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EXECUTIVE SUMMARY

The scope of this deliverable is to present the results of application prototypes evaluation for the three
Use Cases: Smart Manufacturing, eHealth, and SmartAgriculture.

The purpose of “Task 6.4: Use Case Evaluation”is to:
e Evaluate the functionalities achievedin comparison torequirements defined in WP2
e Evaluate the application level KPIsdefined in T6.2
e Evaluate the project outputs regarding usability, flexibility, and adaptability
e Evaluate the application prototypes against the feedbackreceived by external stakeholders

According to the Use Case the objectives, and then the KPIs are different: In the SmartManufacturing Use
Case the main concern is the reliability of the service, while in eHealth the principal objectiveistoens ure
a near real time response regardless of the load. In addition, Smart Agriculture Use Case integrates an
objective regarding computation time.

On the other hand, each Use Case presents its own specificities regardingapplication deployment and will
then mobilize different PHYSICS components. In the first phase of the project, Smart Agriculture Use Case
focused on the deployment on the Edge, eHealth Use Case needs a deploymentin the cloud as Faa$, while
Smart Manufacturing requires a hybrid solution with some functions run on the edge while some other
arerunas FaaS.

The deliverable “Dé6.7: PHYSICS Application Prototype Evaluation V1”:

e Describes the common methodology used to convert Use Case objectives defined in T6.2 into
measurable performance indicators, called KPIs

e Details the process of KPIs definition and its outcomes for each Use Case
e Drawsbaseline evaluations for selected KPIs from currently deployed applications

e Reportsonfirst evaluations for selected KPIsbased on application prototypesdeveloped in T6.3
with emphasis on available functionalities

e Describesamethod to evaluate the usability and adaptability of PHYSICS components
e Analyzesthe associated results

e Providesanoverview of the preparation for the impact intensification period

Duringthe first phase, a set of KPIshasbeen defined for each Use Case and evaluated using both currently
deployed application and PHYSICS application prototypes. The comparison of these two evaluations
highlights the benefits of PHYSICS Design Environment and components including the increase in
reliability, the facilitation and acceleration of application development and deployment. Flexibility and
adaptability have been demonstrated throughthe developmentand deployment of three very different
application prototypes based on PHYSICS components. Usability of PHYSICS Design Environment and of
some distinct components has been evaluated through a state-of the art survey, showing that users with
different backgrounds are able to take advantage of these components, but also that there is room for
improving the user-friendliness of the Design Environment.

The nextversion of this deliverableis “D6.8: PHYSICS Application Prototype Evaluation V2”,whichisdueto
be released in M36 of the project (December 2023). It will detail the outcomes of the impact
intensification period, including the evaluation of KPIs related to more complex version of the application
prototypes, and the reevaluation of the first set of KPIs with the fully integrated PHYSICS platform.
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H2020-1CT-40-2020 (RIA) PHYSICS - 101017047

TABLE OF CONTENTS
A 0o T 1 Ut U)o VOO 8
1.1  Objectives Of the DElIVETabIe........oirecrcrereree e b 8
1.2 Insights from other Tasks and Deliverables........oeneneeeseseeeessseseseesesses s 8
RS T 1 (= 4 Vo o) (o] /OO 8
B o 0 o ST 9
2. KPIDEFINITION ..couiiutiusieeeusessessessescessessessessessesssessessesssssssssessessssssss s sessssssss s et sssssssssssessssssssesssssssssessssssssssssssssssessssssnsnes 10
2.1 KPI DESIGN TREOIY ..ouceieieeerenceeeseirse st ses st ses s s bbb s 10
P02 (1 Voo o] Lo V20O OO 10
3. EVALUATED COMPONENTS ...ttt ssssssssssss s sss st ssss bbb s sssssnes 12
4. Pilot “SMart ManufaCturing” ...ttt s s bbb 14
4.1 KPIdefINItION. . bbb 14
4.2  KPI evaluation in the current infraStriCtUre.... ..o ssessseseens 15
4.3 KPI evaluation using PHYSICS COMPONENTES .....ceirrieremrereeiriiresseersssssssessessessssssssssessesessessessesssssssssssssessesssssens 17
5. PHIOL “EHEAIN . e e e e et 21
700 S N (6 (=1 03010 (o) o VOOV 21
5.2 KPI evaluation in the current infraStrtUCEUIE........cocreieeeureereeseeeree s sssesesses 24
5.3 KPI evaluation using PHYSICS COMPONENTS .....c.ouureurerrerreriereeresressissesessessessssessssessessessssessessessssssssssessessessesssnss 25
6.  Pilot “Smart AGriCUITUIE” ... s 30
G700 S N g (0 (=3 04310 (o) o VOOV 30
6.2  KPI evaluation in the current infraStrUCLUNE. ..o e s 32
6.3  KPI evaluation using PHYSICS COMPONENTS .....c.ouureurerrerrereereeresressissesessessesssssssssessessessssessessesssssssssssssessessessenes 35
2 O T Y 0 1 0= | LT U (o) o VTP 38
2% S (1 Vo T Uo] U200 38
7.2 RESUILS ittt ARt 39
LS TR 0701 o Uod 10 5 o) o U7 42
L0 B N 0 1= U 3PP 43

D6.7 - PHYSICS Application Prototypes Evaluation V2 Page |5



H2020-ICT-40-2020 (RIA) PHYSICS - 101017047

TABLE OF FIGURES
Figure 1: Overview on how D6.7 and previous WP2 and WP6 Deliverables relate toeach otherinterms of
the requirement engineering of the PHYSICS ProjeCt. ...t sessessessesssssessessessssssees 8
Figure 2: Process used to derive measurable indicators (KPI) from phrased objectives. .......c.coumererrcenrenennes 10
Figure 3: Design Environment Components and Interactions with other elementsofthe PHYSICS platform.
.......................................................................................................................................................................................................... 12
Figure 4: The architectural overview of the SmartFactory-KL demonstrator...........n, 16
Figure 5: Time per request for 8 sequential requests (S1 — remote DOCKET )......cocvurierereneeneeneereneeneneesesreseeenees 17
Figure 6: Time per request for 8 sequential requests (SCENATIO S2 - WA ) .c.oerrereererreeeersesnessesessessessessesseseeees 17
Figure 7: Time per request for eight sequential requests (scenario S2 - cold).....cmrnnnenenneneeneresseneenens 18
Figure 8: Time per request for eight parallel requests (Scenario S2 - Warm )......ooveeereenersersemsessessessessesseessennes 18
Figure 9: Time per request for eight parallel requests (scenario S2 - cold)......cccouurerrerrerrereeneeresreneeneneeresseseseenees 19
Figure 10: Flow implementing INfErenCe. ..ot 26
Figure 11: Flow utilizing the inference funCtion. ... 26
Figure 12: Timing of the eXxecution Of @ fUNCHOMN ... s 27
Figure 13: Flow benchmarking the inference function. ... sesessessessesesssssess 27
Figure 14: Metrics from the PHYSICS Load Generator targeting the PHYSICS AWS Openwhisk Cluster ......28
Figure 15: Example container usage metrics from the OKD dashboard..........cccomnneireseneneneensenesnesseeeenenes 29
Figure 16: Temporal series describing the climate variables collected in greenhouse type 1 with the
currently deployed data collection pipeline over the experimentation period. .......ccunerererrereneeresessensenees 33
Figure 17: Temporal series describing the climate variables collected in greenhouse type 2 with the
currently deployed data collection pipeline over the experimentation period. ........ccvrrereeeneereeresesseseenees 33
Figure 18: Standard version of the System UsSability SCale........ccurmenerernrrneenerneeeesersesessesessessesssssesssessessesessseses 38
Figure 19: Survey proposed to Use Case users to evaluate the usability of PHYSICS Design Environ ment
P2 U0 I o0) 4010702 0 T=Y oLk 43

D6.7 - PHYSICS Application Prototypes Evaluation V2 Page |6



H2020-ICT-40-2020 (RIA) PHYSICS - 101017047

TABLE OF TABLES
Table 1: KPI evaluation with remote docker (as-is, without PHYSICS components). ........coureeeencereeneereseeneeneen. 17
Table 2: Smart manufacturing KPI evaluation using PHYSICS components together with evaluation based
10 ST =) 0 L0 1L 0 (0T =) (TP 19
Table 3: List of KPIs for the eHealth Use Case.........ciiminiisssssssssssssssssssss s 24
Table 4: Comparative results betweena service based version and a FaaS based version on alocal testbed
.......................................................................................................................................................................................................... 29
Table 5: Measurable performance results and PHYSICS objectives for smartagriculture Use Case............... 31
Table 6: Number of connection failures and corresponding amount of data lost, expressed in number of
data point and volume, for greenhouse type 1 and type 2 over the experimentation period.........cccceeereneenee. 33
Table 7: Number of interruption and corresponding interruption time of the plant status monitoring
service, for greenhouse type 1 and type 2 over the experimentation period........onnnenencenenenenesseseenens 34

Table 8: Tasks and associated times needed to deploy the data collection pipeline developed for
greenhouse type 1in greenhouse type 2, compared to times needed to deploy the PHYSICS prototype on
ER e L SN SEIVET couuvuieeueucee ittt b bbbt 36
Table 9: Measurable performanceresults and PHYSICS objectives for smart agriculture Use Case evaluated
with PHYSICS application prototype and comparedto the evaluation performed on the currently deployed

20 0] 10U () o U= 37
Table 10: Descriptive Statistics of SUS Scores for Adjective Ratings (from (Bangor, Kortum, & Miller,
00 ) OO 39
Table 11: Minimal, maximal,and mean SUS scores obtained for each statement of the survey (out of ten)
and for the global evaluation (OUL Of TO0 ). e sss bbb 40
Table 12: Minimal, maximal,and mean SUS scores obtained for each statement of the survey (out of ten)
and for the global evaluation (OUL Of 60 ). ... ses s s s s saes 41

D6.7 - PHYSICS Application Prototypes Evaluation V2 Page |7



H2020-1CT-40-2020 (RIA) PHYSICS - 101017047

1. INTRODUCTION

1.1 Objectives ofthe Deliverable

The objective of this deliverable is to evaluate the PHYSICS platform and the platform components from a
user perspective. This first version of the deliverable provides the formal definition of the KPIs, its
evaluation for the currently deployed Use Case applications, and a first and partial evaluation using the
PHYSICS applications prototypes.

