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Abstract

Quantitative investment trading is becoming more and more popular due to the gradual integration of computer technology, mathematics, and statistics. It is of great practical significance to develop a multi-species portfolio investment model that takes into account various transaction costs and conforms to live trading. In this paper, we use the free software R to program the Bollinger Bands trading strategy and test it on the historical data of the Chinese futures market. Through in-sample optimization, out-of-sample testing and correlation test, the varieties with good backtesting effect are selected for risky investment portfolio to provide investors involved in the Chinese futures market with specific trading strategies that can be used for reference, and at the same time to provide investors with a way of thinking to develop quantitative investment portfolio models.
1 Introduction

1.1 Background, significance and purpose of the study

Due to the gradual convergence of computer technology, mathematics, and statistics, quantitative trading is becoming more and more popular through data mining, machine learning, and other modeling.Not only investment institutions, public or private funds, but also many individual investors are involved.Quantitative investment not only liberates  traders from the burden of manual market monitoring but also offers several objective advantages that many traders cannot achieve. These advantages include a wider range of tradable assets, faster execution, immunity to emotional influences, the ability to make decisive moves, and alignment between knowledge and action.

· China's futures market has developed rapidly despite its late start. According to global turnover data from the Futures Industry Association (FIA), the Zhengzhou Commodity Exchange (ZCE), Dalian Commodity Exchange (DCE), Shanghai Futures Exchange (SFE) and China Financial Futures Exchange (CFFE) ranked 8th, 9th, 12th and 25th in the global ranking of exchanges in terms of futures and options turnover in 2022, respectively.Due to the futures market's adoption of a margin system and T+0 two-way trading, it is increasingly attractive to investors compared to China's stock market, which follows a T+1 one-way trading system. Consequently, there has been a growing influx of participants in the futures market.Research on quantitative trading strategies for Chinese futures has been increasing year by year, but it mostly focuses on the implementation and improvement of classical quantitative strategies. The development of a multi-species portfolio investment model that takes into account various transaction costs and conforms to live trading is more relevant.The research objective of this paper:

· To test whether the Bollinger Bands trading strategy is effective in the Chinese futures market using the free tool software R.

· Perform in-sample optimization and out-of-sample testing of trading strategies. Select the varieties with good backtesting results for risky investment portfolios to provide investors involved in the Chinese futures market with a specific trading portfolio for reference, as well as to provide investors with an idea for developing a quantitative trading portfolio model.
1.2  Literature review

Charles Dow's Dow Theory, Elliott's Wave Theory, Markowitz's Asset Portfolio Theory (MARKOWITZ (1952)), Sharpe's (1964) and John Lintner's (1965) and other Capital Asset Pricing Models (CAPM), Fama's Efficient Markets Theory, Stephen A. Ross' ( 1976) Arbitrage Pricing Theory (APT), and the option pricing theory proposed by Fischer Black et al (1973) laid the theoretical foundation for the development of quantitative investment.Quantitative trading is the use of statistics, mathematics, computer technology from a large amount of historical data to filter the trading strategy that can bring excess returns, through the computer to strictly implement so as to obtain a stable excess return.

Edward O. Thorp founded the first quantitative investment fund in 1969, which beat the S&P for 11 consecutive years.In 1982 James Harris Simons founded the hedge fund company utilizing quantitative trading, which had an average annual return of 35% between 1989 and 2007, and even during the global financial crisis of 2008, the funds under his management returned as much as 80%.Quantitative trading began to grow rapidly in 1992 when Peter-Muller invented the alpha system strategy, before the bursting of the Internet bubble and the subprime mortgage crisis hit quantitative funds hard.As the economy has improved since 2010, quantitative trading has turned into a mainstream trading methodology.Quantitative trading includes quantitative stock picking, quantitative timing, statistical arbitrage, and high frequency trading.In this paper, we explore only the trend-following strategy of quantitative time-timing.Quantitative timing involves using various indicators to assess price trends and making buy or sell decisions based on indicator signals. If prices are rising, one opens a long position by buying; if prices are falling, one opens a short position by selling; and if prices are fluctuating within a range, a strategy of selling high and buying low is employed.The efficient market hypothesis (Eugene F. Fama, (1965,1970)) argues that in a strong efficient market all technical analysis, fundamental analysis, and insider information fail to produce excess returns, but its assumptions are difficult to meet in the real world of investing.A large number of empirical studies have found asset price overreaction (Debondt F and Thaler R (1985)) and underreaction, momentum effect, intraday effect, small firm phenomenon, and some other anomalies that are unexplained by many traditional finance, and so have led to the emergence of behavioral finance.Behavioral finance applies psychological theories to finance and argues that investor psychology and behavior have a significant impact on changes in the market price of securities.Irrational investor behavior has a role to play in real financial activities that cannot be ignored.Hong and Stein (1999),Burghardt and Walls (2011), Cespa and Vives (2012), Han, Yang, Zhou (2013), Neely, Rapach, Tu, and Zhou (2014) and a large number of scholars' empirical studies have shown that through technical analysis we can obtain excess returns, which has led to the rapid development of quantitative time-timing strategies based on technical analysis.The momentum effect (Narasimhan Jegadeesh and S. Titman, (1993)) provides support for the effectiveness of trend-following trading strategies.Price movements in the market are characterized as upward, downward or sideways oscillations. Once a rapid rise or fall occurs, the rise or fall tends to continue for a period of time, i.e., it is presented as a trend movement, until the trend becomes unbalanced and there is a price oscillation in a certain range. Markets exhibit alternating trends and oscillations.Trends and oscillations behave differently on different time cycles. Price range oscillations on the monthly cycle may show trends and oscillations on the daily cycle. Market price range oscillations on the daily cycle may show a nice upward or downward trend on the 5-minute cycle. Trend followers use a variety of methods to capitalize on this rapid upward or downward price movement.When market prices rise (fall) to a certain standard, it is considered the emergence of an upward (downward) trend, and traders enter long positions (short positions) while setting stop-loss and take-profit levels. Trend-following trading strategies are fundamentally not about predicting the market but rather about following market movements and taking action accordingly.

When the price is currently in an upward phase, you enter a long position by buying to align yourself with the market's direction and stay in line with the market, which is known as following the trend.By utilizing the momentum effect, you can capture profits from upward movements in the market. Allocating your capital to those assets and strategies that are expected to provide substantial returns gives you a greater advantage in terms of profitability.Matching the trading strategy to the market trend is the only way to make a profit. Trend trading does not guarantee that an investor's money will be safe and profitable, but a trend trading strategy provides an investor with a fixed method of managing risk and responding to market changes. Consistent investment over a long period of time while controlling risk and positions can lead to stable profits (Stanley Kroll, (1987)).

2 Overview of relevant knowledge

2.1 technical analysis

2.1.1 Theoretical foundations of technical analysis

Technical analysis is the analysis method to analyze the market trend and predict the future trend of the market according to the simplest change law of supply and demand in the financial market. Its object of study is the behavior of the securities market, according to its behavior to analyze the operating trend of the securities market, and follow the cyclical changes in the trend to analyze the decision-making on how to invest. Technical analysis takes the three axioms as prerequisites (John J. Murphy (1999)):

Market behavior encompasses everything: Price fluctuations have various underlying causes, and price movements reflect all valuable information, such as war, natural disasters, politics, economic cycles, investor sentiment, and their impact on investment assets. These factors are all reflected in the market's prices, without the need to specifically identify which information is influencing prices. This is because these known or unknown factors are difficult to exhaustively identify. Regardless of the factors behind price movements, they ultimately manifest as price increases or decreases. Technical analysis can use price movements as the basis to identify patterns, analyze, and predict future market trends.

Price evolves along a trend: Trend analysis is the core of technical analysis and serves as the foundation for predicting future price movements. Although market prices are constantly changing, over a period of time, prices generally continue to move in one direction, whether it's up or down. This sustained upward or downward movement is known as a trend.

History repeats itself: Just as the sun rises in the east and sets in the west, market prices will continue to rise when the conditions for an uptrend are met and fall when the conditions for a downtrend are present. Of course, price movements are not simply repetitive or mechanical; the market allows for trends to fade, weaken, strengthen, or extend.

2.1.2 Bollinger Bands Trading Strategy: 

John J. Murphy (1999) describes the Bollinger Bands in detail.John Bollinger invented the Bollinger Bands technical analysis in 1980.Bollinger Band (Bollinger Band) is designed and created in accordance with the principle of standard deviation in statistics.Bollinger Band consists of three lines, the middle line (middleline) is a simple moving average of the closing price (ci) of 20 trading days:

middleline = cumulative sum of prices over n periods / n

Where n represents the selected time period or periods . Typically, n is set to 20 in order to calculate a 20-period simple moving average SMA as the mid-rail. This mid-rail represents the average price over a period of time and is often used to gauge the direction of the price trend.This article uses the 20-day period line to calculate the mid-rail.

The standard deviation (σ) of the closing prices of the 20 trading days is then calculated:
σ = √[(Σ(xi - x̄)²) / N]

Where: σ represents the standard deviation. Σ represents the summation. xi represents the closing price of each trading day. x̄ represents the average of the closing prices of the 20 trading days. n represents the sample size, which is here 20 trading days.
Once the standard deviation has been calculated, it can be used to determine the upper and lower Bollinger Bands. Usually the upper band（upband） is the middle band plus two times  the standard deviation, and the lower band（downband） is the middle band minus two times the standard deviation, thus forming the banded area of the Bollinger Bands, which is used to identify price volatility and potential buy and sell signals:
Upband  =  middleline  +  2 ∗ σ
Downband = middleline  −  2 ∗ σ
John Bollinger (2001) argues that the price mostly runs between the upper and lower rails, but the price breakthrough of the upper or lower rails does not represent a price reversal, but possibly a continuation of the market. 20 trading days and 2 standard deviations are two parameters that can be adjusted and optimized depending on the market. Price rise (fall) beyond the Bollinger Bands is a small probability event. If the price breaks above (below) the upper (lower) rail, it indicates the beginning of an upward (downward) trend and the investor can open long (short) positions.C. Lento, N. Gradojevic and C. S. Wright (2007) test the profitability of Bollinger Bands (BBs) on the Toronto Stock Exchange (TSX), the Dow Jones Industrials DJIA, the Canada/U.S. Dollar spot exchange rate, and the NASDAQ. It was found that after removing transaction costs, using the top rail to sell and the bottom rail to buy was not as profitable as buying and holding, but breaking above the top rail to buy and falling below the bottom rail to sell was significantly profitable.In this article, we use the Bollinger Bands into a trend-following strategy to test it:
If the previous day's closing price is greater than the upper band of the previous day , a long position is initiated on the following day at the opening price plus 1 minimum change in the price of the commodity.The number of contracts for the long position is determined based on a risk of 2% of the initial capital. If the price reverses and the loss reaches 4% of the initial capital, the position is liquidated.If there is no stop-loss, a trailing stop for profit and loss is used, meaning the position is immediately liquidated when the lowest price falls below the middle band. The closing price is determined by subtracting 1 minimum change in the price of the commodity from the middle band price.The methods for opening and closing short positions are the exact opposite of the long positions.
2.2Knowledge of Behavioral Finance
Traditional finance assumes that investor behavior is rational and focuses on asset pricing models. However, psychological research has found that the reality is not so, and many investors are not completely rational, thus giving rise to behavioral finance which applies psychological knowledge to finance. It focuses on how investors' psychology affects financial decisions and leads to changes in the capital market.
The phenomenon that people's cognitive results are biased due to their own or environmental factors when recognizing people or affairs is called cognitive bias. Irrational trading behavior in the financial market is caused by the following cognitive biases:

2.2.1Recent preferences
Investors value recent experience or data over earlier experience or data. If there is a correct trading system that has compounded 20% per year for the previous 5 years and lost 10% in the last 3 months, the investor will doubt the correct trading system and may even just stop using it.
2.2.2Anchoring effect

People's thinking when making decisions is influenced by first information that fixes the mind somewhere like a sunken anchor. This psychological effect of using a qualifying word or rule as a behavioral guide to achieve behavioral effects is called the "sunken anchor effect".

If a stock needs to be sold, the investor always uses the recent high as an "anchor", compares the current price with the previous high, and waits for the price to return to the high before he is willing to sell the stock. If the price continues to fall, the investor will continue to hold the stock. In the end, this can turn a profit into a loss（Daniel Kahneman and Amos Tversky,（1979））。

2.2.3Sunk Cost Effects

The sunk cost effect refers to the tendency of individuals to be influenced in their subsequent decisions by their reluctance to let the costs incurred in the past, such as financial investment, time, and effort, go to waste (Hal R. Arkes, Catherine Blumer, 1985). For example, if someone buys an expensive pair of shoes but finds them very uncomfortable, the more expensive the shoes are, the more likely they are to try wearing them multiple times, even if they no longer intend to keep them. Over time, this sunk cost effect tends to weaken.

In financial markets, the sunk cost effect manifests when investors continue to hold losing stocks because they are unwilling to realize the losses associated with their initial investment. As stock prices continue to decline, investors may persist in holding these losing positions in the hope of avoiding losses, which can ultimately lead to even greater losses.

2.2.4Disposition Effect

Shefrin and Statman (1985) found that investors are more willing to hold on to losing assets and sell profitable assets too early, an irrational behavior prevalent in financial markets called the disposition effect. Fearing the disappearance of their profits, investors sell their profitable stocks early and leave the market, failing to expand their profits. In order to prevent losses from being realized, the loss-making stock is held.
2.2.5Outcome bias

If an investment turns out to be profitable, no matter how bad that investment decision was, the investor will consider the behavior to be correct. If a correct trading system experiences continuous losses, the investor will abandon that correct system. The investor tends to judge good and bad based on the final result rather than the quality of the decision itself. This phenomenon of investors placing more importance on the actual outcome than on the quality of the decision itself is outcome preference.

2.2.6Herd effect
Because of the herd mentality leads to a swarm of people blindly follow and take the same action, this is the herd effect. When the price of housing has risen, the people around the buyers are making money, due to the herd effect, there will be more people to join the army of home buyers, resulting in crazy prices, until the bubble burst.
2.2.7Loss aversion effect
If an investor purchased a stock for $10 that is now down to $5, the average investor will continue to hold on to the stock in hopes of recouping their losses when the market rebounds. If the stock is now sold at $5, the loss will actually occur. This is where the loss aversion effect comes in.
2.2.8Law of small numbers

People often derive unsupported results from small probability events. For example, if a uniform coin is tossed 100 million times, heads and tails come up close to 50 million times, i.e., the probability of a coin coming up heads (or tails) each time the coin is tossed is 0.5. If the coin is now tossed heads 5 times in a row, on the 6th toss one would assume that the probability of tails is high. A trading strategy is treated as successful if it succeeds in 8 out of 10 tests, and the conclusion is not supported by enough information. The law of small numbers builds confidence too early.

