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EXECUTIVE SUMMARY

Deliverable D2.1 specifies the design requirentemtérédrrelevant stage in the Horizon Europe project
FAIRWordiming at fair decision making within complex systems in the production domain. From the planned
cases of the industrial partretsE X A Aut omat ed T e s tfi Miama MadtenangeAfter i Wo r
Br eakahdCiriF0 AWor kl oad Bal anceo, fi- e depoy corstitutedland e r i a
specifies the basic design decisions for research and dew&oponsnin the project. A major contribution is

the povision of the initial architecture of an innovative service framework for decision support systems.

The first part of the report is dedicated to the design thinking approach as an efficient choice for the analysis ¢
requirements. The planned sesc&narios were primarily examined frowireisg@erspective. In several
workshops a participatory process was applied in order to deduce the most substantial design decisions fro
results of the highly interactive sessions.-Basedl@pproh of the design process was chosen in order to
determine the user requirements that were consequently defined and described in detail. In this way, the knov
about a use case was externalised in the form of conceptual representationsspasiiing rdodeliimg

languages that are suitable and provide the required construct for representation and processing. In a furthe
the highevel scenarios were designed in a collaborative, interactive, and agile environment involving experts
diffeent background®ocesses are the outcome of this structured apguodndpsupportfol. i ndi ng si nm
projectso, fAfind relevant expertso, fAsimul ate pr
similapr obl ems 0, Aireschedul e production Lineod, nal l

In the second part, we givarview about the key challeng&dSAIRWorkn the current production industry

there is a need to make the current adtandht@erarchical structured production processes more flexible. At
the same time digitalization with Al support is seen as a key enabler for more energg efieciefficaend r

services, products or business models, by also enabling prizegiss aptthe overall production process.
Therefore, we describe in more detail the main challenges technical challenges such as configuration, res
allocation, and selection aspects. These three challenges are highly relevant for makang flexiptecess
adaptive, and resourdeieht by using the relevabiagdd decision strategies in our complex distributed
decisioimaking. At the end, the trustworthy Al aspect is a further key challenge to get Al accepted by the invc
humans andsal utilize its potential.

In the third part, theerall methodology of making complex decisiaking is outlinedVithin this chapter,

we describe the overall procedure for implementing complaakiegigimcesses. Therefore, this chapter

gives anverview about relevant concepts for the research direction and implementation of such complex dec
making by using Al servicdsAIRWorlAl is used in all our scenarios to automate processes or to make their
processes more resowffieient. Siadhumans are an important part of the overall decision process, trust in Al
and human factors playsssential role, therefore these aspects are explained. Finally, the technical concept
for a concrete implementation such as digital knowledgeab@gia, digital shadow, will be discussed as

well. Finally, it follows the explanation about the orchestraticmakderjziocesses by usglingoservices

In the fourth part, the initial architecture of the project is presented basell jprojiet obgectives and
requirements. Key components BAtR&Vorkervice framework are motivated, described, and their relevan
features are presented. A detailed description of these components is given in Deliverable D4.1 includint
technicamplementation of the basic core services or application specific services.

Finally, the initial design dfAtBWotks a r dsltomipared with meast relevant technical architectures that
are commonly used in the industry environment domgiGaathFWARE, International Data $pace,
RAMI
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1 INTRODUCTION

1.1 Purpose of thBocument

This document specifies the design requirements and the initial architecture of a service framework for ple
within the Horizon Europe prefd&/Nork and complex fair decision making within production domain. A further
important purpose of this deliverable is to constitute and specify the basic design decisions derived from the pl
use cases as described in the work description.

Within the gext, we want to transform the decision making of current production processes towards a coopers
decisiomaking, by

9 introducing concepts that make human workers trust the decision making independently of whether
decision is performed by a hloyam Al, or in a hybrid manner,

1 enabling cooperative decinigking to capture the real world situation in a more complete and holistic
way and

9 introducing more influence factors to transform the current automated and hierarchical system tow:s
cooperidve networks with individual responsibilities and competences.

The production process is the central knowledge platform and starting point, wheri aoaljisinggvanich
relevantiideci si onsdo need to be t aférehichgohl.ywWewipgormhumami t h
decision makers in making decisions (a) under uncertainty, (b) strong dependencies on unknown future ever
affecting human and machines work balance, (d) affecting the overall success of the produdtign process, (e)
with Abest efforto the available data in (f) oft

1.2 Projectmtroduction

Manufacturing companies are more vulnerable than ever to international competition in the modern world ¢
advancements and incoriporaf Digital technologies like Al and Robotics in prodiRiffendimtasbjectives

can be used for production system optimibaomight cover all technological components, including the use
of robots, machines, Al, or they can apply poabenient of processes and systems using important criteria
like the number of workers, the number of stations, the line's balance between stations, and others. All these «
may be employed in the optimization process to govern the procesa dependéauisions.

All optimization tasks need evaluation of performances of process, machines, workers. The most commor
used in most of the manufacturing companies to evaluate the production systems are Key Performance Indic
These indicators shitne performance of the process in all needed aspects. These indicators in business ha
the preferable value which is a target of process performancardessiemmased on thesasurable
performance indicators to control the process duexfmectesd, efficiency and energy consufptain.

challenge thatoften these decisions overlap or are in conflict to each other.

Most of the production process are complex, thus there is a high likelihood that the decisiomamtedie lead to
result. Additionally, decisiaking in the modern production environment results in a great deal of uncertainty
due to lack of knowledge about something or lack of precision data. It is crucial because, in the case of comp
production processhs,thoice about the process' desired performance is not clearly stated. This makes it diffic
to determine with precision if a method's assistance can provide managers with the chance to grasp the situ
entirety and base decisions on objectivatiofo. Based on the situation presented above, making a fast and
good decision is important to make the profitability and effective business in the world of customization and
lead times.
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Current automated and hieraftghtoattured productiarcpsses can only insufficiently deal with the upcoming
flexibilization. To tackle this complex production setting we are introducing a decentralized Al systen
Afdemocratizati ono of deci slirdemantrstakie hotdays invaivedpThe d uct i
proposed Democratib@ded Decision Support SysteADEB)Idemocraticéiligishe appropriate decision

for a concrete situation during production. Each human or technical actor is represented by an agent who neg
based on theatus provided by the digital shadow and twins. The future situation is predicted by Al algorithms
each individual actor considering the modelled knowledge base that defines each negotiation strategy. A m
optimization algorithm finds theyppsipriate solution considering the needs of all involved human and technical
stakeholders.

In the FAIRWork project two use Cideand FLEDavebeerselectedbotiprovithga complex combination

of human, Al, robots and datagasta rolenodel for flexibilization and optimization of production processes
and ainmgto consider energy efficiency and workforce safety, producticaneffioriagg management

in theidecision making. The two use cases with compgbbysighésmart and data driven processes are:

(1) The car manufacturer CR&eds to optimize the throughput between two succeeding production
lines where automatic production lines in a press saog,rstdiile robots, and human workers
with and without machines are cooperatively working together.

(2) The electronic manufacturdfLEXwants to speed up and improve the programming of
manufacturing robots for low volume production. The cooperative production by humans and rok
is influenced by factors like energy consumimtimt foovementaachine hours, safeness of
cooperatingonkers within theworking area, selection, and tooling of grippers in combination with
theproduction plan and the required flexibility in low volume production.

To address the issues in the use cases the FAIRW thiepvibposed Democratibagd Decision Support
System (DAISS) to optimize the production process. The overall objectineS$ ikesBavioelow

Democratic Adased Decision Support System {D®8) Objectives:

1 SpeedUp the Configuration of complex Decisiiaking:Modelspeed up the configuration and
maintenance.

1 Enable Compliance in DecisiMaking by approved Moddlising methods and tools to approve
decision models

1 Improve the Coreation CapabilitiedJsing physical laboratories enabling participatory- and user
centred design.

The FAIRWopkojecb r i ngs fAHuman, Al, Data and Robotso tog:
and assess i f those daeenralitise decisienakimg Ipy peprespntinig avoleed / f &
T human or technitakctos within a Multi Agent System and configure each agent with previously approved
decision models, (c) broaden the view to optimize the production process, by also iat@duEngysocial
related parameters to the existing technical and business related aspects. These will be identified and valua
a participatory and usammtred design process. This enables a more balancethakéoegsion complex

situations, as theitddlky opers p A space f or maneuverero.

The goal is to change the present production processimak@aisimncooperative deeisaking so that

human workers may trust the decisions made regardless of whether they were made by humans, arti
inelligence (Al), or in a hybrid fashion. Th8 ®Acusasn providingupport for making decisions in the
production process under uncertainty, strong dependencies on unknown future events, affecting the balar
work between humans and machinedfeatitig the overall success of the production process while using the
available data with "best effort" in a very complex and conflicting situation for human decision makers.
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1.3 Documen§tructure

Chapter2 is dedicated to thesign thinking approacks an efficient choice forahalysis of user
requirements foFAIRWorkA key part of this werkoi collect and describe the complex decision making
processes within the targeted use cases. The planned use case scenarios were primarily elaborated by appl
userdriven perspective. In several workshops, a participatory process was applistiicerttie most
substantial design decisions from the results of the highly interactive sessions.

Afterwards, a metaked approach of the design process was chosen in order to analyse the user scenarios
a structured way. In this step, the #gewaleout a use case deeisaking process was externalised in the

form of conceptual representations, usingspecifimmodelling languages that are suitable and provide the
required construct for representation and processingeVéleshiggims were elaborated in a collaborative,
interactive, and agile environment involving experts from different backgrounds. Outcome of this struct
approach are the processes.

In chaptes, we give averview about the key challeng8sAIRWorkn the current production industry there

is a need to make current automated and hierarchical structured production processes more flexible. At the
time digitalization with Al support is seen as a key enabler for more energy efficient and resource efficient sel
products or business models, by also errabisg pptimization in the overall production process. Therefore,
we describe in more ill¢he main technical challenges such as resource mapping and configuration, resourci
allocation, and resource selection aspects. These three challenges are highly relevant for making the proces:
flexible, adaptive, and resource efficient by usiheyaineé Alased decision strategies in our complex
distribted decisiamaking. At the end, the trustworthy Al aspect is a further key challenge to get Al accepted
the involved humans and utilize its potential.

In chapter 4, tbeerall methodologyf making complex decisiomaking is outlinedithin this chapter, we

describe the overall procedure for implementing comptmafteaisivacesses. Therefore, this chapter gives

an overview about relevant concepts for the research direction and implementation of such complex dec
making by g Al services.HAIRWorlAI is used in all our scenarios to automate processes or to make their
processes more resowffieient. Since humans are an important part of the overall decision process, trust in A
and human factors plays an essemtitiiaafore these aspects are explained in detail. Finally, the technical
concepts for a concrete implementation such as digital knowledge base, digital twin, digital shadow, wi
discussed as well. Finally, it follows the explanation aboutdtierofdexssiomaking processes by using
micreservice.

In chapter 5, antline of the initial architecture of the prdggiven based on the overall project objectives

and requirements. Key componentsAfffWorservice framework are metlydescribed and their relevant
features are presented. A detailed description of the initial architecture is given in Deliverable D4.1 includir
technical implementation of the basic core services or application specific services.

In the final chaptthe initial outlin€&AfRWogk architecture is compared with relevant other initiative and
their architectures that are commonly used in the industry relevant domairX sEtWARE;aia
International Data Spaoel, RAMIThere, we also poiut the missing components for complex decision
making in these initiatives.
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2 USER REQUIREMENT ELICITATION USING DOMAIN
MODELS

Inthischapter, the user requirements are intneglngetbmain models. Following atrasddlapproach, a
FAIRWrkspecifienethodology has been developed and applied atabe petner sites. In the following
section, the methodology is briefly introduced, followed by the outcome discussion.

2.1 DesignMethodologyor Decision Process Design

As a general characteristic, the design processarkFoAIRW a modaehsed approach. This encompasses

that the knowledge about aase is externalized in the form of conceptual representations applying domain
specific modelling languages thadaate and provide the required construct for representation and
processing. The decomposition is performed as a formalisaiidnghteeesscenarios are designed in a
collaborative, interactive and agile setting involving expert staketdfdezatfbackground.

Thejointgroupin@ndevaluation and assessmetitestescenarios triggers either an interaction on scenario
level or a decomposition to process representations and technical architectures. The OMILAB infrastru
available thin the project is utilized during these sessions. TheFiglostispows the methodology
developed for FAI&Wgraphically and each phase is briefly adroduc

'
\2

Preparation Scenario
(Doman Arelysis) Development

Technique: Concept Analysis Technique: Design Thinking
Mehod: Storyboarding

Digtal Process
LandsapeDesgn

Technique: Business Process Technique: Business Process
Malelling Malelling
Languagé?rocess Map LanguageBPMN 20

5

Technical Alignment

Technique: Service discovery and
aignnent

Figurel: Design Methodology for Decision Processes

The methodology is constructed using a loose coupling approach. This means that the selected method/tect
for each phase can be exchanged according toregaioasentThe selectstepdor FAIRWkuse cases
are introduced

1. Preparationthe preparation phase is concerned with the identification of concepts that are required 1
represent the scenarios. This is driven by thesplecifeirand project requirements. In this context,
domairspecific is understood as the industrial sertaswhojebised requirements are derived
from the objectives of FAIRVIhe outcome of this phase is a visual design library that is adequate
and relevant for tresite stakeholdeorkshop®©n these asite workshops the involved stakeholders
wil use andnderstood tipeepared visudesign vocabulary.
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Method: Concept Analysis
ToolingText Analysis

2. Scenario Developmentenarios are realized in a joint effort using the Scéapghdadil During
design thinking workshops resitorand remotely, storyboards represent the abstract use case
descriptions. The objective during this phase is to understand the case and analyse it from varic
perspective (relevance, applicabiliggtwiniting the creativity through formalisation.
Method: Storyboarding
Tooling: Digital Design Thinking using Scene2Model

3. Digital Process Landscape Destye:digital process landscape represdnthilinecliew on the
use case from a vathein prspective. The einend processes are evaluated using process mapping
on an abstract level. Utilizing a tetvgpdaie approach, a h@sictice digital process landscape from
the production industry is specialized and adapted for the specificsasé thartmers. The best
practice is the result of project neghltsthe target comparibstracted and provided as a reference
model.
Method: Business Process Modelling
Tooling: ADONRIS

4. Decision Process Desigas a breakdown and detailinge datldscape, selected processes are
modelled using the BPMN 2.0 standard. Selecting BPMN as a standard enables knowledge sharing
standardized representation of decision processes. The standard is elevated with concepts requirec
decision design sashperformance indicators/success factors and technical infrastructure identification
Method: Business Process Modelling using BPMN 2.0
Tooling: ADONIS

5. Technical Alignmerthe alignment of technical services, specifically Al services is stattesl based on
process design in step 4. We consider thisspt@asinuously evolving depending on the dynamic of
the available Al services, the dynamic of the applicatipasseefzafthe lessons learned.

2.2 Application Scenarios and Use Cases at FLEX

This application user scenarios focuses on decision sugpoduatitrelines at FLEX. Here humans and
robots work together to create products for the customers. Pictures of robots, which are used in the prodt
process of FLEX can be se€igime2. These robots can be configured to accomplish different tasks within the
production process and are able to work alone or together with human workers.

1 https://www.omilab.org/designthinking

2 https://www.boc-group.com/en/adonis/
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Figure2: Example Pictures of Robots, used in the Production Process at FLEX

Figure8 introduces the three use cases at FLEX as tiwduimesia)FLEX Automated Test Bujl¢hng
FLEX Worker Allocat{olFLEX Machine Maintenafteea breakdown

Each of the models in the fistasd | ed A Scenari o Desi gno |withyteer can
modelling environment (expresBamling, Figured andFigurey).

The second layer represents the processes that describe high level scenarios in rB&tel&adhusing
process, includingthepubocesses of t he A P rowingéehs Isndhitheanpdeltingc an b
environment (expressdedared, FigurelQ andrigurel 1

The third layezpresentthe availability \cdriouAl technologiewhich can be ugedsipporthedecision
makinglescribed the differestenarios and proces3égsame Al Pool is available for afirszebutnot
allAl technologies are usecvery use caganodiar approach shoatthble to mauitable Al services to
thedifferentypes of decision challenges
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f l ey Selected scenarios
‘ Automated Test Station Design and Con-

struction Worker Allocation Machine Maintenance after Break down

Scenario
Design ’ s ’
FLEX Scene: FLEX Scene: FLEX Scene: Ma-
Automated Test Worker Allocation chine Maintenance
Building after Breakdown
Business OO
Process P ’ ’
FLEX BP: Auto- FLEX BP: Worker FLEX BP: Machine
mated Test Building Allocation Maintenance after
Breakdown
Technical

Requirements Z

FAIRWork Al Technology Pool

FAIRW&Rk

Figures: Alignment of Scenario Design with Al Technology

-

2.2.1 Creating Scenario Design using Design Thinking

Based ownsitevisits and desic
thinking workshops tighdomail
experts, we could extract t
scenarios describing the intere
for:

(a)FLEX Automated Test Buijlc
(b)FLEX Worker Allocatzom

(c) FLEX Machine Maintene
After Breakdown

Figuret shows thdesign thinkir
workshop at Flex using custor
Scenes for Scene2Model,
Charts and Power P«
Figuret: Design Thinking Workshop at FLEX presentations.

The resulterethree scerseone scene for each scenadotscene is described in more detail below.
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Decision: Automated
Test Building
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Figures: Scene ScenariBLEX Automated Test Builflihgigeémage ahnnex A)2
Scenario 1IFLEX Automated Test Building

Theautomatetist building scendoioa robot cell and the connected productiorigpdesesibed in the first
scenedepicted FigurésFehler! Verweisquelle konnte nicht gefunden wertienscenaracurs during

the design phase and begins with a new product order or the need for a production process update.
information, along with order details (e.g., required cycle time, quantity, customer details), is provided b
program manager anddatad to the automation engineer, who is in charge of planning and designing the robot
inclusion in the production process for a specific order. A robot can operate in two modes: cooperative mod
collaborative mode, with the former being thd pmfen.eBecause no humans are involved or standing nearby

in cooperative mode, the robot can move faster, allowing for a shorter cycle time. In collaborative mode, a h
works closely to or with a robot, and the robot's speed must be reducabfossidfetyuman enters its

range of motion.

Several factors must be considered during the robot's design process. Aside from cycle time, the layout c
production hall in which the robot will operate is critical. There could be sevérat® pipiec®the robot,

including modifying the layoutgeéding additional barriers for safety reasons). The robot itself introduces new
factors into the design process, as it must be determined which movement patterns can be programmed and
glipper should be used. Additional space may be required depending on the movements of the robot. Human
in the production hall is also important because the robot must slow down whenever a human enters its ope
radius, and if a human has angastation nearby, only a collaborative mode is possible. Of course, safety
requirements are also important and must be considered. All of this information must be gathered by the autol

3Work created with Scenesby SAP AppHaubt{ps://apphaus.sap.com/scengsnd licencefree images
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engineers, which necessitates collaboration with otherrstékghdh#edustriatngineer knows about the
different shifts and how much traffic is created or what the tumérrieefis).

