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EXECUTIVE SUMMARY

This deliverabi®4.3i Final DADSS Prototype, Documentation and Tesj pepanies a comprehensive
overview of the final implementation of-BeBuilding on the foundations established iDADSS
Architecture amtitaD o c u me nt at i o na nad#.2¥i 1Dliat BAD S R e P o,ahis @docynmer’ O
details the integration, orchestration, and deplogmettroponents fabaseddecisioimaking within
industrial applications. The prototype is designed to enhance operatiandsafijpietiegisiomaking

for various scenariosthidastversionhie DADSS Prototype extends its applicability across multiple industrial
use cases, including workforce allocation, production planning, machine maalidatmcef@otuments

The demonstration materials can be accessed via the following link:

https://innovationshop.fairwapkoject.eu/

By leveraging a modular and scalable architecture, the systahefatalitatten between Al serliies,
and structured data repositditetnplementation of &S consists of several integrated building blocks:

TheDAIDSSUser Interfaceollects multiple Ul components for the different scenarios and Ahaéiegices to
stakeholders to visualize data, interact withmekisigrniools, and monitor industrial workflows.

The DAIDSS Orchestratocomponentesves as the central coordination engine, managing workflows,
microservices, anddAven recommendations to ettsesgstem operatidhincludes different approaches
that range from centralized to decentralized prototypes.

TheDAIDSSConfiguratoconsists @ftool designed to enhance decision support systems through configuration
and integration frameworks. It consists of the Configuration Framework, which assists in creating decision n
and strategies, and the Configuration Integration Frameworgratdscsygezm configurations. It allows for
microservices and workflow configdeatioringn interface with a wizard for Ul components combination.

TheDAIDSSKnowledge Basis highlighted as a central data repository, storing user properties, sensor data,
and processed data. It plays a key role in the system's data flow, integrating with the Configurator and using
API for data retrieval.

TheDAIDSSAI Enrichmenincorporates various decisiaking techniquasd Al servicescluding neural
networks, decision trees, constraint prograultggpniSystemgMAS)Large Language MddeM)and
retrievahugmented generation (RAG), to provide tailored recommendations and automation support.

ThefinalDAIDSS Prototype delivers several advancements over previolyy ifgratippsrtidddriven
decisiosthat aim tenhance decisiorakingnd information access with difdreahniqueshile including
reflections on Al and deliability2) ensuringalabilitandadaptabilitgfthesystem bysicompone#itased
architecturéhatallows for integration with vaajoplecations and expansion into new d@aiigancing
datautilizatiomndprocessingithefficient storage, retrieval, and processing of industritleddtagwledge

Base and/ector Databases angrbposing a flexible approach to enable the extension with new prototypes.

The DADSSmarks a step forward Hpoered decision support for industrial environments. &sanodular
scalablarchitecture provides a foundation for future Al enhancements, data integration, and broader entery
adoptionin particular, the resaiftd prototypasn to be usad starting pofot use cases in the area ofsrobot

in manufacturing settings for example supporting decisons in maintenance-tassyimdineladtocation.
Furthermoréndings and implementations docurnmethisceliverable contribute to advancing intelligent, and
effectivelecisioisupporsolutions in industrial ecosysterdsaim to contributtutare Europe#iresearch
andreference architecture
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1 INTRODUCTION

1.1 Purposeof the Document

This document provides the final implementation and prototy;izSS tifadHBAIRWork projed8ased on

the architecture proposedin4d DAIDSS Ar chitecture and | nandthea | Doc
initial p i loitabDAY & p mo thidtdy. e o t hi s del i verabl e ceé
advancesrzsulting in tfi@al prototyeghlighting how the technologies explored in the project are integrated to

the DADSS

The maiwbjective is to outlinefthal status of theethodologies and processes involved in developing and
implementingdser Interfaces (@chestratio@onfiguration, acceskiowledgBase, and Al services within

the DADSS frameworKhedocumerihtends to be a comprehensive guide for understanding how the system
operatesncluding Al service integration, the role of conceptualimumbesioghakinganddeployment
strategies. It is aimedtakeholdeisterested thecompositionf theDAIDSS its functionalitiesd how it

can be used in industrguppodecisioimaking.

1.2 Document Structure

To provide a comprehensive overview of the final protioiyypeethiesrganizethtomultipléey sections
ranging froendescription of tee caseand problem setting to the development of the individual components
of the fin@AIDSSprototype

As the prototype is extended with nenbectoravi ces
recap of the use cases provided by FLEX and CRIFds giderstaridg each use case is describad by
short overviea¥ the problem settamgl the proposed SIS solution.

InSectiod, t he i mplementation of the ar chUBRdescribingr eds b
the creation and combination of Ul comp®henttheimplementationf theDAIDSS Orchestrator
Configurator, Knowledge Base, daatigthmernncluding the reflection on Al service and data aediability
presentednSectiod, documentatiamdeployinthevarious prototypes, including Al servitds angiven

This section covers the deploynmemaafellingpol, experimental services, and the management and hosting

of Al services on servers.

In Sectiorb, some ideas foxtendinghe DAIDSScapabilitiesindin Sectior® current developments and the
final status of the prototype are summarizeédrardirectionsepresenteih the outlook.

1.3 Change History

All components described in D4.2 are included in D4.3 for completeness and readabittharegsons. Main
and updatedf D4.&reattributed tb) the extension with further use cases besides workeasloehtisn

with additional Al algoritf2ytheadvances in the implementatidndeploymeaot the distinctive building
blocks of the architecture, like ti@aiiguratiorchestration #nowledg®aseand 3Yeflectionabout
reliability of Al and DB&ow the change history is presented differentiatinipeategenomponents from
D4.®andmewly addédnes.

The wholef Section2 wasaddechewlyto recalthechallenges of thgistingise cases artd introducie
new scenaridargeted bglifferenAl servicesSection3 includes updates of the distinctive building blocks
detailing the fivalrsionsf the | theOrchestrain theConfigur&ns andtheKnowledgBase. Additionally,
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Al services were added to broaden the focus of the8&apiatdtype from a single to multiple use cases
The reliabilisectioawere added as welhe followingpmponents were either updated from D4.2 or added
newly:
9 Section 3.Integratingser Interfase
0 3.1.10rder OverviaWwComponeifipdated from D4.2
3.1.2Worker OvervieilComponeifupdated from D4.2
3.1.3Allocation proposal throudgtegdurcéllocatiodervicdJlComponer{tpdated from D4.2
3.1.4Production Planning Sek/i@omponeiihew)
3.1.5Truck Loading Ul Compaiment)
3.16 Document Transformation Ul Compravent
3.17 Machine Maintenance Ul Compoeent
3.18 Document Compliance Ul Compdnews
3.19 Calibration Document Validation Ul Conpengnt
9 Section 3.®rchestration of Microservices
0 3.2.1Workflowased Orchestrat{opdated from D4.2)
o0 3.2.2MultAgent Orchestrat{opdated from D4.2)
1 Sectio.3 IntegratinGonfiguration
o0 3.3.1MultdAgent Orchestrator Confign(atov)
0 3.3.2onfiguration Framewopklated from D4.2)
o 3.3.Lonfiguration Integration Fram@upoidted from D4.2)
1 Section 3.4ntegratinthe Knowled@aseupdated from D4.2)
1 Section 3.5ntegratingl services
3.5.1Support the Understanding of Decisions through Conceptuaipdatidlifigm D4.2)
3.5.2Decision Support through Decisiofuppdeted from D4.2)
3.5.3Resource Allocation using Neural Nétyoiked from D4.2)
3.54 Resource Allocation using Linear Sum Assignméup&mizefrom D4.2)
3.5.5Production Planning Service with a Hybrid Appraach
3.5.8Resource Allocation MaSedupdated from D4.2 aextended with new service 32.6.
3.5.7Truck Loading Seryitew)
3.5.85upport Machine Maintenance using RAG amei)LM
3.5.9Document Transformation usM@niel)
3.5.10upport Compliance for Clean Room using RAJ rew)LLM
3.5.1XCalibration Certification Sefvine)
9 Section 3:®RealWorld Data Provid@mnsdated from D4.2)
1 Section 3: Bummary of the E8S Building Blo¢kew)

O OO0 o o o oo

O OO0 O0OO0OO0OO0OOoOOo0OOoOOo

In Section4, the updated deployment of the finBISBAprototype is described and extended with new
components and servités. following components were updated or changed:
1 Section 4.1: Deployment of Configuration Integration Environment, Workflow Engine and User Interf:
(updated from D4.2)
1 Section 4.2:-8érvicePeployment
0 4.2.1Decision Service Sever 1 gnddatedrom D4.2nd new services)
0 4.2.2AWSdeployed Alervicegnew)
9 Section 4.3: Cost Factors for LLM Deploywent
1 Section 4.4: Knowledge Beggoymeiihew)

Sectionb details thBAIDSS components and their extension for new ugdlaassections were updated
from D4.Z5ection6 providethe updateautlook and futuleectionsf the DADSSPrototype
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2 FAIRWORKSE CASES

Thissectioraims to recall the use cases and problem settings described in previous &l trenddvb.1

use caseproposed by the use case partners CRF arfglalebEs¢enatiocludes an overview of the current
problenand thesuggestioto targeit through the BBESin sectior8. Relevant scenarios of CRF include 1)
worker allocatitwy assisting decisions about fair worker al@cassistance in decisiongpfoduction
planningsawell a8) delay of mateliigl assisting decisions about truakgldzelevant scenarfos FLEX

are ) to support machine maintenance thmuorgling informatioaccessand 2)scenarios tonkance
documentatiomalidation andformatioaccessthrougha)i mpr ovi ng t he r edbouabi | i t
Qual i t,y) validator kEdlibratiordocumentsand c) improvingnformatioraccess tocleanroom
compliancequirement¥heTablel summarizes thiee casewhich are covered by the Al algorithms.

Use Case =S (e Scenario AFENnrichment
Partner

(1) Support Understandinegfisions
through Conceptual Modelling
(2) Decision Support through Decisio
Workload CRE Assist Decisions about' (3) Resource Allocation using Neural
Balance Worker Allocation Networks
(4) Resource Allocation using Linear
Assignment Solver

(5) Resource Allocation NhvaSed

Production CRE Assist Decisions abou (6) Production Planning Service with
Planning Production Planning Hybrid Approach
Delay of Materia  CRF Assist DECISI.OnS for Tr (7) Truck Loading Service
Loading
Machine FLEX Improve Information Aci (8) Support MachiM&aintenance using
Maintenace to Support Maintenan RAG and LLM
Improve Reliability of
D n . .
ocume t FLEX AiDocument & (9 Document Transformation using L
Transformation .
Quality
Compliance with Improve Information Ac .
Clean Room FLEX @ to Cleanroo@ompliance (10)Su.pport Compliance for Clean Ro
. . using RAG and LLM
Regulations Requirements
Calibration S
Document FLEX Su_ppor_t Validation of (11) Calibration Certification Service
P Calibration Document
Certification

Tablel: Overview of FAIRWork Use Cases
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2.1 Assist Decisions about Fair Worker Allocation

As introducedprevious deliverablB2.(l and D this ge case deals with the efficient allocation of workers

to production lingdfie workers usually work in two shifts on different machines., b feaszh ralniftoer of

specific parts have to be produced on each Miaeb@parts are produced by specific tasks on the machine
Each machimpeoducedifferent parts, so each machine has different tasks. Dependent on the part to be produce
a different number of workers is necessary for teeAtsactisinecessary to allocate the wdeading

on the shift plan and thettagiachine allocation to the different machines. Allocating the workers to the differen
machineis done by single humans based on experience. This can lead to situations where the same workers
always allocated to the same tasks on the same machines. This can lead to problems if the workers feel
tasks are harder to do than others.

DAIDSS Solution Suggestion

The decision of the allocation is based on differesudaastingtraining of the worker, medical condition of

the worker, resilience of the worker, preference of the worker, taskartdaveilddmley of workers. It is

difficult for a human to take all these factors into account. However, technical systems with access to
corresponding data can use this data to allocate workers taking all these factors into account. Therefore, w
forworker allocation services that take all theserfaxtaccount. Especially with the focusvorkdrs

preferences and resilieweeaim to create a system that is felt to be fairer as it tries to fit all the preferences an
the resilience of the workengelias possible. So that all workers are considered in theTalissadioario

is targeted bie Al servic&upport the Understanding of Decisions through ConceptuaDabisleting

Support through Decisiog Resource Allocation using Neural NeResrce Allocation using Linear Sum
Assignme&olverProduction Planning Service with a Hybrid Aoyt tia€tesource Allocation MhaSed

2.2 Assist Decisions about Production Planning

The production plan aims to define when which part is produced on which line in which quantity by whom
production plan should consider that all/l parts a
space for too long while alsmlproducezhtime. In order to allow high efficiency, the production plan should
avoid worikgovertime and also try to have lines running at full capacity during working hours. Those aims c
make the planning complex. This complexity is increfmeddsnuevents as workers might be absent e.g.

due to sickness. Asadden orders or line stops lack of resettr.ceasn increase the complexityr et

the need to be able to adapt to changes on shdEspetiedly sudden changes but also the demands from
different aspects are a challenge for the people creating the plan and make adaptions on short notice difficu

DAIDSS Solution Suggestion

FAIRWorkolutions aimpoovide full production pliawcjudingvo things: The allocation of tasks to machines

and the allocation of workers to machines baselifferetitactors describedsettiord. The allocation of

tasks to machines is based on factors such as the order list, which describes which parts have to be produce
when for which customer. Additidnafeds to includatesasto which parts can be produced on which
machine aratwhich time. All this together describes a flexible job shop pra¢iteivetbatved. By solving

the flexible job shop problem and allocating workers to the machines, services tackling the production plannit
provide a useful addition for the plant by automatically creating production plans based onmsder lists, shift |
short notice adaptions, and fixed data saved in the knowl€digesbasario is taegeby the Al service
Production Planning Service with a Hybrid Approach
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2.3 AssistDecisions foifruck Loading

As introduced pnevious deliverablB2.(l and D3.this use case deals with efficient shipping to customers.

The shipping process aims to efficiently load materials into containers and transport them to customers. Del
material availability, production, or shipment can result in customédrsirecdemsdate. Each product
geometry requires specific container types for transportation. The shipping plan must consider the entire cus
order, which must be dispatched daily. Crucial decisions include selecting the optimal truclamgpe for shipmel
determining how to load the containers to maximize truck capacity while ensuring that all geometries are inc
The process starts by evaluating the shipment's due date. Once the shipment is ready, containers are loade
truck saturation is lgmad to ensure minimal free capacity. If saturation is low, alternative truck types are
evaluatedVhen no better alternatives exist, additional geometries might be included to improve truck utilizat
If this is not feasible, the customer is catacteldre postponement options. This aeaisiunprocess

aims at optimal resource allocation while addressing customer expectations and operational efficiency.

DAIDSS Solution Suggestion

A decision support system can streamline the shipping process by optimizing material and container alloc
within trucks. This system would analyze factors like order geometries, container types, truck capacities,
shipment deadlines to create iarem@ffshipping plan. The tool would dynamically adjust for changes in order
requirements or truck availability, reducing costs and improving customEnisatistaetionis targeted by

the Al servidauck Loading Service

2.4 Improve Information Access to Support Maintenance

As already introdudegrevious deliverablB2.(L and D5.this use case aims to support technicians to fix
machine malfunctions. Due to the diverse problem set@usndis¥rors can range from simple operator
failures to complex technical issues. The time to solve the machine failures can vary between minutes to t
Forthe machine issutge technicians can look up a solution procedure in different daistsaheceds
thefispreN@ the current maintenatiambase also used as the task ticket system that contains information on
all tickets and their timestamps, machine types, duration to solve the issue, the error source, and correspo
mai ntenance instructionskietf8ystSem@ontior t maeret ésal
information about issues on equipment and procedures as well as graphicdhdesenptiteers solved

errors in the past. Third, official doctnmentise manufacturers of equipment and machines such as operating
instructions, manuals, specifications and handbooks for product descriptions, safety requirements or instal
guidelines are stored in a specific dafdizagin is tgpeed up the findingmgropriateolutionand reduce

the timand cosbf breakdown.

