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1 Overview of Trading Models and Backtesting in Cryp-
tocurrencies or Stock Markets

1.1 Introduction to Financial Trading

The technical analysis of the trading in stock and financial markets, whether in traditional
stocks or cryptocurrencies, is driven by strategies and indicators, where backtesting is
an essential tool for evaluating these strategies by applying them to historical data. It
allows traders to assess the performance of strategies such as the relative strength in-
dex (RSI), stochastic RSI, moving averages, Bollinger bands, MACD (moving average
convergence divergence), Pi cycle indicator, and Fibonacci retracement levels. These
strategies are commonly applied in both the stock and cryptocurrency markets, mak-
ing their analysis highly relevant in the current financial landscape. The objective is to
determine their profitability, risk-adjusted returns, and reliability.

The dynamic and volatile nature of financial markets, which encompass both traditional
stocks and cryptocurrencies, requires robust methods for evaluating trading strategies.
Backtesting, an essential tool in financial analysis, enables traders and researchers to
simulate the performance of trading strategies based on historical data. This process
not only tests the viability of strategies but also provides insights into their potential
profitability and risk. By applying strategies to historical market data, traders can identify
patterns, assess their robustness, and make informed decisions before applying them
in live markets.

Stocks: Backtesting helps validate strategies against long-term trends and varied mar-
ket conditions, such as bull and bear markets.

Cryptocurrencies: Given the volatile nature of crypto markets, backtesting provides
insights into how strategies might behave in extreme price swings.

This thesis evaluates six prominent technical backtesting strategies and one technical
indicator, selected for their widespread use and theoretical robustness.

Relative Strength Index (RSI):
A momentum oscillator that measures the speed and change of price movements to



identify overbought or oversold conditions. The main objective is to test its ability to
capture reversal points in both trending and ranging markets.

Stochastic RSI:

A variation of RSI, normalized to provide greater sensitivity in detecting overbought and
oversold zones. The main objective is to evaluate its effectiveness in fast-moving mar-
kets like, cryptocurrencies.

Moving averages:

Traders often use trend-based simple moving averages (SMA) or exponential moving
averages (EMA) with different time periods to identify trends and reversals. A buy signal
is generated when a shorter-term moving average crosses above a longer-term mov-
ing average, while a sell signal occurs when the shorter-term MA crosses below the
longer-term MA.

Bollinger Bands:

A volatility-based strategy that identifies potential breakout points by calculating stan-
dard deviations around a moving average.The main objective is to assess its ability to
adapt to different market volatility.

MACD (Moving average convergence divergence):

A trend-following indicator that uses moving average crossovers to signal changes in
momentum. Backtesting Objective is to determine its efficacy in capturing trend contin-
uations and reversals.

Pi Cycle:

A specialized indicator often used in cryptocurrencies to predict market cycle tops and
bottoms using two moving averages derived from the constant 7. The main objective is
to test its accuracy in detecting major turning points in crypto markets.

Fibonacci Retracement Levels:

A tool for identifying support and resistance levels based on the Fibonacci sequence,
used to predict potential reversal zones.The main objective is to validate its reliability
across varying market structures. The thesis focuses on historical data from leading
cryptocurrencies (e.g., Bitcoin, Ethereum). By leveraging statistical models and pro-
gramming tools such as Pine Script, the study constructs comprehensive backtesting
frameworks for each strategy.

Key metrics evaluated include:

Profitability: Returns generated by the strategy.
Risk Metrics: Drawdowns and volatility.



Accuracy: Success rate of entry and exit signals.

The importance of backtesting provides: Insight into viability. Tests strategies before
deployment, manages risk, and identifies draw downs and profitability.

The research aims to backtest selected trading strategies on cryptocurrencies (e.g., Bit-
coin, Ethereum). Compare the performance of strategies across different time frames
through performance summary. Provide insights into improving trading frameworks
through robust backtesting.

1.2 Scope and Objectives of the Thesis

The financial markets, including traditional stocks and cryptocurrencies, operate in a
highly dynamic and volatile environment. Traders rely on technical analysis to make
informed decisions, leveraging strategies that capture trends, momentum, and reversal
points. This thesis focuses on evaluating the performance of selected trading strate-
gies—Relative Strength Index (RSI), Stochastic RSI, Bollinger Bands, Moving Averages,
MACD (Moving Average Convergence Divergence), Pi Cycle, and Fibonacci Retrace-
ment Levels. These strategies are widely recognized for their theoretical foundation and
applicability in diverse markets. Whereas, especially for Bitcoin cryptocurrency, the plat-
forms: Tradingview [1], Investopedia [2] and Binance [3] have been consulted to obtain
historical data, research input and analysis, respectively. To write down the Pine script
for different strategies the platforms of Tradingview [1], Tradingcode [4] AlgoTest [5] and
pinecoders [6] specially for mathematical expressions have been consulted.

By simulating the application of these strategies, the study aims to assess their viability,
profitability, and adaptability under various market conditions, such as trends, reversals,
and volatility surges.

The objectives of the thesis are as follows:

» To explore the theoretical underpinnings of each selected trading strategy, em-
phasizing their core mechanics and applicability in different market environments.
[7]-

» To conduct backtesting of these strategies on historical datasets, evaluating their
performance in cryptocurrency markets. [S].

» To compare the strategies based on profitability, risk-adjusted returns, and relia-
bility across market conditions. [9].

« To identify the strengths and limitations of each strategy, particularly in the context
of the volatile and nascent cryptocurrency markets.

» To provide actionable insights for traders and researchers, facilitating the refine-
ment of trading frameworks through robust backtesting.



By achieving these objectives, this thesis aims to enhance the understanding and ap-
plication of technical indicators, bridging the gap between theory and practice. The
findings contribute to the broader field of quantitative trading, offering practical guidance
for optimizing strategies in both traditional and emerging financial markets.

1.3 Structure of the Thesis

» Chapter 2: This chapter outlines the mathematical foundation and practical im-
pact of backtesting strategies, providing a robust framework for their application in
the stock and cryptocurrency markets.

» Chapter 3: Results of Methodologies covering datasets, tools, Pine script of the
back test strategies and their respective performance summary.

» Chapter 4: Discussion of the results and analysis of the performance of the strate-
gies. Ideas are summarized in this chapter to give a holistic detail of outcomes.

» Chapter 5: Conclusions and research opportunities are discussed in the final
chapter.



2 Theoretical Framework and Development of Cryptocur-
rencies Trading Models

2.1 Overview of Trading Models

Introduction to Backtesting in Financial Markets Backtesting is a critical component in
the evaluation of trading strategies. By simulating historical performance, traders can
assess the reliability and risk-adjusted profitability of a strategy. For both stocks and
cryptocurrencies, backtesting involves the application of mathematical models to his-
torical price data with the aim of identifying patterns that improve decision-making and
reduce financial risks.

This chapter provides a comprehensive review of backtesting fundamentals, followed by
a mathematical description of key trading strategies, including their impact on the trading
performance of stocks and cryptocurrencies. Emphasis is placed on metrics such as
return, volatility, and drawdown to highlight the effectiveness of these strategies.

2.2 Key Components of Trading Models

Effective backtesting relies on the following:

Historical Data Quality: Accurate and high-resolution open-high-low-close (OHLC)
data is essential to simulate real market conditions.

Assumptions and Constraints: Models must incorporate realistic transaction costs,
slippage, and liquidity considerations, such as Sharpe Ratio = S

_ Ry, —Ry

S (2.1)

Op

and where R, is portfolio return, Ry is the risk-free rate, and o, is portfolio volatility (or
standard deviation of returns). [1]

Maximum Drawdown: Measures the largest peak-to-trough loss during a backtested
period.



2.2.1 Challenges in Backtesting

+ Overfitting: Excessive optimization on historical data can lead to poor future per-
formance.

» Lookahead bias: incorporating information not available during the simulated pe-
riod.

« Survivorship Bias: Ignoring delisted assets can skew results.

Backtesting simulates trading strategies on historical data to evaluate their performance.
Effective backtesting incorporates: [7] []

+ Historical Data Quality: Clean, high-resolution OHLC data.

* Realistic Assumptions: Includes transaction costs, slippage, and liquidity con-
straints.

* Risk Metrics: Maximum drawdown, Sharpe ratio, and profit factor.

2.3 Theoretical Foundation of Cryptocurrencies
Backtesting Trading Strategies

2.3.1 Relative Strength Index (RSI)

RSI measures momentum to identify overbought/oversold conditions.[10] [9]

The RSl is a momentum oscillator that measures the speed and change of price move-
ments. It is calculated as:

100
RSI=100— [ ——— 2.2
(1 +RS) 22)
where: . .
__Average Gain over n periods 2.3)
~ Average Loss over n periods '
The average gain and loss are calculated as:
" Gain,-
Average Gain (AG) = ==L — (2.4)
n
" Loss;
Average Loss (AL) — Zi=LLOSSi (2.5)
n

For Stocks: Useful for identifying corrections during bullish trends.
For Cryptocurrencies: Volatile assets often trigger more frequent overbought/oversold
signals.



2.3.2 Stochastic RSI

Enhances RSI sensitivity by applying stochastic formulas.[9]
RSI — min(RSI)
max (RSI) — min(RSI)

where max(RSI) and min(RSI) are the maximum and minimum RSI values over the
lookback period n.

StochRSI = (2.6)

2.3.3 Moving Averages
Simple Moving Average (SMA)

Smooths price data over a period.

1 n
SMA = — ) Close;. 2.7
- l; ose; (2.7)

» n: Number of periods used in the calculation.
+ Close;: Closing price at time i.

Exponential Moving Average (EMA)

Gives more weight to recent prices. [11]

EMA = (P;-K) + (SMAy1 - (1 —K)) (2.8)
2
K = T (2.9)

Here:

EMA: Exponential Moving Average.

P:: Current closing price.
» SMA.1: Previous SMA value of closing price.

K: Smoothing factor.
» n: Number of periods for EMA.



For Stocks: SMA captures long-term trends; EMA responds quickly to recent price

changes.
For Cryptocurrencies: EMA’s sensitivity suits fast-moving markets.[11] [9]

2.3.4 Bollinger Bands

Combines SMA with standard deviation bands to measure volatility to identify potential
breakouts.:

UB=SMA+k-o, LB=SMA—k-o,
where UB and LB are upper and lower bands, k is a multiplier, and o is standard
deviation. [12] [9]

1 n
Middle Band = — Y Close;, (2.10)
ni3
Upper Band = Middle Band+ D - o, (2.11)
Lower Band = Middle Band — D - o, (2.12)
1 n
c= \/— Z (Close;; — Middle Band)?. (2.13)
ni3

Here: [11]

» n: Number of periods used in the calculation.

Close;: Closing price at time ;.
» D: Number of standard deviations (commonly 2).
o Standard deviation of prices.

