


Modeling Trading System Performance12

1. Is this system good enough to trade?
Based on the summary and the single backtest equity curve 
shown above, the system looks very promising.  One hundred 
equity curves, each covering a four year period, were generated 
using Monte Carlo simulation.  
Ten of them were plotted together in a “straw broom” chart 
which is shown in Figure 1.4.  The dotted line is the average of 
the ten.  Note how each begins with $100,000 in equity, but the 
paths are different as trades occur in different order.  Final eq-
uity after four simulated years of trading can be read from the 
right-hand edge.  Drawdown can be estimated as equity curves 
drop from recent highs.

                                                                            Figure 1.4

The 100 results have been used to create a chart showing the 
probable distribution of final equity.  It is shown in Figure 1.5.  
The midpoint of the distribution is $157,654.  That is about 12% 
compound annual rate.  The system is exposed only about 20% 
of the time, so the effective risk adjusted rate is about 60%, as-
suming there are equally attractive opportunities from other 
trading systems while this system is in cash.
Note that about 5% of the simulation runs resulted in a final 
equity of $143,913 or less, and about 5% resulted in a final eq-
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13Introduction

uity of $171,357 or greater.  While any of these results at the 5% 
level are unlikely, they could occur and still be consistent with 
proper operation of this system.
Later chapters have detailed descriptions explaining how these 
charts are created and interpreted.  You can do it yourself using 
Excel and tools that are free.

                                                                            Figure 1.5

The same 100 results have been used to create a chart of the probable 
distribution of maximum drawdown.  Expected drawdown, that is the 
drawdown measured at the 50% point of the range of simulation results, 
is $3,113.  If future performance follows the distribution of trades, draw-
down will be less than $3,113 about half the time and greater about half 
the time. 5% of the time—one four-year period out of 20—drawdown 
will exceed $4,972. See Figure 1.6.
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                                                                            Figure 1.6

Everyone in attendance agreed that this system is good enough 
to trade.

2. What is the best way to trade this system?
Some alternatives are:
 ▪ Trade a single unit of $10,000 at each signal.  The results are 

those shown in the figures just above.
 ▪ Trade a fraction of the account balance on each trade.  With 

$100,000 in cash and an equal amount in margin funds, she 
has $200,000 available.  Her holdings will vary between all 
cash and five positions.  Based on her cash holding, she can 
use from 0 to 40% of her cash for each position.  

These, and other options, are discussed in later chapters.
3. How can we tell when the system is broken?

To answer, compare recent performance with a benchmark.  A 
logical candidate to be the benchmark is the sample data from 
the period used to set up the Monte Carlo simulation runs.   
Comparisons that are meaningful and easy to make are:
 ▪ Compare the mean profit (or some other meaningful met-

ric) of recent trades with the mean profit of the benchmark.  
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This tests whether recent trades are different than the 
benchmark sample.

 ▪ Compare the mean profit of recent trades with random 
performance.  This tests whether recent trades are better or 
worse than breakeven.  

 ▪ Compare the accuracy of recent trades with accuracy of the 
benchmark.

Systems with high accuracy are easy.  This trader’s accuracy is 
76 percent.  If she has 5 or fewer wins in any 10 trade sequence, 
the system is probably broken.  Similarly, 9 or fewer wins in 15; 
or 13 or fewer wins in 20.  Each of these conditions is expected 
to occur by chance less than 5% of the time.  (See Chapter 11 
for charts showing these values and for formulas that can be 
used with any combination of length of sequence and accuracy.)  
Since she has about 700 trades in four years, and there are 691 
10-trade sequences in that period, then she will observe 5 or 
fewer wins in a 10 trade sequence and think the system is bro-
ken about 34 times, or about once a month.  (But expect these 34 
to come in groups, rather than spaced evenly at one per month.)  
As is explained in greater detail in later chapters, her response 
should be to stop taking trades with real money, but continue 
to track performance.  When performance returns to within the 
expected parameters, she should resume making real trades.  If 
it never returns, she is safely in cash and not trading a broken 
system.   

the etf traDer

This system models and trades SPY, the Exchange Traded Fund based 
on the S&P 500 index.  The trader has $100,000 in a margin account and 
is willing to use an additional $100,000 of margin funding.  He has per-
mission to trade futures and options in the account.  

The characteristics are:
• Computes indicators and signals prior to the close each day.
• Trades Market On Close – MOC.
• Holds exactly one day.
• Uses no stops and no profit targets.
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The system is always in the market, either long SPY or short SPY.  A 
four year period that establishes the benchmark, each trade being made 
with a single unit of $10,000.

