MetaTrader 4 Backtesting & Optimization

To get the most out of your expert advisor, yon#led to optimize and backtest your strategy
using MetaTrader's Strategy Tester. While forwaedting on a demo account is essential,
backtesting allows you to simulate trading oveomgl period of time in just minutes. And with
the optimization feature, you can find out whichtisgs performed best over a selected
historical chart period.

There is considerable debate over the accuracy efaMader's strategy tester. At best,

backtesting offers only a close approximation oivlicades would be executed in real-time. But
it's the only tool available to rapidly test anyagegy over a wide range of trading situations, and
one that you should learn how to use well.

Open the Strategy Tester in MetaTrader by clickimey appropriate button on the toolbar or by
selecting Strategy Tester from the View menu.

History Data

Before backtesting or optimizing, it's importantrtake sure that your history data is complete
and accurate, especially if you're using ‘Everktias your testing model. If you see
‘mismatched chart’ errors in your Journal log oyalur modeling quality is less than 90%, your
history data is insufficient to generate accuratest

Open the History Center from the Tools menu or tegping F2 on your keyboard. Double click
the chart pair in the left column that
you plan to backtest for. A list of time perioddhvappear below.

Start by double clicking on 1 Minute (M1) to lodekthistory data for that period. The backtester
uses M1 data to generate ticks, so it is impottsaityour M1 data is complete.

Click the Download button to download the full loist data for that pair and period. You may
receive a Download Warning message — hit OK toinaet The history center will commence
downloading. Repeat this process for every otimee fperiod and pair that you plan to test with.

You can also import history data into the Histoeynter, using accurate historical price data from
Alpari. TheAlpari databankas M1 data for ver a dozen popular currencyspBiownload and
unzip the history data to your hard drive. Click tmport button in the History Center window,
and then click Browse to select the history ddea(fhst).

You can also convert this accurate M1 data to diheeframes using the Period Converter
script.

Period Converter

| decided to write up this little tutorial, becausscktesting different systems comes up very
often in threads on this forum. There seems tolbé@t confusion about reliability issues and
how to go about achieving the most accurate pass#slults. | am not a programming or trading
guru, but | believe | can provide a helpful litHAQ on backtesting using MT4.



Good backtesting is important when consideringskesy-trading approach, because you want to
have some idea of the feasibility of your idea befgou go live with it [at least | do]. If you're
backtesting with a 50% model quality, eh... you cae&lly be sure what's going on. If you have
a 90% modeling quality, you can have more confidemt how your system actually would have
performed.
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Section 1: Is MT4 Backtesting Reliable?

This question often gets pretty heated and peo@e get to the point of flaming each other
about it. Backtesting in MT4 can be reliable, listreliability is contingent upon the data you are
backtesting on. Demo account data that is stream@muiough a demo account broker has gaps,
holes, and is basically not suitable for testing.

When backtesting, you want to use the EVERY TICK ML and have accurate 1M data to get
the most accurate test possible. The 1M data isitapt, because the EVERY TICK MODEL
uses whatever the smallest available timeframdablaiis and “fakes” the movement of price
within the smallest available bars. Having 1M dataws for the fractal interpolation within bars
to occurs only within the very narrow range of 1&td

The easiest [and only] solution to this is to usedy1M data. The most complete data you can
get [at least for free] is from Alpari's Databarilhey have data in MT native format, on the 1M
timeframe back through mid 2004. However, settipghe data for use requires some doing.

['History Center: GBPUSH,M1 %
Symbols: Database: 36560 recids
s BRLCAD B Time Cper High Lo Cloge Vialme ||
B ELACHF | 2008.03,28 23:00 1.9337 1.9517 18937 1.59%7
=1 BRGEE | 20080338 235 19532 13536 19932 L9936
]
R @ 008.03,28 22:%8 1.9935 1,9535 19832 15933 14
5] BRUSD A v G e
§ 2004803, 28 2457 L9934 1,954 1.9933 15934 14
GERCHE
ey A 2008.03.28 22:56 1.9935 1,950% {8931 1.5973 12
M cicn A 2008.07.28 2355 1.9937 ,9837 1,8935 1.59% &
2 [T Mraate 13| [ 2008.03.28 2254 og 1,956 19978 2635 1
5 Mirites (M) @ 2008.03.28 22453 o 19531 1,590 | [
15 Mirmates (M15) @ 2008.03.28 22:53 o933 1,9933 1.9932 a3
30 Mirut=s (M3T) @ 70089.03.28 22:51 334 1,3534 1,9932 =3
1 Howr (H1) {1 2008.03.28 250 953 1,9836 18833 =935 g
SHioure Y " 20030328 2249 1.9926 1,9533 1,9G36 a 1
Caity (D1}
e @ 2008.03.28 2248 0826 1,9829 .8975 1.8325 2
Wiesldy W) - BT e i e TRy =
Martthy () L] 2008.03.28 246 G 19535 1,897 154925
e § 2008.03.28 2245 a4 1.9575 15924 1.9924 3
A E T
SO AT 1 2008.03.28 2244 gaa4 19515 1.9973 1:94925 &
Sl USDCHE @ 008.03.28 22:43 9326 1,9828 1,5924 1.9975 14
RO TN e & - 0T 3 e i anoa T anT o x
| Dgwrioad || e | [| el | Eporr | jmoa | | gose

