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Abstract- This paper proposes a novel approach utilizing neurosymbolic artificial intelligence (AI) techniques to enhance
the interpretability and effectiveness of recommendations in front-end user interface (UI) design. By integrating both data-
driven and rule-based methodologies, our framework aims to bridge the gap between conventional recommendation
systems and human-understandable decision-making processes. We leverage neurosymbolic Al to combine statistical
learning from large-scale data with symbolic reasoning capabilities, enabling transparent and interpretable
recommendations that align with user preferences and design principles. Through a series of experiments and case
studies, we demonstrate the efficacy of our approach in providing explainable recommendations for front-end Ul design
tasks, facilitating more intuitive and user-centric interfaces.
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I INTRODUCTION

In recent years, there has been growing interest in developing recommendation systems for frontend UI design that can
effectively bridge the gap between data-driven approaches and rule-based methods. While data-driven techniques, such as
collaborative filtering and matrix factorization, excel at capturing complex patterns in user preferences, they often lack
transparency and interpretability. On the other hand, rule-based approaches offer explicit control over recommendation
logic but may struggle to handle the vast amount of data and evolving user behaviors [1].

Researchers have resorted to neurosymbolic artificial intelligence, a novel technique that successfully blends the
advantages of neural networks with symbolic reasoning, in order to address these issues. By integrating deep learning
models with symbolic knowledge representations, neurosymbolic Al offers a promising framework for developing
recommendation systems that are both accurate and interpretable. Furthermore, the incorporation of knowledge graphs
provides a structured representation of domain-specific information, enabling more effective reasoning and decision-
making.

In this paper, we propose to explore the application of neurosymbolic Al for explainable recommendations in frontend Ul
design, with a particular focus on leveraging knowledge graphs. We aim to develop a recommendation framework that can
seamlessly integrate data-driven insights with domain knowledge encoded in the form of a knowledge graph. In doing so,
we aim to improve the transparency, interpretability, and effectiveness of recommendation systems for frontend Ul
design.

In today's world, artificial intelligence (Al) has garnered widespread interest across a variety of application sectors,
including the business sector. [2] Predictive maintenance, in particular, plays a significant role because it enables
businesses to avoid internal system failures in a preventative manner and reduces the costs associated with business
interruptions. People are now using techniques based on models and data to develop design, optimization, diagnostic, and
maintenance stages. Model-based strategies utilize mathematical models, along with background information from human
specialists, to achieve their goals. We utilize mathematical models to describe the interactions that govern a certain
environment. On the other hand, data-driven approaches are inductive methods. These approaches involve the creation of
models by generalizing from the data (that is, observations of the environment), with the objective of defining
mathematical models based on the insights gained from the data. Since the models originate from the data, it is crucial to
have a significant number of models that accurately reflect the region. The first method has problems with scalability and
performance, while the second method is not interpretable and eliminates human engagement to some extent. Both
methods have their drawbacks. Therefore, in order to make the most of the potential offered by both approaches while
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simultaneously minimizing their drawbacks, we advocate the use of hybrid approaches to enhance the predictive
maintenance solutions that are now in place.

Having analyzed the various approaches currently in use, we compiled a list of the most significant benefits to serve as a
foundation for our investigation. It is also important that the novel models have the following characteristics: (i)
interpretability; (ii) resilience; and (iii) efficacy features. This will enable the enhancement of the current models. We are
of the opinion that these objectives can be accomplished through the development of neuro-symbolic methods for
predictive maintenance practices.

0

0

Figure 1: Neuro [Symbolic] architecture

Neurosymbolic architecture refers to a computational framework that integrates neural network-based learning with
symbolic reasoning methods. This hybrid approach combines the ability of neural networks to learn patterns and
representations from data with the logical reasoning capabilities of symbolic systems.

Neural networks typically perform tasks like feature extraction, pattern recognition, and representation learning from
large-scale data in neurosymbolic architecture. These neural components learn to encode complex relationships and
patterns in the data, capturing its underlying structure.

