
Develop A Multi-user ATM Application Using
Sequential And Multithreaded Approach
(using C Language) For
Develop A Multi-user ATM Application Using Sequential And Multithreaded Approach
(using C Language) For

In today's digital banking era, Automated Teller Machines (ATMs) remain a crucial component of
financial services, providing customers with quick and convenient access to their accounts.
Developing a robust, efficient, and secure ATM application is essential for banks and financial
institutions aiming to enhance user experience while maintaining high standards of data integrity
and security.

Creating a multi-user ATM application in C involves managing multiple simultaneous user requests,
ensuring data consistency, and optimizing performance. This guide explores how to develop such an
application using both sequential and multithreaded approaches, highlighting their differences,
advantages, and implementation strategies. Whether you're a student, a software developer, or a
banking software engineer, understanding these techniques will empower you to build scalable and
reliable ATM systems.

---

Understanding the Need for Multi-User ATM
Applications

ATMs are designed to handle multiple users accessing their accounts concurrently. In real-world
scenarios, multiple customers might withdraw cash, check balances, or perform other banking
operations simultaneously. To support this, the underlying ATM software must:

- Manage multiple sessions concurrently
- Ensure data integrity and concurrency control
- Provide a responsive user interface
- Maintain security and privacy

Implementing these features requires careful planning, especially in a language like C, which offers
low-level control but demands explicit management of concurrency and synchronization.

---

Sequential vs. Multithreaded Approach in ATM



Application Development

Before diving into the implementation, it is essential to understand the two primary approaches to
handling multiple users in a multi-user ATM system:

Sequential Approach

In the sequential model, the ATM application processes one user request at a time. The server
handles each transaction sequentially, queuing requests and processing them one after another.

Advantages:
- Simpler to implement and debug
- Easier to maintain data consistency
- Suitable for systems with low user concurrency

Disadvantages:
- Poor scalability
- Not suitable for high-traffic environments
- Users may experience delays during processing

Multithreaded Approach

The multithreaded approach allows the ATM system to handle multiple user requests simultaneously
by creating a separate thread for each user session.

Advantages:
- Improved scalability and responsiveness
- Better utilization of system resources
- Reduced user wait time

Disadvantages:
- Increased complexity in implementation
- Potential issues with synchronization and race conditions
- Higher resource consumption

---

Designing the Multi-user ATM Application in C

Developing a multi-user ATM application involves defining core components and data structures,
implementing user authentication, handling transactions, and managing concurrency.



Core Components
- User Accounts: Store account number, PIN, balance, and other details.
- Transaction Functions: Deposit, withdraw, check balance.
- Concurrency Management: Synchronization primitives like mutexes.
- User Interface: Console-based prompts for user interaction.

Data Structures
```c
typedef struct {
int accountNumber;
int pin;
double balance;
pthread_mutex_t lock; // For thread synchronization
} Account;
```

An array or linked list can store multiple accounts, initialized at program start.

---

Implementing Sequential ATM Application

The sequential approach processes one user at a time, suitable for small or simple systems.

Basic Workflow
1. Prompt for user login (account number and PIN).
2. Authenticate user.
3. Present transaction menu.
4. Process selected transaction.
5. Repeat or exit.

Sample Implementation Skeleton
```c
include
include

define MAX_ACCOUNTS 10

typedef struct {
int accountNumber;
int pin;
double balance;



} Account;

Account accounts[MAX_ACCOUNTS];

void initializeAccounts() {
// Initialize accounts with dummy data
for (int i = 0; i < MAX_ACCOUNTS; i++) {
accounts[i].accountNumber = 1000 + i;
accounts[i].pin = 1234;
accounts[i].balance = 1000.0;
}
}

int authenticate(int accountNumber, int pin) {
for (int i = 0; i < MAX_ACCOUNTS; i++) {
if (accounts[i].accountNumber == accountNumber && accounts[i].pin == pin) {
return i; // return index of account
}
}
return -1; // authentication failed
}

void processTransaction(int accountIndex) {
int choice;
printf("1. Check Balance\n2. Deposit\n3. Withdraw\nEnter choice: ");
scanf("%d", &choice);

switch (choice) {
case 1:
printf("Balance: %.2f\n", accounts[accountIndex].balance);
break;
case 2:
// Deposit logic
break;
case 3:
// Withdraw logic
break;
default:
printf("Invalid choice.\n");
}
}

int main() {
initializeAccounts();
int accountNumber, pin;
printf("Welcome to the ATM\n");
printf("Enter Account Number: ");
scanf("%d", &accountNumber);
printf("Enter PIN: ");
scanf("%d", &pin);



int index = authenticate(accountNumber, pin);
if (index == -1) {
printf("Invalid credentials.\n");
return 1;
}

processTransaction(index);
return 0;
}
```

Note: This simplified example demonstrates sequential processing, handling one user session at a
time.

