRed

The pipeline is made up of threenain steps:
1. Generation of a design of experiment. In its simplest form it consists of a grid where each node
represents a model parameter set.
2. Running the simulation pipeline for each parameter set and evaluating the results regardimngsitu
observations.
3. Clustering of the model parameters set based on the evaluation with the objective of identifying
groups of parameters sets which reproduce part or full plant behavior.

We proposethree implementations for this pipeline:

1. The first implementation is used as a baseline for implementation and testing of the different
components required. All the steps are embedded in one flow and tiparameter set evaluations
(step 2) are run sequentially.

2. In the second implementation we seek to take advantage of the FaaS approach by parallelizing the
run of the simulation pipeline. All the steps are embedded in one flow and thearameter set
evaluationsare run in parallel using the split and join pattern.

3. In the third implementation we seek to integrate multiprocessing at the function level: the
parameter set evaluations will be distributed in FaaS mode as in the second implementation, but we
add a level of parallelization with each function being able tdistribute the evaluations over the
processors available on the pod. This distribution is enabled by the split and join pattern with
specific parametrization.

The first and third steps of the pipeline should not be parallelized since they are respectively input
generation and output gathering and analyzing. The second step is highly parallelizable since each
simulation can be run and evaluated independently fronthe others. In the first version of the flow each
step is defined as an independent exec node triggering a dedicated Python script. The communication
between the nodes is ensured by function nodes, writing the output of the previous node in the input fiel

of the message retrieved by the current nodé~igure 30).
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Figure 30: Node-RED flowdescribing the calibration pipeline .

To take advantage of the split and join pattern we first defined dedicated parameter set evaluation flow
which takes as input a vector with every element being a node of the design of experiment. The formatting
of the input vector as a string is operated by a dedicated node. This input string is then decoded by the
calibration script, implemented in Python and triggered using the exec nodg-igure 31).
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Figure 31: Node-RED flow allowing to run calibration from an array of nodes such as generated by the Python
script for experimental design generation .

Then we can call this calibration flow using the split and join node. The routine allowing to prepare the
input for the calibration script from the message sent by the split and join node is embedded in the
calibration flow (Figure 32). On the other hand, the output of the split and joinode needs to be aggregated
before being sent to the clustering node Kigure 32). The parametrization of the split and join node is
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straightforward and can be done using the Nod®ED UI. Itrequired the URL of the function to run in
parallel (innerActionURLfield in the node setup) which in our case is described by the calibration flow and
the number of splits to perform (splitsize field in the node setup).

The split and join pattern allow us to take advantage of FaaS approach to run the parameter set evaluation
in parallel. This pattern also includes an option to distribute the evaluations over the processors of a server.
In the third implementation of the calibration pipeline, we combine FaaS and multiprocessing.

To achieve this double parallelization, we adapt the dedicated parameter set evaluation flow used in the
second version. The main difference lies in the calling of python script describing the parameter set
evaluation procedure. In the second implementatio the script was run using an exec node (see node called
Run calibration, XXXXXX31) while here the script is run in parallel over the processors thanks to the split
and join pattern. The parameterization of the split and join node is very straightforward vth the command

to run the script being specified through the Shell script field of the subflow. We also need to specify that
we want to run it using multiprocessing (field execution of the subflow) and the number of evaluations we
want to run on each proessor (field splitsize of the subflowFigure 33).

To ensure consistency between the FaaS and the Faa8ltiprocessing pipeline we added a formatting
sequence after the split and join node.

To use the Faa$nultiprocessing version of the calibration pipeline we only need to change the
innerActionURL field in the split and join pattern so that it points on the multiprocessing version of the
parameter set evaluation function Figure 32).

POTOPHComaraFC

Figure 32: Calibration pipeline as a Node -RED flowusing the split and join pattern for parallelization .
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Figure 33: Node-RED flow allowing to run parameter set evaluation from an array of nodes such as generated
by the Python script for experimental design generation with parallelization over  processors.

4.3.3.2 Adaptation of legacy codes

To take advantage of FaaS the three steps of the calibration pipeline should be run separately. In this way
each step could be run as a function with optimal placement according to resources needed and the
simulations run during the calibration process cold be parallelized using the split and join pattern. The
legacy codes, consisting in one main script has then been split into three distinct scripts with-adc 1/0
management and logging.

