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Abstract—This paper presents the Sentiment-Enhanced Trading 
Deep Q-Network (SETDQN), a novel deep reinforcement learning 
(DRL) framework for optimizing financial trading strategies. By 
integrating historical price data, technical indicators, sentiment 
embeddings from social media platforms, and macroeconomic 
indicators, the SETDQN maximizes the Calmar ratio, a risk-adjusted 
performance metric. Trained onS&P 500 ETF (SPY) data from 2010–
2020 and tested on 2021–2024, the SETDQN achieves a 17.5% 
annualized return and a 2.1 Calmar ratio, surpassing traditional 
strategies like recurrent reinforcement learning (RRL), technical 
analysis, and buy-andhold. The implementation, provided in Python, is 
reproducible on Kaggle, incorporating realistic market frictions such 
as transaction costs and bid-ask spreads. This work advances DRL 
applications in finance, offering a scalable and robust framework for 
algorithmic trading. 

Keywords: Deep Reinforcement Learning, Financial Trading, 
Sentiment Analysis, Calmar Ratio, Multi-Modal Data 

I. Introduction 

The technique of reinforcement learning, often known as RL, was 

initially employed in the financial trading industry during the first 

decade of the twenty-first century. It was the first industry to behave 

in this manner. The move in question was among the most significant 

advancements that took place in the sector. The application of this 

technology has immediately resulted in a revolution in the field of 

algorithmic trading strategies, which have been subjected to broad 

acceptance as a result of this revolution. This revolution is a direct 

result of the execution of this strategy, which has brought about the 

current state of affairs. The implementation of this change is 

something that ought to be brought about in order to bring about this 

change, and the idea of reinforcement learning is the one that is 

accountable for the implementation of this change. It is conceivable 

for this change to take place as a result of this feature since RL is able 

to maximize sequential decision-making in markets that are 

characterized by high volatility. This characteristic makes it possible 

for this shift to take place. Because of the existence of this 

functionality, the implementation of this update was made possible. 

As a result of the fact that this capacity is currently accessible, the 

successful implementation of this upgrade has been achievable. 

Because of the availability of this expertise, it has been feasible to 

accomplish this shift, which would not have been viable in the absence 

of it. An early body of work, which included the construction of the 

recurrent reinforcement learning (RRL) model in the year 2006, was 

responsible for bringing to light the potential potential of neural 

networks in the trading business. This potential potential was brought 

to light by the work published in 2006. Through the concerted efforts 

of this group of individuals, it was possible to bring this potential into 

existence and make it a reality. As a consequence of the work that was 

successfully finished throughout the duration of the assignment, the 

completion of this assignment became realistically attainable. All of 

the requirements for this assignment were successfully accomplished. 

The initial study encountered a number of extra obstacles when it came 

to dealing with high-dimensional data and non-stationarity in the 

market. These challenges were also encountered by the study. One of 

the challenges that the researchers had to overcome was the presence 

of these issues. This obstacle was the basis of disagreement, regardless 

of what was experienced in the conditions that were surrounding the 

situation. Despite the fact that the investigation was still in its 

preliminary stages, it was abundantly clear that there were a number 

of problem areas that needed to be addressed. Recent advancements in 

deep reinforcement learning (DRL), in particular Deep Q-Networks 

(DQNs), have made it possible for agents to assess complex, 

multimodal inputs and adapt to constantly shifting market conditions. 

