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Overview

• Motivation 

• MAS without forecasting : Production 2000+ (case study) 

• Situated agents (environments in MAS) 
• Manufacturing Control : PROSA+ANTS 
• Combat Prediction : PolyAgents

• Spatial interactions and forecasting with agent swarms
• Combat Prediction : PolyAgents

• Lumped interactions and forecasting with agent swarms
• Manufacturing Control : PROSA+ANTS

• Conclusions 
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Motivation and its Implications

• WHAT IS THE MARKET (NICHE) OF MAS ?
• SWOT

• Dynamic, complex, …
• Out of reach for mainstream IT (e.g. SOA)

• Account for the environment
• 50+% of custom-made software in MAS applications !

– Reflect world-of-interest in software
– Situated agents

• Accurate models and action effect assessment 
– Which accuracy ? 
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Motivation and its Implications

• Accurate models and action effect assessment 
• Which accuracy ? 

– Data/info correctness and precision !

– Insert/delete/update anomalies ! Dynamic world !

– Re-usable, durable, multi-purpose ?
• Analogy : traffic maps versus rally road books

– Accounting for interactions in a decentralized setting !
• Multi-step look-ahead in reality (in the application’s world)
• Not to be confused with multi-step negotiations ! 

>> Car navigation
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MAS without forecasting

• Production 2000+ 
– Self-organization in manufacturing operations 

Klaus Schild, Stefan Bussmann, Dec 2007, CACM 50:12 

• The manufacturing system : Mercedes A-class engines 
– High volume production 
– Conventionally, transfer lines 

• Fully product-specific
• Break-downs propagate fast

– New layout
• More flexible and more robust
• Multiple operation implementations
• Flexible transport system
• Main direction and backward direction
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Production 2000+

• Work piece agents, machine agents, shifting table agents
• Auction & Negotiation Based
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Production 2000+

• Recipe for each product type
– Sequence of operations

• Buffers
– Virtual input buffer (work pieces awarded)
– Virtual output buffer (not yet awarded to a successor)
– Physical buffer

• Dynamic task allocation
– Work piece initiates the auction when it leaves current machine
– Allocation thru a first-price, single-round auction in which a work 

piece auctions off its current task
– 3 steps

• Deadlock avoidance & routing
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Production 2000+

• Discussion
– Relatively simple design (big advantage!)
– Deadlock issue is deceivingly tricky 
– Very effective for the targeted systems

• How much is due to S/W ? 

– Builds on many implicit assumptions
– Batching, rush orders, mixed product type production, 

assembly, multi-level allocation
– Acts after the facts, no anticipation

• Marginalizes the competitive edge ?

– KISS & select correct level of flexibility (= start-over approach)
• Outside the MAS Niche !

– Better: do not impose/require a level of flexibility
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Situated agents and E4MAS

• Production 2000+
– Shifting tables
– Machine agents

• Virtual buffers

– World model already “pre-shaped”
• Road book for rally race

• Combat prediction
– Spatial interaction

• Manufacturing control
– Lumped interaction, sequencing on resources, routes
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Combat Prediction

• Dominant aspects 

– Spatial distribution of soldiers, buildings, etc. 

– Spatial interactions and interference 

– Information availability and correctness 
• Friend or foe
• State
• Properties, behavior 
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Combat Prediction

• World model 

– Grid of cells (square or hexagonal)

– Cells have properties (e.g. mobility)
– Pheromones (artificial) 

• Propagation
• Evaporation
• Aggregation 

– Agents interact through environment (pheromones)
• E.g. too much foe pheromone >> run away  
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Combat Prediction

• Pheromone flavors include 

– Alive and dead pheromone for adversaries, friends, and civilians
– Weapons fire to indicate recent activity   
– Key sites (such as hospitals or schools) 
– Mobility (reflecting the presence of roads)  
– Cover 
– Level of estimated threat to friend or foe

• Evaporation, propagation, aggregation
– ? Mobility level influences evaporation during propagation 
– ! Model anomaly prevention (normalization)
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Combat Prediction

• The agent’s personality is a vector of values in [-1, +1]: 

