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Background 
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Capability Gap 

● Neoclassical Economics - most widely taught form of economics 
○ Basic Assumptions of Neoclassical Economics 

■ People have rational preferences among outcomes that can be identified and 

associated with a value 

■ Individuals maximize utility and firms maximize profits 

■ People act independently on the basis of full and relevant (perfect) information 

○ Trades are also conducted through a centralized auctioneer 

 

● While assumptions make economic system mathematically simpler, 

they do not hold all the time  

 

● Agent-Based Modeling (ABM) may be used to study whether good 

economic designs can be discovered by modeling economic 

systems from the ground up 
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Study Purpose and Scope 
● Study the feasibility of ABM to predict the emergence of risk events 

centered around a hedge fund 

 

● Chosen financial entity acting as a blueprint: failed hedge fund 
○ Modeling the global economy is infeasible due to size 

○ Hedge funds previously have had more relaxed regulatory 

requirements than mutual funds, and therefore can engage in more 

risky trading behavior 

○ Use Long Term Capital Management (LTCM) as a template for hedge 

fund strategies 
■ LTCM was a hedge fund which collapsed in 1998, requiring a $3.65 billion 

recapitalization from 14 financial institutions 

 

● If successful, the ABM model becomes an experimental playground 

and code baseline for hedge fund risk   
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Stakeholders 

● First-order stakeholders: those by which the outcomes of this study 

are immediately impacted  
○ Dr. K. C. Chang, the study’s sponsor 

○ Systems Engineering and Operations Research Department faculty 

 

● Second-order stakeholders: those which could potentially use the 

results of this study 
○ Finance  academic societies that are interested in assessing the utility 

of an ABM approach to quantifying financial risk 

○ Interested academic and practicing economists, sociologists, 

mathematicians, etc. 

○ The size of the second-order body of stakeholders is undefined and 

possibly large 

○ Results of the study will be prepared such that a second-order 

stakeholder can understand and use the results as they need 
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Technical Approach and Conceptual 

Model 
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Methodology 

● Understand the market context 
○ Research LTCM 

■ LTCM trading strategies 

■ How LTCM interacted with investors and banks 

■ Ultimately how LTCM failed 

 

● Intermediate steps include data collection, agent specification, 

modeling, verification, and evaluation 

 

● End by deploying the model so that it can be effectively run with 

adjustment to initial parameters 

 

● ABM-inspired Monte Carlo Simulation 
○ Leveraged the Repast Symphony open source ABM toolkit to simulate 

a run of our hedge fund interaction 

○ Recording results over a large batch of runs will result in a Monte 

Carlo simulation driven by non-linear agent interaction 
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Model Structure 

● Agent types 
○ Hedge funds (3) 

○ Banks (5) 

○ Investors (50) 

○ Regulator (1) 
■ Modeled after the US Federal Reserve 

 

● Actions agents can perform, for example: 
○ Execute and update trading strategies 

○ Request loans 

○ Grant loans 

○ Do nothing 

○ Agent actions are also dependent on a discrete probability distribution 

 

● Agent parameters, for example: 
○ Equity 

○ Net asset value 

○ Deposit base 
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Hedge Fund Agents 
● Hedge funds are primarily interested in taking advantage of arbitrage 

opportunities in the market 
○ Therefore require high leverage, or borrowed capital from banks, to perform 

high-volume trading to make a profit 

 

● Arbitrage can take many forms, and hedge funds have developed different 

trades as a result 

 

● The trades that hedge funds use in the model are 
○ Convergence trades 

○ Interest rate swaps 

○ Volatility trades 

 

● At instantiation, hedge fund agents have empty portfolios and a certain 

amount of equity 
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Convergence Trade 

Source: http://www.forbes.com/2010/05/28/deutsche-mark-euro-intelligent-investing-turkish-lira.html 11 



Volatility Trade 

Source: http://www.risk.net/IMG/540/250540/volarb3-0312-580x358.jpg?1362538562 12 



Interest Rate Swap 

Source: http://en.wikipedia.org/wiki/Interest_rate_swap 

Party A is currently paying floating rate, but wants to pay fixed rate. Party 

B is currently paying fixed rate, but wants to pay floating rate. By entering 

into an interest rate swap, the net result is that each party can swap their 

existing obligation for their desired obligation. 
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Agent-to-Agent Interactions Summation 

Matrix 
  Hedge Fund Banks Investors Regulators 

Hedge Fund 1) Volatility trade 

2) Treasury 

convergence 

(assuming that 

hedge fund 

counterparty already 

agrees) 