This has been made possible by the fact that DRL stands for deep 

reinforcement learning. All of this has contributed to an increase in the 

probability that agents will be successful in their endeavors. Recent 

developments in DRL have made it possible for this possibility to 

become available. This potential was previously unavailable. In order 

for these breakthroughs to be made possible, the most recent 

developments that have been developed by DRL have made it possible 

for them to be made attainable. Before the present moment in time, it 

was impossible to acquire either of these characteristics. Neither of 

these attributes could be acquired. As a result of recent developments 

in DRL, which made it possible for them to be available, the 

availability of this potential has been made practicable, which has 

made it possible for them to be available. Previously, there was no 

possibility that something similar could take place. There was no 

possibility. Because of this, a significant amount of progress has been 

made in the field of artificial intelligence as well as in fields that are 

related to it on a variety of fronts. This is a direct consequence of the 

fact that this has occurred. As a result, a significant amount of 

development has been made. Before the creation of DRL, which is an 

abbreviation for deep reinforcement learning, there was something 

that could not be performed. Until this point, it was impossible to 

accomplish anything successful. The discovery of DRL, on the other 

hand, has made it possible to accomplish something that was 

previously thought to be nearly impossible to accomplish. For 

example, those partnerships that are strengthened by the presence of 

sentiment when it is present in the relationship are included in this 

category of partnerships. As an illustration of a partnership, these 

partnerships are provided. The Deep Q-Network, also known as 

SEDQN, is a system that takes into account, among other things, 

historical prices, technical indicators, sentiment embeddings from 

platforms like X, and information regarding the macroeconomic 

climate. This system is built on the DRL, which acts as the foundation 

upon which it is formed. The DRL was utilized as the foundation for 

the construction of this system in order to accomplish its construction. 

The building of this particular system, which is predicated on that 

foundation, is based on a DRL-based system, which acts as the basis 

for the construction. Furthermore, this is also known as SEDQN, 

which is a fact that ought to be taken into consideration because it is 

an interesting fact which should be taken into consideration. These 
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particular systems are constructed on top of a DRL-based system, 

which serves as the basis for their creation. When it comes to the 

construction of these systems, the foundation provides the basis for 

their construction. In the course of carrying out this research, the 

framework that is outlined in this article is taken into consideration. 

One of the components that is included in the scope of the study is the 

framework that is described in this article. Additionally, this 

framework is a component that is utilized in the process of carrying 

out this research. When compared to earlier methods, the SETDQN 

has the potential to successfully solve the limitations that were present 

in those methods. This occurs as a consequence of the fact that it 

modifies the Calmar ratio in accordance with the outcomes of those 

modifications. This is because the SETDQN is capable of 

accomplishing in an effective manner, which is the reason for this 

accomplishment. The technique of modifying the Calmar ratio is the 

approach that must be applied in order to achieve the result that is 

wanted. Due to the fact that this is the case, it remains feasible. 

Because of this, a solution has been proposed that is not only suitable 

for contemporary financial trading systems (FTSs), but it is also 

capable of being copied for use with these systems. This solution has 

been presented. Consequently, this remedy has been proposed as a 

result of this. The subsequent outcomes are going to take place as a 

consequence of this. 

 

 

                              Literature Review 

 
In the process of building the framework for the formation of 

principles of reinforcement learning in the field of financial trading, 

the RRL architecture that Moody and Saffell built was an essential 

component that played a critical role. The process of constructing the 

foundation has allowed for the successful completion of this task. 

Through the construction of a foundation for the concepts of 

reinforcement learning, this purpose was accomplished. This was the 

means by which it was accomplished. The reason that this was able to 

be accomplished was because of the process of developing the 

foundation for the RRL architecture. Due to the fact that it was an 

essential part of the process of constructing the foundation, which was 

the reason why it was a significant component, the conclusion that 

could be drawn from the situation was that it was a substantial 

component. This was the reason why it was a significant component. 

Using recurrent neural networks, this design was able to attain the 

maximum practicable value for a utility function that is based on the 

Sharpe ratio to the greatest extent that was conceivable. This was 

accomplished by maximizing the likelihood of achieving the highest 

possible value. The utilization of a sizeable portion of the Sharpe ratio 

was what made it possible to do this assignment in an effective 

manner. We were successful in doing this to the fullest extent that was 

practically possible given the circumstances. This was done in order 

to achieve the greatest possible value within the parameters of the 

problem that needed to be addressed in order to achieve the best 

possible value. The goal was to achieve the best possible value. The 

RRL, on the other hand, was demonstrated to have a wide range of 

shortcomings and challenges in terms of scalability and high-

dimensional inputs when compared to other systems that are already 

in existence. The existence of these issues was discovered by an 

analysis of RRL in comparison to other systems which was carried out. 

Following the assessment of the system, it was discovered that there 

were a few problems that required additional attention. These 

problems were encountered in respect to other systems that were 

distinct from one another, and they were encountered in comparison 

to other systems. The recent advancements in technology that are 

associated with DRL have made it possible to surpass these limited 

capabilities. Having the ability to overcome these limits has made it 

possible for these advancements to occur. As a consequence of these 

breakthroughs, it is now possible to make progress above and beyond 

these limitations. The fact that such feats have been reached has 

directly led to the emergence of this situation, which is a direct result 

of the accomplishments that have been made. They were able to 

accomplish this by modeling price dynamics as a Markov Decision 

Process (MDP), which enabled Théate and Ernst to generate robust 

returns by employing a DQN sort of algorithmic trading. This allowed 

them to achieve their goal. This enabled them to do what they set out 

to do. Therefore, they were able to do what they had set out to do. 

