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			Disclaimer

			This book, including all free code examples, is an educational document. Nothing in this book is intended, nor should be taken, as investment advice. 

			The views expressed herein are the personal views of Urban Jaekle and Emilio Tomasini. Investing and trading is risky and can result in loss of principal. Neither this book in its entirety, nor any portion thereof, nor any follow-on discussion or correspondence related to this book, is intended to be a recommendation to invest or trade currencies, stocks, commodities, futures, options, or any other financial instrument. Neither the authors nor the publisher will accept any responsibility for losses which might result from applications of the ideas expressed in the book or from techniques or trading systems described in the book. 

			The programs used as examples have been tested and are believed to be correct. Even so, this book may contain typographical errors and other inaccuracies. Past performance, whether hypothetical, simulated, back-tested, or actual, is no guarantee of future results. Results will depend on the specific data series used. Please verify the accuracy and correctness of all programs before using them to trade.
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			Preface

			Our lives are deeply interlinked with trading systems. We have both been systematic traders since the 1990s and we can say we were only lucky to start this job when systematic trading and technical analysis were still considered by the academic world as being within the boundaries of fraudulent activity. You need to consider that we were born in an era where the tenet of the financial world was, at best, you cannot make money or at least not more money from the financial markets than from a properly optimised portfolio of assets.

			Since then it has been shown in many research papers that this old academic assumption is wrong. Every day the sun rises on the horizon, there are many traders that die and some of them that make a fortune. It happens seldom, but it happens, as the names of William Eckhardt, Ed Seykota, Jim Simons, and many others remind us. And you can be one of them. We do not know if we are to be counted among those lucky quantitative traders, but we know that we have done it for so many years and we have met so many dead bodies of systematic traders that we can proudly state that luck cannot be the only driver of our survival.

			Sometimes your experience will help you to understand what you are and where you are heading to. The story of this book started with this premise and it was developed to explain and demonstrate what a system developer should know and do in order to achieve success in the markets with trading systems. That is, in short, to make money with a return higher than the majority of his fellow traders. We do not think that in order to build a winning trading system you need to be a rocket scientist; we are not rocket scientists ourselves. We are systematic traders that trade institutional money. 

			We think that part of our survival is due to the meeting of other fellow traders and to the huge amount of research we have done over the years. If your research is a lonely trip, then your way to success must be a long one. We owe so much to other fellow traders, both from the retail market and from the institutional side of the market, that we felt it our duty to share our experience with all the traders that will buy this book. Thanks to the frequent speeches we make in Frankfurt, London, Paris, Budapest and Milan we got in touch with quantitative traders from all around Europe, Asia and the US. These meetings were the driver of our success as traders. We hope this book will help you in finding your way through the uncharted waters of systematic trading, as other books and other fortunate relationships with fellow traders helped us in achieving our trading success.

		

	
		
			Preface to the Second Edition

			What has happened since 2008?

			When we wrote the first edition of this book in 2008 it was in the middle of a financial crisis which only became clear afterwards. Such events can change the market structure by affecting the direction of trends and especially volatility.

			But it’s not only the financial crisis that changed the markets. There were many changes in the industry that had a huge impact and changed the playing field. Some of these changes were the growth of passive index funds and exchange traded funds (ETFs). Others were the increasing volume of trades executed by fully automated high frequency trading systems (HFT).

			All these developments have an impact on the markets and therefore on the outcome of your trading systems. As a consequence, markets today tend to be more choppy than they were ten years ago or in the last century. Of course trends and consolidation phases still occur and will always be there. But they have become more difficult to exploit since they are often accompanied with huge volatility. Tremendous moves often manifest more suddenly. 

			On the one hand, this increases the risks. But if you are able to catch a part of the big moves, then today’s markets, on the other hand, give you the opportunity to grab huge profits.

			How this book is presented

			The book is divided into three parts. Part one is a short practical guide to trading system development and evaluation. This section tries to condense our experience into a few practical tips and forms the basis for part two – a step-by-step instruction of how to develop a trading system, illustrated with a concrete example. The trading system development process is demonstrated from the initial code writing up, through optimisation to walk-forward and Monte Carlo analysis, up to risk and money management.

			To rely only on one trading system and only one market is risky. Therefore, in the main part of the book – part three – we cover portfolio construction and provide you with solutions on how to lower your risks and at the same time make your profits more stable. We show two completely different ways in order to achieve this same goal.

			The first possibility deals with the topic of how to combine trading systems with each other (chapter 8). In the second case, we deal with one trading system applied to different portfolios of stocks (in the brand new chapter 9).