For Stocks: Indicates breakout and mean-reversion points.
For Cryptocurrencies: High volatility makes Bollinger Bands highly responsive.

2.3.5 Moving Average Convergence Divergence (MACD)

Analyzes the momentum and direction of trends. [7] [9]

Moving Average Convergence Divergence (MACD) measures the difference between
short and long EMAs(Exponential moving averages):

MACD = EMA 0,1 — EMA4,,, Signal Line = EMApyacp.



MACD is a momentum indicator defined as:

MACD Line = EMA12.day — EMA26_gay (2.14)
Signal Line = EMAg_qay (2.15)

For Stocks: Effective in identifying trend shifts.
For Cryptocurrencies: Momentum signals in volatile markets.

2.3.6 PiCycle

Specialized in predicting crypto market cycle tops using moving averages.[13] [14] [1]

Pi-Cycle Indicator Specialized for cryptocurrency markets, it predicts cycle tops using:

Short MA = SMAH], Long MA = SMA35() -2.

Short MA = SMA 1, (2.16)
SMA35

= 2.17

GRSV (2.17)

where m ~ 3.14159

Impact on Cryptocurrencies: Accurately identifies peaks in Bitcoin cycles.

2.3.7 Fibonacci Retracement Levels

Fibonacci retracement levels identify potential reversal levels using Fibonacci ratios
(23.6%, 38.2%, 50%, 61.8%) to identify support and resistance levels. [2]
Fibonacci retracement levels are calculated as:

Level; = H — (Ratio;- (H — L)) (2.18)
where:

* H: Significant high.
« L: Significant low.
+ Ratio;: Fibonacci ratios (e.g., 0.236,0.382,0.500,0.618,0.786).



For stocks: highlights retracement levels in steady trends of different measures.
For Cryptocurrencies: Identifies potential reversal points or retracement levels to identify
high volatility environments.

2.4 Comparison of Backtesting Strategies

Strategy

Stocks

Cryptocurrencies

RSI

Effective for overbought sig-
nals.

Generates frequent signals

Moving Averages

Captures trends in stable
markets.

EMA suits high volatility

Bollinger Bands

Reliable in
phases.

low-volatility

Responsive to breakouts

MACD

Identifies trend reversal.

Lagging signals in rapid mar-
kets

Fibonacci Levels

Useful for retracement zones

Pinpoints volatile reversals

Pi-Cycle

N/A

Predicts market cycle peaks

Table 2.1: Comparative Analysis of Trading Strategies for Stocks and Cryptocurrencies




3 Empirical Evaluation of Cryptocurrencies Trading Strate-
gies and Results

3.1 Metrics for Strategy Evaluation

3.1.1 Net Profit

This metric shows that overall proftability of the Backtesting trading strategy.

It represents the total monetary gain or loss from all executed count of the trades during
the backtesting period. It is calculated as:

Net Profit = Gross Profit — Gross Loss

Where:

» Gross Profit: Total profit from all winning trades.

» Gross Loss: Total loss from all losing trades.

Significance in Backtesting

* Primary Performance Metric: Net Profit is the most straightforward indicator of
a strategy’s financial performance.

+ Strategy Viability: A consistently positive Net Profit is the sign that the strategy
is robust and viable.

+ Risk-Adjusted Returns: Used jointly with other metrics like the Sharpe Ratio to
evaluate risk-adjusted performance.

« Timeframe Analysis: Comparing Net Profit across multiple time slots and pa-
rameters highlights optimal trading conditions.



Net Profit in TradingView

In TradingView, the strategy tester includes net profit as a key metric in the performance
summary. It provides:

» Gross Figures: Breaks down profits and losses into gross amounts.

+ Visualization: Graphs showing cumulative profit over time.

+ Suitable Timeframes: Allows users to calculate net profit for specific periods and
to check its validity over a longer or shorter period of time.

Interpreting Net Profit for Specific Strategies

Strategy Expected Behavior of Net Profit

RSI Generates consistent profits in ranging markets by
capitalizing on overbought/oversold conditions.

Stochastic RSI Higher sensitivity may lead to frequent trades, poten-
tially increasing gross profits and gross losses.

Moving Averages Performs well in trending markets, leading to signifi-
cant profits during prolonged trends.

MACD Captures momentum effectively, producing high net
profits in strong directional markets.

Bollinger Bands Generates moderate net profits by exploiting volatility
and mean-reversion opportunities.

Fibonacci Levels Identifies strong support/resistance levels, leading to
large profits when price respects these levels.

Table 3.1: Expected Net Profit Behavior for Different Strategies

Net profit is a crucial metric for evaluating the success of a trading strategy. It pro-
vides a clear measure of profitability, enabling traders to assess a strategy’s financial
viability. However, it should be complemented with other metrics, such as the Sharpe
Ratio and Max Drawdown, to account for risk and consistency. In TradingView, detailed
breakdowns and visualizations make it easier for traders to interpret and optimize their
strategies.

3.1.2 Max Drawdown

it reflects the Backtesting strategy’s risk during critical market conditions.

Max Drawdown (MDD) is a risk metric that measures the largest peak-to-trough decline



in the value of a cryptocurrency or any trading portfolio of the strategy during a specific
period. It is calculated as:

Peak Value — Trough Value

100%
Peak Value % ?

Max Drawdown =

Where:

» Peak Value: The highest portfolio value (price of cryptocurrency) before a decline.
» Trough Value: The lowest portfolio (price of cryptocurrency) value during the
decline.

Significance in Backtesting

* Risk Management: Highlights the potential downside risk of a strategy.

» Stress Testing: Evaluates strategy performance during adverse market condi-
tions.

+ Capital Preservation: Indicates how much of the capital could be lost during a
significant downturn.

« Strategy Viability: A lower MDD relative to returns suggests a better risk-reward
ratio.

Max Drawdown in TradingView

In TradingView, Max Drawdown is included in the Strategy Tester under the Perfor-
mance Summary section, allowing traders to:

+ Visualize portfolio declines: displayed alongside cumulative profit/loss graphs.

+ Compare Strategies: Serves as a benchmark for assessing the riskiness of
strategies.

+ Adjust Strategy Parameters: Strategy parameters must be evaluated by fine-
tuning to minimize drawdowns.

Interpreting Max Drawdown for Specific Strategies

Max Drawdown is a crucial metric for evaluating the risk of a backtested trading strategy.
While it does not account for the frequency or duration of drawdowns, its value lies
in highlighting the worst-case loss scenario. In TradingView, MDD provides actionable
insights into a strategy’s risk profile, enabling traders to refine their systems for improved
resilience.



Strategy Expected Behavior of Max Drawdown

RSI Relatively low MDD in ranging markets if over-
bought/oversold levels are used effectively.

Stochastic RSI May have higher MDD due to sensitivity to short-term
price fluctuations.

Moving Averages Trend-following strategies can experience high MDD
during choppy, sideways markets.

MACD Momentum-based strategies may have moderate
MDD during prolonged consolidation phases.

Bollinger Bands MDD is moderate, as mean-reversion strategies tend
to limit losses in volatile markets.

Fibonacci Levels Low MDD when retracement levels are respected;
higher MDD during unexpected breakout or break-
downs.

Table 3.2: Expected Max Drawdown Behavior for Different Strategies

3.1.3 Sharpe Ratio

Higher values signify better risk-adjusted performance, in our results we have identified
positive values of the Sharpe ratio depicts more viable risk management of the strat-

egy.

It is calculated as:

Average Return — Risk-Free Rate
Standard Deviation of Returns

Sharpe Ratio =

Where:

» Average Return: The mean return of the strategy during the backtesting period.
» Risk-Free Rate: The return on a risk-free investment, such as government bonds.

» Standard Deviation of Returns: A measure of the variability or volatility of the
returns.

Significance in Backtesting

» Risk-Adjusted Performance: Accounts for both returns and risk, providing a
comprehensive evaluation of the strategy.



» Strategy Comparison: Enables comparison of strategies with different levels of
risk and return.

+ Optimal Risk/Reward Balance: Highlights strategies that generate higher re-
turns for a given level of risk.

* Universality: Useful across various timeframes and asset classes.

Sharpe Ratio in TradingView

In TradingView, the Sharpe Ratio is included in the Strategy Tester under the Perfor-
mance Summary. Key aspects include:

* Integrated Calculation: Automatically computed using average return and volatil-
ity.

+ Visualization: Displayed alongside metrics like Net Profit and Max Drawdown for
easy assessment.

« Comparative Insights: Helps identify timeframes or parameters yielding the best
risk-adjusted performance.

Interpreting Sharpe Ratio for Specific Strategies

Strategy Expected Sharpe Ratio Behavior

RSI High Sharpe Ratio in ranging markets where over-
bought/oversold levels are effectively used.

Stochastic RSI Moderate Sharpe Ratio in volatile markets when
paired with tight stop-losses.

Moving Averages Lower Sharpe Ratios during choppy markets but
higher during strong trends.

MACD Moderate to high Sharpe Ratio in trending markets.

Bollinger Bands Moderate Sharpe Ratio balancing mean-reversion

trades and volatility management.

Fibonacci Levels High Sharpe Ratio when retracement levels are re-
spected in trending and ranging markets.

Table 3.3: Expected Sharpe Ratio Behavior for Different Strategies

The above table also provides a knowledge base to test strategies over different param-
eters of the Backtesting strategies.

The Sharpe Ratio is a critical metric for evaluating the risk-adjusted return of a trad-
ing strategy. In TradingView, it provides a quick and comprehensive measure of strat-



egy performance, enabling traders to identify and optimize high-performing, risk-efficient
strategies.

3.1.4 Exposure Time

Time interval for which capital was actively allocated in trades, which Shows the strat-
egy’s activity level e.g. 1D(one day), 5D(5 days), 1M(1 month), 3M(3 months), 6M(6
months), 1Y(1 year) and 5Y(5 years).

3.1.5 Risk/Reward Ratio

Average profit of winning trades divided by average loss of losing trades. Values >1
suggest the strategy yields more profit per risk unit.

It is a key metric in the performance summary of backtesting trading strategies. It quanti-
fies the average profit from winning trades relative to the average loss from losing trades.
This metric is expressed mathematically as:

Average Profit of Winning Trades
Average Loss of Losing Trades

Ratio Avg Win / Avg Loss =

Where:

+ Average Profit of Winning Trades: The mean value of all profits from trades that
ended in a gain.

» Average Loss of Losing Trades: The mean value of all losses from trades that
ended in a loss.

Significance in Backtesting

 Profitability Indicator: A ratio greater than 1 indicates that the strategy makes
more profit on winning trades than it loses on losing trades. For example, a ratio
of 2 means that, on average, the profit from winning trades is twice the loss from
losing trades.