Trend-following strategy does not predict the market to go up or down, it believes that the market sentiment is composed of trend and oscillations, oscillations are followed by trend and trend is followed by oscillations, and the law of price movement is just like that because of the human nature of the investor. Because investors' emotions and cognitive biases cause the market to go wrong, trend-following strategies are based on irrational market fluctuations to obtain excess returns（Clare A , et al., (2013)）。By investing according to a trending strategy, the cognitive biases mentioned above can be maximized and overcome. By approaching trading rationally from a probabilistic point of view, one can be in a good frame of mind to execute trading strategies with positive expectations.

The cyclicality of the trend of different trading varieties is not the same, the combination of multiple varieties will allow the funds to minimize the withdrawal of funds, shock market can also be correctly implement the trading strategy, will not be repeated stop-losses and stop using the strategy resulting in the loss of the big trend when the profit opportunities. Because in a few years of price fluctuation cycle, trend-following strategy will experience a long period of loss, without strong beliefs and good risk control, will be forced to exit the market. Investors tend to believe that they are smarter than others, and after a few profitable trades, they think they can beat the market and fail to objectively look at the market trend and expose their capital to great risk.

An optimized combination of trend trading strategies has the same expectations and risk control for every trade, while being prepared to lose money on every trade, analyzing the market with probability and positive expectations rather than predicting the market, to cut off losses and let profits run (Jaakko Aspara, (2015)). The gains from success far outweigh the losses from failure and ultimately generate excess returns.
2.3Portfolio theory of risky assets
MARKOWITZ(1952) published the paper Portfolio Selection which represents the emergence of portfolio theory. Portfolio is the allocation of assets to increase investment returns and reduce investment risk. The most classic theory of asset allocation is Markowitz's mean-variance model. When the probability of the rate of return of each trading variety is known, the investor can calculate the effective boundary, but also to determine the proportion of each variety of investment, but in practice when used to produce a portfolio is often difficult to understand, the error of the estimate is large, sensitive to the parameters and other drawbacks.Fisher Black and Robert Litterman (1992) proposed the Black- Litterman model, which improved and refined the CAMP model.The Black-Litterman model became the main tool used by Goldman Sachs and other asset management departments in asset allocation. Risk parity strategy is a risk-based asset allocation model, which puts the control of retracement in the first place for consideration. The main idea is to allocate assets to bear the same risk, by setting the expected return target and the maximum retracement, in consideration of the cost-effectiveness of the broad asset classes based on the proportion of investment in various types of assets, and the development of asset allocation and regular adjustment program. Risk parity strategy pursues a balance between return and risk. Therefore, risk parity strategy is an investment strategy that strives for a high Sharpe ratio. Risk parity is now an important strategy in portfolio practice due to its applicability.

Victor DeMiguel, et al. (2009) compare the allocation efficiency of optimal portfolios under various methods and find that the simple average allocation strategy has higher Sharpe ratio.
2.4Theory of Futures Fund Management
Funds are the most basic element of a trader's trading, and futures fund management is the systematic control of the amount of funds to open positions to minimize risk and expand returns. The futures market uses a margin system, daily settlement, t+0 two-way trading, and leverage of about 10 times. These features improve the efficiency of the funds to enlarge the profit at the same time also expand the risk. Money management is critical to the success or failure of futures trading (Gary P. Brinson, et al, (1991)). It determines whether a trader can survive in the futures market in the long run.Van K. Tharp (2011) argues that a complete trading strategy includes entry rules, exit rules, position management rules, and risk control rules. Futures money management includes position management and risk control. Risk control is the first priority of futures trading and is reflected by stop loss and take profit. Position management is specifically reflected in the number of lots opened for each variety. First of all, investors should consider that the total number of open positions should not exceed 50% of the total capital. If the capital investment is too large, when the need for additional margin will be forced to close the position, the capital investment is too small, the capital utilization efficiency is too low, the overall rate of return will decline. Secondly, investors should implement the proportion of funds allocated to each species. If there is a low correlation of 10 varieties to invest, each variety of funds is 5% of the total funds. Finally, open positions are calculated based on their prices and margin ratios. Suppose the total capital is 1 million RMB and the variety is rebar. Each time the use of funds to open positions for 50,000, the opening price of 4,000 yuan per ton, each hand is 10 tons, the margin ratio is 10%, the opening position N is calculated as follows:

N=(100000∗0.05)/(4000×10×10%)≈ 12

That is, rebar can only open a maximum of 12 lots of positions. The margin occupied after opening a position is RMB 48,000, and there is no capital limit exceeding RMB 50,000.

There are many ways to calculate the position. If the maximum loss amount per time is 2% of the initial funds to calculate the opening position, or rebar for example, the initial funds are 300000 yuan RMB, the opening price is 4000 yuan per ton, the strategy stop loss price is 3800, then the opening position is calculated as follows:

N=300000∗0.02/(4000-3800)×10=3

If you open a position of 3 lots in this manner, when the stop loss occurs, you will lose $6,000, which is exactly 2% of the initial capital loss. This is a good way to control risk。
Position management strategies can be categorized into Equivalent Martingale Strategy and Inverse Equivalent Martingale Strategy. Equivalent Martingale Strategy is to increase the capital invested in the subsequent trades when there is a loss, and decrease the capital invested when there is a profit. The Inverse Equivalent Martingale Strategy is the opposite, where you put less money into the trade when there is a loss, and more money into the trade when there is a profit. If there is an infinite amount of capital, the Equivalent Harness strategy is a good strategy. In reality, the total amount of money is finite, so the inverse equivalence harness strategy is the better money management strategy. Reducing the amount of money available to open positions when losses are incurred ensures that there is always money available to participate in the trade and that all losses can be recovered when the opportunity arises. It is difficult for an investor to predict the later movement of market conditions, as long as it is a trading strategy with a positive expected value, following the rules of strategy and money management, the investor will most likely be able to succeed (Van K. Tharp (2006)).
The Kelly formula calculates the optimal percentage of money that should be invested each time in an independently repeated bet with a positive expected return.John Larry Kelly (1956) proposed the Kelly formula, which was later applied to blackjack and the stock market by Edward O. Thorp (1980), and is well known to investors (Louis M. Rotando and Edward O. Thorp, (1992)). Thorp, (1992)) is well known to investors. The formula is as follows:

K = W - (1 -W) / R

where K = the amount of money invested as a percentage of the total capital, W = the probability of winning, and R = the profit/loss ratio - 1.

The Kelly formula also belongs to the Inverse Equivalence Harness strategy.

2.5Description of the indicators for the evaluation of the strategy test
2.5.1Examine the indicators of profitability:
Annualized compounded yields quantify yields on an annual basis to facilitate direct comparison of yields. 

2.5.2Examine the indicators of stability:

Profitability Ratio is the probability that the strategy will make money: Profitability Ratio = number of profits / total number of trades. Obviously the bigger the number the better.

The Profit/Loss Ratio is the ratio of the average profit per trade to the average loss per trade: Profit/Loss Ratio = (Total Profit/Profit Trades)/(Total Loss/Loss Trades).

Together with the profit ratio, the profit/loss ratio constitutes the mathematical expectation E(r) that affects the profit/loss of a strategy:

E(r) = PR * PLR

If E(r) > 1, the strategy return has a positive expectation.

2.5.3Examine the indicators of risk capacity:

Annualized volatility is used to measure the risk of volatility of the underlying investment:

 annualized volatility = standard deviation of daily returns * 252.

Higher volatility means higher risk taken.

2.5.4Composite indicators:

The formula for calculating the Sharpe ratio is as follows:

sharpR=ER−Rfσ
Where E(R) represents the expected annualized return of the portfolio, Rf represents the annualized risk-free rate, σ represents the standard deviation of the expected annualized return of the portfolio, and the Sharpe ratio reflects the relationship between return and risk, the higher the Sharpe ratio, the better the portfolio.

Rollinger et al. (2014) proposed that the Sharpe ratio does not distinguish between upward and downward volatility. Outliers with high returns can increase the standard deviation more than the numerator value leading to a lower Sharpe ratio. In trend-following strategy, Sharpe ratio can be increased by removing the largest positive returns. When returns are not normally distributed, the Sharpe Ratio measures risk-reward undesirably.The SortinoR (Sortino Ratio) is calculated as follows: 

SortinoR=ER-RfSemivariance

Similar to the Sharpe Ratio, but the Sortino Ratio utilizes the lower bias standard deviation Semivariance instead of the total standard deviation σ. Semivariance means that all expected returns less than Rf are used to calculate the standard deviation. The Sortino Ratio places more weight on the expected loss analysis of the (left) tail to distinguish between unfavorable and favorable volatility. The Sortino ratio is a more prudent indicator of valuation.

3 Empirical research
3.1Data
3.1.1 Downloading data
 Ince, O. S., & Porter, R. B. (2006) argued that the use of Thomson Datastream to collect data on individual stocks in markets outside the U.S. needs to be done with great care, and that there are flaws in the data.The CSMAR database of Chinese economic and financial research is a database that has been designed with the best practices of the University of Chicago's CRSP, Standard and Poor's Compustat, the New York Stock Exchange, TAQ, and Thomson's internationally recognized databases, and carefully designed with the Chinese context in mind. TAQ, and Thomson international famous database's successful experience, and combined with China's national conditions carefully designed database. The database is one of the most comprehensive economic and financial research databases in China. Therefore, we download our data from CSMAR for relevant futures trading data.
3.1.2 Selection of futures varieties

The mainstream financial securities trading markets in China are: bond market, stock market, futures market. The futures market is the second largest trading market after the stock market, with strong liquidity. Futures trading using the margin system, you can freely choose 1-10 times the leverage to improve the efficiency of capital utilization; at the same time, the use of bilateral position mechanism, T + 0 trading rules to ensure that investors can flexibly implement the strategy. Therefore, this paper chooses the futures market as the research object.

Trend-following strategies are speculative in nature and require a certain level of volatility and liquidity in the traded instruments. Trend-following strategies rely on megatrends to win, so it is important to choose varieties to trade that have high market volatility and smooth trends. Trend strategy relies on price movements to profit, the high volatility of the price can produce a higher possibility of profit. At the same time requires a higher risk management ability. In this paper, we choose to test varieties with good liquidity (daily turnover of the main contract is more than 100,000 lots, and the trading volume is more than RMB 1 billion), and then remove the varieties with short time and poor trend tracking, and then optimize and test the rest of the trading varieties. As of July 28, 2023, there are 74 varieties listed and traded in China's futures market, and 60 varieties are selected for testing according to the above criteria.

Trend following strategies for daily cycles are medium to long term trading strategies that often involve changing the main contract. The trading strategy involves choosing a contract index to study. Various trading programs have different methods of calculating indices. Changing the main contract sometimes there is a change in the month of the short jump and so on, resulting in trading strategy calculation deviation. Various methods of calculating indices have their own advantages and disadvantages. I refer to Jack D. Schwager (1996) to prepare the contract index method to calculate the main continuous contract: similar to the stock's front-weighted, the main contract connected to the current main contract as a standard, the previous data using the current main contract plus or minus the spread, so that the test is closer to the real market (if the front-weighted price is negative, then the back-weighted way, to ensure that the data can be used in the (Rstudio can run normally).
3.2 Data backtesting
3.2.1 Data processing
Firstly, the downloaded raw data were imported into Rstudio (see Appendix 1 and 2 for the relevant R codes for importing, cleaning and exporting of data, and install the relevant versions of R and RSTUDIO and packages that need to be used before importing the data, as described in Appendix 1).

There are a total of 1,786,847 observations in the raw data, including 72 futures contracts. The different contracts of each variety contain data on the opening, high, low, and closing prices as well as volume, positions, and turnover for each trading day. The earliest date in these data is 1998-01-05, and the last closing dates are all 2023-07-28 (see data1 in the Rstudio environment for specific information).Futures specific species names are shown in Table 1 and descriptive statistics of the data in Table 2.

Table 1 Names of the futures varieties

[image: image1.png]chloride

V1 v V3 V4 5 V6 VT V8 Ve

fellow Sorbean | i1 ver alwniniun  |alunina Fresh apples  |gold Yellow Soybean No. 2 [BLockboard Cathode copper

V10 V11 V12 V13 V14 V15 V16 V17 V18

Butadiene rubber [Petroleun asphalt [corn cotton [Red jujube corn starch copper cotton yarn styrene

V19 V20 V21 V22 V23 V24 V25 V26 V2

othylene slycol [Fiberbosrd s uel oil ot rolled coil || = ST 500 stock index [Shanghai and Shenchen 300 [Shanghai Stock Exchange 50
plate futures Index Futures Index Futures

V28 V29 V30 V31 V32 V33 V34 V35 V36

CST 1000 stock N - N N - . N

indes futures coke Fresh eggs coking coal Japonica rice ILLDPE ILithiun carbonate Live pigs Late indica rice

V3T V38 V39 V40 V41 V42 V43 V44 V45

';;"1‘ sulfur fuel oo bean meal lmethanol Inickel No. 20 adhesive [Rapeseed oil lpalm oil lead Spun

V46 V4T V48 V49 V50 V51 V52 V53 V54

Liquefied Peanut kernels  |Pumai polypropylene  [Threaded steel |Early indica rice [Rapeseed meal Japonica rice rapeseed

troleun gas
V55 V56 V5T V58 V59 V60 V61 V62 V63
Natural rubber [Soda ash Medium sulfur |, ocitjcon  |dustrial Manganese silicon |tin Bleached kraft softwood \yiio ooy
crude oil silicon pulp
V64 V65 V66 V6T V68 V69 V70 V71 V72
Stainless steel [PTA urea polyvinsl Strong wheat  |wire rod Soybean o0il Steam coal zinc





Table 1 shows the names of the 72 futures varieties

Table 2 Descriptive statistics of raw data
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Column 1 of Table 2 is the specific date of the trading day, column 2 is the contract code of the futures, column 3 is the name of the futures, column 4 is the code of the exchange, and columns 5 through 11 are the daily opening, high, low, and closing prices as well as the volume, position, and turnover, respectively.

The raw data invalid values are removed by the R code in Appendix 2, from which the main contract and the relevant variables needed for each variety are extracted and the prices are reweighted. Finally, these 72 futures main contract data are converted into a standard time series format. From the data, it can be found that some varieties such as strong wheat late volume is very small, indicating that this futures varieties are not many participants, not suitable for trading, natural rubber is a very active trading varieties, but in the early stage of the lack of data, there are also some new varieties such as lithium carbonate listed on the market in a short period of time only 25 trading days of data, as a result of these factors finally got 60 data integrity of the futures varieties. Figure 1 shows the K chart of some of the finishing futures varieties.

Figure 1 K charts of some futures varieties
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As can be seen in Figure 1, the futures varieties are normal in terms of volume and price. In total, 60 data-complete futures varieties are obtained for later testing.

