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Presenter
Presentation Notes
This talk has two parts:

The first part will discuss how DEVS lends itself to platform independent modeling and how the current DEVS Standard allows transparent simulators in a net-centric infrastructure. These two features are integrated within the DEVS Unified Process using the DEVS modeling language. 

The second part is focused towards cognitive science community that have used ACT-R as a means to develop cognitive models. A case study  will be presented in which existing ACT-R models are potentially made net-centric  and extended further towards the development of agents and cognitive capacities from these ACT-R models. 

We will also see that once that extension is made, how such models become a component in larger System of Systems framework.

This talk lays the foundation of bringing the two communities together and how advances in each of the disciplines benefit each other. 



DEVS Standard
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Allows different modeling platforms and model portability, 
leading to model repositories
Allows independent development of varied simulation engines

DEVS
Simulator
Interface

Single 
processor

Distributed
Simulator

Real‐Time
Simulator

C++

Non
DEVS

DEVS
Model
Interface

Java

Other
Representation

DEVS
Simulation
Protocol

Virtual‐Time
Simulator

DEVSML



DEVS Middleware

Model & Simulator Interoperability
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DSL 1 DSL 2 DSL n

DEVS Modeling Language (PIM)
(Atomic and Coupled)

Net-centric Infrastructure (SOA)

DEVS / JAVA
192.168.1.100

DEVS / C++
192.168.1.101

DEVS / .NET
192.168.1.101

DEVS / SOA

Non-DEVS
eg. MATLAB

DSL x

…

M2M
transformation

End User client

Server-side
architecture

M2DEVS
transformation



DEVS/SOA Operation
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DEVS Unified Process
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System Requirements as the starting point

DEVS Hierarchical System specifications 

Presenter
Presentation Notes
While the DEVS describes the model, the simulator and the Experimental frame in clear terms, the DEVS Unified Process builds on that foundation and further integrates the systems requirements. Using the DEVS hierarchy of system specification, the requirements in varied formats are reduced to lower levels of system specifications and then transformed to higher levels leading to the atomic and coupled elements. How the requirements are formalized to the model and the experimental frame options is still an open research area and formalization of that process is in order as well. The DEVS Unified Process provides a mechanism to begin with a ‘system’ in mind. System Entity Structure (SES) is the preferred way of dealing with such formalization. 



Extracting Components from ACT-R
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Formalizing DEVS/ACT-R
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Production P= (D, Bp, Z, C, A)

where,
D is usual atomic DEVS D=(X,S,Y,δint, δext, δcon, λ, ta)
Bp is set of Buffer proxies

Z is a set of bindings between buffer-slots and local variables

C is set of Conditions

A is set of Actions

P will be in DSL / XML, with DEVS 
D in PSM as an ‘ACT-R primitive’

Some Other ACT-R primitives:

Slot SL = (Key, Value)

ChunkType CT = <SL>

Chunk CH = (CTtype, <SL>)

SlotCompare SLC= (SL, BOOLequals)

Condition C= (Pname, Bname, BOOLclearBuf, <SLC>)

Action A = (Pname, Bname, CT, BOOLclearBuf , <SL>)

Buffer B = (D,CH,DOUBLEprocesingTime)

• Module Declarative Mem MDM = (D, <CH>)

• Selector S = (D)

• ActrModel M = (C, <CT>,<P>)

where C is coupled DEVS C = (X,Y, M, EIC, EOC, IC)

Legend:
Atomic, Coupled
<m> = Set of m
(m) = single value



Casting in formal DEVS
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Casting in formal DEVS
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Conflict Resolution among 
matching productions based on 
Utility function

Selects the Winning Production

-Retrieves the 
matching Chunk 
based on Activity 
Equation

PRODUCTIONS

Presenter
Presentation Notes
No loop to evaluate conditions for all n productions every simulation step.  Each buffer update (as a result of action by any production) is precisely communicated to only the listening productions in explicit manner (while others lay passive for time=INFINITY). 
Modules like Declarative Memory that may have complex architecture with huge database backend will serve as a component in a net-centric distributed model
Resource intensive components like ‘Selector’ can be placed on high performance machines for number crunching
All message passing between DEVS components is XML
Componentized ACT-R using DEVS
Extend the modular architecture towards a larger distributed composition 
Each model is potentially net-centric and will be placed on network eventually




Log Trace Matches ACT-R
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Presenter
Presentation Notes
While it looks like we are moving towards porting ACT-R to DEVS, we are not. Lets go a little further than that.



