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Introduction

 Personal Motivation

 too many Multi Agent Systems built from a single point of view

 got rigid and complex

 Interoperability stresses heterogeneous world views / world models

 Concepts

 Compatibility vs. Interoperability vs. Integration 

 Focus on Enterprise Interoperability
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Motivation: Future Enterprise Systems
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 Enterprise as a Complex Adaptive System

 Human and Artificial Agents 

 Sensing, interacting

 Information processing and smart Algorithms

 S^3 Enterprise: Sensing, Smart and Sustainable

 top-down approach to the design of enterprise systems in a static mode is insufficient 

Motivation: Future Enterprise Systems
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 Enterprise as socio-technical information system

Organisational Semiotics: Ronald Stamper’s Semiotic Ladder

https://www.semanticscholar.org/paper/The-Semiotic-Pentagram-Framework---A-perspective-o-Cordeiro-

Filipe/d0e1d023c52dc06e8447ec76b743fe07cedf5773/figure/2
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Systems Perspective



© PROFACTOR GmbH

Systems Perspective: Scala / akka implementation
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EI Problem-space

…
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EI Problem-space

Barriers 

Concerns 
Conceptual Technological Organisational 

Business 

Visions, strategies and 

culture; Business 

semantics; Business 

syntax 

IT requirement 

fulfilment; Degree of 

computerisation 

Methods of work; 

Organisational 

structure; 

Legislation 

Process 

Process semantics; 

Process syntax; 

Process content 

Process behaviour 
Business process 

behaviour;  

Service 

Service semantics; 

Service syntax; 

Service content 

Service granularity 
Service 

Management 

Data 
Data semantics; Data 

syntax; Data content 
Exchange format 

Classified 

information;   

Information 

ownership. 
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Enterprise Modelling: CIMOSA, ISO 19439;  Enterprise Interoperability

Enterprise Model -

Point of View

Interoperability of Models - Point of View



© PROFACTOR GmbH

 ISO/TC 184/SC 5 - Interoperability, integration, and architectures for enterprise systems and automation 
applications;

 Joint WG ISO/TC 184/SC 5 - IEC/SC 65E : Enterprise-control system integration

 Data Structures, Protocols & Service Interfaces

 OPC UA (OLE for Process Control Unified Architecture) 

 MQTT (Message Queuing Telemetry Transport); AMQT (Advanced Message Queuing Protocol)

 Semantic Interoperability Standards

 Ontologies

 OPC UA information models: EUROMAP 77

 ISO/CD 19440: Enterprise modelling and architecture – Constructs for Enterprise Modelling

 ISO/DIS 15704: Enterprise modelling and architecture -- Requirements for enterprise-reference architectures 
and methodologies

 ISO/CD 16300: Automation systems and integration – Interoperability of capability units for manufacturing 
application solutions

 ISO/DIS 20140: Automation systems and integration — Evaluating energy efficiency and other factors of 
manufacturing systems that influence the environment 

 ISO/CD 15746: Automation systems and integration -- Integration of advanced process control and optimization 
capabilities for manufacturing system 

Existing and Ongoing Standardisation Work for Interoperability

https://www.semanticscholar.org/paper/The-Semiotic-Pentagram-Framework---A-perspective-o-Cordeiro-

Filipe/d0e1d023c52dc06e8447ec76b743fe07cedf5773/figure/2
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(Enterprise/Process) Interoperability for Automatic Control

 Executable Machine Models

 EN 61499

 Enterprise Operating System

 Process-based

 Production & Business Processes

 Service Oriented (?) :-(

Enterprise Model Execution and Integration Services
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Process Interoperability – Manual Workflow Design & Automatic Execution
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Process Interoperability - Manual Workflow Design & Automatic Execution
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Other approaches tightly integrated or just compatible
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Modular Process Oriented Framework for Production Process Interoperability

Pro2Future
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Modular Process Oriented Framework for Production Process Interoperability

 Flexible Machines 

 Collaboration and Coordination on the modular Shop Floor

 Handling the Systems Engineering of 
Distributed & Complex Systems

 Goal-oriented / Cognitive Decision Making for 
Optimization (efficiency, time & resources, product quality, flexibility, etc.)

 Symbolic & Distributed Artificial Intelligence
(abstraction, logic, multi agent systems)

Logic :: 

Processes and Intelligent Agents
Flexibility:: 

Collaborating Machines 

Modelling :: 

Abstraction and Complexity
Decision Making ::  

Process Optimization

Transition of goal-oriented 

decisions into explicit 

machine controls

Pro2Future
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Work in Progress for Production Process Interoperability

 Automated Process Planning

 Incl. Replaning

 extremely hard
 Intermediate approach: Abstract Production Processes vs. Concrete Realisations 

 Automated Process Scheduling

 NP-hard

 Re-Scheduling in combination with process replaning

 Processes for Heterogeneous Systems: Human Robot Collaboration / Operator 4.0

 Services required for automated planning and execution

 Autonomous Actors / Agents & Self-organisations (interaction protocols & communication)

 Yellow Pages / Directory Facilitator / Discovery / Model Mapping

 Heartbeat / Lifecycle Support

 Interoperability Support 

 Development / Debugging Support

 … 
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