DAIDSS Solution Suggestion

As different pieces of information on machine errors or mai@ssmadabée across multiple data sources,

the challenge is to improve the information access to support maataimangereduce the corrective
maintenance and machine breakdiywaseiving fast and correct propasthlthe Al toolThus,the
requiremerd support tlecisiomakern this use case is to create a service that can access information from
theabovementioned sources. réhghould beidirectional commurocatvailable to communicateritien

formor with a speech medtihis scenario is targeted by the Al SrpperMachine Maintenance using

RAG and LLM
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2.5 Enhance Documentation, Validation and Information Access

During the projezituse casalealing with various compliance issorgaforationgas identified. Therefore

three different scenarios to support FLEX in compliance activities capture the needs for supporting workers in
compliant regarding 1) transforming outdated and unstructured docunemitgl@fitoetidéectronic Work

Instruction syster@template, 2upportingmployees witheckingalibration documents and certification

and 3) help to ease history and versioning chaffiged ocdmpliance regulations for their daily operations like
safety instructionstfaclean room.

2511 mprove Reliability of oDocumentat.

Different types of documents, in various document formats and at diverse majority levels including outdatec
very unstructured documents can be found at FLEX. In particular, most of the station instruction cards (Sl
documenting the instructionsoantd work at the individual stations in thei factopapdnased The

digitization of such documents is envisioned to contribute to the overall factory digitalization including
implementation of appropriate systems. FLEX works on implementing an electronic work irRéfiuction system (
Therefore, pagessed instctions have to be transformed into digital instructiamduslestone major

aspecthe conversionto a new electronic template that is required\Wy appleation. Among the major
expected benefits are the elimination digssgzedocumenitsiproveckvision contintluding the reduction
ofmistakecausedby using wrong WI remisiombers as well as an increggedval process using electronic
signatui® Digitization has already started and the employees transferrédsied gdapements into Word
templatgeshowever, using alttl heterogendiagsmag. At the moment, aro@@dd0®BICs are used inad

format. Manually transforming all of these documents so that they mexcligitahdfietemplate requires

an enormouwanount of human eflforparticular challenging two aspects, which are (1) the huge diversity

and the complexity of the SICs and (2) the process of editing the instruction documents. First, SICs are spec
tailored to each station in the FLEX production proesskdle@m more critical, they are customized for
individual products and each product version. Second, SICs at FLEX are edited by nenggneessprocess
over time. Those engineers havdiffergnstyle of writing documentatditing texnd including pictures

using Word files in unstructured .doc format. Not even all of them are (eirngdbhedsanmate.

DAIDSS Solution Suggestion

Herea solution fautomatic transformation to the newdanmsapport reducing the manual conversion effort.
The idea is tievelop aAl application tlmattomatically conseheSICs from thd Wortemplatginto the

new digitab@/I template to reduce human effort and errors as well as td lsizvecemaio is targeted by

the Al servié@ocument Transformation using LLM

2.5.2 Supportvalidation o€alibration Documents

Verification of Calibration Certificateis (€I0ff forméet currently a manual, repetitivecgmsaming and

erroprone process. Each calibration certificate received from the calibration service provider must be care
checked for any discreparmeigsssing or incorrect information. This check nmahydetcal data points,

including

1 Instrument information: model, type, manufacturer and serial number/ID of the instrument being calibr:

1 Calibration dates: calibration date and calibration expiry date.

9 Calibration results: the actual measured values and calibration results, including any deviations
measurement uncertainties.

1 Information on measuring equipment: details of the calibration of the measuring equipment used to en
traceability of the calibration.
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1 Formal aspects: signatures of the issuer and approver, sequential page numbering of the certificate
completeness of all pages.

Currently, all this information is checked manually by an employee. This protesscaneaomoniyt

also prone to human error due to the large number of certificates to be checked. Overlooked errors can have ¢
consequences, for example, if faulty measuring equipment remains in use and affects the quality of produ
services.

DAIDSSSolution Suggestion

In order toptimizéhis process and address the issues mentioned above, the development of an application bas
on an Abased service is proposed. This application will replace the manual verification of critical information
calibration certificates with an aut@wuohtion. The-Bdsed service should be able to analyze the certificates

and automatically generate a report listing any discoepassileg,or incorrect information found. This report
should provide the verifier with a quieKiciedt overview of the potential problems with the €aitificate.
scenario is targeted by the Al s€alibeatioBGertificatioBervice

2.5.3 Improvdnformation Acess tocCleanroonComplianc&equirements

As the performance of the cleanroom productaitesf &proper operation aadulatory adherence, many
critical aspects must be considered by the stafifasthjcimpattteperformance of the cleanrédthough
employees are informed about changes and have to confirm themery ledfgitbas changes are not
adhered to becaubkeyare unconsciously not taken into addaans due to the aspect thatatements
for thebehavioand procedures the cleanroom change relativelyirofteeiregulatory requirements.
Additionally, the compliance and regalatgmape is complex and not applmeddey situatiofhus, the
corresponding compliance documents are anadafiigh number andnany versionsyhere different
measuresnal trainirgare applicable ofdy specifiypes oémployees. Thilse employees are challenged
with keeping the overview when only working octesierédignroom.

DAIDSS Solution Suggestion

The aim is to developAd service that can support emplogessiimgompliancmeasures when entering

a clean roarfihe idea is teducéhuman errday preventing overlooking or forgetting changes in compliance
and ensuring that the latestpliance regulations are follBaettis, the idea is to use Al to compare multiple
versions of documents sundmarizeslevant updates on the compliance guidelines to the employee before
entering to help awoidbehaviorhis scenario is targeted by the Al Sappmm€ompliance for Clean Room

using RAG and LLM
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3 BUILDING BLOCKS AND THYEIEGRATION

In thisectiorthe DADSSArchitecturisbuilding blockend the different instantiationsusfebasespecific

prototypes, including different Al services, Datareodédtsled. n i Bpcifitation of FAIRWork Use
Caseand DBISS Prototype Reporto, an outline of the i
based on the overall project objectives and requirements. Key components of the FAIRWork aegvice fram
illustratednddescribed, and their relevant features are presented. A detailed description ofdtuegnitial archite
is given ifD4.1i DAIDSS Architecture and Initial Documentation and T@sh&egimg the technical
implementation of the basic core services or apphc#Himiservices and their integration methodologies

di scussed i ADSBD4.rot lowiciprier,|.D4.8Mwief description befilding block
components and the communication between these components will be presented.

DAI-DSS User Interface | | -

- = " || DAI-DSS Al-Enrichment
"DAI-DSS - DAI‘-DSSOrchestration ' .

Configurator

DAI-DSS Knowledge
base

Figurel: Overview oDAIDSS kgh-LevelArchitecture
TheDAIDSSconsists dhe followingey components:

1. User InterfaceProvides clear, deVlegible displays for decisiakers, highlighting KPIs and
enabling interaction in supportive environments like production monitoring.

2. Al EnrichmentUtilizes Al models and advanced algorithms tailored to individual agents, supporting
decentralized and fair deemaking.

3. Configuratar Links various model environments (e.g., business processes, dashboards) to the
Orchestrator atd consolidating data for integrated decision models.

4. Orchestratar Coordinates services and workflows, ensuring seamless deliverynakidgcision
options.

5. Knowledge BaseéCentralizes and organizes data from diverse sources, enabling Al learning, proces:
optimization, and decision tracking for continuous improvement.
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TheDAIDSSFramewoudata flowhowrnFigur@ begins with the Configurator, whiclutdignd Al services

with data from the Knowledge Base, forming workflows sent to the Orchestrator. Users interact through the int
to invokeequiredvorkflows, triggering AldtiAgent services for decision support. If required, these services
access additional data from the Knowledge Base via REST APIs, generate suggestions, and present results
to users with visualizations. The system ensures standardized interalR&SiE AfPtajgbhile external data,

like from Intelligent Sensor Boxes, flows into the Knowledge Base to andkingecision

. Configurator | | User Interfaces |
Request Response
queﬁtfor Serwics:_"i FU Zuiteun i ‘
Orchestrator | i [ Multi-Agent
] Systems
D SE‘NiOEIESpGnSE B S
Data Request Data Response
Data Response
Knowledge
Base
~ Data Request
Knowledge Base 4
Appll::il{(;l:yevenl Factory Data Service Intelligent Sensor Box Asiztellrl?:ll(gt:::ce
A
Bio Sensors Environments Sensors

Figure2: Data Flow iDAIDSS Framework

3.1 Integrating User Interfaces

This sectioprovides detailed overview of the diffdredéveloped in the project for exposing the different

DSS functionalities to the various participants in the decision process. Each interface is a single componer
micrerontend framework that can be combined with other Ul components to coaditene/spepiut

the needed use case scen&@nonstration data was created based on our use case partner's decision models
and example data.

Copyright 205 BOCand other members offRAERRWorkonsortium
wwwiairworprojeceu Pagel80of108



3.1.1 Order OvervieWlComponent

This Ul componeriglres) is used for the scen@issist Decisions about Fair Worker Abacaishiovs

the order details for each Illinemfermatiaislretrievédifrangthet h e A
KnowledgBase through the orchestratoretpa¢stthe different data aodnbinethem. Each order consists

of a geometry that is produced in a specific production line and is assigned with a priodgydinrgihumber of
the duelateand the number of workers required to handle the geometry.

Retrieve Line Info ‘ Reset ‘

Line | Geometry | Priority | Due Date | Required Workers

17 1343314080  True 3 6
18 6700083110 False 1 6
20 531359170 False 1 4

Figure3: OrderOverview UComponent

Since the previous report in D4.2 this component changed only the backend data alignment with the upc
KnowledgBase, keeping the Ul the same.

3.1.2 Worker Overvieldl Component

This Ul compondriglred) is used for the scen@kssist Decisions about Fair Worker Albacatiores an

overview of all workers relevant to the production unit and allows the manager to manually go through a |
workers and make proposals on how to allocate them to production lines. During thveotkdoitding, the

is retrieved from tKaowledg®ase through multiple queries combinedCoghtbstrator. After the data is

loaded, the workers can be selected and the details abardnditidicédr each line, line preferences,
experience and resilience are vis@aldesdiched with color codes. After selecting a production line that fit the
medi cal condition of t rerablesoe thecassigranent of the Wwokar to the limee i A
A counter at the bottom of the card indicates how many workers are neededhnenrthebee @irassigned

ones Color codes are used to highlight if the worker preference has been respected and the total numbe
allocationfor each lirererespected.
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Manual Allocation Service

Worker and a line to perform assignmer

100023 d

Medical C

Preference: Lin

UTE Exper

17/Line 18/Line 20
0/Line 18: 0/Line 20: 0

ience: true

Resilience: 0
Line 20 ¥
Assign Reset Save Assignments
Line 17 Line 18
1D: 100001 b4 1D: 100012 ¥
UTE Experience: true UTE Experience: true
Resilience: 0 Resilience: 0

Preference: 0

Preference: 0

ID: 100005 *® ID: 100014 ®
UTE Experience: true UTE Experience: true
Resilience: 0 Resilience: 0

Preference: 0

Preference: 0

1D: 100009 ® ID: 100015 ®
UTE Experience: true UTE Experience: true
Resilience: 0 Resilience: 0

Preference: 0

ID: 100010 *
UTE Experience: true

Resilience: 0

Preference: 0

ID: 100011 b4
UTE Experience: true

Resilience: 0

Preference: 0

1D: 100013 *
UTE Experience: true

Resilience: 0

Preference: 0

Allocations: 6/6

Preference: 0

Allocations: 3/6

Line 20

1D: 100020 ®
UTE Experience: true

Resilience: 0

Preference: 0

1D: 100021 ®
UTE Experience: true

Resilience: 0

Preference: 0

1D: 100022 b4
UTE Experience: true

Resilience: 0

Preference: 0

1D: 100023 b4
UTE Experience: true

Resilience: 0

Preference: 0

Figured: Worker Overvieand Manual Assignmedt Component

Since the

previous

report

i n D4.

2,

n addi

button has been added that atoviisghe result of the manual assignmenktmitledgBase irtheform

of CSV file.

3.1.3 AllocationProposal through AResourceAllocationServiceUlComponent

t

This componantused for the scendiissist Decisions about Fair Worker Albacakidiows the execution
of a specifistbasedllocation service aglializethe resulting assignment for each line, allowing to save the

results in thenowledgBase after their review. The currently supported services afgyéime Midtation

ServiceHigured), the LinSumSolver Allocation Sé&iigices)), and Ruldsased Allocation Seritguiey).

The Al al |

ocation

can be

t r i gpufaetthe atchastsimmexgcute h e
the Al service areturrthe results. The different production lines are shown with the assigneddavorkers

eachthe relevant characteristics are listed to give therdga@siomore insights.
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Multi-Agent Allocation Service
This service perform resource allocation in a multi-agent approach. Designed to support a decision process of workload balance, this service

ensures a human centric balancing of tasks in a production environment.

Trigger Al Service Save Assignments

Line 17 Line 18 Line 20
1D: 100092 ID: 100098 ID: 100093
UTE Experience: False UTE Experience: False UTE Experience: False
Resilience: 0.32 Resilience: 0.91 Resilience: 0.86
Preference: 13 Preference: 0.8 Preference: 0.7
1D: 100064 ID: 100054 ID: 100029
UTE Experience: False UTE Experience: False UTE Experience: False
Resilience: 0.87 Resilience: 0.8 Resilience: 0.8
Preference: 0.8 Preference: 0.9 Preference: 0.8
ID: 100077 ID: 100051 ID: 100106
UTE Experience: False UTE Experience: False UTE Experience: False
Resilience: 0.82 Resilience: 0.77 Resilience: 0.8
Preference: 0.77 Preference: 0.9 Preference: 0.78
ID: 100100 ID: 100053 ID: 100081
UTE Experience: False UTE Experience: False UTE Experience: False
Resilience: 0.87 Resilience: 0.75 Resilience: 0.76
Preference: Preference: 0.9 Preference: 0.77
ID: 100075 ID: 100037
UTE Experience: False UTE Experience: False
Resilience: 0.8 Resilience: 0.8
Preference: 0.77 Preference: 0.7
ID: 100010 ID: 100035
UTE Experience: True UTE Experience: False

Resilience: 0.92
Preference:

Resilience: 0.8
Preference; 0.7

Allocations: 6/6 Allocations: 6/6 Allocations: 4/4

Figureb: MultiAgent Allocation Service

LinSumSolver Allocation Service
This service allocates workers based on their preferences, their resilience, and the tasks. The service return an optimal solution with respect to a

specific cost function that define what a 'good" allocation is.

Trigger Al Service Save Assignments

Figure6: LinSumSolvellocation Service

Copyright 205 BOCand other members offRAERRWorkonsortium

wwwiairworprojeceu Page210f108



Rule-based Allocation Service
This service focuses on a knowledge-based approach, allowing experienced users to encode their knowledge and make it executable. The
definition of the decision knowledge is supported through conceptual modelling-based approach, which can be used as input for configuring a

decision service allowing it to be integrated into more complex decision processes.

Trigger Al Service Save Assignments

Figure7: RulebasedAllocation Service

Since the previous report in D4.2, in addiiooitomp r ovement s i n the Ul , a A
been added that allstgsinghe Al service resulttheKnowledgBase irtheform of CSV file.

3.1.4 Production Planning ServicéComponent

This Ul componéntised for the scenaiifssist Decisions about Fair Worker Abacafidssist Decisions

about Production Planimglallowsvisualizinthe results of the Production Planning Seryieedhas
workersassignmentgcross several orders for each production line. The servicergegiiregasaput a

specifically crafted Excel file, containing the production plan. A prefilled template can be downloaded as a s
directly from the Ul . As soon as the file is upl
via itchgeeri TAI Serviced. Also in this case the res
AfSave Assignment s oredultsairé returned Bythe orchasthater th& brdess & the different
production lines are visualized in a timeline chart and for @ aetairdectishowshe geometry involved

and the workers assigfiégLfes).

Production Planning Service

This service provides a full production plan based on a constraint-programming algorithm. This includes the allocation of orders/tasks to machines
as well as the allocation of workers to the machines. The service needs the order list and takes the shift plan as well as worker preferences,
resilience etc. into account.

Upload your schedule in Excel format. Sample here

Choose File schedulexlsx

Trigger Al Service Save Assignments

Experience: 0.9, Preference: 0.5, Resilience: 0.9, Transparency: medium

Rl Order 0 Workers: 100023, 100066 Oder 1 -Workers: 100002, 100121, 100133 TR
Line 20: 12:20 - 14:20
12:20 30 40 50 13:00 10 30 | pistienian 14:00 10 20

Orders Details

» Order 0

¥ Order 1

Line: Line 20
Geometry: 1340746080/8080
Workers:

* 100002

e 100121

* 100133

Figure8: Production Planning Service
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This Ul componevds not available in the previous report on D4.2.

3.1.5 Truck Loading Ul Component

This Ul componehan examplefom e s cenar i o RASBisDedsipns édiruckrheadicamdi al s 0

is used to display the arrangement of containers insédptopcsed by the load optimization deaake

shipment involves the sending of around one hundred containers, to be allocated in a certain number of tru
a particular type (called Mega, hglg@ractgmwhich have a different capacity).