3.2.2 Tests for each futures variety
Firstly, according to the standard of 2.1.2 to 2.1.6, the complete code of Bollinger Bands strategy is written in Rstudio (R version 4.1.3) software, and the specific content of the code is shown in Appendix 3. Secondly, the 60 futures varieties that are organized to use the Bollinger Bands trading strategy will be tested, and the statistical results of the tested trades are shown in Table 3.
Table 3 Initial test results of Bollinger Bands trading strategy
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Table 3 shows the test results of the Bollinger Bands strategy loaded onto 60 futures varieties. Column 1 is the name of each futures variety. Column 2 is the number of trades (1 complete buy and sell cycle is 1 trade) for each variety during the test period. Since each variety has been on the market for a different period of time, those with a low number of trades are the newly listed varieties. The higher the number of trades, the more reliable its statistical significance. Column 3 represents the profit obtained by trading with the Bollinger Bands strategy, minus the commission, with negative numbers representing losses. The commission was increased during the test so that it was closest to the real profit of the actual trade. Column 4 shows the average profit per trade. The higher the average profit per trade, the more reliable the trade. Column 5 is the Profit Ratio. Column 6 is the Profit/Loss Ratio, which is the ratio of the average profit per trade to the average loss per trade. Column 7 is the return expectation of the strategy, the higher the value the more likely it is to be profitable in the future. Columns 8 through 10 are the annualized compounded return, annualized volatility, and annualized Sharpe ratio, respectively. The last column is the Sortino Ratio. The bottom two rows are the sum and mean of the columns.
As can be seen from Table 3, 60 trading varieties were traded using the Bollinger Bands strategy, and only 16 varieties incurred losses, except for alumina, which was listed for too short a period of time for no trades to take place, indicating that this strategy has a better generalizability. Abandon these loss-making trading varieties. Some varieties listed for a short time, the number of transactions is small. Therefore the varieties with less than 30 trades were removed. Within the remaining varieties, futures varieties with annualized compounded returns of not less than 8% are selected for optimization. In total, 11 traded varieties were obtained, as shown in Table 4.
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3.2.3 In-sample optimization
The futures varieties with good backtesting results of the Bollinger Bands strategy are shown in Table 4. The data of each variety is divided into two segments, and the first half of the data is used for in-sample parameter optimization, and the second half of the data is used for out-of-sample testing. Parameters 20 and 2 of the Bollinger Bands trading strategy are optimized in these 11 futures varieties, and the specific code for optimization is shown in Appendix 4. The results after running the code are shown in Tables 5 to 15, respectively.

Table 5 CSI_500_stock_index_futures parameter optimization results
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In Table 5, column 1, ID, indicates the number of sequences in the permutation of the 50 randomly selected samples, column 2 indicates that the parameter 20 for the mean of the closing price of the 20 trading days is selected between 10 and 40 trading days, column 3 is the parameter of the 2 standard deviations is selected between 1 and 4, and the other columns express the same meanings as the descriptions in Table 3.
Table 6 Bleached_kraft_softwood_pulp parameter optimization results
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Table 7 Parameter optimization results for Fresh_apples
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Table 8 Parameter optimization results for styrene
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Table 9 Parameter optimization results for Soda_ash
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Table 10optimization results for Shanghai_and_Shenzhen_300_Index_Futures  [image: image11.png]Number Expectat
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Table 11 Parameter optimization results for coke
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Table 12 Parameter optimization results for PTA
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Table 13 Parameter optimization results for Hot_rolled_coil_plate
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Table 15 optimization results for Medium_sulfur_crude_oil [image: image16.png]Number . . Expectat Annualiz
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In Table 5-15, some varieties have not been on the market long enough to generate fewer trades and no losses, so the profit/loss ratios and expected values appear to have invalid values. Some samples did not generate trades, so there are less than 50 observations. Some have invalid values in the calculation of the annualized compounded rate of return and Sharpe ratio formula because the loss exceeded the initial capital of $300,000.

According to the optimization results, the size of the net profit is the most important selection basis, and at the same time refer to the average profit per time, profit expectation, Sharpe ratio, Sortino ratio comprehensive analysis, to select the best parameters for each futures variety to carry out out out-of-sample testing. In Table 5, based on the results shown in Table 5, the parameters of CSI_500_stock_index_futures are best tested by taking 10 and 2 respectively (the largest net profit, the largest average profit per time, the highest profit expectation, and larger Sharpe and Sortino ratios). The results of the optimized parameters are indicated:

When using the Bollinger Bands trading strategy in CSI_500_stock_index_futures, take the average of the closing prices of the 10 trading days as the middle rail, add or subtract 2 standard deviations to calculate the upper and lower rails, and buy a long order when the price is greater than or equal to the upper rail, and close the long position and leave the market when the lowest price is less than or equal to the middle rail. When the price is lower than the lower rail when selling short orders, when the price is greater than or equal to the center rail when the short single closed out of the market.

Based on the above methodology, the optimal parameters for each of the varieties in Tables 6 to 15 were selected: the optimal parameters for Bleached_kraft_softwood_pulp were 18,1. the parameters for Fresh_apples were 19,2. the parameters for styrene were 12,1. the parameters for soda_ash were 40,2. the optimal parameters for Shanghai_and_Shenzhen_300_Index_Futures were 30,1. coke was 20,2. the parameters for PTA were 37,1. the parameters for Hot_rolled_coil_plate were 37,1. Shenzhen_300_Index_Futures_is_30,1. coke_is_20,2. pta_is_37,1. hot_rolled_coil_plate_is_40,2. rebar_is_26,2. medium_sulfur_crude_oil_is_14,1.

3.2.4Out-of-sample testing

The optimal parameters of the Bollinger Bands trading strategy screened on different futures varieties are shown in Table 16.

Table 16 Optimal parameters of the Bollinger Bands strategy for each species
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name Parameter N of Bollinger channel
CST_500_stock_index_futures 10 2
Bleached kraft_softwood_pulp 18 1
Fresh_apples 19 2
styrene 12 1
Soda_ash 40 2
Shanghai_and_Shenzhen_300_Index Futures 30 1
coke 18 1
PTA 37 1
Hot_rolled coil plate 40 2
Rebar 26 2
Medium_sul fur_crude_oil 14 1





According to the data within Table 16 set the parameters on each variety separately and backtest the second half of the data for the corresponding variety, the code is shown in Appendix 5 and the results of the backtest are shown in Table 17.

Table 17 Out-of-sample test results for optimization parameters
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Column 1 is the name of the traded futures variety. Column 2 is the number of trades. Column 3 is the net profit and column 4 indicates the average profit per trade. Column 5 indicates the winning percentage. Column 6 is the profit/loss ratio and column 7 is the profit expectation. Columns 8 and 11 denote the annualized compounded rate of return, annualized volatility, annualized Sharpe ratio, and Sortino ratio, respectively.
4 Empirical results
The Bollinger Bands trading strategy was tested on 60 futures varieties. Since the margin for 1 lot of Shanghai_and_Shenzhen_300_Index_Futures is about 150,000 RMB, the initial capital for each variety is set at 300,000 RMB in order to ensure that each variety can open a position. The maximum stop-loss amount for each transaction is four percent of the initial capital. So that each variety of risk control consistent, easy to compare each other. Futures contract commission is set at five ten thousandths, higher than the actual commission, the purpose is to offset the slippage of the transaction, so that it is closer to real trading.
4.1 Comparison of sample test results
Out-of-sample tests were conducted on the above 11 varieties using the original parameters (Test Code Appendix 6), and the results of the out-of-sample tests of the optimized parameters and those of the original parameters were placed under the same table for comparative analysis, as shown in Table 18.

Table 18 Comparison of out-of-sample test results for optimal and original parameters
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In Table 18, the red words represent the out-of-sample test results using the optimized parameters and the black words represent the out-of-sample test results for the original parameters. Out-of-sample test results of the Bollinger Bands trading strategy on styrene using the optimized parameters (12,1): 48 trades with a net profit loss of RMB 17,292, a profit expectation of 0.62, an annualized compounded rate of return of -0.03, an annualized volatility of 0.17, an annualized Sharpe Ratio of -0.19, and an annualized Sortino Ratio of -0.01. This result reflects the existence of an overfitting Risk. Due to the small amount of data, the small number of trades, and the trending nature of the market can affect the correctness of the results, the optimized and original parameters were tested and compared over the same time period. Out-of-sample test results for the original parameters (20,2): 19 trades with a net profit of RMB 16,945, profit expectation of 0.88, annualized compounded rate of return of 0.03, annualized volatility of 0.14, annualized Sharpe Ratio of 0.22, and annualized Sortino Ratio of 0.03. All the indicators are better than the optimized parameters. Based on this, the Bollinger Bands trading strategy ended up choosing the original parameters. Comparing the other instruments in the same way, the result is that Bleached_kraft_softwood_pulp, styrene, Shanghai_and_Shenzhen_300_Index_Futures, PTA, Rebar and Medium_sulfur_crude_oil use the original parameters and optimized parameters for CSI_500_stock_index_futures, Fresh_apples, Soda_ash, coke, and Hot_rolled_coil_plate.
4.2 Multispecies combination

The best parameters were obtained for 11 varieties by comparison. To facilitate the observation of each parameter, it was made into Table 19.

Table 19 Parameter results of the final screening of the varieties
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4.2.1Species correlation test

Correlation analysis was done for 11 futures varieties using R's GGally package (see Appendix 7 for the code) and the results are shown in Figure 2 and Table 20.

Fig. 2 Scatter plot of correlation coefficients for each species
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Table 20 Correlation coefficients for each species
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The graphs show the correlation between the 11 varieties two by two. Since each variety has an inconsistent listing date, the shortest variety was taken as the criterion and grouped by year for comparison. Usually, a correlation coefficient close to 1 indicates a strong positive correlation between two variables, close to -1 indicates a strong negative correlation, and close to 0 indicates no linear correlation. From the scatter plot, we can see that Shanghai_and_Shenzhen_300_Index_Futures and Fresh_apples are negatively correlated, with a correlation coefficient of -0.804. Forming a portfolio with such varieties can better reduce the risk. rebar_and_hot_rolled_coil_plate Scatter Plot Rebar and Hot_rolled_coil_plate Scatterplot are nearly straight lines with a correlation coefficient of 0.991, which is statistically significant. If real trading, choose a better effect from the two varieties to form a portfolio, or two varieties accounted for half of the other varieties of funds to manage funds, can better avoid risk. Based on the above method, the 11 varieties were compared and analyzed, and try to choose the relatively small correlation coefficient or negative correlation of the varieties for the combination.

4.2.2 Building a multi-species portfolio model

Based on the screened futures varieties, the combination of futures varieties is constructed by referring to the actual relationship of their underlying, combined with the correlation coefficient. Financial futures contain two varieties CSI_500_stock_index_futures, Shanghai_and_Shenzhen_300_Index_Futures. their correlation coefficients are 0.533, so they are divided into two groups. Compare the size of their correlation coefficients with the other 9 commodity futures respectively, and combine the varieties with small correlation coefficients together. Two groups of portfolios are obtained:

The first group is Shanghai_and_Shenzhen_300_Index_Futures, Medium_sulfur_crude_oil, PTA, Hot_rolled_coil_plate, styrene and coke.

The second group is CSI_500_stock_index_futures, Fresh_apples, Rebar, Bleached_kraft_softwood_pulp, Soda_ash.

The correlation coefficient between PTA and Medium_sulfur_crude_oil within the first group is 0.917, PTA is a by-product of Medium_sulfur_crude_oil processing, and the two are highly correlated and not suitable to be placed in one group. Therefore, PTA is adjusted to the second group. According to this way of comparing and analyzing one by one, the final combination of the two groups of varieties is:

The first group is 5 varieties: Shanghai_and_Shenzhen_300_Index_Futures, Medium_sulfur_crude_oil, Hot_rolled_coil_plate, styrene and coke.

The second group is a combination of six varieties: CSI_500_stock_index_futures, Fresh_apples, Rebar, Bleached_kraft_softwood_pulp, PTA and Soda_ash.

5 Conclusions

In this paper, the Bollinger Bands strategy, a classic trend-following trading strategy, was selected to test all 60 varieties being traded in the Chinese futures market on July 27, 2023 (12 varieties with incomplete data from inactive trading were removed). On each variety, equal amounts of capital were used to stop out at 0.04 of the initial capital each time a position was opened. After the listing of each variety in accordance with the Bollinger Bands trading strategy to remove the transaction costs of 44 varieties can produce positive returns, only 16 varieties of losses, the cumulative profit of 301,550 yuan, the average annualized compound interest rate of 0.05, the Sharpe ratio of 0.37. This shows that the Bollinger Bands trading strategy is effective in China's futures market.

The same strategy also produces significant differences when traded on different futures varieties. Therefore, choosing a combination of futures varieties that test well will result in a greater likelihood of profitability at a later stage. Futures varieties that trend well on the daily cycle with small oscillations perform well on the trend following strategy. In this paper, the varieties with good trading results are selected based on the corresponding indicators, and then these varieties are optimized in-sample and tested out-of-sample to select the best parameters. Finally, based on the correlation of varieties, two groups of multi-variety combination patterns are formed for real trading.

Trend-following strategy in accordance with the market price trend for trading, the price rises to a certain position that the upward trend is established and go long, the price falls to a certain standard that the downward trend appears and go short. When a large number of traders follow the same method of trading it can lead to dramatic fluctuations in market prices and a herd effect in the market. This strengthens the effect of the strategy. This repeated occurrence of trading behavior changes the underlying state of the market and manifests itself as a trader effect, resulting in a strategy that will no longer be effective. The results tested in this paper show that this well known trading strategy still produces good returns in the Chinese futures market. Because the Sharpe Ratio and Sortino Ratio of these strategies are very low, most of them are less than 1. This indicates that these strategies are risky and have many retracements. It is difficult for participants to stick to the trade and abandon these correct trading methods after multiple stop losses. When using these strategies, it is important to control the amount of money used, to avoid repeated stop-losses in the oscillator market will lose all the money and miss the trend of the market profit.

There is no holy grail in the trading world. Each strategy has its own adaptation to the market and trading varieties. Therefore, you have to choose the market and species that are more favorable to you to trade. It is also important to be aware of the impact of random events during trading. A combination of multiple varieties can better minimize the impact of random events.

