
 

Aim 
 

Knowledge ●​ Memorize the definitions and characteristics of different types of formal 

automata (finite state, pushdown, linear bounded, Turing machine). 

●​ Recall the components and functionalities of regular expressions. 

●​  Understand the Chomsky Hierarchy and the classification of formal 

languages. 

Comprehension ●​ Explain the differences between different types of formal automata and 

their computational capabilities. 

●​ Describe the relationships between formal languages, grammars, and 

automata. 

●​ Understand the concept of decidability, uncomputability, and halting in 

the context of Turing machines.  

Application ●​  Implement finite state automata to recognize specific patterns or 

languages in information security tasks such as intrusion detection. 

●​  Design and implement regular expressions for pattern matching and 

string manipulation in security log analysis. 

●​  Apply context-free grammars to describe and validate the syntax of 

security policies and access control rules. 

  Analysis ●​  Analyze the computational complexity of algorithms used in security 

protocols and cryptographic systems. 

●​  Evaluate the effectiveness and efficiency of different types of automata 

and languages for solving security-related problems. 

●​  Analyze the impact of uncomputability and undecidability on security 

protocols and cryptographic algorithms. 

Evaluation ●​  Critically evaluate the security implications of violating invariants in 

security algorithms and protocols. 

●​  Evaluate the applicability of different types of formal automata and 

languages in modeling and analyzing security systems. 

●​  Assess the security implications of violating the Church-Turing Thesis and 

its impact on cryptographic protocols and security mechanisms. 

 Synthesis ●​  Design and develop new cryptographic algorithms or security protocols 

based on formal automata theory and formal languages. 

●​ Create formal models of security systems using different types of 

automata and grammars to analyze their security properties. 

●​ Synthesize new approaches for algorithmic correctness verification in 

security-critical systems using invariants and formal verification 

techniques. 

   ​ These practical applications cover a range of cognitive levels according to Bloom's Taxonomy, providing 

opportunities for students to engage with the material at different depths and apply their knowledge and skills in the 

field of information security. 

 



 

Task-1 

 Formal Automata:  

 Finite State 
●​ A finite state automaton is a mathematical model of computation consisting of a finite 

number of states, transitions between these states, and input symbols. 
●​ It processes input symbols and transitions from one state to another based on the current 

state and the input symbol. 

Pushdown 
●​ A pushdown automaton is an extension of a finite state automaton with an additional stack 

memory.  
●​ It can transition between states based on input symbols and the symbol at the top of the 

stack.  
●​ It is used to recognize context-free languages. 

Linear Bounded 
●​  A linear bounded automaton is similar to a Turing machine but has a finite tape that is 

bounded by the length of the input string.  
●​ It operates on the input string and may modify it based on transition rules. 

Turing Machine 
●​ A Turing machine is a theoretical computing device consisting of an infinite tape divided 

into cells, a read/write head that moves along the tape, a finite set of states, and a transition 
function. 

●​  It can simulate any algorithmic process and is a central concept in computability theory. 

 

Formal Languages, Grammars and Chomsky Hierarchy: 
Regular (Type-3) Regular Expressions: 

●​  Regular expressions are formal descriptions of patterns of text.  
●​ They can represent regular languages, which can be recognized by finite 

automata. 

Context-Free (Type-2) ●​ Context-free grammars describe languages where the left-hand side of 
production rules consists of a single non-terminal symbol. 

●​ They can be recognized by pushdown automata. 

Context-Sensitive 
(Type-1) 

●​ Context-sensitive grammars have production rules where the left-hand side can 
be replaced by a string of symbols, and the replacement depends on the context 
in which the non-terminal appears.  

●​ These languages are recognized by linear bounded automata. 

Recursively 
Enumerable (Type-0): 

●​ Recursively enumerable languages are those that can be recognized by a Turing 
machine.  

●​ They are the most general type of formal language. 
 

 

Relations among formal automata, languages, and grammars: 
 Different types of automata recognize different types of languages, which are described by grammars following the 
Chomsky hierarchy. 
  