In the 2D versiart,the Ul componehg containers loaded onto everateudisplayed from above.

3
B stop
Fae | = . Mega
&Y
: @ 1250 @ 253 @ 765 @ M5 @ 5203 @ w6 @ 1zER
2 @ 12503 @ 1250 @ s @ M @ sseazp @ s @ mmE
N @ 12503 @ 1251 O Mene (31 &) @ 1250
o
® 7@ @ HsER
@ 7 @ s o
12383 878312) 87832 ® 123513
@ 1250
@ 250 Q@ e © wmE T @ 1z
@® =0 @ nsa @ s R @ 1=
@ TaEs @ M6

Figure9: 2D Verison of Truck LoadingZotinponent

In theFigure9, the first row of containers is compgaetiacks of containgype 1235epresented in Jed

In this caseaeh stack contains 3 contaiBesnumber in brackets, next to the contajiedicgies the

maximum stackability of the containers, in the example cited &bt ¢ase3of the stack of containers of

type 8589 (represented in turquoise), the maximum stackability is 3, but only 2 are foreseen. To highlight th
of a container, therefore soptimal situation, the writing "None (3)" is shown in red.

The same truck can also be viewed in the 3D versiocahgumné&lT he image bel@wigurel( is the
equivalent of the 2D version seen from the lower right corner.

File | [% Di\users\C6desilciDesktop\ FAIRWark\Delay of Materials\TrucksNewzoe: | (6| |[21 || Loop [msec]

w
=
W

Mega (=1} Truck type

Solid [=1] Missing stack

8783

None

o S

FigurelQ 3D Version of Truck LoadingCoinponent
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In this caséhe type of containers is written in the legend based on the color of the blocks. The lack of contair
can be visualized with gray blocks bordered in red.

In the currergleas®f the Utomponentvhich is not the final one, the list of containers to be displayed on each
truck (in which position) is loaded tieatrfike containing the inform@ume the file is loaded, 6 s hec e s s ¢
topress the "Trugk button to select the truck to display. You can also change the type of truck by selecting
from the "Truck type" button.

In the 3D version there is an additional "Missing stack” buttorvighainglh@usissing containers in the

various stacksdni f f e r eNorte" (they dre rot displayed), "Frame” (i.e. only the red border) or "Solid" (in
grey with a red bordEhne 3D viewer also allows to rotate, move and zoom the thudlothoases, to exit

theUt o mponent topreésshe ¥Sop' busta r vy

3.1.6 Machine Maintenance Ul Component

This component is used for the sdémariove Information Access to Support Maidéembisceomposed
of two Uls, one for the indexing of the different documents contaispecifiagnowdures, and one for
guerying a specific issue and showing the results.

The Ul for indexing a document allows only the upload of a document and triggering an Al that extracts rel
chunks of information and indexes them in a vectorigtaigbBe (

.............................................................................................

‘ airport_package_control_maintenance xlsx

SUBMIT

Indexing of 28 chunks has been successfull

Figurell Machine Maintenance Indexing Ul

After the indexing is performed for all the relevant documents, the query Ul can be used to ask in natural lan
how to solve a specific issue in a machib®basedil will process the request and lattkiagnformation

stored in the vector database, will provide the best solution for the issue, referencing the original document &
for further lookupdurel?).
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User

Bei welcher Machine tausche ich eine FCU?

Al

Der Austausch einer Feeder-Control-Unit (FCU) wird in den Maschinen der SIPLACE
SX1/SX2 Serie sowie der SIPLACE X-Serie durchgefiihrt. Hier sind einige relevante
Informationen:

1. SIPLACE SX1/8X2:
- Die FCU kann mit der Teilenummer [03059666-xx] ausgetauscht werden.
- Weitere Details finden Sie in der Serviceanleitung SIPLACE SX1/SX2 V2.

2. SIPLACE X-Serie:
- Die FCU kann mit der Teilenummer [03059623Sxx] ausgetauscht werden.
- Weitere Details finden Sie in der Serviceanleitung SIPLACE X-Serie S.

Bitte beachten Sie die spezifischen Anleitungen und Sicherheitsvorkehrungen in den
jeweiligen Serviceanleitungen, bevor Sie mit dem Austausch beginnen.

Bei welcher Machine tausche ich eine FCU? oY

Text-To-Speech ]

Figurel2 Machine Maintenance Query Ul
Additionally, thepdbvidespeechiotext and texd-speech functionalities respectively for listening to the query
of the user and for reading the results.

This componamas not available in the previous report on D4.2.

3.1.7 Document Transformation Ul Component

This componestused for the scenarimpr ove Rel i abi |l ity ofandiebablesu ment a
the upload of a document describing a production process to an Alregsteseittatding anektracts

the different process steps and the related information like description, details, ageninaigss, and
semantically enriched process model reflecting the process described inRlgpid@&ument (
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(=

Drag 'n' drop some files here, or click to select files ¢y

‘ Car_Manufacturing_Process.docx

SUBMIT

Follow links to see the models that has been created:
« Car Manufacturing Process

Figurel3 Document Traformation Ul

A link to theegerated model is visualized to the user as soon as thequogdssyVith this lintke user
is redirected to a modelling environment where the generated process model is stored.

0| Car Manufacturing Process 77

D G Explanation Save " ad &, Export Validate Model Properties Table
N
Il
- i L] o (] L] L] L]
Engineering and Proto- ‘Supply Chain Manage- Testing and Quality As-
B e Conceptand Design | — ihes — il — Manufacturing — S — | Distribution and Sales
' Ty et s o s e i o e
+ 3 g P =
© ﬂ T
- PR

Figurel4 DocumentransformatioModel Result

InFigurel4is visibléna process generated for dvzarufacturif®Ryocess where the different process tasks
have been identified and connected in the right sequence order and details like images are visible near eac
and in the task properties accessible by double clicking on the blue rectangle refresenting the tas

This componamas not available in the previous report on D4.2.

3.1.8 Documen€Compliance Ul Component

The componeistused for the scendingprovénformationcdess t@leanroonCompliancBequiremeras
andis composed of two Uls, one for the extraction and imdestmatiofiom different documents and one
for querying the semantically enriched differences between two documents.

The Ul for indexing a document allows only the upload of a document and triggediraytmelévanat
chunks of informationiaddxeshem in a vector datab&sgufel5.
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Drag 'n' drop some files here, or click to select files &y

i
SUBMIT

Figurel5 Document Compliance Indexing Ul

Additionallthe indexing processthis component will generate knowledge graphs from the different chunks and
combine them in form of a connected model, that is then used to query the relations between the different p
the documeriigurel6).

Chunk ~———————=> Extract Graphs —————> Combine to one Graph ————=> Merge Similar Nodes

Chunk 1

i

SREORHO S OMIIC)
>
90 [0 o |0

Figurelé Document Compliance Information Extraction Process

After the indexing process is completed forvendiipieof the same docunfentjuery Wdan be used to
call an LLM based Al that retrieve and explain the differences between two versioRigfieddcument (
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Summary of differences between Measurement_-Analysis-and-Improvement-Version-D and
Measurement_-Analysis-and-Improvement-Version-E:

The documents exhibit several substantive differences, particularly in the chapters discussing
responsibilities, continuous improvement, and the management system. The second
document clarifies specific responsibilities and deadlines for quality reporting that are not as
explicitly outlined in the first document. Additionally, there is a shift in focus regarding
continuous improvement strategies, with the second document highlighting cost control and
waste reduction instead of primarily emphasizing customer dissatisfaction. Notably, the final
chapter on record retention in the second document provides more detailed guidelines
compared to the general compliance focus of the first. Furthermore, the second document is
missing the content for chapter 11, which could indicate a revision or update in the structure.

Figurel7 Document Compliance Query Ul

This componamas not available in the previous report on D4.2.

3.1.9 Calibration Document Validation Ul Component

The following screengkraurel) illustrates an example of the user interface that shows the results of the
Calibration Document Validation service.

Copyright 205 BOCand other members offRAERRWorkonsortium
wwwiairworprojeceu Page280f108



: @ im] @ Overview over All Flagged Certific X + - O X

&) O FLEXw08/results/results.html s o= S 1]

£ Favoriten importieren 7 Favoritenleiste @ Bing

»

URS Explanation/Expectations

URSO01: Certificate Issue Date
URS02: Device Name
URS03: Device Manufacturer
URS04: Device Model
URSO05: Device Serial Number
URS06: Device 1D

URSO7: Calibration Date
URS08: Calibration Due Date
URS09: Standards Due Date
URS10: No. of Pages

URS11: Overall Results
URS12: Measurement Results
URS13: Executor Signature
URS14: Approvar Signature

Overview of All Flagged Certificates

0635_2024_RO_E.pdf

Failed URSs:
URS12: Measurement Results
URS12: Measurement Results

File Overview:

Page 1
All tests were passed.

Page 2
All tests were passed.

Page 3
[URS12] Failed.

One or more of the test cases failed.
[URS12] Failed.

One or more of the test cases failed.

Page 4
All tests were passed.

0636_2024_RO_E.pdf

Figurel8 Calibration Validation Output

This is done via a web interface with information related to the validation ed&Xldf. TRS@dp section,

entitled "URS Explanation/Expectations", lists the various certificate issues and their corresponding codes,
URSO01 (Certificate Issue)ta URS14 (Approver Signature). Thisisketidn understanding the flagged

issues in the certificates listed below. The bottom section, 'Overview of all flagged certificates’, provides det
specific certificates identified as '0635_2024dRQ-dE this certificate, it lists the failed URS codes and
provides a file overview showing which pages passed or failed the tests. In particular, the first certificate s
failures related to measurement results (URS12) on pages 3 and 4.
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3.1.100utlook

No additional improvements are foreseen for the different Uls except data alignments in case of changes 1
Orchestrator BnowledgBase backends.

3.2 Orchestration of Microservices

This section describes the implementation ebB8 DAthestrator that manages how the microservices within
the project architecture interact and function cohesively. It is designed to control the workflow and data excl
between the microservicdslam interconnected building blocks.

3.2.1 Workflowbased Orchestration

Workfloweasedorchestration was used to orchestrate the different microservices runningAtome of the
prototypes described.m the Ul sectidri.3Asan engingheOrchestrataelieson A Net f Hand Condu
its configuration environment can be accesseCoviiginator of our architectureséséior.3.2. Within

the Conductor setup environment, users have the option to navigate betweenisgdthierisfpppanigation

bar. In addition to other capabilities, the platform enables the definition and execution of workflows. Whil
"Definitions" tab provides an overview of the currently specified workflows and allows for editing or adding
onesthe "Workbench" tab enables the execution of these defined processes. The workflow definition area c
workflow engine's configuration environment is dispdayed®iihe names of previously defined workflows

are displayed in the window together with other details like the workflow's version, a brief description, wh
when the definition was created, etc.

@ conductor | s cemeons st wonsenn

Definitions

Workflows

+ New Workflow Definition

12 results Q m

name

T

Figurel9 WorkflowEngineControlPage

To tackle the different use case scenarios, retrieving data needed by the Al services or the decision makel
theKnowledgBase is often necess&gpending on how the needed information is stored, different API calls or
combinations of them are necessary to retrieve itAPpaesmehicis registeredtime microservice controller.

The instance of the microservice controller wuse

1Conductor. (2023). Basic Conc@ptaluctor Documentation. https://conductor.netflix.com/devguide/concepts/index.html
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Controll er Til esectiar8rd.3. Rdyistered micrbsergces cantbe accegssddifiah the

the microservice controll er. For Pabhkoa ncpolnet,a i thhse snei
microservice operations for accessing the knowledge base, fetching the required data, and performing nece
output transformations. An example of a test call of one of the created serviced-agurd2€ $rehdn
microservice controller dashboard, the user can select the name of the microservice and its operation. By cl
on the highlighted button named fATest a Call o, t
window, the usean specify the required input parameters of the service and send a request by clicking on t
button below. The response is then shown on the right side of the window. For more information on the APls
knowledge base and how they can be use@vorgelata, seectior8.4of this document. Thesated
microservices have been further used and combined within workflows, which results in different workflow defir

Microservice Controller

Dashboard

Microservice Management ~

Microservice ID: v M or FAIRWork KnowledgeBase Public v Delete  Edit Create New Upload  Download

Operation Name: getAggrProp ~v @ Stat  Stop | TestaCall
I

Call Microservios with |0 083670858014 Tde-88bb-c0617 Tod2dbf Operation: getAgarProp

e inputs

Input parameters

Service output

Figure2Q TestCall of aMicroserviceOperation for retrievingata from th&nowledgeBase in theMicroservice
Controller

Workflows can be defined, visualized, and matiéiezbrresponding section of the workflow configuration
platformlhe main components of a workflow are tasks and. dp&sitassused to perform an activity, usually
interacting with external systems or services. An example would be an HTTP task, which can be used to fetc
from an endpoint or make calls to other services. Operators, on the otherdoarudhanelletitiranching

and decisiemaking within the workflow. They aid in controlling the flow based on the conditions or outcome:
prior tasks.

An example of a workflow definition overview can beidowed.iin the picture, you can see the workflow
definition of Adataset crf _ workloadbal ance_kbo,
line they may be allocated to. In this workflow, you can see multiple HTTP tasks eatadisealichs cr

for retrieving properties from the knowledge base. The input parameters in each task specify what informa
needed from th@owledg®ase. Some input parameters depend on the output of other tasks. This can be
specified by using placeholders referencing the name of tteeskeqtpredIn the workflow example, the

2Conductor. (2023). Tasksonductor Documentation. https://conductor.netflix.com/devguide/concepts/tasks.html
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different tasks for retrieving the necessary information are called in parallel. This is done by using operators t
the workfl ow. I'n this example, you can see a AFGQ@
in parallel. Int s case, we have five HTTP task sequences
operation that waits for the forked tasks to finish and collects their outputs.

@ Conductor st oemies  Takcwees  wsisens

http,_task availability ttp_task medical condition
(htig_task) hts

c3l_cond JTE xperience terinto
2 fask)

S| (=) Visual representation

"™ Workflow definition |
containing a collection of
task configurations

Figure21 Example of ®orkflowDefinition for retrievintnformation from thknowledgeBase

3.2.1.2 Testing workflows

While designing a workflow, it is helpful to repetitively test the workflow one is working on. This can be dol
accessing the fAiWorkbencho section over the navig
choosing its name andiopr the corresponding fields. If the workflow requires input parameters, they need t
be added in the corresponding field in JSON format. By clicking on the play button on the top, the workflow
executed. The user can click on the workflow H@loinside to inspect the running workflow in more detail
(seeFigure??).

@ Conductor Eecutons  Definitions  Task Queues Workbench N av |g a t| on ba I

Run History B Workflow Werkbench > S Created: 2023-12-06 10:11:54 Execution History

datasst crf_workioadkalance kb

Select workflow name here - | ==~ Workfiow ID

" Select workflow version here -

Enter input parameters here

Torvelation 1B

Task to Bomain (SON)

Figure22 Workflow Workbench
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When clicking on the workflow ID, an overview of the workflow execution is shown in a new window. By navi
through the tabs, different aspects of the workflow execution can be inspected, like the individual tasks, a sur
of the workflow executasrthe input and output of the workflow. In the task diagram, the user can see the
execution path, where completed tasks are shown in Gig@3ee

@ Conductor
dataset_crf_workloadbalance_kb EI5T) T || oo m
7b281§92-066-409b-ad76-4af0cdd73981
Q N She m
start
o task avaiabily | [ it task mecica condtion | | e task UTE experience | [ bitp task woekarino | [ itp.task required worker
(http_task) thilp_task) (hitp_task) (http_task) (http_task)
final

Figure23 WorkflowExecutionDetails

Workflows can be further used in other components of the systésurlithéneservices and workflows.

This can be done using the APIs provide@dmfitheation environment. With the help of these APIs, the user
can perform different interactions with the workflow engine, like searching, storing, or triggering workflows
required action needs to be specified in the body of the AfuEBH. you can see an example of an API

call triggering a workflow using Postman. In the picture, you can see that when triggering a workflow, aside
the action, other parameters can be specified in the body of the API call. These propertigsr&finwnclude the
name, the workflow version, required input parameters, and a filter option. The filter option allows to transfor
workflow output using JSONaessions.

