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I joined this project in the spring of 2018. There are roughly 8 members taking part in this project. All of them are undergraduate but from different disciplines, including math, finance, management, physics, etc. Our director, Dr. Yang, is a professional in the quantitative trading field, who had been working in Wall Street and Hong Kong for over 2 decades.

Our main purpose here is to learn the basic technology of quantitative trading.

The automated trading system used in this project is protected by copy rights and licensed by Dr. Yang. So we are not going to publish the entire project to the public. Instead, we will only record experiments and some of the scripts. Moreover, it is mainly used as a host for my personal codings and loggings, and not for others’. So you will not see many of other members’ works in the GitHub repository (at least directly).

Currently we have use the index ETF 510050 in China fund market as a test bed for learning how to trade with simple double SMA strategy.


Who Will Read This Doc

I will assume there are 2 kinds of readers:


	Those who have access to Dr. Yang’s license, and can run the automated trading system on their own machine (may be my current teammates or project members in the future).


	Those who do not have access to Dr. Yang’s license.




I will consistently take these 2 types of readers into consideration throughout the entire writing process. For readers of type 2, you can skip any operational detail in the docs. On the other hand, readers of type 1 may need to read those contents carefully.




Getting Started

The following materials are for readers of type 1. Readers who do not have access to the system can skip this part.

1. Install Tortoise SVN from here [https://tortoisesvn.net/downloads.html]. Checkout the project from the following link
https://hkfdtniujing.oicp.net:8443/svn/ResearchBasic
on your computer. SVN account and password will be distributed by Dr. Yang.
Note: the downloading process could take several hours, you can start checking out before you sleep.


	Download and install Visual Studio 2012 from this link.
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	MSVAR: Markov Switching Vector Auto-Regression model, a generalizaion of VAR model


	VAR: Vector Auto-Regression model, a generalization of AR model wiki [https://en.wikipedia.org/wiki/Vector_autoregression]


	AR: Auto-Regression model, a basic model for handling time series
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Today I will try to simulate the true environment of trading 510050.

Currently 510050 is not for trading. So I picked its related fund 001051 which is also issued by China AMC as a reference. And we will still use 510050 time series for testing our strategy.


What is T day

T day is a work day of fund organization. T days are seperated by closing of stock market, for example, from the last trading day’s 15:00 to the current trading day’s 15:00, this is T day. After this T day, any time before the next trading day’s 15:00 is considered as in T+1 day.




How Trades Are Done

When the reader understand the concept of T day, we can then have the following discussion about how trades are done with fund companies.

If we tell the fund company that we want to buy 1 unit of 001051 for example on T day, then we will be buying this particular 1 unit at the closing price (at roughly 15:00) on T day. Your shares will be confirmed later by the fund company on T+1 day. You can only sell your shares after they are confirmed.

On the other hand, similarily, if we tell the fund company that we want to sell 1 unit of 001051 on T day, then we will be selling it at the closing price. Selling will also be confirmed on T+1 day, but this will not affect our simulation, as we assume we have enough capitals and do not need to wait for money returned by fund company.
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This morning I had a discussion with Jia Yang about how 510050 is traded. He told me that the tick data that we collected about 510050 was from some secondary market, where 510050 is traded just like stock. What I had found yesterday in this article Tue 29 May 2018, only applies to primary market, that is, only valid if we are trading directly with fund company. In secondary market, we trade this fund like a stock with other traders on an exchange platform for instance.

Using the terms in yesterday’s doc, trades are confirmed in T+0 way in secondary market. In other words, if you buy 1 share of 510050 in this market on T day, it is confirmed right away, but only allows to be sold on T+1 day. Just to compare, in primary market, you apply for buying 1 share of 510050 on T day, the fund company confirms it on T+1 day, thus you are only allowed to sell it after T+2 day inclusively.


How To Trade Intradaily

In order to facilitate intraday trading, we need a little trick. On the first day we enter market, we buy 1 share of 510050 as our bottom position, and hold it for 1 day (no selling this day). Under the assumption that we only buy or sell at most 1 share and no shorting is permitted, in later trading day we could perform buying and selling in intraday way. This is because everytime we sell 1 share, we are selling the one bought on some earlier day, which is legitamate.

So if we set bottom position as 1 share, and only buy or sell 1 share each time, we can at most sell 1 time a day. On the contrary, buying times in unlimited.




Experiments and Coding

I am going to perfrom 2 sets of experiments. One for intraday trading and the other on for interday trading. Then we are going to compare the results.


Intraday Trading - Experiment 01

Coding


	Made a copy of ResponsesATSPersonal/DoubleSMA2WithStopLoss.cs and change it into ResponsesATSPersonal/DSMAWithStopLossIntraday.cs.


	Added boolean variable _isOpenBottomPosition to indicate whether we have open bottom position yet, which is initialized as false.


	Added integer variable _openBottomPositionDate to record the date we open bottom position.


	Added integer variable _lastSellDate to record the date last time we sell. So that we can limit sell times to 1 each day.


	In DoStrategy method, added 2 judge statements to facilitate opening bottom position on the first day we enter market.