Automation engineers have varying skill levels because some have more experience than others or have att
moe trainings. Automation engineers with lower skill levels require more assistance during the design phase
the general design process always follows the same steps. Choosing design patterns from a catalogue car
good starting point for the engfigg®pject, but the draft must then be concretized. Adding details to the project
can result in a variety of design options. Looking at similar projects that have been successfully completed
past or simulating different design possibilitiesute tt@mpto one another may be helpful in finding a solid
solution. Providing checklists could help the engineer to consider all relevant aspects of the project. Conte
more experienced engineers for assistance may also be an option for desisiog augesign phase.

Finally, the output could be a cooperative robot project, a project where only the collaborative mode is practi
or a project that is not feasible at all.

Decision: Worker
Allocation

Who defines the
mitigation action?
Who decides?

otential action:
Which mitigation action

o 0¢o0°
igation action " ‘
@ 'L.‘l\
Operator pool
Competence set (avallable) + skill matrix
@

~ Sfénes

Production plan Failure Expert
database /
Lessons learned

i
M

Figures: Scene ScenariBLEX Workeédlocatiorfu(ll sizémage aAnnex A}
Scenario 2FLEX Worker Allocation

The second scenario concerns worker allowhtios correspondsegne is stwnin Figures. Allocating

workers is required either before the shift begins (for example, if a worker calls in sick) or during operations
worker cannot continue to work because of some iheiddm)leiige in both cases is determining the
appropriate courdetions (e.gfinding a suitable replacement for the missing worker, shifting orders in the
production plan). The first step in finding a suitable replacement is to see whalableuaratlyhaviaas

the necessary training to operate the machimaa&hviedyas a "screenplay,” which describes what they are
capable of and whperatorseed to be trainfed This data is saved as a competence set and can be obtained
from Human Resources Management. Workers' preferences for operating specific machines in specific prod
halls or at specific times could be adusdgkidl bookn addition, replacemetibas should lw®nsider

i f aiinthesersethat not always thewarkers araffected frometimitigation actiofesg. working

longer shiftscreasedorkload).

Aside from the worker's abilities, the production plan must also be considered. The priority of certain order
influence the decision of which workerseraowed frotimeir current positiomelp owthere neededthout

4Work created with Scenesby SAP AppHaubt{ps://apphaus.sap.com/scengsand licencefree images
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causing too much damalge.only should a simple swap between two workers be considered, but so should th
swapping of multiple employiéss.scenario's output should provide an overview of potential candidates for a
replacement action. Depending on the urgency of thentegg@isore running a simulation to compare the
various candidates could provide additional insights into theheamupiy aforker assignmentshe

business factors.

Decision: Machine
Maintenance After
Breakdown

Who defines the
a

xxxxxx

Who decids? (U Ul
Impact factor ? L1 1 | 2. <> SIM 509
.- 3.-> SIM 30%
el 4.-> SIM 95%
z
Maintenance decision

Ticket system

P %
‘ Identify
sigadon action
e
N :
i
o
Maintenance
Technician
unknown error
(critical path)

1 i
=BT

critical time window ->
known error critical path
Failure database! X B

lessons learned

Knowdedge Base S Made with
“ g.enes

Figurer: Scene Scenafi@LEX Machine Maintenanee Bifeakdowful| sizémage af\nnex A)B

Scenario 3FLEX Machine Maintenance After Breakdown

The third scenario involves a machine breakdown and the subsequent maintémarsmesiejosis
represented as a scerfeigare’. When a mame fails, a ticket is created in the ticket system. A technician will
arrive at the machine to determine whether it is a simple operator error or a tiedarncpéeatofailiire

the problem is easily solved; otherwise, the failure database must be checked to see if it is a known problem. |
issues have occurred in the graste identifiable via the error ayuti¢hey are solved by triggdreng
correspondirsolutiomprocess.

Because some technical problems are more complex and take longer to solve (e.g., spare parts must be or¢
longer repair work), they risk exceeding a critical time window and disrupting production. If a new error occt
available technicians framousteams or departme(dsy., engineering, maintenance, etc.) collaborate to
identify mitigation actions. In this case, the time required to solve the problem is unknown, and the critical
window is very likely to be exceeded as well.

Countermeass (e.g., shifting to another production line, using different machines, etc.) must be evaluated
both cases, taking into account order priorities and available worker and machine capacities. A summary of pc
alternatives should assist the dewisicer. If time allows, running simulations to show the impact of selecting a
specific option could help with decision making.

5Work created with Scenesby SAP AppHaubt{ps://apphaus.sap.com/scengsand licencefree images
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2.2.1 Detailing Application Scenarios with Processes

Frst we started with a Higvel company map that provides an overviewlefaall processes of the
organization. Based on standard company maps for the industry sector, we customized the map to descrik
process map BEEXFigures).

Then the processes that should be supported by the decision support system has been highlighted. In ca
FLEX it is th8chedulingRescheduling OperatandMachine Allocatioas well & Test Automation
Configuration

8
g
&
= .
:5: FLEX Plant Management
H
g
H .
2 FLEX Production Monitoring
i
£
Customer Interaction Pre-Production Production Post-Production Customer Interaction Modeliing Digital Process Landscape
Y 1) Instantiation and adaptation of process
o—» > landscape for Customer needs. FLEX
2) Specification of Digitalisation Goals Digitalisation
e FTEXSaes T 3) Identifcation of Digitized Processes Goals
| | o) Rl Mmeﬁ.m e o L
H Digitized Processes
& 5) Specifcation of selected Digitalsation
g A T3 T B Processes
2 FLEX Production FLEX Post-produc- FLEX Outbound
E tion Process
Supplier Interaction %
—e—
%2 ’
FLEX Inbound Lo- ngxs ually Gon FLEX Warehouse FLEX Material Flow, FLEX Waste man-
gis Oper: agement
o ot
$
85,
R H ’ . . . ’ . .
2 a8 FLEXHR and FLEX IT Support FLEX Acca unting  FLEX Qua\ iy Man-  FLEX Securty FLEX Mantenance  FLEX R&D Pro-
[ Saety  andFinance Ccesses.

Figure3: FLEX Process Myl sizemage afnnex A)l

The identified process from the processiafaqed in more detail using Process Notation.
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Process Scenaria ELEX Automated Test Building
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Figure: FLEX Automated Test BuiRlioges¢ull sizémage aAnnex A)3

Figure9 describes the processdiatomated test buildiRgst, the orderamalysednd then the different
interactions for (a) the requested cycle time, (b} 8pekbfication, (c) the robot specification, (d) the security
guidanceand (e) the plant traffic assessmmmbrked out.

Then a creative design phase in iterations is executed, where the domain experts design the intended solu
and uses toolg fimulation and analysis to verify if the solution is ready for the shop floor.

In most of the cases different alternatives will be worked out, thabpeeathartycassessed to select the
optimal solutions. After the approval of the solution, the test robot desigerisohthrdstbpfloor.

The decisiemaking processasvanalysed dhetail during several meetings kiX iRcluding an -site
meeting with requirement engineering appidd.ABBOC and JRheFigure5, Figures andFigure?
depicts a schematic sketch of the resulting description of thakiagisioacture reflecting the configuration
process to classify and determine the collaborative robot saitifigundatien within a predefined production
process.

The decisiemaking process is initiated either with a request for a new product or with the request for an upd
of the production process. In direct response, and as a first step, the antematibcodiagt requirements

of the test station. This extensive process would include (1) to contact the programme manager to report
targeted cycle time as a result of the-folboBimteraction, (2) to query the industrial engineer about the lay
specifications, (3) to ask the automation engineer to define the required robot capabilities, (4) to determin
security guidelines according to the automation engineer and further responsible staff, and (5) to receive det
terms of the traffissessment by the industrial engineer. The automation engineers would integrate thes
requirements and boundary conditions into a list of potential solutions, including the design and improve
considerations with respect to an existing solutiedshatre updated. Here we identify a highly relevant point
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of assistance service in terms of intelligent decision support. The automation engineer needs a collection
possible cooperative solutions ranked with respect to expected retunneobpdréaeoaty concerns. The

number of potential solutions found as well as the number of wrong solutions found will then be applied to dete
recall and precision of the intelligent decision support system. The automation engineer @bwithinteract hers
the proposed solution space and in this conteghveoassessment would emerge, eventually finalising in a
selection of the optimal solution. A final review of the safety officer would inspect this solution with respect
quality of dggn and cooperate in reducing the design time, eventually approving the cooperative solution proc

Process Scenaria FLEXWorker Allocation

Information Flow

FAIR
Figureld FLEX Worker Allocation Prdfidssizemage afnnex A)5

The process of the scerfafbfEX Worker Allocalisitiustrateth FigurelQ It starts by receivangiessage

that awork shifs cancelledue to a sick leave or another unexpected incidentst&pis finsn to check
currentwailabilities of worker®se sks maps to the requited s ¢ r dhe egmpetegces. of the workers
are compared whikminimum requiremeAtghe same time production plan must be cofRsideesnhore,

it is important to evaluate the fairness aspect andnmpibyaepreference aspects into the reallocation
considerations. Then a list with all possibilities is pregpacgdiarad worker allocation is d&hissttivity
should inaderisk evaluatiofor not achieving production goalshaokl whetheualitystandards of the
productsan be fulfilled or ietan optimal solution foiintust be evaluated on effidsourceisageand

its quality. The last step is to edellbe workers
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Process Scenari® FLEXMachine Maintenance After Breakdown
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Figurell FLEX Machine Maintenance After BreBkdoeas, part flil{ sizémages aknnex A)7
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Figurel2 FLEX Machine Maintenance After BreBkdoeas, part fll{ sizémages aknnex A)8

The processsfenario 3, abautymaintenan@etivities aftamachineéreakdowand corresponding counter
measuresan beseen ifrigurell It is triggereas soon as an ervocursand thenachine stops working. The

first activity is to create a ticket in the ticket system, so that gatschmioiiicatithvat his Hp is needed.

The technician needs to idehétype of machine affectantits locatioriThen the reason of failure is
examinedn caseWas an operator error it is solved easily through aatheumltiisghe failure database has

to be checked whether it is a known erroinocas®.it isnownthecorresponding solution is provided in the
error history tdbit$ a new type @fror, it is assumed to take longer to be resaealvaitdble technicians

need to be informed in order to find a solution as soon as possible. While the technicians try to solve the prc
countermeasures have to be identified and impllemeghiegscheduling to other machines and reallocating
the workers while considering thecpoodplaihenewproduction plan must provide effesentcesage
enablehte production of same quality producfalfiinithe orders within the deadisesoon as the new
solution for the error is fdtiscadded to the failure reddwllast step is to evaluate the maintenance efficiency
and to consider the duratior ofabhinelowntime.
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2.3 Application Scenarios and Use Cases at CRF

This application user scenarios focus on decision support at the intermediate aspa tifpredadiiom

processes, which can be observed across the whole product life cycletofumse desigell as from raw
materiakto the assembled,éacluding all supply chains. Hence the potential to optimize and raise flexibility is
extremely wide.

Each production line receives as input the products of the blanking lines: packs of metal sheets that are posi
by a worker and prepared to béethéstio the stamping prodegsireld.

R o

Figurel3 Feeding the Pressing line with metal sheets (Stellantis data)

Stamping lines are made up of a succession of dies, each with a specific task. The first press is responsit
drawing, the process by which the sheet of metal is first shaped. Trimming, carried out by several press
intended to eliminate supedlparts of the sheet. The settling press is responsible for molding the part as
designed. Flanging gives shape to the secondary components, which are then used in the process of joinir
various parts to the car structure. Finally, the drillippligedbeaholes required by the design for future
assembly or faesthetic reasosgurel4shows a serie$ dies outside the production line, in one of the dies
warehouses.
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Figurel4 Series of dies outside production line (Stellantis data)

In our use case we focus on the intermediate areas batweantitipress shop anctutomotivbody

shop. The press shop gets the raw material delivered and very heavy punching machines (several tones s
arranged in up to 15 parallel lines to create body parts. Ahtime2d@B persons handle, quality,check

and ship heavy, shamd unhandy parts from the line and place dhtan@nougehicldo carry the parts

to the warehouse of the succeeding body shop.

When the products come out from the last die, they are ready to be put into theirinespediiee conta
stevedoring workforce at the end of lines is responsible for this. The allocation of workers at the end of the
done according to precise ergonomic rules: depending on the weight and size of the product design and the
of the produeh line, one or more people may be needed to place the parts in th@noenfiliecrshe

forklifts take care of placing the containers on the train of racks waiting in the designated space in front of
production lirfgigurel5).
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Figurel5 Forklift responsible of filling racks (Stellantis data)

Workers cooperate with robot arms and vision systems to hamdig@laeeifyomponents onto the transport
device, which is either an autonomous vehicle odavemfarklift. Cost, time, quality approval and quality of
transport are current major concerns, with a central focus on worker safety in coagmattory When
conditions vary (e.g. for quality issues, material or resources availability, increase ofsdenahdr request
constraints from the kebay), thepressshopmust accommodate with this new context, assess the situation and
reschedule pradtion immediately. These events may happen several times per dagaiineadidme

Current decision making tends to quickly solve the problem ahddicdmpratise in a local optimum. As
decisions to {jallocate the workload betwasran workers and robots, decision apeetkallocation of
dangerous or highality tasks to human workers or robots have to be performed several times per day, per lir
per intersection, the effects of all such decisions sum up to sigeibtame faeoall system.

To derive the various use cases from this complex production environment different appragpimes were used.
16introduces the three use cases at CRF as the three columns: (a) Workload Balance, (b) Delay of materic
Quality issues.
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STELEANTIS Selected scenarios

Workload Balance Delay of Material Quality issues

Scenario
Design , O30 » O30 , 0110

CRF Scene: Worker CRF Scene: Delay CRF Scene: Quality

Allocation of Material Issues

Business S C oS emTo
Process ’ ’ s

CRF BP: Worker Al- CRF BP: Delay of CRF BP: Quality Is-

location Malterial sue

Technical

Reguirements =

FAIRWork Al Technology Poal for CRF

FAIRWSRK
Figurel@ Alignment of Scenario Design wit Al technology for CRF
Inthesa al | ed fA s aymesign tronkiny evasiuged to dekcribe the production system in form of a
storyboard. From this overview scene, more concrete processes have been modelled. For each scenaric
process model was created and they a | ocated in

Thethird layer depicts the range of Al technologies that are accessible and that can be utilized to help witt
difficulties outlined in the various scenarios and processes. While the same Al Pool is accessible in all scen
not all Al technologiessaied in all use cases. A modular approach should allow for the mapping of appropriat
Al services to various types of decision challenges.

2.3.1 Creating Scenario Design using Design Thinking

During an onsite visit at CRF a design thinking workshopovgeet ddoedter understanditige complex

production environment and the use case scenarios. The result of the workshapsivawnhié spere

17, Figurel8andFigurel9 Based on several follow up meetings three use case scenarios could be derived fror
the scene

a)workload balance
b)delay of materiahd
c)quality issues

The following sections describeseachrio in more detail.
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Scenario 1: Workload Balance
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Figurel 72 Scene CRF Workload Balfmitsigémage annex A.)©

Theusecase concerns an Uglg (ranslateditementary Technological, Mit3h can consists of a varying

amount aftampingiolding lineBachstampingfolding line is managed imaehine heathatresponslto

the UTE heaBroduction planningtfiese units done on a weekly basis andistiepeit data coming from

the press shop manager that can influence the production plan for the unit. This input data includes the num
parts that need to be produced, how many machines are requested and available, logistic information rege
contaiars, forklifts and the storing area, which robots, grippers and programdi©\oeetdedy people are

involved in the production process. People are very important for the whole production, as they play differen
throughout the process (e.gatge of the line, forklift drivers, unloading personnel at thee@end dhéne

UTE head takes all thieetors into account, when planning the weekly and daily production for the unit. The
responsible needs to adjust the production platydmaaisiaivhen unexpected events (e.g. quality issues,
event of sickness, urgent orders) influencing the productioocpirocess

The UTE heads planning task includgsayt machine head the information about the daily target amount of
componentsahneed to be producachcomponents can vary in their geomBttiasiring the day, when

the geometry to be produced changes, it is necessary to rearrange the line. This is done by replacing the mc
the presses (they are mounted on remollalgkg aind by replacing the grippers for grippingithshasmi

products between the presses.

Depending on the shape and weight of the produced califigoenésnounts of unloading personnel called
Afstevedoresodo i s ne adigetde righl dmeuntdflpéopldte each emd efdirte stakihgalsca
medical restriction into accasntot every worker can lift the same amount of weight. When planning the

6 Work createdwith Scener by SAP AppHaukt{ps://apphaus.sap.com/scengsand licencefree images
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production the UT&ad has to check a database with a catalogue of peepledyntiofij their medical
certificates to know which loads are allowed.

At the exit of the last press the stevedores take the component from a conveyor belt, checks it visually and, if
deposits it in racks. The racks are handled by the dosklifhdyivpick up the full racks, deliver them to the
storing area and bring back the empty ones. As the racks at the end of the line are limited and the lines st
there are no free racks available, logistic must be working fast and affibizre. & oeklifin capacity and

they are working on battery and need to be charged from fiihese éspeatsay also be relevant for the

whole process. The forklift drivers respond to the logistic manager, who manages the situation around the Ic
resources (e.g. the volume of the warehouse, assigns tasks to the drivers) to ensure punctual and contin
awailability of them.

As production lines are producing different components during the day and this leads to changes in the line
tothe number of requipedple, the reallocation of workers is a recurring process. Changing production lines ca
influene logistics as well, as paths from the lines to the warehouses are changing and components differ in
and weight, which influences how many parts can be transported and stored.

Besidesfrom producing all parts in time the goal of this use case scenario is to balance the workload for
different people involved in the production process to ensure a safe and ergonomic workgiaogaf-or doing so
factors (physical, operatiamal cgnitive) have to be taken into achtestingnedical restrictions is one

thing, but in addition workload should be evenly distributed, so that not one person ends up doing the heavy
over and over again. Establishing a feedback loop couliab&behefiking if workers feel treated in a fair

way.
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Scenario 2: Delay of material
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Figurel8 Scene CRF Quality issfudiss{zémage a\nnex A.}5

In this scenario, procurement or logistic problems should be considered. If sufficient raw materials are availa
the markets, warehouse optimization strategies could be followed to minimize delays of material through pre
the needed amount ffierdccepted orders. The prediction of demand would solve material shortage in advanc
However, if sufficient material is available in general, the main challenge is to solve internal logistic problen
that the needed matedatscontainers for sigthe finished prodaceson time at the correctdinéglants

to minimize the downtime of each line. In this case the material must be delivered before production and thi
coordination effort takes place in tpeoguetion phase. A decisigoport system should define how the
materiahnd containeraust be optimally allocated to minimize the downtime of the line, and to create the
possibility to-aflocate the workers as well as the order scioguialiegts potential downtimes.