1.2 Insights from other Tasksand Deliverables

As depicted in Figure 1, the deliverable D6.7: Application prototype evaluation V1 builds on the previously
delivered documents D6.3: Application scenarios definition V1 and D6.5: Application prototype V1. The
currently deployed Use Case applications used to estimate the baseline KPIsare detailedin D6.3and their
PHYSICS compliant counterparts are introduced in D6.3 and detailed in D6.5. D6.7 also compares the
achieved functionalities with the requirements posed during designtime mainly in WP2and in D2.2: State
of the Art Analysis and Requirements Definition V1.

D6.7: PHYSICS

KPls appicaton
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(cYBE) Evaluation
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R i i
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Figure 1: Overview on how D6.7 and previous WPZ2 and WP6 Deliverables relate to each other in terms of the
requirement engineering of the PHYSICS project

Moreover, to facilitate the reading of this document, the outcome of Task 6.2 about the definition of
applications KPIshave been integratedin section 2.

1.3 Methodology

First, the Use Case objectives regarding PHYSICS have been formalized. These objectives are very
dependent on the application and in addition each Use Case has its own set of objectives. Workshopshave
been organized tointroduce a common methodology allowing to associate each objective toa measurable
performance metric. These metrics, called Key Performance Indicators, will be the basis for the PHYSICS
platform evaluation.

To quantify the gain induced by using the PHYSICS platform, the KPIs have been evaluated on the
currently deployed Use Case infrastructureand with the available PHYSICS components. The comparison
of these two sets of measurements enables to quantify the achievements of the Use Case objectives.

Another key and transversal evaluation criterion of PHYSICS platform from a user perspective is its
usability. Considering the large number of usability evaluation methods, standardized usability
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questionnaires are valuable toolsintended for the assessment of perceived usability (Hornbaek, 2006). A
large variety of standardized usability questionnaires for evaluating software systems are available. Based
on the comparative review of (Assila & Ezzedine, 2016) the System Usability Scale has been chosen as a
baseline. Ithas been completed to capture relevantbackground information about the users and toassess
system capabilities and flaws.

Flexibility and adaptability are addressed at the Use Case level by monitoring the efforts required to
develop and deploy each application prototypes. And at a global level through the development and
deployment of applications prototypes from three differentfields: manufacturing, healthand agriculture,
with different requirements and constraints. In this context, the performance metrics at the global level is
the successin application prototypes development and deployment.

1.4 Structure

The reminder ofthe document is structured as follows. Section 2 describes the methodology elaborated
during Task 6.2 to define Use Case specific KPIs. Section 3 gives a briefoverview of PHYSICS components
thathave been used toexperiment and evaluate the application prototypes.

Sections 4, 5 and 6 are dedicated to the pilots Smart Manufacturing, eHealth, and Smart Agriculture
respectively. These sections have the same structure: In subsection 1 Use Case specificKPIsaredetailed;
in subsection 2 testing procedures implemented to evaluatethe currently deployed Use Case applications
are depicted, and outcomes are summarized. In Section 4, testing procedures implemented to evaluate the
prototypes developed during Task 6.3 are depicted and outcomes are summarized.

The questionnaire used to evaluate PHYSICS platform’s usability is introduced in section 7.1 and collected
user feedbacks are analyzed in section 7.2. Finally, conclusions and an outlook for future work is provided
in Section 8.

D6.7 - PHYSICS Application Prototypes Evaluation V2 Page |9
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2. KPIDEFINITION
2.1 KPIDesign Theory

Companies have the reason to either maximize their operation, optimize activities or to make better
decisions. Therefore, they use metrics which are per definition measures for the evaluation of efficiency,
performance, advantage, or quality. Metrics are simply numbers. Per definition ametric has always one
single dimension. [fa metric would unite multiple dimensions, it would not be comprehensible why the
metrics value islow. A measure should be tight to only one specificgoal. To shape a broader pictur e of an
operation it makes sense to have a set of metrics that measure all relevant facets of an entire operation.
Key Performance indicators metrics that are used to gauge how good or bad a company or a business
achievesits goals. Companies use a huge set of KPIs and rarely getrid of unnecessary ones. KPIscan have
motivational effects, can convince others, and allow management from remote.

When wrong things are measured, it will lead to bad decisions, bad behavior and unhappy customers.
People and specifically managers can also misuse metrics to their own benefit, to the disadvantage of
others or to deceive others. It is crucial that users recognize that KPIs can provide the value to guide
people for better decisions or to change behavior and can not only be used to assess, evaluate and analyze.

2.2 Methodology

Developing a good metric requires commitment of all stakeholders. There is not a catalog from which
managers can pick the perfect KPI. However, there exists a very good metric that fits an individual
purpose. This metric must be measurable, achievable, easy tounderstand, fraud-proof,and strategically
aligned (Davilla, 2018) . In terms of this project, we assessed existing methodologies to create a suitable
approach in a technical environment that aligns performance measures for technical componentsand the
pilots’ business. During Task T6.2 we were already collecting desired performance measures ofthe three
pilots. The results were reported in Deliverable 6.3 in the Sections 3.19, 3.29 and 3.39. It was determined
that good KPIswere not possible to be created with a brainstorming or alist. The desired KPIs as collected
with a questionnaire contained following issues: They contained more than one goal, or they contained
fuzzy definitions of a performance, like “must be higher”, “less or none” or “should be short”. Number one
issue was that desired KPIs were formulated as goals instead of measurable indicators for the
achievement ofa goal. Figure 2 shows the process that was created and covered within a workshop which
each pilot.

For Whom...? What matters...? Performance Measurabie
Result...? Results...?
= Whao is to work with = What ie the purposs of
the KIPIF the KPI? » 3 Tasts te formulate a » Sensory Evidence of
= Whase work is = Which business goals measurable the result
menitored with the should be supported? performance result = Create a potential
KPI? = Which daily work = Is goal a result? measure
= To whom is the KP1 gaals should be » Weasael words?
raponed? suppartad = Multi-Focus?
= Top priarity goal!
How to What is Integration Misuse Testing
* Im which process = Whao uses the KPI to
» How data Is collected » How o assemble should the KPI be ke daily work
+ What are the parts of * Where is the integrated? batter? {counterpart
the KPI? optimum? « Which processes have = Whao uses the KPI 1o Fl—;i' :
* How are the - to be created to be make reports? il
components able to use the KPI? = Whase sakary is tled o
collacted? = Where is/ are the + Wha can do that? the KPI?
« Frequency of KPI limit' 57 = Counterpart required?
updating?

Figure2: Process used to derive measurable indicators (KPI) from phrased objectives.
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In order to create measures that are suitable for the pilots in the context of PHYSICS we customized
existing methodologies for our needs. Two steps in the KPI Design Process were adopted from the
Performance Measurement Process as described by Stacey Barr. One step isabout mapping of measurable
results and the translation of goals into results. The other is about finding obvious evidence th at a goal
was achieved and how to measure the level of goal achievement. Another step tookthe idea of Joen Doer
of measuring a KPI atthe bottleneck of a process.

We focused in the first place during step numberone on the users of the KPI to be developed to identify
the reporting line of the KPI. We developed specific questions to identify the connection between the
operational level thatis working with the KPI and the businesslevel that mustdraw decisions based on
the performance. Per the Lean methodology and the Theory of Constraints, a KPI should be assigned to the
bottleneck of a process (Doerr, 2018). Therefore, the second step has the goal to identify what matters
most for both the business and the operational level and what purpose the KPI should fulfill. This most
relevant goal got prioritized via a voting of the workshop members and represented the bottleneckof the
process. The prioritized goalsneeded tobe formulated as performanceresults. To transform the goals into
performance results, specific tests were used. The first test qualifies the reformulation intoa result. With
the second test there was ensured that weasel words get replaced with clearly defined definitions and a
third testensured that the resultonly includes one focus. The outcome after going with the original goals
through this test qualified the goal to be a valid performance result. If a multi-focus gets detected the
results get separated and individually handled as separate performance results after step three. Step four
was chosen to be included into the methodology because notin all cases the achievementof a result can
be detected obviously but only with the observation of an indicator used as sensory evidence. If the
performance result cannot meet the requirement of providing sensory evidence on its own, evidence must
be found or created within the workshop. After step four, the performancemeasure got transforme d into
a key performance indicator thatmeasures the achievement of a goal that aligns business with operation
ata bottleneckof a process. The second row in the process model characterizes the steps that consider the
rules of the handling of the KPI. Step five identifies parts of the KPI, how they are collected and if the
reporting interval ofthe KPl isin relation with the effort to create the KPI. It checks if the parts of the KPI
can be measured directly, mustbe calculated from other data, or can be drawn from an indirectindicator.
Sometimes there will be combinations possible. Step six consists of two parts. The first considers from this
baseline of the KPI components the mathematics and the relationship betweenthe components to build
the KPI. In the Workshop there were sticky notes used to build the formula. The second partis about the
definition boundaries between a desired optimum, a working area thatis acceptable and the area whichis
intolerable. After the mathematics the KPI needs tobe assigned toaresponsible owner. Step seven audits
if an existing process can own the responsibility of the KPI creation or if a new one needs to be
established. Ifan existing one can own the KPI integration itis checked whatadjustmentsin the process
need to be made and whowill be the person or respectively the role thatis responsible. Step number eight
is enormously important for the actual implementation in the company. Because the collection of KPIs will
in any case be associated with people. There are the people who work with the KPI, others who are
responsible for the process that the KPI measures, others whoreport based on the KPIs and possibly also
those whose salary is linked to the KPI. During the workshop, participants from the relevantareas of the
company will be sensitized to how KPIs can be abused for their own benefit and to the detriment of
others. This task secures the misuse of the KPIs by covering possible scenarios with counterpart KPIs. For
example, quantitative results can be supplemented by qualitative ones.
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3. EVALUATED COMPONENTS

In the context of Use Case evaluation, the users access to, and experiment with different PHYSICS
components through the Design Environment. The next paragraph provides a short description of the
PHYSICS Design Environment and the components made available (see(Patifo, et al., 2021) for more
details).