	In DoStrategy method, we classify position==1 as flat position, as we should not touch the bottom position if we want to perform intraday trading.


	Fixed bug about resetting. In ResponsesATSPersonal/ResponseInterface.cs added interface LocalReset, and add corresponding abstract function in ResponsesATSPersonal/ResponseBase.cs, and call it in Reset method.


	Added LocalRest method in ResponsesATSPersonal/DSMAWithStopLossIntraday.cs to perform resetting work.




Parameters Control


	Made copies of ControlParam/Control510050DoubleSMA2WithStopLoss.csv and ControlParam/OptParam510050DoubleSMA2WithStopLoss.csv and change them into ControlParam/Control510050DSMAWithStopLossIntraday.csv and ControlParam/OptParam510050DSMAWithStopLossIntraday.csv.


	In ControlParam/Control510050DSMAWithStopLossIntraday.csv, changed values under responsename into ResponsesATSPersonal.DSMAWithStopLossIntradayAuto, values under runparamfile into OptParam510050DSMAWithStopLossIntraday.csv, so that we can use strategy created above when running ATSTestBenchBatch.exe




Experiment Setup

Date Range:


	Train: 15 Sep 2015 to 15 Sep 2016


	Test: 15 Sep 2016 to 15 Sep 2017




Hyperparameters (as in ControlParam/OptParam510050DSMAWithStopLossIntraday.csv):


	popsize: 25


	maxgen: 25


	LossTolerance: 0.01~1


	FastSMAPeriod: 1~120


	PeriodDiff: 1~120




Steps


	We copy all trades into Excel. Calculate cash we currently have and shares we hold.




Results

Optimized Parameters:


	LossTolerance: 0.8253 [%]


	FastSMAPeriod: 53 [bar]


	PeriodDiff: 62 [bar]




Note: We group 60 ticks into 1 bar.

Performance on 510050 (train):


	GrossPL: 0.549


	AvgPerTrade: 0.002


	SharpeRatio: 1.5


	MaxDDVal: -0.677




Performance on 510050 (test):


	GrossPL: 0.398


	AvgPerTrade: 0.005


	MaxDDVal: -0.091


	Trades: 75


	SharpeRatio: 4.9


	SortinoRatio: 17




Question: Why is performance on test set better than train set?




Intraday Trading - Experiment 02

From calculation in Excel, we found out each time we start a new backtest, the system is reset, and it will open a new bottom position. We do not want to see it accumulatingly create bottom position. So to amend this, we just drop this step, simply assuming we do have bottom position, but not realizing it in our coding:

Coding


	Made a copy of ResponsesATSPersonal/DSMAWithStopLossIntraday.cs and change it into ResponsesATSPersonal/DSMAWithStopLossIntraday2.cs.


	Deleted anything related to bottom position mechanism.




Parameters Control


	Made copies of ControlParam/Control510050DSMAWithStopLossIntraday.csv and ControlParam/OptParam510050DSMAWithStopLossIntraday.csv and change them into ControlParam/Control510050DSMAWithStopLossIntraday2.csv and ControlParam/OptParam510050DSMAWithStopLossIntraday2.csv.


	In ControlParam/Control510050DSMAWithStopLossIntraday2.csv, changed values under responsename into ResponsesATSPersonal.DSMAWithStopLossIntraday2Auto, values under runparamfile into OptParam510050DSMAWithStopLossIntraday2.csv, so that we can use strategy created above when running ATSTestBenchBatch.exe




Experiment Setup

Date Range:


	Train: 15 Sep 2015 to 15 Sep 2016


	Test: 15 Sep 2016 to 15 Sep 2017




Hyperparameters (as in ControlParam/OptParam510050DSMAWithStopLossIntraday2.csv):


	popsize: 25


	maxgen: 25


	LossTolerance: 0.01~1


	FastSMAPeriod: 1~120


	PeriodDiff: 1~120




Basic Results

Optimized Parameters:


	LossTolerance: 0.88 [%]


	FastSMAPeriod: 31 [bar]


	PeriodDiff: 45 [bar]




Note: We group 60 ticks into 1 bar.

Performance on 510050 (train):


	GrossPL: 0.54


	AvgPerTrade: 0.002


	SharpeRatio: 1.8


	MaxDDVal: -0.168




Performance on 510050 (test):


	GrossPL: 0.161


	AvgPerTrade: 0.002


	SharpeRatio: 2.5


	MaxDDVal: -0.077


	Trades: 70


	SortinoRatio: 8.6




Analysis Steps and Results

First we need to confirm the validity of calibration results. We run ATSTestBench.exe and load the same date range of data and the same strategy. In Results panel we will check its consistency with figures given in ATSTestBenchBatch.exe run earlier. The result is OK.

Then we need to validate the backtesting results in similar approach. Also no problem.

We then need to further look at the equity curves of calibration and backtesting. A rough equity curve of backtesing is already given by ATSTestBenchBatch.exe in its Equity panel. But we want to plot our own curves with other tools to verify and manipulate them. Plus they are not so hard to plot ourselves.