3JSONata.org. (2021). JSONata Documentation. http://docs.jsonata.org/
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Home Workspaces »~ APl Network Explore Q Search Postm B ¢ 0@ uvoosde - a x
Mo Environn

8, My Workspacs New lmport &R Overvie
=] = - @ Tiger syme Bsme o 8
- - Bl

Params T Cookies o
- Beautify
:
T Body of API call i
B s amp
Pret |

Response

Figure24 Example of an ARAll for triggering &\borkflow in Postman

3.2.1.4 Simplify thebefinition ofLinearWbrkflows

Most of the workfldefinitionased for the Al servieegpresented ihesectior3.5.9do not use complex

logic but follow a linear flow. For such services using the Conductor workflow definition format is overwhelmir
moreerrofprondor the development experience. This is the reason that a wrapper around the Conductor engi
has beenleploye@nabling the definition of linear workflow in a more simple and powerful fitvmat for both
understandability of the service logiearpressiveness of task actiffigsre25).

“flow": {

| "tasks": [
Q > doc: | » | transform-text-prompt ————» process-;:::‘-tomodel- {-',.ef--: “start”,

"endpoint”: "doc-extractor”

Upload
Document i, . B
ref": 3
! )
. _ {
"ref": "textjson",
"endpoint”: "process-text-to-model-json",

output-to-prompt | —— | layout-model-prompt | ——— | insert-image-to-model “parameters®: {
"context": "${promptInput}"”

"endpoint”: "transform-text-prompt"

{
*ref®; “t2%,
l "endpoint": "output-to-prompt”
}

"ref": "layout",
. 5 | o "endpoint": "layout-model-prompt"
model-json-to-doc-list | —» te-model-ad > 1,

"ref": "insertImage",
"endpoint": "insert-image-to-model”,
"parameters": {

"images": "${start.urls}”

Model Created

Figure25 Simplified Workflow Definition

TheConfiguration environment for such linear workflow can be accessed as well via the configurator describ
sectior8.3.2
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Currenth\8 workflows have been created to demonstrate a possible usage in a resource allocation scenario

to support the AI prototypes. The workflow engir
En gi n &anfigurationtetvieonmentgsetor8.3.3. The user will be forwarded to the Ul of an instance of
the workflow engine AConductor o. By clicking on

available workflow definitions is displayed. The workflows relevantrstrétisndeen@ the following
characteristics (SEgble2) and can be examined in more detail by clicking on them:

Workflow name Input parameters
dataset_crf_workloadbalance_k& node_geometry_mcindicates the ID of the breakpoint el
in the knowledge base describing the medical condition f
geometry.

linenumbei indicates the ID of the line where the orde
produced.

node_geometry_rivindicates the ID of the breakpoint el
in the knowledge base describing the characteristics o

geometry.
dataset_crf_orders none
crf_workloadbalance_dmn_OMIL none

al_document_transofrmation document the document to asain Base64

al_machine_maintenance_index document the document to index in Base64

al_machine_maintenance_gquery queryi the query to perform on the indexed document

al_document_compliance_index document the document to index in Base64

al_document_compliance_guery document_version_1 the name and version of the
document to compare
document_version_P the name and version of the se
document to compare

Table2: OrchestratioWorkflows

The input parameters need to be provided in JSON format. An example of input parameters that can be us
the workfl ow fAidataset crf_workloadbal ance_kbodo wo

{
"node_geometry _mc" : "515396245145" ,
"linenumber" : "18",
"node_geometry rw" : "515396162776"
}

Considering the first workflow mentioned in the table as a sample, it retrieves necessafgaaladgdrom the
Base needed by tHecisiomakeiby calling different APIs. In this case, five of the HTTP tasks are called in
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parallel, as only one task is dependent on its predecessor. The data retrieved is needed to support a res
allocation decision challenge. It includes information about the workers, like their availability, ifdhey fulfil the re
medical conditimwork with a certain geometry, their experience with a certain production unit, their preferenc
etc., as well as information regarding the line on which a certain geometry is produced. In general, the out
this workflow contains all the reogdordation to describe one order of a certain geometry. The completed task
diagram can be seeRigure2a

fork_join (my_fork_join_ref)

http_task_lineinfo
(http_task)

-

http_task_availability http_task_medical_condition http_task_UTE_experience http_task_workerinfo http_task_required_worker
(http_task) (http_task) (http_task) (http_task) (http_task)

] J L
http_join {http_join_ref)
e

e \
| final |
"\ v

Figure26 Execution Path &forkflow "dataset_crf_workloadbalance. kb"

3.2.2 MultrAgent Orchestration

When combined with microservices architecturdgemiulystems play an important role in creating
decentralizeand adaptable systems. This combination provides independent scalability for different syste
components, allowing tasks to be distributed among specific agents. The decomposition into microservices I
it easier to update and modify parts of thensifstetrmaffecting the rest, enabling the dynamic introduction of
new agents or services. Each microservice contributes to thelmrstenensesing that failures in one agent

or microservice do not bring down the entire system. This also allows for the distribution of responsibilitie
efficient adaptation to new requirements or scenarios. However, this integration ges; posk abdhen
complexity of managing various microservices, requiring a strategy for communication and coordination a
them.

The main reasonsifoplementing malgients with a microservice architecture are explicitly presented below:

A Scalability: mi croservices enable independent
into microservices, it is possible to actiementalizesbntrol of services that can support deciking.

A Flexibility and decoupling: decomposition into
the system without affecting the whole structure. When combined vitisesh sgogpeotich, it enables
dynamic system adaptation aagments are introduced, or existing ones are modified.

A Resilience: if an agent or microservice fails
decentralizethture of microservices.
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The orchestrator developed provided access to the results of the rochesestiGecisions about
Production Plannifidpis is a secured element developed in Python through the Flask framework and provide
two endpoints to its users, as shéwgumn®7. This element also has administrative endpoints that are only
accessible to the administrator and useSWN Web Tokén® protect data access. The login endpoint is

used to acquire the necessary JWT token to read the data through theresuattssendpest.

/more/orchestrator/vl/login User Login N

ET /more/orchestrator/vl/microservices-results Getmicroservices results v

Figure27. AvailabléEndpoints tdRegisteredJsers

The Waitress Web Server Gateway Interface (WSGI) is used in production, serving the orchestrator web &
port 5051. The web app connect s proxpserven esingpoit 43 de w
to do so. This server is used in both ways of communication, adding an extra layer of security to the system.

Deploymentise, docker services were used to encapsulate the necessary elements to have the orchestrs
running securely, allowing the integration of this element with the microservices developed within the FAIR
platform. Thus, a docker image fanctiestrator was creasedihosted in Docker Hub and a docker service
running a database was also deployed to manage the orchestrator user credentials information.
containerizatienables the web app effortless deployment, ensuring the seragitedieixecution of the
orchestrator on the server, even amid concurrent services also running on the same machine. The orches
runs on the server using SSL certification through the Apache server to encrypt/protect the communications.

This integration between the MAS Orchestrator and microservices enhanekinglecipadrilities. They

bring autonomous decisiaking to individual components, enabling efficient resource management. When
combined with the loosely coupled natio®sérvices, these agents can interact and collaborate. Furthermore,
the architecture ensures functional integration with the KnowledgdsBasacaesising and storing data

useful to the microservices and displaying the output and ret@inirtgengertisioraker.

In FAIRWork, taking advantage of the scalability provided by the approach used to develop the orchestratc
endpoint that providesUh®awith the microservices results was updated to also work with the POST verb, as
shown ifrigure8 This allows the reception, by the orchestrator, of an excel file containing an order list used
create the input of the production planning microservice.

/more/orchestrator/vl/login User Login ~

/more/orchestrator/vl/microservices-results Get Production Planning microsenice result N

/more/orchestrator/vl/microservices-results Get microsenices results: DMN, LAO and MAS N

Figure28 OrchestratoEndpoints

The login endpoint has to be used first to acquire the JWT (JSON Web Token) that will allow the usage ¢
microservicassult endpoint, regardless of the used RESThidndpoint.

The login endpoint requires the username and password to be sent in the body of the request. This proce
depicted iRigure29
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POST v ./moreforchestrator/v1/login

Params Authorization Headers (8) Body e Pre-request Script Tests Settings
none form-data x-www-form-urlencoded @ raw binary GraphQL JSON ~
1 i
2 "username”: "a_username”,
3 "password”: "its_passwoxrd"
}

Figure29 LoginEndpointUsage

The endpoint returns a 401 HTTP response status code if an unsuccessful login attempt is executed. In ce
success, the server returns a 200 HTTP status coc
body, as presentedFigure3Q Token validity is set for 30 minutes.

Body Cookies Headers (4) Test Resulls (@ Status: 200 OK Time: 295 ms  Size: 4428 [5) Save as example
Pretty Raw Preview Visualize JSON = [(w] Q
1 d
2 “"access_token": "eyJhbGci01JIUzIINiIsInRScCI6IkpXVCI9.

eyImemVzaCI6eZmFsc2UsImlhdCI6MTewMjMAMDEYNCwianRpIjoiMDASMGZINMItMGULMyBOY2IKLTgxMOUtNzBKNILhOTEXODE1TiwidH1wZS
I6ImFiY2VzeyIsInNLIY1iT6ImlvemVEYWRtaWdil CIuYmYi0jE3MDIz0DAXMIQsImVAcCIEMTcwMiMAMTkyNHE .
cHGNGU1gBx8Dv_7g2M13nh258QubCBcCSpTc2RHGWXY" ,

3 "validity": 18008

4 B

Figure3Q SuccessfuLoginResponse

To maintain data integrity, input and output models were defined for this endpoint to force the data to confc
these models. The models are presdritpdédil

UserLoginModel v { LoginOutputModel v {
usernamex string access_tokenstring
Username example:
i string eyJhbGci0iJIUzIINiIs]

validity integer

Password
example: 1860

Figure31 LoginEndpointDataModels

3.2.2.2 MicroservicefesultseEndpoint

This endpoint is secured and requires a valid JWT access token, retrieved from the login endpoint, to be pas
the Authorization header Beaetoken. If a malformed/invalid/expired token is used, the endpoint response
uses a 401 HTTP response status code and a speci
making the request. If a valid token is used, the endpointmetuosetyiees allocation results in a JSON
according to the agrepdn format to convey this infannkagjoreé32shows the configuration of the REST
request to use this endpoint properly.
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GET v Ivl/microservices-results?microservicel=true&microservice2=false&microservice3=true

Params @ Authorization Headers (7) Body ‘re-request Script Tests Settings
Headers 6 hidden
Key Value Description
Authorization Bearer eyJhbGciOiJIUZITNilsINRScCIEIkpXVCJ9.eymc...

Figure32 MicroservicesllocationResultsEndpointUsage

When using the GET REST kierbntipoint accepts parameters to define which microservices should be inquired
to get their results. This is presented genefFicaligSia

Params e Authorization Headers (7) Body Pre-request Script

Query Params

Key Value
microservicel true
microservice2 false
microservice3 true

Figure33 GeneridParameter&tructure to be used in the GEaquest

In this case, three models were devised:

1 WorkeModel to specify worker properties;
9 AllocationModel: to specify worker allocation to a specific line;
1 OutputModel: to specify worker allocation to all lines.

TheOutput Modielcludes the other tWbus, it is presenteligure34to depict all models and their integration
as described above.

OutputModel v {

AllocationList ~ [AllocationModel ~ {
LineId string
example: 17
WorkersReguired integer
example: &
HOIAREE ~ [WorkerModel + {
Id string
example: 188182
Availability string
example: True
MedicalCondition string
example: True
UTEExperience string
example: False
WorkerResilience number
example: 8.4
WorkerPreference number
example: 6.7
H
H

Figure34 OutputVodel
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For this endpoint, when using the POST REST request, to query the produmati@s@taiceiigvo models
were used, namely:

1 Allocation: to specify workers to a given task;
1 Planning: to provide multiple task allocations.

Figure35 depicts these models, since Planning uses the allocation model to structure the data.

Planning + {
experience number
example: @.85
Experience value

preference number
example: 8.9

Preference value

resilience number
example: 8.7

Resilience value

transparency string
example : medium

Transparency level

allocations
v [

List of allocations

Allocation ~ {
Task string

Task ID
Start integer

Start timestamp
Finish integer

Finish timestamp

Resource string
Resource name

geometry string
Geometry ID

required_workers integer

Number of required workers

workers
v [

List of worker IDs allocated to the Task

string]
H

Figure35 ProductiorPlanningMicroserviceDataModel

This approach allows the orchestrator to easily scale by accommodating new microservices while ensuring
availability. When a new microservice is created, it only needs to grant access to its results. The orchestrat
configure the connectivitisomicroservice using a new parameter in the request sent to the data acquisitior
endpoint created to identify that microservice. Consequently, this fosters system resilience since the systel
functions even in the event of microservicE&itail@sillustrates how thalttAgentOrchestrator interacts

with the microservices of the CRF Workload Balance use case scenario.
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Microservice Microservice

Repl Invoke

Invoke

Invoke

Microservice
3

Figure36 MASOrchestration olMicroservices

3.2.3 Outlook

The Orchestrator provides the link betwgéaniheéhe Al microservices. To do this, it collects data from the
Knowledge Base and useramgptocesses it in order to meet the requirements of the microservices, interacting
with this building block in order to offer the result to the Uddarhe@rtieestrator connects the components

of the architecture developed in a cohesive and objective way, allowing for added scalability so that the syste
grow as new services are added.

3.3 Integrating Configuration

3.3.1 MulttAgent Orchestrator Configuration

Microservices results endpoint
In the Muligent Orchestrator, an example of configuration is given below:

After login, the received JWT token is used in an Authorization header to gain access to the endpoint. This is .
inFigures?.

POST ~ Imorejorchestrator/vl/microservices-results?start_date=2023-09-01&days_to_plan=14&availability_type=r

Params Authorization Headers (1) Body e Scripts Settings
Headers
Key Value

Authorization Bearer {{jwt_token}}

Figure37. Required Authorizatid#eader

The POST REST request to this endpoint uses parameters to configure the usage of the production plat
microservicEigure88shows an example of these parameters.
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Query Params

(<

Key Value

(4

start_date 2023-09-01

(<

days_to_plan 14

(<

availability_type

Figure38 POSTRequestParameters

The parametstart_datés mandatory, has to be in accordance with the dates pregewebitethad
represents the date to start the planning.

The parametéays_to_plas optional and represents the time interval to be used in the planning algorithm. If nc
used, it defaults to 14 days.

The parametawailability_type optional and representsaiti&er'availability to be used in the planning
algorithm given the data provideddmndthser

1 Programmed availability: p
1 Real availability: r
If not used, it defaults to (p)rogrammed availability.

After input preparation, contacting the microserviceaaddptiing its response, it replies td with the
data from the microservice usiptatinéng data model presenteidime3a

3.3.2 Configuration Framework

The cloubased modelling platform AD@NUSed as the FAIRWork process modelling environment. Here
decision modelsctincretizthe use case requirements and ease the identification of relevant aspects have beel
modelled to define the challenges and parameters crucial torhekdecBONIS is a framework based on

the ADOxx mataodelling platfériinat is BMPN 2.0 compliant. The modelling tool can be accessed in the
configuration environment by cl| i Eigured9gepiaasnthet he t |
configuration environment and the ADONIS login page (credentials can lhieg@pdstgd)eiHow you

can navigate in the modelling tool is described ifFAlER&Ior5.1. Additionally, the decision models can

be found in the knowledge base under FAIRWorlkCRFb[eetision models and FAIRWork_PFbgactt

Decision models.

4 BOCGrouphttps://www.bgeoup.com/en/adofiast visited:80220%5)
5 OMILAB NP@ttps://www.adoxx.¢lagt visited802-20%5)
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Figure39 Accessind-ogin Page of Modelling T.ool

3.3.2.2Configuration of Decisi@ervices Experiment

Within the DBISS, not only should the combination of available services be configurable to achieve orchestrat
but also, the decision services themselves should be adaptable to different situations. How well a decision s
can be adapted to newasions depends on the used decision algorithm and on its desigrDE& this DAI
prototype, an experiment was created to configbesedadlecision service using conceptual modelling. The
service and how it can be configured to create tadlioreduggmirt is described in s8chidinthissection,

we want to discuss the procedure and environment that were used to create this experiment for the configur

Configuration/ DAI-DSS
Design | aycerpt

Procedure
Orchestrator
uses /‘ uses
Tool: Scene2Model Tool: Adonis/Bee-Up Tool: ADOxx/Bee-Up / ‘
—————————————————————————————————————————————— Pt /
SR 2 17 /
Q @ b %

' ' Ao
; ! i ] S 4 Decision
: 1
1 ADONIS 1 ! i Service
! ' - e -
! i ! i , ! ‘
1 e — I r 4

' '
L e L e TR, configure/ |1 f [
establishes ,' ,’

- . - EEE
- Decision P ! XN % ouve
Decision Case LEEHEn Model - . —— ‘ e
Process ode o S W

il
[

Figure4Q Overview Experiment for Decision Service Configuration

The procedure for the configuration within this experiment is based on the one that was used to identify th
cases and decision challenges for the FAIRWork project (seBPZEAlRWtatails). The procedure for this
experiment and its connection to thxXSBAlrgisualizeth FigurelQ The procedure starts with understanding

and defining the decision case which should be supported. This is an important step, as one must know e:
what should be decided and what the context is if automated decision support shouldftervesieblished.

the different steps and the needed information for making the decision must be defined to have a more sophis
understanding of what must be done to make a final decision. This can include preparing steps, or mayb
decision itself is done thr@ugeries of sdecisions, which must be done in a certain order. This knowledge is
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presented in the decision process and is derived from the decision cases. Finally, the decision-and its possibl
decision must be specified in a way that a decision support system can suggest a solution. This includes a \
defining the decisiond@mnd also to create an instance of a decision service, which can then be called by th
overall decision support system.

