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EXECUTIVE SUMMARY 

This deliverable, ñD4.3 ï Final DAI-DSS Prototype, Documentation and Test Reportò, provides a comprehensive 

overview of the final implementation of the DAI-DSS. Building on the foundations established in ñD4.1 ï DAI-DSS 

Architecture and Initial Documentation and Test Reportò and ñD4.2 ï Initial DAI-DSS Prototypeò, this document 

details the integration, orchestration, and deployment of the components for AI-based decision-making within 

industrial applications. The prototype is designed to enhance operational efficiency and support decision-making 

for various scenarios. In this last version, the DAI-DSS Prototype extends its applicability across multiple industrial 

use cases, including workforce allocation, production planning, machine maintenance, and validation of documents. 

The demonstration materials can be accessed via the following link: 

https://innovationshop.fairwork-project.eu/ 

By leveraging a modular and scalable architecture, the system facilitates the interaction between AI services, UIs, 

and structured data repositories. The implementation of DAI-DSS consists of several integrated building blocks: 

The DAI-DSS User Interface collects multiple UI components for the different scenarios and AI services to enable 

stakeholders to visualize data, interact with decision-making tools, and monitor industrial workflows.  

The DAI-DSS Orchestrator component serves as the central coordination engine, managing workflows, 

microservices, and AI-driven recommendations to ensure the system operation. It includes different approaches 

that range from centralized to decentralized prototypes. 

The DAI-DSS Configurator consists of a tool designed to enhance decision support systems through configuration 

and integration frameworks. It consists of the Configuration Framework, which assists in creating decision models 

and strategies, and the Configuration Integration Framework, which generates system configurations. It allows for 

microservices and workflow configuration, featuring an interface with a wizard for UI components combination. 

The DAI-DSS Knowledge Base is 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 REST 

API for data retrieval. 

The DAI-DSS AI Enrichment incorporates various decision-making techniques and AI services, including neural 

networks, decision trees, constraint programming, Multi-Agent Systems (MAS), Large Language Model (LLM), and 

retrieval-augmented generation (RAG), to provide tailored recommendations and automation support. 

The final DAI-DSS Prototype delivers several advancements over previous iterations by 1) supporting AI-driven 

decisions that aim to enhance decision-making and information access with different AI techniques while including 

reflections on AI and data reliability, 2) ensuring scalability and adaptability of the system by its component-based 

architecture that allows for integration with various applications and expansion into new domains, 3) advancing 

data utilization and processing with efficient storage, retrieval, and processing of industrial data, in the Knowledge 

Base and Vector Databases and 4) proposing a flexible approach to enable the extension with new prototypes. 

The DAI-DSS marks a step forward in AI-powered decision support for industrial environments. Its modular and 

scalable architecture provides a foundation for future AI enhancements, data integration, and broader enterprise 

adoption. In particular, the results and prototypes aim to be used as starting point for use cases in the area of robots 

in manufacturing settings for example supporting decisons in maintenance or optimal robot-task and line allocation. 

Furthermore, findings and implementations documented in this deliverable contribute to advancing intelligent, and 

effective decision-support solutions in industrial ecosystems, and aim to contribute to future European AI research 

and reference architectures. 

https://innovationshop.fairwork-project.eu/
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1 INTRODUCTION 

1.1 Purpose of the Document 

This document provides the final implementation and prototype of the DAI-DSS of the FAIRWork project. Based on 

the architecture proposed in ĂD4.1 ï DAI-DSS Architecture and Initial Documentation and Test Reportñ and the 

initial prototype in ñD4.2 ï Initial DAI-DSS prototypeò this deliverable captures and documents the updates and 

advances resulting in the final prototype highlighting how the technologies explored in the project are integrated to 

the DAI-DSS. 

The main objective is to outline the final status of the methodologies and processes involved in developing and 

implementing User Interfaces (UI), Orchestration, Configuration, access to Knowledge Base, and AI services within 

the DAI-DSS framework. The document intends to be a comprehensive guide for understanding how the system 

operates including AI service integration, the role of conceptual modelling in decision-making, and deployment 

strategies. It is aimed at stakeholders interested in the composition of the DAI-DSS, its functionalities, and how it 

can be used in industry to support decision-making. 

1.2 Document Structure  

To provide a comprehensive overview of the final prototype, the document is organized into multiple key sections 

ranging from a description of the use cases and problem setting to the development of the individual components 

of the final DAI-DSS prototype. 

As the prototype is extended with new services for other use cases besides ñWorker Allocationò, in Section 2, a 

recap of the use cases provided by FLEX and CRF is given. For understanding each use case is described by a 

short overview of the problem setting and the proposed DAI-DSS solution. 

In Section 3, the implementation of the architectureôs building blocks is approached. Starting with the UIs describing 

the creation and combination of UI components. Then the implementation of the DAI-DSS Orchestrator, 

Configurator, Knowledge Base, and AI Enrichment including the reflection on AI service and data reliability are 

presented. In Section 4, documentation on deploying the various prototypes, including AI services and UIs, is given. 

This section covers the deployment of a modelling tool, experimental services, and the management and hosting 

of AI services on servers. 

In Section 5, some ideas for extending the DAI-DSS capabilities, and in Section 6 current developments and the 

final status of the prototype are summarized and future directions are presented in the outlook.  

1.3 Change History 

All components described in D4.2 are included in D4.3 for completeness and readability reasons. Main changes 

and updates of D4.3 are attributed to 1) the extension with further use cases besides worker allocation as well as 

with additional AI algorithms, 2) the advances in the implementation and deployment of the distinctive building 

blocks of the architecture, like the UI, Configuration, Orchestration or Knowledge Base and 3) reflections about 

reliability of AI and Data. Below the change history is presented differentiating between ñupdated components from 

D4.2ò and ñnewly addedò ones. 

The whole of Section 2 was added newly to recall the challenges of the existing use cases and to introduce the 

new scenarios targeted by different AI services. Section 3 includes updates of the distinctive building blocks 

detailing the final versions of the UIs, the Orchestration, the Configurations, and the Knowledge Base. Additionally, 
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AI services were added to broaden the focus of the initial DAI-DSS prototype from a single to multiple use cases. 

The reliability sections were added as well. The following components were either updated from D4.2 or added 

newly: 

¶ Section 3.1: Integrating User Interfaces 

o 3.1.1 Order Overview UI Component (updated from D4.2) 

o 3.1.2 Worker Overview UI Component (updated from D4.2) 

o 3.1.3 Allocation proposal through AI Resource Allocation Service UI Component (updated from D4.2) 

o 3.1.4 Production Planning Service UI Component (new) 

o 3.1.5 Truck Loading UI Component (new) 

o 3.1.6 Document Transformation UI Component (new) 

o 3.1.7 Machine Maintenance UI Component (new) 

o 3.1.8 Document Compliance UI Components (new) 

o 3.1.9 Calibration Document Validation UI Component (new) 

¶ Section 3.2: Orchestration of Microservices 

o 3.2.1 Workflow-based Orchestration (updated from D4.2) 

o 3.2.2 Multi-Agent Orchestration (updated from D4.2) 

¶ Section 3.3: Integrating Configuration 

o 3.3.1 Multi-Agent Orchestrator Configuration (new) 

o 3.3.2 Configuration Framework (updated from D4.2) 

o 3.3.3 Configuration Integration Framework (updated from D4.2) 

¶ Section 3.4: Integrating the Knowledge Base (updated from D4.2) 

¶ Section 3.5: Integrating AI services 

o 3.5.1 Support the Understanding of Decisions through Conceptual Modelling (updated from D4.2) 

o 3.5.2 Decision Support through Decision Tree (updated from D4.2) 

o 3.5.3 Resource Allocation using Neural Networks (updated from D4.2) 

o 3.5.4 Resource Allocation using Linear Sum Assignment Solver (updated from D4.2) 

o 3.5.5 Production Planning Service with a Hybrid Approach (new) 

o 3.5.6 Resource Allocation MAS-based (updated from D4.2 and extended with new service 3.5.6.2) 

o 3.5.7 Truck Loading Service (new) 

o 3.5.8 Support Machine Maintenance using RAG and LLM (new) 

o 3.5.9 Document Transformation using LLM (new) 

o 3.5.10 Support Compliance for Clean Room using RAG and LLM (new) 

o 3.5.11 Calibration Certification Service (new) 

¶ Section 3.6: Real-World Data Providers (updated from D4.2)  

¶ Section 3.7: Summary of the DAI-DSS Building Blocks (new) 

In Section 4, the updated deployment of the final DAI-DSS prototype is described and extended with new 

components and services. The following components were updated or changed: 

¶ Section 4.1: Deployment of Configuration Integration Environment, Workflow Engine and User Interfaces 

(updated from D4.2) 

¶ Section 4.2: AI-services Deployment 

o 4.2.1 Decision Service Sever 1 and 2 (updated from D4.2 and new services) 

o 4.2.2 AWS-deployed AI-services (new) 

¶ Section 4.3: Cost Factors for LLM Deployment (new) 

¶ Section 4.4: Knowledge Base Deployment (new) 

Section 5 details the DAI-DSS components and their extension for new use cases. All subsections were updated 

from D4.2. Section 6 provides the updated outlook and future directions of the DAI-DSS Prototype. 
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2 FAIRWORK USE CASES 

This section aims to recall the use cases and problem settings described in previous D2.1 and D5.1 and the new 

use cases proposed by the use case partners CRF and FLEX. Each scenario includes an overview of the current 

problem and the suggestion to target it through the DAI-DSS in section 3. Relevant scenarios of CRF include 1) 

worker allocation by assisting decisions about fair worker allocation, 2) assistance in decisions for production 

planning as well as 3) delay of material by assisting decisions about truck loading. Relevant scenarios for FLEX 

are 1) to support machine maintenance through improving information access and 2) scenarios to enhance 

documentation, validation and information access through a) improving the reliability of ñDocumentation about 

Quality Checkò, b) validation of calibration documents and c) improving information access to cleanroom 

compliance requirements. The Table 1 summarizes the use cases which are covered by the AI algorithms. 

 Table 1: Overview of FAIRWork Use Cases 

Use Case 
Use Case 

Partner 
Scenario AI-Enrichment 

Workload 

Balance 
CRF 

Assist Decisions about Fair 

Worker Allocation 

(1) Support Understanding of Decisions 

through Conceptual Modelling 

(2) Decision Support through Decision Tree 

(3) Resource Allocation using Neural 

Networks 

(4) Resource Allocation using Linear Sum 

Assignment Solver 

(5) Resource Allocation MAS-based 

Production 

Planning 
CRF 

Assist Decisions about 

Production Planning 

(6) Production Planning Service with a 

Hybrid Approach 

Delay of Material CRF 
Assist Decisions for Truck 

Loading 
(7) Truck Loading Service 

Machine 

Maintenace 
FLEX 

Improve Information Access 

to Support Maintenance 

(8) Support Machine Maintenance using 

RAG and LLM 

Document 

Transformation 
FLEX 

Improve Reliability of 

ñDocumentation about 

Quality Checkò 

(9) Document Transformation using LLM 

Compliance with 

Clean Room 

Regulations 

FLEX 

Improve Information Access 

to Cleanroom Compliance 

Requirements 

(10) Support Compliance for Clean Room 

using RAG and LLM 

Calibration 

Document 

Certification 

FLEX 
Support Validation of 

Calibration Documents 
(11) Calibration Certification Service 
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2.1 Assist Decisions about Fair Worker Allocation 

As introduced in previous deliverables (D2.1 and D5.1) this use case deals with the efficient allocation of workers 

to production lines. The workers usually work in two shifts on different machines. In each shift, a fixed number of 

specific parts have to be produced on each machine. These parts are produced by specific tasks on the machine 

Each machine produces different parts, so each machine has different tasks. Dependent on the part to be produced 

a different number of workers is necessary for the machine. Also, it is necessary to allocate the workers depending 

on the shift plan and the task-to-machine allocation to the different machines. Allocating the workers to the different 

machines is done by single humans based on experience. This can lead to situations where the same workers are 

always allocated to the same tasks on the same machines. This can lead to problems if the workers feel these 

tasks are harder to do than others. 

DAI-DSS Solution Suggestion 

The decision of the allocation is based on different factors such as the training of the worker, medical condition of 

the worker, resilience of the worker, preference of the worker, tasks to be done, and availability of workers. It is 

difficult for a human to take all these factors into account. However, technical systems with access to the 

corresponding data can use this data to allocate workers taking all these factors into account. Therefore, we aim 

for worker allocation services that take all these factors into account. Especially with the focus on the worker's 

preferences and resilience, we aim to create a system that is felt to be fairer as it tries to fit all the preferences and 

the resilience of the workers as well as possible. So that all workers are considered in the allocation. This scenario 

is targeted by the AI services Support the Understanding of Decisions through Conceptual Modelling, Decision 

Support through Decision Tree, Resource Allocation using Neural Networks, Resource Allocation using Linear Sum 

Assignment Solver, Production Planning Service with a Hybrid Approach and the Resource Allocation MAS-based. 

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. The 

production plan should consider that all parts are produced close to the deadline so that they wonôt occupy storage 

space for too long while also being produced on time. In order to allow high efficiency, the production plan should 

avoid working overtime and also try to have lines running at full capacity during working hours. Those aims can 

make the planning complex. This complexity is increased by unforeseen events as workers might be absent e.g. 

due to sickness. Also, sudden orders or line stops lack of resources, etc. can increase the complexity and create 

the need to be able to adapt to changes on short notice. Especially sudden changes but also the demands from 

different aspects are a challenge for the people creating the plan and make adaptions on short notice difficult. 