Based o the product requirements, the orders are allocated to lines, each line is composed of a fixed numb:
presses, but not all orders need to go through all steps. Allocation of the orders should be in such a way tf
line is threatened with downtimtoduaterial containetelays of internal logistic failures. The process starts

with the pyeroduction phase which is defined by incoming order allocation and their features like quantity, typ
product such as finished,-Beisihed productsrdcustomer details. Before allocation to the production lines

the required type of raw materials and their amount must be identified. Then the warehouse must be checl
see if the needed materials are available and a logistic manager must ptap@gchitindie necessary

raw materials. The UTE head is responsible for assigning the tasks for producing the orders to the machine
who is then responsible for one specific |ineds
UTEheadshould consider the optimal allocation of orders to the lines to minimize the overall downtime. There!

"Work created with Scenesby SAP AppHaubt{ps://apphaus.sap.com/scengand licencefree images
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the UTHeadmust take several constraints into account to achieve th€icdjjaetivrist check if enough

raw material of a certain fiypene order is availagleewhen the raw mateneédedvill be available for
productiomhs dsoimportarib evaluateow long it takes to produce one order on a line within the delivery deadline
or according to their pri¢titsthermore, containers in which the finalized products are stored and shipped to the
customers must be available and of the correct type and quantity so that the products can be put from the lir
the containerSo minimize the downtime, the limglsl shn and produce orders without interruption, therefore

all assigned orders need to have their corresponding rawdhcatetaaheupply as soon as the order starts

to be produced. Also, only one order after another goes into produaticieasidoegddfve produced at one

line. In terms of logistic effort, it is beneficial if orders with a similar need for materials are pszduced at one |
that paths from the warehtmtbe line stay the sarHewever, this is only valid if enougialnsatored at

the warehousad there is no need to switch to a backifighere. is not enough material due to market
shortages, the utilization of material should be in such a way that the maximum number of orders can be proc

Scenario 3: Quidy Issues
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Figurel9 Scene CRF Quality issfudissizémage afnnex A.)5

When a line is set up to produce a new geometmdhleléigsioducts are checked in the metrological rooms,
call ed AQual ity c aneeisdhe quaktgndardsif theeutdorheyof the bhadk is positee, y t h
production can be started at full capaditg the production, the decision on the quality of parts is made by a
preliminary analysis of surface defects by blue collars at the end of the lihg tSelogedjtiestaff check

the relevamtarts by in "Quality Corners" at the end oflthguditiy. problems are identified, -tadlesb

"quality recovery" is carriedi.euhe lot is retraced back until the first qualitatively good pidalis ide
Productsvith bad quality, depending on the defect found, can be diseantedidrthe same tinbey

try to identify the problem that caused the quality érift.i Qual i t y Figlie0belew. 06 i s show

8 Work created with Scenesby SAP AppHaubt{ps://apphaus.sap.com/scengsand licencefree images
Copyright @022JRand other members oRARWorkonsortium
wwwiairwde-projeceu Page320f105



https://apphaus.sap.com/scenes

FigureQ Quality corner (Stellantis data)

The rework area is a zone that is designed to receive parts that need further processing beftre they are sent
warehouse. It contains a rework warehouse and rework stations. The additional work phase that the parts urn
here is very costly and-toresuming: in fact, each part that arrives at the rework area must be checked and
processed individually byoomeore workers. This phase exists because some parts need further processing tc
reach the quality standards required by the customers. In addition, die deterioration can cause cyclical defe
the produced parts that make them unsuitable forEhgrefers, there are predictable rework operations, for
example on the external components of "premium cars". While there are other reworks that are not predictab
are determined at the time of production.

There is also a QC office, where detegimbseldased omaterial characteristics, with the aim of tracing the
behaviour of the metal sheets as they pass through the stamping processes.

2.3.2 Detailing Application Scenarios with Processes

Within the CRF user scenarios, we studied severapgbtaitieoh &cenarios where complex decision making
is a crucial part of the overall pro¢essmve now worked out detailed complex decision scenarios where humans
play a crucial role in the entire complex -deakdimnprocess.

We started withhaghlevel company map that provides an overview of the organization's relevant processe
(Figure2l). We customized the map to describe CRF's processes based on standard company maps for
industry sectdihe processes that should be supported by the decision support systenm idestifieth bee

In case of CRRese artheSchedulingRescheduling OperatandMachine Allocation
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Now we zooin ornthe processes anse BPMN to create process diagrarmasH@cenaridhe Workload
Balance is the first use case scenario we exaroneedetail

Process Scenaria Workload Balance
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Figur2 CRF Workload Balance Process Diagtaimémage ahnnex A.)1

Theprocessescribethe scenario for finding a good workload balance in more detail than the scene. The proce
is triggered by an event which makes an allocation or reallocation of workers necessary (e.g. planning the w
production, a change in the production lindhetstart event is followed by two parallel tasks, where one
concerns availability of the operators and the other the production plan. The production plan specifies the proc
requirements (e.g. requested number of parts) and influences hae anamepdeg to fulfil all orders in

time. Before assigning people to certain lines or positions, their availability and their capabilities need to be cf
by accessing a database. Capabilities of operators include passed trainings, skibsditioinsedital all

input data is collected, the allocation of workers is done in two stages, where both stages should be suppor
the decision support system. In the first stage, possible allocation scenarios are identified, considering
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competage and availability of the workers. From all identified scenarios it needs to be checked which of themnr
feasible. Feasible scenarios should be able to reach the daily production goal, should respantiproduct qualit
are realizable in terms of machine and resource capacities. Different Al approaches could support this phas
linear programming, multi agent system, machine Tdarfeadible scenarios am fimther evaluated

according to certain KPIg. (workers preferences, energy consumption, quality etc. ) and compared with eacl
other. The best fitting solution is chosen and may include minor adjustments tipfitfdrerweskears

priorities, as this is the main goal in this use came Ba@maptimal solution is found the resu# evband

to production.

Process Scenario 2: Delay of Material
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Figur23 (RFDelay of Materdocesspart 1fQll sizémages adnnex A.}3
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The process afdelay of material delivejustrated iRigure24 andstarts with incoming orders with the
corresponding order specifications. The first step is to identify the anujuhearektigrbraw matdials

using information akthetevel oinventory in the warehpasavell as procurement list in casserial is

not yet storeth this stepnaterial turnover rates might be calculated andinfeechdtioabout material
usage within the compdftyen there is not enough materialattredvarehoyskeprocurement strategies
muste adaptei thesecircumstancessoptimalvarehousenanagemenbuld preventateriadhortagedf

there is enough supply, identification of the line capaciae&iagdf the orders according to their priorities
takes place. Also, the expected duratienoofler Enimportant indicatortf@allocation to the machines.

Then an optimal assignment to the specific lines takes placébgdibd T EBeadorwards the material

request to the logistic manager, so that the material arrives at time at thdatefived, lthe capacity of

the containers at the end of the line for storing the produced product must Heecogsstiesesthager

albcates the delivery tasks to its employegse a delay is expecteghning that there is a lack of available
containers, or the required material is not available, it is communicated in the morning on the same de
production.this the cagbeUTEheadmustreconsider the production plaientify adequateasureto

avoid downtimé@sese could be range from preparing the backup line, prepare similar containers for the prodt
postpone or stop the production in general. Also, an eVvahaibocatingorkersvhile consideritigeir

preferences muske placdf theproposedolution is feasibélaption of the productian takeplace

otherwise another solution haddar The last stefhesupdate tife production pfagarding the changes.

This activity includesgaminatiarsfthe occurred downtimeslisfe and the efficiency of resasagelt is

also importantaesesshe quality of tpeoducts that wemeduced at different linedaheschedirigand

toevaluate if the daihpduction gisavereretainedviththe new production platherthere is nexpected

delay of mater@l containerthe orders can peoduced according to plan ariRtimaterial delivery on

tm& can be deri ved whi c hlogistesftaercompanpor t ant i ndicat
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Process Scenario 3: Quality Issues
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The process of fAquality issueso0o i Figuwbrteseitherr i ng |
necessary for testing the quality of ptodtate produced after a line was set up for a new geometry and before
production on full capacity or takes place duringripepmaition on a random sample basis. If a new
geometry is produdkd line must be set up and all necessary components for the line must be checked an
preparedhe first molded products aretbdnced arathecked for any quality issues. If thg staadards

are fulfilled the product goes into full production. When the quality requirements are not met the deficiencies
be improved and the finestbe adapted. Hence a rate of qualityasismeshanging to a new geosadry

the cost fodapting lines can be derived. Then the new geometry product is produced again, which is followe
a quality check and should optimally result in a full capacity production start. Whengbensetsyno new
produced, occasional quality checks thiomlugi gamples take place. This check is performed on the one hand
by blue collar workers directly at the lines by analyzing whether any surface defects can be seen and on the
hand by specialized qualitygagemepersonnel who carry out detaiteddae checks i n t he i
Within these activities, a ratio of surface defects and detailed sample defects can be provided. If there is no
found, production is continued. If there are defects found, a categorizationasfadthpesefdaiget is

determined. In this step, frequencies of specific error types canlhedepiciedback to the first qualitative
inadequate good must occur while a search for the cause of the defect takes placednside nadixinstep

abou the handling of the inferior quality products atéthedework of the-¢mality product is feasible,

different ways of reworking the products are evaluated and then the products are revitbrxedwaskiually. |

not possible or feasible tbdycts must be discarded. As soon as the cause of the defirenifiedt

can be corrected, and produaimontinue. The cost created for taking measures to handle the errors properly
can be derived in a last step.
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3 MODEL BASEALIGNMENT OF SCENARIOS WITH
DATA AND Al SOLUTIONS

In chaptes; we give aoverview about the keliallenge®fFAIRWorkn theurrent productimdustry there

is a need to maderrent automated and hierarchical structured production processes more flexible. At the sar
time digitalization with Al support is seen as a key enabler for more energy efficient and resource efficient sel
product or business models, by also enabling process optimization in the overall prodineiefopepcess.

we describe in more d#iaiinain technical challenges such as resource mapping and ¢oafiguration
allocatigrandresourcselectioaspets. These three challenges are highly relevant for making the process more
flexible, adaptive, and resource efficient btheisgyantAtbased decision stratedre®ur complex

distributed decisimaking. At the ettlie trustworthy Al aspect is a further key challenge to get By accepted

the involved humamsl utilize its potential

3.1 Introduction into Decision Making

To support thikecision makirg decision support systeaulgnablalifferentiasks, like angkis prediction,
and decisioependingnconcretelecisiosiand the context, only aseibd theintroducethsksmaybe
suppodd. For the DBES system we will focus on the analysis and decision task.

Analysis meathatdata is available foloaarete situatiomhich can be processed to support dekisien
the data cannot be mapped. 1o a decision, but agaeessing must be applied. Thisquessing can be
done completely or in a supportive ritaerfauman is involved in the decision imalkirdgcision support
system.

With decision as a tasi decision support system, we mean that the system carsala&ianmipossible

solutions. The possible solutions can be created by the analysis through the processing of data. However, to
support the responsible humanssalpctionan be made. This could be done by ordering the found solutions

in a meaningful way. What exactly the meaningful way is depends heavily on the concrete case. For exampl
preselection or ordering could be done based on the costs or time of processes.

Even though we are not focusing on the ptaslatitinis state of the project, prediction could be that not only
data of the current situation is useddectihimmakingprocess, but also data that is assumed for certain
possibilities (aka predits). Simulation would be one exarhpl& predictions can be created.

3.2 The ModeBased Alignment

After describing thgplicatiolscenarioviadesignthinkingandprocesspodelsand after listing available Al
approaches and their corresponding Microservices with an Al Service Registry, we now deal with the mapp
the requested features and the available offerings.

Figur@7describes the mebaked alignment and configuration of Al algorithms in order to address the use case
specific needhe process model represents the process scenarios for each use cas®a8dAthe DAI
enrichment has the catalogue of application sedecesidiormakingo provide decision support for the
process scenariobs the Al services from the <cat a
requirements for Al sesyiaich are then used by the orchestrator and the user interface component. The dat

9 Turban, E., Sharda, R., & Delen, D. (2011). Decision Support And Business Intelligence Systems (9th Edition).
Prentice Hall. http://archive.org/details/Decision -Support-And-Businessintelligence-Systems_201808
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required for the services is provided by the knowledge base. For each use case scenario an overview has
provided to show howD®$ Architecture support decisidngpaocess
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Figure27 Model Based Alignment of Requests from Application Scenario with Enabling Data and Al Environment

3.3 Abstraction of Use Cases

In order to implement solutions that are helpful for the previously discussed use cases, but can also be adar
the needs of other use césedn the manufacturing dgmegnabstracted the use cases and extresxted
challenges: (a) the resmur@apping challenge) the solutiazonfiguratioohallengeand (c) selection
challengéWe propose therefor the Al solution for those generic challenges and hence not only provide solut
for the aforementioned use cases but also for essaii@ss# cases challenges.
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Figure28 Abstraction of Decision Support Challenges and Their integration Into the Decision Support Process

Figure28shows the abstractitision suppatiallenges (blue boxes) and how they are integrated into the
proposed decision support pradgeEsource MappirgdiSolution Configurabiare used for tiselection

task, as intraded in the introduction othiagpteB. They help by grecessing available data and create
solutiocandidateis the form of a list of issiolutionsleréi Re s our ce Mappingd and A
must not be completely automatediasksuldeeds further human input, to create the solution candidates.

The next identified challenge wisekdttioiwhich corresponds to Bkeisiortask as introducetithe

beginningf this chaptesetio®). Here the list of solutispsocessed and ranked to crpagseletion for

the user. To allewch aankingthedecisiortontext must be available to the decision supporBsystem
selectionsan only be made by considering a specific goal, which is defined througihé¢nefammtthe.
fBelectiabtransforma set ofall found solution in a list ordered/ranked based on the context of the specific
problem.

Thisrankedistof solutions then presented to human actors, who make the decision. Based on the concrete
decisionthe weighted list of solutiamsle presented to a singular responsible human actor or to a group of
human actgre/ho must make the decision together. Here a decision support system cannot only support t
humans till the weighted list of solat@aatedut also by providing collaboration functionality for the human
actors.

After the human actors have made the decision, the decision must be executed. The decision support sy
should save the human made decisions and evaluate them based enTefnewWRdge should then be
used as input for future deeisaiiing processes.

331Deci sion Support for OResource Mapp

We identifiedetbeuse castka s A Resource Mappingo, wher efsome can i
artefacts or sengcand where a matching between a requestor and a provider muistcag taendases

we have machines that request opuwiithiazertain capabiliied operators that have certain capabilities. The
decision support is in a mapping of availatteofethe requesting machees.list of possible mappings

wi || be created and therefore after AResource Ma
further used in the introduced decision supportfgocess. (
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Usescasesfrom chapte® which fitto the SResource Mappidglecision support challenge:
FLEX:

1 FLEX Worker Allocation
RF:

1 CRF Workload Balance

Although different use cases vary in detail andiffegeiredata and tool supperabstracted this kind of
decision in our fAsBppaEtachalieggecredea moré gerpdpprdaehe with whicih
more decisions can be described and suppthedbllowisgctionwe explain more detail the identified
chal | Resquecdlapping fand | i st potential Al support.

Al technology can play different roles:

Thisdecision suppedn be realized in form of a decision tree, wheneatiigeror the decision support
system(or both together) ansgquegstions arare guided t@ correctdecisioroutput. Depending on the
complexiyf the decisidhg decision tree can be extemitledemantics to allow a better mapping of the results

or the decision tre&n be made adaptive with rules, in order to not strictly follow the process but introduce
flexibility in the decision tree. Predidgtiowhich questions the result sduced the most, can be integrated

to reduce the number of questibith must be answei®dch decision trees are also often provided as
guestionnasewhich are answered by a group ofeSpel crowd intelligermgproachy combing decision

treesin different complexity with group based a@sweesised to tackle high complex questions. Cooperative
answers can be weiglatsmbrding the relevance of the an$veey. experts get higher rates than juisiors

realte cooperative decision making.

Such symbolic Al based mapping s¢lqairdhe requgsif the requestar)d the offerifgf the provideme

described in such a way, that the Al algorithm cathaneRoretxample semantic descriptionmedaest

is performed by the user, who selectsofsoloveh boxes or other fmfannotationthe correct description.

In case the description is wrong, the correct solution will not be found. In complex scenarios, such sem
description can becemnplex, that a thorough training is needed. This sometimes contradicts the aim to simpli
solutions.

Thereforesubsymbolic Al or datdven Al using neural networks based on similarities can be used. Such
networkinterpret the request atghtifthe outcome. Once correctly trainethetworks have potential to

interpret the request and find possible correct allocation with a high degree of correctness. However, a
correctness be established wittasagiproach becauseatehature. Hengelevant allocation, or allocations

with legal consequences cannot be performed in such a way. Theaallodatiot@ gfroductidime, in

case a certain certificate is needed is hence nathimssil#eheinclusion of worker preferedogag

allocatioof productidimes can be performed, as incamestthe network allocattes correct production line

A decentralized approach ageggtechnology is also possibthatway thegentdry to find corresponding
matchings betweaequestand offeraNorker dogisti@gents would be configured in such a way that incoming
requests ar@nalyse@nd mapped to offenscdseoffers should be mapped to a request(@rsathe
corresponding agscan staregotiatiato complete the allocafibere is a competition that the worker agent
quickly gets allocated to avoid that other worker get allocated éqatedenwerkenachine.

In all aforementioned technologies the lodgmgi@f is importdatlearn and adjust the system. In case a
network is biasedlead to wrong allocationgeftain request of a certain worker it needs to be retrained. In
case agents are biased they need tprogrammed as well.
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3.3.2DecisionSuyport for o0Solution Configurat.

With solution configuration we mean that there exists an adaptive system (e.g., a production line) and we w
adapt this system to fulfil a certain goal. To adapt the system, different parameters (e.g@s)ocdar of machin
be changed. A solution configuration is then variant of the system, which is defined by the values which are :
the available parameters.

Usescasesfrom chapteR, whichfitstot he o6 Sol uti on Configurationdé dec
FLEX:

1 FLEX Automated Test Building
1 FLEX Machine Maintenance After Breakdown
F:

R

1 CRF Delay of Material
1 CRF Quality Issue

For EEXwe identified ékeuse castas A Sol uti on Conf i gur possiblen o, w
configuratisnthe decision support systaableshe finding tife configuration of thessesible soluti® Use

casesf or ASol uti on Con et ofpossialé solotiord condigunatiasecanfigyrationn  t h e
challengeflike the configuratiomwomatetkss) poses anore restrictalution spacesompared to the

case wherhese automated testsnateonfigured but implemented from Hueatca greater set of possible
solutions can be genera&iilariyye identify the maintenance after machine break down as such configuration
challenge, as e.g. the totmhpéementation of the line ismoption, but the solution as to be found in a pre
defined set of possibilities.