– Protect Red (the adversary) 
– Protect Blue (friendly forces)
– Protect Green (civilians)
– Protect Key Sites
– Avoid Combat
– Avoid Detection
– Survive

• Negative values reverse the sense suggested by label

• Each active entity in the battle space has a persistent avatar
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Combat Prediction

• The full world model is book with on each page such a grid of cells

• Each page has a time stamp

• Current page corresponds to actual time (track)
• Recent observations are indicated on this page

• Previous pages correspond to recent past (trace)

• Following pages correspond to near-future (predict/forecast)

• Fixed time step TT

• Persistent avatars on the “current page” continuously generating
a stream of ghost agents representing themselves
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Combat Prediction

Personality estimation from external behavior

• Generate ghost agents 
– Genetic programming (personality vector)
– Cross-over and mutation of fittest ghosts

• Insert in the past and evolve until the present

• Evaluate fitness
– Behavior fits trace ?

• Select the fittest ghost agents
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Combat Prediction

Estimate future state probabilities

• The fittest ghost continue onto the pages 
following the “current” page (future states)

• Deposit pheromones

• Behavior is influenced by pheromones

• Evaporation, aggregation, propagation

>> Pheromone distribution constitutes the prediction
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Combat Prediction

• Discussion

– Effective support tool
• Competitive with human/existing

– Simple agents and world model (big advantage)
• S/W development and maintenance

– Pheromone fields are a flexible mechanism to insert 
information, knowledge…

• E.g. Observations

– Pheromone propagation, aggregation may incorporate 
advanced information processing mechanisms

• E.g. Threat level pheromones

– Staff service (only)
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Manufacturing Control

• Real-time logistics inside factories

• Ensure that production respects “recipe”

• Route products along processing units, storage…

• Provide processing units with materials, energy, 
skilled personnel, maintenance, set-up…

• Satisfy customers and ensure productivity
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Manufacturing Control

Flexible robotic assembly system

Paul.Valckenaers@mech.kuleuven.be

Manufacturing Control
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Manufacturing Control
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Manufacturing Control
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Manufacturing Control

• Dominant aspects 

– Resource contention (time slot ownership) 

– Product routing  

– Cooperative, observable, actuate-able

– Changes and disturbances
• External
• Internal

– Productivity 
• The Goal
• Smooth operations, plan-able 
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Manufacturing Control

• World model 

– Lumped
• Activities centered around resource agendas and product journeys

– Graph (directed) 
• Nodes and edges are objects and/or agents (sub-class of…) 
• Main nodes correspond to the resources 
• Peer-to-peer edges connect resource exits and entries
• Parent-child edges reflect presence

– Stigmergie
• Info spaces attached (e.g. blackboard)
• Access possibly through “local services” only (e.g. agenda) 
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Manufacturing Control

• Stigmergie 

– Delegate MAS
• Ant agents
• Virtual journey across the graph

– Pheromones (artificial) 
• Evaporation (discrete)
• Serialize-able objects

– Agent interact through environment 
• Info spaces (artificial pheromones)
• Local agents/objects/…
• Acquaintances  
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Manufacturing Control

• PROSA reference architecture for the society of agents
• Agents correspond to “some existence”

abc

abc

abc

Order agentsProduct agents Resource agents
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Manufacturing Control

PROSA

– Product agents
– Resource agents
– Order agents
– Staff agents
– Architecture

Basic: P – R – O 

Basic (P/R/O) agents: 
Reflect what is/exists  
Responsible 

Staff agents: 
Know-how, legacy... 
Support, advise 

OO:
Specialisation 
Aggregation 
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Resource Agents

• Reflects a resource in the manufacturing system
• Resource capabilities (operations, speed…)
• Local topology

– Entries and exits of the resource
– Exits connected to its entries and vice versa

• Methods
• Capabilities()  >> resource capabilities representation
• Status()          >> availability representation 
• Perform(…) >> execute an operation
• Set(…) >> e.g. download or select an NC program

• Actions
• Inform order agent of processing result…

• What-if / predictive model
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Product Agents

• Reflects a product type, not product instances
• Knows possible ways to correctly produce instances

and provides this information to …
• Minimizes assumptions about resource availability

– E.G. Support 3 and 5 axis alternatives

• Methods
– InitialState()  >> product instance state representation
– PossibleNextSteps(currentState) >> set of operations
– NextState(currentState, operation, result) >> state rep
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Order Agents

• Reflects an on-going task in the manufacturing system
– Product instances (not-yet-finished), parts, … are reflected
– Maintenance tasks are reflected by an order agent !!!