Decidability, (un)computability, and halting: 
Decidability It refers to the question of whether a problem can be solved algorithmically. 

Computability It refers to whether a problem can be solved by any algorithm. 

 Halting It refers to whether a program eventually stops when executed. 

The Church-Turing Thesis: 
 
The Church-Turing thesis is an assertion about the nature of computation. 
It states that any algorithmic process can be simulated by a Turing machine, or equivalently, by any other equivalent 
model of computation. 
 

Algorithmic Correctness: 
 Invariants: Invariants are properties of algorithms that remain unchanged throughout the execution of the algorithm. 
 
They are used to reason about the correctness of algorithms and to prove their correctness in various contexts such as 
iteration, recursion, and tree search. 
 

 



Task-2  
 
 For each formal automata "  Finite State,Pushdown,Linear Bounded, Turing Machine” 

A.​ Articulate its definition comparing its characteristics with this unit’s other automata, 
B.​ Using an example, explain step-by-step how the automata operates on input including whether it 

accepts the associated input, 
C.​ Give an example of inputs that can and cannot be accepted by the automata. 

 
  
  

Definition and Characteristics: Example Operation  Examples 

Finite State Automaton: 
●​ A finite state automaton 

(FSA) consists of a finite 
number of states, 
transitions between 
these states based on 
input symbols, and 
acceptance criteria. 

●​ It operates on finite 
inputs and is 
characterised by its 
simplicity and limited 
memory. 

●​ FSAs are suitable for 
recognizing regular 
languages. 

Let's consider a simple FSA that recognizes 
strings over the alphabet {0, 1} with an odd 
number of 1s. 
  
States: 
 q0​ (initial), q1​, q2​ (final). 
Transition: 
 From q0​, upon reading 1, transition to q1​; 
from q1​, upon reading 1, transition to q2​; 
 from q2​, upon reading 0 or 1, remain in q2​. 
         
Input "1101": 
 q0​ → q1​ → q2​ → q1​ → q2​. 
 Accepts the input since it ends in the final 
state q2​ 

Accepted: 
 "101", "1111", 
"00111". 
 
Not Accepted: 
"110", "000", 
"1010". 

Pushdown Automaton: 
●​ A pushdown automaton 

(PDA) extends an FSA 
with a stack allowing it to 
recognize context-free 
languages. 

●​ It has the ability to push 
symbols onto, and pop 
symbols from, its stack 
during computation. 
 

Consider a PDA recognizing strings of the 
form wwR, where w is a string over the 
alphabet {0, 1}. 

●​ The PDA first pushes symbols of 
ww onto the stack, then pops and 
compares them with the input 
symbols to check if wRmatches w. 

●​ Input "110011": 
●​ Push 1111 onto the stack. 
●​ Read and compare 0000 with the 

popped symbols. 
●​ Read and compare 1111 with the 

popped symbols. 
Accepts the input. 

Accepted: 
"110011", 
"001100", "111111". 
  
Not Accepted: 
"101", "0110", 
"110010". 



Linear Bounded Automaton: 
●​ A linear bounded 

automaton (LBA) 
restricts the tape of a 
Turing machine to be 
linearly bounded by the 
input length. 

●​ It operates within a 
restricted space 
compared to a Turing 
machine. 
 

An LBA recognizing the language anbn 
where n≥0. 
  

●​ It moves the tape back and forth, 
comparing as with bs. 

●​ Input "aaabbb": 
●​ Move right until the first bb is 

encountered, mark it. 
●​ Move left until the first a is 

encountered, mark it. 
●​ Repeat until all as and bs are 

matched. 
Accepts the input. 

Accepted: 
"ab", "aabb", 
"aaabbb". 
  
Not Accepted: 
 "a", "abb", 
"aabbb". 

Turing Machine: 
●​ A Turing machine (TM) is 

the most general model 
of computation. 

●​ It has an infinite tape, a 
read/write head, a finite 
set of states, and 
transition rules. 

●​ TMs can compute any 
computable function and 
recognize recursively 
enumerable languages. 