The structure of the paper is as described below.

e Discussing various models that are considered to be state-of-the-art, and provides an explanation of the neuro-
symbolic approach and its potentialities.

e The context of predictive maintenance and the ways that are currently being used are discussed.

e Provides a description of our proposal to utilize neuro-symbolic approaches for the purpose of enhancing the
predictive maintenance methods that are now in use.

Through this research, we hope to contribute to the advancement of recommendation systems in Ul design and provide
valuable insights into the potential of neurosymbolic Al for reasoning over rule-based design and knowledge graphs.
Ultimately, our goal is to empower designers and developers with tools that can generate personalized and insightful
recommendations while maintaining transparency and interpretability in the decision-making process.

The study aims to provide a rule-based design process for neurosymbolic systems, emphasizing the integration of
knowledge-based systems (KBS) and deep learning models (DL). The study integrates both theoretical and practical
integration components, making it applicable to a wide range of model combinations and application scenarios. This
design process addresses the complementary features of symbolic and subsymbolic paradigms, aiming to harness their
combined benefits. However, the lack of explicit design rules for neurosymbolic models necessitates an examination of the
motivations for integration alongside contextual and practical considerations, such as available resources, required data
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types, and the scope of work. While neurosymbolic design methods in existing literature lay a foundational understanding
and outline desired system characteristics, they fall short in offering specific implementation guidelines. Consequently,
there is a notable absence of clear instantiation examples highlighting integration perspectives. [3]

Furthermore, we offer specialized integration templates to provide a more detailed characterization of neurosymbolic
systems. When considering neurosymbolic techniques from the perspective of integration, we can distinguish two primary
categories: introduction (also known as insertion) and extraction. When compared to extraction approaches, insertion
approaches include the integration of many models within a single framework. On the other hand, extraction approaches
involve mining one of the models from another. The provided description and the reviewed literature suggest three
possible integrations: KBS insertion into DL models, DL insertion into KBS, and KBS extraction from DL models. This
document outlines the parameters for each of these three integration scenarios, providing a template to represent those
parameters. We offer an instantiation example for each integration template to further demonstrate the applicability of the
given template-based design process. Each of these templates is associated with a different interaction that could occur.
These templates provide a description of neurosymbolic systems that have actually existed in the past, demonstrating how
the proposed method can accurately profile these frameworks.

II NEUROSYMBOLIC SYSTEM DESIGN

Cutting-edge technology A set of methodologies aimed at integrating antagonistic Al models is referred to as
neurosymbolic (or hybrid) artificial intelligence. These methods aim to develop innovative approaches that amalgamate
the most effective elements of symbolic and subsymbolic methods into a unified approach. [4] proposed a theory
regarding the potential advantages that could be gained by integrating symbolic and subsymbolic systems, which for the
purposes of this discussion, are represented by rule-based systems and neural networks, respectively. "The ability of
neural networks to perform tasks that would otherwise prove difficult or intractable to symbolic computing systems is
now recognized," [5] states. "This ability has been recognized now." Neurosymbolic systems assert that they integrate the
benefits of symbolic and subsymbolic models, enabling the resulting hybrid system to tackle problems beyond the scope of
a single model. This statement explains the theory underlying neurosymbolic systems. You can find a more recent
discussion of this assertion in [6], which offers an overview of the characteristics of symbolic and subsymbolic models. The
research findings summarize the fundamental concept of neurosymbolic integration as "the creation of a system that
combines the benefits of both methods: the ability to learn from the environment and the ability to reason about the
results.” One of the first ways that properties that these systems should have were defined was by the work of McGarry
and coworkers. The study suggests that the following should be some of the most important parts of a neurosymbolic
system: (i) the ability to think clearly even when the data is noisy or incomplete; (ii) the capacity to learn little by little
from new experiences; and (iii) the capacity to generalize and explain the models’' line of thought. A recent study [8] has
helped us narrow down the best qualities of neurosymbolic systems to two main ones..