1) Request loan 

2) Interest rate swap 

trade 

1) Volatility trade 

  

N/A 

Banks 1) Provide loan 

2) Interest rate swap 

trade 

1) Request and 

provide overnight 

loan at discount rate 

N/A 1) Receive reserve 

requirement from 

regulator 

Investors 1) Volatility trade 

  

  

N/A 1) Volatility trade N/A 

Regulators N/A 1) Set reserve 

requirement 

set interest rate 

N/A N/A 
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Assumptions 
● Human behavior and cognition can be approximated and simulated using a 

set of rules specified in Repast 

● When required data exists but cannot be found, notional data can be used 

as appropriate, and the use of such notional data will be documented 

● The final set of agents specified constitutes an appropriate set of entities 

required for a realistic ABM financial model. 

● Results from the ABM model can be extended to other financial institutions 

● Each agent can take multiple actions per day among other agents 

● The hedge funds will always be the buyer (i.e. pay the fixed rate payments) 

and the banks will always be the seller (i.e. pay the floating rate payments) 

in an interest swap trade 

● Modeling hedge fund trading can be realistically modeled by having the 

type of trade chosen by a hedge fund dependent on comparing a uniform 

random variable to a discrete probability distribution 

● Modeling bank loan interactions can be realistically modeled as banks 

lending only to hedge funds and other banks.  When banks lend to other 

banks, the loan period is only for one day, and the interest rate on the loan 

is the discount rate for that day 
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Assumptions 
● Interest rate swaps can be realistically modeled as having either a maturity 

of three years or two years.  The three year maturity interest rate swaps 

have semi-annual payments, while the two year maturity interest rate 

swaps have quarterly payments 

● Banks accept hedge fund request for loans and interest rate swaps based 

on comparing a uniform random variable between 0 and 1 to a threshold 

value.  If the random variable meets the threshold value, the bank will 

accept the loan or the interest rate swap as long as the bank’s net asset 

value is greater than its reserve requirement as dictated by the regulator 

agen 

● Bank overnight loan requests can be realistically modeled as comparing a 

uniform random variable between 0 and 1 to a threshold value. 

● All hedge fund portfolios can be realistically modeled into three different 

kinds of categories: large with $10 billion equity, mid-size with $5 billion 

equity, and small with $1 billion equity 

● The reserve requirement can be modeled as a single percentage of 

deposit base set at 3% 

● Hedge fund to bank interactions can be realistically modeled without 

modeling margin calls 
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Assumptions 
● As margin calls are modeled and with the current market data, 

convergence trades will generate a profit for the hedge funds most of the 

time 

● Interest rates for loans can be realistically modeled as the current US 30-

year treasury rate 

● Convergence trades in this model already assume the counterparty has 

already accepted the other side of the long and short positions 

● Volatility trading execution based on standard deviation of past log returns 

constitutes a reasonable forecast 

● The contrarian and value trades can be realistically modeled using fixed 

values for December 2013 call and put options 

● The contrarian and value trades can be realistically modeled to long and 

short on option index, not underlying index stocks.  A probability 

distribution between 0 and 1 is also used in implementing this trade 

● At the end of one trial simulation, an equity result below 50% of the original 

starting equity for that hedge fund is considered a failure 

● The starting deposit base of each bank can be realistically modeled as a 

set notional value.  The changing of this deposit base can be realistically 

modeled as adding or subtracting a random amount per day 

● Once a hedge fund passes $0 in equity, the hedge fund stops trading 17 



Model at Launch 
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Model at Launch 
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Model at Load 
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Model After 1 Tick (1 Day) 
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Model After 1 Tick (1 Day) 
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Model After 32 Ticks (32 Days) 
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Model In Repast 
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Results 
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Run Setup 

● Three hedge funds are examined, each with a different initial 

portfolio value 
○ The large hedge fund has an initial equity of $10 billion 

○ The medium hedge fund has an initial equity of $5 billion 

○ The small hedge fund has an initial equity of $1 billion 

 

● Run cases: 
○ Baseline: 58 days with 20 trials (replications) 

○ Baseline 40: 58 days with 40 trials 

○ Test Case 1: 221 trading days, removal of convergence trades, and 

greedily consider volatility trades and interest rate swaps 

○ Test case 2: Test Case 1 conditions plus 100 investors 

 

● Eliminate dependency and perform I.I.D. approximation 
○ The equity is averaged at the end of each trial for each case 

