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Introduction

In this article, we are going to cover an aspect of Monte Carlo tools which we are sure will be of interest
to many — speed, accuracy and precision. Our curiosity was piqued when we ran several simulations and
noticed that the standard deviation was moving around at certain percentiles at different rates than
others. Therefore, we started wondering how much volatility would naturally occur at various
percentiles across different packages.

Our testing focused
on two different Reference value
aspects: accuracy and

precision. We used Probability Accuracy
the correlated density
returns model from

our previous article
as our test model. We
ran the model 20
times at 10 000, 50 "

L

000 and 100 000 +—— \/alue
Precision

trials, resulting in 60
simulations per
package.
Furthermore, we ran

Figure 1: Precision Vs. Accuracy (source:
three sets of tests,

http://en.wikipedia.org/wiki/Accuracy_and_precision)

each of which

removed an element that could throw the results off. The first test consisted of fitting data that had
been generated using a Monte Carlo tool. The second test consisted of fitting data from actual data to
eliminate fitting error that could potentially arise from using simulated data. The third test used normal
distributions for all the assets in order to completely eliminate potential fitting error and put all the

applications on the same footing.

In order to test for accuracy we averaged out the values of all 20 simulations for each
percentile/package and compared the results against the calculated form using the Markowitz mean
variance approach. As for precision, we looked at the standard deviation of each percentile/package at
a given number of trials for all 20 simulations. For example, we would look at the standard deviation at
the 99th percentile using a sample of 20 simulations at 10,000 trials each (200,000 trials total).

Our basic objective when analyzing a package for precision is whether it follows a certain set of
statistical rules. A good example would be the expectation for a reduction of standard deviation as we
increase the number of trials at a given percentile.

When we set up the script to test the accuracy of each tool we realized that it would be easy to do a
performance comparison as well. This turned out to be an added bonus! During the scripted tests, we
also took into account the execution time of the whole script and that of each simulation. We also
evaluated the average trials/sec for both the test and the individual simulations.

3|Page
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Tests and Analysis

Test Environment

TECHNOLOGY PARTNERZ \B’

Our test machine consisted of a Dell Dimensions XPS system with a 3.2 GHz dual core Pentium D, 4 GB of

RAM, Windows XP and Microsoft Office 2010

Our Test Model

We are an investor that seeks to evaluate the risk in his portfolio. We have $250,000 to invest and we

would like to make sure we have a better chance at making money than losing it. For purposes of the

exercise, we have allocated our investment equally among each asset class at 25% a piece. We analyzed

the rank correlation (using the Excel based method presented Copulas vs. Correlation) and prepared a

correlation matrix that was used to correlate the returns distributions for each class. Please refer to our

previous article on correlating distributions where we have prepared a video on how to do this with

each package.

Portfolio Allocation

Aggregate Returns = Sum
(Simulated Returns by asset

*
Initial Value of Portfolio $250,000.00 class * Exposure by asset class)

Aggregate Portfolio Returns 14.41%
% funds invested

Distributions fitted to
historical returns data

dustrial Energy ghTech Bonds

Assets Returns 12.51% 17.13% 21.93% 6.06%
Simulated Returns 12.51% 17.13% 21.93% 6.06%
% Invested / Exposure 25% 25% 25% 25%
Min Invest Req. 0 0 0 0
Max Invest Req. 100% 100%| = |pitial Value * (1+Aggregate
Returns)
$286,019.58
Industrial Energy HighTech Bonds
Industrial 1.0000
Energy 0.5694 1.0000
HighTech 0.5409 0.7444 1.0000

Bonds 0.0568 0.0616 0.0335 1.0000

Figure 2: portfolio returns model

4|Page

©Technology Partnerz Ltd, 2011.


http://www.crystalballservices.com/Resources/ConsultantsCornerBlog/EntryId/73/Copulas-Vs-Correlation.aspx

THE NEED FOR SPEED: A PERFORMANCE COMPARISON

Since the applications fit the data using mostly normal distributions, we chose to use the Markowitz
mean variance optimization method as a benchmark for the results at various numbers of trials (10k,
50k, and 100k).

With the Markowitz benchmarking data in hand, the first thing to do is contrast correlated versus

uncorrelated results.
Table 1: Markowitz portfolio returns values at various percentiles

Covariance

Industrial Energy HighTech Bonds

Industrial 0.019290891 0.024015655 0.000126758
Energy 0.019290891 0.052452310 0.000103142
HighTech 0.024015655 0.052452310 0.000082357
Bonds 0.000126758 0.000103142 0.000082357

Benchmark Portfolio Returns

Mean 14.41%

Variance 2.21%

Std. Dev. 14.87%

Percentile Returns Calculated Value Uncorrelated
1.00% -20.2% $199,558.74 $227,474
5.00% -10.0% $224,887.01 $244,159
10.00% -4.6% $238,389.42 $253,324
50.00% 14.4% $286,019.28 $286,130
90.00% 33.5% $333,649.15 $318,131
95.00% 38.9% $347,151.56 $326,955
99.00% 49.0% $372,479.82 $343,878
99.90% 60.3% $400,870.19 $361,382
99.99% 69.7% $424,239.44 $376,424

Clearly, the difference between the correlated and uncorrelated percentile values increases as we move
away from the 50" percentile or Median. If we run this model without taking into account the
correlation, we would be underestimating both the lower bound (loss) by almost 30 000$ and the upper
bound by almost 50 000S. The consequence is that we are making decisions on the wrong range and risk
profile — which could potentially be very good but mostly very bad because we are underestimating the
downside risk.

The impact of correlation on the results

We ran each test with correlation turned on and off on all packages and tracked the results. This
enabled us to both look at the results and the performance differences when handling correlation. The
initial test was run only once with the correlation turned on while the two tests were run with it both on
and off.

5|Page
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Test 1: Fitting Simulated Data

The distributions were fitted using historical returns, which are included in the test sheet (For more
information on how to fit distributions please refer to Excel Simulation Show-Down Part 2: Distribution

Fitting). The data used for fitting both the distributions and correlations in the model was normally
distributed because it was a doctored data set generated with a Monte-Carlo Engine. Note that normal
distributions are unbounded and their tails can extend into infinity. Thus, the Min and the Max values of
the output distribution generated by multiple simulations can vary greatly. Lastly, we made sure to run
the scripts using the Monte Carlo method to ensure all the packages can be tested using the same
approach.

Comparing Accuracy (Mean Results) by Percentile/Package: Fictional Fitted
Historical Data

Table 2: Mean results by percentile for 20 simulations (by package) using simulated data

Test AppEval -T
Trials 10000 T
Correlation On -T

Row Labels | - |Average of 1 Average of 5 Average of 10 Average of 50 Average of 90 Average of 95 Average of 99 Average of 999 Average of 9999

@RISK $200,150.97  $225,382.95  $238,899.90 $286,003.52  $333,206.04  $346,596.29  $371,628.52 $399,590.57 $418,923.17
Crystal Ball $199,735.04  $224,483.71  $238,196.75 $286,440.49  $333,345.31  $346,447.57  $370,685.45 $398,082.98 $416,993.22
ModelRisk $198,063.66  $224,747.14  $238,657.86 $285,870.77  $333,816.22  $346,773.66  $371,582.34 $393,401.26 $402,206.98
RiskSolver $200,235.86  $225,395.68  $238,807.40 $285,928.53  $333,026.46  $346,352.03  $371,277.51 $398,860.73 $419,971.28

Group Average $199,546.38 $225,002.37  $238,640.48 $286,060.83  $333,348.51 $346,542.39  $371,293.45 $397,483.88 $414,523.66

Benchmark S 199,558.74 S 224,887.01 $238,389.42 S 286,019.28 S 333,649.15 S 347,151.56 S 372,479.82 S 400,870.19 S 424,239.44

Test AppEval T
Trials 50000 T
Correlation On T

Row Labels | - |Average of 1 Average of 5 Average of 10 Average of 50 Average of 90 Average of 95 Average of 99 Average of 999 Average of 9999

@RISK $200,211.47  $225,405.17  $238,792.23 $286,053.88  $333,261.85  $346,707.28  $371,693.38 $399,390.72 $421,802.79
Crystal Ball $199,250.39  $224,336.44  $238,053.69 $286,318.09  $333,206.55  $346,301.54  $370,999.63 $399,346.11 $422,167.46
ModelRisk $199,092.04  $225,203.74  $238,443.17 $285,793.68  $333,625.44  $346,476.85  $370,491.60 $391,620.41 $404,340.59
RiskSolver $200,487.66  $225,569.96  $238,892.24 $286,028.87  $333,129.85  $346,465.95  $371,536.35 $399,703.15 $421,148.97