« Complement to Win Rate: Even a strategy with a low win rate (e.g., 40%) can
be profitable if the **Avg Win / Avg Loss™* ratio is significantly greater than 1.

» Risk Management: Helps in assessing the risk-reward balance of the strategy.
A high ratio suggests that the strategy minimizes losses effectively relative to its
gains.



+ Strategy Optimization: Useful for identifying strategies that have potential for
improvement, particularly by analyzing trade exits or stop-loss levels.

Avg. Win / Avg. loss Ratio in TradingView

* In TradingView, this metric is included in the Strategy Tester under "Performance
Summary," alongside other metrics like Win Rate, Net Profit, and Max Drawdown.
» Special Considerations:

— Timeframes: The ratio may vary significantly across different timeframes
(e.g., 15m vs. 1D charts).

— Market Type: Influenced by whether the market is trending or ranging, as
some strategies (e.g., Bollinger Bands) perform better in specific conditions.

— Execution Costs: The ratio does not inherently account for fees, slippage,
or spreads, which may impact real-world results.

Interpretation for Different Strategies

Strategy Expected Avg Win / Avg Loss Behavior

RSI Typically higher when using oversold/overbought lev-
els effectively for reversal trades.

Stochastic RSI Sensitive to small price movements; ratio depends
on tight stop-losses and short-term gains.

Moving Averages Generally moderate; trend-following strategies might
yield large wins but occasional losses.

MACD Can achieve a high ratio during strong trending mar-
kets due to well-timed entries/exits.

Bollinger Bands May have a lower ratio in ranging markets due to fre-
quent small trades near band levels.

Fibonacci Levels Often yields a high ratio when trades align with strong
support/resistance zones.

Table 3.4: Expected Avg Win / Avg Loss Behavior for Different Strategies

This ratio of 2 indicates that the strategy earns twice as much on winning trades as it
loses on losing trades.

The Ratio Avg Win / Avg Loss is an essential metric for assessing the profitability and
risk-reward balance of a trading strategy. In TradingView, it provides traders with a clear
understanding of how well a strategy performs relative to its risks. By optimizing this
ratio, traders can achieve more sustainable and profitable trading outcomes.
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3.2 Key Results and Performance Metrics

3.2.1 RSI: Relative Strength Index

Following are the results of the RSI strategy

D 5D 1M 3M 6M 1Y 5Y

= 00z = 0 7 147 7

3,927.02 USD| 12,566.91 USD| 2,564.51usp|  ~®992:31) g g9¢ 4gysp| OB016-21| ~147,993.57

Net Profit UsD USD usD

0.39% 1.26% 0.26% -3.60% -1.00% -9.80% -14.80%

6,203.18 USD| 11,665.75 USD| 39,298.72 USD| 44,093.17 UsD| 21,411.03 usp|  112489-11)  206,275.71

Max Drawdown usD usD

0.62% 1.16% 3.77% 4.38% 2.13% 11.25% 19.83%

Sharpe Ratio 0.166 0.292 -0.138 -0.551 -0.276 -0.286 -0.37

S 56 34 127 65 81 55 8
Trades

e e 17 28 209 151 161 118 21
Trades

R‘““’A"Lgo‘s':'" Liee 0.374 1.116 1.659 1.951 1.907 1.708 0.93

Table 3.5: RSI Performance Metrics Table

*Key findings: Using RSI backtesting strategy, 1D(1 day) and 5D (1 days) time intervals

give best results, where positive sharpe ratio depicts better risk management and av
win / avg. loss ratio is also more than 1: as shown in table 3.5

FarhanKhalidOfficial published on TradingView.com, Dec 29, 2024 17:29 UTC
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Figure 3.1: RSI Strategy: Chart of 3 months time interval

Below is the Pine Script code for a simple RSI strategy: [4] [5]

g.

//@version=5

strategy ("RSI Strategy", overlay=true,
default_qty_type=strategy.percent_of_equity,
default_qty_value=10)

// Input parameters for RSI
rsi_length = input.int (14, title="RSI Length", minval=1)




20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

rsi_overbought = input.int (70, title="RSI Overbought Level",
minval=50, maxval=100)

rsi_oversold = input.int (30, title="RSI Oversold Level",
minval=0, maxval=50)

// Calculate RSI
rsi = ta.rsi(close, rsi_length)

// Plot RSI on a separate pane below the chart
hline(rsi_overbought, "Overbought Level", color=color.red)
hline(rsi_oversold, "Oversold Level", color=color.green)
plot (rsi, title="RSI", color=color.blue, linewidth=2)

// Define entry and exit conditions based on RSI levels
longCondition = ta.crossover(rsi, rsi_oversold)
shortCondition = ta.crossunder(rsi, rsi_overbought)

// Execute trades based on RSI conditions
if (longCondition)
strategy.entry("Long", strategy.long, comment="Long
Entry")

if (shortCondition)
strategy.entry("Short", strategy.short, comment="Short
Entry")

// Optional: Define stop-loss and take-profit levels

stop_loss_percent = input.float(1.5, "Stop Loss (%)",
minval=0.1) / 100

take_profit_percent = input.float (3.0, "Take Profit (%)",
minval=0.1) / 100

float stop_loss_price = na

float take_profit_price = na

if (strategy.position_size > 0)
stop_loss_price := strategy.position_avg_price * (1 -
stop_loss_percent)
take_profit_price := strategy.position_avg_price * (1 +
take_profit_percent)
strategy.exit("Take Profit/Stop Loss", from_entry="Long"
stop=stop_loss_price, limit=take_profit_price)

if (strategy.position_size < 0)
stop_loss_price := strategy.position_avg_price * (1 +
stop_loss_percent)
take_profit_price := strategy.position_avg_price * (1 -

-




42

take_profit_percent)

strategy.exit("Take Profit/Stop Loss",

from_entry="Short",

limit=take_profit_price)

stop=stop_loss_price,

// Plot Buy and Sell signals on the chart
plotshape (series=longCondition,

color=color.green,

plotshape(series=shortCondition,

color=color.red,

style=shape.labelup,

location=location.belowbar,
text="BUY")

location=location.abovebar,

style=shape.labeldown,

text="SELL")

3.2.2 Stochastic RSI (Relative Strength Index)

Following are the results of the Stochastic RSI strategy

iD 5D 1M 3M 6M 1Y BY
-R& 02717 =49 2877 7 -RhRh 449 K -13.15RB.432
i I It T e S ™ I
MNet Profit
-0.56% 0.37% -5.60% -4.993 2.58% -5.54% -1.32%
124,342.37
9,362.98 USD| 13,883.15 USD| 91,024.86 USD| 64,496.78 USD| 36,622.07 USD 63,021.10 USD
Max Drawdown usp
0.94% 1.38% 8.87% 6.45% 3.64% 12.12% 6.05%
Sharpe Ratio -0.25 0.045 -0.675 -0.733 -0.057 -0.204 -0.271
S 263 166 443 244 271 166 )
Trades
ST L 190 128 447 307 329 239 36
Trades
Ratio Avg Win / 0.647 0.809 0.904 1.106 1.278 1.347 1.546
Avg Loss

Table 3.6: Stochastic RSI Performance Metrics Table

*Key findings: Using Stochastic RSI backtesting strategy, 5D(5 days) and 6M (6 month)
time intervals give best results, where sharpe ratio depicts better risk management and
avg. win / avg. loss ratio is also close to 1: as shown in table 3.6

Below is the Pine Script code for Stochastic RSI Strategy. [4] [5]

w

o

)

//Q@version=5

strategy ("Stochastic RSI Trading Strategy",

default_qty_type=strategy.percent_of_equity,
default_qty_value=10)

// Input parameters for Stochastic RSI

rsi_length =

stoch_rsi_length

Length",

input.int (14,

minval=1)

input.

int (14,

title="RSI Length",

title="Stochastic RSI

overlay=true,

minval=1)
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Figure 3.2: Stochastic RSI over 5 years

k_smooth
d_smooth
overbought = input.int (80, title="Overbought Level",

input.int (3, title="%K Smoothing", minval=1)

input.int (3, title="YD Smoothing", minval=1)

minval=50, maxval=100)
oversold = input.int (20, title="Oversold Level", minval=0,
maxval=50)

// Calculate RSI
rsi = ta.rsi(close, rsi_length)

// Calculate Stochastic RSI

stoch_rsi = (rsi - ta.lowest(rsi, stoch_rsi_length)) /
(ta.highest(rsi, stoch_rsi_length) - ta.lowest(rsi,
stoch_rsi_length)) * 100

// %HK line (smoothed Stochastic RSI)
k = ta.sma(stoch_rsi, k_smooth)

// %D line (signal line)
d = ta.sma(k, d_smooth)

// Plot Stochastic RSI %K and %D lines
plot (k, color=color.blue, linewidth=2, title="%K Line")
plot(d, color=color.red, linewidth=2, title="JD Line")

// Plot overbought and oversold levels
hline (overbought, "Overbought Level", color=color.red)
hline (oversold, "Oversold Level", color=color.green)

// Define long and short conditions
longCondition = ta.crossover(k, d) and k < oversold
shortCondition = ta.crossunder(k, d) and k > overbought
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// Execute trades based on conditions
if (longCondition)
strategy.entry("Long", strategy.long, comment="Long
Entry")

if (shortCondition)
strategy.entry("Short", strategy.short, comment="Short
Entry")

// Optional: Define stop-loss and take-profit levels

stop_loss_percent = input.float(l1.5, "Stop Loss (%)",
minval=0.1) / 100

take_profit_percent = input.float (3.0, "Take Profit (%)",
minval=0.1) / 100

if (strategy.position_size > 0)
strategy.exit ("Take Profit/Stop Loss", from_entry="Long",
stop=strategy.position_avg_price * (1 -
stop_loss_percent), limit=strategy.position_avg_price
* (1 + take_profit_percent))

if (strategy.position_size < 0)
strategy.exit ("Take Profit/Stop Loss",
from_entry="Short", stop=strategy.position_avg_price *
(1 + stop_loss_percent),
limit=strategy.position_avg_price * (1 -
take_profit_percent))

// Plot buy and sell signals

plotshape(series=longCondition, location=location.belowbar,
color=color.green, style=shape.labelup, text="BUY")

plotshape(series=shortCondition, location=location.abovebar,
color=color.red, style=shape.labeldown, text="SELL")
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3.2.3 Moving averages