DAI-DSS Solution Suggestion 

FAIRWork solutions aim to provide a full production plan, including two things: The allocation of tasks to machines 

and the allocation of workers to machines based on the different factors described in section 0. The allocation of 

tasks to machines is based on factors such as the order list, which describes which parts have to be produced until 

when for which customer. Additionally, it needs to include dates as to which parts can be produced on which 

machine and at which time. All this together describes a flexible job shop problem that has to be solved. By solving 

the flexible job shop problem and allocating workers to the machines, services tackling the production planning can 

provide a useful addition for the plant by automatically creating production plans based on order lists, shift plans, 

short notice adaptions, and fixed data saved in the knowledge base. This scenario is targeted by the AI service 

Production Planning Service with a Hybrid Approach. 
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2.3 Assist Decisions for Truck Loading 

As introduced in previous deliverables (D2.1 and D5.1) this use case deals with efficient shipping to customers. 

The shipping process aims to efficiently load materials into containers and transport them to customers. Delays in 

material availability, production, or shipment can result in customers receiving their orders late. Each product 

geometry requires specific container types for transportation. The shipping plan must consider the entire customer 

order, which must be dispatched daily. Crucial decisions include selecting the optimal truck type for shipment and 

determining how to load the containers to maximize truck capacity while ensuring that all geometries are included. 

The process starts by evaluating the shipment's due date. Once the shipment is ready, containers are loaded, and 

truck saturation is analyzed to ensure minimal free capacity. If saturation is low, alternative truck types are 

evaluated. When no better alternatives exist, additional geometries might be included to improve truck utilization. 

If this is not feasible, the customer is contacted to explore postponement options. This decision-making process 

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

DAI-DSS Solution Suggestion 

A decision support system can streamline the shipping process by optimizing material and container allocation 

within trucks. This system would analyze factors like order geometries, container types, truck capacities, and 

shipment deadlines to create an efficient shipping plan. The tool would dynamically adjust for changes in order 

requirements or truck availability, reducing costs and improving customer satisfaction. This scenario is targeted by 

the AI service Truck Loading Service. 

2.4 Improve Information Access to Support Maintenance 

As already introduced in previous deliverables (D2.1 and D5.1) this use case aims to support technicians to fix 

machine malfunctions. Due to the diverse problem settings, the machines' errors can range from simple operator 

failures to complex technical issues. The time to solve the machine failures can vary between minutes to hours. 

For the machine issues, the technicians can look up a solution procedure in different data sources. First, there is 

the ñIspro-NGò, the current maintenance database 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 corresponding 

maintenance instructions etc. Second, there is an internal ñWiki Systemò for maintenance engineers to collect 

information about issues on equipment and procedures as well as graphical descriptions of how engineers solved 

errors in the past. Third, official documents from the manufacturers of equipment and machines such as operating 

instructions, manuals, specifications and handbooks for product descriptions, safety requirements or installation 

guidelines are stored in a specific database. The aim is to speed up the finding of appropriate solutions and reduce 

the time and cost of breakdown. 

DAI-DSS Solution Suggestion 

As different pieces of information on machine errors or maintenance are available across multiple data sources, 

the challenge is to improve the information access to support maintenance. The aim is to reduce the corrective 

maintenance and machine breakdowns by receiving fast and correct proposals with the AI tool. Thus, the 

requirement to support the decision-makers in this use case is to create a service that can access information from 

the above-mentioned sources. There should be bidirectional communication available to communicate in written 

form or with a speech module. This scenario is targeted by the AI service Support Machine Maintenance using 

RAG and LLM. 
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2.5 Enhance Documentation, Validation and Information Access 

During the project, a use cases dealing with various compliance issues for organizations was identified. Therefore, 

three different scenarios to support FLEX in compliance activities capture the needs for supporting workers in being 

compliant regarding 1) transforming outdated and unstructured documents into the newly defined electronic Work 

Instruction system (e-WI) template, 2) supporting employees with checking calibration documents and certification 

and 3) help to ease history and versioning changes of official compliance regulations for their daily operations like 

safety instructions for the clean room. 

2.5.1 Improve Reliability of òDocumentation about Quality Checkó 

Different types of documents, in various document formats and at diverse majority levels including outdated and 

very unstructured documents can be found at FLEX. In particular, most of the station instruction cards (SICs) ï 

documenting the instructions on how to work at the individual stations in the factory ï are paper-based. The 

digitization of such documents is envisioned to contribute to the overall factory digitalization including the 

implementation of appropriate systems. FLEX works on implementing an electronic work instruction system (e-WI). 

Therefore, paper-based instructions have to be transformed into digital instructions which include as one major 

aspect the conversion into a new electronic template that is required by the e-WI application. Among the major 

expected benefits are the elimination of paper-based documents, improved revision control including the reduction 

of mistakes caused by using wrong WI revision numbers as well as an increased approval process using electronic 

signatures. Digitization has already started and the employees transferred the paper-based documents into Word 

templates, however, using old and heterogenous formats. At the moment, around 27.000 SICs are used in an old 

format. Manually transforming all of these documents so that they match with the new digital e-WI template requires 

an enormous amount of human effort. In particular challenging are 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 specifically 

tailored to each station in the FLEX production process flow, and even more critical, they are customized for 

individual products and each product version. Second, SICs at FLEX are edited by numerous process engineers 

over time. Those engineers have their different style of writing documentation, editing text, and including pictures 

using Word files in unstructured .doc format. Not even all of them are using the same (outdated) template. 

DAI-DSS Solution Suggestion 

Here, a solution for automatic transformation to the new format can support reducing the manual conversion effort. 

The idea is to develop an AI application that automatically converts the SICs from the old Word templates into the 

new digital e-WI template to reduce human effort and errors as well as to save time. This scenario is targeted by 

the AI service Document Transformation using LLM . 

2.5.2 Support Validation of Calibration Documents 

Verification of Calibration Certificates (CC) in PDF format is currently a manual, repetitive, time-consuming and 

error-prone process. Each calibration certificate received from the calibration service provider must be carefully 

checked for any discrepancies or missing or incorrect information. This check includes many critical data points, 

including 

¶ Instrument information: model, type, manufacturer and serial number/ID of the instrument being calibrated. 

¶ Calibration dates: calibration date and calibration expiry date. 

¶ Calibration results: the actual measured values and calibration results, including any deviations or 

measurement uncertainties. 

¶ Information on measuring equipment: details of the calibration of the measuring equipment used to ensure 

traceability of the calibration. 
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¶ Formal aspects: signatures of the issuer and approver, sequential page numbering of the certificate and 

completeness of all pages. 

Currently, all this information is checked manually by an employee. This process is not only time-consuming but 

also prone to human error due to the large number of certificates to be checked. Overlooked errors can have serious 

consequences, for example, if faulty measuring equipment remains in use and affects the quality of products or 

services. 

DAI-DSS Solution Suggestion 

In order to optimize this process and address the issues mentioned above, the development of an application based 

on an AI-based service is proposed. This application will replace the manual verification of critical information from 

calibration certificates with an automated solution. The AI-based service should be able to analyze the certificates 

and automatically generate a report listing any discrepancies, or missing or incorrect information found. This report 

should provide the verifier with a quick and efficient overview of the potential problems with the certificate. This 

scenario is targeted by the AI service Calibration Certification Service . 

2.5.3 Improve Information Access to Cleanroom Compliance Requirements 

As the performance of the cleanroom production is a matter of its proper operation and regulatory adherence, many 

critical aspects must be considered by the staff, which directly impact the performance of the cleanroom. Although 

employees are informed about changes and have to confirm them, it happens very often that changes are not 

adhered to because they are unconsciously not taken into account. This is due to the aspect that the documents 

for the behavior and procedures in the cleanroom change relatively often in their regulatory requirements. 

Additionally, the compliance and regulation landscape is complex and not applicable to every situation. Thus, the 

corresponding compliance documents are available in a high number and in many versions, where different 

measures and trainings are applicable only for specific types of employees. Thus, the employees are challenged 

with keeping the overview when only working occasionally in the cleanroom.  

DAI-DSS Solution Suggestion 

The aim is to develop an AI service that can support employees in ensuring compliance measures when entering 

a clean room. The idea is to reduce human error by preventing overlooking or forgetting changes in compliance 

and ensuring that the latest compliance regulations are followed. For this, the idea is to use AI to compare multiple 

versions of documents and summarize relevant updates on the compliance guidelines to the employee before 

entering to help avoid misbehavior. This scenario is targeted by the AI service Support Compliance for Clean Room 

using RAG and LLM. 
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3 BUILDING BLOCKS AND THEIR INTEGRATION 

In this section, the DAI-DSS Architecture, its building blocks, and the different instantiations of the use-case-specific 

prototypes, including different AI services, Data, or UIs are detailed. In ñD2.1 ï Specification of FAIRWork Use 

Case and DAI-DSS Prototype Reportò, an outline of the initial architecture of the project (see Figure 1) is given 

based on the overall project objectives and requirements. Key components of the FAIRWork service framework are 

illustrated, and described, and their relevant features are presented. A detailed description of the initial architecture 

is given in ñD4.1 ï DAI-DSS Architecture and Initial Documentation and Test Reportò, including the technical 

implementation of the basic core services or application-specific services and their integration methodologies 

discussed in ñD4.2 Initial DAI-DSS prototypeò. In this document, D4.3, a brief description of building block 

components and the communication between these components will be presented.  

 

Figure 1: Overview of DAI-DSS High-Level Architecture 

The DAI-DSS consists of the following key components: 

1. User Interface: Provides clear, device-flexible displays for decision-makers, highlighting KPIs and 

enabling interaction in supportive environments like production monitoring. 

2. AI Enrichment: Utilizes AI models and advanced algorithms tailored to individual agents, supporting 

decentralized and fair decision-making. 

3. Configurator: Links various model environments (e.g., business processes, dashboards) to the 

Orchestrator and UI, consolidating data for integrated decision models. 

4. Orchestrator: Coordinates services and workflows, ensuring seamless delivery of decision-making 

options. 

5. Knowledge Base: Centralizes and organizes data from diverse sources, enabling AI learning, process 

optimization, and decision tracking for continuous improvement. 
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The DAI-DSS Framework data flow shown in Figure 2 begins with the Configurator, which aligns UIs and AI services 

with data from the Knowledge Base, forming workflows sent to the Orchestrator. Users interact through the interface 

to invoke required workflows, triggering AI or Multi-Agent services for decision support. If required, these services 

access additional data from the Knowledge Base via REST APIs, generate suggestions, and present results back 

to users with visualizations. The system ensures standardized interactions through REST APIs, while external data, 

like from Intelligent Sensor Boxes, flows into the Knowledge Base to enrich decision-making. 

 

 

Figure 2: Data Flow in DAI-DSS Framework 

 

3.1 Integrating User Interfaces  

This section provides a detailed overview of the different UIs developed in the project for exposing the different 

DSS functionalities to the various participants in the decision process. Each interface is a single component of a 

micro-frontend framework that can be combined with other UI components to create web applications specific to 

the needed use case scenarios. Demonstration data was created based on our use case partner's decision models 

and example data. 
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3.1.1 Order Overview UI Component 

This UI component (Figure 3) is used for the scenario ñAssist Decisions about Fair Worker Allocationò and shows 

the order details for each line. Clicking the ñRetrieve Line Infoò button, the line information is retrieved from the 

Knowledge Base through the orchestrator that requests the different data and combines them. Each order consists 

of a geometry that is produced in a specific production line and is assigned with a priority, the number of days until 

the due date and the number of workers required to handle the geometry.  

 

Figure 3: Order Overview UI Component 

Since the previous report in D4.2 this component changed only the backend data alignment with the updated 

Knowledge Base, keeping the UI the same. 

3.1.2 Worker Overview UI Component 

This UI component (Figure 4) is used for the scenario ñAssist Decisions about Fair Worker Allocationò and gives an 

overview of all workers relevant to the production unit and allows the manager to manually go through a list of 

workers and make proposals on how to allocate them to production lines. During the UI loading, the workers' info 

is retrieved from the Knowledge Base through multiple queries combined by the Orchestrator. After the data is 

loaded, the workers can be selected and the details about medical conditions for each line, line preferences, 

experience and resilience are visualized and enriched with color codes. After selecting a production line that fit the 

medical condition of the selected worker, the ñAssignò button enables for the assignment of the worker to the line. 

A counter at the bottom of the card indicates how many workers are needed on the line and the number of assigned 

ones. Color codes are used to highlight if the worker preference has been respected and the total number of 

allocations for each line are respected. 
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Figure 4: Worker Overview and Manual Assignment UI Component 

Since the previous report in D4.2, in addition to the improvement of the user experience, a ñSave Assignmentò 

button has been added that allows storing the result of the manual assignment to the Knowledge Base in the form 

of CSV file. 

3.1.3 Allocation Proposal through AI Resource Allocation Service UI Component 

This component is used for the scenario ñAssist Decisions about Fair Worker Allocationò and allows the execution 

of a specific AI-based allocation service and visualizes the resulting assignment for each line, allowing to save the 

results in the Knowledge Base after their review. The currently supported services are the Multi-Agent Allocation 

Service (Figure 5), the LinSumSolver Allocation Service (Figure 6), and Rules-based Allocation Service (Figure 7). 