Group Average $199,760.39  $225,128.83  $238,545.33 $286,048.63  $333,305.92  $346,487.91  $371,180.24 $397,515.10 $417,364.95

S 199,558.74 S 224,837.01 $238,389.42 $ 286,019.28 S 333,649.15 S 347,151.56 $ 372,479.82 $ 400,870.19 S 424,239.44

Test AppEval ol
Trials 100000 T
Correlation On T

Row Labels | - |Average of 1 Average of 5 Average of 10 Average of 50 Average of 90 Average of 95 Average of 99 Average of 999 Average of 9999

@RISK $200,348.65 $225,384.05  $238,830.21 $286,004.80  $333,218.85  $346,622.69  $371,707.84 $400,078.28 $422,346.34
Crystal Ball $199,329.99 $224,530.27  $238,153.39 $286,290.18  $333,330.31  $346,515.68  $371,166.04 $398,760.30 $422,316.01
ModelRisk $198,692.23 $225,108.49  $238,529.40 $285,628.09  $333,477.94  $347,502.95  $372,037.54 $395,424.88 $408,044.56
RiskSolver $200,441.75 $225,497.47  $238,887.20 $286,007.54  $333,137.63  $346,462.08  $371,484.36 $399,538.59 $422,585.54

Group Average $199,703.16  $225,130.07  $238,600.05 $285,982.65  $333,291.18  $346,775.85  $371,598.94 $398,450.51 $418,823.12

Benchmark S 199,558.74 S 224,887.01 $238,389.42 S 286,019.28 S 333,649.15 $ 347,151.56 $ 372,479.82 $ 400,870.19 S 424,239.44

When fitting simulated data, we can see that ModelRisk is a clear outlier in terms of accuracy against the
benchmark values.

This issue seems odd and could pose some serious issues because an analyst, from time to time, will be
confronted with fitting simulated data. What is stranger still is that as we increase the number of trials -
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we only see moderate improvement in the outlier percentiles such as 99.9 and 99.99. Fortunately, as we
will see in further tests the accuracy problem does not persist with ModelRisk.

It turns out, that using real data will have an impact on the final fitting result. Actually ModelRisk
struggled with fitting simulated data (potentially) because of its implementation of information criteria
versus goodness of fit methods. The other three packages use goodness of fit to estimate and rank
potential distribution fits. Anecdotally, ModelRisk seems to have a very high degree of accuracy when
picking out the right distribution and it is this very sensitivity that could make it inappropriate to fit
simulated data with a low number of samples. You will be less prone to these issues with the other
packages regarding simulated data.

Analyzing precision using simulated data

Test AppEval T Test AppEval T
Correlation On T Correlation On -T
Package @RISK T Package Crystal Ball T

Column Labels | ~ Column Labels | ~
Values 10000 50000 100000 Values 10000 50000 100000
StdDev of 1 $656.86 $310.23 $269.13 W _ __ StdDev of 1 $1,064.11 $676.18 | $482.24 MM mm
StdDev of 5 $511.19 $256.25 $155.48 M — __ StdDev of 5 $574.51 $378.22 $194.73 T wm
StdDev of 10 $314.56 $122.23 $72.92 o _ StdDev of 10 $414.94 $279.53 $221.97 M o
StdDev of 50 $179.09 $88.62 $51.86 e StdDev of 50 $461.73 $162.75 $14858 W __ __
StdDev of 90 $252.71 $114.62 $114.29 W _ __ StdDev of 90 $738.94 $318.02 | $197.91 W — __
StdDev of 95 $502.11 $236.76 $159.61 W — __ StdDev of 95 $895.03 $363.91 | S$196.64 W — __
StdDev of 99 $713.21 $364.13 $225.41 M o __ StdDev of 99 $1,485.22 $443.09 | $394.01 W __ __
StdDev of 999 $2,412.86 $1,165.08 = $650.81 MM mm __ StdDev of 999 $3,206.43 $1,236.09  $997.94 WM _ __
StdDev of 9999 $5,526.26 $3,293.16 | $2,174.65 MM mm __ StdDev of 9999 $6,832.71 $4,977.88 1$2,566.46 Il wm __
Test AppEval T Test AppEval -T
Correlation On T Correlation On T
Package ModelRisk T Package RiskSolver -T

Column Labels -~ Column Labels -~
Values 10000 50000 100000 Values 10000 50000 100000
StdDev of 1 $5,389.21 $3,125.44 | $4,964.51 I _ mm StdDev of 1 $1,009.38 $467.54 | $297.59 M — __
StdDev of 5 $2,164.04 $1,746.06 | $2,467.70 mm __ M StdDev of 5 $577.10 $301.96 | $156.60 MM mm
StdDev of 10 $1,454.23 $1,490.79 | $1,208.47 mm M __ StdDev of 10 $409.88 $228.10 | $144.04 M =
StdDev of 50 $1,714.82 $1,646.39 | $1,784.32 wm __ M StdDev of 50 $222.52 $133.90 | $95.94 M =
StdDev of 90 $1,758.51 $2,215.37 | $1,753.26 __ W __ StdDev of 90 $469.00 $219.28 | $118.37 MM mm
StdDev of 95 $2,268.58 $2,691.36 | $1,753.54 wm I __ StdDev of 95 $473.42 $255.25 $153.53 Il
StdDev of 99 $3,754.09 $2,856.45 | $3,684.09 I _ M StdDev of 99 $459.38 $465.53 $2293 W __
StdDev of 999 $7,328.62 $7,106.30 | $6,199.80 N W __ StdDev of 999 $2,329.80 $829.85 $675.45 W __ __
StdDev of 9999 $10,520.03 $10,696.90 $10,146.50 mm I __ StdDev of 9999 $4,626.72 $2,012.76 $1,695.16 W __ __

Table 3: Standard deviation/package/number of trials (correlation on) - real data test

Note on how to analyze the tables

Each one of the tables presented above covers one package and presents the standard deviation of 20 samples for
selected percentiles at specific number of simulation trials. In the rightmost column, you will find a spark line
histogram which presents a graphical of the results. The light blue column represents the highest value in the data
set.
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Theoretically, we should expect a consistent reduction in standard deviation as we increase the number of trials.
Based on conventional statistical wisdom, the light blue bars (or highest standard deviation) should be the first bar

in the series given that that is the standard deviation at the lowest number of trials tested. The second column
should have the second highest value and the third the lowest.

Test AppEval T Test AppEval T
Correlation On T Correlatior On T
Package @RISK |

Package  Crystal Ball T

Test <\ Correlation <7, Package </

Test W Correlation W' Package <\
StdDev of 1 StdDev of 5 StdDev of 10’ StdDev of 50, StdDev of 90 StdDev of 95| StdDev of 99 StdDev of 999! StdDev of 9999

StdDev of 1._StdDev of 5, StdDev of 10, StdDev of 50, StdDev of 90, StdDev of 95, StdDev of 99 StdDev of 999 StdDev of 9999
12,000 12,000
10,000 10,000
8,000 8,000
Trials - Trials v
6,000 —— 10000 6,000 —— 10000
50000 50000
4,000 —— 100000 4,000

——100000
2,000 2,000

0

[
StdDev of 15tdDev of 5 StdDev of StdDev of StdDevof StdDevof StdDevof StdDevof StdDevof

StdDev of StdDev of StdDevof StdDevof StdDevof StdDevof StdDevof StdDevof StdDev of
50 90 95 99 999 9999 10 50 90 95 99 999 9999
Values|

Values,

Test AppEval
Correlation Oon
Package ModelRisk

"]

Test AppEval |
Correlatior On Ei
Package RiskSolver T

Ej
Ej

Test W Correlation W/ Package W Test </ Correlation + Package W
StdDev of 1, StdDev of 5 StdDev of 10 StdDev of 50, StdDev of 90, StdDev of 95. StdDev of 99, StdDev of 999, StdDev of 9999,

StdDev of 1, StdDev of 5. StdDev of 10 StdDev of 50, StdDev of 90, StdDev of 95. StdDev of 99, StdDev of 999, StdDev of 9999

12,000 12,000

10,000 / 10,000

8,000 8,000

Trials - Trials -
6,000 —— 10000 6,000 —— 10000
50000 50000

4,000 —— 100000 4,000

—— 100000
2,000 2,000

0

0
StdDev of 15tdDev of 5 StdDev of StdDevof StdDevof StdDevof StdDevof StdDevof StdDevof

StdDev of StdDev of StdDev of StdDev of StdDev of StdDev of StdDevof StdDevof StdDev of
10 50 90 95 99 999 9999 1 5 10 50 90 95 99 999 9999
Values, Values,

Figure 3: standard deviation by percentile/package - simulated data test

When analyzing the following graphs, one will notice that all the graphs (except one) have one common
feature: the standard deviation goes down as we increase the number of trials. Again, ModelRisk by
Vose software is a clear outlier in this regard. We find it very bizarre that there is no reduction in
standard deviation as you increase the number of trials at certain specific outlier percentiles such as
those at 99 and beyond. We have submitted this concern to Vose software and we look forward to
hearing from them back soon. On the other hand, when we look at the other packages such as Crystal

Ball, Risk Solver, @RISK -they all demonstrate a consistent reduction in standard deviation as you go
further and further out in the tail.