With the popularity of quantitative investment and programmed trading, there are more and more theoretical studies and the development of quantitative strategies has become more and more perfect, but the strategies with real practical value are in a non-public state. Some public strategies mostly originate from developed markets in Europe and the United States. How effective these strategies are in emerging markets is a direction worth exploring and researching. China's futures market has an increasing share in the world's futures market, and there are more and more varieties. Therefore, this paper makes a preliminary exploration of China's futures market. Most of the time the market quotation is oscillating, the trend following strategy will be in loss most of the time, which is a great test for the confidence and patience of traders. This is a great test of traders' confidence and patience, and requires strong endurance on the part of the user. The development of oscillator trading strategy and trend-following strategy for a combination of better able to reduce the withdrawal of funds, reduce risk. At the same time should also increase the combination of different cycles of trading: such as intraday 5, 15, 30-minute trading strategy and daily, weekly, monthly trading strategy combination, so that we can try to diversify the risk, resulting in a better combination of strategies. In addition, the construction of multi-species multi-strategy investment portfolio, each variety of fixed the same funds and each variety and strategy are independent of each other, resulting in a lack of linkage and interaction between different trading strategies and varieties. In future research, the interaction between different strategies and varieties can be considered, and the funds can be dynamically adjusted to compare their trading effects.
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Appendix 1: R-related codes for organizing data

# Instructions for installing related packages ----------------------------

#R version 4.1.3 Run rsudio when stats can not be called properly: 

#Copy all the files under C:\ProgramFiles\R\R-4.1.0\bin\X64 folder to 

#C:\Program Files\R\R-4.1.0\library\stats\libs\x64.#To install the quantstrat package 

#refer to this https://github.com/braverock/quantstrat

# install.packages("devtools") # if not installed

# install.packages("FinancialInstrument") #if not installed

# install.packages("PerformanceAnalytics") #if not installed

# # next install blotter from GitHub

# devtools::install_github("braverock/blotter")

# # next install quantstrat from GitHub

# devtools::install_github("braverock/quantstrat")

# devtools::install_github("IlyaKipnis/IKTrading")

# devtools::install_github("IlyaKipnis/DSTrading")

# devtools::install_github("gsee/qmao")

# install.packages("tidyverse")

#install.packages("writexl")

library(tidyverse)

library(writexl)

# Importing Commodity Futures Data ---------------------------------------

setwd("D:/thesis/data2")  

data1 <- read_csv("Commodity/FUT_Fdt.csv",col_types = cols(.default = col_character()))

data1 <- type_convert(data1)

data2 <- read_csv("Commodity/FUT_Fdt1.csv")

data3 <- rbind(data2, data1)

write_rds(data3, "datacommodity.rds")

# Importing Stock Index Futures Data -------------------------------------

datastockIF <- read_csv("StockIndexFutures/FFUT_Fdt.csv", locale = locale(encoding = "UTF-8"))

datastockIF <- type_convert(datastockIF)

write_rds(datastockIF, "datastockIF.rds")

# Combined commodity and stock index futures data -------------------------

dataif <- read_rds("datastockIF.rds")

datacmd <- read_rds("datacommodity.rds")

datacmd <- datacmd %>% 

  select(-c(Fdt002, Fdt007:Fdt009, Fdt012)) %>% 

  rename(Exhcd = Fdt001, Opnprc = Fdt003, Hiprc = Fdt004,

         Loprc = Fdt005, Clsprc = Fdt006, volume = Fdt010, 

         Opint = Fdt011, Turnover = Fdt013) %>% 

  arrange(Trddt, Agmtcd) 

dataif <- dataif %>% 

  select(names(datacmd)) %>% 

  arrange(Trddt, Agmtcd)

# Raw data summary and descriptive statistics -----------------------------

data1 <- rbind(datacmd,dataif)  

data1 <- data1 %>% 

  arrange(Trddt, Agmtcd)

datatotal <- summary(data1)

# Create a data box containing summary information

summary_data <- data.frame(

  Trddt = c("Min.:1998-01-05", "1st Qu.:2013-01-30", "Median:2017-06-21", "Mean:2016-04-23", "3rd Qu.:2020-11-09", "Max.:2023-07-28", "NA's"),

  Agmtcd = c("Length:1786847", "Class:character", "Mode:character", "", "", "", ""),

  Trdvar = c("Length:1786847", "Class:character", "Mode:character", "", "", "", ""),

  Exhcd = c("Length:1786847", "Class:character", "Mode:character", "", "", "", ""),

  Opnprc = c("Min.:     0", "1st Qu.:  2510", "Median:  4464", "Mean: 11516", "3rd Qu..:  9750", "Max.   :391660", "NA's:720"),

  Hiprc = c("Min.:     0", "1st Qu.:  2524", "Median:  4487", "Mean: 11590 ", "3rd Qu:  9802", "Max.:396660", "NA's720"),

  Loprc = c("Min.:     0", "1st Qu.:  2499", "Median:4442", "Mean:11443", "3rd Qu.:9695", "Max.:355000", "NA's:720"),

  Clsprc = c("Min.:     0", "1st Qu.:2512", "Median:4464", "Mean:11514", "3rd Qu.:9750", "Max.:391660", "NA's:37"),

  volume = c("Min.:     0", "1st Qu.:0", "Median:44", "Mean:45496", "3rd Qu.:3847", "Max.22361440", "NA's"),

  Opint = c("Min.:     0", "1st Qu.8", "Median:472", "Mean:44421", "3rd Qu.:13896", "Max.:4832902", "NA's:26929"),

  Turnover = c("Min.:     0", "1st Qu.:0", "Median:203", "Mean:339434", "3rd Qu.:24061", "Max.:359888094", "NA's:76595")

)

# Save the data frame as an Excel file

write_xlsx(summary_data, "原始数据的摘要信息.xlsx")

rm(datacmd, dataif,data3,datastockIF)

#Export aggregated raw data and descriptive statistics tables

write.table(datatotal,"datatotal.csv",sep=",")

write_rds(data1, "datacmdif.rds")

Appendix 2: R codes for data cleaning

library(tidyverse)

library(xts)

library(quantstrat)

# Import data  ----------------------------------------------------------------

setwd("D:/thesis/data2")  

datacmdif <- read_rds("datacmdif.rds")

datacmdif <- na.omit(datacmdif)

# Create a named vector of name mappings

name_mapping <- c()

name_mapping["黄大豆1号"] <- "No.1 Soybean"

name_mapping["白银"] <- "silver"

name_mapping["铝"] <- "aluminium"

name_mapping["氧化铝"] <- "alumina"

name_mapping["鲜苹果"] <- "Fresh apples"

name_mapping["黄金"] <- "Gold"

name_mapping["黄大豆2号"] <- "No.2 Soybean"

name_mapping["细木工板"] <- "Blockboard"

name_mapping["阴极铜"] <- "Cathode copper"

name_mapping["丁二烯橡胶"] <- "Butadiene rubber"

name_mapping["石油沥青"] <- "Petroleum asphalt"

name_mapping["玉米"] <- "corn"

name_mapping["棉花"] <- "cotton"

name_mapping["红枣"] <- "Red jujube"

name_mapping["玉米淀粉"] <- "corn starch"

name_mapping["铜"] <- "copper"

name_mapping["棉纱"] <- "cotton yarn"

name_mapping["苯乙烯"] <- "styrene"

name_mapping["乙二醇"] <- "ethylene glycol"

name_mapping["纤维板"] <- "Fiberboard"

name_mapping["玻璃"] <- "glass"

name_mapping["燃料油"] <- "fuel oil"

name_mapping["热轧卷板"] <- "Hot rolled coil plate"

name_mapping["铁矿石"] <- "Iron ore"

name_mapping["中证500股指期货"] <- "CSI 500 stock index futures"

name_mapping["沪深300指数期货"] <- "Shanghai and Shenzhen 300 Index Futures"

name_mapping["上证50股指期货"] <- "SSE 50 Index Futures"

name_mapping["中证1000股指期货"] <- "CSI 1000 stock index futures"

name_mapping["焦炭"] <- "coke"

name_mapping["鲜鸡蛋"] <- "Fresh eggs"

name_mapping["焦煤"] <- "coking coal"

name_mapping["粳稻谷"] <- "Japonica rice"

name_mapping["LLDPE"] <- "LLDPE"

name_mapping["碳酸锂"] <- "Lithium carbonate"

name_mapping["生猪"] <- "Live pigs"

name_mapping["晚籼稻"] <- "Late indica rice"

name_mapping["低硫燃料油"] <- "Low sulfur fuel oil"

name_mapping["豆粕"] <- "Soybean meal"

name_mapping["甲醇"] <- "methanol"

name_mapping["镍"] <- "nickel"

name_mapping["20号胶"] <- "No.20 Rubber"

name_mapping["菜籽油"] <- "Rapeseed oil"

name_mapping["棕榈油"] <- "palm oil"

name_mapping["铅"] <- "lead"

name_mapping["短纤"] <- "Short Fiber"

name_mapping["液化石油气"] <- "liquefied petroleum gas"

name_mapping["花生仁"] <- "Peanut kernels"

name_mapping["普麦"] <- "Common Wheat"

name_mapping["聚丙烯"] <- "polypropylene"

name_mapping["螺纹钢"] <- "Rebar"

name_mapping["早籼稻"] <- "Early indica rice"

name_mapping["菜籽粕"] <- "Rapeseed meal"

name_mapping["粳米"] <- "polished round-grained rice"

name_mapping["油菜籽"] <- "rapeseed"

name_mapping["天然橡胶"] <- "Natural rubber"

name_mapping["纯碱"] <- "Soda ash"

name_mapping["中质含硫原油"] <- "Medium sulfur crude oil"

name_mapping["硅铁"] <- "ferrosilicon"

name_mapping["工业硅"] <- "Industrial silicon"

name_mapping["锰硅"] <- "Manganese silicon"

name_mapping["锡"] <- "tin"

name_mapping["漂白硫酸盐针叶木浆"] <- "Bleached kraft softwood pulp"

name_mapping["白糖"] <- "White sugar"

name_mapping["不锈钢"] <- "Stainless steel"

name_mapping["PTA"] <- "PTA"

name_mapping["尿素"] <- "urea"

name_mapping["聚氯乙烯"] <- "polyvinyl chloride"

name_mapping["强麦"] <- "Strong wheat"

name_mapping["线材"] <- "wire rod"

name_mapping["豆油"] <- "Soybean oil"

name_mapping["动力煤"] <- "Thermal Coal"

name_mapping["锌"] <- "zinc"

# Replace Chinese names with English names

datacmdif$Trdvar <- name_mapping[datacmdif$Trdvar]

#Custom Functions:getvariety

getvariety <- function(x, y, z){

  # Extraction of main contracts

  x <- y %>% 

    filter(Trdvar == z) %>% 

    arrange(Trddt, Opint)  

  x$spread <- if_else(x$Trddt != lead(x$Trddt),

                          x$Opnprc - lag(x$Opnprc), 0)

  x <- x[x$Trddt != lead(x$Trddt),-c(3:4,11)]

  x <- rbind(x[1,],x)

  x$spread <- if_else(x$Agmtcd != lag(x$Agmtcd),

                          x$spread, 0 )

  x <- na.omit(x)

  # Weighting the data

  spread_value <- x$spread

  spread_rev <- rev(spread_value)

  spread_sum = cumsum(spread_rev)

  spread_adj <- rev(spread_sum)

  x1 <- tibble(

    spread_rev = spread_rev,

    spread_sum = spread_sum,

    spread_adj = spread_adj

  )

  x <- cbind(x, x1)

  rm(x1, spread_value, spread_rev, spread_sum, spread_adj)

  x$spread_rehb <- if_else(x$spread  != 0,

                               lead(x$spread_adj),

                               x$spread_adj)

  # Renaming and selecting variables

  x <- x %>%

    mutate(

      open = Opnprc + spread_rehb,

      high = Hiprc + spread_rehb,

      low = Loprc + spread_rehb,

      close = Clsprc + spread_rehb) %>%

    rename(date = Trddt, variety = Agmtcd, position = Opint) %>%

    select(1, 2, 14:17, 7:8) 

  # Backward reweighting

  if(length(x$open[x$open<0])>0){

    x <- y %>% 

      filter(Trdvar == z) %>% 

      arrange(Trddt, Opint)  

        x$spread <- if_else(x$Trddt != lead(x$Trddt),

                            x$Opnprc - lag(x$Opnprc), 0)

        x <- x[x$Trddt != lead(x$Trddt),-c(3:4,11)]

        x <- rbind(x[1,],x)

    x$spread <- if_else(x$Agmtcd != lag(x$Agmtcd), x$spread, 0 )

        x <- na.omit(x)

        x$spread_value <- x$spread 

    x$spread_sum = cumsum(x$spread_value)

       x <- x %>% 

      mutate(

        Open = Opnprc - spread_sum,

        High = Hiprc - spread_sum,

        Low = Loprc - spread_sum,

        Close = Clsprc - spread_sum) %>% 

      rename(date = Trddt, variety = Agmtcd, position = Opint) %>% 

      select(1:8)

  }

  filename <- paste0(symbols[i],".rds")

  write_rds(x, filename)

  }

# Find the name of the futures that will be traded on July 28, 2023

symbolsName <- datacmdif %>% 

  filter(Trddt == "2023-07-28") %>% 

  group_by(Trdvar) %>% 

  select(Trdvar)

symbolsName <- unique(symbolsName)

write.table(symbolsName, "name of variety.csv", sep = ",")

symbolsName <- as.data.frame(symbolsName)

symbolsName <- symbolsName$Trdvar

symbols <- gsub(" ", "_", symbolsName)

write_rds(symbols, "symbols.rds")

# Export all futures varieties

for (i in 1:length(symbolsName)) {

  varietyfut <- symbolsName[i]

  varietyfutname <- symbols[i]

  getvariety(x = varietyfutname, y = datacmdif, z = varietyfut )

}

rm(i, symbolsName, varietyfut,varietyfutname)

#Batch data import

for (i in 1:length(symbols)) {

  varietyFut <- symbols[i]

  varietyFutvalu <- readr::read_rds(paste0(varietyFut,".rds"))

  assign(symbols[i], varietyFutvalu)

}

rm(i, varietyFut, varietyFutvalu )

# Convert to time series data

for(i in 1:length(symbols)){

  tmp <- get(symbols[i])

  tmp <- tmp[,-c(2,8)]  

  names(tmp)[1:6] <- c("Time", "Open", "High","Low","Close", "Volume")

  tmp.date <- as.Date(tmp$Time,format = "%Y-%m-%d")

  assign(symbols[i], xts(tmp[, -1], tmp.date))

}

rm(i, tmp,tmp.date )

#Remove unsuitable species for trading

timeN <- 0

symbolsI <- character(length(symbols))  # 初始化为字符向量

output <- character(length(symbols))    # 初始化为字符向量

for (i in 1:length(symbols)) {

  tmp <- get(symbols[i])

  if (sum(tmp$Volume == 0) > 0) {  # 使用 sum 检查 Volume 列中是否有零值

    tmpName <- symbols[i]

    timeN <- timeN + 1

    symbolsI[i] <- paste0(tmpName, i)

    output[i] <- tmpName

  }

}

output <- output[output != ""]

output

# Create a character vector containing the names of all varieties

all_symbols <- c("No.2_Soybean", "Blockboard","Japonica_rice", "Late_indica_rice", 

                 "Common_Wheat", "Early_indica_rice", "Thermal_Coal","rapeseed",

                 "wire_rod","Strong_wheat")

# Use all_symbols to select varieties from output and exclude empty strings

symbolsDel <- output[output %in% all_symbols & output != ""]

# Show symbolsDel

print(symbolsDel)

#Deletion of incomplete data for some trading varieties

symbols <- symbols[!symbols %in% c(symbolsDel,"Butadiene_rubber","Lithium_carbonate")]

write_rds (symbols,"symbols.rds")

aluminium <- window(aluminium, start = "2009-01-05", end = "2023-07-28")

write_rds(aluminium, "aluminium.rds")

copper <- window(copper, start = "2009-01-05", end = "2023-07-28") 

write_rds(copper, "copper.rds")