For CRF we identified the uses cases for a reconfiguration of the production line in case ofddlayed material
onthe recognition of quality issues in thegibikidecision support challenge was chosen because the it runs
similar to production line. A production line is reconfigured for the new prodegpeoiiisetasinot only
theproduction lines of prodtatsvhich the problems were recagniggde reconfigured, but these problems

can also influence the other products which are created in parallel.

Therefore, in ASolution Configurationdo feasible
makers. Feasible pattemesthose production line configurations which can be used in the situation, and whicl
do not violatego criteriée.g.a machineannobe used & higher utilization ofrigx. capacjty

In the following we explain in more detail the idantifiedechgl#tieCoini i fur ati ond and |
supportTo describe tifieSo |l ut i onw€onéedutat dehone .kisimpleityent p
reasons we explain the principle with three outcomes, (a) a limited a(ly) easyriiskted and highly

complex task and (c) a task in between the two extremes. In reality, we will typically identify several altern:
from one or several outcome types. To explain thevedisoesishe challenge with those hypothetical three
outcomed.he three different outcomes also vary in how much human users are integrated in the finding of fea
solution configuratiofisese humans may or may not be equal to the humans whimatddoesibebut

the humans mentioned here can influence the created list of possible solutions.

Al technology can play different roles:

For dimited and easy task, the major input parameters and relevant configuration steps may be automatize
form of rules or workflows, where a sequence of questions or actions is performed and decisions or selectio
performed either by the human pewetdoy Al with corresponding sensors. Corresponding sensors in hardware
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configuration may for instance be typical temperature or vibration sensors observing manufacturing machines
in concept design, the term sensor may be taken a bit broaeeaksodvirtual indicators for estimation and
simulation. Once a decision tree can be formulated, the decision tree can be automated either in form of a wc
or in form of several rules that are executed in a sequence. Semantic annotatitnczaaleiiteaxiby

providing a set of different decision trees, from which the most relevant is selected, as well as semantic annc
of the decisions or selections to use semantic inference to either perform a selection or decision. Suc
technolagsi decision tree and workflow, semantic annotation and inference, rule specificatidn and executiol
belong to the group of symbolic Al and hence cdeflmegrand automized to some degree. It can be used

to partly perform action automaticattyidefsuggestions to a human user in form of a support system.

Foratask in between the two extremes, the aforementioned technologies can be used, but it is expected
human interaction is required. The decision support process may helpgthtiseyseashsiof the project,

but the decisions and selections with each phase needs to be performed by the human. The decisions
automate part of gfrecess i.e. security relevant aspects are a canhtidatéher the results needs approval

by thehuman or several alternatives or unfinished templates are provided to the human developer for comple
Semantic annotation and inference can be provided to find similar solutions and propose results, which

approval by the human developer. Thi@ogy can be extended by neural networks, which find similar projects

I according characteristics of the input or characteristics identified during the decision process.

Foraunlimited and highly complexAbsiay less be used for automation edibnfirding similar solutions

or competent persons for support. Both can be realized using neural networks, where similar projects are pres
ideally to merge several green field configuration projects to reciecm thraiilotegnance effort.nideavi

repository whielisotracks the designer / developer, the neural network may also detect that a programme
recently developed a very similar useasasignificant lines of codes / designs aré amdilextroduce the

two developeesachother This can be used to arrange&d | epdr ofgp aarnechniggeovhere an
experienced programmer checks the final solution of a junior programmer and approves the solution.

The aforementioned interaction with knowledgeithasesith rulesorkflows, semantic annotatiopural

networks support the interaction between a human person and the knowledge base. To exteral this interactic
collaborative approach is proposed enabling not only to interact with the knowledgéhbasehgtiatso wi

who are knowledgeable imtmigin

Domain experts can configure an agent with their preferences, e.g. being asked or not being asked for a par
project e.g. customer, technology, setup, projeatsside;ade fragmersisd thdike. Once the developer

interacts with the knowledge base, the agents are aware of what the user is aiming for and then can deci
interact with the developer and monitor the project, or avoid contact.

333Deci si on Support for o0Selectiond

For this decisicupport challenge, no concrete uses cases frodachapter mapped, as fASel e
to the results of the other decision supporgetgliee chap®B.1and3.3.2. As input setof possible

solutiosis consumed and the output is a rankesibss@lutioss Ths ranking can be seen as-aglegtion

of the decision support system whichdegtothe humans who make the final decision.

It would be possible that the decision support system just chooses the best solution for the human decision n
but this is not the goal of this projéds asportatd include the human intaéisionmakingrocessin

some specific cases a sole chodshepecision support systeay bevanted, buh general the humans

should be inledn the decisianaking proces

To achieve the melectiorcontext information for the decision is needed. This meaywathathibh the
decision should achjevest be known. For example, a configuration of the production line which leads to minim
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cost, minimal execution, tim@maximal worker satisfad he goal can be defined through a single variable (as
in the examples before) or a combination of multipletbeesthe goal depends on the specific decision
problem amust be defined accordingly.

Therefore, the de®eli sdetisioossmpgtphallengst seyaldletecaiculbtaae
for each solution possibility and then rankhisemeans that for each found solution, all the information must
be available, to calculate the wanted value.

Part of the researchrlvis the creation of detailed technical and algorithmic requirements taking into account tf
framework conditions required by the project in terms of e.g. human resources. In most cases, different apprc
with very different abstractions are pétmitdeer, the choice of the model for optimal resource selection and
the time constraints have a relevant influence on the conceptual solvability of the resource optimisation pro
so that model building represents a central scientific contribution.

3.4 ResearchDirection for ABupported Decisiddlaking

TechnicaPerspective

Given that decisimaking can be a highly complex task where humans are not able to receive and process
the information to reach an optimal conclusion, Al isappaddhes that can support detialang. The

available models and algorithms are of different types and can be used for optimisation, sipamidtion, predictio
decision analysi$e results of such Al analysis can together, support deciskimmtikads.can also be

used to analyze different decision alternatives and predict their impact orbpsothsgiperformance

indicators

The research area of the implementation of Al in the D&B8gmyigied therefore the first explstagion

focus on Alupported decisimaking at the process level as well as at the manufacturing operation (e.g. job shoy
planning) and control level. The initial research aims to provide a comprehensive overview of the current st
the art and thueidify research gaps.

Research questions are:

1 How can the decisinaking process in the manufacturing environment be accelerated through the use
of Al methodologies?

1 Which Al methodologies have been used in decision supporting systems in the manufacturi
environment?

1 How existing Al methodologies can enrich classicabésed)diecision support systems in order to
be applied in complex manufacturing processes?

1 How do different optimization metrics or constrairgshegtedean a manufactwamgext?

1 How and to what extentAdéschniquefor optimisatite utilized in industrial scheduling?

Human Brspective

Human involvement irsuplported decisimiaking has to be considereduaterousstages: When
implementing rules or fuzzy rules, human knowledge needs to be abstracted. While this is a difficult task fi
technological perspective, it is also a @gigethgjuestion of how Al can be developed and implemented in a
way that grants human acceptance and builds trust. In this regard, an important demand towards Al is transpa
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Flyverbothe mp hasi zed that transpar e(.dio, 2016), Rlerduiresr m o f
transparent Al to go beyond technical explainability and provide understandability to the end users.

Transparency applies both when developing Al as well as when executing and using Al for decision sug
Decision treaw rule based Al are often interpretable by humans and can thus (easier) be displayed in ¢
understandable manner. Nevertheless, studies will shed light on how their processes are set up and commun
in a way to support human acceptance. HoweVeetneuka build black boxes that are neither interpretable

for developers nor understandable for end users. The challenge is to develop explaipabliketpdels

form of postoc explanatiohthat allow for insight into the black boxessigh¢isiimportant on the one hand

for developers to be able to improve the system but also for end users. We will conduct studies about the diffe
of transparency required for the user groups to adapt the system to their needs.

Research question:are

1 What does successful Al enriched decision making look like for the involved human stakeholders in
respective use cases?

1 What type of transparency do the different stakeholders require for which type of Al and which use c:

1 How does transparendgrdior the different Al stakeholders and how can Al be designed to meet their
requirements?

1 How do different types of transparency foster trust and how can the system be improved to incre.
acceptance and trust in these specific domains?

The psychologistudies will research the implementation of visibility and transparency in Al to grant the effect
use and transfer of information. In FAIRWork, the goal of these studies is to use transparency as a mea
increase acceptance and usage. Firsafigeiaitalyses shed light on the perspective and requirements of
different stakeholders by means of interviews. Based on these results, hypotheses about usage, the effe
transparent Al systems in specific use cases and beyond can be formutptedti®éeersiudies compare

different ways of transparency and their effects on usage, acceptance and trust in the system, but also subj
control, contentedness with the working processes and subjective autonomy. These quanthative studies
usecase independent Al research (along, e ankspecific FAIRWork systems to be able to find answers

for the systems at hand as well as more general solutions.

Practicaberspective

The actions of actors cannot be understood fronttgperggective alone; rather, thetsokivcal
arrangement as the context of such actions plays a central role. Therefore, the second perspective in the FAII
project, which focuses on people andteahrariogy interaction, takes a close lamtisstiypsuch socio

technical arrangements. These are investigated as practices in order to be able to analyse the interrelatio
between individual action and sataction pattern schefedirectly address this tensiois tfiparticular

impatance in highly technical contexts, such as the production liBaststudiedy can be done by looking

at socigechnical interaction situations withiesbaical arrangemeriise concept of seohnical
arrangement allows to study amesd/micro situations of social actors and technical actants, which is

10 Flyverbom, M. (2016). TransparencyMediation and the Management of Visibilities. International Journal of
Communication, 10, 0.

11paez, A. (2019). The Pragmatic Turn in Explainable Artificial Intelligence (XAl). Minds and Machines, 29(3), 441
459.

12werz, J. M., Borowski, E., & Isenhardi, (2020). When imprecision improves advice: Disclosing algorithmic error
probability to increase advice taking from algorithms. In C. Stephanidis & M. Antona (Eds.), HCI International 2020
Posters (pp. 5046511). Springer International Publishing.
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determinant of a practice. Such arrangements operate in terms of a "structured and struaguring structure
described iBourdidd andGidders. This is first of all structuredebgrtbemble character, the relational
orchestration of people as well as things, and embodies an institutional form. At the same time, however, it
rigid; rather, it is obstinately appropriated by actors and thereby changed. Thereforepitusalees sense
independent term for it because of its ensemble character. The coteelphiohsadiangement allows to

depict the elements (from single technical objects to a multitude of human actors) that are put together in a se
action situatiao form an ensemble. Thus, it is the joining of structured elements to a more or less compl
structure that constitutes the-smtinical arrangeméimerefore, we have to address the following questions
with regard to this research direction:

9 Howare individual practices of deaisikimg constituted?

1 What are boundaognditions of practicing specific affordances relataddavAat are the limits of
such an approach?

1 What is the influence of the-smdinical context in democratic deuigiong?

These questions will be answered empirically in two case studies, which will be conducted at the two indt
partners. These case studies will be conducted using the following empirical methods. On the one hand
scenarios on which theaetiype work processes are based will be identified and mapped by means of a documel
analysis. Based on this, interviews with employees will be conducted on the basis of two or three exem
scenarios in order to find out the relevant expectations ahd/dok performance. Finally, the sociological
technical arrangement of the production lines will be examined through participant observation. In the conte:
triangulation, the readings of thetscizincal interaction situation gained theougficus empirical methods

are brought into context and systematically evaluated. In this way, not only an empirically saturated analy
practices is available. Rather, relevant factors for modelling the decision support tool can ateshbe derived frot
mapped, and the most relevant factors for further use in the tool can be selected in a joint analysis with the
research and development partners.

3 Bourdieu, Pierre (1982): Der Sozialraum und seine Transformationen. IDie feine Unterschied & Kritik der
gesellschaftlichen Urteilskraft. Frankfurt am Main: Suhrkamp, pp. 1785210

14 Giddens, Anthony (1984): Die Konstitution der Gesellschaft. Grundziige einer Therie der Strukturierung,
Frankfurt am Main: Campus
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4 SELECTED KNOWLEPMENAGEMENT AND
ENGINEERING APPROACHES

In chapter 4, tbeerall methodologyf making complex decisiomaking is outlinedVithin this chapter, we
describe the overall procedure for implementing compimattergeiocesses herefore, this chapter gives
an overview about relevant concepts fesagarch direction amgblerantation of such complex decision
makindpy using Alervices.

Thereforaye deal with the correct selection and configuration of the previously mentioned Al based decis
making services. For this we follow tkieoweiIplan, do, check, act methodology, to:

9 first select and configure an Al algorithm,

91 then let them execimteeal world challenges,

1 then check with the help dflésgif the Al performs well and
9 finally act in form of changes in the configuration.

4.1 Plan Do Check Act Methodology

ThePlanDoCheclAct PDCAcycléis a weknown technique for implementing continuous improvement.

The APl amrangisbfgroblem hrealgs
the creation of one or more solutions, and a
for implementation. The t&toing" refers
putting into practice the apparent best an
light of the possibilities developed duril
planning phase. "Checking" involves comps
actual outcomes of implementing the s
solution to the intended outcomes. Faatityg,'
refers to examining and understes
discrepancies between results obtained ar
anticipated, as well as coming up with
solutions and strategies to avoid

discrepancies. At any level of an organ
PDCA is a broad technique déia be used

involve individuals or entire groups, for in

Figure9 PDCA Methodology during the design or manufacturing pha
Schmidt et .

This method can also be applied to define the Al usage for decision support, where the improvement of KPlIs
theproduction and/or the design phase and a fair workload balance should be achieved by applying decentre
Al algorithms and services where needed. In the following the four phases in connection with the use
challenges are explained more in detail.

15 https://en.wikipedia.org/wiki/PDCA
16 Schmidt, M. T., Elezi, F., Tommelejd. D., & Lindemann, U. (2014)Towards recursive plando-check-act cycles

for continuous improvement. 2014 IEEE International Conference on Industrial Engineering and Engineering
Management, 148631490. https://doi.org/10.1109/IEEM.2014.7058886
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4.2 Plan Phase

The configuration environment provides tools and approaches for the planning phase in order to design
decisions in the use case are supported. In case of human actors, the configuration envirarathemt provides so
semiformal models, whare interpretable by human aaifiesn in form of graphical concept inbdetsot
interpretable by artificial intelligence. In case the model is used for artificiahinst ligendbrmalized

in order to enable interpretation bgregftwgrams.

We identified the following modelling approaches to configure the corresponding Al:

1 Process Modelling
0 Models for human interpretation
o0 Typical process model notation can be used to define the criteria about a selection process.
casetafibe®s has to be found, there may be
space in such a manner that thé affer answering a set of questifmsd suggested
relevant results.
1 Decision Model Notation
0 Modelsdr definition of rules
0 Mayeit is possible to extend this notation to also cover Fuzzy Rule definitions
I Semantic Representation
0 We consider meta models adgfireed semantic modedaicewe propose domapecific
meta modethat have the semantic integrated into their modelling languages.
0 Semantic moddike taxonamsor ontoldgs,follovnga semantic web standard, are more
flexible thatheaforementioned fm@nfigured meta models.
9 Priority and Goal Models
o Currently éne is no complete modelling languages to holistically define a multi agent approach
Rules and semantic inferences may be used to define the decisions in the header of an age
Goal and KPI madmhy be used to define the aim of the agent and hence define the strategy
or technical model can be used to support the complex configuration of a multi agent systel
Although all those aspects are helpful in managing complex multi agent sysséins, there are
possible improvements to integrate the agent models into the domain specific use cas
environment.

4.3 Do Phase

After the configuration of the different technical components during the planning phase, the doing pha:s
concerned with the executitm gifreviously agreed plan. By looking closer at when decision making is needed
for the use case scenarios we can observe that the decisions are either concerned with the allocation of resc
e.g. the Workload Balance Scenario from CRF, or the fioplisedfintag. the Robot Programming Scenario

from FLEX. So, if we look at it timewise, the decision phases are triggered by a new order or project coming il
event is followed by an allocation phase, which in cases of limited resourcttagan loatlseadlocation

phase is it necessary to clarify who takes on responsibility for the incoming task. This can be an individua
whole team of employees. After the assignment is done, the realization of the order or projeca starts. In this |
multiple decision could be arise, where less or more support is needed depending for example on the expel
of the person in cha@fferent Al approaches provided) support the decision makers.

In FAIRWorlkAI is useth all our scenariosatdomate processes or to make their processes more resource
efficient. Since humans are an important panterfattiecision process, trust in Al and human fadors play
an essential rptberefore these aspects are explained in detail. Firalpidhkeconcepts for a concrete
implementation such as digital knowledge base, digital twin, digital shadow, wéls lveetiiSoadiged

follows the explanation about the orchestration efmdéaigjgrrocesses by using-secvice.

Copyright @022JRand other members oRARWorkonsortium
wwwiairwde-projeceu Paget90f105



4.3.1 Al or supportingecisionMaking

Humans cannot always cope with evaluating complekuatdeil decisioraking problems. Such
unstructured, highly dataled challenges often lack clarity and have no single best answer. This circumstanc
leaves potdat for optimisation by supporting human skills with Al technologies. The aim to use Al in a decisi
making process is to accelerate the speed and improve the accuracy as well as consistakitygofdecision

also allows analysing big volume data,iwh i s one of the most critical |
and processes.

Decisiomaking with integrated Al can be defined as therdddisgjoprocess that is supported by various
models or algorithms, which are developed basémbtndatai It is essential to be mentioned, that for the
application of advanced Al solutions, large amountiesérilaitag production and processes as well as their
environmenare required. Decisioaking consists of several stages, which can beFgper3hin

Felsbergétr Considering the procedure outlined below, the-tModest&evelopmeit significant from Al
technology perspective. The selection and development of a model is closely linked to the problem identific
available data, selected decision cariaglobal objectives. Furthermore, the created hoattkls s
systematically produce different alternative solutions to the identified problems, in order to find the most su
one or a set of recommendations to pick out.

Problem
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Figure8Q Decisiomaking process

There are various appneado create a model or optimisation algorithm, but for our purposes, the knowledge
based decision support system (DSS) is the most suitable one. This approach has its origins in intelligent de
support systems (IDB&NematfandNegnevitsk That means that Al technologies are integrated in IDSS

together with management expert systems, data mining and communication appliances. Currently, intell

17 Felsberger, Andreas; Oberegger, Bernhard; Reiner, Gerald (2016): A Review of Decision Support Systems for
Manufacturing Systems. In: Saml40 workshop atiKNOW.