---

Implementing Multithreaded ATM Application in C

The multithreaded approach enhances the system's ability to process multiple users concurrently,
significantly improving performance and user experience.

Key Concepts
- Use of POSIX threads (`pthread`) library.
- Each user session runs in its own thread.
- Synchronization primitives (mutexes) to prevent data races.
- Shared data (accounts) protected by locks.

Multithreaded Implementation Skeleton
```c
include
include
include
include

define MAX_ACCOUNTS 10

typedef struct {
int accountNumber;
int pin;
double balance;
pthread_mutex_t lock; // mutex for account synchronization
} Account;

Account accounts[MAX_ACCOUNTS];



void initializeAccounts() {
for (int i = 0; i < MAX_ACCOUNTS; i++) {
accounts[i].accountNumber = 1000 + i;
accounts[i].pin = 1234;
accounts[i].balance = 1000.0;
pthread_mutex_init(&accounts[i].lock, NULL);
}
}

int authenticate(int accountNumber, int pin) {
for (int i = 0; i < MAX_ACCOUNTS; i++) {
if (accounts[i].accountNumber == accountNumber && accounts[i].pin == pin) {
return i;
}
}
return -1;
}

void userSession(void arg) {
int index = (int )arg;
// Here, implement login prompts and transaction processing
// For example:
printf("User thread started for account %d\n", accounts[index].accountNumber);
// Simulate transaction
pthread_mutex_lock(&accounts[index].lock);
// Perform transactions safely
accounts[index].balance += 100; // example deposit
pthread_mutex_unlock(&accounts[index].lock);
printf("Transaction complete for account %d\n", accounts[index].accountNumber);
pthread_exit(NULL);
}

int main() {
initializeAccounts();

int numberOfUsers = 3; // Example: simulate 3 users
pthread_t threads[numberOfUsers];
int accountIndices[numberOfUsers];

for (int i = 0; i < numberOfUsers; i++) {
int accountNumber, pin;
printf("Enter Account Number for user %d: ", i + 1);
scanf("%d", &accountNumber);
printf("Enter PIN: ");
scanf("%d", &pin);

int index = authenticate(accountNumber, pin);
if (index == -1) {
printf("Invalid credentials for user %d\n", i + 1);
continue;
}



accountIndices[i] = index;
pthread_create(&threads[i], NULL, userSession, &accountIndices[i]);
}

for (int i = 0; i < numberOfUsers; i++) {
pthread_join(threads[i], NULL);
}

return 0;
}
```

Note: This example demonstrates how each user session runs in a separate thread, with proper
synchronization to prevent data corruption.

---

Best Practices for Developing Multi-user ATM Systems
in C

When developing complex multi-user ATM applications, consider the following best practices:

Security Measures
- Use secure PIN handling (avoid plain text storage).
- Implement account lockout after multiple failed attempts.
- Encrypt sensitive data where possible.

Concurrency Control
- Always protect shared resources with mutexes or other synchronization mechanisms.
- Avoid deadlocks by proper lock acquisition order.
- Use thread-safe functions and data structures.

Performance Optimization
- Minimize lock contention.
- Use efficient data structures.
- Limit thread

Frequently Asked Questions



What are the key differences between sequential and
multithreaded approaches in developing a multi-user ATM
application in C?
The sequential approach processes one transaction at a time, leading to slower performance with
multiple users, while the multithreaded approach allows simultaneous handling of multiple
transactions, improving efficiency and responsiveness. Multithreading involves creating separate
threads for each user session, enabling concurrent processing.

How can synchronization mechanisms be implemented in a
multithreaded ATM application to prevent data corruption?
Synchronization can be achieved using mutexes or semaphores to control access to shared resources
like account balances. This ensures that only one thread modifies critical data at a time, preventing
race conditions and data inconsistencies during concurrent transactions.