Gold <- window(Gold, start = "2009-01-05", end = "2023-07-28")

write_rds(Gold, "Gold.rds")

Natural_rubber <- window(Natural_rubber, start = "2009-01-05", 

                        end = "2023-07-28")

write_rds(Natural_rubber, "Natural_rubber.rds")

zinc <- window(zinc, start = "2009-01-05", end = "2023-07-28")

write_rds(zinc, "zinc.rds")

#The complete time series data of 60 selected futures from 72 futures varieties were exported #and saved.

symbols <- readr::read_rds("symbols.rds")

for (i in 1:length(symbols)) {

  varietyFut <- get(symbols[i])

   write_rds(varietyFut,paste0(symbols[i],".rds"))

}

# Read time series data for trading ------------------------------------

symbols <- readr::read_rds("symbols.rds")

for (i in 1:length(symbols)) {

  varietyFut <- symbols[i]

  varietyFutvalu <- readr::read_rds(paste0(varietyFut,".rds"))

  assign(symbols[i], varietyFutvalu)

}

# Draw K-line chart

for (i in 1:length(symbols)) {

  fileName <- paste0(symbols[i],".jpeg")

  jpeg(fileName)

  chartSeries(get(symbols[i]),name = symbols[i])

  dev.off()

}

Appendix 3: R code for the Bollinger Bands testlibrary(IKTrading)

library(DSTrading)

library(quantstrat)

library(dplyr)

# Delete existing objects to avoid runtime errors

rm(list = ls(all = TRUE))

rm(list = ls(.blotter))

rm(list = ls(.strategy))

rm.strat(strategy.st)  

rm.strat(portfolio.st)

rm.strat(account.st)

# Set trading strategy time -----------------------------------------------

initDate = "2000-7-17" #整理好的有效数据最早时间

options(width = 70) 

# Read time series data----------------------------------------------------

setwd("D:/thesis/data2")

symbols <- readr::read_rds("symbols.rds")

symbols_df <- data.frame(symbols)

write_csv(symbols_df, "symbols.csv")

myfile <- read.csv("multiplier.csv")

for (i in 1:length(symbols)) {

  varietyFut <- symbols[i]

  varietyFutvalu <- readr::read_rds(paste0(varietyFut,".rds"))

  assign(symbols[i], varietyFutvalu)

}

rm(i, varietyFut, varietyFutvalu)

# 60 futures varieties are calculated circularly

for(i in 1:length(symbols)) {

    symbol <- symbols[i]

  mymultiplier <- as.numeric(myfile$multiplier[myfile$name==symbol])

  # Set time zones, currencies and markets ----------------------------------

  Sys.setenv(TZ = "UTC")

  currency('CNY')

  stock(symbol,  currency = "CNY", multiplier = mymultiplier)

    # Initialize trading strategy environment space ---------------------------

  initEq <- tradeSize <- 300000 

  strategy.st <- portfolio.st <- account.st <- "BBANDSTRAT"

  .blotter <- .strategy <- new.env()

    # Initialization strategy -------------------------------------------------

  initPortf(portfolio.st,

            symbols = symbol, 

            initDate = initDate, 

            currency = "CNY")

  initAcct(account.st, 

           portfolios = portfolio.st, 

           initDate = initDate, 

           currency = "CNY",

           initEq = initEq) 

  initOrders(portfolio.st, 

             symbols = symbol, 

             initDate = initDate)

    strategy(strategy.st, store = TRUE)

    # set up parameters -------------------------------------------------------

    n <- 20

  sd <- 2

  period <- 20

  pctATR <- 0.02

  feeRate <- 0.0005

  # Add Indicators ----------------------------------------------------

   add.indicator(strategy = strategy.st, 

                name = "BBands", 

                arguments = list(HLC = quote(HLC(mktdata)), 

                                 n = n, 

                                 maType = 'SMA', 

                                 sd = sd), 

                label='BBands')

  add.indicator(strategy = strategy.st, 

                name = "lagATR",

                arguments = list(HLC = quote(HLC(mktdata)), 

                                 n = period),

                label = "atrX")

    # Add Signal -------------------------------------------------------------

    add.signal(strategy = strategy.st,

             name="sigCrossover",

             arguments = list(columns = c("Close","up.BBands"),

                              relationship = "gt"),

             label="Cl.gt.UpperBand1")

  add.signal(strategy.st, 

             name="sigAND",

             arguments=list(columns=c("atr.atrX","Cl.gt.UpperBand1")),

             label="Cl.gt.UpperBand")

    add.signal(strategy = strategy.st,

             name="sigCrossover",

             arguments = list(columns=c("Close","dn.BBands"),

                              relationship="lt"),

             label="Cl.lt.LowerBand1")

  add.signal(strategy.st, 

             name="sigAND",

             arguments=list(columns=c("atr.atrX","Cl.lt.LowerBand1")),

             label="Cl.lt.LowerBand")

  add.signal(strategy = strategy.st,

             name="sigCrossover",

             arguments = list(columns=c("Low","mavg.BBands"),

                              relationship="lt"),

             label="Low.lt.middleBand")

  add.signal(strategy = strategy.st,

             name="sigCrossover",

             arguments = list(columns=c("High","mavg.BBands"),

                              relationship="gt"),

             label="High.gt.middleBand")

  # Add Rules ---------------------------------------------------

    # Calculation of the number of positions opened with volatility, 

  # 0.04 stop loss of the initial capital

  osDollarATR <- function (orderside, tradeSize, pctATR, 

                           maxPctATR = pctATR, data, 

                           timestamp, symbol, prefer = "Open", 

                           portfolio, integerQty = TRUE, 

                           atrMod = "", rebal = FALSE, ...) 

  {

    if (tradeSize > 0 & orderside == "short") {

      tradeSize <- tradeSize * -1

    }

    pos <- getPosQty(portfolio, symbol, timestamp)

    atrString <- paste0("atr", atrMod)

    atrCol <- grep(atrString, colnames(mktdata))

    if (length(atrCol) == 0) {

      stop(paste("Term", atrString, "not found in mktdata 

               column names."))

    }

    atrTimeStamp <- mktdata[timestamp, atrCol]

    if (is.na(atrTimeStamp) | atrTimeStamp == 0) {

      stop(paste("ATR corresponding to", atrString, 

                 "is invalid at this point in time. \n

               Add a logical operator to account for this."))

    }

    dollarATR <- pos * atrTimeStamp

    desiredDollarATR <- pctATR * tradeSize

    remainingRiskCapacity <- tradeSize * maxPctATR - dollarATR

    if (orderside == "long") {

      qty <- min(tradeSize * pctATR/atrTimeStamp, 

                 remainingRiskCapacity/atrTimeStamp)

    }

    else {

      qty <- max(tradeSize * pctATR/atrTimeStamp, 

                 remainingRiskCapacity/atrTimeStamp)

    }

    if (integerQty) {

      qty <- ifelse(qty < 0 & qty > -1, -1, qty)

      qty <- ifelse(qty > 0 & qty < 1, 1, qty)

      qty <- trunc(qty)

    }

    if (!rebal) {

      if (orderside == "long" & qty < 0) {

        qty <- 0

      }

      if (orderside == "short" & qty > 0) {

        qty <- 0

      }

    }

    if (rebal) {

      if (pos == 0) {

        qty <- 0

      }

    }

    pos <- getPosQty(portfolio, symbol, timestamp)

    qty <- ifelse(pos != 0, 0, qty)

    return(qty)

  } 

    # Calculate transaction fees

  txnFUN <- function(TxnQty, TxnPrice, Symbol, pct = feeRate) {

    multiStock <- getInstrument(Symbol)$multiplier

    fees <- abs(TxnQty) * TxnPrice *pct * multiStock

    # Fees are a negative deduction for the trade:

    fees <- ifelse(fees > 0, -fees, fees)

  }

    #Long entry rules

  add.rule(strategy.st, 

           name = "ruleSignal",

           arguments = list(sigcol = "Cl.gt.UpperBand",

                            sigval = TRUE,

                            replace = FALSE,

                            orderside = "long",

                            ordertype = "market",

                            prefer = "Open",

                            osFUN = osDollarATR,

                            tradeSize = tradeSize,

                            pctATR = pctATR/mymultiplier,

                            atrMod = "X",

                            TxnFees = "txnFUN",

                            orderset = "ocolong"),

           type = "enter",

           path.dep = TRUE,

           label = "EntryLongRule")

    # Long exit rules

  add.rule(strategy.st,

           name = "ruleSignal",

           arguments = list(sigcol = "Low.lt.middleBand",

                            sigval = TRUE,

                            prefer = "mavg.BBands",

                            orderqty = "all",

                            replace = FALSE,

                            TxnFees = "txnFUN",

                            ordertype = "market",

                            orderside = "long",

                            orderset = "ocolong"),

           type = "pre",

           replace = TRUE,

           label = "EixtLongRule")

    # 2N stop-loss rule

  add.rule(strategy.st,

           name = "ruleSignal",

           arguments = list(sigcol = "Cl.gt.UpperBand",

                            sigval = TRUE,

                            replace = FALSE,

                            orderside = "long",

                            prefer = "Low",

                            ordertype = "stoplimit",

                            tmult = FALSE,

                            threshold = quote(mktdata$atr.atrX[timestamp] * 2),

                            TxnFees = "txnFUN",

                            orderqty = "all",

                            orderset = "ocolong"),

           type = "chain",

           parent = "EntryLongRule",

           label = "stopLossLong",

           replace = TRUE )

    # Short entry rules

  add.rule(strategy.st, 

           name = "ruleSignal",

           arguments = list(sigcol = "Cl.lt.LowerBand",

                            sigval = TRUE,

                            prefer = "Open",

                            ordertype = "market",

                            orderside = "short",

                            replace = FALSE,

                            osFUN = osDollarATR,

                            tradeSize = tradeSize,

                            pctATR = pctATR/mymultiplier,

                            atrMod = "X",

                            TxnFees = "txnFUN",

                            orderset = "ocoshort"),

           type = "enter",

           label = "EntryShortRule")

    # Short exit rules

  add.rule(strategy.st, 

           name = "ruleSignal",

           arguments = list(sigcol = "High.gt.middleBand",

                            sigval = TRUE,

                            prefer = "mavg.BBands",

                            orderqty = "all",

                            orderside = "short",

                            replace = FALSE,

                            ordertype = "market",

                            TxnFees = "txnFUN",

                            orderset = "ocoshort"),

                      type = "pre",

           replace = TRUE,

           label = "EixtShortRule")

    # 2N stop-loss rule

  add.rule(strategy.st,

           name = "ruleSignal",

           arguments = list(sigcol = "Cl.lt.LowerBand",

                            sigval = TRUE,

                            replace = FALSE,

                            orderside = "short",

                            prefer = "High",

                            ordertype = "stoplimit",

                            tmult = FALSE,

                            threshold = quote(mktdata$atr.atrX[timestamp] * 2),

                            TxnFees = "txnFUN",

                            orderqty = "all",

                            orderset = "ocoshort"),

           type = "chain",

           parent = "EntryShortRule",

           label = "stopShortLong",

           replace = TRUE )

   out <-  applyStrategy(strategy = strategy.st,

                       portfolios = "BBANDSTRAT",

                       symbols = symbols)

  # Strategy performance statistics analysis --------------------

    #Update the portfolio,Account,Final Assets

  updatePortf(portfolio.st) 

  dateRange <- time(getPortfolio(portfolio.st)$summary)[-1]

  updateAcct(portfolio.st, dateRange) 

  updateEndEq(account.st) 

    # Individual species image display

    filename <- paste0(symbol,".jpeg")

  jpeg(filename)

  chart.Posn(portfolio.st,

             Symbol = symbol)

  dev.off()

  # Account Accumulated Assets Statistics Chart

  accountIN <- getAccount(account.st)

  equity <- accountIN$summary$End.Eq[-1,]

  fileN <- paste0(symbol, i, ".rds")

  readr::write_rds(equity, fileN)

  # jpeg(filename)

  # plot(equity,main = paste(symbol," ", "Equity Curve"))

  # dev.off()

  rm(filename, fileN )

    # Summary of statistical results

  tStats <- tradeStats(Portfolios = portfolio.st, 

                       use = "trades", 

                       inclZeroDays = FALSE)

  tStats1 <- tStats[,c(4,5,6,14,28)]

  tStats2 <- cbind(tStats1, tStats1[,4] * tStats1[,5]/100)

  tStats2 <- tStats2[,c(1,2,3,4,5,6)]

  colnames(tStats2) <- c("Number_of_transactions",

                         "Net Profit",

                         " profit_per_trade", 

                         "Winning_percentage",

                         "Profit_Loss_ratio", 

                         "Expectation_of_the_Profit")

  tStats2[,1:6] <- round(tStats2[,1:6], 2)

  tStats2$ID <- row.names(tStats2)

  rets <- PortfReturns(Account = account.st)

  rets$initEqt <- 300000

  rets$Eqt <- rets[,1]*300000

  rets$TEqt <- cumsum(rets$Eqt)

  rets$TEqt <- rets$TEqt+300000

  rets$retc <- rets$TEqt/lag(rets$TEqt)-1

  rets <- rets$retc

  myindictor2 <- table.Arbitrary(rets, 

                                 metrics = c("Return.annualized",

                                             "StdDev.annualized",

                                             "SharpeRatio.annualized", 

                                             "SortinoRatio"),

                                 metricsNames = c( "Annualized_Return", 

                                                   "Annualized_StdDev",

                                                   "Annualized_SharpeRatio", 

                                                   "Sortino_Ratio"))

  colnames(myindictor2) <- symbol

  myindictor2 <- as.data.frame(t(myindictor2))

  myindictor2[,1:4] <- round(myindictor2[,1:4], 2)

  myindictor2$ID <- row.names(myindictor2)

  myindictor <- merge(tStats2, myindictor2, by = "ID")

  myindictor$ID <- as.character(myindictor$ID)

  myindictor$ID <- gsub("^1\\s+", "", myindictor$ID)

  write.csv(myindictor, paste0(symbol,".csv"), row.names = FALSE)

}

# Create an empty data box with column names

all_perf_stats <- data.frame(

  ID = character(0),

  Number_of_transactions = numeric(0),

  Net_Profit = numeric(0),

  profit_per_trade = numeric(0),

  Winning_percentage = numeric(0),

  Profit_Loss_ratio = numeric(0),

  Expectation_of_the_Profit = numeric(0),

  Annualized_Return = numeric(0),

  Annualized_StdDev = numeric(0),

  Annualized_SharpeRatio = numeric(0),

  Sortino_Ratio = numeric(0)

)

# Cyclically read the performance statistics file for each trade and merge it

for (i in 1:length(symbols)) {

  symbol <- symbols[i]

  file_path <- paste0(symbol, ".csv")