18 Nemati, Hamid R.; Steiger, David M.; lyer, Lakshmi S.; Herschel, Richard T. (200Rpowledge warehouse: an
architectural integration of knowledge management, decision support, artificial intelligence and data warehousing.

In: Decision Support Systems 33 (2), S. 148.61.

19Negnevitsky, Michael (2005): Artificial intelligence: a guide to intelligent systems. Pearson Education.

Copyright @022JRand other members oRARWorkonsortium

wwwiairwde-projeceu Pageb00f105



systems for decisioaking use neural netvw®rgeneric algoritislecision treestables? fuzzy logics
as well as other accessible Al models or optimisation algorithms. Thereforebdse&io@fugdesigned
to enable an identification of relevant knowledge using variety of data mining tools and Al technologies.

Rules, Decisn Tree and Decision Table

Knowledge represented by a set of rules is simple to comprehend, quick to etdmpjasnellasige

provided in the form of a decision tree or decision table can be used to create a number of rules out of it. De
tables use rows and columns to store knowledge in a tabular format. A decision table, which consists of con
and actions, provides a summary of the steps that are followed in response to various stetesszfsconditions

a decision tree repraseknowledge relationships in a hierarchical manner using nodes and links. A decision ru
is a straightforwardTHFEN clause with a condition and a prediction. Predictions can be made using a singl
decision rule or a collection of numerous ruleg) Hdeaision rule sets and lists can also be accomplished by
using machine learning technagudsscribed by Mdthdbecision trees and derived decision rules could be
used in the allocation phase to map workers and machines or projects agid esalable e

Fuzzy rules

Fuzzy rules created on the basis of fuzzy logic can be used to map the preferences of people and machines.
way, complex resource allocation issues can be solved. In such issues, job assignments to machines are
supported by internal knowledge provided by experts working daily in the productions.

Option 1: human preferences

The definition of preferences, in particular human behaviour, how one decides and what preferences one ha
be modelled with fuzzy rdesexample, if the human agent prefers collaborating with a specific robot at the
assembly, he might classify his prefereRba@ as fo
Bo. However, it coul-ifitisavarme autsideegneecautt haventhetfolowingtpeeferenee: a
"l would like to work in a hall where there is air conditioning, otherwise | don't care which hall I work in". Acc
to this scheme, each agent is characterised by its drivers, vibiohutatedén fuzzy rules.

Option 2: the general allocation workflow

Given the experience of human agents, their common knowledge and intuitive reasoning, the allocation of ol
the machingeerformethrough externalizing their knowledge withindszzy

Exampldor ten years there has been a high share of an order that could not be properly produced with spe
characteristics when human A worked with robot A in hall A. However, it was produced correctly when hun
worked with robot Aail B. The provided knowledge can even be used directlyrbgldasisoan without

having any experience in this matter.

20Kar, Arpan Kumar (2015): A hybrid group decision support system for supplier selection using analytic hierarchy
process, fuzzy set theory and neural network. In: Journal of Computational Science 6, S. Z83.

21Rabta, Boualem; Reiner, Gerald (2012): Batch sizes optimisation by means of queueing network decomposition
and genetic algorithm. In: International Journal of Production Research, 50, 2720- 2731.

22Shamim, A., Hussain, H., & Shaikh, M. U. (2010). A framewofkr generation of rules from decision tree and
decision table. 2010 International Conference on Information and Emerging Technologies, 166.
https://doi.org/10.1109/ICIET.2010.5625700

23Molnar, C. (2022). Interpretable Machine Learning (2. Aufl.). Independently published.
https://christophm.github.io/interpretable -ml-book/rules.html
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Even if only a vague formulation of rules exist, the fuzzy rules might indicate on which parameters the rul
producing thedars are based on. The fuzzy rules help reveal essential features afhtierdppisioesses

of individual agents (esp. humans) or of the entire decision making process on how an order allocation takes
This could be in a further step beadratethinto the overall system that considers all agents and their
corresponding decisions making processes and underlying parameters.

Semantic

Projects or orders need to be described to categorize them according to their complexity ara$their character
A textual project description can be easily interpreted by a human being, but for further interpretation by a ms
this description has to be structured. The simplest way to do that is by using a form, where the project data
to be insertedarcertain way. Another way to add semantics to a text is the use of annotations. This can be dc
by using an ontology or taxonomy to describe the characteristics of the incoming orders or projects. To crea
ontology or taxonomy mutual charastinistescribing an order have to be found. When annotations are added
to each description, they can later be found easily by applying a semantic search using the annotations as s
parameters. Another reason annotations could be useful, itproggetgpaezcording to their complexity, so
theysupport the assignntenworkers or employees with suitable skills.
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Artificial Neural Network (ANN)

Neural networikausedor forecasting and prediction based on historical data and as atititsseahqdais

to be further applied in decision support systems. The ANN is used when the decision making process is co
with highly ndinear relationships between vatfablese the decision tree or fuzzy logic are not capable
anymore to handle all dependencies. One of the biggest advantages of ANNs over traditional systems is the
to learn the underlying optgut relationships rather than following a sespécifled by human exgserts
Pragmatically speaking, ANNs are general function approximators that, in principle, cautmap any input
relationship. Therefore, if an optimallitguuttmapping exists for a specitiasesat can be representtd w

an ANN. However, the development and training of ANNSs require a great volume of data.

4.3.2 Trust in Al Decisions

Beyond technical guestions, Al enrichment al so e
in this project also touchiesams and thereby psychological questions. Despite the usage of Al in many contexts
Al augmented decigiteiking still faces barriers such as algorithm @esBietvors). This effect can

prevent a successful implementation of Al in pracéoe sRiffies have found ways to overcome algorithm
aversion, e.g. when humans can modify thelisgstesad Dietvorst nore when Al demonstrates its ability

to lear## However, the mentioned improvements depend on context andt¢icnécddtiiegtures. A
successful decision supp@tem has to match the algorithms and use cases with usage situations, individua
requirements, and end users needs so that the Al system is accepted and used in the end.

What is more, when developingn@hementing algorithms, i.e. Al, ethical aspects as describec?by Al HLEG
have to be considered. Important aspects are control and human autonomy, which have to be granted to all in
humans. In this regard, an important demand towards Al eiscyrafbpsrbéhremphasized that
transparency is a fAf or m?3lmduiresg iragsparentlAltd go beymndtecgneahe n t
explainability and provide understandability to the end users. A successful transparency management tt
understandable and sheds light on the Al black box should increase acceptance and usage of systems. £
same time, transparency is not a success by itse
Afwhen there ifsoramatdlbounn damdd adbfl ei,n it i s often di
transparency can backi@® shown i8to#2 (p. 134 We will conduct psychological studies about the
implementation of visibility and transparency in Al to affectiviheise and transfer of information. In

24pechoucek, Michal; Riha, Ales; Vokrinek, Jiri; Marik, Vladimir; Prazma, Vojtech (2002): ExPlanTech: Apgymulti -
agent systems in production planning. In: International Journal of Production Research 40 (15), S. 36833692.

25 Jain, A. K.; Mao, J.; Mohiuddin, K. M. (1996): Artificial Neural Networks: A Tutorial. In: IEEE Computer Society, Vol.
29, No. 3, pp.31-44.
26Dietvorst, B. J., Simmons, J. P., & Massey, C. (2014). Algorithm aversion: People erroneously avoid algorithms after

seeing them err. Journal of Experimental Psychology: General, 144(1), 15126.

27 Dietvorst, B. J., Simmons, J. P., & Massey, C.O{B). Overcoming algorithm aversion: People will use imperfect
algorithms if they can (even slightly) modify them. Management Science, 64(3), 115%1170.

28Berger, B., Adam, M., Riihr, A., & Benlian, A. (2020). Watch Me ImprofieAlgorithm Aversion and Demonstrating
the Ability to Learn. Business & Information Systems Engineering.

29 Al HLEG. (2019). Ethics guidelines for trustworthy Al. European Commission. https://ec.europa.eu/digitasingle-
market/en/news/ethics -guidelines-trustworthy -ai

30 Flyverbom, M. (2016). Transparency: Mediation and the Management of Visibilities. International Journal of
Communication, 10, O.

31paez, A. (2019). The Pragmatic Turn in Explainable Artificial Intelligence (XAl). Minds and Machines, 29(3), 41
459.

32 gtohl, C., Stohl,M., & Leonardi, P. M. (2016). Managing opacity: Information visibility and the paradox of
transparency in the digital age. International Journal of Communication, 10, 0.
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FAIRWork, the goal of these studies is to use transparency as a means to increase acceptance and usage.
psychological studies will both usasséndependent Al research along, e.#.aidespedif FAIRWork

systems and run tests prior to implementation. This way we are able to find setatsenspeaifiaiaad

also solutions of more general nature. While these studies show ways to use transparency as a way to
understandability, fostiest and thereby usage, another important variable of interest will be the perceived contr
contentedness, and autonomy of those involved and touched by decisions. That isD&Stitentpe DA
autonomous in its decima@king, humans have teelthe final control over the system. This approach will
investigate transparency as a means to overcome algorithm aversion.

The question of trust does not present itself solely as a question of individual truathie dhsituetinaf

relationglso playa central role here. To what extent do the actors trust the structure in which they act and a
ultimately embedded? We must ultimately keep two aspects in mind here. On the one hand, the literatut
questions of infrastructure formation has maatetliacle is precisely the materiality cfesboioal
arrangements that constitutes an important unit ofeana®sider/S¥rSuchmah Barldsidd. On the

other hand, specific challenges in modelling such situations become apgazeatis€hikei targeted
abstraction of set@ghnical interaction situations and their modelling on the basis of a few factors necessar
inscribes selected boundary conditions into the model. These can provoke trust problems when they enter th
wortl situation in the form of tools. This is because the selection and emphasis of these selected factors can
be perceived by the actors as too narrow and, in the worst case, even interpreted as an intended selection.
respect, questions of tatally arise in the implementation of such new toolstastm&atiproblem of

the first degreeg. Bluscher./Surdpf

Combining the two named approachase able identifsolutions both usase specific and also solutions

of more generature. While these studies show ways to use transparency as a way to grant understandabil
foster trust and thereby usage, another important variable of interest will be the perceived control, contentec
and autonomy of those involved and toudbeion3he aligning view on the embeddedness of transparency

as a structured context, shows whether ambitions of transparency and the structural realization of transparen
in conflidt or not. Transparent decisiaking in complex séeahriéal arrangements depends not only from
individual capacities to take decision, but also from the structure@oegabilifigle. in this directitrais

despite the DBES being autonomous in its demialong, humans have to have theofitral over the

system. This appraaahit offers a view on the whole picture of contextualizethéagision the different

forms of transparency theraimalso be seen asrarestigain aboutransparency as a means to overcome
algorithm ason.

4.3.3 Human Factors in Decisibtaking

Studies of human decision making have demonstrated that stress exacerbates risk taking. Since all deci
involve some element of risk, stress has critical impact qonaligi@Rmrcelli & Delgado 28M&cisions
are found to improve with stress up to an optimal threshold beyond which deterioration is observed. Natur

33Werz, J. M., Borowski, E., & Isenhardt, I. (2020When imprecision improves advice: Disclosing algorithmic error

probability to increase advice taking from algorithms. In C. Stephanidis & M. Antona (Eds.), HCI International

2020n Posters (pp. 504511). Springer International Publishing

34 Bowker, G.; Star, S.L. (2000): Sorting Things ouElassifications and its Consequences. Cambridge, MA / London:

MIT Press.

35 Suchmann, L. (2005): Affiliative Objects. In: Organization 12(3), pp. 38899.

36 Barlosius, E. (2019): Infrastrukturen als soziale OrdnungsdiensteEin Beitrag zur Gesellschaftsdignose. Frankfurt

am Main: Campus.

S’B¢scher, Chr.; Sumpf, P. (20 Itechnical prablemssirt thie transfadmationafnf i dence 6
energy systems.In: Energy, Sustainability and Society 5, DO10.1186/s13705015-0063-7

38 porcelli, A. J., & Delgado, M. R. (2017). Stress and Decision Making: Effects on Valuation, Learning, and Risk
taking. Current opinion in behavioral sciences, 14,383 https://doi.org/10.1016/j.cobeha.2016.11.015
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decisioimakingesearch (Klein, 28p8howghat in situations with higher time pressure, higher stakes, or
increased ambiguitiegsperts may use intuitive deaisikimg rather than structured approaches. They may
follow a recognition primed decision that fits their experience, and arrive at a course of action without wei
alternatives.

Stress directly affects human dewmiglong (Galvan and Rahdar/®0di8ahead to a number of undesirable
consequences, including a restriction or narrowing of attention, increased distraction, increases in reactior
and defi cits memory(Dreskelpetal., £aRudiast hunaam dedisiorgmaking demonstrate

that stress exacerbatestaking and impacts decision quality. Since most managerial decisions involve some
element of stress, decision aids such as decision support systems (DSS) have batggiedmeffddtsm

Existing research has largely attended to two key stressors, time pressure and information overload. For a b
understanding of decision making under stress and to improve decision support, an extended set of stressol
psychalgical experiences underlying stressful decisions is examined. In terms of a class of stressors ca
0Decision Stressors6 there are four Deci sion St
pressure, complexity and uncertainty.

9 Stess and Riskaking. Decisioma k er s ® | i kel i hood to engage in
decisiofinherent features including uncertainty, framing of a decision [as a potential gain or loss; 59], ¢
valuations of outcome valence, magnitudmbeatnility of receipt. As such, decisions invelving risk
taking rely in part on steesseptible valuation/learning processes.

1 Information overload is "a gap between the volume of information and the tools we have to assimilat
Information used decisiomaking is to reduce or eliminate the uncertainty. Excessive information
affects problem processing and tasking, which affects decisiom g . humansd dec
becomes inhibited because human brains can only hold a limited anadiant of infor

1 Decision fatigue is when a sizable amount ofrdekispteads to a decline in deaiaking skills.

People who make decisions in an extended period of time begin to lose mental energy needed to anc
all possible solutions. Impulsivaotesaking and decision avoidance are two possible paths that
extend from decision fatigue. Impulse decisions are made more often when a person is tired of anal
situations or solutions; the solution they make is to act and not think.

Though many déaiss must be made under stress and many decision situations elicit stress response:
themselves (Starcke and Brand'd2@&2isiomakers could enhance their deciaking performance and

protect against potential ded#iares (Whyte, 199hymeans of adapting certain coping strategheas,

follow:

1 Use Balance shegercise. Janis (19828uggesthat decision makers can foster vigilance by means
of using the "balance sheet" exercise. Thisdedasme process that asks theaeuimker to
confront and answer the questions about the potential risks and gains not previously contemplated

39Klein, G.Z008). Naturalistic Decision Making. Human Factors, 50(3}4486
https://doi.org/10.1518/001872008X288385

40 Galvan, A., Rahdar, A. (2013). The neurobiological effects of stress on adolescent decision making,
Neuroscience, Volume 249, 2013, Pag23-231, ISSN 0364522,

https://doi.org/10.1016/j.neuroscience.2012.09.074

41 Driskell, James & Salas, Eduardo & Johnston, Joan. (1999). Does Stress Lead to a Loss of Team Perspective?.
Group Dynamics: Theory, Research, and Practice. 33@8110.1037/189-2699.3.4.291.

42 Starcke, K., Brand, M. (2012). Decision making under stress: A selective review, Neuroscience & Biobehavioral Revi
Volume 36, Issue 4, 2012, Paged 2288ISSN 014834 https://doi.org/10.1016/j.neubiorev.2012.02.003

“Whyte, G(1991). Decision failures: why they occur and how to prevent them. The Executive3®, 23

4 Janis, I.L. (1982). Groupthink, (2nd ed.), Houghton Mifflin, Boston.
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1 Use check listsruglanski (198&uggesthat potential decision failures could be prevented by means
of a preparing a chéskfor all aspects of the alternatives, and before selecting the "best" alternative,
these aspects should be compared against to the critisia check

1 Heighten thedr of failur&ruglanski (1986) advodaegdnserting several reminders into the-decision
making process may be help to raise the fear of failure. People may be assigned to remind the deci
makers of the negative consequences of their coimse of act

1 Analyze the sources of deaisaking stress. Several authorsasiiilings et al., (1988uggest
that one of the significant sources of dweeiking stress is the necessity of making a choice within a
fixed time periodeeping the infwation load at a standard pace can have implications to reduce the
level of cognitive and emotional stress felt by thendg@sion

9 Use decision support systems whenever feasible. It has been shown that decision support systems c
be specificallysigned to mitigate the negative effects of stress on humamaiegs{Bhillips
Wren and Adya, 20D9

9 Order task priorities. Research findings suggest that providing training on how to order task priorities
use efficient search strategiesaléesinative way to enhance the decision quality and prevent potential
decision failures while making decisions under stress. Several cogméhstreebapiag training
programs have been shown to be effective in combatting decisiors r&ateccgtossers and
Salas, 1998). The main aim is to prevent panic in a stressful situation and to achieve the best poss
cognitive processing and decision outcome.

FAIRWork will implement DSS to mitigate the negative effects of stresdiivegrplyé@uisi@h making.

However, via hunfantordased analytics of the innovative decision making process, and considering the
integration of stresmping strategies above, we will lay a scientifically valid basis to-tdedigmstieSSs

for bettei.e., fair and more efficient decision making.

For the purposehafmanattors based analytics for deasikimg, the digital shadow of human operators
requresasoal |l ed Al ntelligent Sensor Box 0 opdra®Bby . The
means of a set of parameters that are pivotal for deyehidbeisianaking regime. The digital shadow of

the human operator ideally should be capable to quantify variables that characterise its physical, cognitive, aff
social ath motivational behawian interaction with its workplace environment. For this purpose, sensors would
be attached within a body area sensor network via wearables, further sensors would apply surveillance tas
remote measurement technology, andaddh al sensors woul d represent tfF
environment via humaachine and humamvironment interactions. These data would be transmitted as well to

a globally accessible data lake that is related teDE& BlAbwledgead® after having applied an
anonymisation procedure. Within this Data Lake, global key performance indicators (KPIs) and functions are
in order to be input to tHea8éd enrichment module that will provide machine learning for furthedt insight as w

as optimisation methods both of which would enrich thelishahbirddnment.