Neuro Symbolic Al

Neuro-symbolic artificial intelligence is an interdisciplinary field in computer science that combines neural networks,
which are a component of deep learning, with symbolic reasoning techniques. By combining the positive aspects of both
approaches, it seeks to close the gap that exists between statistical learning and symbolic thinking. In addition to utilizing
the tremendous pattern recognition capabilities of neural networks, this hybrid approach enables robots to reason
symbolically about their own actions. A more sophisticated form of artificial intelligence than its conventional counterpart,
it employs deep learning neural network topologies and combines them with symbolic reasoning techniques. With neural
networks, for example, we have been able to discern the type of shape or color that an item possesses. On the other hand, it
is possible to push it further by employing symbolic thinking in order to expose more exciting properties of the item, such
as its area, volume, and related characteristics.

IIT RULE-BASED APPROACHES IN NEUROSYMBOLIC

Neurosymbolic Al for reasoning that is based on rules combines symbolic rules with neural network architectures to make
reasoning more effective and easier to understand.

In traditional rule-based systems, logical rules are manually defined to represent knowledge and infer new information
based on logical deductions. However, these systems may struggle with handling uncertainty, noisy data, and complex
patterns in real-world scenarios. On the other hand, neural networks excel at learning patterns and representations from
large-scale data but often lack transparency and interpretability.
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Neurosymbolic Al aims to combine the strengths of both symbolic and neural approaches to address these limitations. In
the context of reasoning, this means adding symbolic rules to neural network models so they can do reasoning tasks while
still using neural networks' data-driven learning features.

There are several ways to incorporate rule-based reasoning into neural architectures:
Neural-Symbolic Integration:

This approach involves explicitly encoding symbolic rules as part of the neural network architecture. For instance, we can
represent logical rules as trainable parameters or embed them within the network structure itself. This allows the neural
network to learn to reason based on both data and predefined rules.

Neural-Symbolic Fusion:

This approach combines neural embeddings learned from data with symbolic representations to perform reasoning tasks.
This could involve learning embeddings for entities and relations in a knowledge graph, then using symbolic rules to
perform logical inference over these embeddings.

Differentiable Rule Learning:

This approach involves learning symbolic rules in a differentiable manner within a neural network framework. This lets
the network improve both the neural parameters and the symbolic rules at the same time based on a goal function. This
combines data-driven learning with symbolic reasoning in a useful way.

Neurosymbolic Execution: This approach involves executing symbolic rules directly within neural networks. Instead of
relying on separate rule engines or inference mechanisms, neural networks are augmented with the ability to perform
logical operations and symbolic reasoning as part of their computation graph.

Need for Neuro Symbolic Al

It is evident that symbols are an essential component of communication, which helps the intelligence of people when one
takes into consideration how people think and reason. Researchers attempted to imitate robot symbols in order to make
them function in a manner that is comparable to that of humans. The explicit incorporation of human knowledge and
behavioral standards into computer programs was necessary for rule-based symbolic artificial intelligence design. The
addition of more rules not only increased the cost of the systems, but also decreased their accuracy.

Researchers studied a technique that was more data-driven to address these issues, which sparked the attraction of neural
networks. Despite the constant information input required for symbolic artificial intelligence, a sufficiently large dataset
can enable neural networks to train themselves. Despite everything operating smoothly, the difficulty in comprehending
the model and the volume of data necessary for continued learning necessitate the implementation of a more appropriate
system.

In spite of its effectiveness in large-scale pattern recognition, deep learning is not able to identify compositional and causal
structures from data. Despite symbolic models' design to capture intricate linkages, they effectively capture compositional
and causal patterns.

The drawbacks of these two approaches led to their merging to create neuro-symbolic artificial intelligence, which
outperforms each when used separately. The goal is to achieve a higher level of system intelligence by combining learning
with logic. The integration of domain knowledge and common-sense thinking that is given by symbolic Al systems is
anticipated to be beneficial to deep learning, as stated by researchers. For instance, a neuro-symbolic system uses the logic
of symbolic artificial intelligence to detect shapes more accurately, and a neural network's pattern recognition capabilities
to identify items.A neuro-symbolic system works by employing logical reasoning and language processing in order to
provide a response to the question in the same manner that a human would. It is, nevertheless, more effective than neural
networks and requires a significantly smaller amount of training data than neural networks do.

