Chapter 6

                      Equity Curve Analysis

The holy grail of trading system design is the perfectly smooth equity curve. 

Introduction
Only the equity curve provides a complete and continuous picture of your system's performance over time. The usual test summary tells you little about how your design trade-offs alter performance on a day-to​day basis. Hence your system development is not complete until you un​derstand the impact of your decisions on the evolution of account equity.

In this chapter we take a detailed look at how to measure the smoothness of the equity curve using the standard error (SE) from linear regression analysis—the larger the SE, the rougher the equity curve. Then we see how the equity curve for the 65sma-3cc system changes with different exit strategies at the contract level. You will get a feel for how your design choices translate into equity changes.

Next, we discover how SE changes when you combine two systems trading the same market. A common belief is that trading many different markets gives a smoother equity curve. We explore this belief by com​bining two markets that have some positive covariance.

We then explore the monthly changes in equity curves, examining the performance of the 65sma-3cc system trading the deutsche mark over monthly intervals of different lengths. These quantities are termed the interval equity changes. Our goal here is to see how a system does
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over all 1-month, 3-month or 6-month intervals in the test period. These measures help in understanding the effects of adding a trailing stop or changing exit strategies.

These tests show that exit strategies alone do not improve equity curve smoothness (that is, reduce standard error); we look at changing a system's design. Filtering the usual channel breakout system gives a smoother equity curve.

The usual performance summary reveals none of this information, so the new insights from this analysis make it well worth the effort. After reading this chapter you can:

1. Measure the smoothness of an equity curve.

2. Understand the impact of system design on changes in the eq​uity curve.

3. Grasp the effect of diversification on equity curves.

4. Recognize the benefits of using filters in system design.

Measuring the "Smoothness" of the Equity Curve
This section shows how to use linear regression analysis to measure the smoothness of an equity curve. We will use contrived data to perform actual calculations. You will understand how to use standard error and how to calculate the risk reward ratio. In later sections of this chapter we apply these ideas to market data and trading system calculations. The main advantage of using linear regression analysis is that it provides a consistent framework to analyze every equity curve.

The equity curve of your trading account or system is simply its daily equity. The daily equity is the sum of your starting account bal​ance, plus the profit or loss of all closed trades, plus the profit or loss of all open trades. Ideally, we want an equity curve that rises steadily in time, as shown for the hypothetical data in Figure 6.1. The slope of this equity line is $100 per day, all the points lie exactly on a straight line through zero, and the standard error is zero. This line shows an account whose equity increases exactly $100 each day.

Since we all have some trades that lose money, the equity curve is never a perfectly straight line. As you begin to compare the equity curves of different trading systems, you need a way to measure their
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-Perfectly Smooth" Equity Curve: Slope = $100, SE=0
[image: image1.png]800 § -

7004 - - -

600 | - - - -

§ 3

(¢) Aunb3g

004





0      1      2      3      4      5      6      7      8      9 Days
Figure 6.1  The perfectly smooth equity curve.

"smoothness." If you compare two systems with similar performance, the one with the smoother equity curve is preferred. We assume here that you are comparing system performance over the same time unit (days) and similar length (months or years). You. could compare systems over other time units and length, but you must recognize that some​times you may not be comparing these systems on a consistent basis.

We will use linear regression analysis to determine smoothness. One of the outputs of linear regression analysis is the residual sum squares (RSS). RSS is the sum of the squared vertical distance between the actual data and the fitted regression line at each point. The next step is to divide the BSS by the number of data points minus two, and then to take the square root, to calculate the standard error. The standard er​ror measures the smoothness. If all the points fall exactly on the best fit linear regression line, then RSS is automatically zero, and the standard error is also zero, for the ultimate smoothness in an equity curve.
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The curve in Figure 6.2 shows more hypothetical data. The slope of the best-fit linear regression line through zero is again $100. However, the points are scattered on either side of the best fit line. The standard error for these data is $82. If you measured the vertical dis​tance between the actual equity value and the best fit line every day, on average, this absolute, average vertical distance is $82. Thus, the standard error tells you typically how far a point is from the best-fit line.

In Figure 6.3, which uses even more hypothetical data, the slope of the best-fit equity curve is still $100, but there is a lot more scatter in the data on either side of the best-fit line. As expected, the SE is almost four times bigger, at $318.

