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Welcome to the engine room of modern computing.

If you have ever wondered how a database saves gigabytes of data to a disk without losing a single byte, how a web server juggles ten thousand simultaneous connections without crashing, or how a container runtime creates an isolated universe for an application to live in, you have come to the right place. This book is your guide to looking under the hood of the Linux operating system and learning how to build the software that powers the infrastructure of the world.

Many developers view system programming as a mysterious craft. It is often seen as a field reserved for gray-bearded experts who have memorized the entire kernel source code and dream in assembly language. There is a common misconception that you need decades of experience to write effective system software. This is simply not true.

System programming is a skill like any other. It requires patience. It requires a willingness to understand how things work at a fundamental level. But it is not magic. It is engineering.

In this book, we are going to demystify Linux system programming. We will move away from high-level abstractions and get our hands dirty with the raw building blocks that Linux provides. We will write code that talks directly to the operating system kernel. We will manage our own memory. We will create processes and threads, and we will control exactly how our programs interact with the hardware.

Whether you are a self-taught developer who wants to understand what happens "under the hood," a computer science student looking for practical application, or an experienced application developer wanting to optimize your code's performance, this book is designed for you. We will start from zero and build up to complex, production-ready concepts.

Understanding System-Level Programming

To become a system programmer, we must first define what system programming actually is. In the world of software development, we generally divide software into two broad categories: application software and system software.

Application software is what users interact with directly. It includes your web browser, your text editor, video games, and productivity tools. When you write application software, you are usually focused on the user experience, business logic, and solving a specific problem for the end user. You likely use high-level languages like Python, JavaScript, Java, or C#, which handle many complex details for you. These languages manage memory automatically. They abstract away the hardware. They make development fast and safe.

System software, on the other hand, is the infrastructure that allows application software to run. It sits between the user applications and the hardware. System software includes the operating system itself, device drivers, compilers, and the core utilities that keep the computer running.

However, there is a massive middle ground where this book focuses: user-space system programming.

User-space system programming involves writing software that runs in the same realm as applications but interacts intimately with the operating system kernel to manage resources or provide low-level services.

Consider these real-world examples of system software you likely use every day:


●  Web Servers: Programs like Nginx or Apache. Their job is not just to send HTML to a browser. Their job is to manage network connections efficiently, read files from a disk, and cache data in memory to speed up access. They are system programs.

●  Databases: Systems like PostgreSQL, Redis, or SQLite. These are massive system programming projects. Their primary concern is how to write data to a physical disk so that it is never lost, even if the power fails. They must manage memory buffers and handle concurrent access from hundreds of users.

●  Container Runtimes: Tools like Docker or Podman. These tools feel seamless/advanced, but they are built on standard Linux system calls. They use features like namespaces and cgroups to trick a process into thinking it is running on its own computer.

●  Build Tools and Compilers: Programs like Make, Git, GCC, or Python itself. These are tools that manipulate other files and processes.


The relationship between these layers is hierarchical. At the bottom, you have the hardware: the Central Processing Unit (CPU), Random Access Memory (RAM), network cards, and hard drives.

Sitting directly on top of the hardware is the Linux Kernel. The kernel is the boss. It is the only program that has full access to the hardware. It decides which program gets to use the CPU and for how long. It decides which program gets to use a specific chunk of RAM. It manages the drivers that talk to the disk.

Above the kernel is "User Space," which is where your programs live.

When a normal application needs to do something that requires hardware access, like reading a file from the disk or sending data over the network, it cannot just grab the hardware. It has to ask the kernel for permission. It does this through a mechanism called a "system call."

System programming is the art of using these system calls effectively. While an application developer might call a high-level function like save_file(), a system programmer understands that save_file() is actually a wrapper around a series of specific steps. These steps involve opening a file descriptor, writing bytes to a buffer, flushing that buffer to the kernel, and verifying that the disk physically wrote the data.

This distinction is crucial because it changes how you solve problems. In application development, you often optimize for development speed and feature delivery. In system programming, you optimize for resource efficiency, reliability, and performance. You care about how many bytes of memory your program uses. You care about how many times your program forces the CPU to switch contexts. You care about what happens if the network cable is unplugged exactly while you are sending a packet.

The Linux Programming Environment

Before we write code, we need to understand the environment we are working in. Linux is more than just a kernel. It is a complete ecosystem of tools, conventions, and philosophies.

