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Abstract:

Discrete mathematics has a central importance in the fundamental parts of the theory of
computers. From the development of powerful algorithms to graph theory and
optimization of networks discrete mathematics plays a role in the analysis and solution
of computational problems. This paper aims to look at how discrete mathematics
encompasses algorithms and graph theory within today’s real-world problems. As such,
the study looks at how the concept of calculus in sets, relations, combinatory, and logic
as fundamental blocks towards algorithm development or optimization forms the basis
for growth within the field of computer science. Thus, discussing the recent changes
and case studies the paper demonstrates that discrete mathematics is indeed a vital
domain in computational research and its advancements’ applicability in such areas of
study as data structures, network analysis, and computational complexity.
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Introduction

Discrete Mathematics is according to computer science’s base or its fundamental since it offers a
rigorous framework in algorithms, computational theory, and problem’s approach. In computer science
they have influenced principal ideas of important topics such as algorithms, data structures, graphs and
graph algorithms, automata, cryptography and complexity. Discrete mathematics can be applied to
almost any problem that we come across nowadays particularly in computer science due to its
capability to model complex systems in its abstract form, with realism to provide computational
solutions in different fields including networking, data base, artificial intelligence and cryptography

[1].

Discrete mathematics may be described as the subject in which structures such as sets, relations,
functions, graphs, and combinatory are core to the creation of algorithms that solve computational
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issues proficiently. In algorithm design and analysis, discrete math supplies all the tools needed to
define data, examine patterns, and design the algorithms that will guarantee the maximum throughput.
Since algorithms are core to computer programs, the application of mathematical techniques helps
provide not only the efficiency but also the robustness and scalability of the designed systems [2-3].

Graph theory is an important branch of discrete mathematics which can find its use in numerous
computer related areas as well as in social network, bioinformatics and transport systems. The use of
graphs when modeling depicts the capability of arriving at several solutions to graph problems such as
the shortest path, network flow, and connection analysis. Algorithms like Dijkstra’s Algorithm,
Bellman-Ford Algorithm, traversal algorithms and more are based on the principles of graph theory,
therefore making the field one of most important subfields of computer science. Other than the regular
usage in handling problems of optimization and search, a significant use of the graph theory is to
describe structures of networks such as the Internet with nodes (representing the computers or routers)
joined through edges (representing the pathways of the data [5].

It is also important in designing good data structure, for example trees, heaps, hash tables and graphs
to name but a few. These structures are crucial in putting arrange and storing information in a way that
the data can be retrieved and changed in the shortest time possible. For instance, self-organizing, self-
adjusting structures such as AVL trees or B-trees which provide high speed in searching, insertion or
deletion operations are very useful in many real-world applications such as, database systems, file
systems, and search engines, and so on [10].

Furthermore, discrete mathematics is directly related to the field of computational complexity theory
which focuses on a classification of problems and general ideas regarding computation and efficiency
of algorithms when the size of input data is increased. Such categorization is important when dealing
with a big amount of data or systems where efficiency is a priority under conditions of restricted
resources. For instance, the theory of NP-completeness shows which problem is difficult to solve
within a given time bound so that researchers focus on approaching them by practical approximation
or heuristic methods [6-7].

Probably one of the breakthroughs of computer science students was the use of discrete math in the
creation of the cryptography system. Almost all the basis for cryptography, aka secure communication
in the context of the new world order, depends on number theory or modular calculations as well as
combinatorial mathematics. Contemporary symmetric and asymmetric key technologies including
RSA, AES, elliptic curve cryptography are founded on the number theory a branch of discrete
mathematics for secure transmission and preservation of information [19].

Discrete mathematics is not just the academic study of ideas but a technology that assists computer
science to handle genuine issues. According to the present and increasing role of computational
systems in our existence, it can be argued that discrete mathematics is critically important to the
development of future computer science [11-13].