• Order agent knows its product agent
– All technological decisions are delegated to the product agent

• Actions
– Acquire state representation from product agent
– Acquire set of possible next operations from product agent
– Find suitable resource(s) (agent) and get an operation executed  

>> processing result
– Get next state representation from product agent

– Resource allocation coordination
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PROSA
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PROSA

• Staff agents (holons)
– Reflects specific know-how, legacy, … in the system
– Shielded from the harsh reality of the factory by its advisory role 
– As in human organization, staff supports line personnel

• Aggregation
– Simplifies the environment for the other agents (similarity, 

conformity)
– Increases reuse, simplifies individual s/w components

• Specialization
– Simplifies the environment for the other agents (dealing with 

superclass only)
– Increases reusability, customer base
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Manufacturing Control: Ants
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Manufacturing Control: D-MAS
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Manufacturing Control: D-MAS
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Manufacturing Control: D-MAS
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Manufacturing Control: D-MAS
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Manufacturing Control: D-MAS
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Manufacturing Control: D-MAS
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Manufacturing Control: D-MAS
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Manufacturing Control: D-MAS 

• Discussion

– More sophisticated agents and world model
• S/W development and maintenance
• But compensated by services offered and

– Reflects world-of-interest
– Makes the environment part of the solution

• Like intelligent maps

– Stigmergie as a flexible mechanism
– Objects (<> scalars), services beyond R/W/U

– Line service
• Interaction with command & control
• See further
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Ghosts & Ants

• Lightweight
• Swarm on behalf of …
• Render service (e.g. forecasting)
• Model “normalization” preserved
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Ghosts & Ants
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Ghosts & Ants
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Line service: nervousness
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Line service: nervousness
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Line service: nervousness
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Line service: nervousness



9

Paul.Valckenaers@mech.kuleuven.be

Line service: plan execution
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Line service: plan execution

• Missing information
– Transport
– Tooling/set-up
– Storage
– …

• Invalid planning information
– Breakdowns
– Unexpected processing outcomes
– …
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Line service: plan execution

• Tendency to follow plans
– Distance to planning >> preferred >> intention
– Same machine, almost the planned time
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Line service: plan execution
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Model uncertainty: reputation

• Reputation: 
– Intention ants: order is committed to its intention
– Exploring ants: gathered information is considered as correct

• Expected finishing time for operation
• Expected start time for operation

– Capabilities of resource holons is considered to reflect the actual 
situation (quality of service)

• Entity Roles

• Reputation vs. Contracts

Autonomic handling of inaccurate data
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Concluding Remarks

• MAS niche implies lower bound on our ambition
– Simple but never too simple (Albert Einstein)

• Pro-active means “forecasts accounting for interaction”

• PolyAgent / Ghosts and PROSA + Ants /D-MAS
are two examples of swarms of lightweight agents
delivering such forecasts with “normalized” models

• Further issues: 
– E4MAS, situated agents, anomaly prevention, …
– Coping with complexity in the environment 

US Navy versus Canadian …
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Other application domains?

Indicators for application domain potential : 

• The underlying system evolves slower than its control
• The underlying system and the control system do not 

compete for the technical resources 
• Economic leverage
• The underlying system must be sufficiently observable
• The control system must be able to influence the 

behavior of the underlying entities to some extent. 
• It is possible to effectively and efficiently reflect the 

entities in the underlying system by computing agents. 
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Other application domains?

Considered to be valid candidates : 

• Warehousing, truck reloading, …
• Multimodal transport
• Logistic execution systems

• Intelligent traffic

• Smart power grids
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Smart Power Grids
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Smart Power Grids