The Architecture

At the core of our environment is the Linux kernel. It is a "monolithic" kernel. This means the entire operating system runs in a single large memory space in "kernel mode." It handles process scheduling, memory management, file systems, and hardware drivers all within this single privileged block of code.

Your programs run in "user mode." This is a restricted mode where the CPU prevents your program from accessing memory that belongs to other programs or the kernel itself. This protection is vital for system stability. If your program crashes in user mode, the kernel simply cleans it up, and the rest of the computer keeps running. If code crashes in kernel mode, the whole system stops. This is what causes a kernel panic.

The Bridge: System Calls

The most important concept you will learn in the early chapters of this book is the system call. A system call (often shortened to syscall) is the fundamental interface between an application and the Linux kernel.

Think of the kernel as a highly secure fortress vault. You, the program, are standing in the lobby. You cannot just walk into the vault and take money, which represents memory or hardware access. Instead, you go to the teller window. You ask the teller, which is the kernel, to perform an action for you.

You might say, "I would like to write 50 bytes to this file."

The teller checks your ID to ensure you have the correct permissions. Then, the teller goes into the vault, performs the action, and comes back to the window to tell you if it succeeded or failed.

In Linux, there are hundreds of system calls, but you will find that you use a core set of about 20 or 30 for the vast majority of your work. These include calls to open files, read data, create new processes, and send network packets. Understanding how to talk to this teller efficiently is the key to high-performance programming.

The GNU Toolchain

To write system software, we need tools to convert our human-readable code into the machine instructions the CPU understands. On Linux, the standard set of tools is known as the GNU Toolchain.


●  The Compiler (GCC): The GNU Compiler Collection is the standard compiler for Linux. It takes your C code and translates it into an executable binary. It is a robust, mature piece of software that can optimize your code in incredible ways.

●  The Build System (Make): As your projects grow larger than a single file, you need a way to manage how they are compiled. You do not want to recompile 100 files just because you changed one line of code in one file. Make is a tool that reads instructions from a file called a Makefile to automate the build process, ensuring only the necessary parts are rebuilt.

●  The Debugger (GDB): When your low-level code crashes, and it will, you cannot always rely on printing messages to the screen. GDB allows you to pause your program while it is running, inspect its memory, and step through it line by line to find the exact moment things went wrong.


Setting Up Your Environment

To follow along with this book, you need access to a Linux environment. You have three main options, and any of them will work for the exercises in this book.

	Option 1: Native Linux
This is the best option. Installing a distribution like Ubuntu, Fedora, Debian, or Arch directly on your hardware gives you the most direct access to the system. You are running on the "bare metal," and there is no translation layer between you and the kernel.

	Option 2: Windows Subsystem for Linux 2 (WSL2)
If you must use Windows for your daily work, WSL2 is an excellent choice. Unlike the first version of WSL, WSL2 runs a real Linux kernel inside a lightweight virtual machine. It is fully compatible with almost all system programming tasks we will cover, including Docker and network programming. It allows you to run Linux terminal commands alongside your Windows applications.

	Option 3: Virtual Machine
You can use software like VirtualBox or VMWare to run a full Linux operating system in a window on your Mac or Windows computer. This provides a safe sandbox. If you accidentally write a program that deletes system files (which is harder to do than you might think, but possible), you only damage the virtual machine, not your main computer.


Regardless of which you choose, you will need a terminal, a text editor (like Vim, Nano, or VS Code), and the build tools. On a standard Debian or Ubuntu system, you can install everything you need with a single command:

sudo apt-get install build-essential gdb
What Makes Linux Unique for System Programming

Linux is not just another operating system. It has a specific philosophy that dictates how it is built and how you should program for it. Understanding this philosophy will make the technical details much easier to absorb.

The Open Source Philosophy

The single greatest advantage Linux has is that it is open source. This is practical, not just ideological.

When you are writing a program on a closed operating system like Windows or macOS, if a function does not work the way the documentation says it should, you are stuck. You have to guess what is happening inside the "black box."

On Linux, if you do not understand why a certain system call is returning an error, you can literally go look at the source code for the operating system. You can see exactly what the kernel is checking. You do not have to guess. This transparency fosters a culture of deep understanding. Throughout this book, we will occasionally look at how the kernel implements features to understand how to use them better.