To understand and define the decision knowledge in this experiment, we used conceptual modelling
corresponding modelling tools. We used modelling tools based on a comimgnpla¢iammudelour case,

this was the ADOxx nmetalding platform. This should later help add new and adapt existing experiments with
the modelling methods used.

For defining understanding and defining the definition case, the Swaiegdodséd, which supports

physical workshops to foster information exchange and understanding between the participants in the works
Additionally, it supports the capturing of the created knowledge through digital, conceptual modelling, wh
automatically generated from the playsfeat€reated in the workshop. The generated models can then be
further enriched and are available in a mentissable way.

For modelling the decision processes and the decision models for this first experistantjardiaeskd a
modelling method to start with tested akrtbwelimodelling methods. In paruderess Process Model
and Notation (BPMNj)Decision Model and Notation ([BdiK)of these are available in tHeéReedelling

tool (which is also based on ADOxx), and therefore, this tool was used for this experiment.

To use the decision models created with DMN as input for configuring a decision-Serva#, ilas Bee
extended to fit the needs of the experiment. After these extensions, the models can be used during the config
of a decision service. Hownth@els can be used as configuration input in this experiment is explained in the
service that will be introducbesectiors.5.1

Finally, to ease the creation of a callable decision service, a framework is needed that supports the usersin o
callable endpoints and running the needed algorithms. For this part, the microservice céntiamler framework
used. For this, a connector for consuming the modelled information and instantiating a decision service was cr
which can be used together with the models created for this experiment. If the decision endpoints are teste
found feasible, thmn be used by the orchestrator to support thentkdgisipim concrete use cases.

3.3.3 Configuration Integration Framework

The entry page of Gmnfiguration environment can be $éguorigdl Each tile on the web page gives access

to configuration wizards or platforms for defining necessary parts of théisgstevorlglows. The tile
ACreate a Web Appl i callfimmoda ewmealb | aepp ltiheatciomd ,i gwhial
AfAccess Knowledge Baseo, AMi croservice Control |
ADONIS based BPMN modelling environment describe8.B 2dd¢hiekinowledgBase describedthe

sectior8.4 the microservice contralfet the workflow engine descritrezbéactior8.2.1

6 OMILAB NP@ttps://www.omilab.org/activities/scene Pastdasited:802205)
7OMILAB NP@ttps://beap.omilab.org/activitiesig@dast visited80220%)
8 Adoxx.ordnttps://www.adoxx.org/liveltdisevisited802-205)
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T o
N
o
x

B $- 2 a

Create a Web Application BPMN Modelling Access Knowlege Base Microservice Controller

A X ) ®

Workflow Engine Manage Ul Components Automatic tile generation Add new...

Figure4l OLIVE instance showing tBenfiguratiorEnvironment.

The microservice controller, accessible from the relativeatiiBgordtéon environment entry page, allows to
register and manage microseteideiova configuration approach. Microservice operations can be defined
through the configuration-olbed connectors. There are different types of connectors availge Currently
usemostly the REST Connector for getting data from a REST service, like the APIs available for accessing
knowl edge base and the AJavascript Nashorn Engin
Engine and returns its output. In tresenitce controller dashboard, the user can choose a predefined
microer vi ce and click on AEdito. No w, al | current |l
inspected. Depending on the selected connector, different configuration options aFggaveiBbln(see

example of how the microservice controller was used in this project so far can also be seen in the experin
decision support service described in 3&cfion
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Microservice Controller

Dashboard

FAIRWok Knowkogesase Fusl w Oeiete | Edt | Creato New  Uplsad  Cowmieat

Operation Mame:  Select a Microsenvica Operation v @ Stan | Swp | Testadal

Figure42 Example dfficroserviceDefinition.

For now, th@onfiguration environment allows the management of workflow by providing access to the workil
engine eithtymanual |l y accessing it by clicking on the
APIs. How such a workflow definition can look is describegl 2nlsection

Besides handling microservices and workflows, this environment enables the distigamatibminig

different Ul components, and after their configuration, they can be deployed as web applications. By clicking
Tile fAiCreate a Web Application, o the user is fo
applicatoonl t he first step, the user can choose a | a
selected, but additional templates can be added. After thé se o n-Buttoh bnehe fightean bedclicked

to proceed with the second step of the configuration wizard. In the second step of the wizard, the Ul can be de
by dragging and dropping the needed Ul components into the fields of thetegiydatdaybhe Ul
components available are all the ones destirdsetiior8.1 Configuration of specific properties for each Ul
component is possible imithdpanel of the Ul builder after selecting each component. Aftieiatizesiser

the placement of the components, he/she can proceed with the next step by clicking on the next button on th
side again. In the third step, a preview of the web application is displayed. By clicking again on the next buttc
web application ig@matically deployed and can be accessed via the dispigye#i 3stows the different
configuration steps.
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Figure43 Configuratiorsteps of creating kb Application.
3.3.4 Outlook

At the configuration lexsdcan select microservices and configure parameters to define important input data fo
the use case. This makes it possible to adjust how each microservice will be triggered according to the prc
needs. In addition, this approach offers grealiey #egilscalability, as it makes it possible to evolve and
maintain each component independently without affecting the others.

3.4 Integrating the Knowledge Base

The integration between the Knowledge Base and the Orchestrator is facilitated through a REST API, en:
seamless data exchange and deuniskimg within the IDAS framewoRiguret4andFiguret5illustrate

the UML sequence diagrdmasdetail the interactions between various components for achieving production
planning and worker allocation tasks in the CRF workloagdgaladuetion plannisg case scenaio

Below is an overview of the process:

1. User Interaction withe DAIDSS frameworK heprocess begins when the user interacts with the DAI
DSS User InterfadéeJl prompts the user to upload a CSV file containing production order details. This filé
typically includ@roduction ordérseofetry o dee rsidue dates .

2. CSV File Processing by the Orchestratider the user uploads the CSV file, the Orchestrator processes
its content pgarsing the file to extract geometry Usitesthese geometry codes as query parameters to
fetch relevant data from the Knowledge Base.

3. Knowledge Base Queries and Information RetridhalOrchestrator queries the Knowledge Base via
REST API, retrieving the following essential information for each gékenBydootighroughput
specific to each geometry €bumughput Values ¢NBDmilarigata on production lines associated with
the geometry code, including numbei i Ba d ki unpe fi , Niniber lofdoperatrs cequired to
produce a geometnagjiven lindf any of the above information is missing, the georsaixrge cofbe
from further processing.

4. Enrichment with Additional Dafar geometry codes with complete information, the Orchestrator retrieves
further data from the Knowledge Base

1 Suitabilitynformatiorthe Orchestrator validates data fratevledore suitabitigtaset retrieved
fromtheKnowledgBase to ensure all required geometry codes match the production planning sheet.
Geometry codes not found in the response are excluded.

1 Operator Preferendeseferences of individual operators for handling specific geometry codes.

Resilience Informati®ach operator's resilience in relation to a geometry code.

1 Geometry codes or stevedore IDs lacking any of the above data are excluded from further processin

=
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5. Data Aggregation for Al Servicél theretrieved daincluding suitability, throughput, line information,
operator preferences, and resilieade dggregated into a structured JSONTbisndEON file serves
as the input for Al Services, enabling deelsiog

6. Al Services and Decision Suppdrhe Al Services analyze the aggregatedad8Qd¢nerate
recommendations, fdforker Allocatiday providingptimal assignment of workers based on skills,
preferences, and production requireBiiitrlyfortheproductioplanningcenarighe servicggovide
an dficient scheduling and workload distplar@anossheavailable production lines.

7. Result Presentationa theUt The Al Services send their recommendations back to the Orchestrator.

1 The Orchestrator formats the results and displays themD&3bé DAI
1 Users are presented with clear, actionable insights, enabling informe#intpdmigroduction
planning and workload balancing.

This structured process ensures that D8P Akbmework effectively integrates data, Al analytics, and user
interaction to optimize CRF workload balance.
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Production Order Request Processing
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gmetry Code found
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o)
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Geometry Code not found
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true for
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Search Query for
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ey

— Fetch stevedore_presence —)l
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User =) Knowledge EDM
O iertace =y Oohesator O Base Server 8  Datsbase

Figure44 Sequencd®iagram for DADSSInteractions Part 1
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Figure45 Sequencd®iagram for DADSSInteractions Part 2
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3.4.1 Reliability

Data reliability refers to the dependability and trustworthiness of data in supporting effective data lifec
management and decigiaking. Reliable data ensures that stakeholders can confidently rely on it to make
informed decisions, as it congrsteetts the standards for accuracy, usability, and consistency.

Key attributes of reliable data include:

1

AccuracyThe extent to which data accurately representsvtitlrealues or events it is meant to

reflect.

ConsistencyThe absence of contradictions or discrepancies within datasets, records, or across differe
data versions.

Completenessihe presence of all necessary information, ensutingl mata fields are missing.
TimelinessThe availability of data at the right time, ensuring it is current and relevant when needed.

The objectives of ensuring the reliability of the Knowledge Base include:

T

Ensure Data Trustworthinegnsuring that the stored data is accurate, consistent, and complete,
fostering confidence in its validity.

Facilitating Informed Decisibtaking Providing stakeholders with dependable data that serves as a
robust foundation for decisions.

PromotingEthical Use of Datalpholding the integrity of data, particulaslyivenAbr critical
systems, to align with ethical standards.

Enhancing Data Quality ContinuouBktablishing processes for ongwindgoring, auditing, and
improvement to maintain and elevate data reliability over time.

Accuracy
i Standardized Data Representation: The schema based on AP239 ensures that data is model
consistently and structurally correct, minimizing errors in representation.
1 Controlled use of RDL classes/properties ensures that attributes conform to a predefine
ontology, enhancing semantic acEigaogta

Hame, Inherited from Type Nahey/Expression units

Figure46 Referenc®ataLibraryDefinition
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2. Consistency
9 Hierarchical Data Organization: A Product Breakdown Structure (PBS) organizes dat
hierarchically, maintainiogsistent relationships and dependencies between nodes and
associated documents.
9 Version Control: Implementing versioning prevents overwriting of previous data, ensuring tr
updates do not compromise consistency or historical records.

FAIRWORK_GCRF (VER.13) BREAKDOWN PROPERTIES ~ STRUCTURE TREE X
~ 5 FAIRWork_CRF
<
~ @crF
O (@ CRF
» [@ Cnolnfo

(@ Stevedore Experiences
(& Stevedore Preferences
(3 Stevedore Resilience
(@ Stevedore Suitability

» [@ Stevedore availability

» @UTE4

Figured47. Breakdowrstructure othe CRFRUse Case

3. Completeness
1 Mandatory Metadata Fields: Every node and document include essential metadata such as:
o Creation Date: Origin of the data.
0 Updated By User: Information on ownership and modification history.
o0 Description Field: Contextual details about the node.
1 Default Metadata Attributes:
o Figured8andFiguret9shows the defanietadatattributes that will be populated
when a node or document has been created in the knowledgenketsaat@ihis
provides an overviewhetreated date, updated daidperson who updated this
information.
1 Traceability and Provenance: Version control ensures a complete and traceable history for ev
node or document, enhancing accountability and data lineage.

BREAKDOWN PROPERTIES

Name Value

Name Line18
Type Unit

GUID 2VIp0YcuOHxu00051MKOdM
Instance D 751619301422

Version 30

Updated 11/5/2024, 31700 PM
Created by jotne_rishyank

Updated by jotne_rishyank

Project Phase o

Figure48 Node System Properti@dletadata

Copyright 205 BOCand other members offRAERRWorkonsortium
wwwiairworprojeceu Pageb20f108



4. Timeliness

Figure49 Document System Propertiddetadata

1 Timestamps for Curreleyification: Metadata includes creation and update timestamps,
allowing stakeholders to confirm the data's relevance and recency.

I The use of a REST API ensures that users have immediate access tdottiatenost up
versions of data, supporting timely degiog.

1. Data Storage

1 Implementation Details:
o Datais stored in a hierarghiodlict breakdown structure (R&®)led according to the
AP239 schenmensuring structured and standardized storage.
o Versioning is implemented for each node to prevent overwrites and allow recovery o
historical data.

A NoteNodes with aggregate properties are not versioned.

0 RDL classes/properéieforce semantic correctness and compatibility across projects.
2. Data Validation
1 Implementation Details:

(0]

(0]

Validation of incoming data against the AP239 schema ensures compliance with
structural and semantic rules.

The system enforces mandatory metadata fields (e.g., creation date, updated user, an
description) to maintain record completeness.

Version conflicts are handled via a controlled update mechanism, ensuring consisten
relationships across nodes.

3. Metadata and Provenance
1 Implementation Detalils:

(0]

(0]

Metadata fields (creation date, updated by user, and description) are captured for ever
node to ensure transparency and traceability.

Version control is integral, enabling stakeholders to trace all changes and recover
previous states if needed.

Logs are maintained for updates, capturing user actions and timestamps to suppor
accountability

4, RealTime Data Access via REST API
1 Implementation Details:

(0]

A REST API provides direct access to the database, exposing endpoints for queryin
node data, metadata, and versions.
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0 APIs are designedeturn the latest version of data by default but allow retrieval of
historical versions for auditing purposes.

0 The API ensures timeliness by enabliigieeatcess to updated and accurate
information.

3.4.2 Outlook

To meet the data requirementse@fudes, the Knowledge Base needs to be adapted to support efficient storage
and retrieval. CurrerfflyEXdata files are centrally archived within the Knowledge Base. Integration may be
required new services are madailabl@igure0).

O [ 1-Calibration
O @ 2-Document Transformation

O E 3-Machine Maintenance Database

dJ E 4-Complaince

Figure50 FLEXData stored ithe KnowledgdBase

3.5 Integrating AbBervices

Within the FAIRWork project, several Al services for different use cases were developed to showcase diff
solutions to the problem situations and challenges. In order to sort all relevant inputl aiathtifrom the
Knowledge Base, the Al services are triggered by the Orchestrator, which collects and combines the differer
in a JSON format that is sent to the Al service. The Al service runs the algorithm considering the relevant da
sends the resdBON back to the Orchestrator thatethéasdon what has to be shown to the user and what

has to be saved in the Knowledge Base.

The requests between the Ul, Orchestrator, Knowledge Base, and Al services are done via HTTP requests.
requests can handle the JSON files that contain the relevant data in both ways: requests and results.
depending on the HTTP request, tgEmdces are triggered so that the user gets the results requested.

3.5.1 Support the Understanding of Decisions through Conceptual Modelling

The goal of this experiment is to create a decision service usinglzakedvelppligech to support decision
making in th&ssist Decisions about Fair Worker Allosatzase, which belongs to the resource mapping
decision probl em, wHh2Xh is introduced i n FAI RWor

For this experiment, decisiakers should be enabled to encode their decision knowledge directly and are ther
supported in creating a decision service out of it, which can be usedR&BinTthis Bédvice is connected

to the goal describethasectior8.3.2 which enables the configuration of decision services. The configuration
is supported through diagrammatic conceptual models, which are then used as input for the decision service
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service itself offers an endpoint where the parameters are sent, and the decision is returned. This endpoir
then be used by the-D&E Orchestrator.

The decision service itself was implemented in the fréar@dWdiEk. Here, a conneasrenhanced

consume the models and instantiate a decision endpoint out of it. To do so, the decision logic must be de
which is, in this case, done by using models creatdewitioth&lodel and Notation (Rijjage, which

were created with the-Bpdool for this experiment.