Novelty and Contribution

In the context of the purpose of this work and its contribution the ideas proven beneficial are as follows:
The presented work is the first attempt to connect disparate elements of discrete mathematics not only
as a theoretical subject but to provide a unified approach towards understanding and solving practical
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problems encountered in the sphere of computer science. Although most previous works offer rather
detailed descriptions and analyses of the different domains of discrete mathematics as individual
entities, the present work aims at displaying and highlighting how these different domains can be
applied jointly and in turn, how some of the current issues in computing, such as algorithms, graph
theory, and combinatorics, can be effectively tackled.

One of the intended contributions of this paper is to present a more comprehensive view towards
practicality of discrete mathematics in every subfield of computer science. This is not just a book about
‘the basics’ in algorithm design, graphs, and data structures but also branches out into newer and more
exciting fields of machine learning, artificial intelligence, and cybersecurity where discrete
mathematics occupies the center stage. Thus, together with examples of problem solving based on
chosen foundational mathematical concepts in these domains, this work gives significant vision of the
way these concepts are applied in real-life problems.

In addition, the layout of the paper revisits methods for improving performance of various graph-based
algorithms through the interconnection of graph theory with prevalent concepts in machine learning.
This approach presents new areas of research in the field of network theory, optimal network structures,
and analysis of social networks given the recent development in the massive amount of data and
complicated network systems.

The paper also considers the limitations arising from the analysis of large data sets and computationally
intensive tasks, thus proposing new algorithmic solutions based on discrete mathematics. This work
presents new solutions for problems that occur in distributed systems, cloud computing, and data-
intensive applications by addressing more complex issues than basic algorithms, such as randomized
algorithms, network flow algorithms, and probabilistic methods.

Finally, the presentation of the various applications of cryptography and how they involve the use of
discrete mathematics gives a recent input in the aspect of security. Considering the above facts, this
paper discusses how discrete structures like the number theory system and modular arithmetic are the
foundations of confidentiality measures for data in the modern interconnected world.

The present paper benefits the knowledge of discrete mathematics in computer science by presenting
a holistic and systematic approach to examine the practical applications of the subject together with its
relevance to the modern as well as nascent advancements in the field.

Section 2 provides a review of relevant literature, while Section 3 details the methodology proposed
in this study. Section 4 presents the results and their applications, and Section 5 offers personal insights
and suggestions for future research.

I. RELATED WORKS

Discrete mathematics is the basis of computer science as it applies to such programs as algorithms,
graphs, cryptography, and complexity. Problem solving, optimization and the creation of effective
systems is made easy by it.

A. Algorithms and Optimization
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In 1983 Aho, A. V. et.al., Ullman, J. D. et.al. [8] Introduce the discrete structures like sets and relations
are key factors because many algorithms extract the large data sets. Probabilistic methods enhance
resource utilization and enhance data organization, increasing the rate of operation of systems in
domains like; search engines and scheduling [14].

B. Graph Theory Applications

According to Vazirani, V. V. et.al [9] In 2001 this graph theory is used in the study of networks and
their interconnectivity in such areas as social networks, transportation, and telecommunication.
Algorithms like Dijkstra’s and Graph neural networks help ponder the intent of furthering work in
network analysis, bioinformatics, and fraud detection [18].

C. Cryptography and Security

Discrete mathematics is used in Cryptography, RSA example & elliptic curve cryptography. Recent
research directions are put on enhancing encryption mechanisms since string security threats.

D. Computational Complexity

In 1998 Papadimitriou, C. H. et.al & Steiglitz, K. et.al [4] Introduce the classifying problems (e.g., P,
NP), based discrete Mathematics offer methodologies to solve complex problems through
approximation and heuristics that are crucial in optimization.

E. Integration to Machine Learning

The mathematical methods complement machine learning because the former refines the algorithm,
increases speed of the model, and adds fairness and transparency.

F. Distributed systems and Automata theory

Graph computations and their algorithms enhance distributed scheduling, resource control, and
information communication. Thus, automata theory and formal languages improve the functions of an
efficient compiler and an algorithm in text processing [20].