Cognitive Agents
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Motivation:
Reuse existing ACT-R models
Production networks are flat and not scalable but we need the 
aggregate behavior of model

Production is a rule-action pair. So, is the entire ACT-R model 
~  A cognitive capacity?

that executes an ‘action’ sequence based on certain ‘conditions’

Can we compress an ACT-R production network to a single 
atomic and not loose behavior?
Solution provided by DEVS closure under coupling that allows 
us to treat a coupled model an atomic one.

OR should we start with baseline cognitive capacities and build 
the Agent’s behavior repertoire?



Cognitive Agent Synthesis
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Agent observes
Goal Updates
Retrieval Requests
Retrieval Outcomes
Winner Productions

Relevant Input Stream

Events are used to extract:
1. Time-ordered Goals
2. Time-ordered Retrievals
3. Time-ordered Expectations



Cognitive Agent Synthesis 
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Same behavior and no need of production network

Develop multi-agent network with a coordinator/manager to manage the behavior repertoire

Capable of being injected in real existing system using 
DEVS variable structure capability that allows structural 
change in the system

Presenter
Presentation Notes
Address Stochastics




Recalling DEVS Unified Process
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RealAgent
Cognitive
Models

Observer
Agents

Live RealAgent
eg. Tutor Agent



DEVS/Net-centric ACT-R Architecture
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Cognitive System as a Component
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ACT-R can be component based using DEVS but is still not reusable due to the resolution at the 
Production level. We need capacities!

Extending ACT-R:

1. Extract aggregate behavior from ACT-R models in cognitive agents using DEVS hierarchy of 
system specifications

2. Develop a repository of such cognitive capacities that can be coupled together towards a 
Behavior Repertoire

3. Observers can be used to evaluate ‘equivalence’ between two similar ACT-R models

4. Include Top level Goals, Resources and Situatedness per ‘System’ requirements or Mission 
Thread requirements

5. Compose agent’s ‘capabilities’ insitu with higher level goals, constraints and environment 
specified/managed using Experimental Frames

6. Exploit dynamism in Environment, Resources, Behavior and Goals with DEVS variable 
structure.

7. Keep it modular i.e. promote interfaces of constituent components.



Agent as a ‘System’
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Cognitive System

Goals Behavior Resources ConstraintsAgent Environment

Capacities

Capacity

~requirements

Milestones
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Summary
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DEVS is component based framework with PIM and transparent 
simulators in net-centric domain
DEVS Unified Process and SES allows multi-formalism M&S
ACT-R can be made extended with well-defined component 
interfaces
DEVS hierarchy of System specifications allows development of 
components by observing at lower levels of specification
Cognitive Agents or capacities can be created from existing 
repository of ACT-R models
Cognitive agents can now reap the benefits of integration with 
larger System of Systems or ‘human operator’
DEVS agent models become live entities that can interface with live 
web services or hardware (the model-continuity principle).
DEVS is a production system with near zero transition cost from 
Model to deployable Software.



Questions & Comments
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Backup Slides
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DEVS MSVC Paradigm
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Model-Simulator-View-Controller



DEVS Hierarchy of System Specification
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DEVS/NACT-R Unit 2
Visual Buffer and Visual-Location coupled together

Act of ‘looking’ (move-attention + encoding)
Reducing the number of productions 



Unit 2: Demo 1

Attend Letter

Focus Letter •Respond Letter

Action Requesting Visual 
System for a visual location 

(move attention)

Checking condition that Visual 
system has completed the 

‘encoding’ process and is filled 
with ‘Object’

Action to put in 
‘Imaginal’



Real Agent Behavior
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Set of Time ordered Goals
Set of Time ordered Retrievals
Set of Time ordered 
Expectations

1. Setting a new goal is linked to 
requesting the next retrieval

2. Once the expected retrieval 
is success, a new goal is set



Production primitive
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Cognitive Agent Synthesis - 4

Log generated by 
RealAgent
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