○ Then computed the average for the case over all trials for each case 

○ Compute variances, standard deviations, and confidence intervals for 

each case 
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Run Results 
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Value At Risk (VaR) 
● Used extensively to estimate at what loss level is such that we are X% confident it 

will not be exceeded in N business days 
○ Gained its popularity because of its simplicity in generating a single number to quantify the 

risk level  

○ People find this method very easy to grasp and understand, especially in the finance 

industry and in government regulation 

 

● VaR assumed daily returns are normally distributed when estimating the risk level 

 

● Assuming a daily volatility fluctuating from 0.5% to 5%, the table below shows the 

10-day, 99% VaR calculations for the three hedge funds using traditional VaR 

computations (small, medium, and large) 
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Estimating VaR with ABM  
● Used two cases to show estimation of VaR with model results 

○ Baseline (20 trials) 

○ Test Case 1 

 

● Method (using Baseline numbers) 
○ As there are 20 trials each with 58 trading days, there are roughly 

1200 points of daily equity change data 

○ Rank these from largest loss to lowest loss 

○ Find the 1% point that represents the loss on a single day, then 

multiply by the square root of 10 to get a 10-day VaR 
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VaR Comparison – Small Hedge Fund 
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Baseline (20) Test Case 1 

Note: Blue bars are VaR estimates using the traditional computations (slide 

28), and the orange bar is the VaR as estimated using model results 



VaR Comparison – Medium Hedge Fund 
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Baseline (20) Test Case 1 

Note: Blue bars are VaR estimates using the traditional computations (slide 

28), and the orange bar is the VaR as estimated using model results 



VaR Comparison – Large Hedge Fund 
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Baseline (20) Test Case 1 

Note: Blue bars are VaR estimates using the traditional computations (slide 

28), and the orange bar is the VaR as estimated using model results 



Bernoulli Analysis 
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● Apply Bernoulli discrete probability distribution to analyze the 

failure classification of trial averages for each hedge fund 

 

● Define failure as a hedge fund losing more than 50% of initial 

equity 
○ Assuming that hedge funds require at most 50% of its equity be 

invested, then at most 50% of its investment can be lost 



Conclusions and Future Work 
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Conclusions 
● Created a baseline model with three financial trading 

strategies 
○ Can easily change the initial parameters (such as number of 

agents) to conduct multiple analyses 

 

● The model allows for analysis of how financial trading 

strategies affect risk 
○ Using the same trading strategies as LTCM as in the Baseline 

Case, the small and medium hedge funds have large losses 
■ LTCM has equity around 4 Billion dollars – roughly the size equal to 

the medium hedge fund 

○ Small and medium hedge fund equity levels appear to be similar to 

a fat-tailed walk 

 

● Model can be expanded with future research work and 

experiments 
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Future Work 
● There are many extensions which could be added to the model in order to make it 

more realistic and applicable to other analyses 

 

● These extensions are classified as technology upgrades and financial logic 

upgrades 
○ Technology upgrades 

■ Introduce inheritance in Java Repast code to remove static object type checking 

■ Enable better debug console messages for system fixes 

■ Determine how to automate batch procedures in Repast  

■ Consider machine learning for trading decisions 

○ Financial logic upgrades 

■ Expand beyond three arbitrage strategies for hedge funds for research and 

application 

● The purpose of this model was to understand if ABM could show that if a 

hedge fund utilized LTCM strategies, failure could follow, and therefore only the 

main LTCM arbitrage strategies were used 

● To make the model more useful, other trading strategies should be included in 

the model to reflect other hedge fund trading strategies 

■ Ensure interaction between investors and banks 

● Economies could be considered as connected as market prices and actions 

affect all agents 

● Currently, bank actions and investor actions may not affect investors and 

banks respectively, creating an unrealistic divide between investors and banks 

● Adding this interaction will increase the economy connectedness 
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Future Work 
■ Track portfolio positions over a period of time 

■ The US Securities and Exchange Commission could be added to the model in a 

future release 

● As more types of trading and more agent types are added to the model, more 

regulation should be introduced to mirror US trading regulation 

● Adding the SEC to the model will add more realism to the model 
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Questions? 

erik.halseth@gmail.com 

tbui7@gmu.edu 

calliebeth@gmail.com 
https://sites.google.com/site/fesysor699fall2013/ 
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Sensitivity Run 2 Results 
● Applying the t-test to calculate the Confidence Interval, the confidence interval table 

is derived 

 

 

  

● According to the results, the small hedge fund will have a success rate of 70% and a 

failure rate of 30% 
○ Confidence interval is (0.5975, 0.802469) 

 