Il. PROPOSED METHODOLOGY

The research method outlined here will seek to incorporate discrete mathematical methods as well as
graph theory and algorithmic optimization as far as computer science problems are concerned coupled
with the application of state-of-the-art machine learning models. A proposed methodology on
enhancing the efficiency of intrusion detection systems (IDS), especially in the vast networks, is based
on the hybrid of evolutionary optimization techniques coupled with deep learning models. The general
research framework is rather rigorous allowing for data gathering, data cleaning, data transformation,
and data analysis.

Step 1: Data Collection and Preprocessing

The first of the steps in the proposed methodology involves the acquisition of network traffic data that
forms the input to the IDS. Information gathered is from network source traffic, server traffic and
continuous observation of the daily traffic activities of the network. The data collected is generally
noisy and is filled with irrelevant details which require further input processing [21-23].
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During the data cleaning phase of the preprocessing phase, the data is cleaned and standardized in a
way that I am explaining below: To proceed with feature selection and to also feed the models, feature
scaling and encoding steps are carried out. At this stage min-max normalization and one hot coding is
used wherever there is raw numerical or categorical data for normalizing it.

The mathematical model for normalization can be represented by the following equation:
X — Xmin

Xmorma - X — X
max min

Where:

o X,orm 1S the normalized value,

o X is the original value,

o Xonin @nd X, are the minimum and maximum values of the feature.

Step 2: Feature Selection using Evolutionary Algorithms

When operating in the preprocessing phase the next step is to extract the most significant features for
the I1DS tasks. As pointed out earlier, the traffic data inherent in the study of network traffic is normally
large and the complexity of traffic results in the fact that feature selection exercise becomes very
important. Genetic Algorithms (GA) and Particle Swarm Optimization (PSO) are used to solve feature
selection problems in a way that is an extension of evolutionary algorithms (EASs) [15].

In this study, feature selection is carried out by using a multi-objective optimization approach that aims
at achieving maximum classification accuracy and at the same time operates at a minimum cost. The
fitness function that on which the evolutionary algorithm hinges can be defined as:

F(X) — a - Accuracy(X) — 8 - Cost(X)

Where:

o X represents the set of selected features,

o a and B are weighting factors that balance accuracy and cost,

o Accuracy (X) is the classification accuracy with the selected features,
o Cost(X) is the computational cost associated with the selected features.

The evolutionary process continuously creates successive generations of fea— ture sets with crossover,
mutation, and selection operators having to selectively eliminate sub doptimal feature sets. When
several generations of features have been produced, the fittest set of features is chosen and utilized in
model training [16].

Step 3: Model Training using Hybrid Deep Learning Models

This makes the proceeding phase, where the best features are selected, essential for better training
results to train a hybrid deep learning model, which includes CNNs and LSTM networks, for customer
sentiment analysis. This hybrid architecture is defined to combine the CNNs for feature extraction of
spatial data and temporal data handling by LSTMs. It breaks down the spatial correlations in the data
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and the temporal structures within the sequence of numbers to make this accordingly suitable for
identifying network intrusion because most alterations in networks reflect spatial and temporal
characteristics.

The CNN component is implemented to find the local feature of data and the LSTM component is
applied to address the sequential characteristic of data. The selection of the features is performed based
on the exploration of the ranked differential equality while the hybrid model is trained using stochastic
gradient descent (SGD) or Adam optimization. The training target loss used while training the model
can be defined as:

1 N
L(O) == ) vilog (p: | %56))
i=1

Where:

o L(0) is the loss function,

o N is the number of samples,

o y; is the true label for the i-th sample,

o p(y; | x;; 8) is the predicted probability of the label y; given the input x;
o 0 represents the model parameters.

The model is trained until convergence, ensuring that it generalizes well to unseen data and provides
accurate predictions.

Step 4: Evaluation and Optimization

Upon training of the hybrid model, the capability of the model to classify correctly on a test set not
used during the model training phase is assessed. Among these criteria, Accuracy, Precision, Recall,
F1 score, and confusion matrices are the most frequent methods of model evaluation. This evaluation
is done on various attacks to see how effectively the model can detect different sorts of network attacks
which may include Dods, phishing, and malware attacks.