Because of this, they were successful in accomplishing what they had 

intended to do. As a result of this, they were able to successfully 

complete the task that they had planned to do. As a consequence of 

this, they were able to accomplish the mission that they had intended 

to achieve in an effective manner. Consequently, as a result of this, 

they were able to successfully complete the objective that they had 

intended to do in an efficient manner. As a consequence of this, they 

were able to accomplish the goal that they had planned to accomplish 

in an effective manner, which resulted in their success. Although it had 

capability for portfolio management and technical indicators, the 

FinRL framework that Liu and his colleagues built did not take 

sentiment data into consideration. This was despite the fact that it 

included these features. It is essential to keep this matter in mind 

because it is of the utmost significance. Due to the fact that this subject 

is of the utmost importance, it is of the utmost need to have it in mind 

at all times. It is important to note that the fact that this was the scenario 

did not change the fact that it was the one that was taking place, despite 

the fact that it contained both of these components. The situation that 

was taking place was exactly the same as what was mentioned earlier. 

Due to the fact that they were unable to handle the complexity of the 

computational process, they were unable to find a solution to the 

problem of trading many assets at the same time. They were unable to 

successfully identify a solution to the problem as a result of this. 

Despite this, Lee and his coworkers were the ones who were able to 

accomplish their goal of successfully locating a solution to the 

difficulty that they were facing. Upon discovering that the 

investigation that they had carried out on the techniques of multi-agent 

reinforcement learning did not provide any favorable results, they 

were unsatisfied with the data that they had obtained. When all aspects 

are taken into consideration, this is a really unfortunate turn of events. 

Zhang et al. proved that sentiment analysis has the capability to 

accurately forecast future events by utilizing data from a broad variety 

of social media sites, including Facebook, Twitter, and Instagram, 

amongst others. The usage of data was the means by which this 

accomplishment was accomplishable. Our success in accomplishing 

this goal can be attributed to the utilization of the data that was made 

available by these platforms. Through the utilization of a wide range 

of social media platforms, this objective was successfully realized, 

resulting in a beneficial outcome. This was accomplished through the 

utilization of techniques that are associated with sentiment analysis as 

the mechanism by which this was possible. The employment of the 

approaches that were applied allowed for the successful completion of 

this task. Another reason that has contributed to the rise in popularity 

of sentiment analysis is the fact that it has become increasingly popular 

for a variety of reasons, and this is one of those reasons. It is one of 

the reasons that has led to the increase in popularity of sentiment 

analysis. This is one of the aspects that has contributed to the rise in 

popularity of sentiment analysis, which is one of the variables that has 

contributed to the rise in popularity. As a result of this, it has amassed 

such a wide following, which is one of the reasons why it has become 

so mainstream. This is one of the reasons why it has become so 

popular. Nevertheless, in contrast to the research that has been 

conducted in recent times, the SETDQN contains a risk-adjusted 
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reward function in addition to multi-modal inputs, such as data on the 

macroeconomic environment. This is in contrast to the research that 

has been carried out in recent years. On the other hand, this represents 

a striking contrast to the results of the research that has been carried 

out over the course of the past few years. This, on the other hand, 

stands in stark contrast to the conclusions of the study that has been 

carried out over the course of the previous few years, which is 

something that should be taken into consideration. Having said that, 

this, on the other hand, stands in stark contrast to the findings of the 

research that has been conducted over the course of the previous few 

years, which is something that ought to be taken into consideration. 

The possibility exists that it will be able to build upon the basis that 

RRL has constructed while also fixing the flaws that it contains is a 

possibility. There is a chance that this will occur. To be more explicit, 

this is because the conditions are such that it is possible for it to react 

in this fashion. This is the reason why it is possible for it to do so. This 

is the reason why things are the way they are in the current situation. 

The fact that this is a possibility is something that needs to be taken 

into consideration with regard to the situation. Consideration ought to 

be given to this particular aspect of the entire situation. 