The PHYSICS Design environment is the main entry point for the application developer when interacting
with the PHYSICS platform. In this environmentthe latterneeds tovisually designand implement their
application, by creating new code segments, importing existing ones, or re-using generic, available
implementations (in the form of patterns) available from the PHYSICS platform. A key element is the
ability to dictate workflows of operations among these diverse components, that in the end will be
implemented duringruntime, so that different elementsofthe application can be deployed according to
their envisioned operation (i.e., as microservices or as functions, or a combination of the two).

The overall architectural diagram of the WP3 entry point for the developer appears in the following figure
(Figure 3). This also includes interactions with the semantic block (Application and Service Semantic

Models, Inference Engine), the Design Patterns Repository, and the FaaS Platform Deployment.

Falette Retrieve
Repository Flows
Feed
Suggestions
Controller Nodes Inference Engine
Create
Legacy Triples Get Image
Component nte o
B Application
Graph
Node-RED
Design Patterns envirenment :lﬂﬂnﬁc Design ,Er
(Warkflow Editor) xtractor Control Trigger
[ Feed ¥ * Trgger | 'PocIon
Service & 4 Flew ¥ ner Deploment
Application " Svlrﬂ_rh::m
Models Nede-RED Flow | | o 800 Function &
Parsar Wrapper Sequence .

Generate & Register Functions &
Sequences

Creats cUStom Action based on
legacy code

Create Action with Node-RED flow

Get Registered
Functions & |I'I'IH!I‘-I

Figure 3: Design Environment Components and Interactions with other elements of the PHYSICS platform.

In the Smart Agriculture Use Case, the main functionalities tested duringthe evaluation phase are:

e Integration of Python codes in existing flows, namely the Edge-ETL flow (see (Patifo, etal., 2021)
for more details)

e Parametrization ofthe flow using the Node-Red insterface

e Adaptation, build and deployment of the docker image in which the pipeline will be run on the
edge

In the eHealth Use Case, the main functionalities tested during the evaluation phase are:
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e Design of flows describing the application with Node-Red

e Integration of Python codes in existing flows, namely the branch]join flow (see (Patifio, etal., 2021)
for more details)

e Execution of the application as FaaS through the deployment of flows using the DE
In the Smart Manufacturing Use Case, the main functionalities tested during the evaluation phase are:
e Design of flows describing the application with Node-Red
e Integration of Python codesin designed flows
e Execution of the application as FaaS using OpenWhisk

e Testingof design environment and the build functionality with the quality control (QC) flow
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4. PILOT “SMART MANUFACTURING”
4.1 KPI definition

4.1.1 Description of key performance indicators
To evaluate the improvements after deployment of the PHYSICS platform on the Smart Manufacturing Use
Case, the following KPIs were defined:

e KPIO1 - Time for handling a request: Measures the average request/response time for 30
requests with PHYSICSand before PHYSICS.

o KPIO02 - Scalability: Measures request/response timefor 30 parallel requests.

e KPI03* - Number of software logs per QA’ed product: Counts the number of errors with and
without failover functionality of PHYSICS while using QC function.

o KPI04*- Reliability: Measures the availability of the QC function and reliability of responses.

e KPIO5 - Interference latency: Same as KP101, but only calculates the time to complete the QC
action, without considering the overhead of OpenWhisk.

e KPI06*- Data protection: Indicates how the transferreddatais protected.

e KPIO7* - Number of PHYSICS invocations in software logs per QA’ed product: Similar to
KPI03, but this measuresthe ratiobetween the invocations on PHYSICS and the local QC service.

e KPIO8- Cost reduction: The bill based on the t ime multiplied by the cost/time.

o KPIO09- Performance benefits: Although for the manufacturing Use Case, the reliability (KP104)
is more important than performance benefits, this KPI will inspire us to further use FaaS
technology in our upcoming demonstrators as well as the functionalities of the existing
demonstrators.

The KPIs marked with an asterisk (*) cannot be measured at the moment since in the first phase the
emphasis has been put on the local deployment and testing of the PHYSICS components. For example,
explicit data protection (KP106) for the local deployment is not necessary, since all data stayed in the local
infrastructure and behind a firewall. Similarly, KPI03, KPI04, and KPIO7 requires long-term
measurements, which was not possible in the time available for this version of the deliverable. In the
beginning ofthe impact intensification period, the Smart Manufacturing prototype will be deployedin the
cloud, allowing to measure these missing KPIs. Their evaluation will be included in “D6.8: PHYSICS
Application Prototypes Evaluation V2.

4.1.2 KPIWorkshop outcomes

From the full list of the KPIs written above, during our workshop for the KPI definition process, we have
selected KPI03 and KPIO7 as our highest priority during the PHYSICS project. However, due to the
unavailability of required PHYSICS components, they will be assessed in the next version of the
deliverable. Toreflect the methodologyin §2.2,as Step #1, here are the identified actors within DFKI (and
itstestlab):

e Whoistowork with the KPI?
o Software Developer
O Maintenance User
O  Production Planner

e Whose work is monitored with this KPI?
o Software Developer
O Maintenance User

e Towhomisthe KPIreported?
0  Production Planner
O Superiors
O Management

D6.7 - PHYSICS Application Prototypes Evaluation V2 Page |14



H2020-1CT-40-2020 (RIA) PHYSICS - 101017047

Based on the evaluations of other KPIs after the workshop, we identified that the actors would have been
the same for the other KPIs as well.

Forthe Step #2, we have defined the following business goals (BGs):

1. Highproductionrate
2. Highavailability (ofthe software infrastructure)
3. Lessmaintenance time (in software failure)

From the three BGs above, high availability (BG2) was chosen as the main goal. Asbeing a testlaboratory,
it isapparent that the stability is one of the main aspects that will be provided by the PHYSICS project. If
BG2ismet, BG3 and the BG1 will alsoindirectly be affected, thus meeting our goals.

In Step #3, goals and the initial KPIs were rephrased to create measurable performance results. After this
step, the following two business goals are identified:

e Using PHYSICS should decrease occurrences of software faults by at least 40% compared to
without PHYSICS.

e Using PHYSICS should decrease manual QA requests by at least 40% compared to without
PHYSICS

To even digdeeper and create a potential measure, in Step #4, the business goals are further evaluated.
The created KPIs based on Step #3 were the following:

e # of error messages in software logs per QA'ed products (KP103)
e # of PHYSICS invocations in software logs per QA'ed products (KP107)

Step #5 dealt with how the measurements are supposedtobe. Based on the analysis, itis determined that
the datais both calculated and directlymeasured by checking the errorlogs of the software. A daily check
would also suffice. This KPI was first intended to be for Quality Control (service), however, it is also
identified thatit can be used for different usages.

Following Step #5, in Step #6, the optimal value is determined to be 0%, which is the ratio of error
messages in software logs, divided by the number of total QA’d products (where # of QA’d products > 0).
Desired value range is expected tobe between 0% and 10%.

The last steps (namely Step #7 and Step #8) were toidentify whether thereisa (business) -process that
the KPI should be integrated in. However, for the Smart Manufacturing Use Case, it was not the case.
Nevertheless, it is confirmed that software developers and maintenance users can collect the logs and
discuss with the superiors and management to evaluate the status. If necessary, make decisions to
improve the software.

4.2 KPIevaluation in the currentinfrastructure

The current infrastructure at SmartFactory-KLis implementedas a service-oriented architecture. Asseen
in Figure 4, each software component to complete the production is loosely decoupled from each other.
This enables us to convert the appropriate services into functions, to fully exploit the PHYSICS
functionality. Each hardware module added to the demonstrator is also using the same idea of this
software architecture. This means thatthe hardware modules are able to use the FaaS approach to fulfill
their requests or response tothe requests requested by other hardwaremodules. This Use Case utilizes
the QC Module which controls the product for defects before giving it to the customer.

For the first version of the deliverable, the KP101, KP102, KPI05, KP108, and KPI09 were evaluated by
measuring the times using an internal tool. The baseline for this KPI is obtained using the following
scenario:

S$1) Python scriptto request QC -> Docker QC -> Python in Docker (inference time) -> Result
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Figure4: The architectural overview of the SmartFactory-KL demonstrator.

Figure 5 shows the total time and inference-only times across 30 requests for alocal Docker deployment
on a developer notebook of the inference code. The average evaluation of KPI01, KP102,and KPIO05 in this
contextis summarized in Figure 5: Time per request for 8 sequentialrequests (S1 - remote Docker).