4.3.4 DecisioAMiaking using Workflows and/or Multi Agent Systems

Part of the planning phase includes the configuration of microservices. The idea is thaemidggle smaller s

are combined and should interact with each other to solve a concrete use case. The result of this configul
phase should be a workbench, which ephbEsm®. t he
workbench containsasetacs o cal |l ed fAWi dgetso. Widgets are res

45 Kruglanski, A. W. (1986).Freethink and the ChallengePsychology Today, August,-48.

46 Billings, R. S., Milburn T.W. & Schaalman {280). A model of crisis perception: A theoretical and

empirical analysis, Administrative Science Quarterly, 25(2)3360

47 PhillipsWren, G. & Adya, M. (2009). Risky Decisions and Decision Supger Stress Make a Difference?,
Proceedings of JAIS Theory Development Workshop Sprouts: Working Papers on Information Systems, 9 (55).
http://sprouts.aisnet.org/955
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functionalities (e.g. semantic search, dashboard, list of similar projects, recommended link to read, list of pe
to contact, access to Multi Agent System eteay dhimteracting with these widgets and the communication
between the microservices, can be done using different approaches and can be seen as different type
orchestration. The orchestrator component is in charge of this interaction taskstinguisd tdaree
orchestration approacfeshuman made orchestration by knowing where to click, (b) workflow orchestration, b
combining different services and (c) agent based orchestration.

Orchestration by Human

One of the simplest ways wrduwestration is manually. The available widgets are displayed using a graphical
user interface and the human interacts and triggers the services by clicking on them. The required inputs ne
by the chosen widgets are provided by the user e.gnigyfilggpétling out forms, or choosing options from a

list. Outputs resulting from the use of the widget are provided to the human user and can be used further if ne
In this case the microservice available to the user consists of a fronesnbpznti dvatkhe data coming

from the user is processed by the service itself without communicating with other microservices. This way is
starting point for building a prototype, because it is easier to implement and configure indivadaal services th
independent from each other. But this approach has its disadvantages regarding the user experience bec
outputs need to be adjusted manually to fit the following service inputs. Also, it misses the benefits rega
modularity and reusabil#yach service is hardcoded and manages the frontend and backend components ol
its own. Parts of one service cannot be reused by other services.

Orchestration by Workflow Engine

Being able to combine different Ul components with different backerdiffenantdsmackend service with

other backend services is a powerful feature that increases the usability of each Ul component and the reus
of microservicéthe use of multiple microservices is needed, a workflow can be created éyddrabining th
workflow is defined in the configuration phase by determining which microservices are used and, if it include
a fronend service, the result is a separate widget. A workflow can be seen as a combination of services, w
following outputegassed on to the next service in the procedure without the need for human intervention.
workflow engine executes the services and connects the output of services as input to following services as d
during the configuration phase.

HybridOrchestation

It can also be possible to combine the first two approaches and have a workbench which consists of widget
execute an individual service, triggered by the human user and services that consists of multiple microservice
communicate with eattier using a workflow engine.

Orchestration/Choreography by MAdfentSystem

Multi Agent System are a part of the FAIRWork architecture and when talking about orchestration also their
it needs to be discussed. They are organized in azeéelcealyaind the communication of the different agent

is done following a choreographic approach. The following table gives an overview about the characterist
orchestration and choreography approaches.
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Tablel: Orchestration vs Choreography

Choreography Orchestration

Centralized component Distributed environment

Component know how services need to behal Each service know how to behave

Component know how each service needs to| Services know how and when to communicat
other

As agents come forward on their own if their service is needed and are more event driven, they choreogt
approach fits betteraddition, agents can function as a connector to the digital twins and digitize physical asse

4.3.5 Knowledge Base, Digital Twin, and Digital Shadow

Smart technologaesd progress in digital technologies developdadustrg 4 &nd Industry 8@ chage

the manufacturing sector. Due to this digital transformation, vast amounts of big data is generated acros
manufacturing units; from machine sensdmsrdatatenance reports, production planning and scheduling data,
and human work force data.

I n the FAI RWerSkS [Krnmojwd cetd,g etBhaes efdDAsler ves as % dat a
where all the relevant data of products, humans, machines, robants, semsorsneasurements are stored

along the dimensions of lifecycle and engineering discipline. The KnowledgeBase provides an organized coll
of information that is storedtl shared effectively and securely. It will also include flexible and standardized
integration options for data across multiple sources. Thus, it will remove duplicates, normalize, segment, and
data sets into custom workflows and help to ordatsinaainified manner. The data can be secured centrally,
which will lower the risk of regulatory violations. Decisions built on data are only as good as the information
The KnowledgeBase thus helps to provide a framework to facilitate Betteiqdalia management
procedures generate highality information, which will enable otREIédmponents to make better
decisions based on reliable data.

The KnowledgeBase facilitates the use of digital twins/shadows/models whetikalhtimaaastorobots,
machines, processes and products have digital representations in EDMTruePLM. All the data related to 1
actors can be structured and stored in these digital models.

There are many definitions and understandings dbigitaTvein (DT)is. Part of ®Tis the virtual
representation of a connected physical asset; this virtual representation focuses on some use case specific a
of the physical twin, which may cover the entire product life cycle or parsmicthEnstructure, context

and behaviour of an individual physical asset, or a group of physical assets. It may be updated with data fr
physical twin in real time; data fr@itresy lead to interactions with the physical twin. The value df this concep

is the ability to analyse a digital environment instead of a physical environment. For example, trends in st
measurements may help to predict and avoid undesired asset behaviour. It is impdi@ate note that

48 https://jotneit.com/products/edmtrueplm/ (accessed: 282-2023)
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limited to simulations: they use redgime data coming from the physical assets they represent; and these give
an accurate picture of the current state of an asset.

The essential elementsTare a virtual representation (model), a physical realization (asset), and transfer of
data / information (connected) between the two, including the control and actuation of the physical asset. H
to have ®Trequires a physical asset. Models need to represent the asset properly while providing a medium
the analysis, simulation,aionization of phenomena of interest to a use case. These models can be purely
datadriven, purely physgisulatiedrivenor a hybrid of the two. Data is exchanged across models as well as
collected in real time from the physical asset by nsernéatom standards and protocols together with cloud
based platforms. This data can then be used for descriptive, diagnostiogfmeplieseeiptive analytics to

inform decision making at every lifecycle phase.

While many decisions are madegttmat a product lifecycle, traditionally these decisions are informed by
experience about the variables that influence the ultimate performance of the physical asset. The uncertain
the status or the external variables affecting the physsaltaegmbpagating uncertainties into its current or
future performance. Diidarvests information collected throughout the lifecycle to update and better inform th
analysis and decisinaking process for the physical asset.

Digital models may idelgimulations of the environment and people in an area. A digital model may be, fo
example, a virtual thdéeensional representation of an object that can be used for simulation and analysis. .
digital model may also be a functional 3D repredemfaticiuction line.

A Digital ShadddS) is a reduced version of a digital twin. The DS is a virtual representation of a physical ass
but there is only a eveey data flow from the physical object to its virtual counterpart; this allongethe virtual mo
to adapt to the changing state of the physical asset. The DS gives the real time information about the status
physical asset; it helps to interact with other DTs or DSs. An example of a DS may collect measurement dat:
humans by biosensbesed on this data one may derive the current stress level of a person.

DTsenable a twway exchange of data. They consist not only of data, but may also include algorithms, simulatic
and services that describe or influence the properties orfiibka@presented asset or offer services about

it. The DTin addition to the D8ay contain algorithms to predict human conditions, for example, after having

experienced certain types of stress, such as, carrying heavy car parts for aitdogrtatien Tifited back

to a decisiamaking component, could eventually prevent stressful situations for human beings by avoiding

much stress.

Digital model Digital shadow Digital twin
B S — ]

L YA
Physical
object
L

Physical
object
I

Physical
object

= Manual Data flow

» Automatic Data flow

Figure81 Schematic sketch of the concepts of digital moddladayitaind digital twin (from FulldBet al.

49ryller, A., Fan, Z., Day, C. and Barlow, C. (2020): Digital Twin: Enabling Technologies, Challenges and Open Research,
in IEEE Access, vol. 8, pp. 10895208971, 2020, doi: 10.1109/ACCESS.2020.2998358
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4.3.6 Experiment Laboratories for Composition and Evalliiiog the
Innovation Shop

To facilitate a better utilization of the technologies discussed in chapter 3, experiments will be carried out. ~
experimnts will evaluaite a simplified environpikatcapabilities of the technologies and support the involved
project partners in better understanding the opportunities and bowsetadbaabgies. The experiments
themselves will be created amiakd out in the corresponding laboratories (introduced below) in the context of
theresearch method and tools (WP3) and developmentDE&éMA4). The finished experiments will then

be published in the innovation shop, where project pahreisterested persons can read and recreate
them.

The experiments and approaches from the laboratories should not only help to understand the technologie
also to explain and understand how the decisions themselves are made. This canthe @uhisided on
through a better understanding of the technologies themselves, based on the experiments. On the other |
additional approaches can be created within the laboratories, analyzing how decisions can be represented s
all involved staketso&l understand them. For example, within the OMILAB experiment environment a
Scene2Modbhsed higlevel representation of the deaisikimg process can support the communication and
explanation of decisions, so that they are understood by inetiteesstikes would be one research aspect

that can be pursued in the OMILAB.

An innovation shop will be established to support the exploitation withinglradeAlRNéarkncept of the
innovation shop will be based on the idea of existing shops, as used by the project coordinator in other EU pr
like CouldSockH(cf. CloudSocket deliverab¥ 4rilChange2T#i(cf. Change2Twin \Af2liverables).

Through the innovation shop, the project results can be published so that project members and third partie
use them.

On the innovation shop, we will publish innovation items, which are artifacts created in the context of the FAII
project, to spprt users in their tasks and goals. The innovation items can take on different types and range ft
textual descriptions to applications. For different types, different templates will be provided on the innovatior
so that the presentation of theation item is tailored to its type. Further, the templates define the information
which must be provided to allow a publication on the innovation shop. For example, as innovation items cal
be software, means of using the software should aksbl&eTdaitould be the code to install it locally, a link
tothe serviceyr the integration of functionality, and similar. The concrete types depend on the innovation ite
which will be published in the innovation shop.

The premise is that the inmoviddims are setintained, which means that they can be used independently from
each other and without the need to have comprehensive knowledge of the whole FAIRWork project. Fu
innovation items must not be completely finished, but can gisotbéygdes, experimantsimilar. As long

as it can create added value for possible users, it can be published. This lowers the barrier to publish u

50Link to the CloudSocket innovatiohap: https:/site.cloudsocket.eu/cloudsockehnovationshop(accessed:
3-2-2023)

51Link to CloudSocket Deliverable 4.1:
https://site.cloudsocket.eu/documents/251273/350509/CloudSocket D4.1 fitsudSockeArchitecture
v1.0 BO€0150831FINAL.pdf/Obdd6cHa34947abbedd631e567365d8?download=tri@accessed: -2-
2023)

52ink to the Change2Twin inndi@n shop:https://marketplace.change2twin.eufaccessed: -2-2023)

53Link to the deliverable listfaChange2Twirhttps://www.change2twin.eu/about/deliverables(accessd: 3
2-2023)
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https://marketplace.change2twin.eu/
https://www.change2twin.eu/about/deliverables/

innovation items and reduces the burden for using them. Even though the innovaticelitemtairedd b
they can create synergies if they are used together.

OMILAB stands for Open Models Initiative Laboratory and offers a physical and virtual laboratory environme
modebased experiments to support the design of innovative systems. Conceptual nomtkflae@aendsed

capture knowledge of the expasm®t only to be understand by humans, but also to be executed in prototype
environments. Models are therefore the central element of our experiments and must be tailored to meet the
of the experiments.

Within the laboratories, we use expetoreette, understaaad evaluate the design of systems or parts of
them. Experiments include the exploration and definition of the design, the creation of a prototype environme
the execution of experiment runs and their evaluation. Arsé witperithents models are used to describe

the needed key knowledge.

To structure the experiments, OMILAB applietagettee@pproafffigure3?. Each layer i@ specific
focus, which is supported through conceptual modelling. Additionally, each layer is supported with dedicatec
(software and/or methods). These tools can be applied as is or tailored to concrete experiments.

The top layer focuses on stateting the scenario and creating the solution idea. In this layer we apply digital
design thinking to facility a thorough understanding within physical workshops and provide this knowledge
external stakeholders (which could not participatekishthie) withe main tool of this layer is Scer¥é2Model

which is implemented with AD@cene2Model allows the user to automatically create digital models from
tangible artefacts which are created in physical workshops.

The bottom layer contains a phgsicirtual prototype environment, in which the experiments are executed. The
prototype must be tailored to the experiment and its context. The main tool of this layer are predefined se
experiment settings, which can be adapted to concretésxperimen

The middle layer focuses on conceptual modelling and combines the top and bottom layer to enable synergie
modelling methods of the conceptual models areesitbngie.g., from the OMILAB community), specifically
created for the experinmman existing one is adapted towards the experiment. The main tool of this layer is th
ADOxx metamodeling platform, which is tailored platform to create and use modelling tools.

54 https://www.omilab.org/activities/projects/details/?id=13faccessed: 301-2023)

55 www.adoxx.orgaccessed: 301-2023)
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Figure82 Example of a physical OMiL#B BOC innovatiorptab

For the FAIRWork project, the experimentation environment and its tools will be utilized to create experime
important aspects of the project and evaluate them. This includes workshops to create concrete ideas an
establising of prototype environments to execute and evaluate the executed ideas.

To utilize the experiment environment in the context of project, a dedicated FAIRWork laboratory will be cree
JOANNEUM RESEARE@Mt the provided tools will be adaptduk Biyital design thinking approach (top
layenwill be performedhancement of the Scene2Model tool to support a better exploration of systems, wher
DAIDSS should be applied. This includes to improve the handling and capabilities of thel Ssbid2Model to
will also influence the underlaying ADOxx platform.

To utilize the execution of experiments (bottom layer), the existing physical and virtual prototype environme
be evaluated and adapted to better fit the needs of FAIRWork experiments.

Toutilize the modelling layer, the capabilities of the ADOxx metamodeling platform will be used create mod
tools from scratch or adapt existing ones. ADOxx has already been used as part of the OMILAB commur
realise many modellngthodS ADOXxx itself provides capabilities to realize modelling methods, including
diagrammatic modelling languages and additional functionalities to utilize these models in various ways
transformation, simulation, or execution.

To allow a better utiliatvghin the FAIRWork project, the functionality of the ADOxx metamodeling platform w
be enhanced, like improving the communication capabilities (protocols, service enactment and discover
support a more sophisticated integration with thegmatotypent (bottom layer) or with tools applied in digital
design thinking workshops (top layer). Other improvements are to ease the burden of the user by creating
adapting modelling methods and their tools, to better fit the needs of experimiEAtSR k.

56 https://www.omilab.org/brochure/- accessed 30-2022

57 Seehttps://www.omilab.org/activities/projects/(accessed 30.01.2023) for a selection of some available
ADOxxbased modelling tools.
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Workspace, equipment, and experfidge Human Factors (ldbL)at JoanneumResearchF{gure33

Austria, combines staftheart humanentredneasuring technologies wighaliled software for behaviour

based analytics and assessment of psychological constructs in dighal Idydtevisbe used to test certain

novel technologies, be it for the measurement of reduced stress with respect to altemakihge decision
pathways and interaction devices, or in the context of monotonous work that fosters fatigue and errors il
processingn particular, in the HFL we are capaiddys®e in the context of cognitive ergonomics human stress

as well as cognitive, affective, and motivational state by means of mobile and wearable techthelogies applied
worlplace

The infrastruct is equipped to investigate psychologically relevant pararitersricludalg a wearable
biosensor and Neuroergonomadsplace &d@sincluding measurement technology for high joresisesh

functional nemfrared spectrology (fNIRSglanttoencephalography (E#€l) as VR/AR technologies, eye

tracking (stationamgluding a 1200 Hz high precision instrotglg, wearable) and high precision motion
capture devices, furthermore a treadmill, socialneiofsvare librariesdazéased analytics. THIEL

has access to various I0T software libraries for permanent data acquisition for various sensors and gateways
up wireless sensing network.

In the HFLawvill develop a novel approach to estimating cognitivetsthgimgbworkload related to task
switching, multitasking and interruption as well as monotony effects, usirgewsarrabliet bgonartwatch
with biosensors, eye tracking glasses, digital events and spatiotemporal pattemmechora mbertam,

etc and in relation to environmental strain, such as, insufficient air quality.

Figure83The Human Factors Lab

The Human Factors Lab and its role in FAIRWork is Bepictg8 (a) The lab embeds various workspaces. (b) Various
sensor technologies and platforms are available to texintputeminterfaces and monitor psychophslsiologic
parameters during interaction

Targeted research Speci fic attention is dedicated to the
applying Adnabled Human Factors measurement technology. Each instantiation of a DHS provides a vecto
Human Famts state estimafe®.g., on stress, affective state, concentration, workload, situation awareness,
fatigue, ett.with the purpose to determine cost function parameters associated wHacyoics.|ifitier

work environment.

Combimg stat®ftheart equipment and infrastructure with Flex's broad range of topics and expertise, solutior
for implementation in production are tested in the RobbtexLab
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Key Facts

» 2 contact persons (engineers)

» On-site robotics laboratory
(robots & grippers)

» Circular economy through
standards & reuse

» Lead time <10days

» Consignment Store (low

investment & no Lead Time)

Robotic Lab

« Affordable Agile Automation

» O Support for operator through

« Automation of simple tasks

» O Focus on small/medium lot sizes

* Quick configurability

+ O Automation based on modules

» O Arobot can use a mobile platform

& Landmark detection perform multiple tasks

Figure34 Flex Lab

flex

These go beyodldssic system integration and also include innovative solutions for new approaches in
productiorfhe current focus is on the implementeditabofativebotics solutions that are rapidly
deployed and implemented in production.

4.3.6.5 CRF Lab

ShortProfileof CentroRicercha=IATSCPA

CRHCentrdricerch&iat) headquarter@adOrbassan@ urinyvithothebranctsitesin Italy wasestablished
in1978Asafocapoinforresearchctivitiesf FCA(FiatChrysleAutomobilesyRFhasthemissionto:

W develomndtransfeinnovativ@owertrainsehiclesystemsandfeaturesmaterialgprocessesand
methodologigzgethewithinnovatioexpertismordetoimprovéhecompetitivenes-CAproducts;
W represenEFCAIn Europearcollaborativeesearchprogramsjoiningprecompetitiverojectsand

promotingetworkingctios;

W supporECAiIntheprotectioandenhancemeafintellectugroperty.
Also throughthe cooperatiomvith a parEuropeametworkfrom industryand academiaCRF conducts
collaborativesearclnitiativeat thenationahndinternation&velsn parhershipvithall thekeypublicand
privatestakeholdersoncernedvith sustainablenobility targetingspecificallyhe industriabxploitatioof

research.
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CRHsintheprojecwiththeWorldClassdManufacturiiResearck
InnovatioWWCMR&Iareawhictspecificallyealsvithinnovatioim
manufacturing

The WCMmethods the structurediigorousand integrated-CA
productiomethodologyiththe primaryobjectiveo continuously
improveproductiorperformancéo ensurequalityand improve
sustainabilitfheWCMprogranaimsattheexcellenceftheplants
andofthesupplieparkthroughhedisseminatiasf theinnovative
conceptdevelopedndtheuseoftheprincipleandmethodologies
of WCMTheroleoftheWCMR&lareainsidehe FCAWCNgroup
ensures wideauditoryfor internablisseminaticend exploitation
actions.