You can get a better feel for what standard error means by looking at Figure 6.4, page 184, which contains the data in Figure 6.3 plus two lines one standard error away from the best-fit line. The data points are

Hypothetical Equity Curve: Slope $100, SE = $82
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Figure 6.2 These hypothetical data have a slope of $100, and the scatter about the regression line increases the standard error to $82.
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Hypothetical Equity Curve: Slope= $100, SE = $318
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Figure 6.3 These data have a $100 slope, but the large scatter about the linear regression line increases the standard error to $318.

inside, or close to, the standard error lines. Remember we find the standard error by squaring the vertical distance between the actual point and the best-fit line, summing this up, and dividing by the number of points less two. Hence, the standard error is the average "offset" on either side of the best-fit line, and the data clearly lie inside or close to the "offset" or standard error.

Thus, the standard error from linear regression analysis is a good measure of the smoothness of the equity curve. Note that the linear re​gression method can be applied to any number of time periods and to any equity curve. The standard error offers a general, consistent, and powerful method to measure smoothness.

The combined SE of two or more equity curves will be smaller than the SE of the individual curves only if the curves are negatively cor​related. Negative correlation means that when one increases, the other decreases. For a data set that is exactly negatively correlated to the data
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Hypothetical data with lines one standard error above and below the best fit line
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Figure 6.4 The same data as in Figure 6.3 with lines on either side of the best-fit line one standard error away.

in Figure 6.3, the combined equity curve is a perfect straight line with zero standard error (see Figure 6.5).

Lowering SE is one of the arguments for diversification, usually in​terpreted as trading many markets within a single portfolio. If the mar​kets are negatively correlated at least some of the time, then the joint eq​uity curve of the combined portfolio will be smoother. Note that the slope of the joint equity curve will be just the algebraic sum of the slopes of the individual equity curves. This simply means that the slope of the line through the origin will change to accommodate all profits made over a given period.

You can expand the diversification theme to include different sys​tems on the same market. Again, the equity curve will be smoother only if the systems are negatively correlated. If the systems have positive co-variance, then the overall standard error will increase. Of course, if all systems are profitable then the slope will increase as well. Remember that slope and roughness are independent. Thus, increasing the slope does not translate into a smoother equity curve.
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Hypothetical equity curves with perfect negative correlation
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Figure 6.5  Hypothetical equity curves that are perfectly negatively correlated;

combining them reduces the SE to zero in this contrived example, because the resultant equity curve is a perfect straight line.

We can extend the linear regression-based analysis to calculate the risk-reward ratio of a particular system by taking the ratio of the slope to the standard error. This is a quick and reliable way to compare different systems tested over the same data sets. This calculation assumes we are using daily data and looking at system paper profits.

RRR (risk reward ratio) = slope / standard error.

In the three hypothetical cases, the RRR approaches infinity for the first system because its SE is equal to zero. For the second system it would be 1.21 (100/82) and for the third 0.31 (100/318). There is little doubt we would all prefer the first system if one ever existed. You can use a spreadsheet such as Microsoft Excel for linear regression calcula​tions. For example, in Excel you can use the built-in tools to find all relevant regression data by just filling out a template (pick Tools, then Data Analysis, then Regression, and fill out the template). Otherwise,
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you could use one of the many easily available packages for statistical analysis.

In the following sections we use SE to measure equity curve smoothness. Remember that increasing the slope does not automatically increase smoothness (that is, reduce SE). We will examine how different system designs affect portfolio level equity curves.

Effect of Exits and Portfolio Strategies on Equity Curves
All the decisions you make about entries, exits, and stops show up in the slope and smoothness of the equity curve. In this section we will explore the equity curves of the 65sma-3cc model using a deutsche mark actual contract with rollovers. We will study how the equity curve responds to changes in system design. Our yardstick for comparison will be the standard error calculations described in the previous section. We will not test continuous contracts, because the actual contracts with rollovers provide a better simulation. Besides, the System Writer Plus™ software from Omega Research can be used here to develop detailed equity curves.

The test set includes actual deutsche mark contracts from March 1988 through September 1995. We allowed $100 for slippage and com​missions, and the software automatically rolled over the contracts on the 20th day of the month preceding expiration.