 

Methodology 

 
This is something that the SETDQN is able to achieve since it models 

financial trading as an MDP, which enables it to capture the 

complexity of the market. When it comes to this particular capability, 

the SETDQN is already equipped to perform. As a result of taking this 

step, the SETDQN is now in a position to accomplish what it sought 

to accomplish. Utilizing a state space that is capable of supporting 

several modes of operation is one way in which this objective might 

be accomplished. The accomplishment of this objective is made 

feasible as a result of this. The state not only takes into account 

sentiment embeddings from X posts by utilizing a BERT model, but it 

also takes into account technical indicators such as the simple moving 

average (SMA) for the 20-day period, the relative strength index 

(RSI), and the moving average convergence divergence (MACD). 

These indicators are used to analyze the sentiment of the posts. For the 

purpose of analyzing the emotion of the posts, these indicators are 

utilized. These specific indications are utilized for the goal of 

conducting an analysis of the feelings conveyed by the posts. In order 

to accomplish the objective of doing an analysis of the feelings that 

are communicated by the posts, these particular signals are utilized. 

Additionally, the state takes into consideration an assortment of 

macroeconomic variables, including the increase of the gross domestic 

product and interest rates. Moreover, the state offers historical price 

sequences for the SPY ETF that span a period of thirty days (open, 

high, low, close, and volume). These sequences cover the period from 

today to the previous day. The sequences in question are offered at no 

cost to the user. These sequences encompass a period of time that runs 

from the current day to the day previous when they were first 

performed. In addition to covering the whole time period, these 

sequences cover each and every one of the thirty days in a complete 

and comprehensive manner. The federal government, which is the 

entity that is legally accountable for this topic, is the entity that is 

responsible for providing these sequences. In order to effectively 

manage risk, another strategy that is utilized is the implementation of 

adaptive position size for the goal of risk management. This strategy 

applies to the management of risk. In addition to being discrete, the 

action space is composed of a variety of unique possibilities, such as 

purchase, sell, and hold. Because of this, it is possible to control 

position sizes in an efficient manner, which is made possible as a result 

of this. This brings about the possibility of controlling position sizes. 

The incremental change in the Calmar ratio, which is defined as the 

annualized return divided by the biggest drawdown, is the reward 

function. The function is defined as the reward function. For the 

purpose of determining the reward function, this measurement is 

utilized. The Calmar ratio is used to make a conclusion regarding the 

reward function. The following is a definition of the method that is 

utilized in the process of awarding and rewarding individuals. Through 

the application of the Calmar ratio, one is able to arrive at a conclusion 

regarding the reward function. In order to take into account the reward 

function, the transaction costs for 0.1% and the bid-ask spreads for 

0.05% are both transformed in order to accommodate the reward 

function. It is necessary to make these adjustments in order to provide 

room for the reward function. This action is taken with the purpose of 

ensuring that the reward function is taken into consideration, which 

means that it is carried out. A comprehensive analysis of performance 

can be carried out with the assistance of assessment criteria such as 

cumulative returns, the Calmar ratio, maximum drawdown, and 

trading turnover. This makes it easy to carry out the analysis. One last 

thing to consider is that this analysis can be carried out. As a result of 

this, it is now possible to investigate the degree to which the 

investment has been performing positively. By putting these standards 

into action, it is possible to ensure that every aspect of performance is 

taken into consideration and that those responsible for it are held 

accountable for the repercussions of their actions. 

 

I. Algorithm 

The SETDQN extends the DQN framework, tailored for 

financial trading. The Q-value update follows the Bellman 

equation: 

 
, 

where st is the state, at is the action, rt is the reward, α = 0.001 
is the learning rate, and γ = 0.99 is the discount factor. The 

loss function, minimized via gradient descent, is: 
2 

L = E[rt + γ maxQ(st+1,a;θ−) − Q(st,at;θ)) ], (2) 

a where θ and θ− are the parameters of the online and 

target networks, respectively. Action augmentation 

prioritizes high-confidence actions, reducing random 

exploration in noisy financial markets, enhancing sample 

efficiency. 