The decisiemaking in this experiment is separated into two steps. One is to decide if a worker is allowed o
specific line to produce a certain product, and the second is to take the group of allowed workers for a grc
production lines and asgigmtbased on their preferences. Then, it is checked that no worker is assigned to
multiple lines. In this experiment, we uselthsadigervice configured through the models to make the decision

if a worker is allowed on a production line. Thpardke\werker allocation endpoint is used as a preliminary
prototype to assign the allowed workers to the line.

To prepare a new decision endpoint within this experiment, three parts must be preparetllpOne is the Be
modelling tool to define and describe the decision that should be made. The second and third parts consist
needed services, which are an @isteice and the worker allocation service.

As a modelling tool for this experiment decision service -blasedlEBEp tool was used, as it is freely
available and had the modelling languages which were used for this experiment. To uddpittdoist, the Bee
must be installed on the macaid then the extensions must be added. Information on how the extension can
be added is available on the GitLab project.

To use a new OLIVE instance with this experiment, the corresponding endpoints must be defined. This mt
uploaded to tkd_IVEnstance, and then the DMN file must be reuploaded again to use everything (how the DM
file can be uploaded is described below).

To fully use the implemented decision service for this use case, an additional service is needed, which is «
Rulebasedvorker allocatidts task is to take workers who are allowed on certain lines and assign them to the
different lines. Thereby, it takes the provided preferences of the workers and assigns those workers who ha
highest preferences, making sure that one workssignedtto multiple lines.

If these three parts are available, the service can be used. Below, it will be described how it was used for res
allocation.

This section describes how the publicly provided interfaces of this experiment can be used with test data. -
public endpoints were also integrated for an overall decision n@daesiitatbe

An example of the OLWEan be seen kiguresl To test the provided functionality, one has to choose
FAIRWork Resource Allocatidime microservice ddoprn menu and then specify the operation. After the
operation is chosen, kst a Caltlutton must be clicked.

9 https://www.adoxx.org/live(@loeessed: 8.1.2025)
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Microservice Management ~ ChOOSE MICI’OSE‘FVICE

Microsenvice ID ! S or | FAIRWork Resource Allocation v Delete  Edit = Create New Upload = Download

Operation Name Line Assignment Assessment v . Start = Stop TestaCall

Select a Microservice Operation
Line Assignment Assessment
Worker Allocation

Worker Allocation Configurable

Worker Allocation Direct

Choose Operation

Figure51 OLIVE User Interface for Resource Allocation Experiment

For testing the service defined with the madied, Assignment Assessimgertation must be chosen (see
Figuré?. This opens the interface for testing the decision if a worker can be assigned to a specific line. The i
that should be used can be entered in the top left corner. For each parameter used, a field is provided. The
for different workers caplbeovi ded at once by separating the val
for each parameter must be the same, the following values:

T Availability: ATrueodo and fAFal seo

9 DueDate: Integer betwé&érand 10

T Medi cal Condi ti on: AiTrue and nNnFal seo

f ProductionPriority: ATrued and #fAFal seo
1 WorkerResilience: Float between 0 and 1

1T UTEExperience: ATrueodo and fAFal seod

true false
MedicalCondition = "o

ProductionPriority | V&-aIse Define Input

- 06:0.3
WorkerResilience

. truefalse
UTEExperience

Test a Call

Miscroservice ID: 29f0860-3be8-4371-83fe-614267bed617 Setvice Oulput Bost-Rendeting Preview Output
: oo 1 SHno

POST Endpoint “DecisionResultList": [
http://digv75 joanneum at troll frest/ orced [
3be8-4371-83fe-614e67bed617& {

POST Input Data "WorkeratLine": "1"

"Availability": {
"value": “true;false” ¢

3> "WorkeratLine": “"

“DueDate”: { -

“value": *1;3"

Y
"MedicalCondition”: {

"value": "true;false"

Figure52 OLIVE Interface for Testing the Line Assignment Assessment Operation

Service Output RB&indering Previshows the output of the decisions. For each set of values, an entry in the
array with the key fAWor ker at Li ridm@ang thattoewbrkeecdn t hr o
be assigned, afidine@ans that the worker cannot be assigned by the line.
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To test the full experiment, including the assignment of workers to specific lines, then thé/otker operations
Allocationr Worker Allocation Configurariebe used. Both useliine Assignment Assessm@edpoint

introduced above to decide which workers are allowed on a line and then use the results to assign the all
worker to the given lines. The difference is that the second one allows you to choose theieadpoint for the
Assignment Assessnerdpoint, and the first one hasdopfigired, so that just the information about the
worker and the lines must be provided.

For the worker allocation examples, default values for the input are provided, which can be used once the int
is opened. Both can be executed, and the results can be returned in a JSON file containing the production lir

the assigned worker thidir preferences.

The endpoints can also be tested by sending POST HTTP requests to them, @gtitené Tgaseto
application/jsofhe test data sent directly over the POST request does not completely overlap with the informa

provided in the OLIVE Interface.

If anew decision endpoint, using-baséel approach should be established, the following steps must be taken.
Here, we will not go into detail in how the knowledge for this decision can be gathered, but how it can be en

so that it can be made usaldedasision service.

Todecideaf a worker can be assigned to a specific production line and the products that should be producec
them, a rdeased decision service should be used, for which first, a DMN model with the decision knowledge r

be created.

The model contains a visual representation of the structure of a decision and the decision logic in the forn
decision table containing rules. The graphical model with some annotationsitanda sedmamiddle,

the decision of whether a worker can be assigned to a production linejemisidhgifsabwvorker is on

principle able to work on a line. At the bottom of the figure, one can see the parameters used to make this de
and at thop, the objects containing the decision knowledge can be seen.

Worker Able 0O ,|Worker at Line 0

Logic

Decision

Worker at Line

h @/
A

Worker Able

| | | | | |
MedicalCondition Availability GEExpene% CRESIISHCQ) ProductionPriority DueDate

Figure53 DMN Model for the Worker Allocation Use Case

Decisions

Parameters

For the parameters, the name and the type must be defined. The type can be defined in the attributes of
parameter object. The available attributes of the object can be shoeglickigglibubhed to save the type,
theType referenegtribute is used. For-dabisions (lik#orker AblaFiguré&3, a type must also be defined

using it3ype referenattribute. Thig/pe referenoéthe main decisidvofker at Linia this example) defines

t he deci si on Tisedollowingctypds san beaused:| t t ype.
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string (in the CSV, strings must be start and end with quotation marks, e.g., "healthy")
boolean

integer

long

double

= =4 =4 4 =4

The goal of the model is to export the knowledge about the decisigtriuctaneXdsed on the DMN
standard which can then be uploaded to the decision service. Therefore, the decision logeisesal/ed in the
purposattributef the decision logic elements, which are instan&exetitagpression (DRIASs in the

modelling tool. But to make the writing of the decision rulefriemadéy udey can be written in CSV (e.g.,

using Microsoft Excel) and then automatically imported into the model. The modelling tool supports the hand
these deftmns of decision rules, which are called decision tables in this context.

To use the DMN export functionality, the decisions must be BukextitBxpeession (Diijects using
theLinked Boxed Expressitnbute. Therefore, the decision object must bdidad)lehkinked Boxed
Expressiaattribute must be found iD#wision lodiab, the plus symbol must be clicked, and the corresponding
Linked Boxed Expressigject must be searched.

Under the menu eldMN Decision servite, different functionalities that help define the decision logic and
export it can be found. Here, the empty decision table with the correct parameters can be created throug
Create decision tabile do this, an objeddetision (DMhi)Boxed Expression (DiviNlne modelling tool

must be marked. Further, the decision table file can be opened with the standard system application by cli
Open decision tablving marked an objebeaision (DMbhBoxed Expression (DiidNne modelling tool.
Afterwardhe decision rules can be added; an exampleRggsinédAnEach line represents one rule. Within

the rules, either the direct value that must be set for a parameter tr lae dsfimesisidike an interval,
using/<star>..<endoi]>, <, >and<= After the decision table is defined, it can be loaded into the model by
making the decision or the boxed expression and thénpditkilegision tableder th®ecision service

menu when an objedeéision (DMbhBoxed Expression (DMM)arked in the modelling tool.

Worker Able UTEExperience  Resilience ProductionPriority DueDate Waorker at Line
TRUE TRUE [0.0..1.0] FALSE [-10..10] 1
TRUE TRUE [0.0..1.0] TRUE [-10..10] 1
TRUE FALSE »=0.5 FALSE [-10..10] 1
TRUE FALSE »=0.5 TRUE [-10..10] 1
TRUE FALSE <0.5 TRUE [-10..10] 1
TRUE FALSE <0.5 FALSE <=] 1
TRUE FALSE <0.5 FALSE =1 0
FALSE FALSE [0.0..1.0] TRUE [-10..10] 0
FALSE TRUE [0.0..1.0] TRUE [-10..10] 0
FALSE FALSE [0.0..1.0] FALSE [-10..10] 0
FALSE TRUE [0.0..1.0] FALSE [-10..10] 0

Figure54 ExampléecisionTable

After the model is completely defined, one can create the DMN file, which can be used as the input for creati
decision endpoint. This endpoint can be created in two ways, one is to manually upload the DMN file and the
is to add the informatibthe OLIVE instance to the model and automatically upload the file to instantiate the
endpoint.

100bject Management Gr{(23). Decision Model and Notation (DMN).
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To manually upload the DMN fileMNeexpomienu entry under Becision servioaust be clicked. At the
end of this algorithm, all the information needed for configuring the new decision endpoint is shown. This
Decision keand théecision variablaat will be needed later.

To create a decision endpoint, the OLIVE web interface must be opened in a browsgyrdshsifiown in
define a new decision endpoint, an existing microservice must be chosedavarrittendrap a new one
must be created. Then, ovdidhieutton, a new endpoint can be added.

Microservice Management -
Microservice 1D or = FAIRWork Resource Allocation v Delete = Edit | Create Mew  Upload  Download

Operation Name Line Assignment Assessment v| @ Stat | Stop TestaCall

Figureb5 OLIVBAebInterface

The interface for adding a decision endpoint can Bégsedtikiere, a ne@peratiomust be added, and

then the needed information must be provided)jikeatien|D, NamaadDescriptiorAsConnectothe

Camunda DMN Engine Connector Multipreusitingt chosen. Then, the exported DMN file from the modelling
tool, can be uploaded t®M& File Patimd also theecision KendDecision Variablasist be configured

as provided at the end of the export algorithm of the DMN file export of the modellingGadl. Finally, the
Configuration Inputs, which are the parameters the REST call will consume, .rihsiheatefiaedn be

freely chosen, thilheMatching Nanmeust correspond to the used in betwekdrsites in th®ecision
Variabledfterwaradhis configuration must be closed by u€§ingtthebutton on the end, and then the rest

of the endpoint can be used.
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Microservice Definition

Microservice Name | FAIRWork Resource Allocation Description | This Microsenice contains operations for the resource allocatic | Is Public?
New Operation
Operation Line Assignment Assessment -
Operation ID | lineAssignmentAssessment Mame Line Assignment Assessment Description | Line Assignment with data from knov | |s Default?
Connector ~ Camunda DMM Engine Connector Multiple Inp « A connector to an internal Camunda DMN Engine library

Start configuration Call configuration

_3b79c5ed-e9e9-4351-946b-6b58939c 865/ workerAllocation-
2023-Nov-22.dmn

i (]
DMN File Path Decision_32603

Upload Decision Key

Show Details

Delete

Autostart?

4 4

{"Av a\lab\hl\, "% Availability %" DueDale "%, DueDate%" "Medicalc

Decision Variables . )

Uﬂdmun foF Ied\ca\Cuﬂdmun %" F’ruductluﬂprlum\, "%Production Y

Call Configuration Inputs
Add new call configuration Input

Input ID: | Availability Matching Name YoAvailability % Description: Working Sample: | true:false *
Input ID: | DueDate Matching Name %DueDate% Description Working Sample: | 1.3 x
Input ID MedicalCondition Matching Name %MedicalCondition% Description Working Sample: | truefalse : 3
Input 1D ProductionPriority Matching Name %ProductionPriority% Description: ‘Working Sample: | true:false *
Input ID WaorkerResilience Matching Name %Resilience% Description Working Sample 06,03 3
Input ID UTEExperience Matching Name %UTEExperience% Description Working Sample: | truefalse ®

Figure56 OLIVE Microservice Configuration Interface

The automatic instantiation directly from the modelling tool, was added as an extension to the version descri
D4.2. The extension is based on the concept intr@8u2ed in

The automatic instantiation reduces the manual configuraticallefisruses to quickly deploy, change
and test the defined rules in a service. Further, different environments can be connected, allowing them to
deploy the rules in a testing or productive environment.

Worker Able 0O

~-7 |Worker at Line O

Warker at Line

.
i

-y

/ \\

Medical ( ) Worker
Awvailability I'BSI|IBI"ICB> Groductmn F'r|0@ (Due dates)

Figure57. Example DMModel withMicroservice Definitidbject

Expenence on
the UTE
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To achieve this, the standard DMN language was not enough and had to be extended to not only contai
decision logic but also allowing to save technical information needed to instantiate the service. Therefore
enhanced the BBg tool and its DMhblaage with an additional concept which Wei@alssslvice Definition

(shown as the green b&kgaré7). This concept allows to specify the information needed to instantiate the rule
based decision service within a r@inigController. As prerequitit generic connecter implementation

for the decision service must be implemente@LilVE@ontroller. This generic implementaticem is
instantiated with the information provided in the model, which together with the decision logic is then gather
the modelling tool and sent ©LtRéEEontroller, instantiating a decision service, which can then be called over
a REST interface.

Before the decision service can be instantiat€dl dviEhstance, thdicroservice Definibbject must be
created and related ixeaision (DMbbject using tAssociation (BPM&lation. An Example of such a model
can be seenkiguré7. Theinstantiation can be triggered in the modelling tool Bgcig&ingervirethe
menu bar and thestantiate Microservice.

The information that can be added to the model isFshored8inThe First three attributes are used only
internally in tmeodelingpoltoidentify the object and adapisitgalizatiomhe important information for the
instantiation of the decision service Gd ¥iEcontrolleattribute. Here the base URL of theOuded
controller must be provided. For FAIRWork we set up an instance on the server provided by JR.

The informatiafterwariés separateidtoinformation about the microservice and the operation. More detailed
information abddk IVEand its concept of microservice and operations can eLfMEBzdtioni, 2021)

For thisectionit is important to know that a connector is a generic implementation of an endpoint, which can
instantiated and configured to fit a specific case. A microservice is a collection of instarhiata connectors
configured to be used togetherattributedthe decision service are the following:

9 Microservice idThis is a unique ID for the microservice on this inst&id&/Bfdheoller. If an ID
is provided it is used to create or update and existing microservice. If this ID is empty, a new service
a unigue ID is created, which is then saved in the model. If the microservice ID tileg2idy/EXists on
instance, the provided operation will be overwritten.

M1 Microservice namé&his is humameadableame for the microservice.

DescriptionA short descriptafithe service.

9 Operation nameAn identifier for the instantiated connector, which is unique within the microservice. |
this name already exists for this microservice, it will be overwritten.

9 Operation descriptior\ shordescription of the instantiated operation.

Operation is autostai€heckbox to define that the operatioaustartatically

9 Operation is defaulCheckbox to define that this operation is the default operation of the microservice.

=

=

1¥Falcioni, D., & Woitsch, R. (20RIYE, a Mod&lvare Microservice Framework. In E. Serral, J. Stirna, J. Ralyté, & J.
Grabis (EdsThe Practice of Enterprise Mo@ghin§099). Springer International Publishing
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Microservcie definition for DAI-DSS Prototype (Microservice Definition)

MName:
| Micreservcie definition for DAI-DSS Prototype]

Show operation name
[]Show clive centroller

Olive controller:

| https://digw575.joanneurmn.at/micro-service-controller-rest/ |

Microservice information

Microservice id:
| 386a6ec-b3d3-44d6-88b4-62e20969fb T4 |

Microservice name:
[ FAIRWork Rule Decision Service |

Description: O

This is a Test Servcie for the automatically created servcie

Operation configuration

Operation name:

Line Assignment |

Operation description: O

This operation supports the decision if a worker should be assigned to a specific
line.

Operation is autostart

[] Operation is default

Figure58 Attributes of the Microservice DefinitintellingConcept

The sources for the Bigeextensions can be found in:

9 https://code.omilab.org/resemogects/fairwork/decisemvices/bagpdmnpextension

To use this extension, one cannot instaltthetBekbut must install the AB@stamodiég platform and
import the library. More information can betfei@itLab repository.