    # Read performance statistics file

  perf_stats <- read.csv(file_path)

     # Merge to total performance statistics box

  all_perf_stats <- rbind(all_perf_stats, perf_stats)

}

# Write all_perf_stats to CSV file

write.csv(all_perf_stats, "all_perf_stats.csv", row.names = FALSE)

Appendix 4: R code for optimizing parametric tests

# Loading Toolkit ---------------------------------------------------------

library(readxl)

library(writexl)

library(IKTrading)

library(DSTrading)

library(quantstrat)

# Delete existing objects to avoid runtime errors

rm(list = ls(all = TRUE))

rm(list = ls(.blotter))

rm(list = ls(.strategy))

rm.strat(strategy.st)  

rm.strat(portfolio.st)

rm.strat(account.st)

# Set trading strategy time -----------------------------------------------

setwd("D:/thesis/data2")

initDate = "2000-7-17" 

options(width = 70) 

# Read time series data----------------------------------------------------

# Reading xlsx files

xlsx_data <- read_xlsx("4.xlsx")

symbols <- xlsx_data$ID

data <- data.frame(Symbol = symbols)

output_file <- "symbols.xlsx"

write_xlsx(data, output_file)

myfile <- read.csv("multiplier.csv")

for (i in 1:length(symbols)) {

  varietyFut <- symbols[i]

  varietyFutvalu <- readr::read_rds(paste0(varietyFut,".rds"))

  n <- trunc(nrow(varietyFutvalu) * 0.5)

  varietyFutvalu <- varietyFutvalu[1:n,]

  assign(symbols[i], varietyFutvalu)

}

# 11 futures varieties are calculated circularly

for(i in 1:length(symbols)) {

    symbol <- symbols[i]

  mymultiplier <- as.numeric(myfile$multiplier[myfile$name==symbol])

  # Set time zones, currencies and markets ----------------------------------

  Sys.setenv(TZ = "UTC")

  currency('CNY')

  stock(symbol,  currency = "CNY", multiplier = mymultiplier)

    # Initialize trading strategy environment space ---------------------------

  initEq <- tradeSize <- 300000 

  strategy.st <- portfolio.st <- account.st <- "BBANDSTRAT"

  .blotter <- .strategy <- new.env()

  # Initialization strategy -------------------------------------------------

  initPortf(portfolio.st,

            symbols = symbol, 

            initDate = initDate, 

            currency = "CNY")

  initAcct(account.st, 

           portfolios = portfolio.st, 

           initDate = initDate, 

           currency = "CNY",

           initEq = initEq) 

  initOrders(portfolio.st, 

             symbols = symbol, 

             initDate = initDate)

   strategy(strategy.st, store = TRUE)

    # set up parameters -------------------------------------------------------

    n <- 20

  sd <- 2

  period <- 20

  pctATR <- 0.02

  feeRate <- 0.0005

  # Add Indicators ----------------------------------------------------

    add.indicator(strategy = strategy.st, 

                name = "BBands", 

                arguments = list(HLC = quote(HLC(mktdata)), 

                                 n = n, 

                                 maType = 'SMA', 

                                 sd = sd), 

                label='BBands')

  add.indicator(strategy = strategy.st, 

                name = "lagATR",

                arguments = list(HLC = quote(HLC(mktdata)), 

                                 n = period),

                label = "atrX")

    # Add Signal -------------------------------------------------------------

    add.signal(strategy = strategy.st,

             name="sigCrossover",

             arguments = list(columns = c("Close","up.BBands"),

                              relationship = "gt"),

             label="Cl.gt.UpperBand1")

  add.signal(strategy.st, 

             name="sigAND",

             arguments=list(columns=c("atr.atrX","Cl.gt.UpperBand1")),

             label="Cl.gt.UpperBand")

    add.signal(strategy = strategy.st,

             name="sigCrossover",

             arguments = list(columns=c("Close","dn.BBands"),

                              relationship="lt"),

             label="Cl.lt.LowerBand1")

  add.signal(strategy.st, 

             name="sigAND",

             arguments=list(columns=c("atr.atrX","Cl.lt.LowerBand1")),

             label="Cl.lt.LowerBand")

  add.signal(strategy = strategy.st,

             name="sigCrossover",

             arguments = list(columns=c("Low","mavg.BBands"),

                              relationship="lt"),

             label="Low.lt.middleBand")

  add.signal(strategy = strategy.st,

             name="sigCrossover",

             arguments = list(columns=c("High","mavg.BBands"),

                              relationship="gt"),

             label="High.gt.middleBand")

  # Add Rules ---------------------------------------------------

    # Calculation of the number of positions opened with volatility, 

  # 0.04 stop loss of the initial capital

  osDollarATR <- function (orderside, tradeSize, pctATR, 

                           maxPctATR = pctATR, data, 

                           timestamp, symbol, prefer = "Open", 

                           portfolio, integerQty = TRUE, 

                           atrMod = "", rebal = FALSE, ...) 

  {

    if (tradeSize > 0 & orderside == "short") {

      tradeSize <- tradeSize * -1

    }

    pos <- getPosQty(portfolio, symbol, timestamp)

    atrString <- paste0("atr", atrMod)

    atrCol <- grep(atrString, colnames(mktdata))

    if (length(atrCol) == 0) {

      stop(paste("Term", atrString, "not found in mktdata 

               column names."))

    }

    atrTimeStamp <- mktdata[timestamp, atrCol]

    if (is.na(atrTimeStamp) | atrTimeStamp == 0) {

      stop(paste("ATR corresponding to", atrString, 

                 "is invalid at this point in time. \n

               Add a logical operator to account for this."))

    }

    dollarATR <- pos * atrTimeStamp

    desiredDollarATR <- pctATR * tradeSize

    remainingRiskCapacity <- tradeSize * maxPctATR - dollarATR

    if (orderside == "long") {

      qty <- min(tradeSize * pctATR/atrTimeStamp, 

                 remainingRiskCapacity/atrTimeStamp)

    }

    else {

      qty <- max(tradeSize * pctATR/atrTimeStamp, 

                 remainingRiskCapacity/atrTimeStamp)

    }

    if (integerQty) {

      qty <- ifelse(qty < 0 & qty > -1, -1, qty)

      qty <- ifelse(qty > 0 & qty < 1, 1, qty)

      qty <- trunc(qty)

    }

    if (!rebal) {

      if (orderside == "long" & qty < 0) {

        qty <- 0

      }

      if (orderside == "short" & qty > 0) {

        qty <- 0

      }

    }

    if (rebal) {

      if (pos == 0) {

        qty <- 0

      }

    }

    pos <- getPosQty(portfolio, symbol, timestamp)

    qty <- ifelse(pos != 0, 0, qty)

    return(qty)

  } 

   # Calculate transaction fees

  txnFUN <- function(TxnQty, TxnPrice, Symbol, pct = feeRate) {

    multiStock <- getInstrument(Symbol)$multiplier

    fees <- abs(TxnQty) * TxnPrice *pct * multiStock

    # Fees are a negative deduction for the trade:

    fees <- ifelse(fees > 0, -fees, fees)

  }

    #Long entry rules

  add.rule(strategy.st, 

           name = "ruleSignal",

           arguments = list(sigcol = "Cl.gt.UpperBand",

                            sigval = TRUE,

                            replace = FALSE,

                            orderside = "long",

                            ordertype = "market",

                            prefer = "Open",

                            osFUN = osDollarATR,

                            tradeSize = tradeSize,

                            pctATR = pctATR/mymultiplier,

                            atrMod = "X",

                            TxnFees = "txnFUN",

                            orderset = "ocolong"),

           type = "enter",

           path.dep = TRUE,

           label = "EntryLongRule")

   # Long exit rules

  add.rule(strategy.st,

           name = "ruleSignal",

           arguments = list(sigcol = "Low.lt.middleBand",

                            sigval = TRUE,

                            prefer = "mavg.BBands",

                            orderqty = "all",

                            replace = FALSE,

                            TxnFees = "txnFUN",

                            ordertype = "market",

                            orderside = "long",

                            orderset = "ocolong"),

           type = "pre",

           replace = TRUE,

           label = "EixtLongRule")

    # 2N stop-loss rule

  add.rule(strategy.st,

           name = "ruleSignal",

           arguments = list(sigcol = "Cl.gt.UpperBand",

                            sigval = TRUE,

                            replace = FALSE,

                            orderside = "long",

                            prefer = "Low",

                            ordertype = "stoplimit",

                            tmult = FALSE,

                            threshold = quote(mktdata$atr.atrX[timestamp] * 2),

                            TxnFees = "txnFUN",

                            orderqty = "all",

                            orderset = "ocolong"),

           type = "chain",

           parent = "EntryLongRule",

           label = "stopLossLong",

           replace = TRUE )

    # Short entry rules

  add.rule(strategy.st, 

           name = "ruleSignal",

           arguments = list(sigcol = "Cl.lt.LowerBand",

                            sigval = TRUE,

                            prefer = "Open",

                            ordertype = "market",

                            orderside = "short",

                            replace = FALSE,

                            osFUN = osDollarATR,

                            tradeSize = tradeSize,

                            pctATR = pctATR/mymultiplier,

                            atrMod = "X",

                            TxnFees = "txnFUN",

                            orderset = "ocoshort"),

           type = "enter",

           label = "EntryShortRule")

    # Short exit rules

  add.rule(strategy.st, 

           name = "ruleSignal",

           arguments = list(sigcol = "High.gt.middleBand",

                            sigval = TRUE,

                            prefer = "mavg.BBands",

                            orderqty = "all",

                            orderside = "short",

                            replace = FALSE,

                            ordertype = "market",

                            TxnFees = "txnFUN",

                            orderset = "ocoshort"),

                      type = "pre",

           replace = TRUE,

           label = "EixtShortRule")

    # 2N stop-loss rule

  add.rule(strategy.st,

           name = "ruleSignal",

           arguments = list(sigcol = "Cl.lt.LowerBand",

                            sigval = TRUE,

                            replace = FALSE,

                            orderside = "short",

                            prefer = "High",

                            ordertype = "stoplimit",

                            tmult = FALSE,

                            threshold = quote(mktdata$atr.atrX[timestamp] * 2),

                            TxnFees = "txnFUN",

                            orderqty = "all",

                            orderset = "ocoshort"),

           type = "chain",

           parent = "EntryShortRule",

           label = "stopShortLong",

           replace = TRUE )

    applyStrategy(strategy = strategy.st,

                portfolios = "BBANDSTRAT",

                symbols = symbols)

  # Strategy performance statistics analysis --------------------

    #Update the portfolio,Account,Final Assets

  updatePortf(portfolio.st) 

  dateRange <- time(getPortfolio(portfolio.st)$summary)[-1]

  updateAcct(portfolio.st, dateRange) 

  updateEndEq(account.st) 

  # Summary of statistical results

  tStats <- tradeStats(Portfolios = portfolio.st, 

                       use = "trades", 

                       inclZeroDays = FALSE)

  tStats1 <- tStats[,c(4,5,6,14,28)]

  tStats2 <- cbind(tStats1, tStats1[,4] * tStats1[,5]/100)

  tStats2 <- tStats2[,c(1,2,3,4,5,6)]

  colnames(tStats2) <- c("Number of transactions",

                         "Net Profit",

                         "profit per trade", 

                         "Winning percentage",

                         "Profit/Loss ratio", 

                         "Expectation of the Profit")

  tStats2[,1:6] <- round(tStats2[,1:6], 2)

  tStats2$ID <- row.names(tStats2)

  rets <- PortfReturns(Account = account.st)

  rets$initEqt <- 300000

  rets$Eqt <- rets[,1]*300000

  rets$TEqt <- cumsum(rets$Eqt)

  rets$TEqt <- rets$TEqt+300000

  rets$retc <- rets$TEqt/lag(rets$TEqt)-1

  rets <- rets$retc

  myindictor2 <- table.Arbitrary(rets, 

                                 metrics = c("Return.annualized",

                                             "StdDev.annualized",

                                             "SharpeRatio.annualized", 

                                             "SortinoRatio"),

                                 metricsNames = c( "Annualized Return", 

                                                   "Annualized StdDev",

                                                   "Annualized SharpeRatio", 

                                                   "Sortino Ratio"))

  colnames(myindictor2) <- symbol

  myindictor2 <- as.data.frame(t(myindictor2))

  myindictor2[,1:4] <- round(myindictor2[,1:4], 2)

  myindictor2$ID <- row.names(myindictor2)

  myindictor <- merge(tStats2, myindictor2, by = "ID")

  write.table(myindictor, paste0(symbol,".csv") ,sep = ",")

    # Strategies to optimize --------------------------------------------------

    set.seed(1234)

  .nsamples = 50    #Sample size

  add.distribution(strategy.st,

                   paramset.label = 'BBands',

                   component.type = 'indicator',

                   component.label = 'BBands',

                   variable = list(n = 10:40),

                   label = 'BBands.opt')

  add.distribution(strategy.st,

                   paramset.label = 'BBands',

                   component.type = 'indicator',

                   component.label = 'BBands',

                   variable = list(sd = 1:4),

                   label = 'BBands.opt2')

  results <- apply.paramset(strategy.st,

                            paramset.label = "BBands",

                            portfolio.st = portfolio.st,

                            account.st = account.st,

                            nsamples = .nsamples,

                            verbose = TRUE)

  # Summary of statistical results

  tStatsOpt <- results$tradeStats

  tStatsOpt1 <- tStatsOpt[,c(1,2,6:8,16,30)]

  tStatsOpt2 <- cbind(tStatsOpt1, tStatsOpt1[,6] * tStatsOpt1[,7]/100)

  colnames(tStatsOpt2)[3:8] <- c("Number of transactions",

                                 "Net Profit","profit per trade",

                                 "Winning percentage",

                                 "Profit/Loss ratio",

                                 "Expectation of the Profit")

  tStatsOpt2[,3:8] <- round(tStatsOpt2[,3:8], 2)

  tStatsOpt2$ID <- row.names(tStatsOpt2)

   rets1 <- results$cumPL

  retscname <- colnames(rets1)

  myindictor3 <- c()

  for (i in 1:length(retscname)) {

    tmpname <- retscname[i]

    rets <- rets1[,tmpname]

    rets$TEqt <- rets[,1]+300000

    rets$retc <- ifelse(rets[,1]!= 0, rets$TEqt/lag(rets$TEqt)-1,0)

    rets <- rets$retc

    myindictor2 <- table.Arbitrary(rets,

                                   metrics = c("Return.annualized",

                                               "StdDev.annualized",

                                               "SharpeRatio.annualized",

                                               "SortinoRatio"),

                                   metricsNames = c( "Annualized Return",

                                                     "Annualized StdDev",

                                                     "Annualized SharpeRatio",

                                                     "Sortino Ratio"))

    colnames(myindictor2) <- tmpname

    myindictor2 <- as.data.frame(t(myindictor2))

    myindictor2[,1:4] <- round(myindictor2[,1:4], 2)

    myindictor2$ID <- row.names(myindictor2)

    myindictor3 <- rbind(myindictor3, myindictor2)