Neuro-Symbolic approaches

Neuro-symbolic approaches are hybrid models that combine both inductive (deep learning) and deductive (symbolic)
approaches. Together, these two methods provide models that are not only more resilient and accurate but also more
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easily explicable. [9] developed a taxonomy for neuro-symbolic integrations by categorizing them based on the features
they possess and the method of completion.

Neuro-symbolic techniques are gaining interest in the research community and finding application in various fields. After
that, we provide an overview of the most advanced hybrid models, demonstrating their potential and the various
applications that they can be used for in accordance with the taxonomy that was previously described. Even though six
categories were identified in [10], as far as we know, no works have been written about neuro [symbolic]. This refers to
methods in which neural networks use symbolic solvers in their design, as shown in Figure 1.

Symbolic Neuro Symbolic

The majority of the time, models that fall into this category are utilized in the context of natural language processing (NLP).
In this context, the objective is to construct an embedding of a token, which is a symbol, such as a word in a sentence. We
did this with the intention of predicting subsequent tokens, classifying them (through sentiment analysis), or producing
new tokens. Figure 2 shows a representation of the architecture. It was proposed by [11].
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Figure 2: symbolic neurosymbolic architecture

The majority of the time, models that fall into this category are utilized in the context of NLP. In this context, the objective
is to construct an embedding of a token, which is a symbol, such as a word in a sentence. We did this with the intention of
predicting subsequent tokens, classifying them (through sentiment analysis), or producing new tokens. Figure 2 shows a
representation of the architecture. It is proposed by. [12].

Neuro Symbolic In contrast to the preceding category (Symbolic [Neuro]), in which neural networks are considered to be
"sub-networks," the models in this category interact with one another in an equal manner inside the global architecture.
Figures 3a and 3b depict two different groups. When it comes to neuro-symbolic, the most common applications for
models are in the areas of query response and planning. Making plans. [13] proposed a unified framework, PEORL, to
determine the behaviors an agent would perform in a specific environment. This framework mixes symbolic planning with
reinforcement learning. In [14], they describe an updated version that incorporates an intrinsic reward to enhance the
optimization of the reinforcement learning model. PLANS [15] utilizes neural architecture to construct an action list,
starting with visual data. Next, a rule-based solver receives the obtained outputs and generates the sequences of final
actions that an agent will execute. Additionally, a filtering method selects and retains only those outputs that exceed a
specific threshold in likelihood. The authors of [16] present a technique known as Symbolic Options for Reinforcement
Learning (SORL).
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Figure 3: a symbolic architecture with neuro components,

Neuro:Symbolic Neuro - This category includes any and all architectures that utilize a neural model for the processing of
the knowledge base. The architecture of such an approach is depicted in Figure 4a, respectively. The authors of [17]
present a language model, which they call the Neural-Symbolic Language Model. The purpose of this model is to improve
the inductive bias. The development of neural Markov Logic Networks (NMLN) may be found in. Probabilistic models,
known as Markov Logic Networks, are characterized by the use of logic to describe data and statistics in order to solve
prediction tasks. NMLN employs neural networks to estimate probability distributions that govern the logic rules using
min-max entropy. In [18], we propose a framework that integrates symbolic (explicit) and implicit knowledge. This
framework is provided by the term KRISP. Upon receiving an image as input, the model extracts symbolic information
known as visual concepts. We then couple these concepts with a knowledge graph (KG). The estimation of the probability
distributions of the replies is accomplished through the utilization of graph neural networks and transformer architecture.

Neuro {Symbolic} Figure 4b depicts one example of an architectural design that falls within this category. This category
includes systems that incorporate logic principles into the weights of neural networks. On the basis of first-order logic
formalism, the authors of [19] propose a logic tensor network (LTN) with the intention of locating a method that can
discriminate logic rules. The authors consider [20's] strategy, which defines differentiable operations instead of employing
logic operations to distinguish logic operators. Proposed by [21], Multiplexnet is a neural network optimization technique
that integrates logic constraints into neural network computation to guide its training. The objective is to locate a data
transformation that, given the assumption that the rules are in disjunctive normal form (DNF), will result in the DNF being
sufficient. To achieve this, we add a component representing the degree of constraint violation to the loss and adjust the
activation functions accordingly. Hard limitations should be incorporated into the neural network under consideration.
The techniques of inductive reasoning and deductive reasoning are combined in neural logic machines (NLM). Through the
utilization of a differentiable operator’s defined meta-rule, the grounding of the predicate is transformed into boolean
tensors, which may then be employed for manipulation. The authors of [22] created SATNet to solve the MAXSAT issues by
utilizing a neural network.