Section 2: Downloading/Importing/Converting 1M Data

(1) You need to modify MT4 to allow for more ba@o into the Tools Menu, then go to Options
[or just hit C+0O]. Go into the charts tab and pu®899999999999 for bars in history. MT4 will

default to whatever it's maximum is.



[Note: The reason MT4 has a limited bar count tgife&vith is because more bars (particularly
when used in backtesting models) means MT4 is gmirggat up more HD space.]

(2) Download the 1M data from Alpari’s Databankanhatever currency[ies] you’re going to test
on.

(3) Import the data into MT4 using the History Gantso to Tools => History Center [or push
F2]. Make sure you import it in proper currency amthe M1 timeframe. You don’t want
EURUSD data being important into USDCAD for instanc

(4) Convert the data using the period convertapsorcluded in MT4 [you only have 1M bars
right now]. You have to open offline charts to ticst

-Go to the File Menu, then Open Offline, selectidMedata of the currency you need to convert.
A chart will pop up with that data.

-Then drag & drop the period_converter script adhoffline chart. The ExtPeriodMultiplier int
that you can modify is the multiplier you are apptyto the chart. So making it 5, will convert
1M data into 5M data.

-For simplicity’s sake, you need to run the pemodverter with the following integers to get all
the backtesting timeframes: 5,15,30,60,240, and144

[NOTE: you can also convert 1M data to timeframesmative to MT4 if you want to do some
indicator analysis or something on another time&ggm

Congratulations, you have now imported and condedtda into MT4. Now, for the sake of
illustrating one of my earlier points, open up areacy you have imported data on. Look at the
difference in the bars from the downloaded datepg®sed to data streamed in from a Demo
broker [So, if you downloaded 1M data from Julyt®August 05, look at the chart at August
05's end and September 05's beginning]. You wiicedhat the bars (on every time frime if you
have converted them properly) from your downloatiiee period will be more complete.

Section 3: Configuring the Backtester

Now that you’ve succesfully imported complete d#tare are a few more things you need to do
to run a reliable backtest.

(1) Check the recalculate option the next time goua backtest, because you need the
backtester to utilize your shiny new happy datai¢liit won't do unless you tell it). Anytime
you import new data, you need to recalculate (Aledate every few tests just to feel safe,
maybe its a reflection of internal confidence pewsbs$, but that's for another FAQ).

(2) Check the use date option and set the dateramig over a time period where you have
good reliable data. This way you're only backtagtime good stuff. It will be reflected in the
modeling quality percentage.

(3) Make sure the model is set to EVERY TICK. luy@ not, all this hard work we just did was
for nothing. | addressed why we do this earliethim FAQ.

Section 4: Other Issues
MT4 is a work in progress, sometimes there arenggdugs that crop up in backtesting.

However, usually when you think you have a bug ouryhands, there is something wrong with
your code. | can’'t emphasize enough how importabudging is. If you have problems, check



your code first because it's probably the probldngou really think you have a legit bug on
your hands, post it to the MT4 forums.

Because you are not actually backtesting on evekythat happened [you are dealing with an
interpolation on 1M data], it is still not a perfeeproduction of what actually happened in the
markets. Because of this, 1M and 5M scalping EAs glet in and out of trades really quickly
will run into some problems just because of thisitation. The longer timeframe you are trading
on, the less likely your testing is to be hampdredhis.

Well, that’s all I can think of now. | read thisev | think | made everything clear and have the
steps outlined correctly. If you notive a mistale¢,me know, and I'll correct it in my next
version of the MT4 Backtesting FAQ.