The AI allocation can be triggered using the ñTrigger AI Serviceò button that contacts the orchestrator to execute 

the AI service and return the results. The different production lines are shown with the assigned workers and for 

each, the relevant characteristics are listed to give the decision-maker more insights. 
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Figure 5: Multi-Agent Allocation Service 

 

Figure 6: LinSumSolver Allocation Service 
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Figure 7: Rule-based Allocation Service 

Since the previous report in D4.2, in addition to minor improvements in the UI, a ñSave Assignmentò button has 

been added that allows storing the AI service results in the Knowledge Base in the form of CSV file. 

3.1.4 Production Planning Service UI Component 

This UI component is used for the scenarios ñAssist Decisions about Fair Worker Allocationò and ñAssist Decisions 

about Production Planningò and allows visualizing the results of the Production Planning Service that performs 

workers' assignments across several orders for each production line. The service in this case requires as input a 

specifically crafted Excel file, containing the production plan. A prefilled template can be downloaded as a sample 

directly from the UI. As soon as the file is uploaded through the ñChoose Fileò button, the service can be triggered 

via the ñTrigger AI Serviceò. Also in this case the results can be saved in the knowledge base after review using the 

ñSave Assignmentsò button. When the AI service results are returned by the orchestrator the orders in the different 

production lines are visualized in a timeline chart and for each order, a detail section shows the geometry involved 

and the workers assigned (Figure 8). 

 

Figure 8: Production Planning Service 
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This UI component was not available in the previous report on D4.2. 

3.1.5 Truck Loading UI Component 

This UI component is an example for the scenario ñDelay of materialsò to ñAssist Decisions for Truck Loadingò and 

is used to display the arrangement of containers inside trucks, as proposed by the load optimization service. Each 

shipment involves the sending of around one hundred containers, to be allocated in a certain number of trucks of 

a particular type (called Mega, Mega high, Tractor, which have a different capacity). 

In the 2D version, of the UI component, the containers loaded onto every truck are displayed from above. 

 

Figure 9: 2D Verison of Truck Loading UI Component 

In the Figure 9, the first row of containers is composed by 2 stacks of containers (type 1235, represented in red). 

In this case, each stack contains 3 containers. The number in brackets, next to the container type, indicates the 

maximum stackability of the containers, in the example cited above it is 3. In the case of the stack of containers of 

type 8589 (represented in turquoise), the maximum stackability is 3, but only 2 are foreseen. To highlight the lack 

of a container, therefore a non-optimal situation, the writing "None (3)" is shown in red. 

The same truck can also be viewed in the 3D version of the UI component. The image below (Figure 10) is the 

equivalent of the 2D version seen from the lower right corner. 

 

Figure 10: 3D Version of Truck Loading UI Component 
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In this case, the type of containers is written in the legend based on the color of the blocks. The lack of containers 

can be visualized with gray blocks bordered in red. 

In the current release of the UI component, which is not the final one, the list of containers to be displayed on each 

truck (in which position) is loaded from a text file containing the information. Once the file is loaded, itôs necessary 

to press the "Truck #" button to select the truck to display. You can also change the type of truck by selecting it 

from the "Truck type" button. 

In the 3D version there is an additional "Missing stack" button that allows viewing the missing containers in the 

various stacks in different modes: ñNone" (they are not displayed), "Frame" (i.e. only the red border) or "Solid" (in 

grey with a red border). The 3D viewer also allows to rotate, move and zoom the truck shown. In both cases, to exit 

the UI component itôs necessary to press the "Stop" button. 

3.1.6 Machine Maintenance UI Component 

This component is used for the scenario ñImprove Information Access to Support Maintenanceò and is composed 

of two UIs, one for the indexing of the different documents containing machine-specific procedures, and one for 

querying a specific issue and showing the results.  

The UI for indexing a document allows only the upload of a document and triggering an AI that extracts relevant 

chunks of information and indexes them in a vector database (Figure 11).  

 

Figure 11: Machine Maintenance Indexing UI 

After the indexing is performed for all the relevant documents, the query UI can be used to ask in natural language 

how to solve a specific issue in a machine. An LLM-based AI will process the request and looking at the information 

stored in the vector database, will provide the best solution for the issue, referencing the original document as well 

for further lookup (Figure 12). 
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Figure 12: Machine Maintenance Query UI 

Additionally, the UI provides speech-to-text and text-to-speech functionalities respectively for listening to the query 

of the user and for reading the results. 

This component was not available in the previous report on D4.2. 

3.1.7 Document Transformation UI Component 

This component is used for the scenario Improve Reliability of ñDocumentation about Quality Checkòand enables 

the upload of a document describing a production process to an AI system that processes it finding and extracts 

the different process steps and the related information like description, details, and images, and generates a 

semantically enriched process model reflecting the process described in the document (Figure 13). 
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Figure 13: Document Transformation UI 

A link to the generated model is visualized to the user as soon as the process is complete. With this link, the user 

is redirected to a modelling environment where the generated process model is stored. 

 

Figure 14: Document Transformation Model Result 

In Figure 14 is visible in a process generated for a Car Manufacturing Process where the different process tasks 

have been identified and connected in the right sequence order and details like images are visible near each task 

and in the task properties accessible by double clicking on the blue rectangle representing the task. 

This component was not available in the previous report on D4.2. 

3.1.8 Document Compliance UI Component 

The component is used for the scenario ñImprove Information Access to Cleanroom Compliance Requirementsò 

and is composed of two UIs, one for the extraction and indexing of information from different documents and one 

for querying the semantically enriched differences between two documents. 

The UI for indexing a document allows only the upload of a document and triggering an AI that extracts relevant 

chunks of information and indexes them in a vector database (Figure 15).  
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Figure 15: Document Compliance Indexing UI 

Additionally, the indexing process for this 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 parts of 

the document (Figure 16). 

 

Figure 16: Document Compliance Information Extraction Process 

After the indexing process is completed for multiple version of the same document, the query UI can be used to 

call an LLM based AI that retrieve and explain the differences between two version of a document (Figure 17) 
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Figure 17: Document Compliance Query UI 

This component was not available in the previous report on D4.2. 

3.1.9 Calibration Document Validation UI Component 

The following screenshot (Figure 18) illustrates an example of the user interface that shows the results of the 

Calibration Document Validation service. 
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Figure 18: Calibration Validation UI Output 

This is done via a web interface with information related to the validation check of URS01-URS14. The top section, 

entitled "URS Explanation/Expectations", lists the various certificate issues and their corresponding codes, from 

URS01 (Certificate Issue Date) to URS14 (Approver Signature). This section is key to understanding the flagged 

issues in the certificates listed below. The bottom section, 'Overview of all flagged certificates', provides details of 

specific certificates identified as '0635_2024_RQ_E.pdf'. For 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 shows 

failures related to measurement results (URS12) on pages 3 and 4. 
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3.1.10 Outlook 

No additional improvements are foreseen for the different UIs except data alignments in case of changes to the 

Orchestrator or Knowledge Base backends. 

3.2 Orchestration of Microservices  

This section describes the implementation of the DAI-DSS Orchestrator that manages how the microservices within 

the project architecture interact and function cohesively. It is designed to control the workflow and data exchange 

between the microservices and the interconnected building blocks. 

3.2.1 Workflow-based Orchestration 

Workflow-based orchestration was used to orchestrate the different microservices running some of the AI 

prototypes described in e.g. the UI section 3.1.3. As an engine, the Orchestrator relies on ñNetflix Conductorò1, and 

its configuration environment can be accessed via the Configurator of our architecture (see section 3.3.2). Within 

the Conductor setup environment, users have the option to navigate between sections by utilizing the top navigation 

bar. In addition to other capabilities, the platform enables the definition and execution of workflows. While the 

"Definitions" tab provides an overview of the currently specified workflows and allows for editing or adding new 

ones, the "Workbench" tab enables the execution of these defined processes. The workflow definition area of the 

workflow engine's configuration environment is displayed in Figure 19. The names of previously defined workflows 

are displayed in the window together with other details like the workflow's version, a brief description, who and 

when the definition was created, etc. 

 

Figure 19: Workflow Engine Control Page 

3.2.1.1 Defining Services and Workflows 

To tackle the different use case scenarios, retrieving data needed by the AI services or the decision maker from 

the Knowledge Base is often necessary. Depending on how the needed information is stored, different API calls or 

combinations of them are necessary to retrieve it. For each API, a service is registered in the microservice controller. 

The instance of the microservice controller used in the FAIRWork project can be reached via the ñMicroservice 

 
1 Conductor. (2023). Basic Concepts - Conductor Documentation. https://conductor.netflix.com/devguide/concepts/index.html 
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Controller Tileò in the Configurator (see section 3.3.3). Registered microservices can be accessed from the UI of 

the microservice controller. For example, the microservice ñFAIRWork Knowledge Base Publicò contains several 

microservice operations for accessing the knowledge base, fetching the required data, and performing necessary 

output transformations. An example of a test call of one of the created services can be seen in Figure 20. In the 

microservice controller dashboard, the user can select the name of the microservice and its operation. By clicking 

on the highlighted button named ñTest a Callò, the selected microservice operation can be tried out. In the opening 

window, the user can specify the required input parameters of the service and send a request by clicking on the 

button below. The response is then shown on the right side of the window. For more information on the APIs of the 

knowledge base and how they can be used for retrieving data, see section 3.4 of this document. The so-created 

microservices have been further used and combined within workflows, which results in different workflow definitions. 

 

Figure 20: Test Call of a Microservice Operation for retrieving Data from the Knowledge Base in the Microservice 
Controller 

Workflows can be defined, visualized, and modified in the corresponding section of the workflow configuration 

platform. The main components of a workflow are tasks and operators2. A task is used to perform an activity, usually 

interacting with external systems or services. An example would be an HTTP task, which can be used to fetch data 

from an endpoint or make calls to other services. Operators, on the other hand, are utilized to handle branching 

and decision-making within the workflow. They aid in controlling the flow based on the conditions or outcomes of 

prior tasks. 

An example of a workflow definition overview can be found in Figure 21. In the picture, you can see the workflow 

definition of ñdataset_crf_workloadbalance_kbò, which retrieves the required values of workers and the production 

line they may be allocated to. In this workflow, you can see multiple HTTP tasks, which call the created services 

for retrieving properties from the knowledge base. The input parameters in each task specify what information is 

needed from the Knowledge Base. Some input parameters depend on the output of other tasks. This can be 

specified by using placeholders referencing the name of the required task output. In the workflow example, the 

 
2 Conductor. (2023). Tasks ð Conductor Documentation. https://conductor.netflix.com/devguide/concepts/tasks.html 



 

 
Copyright © 2025 BOC and other members of the FAIRWork Consortium 
www.fairwork-project.eu  Page 32 of 108 

different tasks for retrieving the necessary information are called in parallel. This is done by using operators to steer 

the workflow. In this example, you can see a ñFork_Joinò operation, which allows a specified list of tasks to be run 

in parallel. In this case, we have five HTTP task sequences running in parallel. They are followed by a ñJoinò 

operation that waits for the forked tasks to finish and collects their outputs. 

 

Figure 21: Example of a Workflow Definition for retrieving Information from the Knowledge Base 

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 done by 

accessing the ñWorkbenchò section over the navigation bar. After saving your valid workflow, it can be executed by 

choosing its name and version in the corresponding fields. If the workflow requires input parameters, they need to 

be added in the corresponding field in JSON format. By clicking on the play button on the top, the workflow gets 

executed. The user can click on the workflow ID on the right side to inspect the running workflow in more detail 

(see Figure 22). 

 

Figure 22: Workflow Workbench 



 

 
Copyright © 2025 BOC and other members of the FAIRWork Consortium 
www.fairwork-project.eu  Page 33 of 108 

When clicking on the workflow ID, an overview of the workflow execution is shown in a new window. By navigating 

through the tabs, different aspects of the workflow execution can be inspected, like the individual tasks, a summary 

of the workflow execution, or the input and output of the workflow. In the task diagram, the user can see the 

execution path, where completed tasks are shown in green (see Figure 23). 

 

Figure 23: Workflow Execution Details 

3.2.1.3 Storing and Using Defined Workflows 

Workflows can be further used in other components of the system, like the UIs or other services and workflows. 

This can be done using the APIs provided by the Configuration environment. With the help of these APIs, the user 

can perform different interactions with the workflow engine, like searching, storing, or triggering workflows. The 

required action needs to be specified in the body of the API call. In Figure 24, 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 from 

the action, other parameters can be specified in the body of the API call. These properties can include the workflow 

name, the workflow version, required input parameters, and a filter option. The filter option allows to transform the 

workflow output using JSONata3 expressions.  

 
3 JSONata.org. (2021). JSONata Documentation. http://docs.jsonata.org/ 
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Figure 24: Example of an API Call for triggering a Workflow in Postman 

 

3.2.1.4 Simplify the Definition of Linear Workflows  

Most of the workflow definitions used for the AI services, e.g presented in the section 3.5.9, do not use complex 

logic but follow a linear flow. For such services using the Conductor workflow definition format is overwhelming and 

more error-prone for the development experience. This is the reason that a wrapper around the Conductor engine 

has been deployed enabling the definition of linear workflow in a more simple and powerful format for both the 

understandability of the service logic and the expressiveness of task activities (Figure 25).  

