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The Right Brain Architecture of a 
Holonic Manufacturing System

Application of KEEL® Technology 
to Holonic Manufacturing Systems
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Industrial Automation Systems

Discrete Manufacturing Systems

Line 1

Line 2

Line 3

X X X X

Presenter
Presentation Notes
Highlights the failure of one segment of the system can idle the remainder of the line.
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Holonic Manufacturing Systems

Objective
Machines negotiate for work

X

Presenter
Presentation Notes
Highlight the failure of a single object allows the other cells (agents) to negotiate with other agents to reroute the work.
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Most Research on Infrastructure

Architecture

Protocol for Negotiation

Symantics / Language

Object Definition

Presenter
Presentation Notes
Architecture:

	Media

	Agent Hierarchy

	Chain of Command

	Human Intervention

Protocol for Negotiation:

	SOAP

Symantics / Language:

	XML / Schema

Object Definition:

	Device Profiles
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Agent Reasoning

Why

How Much

When

Who Should Know
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Agent Model

Normal Mode
Static Rules
Repetitive Operation

Characterized By
Conventional Programming 
Languages

RLL Dominant
Structured Text
Sequential Function Charts
Function Block Programming

Exception Mode
Multiple Courses of Action
Judgment
Balancing Options
Accept Human Advise

Characterized TODAY by
Complex Code Segments

Presenter
Presentation Notes
The intent of this slide is that in Normal Mode, when everything is operating “normally” that conventional solutions are fine.  There is no judgment needed to process well understood events according to a script defined with conventional programming languages.  The list is for commonly used PLC languages.



The focus on the Exception Mode shows that this is often where much of the system complexity resides.  Abnormal operations – what to do next.



Here we are suggesting that today’s systems are brittle because of the complexity AND that the complex systems are inadequately supported if they are to live up to their potential.
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Reasoning for Agents

Reasoning is more than just processing a linear set of 
rules.
To fulfill their potential, Agents must incorporate 
reasoning to address subjective situations.
At least today, there is an advantage to have that 
reasoning defined by humans.

Allowing auditing of the process
Allowing humans to correct / enhance the process
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Problem with Conventional Logic

Static rules will not solve many complex situations
Defining solutions as a set of scenarios does not allow 
the agents to react to new situations
Developing complex solutions with conventional 
programming practices creates solutions prone to logic 
errors.
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Some Cognitive Solutions

Artificial Neural Nets (ANN)
Pattern Matching Solution – not reasoning
Mechanism Model (models the human brain)
Training is an issue
Results / Actions are not “explainable”

Fuzzy Logic
Fuzzy Rules (“Expert System”)
Process Model (based on linguistic uncertainty)
Design is an art - inexplicit
Results / Actions are “mathematically explainable”
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KEEL®

Knowledge Enhanced Electronic Logic (KEEL®)
Graphical Rules Based (“Expert System”)
Process Model (Graphical Rules)
Models Reasoning of Human Expert
Dynamic Rules 
Results / Actions are Visually Explainable

Presenter
Presentation Notes
  Graphical Rules eliminates issues associated with Fuzzification / Defuzzification and any translation problems associated with the english language (completely analog)

  Process model, because we are after a solution without being biased with the existing human model.  (note, the human has 1011 neurons an 1014 connections to match a lot of patterns)

  KEEL is an expert system requiring the human’s reasoning to be modeled.

  Results are 100% explainable by viewing the importance of each piece of information and how each piece of information is related to others.

  Dynamic rules change as the environment changes

  KEEL has aspects of ANN (web of information, supports importance of information) and Fuzzy (deals with relative information)
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KEEL® Source Code 
6 Decisions / Actions

Potential Outputs

Yes / No (On/Off)  
Or Analog

Height of bars 
indicates importance

Presenter
Presentation Notes
Just a little about KEEL Source Code used to document the reasoning process.

Top of screen is outputs.

Bottom of screen are inputs.
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KEEL® Source Code
Inputs

Supporting / 
Driving Inputs 
(Green)

Blocking / 
Objecting Inputs 
(Red)
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Adaptive Behavior

Humans
Adapt to a changing 
environment by allocating 
resources
Importance of information 
changes as their environment 
changes
Balance a number of problems 
/ possible actions at any time 
determine value of information 
and how resources should be 
applied
Rules by which humans 
operate change based on the 
resources available and by 
their perception of their 
environment

Holons
Need to do the same things

KEEL Engines
Iteratively process information 
(inputs)
Adjust the importance of 
information
In order to balance all of the 
options / actions
Until a stable set of outputs is 
achieved
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Explainable

Drives
Sets the importance of
Determines the threshold of
Inhibits (objects too)
Sets the importance of
Turns On/Off

Trace the lines to see 
exactly why any 
decision or action is 
taken

Presenter
Presentation Notes
In the development environment you click on a “connection point” and wires are highlighted in red to allow easy tracing.



A variety of reports are available to document inputs / outputs and relationships.



An “automation” capability is included to allow embedded applications to share their inputs (as an XML file) that can automate the development environment so you can “see” the system think in almost real time.
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Learning versus Adapting

Learning
Psychologists consider 
learning as the ability to 
acquire new information 
(automatically) and generate 
all necessary linkages and 
values (automatically).
We suggest that this is not 
what we want with a holonic 
manufacturing system.

Adapting
Holonic Agents need more 
control
They need to be accountable 
to their human supervisors
In our view Adapting is more 
appropirate than Learning

Holons “adapt to changing 
values” described by human 
experts
Holons “react according to”
planned relationships defined by 
human experts
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Extending a Holon

Judgmental Rule
Construction
Environment

Rules are data 
structures, not 
formulas or 
sequential 
instructions

Holon

Rule Memory
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Holon Logic 
Processor

KEEL Engine

Reload

Presenter
Presentation Notes
In this case we are showing how we believe a holon should learn.



Off line learning where the reasoning model is developed and tested off-line and then the rules are loaded.



The KEEL Engine is separate from the rule base (set of tables that defines importance of information and linkages between information items.



Also, in many cases increased reasoning will require adding sensors / actuators.  This will require additional modification (beyond the scope of this document) although there are technologies (JINI / Universal Plug and Play, etc) that address some of these issues.
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Contact Information

Compsim
Web: http://www.compsim.com
Email: info@compsim.com
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