The trader felt that he could risk losing up to 40% of his initial stake, 
$40,000.  But if he experienced a drawdown of $40,000, he would have 
to stop trading the system.  His goal was to increase the account to 
$400,000, at which point he would stop trading, withdraw his money 
from the market, and retire.

This trader has more alternative ways to trade than the stock trader.  
He can:

• Model SPY, trade SPY with a position size of a single unit of 
$10,000 per signal.

• Model SPY, trade SPY with a position size that is a fraction of 
the account equity on each signal.  

• Model SPY, but take trades in leveraged ETFs, such as SDS or 
SSO.

• Model SPY, but take trades in a futures contract, such as ES.
• Model SPY, but take trades in one or more common stocks that 

are closely correlated with SPY, such as AMG, LUK, or UTX.
• Model SPY, but take trades in options – options on SPY, on ES, 

or on common stocks.

Later chapters go into detail about these alternatives.  

He demonstrated a system that was about 53% accurate in predicting 
whether the next close will be higher or lower than the one when the 
position is taken.  He was interested in determining what level of ac-
curacy produced what results.
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17Introduction

Figure 1.7 shows the straw broom chart of ten simulation runs.

                                                                        Figure 1.7

A single backtest could produce any one of these equity curves.  Based 
on some of them, the system looks profitable but with high drawdowns.  
Based on others, the system is not profitable.  
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Figure 1.8 shows the distribution of the final equity.  The average final 
equity of the 100 simulation runs is $165,818.  That is about a 13% an-
nual compound rate for the four years.

                                                                        Figure 1.8

Figure 1.9 shows the distribution of the drawdown.  Over 92% of runs 
had drawdowns over at least $40,000.  The expected drawdown is 
$60,284.  There is a greater than 10% probability that the drawdown 
will exceed $100,000.  In this study, drawdown was measured in abso-
lute dollar amounts.  If the trader relaxes his requirement, say to 40% of 
maximum equity, the drawdown limit will be reached less often.

Copyright © 2011 by Howard Bandy 
All rights reserved 
This document is a chapter of “Modeling Trading System Performance” 
Published by Blue Owl Press, Inc. 
www.modelingtradingsystemperformance.com 



19Introduction

                                                                       Figure 1.9

The class was understandably uncomfortable with these results.  An 
accuracy level of 53% is clearly not high enough.  The distribution of 
100 runs shows how high the risk really is.   

Later chapters explore accuracy in more detail, including more charts, 
guidelines, and do-it-yourself tools.  We will see that higher accuracy 
both increases the return and decreases the risk.  A system that pre-
dicts the direction of the one day change in SPY with sufficient accu-
racy is very desirable.  The wide variety of alternatives for trading such 
a system further increases its value. 

the fUtUres traDer

The woman who presented this system is interested in trading agricul-
tural commodities, including corn, wheat, and oats.  She is using trend-
following methods, such as the crossover of two moving averages, to 
take either long or short positions.  Her characteristics are:

• Uses daily data.
• Pre-computes the price at which a cross will take place.
• Monitors the markets during floor trading hours.
• Takes positions at the market price when the cross takes place.
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For the simulation, each position is one contract.  Using a well defined 
unit, and taking all positions in single unit size, is important in estab-
lishing simulation baselines.

The average profit is $117 per contract per trade.  The average trade is 
held six days.  Figure 1.10 shows the summary of trades.
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The system did poorly for the first 18 of 48 months.  While the final 
30 months look good, it is important to use all of the data to establish 
the trade distribution for the simulation.  Figure 1.11 shows the equity 
curve from the out-of-sample test.

                                                                  Figure 1.11

Figure 1.12 shows the straw broom chart.

                                                                   Figure 1.12
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Figure 1.13 shows the final equity.  There is a small probability of no 
gain over the four year period.

                                                                       Figure 1.13

Figure 1.14 shows the probability distribution of drawdown.  Draw-
down at the 50% point in the distribution is $9,725.  There is a 5% prob-
ability the drawdown will be $15,700 or greater.

                                                                     Figure 1.14
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Most participants did not like this system as it was traded.  
• The winning percentage is low – only 38%. 
• Midpoint of the final equity is $125,850 – an annual compound 

rate of return of less than 6%.
• Midpoint of the drawdown is $9,725, with 5% probability of 

$15,700 drawdown.  

Class members felt the ratio of expected drawdown to expected reward 
was too low, and risk of a large drawdown was too great.