Proposed Framework 

 

 
The management of the collection of data, the instruction of models, 

and the execution of trades are all responsibilities that fall under the 

purview of this organization. For this particular organization, each and 

every one of these obligations is included in its purview. The entity 

that is responsible for complying with these requirements is the 

SETDQN structure, which is a representation of the organization 

across its whole. In order to fulfill this criterion, the framework is the 

one that is responsible for becoming accountable for taking on the 

obligation of doing so. For the purpose of this analysis, historical SPY 

data is acquired through the use of yfinance, technical indicators are 

computed using pandas-ta, sentiment embeddings are extracted using 

Hugging Face's BERT, and macroeconomic data is retrieved through 

( 
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an application programming interface (API) that is accessible to the 

general public. In order to simulate the process of trading, OpenAI 

Gym makes use of a trading environment that has been developed 

particularly for the sake of the game. This is as a result of the fact that 

it was built with the express intention of being used for commercial 

purposes. Keeping this particular objective in mind, this habitat was 

designed and constructed. This option makes use of frictions that have 

been intentional, and it does so by utilizing frictions that have been 

methodically developed to be as close to true as is possible from a 

geographical and logistical aspect. In other words, this setting uses 

frictions that have been made on purpose. A trained agent will carry 

out operations within a live trading loop in order to guarantee 

scalability across a wide variety of financial instruments. This will be 

done throughout the trading loop. During the entirety of the trading 

loop, this will be carried out. This is something that will be carried out 

throughout the course of the trading loop. Due to the fact that this is 

the case, the trading cycle will continue to function without any 

disruptions. As a result of taking this action, the system's capacity to 

accommodate new users has not been compromised in any way. 

Through the execution of live trade, scalability is achieved, and this is 

the manner in which it is achieved. Scalability is achieved through the 

execution of live trade. Scalability can be achieved by the execution 

of live transactions, which is the way by which it is accomplished. 

Activities that involve making changes to locations in real time are 

included in this category of activities. The aforementioned pursuits are 

included in this category. The activities that fall under this category 

encompass a wide variety of distinct kinds. In response to the 

information that is pertinent to the scenario, these modifications are 

implemented, and they are implemented as a consequence of the inputs 

that are related with the current predicament. In other words, they are 

implemented as a result of the inputs. 

 

V. Architecture 

The SETDQN architecture is an example of a hybrid neural network, 

which is in contrast to the assertion that was made earlier within this 

paragraph. It is possible for this architecture to receive inputs from a 

wide variety of different techniques. These inputs can originate from 

a variety of channels. This architecture is an illustration of a hybrid 

neural network, and its description can be found further down in this 

article. This is only one example of how the utilization of this 

particular type of neural network could potentially be advantageous, 

and it is essential to highlight that this is just one example: this is just 

one example. You should take into consideration that I am doing this 

in order to provide you with an example. This is the reason why I am 

doing this. The process of doing research on pricing time-series entails 

the deployment of two convolutional layers. This is done in order to 

determine spatial trends. It is done in this manner in order to identify 

patterns in the space. To ensure that the results are accurate, this step 

is being carried out in order to verify that they are accurate. It is now 

possible to reach a better level of detection accuracy than was before 

attainable with the utilization of this technology. There are between 32 

and 64 filters that are utilized in the process of simultaneously 

constructing the layer for each and every one of these layers. This 

practice is referred to as the technique of simultaneous construction. 