Consider a TM that recognizes the 
language anbn. 

●​ It scans left to right, marking each a 
and then matching it with a b. 

●​ Input "aaabbb": 
●​ Mark the first a and move right. 
●​ Mark the first b and move left, 

match with the marked aa. 
●​ Repeat until all as and bs are 

matched. 
Accepts the input. 

Accepted: 
 "ab", "aabb", 
"aaabbb". 
Not Accepted:  
"a", "abb", "aabbb". 

Each of these automata operates differently, with varying computational power and memory capabilities, 
allowing them to recognize different classes of languages and solve different types of computational problems. 
 

Task-3 
Given a real-world problem for decision support system for prediction of applicable IPC Section from a citizen 
complaint, design an appropriate automaton that addresses the problem. 
To design an appropriate automaton for the decision support system aimed at predicting the applicable IPC (Indian Penal 

Code) section from a citizen complaint, we need to consider the structure of the problem and the types of inputs 

involved. Here's a general approach: 

Problem Description: 

  

​ Input: Citizen complaints written in natural language  

​ Output: The applicable IPC section(s) related to the complaint. 

  

Approach: 

  

Preprocessing The citizen complaint text needs to be preprocessed to remove noise, 

standardize language, and extract relevant keywords or phrases that may 

indicate the nature of the offense. 

Classification The processed complaint text can be classified into categories representing 

different types of offenses. Each category may correspond to a set of IPC 

sections. 



Automaton Design  We can design a finite state automaton (FSA) or a more complex model like 

a pushdown automaton (PDA) or a neural network to handle the 

classification process. 

Training and Validation The automaton needs to be trained on a dataset containing labeled 

examples of citizen complaints and their corresponding IPC sections. We 

can use techniques like supervised learning to train the automaton 

Testing and Evaluation  Once trained, the automaton can be tested on a separate dataset to 

evaluate its performance in accurately predicting the applicable IPC 

sections. 

  

Example Automaton Design: 

  

States The automaton's states may represent different stages of the classification 

process, such as preprocessing, feature extraction, and classification. 

Transitions Transitions between states occur based on the analysis of the complaint text 

and the features extracted during preprocessing. 

Acceptance State The final state of the automaton corresponds to the predicted IPC section(s) 

based on the complaint. 

  

Workflow: 

  

 Input Complaint  The citizen complaint text is fed into the automaton. 

 Preprocessing The text is preprocessed to remove stopwords, punctuation, and other 

noise. Relevant keywords or phrases are extracted. 

 Feature Extraction  Features are extracted from the preprocessed text, such as keywords 

related to different types of offenses. 

 Classification  The features are used to classify the complaint into one or more 

categories, each corresponding to a set of IPC sections. 

 Output IPC Sections The automaton outputs the predicted IPC section(s) based on the 

classification result. 

 To construct a nondeterministic automaton (NFA) for the given process of predicting IPC sections from citizen 

complaints, we need to represent the stages of the process as states and transitions. Since the process involves several 

stages and may have multiple paths, an NFA is suitable. Here's how we can design it: 

States: 

 

​ Input Complaint: The initial stage where the citizen complaint text is input. 

​ Preprocessing: The stage where the text is preprocessed to remove noise and extract relevant keywords. 

​ Feature Extraction: The stage where features are extracted from the preprocessed text. 

​ Classification: The stage where the complaint is classified into categories corresponding to IPC sections. 

​ Output IPC Sections: The final stage where the predicted IPC sections are output. 

 

Transitions: 

 

​ Transitions occur based on the analysis and processing of the complaint text. 



​ There may be multiple transitions from one stage to another, reflecting the different paths the process may take. 

 

Nondeterministic Automaton (NFA): 

 

​ States: 

    ​ q0​: Input Complaint 

    ​ q1​: Preprocessing 

    ​ q2​: Feature Extraction 

    ​ q3​: Classification 

    ​ q4​: Output IPC Sections (Acceptance State) 

 

​ Transitions: 

    ​ From q0​ to q1​ upon input complaint. 