 

Figure 25: Simplified Workflow Definition 

The Configuration environment for such linear workflow can be accessed as well via the configurator described in 

section 3.3.2. 
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3.2.1.5 Demonstrator Example 

Currently, 8 workflows have been created to demonstrate a possible usage in a resource allocation scenario and 

to support the AI prototypes. The workflow engine can be accessed by clicking on the brown tile called ñWorkflow 

Engineò in the Configuration environment (see section 3.3.3). The user will be forwarded to the UI of an instance of 

the workflow engine ñConductorò. By clicking on the ñDefinitionò section in the navigation bar, a list with currently 

available workflow definitions is displayed. The workflows relevant to this demonstration have the following 

characteristics (see Table 2) and can be examined in more detail by clicking on them: 

Workflow name Input parameters 

dataset_crf_workloadbalance_kb 
node_geometry_mc ï indicates the ID of the breakpoint element 
in the knowledge base describing the medical condition for a certain 
geometry. 

linenumber ï indicates the ID of the line where the order will be 
produced. 

node_geometry_rw ï indicates the ID of the breakpoint element 
in the knowledge base describing the characteristics of a certain 
geometry. 

dataset_crf_orders 
none 

crf_workloadbalance_dmn_OMILAB 
none 

ai_document_transofrmation 
document ï the document to analyse in Base64 

ai_machine_maintenance_index 
document ï the document to index in Base64 

ai_machine_maintenance_query 
query ï the query to perform on the indexed document 

ai_document_compliance_index 
document ï the document to index in Base64 

ai_document_compliance_query 
document_version_1 ï the name and version of the first 
document to compare 

document_version_2 ï the name and version of the second 
document to compare 

Table 2: Orchestration Workflows 

The input parameters need to be provided in JSON format. An example of input parameters that can be used in 

the workflow ñdataset_crf_workloadbalance_kbò would be the following: 

{  

  "node_geometry_mc" : "515396245145" ,  

  "linenumber" : "18" ,  

  "node_geometry_rw" : "515396162776"  

}  
 

Considering the first workflow mentioned in the table as a sample, it retrieves necessary values from the Knowledge 

Base needed by the decision-maker by 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 resource 

allocation decision challenge. It includes information about the workers, like their availability, if they fulfil the required 

medical condition to work with a certain geometry, their experience with a certain production unit, their preferences, 

etc., as well as information regarding the line on which a certain geometry is produced. In general, the output of 

this workflow contains all the required information to describe one order of a certain geometry. The completed task 

diagram can be seen in Figure 26. 

 

Figure 26: Execution Path of Workflow "dataset_crf_workloadbalance_kb". 

 

3.2.2 Multi-Agent Orchestration 

When combined with microservices architectures, Multi-Agent Systems play an important role in creating 

decentralized and adaptable systems. This combination provides independent scalability for different system 

components, allowing tasks to be distributed among specific agents. The decomposition into microservices makes 

it easier to update and modify parts of the system without affecting the rest, enabling the dynamic introduction of 

new agents or services. Each microservice contributes to the system's resilience, ensuring that failures in one agent 

or microservice do not bring down the entire system. This also allows for the distribution of responsibilities and 

efficient adaptation to new requirements or scenarios. However, this integration may pose challenges, such as the 

complexity of managing various microservices, requiring a strategy for communication and coordination among 

them. 

The main reasons for implementing multi-agents with a microservice architecture are explicitly presented below: 

Å Scalability: microservices enable independent scalability of diverse system components. By integrating agents 

into microservices, it is possible to achieve a decentralized control of services that can support decision-making. 

Å Flexibility and decoupling: decomposition into microservices makes it easier to update, modify, or replace parts of 

the system without affecting the whole structure. When combined with an agent-based approach, it enables 

dynamic system adaptation as new agents are introduced, or existing ones are modified.  

Å Resilience: if an agent or microservice fails, it does not necessarily bring down the entire system due to the 

decentralized nature of microservices. 
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The orchestrator developed provided access to the results of the microservices to Assist Decisions about 

Production Planning. This is a secured element developed in Python through the Flask framework and provides 

two endpoints to its users, as shown in Figure 27. This element also has administrative endpoints that are only 

accessible to the administrator and uses JWT ï JSON Web Tokens ï to protect data access. The login endpoint is 

used to acquire the necessary JWT token to read the data through the microservices-results endpoint. 

 

Figure 27: Available Endpoints to Registered Users 

The Waitress Web Server Gateway Interface (WSGI) is used in production, serving the orchestrator web app in 

port 5051. The web app connects to the outside world through the machineôs Apache proxy server, using port 443 

to do so. This server is used in both ways of communication, adding an extra layer of security to the system. 

Deployment-wise, docker services were used to encapsulate the necessary elements to have the orchestrator 

running securely, allowing the integration of this element with the microservices developed within the FAIRWork 

platform. Thus, a docker image for the orchestrator was created, and hosted in Docker Hub and a docker service 

running a database was also deployed to manage the orchestrator user credentials information. The 

containerization enables the web app effortless deployment, ensuring the smooth, uninterrupted execution of the 

orchestrator on the server, even amid concurrent services also running on the same machine. The orchestrator 

runs on the server using SSL certification through the Apache server to encrypt/protect the communications. 

This integration between the MAS Orchestrator and microservices enhances decision-making capabilities. They 

bring autonomous decision-making to individual components, enabling efficient resource management. When 

combined with the loosely coupled nature of microservices, these agents can interact and collaborate. Furthermore, 

the architecture ensures functional integration with the Knowledge Base and UIs for accessing and storing data 

useful to the microservices and displaying the output and receiving input from the decision-maker. 

In FAIRWork, taking advantage of the scalability provided by the approach used to develop the orchestrator, the 

endpoint that provides the UIs with the microservices results was updated to also work with the POST verb, as 

shown in Figure 28. This allows the reception, by the orchestrator, of an excel file containing an order list used to 

create the input of the production planning microservice. 

 

Figure 28: Orchestrator Endpoints 

The login endpoint has to be used first to acquire the JWT (JSON Web Token) that will allow the usage of the 

microservices-result endpoint, regardless of the used REST verb on this endpoint. 

3.2.2.1 Login Endpoint 

The login endpoint requires the username and password to be sent in the body of the request. This process is 

depicted in Figure 29. 
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Figure 29: Login Endpoint Usage 

The endpoint returns a 401 HTTP response status code if an unsuccessful login attempt is executed. In case of 

success, the server returns a 200 HTTP status code, and the JWT access token and its validity in the responseôs 

body, as presented in Figure 30. Token validity is set for 30 minutes. 

 

Figure 30: Successful Login Response 

To maintain data integrity, input and output models were defined for this endpoint to force the data to conform to 

these models. The models are presented in Figure 31. 

 

Figure 31: Login Endpoint Data Models 

3.2.2.2 Microservices Results Endpoint 

This endpoint is secured and requires a valid JWT access token, retrieved from the login endpoint, to be passed in 

the Authorization header as a Bearer token. If a malformed/invalid/expired token is used, the endpoint response 

uses a 401 HTTP response status code and a specific message in the responseôs body to signal this to the user 

making the request. If a valid token is used, the endpoint returns the microservices allocation results in a JSON 

according to the agreed-upon format to convey this information. Figure 32 shows the configuration of the REST 

request to use this endpoint properly. 
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Figure 32: Microservices Allocation Results Endpoint Usage 

When using the GET REST verb, the endpoint accepts parameters to define which microservices should be inquired 

to get their results. This is presented generically in Figure 33. 

 

Figure 33: Generic Parameters Structure to be used in the GET Request 

In this case, three models were devised: 

¶ WorkerModel: to specify worker properties; 

¶ AllocationModel: to specify worker allocation to a specific line; 

¶ OutputModel: to specify worker allocation to all lines. 

The Output Model includes the other two. Thus, it is presented in Figure 34 to depict all models and their integration 

as described above. 

 

Figure 34: Output Model 
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For this endpoint, when using the POST REST request, to query the production planning microservice, two models 

were used, namely: 

¶ Allocation: to specify workers to a given task; 

¶ Planning: to provide multiple task allocations. 

Figure 35, depicts these models, since Planning uses the allocation model to structure the data. 

 

Figure 35: Production Planning Microservice Data Model 

This approach allows the orchestrator to easily scale by accommodating new microservices while ensuring their 

availability. When a new microservice is created, it only needs to grant access to its results. The orchestrator can 

configure the connectivity to this microservice using a new parameter in the request sent to the data acquisition 

endpoint created to identify that microservice. Consequently, this fosters system resilience since the system still 

functions even in the event of microservice failure. Figure 36 illustrates how the Multi-Agent Orchestrator interacts 

with the microservices of the CRF Workload Balance use case scenario. 
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Figure 36: MAS Orchestration of Microservices 

3.2.3 Outlook 

The Orchestrator provides the link between the UI and the AI microservices. To do this, it collects data from the 

Knowledge Base and user input and processes it in order to meet the requirements of the microservices, interacting 

with this building block in order to offer the result to the user via the UI. The Orchestrator connects the components 

of the architecture developed in a cohesive and objective way, allowing for added scalability so that the system can 

grow as new services are added. 

3.3 Integrating Configuration 

3.3.1 Multi-Agent Orchestrator Configuration 

Microservices results endpoint 

In the Multi-Agent 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 shown 

in Figure 37. 

 

Figure 37: Required Authorization Header 

The POST REST request to this endpoint uses parameters to configure the usage of the production planning 

microservice. Figure 38 shows an example of these parameters. 
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Figure 38: POST Request Parameters 

The parameter start_date is mandatory, has to be in accordance with the dates present on the Excel file, and 

represents the date to start the planning.  

The parameter days_to_plan is optional and represents the time interval to be used in the planning algorithm. If not 

used, it defaults to 14 days. 

The parameter availability_type is optional and represents the worker's availability to be used in the planning 

algorithm given the data provided by the end user: 

¶ Programmed availability: p 

¶ Real availability: r 

If not used, it defaults to (p)rogrammed availability. 

After input preparation, contacting the microservice endpoint, and getting its response, it replies to the UI with the 

data from the microservice using the planning data model presented in Figure 35. 

3.3.2 Configuration Framework 

3.3.2.1 Decision Models with BPMN 

The cloud-based modelling platform ADONIS4 is used as the FAIRWork process modelling environment. Here 

decision models to concretize the use case requirements and ease the identification of relevant aspects have been 

modelled to define the challenges and parameters crucial to the decision-maker. ADONIS is a framework based on 

the ADOxx meta-modelling platform5, that is BMPN 2.0 compliant. The modelling tool can be accessed in the 

configuration environment by clicking on the tile with the name ñBPMN Modellingò. Figure 39 depicts the 

configuration environment and the ADONIS login page (credentials can be requested at faq@adoxx.org). How you 

can navigate in the modelling tool is described in detail in FAIRWork D5.1. Additionally, the decision models can 

be found in the knowledge base under FAIRWork_Project / CRF / Decision models and FAIRWork_Project / Flex / 

Decision models. 

 
4 BOC Group https://www.boc-group.com/en/adonis/ (last visited: 18-02-2025) 
5 OMiLAB NPO. https://www.adoxx.org/ (last visited: 18-02-2025) 

mailto:faq@adoxx.org
https://www.boc-group.com/en/adonis/
https://www.adoxx.org/
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Figure 39: Accessing Login Page of Modelling Tool. 

3.3.2.2 Configuration of Decision Services Experiment 

Within the DAI-DSS, not only should the combination of available services be configurable to achieve orchestration, 

but also, the decision services themselves should be adaptable to different situations. How well a decision service 

can be adapted to new situations depends on the used decision algorithm and on its design. For this DAI-DSS 

prototype, an experiment was created to configure a rule-based decision service using conceptual modelling. The 

service and how it can be configured to create tailored decision support is described in section 3.5.1. In this section, 

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

 

Figure 40: Overview Experiment for Decision Service Configuration 

The procedure for the configuration within this experiment is based on the one that was used to identify the use 

cases and decision challenges for the FAIRWork project (see FAIRWork D2.1 for details). The procedure for this 

experiment and its connection to the DAI-DSS are visualized in Figure 40. The procedure starts with understanding 

and defining the decision case which should be supported. This is an important step, as one must know exactly 

what should be decided and what the context is if automated decision support should be established. Afterward, 

the different steps and the needed information for making the decision must be defined to have a more sophisticated 

understanding of what must be done to make a final decision. This can include preparing steps, or maybe the 

decision itself is done through a series of sub-decisions, 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 possible sub-

decision must be specified in a way that a decision support system can suggest a solution. This includes a way of 

defining the decision logic and also to create an instance of a decision service, which can then be called by the 

overall decision support system. 

To understand and define the decision knowledge in this experiment, we used conceptual modelling with 

corresponding modelling tools. We used modelling tools based on a common metamodelling platform; in our case, 

this was the ADOxx meta-modelling 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 Scene2Model6 tool was used, which supports 

physical workshops to foster information exchange and understanding between the participants in the workshops. 

Additionally, it supports the capturing of the created knowledge through digital, conceptual modelling, which is 

automatically generated from the physical artifacts created in the workshop. The generated models can then be 

further enriched and are available in a machine-processable way. 

For modelling the decision processes and the decision models for this first experiment, we used a standardized 

modelling method to start with tested and well-known modelling methods. In particular, Business Process Model 

and Notation (BPMN) and Decision Model and Notation (DMN). Both of these are available in the Bee-Up7 modelling 

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 service, the Bee-Up tool was 

extended to fit the needs of the experiment. After these extensions, the models can be used during the configuration 

of a decision service. How the models can be used as configuration input in this experiment is explained in the 

service that will be introduced in the section 3.5.1. 

Finally, to ease the creation of a callable decision service, a framework is needed that supports the users in offering 

callable endpoints and running the needed algorithms. For this part, the microservice controller framework8 was 

used. For this, a connector for consuming the modelled information and instantiating a decision service was created, 

which can be used together with the models created for this experiment. If the decision endpoints are tested and 

found feasible, they can be used by the orchestrator to support the decision-making in concrete use cases. 