● According to the results, the medium hedge fund will have a success rate of 75% 

and a failure rate of 25% 
○ Confidence interval is (0.653, 0.8468) 

 

● According to the results, the large hedge fund will have a success rate of 65% and a 

failure rate of 35% 
○ Confidence interval is (0.5433, 0.7566) 
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Run Results 

  

 

 

 

 

 

 

 

 

 

 

● This table shows the average for each fund in 20 trials 

○ Fund 1 represents the small hedge fund, Fund 2 represents the 

medium size hedge fund, and Fund 3 represents the large hedge fund 
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Run Results 

● This graphic shows an example of equity fluctuations during a 

simulation run 
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Run Results 
● After the average of each trial is found, the average is found for all of them 

 

 

 

● Apply the batching procedure 

 

 

 

● As there are 20 trials, the degree of freedom is then 20-1 = 19, alpha = 0.05, thus the T-test 

statistic that is used is 2.093 

 

● Applying the t-test to calculate the Confidence Interval, the confidence interval table is derived 

 

 

 

● According to the run results, the small hedge fund will have a success rate of 60% and a failure 

rate of 40% 
○ Confidence interval is (0.49, 0.7095) 

 

● According to the run results, the medium hedge fund will have a success rate of 70% and a 

failure rate of 30% 
○ Confidence interval is (0.5975, 0.8025) 

 

● According to the run results, the large hedge fund will have a success rate of 90% and a failure 

rate of 10% 
○ Confidence interval is (0.8329, 0.967) 
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Run Results 

● This table shows the average for each fund in 40 trials 

○ Fund 1 represents the small hedge fund, Fund 2 represents the medium size hedge 

fund, and Fund 3 represents the large hedge fund 44 



Run Results 
● After the average of each trial is found, the average is found for all of them 

 

 

 

● Variances 

 

 

● Applying the t-test to calculate the Confidence Interval, the confidence interval table 

is derived 

 

 

● According to the results, the small hedge fund will have a success rate of 87% and a 

failure rate of 13% 
○ Confidence interval is (0.817, 0.92317) 

 

● According to the results, the medium hedge fund will have a success rate of 85% 

and a failure rate of 15% 
○ Confidence interval is (0.7935, 0.90645) 

 

● According to the results, the large hedge fund will have a success rate of 97.5% and 

a failure rate of 2.5% 
○ Confidence interval is (0.950, 0.999) 
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Sensitivity Run Setup 

● Sensitivity Run 1: 

○ Turn off convergence trades so that the simulation runs past 58 

trading days to full year while forcing hedge funds to always consider 

the other two trading strategies 

● Rationale for run: 

○  Allows for analysis of hedge fund trading strategies long-term 

 

● Sensitivity Run 2: 

○ Maintain changes in sensitivity run 1, and also increase number of 

investors to 100 

● Rationale for run: 

○ Increase non-linearity of the model and understand this aspect of the 

non-linearity on model results 

 

● For both sensitivity runs, execute a single batch test of 20 trials 
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Sensitivity Run 1 Results 

  

 

 

 

 

 

 

 

 

 

 

● This table shows the average for each fund in 20 trials 

○ Column 1 represents the small hedge fund, column 2 represents the medium 

size hedge fund, and column 3 represents the large hedge fund 
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Sensitivity Run 1 Results 
● After the average of each trial is found, the average is found for all of them 

 

 

● Applying the t-test to calculate the Confidence Interval, the confidence interval table 

is derived 

 

 

● According to the results, the small hedge fund will have a success rate of 75% and a 

failure rate of 25% 
○ Confidence interval is (0.653, 0.8468) 

 

● According to the results, the medium hedge fund will have a success rate of 80% 

and a failure rate of 20% 
○ Confidence interval is (0.71, 0.889) 

 

● According to the results, the large hedge fund will have a success rate of 60% and a 

failure rate of 40% 
○ Confidence interval is (0.4904, 0.7095) 
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Sensitivity Run 2 Results 

  

 

 

 

 

 

 

 

 

 

 

● This table shows the average for each fund in 20 trials 

○ Column 1 represents the small hedge fund, column 2 represents the medium 

size hedge fund, and column 3 represents the large hedge fund 

49 



Run Results 
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Run Results 
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Run Results 
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Run Results 
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Run Results 
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Run Results 
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Sensitivity Run 1 Results 
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Sensitivity Run 1 Results 
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Sensitivity Run 1 Results 
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Sensitivity Run 2 Results 
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Sensitivity Run 2 Results 
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Sensitivity Run 2 Results 
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