    ​ From q1​ to q2​ upon preprocessing. 

    ​ From q2​ to q3​ upon feature extraction. 

    ​ From q3​ to q4​ upon classification. 

 

​ Acceptance State: 

    ​ q4​: Output IPC Sections 

 

Example NFA Transition Table: 

 

 

 

State  Input                        Next States                  

q_0  Citizen complaint input    q_1 

q_1  Preprocessing completed    q_2 

q_2  Feature extraction completed   q_3 

q_3  Classification completed            q_4 

q_4  Classification output generated Acceptance State 

 

 

Example: 

 

Suppose a citizen complaint text is input to the NFA.The automaton progresses through the stages based on the 

completion of preprocessing, feature extraction, and classification.If the process successfully reaches the q4​ state, the 

predicted IPC sections are output.This NFA represents the process of predicting IPC sections from citizen complaints, 

allowing for multiple paths and stages in the classification process. 

 

 

 

 

 

 

 

 

 



 

Text Preprocessing Automaton This automaton handles the preprocessing of citizen 

complaints. 

●​ States represent different preprocessing stages like 

removing noise, standardizing language, and 

extracting relevant keywords or phrases. 

●​ Transitions occur based on the analysis of the 

complaint text. 

●​ The final state indicates the completion of 

preprocessing. 

  

Feature Extraction Automaton  This automaton extracts features from the preprocessed 

complaint text. 

○​ States represent different features or feature 

extraction methods. 

○​ Transitions occur based on the analysis of 

preprocessed text. 

○​ The final state indicates the completion of feature 

extraction. 

  

Classification Automaton This automaton classifies the complaint into categories 

representing different types of offenses. 

●​ States represent different offense categories. 

●​ Transitions occur based on the analysis of extracted 

features. 

●​ The final state indicates the classification result. 

Training Automaton This automaton handles the training of the classification 

model. 

○​ States represent different stages of the training 

process like data loading, model building, and 

parameter tuning. 

○​ Transitions occur based on the progress of the training 

process. 

○​ The final state indicates the completion of training. 

  

 Validation Automaton This automaton validates the trained model's performance. 

●​ States represent different stages of the validation 

process like data splitting, evaluation metrics 

calculation, and result analysis. 

●​ Transitions occur based on the evaluation of the 

model's performance. 

●​ The final state indicates the completion of validation. 

  



Testing Automaton This automaton tests the trained model on new data. 

●​ States represent different stages of the testing process 

like data loading, prediction generation, and result 

analysis. 

●​  Transitions occur based on the prediction results. 

●​  The final state indicates the completion of testing. 

  

 Update and Refinement 

Automaton 

●​ ​
 This automaton handles the update and refinement 

of the prediction model. 

○​     ​ States represent different stages of 

the update process like data collection, model 

retraining, and performance evaluation. 

○​     ​ Transitions occur based on the 

analysis of model performance and new data. 

○​     ​ The final state indicates the 

completion of the update process. 

  

 

 

To construct a nondeterministic finite automaton (NFA) for the Feature Extraction Automaton, 

 we need to represent the stages of feature extraction as states and transitions. Here's how we can design it: 

States: 

  

​ We will have states representing different features or feature extraction methods. 

​ The final state will indicate the completion of feature extraction. 

  

Transitions: 

  

​ Transitions will occur based on the analysis of the preprocessed complaint text. 

  

Nondeterministic Automaton (NFA) for Feature Extraction: 

States: 

  

​ q0​  Initial state 

​ q1​  Feature extraction method 1 

​ q2​  Feature extraction method 2 

​ q3​ Feature extraction method 3 

​ qf​ Final state (Feature extraction complete) 

  

Transitions: 

  

​ From q0​: 
    ​ Upon analysis of preprocessed text, transition to q1​, q2​, or q3​ based on the feature extraction method. 

​ From q1​, q2​, q3​: 
    ​ Upon completion of feature extraction, transition to qf​. 
  



Acceptance State: 

  

​ qf​: Feature extraction complete. 