The procedure is as follows: the daily equity of the test case is ex​ported into an ASCII file, which is then imported into the Microsoft Ex​cel 5.0 spreadsheet. The regression calculations are perfomed in Excel using their built-in tools for regression analysis, as explained in the pre​vious section.

We first tested the 65sma-3cc model on the deutsche mark con​tracts without any stops or exits (case 1). The case 1 equity curve (Figure 6.6), has a linear regression slope of $17.54, and a standard error of $4,043. During the test period, the 65sma-3cc model produced paper profits of $24,288, with a profit factor of 1.34 and a maximum intraday drawdown of-$11,938, trading one contract at time. The equity curve for case 1 is rather jagged, with a significant retracement in 1992, and is typical of trend-following systems without any exits. Note how many trades gave up significant profits before being closed. Also, if the market enters an extended sideways period, this model will suffer drawdowns, and you can go a long time before new equity highs.
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Equity Curve DM Case 1
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Days: 2/2/88-7/10/95
Figure 6.6   Case 1, the 65sma-3cc model without any stops or exits, on actual deutsche mark data with rollovers.

Cae 2 is the same system with a $1,500 hard stop. The equity curve (Figure 6.7) shows that adding this stop decreased profits and reduced smoothness compared to case 1. The net paper profit dropped sharply from $24,288 to just $6,913, for a meager profit factor of 1.10. The maximum intraday drawdown almost doubled, to -$20,225, suggesting that a $1,500 stop is too tight. The equity curve (see Figure 6.7) shows the lower profit and higher drawdown. Note that the slope has halved from case 1, to $8.24, and the standard error has increased to $7,517. Hence, when you set your stop, compare the hard dollar amount to the market's volatility, and ensure you are safely outside its zone of random movements. Many traders seem to favor tight or close stops, and these calculations suggest that tight stops may degrade long term performance.

In case 3, the stop was increased to $5,000. This produced the same results as case 1. Thus, at $5,000 the initial stop was so wide that it pro​duced results identical to testing without any stops. Thus, returning to
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Days: 2/2/88-7/10/95
Figure 6.7 Case 2, the deutsche mark contracts and 65sma-3cc system with $1,500 initial stop.

the volatility argument, you should check that your stop is not so wide that it is virtually the same as not using a stop at all. Of course, a wide stop will act as firewall of last resort, and is useful for the occasional hic​cup in the markets.

Many traders agree that exit strategies play a crucial role in a sys​tem's ultimate success. A common practice is to use several exits for a single entry signal. The 65sma-3cc system was tested with two exits, one an exit at the lowest low or highest high of 10 days, and the other the volatility-based exit discussed in chapter 5.

The result of using both these exits (case 4) with a $5,000 initial stop was to reduce the paper profits even further, to $3,737, for a paltry profit factor of 1.07. The maximum intraday drawdown of-$13,337 was actually larger than the calculations with no stops at all. You would ex​pect the equity curve to be smoother as a result of the exits. As Figure 6.8 shows, the slope decreased to $5.08 and the SE was $3,368. The new slope was only 29 percent of the slope without stops, but standard error
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Days: 2/2/88-7/10/95
Figure 6.8 The 65sma-3cc system on DM with trailing stop, volatility stop, and $5,000 exit.

was only 17 percent smaller. Thus, there was a sevenfold drop (85 per​cent reduction) in reward for only a 17 percent reduction in risk—too high a price to pay for this system.

Notice how the equity curve for case 4 looks qualitatively different from that for case 1, because it has "flat" portions where the exits take the system out of the market. Case 4 neatly illustrates one of the trade​offs in system design: you can go for higher profits or a smoother equity curve. Your choice may depend on many factors, including your personal preferences for risk and equity fluctuations.

We next consider a delayed 20-bar breakout system with a $5,000 initial stop and a trailing stop at the 14-day high or low (case 5). The DM contracts over the same period for this case yielded a slope of $8.36, with a SE = $1,960. Case 5 had a clipped equity curve (see Figure 6.9) with many flat portions when the model was out of the market. The eq​uity shows that this approach successfully caught some of the trends, and avoided most of the sideways markets.
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Equity curve for DM Delayed Breakout model with 14-day high-low exit, $5000 stop
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Figure 6.9 Equity curve for a delayed breakout model with $5,000 stop and 14-day high-low trailing stop (case 5).