Optimization

The optimization feature of MetaTrader 4 allows yotest thousands of combinations of expert
advisor settings to find the most

profitable settings for the selected chart, peand date range.

Indicator-based strategies will need to be optichiioe maximum profitability. However, almost
all EAs will benefit from optimization — even thog®t trade on tick data, provided you have
complete M1 history data (see above).

While the optimizer will return the most profitaldettings for the selected date range, this is no
guarantee that these

settings will be profitable in the future. Marketnalitions change often, so it is important to
regularly re-optimize your expert

advisor for best results. Read on for more inforamabn how to properly optimize your expert
advisor for profitability.
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To optimize your expert advisor, first select arfr the Expert Advisor drop-down box. Select
the currency pair from the Symbol box and charigaefrom the Period box. For Model, you'll
generally want to select “Open Prices Only,” unigss are optimizing an EA that runs on tick
data. In that case, select “Every Tick.” Checklilse Date option and select a range of dates to
optimize for.

Lastly, make sure that Optimization is checked.

Click the Expert Properties button to open yourezkpdvisor settings.

Under the Inputs tab is where you'll enter the eanfvalues to optimize for. The Start column
will be the lowest value for a given setting, white Stop column will be the highest. The Step
column is the amount that the optimizer will “stepough” from the Start to the Stop setting.
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In the image above we are optimizing SL, TS andd@téngs for an expert advisor. The Start
value is 20, the Step is 20, and the Stop is 2086.dptimizer will test every combination of
values from 20, 40, 60 and so on up to 200. Udar§ step and stop

value that is appropriate for the setting you gotnaizing. Even values (5, 10, etc.) are good.

The checkbox to the far left must be selectedHat setting to be optimized. Any settings that
aren’t checked will use

the number in the Value column when optimizing.

Under the Testing tab, you can adjust the InitigpBsit to something a bit more realistic. Leave
the other settings at their defaults.

When you're ready to begin optimizing, hit the $tartton at the bottom right of the Strategy
Tester window. Depending on the period, the datgeathe testing model and the number of
settings to be optimized it can take anywhere feofew minutes to

several hours. If it's taking too long, consideoghning the date range, optimizing fewer
settings, or using a larger step value.
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Once the optimization is finished, open the Optatian Results tab and double-click the Profit
column to sort the results. Double-click any of thsults to load it into the tester. Hit the Start
button again to backtest with the selected settings

Backtesting

By now, it should be obvious how the backtesterksoBelect your Expert Advisor, Symbol,
Period and Model, check the Use Date box and saeldate range.



Select Visual Mode only if you want a visual walldbgh of the backtesting. Leave
Optimization unchecked.

Hit the Expert Properties button and enter youtirggt in the Value column under the Inputs tab.
You can also load or save settings using the bsiftothe bottom right. The Start, Step and Stop
columns are ignored, as are the checkboxes.

Close the Expert Properties dialog and press &tdmtgin testing. It will take anywhere from a
few seconds to several minutes depending on ydtinge Once testing has finished, open the
Report tab on the bottom to see your results.
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A few statistics to take note of:

« Total net profit — The Gross profit minus the Grhmss.

+ Profit factor — The ratio of gross profit to grdess. Higher is better, anything above 2 is
acceptable.

« Absolute drawdown — The drawdown of your initiapdsit. High drawdowns increase
the likelihood that your account will be blown out.

« Profit trades — Your overall win percentage.

« Modeling quality — Only important if your testingattel is Every Tick. If so, this should
be at 90%. If not, follow
the instructions above to update your history \aithurate M1 data.

The Results tab at the bottom of the strategyrte@gtegive you the details on opened and closed
orders, including trailing stop, take profit andgstoss. Click the Open Chart button to get a
visual representation of your results.

When testing your new EA, examine these closebn&ure that your strategy is working as
intended.

Optimizing for Best Results

When optimizing your EA, you should optimize as flearameters as possible. Optimizing too
many parameters leads to curve-fitting, which poegugreat results in optimization, but
performs poorly in real time trading.



For indicator-based strategies, the period setfioggour indicators will have the greatest
impact on your results. Risk-based settings sudbtasze, stop loss and take profit should be set
according to your predetermined risk profile. Otkettings can be left at their defaults.

The surest way to evaluate real-time performansedban optimized results is to do a walk-
forward analysis. This involves optimizing your B&er a reasonably large time period (the
optimization window), and then testing your optiedzparameters over a shorter time period
following the optimization window (the walk-forwasgindow).