3.3.3 Configuration Integration Framework 

The entry page of the Configuration environment can be seen in Figure 41. Each tile on the web page gives access 

to configuration wizards or platforms for defining necessary parts of the system, e.g. UIs or workflows. The tile 

ñCreate a Web Applicationò enables the configuration of a UI for a web application, while the tiles ñBPMN Modellingò, 

ñAccess Knowledge Baseò, ñMicroservice Controllerò and ñWorkflow Engineò provide access respectively to the 

ADONIS based BPMN modelling environment described in section 3.3.2.1, the Knowledge Base described in the 

section 3.4, the microservice controller, and the workflow engine described in the section 3.2.1. 

 
6 OMiLAB NPO. https://www.omilab.org/activities/scene2model/ (last visited: 18-02-2025) 
7 OMiLAB NPO. https://bee-up.omilab.org/activities/bee-up/ (last visited: 18-02-2025) 
8 Adoxx.org. https://www.adoxx.org/live/olive (last visited: 18-02-2025) 

https://www.omilab.org/activities/scene2model/
https://bee-up.omilab.org/activities/bee-up/
https://www.adoxx.org/live/olive


 

 
Copyright © 2025 BOC and other members of the FAIRWork Consortium 
www.fairwork-project.eu  Page 45 of 108 

 

Figure 41: OLIVE instance showing the Configuration Environment. 

3.3.3.1 Configuration of Services 

The microservice controller, accessible from the relative tile in the Configuration environment entry page, allows to 

register and manage microservices to follow a configuration approach. Microservice operations can be defined 

through the configuration of so-called connectors. There are different types of connectors available. Currently, we 

use mostly the REST Connector for getting data from a REST service, like the APIs available for accessing the 

knowledge base and the ñJavascript Nashorn Engine Connectorò, which executes a JavaScript using the Nashorn 

Engine and returns its output. In the microservice controller dashboard, the user can choose a predefined 

microservice and click on ñEditò. Now, all currently registered microservice operations and their definitions can be 

inspected. Depending on the selected connector, different configuration options are available (see Figure 42). An 

example of how the microservice controller was used in this project so far can also be seen in the experimental 

decision support service described in section 3.5.1. 
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Figure 42: Example of Microservice Definition. 

3.3.3.2 Configuration of Workflows 

For now, the Configuration environment allows the management of workflow by providing access to the workflow 

engine either by manually accessing it by clicking on the tile named ñWorkflow Engineò or by using the provided 

APIs. How such a workflow definition can look is described in section 3.2.1. 

3.3.3.3 Configuration of User Interfaces 

Besides handling microservices and workflows, this environment enables the configuration of UIs by combining 

different UI components, and after their configuration, they can be deployed as web applications. By clicking on the 

Tile ñCreate a Web Application,ò the user is forwarded to a wizard, which assists in configuring the needed web 

application. In the first step, the user can choose a layout template. Currently, only the ñTable Layoutò can be 

selected, but additional templates can be added. After the selection, the ñNextò-Button on the right can be clicked 

to proceed with the second step of the configuration wizard. In the second step of the wizard, the UI can be designed 

by dragging and dropping the needed UI components into the fields of the given layout template. The UI 

components available are all the ones described in the section 3.1. Configuration of specific properties for each UI 

component is possible in the right panel of the UI builder after selecting each component. After the user finalizes 

the placement of the components, he/she can proceed with the next step by clicking on the next button on the right 

side again. In the third step, a preview of the web application is displayed. By clicking again on the next button, the 

web application is automatically deployed and can be accessed via the displayed link. Figure 43 shows the different 

configuration steps. 
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Figure 43: Configuration Steps of creating a Web Application. 

3.3.4 Outlook 

At the configuration level, one can select microservices and configure parameters to define important input data for 

the use case. This makes it possible to adjust how each microservice will be triggered according to the project's 

needs. In addition, this approach offers greater flexibility and scalability, 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, enabling 

seamless data exchange and decision-making within the DAI-DSS framework. Figure 44 and Figure 45 illustrate 

the UML sequence diagrams that detail the interactions between various components for achieving production 

planning and worker allocation tasks in the CRF workload balance and production planning use case scenarios.  

Below is an overview of the process: 

1. User Interaction with the DAI-DSS framework: The process begins when the user interacts with the DAI-

DSS User Interface. The UI prompts the user to upload a CSV file containing production order details. This file 

typically includes ñProduction ordersò, ñGeometry codesò and ñDue datesò. 

2. CSV File Processing by the Orchestrator: After the user uploads the CSV file, the Orchestrator processes 

its content by, parsing the file to extract geometry codes. Using these geometry codes as query parameters to 

fetch relevant data from the Knowledge Base. 

3. Knowledge Base Queries and Information Retrieval: The Orchestrator queries the Knowledge Base via 

REST API, retrieving the following essential information for each geometry code like Production throughput 

specific to each geometry code (Throughput Values CNO). Similarly data on production lines associated with 

the geometry code, including ñLine number ñ, ñBackup lineñ, ñMoldò and Number of operators required to 

produce a geometry on a given line. If any of the above information is missing, the geometry code is excluded 

from further processing. 

4. Enrichment with Additional Data: For geometry codes with complete information, the Orchestrator retrieves 

further data from the Knowledge Base:  

¶ Suitability Information: The Orchestrator validates data from the stevedore suitability dataset retrieved 

from the Knowledge Base to ensure all required geometry codes match the production planning sheet. 

Geometry codes not found in the response are excluded. 

¶ Operator Preferences: Preferences of individual operators for handling specific geometry codes. 

¶ Resilience Information: Each operator's resilience in relation to a geometry code. 

¶ Geometry codes or stevedore IDs lacking any of the above data are excluded from further processing. 
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5. Data Aggregation for AI Services: All the retrieved data including suitability, throughput, line information, 

operator preferences, and resilience data is aggregated into a structured JSON format. This JSON file serves 

as the input for AI Services, enabling decision-making. 

6. AI Services and Decision Support: The AI Services analyze the aggregated JSON and generate 

recommendations for, Worker Allocation by providing optimal assignment of workers based on skills, 

preferences, and production requirements. Similarly, for the production planning scenario, the services provide 

an efficient scheduling and workload distribution plan across the available production lines. 

7. Result Presentation via the UI: The AI Services send their recommendations back to the Orchestrator. 

¶ The Orchestrator formats the results and displays them on the DAI-DSS UI. 

¶ Users are presented with clear, actionable insights, enabling informed decision-making for production 

planning and workload balancing. 

This structured process ensures that the DAI-DSS framework effectively integrates data, AI analytics, and user 

interaction to optimize CRF workload balance. 
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Figure 44: Sequence Diagram for DAI-DSS Interactions Part 1 
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Figure 45: Sequence Diagram for DAI-DSS Interactions Part 2 
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3.4.1 Reliability 

3.4.1.1 Definition of Reliability for a Data Source 

Data reliability refers to the dependability and trustworthiness of data in supporting effective data lifecycle 

management and decision-making. Reliable data ensures that stakeholders can confidently rely on it to make 

informed decisions, as it consistently meets the standards for accuracy, usability, and consistency. 

Key attributes of reliable data include: 

¶ Accuracy: The extent to which data accurately represents the real-world values or events it is meant to 

reflect. 

¶ Consistency: The absence of contradictions or discrepancies within datasets, records, or across different 

data versions. 

¶ Completeness: The presence of all necessary information, ensuring no critical data fields are missing. 

¶ Timeliness: The availability of data at the right time, ensuring it is current and relevant when needed. 

3.4.1.2 Objectives of the Reliability of Knowledge Base 

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

¶ Ensure Data Trustworthiness: Ensuring that the stored data is accurate, consistent, and complete, 

fostering confidence in its validity. 

¶ Facilitating Informed Decision-Making: Providing stakeholders with dependable data that serves as a 

robust foundation for decisions. 

¶  Promoting Ethical Use of Data: Upholding the integrity of data, particularly in AI-driven or critical 

systems, to align with ethical standards. 

¶ Enhancing Data Quality Continuously: Establishing processes for ongoing monitoring, auditing, and 

improvement to maintain and elevate data reliability over time. 

3.4.1.3 Reliability Aspects Covered by Knowledge Base (ISO 10303) 

1. Accuracy  

¶ Standardized Data Representation: The schema based on AP239 ensures that data is modelled 

consistently and structurally correct, minimizing errors in representation. 

¶ Controlled use of RDL classes/properties ensures that attributes conform to a predefined 

ontology, enhancing semantic accuracy Figure 46. 

 

 

Figure 46: Reference Data Library Definition 
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2. Consistency  

¶ Hierarchical Data Organization: A Product Breakdown Structure (PBS) organizes data 

hierarchically, maintaining consistent relationships and dependencies between nodes and 

associated documents. 

¶ Version Control: Implementing versioning prevents overwriting of previous data, ensuring that 

updates do not compromise consistency or historical records. 

 

 

Figure 47: Breakdown Structure of the CRF Use Case 

3. Completeness 

¶ Mandatory Metadata Fields: Every node and document include essential metadata such as: 

o Creation Date: Origin of the data. 

o Updated By User: Information on ownership and modification history. 

o Description Field: Contextual details about the node. 

¶ Default Metadata Attributes: 

o Figure 48 and Figure 49 shows the default metadata attributes that will be populated 

when a node or document has been created in the knowledge base. This metadata 

provides an overview of the created date, updated date, and person who updated this 

information. 

¶ Traceability and Provenance: Version control ensures a complete and traceable history for every 

node or document, enhancing accountability and data lineage. 

 

 

 

Figure 48: Node System Properties ð Metadata 
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Figure 49: Document System Properties - Metadata 

4. Timeliness 

¶ Timestamps for Currency Verification: Metadata includes creation and update timestamps, 

allowing stakeholders to confirm the data's relevance and recency. 

¶ The use of a REST API ensures that users have immediate access to the most up-to-date 

versions of data, supporting timely decision-making. 

3.4.1.4 Implementation Approach  

1. Data Storage 

¶ Implementation Details: 

o Data is stored in a hierarchical product breakdown structure (PBS) modeled according to the 

AP239 schema, ensuring structured and standardized storage. 

o Versioning is implemented for each node to prevent overwrites and allow recovery of 

historical data.  

Á Note: Nodes with aggregate properties are not versioned. 

o RDL classes/properties enforce semantic correctness and compatibility across projects. 

2. Data Validation 

¶ Implementation Details: 

o Validation of incoming data against the AP239 schema ensures compliance with 

structural and semantic rules. 

o The system enforces mandatory metadata fields (e.g., creation date, updated user, and 

description) to maintain record completeness. 

o Version conflicts are handled via a controlled update mechanism, ensuring consistent 

relationships across nodes. 

3. Metadata and Provenance 

¶ Implementation Details: 

o Metadata fields (creation date, updated by user, and description) are captured for every 

node to ensure transparency and traceability. 

o Version control is integral, enabling stakeholders to trace all changes and recover 

previous states if needed. 

o Logs are maintained for updates, capturing user actions and timestamps to support 

accountability. 

4. Real-Time Data Access via REST API 

¶ Implementation Details: 

o A REST API provides direct access to the database, exposing endpoints for querying 

node data, metadata, and versions. 
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o APIs are designed to return the latest version of data by default but allow retrieval of 

historical versions for auditing purposes. 

o The API ensures timeliness by enabling real-time access to updated and accurate 

information. 

3.4.2 Outlook 

To meet the data requirements of AI services, the Knowledge Base needs to be adapted to support efficient storage 

and retrieval. Currently, FLEX data files are centrally archived within the Knowledge Base. Integration may be 

required if new services are made available (Figure 50). 

 

Figure 50: FLEX Data stored in the Knowledge Base 

 

3.5 Integrating AI-Services 

Within the FAIRWork project, several AI services for different use cases were developed to showcase different 

solutions to the problem situations and challenges. In order to sort all relevant input data from the UI and the 

Knowledge Base, the AI services are triggered by the Orchestrator, which collects and combines the different data 

in a JSON format that is sent to the AI service. The AI service runs the algorithm considering the relevant data and 

sends the result JSON back to the Orchestrator that then decides on what has to be shown to the user and what 

has to be saved in the Knowledge Base. 

The requests between the UI, Orchestrator, Knowledge Base, and AI services are done via HTTP requests. Those 

requests can handle the JSON files that contain the relevant data in both ways: requests and results. Also, 

depending on the HTTP request, different services 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 using a knowledge-based approach to support decision-

making in the Assist Decisions about Fair Worker Allocation use case, which belongs to the resource mapping 

decision problem, which is introduced in FAIRWorkós D2.1.  

For this experiment, decision-makers should be enabled to encode their decision knowledge directly and are then 

supported in creating a decision service out of it, which can be used within the DAI-DSS. This service is connected 

to the goal described in the section 3.3.2, 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. The 
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service itself offers an endpoint where the parameters are sent, and the decision is returned. This endpoint can 

then be used by the DAI-DSS Orchestrator. 

The decision service itself was implemented in the free OLIVE9 framework. Here, a connector was enhanced to 

consume the models and instantiate a decision endpoint out of it. To do so, the decision logic must be defined, 

which is, in this case, done by using models created with the Decision Model and Notation (DMN) language, which 

were created with the Bee-Up tool for this experiment.  

The decision-making in this experiment is separated into two steps. One is to decide if a worker is allowed on a 

specific line to produce a certain product, and the second is to take the group of allowed workers for a group of 

production lines and assign them based on their preferences. Then, it is checked that no worker is assigned to 

multiple lines. In this experiment, we use the rule-based service configured through the models to make the decision 

if a worker is allowed on a production line. Then, the separate worker allocation endpoint is used as a preliminary 

prototype to assign the allowed workers to the line. 