Table 1. The median response/interferencetimes are derived by the time available for quality control not
to disturb the flow of the production.

mmm nference time
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Figure 5: Time per request for 8 sequential requests (S1 — remote Docker).

Table 1: KPI evaluation with remote docker (as-is, without PHYSICS components).

KPI Objective Current evaluation
KPI01 Median response time < 0.5 seconds 0.383s
KP102 Not applicable, existing system was not built (3.0325)

with scalability in mind

KPIO5 Median interference time < 0.2 seconds 0.056s

4.3 KPIevaluation using PHYSICS components

For the first version of the deliverable, the KP101, KP102, and KPI105, KP108, and KP109 were evaluated by
measuring the times using an internal tool. To measure these KPIs using PHYSICS components, the
following scenario was identified:

$2) Python scriptto request QC -> Node-Red -> OpenWhisk -> Docker QC -> Python in Docker (inference
time) ->Node-Red -> Result

S2 uses thelocal PHYSICS deployment on the Edge within DFKIpremises. The measurements were made
for the cold-start (which means the requestwas not made for a long time), and warm-start (which means
repeated after ashorttime as soon as the previousrequestis completed). Based on the scenarios above,
theresultsare seen below.

0.5

mmm Inference time
B Total time

0.4

Time in seconds
o
w

o
¥

01

0.0+

4 5 6
Request no.

Figure 6: Time per request for 8 sequential requests (scenario S2 - warm)

Figure 6 shows both the total time and inference-only time for eight sequential requeststo measure KPIs
01 & 05 (medianresponse & inference times). Both are consistent over the whole range ofrequests. The
total time includes overhead due to OpenWhiskand Node-Red as well as transmission delays (both ways)
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viaa VPN connection and are thusrelatively high. Nevertheless, they are still low enough in this bad case
to be used in production.

Comparing the request history with the cold start measurements seen in Figure 7, spin-up times of
roughly nine seconds are clearly discernable. Four instances are used to handle the eight sequential
requests. The inference-only time for requests wherespin-ups happenedare also characteristically higher
compared tousual times. Response and inference times for re-used instances are exactly the same as in
the warmed setup discussed previously.

= nference time

12 mmm Total time
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o @
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~
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Figure 7: Time per request for eight sequential requests (scenario S2 - cold)

Figure 8 again shows both the total time and inference-only time, but for eight parallel requests to
measure KP102 (scalability) withinthe server’s limits. In total, the eight requestsonly took 0.95 seconds
while it took 3.40 seconds sequentially. This shows good scalability, since each inference also scales
internally with the number of available CPU cores.
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Figure8: Time per request for eight parallel requests (scenario S2 - warm)
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Comparingthe request history withthe cold start measurements seen in Figure9, allrequestsrequired a
spin-up each. In total, the completion of all requests took 24.10 seconds versus the 0.945 seconds in the
warm state. The difference is found mainly in the spin-up times, which isnon-existentinthe warm case.
Further, the spin-up times are higher than in the previously discussed sequential test. Note that this
measurementis an absolute worst-case and is not expected tohappen at all in production.

mmm Inference time
W Total time

20
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Time in seconds

w

1 2 3 4 5 6 7 8
Request no.

Figure9: Time per request for eight parallel requests (scenario S2 - cold)

Table 2 shows the current evaluation results. The overhead introduced by the PHYSICS components,
mainly OpenWhiskand Node-Red, is very minimal.Inference-onlytimes are also slightly affected. One of
the main strengths of PHYSICS is scalability, which is clearly reflected in our results for KPI102. We also
performed tests with cold start, which donot reflect normal operation conditions and are only listed for
completeness. Thus, all objectives of the currently measurable KPIs are satisfied.

Table 2: Smart manufacturing KPI evaluation using PHYSICS components together with evaluation based on

remote docker.
KPI Objective Evaluation context Current evaluation
Cold start (4.8805s)
KPI0O1 Median response time < 0.5 seconds Warm start 0.439s
Remote Docker 0.383s
Cold start (parallel) (24.105)
KPI0? Total time (parallel with 8 requests) < Warm start (parallel) 0.945s
Total time (sequential) Warm start (sequential) | 0.439s*8=3,512s
Remote Docker (3.0325)
Cold start (0.515s)
KPI05 Median interference time < 0.2 seconds | Warm start 0.08s
Remote Docker 0.0565
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In as-is (non-PHYSICS) scenario, the local deploymenton a dedicated machine was running 24 /7,causing
significant power consumption and needed extra maintenance. With PHYSICS infrastructure, since the
machines used for production are not running for 24 /7, there is a potential for cost savings, which is
covered in KPI08. The locally deployed PHYSICS on the Edge is running on a shared server and is only
insignificantly contributing to power consumption while not in use and incur only minimal maintenance
costs. PHYSICS cloud deployment also only incurs costs while in use. A cost estimation and comparison
will be given in the nextversion of the deliverable, after all PHYSICS components are deployed and tested.

As conclusion, the deployment of the local PHYSICS environment enabled the Use Cases to be initially
tested and some of its KPIs to be measured. Although only remote Docker tests without the PHYSICS
environment was found tobe faster than the environment tests (KP109), as defined by the Use Cases, the
reliability ismore important thanthe speed, aslongasthereisless downtime, and itis still fast enough
not to disturb the production.
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5. PILOT “EHEALTH”
5.1 KPI definition

In the following subsections we describe the process of deriving KPIs for the eHealth Use Case, resulting in
a Table of measurable KPIs at the end of this subsection.

5.1.1 Description of key performance indicators

The starting point for defining the eHealth Use Case KPIs wherethe following two performance measures
that were deemed relevant for the pilot at the start of this process:

* Thetime to infer on some inputvectors given a model should scale better than linearly with the
number ofinvolved vectors.

= Thetime to redeploy the service utilizing more resources should be short and the process should
not require humansupervision.

5.1.2 KPI Workshop outcomes
Starting the KPI definition process as defined in §2.2 (Step #1), we have identified the following set of key
actorsinvolved in these two KPIs:

=  Who is towork with the KPI?

o Head of Machine Learning

o Machine Learning Engineer

o Head of Software Development Team (Service Manager)
= Whose (direct) workis monitored with this KPI?

o Head of Machine Learning

o Machine Learning Engineer
= To whom is the KPI reported?

o CEO

The actors and their roles as defined above are the same for all relevant KPI's related to the PHYSICS
eHealth Use Case.

As anextstep (Step #2), the question of which business goals should be supported was defined as follows.
Note that from this point on in the KPI-definition workshop, the original KPI definitions (i.e., “time to
infer”,and “time to deploy”) were let go in order to formulate a set of more exact KPIsas defined here. At
the end of this section in Table 3, we re-visit these initial statementsin order tore-introducethem in the
final set of KPIs for the eHealth Use Case.

= BG1: “Platform works in a stable way” - A very important high level KPI is that the addition of
smartservices, such as the online inferencing should never negatively impact the overall system
performance. Additionally, for this business goal, the following daily work goals were de fined:

o Prediction pipeline should be optimized
o Improve the prediction time

= BG2: “Add the machine learning features to platform” - Perhaps obvious, but it is important
thatthe ML features (online inferencing, and later perhaps online modeltraining) are in tegrated
into the platform. Additionally, for this business goal, the following daily work goals were defined:

o Improve the prediction accuracy
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= BG3: “Lower the price of an individual prediction” - L.ooking ahead, as the number of users of
the platform grows, performance of the online inferencing cannot become an excessive cost
element of the platform, therefore the price ($) of individual predictions should be kept to a
minimum. Eventually this business goal was considered secondary and was not worked out in
further detail.

From these three, BG1 and BG2 were selected for further clarification, and both were marked as
“Optimization” KPIs on the scale of (Optimization - Orientation - Motivation).

In the nextstep (Step #3), both KPI phrasings were clarified as follows:

= KPI-1: Mobile/Webportal Application Requests are handled in 99% of the time within 1
second

= KPI-2: Add automatic prediction of configurable health outcomesas a platform feature

Since both KPIs are already considered very well measurable, Step #4 didn’t yieldany new results. The
final four steps (Step #5 - Step #8) have been followed for each of these 2 candidate KPIs, resultingin the
following information:

KPI-1: Mobile/Webportal Application Requests are handled in 99% of the time within 1 second
= Step #5: How data is collected:
o Calculated
= How often data needs to be updated:
o Daily
= What are the parts of the KPI:
o EveryPage Load Time (automatically collected)
o Statistics of Page Load Times (automatically collected)
= What it means (Step #6):

o Ideally, the amount of page load times <1s / total amount of page loads is somewhere
between 0.9 and 0.99.

= Step #7: In which (business-)process should the KPI be integrated:
o Integrateintothe OKR process handled through JIRA3.
= What has to be donetherefore:
o Automatic calculation hastobe implemented
o Automaticmeasurement ofload times
o Automaticreporting of statistics toan e-mail inbox
o ManuallyupdatingJIRA
= Which processes have to be created to be able to use the KPI:
o None.
= Who can do that:
o Headof SW Developmentupdates the JIRA Board.
= Step #8: Who uses the KPI to make daily work better:

3 https://www.atlassian.com/software/jira
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o Head of SW Development
= Who uses the KPI to make reports:
o Head of SW Development
= Whose salary/compensation is tied to the KPI:
o Head of SW Development
KPI-2: Add automatic prediction of configurable health outcomes as a platform feature
= Step #5: How data is collected:
o Directmeasured
= How often data needs to be updated:
o Weekly
= What are the parts of the KPI:
o Presence of the Feature (manually collected)
*  What it means (Step #6): There isrelevant progress on any of the implementation’s subtasks.
= Step #7: In which (business- )process should the KPI be integrated:
o Software Developmentand Planning
=  What has to be donetherefore:
o Implementthereportinginthe JIRA Agile Tool
o Talk with participants aboutthe purpose of the KPI
= Which processes have to be created to be able to use the KPI:
o None.
*  Who can do that:
o Software Development Lead
o Product Owner
o Software Developer
= Step #8: Who uses the KPI to make daily work better:
o Head of Machine Learning
= Who uses the KPI to make reports:
o Head of Machine Learning
*  Whose salary/compensation is tied to the KPI:
o Head of Machine Learning
o Head of SW Development
5.1.3 Building measurable performance results

This defines KPI-1 and KPI-2 as they were defined in the collaborative KPI Workshop held in January
2022.The current set of KPIs for the eHealth Use Case is summarized in Table 3 below.
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Table 3: List of KPIs for the eHealth Use Case.