The action that is being carried out with the intention of achieving the 

goal that was intended for this activity is being carried out with the 

intention of achieving the goal that was meant for it while it is being 

carried out. For the purpose of the framework of the approach that is 

utilized, it is utilized that an LSTM layer that is composed of 128 units 

is utilized. One of the approaches that is utilized is this particular 

approach, which is known as one of the methods. This methodology is 

accepted and put into effect with the intention of accomplishing the 

goal of precisely reproducing interactions that are reliant on the 

passage of specific amounts of time. The goal is to achieve this 

objective. The employment of ReLU activations by dense layers, 

which are composed of 256 and 128 units, respectively, makes it 

feasible to incorporate price, technical, sentiment, and macroeconomic 

components into the analysis. This is made possible by the utilization 

of dense layers. What makes this a viable choice is the usage of dense 

layers in the construction process. Therefore, the utilization of dense 

layers is what makes this capability achievable. This is the reason why 

this capability is attainable. Within the framework of the construction 

process, the exploitation of dense layers is what makes this choice a 

realistic alternative to consider. The addition of specific components, 

which under any other conditions would not have been feasible, is now 

feasible as a result of this. This opportunity was previously 

unavailable. Through the utilization of dense layers as the mode of 

delivery, it is possible to achieve the goal of accomplishing this 

objective. This strategy is a fair course of action to take, therefore you 

should pursue it. The Qvalues for each and every activity that is carried 

out for the system are generated in the output layer, which is the layer 

that is accountable for this duty: the layer that is liable for this job. The 

output layer is responsible for this task. An output layer is responsible 

for the generation of the Qvalues. This particular layer is the one that 

is accountable for ensuring that this criteria is met. In order to 

accomplish the objective of fine-tuning the network during the entirety 

of the operation and throughout the entirety of the procedure, it is 

required to install Adam. To add salt to injury, the learning rate is 

maintained at 0.001 throughout the whole of the process without any 

variances. This is done completely without exception. An additional 

precaution has been taken to guarantee that the network will continue 

to operate without any disruptions, so ensuring that it will continue to 

operate without any problems. In this particular site, a 500-sample 

experience replay buffer has been constructed. This particular location 

has been that location. 

 

 
. 

Workflow 

 
The first phase in the workflow is the preparation of the data, which is 

then followed by the normalization of the price, indicator, and 

macroeconomic data, and eventually culminates with the extraction of 

sentiment embeddings, which is the final step in the workflow (the 

final step in the workflow the final step in the workflow). The 

visualization of the data is one of the very last processes in the 

workflow, and it is via this phase that the process is brought to a 

successful finish once it has been completed. The visualization of the 

data is one of the very final steps in the workflow, and it is via this 

phase that the process is brought to a successful conclusion once it has 

been finished from beginning to end. The SETDQN is taught using an 

exploration rate that gradually drops from 1.0 to 0.01, with the 
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exploration rate reaching its lowest point of 0.01 at the conclusion of 

the training period. This exploration rate is used to teach the SETDQN. 

Throughout the entirety of the training method, this exploration rate is 

utilized. Following the completion of a total of one hundred thousand 

steps, this training will eventually take place. At the same time as the 

agent is accountable for responsibilities such as the processing of data 

in real time, the determination of the right actions to take, and the 

documentation of metrics that reflect its current performance, the 

agent is also accountable for doing other activities. Because of the 

nature of their obligations, the agent is accountable for each and every 

one of these responsibilities. In addition, the process of generating 

conclusions based on the facts that are contained inside it is carried out 

concurrently with the review process. In order to fulfill this criterion, 

it is absolutely necessary for each and every one of these occurrences 

to take place at roughly the same time. This is a need that cannot be 

avoided. During the post-processing stage, the primary areas of 

concentration that take place are the calculation of cumulative returns 

and the evaluation of the risk associated with the investment. 

Matplotlib is then used to show the amounts in order to make the 

process of seeing the data more understandable. This is done after the 

previous step has been completed. These steps are taken in order to 

simplify the process and make it easier to understand. After the 

computations have been successfully completed, after they have been 

completed, and after they have been completed, this phase is carried 

out in a short amount of time when they have been completed. 

 

VI. Implementation Experimental 

 

The implementation is deployed on Kaggle and makes use of Python, 

TensorFlow, FinRL, yfinance, pandas-ta, transformers, and public 

macroeconomic application programming interfaces. Additionally, it 

makes use of many other programming languages. In addition to that, 

it utilizes a wide variety of additional programming languages. 

Furthermore, it makes use of a large range of additional programming 

languages in addition to that. Furthermore, in addition to that, it 

utilizes a wide variety of extra programming languages in addition to 

that. Furthermore, in addition to that, it makes use of a comprehensive 

range of additional programming languages in addition to that. 

Trading in SPY is simulated in the one-of-a-kind Gym environment 

from the years 2010 to 2020 (for the purpose of training) and from the 

years 2021 to 2024 (for the purpose of making sure everything is 

working properly). Both the bid-ask spreads and the transaction fees 

have been established at a level of 0.1% and 0.05% respectively. The 

execution of this action is carried out with the purpose of carrying out 

training and testing. The purpose of providing this material is to 

facilitate the completion of training and examinations pertaining to the 

subject matter in a more straightforward manner. For the purpose of 

making adjustments to the hyperparameters, grid search is utilized, 

and the capacity of the batch is set at 32 persons from the beginning. 

Additionally, the target network performs an update on itself every one 

thousand steps for every single step. This comes in addition to the 

point that was made earlier. When utilizing the code that is made 

accessible on Kaggle, it is also possible to collect performance 

measures in addition to visuals. This is something that can be done. 