Predictive Maintenance

The rules that govern maintenance are essential in industries, and their objectives are diverse. These include preventing
failures, reducing costs associated with unplanned downtime, and developing methods for recovering systems. They
provide organizations with data-driven insights that enable them to monitor and manage their equipment in a proactive
manner in order to address such difficulties. Predictive maintenance specifically aims to continuously monitor the data
from inserted sensors in the system. We do this to identify failures and implement solutions to restore the equipment's
operational status. Specifically, the goal of predictive maintenance is to continuously monitor the data provided by sensors
inserted into the system. We do this to identify failures and implement solutions to restore the system's functionality.
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Figure 5: "The model-based approach encompasses the overall mechanism."

Predictive maintenance can be broken down into three primary steps, which are as follows: (3) designing methods and
tools to recover system functionalities; (4) monitoring the parameters of the systems; (5) establishing parameter
thresholds for the purpose of discovering abnormalities. Specifically, state-of-the-art methods utilize automatic algorithms
for (i) preprocessing sensor data and (ii) evaluating the correct working of the systems. Methods and tools for predictive
maintenance are continually improving, and this is especially true for automatic algorithms. Model-based and data-driven
algorithms are the two most popular techniques utilized in the field of predictive maintenance.

Model-based. Methods that are based on models make use of mathematical models in order to discover failures; these
methods also make use of a knowledge base that is provided by specialists in a particular field. Figure 5 illustrates the
general mechanism of model-based techniques in three successive steps. In particular, this is the case. In the event that we
are provided with a component X, a timestamp, a parameter that describes the usual performance levef, and a second
Specialists then put the data through a series of logic rules to identify irregularities. . In the final stage, which is called fault
diagnosis is, the output from the step before it is used to obtain further data in order to investigate the current failure and
take preventative measures against any potential anomalies. Formal languages such as First Order Logic (FOL) an position
logical are examples of possible ways in which human knowledge can be expressed as symbols Symbolic systems employ a

© 2024, IRJET | ImpactFactorvalue:8.226 | 1S09001:2008 Certified Journal | Page772



’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056
JET  Volume: 11 Issue: 05 | May 2024 www.irjet.net p-ISSN: 2395-0072

deductive method, enabling the inference of new knowledge from a generic knowledge base (KB) relevant to a specific
subject.

Data-driven. Bottom-up tactics are carried out using inductive procedures, such as data-driven approaches. These
approaches begin with observations and then develop models that are able to generalize the observation to a broader
population and infer additional data. As a data-driven method, artificial intelligence has been used because it can be used
to make models that can look at very large datasets and find patterns that aren't normal. "Anomalous patterns” are often
related to the idea of "systems inefficiency" in predictive maintenance, which means that there are more chances for things
to break. It uses a variety of information, such as logic data and data from sensors (like temperature, humidity, and speed).
Big data and a lot of computing power are needed to make data-driven systems that work.

Existing methods have various weaknesses and our proposal

The existing approaches to predictive maintenance, which are model-based and data-driven, have a number of limitations;
hence, they will present an overview of the most significant shortcomings. They suggest the development of solutions for
predictive maintenance that make use of hybrid approaches and are founded on three primary and important aspects in
order to effectively address these concerns. They also give a potential use-case scenario for consideration.