You must be careful not to judge the relative smoothness of an eq​uity curve simply by inspecting it visually. For example, consider case 6, the equity curve obtained by adding those for case 1 and case 5. This equity curve (Figure 6.10) seems smoother to the eye than the equity curve for case 1. Besides, we are adding an equity curve to case 1 that has just half of its SE. A regression calculation shows that the slope of the joint equity curve is $25.90 and the SE = $5,263, bigger than either curve. You may find this easier to believe if you grasp that the profitable periods coincide, increasing the amplitude of the movement during these overlapping periods. The result is an equity curve with larger standard error. Thus, you should check the regression numbers when you combine multiple systems on the same market.

Note that due to its greater slope, the composite equity curve (case 6) has a higher reward/risk ratio (25.90/5263 = 0.00492) then the origi​nal case 1 (17.54/4043 = 0.00434). Thus, we could improve the risk/re​ward ratio by combining systems using different logic to trade the same market.
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Figure 6.10 Case 6 combined equity curve for case 1 plus case 5.

You should not underestimate the potential difficulties caused by positive covariance. Figure 6.11 shows the effect of combining two DM systems with positive covariance. The usual rules for combining variance of two independent systems predicted a standard error of $5,430. The actual calculated SE was $6,935, about 28 percent greater. The two sys​tems have positive covariance because they tend to make (or lose) money at the same time, at least some of the time. Figure 6.11 shows lines one standard error on either side of the best fit line. These SE lines include most, but not all, of the points of the joint equity curves. The points that lie outside the SE bands occur when both systems "reinforce" each other, when they make money at the same time. Thus, combining sys​tems with positive covariance will increase SE and reduce smoothness. Now add the complication that we do not know how covariances will change in the future. Therefore, improvements in smoothness may not result from simply adding different systems trading the same market.

One popular prescription for smoothing the equity curve is diversi​fication through trading multiple markets. The equity curve for the cot​ton (CT) market, using the 65sma-3cc system from February 22, 1988,
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Figure 6.11  Trading two systems on the DM market with strong positive covari-ance increases SE and equity curve roughness. The lines above and below the best fit line are one standard error away.

through June 20, 1995, with a $5,000 stop is shown in Figure 6.12. The system reported a profit of $28,720, with a profit factor of 1.64, and a maximum intraday drawdown of-$7,120. As usual, $100 was allowed for slippage and commissions in these calculations. Regression calculations showed a slope of 11.65 and a SE of $3,184. The 65sma-3cc calculations for DM for the same period and conditions as the CT calculations yielded profits of $24,900 with a profit factor of 1.34 and a maximum intraday drawdown of-$11,687.

The CT and DM equity curves to test for increased smoothness. The assumption here is that the CT and DM markets are not depend​ent on each other. The regression analysis of the joint CT plus DM equity curve (Figure 6.13) showed a slope of $29.34 and a SE of $5,265. The increase in slope is understandable, since adding the two markets roughly doubled the profits over the same period. The joint slope for CT and DM is the sum of their individual slopes ($29.34 = $11.65 + $17.69). The rules for combining variance suggest that if the
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Figure 6.12 Equity curve for CT using the 65sma-3cc system.

two markets were independent, then their variances (squared standard error) would just add up linearly. This indicates that the expected value of the standard error for the joint CT + DM equity curve is $5,098. However, we see that the actual value is slightly higher, at $5,264, imply​ing some positive covariance. Thus, we could not have reduced equity curve roughness by combining these two markets. We can show that adding more markets to a portfolio does not increase smoothness (re​duce SE) unless the two markets are negatively correlated. Usually, there is some weak correlation between markets due to random or fundamen​tal factors, and markets rarely move exactly opposite to each other. Hence, we should expect roughness (or SE) to increase as we combine the equity curves from different markets.

In summary, the SE of the equity does not automatically decrease when you change exit strategies, combine different systems on the same markets, or combine different markets on the same system. However, changing entry strategies can change SE significantly. This conclusion goes a bit against the popular wisdom that "diversification" gives a smoother equity curve. Diversification in this context means trading
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Figure 6.13 The joint CT + DM equity curve.

many different markets with the same system, or the same market with many systems. Of course, we are measuring the smoothness using the standard error from linear regression analysis. We saw in the previous section that increasing the slope does not reduce the SE.