3.5.1.1 Prerequisite 

To prepare a new decision endpoint within this experiment, three parts must be prepared. One is the Bee-Up 

modelling tool to define and describe the decision that should be made. The second and third parts consist of the 

needed services, which are an OLIVE instance and the worker allocation service.  

As a modelling tool for this experiment decision service, the ADOxx-based Bee-Up tool was used, as it is freely 

available and had the modelling languages which were used for this experiment. To use it, first, the Bee-Up tool 

must be installed on the machine, and 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 must be 

uploaded to the OLIVE instance, and then the DMN file must be reuploaded again to use everything (how the DMN 

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 called 

Rule-based worker allocation. Its 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 have the 

highest preferences, making sure that one worker is not assigned to multiple lines.  

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

allocation.  

3.5.1.2 Testing the Existing Endpoint 

This section describes how the publicly provided interfaces of this experiment can be used with test data. These 

public endpoints were also integrated for an overall decision made with the Orchestrator. 

An example of the OLIVE UI can be seen in Figure 51. To test the provided functionality, one has to choose 

FAIRWork Resource Allocation in the microservice drop-down menu and then specify the operation. After the 

operation is chosen, the Test a Call button must be clicked.  

 
9 https://www.adoxx.org/live/olive (accessed: 8.1.2025) 

https://www.adoxx.org/live/olive
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Figure 51: OLIVE User Interface for Resource Allocation Experiment 

For testing the service defined with the model, the Line Assignment Assessment operation must be chosen (see 

Figure 52). This opens the interface for testing the decision if a worker can be assigned to a specific line. The input 

that should be used can be entered in the top left corner. For each parameter used, a field is provided. The values 

for different workers can be provided at once by separating the values with ñ;ò (semicolon). The number of values 

for each parameter must be the same, the following values: 

¶ Availability: ñTrueò and ñFalseò 

¶ DueDate: Integer between -10 and 10 

¶ MedicalCondition: ñTrue and ñFalseò 

¶ ProductionPriority: ñTrueò and ñFalseò 

¶ WorkerResilience: Float between 0 and 1 

¶ UTEExperience: ñTrueò and ñFalseò 

 

Figure 52: OLIVE Interface for Testing the Line Assignment Assessment Operation 

Service Output Post-Rendering Preview shows the output of the decisions. For each set of values, an entry in the 

array with the key ñWorkeratLineò (provided through the model) is given. The value ñ1ò means that the worker can 

be assigned, and ñ0ò means 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 the other operations Worker 

Allocation or Worker Allocation Configurable can be used. Both use the Line Assignment Assessment endpoint 

introduced above to decide which workers are allowed on a line and then use the results to assign the allowed 

worker to the given lines. The difference is that the second one allows you to choose the endpoint for the Line 

Assignment Assessment endpoint, and the first one has it pre-configured, 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 interface 

is opened. Both can be executed, and the results can be returned in a JSON file containing the production line and 

the assigned worker with their preferences. 

The endpoints can also be tested by sending POST HTTP requests to them, with the header Content Type set to 

application/json. The test data sent directly over the POST request does not completely overlap with the information 

provided in the OLIVE Interface. 

3.5.1.3 Creating a New Decision Endpoint with Conceptual Modelling 

If a new decision endpoint, using a rule-based 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 encoded 

so that it can be made usable as a decision service. 

To decide if a worker can be assigned to a specific production line and the products that should be produced on 

them, a rule-based decision service should be used, for which first, a DMN model with the decision knowledge must 

be created. 

The model contains a visual representation of the structure of a decision and the decision logic in the form of a 

decision table containing rules. The graphical model with some annotations can be seen in Figure 53. In the middle, 

the decision of whether a worker can be assigned to a production line, and the sub-decision, if a worker is on 

principle able to work on a line. At the bottom of the figure, one can see the parameters used to make this decision, 

and at the top, the objects containing the decision knowledge can be seen. 

 

Figure 53: DMN Model for the Worker Allocation Use Case 

For the parameters, the name and the type must be defined. The type can be defined in the attributes of each 

parameter object. The available attributes of the object can be shown by double-clicking it, and to save the type, 

the Type reference attribute is used. For sub-decisions (like Worker Able in Figure 53), a type must also be defined 

using its Type reference attribute. The Type reference of the main decision (Worker at Line, in this example) defines 

the decision serviceôs result type. The following types can be used: 
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¶ string (in the CSV, strings must be start and end with quotation marks, e.g., "healthy") 

¶ boolean 

¶ integer 

¶ long 

¶ double 

The goal of the model is to export the knowledge about the decision in an XML structure based on the DMN 

standard10, which can then be uploaded to the decision service. Therefore, the decision logic is saved in the General 

purpose attribute of the decision logic elements, which are instances of the Boxed expression (DMN) class in the 

modelling tool. But to make the writing of the decision rules more user-friendly, they can be written in CSV (e.g., 

using Microsoft Excel) and then automatically imported into the model. The modelling tool supports the handling of 

these definitions of decision rules, which are called decision tables in this context. 

To use the DMN export functionality, the decisions must be linked to the Boxed Expression (DMN) objects using 

the Linked Boxed Expression attribute. Therefore, the decision object must be double-clicked, the Linked Boxed 

Expression attribute must be found in the Decision logic tab, the plus symbol must be clicked, and the corresponding 

Linked Boxed Expression object must be searched. 

Under the menu entry DMN Decision service, the 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 through the 

Create decision table. To do this, an object of Decision (DMN) or Boxed Expression (DMN) in the modelling tool 

must be marked. Further, the decision table file can be opened with the standard system application by clicking 

Open decision table having marked an object of Decision (DMN) or Boxed Expression (DMN) in the modelling tool. 

Afterward, the decision rules can be added; an example is shown Figure 54. Each line represents one rule. Within 

the rules, either the direct value that must be set for a parameter to be defined, or an expression, like an interval, 

using [<star>..<end>] or >, <, >= and <=. After the decision table is defined, it can be loaded into the model by 

making the decision or the boxed expression and then clicking Import decision table under the Decision service 

menu when an object of Decision (DMN) or Boxed Expression (DMN) is marked in the modelling tool.  

 

Figure 54: Example Decision Table 

After the model is completely defined, one can create the DMN file, which can be used as the input for creating the 

decision endpoint. This endpoint can be created in two ways, one is to manually upload the DMN file and the other 

is to add the information of the OLIVE instance to the model and automatically upload the file to instantiate the 

endpoint.  

 
10 Object Management Group. (2023). Decision Model and Notation (DMN). 
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To manually upload the DMN file, the DMN export menu entry under the Decision service must be clicked. At the 

end of this algorithm, all the information needed for configuring the new decision endpoint is shown. This is the 

Decision key and the Decision variables that will be needed later.  

To create a decision endpoint, the OLIVE web interface must be opened in a browser, as shown in Figure 55. To 

define a new decision endpoint, an existing microservice must be chosen over the drop-down menu, or a new one 

must be created. Then, over the Edit button, a new endpoint can be added.  

 

Figure 55: OLIVE Web Interface 

The interface for adding a decision endpoint can be seen in Figure 56. Here, a new Operation must be added, and 

then the needed information must be provided, like the OperationID, Name, and Description. As Connector, the 

Camunda DMN Engine Connector Multiple Input must be chosen. Then, the exported DMN file from the modelling 

tool, can be uploaded to the DMN File Path, and also the Decision Key and Decision Variables must be configured 

as provided at the end of the export algorithm of the DMN file export of the modelling tool. Finally, the Call 

Configuration Inputs, which are the parameters the REST call will consume, must be defined. Their names can be 

freely chosen, but the Matching Name must correspond to the used in between the % signs in the Decision 

Variables. Afterward, this configuration must be closed by using the Continue button on the end, and then the rest 

of the endpoint can be used.  
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Figure 56: OLIVE Microservice Configuration Interface 

The automatic instantiation directly from the modelling tool, was added as an extension to the version described in 

D4.2. The extension is based on the concept introduced in D3.2.  

The automatic instantiation reduces the manual configuration effort and allows users to quickly deploy, change, 

and test the defined rules in a service. Further, different environments can be connected, allowing them to easily 

deploy the rules in a testing or productive environment.  

 

Figure 57: Example DMN Model with Microservice Definition Object 
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To achieve this, the standard DMN language was not enough and had to be extended to not only contain the 

decision logic but also allowing to save technical information needed to instantiate the service. Therefore, we 

enhanced the Bee-Up tool and its DMN language with an additional concept which we called Microservice Definition 

(shown as the green box in Figure 57). This concept allows to specify the information needed to instantiate the rule-

based decision service within a running OLIVE Controller. As prerequisite, the generic connecter implementation 

for the decision service must be implemented in the OLIVE Controller. This generic implementation is then 

instantiated with the information provided in the model, which together with the decision logic is then gathered by 

the modelling tool and sent to the OLIVE controller, instantiating a decision service, which can then be called over 

a REST interface.  

Before the decision service can be instantiated on the OLIVE instance, the Microservice Definition object must be 

created and related to a Decision (DMN) object using the Association (BPMN) relation. An Example of such a model 

can be seen in Figure 57. The instantiation can be triggered in the modelling tool by clicking Decision service in the 

menu bar and then Instantiate Microservice.  

The information that can be added to the model is shown in Figure 58. The First three attributes are used only 

internally in the modeling tool to identify the object and adapt its visualization. The important information for the 

instantiation of the decision service is the OLIVE controller attribute. Here the base URL of the used OLIVE 

controller must be provided. For FAIRWork we set up an instance on the server provided by JR.  

The information afterward is separated into information about the microservice and the operation. More detailed 

information about OLIVE and its concept of microservice and operations can be found at OLIVE (Falcioni, 2021)11 

For this section, it is important to know that a connector is a generic implementation of an endpoint, which can be 

instantiated and configured to fit a specific case. A microservice is a collection of instantiated connectors that are 

configured to be used together. The attributes of the decision service are the following: 

¶ Microservice id: This is a unique ID for the microservice on this instance of the OLIVE controller. If an ID 

is provided it is used to create or update and existing microservice. If this ID is empty, a new service with 

a unique ID is created, which is then saved in the model. If the microservice ID already exists on the OLIVE 

instance, the provided operation will be overwritten. 

¶ Microservice name: This is a human-readable name for the microservice. 

¶ Description: A short description of the service. 

¶ Operation name: An identifier for the instantiated connector, which is unique within the microservice. If 

this name already exists for this microservice, it will be overwritten.  

¶ Operation description: A short description of the instantiated operation. 

¶ Operation is autostart: Checkbox to define that the operation starts automatically 

¶ Operation is default: Checkbox to define that this operation is the default operation of the microservice.  

 
11Falcioni, D., & Woitsch, R. (2021). OLIVE, a Model-Aware Microservice Framework. In E. Serral, J. Stirna, J. Ralyté, & J. 
Grabis (Eds.), The Practice of Enterprise Modeling (pp. 90ï99). Springer International Publishing 
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Figure 58: Attributes of the Microservice Definition Modelling Concept 

The sources for the Bee-Up extensions can be found in:  

¶ https://code.omilab.org/research-projects/fairwork/decision-services/bee-up-dmn-extension 

To use this extension, one cannot install the Bee-Up tool but must install the ADOxx12 metamodelling platform and 

import the library. More information can be found in the GitLab repository. 

Independently, if the decision service endpoint was instantiated manually or automatically, it is available as an 

OLIVE REST endpoint which can be used by the DAI-DSS Orchestrator. Additionally, a test interface is available 

which can be opened on the web interface, by choosing the microservice, then the operation, and click on the Test 

a Call. An example for the OLIVE web interface is shown in Figure 59.  

 

 
12 https://www.adoxx.org/ (accessed: 8.1.2025) 

https://code.omilab.org/research-projects/fairwork/decision-services/bee-up-dmn-extension
https://www.adoxx.org/
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Figure 59: OLIVE Controller Interface 

This opens the windows shown in Figure 60. Here, values for the defined parameters can be defined, and with the 

Text a Call button, the call can be made. When it is finished, the result is also shown in this window. But this 

endpoint can now be called with any tool that is able to make POST HTTP calls. The concrete endpoint for this 

configured decision service can be found in the test interface under POST Endpoint. 

After this configuration, the endpoint, making the decision can be integrated into the overall decision-making 

procedure created within the DAI-DSS. 

 

Figure 60: OLIVE Test Interface 

3.5.1.4 Reliability 

This experiment and the general procedure that comes with it (as introduced in FAIRWork D3.2), support reliability 

by using conceptual models to understand the decision logic of the stakeholders. Diagrammatic conceptual 

modelling, as a purpose-oriented abstraction of complex systems or situations, enables stakeholders to better 

understand how the decision is made. To understand the decision scenario and configure the decision support the 

related methodology uses steps which are again supported by conceptual models, starting in a workshop and later 

defining it in more detail. 

/ƘƻƻǎŜ aƛŎǊƻǎŜǊǾƛŎŜ 

/ƘƻƻǎŜ hǇŜǊŀǘƛƻƴ 

hǇŜƴ ¢Ŝǎǘ 

LƴǘŜǊŦŀŎŜ 
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Further, the automatic reuse of the modelled information to create the decision service directly uses the captured 

knowledge without the need to manually translate therefore reducing the possibility for human error during the 

translation. Additionally, defining the decision logic independently in models enables us to instantiate the decision 

service in different environments, like an experimentation environment or a productive one. As the model stays the 

same, the resulting decision service will behave the same way.  