IV LIMITATIONS OF CURRENT APPROACHES

A method that is driven by data produces results that are of higher quality. Model-based approaches provide an easy
interpretation because the parameters that respond to physical occurrences within systems coincide with behavioral
models. This makes it possible for these approaches to provide clarity. Nevertheless, the generation of correct models
sometimes proves to be challenging in practice, particularly when dealing with complex systems that are characterized by
the presence of a wide variety of physical events. In most cases, even when such a model does exist, it is typically a
representation of specific physical phenomena that were produced under precise experimental conditions. As a result,
conducting trials under a variety of operating conditions can be a costly endeavor, which restricts the possible application
of this approach. On the other hand, the broad availability of sensors and the increased processing power have made it
easier to implement artificial intelligence approaches, which has resulted in the development of data-driven
methodologies. These methods use artificial intelligence-supported tools to transform monitoring data into behavioral
models. Data-driven approaches are a middle ground between being too hard to adopt and being too expensive, accurate,
and useful. Methods that are based on data are better than methods that are based on models for systems where it is
possible to collect monitoring data that correctly shows how degradation happens. On the other hand, one problem with
data-driven methods is that learning can take a long time. While model-based methods yield more precise results, data-
based methods are simpler and therefore more practically applicable.

V CASE STUDY

Neurosymbolic Al is gaining traction in various industries, including software development, where it offers unique
advantages in combining the strengths of neural networks and symbolic reasoning. Here are a few case studies
highlighting the application of neurosymbolic Al in the software industry:

Code Generation and Bug Detection:

Software developers can use neurosymbolic Al to enhance code generation and bug detection processes. By integrating
neural networks for learning code patterns and symbolic reasoning for semantic analysis, developers can create more
robust code generation tools. For example, a study conducted by researchers at Microsoft Research and the University of
California, Berkeley, utilized neurosymbolic techniques to automatically generate code snippets from natural language
descriptions. The system employed neural networks to understand the natural language input and symbolic reasoning to
translate it into executable code, improving the efficiency and accuracy of code generation tasks.

Automated Software Testing:

We can also apply neurosymbolic Al to automate software testing processes, thereby enhancing the effectiveness of quality
assurance efforts. By combining neural network-based techniques for identifying potential software bugs with symbolic
reasoning for generating test cases and verifying program correctness, developers can streamline the testing process and
improve software reliability. Researchers at Google and Stanford University, for instance, used neurosymbolic techniques
in a case study to automatically generate test cases for software programs. The system utilized neural networks to identify
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potential bugs in the code and symbolic reasoning to generate test inputs that trigger those bugs, enabling more
comprehensive software testing.

Natural Language Processing in Software Development:

Neurosymbolic Al has applications in natural language processing (NLP) tasks relevant to software development, such as
code summarization, documentation generation, and requirement analysis. By combining neural network-based models
for language understanding with symbolic reasoning for semantic interpretation, developers can improve the efficiency
and accuracy of NLP-based software development tools. For example, a study conducted by researchers at Facebook Al
and the University of Oxford utilized neurosymbolic techniques to automatically generate code documentation from
natural language descriptions. The system employed neural networks to extract relevant information from the natural
language input and symbolic reasoning to structure the documentation in a human-readable format, facilitating better
code understanding and maintenance.

VI CONCLUSION

Neurosymbolic Al presents a promising approach for addressing complex challenges in the software industry, offering a
unique combination of neural network-based learning and symbolic reasoning techniques. By integrating these
methodologies, neurosymbolic Al enables more effective code generation, bug detection, automated testing, and natural
language processing in software development. Neurosymbolic Al bridges the gap between data-driven and rule-based
approaches by leveraging neural networks for pattern recognition and learning from large-scale data, as well as symbolic
reasoning for logical inference and knowledge representation, resulting in more robust and interpretable software
development tools and processes. The case studies highlighted in this discussion demonstrate the diverse applications of
neurosymbolic Al in software development, from improving code generation efficiency and bug detection accuracy to
automating software testing and enhancing natural language processing tasks. The neuro-symbolic techniques in the
subject of predictive maintenance have demonstrated a great deal of promise. The goal is to do additional research and
development on these methods, which have the potential to overcome some of the constraints that are associated with
conventional model-based and data-driven approaches. The ultimate objective is to successfully supply revolutionary
neuro-symbolic models for predictive maintenance in order to make use of new architectures that prioritize
interpretability and resilience while also maintaining high levels of performance.
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