You should use the information in this section to understand how system design and portfolio strategies can affect the smoothness of your equity curve. In this section we examined the daily equity curve for indi​vidual markets or systems. In the next section we look at the monthly equity curve and how it changes with money-management rules.

Analysis of Monthly Equity Changes
The impact of a given system on your equity curve will depend on sys​tem design and money-management decisions. In this section we look at the monthly equity curve, to understand month-to-month performance. We follow standard accounting procedures and look at the profit and
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loss figures at the end of each month. You may wish to look at the equity curves on a weekly basis, but the random noise in the market often com​plicates the analysis of such detailed data.

We saw in the previous section that the standard error of the linear regression provides an excellent measure of the roughness of the equity curve. However, the linear regression approach does not show how much money the system lost over a 1-, 2- or 3-month period, nor does it reveal the maximum cumulative loss. We also would like to know what percentage of the months showed profitable returns, and whether the curve becomes smoother when we add certain markets or change the portfolio mix. Another useful bit of information is how quickly the sys​tem recovers from a losing streak, measured in months between new highs.

"You must remember that this analysis reflects past data, not how the system will do in the future. However, if you use average numbers and standard deviations, you can get a fair estimate of future perform​ance. You can then decide how to capitalize the system, by quantifying the equity swings you can tolerate. Thus, analyzing the equity curve on a portfolio basis gives a deeper understanding of system performance, and you can better prepare for future equity swings in real-time trading.

Most of this analysis was done in a spreadsheet, since the popular system testing software does not provide this information. We first used Omega Research's System Writer Plus™ software to generate the daily equity curve using real contract data with rollovers, because we found that continuous contracts were not giving reliable results. We then used Tom Berry's Portfolio Analyzer™ software to summarize these data into monthly performance numbers. You can do the same using a spread​sheet, or you can write a simple program.

Once in the spreadsheet, we calculated the actual dollar changes in equity over 1, 2, 3, 4, 5, 6, and 12 months. We could then quickly calcu​late the best performance, the worst performance (drawdown) and standard deviation of profits over each period. The advantage of making the dollar equity change calculations was that we could clearly see the effects of a particular exit strategy or of combining different markets in a portfolio. Some sample calculations will give you a feel for analyzing equity curves at a portfolio level.

We used actual DM contracts from automatic rollover on the 20th day of the month preceding expiration. The test period was February 1988 through June 1995. We allowed $100 for slippage and commis​sions and used the 65sma-3cc system with one-way entries to test differ​ent exit strategies. A one-way model does not allow back-to-back entries of the same type, so that you will not see two consecutive long or short
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trades. Thus, the number of entries over a data set is constant, allowing an apples-to-apples comparison.

Figure 6.14 is the monthly equity curve for the 65sma-3cc system with a $5,000 initial stop and no other exits. Thus, the long entry was also the short exit signal, and vice versa. The large stop makes it a better test of the inherent robustness of the entry signals. The system reported a paper profit of $24,900 from February 22, 1988 through June 20, 1995, with a profit factor of 1.34, 35 of 70 profitable trades, and a draw​down of-$11,687.

The monthly equity curve (see Figure 6.14) shows the overall ris​ing trend with many sharp equity retracements, which occurred during trading range markets following a strong trend. Interestingly, rolling over the contract captured most of the profits in an uptrend, better than most exits. However, the system gave up most of the profits in the con​solidation that followed the uptrend, suggesting that filtering this model should smooth out the equity curve. You could have deduced this infor​mation by studying the charts of each contract tested. However, the eq-

Equity Curve DM 65sma-3cc
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Figure 6.14
Monthly equity curve for deutsche mark calculations with rollover contracts.
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uity curve clearly shows a need to check those charts if you had not checked them already.

Our usual summary does not tell us what the equity changes are over periods of 1, 2, 3, 4, 5, 6, or 12 months. Yet we need this type of information to understand the impact of the trading strategy on account equity. So, let us review how the 65sma-3cc system did over different time intervals. Figure 6.15 is a plot of the worst drawdown over any con​secutive periods of 1, 2, 3, 4, 5, 6, or 12 months. The drawdowns were in the range of-$9,000 to -$13,000. This is the maximum peak-to-val​ley reduction in equity over the monthly period of interest.