Intraday Trading - Experiment 03

I suddenly found out that I have been using ATSTestBenchBatch.exe in the wrong way. For newcomer of this project, you should check out the demonstration video Demo/TVVideo/8. TestBenchBatch_Forward Test Demo.tvs to better learn how to use it. For outsider, you can learn the concept of forward testing on this website [http://www.amibroker.com/guide/h_walkforward.html].

So now after a few experiments, I decided to make the system do calibration on 8-month basis, and do forward testing on 2-month basis. More specifically, I will list all calibration and forward testing circle in the following figure as:

First I used rather small popsize and maxgen for initial run.

The calibration and forward testing results under these parameters are visualized as:
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Yesterday we collected a few backtesting results. We are going to visualize and analyse them here today.

And we are going to perform some sensitivity analysis.

Note: we choose the best set of parameters from calibration by its resulting Sharpe ratio. This could be used to explain why some of the mature models behave badly in gross PnL but well in Sharpe ratio.


Comparision Between Calibration And Forward Testing

We have used 2 sets of hyperparameters, i.e. popsize=maxgen=5 and popsize=maxgen=50. Here we are going to compare the results of calibration and forward testing under these 2 sets of hyperparameters, separately.

Note: From now on, we will call the models trained under setting popsize=maxgen=5 as young ones, since they are trained for relatively short time. And refer those trained under parameters popsize=maxgen=50 as mature ones, due to their longer training time.

We will be focusing on one particular objective - Sharpe ratio.


Young Models

Experiments 2 and 3, corresponding date ranges


	2015/12/15 ~ 2016/12/15


	2016/3/15 ~ 2017/3/15




occurred something strange: performance on test set was significantly (over 90%) better than on train set. We will further analyse what has gone wrong in matrue models.




Mature Models

Again, testing performance was significantly better than training one. We thus want to do some sensitivity analysis on parameters over this particular date range. In particular, we want to know whether the parameters learned in training step are reasonable and generalizable. So we will single out date range that was used in calibration step, that is, 2015/12/15 ~ 2016/6/15.

With other 2 parameters fixed, we variated the remaining parameter a little bit, and run backtesting, to see the outcomes.

The result shows that all three parameters, LossTolerance, FastSMAPeriod and PeriodDiff are sensitive parameters. Precisely, a little less LossTolerance, we will suffer a major under-performance; a little longer FastSMAPeriod, we will undertake huge amount of loss. Although the effects of the other side of variation are relatively smooth for both parameters.

For parameter PeriodDiff, we have the same issue. But beside of that, we found that lowering the PeriodDiff will give us an extra bonus, which is something different from LossTolerance and FastSMAPeriod, as those parameters seem to have been already optimized, but PeriodDiff is still suboptimal.

From this analysis, we could make the guess that at least during this period (2015/12/15 ~ 2016/6/15), the parameters are highly untrusted (as a small variation could lead to huge impact).






Comparision Between Young And Mature models

Looking at the calibration results comparision plot, we see that in many cases young models could do just as good as mature ones. But in some cases, for instance, experiments 1 and 5, mature models remarkably improve young ones.

But when we look at the forward test results, we found that in most cases (6 out of 7 experiments), young models perform better or at least as good as the mature ones. This may indicate that mature models are confront the overfitting issue. In other words, they may be too mature.

In other to fix that, we could try some lower popsize and maxgen, so that we could train more generalizable mature models.




Equity Curve Analysis

As discussed above, both in young and mature models, we found something abnormal that from 2015/12/15 to 2016/12/15, the forward testing results during 2016/6/15 ~ 2016/12/15 are significantly betten than those in calibration during 2015/12/15 ~ 2016/6/15. So here we would like to further find out what has gone wrong by plotting their equity curve.

We plotted equity curves for 2 date ranges:


	Calibration: 2015/12/15 ~ 2016/6/15


	Forward Testing: 2016/6/15 ~ 2016/12/15




under the parameters of mature model.

In calibration, we obtained 2.4% of return rate in 6 months, which is roughly 5% annualized return rate. On the other hand, we undertook a -5.5% drawdown, which lasted for nerely 3 months (from December 2015 to March 2016).

In forward testing, we achieved 8% of return rate in 6 months, that is roughly 16.6% annualized return rate. However, we sufferred from a -4% drawdown beginning in August 2016, ending in November 2016, resulting a total duration of 3 months.

As can be seen, we could predict drawdown value and duration from calibration results. And fortunately, we gained a much better profit in forward testing than in calibration. This gift, as shall be deemed, could be due to market itself. In fact, during the first 6 months (calibration), market was experiencing a relatively high volatility (roughly 2%), while in the last 6 months (forward testing), it becomed more mild, having a relatively low volatility 0.8%.

So in summary, we may draw this conclusion:


	Under the parameters from calibration, when we are dealing with less violent market in practice, we could expect a better return rate.




So my future works may be:


	Verify that this strategy indeed has the above property, that behaves better in mild market.


	Study the performance of strategy in more violent market situation, see if it will underperform.
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