POSIX Compliance

Linux generally adheres to a standard called POSIX (Portable Operating System Interface). This is a set of standards that defines how Unix-like operating systems should behave.

This is important because it means the skills you learn in this book are portable. If you learn how to write a system program for Linux using POSIX standards, 90% of that knowledge applies directly to macOS, FreeBSD, and other Unix-like systems. You are not just learning Linux; you are learning the universal language of Unix systems.

The "Everything is a File" Philosophy

If there is one core principle you must memorize, it is this: In Linux, everything is a file.

This is not a metaphor. Linux tries to abstract almost every resource as a file consisting of a stream of bytes.


●  A text document is a file.

●  A directory is a file (it is just a file containing a list of other files).

●  Your hard drive is a file (usually found at /dev/sda or similar).

●  Your keyboard is a file (you can read keystrokes from it like reading lines from a book).

●  A network connection is a file (you write data to it to send it across the world).

●  Even information about running processes is stored in files.


This is a powerful abstraction. It means that once you learn the basic tools for reading and writing files, you essentially know how to read from a keyboard, write to a network, or interact with a printer. You use the same set of system calls, specifically open, read, write, and close, for almost everything.

This simplifies programming immensely. You can write a program that processes text, and it does not matter if that text is coming from a file on a USB stick, a pipe from another program, or a network socket from a server in another country. To your program, it is all just a file descriptor.

The Process Model

Linux relies heavily on a process creation model involving "forking." In many operating systems, creating a new process is a complex, heavy, and slow operation. In Linux, it is designed to be incredibly fast.

The operating system encourages you to use multiple processes to do work. If you need to handle 500 tasks, it is often a valid strategy to create 500 small processes to handle them. We will dedicate entire chapters to understanding how to create processes using the fork() system call, how to make them talk to each other (Inter-Process Communication or IPC), and how to manage them properly so they do not become "zombies" (yes, that is the technical term).

Roadmap: From Beginner to System Programmer

Learning system programming is a journey. It is akin to learning a new spoken language. At first, you translate everything in your head from your old language. You might think, "How do I print a string?" instead of "How do I write to stdout?" But eventually, you start to "think" in the new language.

Here is how we will approach this journey together.


●  Part I: Foundations
We start with the basics. You will learn the C language workflow, how to use the compiler, and how to manage libraries. We will then dive deep into file I/O and process management. By the end of this section, you will be able to write programs that create multiple background workers and manipulate files on the disk.

●  Part II: System Resources
Once we have the basics, we look at resources. We will explore memory management, specifically allocating and freeing memory manually. We will look at file systems and directories. We will also tackle time. Time is surprisingly complex in computers, and we will learn how to handle timers and scheduling. Finally, we will learn networking, the backbone of modern computing.

●  Part III: Performance and Production
Writing code that works is the first step. Writing code that is fast and secure is the goal. We will learn how to profile our code to find bottlenecks. We will use debuggers to fix crashes. We will discuss security best practices to ensure our software cannot be exploited by attackers.

●  Part IV: Real-World Application
We will finish by building real projects. We will not just write snippets. We will build a functional web server and a system monitoring tool. These projects will force us to combine all the skills we have learned into a cohesive whole.

How to Approach This Book

To get the most out of this book, you cannot just read it. You must type the code.

System programming is a tactile skill. You need to see the error messages. You need to accidentally cause a segmentation fault (a memory crash) to understand what causes it. You need to see your computer freeze because you created a process loop that spawns infinite copies of itself. These are not failures. These are the most valuable learning moments.

When you see a code block in this book, open your editor and type it out. Compile it. Run it. Then, try to break it. Change a "5" to a "500" and see what happens. Delete a line and see if it still compiles. This experimentation is where the real learning happens.

Building Your First System Program

Let us verify that your environment is ready and illustrate the difference between application coding and system coding right now.

Usually, when you learn C, your first program looks like this:

// Standard Hello World
#include <stdio.h>
int main() {
printf("Hello, World!\n");
return 0;
}
This is a perfectly fine program, but it is an abstraction. The function printf is part of the Standard C Library (libc). It handles formatting, buffering, and finding the screen for you. It is doing a lot of heavy lifting behind the scenes. It formats the text, stores it in a temporary buffer, and eventually asks the kernel to put it on the screen.

As system programmers, we want to peel back that layer. We want to talk to the kernel directly.