  

Example NFA Transition Table: 

State    Input   Next States 

q0​   Analysis of preprocessed text   q1​, q2​, q3​ 

q1​   Feature extraction method 1 complete​  qf​ 

q2​   Feature extraction method 2 complete    qf​ 

q3​   Feature extraction method 3 complete​  qf​ 

qf​   Feature extraction complete - (Acceptance State) 

Example: 

  

●​ Suppose the preprocessed complaint text is analyzed by the automaton for feature extraction. 

  

●​ The automaton may choose one of the feature extraction methods represented by states q1​, q2​, or q3​. 
●​ Upon completion of the chosen feature extraction method, the automaton transitions to the final state qf​. 

  

This NFA represents the Feature Extraction Automaton, allowing for multiple feature extraction methods and paths in 

the process of extracting features from preprocessed complaint text. 

 

 

To construct a nondeterministic finite automaton (NFA) for classifying complaints into categories representing different 

types of offenses, we need to design states and transitions based on the analysis of extracted features. Here's how we 

can design it: 

Nondeterministic Finite Automaton (NFA) for Classification: 

States: 

  

​ We will have states representing different offense categories. 

​ The final state will indicate the classification result. 

  

Transitions: 

  

​ Transitions will occur based on the analysis of extracted features. 

  

NFA Design: 

  

​ States: 

    ​ q0​: Initial state 

    ​ q1​: Offense category 1 

    ​ q2​: Offense category 2 

    ​ q3​: Offense category 3 

    ​ qf​: Final state (Classification result) 

  

​ Transitions: 

    ​ From q0​: 



        ​ Upon analysis of extracted features, transition to q1​, q2​, or q3​ based on the offense category. 

    ​ From q1​, q2​, q3​: 
        ​ Upon completion of classification, transition to qf​. 
  

​ Acceptance State: 

    ​ qf​: Classification result. 

  

Example NFA Transition Table: 

State    Input   Next States 

q0​   Analysis of extracted features   q1​,q2​,q3​ 

q1​  Offence category 1  qf​ 

q2​   Offence category 2   qf​ 

Q3 ​Offense category 3   qf​ 

qf​   Classification result   -  (Acceptance State) 

Example: 

  

Suppose the extracted features from the preprocessed complaint text are analyzed by the automaton for classification. 

  

​ The automaton may choose one of the offense categories represented by states q1​, q2​, or q3​. 
​ Upon completion of the chosen classification category, the automaton transitions to the final state qf​. 
  

This NFA represents the Classification Automaton, allowing for multiple offense categories and paths in the process of 

classifying citizen complaints into IPC sections. 

To address the problem of predicting applicable IPC sections from citizen complaints and to handle the training, 

validation, testing, and update processes of the prediction model, we can design a series of automata.  

Let's construct or suggest automata for each stage: 

Training Automaton: 

  

​ States: 

    ​ q0​: Initial state 

    ​ q1​: Data loading 

    ​ q2​: Model building 

    ​ q3​: Parameter tuning 

    ​ qf​: Final state (Training complete) 

  

​ Transitions: 

    ​ From q0​ Upon starting training, transition to q1​. 

    ​ From q1​ to q2​  Transition after data loading is completed. 

    ​ From q2​ to q3​  Transition after model building is completed. 

    ​ From q3​ to qf​ Transition after parameter tuning is completed. 

  

​ Acceptance State: 

    ​ qf​: Training complete. 

  

Validation Automaton: 

  



​ States: 

    ​ q0​: Initial state 

    ​ q1​: Data splitting 

    ​ q2​: Evaluation metrics calculation 

    ​ q3​: Result analysis 

    ​ qf​: Final state (Validation complete) 

  

​ Transitions: 

   From q0​ Upon starting validation, transition to q1q1​. 

   From q1​ to q2​ Transition after data splitting is completed. 

   From q2​ to q3​  Transition after evaluation metrics calculation is completed. 

  From q3​ to qf​  Transition after result analysis is completed. 

  

​ Acceptance State: 

    ​ qf​: Validation complete. 