You will recognize that such a drawdown is meaningful only in the context of your account equity. Thus, if you traded this system with a $25,000 account, it would suffer drawdowns greater than 20 percent, suggesting you should trade this system with $50,000 or more of equity per contract traded.

Another important piece of information we can gather from the equity analysis is the percentage of intervals that were profitable. This
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Figure 6.15 Maximum losses in DM over fixed monthly intervals from February 1988 through June 1995.
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will show what percentages of consecutive months were profitable on a monthly basis, a useful measure of system performance. Figure 6.16 shows these data for the DM test with 65sma-3cc. More than 50 percent of the 90 monthly intervals from February 1988 through June 1995 were profitable. The proportion of winning intervals increases as the period increases. This could be interpreted as the longer you are in a drawdown mode, the more likely you are to come out it.

You should take a good look at the proportion of profitable inter​vals for each market when you combine different markets hoping to in​crease the proportion of profitable intervals. A good measure of your successful diversification processes is upward changes in the proportion of profitable intervals. Here diversification includes multiple markets, multiple trading systems, and different money-management strategies.

You should also look at the standard deviation of monthly equity changes. You can use it to project drawdowns for this system. This idea is explored in the next section. For now, we will test the effect of adding a $1,500 trailing stop to the 65sma-3cc model using actual DM con-
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Figure 6.16 Proportion of profitable intervals shows that this system tends to have fewer unprofitable intervals as the length of the interval increases.
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tracts with rollovers and a $5,000 initial stop. As usual, we allow $100 for slippage and commissions. The $1,500 stop trails from the point of highest equity for long and short trades. The net paper profit was $7,500, with a profit factor of 1.12, and a drawdown of-$15,515. These results were somewhat worse than not using a trailing stop at all. How​ever, the net profit analysis does not provide the additional insight sketched below.

Figure 6.17 compares the average monthly equity changes with and without a trailing stop for the 65sma-3cc system. There is litde doubt that the trailing stop significantly reduces average monthly performance. You should expect the drop in monthly performance since the net profit with the trailing stop was $7,500 versus $24,900 without the trailing stop. A key point not evident from the profit summary, but clearly visible in Figure 6.17 is the performance at the 12-month level, which strongly favors not using a trailing stop.

Unfortunately, the trailing stop also had the effect of reducing the proportion of profitable intervals. The trailing stop did litde to improve
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Figure 6.17 The average profit over each monthly interval was substantially better without the trailing stop, suggesting that many trades were cut off prema​turely. The unmarked bars are for 2 months, 4 months, and 6 months.
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the smoothness of the equity curve. For example, the standard error with the trailing stop was 3 percent higher, at $4,087, even though prof​its plummeted nearly 70 percent.

Deleting the trailing stop and adding an exit on the twentieth day of entry increased the reported profit to $14,950 (versus $7,500 with the trailing stop) with a profit factor of 1.27, and drawdown of-$11,325. These data are virtually the same as those with a $5,000 initial stop. Hence, there should be little change in portfolio level performance as a result of adding this exit.

The new SE was 10 percent smaller, at $3,781, but the perform​ance over the intervals was comparable to tests without the stop. Hence, adding this exit produced little improvement, but cost a 40-percent drop from $24,000 in potential profits. Although not shown here, the propor​tion of profitable intervals dropped about 10 percent, another strike against this exit strategy.

A number of other exit strategies yielded similar results: none im​proved smoothness of the equity curve by more than 10 percent, a few worsened it, and most had a heavy profit penalty. Changing exit strate​gies often seems to degrade month-to-month performance. Hence, in the next section we will try to get a smoother equity curve by changing system design.

Effect of Filtering on the Equity Curve
Filtering is a way to reduce the number of trades and provide better en​tries into the trade. Filtering can also produce a smoother equity curve. We saw that we could not improve smoothness (reduce standard error) with exits alone. Of course, you can argue that there might be other exits that work better, and you can check them all if you like.