Independently, if the decision service endpoint was instantiated manually or automatically, it is available :
OLIVEREST endpoint which can be used by-b@3t¢hestrator. Additionally, a test interface is available
which can be opened on the web interface, by choosing the microservice, theanthelichethtdrest

a CallAn example for fB&IVBveb interface is showFRigures9

12https://www.adoxx.dagtessed: 8.1.2025)
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Microservice Management - / K 2 2 é é a A

Microservice |D: or I FAIRWork Resource Allocation - I Delete Edit Create New Upload Download
A v
Operation Mame: Line Assignment nent ~ @ Stat | Stop | Testacall h LJ ﬁ a
Select a Microsenice Operation A
Line Assignment Assessment L y. u S N I
Worker Allocation
Worker Allocation Configurable / K 2 2 é é h LJ‘
Worker Allocation Direct A

Figure59 CLIVEControllerinterface

This opens the windows shokigunQ Here, values for the defined parameters can be defined, and with the
Text a Cablutton, the call can be made. When it is finished, the result is also shown in this window. But t
endpoint can now be called with any tool that is able to make POST HTTP calls. The concrete endpoint fc
configured decision service can be fthmtest interface und@&ST Endpoint.

After this configuration, the endpoint, making the decision can be integrated into thermakéngll decision
procedure created within théBA&l

Call Microservice with |D: 29f0860d-3be8-4371-83fe-614e67be4617 Operation: lineAssignmentAssessment

Microservice Required Inputs Custom Rendering Algorithm
true;false ’
Availability Javascript algoritm that "return” a DOM object.
A The algorithm can access the microservice output content
1 using the variable “output”

DueDate

MedicalCondition ™ falee

ProductionPriority truefalse

B
WorkerResilience | 0603

UTEExperience | TUeifalse

Test a Call

Miscroservice ID: 29f0860d-3be8-4371-63fe-614267bed 617 SRS S I A0 2
: e

1
POST Endpoint "DecisionResultlist": [
http://digva 75 joanneum.at/mi troll /callVi Forced?mi |d=29f0860d- I
3be8-4371-83fe-614e67bedB 17 1
POST Input Data "WorkeratLine®: 1"
i

1
"Availability”: { [

"value”: "true;false” g

b “"WorkeratLine": 8"
"DueDate”: {

"value": "133" ]
1 1
"MedicalCondition™: { T
"value": "true;false”
b
“ProductionPriority”: {
"value": "true;false”

Figure6Q OLIVE Test Interface

3.5.1.4 Reliability

This experiment and the general procedure that comes with it (ashAtiRWEES iB, suppornteliability

by using conceptual models to understand the decisfadhdogfiskeholders. Diagrammatic conceptual
modelling, as a purposented abstraction of complex systems or situations, enables stakeholders to bette
understand how the decision is made. To understand the decision scenario and configupethéneecision sup
related methodology uses steps which are again supported bynodetstaating in a workshop and later
defining it in more detalil
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Further, the automatic reuse of the modelled information to create the decision service directly uses the cay
knowledge without the need to manually translate therefore reducing the possibility for human error durin
translation. Additionallynohef the decision logic independently in models enables us to instantiate the decisiol
service in different environments, like an experimentation environment or a productive one. As the model sta
same, the resulting decision service will bebarethay.

This experiment was usethadyzeind showcase one possibility of using modelled information directly as input
for decision services, for one symbolic Al approach. In other experiments and services within FAIRWork,
ways of using modelled knowledge as input for decision $eisicestelxt further work focuses on how
different services can be integrated with conceptual models, to ease the knowledge exchange. Future work fc
on both sides, what must the modelling method be able ta capitinefimrctionality must be supported.
Additionally, the service design must consider the possibilities for configuration or understand the mod
information as input.

But not only individual implementations on both sides (modelling tool and service) should be considered
general characteristic should be identified to ease the future integration of new modelling methods or sen
increasing the flexibility cdiplpeoach. In OMILAB this integration is used and will be further explored within thei
Digital Innovation Environment (Rtiere a flexible usage of despeadific modelling methods with services

is needed to establish early experiments to emaltstedrideas.

3.5.2 Decision Support through Decisionelre

This section describes an-statye experiment for using decision tree as configurable decision services with the
DAIDSS. Therefore, the aim was not to create one decision tree, best suited for a specific decision but to an
if and how decision ¢rean be adapted to new or changing decisions. Here, a configurable service should b
used to allow the creation of different trees for different decision problems.

In the context of this decision service, eoasedehpproach was also used. This aligns with the concepts
introduced in secth.2 The difference to the service introduced i13 Setiiba ruldased service) is that

decision trees are counted to machine learning approaches, meaning that they are not created by definin
concrete knowledge but by providing data, and the decision tree is derived from it. The models in this expel
should be used to visualise the decision tree so that users also have a visualisation of how a decision is r
Having a comprehendible visualisation capability is also one benefit of decision trees. Additionally, the m
should be used to creataraising data for the decision trees.

For this experiment, two parts were crealetidien Tree Resource Allocsiwite and a modelling
environment, where the decision trees can be visualised. As a decision sehdasedaseyticenwas
created, and for the conceptual modelliregigien Model and NotédddiN)mplementation of the-Bpe
modelling tool was enhanced.

The main endpoints are the one for triggering a training of a decision tree and the one where a decision tre
be used to provide an answer. For training the different parameters with their values, the wanted output al
identifier must be providedgé€tting a decision, the parameters and their values must be provided. The additione
provided endpoints can be used to gather information about the available decision trees.

To use the conceptual modelling approach;Upead#enust be installed, and the extension must be loaded
into the modelling tool. More information on that can be fexpdroneghts GitLab gagehis extension

13https://code.omilab.org/reseanjbcts/fairwo(kEcessed: 18.02.2025)
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uses the DMN models, which is already available and adds to functionalities. They can be triggered in the mo
tool by opening thgport/Expardmponent, then clickodeand choosgend Decision Tmreoad Decision

Tree An example model for a decision tree can also be found on the Giibalsirpjestides the steps

on how to trigger the functionality.

I Bee-Up 1.7: Modelling Toolkit (Admin) - [Bee-Up Start Page]

i_ Model | Edit DMN decision servcie Extras Window Help Export

ADL Import = 7. ort/Export fat 3 ’g v \‘:‘) i jﬁ[ 3}:
ADL Export
Export Exercises |~ G0 & | ZT =i

]
@

XML Import (default)...

XML Export (default)...

Send Decision Tree

Export for FAIRWork Repository

DMN export
UML Class Diagram 2 Skeleton

Figure6l Triggering Decision Tree Functionality in the Muagid ool

Load Decision Tisdo visualise an already trained decision tree in the modelling tool. Therefore, the identifier
the decision tree and the used endpoint must be provided. Afterwards, the data is gathered, and the decisio
is visualised. An example can be deignrigh2 Additional information about the decision is saved within the
model.

Within this experiment, another functionality of the modelling tool was provided. The idea is that if a new de
case should be supported, one does not necessarily have all the historical data available to train a decisior
Based on the procedateoduced in sect®.2 we want to enable people to create test data for the new
decision based on the established decision process and decision models. For this experiment, it is possil
create moeakp data out of a modelled decision tree, which can be used as trenagia ftecision tree.

This can then be integrated into the overall prototype and evaluated.

For the preliminary experiment introduced here, this data can be created. Therefore, a mbdglrike the one in
62must be createthe leaveare then the end of the decision and must contain the information on what the
result should be. Each other node must contain the possible values for this parameter. The relations in the
must contain the conditions of which path should follosrethbdsded node. Additionally, the highest node

is the root node, containing the information on how the result should be called and what possible result:
available. For example, a Boolean if a worker is allowed on a specific line or rog. Méraiostealitere

is that in this way, the logic of the decision is described and is not necessarily how the trained decision tree
If the decision knowledge should be encoded directly, abasederfgproach like the one introduced in
sectior8.5.1can be used.
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Worker suitable for
line 207

T

Worker Available?

A ®

End failure Medical condition?

SN

Experience with the
line?

E AN

Difficulty? End success

¥ *,

End failure 2

Prioirty of
production of
geometry?

AN

Due date?

N

End success 4 End failure 3

End success 2

End success 3

Figure62 Example of Decision Tree in the Modelling Tool

To save the needed information in the no@endha purpose attrilisitesed. The information must be
provided in JSON format. Below, you will find an overview of the different types of information that must be pr
for the different nodes:

1 Root note
o Example: {"possibleValues":[0,1],"type":"root"}
A Possible values of the outcome of the tree
M1 Leaf:
o Example: {"type":"end","result":0}
o0 What is the result of this end
1 Intermediate node:
o Example: { ApossibleValues":[0,1],"type":
A Possible values which can be defined for this parameter
9 Relation between nodes
o Example: {"operator":"=","value":1}
A Condition when this path is followed. Consists of operator and value

Thisservice was not changed from the one provided in sectiohlR\&@R42.

Implementing the prototype gave us insight into how to combine conceptual modelling with the decision sel
but was not further investigated as thasedeapproach seemed better fitting to the project. Further, machine
learning approaches are &ed by other partners, and therefore we focused on a symbolic Al approach with the
rulebased system, which also enabled us to use it together with conceptual models.
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3.5.2.1 Reliability

The reliability in this prototype is based on using conceptual models to support the explainability of the de
scenarios. The idea for this experiment was not only to reuse the modelled knowledge but to enrich model
information from the-D85.This concrete experiment was not further developed, but the idea was taken into
the general approach for integrating information into models, which BAl&atdRel. 1

3.5.2.2 Outlook

This experiment was not further developed, as other approaches were pursued within the project. But one
idea of representing the results of the decision service within models was taken and further developed il
conceptual modelling research fia8kRWork3.3.

3.5.3 Resource Allocation using Neural Networks

The Resource Allocation using Neural Networks aims to assist in the decision of allocating workers to machi
a fair manner within a production envirgiltoeating workers to machines is a routine but crucial task in
manufacturing industries. Decisions must be made daily regarding which worker is assigned to operate v
machine. Traditionally, experienced employees manually handled this di@fatsgmdashe

The allocation process, initially performed manually by experienced employees, generated substantial hist
data over time. This historical data comprises past allocations and is a valuady¢im@ztinesviorker

machine assignment prodéssallocation performed by experienced employees is a function that maps availabls
workers to specific machines. This function can be approximated using a neural network, allowing the netw
learn and mimic the solution strategies employed hyeexpenidoyees without explicitly encoding them.

The neural network employed in this project was implemented using the PyTorch library, a powerful tool for
learning applications. The primary objective of the neural network is to predict the "final allocation" columr
given table based on vaiimus parametdseeFiguresd. By leveraging supervised learning techniques, the
neural network is trained on a diverse dataset, encompassing numerous examatasre altw&ations.

This iterative learning approach enables the neural network to discern complex patterns and relationships inl
in the historical data, effectively capturing thendakisgstrategies employed by experiencegasmplo

during manual allocations.
Worker Worker Final
ID< Available Allocation
1 . 1

100001

» »

100002 0 0

100159 1

Figure63 Neural Network Resource Allocation

The data structure used in the demonstratswaleenh tabular form(aeeFiguré4). The central challenge

revolves around predicting this table's "final allocation” column. The neural network model, implemented
PyTorch, is made accessible throug8TARI, providing an interface for interaction with other components.
The deployment of this neural network on a server is documented with the Swagger Documentation Stan
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which enhances accessibility and usability, allowing users to submit their data and receivélpredictions via a
web browseFhe Swagger Ul is incorporated purely for documentation and tésttharpeses| system,
the orchestrator interacts with the servi¢€$Rsalls.

e,

Worker Final
Available Allocation
1 1

10

10 10
10 100001
11 .. 100002 0 0
11
100159 1 1

Figure64 HistoricData

The training process involves adjusting the network's weights amihbiazésetalisparity between the
predicted "final allocation" and the actual values in the tfgingegheeuality of historical data significantly
influences the effectiveness of the Batsexh Resource Allocation Service. Since the neural network learns
from past allocations, any biases, inefficiencies, or errors in the historical dataiwilhee eftaisiohs.
Highquality dafacharacterized by consisye accuracy, and optimal past allatatiaides the model to

generate reliable and efficient solutions. Conversely, if the historical data contains suboptimal decisi
inconsistencies, or incomplete records, the service may replicate thdisgy ftavisefiégient or biased

resource distribution. Therefore, ensurbgguhighh i ty training data i s c¢cr uc
performance and achieving optimal allocation outcomes.

3.5.3.1 Reliability

Resource Allocation using Neural ndtifdidte reliability factors to a high degree, though its effectiveness
depends on data quality and system integration. Accuracy is largely achieved through machine learning m
that analyze structured input data; however, its reliability dependsabnetiseofdhe data provided.
Consistency is maintainedeyal networksat ensure uniform allocation principles, though discrepancies in
input data may still introduce occasional inconsistencies. Completrmgssriediad! long as all relevant
workforce, machine, and task information is available, but missing or outdated records can limit its effective
Timeliness is highly dependent on the data update-fregiiiemewr neaealtime updates enable dynamic

and responsive allocations, while outdated inforrmationecafficiency.

3.5.3.2 Outlook

Theperformanazn only be validated within a validation environment at CRF. As the amount of historical date
limited, it would need to be tested in the existing environmenipéttaroeanicevaluation is still an open

point. Alsdh¢ algorithm is trained to allocate workers for one specific plant. The way it is designed it can be tra
for other plants by inputting the corresponding historical data.

3.5.4 Resource Allocation using Linear Sum Assign8wwuer

The Linear Sum Assignment SalvBumSolver) deals with theassein assisting in theigbn of allocating
workers to machinglse problem instance has several vemttees/eral slots on a machime machine, or
more specifically, one order processed on a machine, requires different amounts of workers to accomplist
order on the specified nmecBome workers cannot perform certain tagkerafole, nbe assigned to
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specific slotBor a given cost function that defines how "good" or "bad" the assignment of a worker to a spec
slot is, a cesptimizizon problem can be determiinisdrequired to assign at most one agent to each slot and
at most one slot to each worker to mirenhitel ttost of the assignment.

Assignment Problems are a generic ciasblahs, andptimizatiotibrariedike Google GRvols have
specialized solveos tertain assignment problemthe case of the demonstrator, one can represent the
allocation problem dsreear Sum Assignment problem. An gxanlglenstancés visualized Figuress

Worker Slot
® ;
Order 1
@, 5
® :
S
Order 2
® :
:
@ S
Not assigned
to order

&)

Sn

Figure65 Problem Instance in Linear SAssignmenGraph Representatic

Every order introduces several slots, ergndédsa that need allocatioiode is introduced for every worker,
regardless wfether that worker is prebdgfigures5 order one introduces $lads; order two, four skus.

everyworker that is suitable to be assigned to a slot, an edge is introduced betweeditigethedeceker

and the slothe cost functidetemines the weight of the eéblge cost function can be any composition of
functions and mapping of the properties of a worker and the order that results ifheisgalemesitadion

of thdibrary requires that the number efjlals the number of workeradhere to that requirement, one

can introduce rasgsigned slotsor everywrker and every 4agsigned slot, an edge is introduced with a
constant weight thatssigremum of the cost fundtiat.way, optimizing the cosbstélsponds to optimizing

the assignment. Theassigned slot weight offsets the total cost, which does not influence the cost optimizatiol
The cost of assigning a Worker to a slot can be organized in a matrix.

This service efficiertigures optimal allocations by meeting machine requirements (e.g., each machine needir
¢ workers), respecting worker constraints (e.g., skill limitations preventing certain assignments), and consic
personal preferences. By integrating linear sum assignment, the solver guarantees mathematically op
workforce allocations. Unlike tiewismachidearningpased approaches, this method provides provably
optimal solutions thelance productivity, efficiency, and worker satisfaction. The result is a streamlinec
assignment process #rdtances operatioafficiency while ensuringdas and compliance with workforce
constraints.

One limitation of the Linear Sum Assignment Solver lies in its computational complexity, sspézially for large
problems. As the number of workers and machines increases, the size of the cost matrix grows exponentially,
can lead to significardcpssing time3hus,they can become inefficient when handling highly complex
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assignments with large datasets. In such cases, the time required to find an optimal solution may increase, n
it less practical for 4tgak or larggcale applications without further optimization techniques or approximations.