			The LUXOR system – when performance decays

			The trading system development process in part two is shown using the example of a simple strategy consisting of two moving averages. It is called LUXOR, of which you see the result in fig. i. 

			Figure i: Equity Curve of trading system LUXOR. White, left part: Development area, Part II of this book, which had its first publication in the year 2009. Green, right part: Out-of-sample area. Performance of the system afterwards. Test on GBPUSD, (cable), 30-minute data.
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			Chart created with TradeStation 9.

			The equity curve shows the behaviour of this example trading system during its lifetime. The white, left-hand area is the phase in which the system is developed and tested. You see a steady equity curve with only little drawdowns. In the first two to three years after the training period, the good performance continued.

			The performance decay after 2010 can always happen in a trading system (e.g. see ‘Out-of-sample deterioration’, chapter 5.2). All systems have to be switched off sooner or later. But when exactly to do this is a difficult question. We will discuss this topic within the context of dynamic portfolio construction in chapter 8.

			If you have done your homework, such situations will not affect you since they are not the exception but rather the normal, every day, behaviour. When markets change, which they do more or less all the time, you have to listen to them and notice what they do. Don’t try to predict the future, since none of us can do this. Just react based on what the market tells you!

			The importance of controlling losses

			To make your money in any market conditions you need two things:

			
					A trading plan which consists of a portfolio of trading systems.

					The discipline to follow this trading plan, which includes risk and money management to avoid big losses.

			

			Most traders only take care of point 1 and lose their shirt when events such as those in 2000 or 2008 happen. Keep in mind that the amount of losses is the only parameter which you can control in your trading. Therefore, in our opinion, chapter 3.5 and chapter 7 about risk and money management are the most important one of this book. This is the place where the money is essentially made.

			Examples of working trading systems

			Besides such indispensable methods, another goal of this book update is to present example systems and ideas which still work. One fascinating simple approach of this kind of system is the ‘Beginning of the month’ (BOM) strategy (fig. ii).

			This system produces steady results with only small drawdowns for over 80 years up to today! It is discussed in detail within the newly added chapter 5.6, right after the topic of ‘rule complexity’. The simpler a system, the more robust it should turn out to be.

			We also provide a completely different approach to avoid the over-optimisation trap, in the newly written chapter 9 on systematic portfolio trading.

			Here you do not look for a trading system which works on a certain market. Instead you take a huge number of stocks and buy only the ones for which a special situation occurs, e.g. a volatility breakout. In this chapter we discuss in depth an example of a Bollinger Band system that is applied to huge portfolios of stocks on the main US indices and the Australian stock market.

			If you, for example, apply such a system to all stocks of the S&P 500 index in the correct way, you get a trading result like in fig. iii.

			Figure ii: BOM System on S&P 500. A system that buys every last day of the month on close and stays in the market four days. Back-test result on the S&P 500, daily, including $40 slippage and commissions per trade. Back-test performed with AmiBroker.
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			Data supplier: Norgate Data.

			Figure iii: LOG equity S&P 500. A Bollinger Band breakout system applied to a portfolio of the S&P 500 stocks 1/9/1962–31/12/2018. Back-test performed with AmiBroker.
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			Data supplier: Norgate Data.

			Software and data

			For testing trading systems that span multiple markets, you need two imperative components: a suitable portfolio testing software and clean market data.

			For back-testing and development on this topic we use AmiBroker – in our opinion the most powerful tool on the market for this task (amibroker.com).

			To supply AmiBroker with data, we use Norgate Data (norgatedata.com). Norgate Data has a plug-in for AmiBroker, which allows the data to be integrated neatly and provides access to rich data features such as historical index constituent information for US stocks. Norgate Data can also supply data for US delisted stocks, making it the ideal data source for survivorship-bias-free system tests in AmiBroker.

			In order to develop single trading systems for single markets we use TradeStation (www.tradestation.com) – a powerful platform which combines a real-time intraday datafeed with back-testing possibilities and automated trade execution, all under the same roof. All intraday tests in this book were therefore performed with TradeStation. Of course, you could also use AmiBroker, MultiCharts (www.multicharts.com) or another backtest software here as well – choose what you think fits best to your needs.

			In order to give you the maximum value you can find all AmiBroker codes together with the EasyLanguage codes (for TradeStation and MultiCharts) for free in the appendix of this book. Take them as a short basis to start building your own trading system portfolio with the help of the tools given to you within this book. Be advised, however, that most of our back-tests in this book are for demonstration purpose only.