  

Testing Automaton: 

  

​ States: 

    ​ q0​: Initial state 

    ​ q1​: Data loading for testing 

    ​ q2​: Prediction generation 

    ​ q3​: Result analysis for testing 

    ​ qf​: Final state (Testing complete) 

  

​ Transitions: 

    ​ From q0​ Upon starting testing, transition to q1q1​. 

    ​ From q1​ to q2​ Transition after data loading for testing is completed. 

    ​ From q2​ to q3​ Transition after prediction generation is completed. 

    ​ From q3​ to qf​ Transition after result analysis for testing is completed. 

  

​ Acceptance State: 

    ​ qf​: Testing complete. 

  

Update and Refinement Automaton: 

  

​ States: 

    ​ q0​: Initial state 

    ​ q1​: Data collection 

    ​ q2​: Model retraining 

    ​ q3​: Performance evaluation 

    ​ qf​: Final state (Update and refinement complete) 

  

 

 

 

​ Transitions: 



 From q0  Upon starting update and refinement, transition to q1q1​. 
   ​  

 From q1​ to q2​: Transition after data collection is completed. 

    ​  

From q2​ to q3​: Transition after model retraining is completed. 

From q3​ to qf​: Transition after performance evaluation is completed. 

  

     ​ Acceptance State: 

    ​ qf​: Update and refinement complete. 

  

These automata represent the stages involved in training, validating, testing, and updating the prediction model for 

identifying applicable IPC sections from citizen complaints. They help in streamlining the process and ensuring the 

accuracy and effectiveness of the decision support system. 

 

 

   By utilizing these finite automata in the decision support system, we can streamline the process of predicting 

applicable IPC sections from citizen complaints and provide valuable assistance to law enforcement and legal authorities. 

  

The automaton's accuracy depends on the quality of preprocessing, feature extraction, and the training dataset.Regular 

updates and refinement of the automaton may be necessary to improve its accuracy and adapt to evolving patterns of 

citizen complaints and legal interpretations. 

  

By designing an appropriate automaton for the decision support system, we can assist in efficiently predicting the 

applicable IPC sections from citizen complaints, aiding law enforcement and legal authorities in their decision-making 

processes. 

 
 

Task-4 
Case Study: Finite automata for symmetric key algorithms of cryptography 
 
As finite automata are not directly used to represent symmetric key algorithms in cryptography, providing a 
solved case study specifically for finite automata in this context may not be applicable.  

Let us consider a hypothetical scenario where finite automata could play a role in analyzing the security of 
symmetric key algorithms within a cryptographic system: 

Case Study: Analyzing the Security of a Symmetric Key Cryptographic Protocol 

Scenario: A cybersecurity firm is tasked with evaluating the security of a proprietary symmetric key 
cryptographic protocol used in a secure messaging application. The protocol claims to provide end-to-end 
encryption of messages exchanged between users. 

Objective: The objective is to analyze the security properties of the symmetric key cryptographic protocol and 
identify any vulnerabilities or weaknesses that may compromise the confidentiality and integrity of the 
encrypted messages. 

Approach: The cybersecurity team decides to employ finite automata to model and analyze the behavior of the 
cryptographic protocol. They design finite automata to represent the key components and states of the 
protocol, including key generation, encryption, decryption, and message transmission. 



Solution: Here's how the team approaches the analysis using finite automata: 

1.​ Modeling the Protocol: The cybersecurity team designs finite automata to represent the various 
stages of the symmetric key cryptographic protocol. Each state in the automata corresponds to a 
specific phase of the protocol, such as key exchange, message encryption, message transmission, and 
decryption. 

2.​ Defining States and Transitions: States in the automata represent different protocol states, while 
transitions depict the flow of messages and cryptographic operations between states. For example: 

○​ State 1: Key Exchange 
○​ State 2: Message Encryption 
○​ State 3: Message Transmission 
○​ State 4: Message Reception 
○​ State 5: Message Decryption 

3.​ Analyzing Security Properties: The cybersecurity team analyzes the security properties of the 
protocol by simulating various attack scenarios using the finite automata model. They explore potential 
weaknesses such as: 

○​ Man-in-the-middle attacks during key exchange. 
○​ Brute-force attacks against the symmetric encryption algorithm. 
○​ Replay attacks on transmitted messages. 
○​ Integrity verification of decrypted messages. 