The script for experimental design generation has been implemented based on the legacy codes describing
the calibration pipeline. It takes as input two lists, one describing the climate variables to use in the model
and the other the way these variables a postprocessed Figure 34). The parameters to evaluate depend
on the target agronomic variables, which are defined in the file referenced as AREA_FILE (read by the script
for parameter set merit evaluation,Figure 35.A).

A. Main for Experimental design generation B. Input formatting function

t.write(json.dumps(experimental design))

Figure 34: Adaptation of legacy codes for experimental design evaluation.

The script for parameter set merit evaluation integrates a main function which run the simulations with
one or several parameters sets and perform the estimation its merit according to in situ measurements
provided in the file referenced in the code as ARE FILE Figure 35.A). The parameter set list is built from
the string provided as input using the prepare_input functionigure 35.B).
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A. Calibration main function B. Parameter sets formatting

(input_string)

1 start_ind: (len(input_string[ind]) - 1)]
parameter_sets

sample_evaluatic ma experimen sets) 10 nput_string[ind]) - 2)]

sys.stdout.write(json.dumps(s
e nput_string[ind]) - 1)]

Figure 35: Adaptation of legacy codes for parameter set merit evaluation.

The clustering of parameter sets according to their merit is a novel feature of the calibration pipeline
implemented in PHYSICS. It allows to build a probability distribution for each target agronomic features,
increasing the reliability and robustness ofthe method. The script integrates a function for building the
dataset provided as input to the clustering algorithm from the output of SplitJoin nodd-{gure 36).

4.3.3.3 Pipeline deployment and testing

First, the calibration pipeline has been tested as a function to ensure that the I/O management between the
different nodes of the pipeline is correct. Moreover, this flow will provide a baseline for performance
evaluation.

Then we deploy Figure 37.A) and test the parameter set evaluation flow both locally and using the Design
Environment (Figure 37.B) to ensure that messages sent by the split and join node will be handled correctly.

Once theparameter set evaluationflow has been validatedthe FaaS parallelized calibration pipeline has
been tested In real condition, this pipeline will be triggered by a Cybeletech engineer when needed and
there is no gain in deploying it as a function. The testing has then been performed using the Né&teD panel
of the Design Environment with parameter set evaluatio being split and run as FaaS.

A. Dataset construction function B. Main function for Parameter set selection

Figure 36: Adaptation of legacy codes for parameter set selection.

In the running example depicted inFigure 38, a parameter set grid including 27 nodes is generated by the
Generate experimental design nodeHigure 39). The string returned by this node is parsed in order to create
an array of parameter sets which is sent to the SplitJoinMultiple node. The nodes are divided into three
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groups and three functions are invoked as FaaS, each processing one of the grolpgufe 40). The three
evaluations outputted by the SplitJoinMultiple node are aggregated in a single string which is sent to the
Run clustering node. The parameter sets are sorted according to their score and the best parameters sets
are returned (Figure 41).

The same experiment has been conducted for the multiprocessing version of the parameter set evaluation
with deployment and testing of the multiprocessed flow.

4.3.4 Concluding remarks

The source material for the prototype as described here can be found on the PHYSICS project internal Git
repository, here:

https://repo.apps.ocphub.physicsfaas.eu/PHYSICS/test/src/smart_agriculture/

Access to this repository is limited to members of the PHYSICS Consortium but may be granted upon
request.

A. Deployement of the parameter set evaluation function

Run_callbration e67808ceeb3bc2sa v -
Document ID URL Action name EBuiltdate
S52819FT758137TbEBedb4b ;:g:::,:T::;;F::zﬁ:;?.,cg_ zg;;;:;lgéit(\;:ﬂ_smmmgn _aaa43779-0178-41bf-994a- LU’:S,’ES, 10:04 E
e o aiird i rton smetson B DS e | g
sssasseosedsosscn ST TP B AT S0 403 be 0z 449
553B0d54e44cdBe531dalE1T ;:2:::f:zz:Di;FShr:Z.rT:;?l.zz— ;!;;_Ec;:lflg;::\;r;‘:murtAgrl_34]4]93f—0490—4d6b—5a]e— :\U&QE,’EEJ ms E
553908cEe44cdac531dalEln ;:g:::f:ﬂ'::;;ﬁhn:zﬁ:;?ﬁ_ z;;g;c;gl:;c:;nﬁgimmmgn _e4a3d7f0-bd0c-4fbl-bela- LUJ?EIEEJ 223 E
B. Testing of the parameter set evaluation function
Run_calibration _smartAgri_ed4a3d7i0-bd0c-4ibl-bela-c538fafdaBaa.json 3148143b052c463388143b052cc63392 i

Params

input | [object Object],[object Object] <

Result

"TM: "sum",
"net_radiation": "sum",
"prec”: "sum",
"score”™: 1.3901060036534906
1.

predictions {
"TM: "sum",
"net_radiation": "min",
"prec”: "sum",

"score™: ©.3045419090518521

Figure 37: Parameter set evaluation flow deployment (A) and testing (B) using the Design Environment.
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Figure 38: Flow for local invocation of the split and join calibration pipeline.