# KPI Clarification
The online inferencing of e.g., health outcomes
Mobile/Webportal Application Requests | in Healthentia studies or digital therapy’sisan
KPI-1 arehandled in 99% of the time within1 | advanced feature that may notimpactthe basic
second functioning and responsiveness of the existing
platform.
Add automatic prediction of configurable The impl.eme.nFat.ion Ofth? new feature (online
KPI-2 inferencing)isinitselfan important KPI for the
health outcomes asa platform feature
company.
The average invocation time of Compared toa “traditional” deployment of the
KPI-3 performing a single prediction should be | inference models within the Healthentia server
the same or less when deployed in architecture, the PHYSICS deployment should
PHYSICS not be slower.
The time to (re-)deploy an updated Compared tothe “traditional” deployment, (re-)
Online Inference Model using the deploying an update toan inference model
KPI-4 PHYSICS platform should be shorter should be a procedure that takes less than when
compared tothe deploymentin the using the PHYSICS platform. This can only be
original platform. measured somewhatsubjectively.
Th.e deployment ofany functionality Cost-reduction is not the primary reason for
using the PHYSICS platform should be . e .
KPI-5 more cost-effective than the same using PHYSICS (scalability is) but deploying

procedure using the traditional
deployment platform.

functionalities using PHYSICS should definitely
not be more expensive.

5.2 KPIevaluationin the currentinfrastructure

The currentimplementation of the online inference in Healthentia involves an inference service exposing
a single APl endpoint that expects the input vectors toinfer upon and the name ofthemodel to be used.
This endpoint is the same as the one created by the Node-RED flow for inference. The service is a Flask
Python web application thatalso features a Ul for monitoring purposes.

The service does not have any storage needs. It is dockerized and deployed as part of the Healthentia
Kubernetes clusterinits own pod.

The service is typically invoked once per day for each subject in the Healthentia platform. The feature
vectors are composed when the information for any dayis complete. Since this can happenatany time in
the following day, vector composition is attempted every two hours, whereupon some new vectors are
prepared. The models are implemented using different machine learning algorithms, their majoritybeing
Neural Networks or Random Forests. Our currentinference needs are met withoutthe need of any GPU
acceleration.

5.2.1 Platform performance Evaluation

The KPI states that “Mobile/Webportal Application Requests are handled in 99% of the time within 1
second”. At this moment, there are no statistics available on the current average performance of the
platform, which means that it is not clear whether the KPI is satisfied in the current (pre-PHYSICS)
situation or not.
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5.2.2 Feature inclusion

The KPI-2 states to “Add automatic prediction of configurable health outcomes as a platform feature”. This
KPI formally defines the need to integrate the online health outcome prediction Use Case into the
Healthentiaplatform. This KPI simply states that this particular feature “should be there”. We consider the
KPI achieved if we have online inferencing integrated into the production environment and that it is
predicting outcomes for a particular Use Case.

5.2.3 Evaluation of inference time

The KPI states that “The average invocation time of performing a single prediction should be the same or
lesswhen deployed in PHYSICS”. For this reason, an experiment was performedbetween a service based
version of the model and a FaaSbased one in Section 5.3.3.

5.2.4 Evaluation of deployment time

The KPI states that “The time to (re-)deploy an updated Online Inference Model using the PHYSICS
platform should be shorter compared tothe deploymentin the original platform.” In the currentsituation,
re-deploying the inference service takes about 5 minutes. Most of this time is spent installing the
requirements of the Python script during the build of the new image of the service.

5.2.5 Cost evaluation

The KPI states that “The deployment of any functionality using the PHYSICS platform should be more cost -
effective than the same procedure using the traditional deployment platform.” An initial analysis of the
current scenario shows that the ML algorithms are running on an MS Azure Pod that costs around
€100,00 per month.

5.3 KPI evaluation using PHYSICS components

5.3.1 Platform performance Evaluation
This KPI can only be evaluated once the PHYSICS-deployed prototypes are beingused in a production, or
production-similar environment. [t will be fully integrated and tested duringthe intensification phase.

5.3.2 Feature inclusion
In terms of evaluation, the KPI is either achieved or not - at this point is not yet achieved as the full
integration workis still ongoing.

5.3.3 Evaluation of inference time

For the evaluation of the PHYSICS-case, we have taken the following steps. The PHYSICS Design
Environment is used to create and locally test the flow implementing inference, as shown in Figure 10,
adapted from D6.5.
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Figure 10: Flow implementing inference.

The Design Environmentis then used to deploy the flow as a function at the PHYSICS OpenWhiskin AWS.
A flow is also implemented to use the inference function deployed from the inference flow, as shown in
Figure 11. This facilitates experimentation with the function.

Figure 11: Flow utilizing the inference function.

Finally, another flow is used for benchmarking the inference function using the PHYSICSload generator,
as shownin Figure 13.
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Figure 12: Timing of the execution of a function.

The flow of Figure 13 benchmarks the timing of the execution of the function, as shown in Figure 12.
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Figure 13: Flow benchmarking the inference function.

The results obtained from the PHYSICS Load Generator appear in Figure 14, based on the delay definitions
of Figure 13.
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T payload: object
sampleNumber: 75
memory: 512
testiame: "ehealth”
testSetDuration: 488880
clientMumber: @
actualStartTime: 1656665888359
totalClients: 1
parentSampleTime: 1656665888358
action: "Inference_3fff08e8-3617-4ebd-b118-4229f38514e3.json”
otherInfo: "5g88"

-

methodPayload: object
setRate: 12

globalStartTime: 1656665888358
averageDuration: 2854.24
averagelaitTime: 8.64
averageInitTime: @
achievedAverageRate: 11.24
averagelUserSideDelay: 3853.61
averageStartLatency: 199.37
successPercentage: 108
coldStarts: @
launchGeneratorDelay: 1
stdDevDuration: 547.88
stdDeviaitTime: 2.26
stdDevInitTime: @
stdDevUserSideDelay: 547.84
stdDevStartLatency: 36.74

¥ inputData: object

status: "Comoleted"

Figure 14: Metricsfrom the PHYSICS Load Generator targeting the PHYSICS AWS Openwhisk Cluster

Memory is in MB, timestamps in Unix Time milliseconds, the set and achieved rate refer to messages per
minute while all the delays are in milliseconds. In this case the targetis the inference function on AWS. For
convenience, the results are summarized as follows:

e globalStartTime: 1655708182256

e actualStartTime: 1655708182257

e parentSampleTime: 1655708182256

e achievedAverageRate: 3

e coldStarts: 0

e launchGeneratorDelay: 1

e Statistics:
= Duration: avg2598.67,std 53.48
= Waittime:avg30.33,std 28.08
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= Inittime:avgO0,std0
= Usersidedelay:avg 3860, std 62.5
= Startlatency:avg1261.33,std 103.03

The parameters were selected so that we always get the same warm container for execution, in order to
investigate its behavior over time, that appears in the following figure. This can be used to decide for
example ifthe memory used is ok, or if some other aspect of the image can be optimized (for example in
the following case the filesystem usage seems to increase over time, indicating that at some part of the
flow relevant filesmay need tobe deleted.

Memory usage CPUusage

Filesystem Network in

Figure 15: Example container usage metrics from the OKD dashboard

Inorder to compare between a typical service based deployment and a FaaS based one, the created model
inference container was deployed as a service container on an 4-core 8GB VM (internal testbed). On the
same platform, an Openwhiskinstallation was used with the registered function. Then three different set
rateswere applied (12,30 and 60 messages per minute), each with 10 inputs needing prediction, in order
to investigate the effectin each case. 100 values from each case were approximately obtained. The results
appear in the following table. One of the main benefits achieved is the increased scalability of the FaaS
solution, which is able to maintain responsiveness at the highest rate, in contrast to the server based
version.

Table 4: Comparative results between a service based version anda FaaS based version on a local testbed.

Type of Execution-Rate Average User Side Delay
(milliseconds)

Server-12 6309.56

Server-30 6608.54

Server-60 Timeout, server crashing
FaaS-12 6646.71

FaaS-30 21940.93

FaaS-60 90766.40
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5.3.4

Evaluation of deployment time

In order to evaluate this KPI we must conduct a partly subjective analysis of the full range of activities
involved in the deployment of new inference models using PHYSICS platform. Since the process in the
PHYSICS scenariois still under development, this analysis will be done in the second round of evaluation.

5.3.5

Cost evaluation

In order to evaluate this KPI scenarios regarding PHYSICS costs should be made. Since the processin the

PHYSICS scenariois still under development, this analysis will be done in the second round of evaluation.

6. PILOT “SMART AGRICULTURE”
6.1 KPI definition

6.1.1

Description of key performance indicators

Several objectives have been defined to evaluate the performances improvements achieved through
PHYSICS platform and projects products in (Franke, et al,, 2021). For each one of the objectives
mentioned, we give abriefdescription:

6.1.2

Amount of data lost: the data collection pipeline currently deployed in greenhouses is highly
sensitive to connection failures. When connection failures happen, the data measured by the
sensors and exposed by the supervisor of the greenhouse are lost. The aim of this indicator is to
evaluate the gain in robustnessinducedby the integration of Physics components.

