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Outline 

• Agent-Based Social Simulations 

•  Examples of these methods in real-world 
OpRisk modeling 

•  Pros and cons of Agent-Based Simulation 

• New Directions…  Eclipse Modeling 
Project, AMP-Agent Modeling Platform 
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Areas where I have applied Agent Simulation 
 (last 12 years) 

•  Agent Based Modeling of OpRisk 
–  National Banks, Energy Sector, Fortune 100 Corporations 

•  Intelligence Analysis and Policy Analysis 
–  Simulate the dynamics of radicalized group formation 
–  Simulation of Pashtun cultural norms mixing with Islamist extremists 

(Taliban and Pashtun) 
–  Opium economic analysis in Afghanistan and Pakistan 

•  Challenging Neo-Classical Economic Theory with Agent Simulation 
–  Implementing standard theory in agent simulation 
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ACME 
MODEL 
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Models and Policy Analysis 
MODELS 

CONCEPTUAL 

DESCRIPTIVE 

DESCRIPTIVE NORMATIVE 

DETERMINISTIC 

LINEAR 

SOLVABLE 

STATIC 

STOCHASTIC 

NON-LINEAR 

DYNAMIC 

SIMULATED 

PHYSICAL 

Less Complex More Complex 
From “Intelligence Analysis, A Target 
Centric Approach”, Robert M. Clark, 2004 
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The Cornerstone of Risk Management is the 
Distribution of Earnings 
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If we only knew 
the probability of  
ALL loss events... 
(we assume we do!) 
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Analysis of Competing Hypotheses 

Agent-Based simulation can be used to falsify 
hypotheses and stress test policies and regulations  
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What are Agent-Based Computational Systems? 

•  Population of individual ‘agents’ (10 - 107) 

•  Each agent has internal states and rules of behavior; 
implementation as a software object 

•  Agents are autonomous or semi-autonomous 

•  Agents interact with one another and possibly with an 
environment (local/social interactions) 

•  Agents are purposive (self-interested, locally utility 
satisficing) 

•  Agents are now also being modeling using affective 
(emotional) behaviors 

•  Agents learn, adapt and evolve based on past 
interactions and imitation 

  Aggregate dynamics emerge from the interactions of the 
agents 
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The Application of Scenario Generation Via 
Agent-Based Simulation 

• Plausible,  but nothing new learned 
Generated Scenarios 

“virtual histories” 

Review by Experts 

• Plausible, insight gained! 

• Replay for path-dependent 
 insights 

• Implausible, … why? 

• Model improvement 

Path Dependence Analysis 
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Example Ensemble of Scenarios for Path-Dependent Analyses 

agent parameters 
input by User 

output scenarios - 
measures of metrics 

agent processes 

time-series 
of agent actions 

(U) 
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Simulation Scenario Generation  Scenario Evaluation 

Output histograms 
 (metrics of interest) 

1.  Multiple output metrics are recorded for each 
simulation run: 
{revenues, costs, departures, trends, etc…} 

2.  Select a simulation run(s) with interesting 
output metrics 

Simulation & Scenario Generation Steps 
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Scenario evaluation of path dependencies 

Time series of one simulation run 

micro-models 

input-parameters 

1.  Are path dependent behaviors sensible? 
2.  Has this behavior been observed before? 
3.  Is the scenario plausible? 
4.  Sensitivity analysis of this scenario? 
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Operating Income 

Departure  
institutional  

investor 
Fee paid by 

Firm 

Financial loss in a  
fund due to Firm  

error 
Negative position 

on a fund 

Wiring delay 
due to depositary 

Delay in  
processing 

client order 

Fund manager  
“forgets” to process  

client order 
Confirmation delay 

with depositary 

Complex Emergent System Behaviors Result from Many Different 
Path Dependent, Locally Simple, Events 
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Operational Risk Simulation of 
National Laboratory 
 Funding Dynamics 
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• CONSTRAINTS 
• REWARDS 
• PENALTIES 
• OBJECTIVES 

• PID 
• COSTS, HOURS CHARGED 
TIME SERIES 
• PROGRAMS, PROJECTS 

• PID 
• AGE 
• SALARY 
• ORG UNIT 
• HIRE DATE 
• ROLE 
• SCHEDULE 
• DEGREE & FIELD 
• SKILL AREA (partial) 

0 1 

pd
f 

soft indices 

• ACCOUNTABILITY 
• COMPLIANCY 
• EFFORT 
• ENTREPRENEURIALISM 
• INTEGRITY 
• HONESTY 
• OPENNESS 
• PAROCHIALISM 

Person Agent 

CFO 

HR 

• SOFT INDICIES 

• OBJECTIVES 
• RISK ATTITUDE 

GOVERNANCE 

CRITICAL 
SKILLS 

Example: Data Rich OpRisk Simulation 
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•  “ A Scientist would rather brush their teeth 
with another scientist’s toothbrush than 
quote or use the other scientists ideas” 

– Murray Gell-Mann  

Building Large Teams 
 of Collaborating Scientists is Difficult 
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Misalignment of Incentives at Management 
Levels 

•  Program Managers 
1.  Deliver to meet customer demand 
2.  Establish good relationships with customer-- 

return work 
3.  Adapt to meet new customer demands 
  Does not care WHO does the work, just that it 

gets done well and customer returns 

•  Line Mangers 
1.  Obtain funds to cover salaries 

  Will “promise” almost any work as long as 
they can secure funding 
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Incentives at the Individual Levels 
•  Scientists  

–  Work on their “own” research 
–  Status, recognition of their “own” research 
–  Not be told what to do 
–  Increase their status relative to their peers 

•  Technicians 
–  Get things done, stay focused, learn new skills  
–  Recognition of their contributions 
–  Contribute in meaningful ways to end 

deliverables 
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Observation of “Federation Effects” in Organizations – Stove Piping 
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www.eclipse.org/amp/ 
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Architecture 
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Verification and Validation 

1.  Component model validation. Validate the social 
micro-models that make up the agents and 
organizations in the simulation.


2.  Software verification and validation.  Does the 
computer code do what it is supposed to do?


3.  Input parameter uncertainty analysis. Given the 
uncertainties in the inputs, what are the expected 
uncertainties in the outputs?


4.  Validation of the overall simulation.  Does the 
macro behavior compare to the real world?
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Summary 
•  Agent-Based Simulation has been used for 

modeling operational risks in a handful of contexts 

•  Currently moving to a more standardized Eclipse 
Modeling framework  

–  EMF based models for DOD sector 

–  EMF based models for financial sector 

–  EMF model suite of financial services business processes 

–  Models are used in simulation studies to assess operational 
risks 

–  Agent-based simulation used to generate ensembles of 
scenarios to anticipate unknown risk pathways 