Following are the results of the Moving averages strategy

1D 5D 1M 3M 6M 1Y 5Y
2,277.36 USD| -6,921.74 USD| 9,350.28 USD| 29,021.18 USD|  -38.09 USD| 82,623.07 USD/ 18,491.91 USD
Net Profit
0.23% -0.69% 0.94% 2.90% 0.00% 8.26% 1.85%
7,201.96 USD| 14,813.63 USD| 31,734.64 USD| 26,446.99 USD| 36,491.12 USD| 55,817.03 USD| 48,000.00 USD
Max Drawdown
0.71% 1.47% 3.10% 2.58% 3.56% 5.12% 4.80%
Sharpe Ratio 0.106 -0.134 -0.098 0.103 -0.197 -0.18 -0.383
R = 170 111 329 173 183 89 13
Trades
R 305 218 605 299 329 115 14
Trades
R“”Afzfnfkﬁ 1.898 1.776 1.877 1.898 1.798 1.584 1.276

Table 3.7: Moving averages Cross over Strategy Performance Metrics Table

*Key findings: in this research only SMA(Simple moving averages) and EMA(exponential
moving averages) cross over is considered, in some cases traders use other methods
with double-EMA but w have chosen SMA and EMA crossover strategy because of it’s
performance over multiple time intervals is better such as in 1D(1 day) and 3M (3 month)
time intervals give best results, where sharpe ratio depicts better risk management and
avg. win / avg. loss ratio are also more than 1 whereas for long term it is also profitable:
as shown in table 3.7

(a) Chart MA 1Y (b) Chart MA 5Y

Figure 3.3: Moving averages Simple and Exponential over 1 year(left) and 5 years(right)

Below is the Pine Script of Moving averages Strategy. [4] [5]

//@version=5
strategy("Moving Average Crossover Strategy (SMA & EMA)",
overlay=true, default_qty_type=strategy.percent_of_equity,
default_qty_value=10)

// Input parameters for moving averages

ma_type = input.string("SMA", title="Moving Average Type",
options=["SMA", "EMA"])

short_ma_length = input.int(9, title="Short MA Length",
minval=1)
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long_ma_length = input.int(21, title="Long MA Length",
minval=1)
src = input(close, title="Source")

// Calculate the short-term and long-term moving averages
based on selected type
short_ma = (ma_type == "SMA") 7?7 ta.sma(src, short_ma_length)
ta.ema(src, short_ma_length)
long_ma = (ma_type == "SMA") 7 ta.sma(src, long_ma_length)

ta.ema(src, long_ma_length)

// Plot the moving averages on the chart

plot (short_ma, color=color.green, linewidth=2, title="Short
Moving Average")

plot (long_ma, color=color.red, linewidth=2, title="Long
Moving Average")

// Define entry and exit conditions based on crossover
longCondition = ta.crossover (short_ma, long_ma)
shortCondition = ta.crossunder (short_ma, long_ma)

// Execute trades based on moving average crossover conditions
if (longCondition)
strategy.entry("Long", strategy.long, comment="Long
Entry")

if (shortCondition)
strategy.entry ("Short", strategy.short, comment="Short
Entry")

// Optional: Define stop-loss and take-profit levels

stop_loss_percent = input.float (1.5, "Stop Loss (%)",
minval=0.1) / 100

take_profit_percent = input.float(3.0, "Take Profit (%)",
minval=0.1) / 100

float stop_loss_price = na

float take_profit_price = na

if (strategy.position_size > 0)
stop_loss_price := strategy.position_avg_price * (1 -
stop_loss_percent)
take_profit_price := strategy.position_avg_price * (1 +
take_profit_percent)
strategy.exit ("Take Profit/Stop Loss", from_entry="Long"

-

stop=stop_loss_price, limit=take_profit_price)
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if (strategy.position_size < 0)

stop_loss_price := strategy.position_avg_price * (1 +
stop_loss_percent)

take_profit_price := strategy.position_avg_price * (1 -
take_profit_percent)

strategy.exit ("Take Profit/Stop Loss",
from_entry="Short", stop=stop_loss_price,
limit=take_profit_price)

// Plot Buy and Sell signals on the chart

plotshape(series=longCondition, location=location.belowbar,
color=color.green, style=shape.labelup, text="BUY")

plotshape(series=shortCondition, location=location.abovebar
color=color.red, style=shape.labeldown, text="SELL")

>

3.2.4 Moving averages convergence Divergence (MACD)

The following are the results of the Moving Averages Convergence Divergence (MACD)

strategy.
1D 5D 1M 3M 6M 1Y 5Y
-3,777.28 USD| 6,435.85 USD| 38,907.44 USD| 48,822.75 USD| 37,530.41 USD| -1,059.51 USD| 16,366.95 USD
Net Profit
-0.38% 0.64% 3.89% 4.88% 3.75% -0.11% 1.64%
125,544.08
8,972.24 USD| 7,011.86 USD| 49,353.68 USD| 31,141.62 USD| 23,803.44 USD 70,917.86 USD
Max Drawdown usb
0.89% 0.69% 4.56% 2.89% 2.38% 1.72% 6.57%
Sharpe Ratio -0.209 0.127 0.141 0.277 -0.012 -0.215 -0.305
Number Winni
Sl 271 161 434 228 203 109 19
Trades
Number Lesi
umber “osing 494 312 878 475 420 190 28
Trades
Ratio Avg Win / 1.698 2.088 2.159 2.085 1.2 1.74 1.624
Ave Loss

Table 3.8: MACD Strategy Performance Metrics Table

*Key findings: Using Moving averages convergence divergence (MACD) backtesting
strategy, 5D(5 days), 1M(1 month) and 3M (3 months) time intervals give best results,

where positive sharpe ratio depicts better risk management and avg. win / avg.
ratio are also more than 1: as shown in table 3.8

loss

Below is the Pine script of Moving averages Convergence Divergence (MACD) Strategy.

[4115]

//Q@version=5
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(a) Chart MACD 1Y (b) Chart MACD 5Y

Figure 3.4: Moving averages convergence and Divergence over 1 year (left) and 5 years(right)

strategy ("MACD Crossover Strategy", overlay=true,
default_qty_type=strategy.percent_of_equity,
default_qty_value=10)

// Input parameters for MACD

macd_short_length = input.int(12, title="MACD Short Length",
minval=1)

macd_long_length = input.int (26, title="MACD Long Length",
minval=1)

macd_signal_length = input.int(9, title="MACD Signal Length",
minval=1)

// Calculate MACD

[macd_line, signal_line, _] = ta.macd(close,
macd_short_length, macd_long_length, macd_signal_length)

macd_histogram = macd_line - signal_line

// Plot MACD and Signal Line on the chart

plot (macd_line, title="MACD Line", color=color.blue,
linewidth=2)

plot(signal_line, title="Signal Line", color=color.red,
linewidth=2)

plot (macd_histogram, title="MACD Histogram",
color=color.purple, style=plot.style_histogram,
linewidth=1)

// Define entry and exit conditions based on MACD line and
Signal line crossover

longCondition = ta.crossover (macd_line, signal_line)

shortCondition = ta.crossunder (macd_line, signal_line)

// Execute trades based on MACD crossover conditions
if (longCondition)
strategy.entry("Long", strategy.long, comment="Long
Entry")

if (shortCondition)
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strategy.entry("Short", strategy.short, comment="Short
Entry")

// Optional: Define stop-loss and take-profit levels

stop_loss_percent = input.float(1.5, "Stop Loss (%)",
minval=0.1) / 100

take_profit_percent = input.float (3.0, "Take Profit (%)",
minval=0.1) / 100

float stop_loss_price = na

float take_profit_price = na

if (strategy.position_size > 0)
stop_loss_price := strategy.position_avg_price x (1 -
stop_loss_percent)
take_profit_price := strategy.position_avg_price * (1 +
take_profit_percent)
strategy.exit ("Take Profit/Stop Loss", from_entry="Long"
stop=stop_loss_price, limit=take_profit_price)

if (strategy.position_size < 0)

stop_loss_price := strategy.position_avg_price * (1 +
stop_loss_percent)

take_profit_price := strategy.position_avg_price * (1 -
take_profit_percent)

strategy.exit ("Take Profit/Stop Loss",
from_entry="Short", stop=stop_loss_price,
limit=take_profit_price)

// Plot Buy and Sell signals on the chart

plotshape(series=longCondition, location=location.belowbar,
color=color.green, style=shape.labelup, text="BUY")

plotshape(series=shortCondition, location=location.abovebar,
color=color.red, style=shape.labeldown, text="SELL")

-




3.2.5 Bollinger Bands

The following are the results of the Bollinger Bands strategy.

iD 5D iM 3M &M 1Y 5Y

~12,802.29 242,964.32| -195,529.34

5,322.41 USD| 7,159.67 USD| 8,309.92 USD b 1 R i I i

Net Profit UsD usD usD

0.53% 0.72% 0.83% -1.28% 7.15% -24.30% -19.55%

8,436.06 USD| 9,192.70 USD| 38,147.48 USD| 39,042.61 USD| 39,998.05 usp| 2/ #493-30|  199,373.77

Max Drawdown usD usD

0.84% 0.92% 3.70% 3.82% 3.61% 27.45% 19.96%

Sharpe Ratio 0.239 0.109 -0.155 0.245 0.15 -0.383 -0.445

LT T 140 97 354 185 194 95 1
Trades

IR 76 53 354 235 258 200 28
Trades

S A‘:i:‘“ 4:tig 0.649 0.619 1.016 1.224 1.559 1.386 0.604

Table 3.9: Bollinger Bands Strategy Performance Metrics Table

*Key findings: Using Bollinger bands backtesting strategy, 1D(1 day) and 5D(5 days)
time intervals give best results, where positive sharpe ratio depicts better risk manage-
ment and avg. win / avg. loss ratio are also more than 0.5: as shown in table 3.9

v
f//
2 oy e g
(a) ChartBB 1Y (b) Chart BB 5Y

Figure 3.5: Bollinger Bandse over 1 year (left) and 5 years (right)

Below is the Pine Script of Bollinger Bands Strategy. [4] [5]

N

I

&

//Q@version=>5

strategy("Bollinger Bands Strategy", overlay=true,
default_qty_type=strategy.percent_of_equity,
default_qty_value=10)

// Input parameters for Bollinger Bands

length = input.int (20, title="Bollinger Band Length",
minval=1)

src = input(close, title="Source")

mult = input.float (2.0, title="Bollinger Band Multiplier",
minval=0.1)

// Calculate Bollinger Bands
basis = ta.sma(src, length)
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dev = mult * ta.stdev(src, length)
upper_band = basis + dev

lower_band basis - dev

// Plot Bollinger Bands

plot(basis, title="Middle Band", color=color.blue,
linewidth=1)

plot (upper_band, title="Upper Band", color=color.red,
linewidth=1)

plot (lower_band, title="Lower Band", color=color.green,
linewidth=1)

// Define entry and exit conditions based on Bollinger Bands

longCondition = ta.crossover(src, lower_band) // Buy when
price crosses above the lower Bollinger Band

shortCondition = ta.crossunder (src, upper_band) // Sell when
price crosses below the upper Bollinger Band