Here is the "System Programmer's Hello World." It achieves the same result, but it uses the write system call directly.

// System Programming Hello World
#include <unistd.h>
int main() {
// File descriptor 1 is standard output (your screen)
// We write the string, and specify the length (15 bytes)
write(1, "Hello, System!\n", 15);
// We return 0 to tell the OS the process finished successfully
return 0;
}
Let us break down exactly what is happening here, as this is the foundation of everything we will do later.

First, we include <unistd.h>. This is the header file that provides access to the POSIX operating system API. It is where the write function lives. Note that we did not include <stdio.h>, because we are not using the standard input/output library.

Second, we call write. This is the system call wrapper.

The first argument is 1. In Linux, every open file is assigned a number called a "file descriptor." By default, every program starts with three open files:


●  0: Standard Input (stdin). This is usually your keyboard.

●  1: Standard Output (stdout). This is usually your screen.

●  2: Standard Error (stderr). This is also usually your screen, but it is a separate stream used specifically for error messages.


By passing 1, we are telling the kernel, "Please write data to the file descriptor that represents the screen."

The second argument is the data itself, "Hello, System!\n".

The third argument is the number of bytes to write. In system programming, you have to be precise. You cannot just pass a string and hope the computer knows where it ends. We must count the characters. "Hello, System!" is 13 characters. The newline character \n counts as 1. And depending on how we count, we might include a null terminator, but here we are just writing the visible characters plus the newline. 15 bytes covers the text and the newline.

Finally, we return 0. This is the exit code. It tells the operating system that the process finished successfully. If we returned a non-zero number, like 1, it would indicate an error occurred.

To run this, save it as hello_sys.c. Open your terminal and run the following commands:

gcc -o hello_sys hello_sys.c
./hello_sys
If you see "Hello, System!" printed to your terminal, congratulations.

You have just compiled and run your first Linux system program. You bypassed the standard library's formatting tools and spoke directly to the operating system's output stream.

This might seem like a small detail, using write instead of printf, but it represents a shift in mindset. You are no longer relying on a library to guess what you want to do. You are taking control.

Throughout this book, we will take this control further. We will learn how to build the tools that other developers rely on. We will make mistakes, we will debug them, and we will build robust, high-performance software.

So, fire up your terminal. It is time to get to work.
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In the introduction, we wrote a small C program, compiled it, and watched it print text to the screen. To many developers, that compilation step feels like a black box. You feed source code into one end, and an executable program pops out the other.

If you want to be a system programmer, you must break open that black box. You need to understand exactly how text files written in C become binary instructions that the processor executes. You need to know how to organize projects that contain hundreds of files, how to manage external libraries, and how to automate the build process so it is reliable and repeatable.

This chapter is about the factory floor of software development. We are going to explore the Linux toolchain. We will dissect the compilation pipeline, learn to master the GNU Compiler Collection (GCC), build our own libraries, and automate our work using GNU Make and CMake.

Understanding the Compilation Pipeline

When you run a command like gcc main.c, it looks like a single action. In reality, the compiler driver orchestrates four distinct stages. To debug system software effectively, you must understand what happens in each stage and what errors can occur there.

The four stages are:

	Preprocessing

	Compilation

	Assembly

	Linking


Let us look at each one by performing them manually.

Stage 1: Preprocessing

The preprocessor is a text manipulation tool. It runs before the compiler sees your code. It handles any line that starts with a hash symbol (#), such as #include, #define, or #ifdef.

When you write #include <stdio.h>, the preprocessor essentially opens the file stdio.h, copies every single line of text from it, and pastes it into your source file, replacing the #include directive.

When you use a macro like #define MAX_USERS 100, the preprocessor scans your code and replaces every instance of the text MAX_USERS with the text 100.

You can see this happening. Let us create a simple file named pipeline.c.

// pipeline.c
#define NUMBER 50
int main() {
int x = NUMBER;
return x;
}
Now, run the preprocessor only. In GCC, we use the -E flag for this.

gcc -E pipeline.c -o pipeline.i
Open pipeline.i in your text editor. You will see that the file is much larger than your original code because it might include headers, and at the bottom, your main function looks like this:

int main() {
int x = 50;
return x;
}
The macro NUMBER is gone, replaced by 50. If you have a syntax error in a macro, it often manifests here.