What are the challenges faced when developing a multi-user
ATM system in C using multithreading, and how can they be
addressed?
Challenges include managing thread synchronization, avoiding deadlocks, and ensuring thread
safety. These can be addressed by careful design of locking mechanisms, using thread-safe
functions, and implementing proper error handling and resource management strategies.

How does implementing a multi-user ATM system using both
sequential and multithreaded approaches benefit the overall
system performance?
Using a sequential approach simplifies development but limits scalability and responsiveness.
Incorporating multithreading enhances system performance by enabling concurrent transaction
processing, reducing wait times for users, and better utilizing system resources, which leads to a
more efficient and scalable application.

What are best practices for designing the user interface and
transaction flow in a multi-user ATM application developed in
C?
Best practices include designing a clear and intuitive command-line interface, validating user inputs,
providing informative prompts, and ensuring smooth transaction flow. Proper error handling,
transaction confirmation, and security considerations like input sanitization are also essential for a
reliable user experience.

Can you provide a high-level overview of the steps involved in



developing a multi-user ATM application using C with both
sequential and multithreaded approaches?
The development process includes defining system requirements, designing data structures for
accounts, implementing core functionalities (deposit, withdrawal, balance enquiry), and then
developing the sequential version for basic operation. To enhance, introduce multithreading by
creating threads for each user session, implement synchronization using mutexes/semaphores, and
test for concurrency issues to ensure reliable multi-user access.

Additional Resources
Developing a Multi-user ATM Application Using Sequential and Multithreaded Approach (using C
Language): A Comprehensive Guide

In the world of banking systems and financial applications, developing a multi-user ATM application
using sequential and multithreaded approach (using C language) is a fundamental exercise that
illustrates core programming concepts, synchronization techniques, and system design principles.
This project not only deepens understanding of C programming but also introduces key concepts
such as concurrency, thread management, data security, and user interface design. Whether you're
a student, software developer, or systems architect, mastering this development process equips you
with essential skills to build scalable, efficient, and reliable banking applications.

---

Introduction to Multi-user ATM Applications

An Automated Teller Machine (ATM) system is a core component of modern banking infrastructure,
enabling customers to perform transactions such as cash withdrawals, deposits, fund transfers, and
balance inquiries. Developing a multi-user ATM application involves creating a system capable of
handling multiple concurrent users efficiently while maintaining data integrity and security.

Why Use Sequential and Multithreaded Approaches?

- Sequential Approach: Implements the system in a straightforward, step-by-step manner. Suitable
for understanding the basic flow of operations and debugging.
- Multithreaded Approach: Allows multiple users to perform transactions simultaneously, improving
system responsiveness and throughput. This approach simulates real-world multi-user environments
more accurately.

Combining both approaches provides a comprehensive understanding of system design—starting
with simple sequential logic and progressing to more complex, concurrent processing.

---

Designing the ATM System: Core Components and Features

Before jumping into code, it's vital to understand the components that comprise a multi-user ATM
system:



- User Accounts: Data structure to store account information (account number, PIN, balance,
transaction history).
- Authentication Module: Validates user credentials.
- Transaction Module: Handles deposit, withdrawal, transfer, and inquiry operations.
- Concurrency Control: Ensures data consistency during simultaneous operations.
- User Interface: Text-based menu for interaction.
- Data Persistence: Optionally, simulate data storage using files or in-memory structures.

---

Step-by-Step Development Guide

1. Setting Up Data Structures

Begin by defining the core data structures:

```c
typedef struct {
int accountNumber;
int pin;
double balance;
// Additional fields like transaction history can be added
} Account;
```

Create an array or linked list to store multiple accounts:

```c
define MAX_ACCOUNTS 100
Account accounts[MAX_ACCOUNTS];
int totalAccounts = 0;
```

2. Implementing Sequential Approach

Sequential implementation involves processing one transaction at a time:

- Load accounts data into memory.
- Present a menu to the user.
- Authenticate user.
- Perform requested operation.
- Repeat for next user.

Sample flow:

```c
void mainMenu() {
int choice;
do {
printf("1. Login\n");
printf("2. Exit\n");



scanf("%d", &choice);
switch(choice) {
case 1:
login();
break;
case 2:
printf("Exiting...\n");
break;
default:
printf("Invalid choice.\n");
}
} while(choice != 2);
}
```

This approach is simple but not suitable for real multi-user environments because it handles one
transaction at a time.