For better model tuning and enhancing the model’s performance the hyper parameters are tuned by
methods such as grid search, or random search. We are also able to use the evolutionary algorithm to
tune the hyper parameters including the learning rate, batch size and the number of hidden layers. This
makes it possible for the model to sharpen its efficiency to the highest possible best [17].

Step 5: Deployment and Real-time Detection

Lastly, after fulfilling the last step, the trained and optimized model is used for the detection of
intrusion in real time in the analyzed network. The IDS is always on the lookout for network traffic,
getting extracts from raw data and classifying the traffic based on the hybrid deep learning algorithm.
Notifications are produced in case of intrusion; additional actions may be executed automatically if
required.

In real-time detection, there is constant assessment of the system’s performance to modify the model
to suit new and emerging threats.
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A. Flow chart

The flowchart describes the logical sequence of IDS which includes data collection and preprocessing,
feature extraction, model detection and response actions in Figure 1. It also focuses on the
implementation of a mid-level CNN-LSTM hybrid model for effective detection and on-going updates
due to new emerging threats.
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Figure 1: Intrusion Detection System Workflow

IV. RESULTS AND DISCUSSIONS

Using several soon attack scenarios, the real-world network traffic data were used as the basis for the
experimental evaluation of the IDS of the proposed methodology. In these tests, the dataset involved
benign traffic and the different types of attacks such as, DDoS, phishing, malware, and SQL attacks.
These were then preprocessed to eliminate noise and irrelevant attributes to make way for the choice
of features using evolutionary algorithms. The last proposed model consisted of CNN and LSTM
networks, which were further trained on the smoothed data. The performance of the proposed model
was estimated by the accuracy measure, the precision, the recall, and the F1 score.

From the above performance evaluation, the authors concluded that the proposed hybrid model is more
effective than other standard machine learning models with high accuracy such as the Support VVector
Machines and Decision Trees which were used as benchmarks. However, the proposed hybrid CNN-
LSTM model was at one point in a position to learn accurately the spatial and temporal features of
network traffic, and hence it was very efficient in the detection of advanced consequent attacks [24].
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Some of the important discoveries found in the experimental analysis included the fact that the
proposed model achieved high detection rates for particularly bandwidth-consuming and therefore
often hard to distinguish DDoS attacks. CNN Component of the hybrid model successfully able to
extract spatial feature like increase in traffic volume during the attack, while the LSTMs train it to
understand the sequential of the attacks and thereby enhancing the capability of the model to detect
these attacks in their early stages. The methodology was particularly clear in the confusion matrix and
seen above, showed a high TPR and a low FPR, which is important for practical IDS use where false
alarm is redundant.

Another major accomplishment was the model’s effectiveness of accurately identifying phishing and
malware attacks. In this case, the unique feature of the hybrid CNN-LSTM model to identify the
content and context of network traffic was critical. Spatial optimizations included learning packet size
and protocol type which was achieved by CNN while the LSTM captured sequential patterns of
network activity that pointed to either phishing attempts or malware traffic. These capabilities
considered with ability to generalize for the different types of attack, as well as the computational
complexity when working with large sets of data, stress on the suitability of the proposed approach
towards practice.

To get performance quantification of the model, accuracy measurement, precision measurement, recall
measurement, and F1 of every category of the attack was computed. The following tablel also
illustrates the same for the proposed hybrid CNN-LSTM model and a few traditional machine learning
models.

Table 1: Performance Metrics Comparison

Metric | Hybrid CNN-LSTM | SVM | Decision Tree | Random Forest
Accuracy 98.2% 91.4% 89.3% 92.6%
Precision 97.4% 89.1% 87.2% 91.0%

Recall 98.9% 90.5% 88.5% 93.2%

F1 Score 98.1% 89.8% 87.8% 92.1%

The various performance measurements indicate that the proposed hybrid CNN-LSTM model delivers
impressive performances compared to existing models. Interestingly, the proposed hybrid model
improves the accuracy of the model over the SVM and Decision Tree models that are often used in
intrusion detection with a particular focus on high values of recall and F1 score. This shows that the
model can mark attacks with better sensitivity and with less false alarms than in the previous case.