Update on plant status: the data collected in the greenhouse are used as input of numerical plant
growth model. The outputs of these models are provided to the growers through visualization
tools allowing to track hourly changes in the plant status and to support decision making in
greenhouse management. In case of connection failure to the supervisor, environmental data are
unavailable and plantstatus cannot be updated leading to service interruption.

Time to perform optimization: numerical plant growth models coupled with climate scenarios
allow to explore different greenhouse management policies. To be relevant the numerical
simulation of the scenarios must be run with up-to-date environmentaldata and response time of
the system mustbe as shortas possible.

Adaptation time to new context: according to the greenhouse infrastructure on which the
pipeline must be deployed, several adjustments could be necessary.

KPI Workshop outcomes

From the full list of the objectives written above, during our workshop for the KPI definition process, we
have selected “Adaptation time to new context” as our highest priority during the PHYSICS project. To
reflectthe methodologyin §2.2,as Step #1, here are the identified actors:

Who is to work with the KP1?
© Commercial
o0 Head of greenhouse project
0 Headof R&D
Whose work is monitored with this KPI?
o0 Engineerincharge of deployment
o0 Software developers
To whom is the KPI reported?
o Commercial
© Head of greenhouse project
o Head of R&D
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For the Step #2, we have defined the following business goals (BGs):

e Scalingup from a couple of greenhouses totens or hundreds
e Reducingthe costassociated with deploymentofthe application on the edge
e Easejuniorinstallation and then recruitment

From the three BGs above, high availability (BG2) was chosen as the main goal. fBG2 ismet, BG1 and BG3
will also indirectly be affected, thus meeting our goals.

In Step #3, goals and the initial KPIs were rephrased to create measurable performance result. After this
step, the following result has been identified:

e Using PHYSICS allow toadaptand deploy the application in a variety of greenhouse context with
minimal effortin terms of development.

To even dig deeper and create a potential measure, in Step #4, the results are further evaluated. The
created measures were the following:

e Extra-timeneeded todeploy the solution in anew context

Step #5 dealt with how the measurements are supposedtobe. Based on the analysis, itis determined that
the datais directly measured by checking the efforts required toadapt the application tonew greenhouse
context. The analysis performed lead to the formalization of what defines a context, which includes:

e Thetype of greenhouse supervisor
e Thetypeof sensorsused inthe greenhouse
e Thenetworkconfiguration
e Theoperating system presentin the greenhouse
Moreover, two kinds of adaptations could be needed toaddress a new context:
e Theadaptation of the environment deployed
e Theadaptation of the methods for data collection and preprocessing

Following Step #5, in Step #6, the optimal value is determined tobe 0, which isthe extra-time needed to
deploy the application in a new context, estimated from the time needed to deploy the application in a
fully mastered context. Desired valuerange is expected tobe between 0 and 2 man-days.

The last steps (namely Step #7 and Step #8) were toidentify whether thereisa (business)-process that
the KPI should be integrated in. The reduction of the time needed for adapting the application to a new
contexthasa directimpact on the billing plan and on the developer team planning.

Once measured on a set of contexts to define an achieved upper limit, the KPI could be easily integratedin
business scenarios by the commercial director and in the developer, team tasks scheduling by the head of
greenhouse projects togetherwith head of R&D.

6.1.3 Building measurable performance results
Following the methodology experimented during the KPI Workshop we derived measurable performance
results for each KPI and associated objectives (see Table 5).

Table 5: Measurable performance resultsand PHYSICS objectives for smart agriculture Use Case.

KPI Metrics Objective
Amount of datalost Number of connection failure No data lost no matter how
Number ofdatalost many connections failure occurs

D6.7 - PHYSICS Application Prototypes Evaluation V2 Page |31



H2020-ICT-40-2020 (RIA) PHYSICS - 101017047

Update on plant status Number of interruptions No interruption of service
Interruption time
Time to perform optimization Response time Optimization must be performed

inlessthan 1h

Adaptation time tonew contexts | Time to adaptthe environment | Adaptationtime mustbe smaller

Time to adapt the data collection | than2 man-days
procedure

6.2 KPI evaluation in the currentinfrastructure

6.2.1 Amount of data lost

To evaluate this indicator the data collection process has been monitored in two types of greenhouses
belonging to R&D partners of Cybeletech. Monitoring has been performed from October 2021 to June 2022 in
the first, and from July 2021 to September 2021 in the second. Time series collected during these periods are
shown in Figure 16 and Figure 16: Temporal series describing the climatevariables collected in greenhouse

type 1 with the currently deployed data collection pipeline over the experimentation period.
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Figure 16: Temporal series describing the climatevariables collected in greenhouse type 1 with the currently
deployed data collection pipeline over the experimentation period.
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Figure17: Temporal series describing the climatevariables collected in greenhouse type 2 with the currently
deployed data collection pipeline over the experimentation period.

The performance indicator used to quantify the amount of data lost integrates:
1. Thenumber of connection failure during the monitoringperiod
2. Thenumber of data pointlost
3. Theamount of datalost, expressed in kilobytes (kB)

During the monitoring period, six connection failures were encountered for greenhouse Type 1. These
failures resulted in the loss of 27400 data point or 220 kB. For greenhouse Type 2, three connection
failures were encountered,resulting in the loss of 8000 data point or 63 kB (Table 6 ).

Table 6: Number of connection failures and corresponding amount of data lost, expressed in number of data
pointand volume, for greenhouse type 1 andtype 2 over the experimentation period.

Failure number Lost data point Lost data amount

Greenhouse Type 1

October 2021 0 0 0 kB
November 2021 1 5000 40 kB
December 2021 1 2900 23kB

January 2022 1 5800 46 kB
February 2022 1 8600 69 kB

March 2022 1 1500 11kB
April 2022 0 0 0 kB
May 2022 1 3600 29KkB
TOTAL 6 27400 220 kB
Greenhouse Type 2
July 2021 2 500 4 kB
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August 2021 1 7500 59kB
TOTAL 3 8000 63 kB

6.2.2 Update on plant status

To evaluate this indicator the simulation process has been monitored in two types of greenhouses
belonging to R&D partners of Cybeletech. Monitoring has been performed from October 2021 to June
2022 inthefirst,and from July 2021 to September 2021 in the second.

The performance indicator used to quantify the failure of plant status update process is composed of two
metrics:

1. Thenumber of service interruption during the monitoring period
2. Theinterruptiontimes

During the monitoring period six service interruptions occurred for greenhouse Type 1, with interruption
duration ranging from 2 to 12 days. For greenhouse Type 2, three interruptions occurred with
interruption duration ranging from less than one day to four days (Table 7).

The total interruption duration is 38 days out of eight months (round 15%) for greenhouse Type 1 and
four days out of two months (round 6.5%) for greenhouse Type 2.

Table 7: Number of interruption and corresponding interruption time of the plant status monitoring service,
for greenhouse type 1 and type 2 over the experimentation period.

Number of interruptions Interruption time
October 2021 0 0 days
November 2021 1 7 days
December 2021 1 4 days
January 2022 1 8 days
February 2022 1 12 days
March 2022 1 2 days
April 2022 0 -
May 2022 1 5 days
TOTAL 6 38 days
July 2021 2 < 1lday
August 2021 1 3 days
TOTAL 3 4 days

6.2.3 Optimization process performance

To evaluate this indicator the simulation process has been monitored in two types of greenhouses
belonging to R&D partners of Cybeletech. Monitoring has been performed from October 2021 to June
2022 in the first, and from July 2021 to September 2021 in the second.

The indicator used to quantify the performance of the optimization process integrates:

D6.7 - PHYSICS Application Prototypes Evaluation V2 Page |34



H2020-1CT-40-2020 (RIA) PHYSICS - 101017047

1. Thetimeto retrieve brutclimate datafrom the database

2. Thetime to generate climate scenarios

3. Thetime to runsimulationsbased on sensor and generated climate data
4

The time to perform optimization based on simulation outputand cost model

6.2.4 Adaptation time to new contexts

The KPI workshop enables to formalize a measurable metric on the adaptation time which is the sum of
times needed for several distinct tasks. However, when the adaptation of Cybeletech application from type
1 to type 2 greenhouse has been performed, the needed timehas not been monitored with enoughdetails
to estimate the constructed indicator.

As areference evaluationitisthen proposed touse a very coarse estimation ofthe effort invested in the
adaptation of the application from type 1 to type 2 greenhouse. The estimated time for adapting the
applicationisover 15 man-days.

6.2.5 Reduction of costs

The data collection pipeline is currently deployed on the greenhouse’ssupervisor, which remains on 24
hour/7 day. The main cost reduction is then a direct outcome of the reduction of adaptation time to new
contexts.

On the other hand, simulation and optimization pipeline are currently deployed on Cyb eletech servers
with some other applications. For the time being, update on plant statusis performed automatically every
hour to ensure that growers access to up-to-date results, and optimization is performed on growers
demand by Cybeletech engineers.

6.3 KPI evaluation using PHYSICS components

6.3.1 Amount of data lost

To evaluate this indicator the script for sensor data parsing has been adaptedand integrated in the Edge -
ETL flow. The flow has then been parametrized and deployed on a Cybeletech computer, acting like a
greenhouse supervisor, following the local installation procedure (Zarzycki & Labropoulos, 2022) . We
then simulated connection failure of length ranging from 1 hour to 1 day by randomly deactivating the
internet connection on the computer.