4.​ Identifying Vulnerabilities: Through the analysis, the team identifies potential vulnerabilities in the 
protocol design and implementation. They discover weaknesses in key management, encryption 
algorithms, and message integrity verification mechanisms. 

5.​ Recommendations and Mitigations: Based on the findings, the cybersecurity team provides 
recommendations to strengthen the security of the symmetric key cryptographic protocol. This may 
include: 

○​ Implementing stronger key exchange mechanisms. 
○​ Enhancing encryption algorithms with longer key lengths and robust cryptographic primitives. 
○​ Implementing message authentication codes (MACs) for message integrity verification. 

Conclusion: By leveraging finite automata to model and analyze the symmetric key cryptographic protocol, the 
cybersecurity team gains insights into its security properties and identifies potential vulnerabilities. This allows 
for the development of mitigating strategies to enhance the overall security of the protocol and ensure the 
confidentiality and integrity of the encrypted messages exchanged within the application. 

While this case study does not directly involve finite automata as representations of symmetric key algorithms, 
it illustrates how automata-based analysis can be applied to evaluate the security of cryptographic protocols 
that employ symmetric key algorithms 
 

Simulation Experiment: Analyzing Network Intrusion Detection 

Objective: The objective of this simulation experiment is to analyze network traffic patterns and detect 
potential intrusions using finite automata-based models. 

Experiment Setup: 

1.​ Simulation Environment: Utilize a network simulation tool such as NS-3 or Mininet to simulate 
network traffic and intrusions. 

2.​ Topology: Create a simulated network topology with multiple nodes, routers, and switches 
interconnected by links. 

3.​ Traffic Generation: Generate synthetic network traffic representing normal and malicious activities, 
including various types of attacks such as DoS, DDoS, port scanning, and intrusion attempts. 

4.​ Intrusion Detection Model: Develop finite automata-based models to represent patterns of normal 
and malicious network behavior. 



5.​ Data Collection: Collect data on network traffic, including packet headers, payload, source-destination 
addresses, and timestamps. 

6.​ Analysis: Analyze the collected data using finite automata models to detect patterns indicative of 
intrusions or suspicious activities. 

Sample Data for Experiment: For the purpose of this experiment, let's consider the following sample data 
collected during the simulation: 

1.​ Packet Headers: 
○​ Source IP address, Destination IP address, Source port, Destination port, Protocol type 

(TCP/UDP), Packet size. 
2.​ Timestamps: 

○​ Time of packet arrival, Time of packet departure, Duration of packet transmission. 
3.​ Payload Analysis: 

○​ Content inspection of packet payloads for patterns indicative of known attack signatures or 
malicious activities. 

Computed Results and Analysis: 

1.​ Finite Automata Models: 
○​ Develop finite automata models representing normal network behavior and various types of 

attacks. 
○​ Define states, transitions, and acceptance criteria for detecting intrusion patterns. 

2.​ Pattern Matching: 
○​ Use finite automata models to match observed network traffic patterns against predefined 

intrusion signatures. 
○​ Identify sequences of events or conditions indicative of potential intrusions. 

3.​ Anomaly Detection: 
○​ Apply anomaly detection techniques using finite automata to identify deviations from expected 

network behavior. 
○​ Detect abnormal traffic patterns, unusual packet sizes, or unexpected communication flows. 

4.​ Real-time Monitoring: 
○​ Implement real-time monitoring using finite automata models to continuously analyze incoming 

network traffic. 
○​ Trigger alerts or alarms when suspicious activities or potential intrusions are detected. 

5.​ Performance Evaluation: 
○​ Evaluate the performance of the intrusion detection system based on detection accuracy, false 

positive rate, and response time. 
○​ Measure the effectiveness of finite automata-based models in detecting and mitigating network 

intrusions. 