			Urban Jaekle: www.urban-stocks.com; info@urban-stocks.com

			Emilio Tomasini: www.sharetips.ch; tomasini@emiliotomasini.com

		

	
		
			Part I

			A Short Practical Guide to Trading System Development and Evaluation

		

	
		
			1

			What is a Trading System?

			Nowadays the term trading system conveys many meanings that can sometimes be misleading. A trading system is a precise set of rules that automatically defines, without any human discretionary intervention, the entry and the exit on the markets. Since rules are precise there is no doubt over when and where to apply them and this makes the trading system statistically testable. This means that we can figure out how the system performed in the past and how it could perform in the future with a certain degree of confidence. If you add a money management rule and a portfolio rule to the set of rules that define entry and exit on the market then you have a trading strategy or, in other words, a completely automatic approach to the markets, given a starting capital.

			When we talk about money management we are not talking about what is commonly believed to be risk management; that is, where to place an initial stop loss or a target price and so on. We are talking instead about how much to invest on a particular trade; that is, the position sizing or how many shares and how many futures contracts to buy and sell. And if we move to the construction of a portfolio of systems on uncorrelated price series, then money management plays an important role in maximising the portfolio returns relative to the risk. Thus this process is also called portfolio management.

			In more practical terms we can conclude that in order to develop and implement a trading system you need to have a software that easily performs all the programming and testing facilities and above all that goes directly to the market without any interference by the user. So we need to distinguish from a purely linguistic standpoint what a trading system is (or algorithmic trading) and what automated trading is. Indeed the latter could not exist without the first, but not vice versa. You could have algorithmic trading signals provided by a computer but not automatically place them on the markets. The main hindrance for the trading systems user is to produce trading signals that he is not mentally fit to place in the marketplace. To have a trading platform which automatically trades the mechanical signals produced by the trading system is thus a major advance.

			1.1 An easy example of a trading system

			So what does a trading system’s pseudo code look like? It could be the following:

			Buy 2 contracts at the highest high in the last 20 days;

			Sell short 2 contracts at the lowest low in the last 20 days;

			If marketposition = 1 then sell at last close – avgtruerange(14) stop;

			If marketposition = -1 then buy to cover at last close + avgtruerange(14) stop.

			We have an entry rule and we have a stop loss rule. This is a trading system. Its risk management is quite poor since we just wrote an initial stop loss which works also as a trailing stop, but the example is easy and quickly shows what a trading system is.

			When the investor or the trader has a predefined set of rules that she or he applies discretionally in order to enter or exit the market, without any testing process and without any automation of the orders, and resting on a final judgement if and when to enter or exit the markets that could not be eventually classified ex ante, we could more appropriately talk of a trading methodology. If the investor or the trader conducted detailed research on the past behaviour of the trading methodology, supporting it with statistical tests, and he has a disciplined character so that all the signals are equally placed on the market, we have something that is much closer to a trading system, without actually being one. Since the trading system is much more precisely defined and it conveys an idea of a scientific work that underwent a strict statistical test, many investors or traders are tending to profess the use of a trading system instead of a trading methodology. A trading methodology always involves a bit of judgement and discretion.

			Recently the financial industry has been swamped by the 'quants', that is by money managers and traders that apply quantitative methods in order to produce buy and sell signals. What the difference is between a trading system and a quantitative forecasting method nobody knows, but since the term quantitative finance conveys an idea of something which is rigorously scientific and surely beyond the retail-oriented trumpery wares of common technical analysis, expect to meet many system traders that resell themselves as quantitative traders. If the term quantitative finance serves to divide the system traders that base their decisions on statistics from those analysts that just grasp the artistic and esoteric side of technical analysis, we all agree on calling ourselves quantitative traders.

			Since a scientific appeal is the best way to sell something, there is nowadays a wide rush in the markets to give a deep scientific status to the trading systems industry. This approach seems to take for granted that a trading system must be a long series of rules, programmed in a complicated way, and full of breathtaking algorithms. Salesmen know that complexity raises prices. But it also raises the probability that a trading system will fail in the real world, and there is no approach more false than this.

			Many commercially available formulas that you will find in any technical analysis software, when properly tested and applied to price series, show a real market bias; that is they have a realiable predictive power. Trading systems may be simple in their logical implementation – like a channel breakout, an indicator, a moving average – and to base your trading decisions on something that is easy will not reduce your success probability; on the contrary it will increase it. On the way to success, a lot will be done by money management and portfolio construction, risk management and timeframe, so do not be worried when you examine a trading formula that is simple and produces an equity line that appears unexciting, because you need to always reason under the portfolio constraint. It must be clear from the outset that a mediocre trading system – if applied to a portfolio of markets – will easily produce a good looking equity line.