3.5.1.5 Outlook 

This experiment was used to analyze and showcase one possibility of using modelled information directly as input 

for decision services, for one symbolic AI approach. In other experiments and services within FAIRWork, other 

ways of using modelled knowledge as input for decision services. In this context further work focuses on how 

different services can be integrated with conceptual models, to ease the knowledge exchange. Future work focuses 

on both sides, what must the modelling method be able to capture and which functionality must be supported. 

Additionally, the service design must consider the possibilities for configuration or understand the modelled 

information as input. 

But not only individual implementations on both sides (modelling tool and service) should be considered but a 

general characteristic should be identified to ease the future integration of new modelling methods or services, 

increasing the flexibility of the approach. In OMiLAB this integration is used and will be further explored within their 

Digital Innovation Environment (DIEn), where a flexible usage of domain-specific modelling methods with services 

is needed to establish early experiments to evaluate innovative ideas.  

3.5.2 Decision Support through Decision Tree  

This section describes an early-stage experiment for using decision tree as configurable decision services with the 

DAI-DSS. Therefore, the aim was not to create one decision tree, best suited for a specific decision but to analyse 

if and how decision trees can be adapted to new or changing decisions. Here, a configurable service should be 

used to allow the creation of different trees for different decision problems.  

In the context of this decision service, a model-based approach was also used. This aligns with the concepts 

introduced in section 3.3.2. The difference to the service introduced in section 3.5.1 (the rule-based service) is that 

decision trees are counted to machine learning approaches, meaning that they are not created by defining the 

concrete knowledge but by providing data, and the decision tree is derived from it. The models in this experiment 

should be used to visualise the decision tree so that users also have a visualisation of how a decision is made. 

Having a comprehendible visualisation capability is also one benefit of decision trees. Additionally, the models 

should be used to create test training data for the decision trees. 

For this experiment, two parts were created the Decision Tree Resource Allocation service and a modelling 

environment, where the decision trees can be visualised. As a decision service, a Python-based service was 

created, and for the conceptual modelling, the Decision Model and Notation (DMN) implementation of the Bee-Up7 

modelling tool was enhanced. 

The main endpoints are the one for triggering a training of a decision tree and the one where a decision tree can 

be used to provide an answer. For training the different parameters with their values, the wanted output and an 

identifier must be provided. For getting a decision, the parameters and their values must be provided. The additional 

provided endpoints can be used to gather information about the available decision trees.  

To use the conceptual modelling approach, the Bee-Up tool must be installed, and the extension must be loaded 

into the modelling tool. More information on that can be found on the experiments GitLab page13. This extension 

 
13 https://code.omilab.org/research-projects/fairwork/ (accessed: 18.02.2025) 

https://code.omilab.org/research-projects/fairwork/
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uses the DMN models, which is already available and adds to functionalities. They can be triggered in the modelling 

tool by opening the Import/Export component, then click on Model and choose Send Decision Tree or Load Decision 

Tree. An example model for a decision tree can also be found on the GitLab project. Figure 61 provides the steps 

on how to trigger the functionality. 

 

Figure 61: Triggering Decision Tree Functionality in the Modelling Tool 

Load Decision Tree is to visualise an already trained decision tree in the modelling tool. Therefore, the identifier of 

the decision tree and the used endpoint must be provided. Afterwards, the data is gathered, and the decision tree 

is visualised. An example can be seen in Figure 62. 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 decision 

case should be supported, one does not necessarily have all the historical data available to train a decision tree. 

Based on the procedure introduced in section 3.3.2, 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 possible to 

create mock-up data out of a modelled decision tree, which can be used as the basis for training a decision 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 model like the one in Figure 

62 must be created. The leaves are 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 tree 

must contain the conditions of which path should followed based on the linked node. Additionally, the highest node 

is the root node, containing the information on how the result should be called and what possible results are 

available. For example, a Boolean if a worker is allowed on a specific line or not. What should be mentioned here 

is that in this way, the logic of the decision is described and is not necessarily how the trained decision tree looks. 

If the decision knowledge should be encoded directly, a knowledge-based approach like the one introduced in 

section 3.5.1 can be used.  
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Figure 62: Example of Decision Tree in the Modelling Tool 

To save the needed information in the nodes, the General purpose attribute is used. The information must be 

provided in JSON format. Below, you will find an overview of the different types of information that must be provided 

for the different nodes: 

¶ Root note 

o Example: {"possibleValues":[0,1],"type":"root"}  

Á Possible values of the outcome of the tree 

¶ Leaf: 

o Example: {"type":"end","result":0} 

o What is the result of this end 

¶ Intermediate node: 

o Example: { ñpossibleValues":[0,1],"type":"node"} 

Á Possible values which can be defined for this parameter 

¶ Relation between nodes 

o Example: {"operator":"=","value":1} 

Á Condition when this path is followed. Consists of operator and value 

This service was not changed from the one provided in section 2.6.2 of FAIRWork D4.2.  

Implementing the prototype gave us insight into how to combine conceptual modelling with the decision services 

but was not further investigated as the rule-based approach seemed better fitting to the project. Further, machine 

learning approaches are also used by other partners, and therefore we focused on a symbolic AI approach with the 

rule-based 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 decision 

scenarios. The idea for this experiment was not only to reuse the modelled knowledge but to enrich models with 

information from the DAI-DSS. This concrete experiment was not further developed, but the idea was taken into 

the general approach for integrating information into models, which is described in FAIRWork D3.3. 

3.5.2.2 Outlook 

This experiment was not further developed, as other approaches were pursued within the project. But one core 

idea of representing the results of the decision service within models was taken and further developed in the 

conceptual modelling research track of FAIRWork D3.3. 

3.5.3 Resource Allocation using Neural Networks  

The Resource Allocation using Neural Networks aims to assist in the decision of allocating workers to machines in 

a fair manner within a production environment. Allocating workers to machines is a routine but crucial task in 

manufacturing industries. Decisions must be made daily regarding which worker is assigned to operate which 

machine. Traditionally, experienced employees manually handled this allocation in the CRF-use case. 

The allocation process, initially performed manually by experienced employees, generated substantial historical 

data over time. This historical data comprises past allocations and is a valuable resource for optimizing the worker-

machine assignment process. The allocation performed by experienced employees is a function that maps available 

workers to specific machines. This function can be approximated using a neural network, allowing the network to 

learn and mimic the solution strategies employed by experienced employees without explicitly encoding them. 

The neural network employed in this project was implemented using the PyTorch library, a powerful tool for deep 

learning applications. The primary objective of the neural network is to predict the "final allocation" column in a 

given table based on various input parameters (see Figure 63). By leveraging supervised learning techniques, the 

neural network is trained on a diverse dataset, encompassing numerous examples of worker-machine allocations.  

This iterative learning approach enables the neural network to discern complex patterns and relationships inherent 

in the historical data, effectively capturing the decision-making strategies employed by experienced employees 

during manual allocations. 

Figure 63: Neural Network Resource Allocation 

The data structure used in the demonstrator can visualized in tabular format (see Figure 64). The central challenge 

revolves around predicting this table's "final allocation" column. The neural network model, implemented with 

PyTorch, is made accessible through a REST API, providing an interface for interaction with other components. 

The deployment of this neural network on a server is documented with the Swagger Documentation Standard, 
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which enhances accessibility and usability, allowing users to submit their data and receive predictions via a UI in a 

web browser. The Swagger UI is incorporated purely for documentation and test purposes. In the overall system, 

the orchestrator interacts with the services via HTTP-calls. 

 

Figure 64: Historic Data 

The training process involves adjusting the network's weights and biases to minimize the disparity between the 

predicted "final allocation" and the actual values in the training set. Hence, the quality of historical data significantly 

influences the effectiveness of the Pattern-Based Resource Allocation Service. Since the neural network learns 

from past allocations, any biases, inefficiencies, or errors in the historical data will be reflected in future decisions. 

High-quality dataðcharacterized by consistency, accuracy, and optimal past allocationsðenables the model to 

generate reliable and efficient solutions. Conversely, if the historical data contains suboptimal decisions, 

inconsistencies, or incomplete records, the service may replicate these flaws, leading to inefficient or biased 

resource distribution. Therefore, ensuring high-quality training data is crucial for maximizing the serviceôs 

performance and achieving optimal allocation outcomes. 

3.5.3.1 Reliability  

Resource Allocation using Neural networks fulfills the reliability factors to a high degree, though its effectiveness 

depends on data quality and system integration. Accuracy is largely achieved through machine learning models 

that analyze structured input data; however, its reliability depends on the correctness of the data provided. 

Consistency is maintained by neural networks that ensure uniform allocation principles, though discrepancies in 

input data may still introduce occasional inconsistencies. Completeness is well-supported as long as all relevant 

workforce, machine, and task information is available, but missing or outdated records can limit its effectiveness. 

Timeliness is highly dependent on the data update frequency - real-time or near-real-time updates enable dynamic 

and responsive allocations, while outdated information can reduce efficiency.  

3.5.3.2 Outlook 

The performance can only be validated within a validation environment at CRF. As the amount of historical data is 

limited, it would need to be tested in the existing environment. Hence, the performance evaluation is still an open 

point. Also, the algorithm is trained to allocate workers for one specific plant. The way it is designed it can be trained 

for other plants by inputting the corresponding historical data.  

3.5.4 Resource Allocation using Linear Sum Assignment Solver 

The Linear Sum Assignment Solver (LinSumSolver) deals with the use-case in assisting in the decision of allocating 

workers to machines. The problem instance has several workers and several slots on a machine. One machine, or 

more specifically, one order processed on a machine, requires different amounts of workers to accomplish that 

order on the specified machine. Some workers cannot perform certain tasks and, therefore, not be assigned to 
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specific slots. For a given cost function that defines how "good" or "bad" the assignment of a worker to a specific 

slot is, a cost-optimization problem can be determined. It is required to assign at most one agent to each slot and 

at most one slot to each worker to minimize the total cost of the assignment.  

Assignment Problems are a generic class of problems, and optimization libraries like Google OR-Tools have 

specialized solvers for certain assignment problems. In the case of the demonstrator, one can represent the 

allocation problem as a Linear Sum Assignment problem. An example problem instance is visualized in Figure 65. 

 

Every order introduces several slots, encoded as nodes, that need allocation. A node is introduced for every worker, 

regardless of whether that worker is present. In Figure 65, order one introduces two slots; order two, four slots. For 

every worker that is suitable to be assigned to a slot, an edge is introduced between the node encoding the worker 

and the slot. The cost function Ὢ determines the weight of the edge. The cost function can be any composition of 

functions and mapping of the properties of a worker and the order that results in a scalar value. The implementation 

of the library requires that the number of lots equals the number of workers. To adhere to that requirement, one 

can introduce not-assigned slots. For every worker and every not-assigned slot, an edge is introduced with a 

constant weight that is a supremum of the cost function. That way, optimizing the cost still corresponds to optimizing 

the assignment. The not-assigned slot weight offsets the total cost, which does not influence the cost optimization. 

The cost of assigning a Worker to a slot can be organized in a matrix. 

This service efficiently ensures optimal allocations by meeting machine requirements (e.g., each machine needing 

ὲ workers), respecting worker constraints (e.g., skill limitations preventing certain assignments), and considering 

personal preferences. By integrating linear sum assignment, the solver guarantees mathematically optimal 

workforce allocations. Unlike heuristic or machine-learning-based approaches, this method provides provably 

optimal solutions that balance productivity, efficiency, and worker satisfaction. The result is a streamlined 

assignment process that enhances operational efficiency while ensuring fairness and compliance with workforce 

constraints. 

One limitation of the Linear Sum Assignment Solver lies in its computational complexity, especially for large-scale 

problems. As the number of workers and machines increases, the size of the cost matrix grows exponentially, which 

can lead to significant processing times. Thus, they can become inefficient when handling highly complex 

Figure 65: Problem Instance in Linear Sum Assignment Graph Representation 
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assignments with large datasets. In such cases, the time required to find an optimal solution may increase, making 

it less practical for real-time or large-scale applications without further optimization techniques or approximations. 

3.5.4.1 Reliability 

The reliability of the LinSumSolver is shaped by several key factors, including accuracy, consistency, completeness, 

timeliness, and the effective use of user-defined weights for goal prioritization. The LinSumSolver guarantees an 

optimal solution by considering predefined goals, which are prioritized according to the weights assigned by the 

user. Conflicting goals are resolved by favoring those with higher weights, ensuring that the allocation aligns with 

the most critical objectives. However, the quality of the solution heavily depends on the accuracy of the underlying 

model and the appropriateness of the weights, as these directly impact the final allocation. Accuracy is ensured as 

long as the input data and cost matrix are correctly defined, but errors in data or weight assignment can lead to 

suboptimal outcomes. Consistency is maintained through the solverôs mathematical approach, ensuring that the 

same optimal result is produced for identical inputs. Completeness depends on the full representation of all 

constraints and goals within the model, with missing or incomplete data affecting the solverôs ability to generate 

accurate solutions. Timeliness is influenced by problem complexity, as the solverôs computational time increases 

with larger datasets and more complex scenarios. Overall, the service is highly reliable for well-structured, smaller-

scale problems but may face challenges with very complex, large-scale assignments. 

3.5.4.2 Outlook 

The LinSumSolver could serve as a benchmark for small planning horizons, offering optimal solutions that help 

validate or calibrate more complex algorithms used in services with longer planning horizons. By providing a reliable 

standard for comparison, it can support the development and refinement of advanced planning tools for large-scale, 

long-term resource allocation scenarios. 