After 2 weeks of experimentation, the amount of data lost due to connection failure is 0. During the
intensification phase we will continue to monitor the data collection process and increase the length of
connection failure.

Datalost can also be due to greenhouse supervisor restarting (for example for maintenanceoperation). It
would be of great interest for Cybeletech to include an automated local deployment procedure of the
Design Environment to ensure continuity of service in case of supervisor maintenance.

6.3.2 Update on plant status

The simulation flow has not been deployed on the Cybeletech computer used to emulate greenhouse
supervisor because adaptation of the application is still ongoing. However, as the simulation is a data
postprocessing operation and has a similar logic to the data preprocessing integrated in the data
collection pipeline, the expected behavior is the same as for data collection pipeline with no service
interruption achieved thanks to PHYSICS local deployment.

During the intensification phase the plant model will be deployed on the emulated greenhouse supervisor.
Moreover, to avoid supervisor resource consumption itis planned touse an alternative pattern allowing
to run simulationsin the cloud when connection is up and running.
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6.3.3 Optimization process performance
The adaptation of optimization procedure is still ongoing, and it will be fully integrated and tested during
the intensification phase.

6.3.4 Adaptation time to new contexts

During the first phase we mainly evaluate the adaptation time for data collection procedure, assuming
that the Design Environment is deployed on the greenhouse supervisor. To perform this evaluation
Python scripts generating files with different format and content have been implemented. The time
required to adaptthe procedure of data parsing, which isused asinput ofthe Edge-ETL flow, and to adapt
and deploy the newly constructed flow has been monitored.

According to the complexity of the data structure and to the format of the file, completeadaptation time
range from a few minutes toa few hours, which is far lower than the time requiredtoperform the same
adaptation within the existing application. This is mainly achieved thanks to the use of the Edge-ETL
pattern which remove the need to develop and configure bash wrappers,and tothe docker image made
available through the Design Environmentwhich can be directly deployed on the edge (Table 8).

Table 8: Tasks and associated times needed to deploy the data collection pipeline developed for greenhouse
type 1 in greenhouse type 2, compared to times needed to deploy the PHYSICS prototype on the testing server.

Task For partner greenhouse For the prototype
Python script for data collection and storage 1 to 2 man-days < 1 man-days
Python script for connection failure handling 3 to 5 man-days 0 man-day
Bash scripts for taskscheduling 3 to 5 man-days 0 man-day
Deployment procedure 4 to 6 man-days < 1 man-days
TOTAL 11to 18 man-days < 2man-days

During the intensification phase the time required to adapt the Design environment to different type of
greenhouse supervisor will be evaluated witha focus on the operating system and available softwares.

6.3.5 Reduction of costs

Previous section demonstrates the gain in deployment time enabled by the use of PHYSICS Design
Environment. In terms of cost, it corresponds to a reduction of more than 50% of the cost associated to
the deployment of the application in a new type of greenhouse.

On the other, with the full integration of simulation and optimization pipelines in the prototype during the
impact intensification phase, the applications will run on demand in the cloud. This implies that the
maintenance of Cybeletech computing servers will no longer be necessary leading to a significant
reduction of operational costs.

6.3.6 Concluding remarks

The application prototype developed with PHYSICS components enabled to achieve the objective
regarding the data collection pipeline with no datalost during the experimentation period. Moreover, the
time needed toadapt the data collection pipeline to the context of PHYSICS was significantly lower than
the time needed to adapt the pipeline developed for greenhouse type 1 to greenhouse type 2 (Table 9).
The speedup of application deployment enabled by the use of PHYSICS components will induce a
reduction in costs for the growers.

The simulation and optimization pipelines will be fully integrated in the application prototype and
evaluated during the impact intensification phase. Based on the behavior of the data collection pipeline,
the objective related to plant status update is foreseen tobe rapidly achieved. Further experimentation
will be performed to evaluate the objectives regarding the optimization pipeline.
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Table 9: Measurable performance resultsand PHYSICS objectives for smart agriculture Use Case evaluated
with PHYSICS application prototype and compared to the evaluation performed on the currently deployed

applications.
KPI Objective In partners With application
greenhouses prototype
Amount of datalost No datalostno matter | 500to 8000 datapoints [ No data pointlost
how many connections | lost / month during the testing
failure occurs period
Update on plantstatus | No interruption of Up to 10 days of -
service interruption / month
Time to perform Optimization mustbe >4 hours -
optimization performedinlessthan
1h
Adaptation time tonew | Adaptation time must > 15 man-daystoadapt | <2 man-daystodeploy
contexts be smallerthan 2 man- | from type 1to type 2 the prototype
days
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7. USABILITY EVALUATION

The previous section shows how the components embedded in the design environment enable

7.1 Methodology

7.1.1 The System Usability Scale

The System Usability Scale (SUS) provides a reliable tool for measuring the usability. It consists of a ten
items questionnaire with five response options for respondents; from Strongly agree to Strongly disagree
(Figure 18). Originally created by (Brook, 1996), SUS has become an industry standard, with referencesin
over 1300 articlesand publications ( (Assila & Ezzedine, 2016)). The noted benefits ofusing SUS include
that:

e [tisaveryeasyscaletoadministertoparticipants
e Itcan beusedon small sample sizes with reliableresults

e [tisvalid - itcan effectively differentiatebetween usable and unusable systems

Figure 18: Standardversion of the System Usability Scale.

The System Usability Scale Strongly Strongly
Standard Version disagree agree
12 3 45
1 | think that | would like to use this system. O|0|0|0|0
2 | found the system unnecessarily complex. ojOojOof0O|0
3 | thought the system was easy to use. O|0|0l0|0
| think that | would need the support of a technical
4 person to be able to use this system. 0|0|of0o|0
| found the various functions in the system were
6 well integrated. 0l0|0|0|0
| thought there was too much inconsistency in this
6 system. o|0|of0o|0
| would imagine that most people would learn to
7 use this system very quickly. 0|0|0(0|0
8 | found the system very cumbersome to use. ololololo
| felt very confident using the system. O|0|0|0O|0
| needed to learn a lot of things before | could get
10 g g olo|o|o|o

going with this system.

7.1.2 Scoring and interpretation
The total scoreis 100 and each of the questions has a weight of 10 points. For each of the respondents the

SUS scoreis calculated according to the formula:
SUS Score= (X +Y)x2.5
Where:
e X =sum of the points for all odd-numbered questions
e Y =20-Sum of the points for all even-numbered questions

e Pointsrange from 0 when response is “Strongly disagree” to4 when response is “Strongly agree”
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As even-numbered questions are all in a negative tone, subtracting the points of each question from 4
ensures that:

e Iftheresponseis “Strongly agree”, the minimum point, which is 0 for each question, is given.

e I[ftheresponseis “Strongly disagree”, the maximum point which is 4 is given.

The sum obtained is then multiplied by 2.5, enabling a score out of a scale of 100 tobe assigned toeach
respondent.

The SUS score allows to easily compare product usability from iteration-to-iteration. On the other hand,
(Bangor, Kortum, & Miller, 2009) lead a study to associate an “absolute usability” toa SUS score. They
used a seven-point, adjective-anchored Likertscale to determine ifa word or phrase could be associated
with a small range of SUS scores. The obtained mappingof SUS score and qualitative evaluation of the
usability is detailed in Table 10.

Table 10: Descriptive Statistics of SUS Scores for Adjective Ratings (from (Bangor, Kortum, & Miller, 2009))

Adjective Mean SUS score Standard Deviation
Worst Imaginable 12.5 13.1
Awful 20.3 11.3
Poor 35.7 12.6
OK 50.9 13.8
Good 71.4 11.6
Excellent 85.5 10.4
BestImaginable 90.9 13.4

7.1.3 Adaptation to PHYSICS context
The interface allowing end-users toaccess to PHYSICS components is the so-called Design Environment

(DE). The SUS has then been applied to evaluate the usability of the DE (section 4, Figure 19 in Appendix).

Moreover, it has been completed with a short questionnaire on user background with the objectiveto
identify the main areas for improvement according totarget users of PHYSICS platform (section 1-3,
Figure 19 in Appendix).

Finally, togeta more precise understanding of the global evaluation of the DE performed through SUS
survey, a set of questions regarding specificcomponents has been proposed tothe end users (section 5-7,
Figure 19 in Appendix).

7.2 Results

For this first iteration, the survey hasbeen submitted to the Use Case partnersinvolved in the
experimentation of PHYSICS components. Two members ofthe eHealth team, twomembers ofthe smart
manufacturing teamand one memberofthe smartagricultureteam have responded to the survey.

Based on the user background survey, each Use Case respondents have its own specificities:

o eHealthrespondents have littleexperience in building and using docker images and a substantial
experience in event driven applications and application deployment (not serverless).
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e SmartAgriculturerespondents have some experience in building and using docker images butno

experience in event driven applications or application deployment (not serverless).

e Smart Manufacturing respondents have sound experience in building and using docker images and
in eventdriven applications and has some background regarding application deployment (not

serverless).
None of the respondents have sound experience in:
1. Usingautomation servers
2. Functional programming concepts

3. Creating,deploying, and executingserverless applications

The respondents have all experimented with the Design Environmentwith differentlevels of intensity.

Onerespondent evaluateditas “very high”, while others evaluated it as “high”.

The total SUS score range from 30, which according to (Bangor, Kortum, & Miller, 2009) corresponds to
"poor usability”, to 72.5, which correspond to “good usability” (Table 10). The mean value across

respondentsis 51.25 and correspond to “OK usability” (Table 11).

Table 11: Minimal, maximal, and mean SUS scores obtained for each statement of the survey (outof ten) and

for the global evaluation (out of 100).