Certainly, this is something that is attainable. 

 
 

 

VII. Results 

 

When it comes to the SETDQN, there is a vast variety of possible 

outcomes that could take place. There are a great number of different 

outcomes that might have the potential to occur. Some of these 

outcomes include a maximum drawdown of 7.5%, an annualized 

return of 17.5%, a Calmar ratio of 2.1, and a turnover rate of 0.45 

transactions per day. Additionally, the annualized return includes 

17.5%. Furthermore, the annualized return incorporates 17.5% of the 

total price. In addition to this, the annualized return accounts for 17.5% 

of the overall price. The following is a list of some of the possible 

outcomes that could take place in the case that the scenario goes 

according to plan. In point of fact, each and every one of these 

occurrences is a set of possibilities that has the potential to actually 

take place. It is possible that each and every one of them might occur. 

The practice of taking into consideration each of these potential 

outcomes is something that ought to be carried out. the practice should 

be carried out. It is recommended that the ritual be carried out. The 

performance of the ritual is strongly suggested to be carried out. 

Furthermore, as a result of the efforts that they have put forth 

throughout this process, it is not completely out of the question for the 

SETDQN to successfully fulfill these goals at this point in time. 

Furthermore, this is not completely out of the question. As a result of 

their ability to capitalize on emotions and macroeconomic data, 

investors have the potential to generate consistent returns during times 

when the market is experiencing volatility. This is because investors 

are able to take advantage of the market's emotional state. Especially 

during periods in which the market is experiencing volatility, this is a 

very attractive situation. In spite of the fact that the market is quite 

volatile, it is not an insurmountable obstacle to accomplish something 

of this nature. When all is said and done, it is not absolutely impossible 

to accomplish. Even when the statement is viewed in the context of 

market conditions that are characterized by volatility, this continues to 

illustrate that the statement is accurate. In contrast to baselines, which 

have a greater tendency to produce outputs that are not adequate, 

visualizations offer the observer with evidence of consistent 

performance. This is in contrast to baselines, which have a greater 

tendency to produce outcomes that are not adequate. Specifically, this 

is because baselines have a greater tendency to yield outcomes that are 

not acceptable. This is the reason why this is the case. It is possible to 

exhibit a constant performance by means of the utilization of this 

strategy. This is made possible through the utilization of 

visualizations, which is a method that may be utilized. 
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VIII. Comparison 

 

When we examine the performance of the SETDQN in comparison to 

that of the 2006 RRL (10% return, 1.2 Calmar), a moving average 

crossover strategy (8% return, 0.9 Calmar), and buy-and-hold (12% 

return, 1.0 Calmar), we discover that the SETDQN offers a return that 

is significantly higher than the returns offered by the other three 

strategies. In comparison to the other three methods, it is possible to 

assert that the SETDQN is the most effective. The SETDQN has a 

performance that is superior to all of these other procedures, when 

compared to all of these other techniques. Due to the fact that the 

return that is obtained is lower than the return that is obtained from the 

SETDQN, the return that is obtained is considered to be higher. 

Specifically, this is due to the fact that the aggregation of all of these 

processes results in the return being smaller than the return that is 

obtained from the SETDQN. The drawdowns are decreased by 37% 

when compared to RRL, and they are lowered by 50% when compared 

to buy-and-hold strategies. Both of these reductions are quite 

beneficial. Both of these reductions are noteworthy in their own right. 

It is important to note that each of these reductions is quite beneficial 

in its own right. While these two declines are extraordinary in their 

own right, they are also exceptional in relation to one another. It is 

important to take into account the fact that each of these reductions is 

really beneficial in its own right. This is something that the 

consideration should be given. Both the employment of the risk-

adjusted reward function and the exploitation of the multi-modal 

inputs, both of which are unique to this strategy, are notably 

accountable for the outcome that was observed. The purpose of this 

explanation is to be able to provide an explanation for the reason that 

this result occurred in the first place. Furthermore, in contrast to the 

approach that is followed by the RRL, which is solely concerned with 

price, the SETDQN takes into account sentiment in addition to 

macroeconomic data, which enables it to identify swings in the market. 

This is a significant advantage. This stands in stark contrast to the 

approach that the RRL takes in its operations. On the other side, prices 

are the sole focus of the RRL's strategy, which is solely concerned with 

price swings. There is a stark difference between this and the approach. 