// Execute trades based on Bollinger Bands conditions
if (longCondition)
strategy.entry("Long", strategy.long, comment="Long
Entry")

if (shortCondition)
strategy.entry("Short", strategy.short, comment="Short
Entry")

// Optional: Define stop-loss and take-profit levels

stop_loss_percent = input.float(l.5, "Stop Loss (%)",
minval=0.1) / 100

take_profit_percent = input.float (3.0, "Take Profit (%)",
minval=0.1) / 100

float stop_loss_price = na

float take_profit_price = na

if (strategy.position_size > 0)
stop_loss_price := strategy.position_avg_price * (1 -
stop_loss_percent)
take_profit_price := strategy.position_avg_price * (1 +
take_profit_percent)
strategy.exit("Take Profit/Stop Loss", from_entry="Long"
stop=stop_loss_price, limit=take_profit_price)

if (strategy.position_size < 0)
stop_loss_price := strategy.position_avg_price * (1 +
stop_loss_percent)
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take_profit_price := strategy.position_avg_price * (1 -

take_profit_percent)
strategy.exit("Take Profit/Stop Loss",

from_entry="Short", stop=stop_loss_price,

limit=take_profit_price)

// Plot Buy and Sell signals on the chart

plotshape(series=longCondition, location=location.belowbar,

color=color.green, style=shape.labelup,

text="BUY")

plotshape(series=shortCondition, location=location.abovebar,

color=color.red, style=shape.labeldown,

text="SELL")




3.2.6 Fibonacci retracement Levels

The following are the results of the Fibonacci retracement strategy.

iD 5D iM 3M 6M 1Y BY
-2,384.00 USD| 9,729.00 USD 0500 17,010.00 USD ALY M I3 T
Net Profit UsD UsD UsD UsD
-0.24% 0.97% -4.01% 1.70% -4.16% 14.08% -2.57%
7,008.00 USD| 10,063.00 USD| 65,142.00 USD| 42,718.00 USD| 46,314.00 USD| 41,670.00 USD| 71,250.00 USD
Max Drawdown
0.70% 1.00% 6.50% 4.10% 4.63% 4.08% 7.12%
Sharpe Ratio -0.352 0.166 -0.701 -0.008 -0.488 -0.206 -0.387
Number Winning
e 263 183 527 268 235 114 13
Number Losing
e o 345 193 548 282 282 87 15
Ratia A"L::'" 1 v 1.236 1.206 0.908 1.138 0.979 1.729 0.761

Table 3.10: Fibonacci Retracement Levels Strategy Performance Metrics Table

*Key findings: Using Fibonacci retracement levels backtesting strategy, 5D(5 days) and
3M(3 months) time intervals give better results but for 5D(5 days) time interval gives
best result, where positive sharpe ratio depicts better risk management and avg. win /
avg. loss ratio are also more than 1: as shown in table 3.10
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Figure 3.6: Fibonacci retracement levels over 5 days
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Below is the Pine Script of Fibonacci retracement levels Strategy. [4] [5]
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//Q@version=>5
strategy ("Fibonacci Retracement Trading System", overlay=true)

// Input parameters for Fibonacci levels

fib_start = input.int (20, title="Lookback Period for Low",
minval=1)

fib_end = input.int (20, title="Lookback Period for High",
minval=1)

// Identify the highest and lowest prices over the input
periods

high_point = ta.highest(high, fib_end)

low_point = ta.lowest(low, fib_start)

// Calculate Fibonacci retracement levels
fib_0
fib_1 = low_point

fib_236 = fib_0 - (fib_0 - fib_1) * 0.236
fib_382 = fib_0 - (fib_0 - fib_1) * 0.382
fib_50 = fib_0 - (fib_0 - fib_1) * 0.5
fib_618 = fib_0 - (fib_0 - fib_1) * 0.618
fib_786 = fib_0 - (fib_0 - fib_1) * 0.786

high_point

// Plot Fibonacci retracement levels on the chart

plot (£fib_0, color=color.green, linewidth=1, title="Fibonacci
0%")

plot (£fib_236, color=color.blue, linewidth=1, title="Fibonacci
23.6%")

plot (£fib_382, color=color.orange, linewidth=1,
title="Fibonacci 38.2%")

plot (fib_50, color=color.red, linewidth=1, title="Fibonacci
50%")

plot (fib_618, color=color.purple, linewidth=1,
title="Fibonacci 61.8%")

plot (£fib_786, color=color.gray, linewidth=1, title="Fibonacci
78.6%")

plot (fib_1, color=color.green, linewidth=1, title="Fibonacci
100%")

// Trading logic

longCondition = ta.crossover(close, fib_618) // Buy when
price crosses above 61.8% level

shortCondition = ta.crossunder (close, fib_382) // Sell when
price crosses below 38.2% level
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// Place trades
if (longCondition)
strategy.entry("Buy", strategy.long, comment="Buy Signal
at 61.8%")

if (shortCondition)
strategy.entry("Sell", strategy.short, comment="Sell
Signal at 38.2%")

// Plot Buy and Sell signals on the chart

plotshape(series=longCondition, location=location.belowbar,
color=color.green, style=shape.labelup, text="BUY")

plotshape(series=shortCondition, location=location.abovebar,
color=color.red, style=shape.labeldown, text="SELL")

)

IS

3.2.7 Pi Cycle Indicator

The following are the charts of the Pi cycle indicator, which clearly show tops’ signals.

(a) Pi cycle chart for 1D (b) Pi cycle chart for 5D

Figure 3.8: Pi cycle Indicator charts over 1 day (left) and 5 days (right)
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Figure 3.9: Pi cycle indicator chart over 1 month

Below is the Pine Script of Pi cycle indicator. [4] [5]

//@version=5
indicator ("Pi Cycle Indicator", overlay=true)

// Input parameters for MAs

short_ma_length = 111
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Figure 3.10: Pi cycle indicator chart over 3 months (left) and 6 months (right)
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(a) Pi cycle Indicator for 1Y (b) Pi cycle Indicator over 5Y

Figure 3.11: Pi cycle Indicator over 1 year (left) and 5 years (right)

long_ma_length = 350 // without multiplier
//simple technique has been implemented otherwise we can use

multiplier of our own choice

// Calculate the moving averages
short_ma = ta.sma(close, short_ma_length)

long_ma = ta.sma(close, long_ma_length)

// Plot the moving averages

plot (short_ma, color=color.green, linewidth=2, title="111-day
MA")

plot (long_ma, color=color.red, linewidth=2, title="350-day
MA")

// Highlight crossovers
crossUp = ta.crossover (short_ma, long_ma)
crossDown = ta.crossunder (short_ma, long_ma)

// Plot buy/sell markers

plotshape(series=crossUp, location=location.abovebar,
color=color.green, style=shape.labelup, text="TOP")

plotshape (series=crossDown, location=location.belowbar,
color=color.red, style=shape.labeldown, text="CROSS")

// Display an alert when a crossover occurs

alertcondition(crossUp, title="Top Signal",
message="Potential market top: 111-day MA crossed above
350-day MA")
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3.2.8 Joining 2 Backtesting trading Strategies

Following are the results of the combination of two strategies by joining Bollinger Bands
and Moving averages

1D 5D 1M 3M 6M 1Y 5Y

P ! -97,682.97| -156,184.48
4,585.14 USD| -8,030.45 USD| 68,662.89 USD| 31,754.14 USD| 36,619.90 USD g ;
Net Profit JsD usD
0.46% -0.80% 6.87% 3.18% 3.66% —9.77% —15.62%

361,122.38 162,808.66

8,252.92 USD| 16,863.17 USD| 26,949.95 USD| 37,093.16 USD| 33,565.22 USD

Max Drawdown usD usD

0.82% 1.67% 2.57% 3.51% 3.16% 30.35% 16.28%

Sharpe Ratio 0.162 -0.168 0.49 0.121 -0.017 -0.168 -0.41

Hustis Moong 400 226 683 360 375 185 20
Trades

321 215 636 371 442 279 44
Trades

Rets Avy Wi/ Avy 0.862 0.873 1.031 1.1 1.254 1.373 1127

Loszs

Table 3.11: Bollinger Bands and Moving averages joined Performance Metrics Table

*Key findings: For joined backtesting strategy of both Bollinger Bands and Moving av-
erages, 1D(1 day), 1M(1 month) and 3M (3 months) time intervals give better results,
where positive sharpe ratio depicts better risk management and avg. win / avg. loss
ratio are also more than 1: as shown in table 3.11

3.2.9 Limitations and risk involved to join 2 or more strategies

» Confusing Signals: If the parameters are not optimized according to the mathe-
matical foundation, then it can cause wrong or confusing signals.

» Lagging Indicators: Both moving averages and Bollinger Bands rely on historical
data, which may delay signals during rapid market movements. So, finally it is
better to join price patterns with backtesting strategies rather joining two or more
strategies.

Below is the Pine Script code for Combined Strategies i.e. Bollinger Bands and Moving
averages together. [5]

//Q@version=>5
strategy ("Combined Strategies: Moving Averages & Bollinger
Bands", overlay=true,
default_qty_type=strategy.percent_of_equity,
default_qty_value=10)

// === Input Parameters ===

// Moving Average Crossover Strategy
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Figure 3.12: Combined Strategies BB and MA over 1D

ma_type = input.string("SMA", title="Moving Average Type",
options=["SMA", "EMA"])

short_ma_length = input.int (9, title="Short MA Length",
minval=1)

long_ma_length = input.int(21, title="Long MA Length",
minval=1)

// Bollinger Bands Strategy
bb_length = input.int (20, title="Bollinger Band Length")
bb_mult = input.float(2.0, title="Bollinger Band Multiplier")

// Common Inputs

src = input(close, title="Source")

stop_loss_percent = input.float(1.5, "Stop Loss (%)",
minval=0.1) / 100

take_profit_percent = input.float(3.0, "Take Profit (%)",
minval=0.1) / 100

// === Moving Average Calculations ===
short_ma = (ma_type == "SMA") 7?7 ta.sma(src, short_ma_length)
ta.ema(src, short_ma_length)
long_ma = (ma_type == "SMA") ? ta.sma(src, long_ma_length)
ta.ema(src, long_ma_length)

// === Bollinger Bands Calculations ===
basis = ta.sma(src, bb_length)

dev = bb_mult * ta.stdev(src, bb_length)
upper_band

basis + dev
lower_band = basis - dev

// === Conditions for Moving Average Crossover ===
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ma_long_condition = ta.crossover (short_ma, long_ma)

ma_short_condition = ta.crossunder (short_ma, long_ma)

// === Conditions for Bollinger Bands ===
bb_long_condition = ta.crossover (lower_band, close)
bb_short_condition = ta.crossunder (upper_band, close)