“The Central Limit Theorem tells us that the expected variation of the mean is about 2 times standard deviation
divided by square root of number of iterations. But the relationships are not so simple for percentiles. And the further
out you get, toward the zeroth or 100th percentile, the more variation you expect to see.
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Why is that? Well, most of the data are close to the center of the distribution, which means that out in the tails it is
relatively sparse. When you get out to the min or max, you are looking at one iteration. That might be nominally a
statistic of the simulated distribution, but really it's just whichever iteration happened to be lowest or highest in a
particular run. In a normal distribution, or any other distribution with a tail, these are essentially meaningless numbers
because the true min and max are infinity.

Take a normal distribution such as your Normal(286000,36800) with 100000 iterations. The way Latin Hypercube
works, you would expect one iteration, give or take, in each of the 200000 equally probable intervals. The lowest .0001
of probability is between -infinity and 149140, so you would expect about 10 iterations in that interval. But that's a
huge interval, so huge variation would be expected in whatever iteration happens to be the lowest from run to run. By
contrast, the .0001 of probability near the 40th %ile is 276677 to 27686, so you would expect to find about ten
iterations in that small range, and very little variation in the 40th %ile from run to run.”- Palisade Corporation.

Risk Solver handled the simulated data in a very impressive way - starting at 50,000 trials you get a
significant improvement in standard deviation similar to the levels you would get at 100,000 trials.
Crystal ball and @RISK both share similar patterns where precision improves tremendously between
50,000 and 100,000 trials.
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When analyzing the results from the simulated data, we were somewhat surprised at how some of the

packages responded. It was therefore recommended by one of the vendors that we use actual data to

perform further fitting tests. We sourced data a series of industrial indices from a stock exchange and

calculated the log returns as well as the volatility for the entire data set. As with the previous test, we

made sure to run all the packages using the Monte Carlo method and not Latin hypercube.

Comparing Accuracy (Mean Results) by Percentile/Package: Real Fitted Historical

Data

Table 4: Mean results by percentile for 20 simulations (by package) using real data

Test RealData T
Trials 10000 e
Correlation On X

Row Labels | - |Average of 1

$251,832.53
$251,879.75
$251,683.35
$251,898.65
$251,823.57

251,607.43

Average of 5  Average of 10 Average of 50 Average of 90 Average of 95 Average of 99 Average of 99 Average of 9999

$266,493.81 $272,972.27 $281,209.84 $288,045.14
$266,755.91 $273,506.28 $282,206.39 $289,149.49
$267,056.23 $273,668.35 $281,405.36 $288,437.83
$265,408.48 $270,914.66 $277,275.11 $282,640.16
$266,428.61 $272,765.39 $280,524.17 $287,068.15
$268,875.20 $276,029.57 $284,048.87 S 290,649.88

@RISK $226,398.76 $234,986.73 $239,169.68
Crystal Ball $226,958.64 $235,284.08 $239,357.55
ModelRisk $224,393.46 $233,683.50 $238,093.53
RiskSolver $223,921.86 $233,972.43 $238,572.05
Group Average $225,418.18 $234,481.69 $238,798.20
S 227,185.30 S 234,339.66 $ 238,153.63 S
Test RealData T
Trials 50000 il
Correlation On T

Row Labels |~ Average of 1

Average of 5  Average of 10 Average of 50

$251,822.71
$251,864.25
$251,730.38
$251,849.89
$251,816.81

Average of 90 Average of 95 Average of 99 Average of 99 Average of 9999

$266,449.10 $273,004.73 $281,554.96 $288,602.34
$266,706.49 $273,637.44 $282,360.45 $289,741.37
$267,075.69 $273,549.24 $281,034.01 $287,670.73
$265,347.52 $270,826.14 $277,699.84 $283,005.18
$266,394.70 $272,754.39 $280,662.32 $287,254.90

@RISK $226,594.00 $235,014.52 $239,109.04
Crystal Ball $227,076.47  $235,319.03  $239,351.73
ModelRisk $224,619.03 $233,696.03 $238,119.49
RiskSolver $224,065.13 $233,871.02 $238,485.25
Group Average $225,588.66 $234,475.15 $238,766.37
$  227,18530 $ 234,339.66 $ 23815363 $
Test RealData T
Trials 100000 e
Correlation On Rl

Row Labels | - |Average of 1

@RISK $226,472.31 $234,994.25 $239,122.30
Crystal Ball $227,124.52 $235,341.54 $239,342.22
ModelRisk $224,393.40 $233,715.16 $238,152.39
RiskSolver $224,157.71 $233,981.56 $238,555.45
Group Average $225,536.98 $234,528.46 $238,793.09

251,607.43

Average of 5  Average of 10 Average of 50

$251,814.39
$251,858.22
$251,734.47
$251,904.49
$251,830.29

$268,875.20 $276,029.57 $284,048.87 S 290,649.88

Average of 90 Average of 95 Average of 99 Average of 99 Average of 9999

$266,460.52 $272,997.73 $281,189.80 $288,690.98
$266,706.17 $273,583.34 $282,295.73 $290,361.37
$267,053.31 $273,613.34 $281,458.77 $287,070.46
$265,339.92 $270,976.17 $277,445.13 $282,657.38
$266,389.98 $272,771.60 $280,597.36 $287,198.24

Benchmark S 227,18530 S 234,339.66 S 238,153.63 S

251,607.43

$268,875.20 $276,029.57 $284,048.87 S 290,649.88

In the second round of tests, we can see that Risk Solver is now the one that is having issues with fitting.

Though the differences are not tremendous, they are enough to be different from the others. This

reinforces how much care an analyst must take when fitting data in order to get consistent results.

©Technology Partnerz Ltd, 2011.
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Analyzing precision using real data

Let's take a closer look at the spark line graphics in the last column of each table. As we mentioned
before, this test required the fitting of real data from a real source. Therefore, we have to bear in mind
that we are introducing potential fitting error.

Contrary to their peers, Risk Solver and ModelRisk both exhibit erratic patterns in the real data test and
do not gain added precision by adding trials. Overall, even with the strange behavior, Risk Solver has less
standard deviation in the tail percentiles than ModelRisk.