Stage 2: Compilation

The second stage is confusingly called compilation proper. This is where the C code is translated into Assembly language. Assembly language is a human-readable representation of the specific instructions the CPU understands.

Assembly is specific to the processor architecture. If you are on an Intel or AMD machine, you get x86_64 assembly. If you are on a Raspberry Pi, you get ARM assembly.

We can stop the pipeline here using the -S flag.

gcc -S pipeline.i -o pipeline.s
Open pipeline.s. You will see instructions like movl, pushq, and popq. This is the code your computer actually runs, just written in text form. System programmers often read this output to see if the compiler is optimizing their code correctly.

Stage 3: Assembly

The assembler takes the assembly code (.s file) and translates it into machine code. The output is an "Object File," usually ending in .o.

An object file contains binary instructions, but it is not yet executable. It is a fragment of a program. If your program uses a function like printf, the object file contains a note saying, "I need printf, but I do not know where it is yet."

We create an object file using the -c flag.

gcc -c pipeline.s -o pipeline.o
If you try to open pipeline.o in a text editor, it will look like gibberish. It is binary data.

Stage 4: Linking

This is the final stage. The linker (usually a tool called ld) takes one or more object files and combines them into a single executable. It also resolves dependencies.

Remember that note about needing printf? The linker looks through the standard system libraries, finds the code for printf, and connects your program to it.

We usually let GCC call the linker for us.

gcc pipeline.o -o pipeline
Now we have pipeline, a runnable program.

The ELF Format

When the linker creates an executable on Linux, it uses a specific format called ELF (Executable and Linkable Format). An ELF file is not just a blob of instructions. It is a highly structured file containing sections.

Two of the most important sections are:


●  .text: This section contains the actual executable code (instructions). It is usually marked as "read-only" and "executable" in memory.

●  .data: This section contains global variables that have been initialized.


You can inspect these headers using a tool called readelf.

readelf -h pipeline
This tells you the architecture (e.g., X86-64), the entry point address (where the program starts), and the type of file.

Static vs. Dynamic Linking

When linking, you have two choices for how to handle libraries.

Static Linking copies the library code directly into your executable.


●  Pros: The executable is self-contained. It will run on systems that do not have the library installed.

●  Cons: The executable file is large. If the library has a security bug, you must recompile your program to fix it.


Dynamic Linking puts a reference in your executable pointing to a shared library file (like .so files on Linux or .dll on Windows).


●  Pros: Executables are small. Multiple programs can share the same library in memory. If the library is updated, all programs benefit immediately.

●  Cons: You encounter "dependency hell" if the correct library version is missing on the target system.


Linux systems default to dynamic linking.

Essential Development Tools

The Linux development ecosystem is vast, but you will spend 90% of your time with two tools: GCC and Make.

GCC: The GNU Compiler Collection

GCC is the standard compiler for Linux. While we used it simply above, it has hundreds of flags. Here are the ones you must know.

Warning Flags

System programmers crave strictness. We want the compiler to yell at us if we do something risky.


●  -Wall: Turns on "all" common warnings. (It actually does not turn on all of them, just the most useful ones).

●  -Wextra: Turns on even more warnings that -Wall misses.

●  -Werror: Turns all warnings into errors. This forces you to fix warnings before the code will compile.


Optimization Flags


●  -O0: No optimization. This is the default. It compiles fast and is best for debugging.

●  -O2: The standard level for production code. It rearranges code to be faster without making it too large.

●  -O3: Aggressive optimization. Can sometimes make code larger or introduce subtle bugs, but can be faster for math-heavy code.


Debugging Flags


●  -g: Embeds debugging information into the executable. This allows tools like GDB to tell you which line of source code corresponds to the machine instructions.


Standard Compliance


●  -std=c11 or -std=c99: Tells GCC to adhere to a specific version of the C standard.


A typical compilation command for a system programmer looks like this:

gcc -std=c11 -Wall -Wextra -g -O2 main.c -o myapp
The GNU Make Build System

Typing that GCC command every time you change a file is tedious and error-prone. As your project grows to include dozens of .c files, compiling them one by one is impossible.

GNU Make is a tool that automates this. It reads a file called a Makefile.

A Makefile is built around "rules." A rule tells Make three things:

	Target: What are we building?

	Dependencies: What files do we need to build it?

	Recipe: What command do we run to build it?