WCMR&lareais in theprojectnainlywiththei F a d tnoaroyw at i o n C
departmenthe mainactivityof thedepartmeris theresearcland
innovatiom relatiorio thefactoryandthemanufacturiqocesn
thefieldofflexibilitgndproductivitgnergynanagemelimnovative
roboticgjualitymonitoringrgonomicndlogistics).

Significaninfrastructure/Technicgluipment
WCMR&lareais in the projecmainlywiththei F a d thoarow at i 0o n @
departmenthemainactivityofthedepartmens theresearcland
innovatiom relatiorio thefactoryandthemanufacturiqyocesses
in thefieldsof flexibilitandproductivitypnovativandcooperative
roboticsgualitymonitoringgrgonomicgnergymanagemerand
logisticsWCMR&I supportghe FCAgroupManufacturingngineerini the definitiondevelomentand
applicatioafinnovativeechnologiemdmethodologi@stheplantsCRFhassincea deepgknowhowoftheall
automotivprocessesnplementad FCAplantgbothforvehicleandenginenanufacturingdgenerically
theautomotiverocesse

CRRNCMR&Iparticipataatheregulatoryodie$orthel SOregulatiobothinthefieldof CollaborativRobotics
andErgonomics.

CRFWCMR&Imanagesndperformsll the innovatioactivitieselatedo Exoskeletorsnd Collaborative
Roboticslevelpmentandcharacterizatiamthe innovatioactivitie®f the EMEAManufacturirengineering
(bothforvehicleandPowertraimanufacturing).

Figure85 CRF Lablmpressions

CRPWCMR&ImaininfrastructureselocatedntheCRFFCAlaboratories) particulaGRFhastwolocations
withrelativéaboratorie®@rbassan@-lexibladaptiveystemtabQualitprocesandmonitoringontrol a b é )

Figure3@ Industrial Lab at CRF

AtCRFourlaboratoriemrededicatetb manufacturisgpectss:
1. Humamobotollaboration.
2. Humamhysicahteractioforcybephysicadystems.
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3. Manufacturirgperationst is a shortassembliniinereproducinthe deviceandequipmenisedin
automotiveanufacturimdants.

4. AssemblingndjoiningechnologiesoncerningeldindlaserResistancepotweldingarcwelding)
andmechanic@inindadhesivbondingjveaingandclinching).

BesidesftheLaboratorie§RFusesmanysoftwaréorhumansimulatiosuchas Jack ProcesSimulatich
andhasdevelopeiisownsoftwarandmethodologiésrtheanalysisfHRCandErgonomics.

4.4 Check Phase

For the check phase, a set of dashboasdgmmligled emable the specification of goals and indicaitiss

step alsbow the indicators should be measured and the diogesipatation methade specified. As the
companies check each project according to their official domain specific KPls, these ratios are introduced f
FLEX and the CRF use case in the sections 4.4.1 and 4.4.2. At first, an exempErgneveRIeig of
presented that could be reflected for evaluating the high level architecture along multiple dimensions:

Domain specific &Pl

1 To what extent did the process irdprove
1 Interms of time, quality, welllzémg,

DAIDSS specific KPIs

1 IstheDAIDSS appropridte
1 Isthe DADASS sufficiént

Knowledge specific KPI

1 Datals thadata qualigufficient?
1 Knowledgds there enough experience with new technologies?

Social specific KPI

1 What is theuglity anduantity of the collabor&tion
1 Are regued experts involved?
i Istherdrus?
0 Trustworthy system,
0 trustin data and knowledge,
transparent algorithms

4.4.1 Production Use Case/Flex

This section lists the official KPIs identfigedyhen evaluating the User Scenario, each projegsén the
of Flex is evaluated according to the unified KPlIs.

58 https://www.cardsplmsolutions.com/en/products/tecnomatix/humasimulationjack/ (accessed: 202-
2023)
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Table2: KPI for the Flex User Scenario

Measuement | How to measufe Critera

Quality Each value can reduh values 0%, 20%, 40%,| Quality target reached
60%, 80% or 100% and is a summarizeof il
involved project membEns. factors "Written

Documentation”, "Communication" and
"Organization" are also taken into account.

Cost The cost rating is calculated by using comple| Cost target reached
(including equipment, hours)fasétke project in
comparison to the calculated costs for the prg

Timing Defined ratings. Time influence on project
1 100%positive influence, client might g
the project earlier
1 80%mno influence
1 60%little influence to project, but no
influence to client
1 40% little influence to client
1 20%big influence to client
T 0%: client stops the project because ¢

timing influence

The cost rating is calculated by using the complete cost (including equipnent,é ) used f or
comparison to the cost calculated for the project (could include updates from client, if the requirements che
during active project. If the relative costs are <20% or greater than 180% then they are set against 0.

Rating [%]

100

0 20 40 60 Q 100 120 140 160 180
Costs relative to calculated costs [%]

Figure37. Use Case FléxCost figures for KPI

From all these parameters, the project is then evaluated and a project success factor is calculated.
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Timing

m}%ualltyr

\

Figure38 Project KPI Triangle

80%,
60%%
L]
i,

Cost

In FAIRWorks, it impled to evaluate the research results in a very similar way.

4.4.2 KPI used in the CRF/Stellantis Scenario

This section lists the official KPIs identified by Stellantis for the stamping area, updated on 29 June 2022.

consider six macro aspects: Safgil@P@aality, Delivery, Cost, Productivity Environment/Energy.

Table3: KPIs for the CRF/Stellantis User Scenario

Lost Time Injury Rate Number of LTI
LTiR = X 1,000,000
{LT|R) Total number of worked hours
Safe‘t‘l l Unplanned I " ah = Total Unplanned Absenteeism Hours*100
PEDpIE Absenteeism e = Authorized Head Count x Number of shifts worked in a Month x Number of Hours per shift
Total Absenteeism Absenteeism (%) = Total Absenteeism Hours=100
Intent Authorized Head Count x Number of shifts worked in a Month x Number of Hours per shift
T Number of apperance parts with defects claimed by customer » 1.000.000
PPM (Parts per Million) | PPM (%) = P> f app pares f L
| ¥ Number of produced appearance parts
Quality
Rework Rate Rework Rate l:%:l _ ¥ Number of repared apperance parts 100
¥ Number of produced appearance parts
Overall Production OPE {?,) _ Actual Numbe of Strockes (Good Parts Only) 100
o) = -
I Efficiency (OPE) Achievable Production in Strokes
Delivery = ; o . oo bor+ Burden-+ 121] "
L mEicy rton hand + in transit] « lard pars cost""] + [Finizh + L + Burden + IBT|
Stock Coverage (Days) Injection Stock Coverage Days = [ [Quancity of Partan hand + in cransic] fendard perieor ! __[ nishad Goods) + Labor + Burde
Daily Coppmenth srerags
Transformation Cost . Total Transformation Cost in a given month
Transformation Cost Per Unit (€ /Ton.) = f - - g
per Unit Net Metric Tons in a given month
Cost Transformation Cost . _ e Total Transformation Cost in a given period calculated per each line
per stroke per line Transfarmation Cost Per Unit{ : Number of stockes per line produced in a given period
Industrial Stock Industrial Stock = [Gross Industrial Stock Perimeter valued monetarily]- Foud Net
ADCT — Average Die ADCT = ¥Die Changes Time
Changing Time ¥ Die Changes
ASPH — Average Stroke Strokes
Productivity 8 ASPH = ‘Z - - -
per Hour Y ETP (Ef fective Time of Production)
Loading rate Loading Rate (%) = ActualProduction (Strokes) <100
o) = -
€ Capacity (Strokes)
En\rirunment,f Energy Consumption ENERGY {kwthon] - Energy consumption (KWh)(electr.+ gasLHV+steam+hot water +coke)
Energy Total Gross Metric Tons

Lost Time Injury Rate (LTiHRjlefined as the ratio between the number of Lost Time Injuries (LTI) and the tota
number of worked hours, multiplied by one million.
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Intent Drive accountability and reduction of permanently disabling injuries and serious injuries and fatalities |
within our manufacturing anemaomifacturing operations and reduce the impact of these injuries on our
business.

Total unplanned absenteeisntlefined as total pe#sours (paid, unpaid) where the hourly worker was not at
wor k as e x p ereferetalthe efplbyep taling merdtlde day they are expected to be at work and
declaring their intention of not being there or being late or in worse case not calling in.

Intent Drive reduction in total unplanned absenteeism, as it directipaffeatsaticee of the plant which
results in:

1 Potential losses (throughput, quality) dustendard worker performing the work
1 Potential overmanning due to inability to predict the unplanned portion of tatal absenteeism
1 Inconvenience and additiomalaloe planning work to get the line running at the beginning of the shift

Total absenteeism intéatdefined as total pefsonrs (paid, unpaid, planned, unplanned) not worked by hourly
employees, who would normally be expected to be at work. People expected to work refers to the autho
Stellantis headcount for a specific plant during thedibemeanalyzed.

Intent Drive reduction in total absenteeism, a daily management challenge, which results in:
w Potential losses (throughput, quality) due-steadar worker performing the work

w Potential overmanning due to inalpiiégitct the unplanned portion of total absenteeism
w Additional nealueadded planning work, even if the absenteeism is planned

w Management organizing the team in order to limit disruptions
The indicat®PM measurghe amount of anomalies for evigoy palrts produced in the stamping shop. The

measurement is carried out based on the parts that were found to be defective and that were claimed b
customers (internal or external).

Intent Defines a metric to monitor the quality of produdte seristoonter, whether it is a customer internal or
external to the Plant.

Rework Rate (%) related to the number of repaired appearance parts divided by the total number of produc
appearance parts.

Intent The Rework Rate measures how much rewpldcekesa process. It is therefore an indicator of internal
operational efficiency. It measures the number of parts that require rework.

Overall Production Efficienmyeasures the ratio of actual number of good units produced compared to maximun
achievablunits.

Intent Drive efficiency of process and asset utilization.

Stock coveragidicates the average number of days of consumption/production the current direct stock c
cover. It is calculated by dividing the Direct Stock level includingssizangpaogl$iat the end of the month
by the average cost of production per day of the given month.

Intent Measure the speed in which Stellamgismes the inventory available in a given central Stamping plant.
Transformation Cost per uisithetotal transformation cost divided by the total units produced in a given period.

Intent Drive reduction in transformation cost per unit, therebyg, cmppany profits and stakeholder value.

Copyright @022JRand other members oRARWorkonsortium
wwwiairwde-projeceu Pages90f105



Transformation Cost per stroke peribrdefined as total transformation cost calculated per each stamping line
divided by the number of strokes produced by this specific line (including blanking lines).

Intert: Drive reduction in transformation cost per each stroke on each line, thereby, improving company profit:
stakeholder value.

Industrial Stockneasures the monetary gross value of the Stock-i@Bré¢eds inventory) owned by
Stellantis for a givelant. Stock for a plant includes both raw material/components in -$iite plant, off
warehouses, by 3rd party,and materialann s i t t o t he pl ant (see more de

Intent Drive reduction in cash tied up in surplingpwamdéss inventory
Average Die Change Timeefined as the average time to change the tool on the device or equipment.

Intent:Drive increased plant production capacity basenb oalaed activities, improving losses related to
availability, pemftance and quality.

Average Strokes Per Haidefined as the average number of strokes that the Press Line can make in one houl
Intent:Drive increased plant production capacity based on Press speed.

Loading rateneasures the ratio betweestthkes performed versus the capacity (strokes) according to the
maximum production achievable at the end of the year (target EQY) to each equipment and tools, according
definition of hours (6100 hours/year).

Intent The loading rate measures theasian of manufacturing assets in production processes.

Energy Consumptida a measure of the total energy consumed by a facility to produce a vehicle. All forms ¢
energy consumed (electric or thermal), whether purchased from service pnaliggredudetkithrough
cogeneration, needs to be accounted for when reporting this metric. In addition, all energy used by onsite se
providers needs to be included in the computation.

Intent Drive reduction in total energy consumption (elattriaityas, heating fuels) used to produce vehicles.

4.5 Act Phase

In this phasee reflect and review the learning steps of this itedagemdf/drkvel) weadapt our approach
with a different plan agaiis $iccessfulyeincorporate whatlearned from the iteration into further changes.
We ge whaivaslearned to plan new improvements and run the next iteration.

For example, some reflection points can be and are not limited to:
The use case with processes

1 Can DADSShelp here
1 Is it the appropriate apprdach

The configuration of decision making

1 The selected models
1 The generated models
1 The interpretation of the model
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1 The actual performance of the system
The processes

The users as decision maker

The used Akrvies

The interpreted data

The performance of the technology

=A =4 -4 =4

User Interface

SelfConfiguration and flexibility

Backend Al and Data Algorithms

Data and Knowledge Repositories
Infrastructure, Integration and Cloud capabilities

=A =4 -4 =

After thorough reflection of the use case, the selected Al approach and the realP2GAysickatte
overagainwithh e next pl anning phas e hfacdlkpbases are impementallyd e x
adjusted until the desinebut is reached.
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5 INITIAL HIGH LEVEL ARCHITECTURE

Inchapteb, anoutline of the initial architecture of the prdggiven based on the overall project objectives

and requirements. Key componéms AfRWorservicédramework are motivated, itbestand their relevant

features are presented. A detailed description of the initial architecture is given in Deliverable D4.1 includir
technical implementation of the basic core services or application specific services.

Figure3a Overview of hilgtvel architectufell sizémage ahnnex A.}8

5.1 DAIDSS Usedanterface

The DADSS User Interface plasignificant part in the deeisaiing process becais®uld provide a

clear picture of the alternatives and possibilitibke avathe decision makers and provide a supportive
environment. These user interfaces can be shown on a variety of devices, depending on the working envirol
and circumstances, to suit the user's needs. Examples of devices, where thecosdd imgediapts/ed

are mobile phones, tablets, laptops, Google Glasses

The display of relevant I§Ptgher informateomd the provision of user interaction for the decision maker are
the two main functions of the user interfaces. Morliipléngtatwses in a production hall is an example of
where the presentation of KPIs may be useful. Interacting witthécersgssdavant when arsice for

fulfilling a certain task (e.g. worker allocation using fuzzy rules, simulati@yesirgyatemlets.heeded

and thereby started by thetasmrpport the decisiaaking proceskhe user interface can be envisioned as

a type of #Aworkbencho, where different services
savices known as widgets can be triggered by the users whenever they need them, while others are not inter
and provide only a graphical representation of infohmatisa.of thesenfigurableidgets enables a
customized representation reaotrimgifmple overview tables to including KPIs into pictures. Which widgets are
needed and how the KPIs are presented is specified through a subcompa#esSobitigurator

Integration Framewarknponent: the GUI Configurator.
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The frontend and keed of the user interfaebased on OLI®?Ea modedware microservice framewdrk.

available micro frontend services are stored in a form of a catalogue and the user interface can be create
choosing and adjusting relevant services using the configurationTfranfiexmtekdonsists of two
subcomponents: the User Interf@@eCbnnector and the User Interface Functionality. irtterbotaevith

the backend micro services, knawnraectors. Connectors need to be cotiiguieslifrontend widgetd

the configuration of them creates a new instance, which dataamesss and external syskxtesnal

sources to obtain data from could be the Knowledge Base, Multi Ageit Sgstecashe accessing of

data for the User Interface is done via-ibh8PAFchestrator component using the Data Merfdser

Interface Functionality subcomponent provides additional functions to the User Interface (e.g. sorting or fil
data entries). This subcomponent communicates wil¥StBeObgklestrator component via the Functionality
Interface.

The DADSSUserInterface component is highly dependent onDB&CoAfigurator ammhthe DADSS
Orchestrator. The configurator acts as an intermediary component to provide model awareness for the
interfacedn addition, the configuration environmethiegmgportunity to configure the frontend microservices
and their representatidre DADSSUserlnterface rely heavily on the orchestrator since it gives users access
to the data that must be displayed. This data may originate from the kioowiegidelihegesult of various
services or of the multi agent negotiations.

To enable theeationf widgets that fulfil decision makeds and can provide access to Al services or Multi
Agent Systerman already existing KPI design tool shawhdioged. The current tool was built using ADOXxX,
a metanodelling platform and enables the definition of guealls, and KPIs using a model approach. Based
on this model different widgets for the web application can be created. The cunéddetedelsctabe
adapted toreate user interfacesshpport decision making more efficiently

5.2 DAIDSSConfigurator

The DADSSConfigurator is an intermediate component, which connects various model environments with 1
user interfaces andahehestrator component of thD8Bkystem and enables their model awareness. Such
model environments can include the creation of process models, dashboard models and models for
configuration of Multi Agent Systems and Al. The configuratbedatiffdriereistypes of models and generates
decision models out,gbittaining the configuration information for the other components in the system. One pa
of the configurator concerns with the decision assessment. This means that decismevahddésican b

using various assessment tools, e.g. questionnaires or polls. If a model got approved, it gets signed digite
prevent subsequent changes. Besides the assessment of models a laboratory environment makes part c
configurator. The labmmaexperimentation gives access to the experiments via an interface, enabling the entt
of realvorld data for experiments on the one side and the execution of experiments dovaking decision
phase on the other.

The internal architecture of th®®®lconfigurator is based on the OLIVE microservice framework. Due to
OLIVEs p#auilt interaction with the meta modelling platform ADOxx, the appearance and functionality of
decision support system can be created by drawing models. Modegisesf @amag from different model
environments serve as input for the configurator. After combining these different kinds of inputs to decision m
they are processed by the internal subcomponents. There are four different subcomponents and each of
extracts information from the decision models depending on the component and purpose it needs to crea
output configuration file for. From the configuration file instances of microservices can be created to fulfil sy
tasks. Important model datathe DADSS User Interface is provided by the GUI Configurator. This
subcomponent extracts data necessary for the design of customized user interfaces, by configurating microse

59 https://www.adoxx.org/live/olive
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for the front and back end. This configuration informationifgdubavspaia should be rendered on the
monitoring user interfaces as well as how warnings should be displayed or what colours to use when a KPI
exceeds a certain threshold. Another subcomponent of the configurator is the DeploymenthConfigurator, \
provides configuration files for tHeIH&rchestrator. This component can obtain data regarding both the
deployment of individual microservices as well as the combination of such services to fulfil the required bus
functionality. The IXESOrchestrator gets input from a second subcomponent: the Service and Dataflow
Configurator. The Service and Dataflow Configurator extracts which data and services should be trigger
identify appropriate solutions for the decision maker. The orchiessatwr pertinent model data from this
subcomponent, processes it, and then takes action depending on the information. The fourth subcomponent
MultiAgent Configurator and it adjusts the required agents and obtains the necessary dataddah the age
This agent model is sent to the Multi Agent System as a connector structure. The header of the agent acce
the decision model's information and modifies it as necessary to comprehend it.