			1.2 Why you need a trading system

			Evidence from economic literature shows without any doubt that just a few percent of traders are able to beat the market year after year. Most of both the retail and institutional traders sooner or later will go bust. If you do not belong to the lucky category of winning discretionary traders, then the only option for you in order to survive is the use of trading systems. If you have purchased this book you are most likely not a successful discretionary trader: in my experience successful discretionary traders are intuitively blessed and are unconsciously able to predict the market moves with their gut feeling. On the contrary there are many successful money managers, institutional and retail traders that profit from predetermined trading strategies and investing methodologies. But it would be misleading to think that a trading system could easily overcome all the hindrances trading creates. A trading system from one side could help the trader to beat the market but from the other side will create a new set of problems that a discretionary trader does not know.

			First of all, if the trader has problems in terms of physical courage and some difficulties in pulling the trigger, trading systems will not be the ultimate solution. Like Larry Williams says, “trading systems work, system traders do not”. There is no bigger infamy for a systematic trader than not to take a signal, as Bill Eckhardt wrote:

			“If you make a bad trade, you have money management, you have a whole bunch of things that will come to your aid, and you’re really not in so much trouble if you make a bad trade. But if you miss a good trade there’s really nowhere to turn. If you miss good trades with any regularity you’re finished, you’re doomed in this game.”

			Second, in order to trust a trading system, especially during gloom periods when drawdown will erase the trader’s confidence in the trading system’s capabilities, you really need to do a huge amount of research and statistical work that not everybody is able to do. To develop, implement, test and evaluate a trading system is not an everyday job.

			Finally, many of the drawbacks that affect discretionary trading still affect systematic trading, e.g. lack of sufficient starting capital, possibility to diversify the portfolio, full- time, 24-hour, dedication.

			More importantly we can say that trading is not a rational enterprise, it is not an activity where you can, given some premises, arrive at a unique conclusion or where everything could be explained in a logical way. Fear and greed manipulate prices in a way that the human mind is unable to grasp. There are of course some fortunate discretionary traders that can beat the market with gut feeling but in these instances they do not often manage to fully explain why they buy or sell. If all this is true the consequence would be that you need a tool that is not rational and not logical to enter and exit the market, something that you could not fully understand, something that is counterintuitive. Usually the signals that you believe to be illogical or simply prone to failure will be the big winners.

			To use a mechanical trading system means that you need to discard widely held beliefs about finance and, above all, discard the feel-good approach to trading: everybody usually feels comfortable buying dips and uncomfortable buying the highest high, but it may be the case that just the latter methodology is the good one. Testing a trading system could mean being forced by the brutal power of numbers to a trading attitude where you do not feel at ease. To be a fully mechanical trader means, in conclusion, to use violence against yourself. This is the only way to profits, unless you are one of the fortunate gun slingers that make money day after day and do not even know how.

			1.3 The science of trading systems

			It would be inappropriate to mix all the kinds and breeds of technical analysis available nowadays. There is a broad distinction between subjective and objective technical analysis.

			Objective technical analysis methods are well-defined repeatable procedures that issue unambiguous signals. This allows them to be implemented as computerised algorithms and back tested on historical data. Results produced by a back-test can be evaluated in a rigorous quantitative manner. Subjective technical analysis methods are not well-defined analysis procedures. Because of their vagueness, an analyst’s private interpretations are required. This thwarts computerisation, back testing, and objective performance evaluation. In other words, it is impossible to either confirm or deny a subjective method’s efficacy. For this reason they are insulated from evidentiary challenge.[2]

			Subjective technical analysis did not gain a good reputation among the academic community or among serious market practitioners because of its vagueness and lack of scientific method. To be a chartist or a technical analyst, instead of a portfolio manager, using hidden technical analysis could be the least promising career launching pad in the financial industry. There is a wide sociological and psychological literature about why people believe weird things such as dogma, faith, myth and anecdotes so that it is much easier to isolate good scientific technical analysis using the approach of the scientific method. Without the intention to lecture here about philosophy of science we need to briefly remind readers what scientific knowledge is. Scientific knowledge is empirical or it is based on observations of reality:

			“The essence of technical analysis is statistical inference. It attempts to discover generalisations from historical data in the form of patterns, rules and so forth and then extrapolate them to the future.” [2]