Questions Min Max Mean
1.1 thinkthatIwould use the DE frequently 0 7.5 3.1
2.1 found the DE unnecessarily complex 2.5 7.5 5.6
3.1 thoughtthe DE was easy to use 2.5 10 6.3
4.1 thinkthatIwould need the support of a technical person tobe able 0 10 4.4
to use the DE

5.1 found the various functions in the DE were well integrated 5 7.5 5.6
6.1 thought there was toomuch inconsistency in the DE 5 10 7.5
7.1 would imagine that most developers would learnto use the DE very 0 7.5 5.0
quickly

8.1 found the DE very cumbersome touse 0 10 5.6
9.1 feltvery confident using the DE 5 7.5 5.6
10.1 need tolearn a lot of things before I could get going with the DE 0 5 2.5
TOTAL SCORE 30 72.5 51.25

The users found the DE consistent (statement6) and easy to use (statement 3), except for one respondent

who disagree with this statement(Table 11).

The lowest scores have been obtained for statements 1,4 and 10, which means that:

1. Theusersdon’t thinkthey would use the DE frequently

2. Theusersthinkthattheywould need the supportofa technical person tobe able to use the DE

3. Theusers consider thattheyneed tolearn a lot of things before being confident with the DE
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Regarding specificcomponents, most of the respondent estimate thatNode-RED ease the transition tothe
functional programmingconcepts and that the patterns can be adaptedto support modifications needed
for the application. Toa slightly lesser extent they estimatethat the provided patterns aid in abstracting

details and offers useful ready-made functionality. In contrast all the respondents have a neutral opinion
on annotations, and most of them consider that using the DE does not ease the deploymentand testing of

their applications (Table 12).

Table 12: Minimal, maximal, and mean SUS scores obtained for each statement of the survey (out of ten) and

for the global evaluation (out of 60).

Questions Min Max Mean
Node-RED eases the transition to the functional programmingconcepts 2.5 10 6.2
The annotations provided by the PHYSICS environment are useful 5 5 5.0
The provided patterns aid in abstractingdetails and offering ready- 2.5 10 5.6
made functionality I find useful

The patterns can be adapted in order to support modifications that1 5 7.5 6.2
need

The DE ease the deployment of my applications 0 7.5 5.0
The DE ease the testing of my applications 0 7.5 3.7
TOTAL SCORE 15 42.5 31.9

This survey highlights the consistency of the DE and the facilities offered by Node -RED regarding
application adaptation. However,users donot feel very confident in using the DE in total autonomy and
seem to have difficulties to project themselves into an extensive usage. At this stage of the project, many
developments on the DE and components are still ongoing and Use Case end-users donotapprehend fully

all the functionalities offered by PHYSICS DE, probably explaining their low confidence in mastering, and

exploiting the DE.

The impactintensification phase should allow the users togain a better understanding of the possibilities

offered by PHYSICS DE and components, and confidence in its use.
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8. CONCLUSIONS

This first version of Use Case Evaluation deliverable describes a set of KPIs constructed from the
objectives defined in T6.2 following state-of-the-artmethodology. Each Use Case has constructed its own
set of KPIsto measure the achievementofobjectives related toapplication adaptation and deployment
with PHYSICS platform and components.

A subset ofthese indicators hasbeen selected according to the available PHYSICS components and tothe
prototypes built during the firstiteration of T6.3. They have been evaluated with the currently deployed
applications todraw a starting point and using PHYSICS Design Environment as well as specific
components. The comparison of the two set of evaluations enable to give a snapshot of the objectives
achieved during the first phase of the project. [t shows that:

e Theuse of PHYSICS Design Environment facilitates the adaptation of applications tonew contexts
e Theuse of the Edge-ETL pattern significantly increases the reliability of data collection

e Theincreaseinapplication runtime due tocomponentsinteractions remainsin an acceptable
range for evaluated applications.

On the other hand, an evaluation of the usability of the PHYSICS Design Environmentand components
based on the System Usability Scale has been conducted. This survey highlights the consistency ofthe DE
and the facilities offered by Node-RED regarding application adaptation. However,users do not feel very
confidentin using the DE in total autonomy and seem to have difficulties to project themselves intoan
extensive usage. At this stage of the project, many developments on the DE and components are still
ongoing and Use Case end-users donotapprehend fully all the functionalities offered by PHYSICS DE,
probably explainingtheir low confidence in mastering, and exploiting the DE.

The intensification phase should allow the usersto gain a better understanding of the possibilities offered
by PHYSICS DE and components, and confidence in its use. Moreover, with the enrichment of the
prototypes and of the Use Case scenarios, the KPIs not, or partially evaluated in this phase will be. The
outcome of the intensification phase regarding used case evaluation will be describedin “D6.8: PHYSICS
Application Prototypes Evaluation V2", delivered in M36 (December 2023).
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9. APPENDIX

Figure 19: Survey proposed to Use Case users to evaluate the usability of PHYSICS Design Environment and
components.

62712022 PHYSICS Platform Usability Questionnaire

PHYSICS Platform Usability Questionnaire

*Required

1. What is your involvement in the PHYSICS Project?

Mark only one oval.

{1 do not participate / | am external to the project
_lcontribute to the Smart Manufacturing Use Case
I contribute to the eHealth Use Case

{1 contribute to the Smart Agriculture Use Case

{1 contribute to the Technical Developments of PHYSICS

{1 have anather rale in PHYSICS.

https:{fdocs.google.comyforms/d/ 1gLEh0QchnLomdvs) mwnXX-bhZ ph TRpE TooeehH2 XV T ladit 1/6
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6/27/2022 PHYSICS Platform Usability Questionnaire

2. The following statements are related to your previous experience with various "
relevant software development aspects. Please state in how far you agree with
the statements below.

Mark only one oval per row.

Strongly
Disagree

Strongly

Disagree  Meutral Agree
9 g Agree

| have experience in
building docker
images

I have experience in . . P p—
using docker images s — — — —

| have experience in
using automation )
servers

| have experience in

functional — p—
programming (- -
concepts

| have experience in
' d ) = (
applications

| have experience in

deploying (not — — — — —
Sem“m] L LN L LN L
applications

| have experience in

creating, deploying,

and executing - o O O
serverless

applications

| have experience in
using visual ) ) D
programming tools

https:fidocs.google.comyforms/df 1gLEh0Qc NnLomdvEmwnXX-bhZph 7RpB TooeehH2ZXV T/ edit 2/6
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6/27,/2022 PHYSICS Platform Usability Questionnaire

PHYSICS Design Ervironment

The PHYSICS Dasign Environment enables the design of visual workflows of applications. It allows the developer
to exploit a set of provided generalised cloud design patterns functicnalities with existing application
components, easily integrated and used with Faa$5 platforms, including incorporation of application-level
control logic and adaptation to the Faas model.

3.  Which statement best describes your current level of experience with using the
PHYSICS Design Environment?

Mark only one oval.

)1 don't know what it is.

)1 know what it is, but | have not used it.

(I have experimented with it once, or twice.
{1 have used it to build something.
[ Jlhave used it a lot.

_' | have helped build or design it.

https:{fdocs.google.com/forms/df LgLEh0QcNnLomdvE) mwnxX-bhZ ph TRpB Tooeeh H2 XV T fedit 36
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8/27/2022 PHYSICS Platform Usability Questionnaire
4. The following statements relate to the PHYSICS Design Environment (DE). Please *
indicate in how far you agree with the statements below.
Mark only one oval per row.
Strongl Strongl
. 9y Disagree Meutral  Agree i
Disagree hgree
| think that | would
use the DE D - - -, -
frequently.
| found the DE
unnecessarily ) (O () - -
complex.
| thought the DE was ~ e
easy to use. e '
| think that | would
need the support of a — —
technical peﬂl:ln to L LN AN L e d
be able to use the DE.
| found the various
functions in the DE ) - - . -
were well integrated.
| thought there was
too much — — — P —
inconsistency in the — — — — —
DE.
| would imagine that
would learn to use B! Mt e
the DE very quickly.
| found the DE very — — — e =
cumbersame 1o use. L L AN L LS
| felt very confident ~ y
using the DE. e -
| need to learn a lot
of things before | — — — —
could ge‘t gﬂing with L L AN L LS
the DE.
https:{fdocs.google.com/forms/df LgLEh0QcNnLomdvE) mwnxX-bhZ ph TRpB Tooeeh H2 XV T fedit 4/6
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6/27,/2022 PHYSICS Platform Usability Questionnaire

PHYSICS Components

The following questions are about specific PHYSICS components.

5. The following statements relate to the use of various other PHYSICS .
components. Please indicate in how far you agree with the statements below.

Mark only one oval per row.

Strongly
Disagree

Strongly

Disagree  Meutral  Agree Agree

Mode-RED eases the

transition to the

functional D
programming

concepts

The annotations

provided by the

PHYSICS ) o OO -
environment are

useful

The provided

patterns aid in

abstracting details — e — —, ™
ﬂm ﬂ"erm mdy— 1N A L - '\_ 4 i wy I\. I
made functionality |

find useful

The patterns can be

adapted in order to

support - - O O -
medifications that |

need

The DE ease the
deployment of my O o O O -
applications

The DE ease the
testing of my -
applications

https:{fdocs.google_comiforms/df LgLEh0QcNnLomdvE) mwnxXd-bhZph 7TRpE TooeehH2 X T fedit 5/6
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The sole responsibility for the content of this publication lies with the authors.It doesnot necessarily
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responsible for any use that may be made of the information contained therein.
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endorses you or your use); (ii) no additional restrictions (you may not apply legal terms or
technological measures thatlegally restrict others from doing anything the license permits).
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