Input for parameter sets generation Output of experimental design node
211172023 11:57T:568 node: experimental design input 211172023 11:57:58  node: experimental design output
meg-payload : Object

“"prec”: "sum", "net radiation®™: *
"prec": "sum®, "net radiation": "
"prec": "sum", "net radiation": "
"prec": "mi radiation": "

robject '
*value: object

climate wariables: "TM,prec,net radiation®

"1
N T
" "He
" "T
aggregator: "sum,min,max" " “prec": "min” in"},
{ "prec": " "}
{ “prec": "}
{ “prec": " in"},
{ “prec’ "
{ “prec": RE
{"T min", “prec": " in"}.
{"TM": "min", “"prec": " "t
{"TM": "min", “"prec": ™ RE
{"TM": "min", “prec": "min” in"},
{"TM": "min", “"prec": ™ "t
{"TM": "min", “"prec": ™ "t
{"TM": "min", “"prec": ™ : 'min"},
{"TM": "min", "prec": “"max”, "net radiation": "max"}.
{"TH":

"max", "prec": "sum"..."

Logs of experimental design node

211172023 11:57:58  node: experimental design logs
msg payload : string[74]

*stringf7d]

INFO:root:Generating parameter sets...
INFO:root:27 have been generated.

Figure 39: Input, output and logs of the Generate experimental design node for the running example.

! FOAO EAOETI ¢ AAOAOEAAA OEA EEOOO OAOOEIT 1T &£ OEA 0OOI
functional specifications that were defined in section3.3. For each of the Functional Specifications, we
discuss if and how the specifications are fulfilled, anglin case of a partial fulfillmentz the work that remains

to be done in the next iteration(s) of the prototype. The fulfilment of thefunctional specifications
introduced in Table 3 is discussed inTable 6.
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Table 6: Fulfillment of the Functional requirements for the Smart Agriculture use case.

Code Functional Requirements
FRSUC3-01 Fulfilled. A first script for data collection has been integrated in the Node
RED ETL flow.

FRSUC3-02 Fulfilled. The pipeline runs if the docker is up with aiser-defined time step
and is resilient to connection failure.

FRSUC3-03 Fulfilled. A first deployment has been performed on Cybeletech by using tt
PHYSICS Design Environment. Moreover, the image built during t
deployment phase has been pull and used to deploy the data collectic
pipeline.

FRSUC3-04 Fulfilled. The simulation and calibration pipelines can be invoked using tht
test panel of the Design Environment or the endpoint exposed by the Nod
Red flow.

FRSUC3-05 Fulfilled. The simulation and calibration pipelines have been deployed a
FaasS using the DE and benefits from annotations and patterns developed
PHYSICS.

FRSUC3-06 Fulfilled. The split and join pattern has been integrated in the calibratior
flow in order to parallelized the runs, allowing to reduce the runtime.

In the smart Agriculture Use Case, three applications have been adapted and tested using the components
developed in PHYSICS. The data collection pipeline, adapted during the first period, takes advantage of the
EdgeETL pattern to increase the reliability of the process and reduce the adaptation time from one
greenhouse to another. The deployment on the edge is facilitated by the Design Environment interface
which allows to build and retrieve an image embedding all the required components. The simulation
pipeline has been adapted so that it can be easily deployed and run as FaaS, significantly reducing the
infrastructure costs. Finally, the calibration pipeline has been adapted to integrate the split and join pattern,
which enables high level of parallelizdon using the FaaS paradigm. These two last applications have been
successfully deployed in the cloud and tested using the Design Environment
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Figure 40: Output of the Generate experimental design node formatted for the SplitJoinMultiple node and
output of each worker. In this context a worker is an instance of the parameter set evaluation function
deployed and invoked as FaaS.
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