  }

  myindictor <- merge(tStatsOpt2, myindictor3, by = "ID")

  write.table(myindictor, paste0(symbol,"Opt",".csv") ,sep = ",")

}

Appendix 5: R code for out-of-sample testing of optimization parameters

# Loading Toolkit ---------------------------------------------------------

library(readxl)

library(writexl)

library(IKTrading)

library(DSTrading)

library(quantstrat)

# Delete existing objects to avoid runtime errors

rm(list = ls(all = TRUE))

rm(list = ls(.blotter))

rm(list = ls(.strategy))

rm.strat(strategy.st)  

rm.strat(portfolio.st)

rm.strat(account.st)

# Set trading strategy time -----------------------------------------------

setwd("D:/thesis/data2")

initDate = "2000-7-17" 

options(width = 70) 

# Read time series data----------------------------------------------------

xlsx_data <- read_xlsx("4.xlsx")

symbols <- xlsx_data$ID

# 11 variety parameters were set successively------------------

myfile <- read.csv("multiplier.csv")

for (i in 1:length(symbols)) {

  varietyFut <- symbols[i]

  varietyFutvalu <- readr::read_rds(paste0(varietyFut,".rds"))

  aa <- trunc(nrow(varietyFutvalu) * 0.5)

  varietyFutvalu <- varietyFutvalu[aa:nrow(varietyFutvalu),]

  assign(symbols[i], varietyFutvalu)

}

rm(i, varietyFut, varietyFutvalu)

#  futures varieties are calculated 

for(i in 1:length(symbols)) {

  symbol <- symbols[i]

  mymultiplier <- as.numeric(myfile$multiplier[myfile$name==symbol])

  # Set time zones, currencies and markets ----------------------------------

  Sys.setenv(TZ = "UTC")

  currency('CNY')

  stock(symbol,  currency = "CNY", multiplier = mymultiplier)

  # Setting n and sd according to commodity futures

  if (symbol == "CSI_500_stock_index_futures") {

    n <- 10

    sd <- 2

  } else if (symbol == "Bleached_kraft_softwood_pulp") {

    n <- 18

    sd <- 1

  } else if (symbol == "Fresh_apples") {

    n <- 19

    sd <- 2

  } else if (symbol == "styrene") {

    n <- 12

    sd <- 1

  } else if (symbol == "Soda_ash") {

    n <- 40

    sd <- 2

  } else if (symbol == "Shanghai_and_Shenzhen_300_Index_Futures") {

    n <- 30

    sd <- 1

  } else if (symbol == "coke") {

    n <- 18

    sd <- 1

  } else if (symbol == "PTA") {

    n <- 37

    sd <- 1

  } else if (symbol == "Hot_rolled_coil_plate") {

    n <- 40

    sd <- 2

  } else if (symbol == "Rebar") {

    n <- 26

    sd <- 2

  } else if (symbol == "Medium_sulfur_crude_oil") {

    n <- 14

    sd <- 1

  }

   # Initialize trading strategy environment space ---------------------------

  initEq <- tradeSize <- 300000 

  strategy.st <- portfolio.st <- account.st <- "BBANDSTRAT"

  .blotter <- .strategy <- new.env()

   # Initialization strategy -------------------------------------------------

  initPortf(portfolio.st,

            symbols = symbol, 

            initDate = initDate, 

            currency = "CNY")

  initAcct(account.st, 

           portfolios = portfolio.st, 

           initDate = initDate, 

           currency = "CNY",

           initEq = initEq) 

  initOrders(portfolio.st, 

             symbols = symbol, 

             initDate = initDate)

    strategy(strategy.st, store = TRUE)

    # set up parameters -----------------------------------------------------

  period <- 20

  pctATR <- 0.02

  feeRate <- 0.0005

  # Add Indicators ----------------------------------------------------

    add.indicator(strategy = strategy.st, 

                name = "BBands", 

                arguments = list(HLC = quote(HLC(mktdata)), 

                                 n = n, 

                                 maType = 'SMA', 

                                 sd = sd), 

                label='BBands')

  add.indicator(strategy = strategy.st, 

                name = "lagATR",

                arguments = list(HLC = quote(HLC(mktdata)), 

                                 n = period),

                label = "atrX")

    # Add Signal -------------------------------------------------------------

    add.signal(strategy = strategy.st,

             name="sigCrossover",

             arguments = list(columns = c("Close","up.BBands"),

                              relationship = "gt"),

             label="Cl.gt.UpperBand1")

  add.signal(strategy.st, 

             name="sigAND",

             arguments=list(columns=c("atr.atrX","Cl.gt.UpperBand1")),

             label="Cl.gt.UpperBand")

    add.signal(strategy = strategy.st,

             name="sigCrossover",

             arguments = list(columns=c("Close","dn.BBands"),

                              relationship="lt"),

             label="Cl.lt.LowerBand1")

  add.signal(strategy.st, 

             name="sigAND",

             arguments=list(columns=c("atr.atrX","Cl.lt.LowerBand1")),

             label="Cl.lt.LowerBand")

  add.signal(strategy = strategy.st,

             name="sigCrossover",

             arguments = list(columns=c("Low","mavg.BBands"),

                              relationship="lt"),

             label="Low.lt.middleBand")

  add.signal(strategy = strategy.st,

             name="sigCrossover",

             arguments = list(columns=c("High","mavg.BBands"),

                              relationship="gt"),

             label="High.gt.middleBand")

  # Add Rules ---------------------------------------------------

    # Calculation of the number of positions opened with volatility, 

  # 0.04 stop loss of the initial capital

  osDollarATR <- function (orderside, tradeSize, pctATR, 

                           maxPctATR = pctATR, data, 

                           timestamp, symbol, prefer = "Open", 

                           portfolio, integerQty = TRUE, 

                           atrMod = "", rebal = FALSE, ...) 

  {

    if (tradeSize > 0 & orderside == "short") {

      tradeSize <- tradeSize * -1

    }

    pos <- getPosQty(portfolio, symbol, timestamp)

    atrString <- paste0("atr", atrMod)

    atrCol <- grep(atrString, colnames(mktdata))

    if (length(atrCol) == 0) {

      stop(paste("Term", atrString, "not found in mktdata 

               column names."))

    }

    atrTimeStamp <- mktdata[timestamp, atrCol]

    if (is.na(atrTimeStamp) | atrTimeStamp == 0) {

      stop(paste("ATR corresponding to", atrString, 

                 "is invalid at this point in time. \n

               Add a logical operator to account for this."))

    }

    dollarATR <- pos * atrTimeStamp

    desiredDollarATR <- pctATR * tradeSize

    remainingRiskCapacity <- tradeSize * maxPctATR - dollarATR

    if (orderside == "long") {

      qty <- min(tradeSize * pctATR/atrTimeStamp, 

                 remainingRiskCapacity/atrTimeStamp)

    }

    else {

      qty <- max(tradeSize * pctATR/atrTimeStamp, 

                 remainingRiskCapacity/atrTimeStamp)

    }

    if (integerQty) {

      qty <- ifelse(qty < 0 & qty > -1, -1, qty)

      qty <- ifelse(qty > 0 & qty < 1, 1, qty)

      qty <- trunc(qty)

    }

    if (!rebal) {

      if (orderside == "long" & qty < 0) {

        qty <- 0

      }

      if (orderside == "short" & qty > 0) {

        qty <- 0

      }

    }

    if (rebal) {

      if (pos == 0) {

        qty <- 0

      }

    }

    pos <- getPosQty(portfolio, symbol, timestamp)

    qty <- ifelse(pos != 0, 0, qty)

    return(qty)

  } 

    # Calculate transaction fees

  txnFUN <- function(TxnQty, TxnPrice, Symbol, pct = feeRate) {

    multiStock <- getInstrument(Symbol)$multiplier

    fees <- abs(TxnQty) * TxnPrice *pct * multiStock

    # Fees are a negative deduction for the trade:

    fees <- ifelse(fees > 0, -fees, fees)

  }

    #Long entry rules

  add.rule(strategy.st, 

           name = "ruleSignal",

           arguments = list(sigcol = "Cl.gt.UpperBand",

                            sigval = TRUE,

                            replace = FALSE,

                            orderside = "long",

                            ordertype = "market",

                            prefer = "Open",

                            osFUN = osDollarATR,

                            tradeSize = tradeSize,

                            pctATR = pctATR/mymultiplier,

                            atrMod = "X",

                            TxnFees = "txnFUN",

                            orderset = "ocolong"),

           type = "enter",

           path.dep = TRUE,

           label = "EntryLongRule")

    # Long exit rules

  add.rule(strategy.st,

           name = "ruleSignal",

           arguments = list(sigcol = "Low.lt.middleBand",

                            sigval = TRUE,

                            prefer = "mavg.BBands",

                            orderqty = "all",

                            replace = FALSE,

                            TxnFees = "txnFUN",

                            ordertype = "market",

                            orderside = "long",

                            orderset = "ocolong"),

           type = "pre",

           replace = TRUE,

           label = "EixtLongRule")

    # 2N stop-loss rule

  add.rule(strategy.st,

           name = "ruleSignal",

           arguments = list(sigcol = "Cl.gt.UpperBand",

                            sigval = TRUE,

                            replace = FALSE,

                            orderside = "long",

                            prefer = "Low",

                            ordertype = "stoplimit",

                            tmult = FALSE,

                            threshold = quote(mktdata$atr.atrX[timestamp] * 2),

                            TxnFees = "txnFUN",

                            orderqty = "all",

                            orderset = "ocolong"),

           type = "chain",

           parent = "EntryLongRule",

           label = "stopLossLong",

           replace = TRUE )

   # Short entry rules

  add.rule(strategy.st, 

           name = "ruleSignal",

           arguments = list(sigcol = "Cl.lt.LowerBand",

                            sigval = TRUE,

                            prefer = "Open",

                            ordertype = "market",

                            orderside = "short",

                            replace = FALSE,

                            osFUN = osDollarATR,

                            tradeSize = tradeSize,

                            pctATR = pctATR/mymultiplier,

                            atrMod = "X",

                            TxnFees = "txnFUN",

                            orderset = "ocoshort"),

           type = "enter",

           label = "EntryShortRule")

    # Short exit rules

  add.rule(strategy.st, 

           name = "ruleSignal",

           arguments = list(sigcol = "High.gt.middleBand",

                            sigval = TRUE,

                            prefer = "mavg.BBands",

                            orderqty = "all",

                            orderside = "short",

                            replace = FALSE,

                            ordertype = "market",

                            TxnFees = "txnFUN",

                            orderset = "ocoshort"),

                     type = "pre",

           replace = TRUE,

           label = "EixtShortRule")

   # 2N stop-loss rule

  add.rule(strategy.st,

           name = "ruleSignal",

           arguments = list(sigcol = "Cl.lt.LowerBand",

                            sigval = TRUE,

                            replace = FALSE,

                            orderside = "short",

                            prefer = "High",

                            ordertype = "stoplimit",

                            tmult = FALSE,

                            threshold = quote(mktdata$atr.atrX[timestamp] * 2),

                            TxnFees = "txnFUN",

                            orderqty = "all",

                            orderset = "ocoshort"),

           type = "chain",

           parent = "EntryShortRule",

           label = "stopShortLong",

           replace = TRUE )

    applyStrategy(strategy = strategy.st,

                portfolios = "BBANDSTRAT",

                symbols = symbols)

  # Strategy performance statistics analysis --------------------

    #Update the portfolio,Account,Final Assets

  updatePortf(portfolio.st) 

  dateRange <- time(getPortfolio(portfolio.st)$summary)[-1]

  updateAcct(portfolio.st, dateRange) 

  updateEndEq(account.st) 

    # Individual species image display

    filename <- paste0(symbol,".jpeg")

  jpeg(filename)

  chart.Posn(portfolio.st,

             Symbol = symbol)

  dev.off()

  # Account Accumulated Assets Statistics Chart

  accountIN <- getAccount(account.st)

  equity <- accountIN$summary$End.Eq[-1,]

  fileN <- paste0(symbol, 1, ".rds")

  readr::write_rds(equity, fileN)

  jpeg(fileN)

  plot(equity,main = paste(symbol," ", "Equity Curve"))

  dev.off()

  rm(filename, fileN )

    # Summary of statistical results

  tStats <- tradeStats(Portfolios = portfolio.st, 

                       use = "trades", 

                       inclZeroDays = FALSE)

  tStats1 <- tStats[,c(4,5,6,14,28)]

  tStats2 <- cbind(tStats1, tStats1[,4] * tStats1[,5]/100)

  tStats2 <- tStats2[,c(1,2,3,4,5,6)]

    colnames(tStats2) <- c("Number_of_transactions",

                         "Net Profit",

                         "profit_per_trade", 

                         "Winning_percentage",

                         "Profit_Loss_ratio", 

                         "Expectation_of_the_Profit")

  tStats2[,1:6] <- round(tStats2[,1:6], 2)

  tStats2$ID <- row.names(tStats2)

  rets <- PortfReturns(Account = account.st)

  rets$initEqt <- 300000

  rets$Eqt <- rets[,1]*300000

  rets$TEqt <- cumsum(rets$Eqt)

  rets$TEqt <- rets$TEqt+300000

  rets$retc <- rets$TEqt/lag(rets$TEqt)-1

  rets <- rets$retc

    myindictor2 <- table.Arbitrary(rets, 

                                 metrics = c("Return.annualized",

                                             "StdDev.annualized",

                                             "SharpeRatio.annualized", 

                                             "SortinoRatio"),

                                 metricsNames = c( "Annualized_Return", 

                                                   "Annualized_StdDev",

                                                   "Annualized_SharpeRatio", 

                                                   "Sortino_Ratio"))

  colnames(myindictor2) <- symbol

  myindictor2 <- as.data.frame(t(myindictor2))

  myindictor2[,1:4] <- round(myindictor2[,1:4], 2)

  myindictor2$ID <- row.names(myindictor2)

  myindictor <- merge(tStats2, myindictor2, by = "ID")

  myindictor$ID <- as.character(myindictor$ID)

  myindictor$ID <- gsub("^1\\s+", "", myindictor$ID)

  write.csv(myindictor, paste0(symbol,".csv"), row.names = FALSE)

 }

# Create an empty data box with column names

all_perf_stats <- data.frame(

  ID = character(0),

  Number_of_transactions = numeric(0),

  Net_Profit = numeric(0),

  profit_per_trade = numeric(0),

  Winning_percentage = numeric(0),

  Profit_Loss_ratio = numeric(0),

  Expectation_of_the_Profit = numeric(0),

  Annualized_Return = numeric(0),

  Annualized_StdDev = numeric(0),

  Annualized_SharpeRatio = numeric(0),

  Sortino_Ratio = numeric(0)

)

# Cyclically read the performance statistics file for each trade and merge it

for (i in 1:length(symbols)) {

  symbol <- symbols[i]

  file_path <- paste0(symbol, ".csv")

      perf_stats <- read.csv(file_path)

     all_perf_stats <- rbind(all_perf_stats, perf_stats)