The provision of the configuration files make®®8@DAfigurator a very important component for other parts

of the decision support system. THESS¥$erinterface and the lX8SOrchestrator are highly dependent

on the configurator and thelkdger base is connected as well as it stores the decision models after their
assessment. The input data for generating the various configuration files for the dependent components is ¢
from the different model environments using REST APIs. fhe comfigetrator with the[B8User

Interface the Dashboard Configuration Interface is used. The Dataflow and Service Orchestration Model linl
configurator to the D&SOrchestrator, while the configuration information is delivered getiteSyRikin

using the Multi Agent Configuration Interface.

As already mentioned above the configurator is based on the OLIVE framework and this framework mu:
enhanced for this project by creating connectors that can launch Al services Amenesdepemaihg on
configuration files produced by decision models

5.3 DAIDSS AEnrichment

The Al enrichment in-DB§ is aolletion afervice, which consists of variotsgdrithms and models that
contribute to decisinaking by being connectktliiti Agent System (MAS). The main role of the Al enrichment
in the DADSS environment is to provide a collektiowlefige amnidtadriven modelehich enrich current
decision makinghe principle is to use traditicaljolthms as wellraachie learning and agent based
approache&ach of such models or optimisation algorithm contributes in-tekdegisioness bringing

closer the decentralised and fair approach. I[FD88 Bétironment, Al Enrichment communicates with the
DAIDSS Kowledge Base via R, which allows data to flow between the two services.

In generallenrichmergervicegmplementsixmain parts:

9 Data validatidnn this phase, the data available for a specific use case is verified in terms of quality an
guantity. It is important to ensure the correctness and meaningfulness of the data as well as its dig
format, which can be further used in model development.

1 Model selectidiin this phase, the model for representing the agent is selgqubsdiBmmethods
that may be used are reinforcement learning (RL), decision tree (DT), artificial neurghndtworks (ANN)
semantics. The choice is based on the objectives of the use case and the available data, its type, qu
and size. Furthermdne,data is validated against the initial model concept and, if necessary, the model
concept can be readjusted to meet the requirements.

1 Model developmérn this phase, the previously collected data is applied in a selected model to mimic
the agent's babiour or to optimise the system. The available data may require individual preparation 1
be suitable for further model training. Depending on the needs, this phase may consist of data clear
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normalisation, scaling and feature engineering. Ithaduitidel, is evaluated and adjusted to achieve
the highest possible quality of predictions.

1 Model applicatibthe resulting model is prepared to be applied on attuallaéawhere a request
to receive the prediction for an individual agemiuisicated via TensorFlow serving.

1 TensorFlow servinds a flexible machine learning model serving system designed for production
environments. It makes it accessible to deploy new algorithms and models while maintaining the s:
server architecture @Rls. TensorFlow Serving provides the integration with TensorFlow models as
well as with other types of models and data.

1 RESTAPI servirigin general, not all Al models can be deployed using Tensorflow serving. If an Al mode
is incompatible with the dlasv conventions, it is provided via a dedicated REST API endpoint.

Moreover, there are parts of the intelligent enrichment carried out on the edge because of privacy aspects.
context of the FAIRWorks project, there is a need to providénfeastoficture within the fadikeyie

intelligent sensor bplacedbetween the main sensor network and the factory infrastructure. Due to the
requirements in the production industry and the privacy aspect of the human aspect, threbimtedlisent sens
needs the ability to analyse data. Edge analytics is a model of data analysis where incoming data stream
analysed at a noentral poimear the sensor network or other data sources. Data can be prepared and filtered
on the edge layergiewithin the factory). This reduces the amount of data for the centralised decision servic
layer. Finally, specific visualisations for parts of the sensor or infrastructure within a factory could be provic
this layer. This software comporemén it is referred to as an Intelligent Sen$csupports local data
management and data analysis. Depending on the use case, different forms of data anabsiasesuch as time
graph, logical and statistical reasoning as well as edge Al mefhooidedrié secessary. The Intelligent
SensoBox will assist users in local degiaking. This component should also be capable of dealing with limited
resources (e.g. network bandwidth, data storage). In such cases, the overall functiomraltg. may be de

5.4 DAIDSS Orchestrator

The DADSS Orchestrator is critical to the overall execution of the decision support system because it mane
and coordinates the configured services and weddlesvsproviding decisioraking options for the end

user Services can be standalone or linked in the form of a workflow. While in the first case, the orchestrat
responsible for simply calling the individual service and retrieving the necessary data from the Knowledge
the second option is mompbex due to the involvement of more s@mwicdglow engioe a mulagent

system handles the orchestration in the latfearaasst of the services in the FAIRWork project the workflow
based orchestration will be sufficienteinuthe taskquiresvery higfexibility the mialgient systercould

be a more adequate approdhblis could be the case when we deabmwittunication between autonomous
entities that negotiate interests among theipqueersgt allows an intelligent antlilalised control and
monitoring of the task execution.

The key part in the orchestrator plagsrttieller This componeaiiovg to managenicroservices and
contrdingtheir whole lifecydlibe controller component allows to start a microsemggdadrisap it running

in an isolated environment, to stop it, and dismiss it. The orchestrator component is dep&%ent on the DAI
Configurator as it generates microservice instances based on configuration files provided via the Dataflov
Service @hestration Interfattalsoprovidesnd receivedatafromthe User Interfaces services can be

triggered through user interaction and results need to bdrdisgthtyed.to that, it is connected to Al and

nonAl service catalogsthgServicdnteraction ProxXy this services need input data, the orchestrator can
access the Knowledge Base to retrieve it using the Data

In a summary, the IDAS Orchestrator hasmerousiteractions with its surroundiAp &Z\modul@s order
to streaminthe way information flows through theasydbeganize the way communication can happen so
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that the competencies of each module are properly apheeciateings toharmonethefeaturesf each
part in the system

5.5 DAIDSS Knowledge Base

TheDAIDSS Knowled8ase is a central part of théDBA&larchitecture. It acts as a centralized repository for

the majority of data involved in a detéimg configuration. A deaisaiimg process requires data from a

wide range of different soantéproduces results. The Knovidedges intended to collect all necessary data

sets and streams, structure them, potentially merge them, ator¢htireprovide an interface layer which

allows other DBES components to harvest said data. [Eadreborithms to properly learn from previous
decisions, and to enable processes to use earlier results, also such decisions and results are stored ir
KnowledgBase.

The DADSSnowledgbase is composed of the following concepts: DigitaD&tariakd. The Digital Twin
concept is defined differently in different contexts across industries and academics. In the context of the FAll

project we consider the Digital Twin dthdtissoi ti on
accurate that it can be used as basis for taking decisions. The digital replica and physical world are often coni
by streams of d&#@&T he definition used in the project for

consistingf a collection of storage instances of various data assets. These assets are-st@et] an a near
even exact, copy of the source format and are in addition to the originatthg data stores.

The implementation of the KnowBedgee i s done i n Jot nfeTheap@itatibniapp !l i c
based on the 1SO 10303 staiidard serves as a repository that collects product lifecycle data, including
manufacturing and sensor data, from various heterogeneous resemaecd betbe data streaming into

the repository are mapped to the comprehensiveltoghology of STEP (ISO 10303). Individual interface
components may be added to translate source data from applications into this target repres@myation. The rep
will be enhanced with merge and validation algorithms to create a consistent data set out of the heteroger
input streams.

The implementations of the 1ISO standards in EDMtruePLM have been designed for the concurrent engine
requirements of higbhnology industries like aeronautics, space, and defense. However, care has been taken
enable adaptation to other engineering domains. This has been achieadiddbyrétiersnce data’, which

a project manager or a specific reference dger mayadefine to configure a project. Thus, use case and
project domain specific terms are assigeealtipte teensors, products, product and project breakdown
elements (also called nodes) and documents, and their properties, roles, lifecycle phases e

EDMtruePLM provides a REST API for its database to get, add or edit content. In addition, it can also integre
Arrowhead framevibf&n 10T framework for making sensors and applications interoperable) for communicatin
with other Arrowhead ciamiptomponents. It is up to the components of the FAIRWork architecture to select
their way of communication with #ESSBA{nowled@ase. It is envisaged that initially the REST API will be

60Felsberger, Andreas; Oberegger, Bernhard; Reiner, Gerald (2016): A Review of Decision Support System:
Manufacturing Systems. In: SamIi40 work&ioP\At. i

61Fuller, A., Fan, Z., Day, C. and Barlow, C. (2é20widigEnabling Technologies, Challenges and Open
Research, in IEEE Access, vol. 8, pp.-108932, 2020, doi: 10.1109/ACCESS.2020.2998358.

62 https://jotneit.com/products/edmtrueplm/

63Rabta, Boualem; Reiner, Gerald (2012): Batch sizes dptimisatisof queueing network

decomposition and genetic algorithm. In: International Journal of Production Res2@&h, 50, 2720

64]SO 12008:2007, Framework for cbjgented information
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used. The Arrowhead Framework or other existing loTsframewerkonsidered throughout the project.
Potentially only parts of the Arrowhead Framework, such agrtteddl@r bther specific protocols for more
performant data streaming in and out of the Kridagkedgk be studied and implementedididicioe a
specific use case.

The DADSS Knowledf@ase stores data in accordance with the 1SQ B0803 ( AP239) , AProd
supporto (PLCS) data model. The PLCS data consi s
as classe

The DADSS Knowled@ase instantiations of the PLCS data model will include classifications of the instances
both the assignments and the class hames. These classifications use the terms of the reference data library |
Also the RDL will be pathe DADSS Knowled@ase repository; the reference data are, however, stored

according to a different data model, that is, the one of-B5QO 12006r a mewa i ke nfted o jf ®@c t
The followinggured0shows how reference data from external OWL ontologies are loaded into EDMtruePLM
The reference data that are used in a PLCS population must be present also in the RDL population. For

exchange, both populations need to be communicated together.
— 1\
L)

Protégé
(e-g)

External
RDL
OWL files
(AP239,

)

EDMtruePLM

OWL_import
query
schema

RDL
(IS0 12006-3,
IFD)

PLCS
population

Converter

AN

3
FigurelQ The EDMtruePLM repository architecture with PLCS data and RDL in different data models

5.6 DAIDSS External Data Asset Manlkee

The purpose of this componanpi®vide a data catalogue. It can be seen as an extensible metadata platform
to support for data practitioners to leverage the value of data within their organization and developers to tan
complexity of their rapidly evolving data ecosysteitnsiniilgies the management of metadata. Second, it
makes data sets more easily searchable and usable. This is achieved by collecting and indexing metadata
different source systems in data catalogues. In this way, the suitable data stoeleabigoeusatde and

usable for business and research applications. Finally, it is also about helping data experts to quickly find the
suitable data e.g. for training an Al algorithm, for testing an algorithm, and for demonstratodagand labs to make
driven technology more usable and presentable.

Theseshaedresulthave amdditional value for all participasushira data asset markeglyses, such as

Immonen et@l.have identified key roles in a data ecosystem, as described below:

1 The Data Provider (DP) is an entity (data platform / natural person) that has data in whatever form
delivers it on demand or shelves it at the Broker.

65lmmonen, A.; Palviainen, M.; QuaskKRequirements of an Open Data Based Business Ecdsysten),|HEE
vol.2, no., pp-883, 2014
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1 A Decision Making Service Provider (SP) creates services such as enrichment / optimisation servic
visualization, which are provisioned by an infrastructure provider

However, this component is based on a data assets catalogue, where items can be provided from external
resources in a sendiesed manner to be used by various-Basédenfrastrua. The component

provides several functionalities. First, it includes a set of features for discovering and managing your data as
e.g. user registration, search of data assets, ingest and describe data assthteeteatartfunttion

supportseveral standard features, for example, the search terms will match against different aspects of a da
assets. This includes asset names, descriptions, tags, terms, owners, and even specific attributes like the ne
of columns in a taflkird, ienalbes a powerful way to annotate emtitiss FAIRWork dasaet market

place.
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6 COMRRINGHE INITIAL ARCHITECTURE OF
FAIRWORWITH OTHER INITIATIVES

In the final chapter, the initial ouiire bfR Wo r k 6 & comparedh with relesdrr Eueopeaitiative

and their architectures that are commonly used in the industry relevant domainXstdiVARE>aia
International Data SpaceRAMI. There, we also point out the missing components fecisiomahexidng

in these initiatives.

6.1 GAIAX 0 Reference Initiative

The Gaix®® project aims to build a Eurcpased, open data infrastructure that prioritizes data and cloud
sovereignty. The project's goal is to establish common standards, best practices, tools, and governe
mechanisms for data sharing, as well asamdtefederation of cloud infrastructure and data services.

One of the main goals of GAi@roject is to enable data and infrastructure ecosysiérissrequires a

model for operation (i.e., & &perational Model), model for interaction in-basediifeastructure (Gaia

X Federation of Services), and a trust model {KeQpgasional Model). A digital ecosystem can be built on
these foundations. An ecosystem is a system of actors and their environment that interact and function as a
like abiological ecosystem. In a technical context, it refers to a group of loosely coupled actors that work tog
to create an economic community and its associated benefits.

Advanced Smart Services

(Cross-) Sector Innovation/ 3 z = 5
industrial energy — mobili financial eendeal ~ agriculture blic
Data Spaces e & ks | R ok - s
Interoperable & portable (Cross-) Sector
data-sets and services smart living == health skills
\ £
z e /
GAIA-X Federation services \ Identity & Trust \/ Sovereign Data Exchange /:

Federated & distributed for
interoperability Trust & Sovereignty
services

Portability, Interoperability &
Interconnectivity

Technical: Architecture of Standards Network/ csp
Commercial: Policies Interconn. (eg Regional,
ialized,

Providers e

Compliance
Legal: Regulation & Policies lnframcture Ecosystem

Figurel® Architectural Concepts of theX3ame Seices. Source BNMWi

The Gai&X project proposes to structure a Data Ecosystem and an Infrastructure Ecosystem, each with a diffe
focus on exchanged goods and services. However, they are not separate and build upon eaXh other. The C
Ecosystem is made up of all iradidosystems that use the-XGa&iechitecture and conform teXGaia

86 GaiaX Initiative.https://gaia-x.eu/ (accessed: 162-2023)

67 Sourcehttps://homo-digitalis.net/howgaiax-could-enablea-europeandata-economy/. (accessed: 162-
2023)
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requirements. There may be multiple inettaisigsiems, such as Cad®m the automotive sector, that use
thearchitecture and may or may not deddh&tiogervices open soeisnftware. The basic rolesrsumer
andprovider are visualized as different squares, fellideator appears as a connecting layer, offering diverse
corefederatioservices. Federatmarvices provide connections between and among thelaliffemesias

well as between or among the difeosgstems. Governance includeslityules, which are statements

of objectives, rules, practices or regulations governing the guetititipants within theosystem.
Additionally, thehiecture ddtandards defines a target forGlayaanalysing and integrating already existing
standards for data, sovereignty and infrastructure components

The GaiX initiative cannot be directly compared with FAIRWork. It only shows uslibatbtedaodeuitd
a decisiomaking system, we have to build up and maintain the data and the knowledge in any case. The c
elements of the original elements may also be relevant in FAIRWork.

Mapping sineFAIRWotkaore components of the architéctGiasax:

0 TheDAI DSS Knowledge Basenapped to the data ecosystem in the asset section. We build on data
from the industrial domain and collect it in an unstructured way (e.g. data lake) and build up knowled:
a structured way (e.g. digital stiigivav/twin part).
TheDAIDSS Al Enrichmecain be mapped partly to the smart services. However, there are no explicit
services for decsision making such as in FairWork. This a key diffexence to Gaia
0 The participants part can be mappe®®IieS User Interfacds this way, the user can interact

with the services.
0 Therealworld parcan be mapped to the infrastructure ecosystem section. In FAIRWork, we use here
the infrastructure which is deployed in the production domain.

¢

6.2 FIWARE) Refeence Architecture

FIWAR®Iis a set of open source software components that can be used to develop smadustitytions for
smart cityand the Internet of Things. The components, known as "Generipr@nddlersfommon
framework for building applications and services that can be easily integrated. Some of the key features of FI
include support for big data, 10T, and cloud computing, asiwskasrtvifind privacy features. It is a global
initiative aiming to accelerate the developsneant ofata modélg providing a common pladodwsing

OPEN APTFsr the development of smart applications and services, using open source technologies.

In order to create platforms that facilitatevéh@pment sinartsolutions quickly, easily, and affordably,
FIWARE offers a curated framework of open source software platform components that may be put tog
individually and in combination with othgartiiicmponents.

58 https://catena-x.net/de/ (accessed: 2R2-2023)

89 https://iwww.fiware.org/ (accessed: 2R2-2023)
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Figuret2 FIWARE Functional Building Blocks. Source: JR

A FIWARE Context Broker Generic Enabler serves as the primary and only required component of any "Po
by FIWARE" platform or solution. It provides the fundamemietdéssatipfior any smart solution: the need
to store context information, enable updates, and provide access to context.

A rich suite of complementary open source FIWARE Generic Enablers, built around the FIWARE Context B
is available, dealing witHdHowing:

1 Interfacing with the Internet of Thifigd), robots, and tipedty systems in order to capture context
information updates and translate required actuations.

1 Data/API managemgpublication, and monetization, enabling usage conergdaassiitlly of
publishing and monetizing a portion of managed context data.

9 Processing, analysis, and visualizatidncontext information in order to implement applications'
expected smart behaviour and/or assist end users in making smart decisions.

Youcan use these enablers or combine them wigityhé@mponents to design the platform of your choice.

Mapping f s 0 me cdreicbnipivientsloftthe architecture to FIWARE:

[@]3

TheDAIDSS User Interfagean be mapped to the visualization funétlgwaRE

TheDAIDSS Al Enrichmeaan be mapped to the processing and analysiEARIVorks, we

have clear focus on Al enabled services. This is a difference to FIWARE.
TheDAIDSSOrchestratocan beartlymapped to the core comteriagement functions.

TheDAIDSS Knowledge Basan be mapped to the Data/API management. However, there are no
explicit services for decision making such as in FaFWWARE, we do not make a difference
between data and knowledge. Howevevgityisngortant in FAIRWork.

Thereal world partan be mapped to the Interfaces to IOT, robotics and 3rd party systems.
TheDAIDSSConfiguratorcan be mapped to the deployment tools section.

(@] O«

[@]3

O« O«

6.3 Industrial Data Spac@Reference Architecture

Thelnternational Data Spacesi3%)platform that enables secure and standardized data exchange and data
linkage within a trusted business ecosystem. It facilitates the creat@wicé scerarios and innovative

0 https://internationaldataspaces.org/(accessed: 282-2023)
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