// === Combined Entry Conditions ===

long_condition = ma_long_condition or bb_long_condition
short_condition = ma_short_condition or bb_short_condition
// === Trading Logic ===

if (long_condition)
strategy.entry("Long", strategy.long, comment="Combined
Long Entry")
if (short_condition)
strategy.entry("Short", strategy.short, comment="Combined
Short Entry")

// === Stop-Loss and Take-Profit ===
float stop_loss_price = na
float take_profit_price = na

if (strategy.position_size > 0)
stop_loss_price := strategy.position_avg_price * (1 -
stop_loss_percent)
take_profit_price := strategy.position_avg_price * (1 +
take_profit_percent)
strategy.exit ("Take Profit/Stop Loss", from_entry="Long",
stop=stop_loss_price, limit=take_profit_price)

if (strategy.position_size < 0)

stop_loss_price := strategy.position_avg_price * (1 +
stop_loss_percent)

take_profit_price := strategy.position_avg_price * (1 -
take_profit_percent)

strategy.exit ("Take Profit/Stop Loss",
from_entry="Short", stop=stop_loss_price,
limit=take_profit_price)

// === Plotting Moving Averages ===

plot (short_ma, title="Short Moving Average",
color=color.green, linewidth=2)

plot (long_ma, title="Long Moving Average", color=color.red,
linewidth=2)




J ===
plot (basis,
plot (upper_band,
plot (lower_band,

Plotting Bollinger Bands
title="Middle Band",

title="Upper Band",
title="Lower Band",

// === Plot Buy and Sell Signals ===

plotshape(series=long_condition,
color=color.green,
plotshape (series=short_condition,
color=color.red,

style=shape.labelup,

style=shape.labeldown,

color=color.blue)

color=color.red)
color=color.green)

location=location.belowbar,

text="BUY")

location=location.abovebar,

text="SELL")




4 Analysis of Findings and Implications for Stocks and
Cryptocurrencies Trading

4.1 Insights from the Results

4.1.1 Heatmaps of Backtesting Indicators over Bitcoin / US-Dollar

Heat maps provide an overview at a glance of the market or portfolio through com-
parative analysis and visualization of volume, liquidity, trends, and market extremes.
Where green background represents rise and red background represents decline of the
patterns.

RSI Heatmap
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Figure 4.1: RSI Heatmap: Tradingview

As shown in Figure 4.1, the Heatmap shows red and green bars for the major increases
/ decreases in prices.

Below is the Pine script of RSI Heatmap visualization in Tradingview, where Pine Scripts
must be tested in Version=5 [4] [5]

i|indicator ("RSI Heatmap", overlay=false)}

2
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// Inputs for RSI parameters
rsiPeriod = input.int (14, title="RSI Period", minval=1)
oversold = input.int (30, title="Oversold Level", minval=1)

overbought = input.int (70, title="Overbought Level", minval=1)

// RSI calculation

rsi = ta.rsi(close, rsiPeriod)

// Example performance metric based on oversold/overbought
rsiSignal = float(na)
if rsi < oversold
rsiSignal := 1 // Buy signal
if rsi > overbought

rsiSignal := -1 // Sell signal

// Heatmap visualization

bgcolor (rsiSignal == 1 ? color.green : rsiSignal == -1 7
color.red : na, transp=70)

plot(rsi, color=color.blue, title="RSI")

Stochastic RSI Heatmap

As shown in Figure 4.2, the Heatmap shows red and green bars for the major increases
/ decreases in prices.

Below is the Pine script of the Stochastic RSI Heatmap visualization in Tradingview,
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Figure 4.2: Stochastic RSI Heatmap: Tradingview

where Pine Scripts must be tested in Version=5 [4] [5]

indicator(indicator ("Stochastic RSI Heatmap", overlay=false))

// Inputs for Stochastic RSI

stochRSILength = input.int (14, title="Stochastic RSI Length")

kPeriod input.int (3, title="K Period")

dPeriod = input.int (3, title="D Period")

// Stochastic RSI calculation

stochRSI = ta.stoch(close, high, low, stochRSILength)

k = ta.sma(stochRSI, kPeriod)
d = ta.sma(k, dPeriod)

// Signals

stochSignal = float(na)
if k > d

stochSignal := 1 // Buy
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if k < d

stochSignal := -1 // Sell

// Heatmap visualization

bgcolor (stochSignal == 1 7 color.green : stochSignal == -1 7
color.red : na, transp=70)

plot(k, color=color.blue, title="JK")

plot(d, color=color.orange, title="7D")

Moving averages Heatmap
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Figure 4.3: Moving averages Heatmap: Tradingview

Below is the Pine script of the Moving averages Heatmap Visualization, where Pine
Scripts must be tested in Version=5 [4] [5]

indicator ("Moving Averages Heatmap", overlay=true)

// Inputs for MAs

shortMalLength = input.int (10, title="Short MA Length",
minval=1)

longMalength = input.int (30, title="Long MA Length", minval=1)
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// Calculate MAs
shortMA = ta.sma(close, shortMalength)

longMA = ta.sma(close, longMalLength)

// Signals

maSignal = float(na)

if shortMA > longMA
maSignal := 1 // Buy

if shortMA < longMA

maSignal := -1 // Sell

// Heatmap visualization

bgcolor (maSignal == 1 ? color.green : maSignal == -1 7
color.red : na, transp=70)

plot (shortMA, color=color.blue, title="Short MA")

plot (longMA, color=color.red, title="Long MA")

MACD -Moving averages Convergence Divergence Heatmap

Below is the Pine script of MACD -Moving averages Convergence Divergence Heatmap,
where Pine Scripts must be tested in Version=5 [4] [5]

indicator ("MACD Heatmap", overlay=false)

// Inputs for MACD
shortLength = input.int (12, title="Fast EMA Length")

longlength = input.int(26, title="Slow EMA Length")
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Figure 4.4: MACD -Moving averages Convergence Divergence Heatmap: Tradingview

signallength = input.int(9, title="Signal Line Length")

// MACD calculation

[macdLine, signalline, _] = ta.macd(close, shortlength,
longlength, signallLength)

// Signals

macdSignal = float(na)

if macdLine > signalline
macdSignal := 1 // Buy

if macdLine < signalline

macdSignal := -1 // Sell

// Heatmap visualization

Il

Il

|
[y

~

bgcolor (macdSignal == 1 ? color.green : macdSignal

color.red : na, transp=70)

plot (macdLine, color=color.blue, title="MACD Line")




olplot (signalline, color=color.orange, title="Signal Line")
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Bollinger Bands Heatmap
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Figure 4.5: Bollinger Bands Heatmap: Tradingview

Below is the Pine script of the Bollinger Bands Heatmap visualization, where Pine
Scripts must be tested in Version=>5 [4] [5]

indicator ("Bollinger Bands Heatmap", overlay=true)

// Inputs for Bollinger Bands
bbLength = input.int (20, title="BB Length")

bbMultiplier = input.float(2.0, title="BB Multiplier")

// Bollinger Bands calculation
basis = ta.sma(close, bbLength)

dev = ta.stdev(close, bbLength) * bbMultiplier

upperBB basis + dev

lowerBB

basis - dev

// Signals
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bbSignal = float(na)

if close < lowerBB
bbSignal := 1 // Buy

if close > upperBB

bbSignal := -1 // Sell

// Heatmap visualization

bgcolor (bbSignal == 1 ? color.green : bbSignal == -1 7
color.red : na, transp=70)

plot (upperBB, color=color.red, title="Upper BB")

plot (lowerBB, color=color.green, title="Lower BB")

Pi cycle Heatmap
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Figure 4.6: Pi cycle Heatmap: Tradingview

Below is the Pine script of Pi cycle Heatmap visualization, where Pine Scripts must be
tested in Version=5 [4] [5]

indicator ("Pi Cycle Heatmap", overlay=true)

// Inputs for Pi Cycle

shortPilength = input.int (111, title="Short Pi Length")
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longPilLength = input.int (350, title="Long Pi Length")

// Pi Cycle calculation
shortPi = ta.ema(close, shortPilength)

longPi = ta.ema(close, longPilength)

// Signals

piSignal = float(na)

if shortPi > longPi
piSignal := 1 // Buy

if shortPi < longPi

piSignal := -1 // Sell

// Heatmap visualization

bgcolor (piSignal == 1 ? color.green : piSignal == -1 7

color.red : na, transp=70)
plot (shortPi, color=color.blue, title="Short Pi EMA")

plot (longPi, color=color.orange, title="Long Pi EMA")

4.2 Fear & Greed Index

In financial markets, emotions often play a critical role in shaping price movements.
The Fear & Greed Index quantifies these emotions, providing insights into whether the
market is dominated by fear or greed. By integrating this sentiment analysis tool with
technical backtesting strategies, traders can enhance their decision-making, particularly
during periods of extreme sentiment. We will evaluate the relevance of the Fear & Greed
Index for a range of technical indicators.




4.2.1 Fear & Greed Index with Cryptocurrencies Backtesting
Trading Strategies

The Fear & Greed Index measures market sentiment on a scale from 0 to 100:

* 0-49 (Fear): Reflects pessimism in the market, often signaling potential buying

opportunities.

* 50-100 (Greed): Indicates optimism or overconfidence, suggesting caution or sell-
ing opportunities.

It acts as a contrarian indicator, helping traders capitalize on market overreactions driven
by sentiment extremes. [15] [16] [3] [17][18]

The Fear & Greed Index can complement various backtesting strategies by providing
an additional layer of sentiment validation. Below is a summary of its integration with
technical strategies and their respective relevance:

Strategy
RSI

Stochastic RSI

Moving Averages

MACD

Bollinger Bands

Fibonacci Levels

Pi Cycle

Integration with Fear & Greed Index

Validate RSI signals. For instance, an oversold
RSI with extreme fear confirms a potential buy-
ing opportunity.

Confirm overbought and oversold levels with
sentiment extremes.

Filter moving average crossovers. For exam-
ple, a bullish crossover during greed may war-
rant caution.

Use the index to validate MACD crossovers. A
bearish crossover during greed supports a sell
signal.

Enhance mean-reversion trades near the
bands by considering market sentiment.

Combine retracement zones with sentiment ex-
tremes. For example, extreme fear near the
61.8% retracement level signals a buying zone.

Use sentiment extremes to validate cycle bot-
toms. Extreme fear aligns with potential market
reversals.

Relevance

High

Moderate

Moderate

High

Moderate

High

Moderate

Table 4.1: Integration of Fear & Greed Index with Backtesting Strategies and Relevance
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High Relevance

* RSI, MACD, and Fibonacci Levels: These strategies rely heavily on momentum,
trends, or support/resistance, making sentiment a valuable confirmation tool.

Moderate Relevance

» Stochastic RSI, Moving Averages, and Bollinger Bands: While sentiment
adds value, these strategies may function well without additional confirmation,
especially in stable markets.