Test RealData T Test RealData T
Correlation On Rl Correlation On T
Package @RISK b Package Crystal Ball b
Column Labels Column Labels
Values 10000 50000 100000 Values 10000 50000 100000
StdDev of 1 $379.67 $161.24 $13454 WM __ StdDev of 1 $397.17 $167.67 $94.47 .
StdDev of 5 $217.47 $55.05 $50.87 . _ StdDev of 5 $213.15 $149.47 $70.89 [ .
StdDev of 10 $111.13 $49.61 $32.61 —_— StdDev of 10 $194.72 $85.86 $53.80 . ___
StdDev of 50 $68.32 $30.14 $19.10 —_— StdDev of 50 $133.65 $51.69 $42.90 [
StdDev of 90 $99.87 $38.39 $20.90 W — _ StdDev of 90 $156.94 $66.84 $49.07 [ [
StdDev of 95 $97.81 $62.26 $24.06 o StdDev of 95 $232.21 $61.97 $66.38 .
StdDev of 99 $248.55 $151.29 $71.93 | StdDev of 99 $471.33 $202.27 $73.44 [
StdDev of 999 $873.82 $358.83  $224.08 —_— StdDev of 999 $770.19 $629.70 $309.66 N mem
StdDev of 9999 $3,008.61 $1,231.85 $748.63 WM — _ StdDev of 9999 $2,765.35 $1,193.69 $1,038.13 M __ _
Test RealData T Test RealData T
Correlation On Rl Correlation On T
Package ModelRisk b Package RiskSolver b
Column Labels | ~ Column Labels
Values 10000 50000 100000 Values 10000 50000 100000
StdDev of 1 $506.88 $582.54 $521.36 __ WM StdDev of 1 $484.59 $397.34 $413.46 . _
StdDev of 5 $288.13 $333.80 $296.02 ___ W __ StdDev of 5 $255.51 $198.35 $231.52 B =
StdDev of 10 $176.53 $246.22  $206.40 __ N e StdDev of 10 $190.76 $192.43 $201.67 ___ ____ W
StdDev of 50 $105.34 $103.66 $16847 ___ __ W StdDev of 50 $72.60 $87.74 $97.43 —_ ==m N
StdDev of 90 $181.57 $176.24 $137.47 1l HE _ StdDev of 90 $106.07 $114.94 $88.48 mu BN _
StdDev of 95 $198.13 $236.94 $214.67 ___ M mmm StdDev of 95 $131.73 $149.48 $126.67 N _
StdDev of 99 $355.43 $459.30 $432.14 ___ [N mm StdDev of 99 $261.02 $225.69 $236.05 W
StdDev of 999 $918.07 $1,090.24 $878.94 __ W StdDev of 999 $839.83 $676.46 $619.80 N __
StdDev of 9999 $2,855.84 $1,981.54 $2,252.37 WMl __ o StdDev of 9999 $1,813.84 $2,352.78 $1,779.84 ___ [ ___
Table 5: Standard deviation/package/number of trials (correlation on) - real data test
Test RealData T Test RealData T
Correlation On T Correlation On T
Package @RISK Ei Package  Crystal Ball ||
Test 7. Correlation 7. Package /. Test 7. Correlation 7 Package 7
StdDev of 1_StdDev of 5_StdDev of 10__StdDev of 50 StdDev of 90 StdDev of 95 _StdDev of 99_ StdDev of 999, StdDev of 9999 StdDev of 1_StdDev of 5_StdDev of 10_StdDev of 50 StdDev of 90 StdDev of 95 _StdDev of 99 StdDev of 999 StdDev of 9999,
3,500 3,500
3,000 3,000
2,500 2,500
2,000 Trials. - 2,000 Trials. -
1,500 10000 1,500 10000
~50000 ~50000
1,000 ——100000 1,000 —— 100000
500 500
’ StdDev of StdDev of StdDev of StdDevof StdDevof StdDevof StdDev of StdDevof StdDevof ° StdDev of StdDev of StdDev of StdDevof StdDev of StdDevof StdDevof StdDevof StdDevof
10 50 90 95 99 999 9999 1 5 10 50 90 95 99 999 9999
Values, Values
11| Page
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Test RealData T Test RealData T
Correlation On T Correlation On Ed
Package ModelRisk T Package  RiskSolver T
Test A\ Correlation 7 Package < Test <\ Correlation +\Package +'
StdDev of 1, StdDev of 5 StdDev of 10/ StdDev of 50, StdDev of 90, StdDev of 95, StdDev of 99, StdDev of 999, StdDev of 9999 StdDev of 1, StdDev of 5. StdDev of 10, StdDev of 50],StdDev of 90],StdDev of 95/, StdDev of 99, StdDev of 999 StdDev of 9999
3,500 3,500
3,000 3,000
2,500 2,500
2,000 Trials - 2,000 Trials -
——10000 10000
1,500 1,500
50000 50000

1,000 ~—100000 1,000 ~—100000
500 500
o B 0
StdDev of StdDev of StdDev of StdDev of StdDev of StdDev of StdDev of StdDev of StdDev of StdDev of StdDev of StdDev of StdDev of StdDev of StdDevof StdDev of StdDev of StdDev of
90 95 99 999 99%9 1 5 10 50 EY 95 99 999 9999

Values, Values,

Figure 4: Standard deviation graphs by percentile/package - real data test

Alternatively when perusing the uncorrelated results we can see that the erratic pattern goes away with
Risk Solver but not with ModelRisk. One could interpret the erratic behavior in Risk Solver is being
contributed by their implementation of correlation.

Even though we could write off the precision error easily in a financial context, this may not be the case
for other applications such as science and engineering where lives and safety might be at risk. For this
reason, more research will need to be conducted with the vendors to more fully understand what
factors could contribute to the precision results presented in the table below and how to mitigate
against them.

Test RealData T Test RealData T
Correlatioff  Off Rl Correlation Off Rl
Package @RISK b Package Crystal Ball b

Column Labels ~ Column Labels
Values 10000 50000 100000 Values 10000 50000 100000
StdDev of 1 $336.59 $114.08 $104.19 W __ _ StdDev of 1 $346.24 $191.14 $91.84 [
StdDev of 5 $149.72 $57.24 $49.85 . _ StdDev of 5 $213.30 $98.18 $54.51 .
StdDev of 10 $106.72 $41.85 $31.60 W __ StdDev of 10 $134.64 $76.19 $39.65 |
StdDev of 50 $57.44 $21.93 $19.80 — StdDev of 50 $89.98 $42.27 $18.68 .
StdDev of 90 $99.27 $34.35 $21.45 W StdDev of 90 $114.96 $48.18 $29.56 .
StdDev of 95 $152.66 $38.72 $30.90 . _ StdDev of 95 $130.68 $61.33 $37.98 .
StdDev of 99 $237.79 $136.96 $63.28 | N StdDev of 99 $300.80 $98.24 $65.48 . ___
StdDev of 999 $568.54 $398.01  $247.10 N mmm StdDev of 999 $906.03 $384.51 $269.04 N ___
StdDev of 9999 $1,743.68 $1,064.22  $747.07 | M mmm StdDev of 9999 $1,629.70 $1,19869 $783.91 [N mmm _
Test RealData T Test RealData T
Correlation Off Rl Correlation Off T
Package ModelRisk b Package RiskSolver b

Column Labels | Column Labels
Values 10000 50000 100000 Values 10000 50000 100000
StdDev of 1 $359.35 $42558  $41554 __ [ mm StdDev of 1 $519.20 $155.24 $137.82 . _
StdDev of 5 $157.03 $203.93 $192.80 ___ N mm StdDev of 5 $231.85 $64.34 $46.72 .
StdDev of 10 $143.91 $142.77 $147.08 —— ___ W StdDev of 10 $118.98 $65.32 $38.40 .
StdDev of 50 $88.30 $108.96 $103.46 ___ [N mm StdDev of 50 $103.73 $37.64 $31.36 [
StdDev of 90 $96.07 $127.92  $12439 __ N W StdDev of 90 $131.72 $44.11 $51.61 [
StdDev of 95 $129.16 $143.75 $155.33  __ mmm I StdDev of 95 $152.09 $56.77 $41.36 . ___
StdDev of 99 $211.87 $252.69 $281.38 __ mmm W StdDev of 99 $216.20 $93.86 $53.18 .
StdDev of 999 $985.11 $1,025.96 $694.75 I W _ StdDev of 999 $729.07 $291.69 $234.19 W ___
StdDev of 9999 $2,256.58 $2,238.96 $1,970.54 [N WE _ StdDev of 9999 $2,073.40 $905.45 $829.69 N
Table 6: Standard deviation/package/number of trials (correlation off) - real data test

12| Page
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TECHNOLOGY PARTNERZ \Bj

Given the sheer difference between the standard deviation generated at certain percentiles by

ModelRisk versus its peers, we felt it would be constructive to compare it on a ratio basis. To be fair, we

should have prepared similar tables for the other tests but they would've indicated very similar patterns

anyways. For those who want to check, all the test results will be made available at the end of this post

ModelRisk also has very high standard deviation in almost all the percentiles as compared to its peers at

both 50,000 and 100,000 trials. Theoretically, we would expect a more consistent reduction in standard

deviation as we increase the number of trials yet this is not the case with ModelRisk. The standard

deviation can also be looked at in terms of multiples against its peers - again this is something we would

like to better understand because we are not sure if this is intentional (or not) nor if it is good or bad.