3. Extending to Multithreaded Approach

To enable multi-user support, use POSIX threads (`pthread`) library:

```c
include
```

- When a user logs in, create a new thread to handle their session.
- Each thread runs independently, allowing multiple users to interact concurrently.

Sample thread function:

```c
void userSession(void arg) {
int accountIndex = ((int )arg);
// Handle user interactions
// Use mutexes for shared data access
}
```

Creating threads:

```c
pthread_t thread_id;
int accountIndex = malloc(sizeof(int));
accountIndex = loginAccountIndex; // index of logged-in account
pthread_create(&thread_id, NULL, userSession, accountIndex);
```

4. Synchronization and Data Integrity

In a multithreaded environment, race conditions can occur when multiple threads access shared



data (like account balances). To prevent this:

- Use mutex locks to synchronize access:

```c
pthread_mutex_t accountMutex = PTHREAD_MUTEX_INITIALIZER;

void userSession(void arg) {
int accountIndex = ((int )arg);
// Lock before accessing shared data
pthread_mutex_lock(&accountMutex);
// Perform transaction
pthread_mutex_unlock(&accountMutex);
}
```

- For fine-grained locking, create a mutex per account to maximize concurrency:

```c
pthread_mutex_t accountLocks[MAX_ACCOUNTS];
```

Initialize each mutex at program start.

---

Practical Implementation Tips

Data Persistence

- For simplicity, store data in-memory; for real systems, integrate database or file I/O.
- Save account data periodically or after each transaction.

User Authentication

- Validate account number and PIN.
- Limit login attempts to prevent brute-force attacks.

Transaction Handling

- Validate transaction amounts (e.g., non-negative, sufficient balance).
- Update balances atomically within mutex locks.

Error Handling

- Check for invalid inputs.
- Handle thread creation failures gracefully.

User Interface

- Keep menus simple.



- Use clear prompts and messages.
- Implement input validation.

---

Advanced Features and Enhancements

- Transaction History: Log deposits, withdrawals, and transfers.
- Security Measures: Encrypt data, implement timeout for inactivity.
- Networked System: Extend to client-server architecture using sockets.
- Graphical Interface: Transition from console-based to GUI.

---

Sample Code Snippet: Multithreaded ATM Transaction

```c
include
include
include

define MAX_ACCOUNTS 100

typedef struct {
int accountNumber;
int pin;
double balance;
} Account;

Account accounts[MAX_ACCOUNTS];
pthread_mutex_t accountLocks[MAX_ACCOUNTS];

void transactionHandler(void arg) {
int index = (int )arg;
pthread_mutex_lock(&accountLocks[index]);

printf("Welcome to your ATM session, Account %d\n", accounts[index].accountNumber);
// Example transaction: check balance
printf("Your current balance is: $%.2f\n", accounts[index].balance);
// Additional transactions here...

pthread_mutex_unlock(&accountLocks[index]);
free(arg);
return NULL;
}

int main() {
// Initialize accounts and mutexes
for(int i = 0; i < MAX_ACCOUNTS; i++) {
pthread_mutex_init(&accountLocks[i], NULL);
// Initialize accounts with dummy data



accounts[i].accountNumber = 1000 + i;
accounts[i].pin = 1234;
accounts[i].balance = 1000.0;
}

// Simulate multiple users logging in
for(int i = 0; i < 5; i++) {
int index = malloc(sizeof(int));
index = i; // In real cases, match with login info
pthread_t thread;
pthread_create(&thread, NULL, transactionHandler, index);
pthread_detach(thread);
}

// Wait for all threads to complete
// In real implementation, join threads or use synchronization

return 0;
}
```

---

Final Thoughts

Developing a multi-user ATM application using sequential and multithreaded approach (using C
language) provides a practical pathway to understanding key concepts in concurrent programming,
system security, and application design. Starting with a sequential model helps grasp basic flow
control, while advancing to multithreading introduces concurrency, synchronization, and
performance optimization.

A well-structured ATM system not only demonstrates programming proficiency but also lays the
foundation for more complex banking software, distributed systems, and networked applications.
Remember to prioritize data security, robust error handling, and user experience as you evolve your
project from a simple prototype to a production-ready solution.

---

Happy coding!
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