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Overview
Introduction

Concepts of Verification and Validation
Research Objectives and Methods

A Case Study
Apply Verification and Validation Methods 
to the Case Study
Conclusion
Future Work
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Model Verification & Validation (V & V)
V & V

Verification: get model right
Validation: get right model

The cost and value 
influence confidence of 
model acceptance level

*Adapted from Sargent: “Verification and
Validation of Simulation Models”
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V & V for Agent-based Simulation
Agent-based modeling is a new approach
Different than Queuing Models

Entities: large number of heterogeneous active objects 
vs. passive objects

Space: continuous or discrete grid space vs. network of 
servers and queues 

Interactivity: high vs. low
Active components: agents vs. queues and servers
Goal: discovery vs. design and optimization

Few literature to date address the formalized 
methodology for V & V of Agent-based 
Simulations
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What and How
Research objective

Generate guidelines or a formalized 
methodology for V & V of Agent-based 
Simulations

How
NOM project as a case study
Evaluate and adapt the formalized V & V 
techniques in industrial and system 
engineering for DES
Identify a subset of these techniques that are 
more cost-effective for Agent-based 
Simulations
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NOM Agent-based Simulation Model
NSF funded interdisciplinary project

Understanding the evolution and 
heterogeneous structure of Natural Organic 
Matter (NOM)
E-science example
Chemists, biologists, ecologists, and computer 
scientists

Agent-based stochastic model 
Web-based simulation model
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NOM
What is NOM?

Heterogeneous mixture of molecules in 
terrestrial and aquatic ecosystems

Why study NOM?
Plays a crucial role in the evolution of soils, the 
transport of pollutants, and the global carbon 
cycle
Understanding NOM helps us better 
understand natural ecosystems



8

The Conceptual Model I
Agents

A large number of molecules
Heterogeneous properties

Elemental composition
Molecular weight
Characteristic functional groups

Behaviors
Transport through soil pores (spatial mobility)
Chemical reactions: first order and second order
Sorption
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Stochastic Synthesis: Data Model

Pseudo-Molecule

Elemental 
Functional 
Structural

Composition

Calculated
Chemical
Properties

and Reactivity

Location
Origin
State
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The Conceptual Model II
Stochastic Model

Individual behaviors and interactions are stochastically 
determined by:

Internal attributes
Molecular structure
State (adsorbed, desorbed, reacted, etc.)

External conditions
Environment (pH, light intensity, etc.)
Proximity to other molecules

Length of time step, ∆t

Space
2D Grid Structure

Emergent properties
Distribution of molecular properties over time
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Implementations
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V & V of the NOM Model
Examples of V & V techniques 

Face validity
Animation
Graphical representation

Tracing
Internal validity
Historical data validation (calibration sets and test sets)
Sensitivity analysis
Prediction validation
Comparison with other models
Turing test
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V & V of NOM Simulation Model

*Adapted from Sargent: “Verification and Validation of Simulation Models”
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Face Validity



15

Internal Validity I 
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Internal Validity II
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Model-to-Model Comparison I
Compare the model with validated one
Compare the model with non-validated one
Different implementations

Different programming languages
Different packages

Different modeling approaches
Predator-Prey model

Agent-based approach vs. System Dynamics approach

Powerful method for ABS
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Model-to-Model Comparison II
Features Alpha Step No-flow Reaction
Developing Group University of New 

Mexico, chemists
University of Notre 
Dame, computer 
scientists

Programming language Pascal Java (Sun JDK 1.4.2)

Platforms Delphi 6, Windows Red hat Linux cluster

Running mode Standalone Web based, standalone

Simulation package None Swarm, Repast libraries

Animation None Yes

Spatial representation None 2D grid

Second order reaction Random pick one from 
list

Choose the nearest 
neighbor

First order with split Add to list Find empty cell nearby
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Model-to-Model Comparison III
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Model-to-Model Comparison IV
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Model-to-Model Comparison V
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Conclusion and Future Work
V & V Case Study
Model-to-Model Comparison is Powerful

Collect and evaluate more statistical data
Compare simulation results against 
empirical data
Tweak V & V methods
Generate guidelines and methodology for 
V & V of agent-based simulation models



Questions or Comments?

23



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2016.000 2880.000]
>> setpagedevice