This is a clear illustration of the difference between the strategy that 

the RRL takes in its plan and the one that is taken by the RRL. While 

the DRL framework of the SETDQN is superior to technical analysis 

in terms of its ability to deal with non-stationarity, it is also superior 

to technical analysis in terms of its capacity to deal with technical 

analysis. Both of these capabilities are superior to technical analysis. 

This is because it is more capable than technical analysis of dealing 

with situations that involve non-stationarity. Another reason for this is 

that it is more flexible. The current state of affairs represents a 

significant improvement in comparison to the conditions that prevailed 

in the past. This is a significant improvement. 

 

IX. Future Work 

 

It is anticipated that among the forthcoming enhancements will be the 

implementation of transfer learning for the purpose of enhancing 

sample efficiency, the incorporation of alternative data such as the 

sentiment of the news, and the utilization of multi-agent reinforcement 

learning for the purpose of optimizing portfolios. These enhancements 

are expected to be implemented in the near future. The implementation 

of these enhancements is anticipated to take place in the not too distant 

future. The implementation of each and every one of these steps is 

something that is scheduled to take place. It is feasible to lower the 

amount of computational resources that are necessary and this can be 

accomplished through the utilization of distributed training. It is a 

viable alternative to consider. As a result of this, the system's 

scalability as well as its security would be enhanced, among other 

benefits. 

 

X. Conclusion 

 

The SETDQN is able to ensure that its goal of moving the market for 

financial trading to a higher level is successfully done by utilizing 

DRL and multi-modal data. This allows the SETDQN to ensure that 

its purpose is successfully accomplished. Due to this, the SETDQN is 

able to successfully complete the task that it was designed to do. The 

SETDQN is able to perform the job in question because it possesses 

this capability, which is one of the features that it possesses. This goal 

is being accomplished by employing the market as a means of 

obtaining financial gain, which is the technique by which this end is 

being attained. This purpose is being accomplished. This result is close 

to being accomplished. It is not just a plausible possibility that this can 

be performed by utilizing these two unique forms of data, but it is also 

something that ought to be done since it is desirable. This is something 

that should be done. Specifically, this is because, in light of the current 

conditions, it is not only practicable, but it is also viable since it is 

possible. This is the reason why this is the case. When comparing this 

particular trading style to other trading techniques, it is essential to 

bear in mind that with regard to risk-adjusted returns from 

investments, this particular trading style offers larger returns than 

other types of trading. In order to better serve their needs, customers 

have access to a wide variety of alternative modes of interaction and 

business practices. Because this treatment is more effective than other 

treatments that are now available, it is being provided even if there are 

other options that can be selected from. This is because of the 
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increased effectiveness of this treatment. To phrase it another way, this 

is something that has occurred as a direct consequence of really putting 

this approach into action. In other words, it is something that we have 

brought about. To phrase it another way, it is something that has 

already occurred at this point in time. Keeping in mind that there is a 

significant distinction between the two categories is of the utmost 

importance and ought to be emphasized above all other considerations. 

It is possible to explain this phenomenon by referring to the 

components that were addressed earlier. It is possible to use it as a tool 

in a manner that is both advantageous and successful within the region 

of algorithmic trading, and it is also capable of being applied to a 

substantial degree within the sphere of financial markets. Both of these 

applications are possible. There are opportunities for both of these 

uses. There is potential for both of these applications to be utilized. 

Both of these applications have the potential to be effective in their 

respective fields. Both of these applications have the potential to be 

successful in their respective sectors with the right application. One 

more feature that is of significant importance is the fact that it may be 

utilized in a wide range of different methods. This is a significant 

advantage. This is a significant benefit. This benefit can be employed 

in a variety of different geographical locations, which presents a lot of 

different options to choose from because of its versatility. This can be 

attributed to the fact that its implementation can be repeated, as well 

as the fact that it is structured in a manner that is practical. In order to 

provide a precise explanation for this, the explanation is as follows. 

Due to the fact that this is the case, it functions in a manner that is 

highly efficient. Given the events that have transpired, it is of the 

utmost importance to take something into consideration. This is 

because the circumstances have come about. It is possible that there is 

a relationship between these two points of view, and that connection 

is connected to the fact that both of these points of view are suitable 

for situations that occur in the real world. In the event that there is a 

connection between these two points of view, this is the correct 

interpretation of the situation. 
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