Be sure to choose an optimization window thatrigdanough to include a sufficient number of
trades, as well as a variety of

market conditions. Optimizing a daily chart on 1ntis data is not enough to generate sufficient
testing data. On the other hand,

optimizing a 1 minute chart over several yeargabably overkill.

The walk-forward window should be roughly 25% of gize of the optimization window. A
parameter set optimized over a 1 year window, fangle, will only be good for a few months
before performance starts to degrade. Your resudtgvary, however.

By repeating the process of optimizing and forwiasting over many consecutive testing
windows and across several chart pairs, we caa gebd idea of how our EA really performs.
Short of real-time trading, which would take montiigot years, this is the best way to evaluate
an EA’s performance.

Let’'s say we have @endfollowing strategy that uses 2 MACD indicatorsades are only
placed when both indicators agree, so this strateggt always in the market. We are
optimizing the FastEMA and SlowEMA only. Our logsiis set to 2% of our equity, and our
stop loss is set to 5% of our equity. The starbiatance is 1000.

We are trading this strategy on tB8PUSDon an H1 chart period, and we have determined that
an optimization window of 12 months will give usaage enough sample to work with. This
gives us an average of approximately 100 tradestbeeoptimization window.

We optimize the strategy from 12.01.2006 to 11.8Q72 using “Open prices only” as our testing
model.

(Using “Every tick” as the testing model can takerag time, so optimize as few parameters as
possible if you do).

Sort the results in the Optimization Results windoyprofit, and look for a good parameter set
to test with. Don’t automatically pick the resulitkvthe largest profit. If a result is significayntl
more profitable than the rest, then it is a staasoutlier and not representative of the
performance of your EA. Look for settings that prefitable across multiple result sets, and
choose a representative result to test.

This is also a good time to examine the percenthgfee results that have a profit or a loss. Sort
the results by profit and scroll down through tisé IA robust strategy should have a high
percentage of profitable result sets. Also take mbthe profit factor and the drawdown.

If the profit factor is less than 1.5, and too elés 1.0, you're losing too much of your gross
profit to losses. The drawdown percentage showdlig be around 10-15%, and no more than
20%. If your drawdown consistently exceeds thientiiou are either taking on too much risk
(large lot size or stop loss), or the strategyoteptially unprofitable.



For our strategy above, we’'ve chosen the top peifay result set with a profit of 117.75.
Now we’re going to test it over the walk-forwardngdbw. Since we used an optimization
window of 12 months, we’ll use a walk-forward winvdoef 4 months to test our optimized
results.

We test our optimized results (make sure Optinozais unchecked!) from 12.01.2007 to
3.31.2008.
Our result for this period is a profit of 104.27just 4 months. This is a good result.

But we're not done yet. Now we must repeat ourro@tation and testing process many times
and keep track of our results to get a better ale¢he forward performance of our EA. Since we
used a testing period of 4 months, we’ll step fadwaur optimization window to 4.01.2007 —
3.31.2008.

Then we’ll test our optimized result in a walk-fard window from 4.01.2008 — 7.31.2008.

Our second round gave us an optimized profit of @5with a walk-forward loss of -296.30. In

this case, the optimized parameters did not perésmwell in the walk-forward. Here are the
results of two years of walk-forward testing foistetrategy:

Optimized Walk-forward

(12 (4

months) months)
167.74 302.73
321.88 -115.73
277.31 89.96

396.92 -130.13
117.75 104.20
415.02 -296.30

As you can see, the results are mixed. The strategle money in 3 out of 6 walk-forward
periods. But our total profit for our walk-forwatelsting is -45.27. Clearly this strategy needs
some work. Several more years of testing may peogithore statistically significant sample,
but for our purposes this issufficient.

If your results are more favorable than these,garucalculate the walk-forward efficiency. This
Is an annualized ratio between the
optimized results and the walk-forward results.

First, add up all of the optimized results. Thevidé that by the total number of years in your
optimization windows. In the example above, we haeptimization windows of 12 months
each, so we would divide by 6. This is your optiesiznnual return.

Then, add up the walk-forward results and divide thy the total number of years in your walk-
forward windows. This is your walk-forward annuaturn. Divide this by the optimized annual
return and you should have a ratio or percentalgs.i$ your

walk-forward efficiency.



A walk-forward efficiency of 50% (0.5) or greatardesirable. If it's less than this, your system
is likely unprofitable.

If you plan on trading an EA on several pairs, yoliwant to repeat this process for each pair
you plan on trading.