Real Data MR/FS Ratio No Correl

10K
1 1.00
5] 0.72
10 0.90
50 0.85
90 0.88
95 0.88
99 0.81
G 1.21
99.99 1.02

50K

231
2.22
175
2.54
2.39
2.50
2.45
3.34
1.96

100K Std Dev

348 _wml
395 _ wm
EXo Q-
335 _ml
285 _ml
322 _ml
431 _eml
334 _mm
214 _mm

Real Data MR/CB Ratio No Correl

10K
1 1.04
5 0.74
10 1.07
50 0.98
90 0.84
95 0.99
99 0.70
99.9 1.09
99.99 138

50K

2.23
2.08
1.87
2.58
2.66
2.34
2.57
2.67
1.87

100K Std Dev

452 _ mm
354 _wml
371 _
554 _ e M
421 _ sl
409 _ ma
430 _wml
258 _ WM
251 _ wml

Real Data MR/AR Ratio No Correl

10K
1 1.07
5 1.05
10 135
50 1.54
90 0.97
95 0.85
99 0.89
Eee) 173
98109 1.29

50K

3.73
3.56
3.41
4.97
3.72
3.71
1.84
2.58
2.10

100K Std Dev

399 _mm
387 _mMl
465 _ml
523 _mMl
580 _ mm
503 _mml
445 _
281 _ml
264 _ sl

Real Data MR/Group Ratio No Correl

10K
1 1.04
5 0.81
10 1.08
50 1.05
90 0.89
95 0.90
99 0.80
€ 1.29
99.99 121

©Technology Partnerz Ltd, 2011.

50K

2.61
2.48
2.15
3.05
2.82
2.74
2.24
2.82
1.97

100K Std Dev

395 _mml
378 _ml
371 _ ==l
448 _ sm
394 _ml
398 _mml
435 _ wm il
283 _HEM
241 _mM

Real Data MR/FS W/ Correl

10K 50K 100K  Std Dev
1.26 3.06 432 _mml
121 2.88 409 _ ==l
1.09 3.33 500 _ wm
1.19 2.27 53 _ — |
2.04 3.67 310 _ M m
1.70 3.89 396 _HN
122 3.78 527 _ml
1.09 3.48 295 _ M m
0.97 2.46 293 _mim

Real Data MR/CB W/ Correl

10K 50K 100K Std Dev
1.28 3.47 552 __ wml
1.35 2.23 418 _
0.91 2.87 38 _mil
0.79 2.01 393 ==l
1.16 2.64 280 _mm
0.85 3.82 323 _Hm
0.75 2.27 5.88 _ =l
1.19 173 PR - |
1.03 1.66 217 _ sl

Real Data MR/AR W/ Correl

10K 50K 100K Std Dev

1.34 3.61 388 _mm
132 6.06 58 _HME
1.59 4.96 633 _ml
1.54 3.44 882 _ .l
1.82 4.59 6.58 __ wm
2.03 3.81 892 _
1.43 3.04 [N —
1.05 3.04 392 _mil
0.95 161 301 _ M

Real Data MR/Group W/ Correl

10K 50K 100K Std Dev
1.29 3.37 447 _ml
1.29 3.13 457 _wml
113 3.53 485 _mml
1.09 2.44 541 _
1.58 3.45 361 _mHN
1.33 3.84 445 _mm
1.06 2.90 570 _ wm il
1.11 2.51 317 _ml
0.98 1.84 264 _ wml

Figure 5: ModelRisk versus its peers.
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Nonetheless, ModelRisk exhibits counterintuitive behavior when compared to its peers at numbers of
trials exceeding 10,000. Though some may argue that the standard deviation is negligible for the
amounts we are working with, it appears that in both correlated and uncorrelated versions of this test,
Oracle Crystal Ball and Palisade @RISK both seem to do just a little better when it comes to reducing the
standard deviation around percentiles deep in the tails at higher numbers of trials.

In the next test, we account for the potential fitting error by removing it altogether. The reason for this
stems from each application’s different implementation of distribution fitting.

14| Page
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Test 3: No Fitting, Just Normal Distributions

Of course, no matter how you cut it, if you are fitting data then you will introduce fitting error because
of the different methods each packages employs. In our tests, when we fitted the data we noticed that
some packages ranked different distributions as being the best fit than others. It became logical to apply
normal distributions to all the asset classes just as we would when using the calculated Markowitz
method. Essentially, we calculated both the mean and the standard deviation for each data set and used
those parameters to configure their [asset class] respective normal distribution. By doing this all the
packages are now on equal footing.

Comparing Accuracy (Mean Results) by Percentile/Package: Parameterized
normal distributions

Table 7: Mean results by percentile for 20 simulations (by package) using Normal Distributions using parameters

TECHNOLOGY PARTNERZ \B’

Test Normal T

Trials 10000 -

Correlation On T

Row Labels |~ Average of 1 Average of 5 Average of 10 Average of 50 Average of 90 Average of 95 Average of 99 Average of 999 Average of 9999

@RISK $228,349.03 $235,071.56  $238,616.77 $251,055.94  $263,558.14  $267,127.10  $273,668.61 $281,004.85 $286,111.48

Crystal Ball $228,099.46 $234,816.28  $238,430.68 $251,059.42  $263,671.30  $267,249.90  $274,063.98 $281,426.26 $286,400.70

ModelRisk $227,434.42  $234,406.26  $238,132.02 $251,055.02  $263,971.73  $267,636.09  $274,563.81 $281,880.51 $286,598.49

RiskSolver $225,125.52  $232,755.39  $236,781.04 $251,106.24  $265,372.56  $269,432.64  $276,986.43 $285,316.12 $291,248.84

Group Average $227,252.11 $234,262.38  $237,990.13 $251,069.15  $264,143.43  $267,861.43  $274,820.71  $282,406.94  $287,589.88
Thisis the ideatr $234,339.66 $ 238,153.63 $ 251,607.43 $ 265,061.23 S 268,875.20 $ 276,029.57 S 284,048.87 S 290,649.88

Test Normal -

Trials 50000 T

Correlation On -T

Row Labels |~ |Average of 1 Average of 5 Average of 10 Average of 50 Average of 90 Average of 95 Average of 99 Average of 999 Average of 9999

@RISK $228,372.01 $234,990.18  $238,556.38 $251,051.46  $263,567.80 $267,119.10  $273,784.66 $281,295.33 $287,071.60

Crystal Ball $228,182.49 $234,873.72  $238,439.37 $251,055.55  $263,645.63  $267,247.09  $274,005.25 $281,561.37 $287,618.23

ModelRisk $227,481.42 $234,451.56  $238,123.41 $251,047.42  $263,937.73  $267,586.55  $274,444.25 $281,948.01 $286,449.30

RiskSolver $225,079.16  $232,701.60  $236,766.49 $251,070.90  $265,373.91  $269,417.51  $277,014.28 $285,538.10 $292,347.61

Group Average $227,278.77 $234,254.27  $237,971.41 $251,056.33  $264,131.27 $267,842.56  $274,812.11  $282,585.70  $288,371.68
S 227,185.30 $234,339.66 $ 238,153.63 S 251,607.43 $ 265,061.23 $ 268,875.20 S 276,029.57 S 284,048.87 S 290,649.88

Test Normal -

Trials 100000 T

Correlation On -

Row Labels |~ |Average of 1 Average of 5 Average of 10 Average of 50 Average of 90 Average of 95 Average of 99 Average of 999 Average of 9999

@RISK $228,326.84  $234,995.77  $238,551.19 $251,042.89  $263,583.25  $267,129.21  $273,812.99 $281,064.14 $287,204.55

Crystal Ball $228,128.16 $234,847.12  $238,423.70 $251,070.89  $263,678.11  $267,272.92  $273,972.29 $281,566.83 $287,853.16

ModelRisk $227,455.54 $234,388.96  $238,089.64 $251,003.61  $264,037.24  $267,660.67  $274,668.16  $282,439.45 $288,849.99

RiskSolver $225,088.30 $232,696.10  $236,755.81 $251,061.14  $265,382.72  $269,435.89  $277,057.18 $285,476.22 $292,292.80

Group Average $227,249.71 $234,231.99  $237,955.09 $251,044.63  $264,170.33  $267,874.67  $274,877.65  $282,636.66  $289,050.12

Benchmark

S 227,185.30

$234,339.66

$ 238,153.63 $ 251,607.43

$ 265,061.23

S 268,875.20

$ 276,029.57

S 284,048.87

S 290,649.88

When using normal distributions across the board instead of relying on each individual package’s fit

selections, we end up with far more consistent results. However, it appears that Risk Solver is much

©Technology Partnerz Ltd, 2011.
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closer to the values calculated using Excel 2010' s new statistical functions. It is my understanding that
Frontline Systems (the makers of Risk Solver) had a hand in designing these new functions and this could
potentially account for the close proximity between Risk Solver’s simulated results and Excel 2010’s
calculated results.