In order to get a smoother equity curve, we will try changing the system design by introducing a filter. Because losses come from entries during consolidations, the primary benefit of filtering would be to elimi​nate some of the unprofitable entries. The penalty would be late entry into trends, resulting in lost profits. In some cases, the late entries would be near intermediate tops or bottoms, with the market reversing into the previous consolidation region. Such trades would trigger the initial stop loss orders. We explored how to use the RAVI filter with the 65sma-3cc system in chapter 3. You can use momentum-based filters or invent other filtering schemes.
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We tested a breakout system because breakout systems inherently do not produce entries during small consolidations. For example, a nar​row consolidation will not produce new 20-day highs or lows. There​fore, entries from the 65sma-3cc system in these areas would be elimi​nated. We used a simple filter based on the directional movement index (DMI) because it is a bit more sensitive than the average directional in​dex, or ADX. The purpose of the filter is just to reduce false breakouts, since breakouts during wide consolidations will occur without strong market momentum. The filter merely stipulates that the 14-day DMI be greater than an arbitrarily chosen level such as 50. For details on the construction of the DMI please refer to Wilder's book (see bibliography for reference).

We tested the system on DM data from March 1988 through June 1995 with rollovers on the twentieth day of the month before expiration, a $1,500 initial stop, and $100 allowed for slippage and commissions. The equity curves for the filtered and unfiltered system are shown in Figure 6.18.

Equity curves for filtered and unfiltered CHBO systems for DM
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Figure 6.18 Equity curve for a 20-day channel system on DM with (upper line) and without (lower line) filter. Calculations are with rollovers on actual daily con​tract data.
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Filtering also produced an equity curve (see Figure 6.19) that is smoother than for the unfiltered 65sma-3cc system, described in this chapter as case 1. Note that the case 1 equity curve has been converted from daily to monthly data. The SE for case 1 was $3,776, versus $2,507 for the filtered equity curve, a difference of 50 percent. The interval drawdowns were also smaller, confirming the smoother equity changes (see Figure 6.20).

We then compared the performance of the channel breakout sys​tem with and without filtering. The average interval equity change over 1, 3, 6, and 12 months was greater for the filtered system, as shown in Figure 6.21, page 204. Thus, the filtered system produced more con​sistent results for DM. For example, standard deviation of interval re​turns was greater for the unfiltered system (see Figure 6.22, page 205), confirming its uneven performance.

As expected, a linear regression analysis showed the standard error for the filtered system to be $2,507 versus $3,937 for the unfiltered sys​tem. Thus, filtering produced a smoother equity curve, since the stand-Equity curves of 65sma-3cc and filtered channel breakout
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Figure 6.19 The filtered breakout system (upper line) had a smoother curve compared to the 65sma-3cc system without initial stop or exits (case 1; lower line).
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Figure 6.20 The filtered breakout system produced smaller drawdowns than the 65sma-3cc system without initial stop or exits (case 1). Data are for 1-, 3-, 6-, and 12-month intervals.

ard error decreased by 36 percent. A brief comparison of the filtered and unfiltered system is shown in Table 6.1.

The data in Table 6.1 show that filtering reduced the number of trades, and improved profitability and the profit factor in this instance. These calculations suggest that filtering can produce a smoother equity

Table 6.1 Comparison of DM systems


Unfiltered
DM System
Filtered DM System

Net profit ($)

6,863
37,125

Total number of trades

105
64

Percentage of winners

38
50

Ratio: average wins/losses

1.75
1.74

Average trade ($)

65
580

Maximum drawdown ($)

-11,338
-5,688

Profit factor

1.08
1.74
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Comparison: Average Interval equity change for filtered vs unflltered DM system
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Figure 6.21  The interval equity changes were greater for the filtered deutsche mark system.

curve. Hence, you should also evaluate the effects of changing entry strategies at the portfolio level.

Summary
In this chapter we saw that the standard error from regression analysis is a good measure of the roughness of the equity curve. A smoother equity curve has a smaller value for the standard error.

We saw that the usual prescriptions for producing "smooth" equity curves do not work every time. Most exit strategies tested did not reduce the SE by more than 20 percent, but had a substantial profit penalty. Di​versification over different markets or systems also increased standard error. We also examined monthly equity changes to confirm these find​ings. Only a change in entry rules gave a smoother equity curve.
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Standard deviation for Interval equity change, filtered vs. unflltered DM system
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Figure 6.22 The unfiltered channel breakout system had larger standard devia​tion of interval equity changes.

This chapter showed that analyzing equity curves provides valuable insight into system design not available from the performance summary. Hence, no system development effort can be complete without examin​ing equity curves.