The reliability of the LinSumSolver is shaped by several key factors, includingistecungagompleteness,
timeliness, and the effective use afdiised weights for goal prioritization. The LinSumSolver guarantees an
optimal solution by considering predefined goals, which are prioritized according to the weights assigned
user. Conflicting goals are resolved by favoring those with higher weights, ensuring that the allocation align
the most critical objectives. However, thefghalisplution heavily depends on the accuracy of the underlying
model and the appropriateness of the weights, as these directly impact the final allocation. Accuracy is ensu
long as the input data and cost matrix are correctly definedn llattzworsaight assignment can lead to

subopti mal outcomes. Consistency is maintained t
same optimal result is produced for identical inputs. Completeness depends on the full répresentation
constraints and goals within the model, with mi.
accurate solutions. Timeliness is influenced by

with larger datasets aondencomplex scenarios. Overall, the service is highly relisledoradlismaller
scale problems but may face challenges with very corgulabe &mgjgnments.

The LinSumSolver could serve as a benchmark for small planning horizons, offering optimal solutions tha
validate or calibrate more complex algorithms used in services with longer planning horizons. By providing a r
standard for comparis@ayitsupport the development and refinement of advanced planninggoals,for large
longterm resource allocation scenarios.

3.5.5 Production Planning Service with a Hybrid Approach

This service addresses thease of assisting in the decisions about production plarsingegtierss for

resource allocation for the production plan are made. This service provides a suggestiopldonangvo

horizon (sdeigurés6) in two steps. First, it solvesshimbproblem by developing a schedule for the production
which includes which parts are to be developed on which machine at which time and order. Second, it assig
workers to the tasks. That way this combamatifier a full production plan based on an order list and shift plan.
Therefore, thombines Constraint Programming (CP) for job shop scheduling and Monte Carlo Tree Sear
(MCTSkgs a Reinforcement Learning approach for worker allocation. This hybrid methodology ensures
optimized production schedule while efficiently assigning workers to tasks, balancing both machine utilizatio
workforce constraints.
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Production Plan Week 49

Monday Tuesday
Line Shift Part(s) Amount Worker(s) Part(s) Amount Worker(s)
55555 600|Michael Jackson 44444 250|Elton John
Jimi Hendrix 33333 700|Tina Turner
1 Bob Marley
17 55555 6001J i
ohn Lennon 22222 1540(|Led Zeppelin
Evis Presley
2

Figure66 Extract oProductionPlan (one line from several, two days from two weeks)

The first step in the service@B&s solve the Flexible Job Shop Problem by determining an optimal production
schedule. CP formulates the scheduling problem as a set of constraints, such as machine capacities,
dependencies, and processing times, and systematically searcleesolatiteesilbhile minimizing costs. By
applying constraint propagation and systematic search, CP efficiently allocates tasks to machines, ensurin
machine utilization while meeting production deadliegsliofikis stage is a structured production plan
specifying which tasks should be executed on which machines, at what times, and in what sequence to ac
optimal workflow efficiency. However, CP alone does not scale welaflorcatiokfolwe to its computational
complexity, necessitating a separate approach for assigning workers.

Once the machitask assignments are determined, the second stage employs Monte Carlo Tree Search (MCT
a Reinforcement Learning technique, to assign workers to tasks. IGES ferveuential decision

making problems like workforce schealsillingxplores possible wtakkrassignments through simulated
rollouts, evaluating different allocation strategies before selecting the most promising one. This method acc
for worker availability, skill constraints, and workers preferengean emstimal and adaptive worker
distribution. Unlike CP, which struggles with the complexity of worker allocation, MCTS dynamically exp
different assignment strategies and refines them based on performance feedback, making it sealable and ada
to changing conditions such amilaste worker absences or priority shifts.

By integrating CP for job scheduling and MCTS for workforce aliecaterprihedes a comprehensive
production planning solution that efficiently coordinates machine utilization and worker assignment. This t
approach ensures that production schedules are -bfitictisestand operationally feasible, improving
prodictivity while maintaining flexibility in workforce management.

The reliability of the Production Planning Service depends on accuracy, consistency, completeness, and time
as well as the strengths and limitations e$tiigénaptimization approach. Accuracy is generally high, as CP
guarantees optimal or sogdimal job shop scheduling, while MCTS explores numerous worker allocation
strategies to refine solutions dynamically. As MCTS does not rely on prior training and remains robust a
different problem instances, making it adaptable. Consistenay &Pstwehich always produces the same

result for identical inputs, whereas MCTS, as a probabilistic algorithm, may generate slightly different w
allocations between runs, though it converges toward optimal solutions over time. Corvplétehess is achie

all constraintsuch as machine availability, worker skills, and productiearprimoiesly defined; missing

or inaccurate input data can reduce solution quality. Timeliness is a crucial factor, as MCTS requires suff
computatioheesources to generate-igility solutions. While it is an algorithm, iheaningturn a result
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within a set time framdeast 5 seconds of comgtitne is typically needed to achievepimaal results
Overall, theervice delivers reliable anebhiglity production planringits effectiveness depends on problem
complexitgndavailable commgresources,

The integrationG® for job shop schedalhCTS for worker allocdtzamndemonstrated strong optimization
capabilities, balancing structured detsioy with adaptability. However, there is significant potential for
further enhancement. One key area of improvement is incexadaliglitheand generalizabilitthe
Reinforcement Learning apprdachchieve this, we plan to incorporate advanceraasferable and
generalizable RL technigereabling the system to adapt to new and unseen problem instances more effectively

Additionally, we aim to refinRIGIIS framewdnk integrating-diven innovations inspiredilyaZero and
MuZeroThis involves leveragiegp learning for policy and value estialltveng MCTS to become more
efficient and adaptive over time. By combibauirsetboking learning of, Rhbich extracts patterns from
historical data, withfdrevardooking simulations of M@H&:h optimizes future decisions, we seek to develop
aunified and intelligent deemitking framewofkis irgration would pave the wiefaral MCT &aking

the system more flexible, scalable, and applicable to a wider range of complex production planning and worl
allocation challenges.

3.5.6 Resource Allocation MA8sed

In the evolving landscape of the manufacturing industry, thdAa8ivesntinodrked a paradigm shift in how
resource allocation is approached and manddgeithgenbased prototype for resource allocation was
developed for the &S prototype. This is an Al service aiming to provide a viable solution to support decisio
making in industrial use cases. The aim of this prototype is to consgliesscharlacierivorker resilience

and preferences in the deaisaking process of allocating wad<groduction lines.

The system was developed using thé&* fraBiEworkhrough objectiented programmimigh the Java
programming language, which provides a set of tools to manage and deploy autonomous agents in distril
environments. This framework is interesting for its ability to facilitate communication and interaction an
industrial agents andfing one of the most widely used in industrial applications.

Two stakeholders were identified: the worker and the production line. The production line needs to have wc
allocated to carry out production during work shifts. This allocation takes place according to parameters ide
in the business modeling.ese i ncl ude the workerodés availabilit
lines, their resilience regarding physiological and psychological strains and whether they have previous expe
working on specific production lines. Fuehérenaumber of required workers for each line, whether the
production is mandatory or not, and the remaining days for the required order are also considered in this prot

In terms of the explainability of the current prototype, this algorithm can be described as follows: in order to p
support in deciding the most suitable workers for each line requiring worker allocation, this algorithm take:
consideration therkeys registered in the form of a pool of 159 workignsré&@e The agent representing

a specific line requests a certain number of workers to be allocated according to the production priority an
order due date. The agents representing the workers calculate a score for each worker based on each wo
resiliace and preference for working on the specific line that requests their allocation. Currently, a weight of
is given to the worker's resilience, and a weight of 35% is given to the worker's preference. Based on this ¢

14JAVA Agent DEvelopment Framework.{@20&23)ade.tilab.com/
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the worker agents are ranked, and the fittest ones are recommended to be allocated through a negotiation pr
carried out by the Contract Net Protodeat(seg8andFigures9.

Production Lines

@ @ @ Ranked Workers
e

Rank 1: Worker x4 Rank 1: Worker Rank 1: Worker z4
Pool of Workers yi
Rank 2: Worker X2 Rank 2: Worker yz Rank 2: Worker z;
Worker 1 Worker 2 Worker 3 Outcome Rank 3: Worker x3 Rank 3: Worker ys Rank 3: Worker z3
) Rank 4: Worker x4 Rank 4: Worker ys Rank 4: Worker z4
Worker 4 Worker 5 Worker n Rank 5: Worker x5 Rank 5: Worker y5
Rank 6: Worker Xg Rank 6: Worker yg

Figure67. MASbased Worker Allocati®ynamic
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Figure68& UML Sequence Diagram of the Makintbased Workload Balance
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Figure69 Worker AllocatioAgentMessageExchangeExample

This Al service focuses on the multiplicity, scalability and decentralisation aspects where multiple agents c
deployed in multiple production lines spread along the factory. The number of existent agents can vary ovet
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and the system can deal with this dynamically, adapting to the available agents and recommending the wc
that best suit the particular line.

This applicationMASfor resource allocation in manufacturing not only represents an interesting approach t
workforce management but also represents a form of integration between Al technologies with humans play
core role in the task involving people and machiageatB)gidll services into degrsading processes, this
prototypeorioritizegactors like worker resilience and personal preferences, ensuring a-gantéchuman
approach to industrial operations.

Reliability in MAS comprises robust communication, fault tolerance, and adapkiveydpsioitities. The
development of agent systems in closed environments is particularly advantageous for industrial applica
where reliability and congigtare paramount. Closed environments provide a controlled setting, enabling the
system to function with consistency and precision. A key benefit of closed environments is the controlled
population. In such settings, the behavior of agedtfineaedind their interactions are carefully designed to
avoid destructive competition or defection. This level of control significantly reduces uncertainties that ¢
otherwise arise from the introduction of unverified or unknown agents.eAciliticikdty ntture of closed
environments facilitates testing for industrial applications. Comprehensive testmmimirtheartk of

unforeseen errors during operation, further enhancing system reliability. In industrial agplications sucl
manufacturing, the reliability of MAShisgutiable.

Another relevant aspect is the standardization of agents. Predefined protocols and stand&@k such as FIPZA
(Foundation for Intelligent Physical Adgetst Communication Language) ensure consistent communication
and interoperability. FurthermorE, (Jaiza Agent DEvelopment Framework) ensures reliability in MAS through
its modular architecture and robust agent management features. It provides a middleware platform that adhe
the FIPA standards. It supports fault tolerance by enablingeagantregplication, ensuring that the system
remains operational even in the event of individual agent failures. It facilitates the creation of robust MAS st
for both research and industrial applications. With tools for monitoring agedADEefaciidates the

creation of MAS suitable for both research and industrial applications.

Ultimately, the structured design of MAS developed makes them safewitldrchraplaEmequirements in
terms fo reliability. The systematic approach ensures that MAS can deliver reliability

The Ethical Watchdog Agent was developed to provide decision support in order toral@kettte dagision
preestablished and previously analyzed factor in the process that is infringing on an ethical issue. Therefore
aim of this watchdog sotand an alarm every time the result of a worker allocation process infringes an ethice
rule observed by the watchdggrerOillustrates the process in which the watchdog operates.
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System’s decision
Negotiation y

Balance of: Decision-maker f: Watchdog
- Workload, preferences, ; : raises alarm

demographic aspects

Workers

Figure7Q Watchdogdraising theAlarm

The negotiation for allocating the most suitable workers to a given production line takes place taking into ac
data such as the resilience to carry out the given task on the line and the worker's preference. Also, impc
parameters foonflictesolution were added to the newest version of the prototype. Whenever the score of .
workeisassigned ties, a parameter for experience on the line andglay staiienmprovinthe conflict

situation. Job Rotation is the value that refraserggetitivealye givemvorker has been assigned to the

current task in a sequence, with the experience on the lineneaisumatyw many times the worker has
beerassignetb that task since they began working in the factory. The result of thisdirgtoeecdy the

score formed by the workerodos resilience and pref
rotation and experience on the line parahheterafter this first round, the watchdog analyzes whether any

the parameters it monitors have been trespassed. In this example, the result of the allocation was 5 work
gender male. However, for this demographic variable, it was expected that the result would include at leas
workers of gender femadeatid to this production line. The Watchdog Agent then raises the alarm and inform:
the decisiamaker which parameter exceeded the expected value for the given ethical issue.

Figurérlillustrates the rest of the proce$sgurdr3isan example of the watchdog message exchange in the
JADE interface. The decisiaker receives the alarm sounded by the watchdog as input, and being responsible
for triggering the renegotiation action, does so. Then a second round of negonhteintbhegiasameter

monitored by the watchdog is observed. Finally, the system recommends a solution in which that parame
obeyed. At the same time, the workers' resilience and preference are also observed in order to provide a resi
simultaneoushaintains attention to the parameters that led to the result of the first negotiation and that are des
for production.

@ ® =
o ﬁ%ﬁ

Asks for New decision addresses

Decision-maker takes r N de
watchdog output renegotiation ethical issue

Figure71 Renegotiation t6omply with th&Vatchdog

The final result shows that three walrkemsale gendeere recommended for allocation, which is in line with
the ethical standards previously established. One can see the UML sequdfigaréf@gram in
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sd FIPA CNP protocol (adapted for renegotiation) )

LineAgent WorkerAgent WatchdogAgent
negotiation until .
the criteria : ' '
are met ! ! '
'°°p) : call for proposal o '
alt : refuse '
E i calculate i
i : price :
i propose :
: decision-making ! :
' [ mechanisms ' '
. alt reject proposal
accept proposal :
provisional (waiting T:I
; confirmation from -
! the watchdog inform results N
: agent) e : analysis based on
E : ; predefined criteria
' : : |: (e.g., age)
E alt : _ request renegotiation based on predefined criteria
_..J._| renegotiaton | : .. L ______________________________________________
begins (loop) inform ok

'
'
'
'

»— |end of (re)negotiation

Figure72 UML SequendgagramUpdated foRenegotiation with the Watchdog Agent
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Figure73 WatchdodvessageExchange afteRenegotiation

InFigurer4 one can see the result of the decision process and the WatchdogAgent in action. For Line 17,
result of the first negotiation violated the age criteriaV&naggigeworkers must be under 30 years old)
established for the ethical matter in this scenario. Therefore, the WatchdogAgent signaled that this criteriot
not met. The decisinaker then has the option of asking for a renegotiation that includes thermaigati

this criterion, or they can choose to maintain the original allocation recommendation. In this example, the de
was to trigger a renegotiation in order to choose the best workers for the job,diltothethisalroster

(minimum average age and gender distribution). In the field below the figgiunegotfattbthe result of

the renegotiation and see that both ethical criteria have been met. Theshme appkes Line 20, no

ethical criteria are met in the first negotiation, since it only includes the resilience and preference factors of
workers. Therefore, when the deuigk@r opts for renegotiation, the best available workershahe gointly

average age of less than 30 and atéasbinen are recommended for allocation.
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Figure74 Interface for thAgentbasedService

In this way, an instrument is made available to support the decision maker not only with data relating to prod
and preference issues, such as the data relating to human resilience and preference, but also to offer an an
of the ethical facttwattresult from that recommendation, always aligned with the factors of interest to be observ
in each specific use case

The development of a Mgkinbased service prototype within tiBSZAframework demonstrates the
significant potential of integrating {eemtaic considerations into industrial d®eakiog through a
decentralized and agentic perspectives Backoas worker resilience and preferences play a decisive role in
representing human integration and representation in thea#teaisjignocess. It showcases a scalable,
decentralized, and adaptable system capable of managing workforceratoctibarliteep highlighting a
humarcentric resource allocataord contributingp future advancements in deeasigport systems in
industrial contexts.

Looking ahead, the integration of MAS with LLMs in resource allocation offers an excitidggBedtier for MAS
applications. LLMs can enhance MAS capabilities by providing advanced natural language understanding, en
richer and more intuitive ittierss between agents and stakeholders. This integration will help the incorporatior
of complex, contaxtare human inputs and further refine aeaisianprocesses in an agentic approach. This
agentification allows for more efficient communazagivinettivision of tasks in procesbedemands of

LLMs. It is advancéowards more autonomous, intelligent, anéhligmednindustrial systems that further
embody the principles of Industry 5.0.

3.5.7 Truck Loading Service

The truck loading service is an experiment that aims to optimize container loading on trucks in terms of fillir
volume of the existing trucks of different sizes and therefore, to use the least amount of trucks and ass
decisions regardingthesed ai ner sé shipment. This service ai ms
the decisiamaking steps involved in container placement and truck selection. The correlating contain
dimensions with truck capacities, the service devisesdtmayiirsgtisat maximize space utilization.

The truck loading service takes the shipping plan and the relevant logistical data as inputs to determine the o
container pl acement and truck allocation. It be
requirements of the contgmneducts. Once the shipment is deemed ready, containers are loaded into trucks,
and the system analyzes truck saturation to identify any free capacity. If a truck is underutilized, alternative

Copyright 205 BOCand other members offRAERRWorkonsortium
wwwiairworprojeceu Pager9of108


























































