Of note is the accuracy of the three other packages (Crystal Ball, @RISK and ModelRisk) is relatively
consistent across the group. The only way to know for sure who is right would be to model the very
same problem using a tool such as MatLab in order to establish a golden standard. Nevertheless, it is
also my understanding that the statistical functions have truly improved in the latest version of Excel
and are now considered reliableprecision using real many experts.

Analyzing precision using parameterized normal distributions

Once again, when compared to its peers, ModelRisk has the highest amount of standard deviation in the
tails. We are not certain if this is by design or if this is a bug in the math or even the simulation tool’s
number generation method. Vose software has often stated that most tools and analysts tend to
underestimate the real amount of risk related to a specific problem. In fact, they have added a built-in
feature to account for uncertainty because most underestimate risk. These are questions definitely
worth asking because as a risk analyst, it is very important to understand the implications of the math
and the tools you use - as they will invariably have an impact on the final outcome of a decision. Please
refer to the Commentary by David Vose to compare results with his simultaneous method.

Test Normal T Test Normal |-T
Correlation On T Correlation On T
Package @RISK T Package Crystal Ba|-T’

Column Labels | ~ Column Le ~
Values 10000 50000 100000 Values 10000 50000 100000
StdDev of 1 $328.70 $149.15 $139.08 WM __ _ StdDev of 1 $380.23 $142.89 $90.00 W __ _
StdDev of 5 $162.70 $66.38 $51.81 | __ StdDev of 5 $213.94 $63.85 $68.94 W __ _
StdDev of 10 $173.41 $65.69 $37.70 | _ ___ StdDev of 10 $171.17 $58.05 $59.88 WM ___ __
StdDev of 50 $94.24 $44.80 $3024 BN — StdDev of 50 $132.64 $56.96 $38.20 WM ___ ___
StdDev of 90 $150.00 $54.22 $43.33 | StdDev of 90 $127.11 $86.53 54881 M wmm _
StdDev of 95 $174.15 $78.99 $57.12 W __ ___ StdDev of 95 $184.94 $100.81  $55.64 M o
StdDev of 99 $287.84 $14559 $108.11 | WM — _ StdDev of 99 $325.45 $229.19 $12470 N m—m
StdDev of 999 $898.07 $328.97 $27231 | __ StdDev of 999 $928.29 $428.12 $3329 WM ___ _
StdDev of 9999 $2,118.28 $755.22 $827.99 | __ _ StdDev of 9999  $1,820.66 $928.46 $730.76 W __ _
Test Normal T Test Normal |-T
Correlation On T Correlation On T
Package ModelRisk -1 Package RiskSolvel-T

Column Labels | ~ Column Le ~
Values 10000 50000 100000 Values 10000 50000 100000
StdDev of 1 $377.14 $537.51  $460.54 e StdDev of 1 $299.73 $96.99 $75.91 WM __ _
StdDev of 5 $200.35 $223.77  S$187.42 o H StdDev of 5 $122.76 $77.34  $25.03 N mem _
StdDev of 10 $145.91 $142.05 S$13411 1 mm _ StdDev of 10 $98.40 $50.44 $33.50 W
StdDev of 50 $152.33 $119.66 $97.22 Il ——— StdDev of 50 $92.16 $3851 $27.54 WM __ _
StdDev of 90 $169.87 $194.73 $17565 __ W — StdDev of 90 $133.35 $42.05 $41.16 N ___ __
StdDev of 95 $201.46 $230.47 $207.69 __ W —— StdDev of 95 $142.89 $72.10 $43.67 Bl e
StdDev of 99 $351.36 $374.97 $403.93 e EH StdDev of 99 $234.30 $131.66 $87.24 M e
StdDev of 999 $992.86 $848.05 $1,180.82 mmm N StdDev of 999 $568.24 $21555 $17440 W
StdDev of 9999 $2,139.46 $2,113.98 $2,699.45 __ _ W StdDev of 9999  $1,237.21 $607.96 $515.36 M ___ _
Table 8: Standard deviation/package/number of trials (correlation on) - normal test
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Test
Correlation
Package

Values

StdDev of 1
StdDev of 5
StdDev of 10
StdDev of 50
StdDev of 90
StdDev of 95
StdDev of 99
StdDev of 999
StdDev of 9999

Test
Correlation
Package

Values

StdDev of 1
StdDev of 5
StdDev of 10
StdDev of 50
StdDev of 90
StdDev of 95
StdDev of 99
StdDev of 999
StdDev of 9999

Normal
Off
@RISK

Column Labels

$266.74
$151.48
$156.94
$81.15
$116.29
$150.98
$233.14
$588.34
$1,494.95

Normal
Off
ModelRisk

Column Labels

$819.32
$457.70
$436.70
$288.17
$276.38
$433.61
$760.93
$1,340.61
$2,008.89

E1E

10000

50000
$102.46
$60.16
$52.07
$37.49
$51.32
$55.29
$122.39
$349.87
$626.79

50000
$1,117.20
$487.66
$437.26
$409.57
$327.00
$466.57
$1,116.15
$2,242.48
$3,054.79

$1,656.17
$2,248.54
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100000
$60.83
$42.27
$37.09
$32.80
$31.21
$40.68
$96.01
$243.56
$615.05

100000
$894.97
$612.37
$470.54
$280.17
$397.01
$472.55
$807.27

Test
Correlation
Package

Values

StdDev of 1
StdDev of 5
StdDev of 10
StdDev of 50
StdDev of 90
StdDev of 95
StdDev of 99
StdDev of 999
StdDev of 9999

Test
Correlation
Package

Values

StdDev of 1
StdDev of 5
StdDev of 10
StdDev of 50
StdDev of 90
StdDev of 95
StdDev of 99
StdDev of 999
StdDev of 9999

Normal
Off
Crystal Ball

Column Labels

$282.36
$137.19
$123.22
$101.09
$123.09
$143.32
$268.46
$533.62
$1,888.71

Normal
Off
RiskSolver

Column Labels

$324.50
$139.92
$114.02
$73.56
$98.14
$163.37
$235.58
$734.71
$1,394.94

Table 9: Standard deviation/package/number of trials (correlation off) -normal test

Package
Test
Correlation

@RISK T
Normal T
On i

Package . Test 7. Correlation /.

StdDev of 1. StdDev of 5. StdDev of 10, StdDev of 50, StdDev of 90, StdDev of 95, StdDev of 99 StdDev of 999 StdDev of 9999

3,000

2,500

2,000

1,500

1,000

Trials -

——10000
~——50000
——100000

StdDev of StdDev of StdDev of StdDev of StdDev of StdDev of StdDev of StdDev of StdDev of

Values,

10

50

90 95

99

999 9999

Package Crystal Ball  |-7]
Test  Normal El
Correlatio On Y|

Package /| Test 7 Correlation <,
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4k

10000

50000
$143.48
$89.09
$68.78
$44.70
$56.50
$72.08
$101.08
$312.73
$656.87

50000

$136.47
$92.11
$70.69
$49.67
$47.55
$41.92
$117.68
$233.60
$954.39

100000
$80.89
$57.29
$30.09
$25.98
$49.17
$58.90
$77.27

$219.54

$509.16

100000
$72.31
$52.69
$44.66
$31.50
$42.95
$50.82
$94.27

$215.28

$597.75

‘StdDev of 1/ StdDev of 5. StdDev of 10, StdDev of 50, StdDev of 90 StdDev of 95 StdDev of 99 StdDev of 999! StdDev of 9999

3,000

2,500

2,000

1,500

1,000

StdDev of StdDev of StdDev of StdDev of StdDev of StdDev of StdDev of StdDev of StdDev of

9999

Trials -
——10000
—— 50000
—— 100000

Package ModelRisk [T
Test Normal E
Correlation On -T|

[Package <\, Test <\, Correlation </,
StdDev of 1 StdDev of 5 StdDev of 10 StdDev of 50 StdDev of 90 StdDev of 95 StdDev of 9 StdDev of 999 StdDev of 9999
3,000

2,500

2,000

Trials -
1,500 —— 10000
~——50000

1,000 —— 100000

StdDev ofStdDev ofStdDev ofStdDev ofStdDev ofStdDev of StdDev ofStdDev of StdDev of
50 90 95 99 999 9999

Values

Values,

Package RiskSolver  L-T]
Test  Normal X
Correlatio On T

Package <7, Test 7, Correlation </
[StdDev of 1 StdDev of 5 StdDev of 10 StdDev of 50] StdDev of 94 StdDev of 95 StdDev of 99 StdDev of 999 StdDev of 9999
3,000

2,500

2,000

Trials -
1,500 ~——10000
~——50000
1,000 —— 100000

500

0
StdDev ofStdDev of StdDev of StdDev of StdDev of StdDev of StdDev of StdDev of StdDev of
50 90 95 99 999 9999

Values,

Figure 6: standard deviation by percentile/package (correlation on) - normal test
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Who's the fastest- analyzing the speed tests

In order to properly conduct the testing of our favorite applications, we started with a very simple script.
Our script took the correlated returns model that we used in our previous article and looped it 20 times
at various numbers of trials i.e. 10,000, 50,000, and 100,000.