4.2.2 Integrating Fear & Greed Index with highly relevant Strategies

(s1felEn710el

Here we have a limitation for Pine script to fetch live data from online platforms using
APIls; for this purpose, the Python programming language can perform better, using
live data for fgi:fear & Greed Index values. The below-given Pine scripts do not show
meaningful results on the charts, so they only serve the purpose of an example to use
Fear & Greed index values for respective Backtesting trading strategies. Whereas, Pine
script with fgi:Fear & Greed index is only provided for highly relevant strategies: RSI,
Moving averages convergence divergence and Fibonacci retracement levels.

RSI

+ Validate RSI oversold/overbought signals with extreme fear/greed levels.
* Buy when RSI < 30 and Fear Index < 20.

Following is the Pine Script of integrating Fear an Greed index with RSI: [4] [5]

//@version=5
indicator ("Fear & Greed with RSI", overlay=true)

// Input parameters

rsilength = input.int (14, title="RSI Length")

oversoldLevel = input.float (30, title="RSI Oversold Level")

overboughtLevel = input.float (70, title="RSI Overbought
Level")

fearThreshold = input.int (20, title="Fear Threshold (FGI)")

greedThreshold = input.int (80, title="Greed Threshold (FGI)")
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// Mock Fear & Greed Index (replace with real data if
available)

fgi = input.int (50, title="Fear & Greed Index Value") //
Replace with an external input or data feed

// Calculate RSI
rsi = ta.rsi(close, rsilength)

// Define conditions

longCondition = rsi < oversoldlLevel and fgi < fearThreshold
shortCondition = rsi > overboughtlLevel and fgi >
greedThreshold

// Plot signals

plotshape(series=longCondition, title="Buy Signal",
location=location.belowbar, color=color.green,
style=shape.labelup, text="BUY")

plotshape (series=shortCondition, title="Sell Signal",
location=location.abovebar, color=color.red,
style=shape.labeldown, text="SELL")

// Plot RSI for reference

plot(rsi, color=color.blue, title="RSI")

hline (oversoldLevel, "Oversold", color=color.green)
hline (overboughtLevel, "Overbought", color=color.red)

Stochastic RSI

» Confirm crossovers near oversold/overbought levels using sentiment extremes.

Moving Averages

» Use Fear & Greed as a filter for crossovers or to time entries during retracements.

MACD

» Combine MACD crossovers with sentiment for stronger signals.
+ Sell on MACD bearish crossover when Greed Index > 80.

Below is the Pine script to integrate Fear & Greed Index with MACD:

[41 5]
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//@version=5
indicator ("Fear & Greed with MACD", overlay=true)

// MACD parameters

fastLength input.int (12, title="Fast EMA Length")
slowLength input.int (26, title="Slow EMA Length")
signallength = input.int(9, title="Signal Line Length")
fearThreshold = input.int (20, title="Fear Threshold (FGI)")
greedThreshold = input.int (80, title="Greed Threshold (FGI)")

// Mock Fear & Greed Index (replace with real data if
available)

fgi = input.int (50, title="Fear & Greed Index Value") //
Replace with an external input or data feed

// Calculate MACD
[macdLine, signalline, _] = ta.macd(close, fastlength,

slowLength, signallength)

// Define conditions

longCondition = ta.crossover (macdLine, signalline) and fgi <
fearThreshold
shortCondition = ta.crossunder (macdLine, signalline) and fgi

> greedThreshold

// Plot signals

plotshape(series=longCondition, title="Buy Signal",
location=location.belowbar, color=color.green,
style=shape.labelup, text="BUY")

plotshape(series=shortCondition, title="Sell Signal",
location=location.abovebar, color=color.red,
style=shape.labeldown, text="SELL")

// Plot MACD for reference
plot (macdLine, color=color.blue, title="MACD Line")
plot (signalline, color=color.red, title="Signal Line")

hline (0, "Zero Line", color=color.gray)

Bollinger Bands

» Use sentiment to confirm mean-reversion trades near bands.
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Fibonacci Retracement

+ Align retracement zones with extreme fear/greed to confirm reversals.

* Buy near 61.8% retracement with Fear Index < 20.

Below is the Pine script to integrate Fear & Greed Index with Fibonacci retracement

levels: [4][5]

//@version=>5
indicator ("Fear & Greed with Fibonacci", overlay=true)

// Input parameters for Fibonacci levels

fibHigh = input.float (1.0, title="Fibonacci High")

fibLow = input.float(0.0, title="Fibonacci Low")
fearThreshold = input.int (20, title="Fear Threshold (FGI)")
greedThreshold = input.int (80, title="Greed Threshold (FGI)")

// Mock Fear & Greed Index (replace with real data if
available)

fgi = input.int (50, title="Fear & Greed Index Value") //
Replace with an extermal input or data feed

// Calculate Fibonacci levels

fibLevel61_8 = fibHigh - (fibHigh - fibLow) * 0.618
fibLevel50 = fibHigh - (fibHigh - fibLow) * 0.5
fibLevel38_2 = fibHigh - (fibHigh - fibLow) * 0.382

// Define conditions
longCondition = close < fibLevel61_8 and fgi < fearThreshold
shortCondition = close > fibLevel38_2 and fgi > greedThreshold

// Plot Fibonacci levels

hline(fibLevel61_8, "Fib 61.8%", color=color.green)
hline(fibLevel50, "Fib 50%", color=color.blue)
hline(fibLevel38_2, "Fib 38.2%", color=color.red)

// Plot signals

plotshape(series=longCondition, title="Buy Signal",
location=location.belowbar, color=color.green,
style=shape.labelup, text="BUY")

plotshape(series=shortCondition, title="Sell Signal",
location=location.abovebar, color=color.red,
style=shape.labeldown, text="SELL")




Pi Cycle

» Use sentiment to confirm cycle bottoms. Extreme fear aligns with potential rever-
sals.

Observations

The relevance of the Fear & Greed Index varies across strategies:

» High Relevance: Strategies like RSI, MACD and Fibonacci Retracement Levels
benefit significantly from sentiment confirmation due to their reliance on momen-
tum, trends, and reversals.

» Moderate Relevance: Strategies like Stochastic RSI, Moving Averages, and Bollinger
Bands gain moderate value from sentiment integration, primarily as a secondary
validation tool.

The Fear & Greed Index serves as an essential sentiment indicator that complements
technical strategies. By incorporating sentiment analysis into backtesting, traders can
refine entry and exit decisions, particularly during periods of extreme market sentiment.
Strategies with high relevance, such as RSI, MACD, and Fibonacci Levels, demonstrate
a strong synergy with sentiment analysis, while others benefit as supplementary tools.

Finally, we can conclude that sentiments play a vital role in Backtesting strategies and
without this consideration a succesful trade is incomplete either in Stock market or Cryp-
tocurrencies, it is more realistic to say that in cryptocurrencies; where volitility of the
market is high, sentiment of the market must be included startegically specially using
Relative strength index (RSI), Moving averages convergence divergence (MACD) and
Fibonacci retracement levels.

4.3 Dollar Cost Averaging (DCA) and its relation to
Trading Strategies

4.3.1 Dollar Cost Averaging (DCA)

Dollar Cost Averaging (DCA) is an investment strategy where a fixed amount of money
is invested regularly in a financial asset, regardless of its price. This approach helps
reduce the impact of volatility by spreading out purchases over time, resulting in an
averaged purchase cost. [2] [1] [14]



Key Features of DCA

* Periodic Investments: Fixed investments are made at regular intervals, ensuring
consistent contributions.

» Risk Mitigation: Reduces the risk of making large investments during market
peaks.

« Emotional Control: Eliminates emotional biases like fear and greed, focusing on
long-term accumulation.

» Cost Averaging: Stabilizes the average purchase price over time, reducing the
impact of short-term market volatility.

4.3.2 Relating DCA to Trading Strategies

DCA can complement various trading strategies by using technical indicators to guide
periodic investments. Below are examples of how DCA integrates with common strate-
gies:

Relative Strength Index (RSI)

* Integration: DCA can be applied when RSI signals oversold conditions (RSI <
30).

» Observation: Use DCA to buy more of the asset during oversold periods, taking
advantage of potential rebounds.

» Advantage: Combines the systematic approach of DCA with the precision of RSI
signals.

Stochastic RSI

* Integration: Apply DCA when the Stochastic RSI crosses below 0.2 (oversold
zone).

» Observation: Gradually accumulate during short-term oversold conditions.

» Advantage: Captures shorter-term price movements while maintaining long-term
accumulation.

Moving Averages (SMA & EMA)

+ Integration: Use DCA when the price is below long-term moving averages (e.g.,
200-day SMA).

» Observation: Accumulate during bearish phases when the price is below the
moving average, indicating potential undervaluation.



+ Advantage: Aligns long-term accumulation with historical price trends.

Moving Average Convergence Divergence (MACD)

* Integration: Apply DCA when the MACD line crosses below the signal line, indi-
cating bearish momentum.

» Observation: Invest regularly during bearish phases identified by MACD crossovers.

+ Advantage: Combines momentum analysis with periodic accumulation.

Bollinger Bands

* Integration: Use DCA when the price touches or falls below the lower Bollinger
Band, indicating potential oversold conditions.

* Observation: Accumulate during periods of low volatility near the lower band.

* Advantage: Leverages mean-reversion principles to accumulate at potentially
discounted prices.

Pi Cycle

* Integration: Use DCA when the price is near long-term Pi Cycle moving aver-
ages, indicating potential bottoms.

» Observation: Accumulate during potential cycle lows identified by the Pi Cycle
model.

+ Advantage: Aligns long-term accumulation with cyclical market behavior.

Fibonacci Retracement Levels

+ Integration: Use DCA when the price approaches key Fibonacci retracement
levels (e.g., 61.8%, 50%, 38.2%).

+ Observation: Invest more heavily near significant retracement levels, as these
often act as strong support zones.

+ Advantage: Combines systematic DCA with support/resistance analysis for strate-
gic entries.

Advantages of Combining DCA with Technical Strategies

* Reduced Emotional Bias: Mitigates impulsive decision-making by following a
structured investment approach.

» Better Market Timing: Technical indicators guide DCA, allowing for informed
accumulation during favorable conditions.



+ Improved Risk Management: Naturally reduces the impact of poor timing, while
technical strategies add precision.

» Simplicity: Even with complex strategies, DCA keeps the overall approach straight-
forward.
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Limitations of DCA in Technical Strategies

» Missed Opportunities: DCA may underperform during rapid market rallies, as it
invests incrementally instead of all at once.

» Overcomplication: Adding too many technical indicators might complicate the
simplicity of DCA.

+ Execution Costs: Regular investments can increase transaction fees, especially
in high-frequency implementations.