These results are trading a single corn contract in a $100,000 account.  
At the time this is being written, initial margin on corn is $2,025, and 
maintenance margin is $1,500.  Some rules of thumb suggest determin-
ing the minimum account size by adding the drawdown that is 95% 
probable to twice initial margin, which would be $19,750 in this case.  
Trading one contract for every multiple of $19,750, would allow 5 con-
tracts for the $100,000 account.  In that case, the CAR would be about 
30%.

fractional position sizing

This system lends itself well to analyzing position sizing that risks a 
fraction of the account balance on each trade.

A series of simulations, each 1000 runs, was run using values of f, the 
fraction to risk, from 0.01 to 0.40.  

Risk per contract was set to be $2,000, slightly more than the largest loss 
of the 220 trades, which was $1,975.

To calculate the number of contracts to be taken on the next trade, mul-
tiply the current account balance by f.  Divide that amount by $2,000, 
then round down to the next integer to obtain the position size.  Frac-
tions of 1% and 2% were too small to allow any trades.  One of the 
output columns from the simulation was the maximum number of con-
tracts.  Using fraction 0.03, 53% of the runs used at most 1 contract, 44% 
used 2 contracts, and 3% used 3 contracts.  

Figure 1.15 shows the terminal wealth at the 50% point of each set of 
runs.  Terminal wealth, or terminal wealth relative, TWR, is the mul-
tiple that the final account balance is of the initial account balance.  A 
terminal wealth of 2.0 means the account doubled in four years.  The 

Copyright © 2011 by Howard Bandy 
All rights reserved 
This document is a chapter of “Modeling Trading System Performance” 
Published by Blue Owl Press, Inc. 
www.modelingtradingsystemperformance.com 



Modeling Trading System Performance24

jagged line connects the points determined from the simulation runs.  
The smooth line is a 2nd degree polynomial best fit to the experimental 
data.  The peak occurs at a fraction of 0.24.  An independent calcula-
tion based on the geometric mean of the trades suggests it is 0.235.  The 
value of f at the peak is the optimal f—that fraction that results in the 
highest terminal wealth.

                                                                  Figure 1.15

Figure 1.16 shows the distribution of final equity for a fixed fraction of 
0.24.  The terminal wealth at the 50% point is 4.16.  About half the time 
equity after four years will be greater than 4.16 times initial equity; 
about half it will be less.  The vertical scale is limited in order to show 
detail in the midrange.  There is a high probability of a very high ter-
minal wealth.
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                                                                  Figure 1.16

Figure 1.17 focuses more closely on the left side of the distribution.  It 
shows there is about a 20% chance there will be no net gain after four 
years, and a 5% chance of a loss of more than 70% of the trading ac-
count.

                                                                 Figure 1.17
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Figure 1.18 shows the distribution of the closed trade drawdown at a 
fraction of 0.24.  At the 50% point, drawdown is 74% of maximum eq-
uity.  5% of the time drawdown will exceed 91%.

                                                                Figure 1.18

Figure 1.19 shows the distribution of drawdown for the range of frac-
tions.  The dotted line shows the drawdown at the 95% level; the solid 
line at the 50% level.  Note the vertical line at 0.24 and compare the 
values of drawdown at 50% and 95% to figure 1.18.

The circles at points A, B, and C help identify more prudent fractions.  
If the trader is willing to take a 50% risk of a 40% drawdown—Point 
A—he can use a fraction of 0.10.  Note that he risks a 5% chance of a 60% 
drawdown—Point B.  A safer fraction is 0.06, which shows a 5% chance 
of drawdown no worse than 40%—Point C.
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                                                                Figure 1.19

Figure 1.20 shows the distribution of final equity when traded at a frac-
tion of 0.06.  The midpoint of terminal wealth is 1.87.  There is a 9% 
chance of no gain, and a 5% chance of quadrupling the account.

                                                               Figure 1.20

Copyright © 2011 by Howard Bandy 
All rights reserved 
This document is a chapter of “Modeling Trading System Performance” 
Published by Blue Owl Press, Inc. 
www.modelingtradingsystemperformance.com 



Modeling Trading System Performance28

Figure 1.21 shows the distribution of drawdown when traded at a frac-
tion of 0.06.  The midpoint is a drawdown of 23%.  There is a 5% chance 
the drawdown will exceed 38%

                                                                    Figure 1.21

When traded at a fraction of 0.06, the midpoint of final equity is 1.87, 
which is a CAR of about 17% for the four years.  With the midpoint 
drawdown at 23%, this system is more reasonable.  One of its draw-
backs is the accuracy ratio of only 38%, which makes it difficult to tell 
when the system begins to break down. 

Later chapters expand on these studies, and explain how you can per-
form similar analysis on your data.
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