For each test run, an application ran the equivalent of 3.2 million trials. We ran each test twice to
account for the correlation being on and off therefore generating 6.4 million trials per package. All in all
we ran 20 individual tests totaling 64 million trials.

Average of Trials/Sec

Correlation ~
mOff mOn
120k
100k
80k
60k
A0k
20k
ok _ = _ _ mm
» = o - v = o~ - » = S -
¢ ¢ f ¢ E 3 f : £ : % ¢
® ¥ = ¢ @ T 22 4§ ® T 3 8
b =] 0 > =] i > =] ]
o = e o = e o = &=
AppEval Normal RealData
Test ~ Package ~

Figure 7: trials/sec by package with and without correlation
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Speed and correlation

Average of Trials/Sec -
Row Labels - Off On Group Average
= AppEval
@RISK 799.61 799.61
Crystal Ball 4,716.50 4,716.50
ModelRisk 429.37 429.37
RiskSolver 8,679.59 8,679.59
='Normal
@RISK 986.13 678.51 832.32
Crystal Ball 17,319.44 14,363.10 15,841.27
ModelRisk 1,375.14 452.60 913.87
RiskSolver 74,151.23 48,682.10 61,416.67
-/RealData
@RISK 1,318.24 966.12 1,142.18
Crystal Ball 9,580.09 10,055.56 9,817.82
ModelRisk 788.12 727.52 757.82
RiskSolver 95,450.62 84,389.99 89,920.31
Group Average 25,121.13 14,578.38 18,795.48

Correlation and copulas tend to be very computationally intensive, regardless of the tool or package.
ModelRisk uses another set of tools called objects that are equally computationally intensive and can
slow down a model considerably. It is for these reasons that we believe there are such performance
discrepancies between ModelRisk and its peers regarding speed. Both initial test and the real data test
required some sort of fitting on the part of the applications. ModelRisk's fitting objects are very
powerful and useful tools for the advanced modeler but carry with them a heavy performance price.
When you combine copulas, fitting objects and data objects you can end up with a much slower model
than when you started, therefore it is very important to weigh the relative importance of these features
when designing your analytical solution.
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Speed and the Number of Trials

Correlation On T
Average of Trials/Sec -
Row Labels h 10000 50000 100000 Group Average
= AppEval
@RISK 647.02 858.41 893.40 799.61
Crystal Ball 3,125.00 5,305.56 5,718.95 4,716.50
ModelRisk 413.95 434.79 439.37 429.37
RiskSolver 1,861.81 8,119.33 16,057.63 8,679.59
='Normal
@RISK 562.98 697.16 775.39 678.51
Crystal Ball 6,250.00 16,041.67 20,797.62 14,363.10
ModelRisk 430.82 467.03 459.96 452.60
RiskSolver 15,259.26 53,287.04 77,500.00 48,682.10
-IRealData
@RISK 788.37 1,038.89 1,071.10 966.12
Crystal Ball 3,416.67 11,750.00 15,000.00 10,055.56
ModelRisk 683.13 746.50 752.93 727.52
RiskSolver 13,250.00 75,083.33 164,836.65 84,389.99
Group Average 3,890.75 14,485.81 25,358.58 14,578.38

One of the interesting findings of our speed tests is that as you increase the number of trials you should
find an increase in average speed (trials per second). Once again, Risk Solver on a simulation per
simulation basis ranks fastest and is seconded by Crystal Ball. The reason why these two packages are so
much faster than their peers is their implementation of PSI (polymorphic spreadsheet interpretation).

PSI technology compiles the spreadsheet and runs it in the background as code resulting in significant
performance improvements. One of the major drawbacks of this technology is that it will not run models
using special lookup functions such as INDEX or MATCH as well as certain high-end recursive functions.
When this happens, you must gear down to an Excel-based method such as employed by @RISK and
ModelRisk. Under these conditions both Risk Solver and Crystal Ball will run at speeds comparable to
their peers.
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©Technology Partnerz Ltd, 2011.



THE NEED FOR SPEED: A PERFORMANCE COMPARISON

Who is the fastest overall - Total Test Duration

AppEval
@RISK
Crystal Ball
ModelRisk
RiskSolver

Normal - Correlation
@RISK
Crystal Ball
ModelRisk
RiskSolver

Normal - No Correlation
@RISK
Crystal Ball
ModelRisk
RiskSolver

RealData - Correlation
@RISK
Crystal Ball
ModelRisk
RiskSolver

RealData - No Correlation
@RISK
Crystal Ball
ModelRisk
RiskSolver

Start
8/6/2011 18:01
8/6/2011 20:10
8/6/2011 14:11
8/11/2011 16:24

8/13/2011 23:05
8/13/2011 11:27
8/12/2011 17:49
8/23/2011 20:56

8/14/2011 10:47

8/13/201111:16
8/23/2011 21:02

8/12/201112:47
8/11/2011 19:49

8/12/201112:32
8/11/201118:14

Finish
8/6/2011 19:03
8/6/2011 20:20
8/6/201116:14

8/11/2011 16:37

8/14/20110:18
8/13/201111:31
8/12/2011 19:47
8/23/2011 20:57

8/14/2011 11:38

8/13/2011 11:54
8/23/2011 21:04

8/12/2011 12:53
8/11/2011 21:00

8/12/2011 12:38
8/11/2011 19:20

Total Duration:
1:02:18
0:10:21
2:02:29
0:12:17

1:13:19
0:03:36
1:58:41
0:01:31

0:51:08

0:37:54
0:01:10

0:05:25
1:11:40

0:05:51
1:06:24

TECHNOLOGY PARTNERZ \B’

Total Trials
Run:
3,200,000
3,200,000
3,200,000
3,200,000

3,200,000
3,200,000
3,200,000
3,200,000

3,200,000

3,200,000
3,200,000

3,200,000
3,200,000

3,200,000
3,200,000

Avg. Trials
856.07
5,152.98
435.43
4,341.93

727.44
14,814.81

449.38
35,164.84

1,043.02

1,407.21
45,714.29

9,846.15
744.19

9,116.81
803.21

As a note to the reader, due to some bugs in the test script we were not always able to capture the start

and finish times of all the tests therefore our table is somewhat incomplete but indicative. If you average

the number of trials executed over the actual duration of the 60 simulations the results are more

accurate. This is especially true for the applications that use PSI technology.

As we can see in the various performance tests Risk Solver is bar none the fastest simulation tool on a

simulation per simulation basis on the market. But this is not to say that Risk Solver took the less time to

run through the entire test.

The other aspect of speed is the efficiency of the VBA toolkit when running the routines in the

background. In this regard, Oracle Crystal Ball had the most robust and efficient handling of the VBA.

When running a script, many things can happen in the background which can impact the total duration

of the test script. For example, when looking at the total duration of the tests, Oracle Crystal Ball has

finished in less time and with fewer trials per second than Risk Solver on two out of three tests. Speed

©Technology Partnerz Ltd, 2011.
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notwithstanding, all of the other packages had some tedious issue - some serious, some not. For
example:

e  (@RISK had a conflict with Risk Solver resulting in a dialog box popping up after each simulation.
The only way to deal with it was to shut down Risk Solver's Excel add-in and COM add-in and
restart Excel. | am sure that this is not an issue most people would run in however these types of
conflicts can happen with other Excel-based add-ins.

e ModelRisk has a default feature (which can easily be shut off but not easy to find) that prompts
the user to save his results at the end of each simulation. When looping through 60 simulations,
you don't want to have to deal with this. | spent some time trying to figure out how to shut this
off using VBA only to realize that this was part of the default run parameters set.

e Risk solver would hang on certain simulations for up to 45 seconds and execute others in two
seconds. After some analysis | realized that | had some registry issues and | believe a potential
application conflict that | inadvertently resolved. These actions seem to have corrected the issue
and enabled Risk Solver to perform consistently.