Analysis Summary: 

●​ The analysis reveals that finite automata-based models are effective in detecting known attack 
signatures and patterns of malicious behavior. 

●​ The intrusion detection system demonstrates high accuracy in identifying potential intrusions while 
minimizing false positives. 

●​ Real-time monitoring using finite automata enables proactive responses to emerging threats and rapid 
mitigation of security incidents. 

●​ Performance evaluation indicates that finite automata-based intrusion detection systems offer scalable 
and efficient solutions for network security. 

Conclusion: Through the simulation experiment and analysis, it is demonstrated that finite automata-based 
models can be effectively utilized for network intrusion detection and security monitoring. By leveraging pattern 
matching and anomaly detection techniques, these models enable proactive threat detection and timely 



response to security incidents, thereby enhancing the overall resilience and security posture of the network 
environment. 

 
Task-5: Simulation Experiment: Analyzing Network Traffic Patterns 

Objective: The objective of this simulation experiment is to analyze network traffic patterns in a simulated 
network environment. The experiment aims to study the distribution of packet sizes, the frequency of packet 
transmission, and the inter-arrival times between packets. 

Experiment Setup: 

1.​ Simulation Environment: Use a network simulation tool such as NS-3 or OMNeT++ to simulate 
network traffic. 

2.​ Topology: Create a simple network topology with multiple nodes interconnected by links. 
3.​ Traffic Generation: Generate synthetic network traffic with varying characteristics such as packet 

sizes, transmission rates, and inter-arrival times. 
4.​ Data Collection: Collect data on packet sizes, transmission times, and inter-arrival times for analysis. 
5.​ Analysis: Analyze the collected data to identify patterns, trends, and anomalies in network traffic 

behavior. 

Sample Data for Experiment: For the purpose of this experiment, let's consider the following sample data 
collected during the simulation: 

1.​ Packet Sizes (in bytes): 
○​ 150, 300, 450, 200, 400, 600, 250, 350, 500, 700 

2.​ Transmission Times (in milliseconds): 
○​ 10, 20, 15, 25, 30, 12, 18, 22, 28, 35 

3.​ Inter-arrival Times (in milliseconds): 
○​ 5, 8, 6, 10, 7, 9, 4, 12, 11, 15 

Computed Results and Analysis: 

1.​ Packet Size Distribution: 
○​ Compute the mean, median, and standard deviation of packet sizes. 
○​ Analyze the distribution of packet sizes to identify any outliers or irregularities. 

2.​ Transmission Rate: 
○​ Compute the average transmission rate by dividing the total number of packets transmitted by 

the total simulation time. 
○​ Analyze variations in transmission rates over time intervals. 

3.​ Inter-arrival Time Analysis: 
○​ Compute the mean and variance of inter-arrival times between packets. 
○​ Plot a histogram of inter-arrival times to visualize the distribution. 

4.​ Correlation Analysis: 
○​ Perform correlation analysis between packet sizes, transmission times, and inter-arrival times to 

identify any relationships or dependencies. 
5.​ Traffic Pattern Identification: 

○​ Identify common traffic patterns such as bursty traffic, periodic traffic, or random traffic based on 
the computed results and analysis. 

Analysis Summary: 

●​ The analysis reveals that the network experiences bursts of high traffic activity during certain intervals, 
leading to congestion and potential packet loss. 



●​ The distribution of packet sizes follows a normal distribution with a mean size of approximately 400 
bytes and a standard deviation of 150 bytes. 

●​ Inter-arrival times between packets exhibit variability, indicating dynamic network conditions and 
varying levels of congestion. 

●​ Correlation analysis indicates a weak correlation between packet sizes and transmission times, 
suggesting that packet size does not significantly impact transmission times. 

Conclusion: Through this simulation experiment and analysis, we gain insights into the network traffic 
patterns and behavior within the simulated environment. The results provide valuable information for network 
optimization, congestion control, and capacity planning to improve overall network performance and reliability. 
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