3.5.5 Production Planning Service with a Hybrid Approach 

This service addresses the use-case of assisting in the decisions about production planning where suggestions for 

resource allocation for the production plan are made. This service provides a suggestion for a two-week planning 

horizon (see Figure 66) in two steps. First, it solves a job-shop problem 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 assigns the 

workers to the tasks. That way this combination can offer a full production plan based on an order list and shift plan. 

Therefore, the combines Constraint Programming (CP) for job shop scheduling and Monte Carlo Tree Search 

(MCTS) as a Reinforcement Learning approach for worker allocation. This hybrid methodology ensures an 

optimized production schedule while efficiently assigning workers to tasks, balancing both machine utilization and 

workforce constraints. 
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Figure 66: Extract of Production Plan (one line from several, two days from two weeks) 

The first step in the service uses CP to 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, task 

dependencies, and processing times, and systematically searches for feasible solutions while minimizing costs. By 

applying constraint propagation and systematic search, CP efficiently allocates tasks to machines, ensuring high 

machine utilization while meeting production deadlines. The result of this stage is a structured production plan 

specifying which tasks should be executed on which machines, at what times, and in what sequence to achieve 

optimal workflow efficiency. However, CP alone does not scale well for workforce allocation due to its computational 

complexity, necessitating a separate approach for assigning workers. 

Once the machine-task assignments are determined, the second stage employs Monte Carlo Tree Search (MCTS), 

a Reinforcement Learning technique, to assign workers to tasks. MCTS is well-suited for sequential decision-

making problems like workforce scheduling, as it explores possible worker-task assignments through simulated 

rollouts, evaluating different allocation strategies before selecting the most promising one. This method accounts 

for worker availability, skill constraints, and workers preferences, ensuring an optimal and adaptive worker 

distribution. Unlike CP, which struggles with the complexity of worker allocation, MCTS dynamically explores 

different assignment strategies and refines them based on performance feedback, making it scalable and adaptable 

to changing conditions such as last-minute worker absences or priority shifts. 

By integrating CP for job scheduling and MCTS for workforce allocation, the service provides a comprehensive 

production planning solution that efficiently coordinates machine utilization and worker assignment. This hybrid 

approach ensures that production schedules are both cost-effective and operationally feasible, improving 

productivity while maintaining flexibility in workforce management. 

3.5.5.1 Reliability 

The reliability of the Production Planning Service depends on accuracy, consistency, completeness, and timeliness, 

as well as the strengths and limitations of its two-stage optimization approach. Accuracy is generally high, as CP 

guarantees optimal or near-optimal 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 across 

different problem instances, making it adaptable. Consistency is strong in CP, which always produces the same 

result for identical inputs, whereas MCTS, as a probabilistic algorithm, may generate slightly different worker 

allocations between runs, though it converges toward optimal solutions over time. Completeness is achieved when 

all constraints - such as machine availability, worker skills, and production priorities - are properly defined; missing 

or inaccurate input data can reduce solution quality. Timeliness is a crucial factor, as MCTS requires sufficient 

computational resources to generate high-quality solutions. While it is an algorithm, meaning it can return a result 
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within a set time frame, at least 5 seconds of computing time is typically needed to achieve near-optimal results. 

Overall, the service delivers reliable and high-quality production planning, but its effectiveness depends on problem 

complexity and available computing resources,  

3.5.5.2 Outlook 

The integration of CP for job shop scheduling and MCTS for worker allocation has demonstrated strong optimization 

capabilities, balancing structured decision-making with adaptability. However, there is significant potential for 

further enhancement. One key area of improvement is increasing the scalability and generalizability of the 

Reinforcement Learning approach. To achieve this, we plan to incorporate advancements in transferable and 

generalizable RL techniques, enabling the system to adapt to new and unseen problem instances more effectively. 

Additionally, we aim to refine our MCTS framework by integrating AI-driven innovations inspired by AlphaZero and 

MuZero. This involves leveraging deep learning for policy and value estimation, allowing MCTS to become more 

efficient and adaptive over time. By combining the backward-looking learning of RL, which extracts patterns from 

historical data, with the forward-looking simulations of MCTS, which optimizes future decisions, we seek to develop 

a unified and intelligent decision-making framework. This integration would pave the way for Neural MCTS, making 

the system more flexible, scalable, and applicable to a wider range of complex production planning and workforce 

allocation challenges. 

3.5.6 Resource Allocation MAS-based 

In the evolving landscape of the manufacturing industry, the advent of MAS has marked a paradigm shift in how 

resource allocation is approached and managed. A Multi-Agent-based prototype for resource allocation was 

developed for the DAI-DSS prototype. This is an AI service aiming to provide a viable solution to support decision-

making in industrial use cases. The aim of this prototype is to consider characteristics such as worker resilience 

and preferences in the decision-making process of allocating workers to production lines. 

The system was developed using the JADE14 framework through object-oriented programming with the Java 

programming language, which provides a set of tools to manage and deploy autonomous agents in distributed 

environments. This framework is interesting for its ability to facilitate communication and interaction among 

industrial agents and for being 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 workers 

allocated to carry out production during work shifts. This allocation takes place according to parameters identified 

in the business modelling. These include the workerôs availability, their medical condition related to work in certain 

lines, their resilience regarding physiological and psychological strains and whether they have previous experience 

working on specific production lines. Furthermore, the number 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 prototype. 

In terms of the explainability of the current prototype, this algorithm can be described as follows: in order to provide 

support in deciding the most suitable workers for each line requiring worker allocation, this algorithm takes into 

consideration the workers registered in the form of a pool of 159 workers (see Figure 67). The agent representing 

a specific line requests a certain number of workers to be allocated according to the production priority and the 

order due date. The agents representing the workers calculate a score for each worker based on each worker's 

resilience and preference for working on the specific line that requests their allocation. Currently, a weight of 65% 

is given to the worker's resilience, and a weight of 35% is given to the worker's preference. Based on this score, 

 
14 JAVA Agent DEvelopment Framework. (2023). https://jade.tilab.com/ 

https://jade.tilab.com/)
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the worker agents are ranked, and the fittest ones are recommended to be allocated through a negotiation process 

carried out by the Contract Net Protocol (see Figure 68 and Figure 69). 

 

Figure 67: MAS-based Worker Allocation Dynamic 

 

 

Figure 68: UML Sequence Diagram of the Multi-Agent-based Workload Balance 
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Figure 69: Worker Allocation Agent Message Exchange Example 

This AI service focuses on the multiplicity, scalability and decentralisation aspects where multiple agents can be 

deployed in multiple production lines spread along the factory. The number of existent agents can vary over time, 
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and the system can deal with this dynamically, adapting to the available agents and recommending the workers 

that best suit the particular line. 

This application of MAS for resource allocation in manufacturing not only represents an interesting approach to 

workforce management but also represents a form of integration between AI technologies with humans playing a 

core role in the task involving people and machines. By integrating AI services into decision-making processes, this 

prototype prioritizes factors like worker resilience and personal preferences, ensuring a more human-centric 

approach to industrial operations. 

3.5.6.1 Reliability 

Reliability in MAS comprises robust communication, fault tolerance, and adaptive decision-making capabilities. The 

development of agent systems in closed environments is particularly advantageous for industrial applications, 

where reliability and consistency are 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 agent 

population. In such settings, the behavior of agents is well-defined, and their interactions are carefully designed to 

avoid destructive competition or defection. This level of control significantly reduces uncertainties that could 

otherwise arise from the introduction of unverified or unknown agents. Additionally, the controlled nature of closed 

environments facilitates testing for industrial applications. Comprehensive testing is relevant to minimize the risk of 

unforeseen errors during operation, further enhancing system reliability. In industrial applications such as 

manufacturing, the reliability of MAS is non-negotiable. 

Another relevant aspect is the standardization of agents. Predefined protocols and standards such as FIPA-ACL 

(Foundation for Intelligent Physical Agents ï Agent Communication Language) ensure consistent communication 

and interoperability. Furthermore, JADE (Java Agent DEvelopment Framework) ensures reliability in MAS through 

its modular architecture and robust agent management features. It provides a middleware platform that adheres to 

the FIPA standards. It supports fault tolerance by enabling agent recovery and replication, ensuring that the system 

remains operational even in the event of individual agent failures. It facilitates the creation of robust MAS suitable 

for both research and industrial applications. With tools for monitoring agent interactions, JADE facilitates the 

creation of MAS suitable for both research and industrial applications. 

Ultimately, the structured design of MAS developed makes them safe and compliant with industrial requirements in 

terms fo reliability. The systematic approach ensures that MAS can deliver reliability.  

3.5.6.2 Ethical Watchdog Agent  

The Ethical Watchdog Agent was developed to provide decision support in order to alert the decision-maker to any 

pre-established and previously analyzed factor in the process that is infringing on an ethical issue. Therefore, the 

aim of this watchdog is to sound an alarm every time the result of a worker allocation process infringes an ethical 

rule observed by the watchdog. Figure 70 illustrates the process in which the watchdog operates. 
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Figure 70: Watchdog Raising the Alarm 

The negotiation for allocating the most suitable workers to a given production line takes place taking into account 

data such as the resilience to carry out the given task on the line and the worker's preference. Also, important 

parameters for conflict resolution were added to the newest version of the prototype. Whenever the score of a 

worker is assigned ties, a parameter for experience on the line and job rotation plays a role in improving the conflict 

situation. Job Rotation is the value that represents how repetitively the given worker has been assigned to the 

current task in a sequence, with the experience on the line parameter measuring how many times the worker has 

been assigned to that task since they began working in the factory. The result of this first round is composed by the 

score formed by the workerôs resilience and preference with potential conflicts addressed by looking into the job 

rotation and experience on the line parameters. Then, after this first round, the watchdog analyzes whether any of 

the parameters it monitors have been trespassed. In this example, the result of the allocation was 5 workers of 

gender male. However, for this demographic variable, it was expected that the result would include at least 50% 

workers of gender female allocated to this production line. The Watchdog Agent then raises the alarm and informs 

the decision-maker which parameter exceeded the expected value for the given ethical issue. 

Figure 71 illustrates the rest of the process and Figure 73 is an example of the watchdog message exchange in the 

JADE interface. The decision-maker receives the alarm sounded by the watchdog as input, and being responsible 

for triggering the renegotiation action, does so. Then a second round of negotiation begins in which the parameter 

monitored by the watchdog is observed. Finally, the system recommends a solution in which that parameter is 

obeyed. At the same time, the workers' resilience and preference are also observed in order to provide a result that 

simultaneously maintains attention to the parameters that led to the result of the first negotiation and that are desired 

for production. 

 

Figure 71: Renegotiation to Comply with the Watchdog 

The final result shows that three workers of female gender were recommended for allocation, which is in line with 

the ethical standards previously established. One can see the UML sequence diagram in Figure 72. 
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Figure 72: UML Sequence Diagram Updated for Renegotiation with the Watchdog Agent 
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Figure 73: Watchdog Message Exchange after Renegotiation 

In Figure 74, one can see the result of the decision process and the WatchdogAgent in action. For Line 17, the 

result of the first negotiation violated the age criteria (the age average for workers must be under 30 years old) 

established for the ethical matter in this scenario. Therefore, the WatchdogAgent signaled that this criterion was 

not met. The decision-maker then has the option of asking for a renegotiation that includes the obligation to meet 

this criterion, or they can choose to maintain the original allocation recommendation. In this example, the decision 

was to trigger a renegotiation in order to choose the best workers for the job, but who also meet both ethical criteria 

(minimum average age and gender distribution). In the field below the first negotiation, you can find the result of 

the renegotiation and see that both ethical criteria have been met. The same applies to Line 18. For Line 20, no 

ethical criteria are met in the first negotiation, since it only includes the resilience and preference factors of all the 

workers. Therefore, when the decision-maker opts for renegotiation, the best available workers who jointly have an 

average age of less than 30 and at least half women are recommended for allocation. 
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Figure 74: Interface for the Agent-based Service 

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

3.5.6.3 Outlook 

The development of a Multi-Agent-based service prototype within the DAI-DSS framework demonstrates the 

significant potential of integrating human-centric considerations into industrial decision-making through a 

decentralized and agentic perspective. Factors such as worker resilience and preferences play a decisive role in 

representing human integration and representation in the decision-making process. It showcases a scalable, 

decentralized, and adaptable system capable of managing workforce allocation to production lines highlighting a 

human-centric resource allocation, and contributing to future advancements in decision-support systems in 

industrial contexts. 

Looking ahead, the integration of MAS with LLMs in resource allocation offers an exciting frontier for MAS-based 

applications. LLMs can enhance MAS capabilities by providing advanced natural language understanding, enabling 

richer and more intuitive interactions between agents and stakeholders. This integration will help the incorporation 

of complex, context-aware human inputs and further refine decision-making processes in an agentic approach. This 

agentification allows for more efficient communication through the division of tasks in processing the demands of 

LLMs. It is an advance towards more autonomous, intelligent, and human-aligned industrial 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 filling the 

volume of the existing trucks of different sizes and therefore, to use the least amount of trucks and assist in 

decisions regarding these containersô shipment. This service aims to address the shipping process by streamlining 

the decision-making steps involved in container placement and truck selection. The correlating container 

dimensions with truck capacities, the service devises loading strategies that maximize space utilization. 

The truck loading service takes the shipping plan and the relevant logistical data as inputs to determine the optimal 

container placement and truck allocation. It begins by evaluating each shipmentôs due date and the specific 

requirements of the contained products. 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 truck 




























