Strategy Integration with DCA Relevance

RSI Use DCA when RSI signals oversold condi- High
tions (< 30). Combines systematic accumula-
tion with price recovery signals.

Stochastic RSI Apply DCA during oversold zones (< 0.2). Ilts Moderate
high sensitivity provides short-term accumula-
tion opportunities.

Moving Averages Accumulate when the price is below long-term  High
MAs (e.g., 200-day SMA). Helps identify under-
valued phases.

MACD Apply DCA when the MACD line crosses below High
the signal line. Combines momentum analysis
with steady accumulation.

Bollinger Bands Use DCA when the price touches the lower Moderate
band. Captures potential price reversals in
mean-reversion strategies.

Fibonacci Levels Accumulate more heavily at significant retrace- High
ment levels (e.g., 61.8%). Effective for support
zone buying.

Pi Cycle Use DCA during potential market cycle bot- High
toms indicated by long-term Pi Cycle moving
averages.

Table 4.2: Integration of DCA with Backtesting Strategies and Relevance



Key Observations

* High Relevance: Strategies like RSI, Moving Averages, MACD, Fibonacci Lev-
els, and Pi Cycle align strongly with DCA due to their ability to identify favorable
accumulation periods.

* Moderate Relevance: Strategies like Stochastic RSI and Bollinger Bands are
useful for DCA but may require tighter controls due to higher sensitivity or volatility.

Dollar Cost Averaging (DCA) is a robust investment strategy that complements trading
strategies like RSI, Stochastic RSI, Moving Averages, MACD, Bollinger Bands, Pi Cy-
cle, and Fibonacci Retracement Levels. By integrating DCA with these with backtesting
trading strategies, traders can enhance long-term accumulation while leveraging market
signals for better timing. This hybrid approach balances systematic discipline with mar-
ket responsiveness, making it ideal for volatile assets like cryptocurrencies or stocks.



5 Summary of Insights, Limitations, and Future Research
Possibilities

5.1 Summary of Key Findings

Relative Strength Index (RSI)

RSl is a momentum oscillator that measures the speed and change of the price move-
ments. It ranges from 0 to 100, identifying overbought and oversold conditions.

* When RSI exceeds 70, the asset is considered overbought, indicating potential
price correction or reversal.

* When RSI drops below 30, it signals oversold conditions, suggesting a potential
price recovery.

Difference from MACD:

RSI focuses on the momentum of price movements, while MACD (Moving Average Con-
vergence Divergence) emphasizes trend-following and momentum based on moving
averages. [2]

Stochastic RSI (StochRSI)

Stochastic RSI applies the stochastic formula to RSI values, making it more sensitive
to price changes. This enhanced sensitivity is useful for identifying short-term trading
opportunities.

» StochRSI oscillates between 0 and 1, with thresholds at 0.2 (oversold) and 0.8
(overbought).

* It reacts faster to price movements than traditional RSI, which can be advanta-
geous in volatile markets.



Simple Moving Average vs. Weighted Moving Average (WMA)

Both are trend-following indicators used to smooth price data and highlight trends. They
differ in how they assign weight to data points. [9]

+ Simple Moving Average (SMA): Gives equal weight to all data points, making it
slower to respond to price changes.

+ Weighted Moving Average (WMA): Assigns greater weight to recent prices,
making it more responsive to recent market conditions.

Applications:

« SMA is better suited for identifying long-term trends.
* WMA is ideal for short-term, fast-moving market environments.

Simple Moving Average (SMA) vs. Exponential Moving Average
(EMA)

EMA gives more weight to recent prices compared to SMA, which assigns equal weight
to all data points.

+ SMA is simple and provides a smoothed view of the price trend, but it can lag
during rapid price movements.

* EMA is more responsive and adapts faster to market changes, making it suitable
for short-term trading strategies.

Moving Average Convergence Divergence (MACD)

MACD is a momentum and trend-following indicator that uses the difference between
two exponential moving averages (short-term and long-term) to identify trends.

« The MACD Line represents the difference between two moving averages.

* The Signal Line, a moving average of the MACD Line, helps identify buy/sell sig-
nals through crossovers.

+ MACD is effective for identifying trend reversals and momentum shifts.

Bollinger Bands

Bollinger Bands measure market volatility and consist of a simple moving average with
two standard deviation bands above and below it.



» When price touches the upper band, it indicates potential overbought conditions.

* When price approaches the lower band, it signals potential oversold conditions.

» A squeeze occurs when the bands contract, indicating low volatility and a potential
breakout.

5.1.1 Interrelatedness of Indicators

* RSI and Stochastic RSI: Stochastic RSI applies stochastic formulas to RSI val-
ues, increasing sensitivity.

* MACD and Moving Averages: MACD uses EMAs to calculate momentum.

» Bollinger Bands and Moving Averages: Bollinger Bands incorporate SMA as
the middle band.

» Pi Cycle and Moving Averages: Pi Cycle derives a long moving average from
the short moving average adjusted by 7.

» Fibonacci and Price Levels: Fibonacci levels often align with moving averages
or Bollinger Bands, enhancing predictive accuracy. Though, in the research of
this thesis price patterns have not been discussed much but in the literature price
patterns have also been discussed besides trading strategies. It can be an open
topic for further research.

5.2 Limitations and Challenges in Backtesting
Strategies

5.2.1 Fundamental Analysis

Challenges:

* Non-Quantifiable Data: Fundamental analysis involves metrics like earnings,
news, and industry trends, which are not easily quantifiable for backtesting.

» Delayed Impact: Fundamental data (e.g., earnings reports) often has delayed
effects on markets, making it hard to model accurately.

» Subijectivity: Interpretation of fundamental metrics (e.g., P/E ratios) varies among
investors, leading to less uniform backtesting results.

» Data Limitations: Historical fundamental data is often incomplete or unavailable
for older timeframes.

» Market Reaction Variance: The same fundamental event can produce different
market reactions depending on context. [19]

Observation: Backtesting a strategy based on earnings reports may fail to account for
market sentiment or unexpected news.



5.2.2 Microeconomics

Challenges:

» Firm-Level Variations: Microeconomic factors like price elasticity and market
structure are difficult to quantify consistently for backtesting.

» Limited Data: Microeconomic data (e.g., firm-specific production costs) is rarely
available for historical testing.

* Local Context: Microeconomic conditions, such as regional labor markets, may
not align with broader market movements.

» Aggregation Issue: Backtesting often uses aggregate data, masking underlying
microeconomic trends.

Observation: A strategy based on industry supply chain disruptions might fail to ac-
count for how individual firms react differently.

Key Microeconomic Factors

* Supply and Demand Dynamics: Prices influenced by shortages, surpluses, or
competition affect indicators like RSI or MACD.

» Firm-Specific Factors: Earnings reports, debt levels, and production costs cre-
ate irregular price movements.

+ Elasticity of Demand: Price-sensitive goods lead to volatility that technical indi-
cators may misinterpret.

+ Market Structures: Perfect competition leads to stable price patterns, while mo-
nopolies exhibit smoother trends. [20]

Challenges for Specific Strategies

RSI and Stochastic RSI: Assumes mean reversion, but microeconomic disruptions
(e.g., falling demand) can result in prolonged trends.

Moving Averages: Lagging nature may fail to adjust for sharp microeconomic-driven
price changes.

MACD: Relies on momentum but may generate false signals during microeconomic
shocks.

Bollinger Bands: Assumes mean-reverting volatility, which microeconomic disruptions
often invalidate.



Fibonacci Retracement Levels: Cannot predict price breaks caused by unexpected
microeconomic shocks.

Pi Cycle: Long-term trends may not reflect firm-specific issues like mergers or bankrupt-

cies.

5.2.3 Political Economics

Challenges:

Policy Uncertainty: Policies like taxation or regulatory changes are difficult to
model due to their dependency on political decisions.

Global Events: Geopolitical shifts often produce unique market reactions that
backtesting cannot predict.

Market Sentiment: Political events often trigger emotional responses, hard to
incorporate into quantitative models.

Time Sensitivity: Political impacts may occur over varying timeframes, compli-
cating simulations. [21]

Observation: A strategy backtested during periods of political stability might fail during
volatile political regimes.

5.2.4 Geographical Limitations

Challenges:

Regional Data Gaps: Backtesting often misses regional economic indicators or
local investor behavior.

Market Fragmentation: Different geographical markets have distinct character-
istics, such as liquidity or trading hours.

Currency and Inflation: Exchange rate fluctuations and inflation levels compli-
cate multi-market backtesting.

Natural Disasters: Geographical risks, such as natural disasters, affect local
markets unpredictably. [22]

Observation: A strategy tested on U.S. equities might perform poorly in emerging mar-
kets due to differences in market depth or legal systems.

5.2.5 International/Local Legal Issues

Challenges:



Regulatory Differences: Varying regulations affect the feasibility of strategies
applied globally.

Data Restrictions: Legal restrictions on data usage (e.g., GDPR) limit backtest-
ing accuracy.

Taxation Rules: Different tax structures impact strategy profitability.

Historical Legal Changes: Backtesting assumes static legal environments, which
is often unrealistic. [23]

Observation: A high-frequency trading strategy might work in markets with minimal
regulation but fail in countries with strict monitoring.

Combine following factors with Backtesting Strategies

5.3

Data Availability: Historical and granular data is often missing.

Context Dependency: Strategies might work in one scenario but fail in others.
Behavioral Dynamics: Human behavior and sentiment are hard to simulate.[24]
Legal Constraints: Laws and regulations vary widely, complicating global strat-
egy applicability.

Opportunities for Future Research

Fetching live data:

Python built-in packages must be used to fetch live data using APIs for sentiment
analysis of the Fear & Greed Index. Simulate real-world conditions, including price
shocks and volatility spikes. Test strategies within specific industries or regions.
Perform scenario analysis for potential microeconomic events.
Micro-economic-driven Strategies:

as we have observed that micro-economics have great effect on backtesting trad-
ing strategies, for this purpose, price fluctuation and economic conditions must
be analyzed besides: Momentum (RSI, Stochastic RSI, MACD), Trends (Moving
Averages, Pi-Cycle), volatility (Bollinger Bands) and Potential reversal zones (Fi-
bonacci Retracement).

Combining fundamental analysis with backtesting strategies:

Major economic changes, cryprocurrencies’ documentation, and business model
must be analyzed before implementing backtesting trading strategies. Moreover,
how much market share is available in the market? If it is less than 50% then
chances are the owners held more shares to control prices in the market.

Tom Basso’s Money Management Trading Model:

Investigate optimal risk percentages for different trading strategies (e.g., trend-
following, mean-reversion). Explore how position sizing interacts with market
regimes to improve profitability. Expand Tom Basso’s model to manage risk across



multiple strategies or financial instruments within a portfolio. Analyze the effects
of diversification and correlations on overall portfolio performance.
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