Tips to improve simulation s —
Speeds File Options Yiew Help

Applications ~ Processes |Perfnrmance I Mebworking I

When researching and designing our test

CPU | Mem Usage

script we stumbled across a few techniques ImaEe Mame | User name
that can add anywhere between 15 to 30%

End Process

explorer . exe oo 70,720K

End Process Tree

in performance (increased trials per second) firefoc.eme 00 322,924 K
) FMPLicensings  Debug oo 2,724 K
when combined. QEMEOmm, BXE = ==z |
gemlauncher.e Set Priority Realtime K
L. . gZmstark.exe Set Affinity. .. High K
e Freeze screen updating in VBA using TAAMOHF  exe STI0E aboveMormal K
. . IAANTMan, exe SYSTEM K
= & Mormal
Application.ScreenUpdating = False JELISPM, ervinue e p
itype. exe enrique SRR K
° HPS P jqs.exe S¥STEM
Use the xIMinimized / xIMaximized e 2o TEM
functions in VBA LWCOMS:, EXE enrique
. . . LxrSIIis. exe S¥STEM
(Application.WindowState = mdm.exe SYSTEM
PP . . mDMN3Responder,.,, SYSTEM
xIMinimized). These functions, like MeACCESS EXE anrinue o 39212 K
freezing screen updating, reduce msdtc.exe METWORE SERNICE oo S, 136K ;I
the workload in Excel by eliminating I™ Show processes from all users End Process |
the need for refreshes.
Frocesses: 94 |CPU Usage: 12% [Commit Charge: 2523M [ 5313M

e Close unnecessary programs

e Set the Excel process to real-time and make sure multiprocessor support is active both in
Windows and Excel
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Conclusion

So far, we have tested our four favorite Monte Carlo packages along three dimensions: speed, accuracy
and precision. During this process, we discovered some very interesting idiosyncrasies among the
packages that are worth further examination on two levels: by the vendors who make the tools and by
the analysts who use them.

Accuracy and precision

When testing for accuracy and precision, our goal was not to get the right number but to understand
how each package to behaved under specific run conditions and if it was consistent with what should
normally be expected. We urge the reader to analyze the data and spark line bar charts of each package
in each test with the correlation both on and off.

Speed

As for speed, it is very important to look at both elements: simulation by simulation and test cycle time.
If we looked at each one of these tests separately, we might come up with different conclusions than
when we look at the answers together.

PSI versus Excel-based simulation

It is very important to note that we compared simulation within Excel (@Risk and ModelRisk) versus
Polymorphic Spreadsheet Interpretation (Crystal Ball and Risk Solver) that are two entirely different
approaches to running simulation. If we had compared all the tools using Excel-based simulation, it is
our understanding that we would have obtained comparable performance results. In sum, there are
advantages and inconveniences to both methods :

e PSlis extremely fast but has issues with certain types of functions (recursive and specialized
lookups) that will prevent it to run

e Excel simulation is slow but will run almost anything, including functions from any package.

Nevertheless, technologies exist to close this performance gap. Providers such as Spreadsheet Gear or
Calc For Web (formerly Turbo Excel) offer solutions that could add new levels of performance and
flexibility for @Risk and ModelRisk. If you are developing a custom solution using Monte-Carlo
simulation to run as a standalone application or Web service, than these solutions are even more
interesting.

64-bit

Though we did not test it, another major contributor to performance is 64-bit capability. A 64-bit
machine will enable you to install much more physical memory than 4 GB as well as handle it better.
When working with correlation or other computationally intensive applications within Excel, the ability
to address memory as well as having a bigger pipe to push data will invariably improve performance and
enhance overall capability.
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Oracle Crystal Ball, Palisade @Risk and Frontline Risk Solver all support Excel 64-bit and it's enhanced
calculation capabilities. Vose software has indicated that a 64-bit version is being considered for a future
release, but no dates or commitments were offered. If you are building a large-scale solution requiring
large amounts of data and memory, then you cannot discount the necessity of moving towards a 64-bit
solution.

Downloadable Test results

Generally, it is wiser to let the data speak for itself. For those who would like to take a closer look at the
test results, please make sure to download the consolidated test results file (Excel format) from our
website (www.technologypartnerz.com). It contains all the simulation results as well as graphs and pivot
tables that will enable you to slice and dice the results.
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Commentary on the test results by David Vose:

TECHNOLOGY PARTNERZ \B’

If the new test results aren’t like the ones | sent you, run my model and increase the number of lines.

[This model is available for download off the Technology Partnerz website] You are dealing with highly

variable measures, so it is very difficult to arrive at solid conclusions without a lot of testing. You are just

simulating a multivariate normal — which, by the way, ModelRisk has available immediately and would

have run many times faster as a result.

Vose Simultaneous Simulation Test
This test was developped by David Vose to
demonstatrate that ModelRisk will produce
precise numbers using a model that generates all
20 simlations simultaneously

Values
StdDev of 1
StdDev of 5
StdDev of 10
StdDev of 50
StdDev of 90
StdDev of 95
StdDev of 99

10000

$398.42
$258.56
$159.27
$144.69
$166.07
$123.65
$294.73

StdDev of 999  $1,044.53
StdDev of 9999 $1,913.77

50000

$206.95
$124.74
$82.83
$44.93
$63.36
$80.13
$120.74
$374.96
§723.41

100000
$115.74
$60.47
$62.28
$43.63
$40.24
§72.29
$126.39
$277.08
$795.78

Figure 8: New Results for the Norma Test

Test
Correlation
Package

Values
StdDev of 1
StdDev of 5
StdDev of 10
StdDev of 50
StdDev of 90
StdDev of 95
StdDev of 99
StdDev of 999

Normal
On
ModelRisk

10000

$377.14
$200.35
$145.91
$152.33
$169.87
$201.46
$351.36
$992.86

StdDev of 9999 $2,139.46

50000

$537.51
$223.77
$142.05
$119.66
$194.73
$230.47
$374.97
$848.05
$2,113.98

100000
$460.54
$187.42
$134.11

$97.22
$175.65
$207.69
$403.93

$1,180.82
$2,699.45

Figure 9: Original Test Results for ModelRisk using the sequential test script

©Technology Partnerz Ltd, 2011.
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My point of using real data [versus simulated data] is that you would also try the empirical copula —a
unique ModelRisk feature that is extremely powerful. It’s slow, which seems to be a primary focus for
you, but it doing a far better job (see charts below for the implied correlation structure for the real data
example). For most risk analysts, it really doesn’t matter if a model takes 1 minute or 10 — what matters
is that they get the best possible answers. That means having a choice of distributions and a choice of

correlation structures.
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Bonds

0.00 0.20 0.40 0.60 0.80 1.00
Industrial

HighTech

Energy

It is extremely unfair that you compare how long the products take to simulate when they are absolutely
not doing the same thing: for ModelRisk you could swap out the Normal copula for a T, Gumbel, Frank,
etc —and for the others there is NO other choice because they use this one fast but inflexible method
that statistically cannot be correctly fit to data! [...] and ask yourself why financial modelers NEVER use

rank order correlation, always use copulas.

[...] Finally, if you really want to test accuracy, try using the U parameter and comparing results against

Wolfram Alpha:

VoseNormalProb(-6,0,1,1) = 9.86587645037694E-10
Wolfram Alpha = 9.866E-10

VoseNormalProb(-10,0,1,1) = 7.61985302416047E-24
Wolfram Alpha = 7.62E-24
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VoseNormalProb(-20,0,1,1) = 2.75362411860615E-89
Wolfram Alpha = 2.754E-89

Or, better still, try comparing what each software product returns as the mean (by calculation, not
simulation, eg RiskTheoMean, VoseMean) for say a Pareto distribution truncated way into its right tail.
Then you will see a really big difference.

We compare all the functions we can against Wolfram Mathematica (Alpha is a cut-down online version
of some of Mathematica’s features). We take a lot of pride in trying to get things accurate....

- David Vose

Follow-Up Notes by Eric Torkia

We are not quite sure why our testing methodology did not work as intended with ModelRisk. When we
ran the tests sequentially, the results we obtain are strange and erratic compared to its peers. Whereas,
when we run a variation of the model where all the simulations happen at once - we obtain 2 benefits:

e  Firstly, by structuring the model in this way, we can obtain an almost 50% improvement in the
time it takes to generate the answers.

e Secondly, the results are bang on with its peers. This suggests that those who did or are
considering buying ModelRisk should not worry.

In order to see how ModelRisk performs, we suggest you download a copy of ModelRisk from our
website and test out the model David Vose kindly provided.

We are intent on working with Vose software to flush out this inconsistency and we will keep you
posted as we progress.
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