			So technical analysis, utilising the tools of statistical inference, starts from a sample of observations in order to gauge some statistical properties of the whole population. In this way technical analysis, like statistics, is quantitative. Further, technical analysis, like science, tries to predict the future through functional relationships among variables. If this variable does this then the dependent variable will do that. What in technical analysis is a rule in statistics is a functional relationship, which a certain probability is attached to. There is no barrier between scientific technical analysis and statistics so that all the doubts raised by those that dislike subjective technical analysis suddenly disappear. Quantitative technical analysis uses the typical method of analysis in applied sciences: the hypothetic-deductive method initiated by Newton and made famous by Popper. The hypothetic-deductive method has five stages [2]:

			
					Observation. The system developer, through the continuous observation of the daily and intraday activity of the financial markets, devises a relationship among variables, i.e., among the daily volume activity and the closing price, or among the value of an indicator and the next day opening.

					Hypothesis. This comes from the innovative mind of the system developer – an intellectual spark, the origins of which nobody knows. The system developer understands that the relationship he hypothesises is not due by chance to the particular nature of the sample he analysed, but it is common to the majority of the samples he can deduct from the whole population of data.

					Prediction. If the relationship is true then a conditional proposition or a prediction can be constructed and “the prediction tells us what should be observed in a new set of observations if the hypothesis is indeed true”.1

					Verification. The system developer verifies if the prediction holds true in a new set of observations.

					Conclusion. The system developer, through the use of statistical inference tools such as confidence intervals and hypothesis tests, will decide if the hypothesis is true or false weighing whether new observations will confirm the predictions.

			

			This process is in no way different from the scientific appraisal method used in applied sciences like chemistry or biology.

			
				
					1	Aronson, David, Evidence-Based Technical Analysis, Wiley, 2006, see [2].
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			Design, Test, Optimisation and Evaluation of a Trading System

			2.1 Design

			A trading system starts from an idea like an entrepreneurial vision. Innovation is something that lies between creativity and fancy, and it can come independently from how much time you are dedicating to it. There are system traders that say a good trading system idea comes when you are least expecting it, but conversations with good traders could help and it is highly recommended you attend seminars, congresses and friendly meetings among professional traders. Even watching discretionary traders at work can be useful. Unfortunately there is no sure path for innovation, but the following tips can prompt you to walk beyond the boundaries of imagination.

			Getting started

			A good place to begin is to look to the internet. Just search for “trading systems”, “AmiBroker”, etc., and you will find plenty of videos and explanation of existing codes and ideas.

			Further, have a look at existing literature on algorithmic trading: you can take the bibliography of this book as a starting point.

			Finally the forums of the software platforms MultiCharts, TradeStation and AmiBroker deserve a particular mention. They are full of free trading codes and ideas. 

			The programming task

			Usually beginners are scared when they are faced with the necessity of learning to program in a language like EasyLanguage (for MultiCharts and TradeStation) or the AmiBroker formula language.

			The jitters are apparently greater for programming than for learning a foreign language, even though nobody could explain how a foreign language differs from a programming language. This is perhaps due to the fact that programming sounds mathematical and logical, while to speak a foreign language is something most people are more accustomed to, and it is an endeavour where in any case you can help yourself with gestures and mimics. 

			As far as we are concerned, the contrary is true and it is much more difficult to learn Russian as a foreign language, for example, than to learn to program in EasyLanguage.

			A system is comprised of an entry formula, an exit formula and a money management formula. The exit formula is concerned with risk management, that is initial stop loss, trailing stop, target exit and generally how much money we risk and how we risk it in every trade. Money management is concerned with how much we invest on every trade, that is how many stocks or futures contracts we buy or sell. 

			What beginner system traders tend not to trust is that returns will be astonishing only through an extensive and aggressive use of leverage and money management techniques or, put in another way, not even breathtaking trading systems can become viable investment tools if appropriate money and risk management tools are not applied.

			Which timeframe to trade?

			Usually retail traders are inclined to trade intraday because they think risks are lower, while institutional traders could not usually endure the effort to watch the markets for 24 hours per day. Nowadays traders are unlikely to consider using daytime trading sessions alone

			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
					A versatile return indicator should be normalised so that it can be easily comparable among multiple asset classes or multiple trading systems.

					A prudent indicator always compares return to risk. 

			

			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
					An end trade drawdown tells us how much of the open profit we had to give back before we were allowed to exit a specific trade

					A close trade drawdown is the difference between the entry and the exit price without taking into consideration what is going on within the trade

					A start trade drawdown measures how much the trade went against us after the entry and before it started to go our way [6].
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