}

write_xlsx(all_perf_stats, "all_perf_stats2.xlsx")

Appendix 6: R codes for out-of-sample testing of raw parameters

# Loading Toolkit ---------------------------------------------------------

library(readxl)

library(writexl)

library(IKTrading)

library(DSTrading)

library(quantstrat)

# Delete existing objects to avoid runtime errors

rm(list = ls(all = TRUE))

rm(list = ls(.blotter))

rm(list = ls(.strategy))

rm.strat(strategy.st)  

rm.strat(portfolio.st)

rm.strat(account.st)

# Set trading strategy time -----------------------------------------------

setwd("D:/thesis/data2")

initDate = "2000-7-17" 

options(width = 70) 

# Read time series data----------------------------------------------------

xlsx_data <- read_xlsx("4.xlsx")

symbols <- xlsx_data$ID

myfile <- read.csv("multiplier.csv")

for (i in 1:length(symbols)) {

  varietyFut <- symbols[i]

  varietyFutvalu <- readr::read_rds(paste0(varietyFut,".rds"))

  n <- trunc(nrow(varietyFutvalu) * 0.5)

  varietyFutvalu <- varietyFutvalu[n:nrow(varietyFutvalu),]

  assign(symbols[i], varietyFutvalu)

}

rm(i, varietyFut, varietyFutvalu)

# 11 futures varieties are calculated circularly

for(i in 1:length(symbols)) {

    symbol <- symbols[i]

  mymultiplier <- as.numeric(myfile$multiplier[myfile$name==symbol])

  # Set time zones, currencies and markets ----------------------------------

  Sys.setenv(TZ = "UTC")

  currency('CNY')

  stock(symbol,  currency = "CNY", multiplier = mymultiplier)

    # Initialize trading strategy environment space ---------------------------

  initEq <- tradeSize <- 300000 

  strategy.st <- portfolio.st <- account.st <- "BBANDSTRAT"

  .blotter <- .strategy <- new.env()

    # Initialization strategy -------------------------------------------------

  initPortf(portfolio.st,

            symbols = symbol, 

            initDate = initDate, 

            currency = "CNY")

  initAcct(account.st, 

           portfolios = portfolio.st, 

           initDate = initDate, 

           currency = "CNY",

           initEq = initEq) 

  initOrders(portfolio.st, 

             symbols = symbol, 

             initDate = initDate)

    strategy(strategy.st, store = TRUE)

    # set up parameters -------------------------------------------------------

    n <- 20

  sd <- 2

  period <- 20

  pctATR <- 0.02

  feeRate <- 0.0005

  # Add Indicators ----------------------------------------------------

    add.indicator(strategy = strategy.st, 

                name = "BBands", 

                arguments = list(HLC = quote(HLC(mktdata)), 

                                 n = n, 

                                 maType = 'SMA', 

                                 sd = sd), 

                label='BBands')

  add.indicator(strategy = strategy.st, 

                name = "lagATR",

                arguments = list(HLC = quote(HLC(mktdata)), 

                                 n = period),

                label = "atrX")

    # Add Signal -------------------------------------------------------------

    add.signal(strategy = strategy.st,

             name="sigCrossover",

             arguments = list(columns = c("Close","up.BBands"),

                              relationship = "gt"),

             label="Cl.gt.UpperBand1")

  add.signal(strategy.st, 

             name="sigAND",

             arguments=list(columns=c("atr.atrX","Cl.gt.UpperBand1")),

             label="Cl.gt.UpperBand")

   add.signal(strategy = strategy.st,

             name="sigCrossover",

             arguments = list(columns=c("Close","dn.BBands"),

                              relationship="lt"),

             label="Cl.lt.LowerBand1")

  add.signal(strategy.st, 

             name="sigAND",

             arguments=list(columns=c("atr.atrX","Cl.lt.LowerBand1")),

             label="Cl.lt.LowerBand")

  add.signal(strategy = strategy.st,

             name="sigCrossover",

             arguments = list(columns=c("Low","mavg.BBands"),

                              relationship="lt"),

             label="Low.lt.middleBand")

  add.signal(strategy = strategy.st,

             name="sigCrossover",

             arguments = list(columns=c("High","mavg.BBands"),

                              relationship="gt"),

             label="High.gt.middleBand")

  # Add Rules ---------------------------------------------------

    # Calculation of the number of positions opened with volatility, 

  # 0.04 stop loss of the initial capital

  osDollarATR <- function (orderside, tradeSize, pctATR, 

                           maxPctATR = pctATR, data, 

                           timestamp, symbol, prefer = "Open", 

                           portfolio, integerQty = TRUE, 

                           atrMod = "", rebal = FALSE, ...) 

  {

    if (tradeSize > 0 & orderside == "short") {

      tradeSize <- tradeSize * -1

    }

    pos <- getPosQty(portfolio, symbol, timestamp)

    atrString <- paste0("atr", atrMod)

    atrCol <- grep(atrString, colnames(mktdata))

    if (length(atrCol) == 0) {

      stop(paste("Term", atrString, "not found in mktdata 

               column names."))

    }

    atrTimeStamp <- mktdata[timestamp, atrCol]

    if (is.na(atrTimeStamp) | atrTimeStamp == 0) {

      stop(paste("ATR corresponding to", atrString, 

                 "is invalid at this point in time. \n

               Add a logical operator to account for this."))

    }

    dollarATR <- pos * atrTimeStamp

    desiredDollarATR <- pctATR * tradeSize

    remainingRiskCapacity <- tradeSize * maxPctATR - dollarATR

    if (orderside == "long") {

      qty <- min(tradeSize * pctATR/atrTimeStamp, 

                 remainingRiskCapacity/atrTimeStamp)

    }

    else {

      qty <- max(tradeSize * pctATR/atrTimeStamp, 

                 remainingRiskCapacity/atrTimeStamp)

    }

    if (integerQty) {

      qty <- ifelse(qty < 0 & qty > -1, -1, qty)

      qty <- ifelse(qty > 0 & qty < 1, 1, qty)

      qty <- trunc(qty)

    }

    if (!rebal) {

      if (orderside == "long" & qty < 0) {

        qty <- 0

      }

      if (orderside == "short" & qty > 0) {

        qty <- 0

      }

    }

    if (rebal) {

      if (pos == 0) {

        qty <- 0

      }

    }

    pos <- getPosQty(portfolio, symbol, timestamp)

    qty <- ifelse(pos != 0, 0, qty)

    return(qty)

  } 

    # Calculate transaction fees

  txnFUN <- function(TxnQty, TxnPrice, Symbol, pct = feeRate) {

    multiStock <- getInstrument(Symbol)$multiplier

    fees <- abs(TxnQty) * TxnPrice *pct * multiStock

    # Fees are a negative deduction for the trade:

    fees <- ifelse(fees > 0, -fees, fees)

  }

    #Long entry rules

  add.rule(strategy.st, 

           name = "ruleSignal",

           arguments = list(sigcol = "Cl.gt.UpperBand",

                            sigval = TRUE,

                            replace = FALSE,

                            orderside = "long",

                            ordertype = "market",

                            prefer = "Open",

                            osFUN = osDollarATR,

                            tradeSize = tradeSize,

                            pctATR = pctATR/mymultiplier,

                            atrMod = "X",

                            TxnFees = "txnFUN",

                            orderset = "ocolong"),

           type = "enter",

           path.dep = TRUE,

           label = "EntryLongRule")

    # Long exit rules

  add.rule(strategy.st,

           name = "ruleSignal",

           arguments = list(sigcol = "Low.lt.middleBand",

                            sigval = TRUE,

                            prefer = "mavg.BBands",

                            orderqty = "all",

                            replace = FALSE,

                            TxnFees = "txnFUN",

                            ordertype = "market",

                            orderside = "long",

                            orderset = "ocolong"),

           type = "pre",

           replace = TRUE,

           label = "EixtLongRule")

    # 2N stop-loss rule

  add.rule(strategy.st,

           name = "ruleSignal",

           arguments = list(sigcol = "Cl.gt.UpperBand",

                            sigval = TRUE,

                            replace = FALSE,

                            orderside = "long",

                            prefer = "Low",

                            ordertype = "stoplimit",

                            tmult = FALSE,

                            threshold = quote(mktdata$atr.atrX[timestamp] * 2),

                            TxnFees = "txnFUN",

                            orderqty = "all",

                            orderset = "ocolong"),

           type = "chain",

           parent = "EntryLongRule",

           label = "stopLossLong",

           replace = TRUE )

    # Short entry rules

  add.rule(strategy.st, 

           name = "ruleSignal",

           arguments = list(sigcol = "Cl.lt.LowerBand",

                            sigval = TRUE,

                            prefer = "Open",

                            ordertype = "market",

                            orderside = "short",

                            replace = FALSE,

                            osFUN = osDollarATR,

                            tradeSize = tradeSize,

                            pctATR = pctATR/mymultiplier,

                            atrMod = "X",

                            TxnFees = "txnFUN",

                            orderset = "ocoshort"),

           type = "enter",

           label = "EntryShortRule")

    # Short exit rules

  add.rule(strategy.st, 

           name = "ruleSignal",

           arguments = list(sigcol = "High.gt.middleBand",

                            sigval = TRUE,

                            prefer = "mavg.BBands",

                            orderqty = "all",

                            orderside = "short",

                            replace = FALSE,

                            ordertype = "market",

                            TxnFees = "txnFUN",

                            orderset = "ocoshort"),

                     type = "pre",

           replace = TRUE,

           label = "EixtShortRule")

   # 2N stop-loss rule

  add.rule(strategy.st,

           name = "ruleSignal",

           arguments = list(sigcol = "Cl.lt.LowerBand",

                            sigval = TRUE,

                            replace = FALSE,

                            orderside = "short",

                            prefer = "High",

                            ordertype = "stoplimit",

                            tmult = FALSE,

                            threshold = quote(mktdata$atr.atrX[timestamp] * 2),

                            TxnFees = "txnFUN",

                            orderqty = "all",

                            orderset = "ocoshort"),

           type = "chain",

           parent = "EntryShortRule",

           label = "stopShortLong",

           replace = TRUE )

    applyStrategy(strategy = strategy.st,

                        portfolios = "BBANDSTRAT",

                        symbols = symbols)

  # Strategy performance statistics analysis --------------------

    #Update the portfolio,Account,Final Assets

  updatePortf(portfolio.st) 

  dateRange <- time(getPortfolio(portfolio.st)$summary)[-1]

  updateAcct(portfolio.st, dateRange) 

  updateEndEq(account.st) 

    # Individual species image display

    filename <- paste0(symbol,".jpeg")

  jpeg(filename)

  chart.Posn(portfolio.st,

             Symbol = symbol)

  dev.off()

  # Account Accumulated Assets Statistics Chart

  accountIN <- getAccount(account.st)

  equity <- accountIN$summary$End.Eq[-1,]

  fileN <- paste0(symbol, i, ".rds")

  readr::write_rds(equity, fileN)

  # jpeg(filename)

  # plot(equity,main = paste(symbol," ", "Equity Curve"))

  # dev.off()

  rm(filename, fileN )

    # Summary of statistical results

  tStats <- tradeStats(Portfolios = portfolio.st, 

                       use = "trades", 

                       inclZeroDays = FALSE)

  tStats1 <- tStats[,c(4,5,6,14,28)]

  tStats2 <- cbind(tStats1, tStats1[,4] * tStats1[,5]/100)

  tStats2 <- tStats2[,c(1,2,3,4,5,6)]

  colnames(tStats2) <- c("Number_of_transactions",

                         "Net Profit",

                         "profit_per_trade", 

                         "Winning_percentage",

                         "Profit_Loss_ratio", 

                         "Expectation_of_the_Profit")

    tStats2[,1:6] <- round(tStats2[,1:6], 2)

  tStats2$ID <- row.names(tStats2)

  rets <- PortfReturns(Account = account.st)

  rets$initEqt <- 300000

  rets$Eqt <- rets[,1]*300000

  rets$TEqt <- cumsum(rets$Eqt)

  rets$TEqt <- rets$TEqt+300000

  rets$retc <- rets$TEqt/lag(rets$TEqt)-1

  rets <- rets$retc

  myindictor2 <- table.Arbitrary(rets, 

                                 metrics = c("Return.annualized",

                                             "StdDev.annualized",

                                             "SharpeRatio.annualized", 

                                             "SortinoRatio"),

                                 metricsNames = c( "Annualized_Return", 

                                                   "Annualized_StdDev",

                                                   "Annualized_SharpeRatio", 

                                                   "Sortino_Ratio"))

    colnames(myindictor2) <- symbol

  myindictor2 <- as.data.frame(t(myindictor2))

  myindictor2[,1:4] <- round(myindictor2[,1:4], 2)

  myindictor2$ID <- row.names(myindictor2)

  myindictor <- merge(tStats2, myindictor2, by = "ID")

  write.table(myindictor, paste0(symbol,".csv") ,sep = ",")

  }

# Copy the 11 files output above to data4, 

# merge them and output the table

all_perf_stats <- data.frame(

  ID = character(0),

  Number_of_transactions = numeric(0),

  Net_Profit = numeric(0),

  profit_per_trade = numeric(0),

  Winning_percentage = numeric(0),

  Profit_Loss_ratio = numeric(0),

  Expectation_of_the_Profit = numeric(0),

  Annualized_Return = numeric(0),

  Annualized_StdDev = numeric(0),

  Annualized_SharpeRatio = numeric(0),

  Sortino_Ratio = numeric(0)

)

for (i in 1:length(symbols)) {

  symbol <- symbols[i]

  file_path <- paste0(symbol, ".csv")

      perf_stats <- read.csv(file_path)

      all_perf_stats <- rbind(all_perf_stats, perf_stats)

}

write_xlsx(all_perf_stats, "all_perf_stats2.xlsx")

Appendix 7: R codes for correlation analysis

# Loading Toolkit ---------------------------------------------------------

library(readxl)

library(writexl)

library(GGally)

library(xts)

setwd("D:/thesis/data2")

xlsx_data <- read_xlsx("4.xlsx")

symbols <- xlsx_data$ID

bb <- c()

for (symbol in symbols) {

  aa <- readr::read_rds(paste0(symbol,".rds"))

  aa <- aa$Close

  names(aa) <- symbol

  bb <- cbind(bb,aa)

}

bb <- na.omit(bb)

bb <- as.data.frame(bb)

bb$rowNam <- as.Date(row.names(bb))

bb$rowNam <- format(bb$rowNam,'%Y')

bb$rowNam <- as.factor(bb$rowNam)

ggpairs(bb,columns = 1:11,

        title = "Correlation coefficient diagram of 11 varieties",

        aes(color = rowNam))

bb <- bb[, !names(bb) %in% "rowNam"]

bb <- as.data.frame(sapply(bb, as.numeric))

xishu <- cor(bb)

# Save the correlation coefficients as a CSV file

write.csv(xishu, "xishu.csv")