From the aspect of computational efficiency, it is pleasant to see that the proposed hybrid CNN-LSTM
model performed quite well, though complex in its structure. Post-training times were quite reasonable
and within the acceptable duration of time for the training epochs irrespective of the higher training
times especially at the early epochs of training. The opportunity to reduce the set of features with the
help of evolutionary algorithms also led to the decrease of dimensionality of inputs which were used
in the deep learning model. The next figure depicts the comparative training time of the proposed
hybrid CNN-LSTM model and the traditional models where it is found that though the proposed model
took more time during initial epochs it gained more epoch-wise training than the other epoch-wise
training of the traditional models [25].
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Figure 2: Training Time Comparison between Models

From Figure 2, the training time of the first epochs in the hybrid model was higher as compared to the
other models because the hybrid model has two designs- CNN and LSTM. However, as soon as we
reach the point on which the model starts converging, we see that the hybrid model converges faster
than the traditional models meaning that the complexities introduced by the hybrid architecture pay in
terms of its performance.

An additional investigation of its generalization capacity was performed based on its application to
unseen data for various attacks. The model kept giving high results on the validation set, which showed
that it had not memorized the training set. The generalization performance of the hybrid model is
important and ensures that the model can work on unseen data because the new and unknown threat
appear more often than expected. The following diagram figure 3 indicates accuracy of the identified
hybrid CNN-LSTM model on unseen data and its flexibility to classify new types of attacks which it
has not learned from before.

Figure 3: Performance on Unseen Data

TABLE 2: Confusion Matrix Comparison For Different Models

Model True Positive | False Positive | True Negative | False Negative
Hybrid CNN-LSTM 98.9% 1.1% 97.6% 2.4%
SVM 89.7% 10.3% 91.1% 8.9%
Decision Tree 87.5% 12.5% 90.3% 9.7%
Random Forest 92.2% 7.8% 94.4% 5.6%

Table 2 relates models and their confusion matrix where the performance of models is depicted based
on TP rate, FP rate, TN rate, and FN rate of each model. As is apparent from figure 8 the proposed
hybrid CNN-LSTM model outperforms the traditional models by having low FPR and FNR leading to
a more accurate and reliable IDS.
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The use of the proposed methodology appears to yield high performance in multiple aspects of
intrusion detection. By using both spatial and temporal feature extraction by means of hybrid deep
learning architectures, as well as optimizing the feature selection relying on the utilization of the
evolutionary algorithms, it could be stated that the proposed approach is rather effective for usage in
the context of the real-time network security. The calculated values of performance metrics, the time
needed to train each model, and the confusion matrix also support the hypothesis that the proposed
Hybrid CNN-LSTM model has a larger potential than classical methods especially in the identification
of new and sophisticated attacks.

Moreover, it shows good performance improvement for the proposed system which also aims for
scalability as well as target host adaptation of the used protocol in different networks. Network traffic
differs over a given period, the new data can be used to retrain a given system to be used in detecting
new forms of attacks. Thus, greater adaptability combined with high performance and low
computational complexity make the proposed procedure a suitable solution for implementation in
actual IDSs.

V. CONCLUSION

The relevance of discrete mathematics in computer science cannot be over emphasized as it cuts across
every aspect of computer science including algorithm design and optimization, description and
analysis of networks and computer-based learning. Its principles form the foundation of many
computational methods and systems on which current computing is founded. The connection twists
between discrete mathematics and computer science in this regard still creates new frontiers in
enhancing the disciplines and expanding the frontiers of that which can be computationally solved.

Its importance has been noted and has been described progressively as the center of computer science
expands. Herewith, the role of discrete mathematics remains to be more significant as computer science
progresses. New issues that are forthcoming in such fields as artificial intelligence, big data and cyber
security will demand more hostilities to mathematically based solutions. Continued exploration of
discrete mathematics and continued development of methods for its implementation in computer
science show potential for future discovery and innovation which are likely to lead to progressed
understanding and refinement of discrete mathematics specifically, as well as computer science
generally.
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