The syntax looks like this:

target: dependencies
command
Important: The indentation before the command MUST be a Tab character, not spaces. This is a quirk of Make that has existed for decades.

Let us create a Makefile for our pipeline project.

# Define variables for compiler and flags
CC = gcc
CFLAGS = -Wall -Wextra -g
# The first target is the default one
all: pipeline
# To build 'pipeline', we need 'pipeline.o'
pipeline: pipeline.o
$(CC) $(CFLAGS) pipeline.o -o pipeline
# To build 'pipeline.o', we need 'pipeline.c'
pipeline.o: pipeline.c
$(CC) $(CFLAGS) -c pipeline.c
# A 'phony' target to clean up files
clean:
rm -f pipeline pipeline.o
Now, to build your project, you just type make.

Make is smart. It looks at the timestamps of the files. If you edit pipeline.c, Make sees that the source is newer than the object file, so it runs the compile step. If you run make again immediately, it says "pipeline is up to date" and does nothing. This incremental building saves massive amounts of time on large projects.

Using pkg-config

Sometimes you need to link against external libraries that are installed on your system, like libpng for images or libssl for encryption.

You need to know where the header files are (for the -I flag) and where the library files are (for the -L flag). These locations change from system to system.

pkg-config solves this. It asks the installed library for its own compilation details.

Try this in your terminal (assuming you have a library like libssl-dev installed):

pkg-config—cflags—libs openssl
It outputs the exact flags you need. You can use this inside your Makefile:

CFLAGS += $(shell pkg-config—cflags openssl)
LIBS += $(shell pkg-config—libs openssl)
myapp: main.c
$(CC) $(CFLAGS) main.c -o myapp $(LIBS)
Working with Headers and Libraries

In system programming, you rarely write everything from scratch. You build upon libraries. Understanding how to create and use them is a fundamental skill.

Headers vs. Libraries

A Header File (.h) is an interface. It tells the compiler what functions are available, what arguments they take, and what structs look like. It does not contain the actual code logic.

A Library File (.a or .so) is the implementation. It contains the compiled binary code that actually performs the work.

Creating a Static Library

A static library is essentially a zip file (archive) of .o object files. Let us build a simple math library called libbasicmath.

	Create basicmath.h:


#ifndef BASICMATH_H
#define BASICMATH_H
int add(int a, int b);
int subtract(int a, int b);
#endif
	Create basicmath.c:


#include "basicmath.h"
int add(int a, int b) {
return a + b;
}
int subtract(int a, int b) {
return a - b;
}
	Compile the source into an object file:


gcc -c basicmath.c -o basicmath.o
	Archive the object file into a static library (.a file). We use the ar (archive) tool:


ar rcs libbasicmath.a basicmath.o
You have now created libbasicmath.a. You can distribute this file along with basicmath.h to other developers.

To use it in a program:

// main.c
#include <stdio.h>
#include "basicmath.h"
int main() {
printf("5 + 3 = %d\n", add(5, 3));
return 0;
}
Compile it by linking the library:

gcc main.c -L. -lbasicmath -o mymathapp
Note the flags:


●  -L.: Tells the linker to look for libraries in the current directory (.).

●  -lbasicmath: Tells the linker to link libbasicmath.a. Note that we drop the lib prefix and the .a extension.


Creating a Shared Library

Creating a shared library (.so) is slightly different. We need to generate "Position Independent Code" (PIC) because shared libraries can be loaded into any memory address.

	Compile with -fPIC:


gcc -c -fPIC basicmath.c -o basicmath.o
	Create the shared library using the -shared flag:


gcc -shared basicmath.o -o libbasicmath.so
Now you have libbasicmath.so. Linking looks the same:

gcc main.c -L. -lbasicmath -o mymathapp_shared
However, if you try to run ./mymathapp_shared, it will likely fail with an error:

error while loading shared libraries: libbasicmath.so: cannot open shared object file

Why? Because when the program runs, the Dynamic Linker looks in standard system locations (like /usr/lib) for the library. It does not look in your current folder by default.

To fix this temporarily, you can use the LD_LIBRARY_PATH environment variable:

export LD_LIBRARY_PATH=$LD_LIBRARY_PATH:.
./mymathapp_shared
This tells the dynamic linker to check the current directory (.) first.

Modern Build Systems

Makefiles are powerful, but they are hard to maintain for massive projects, especially if you need to support Linux, macOS, and Windows simultaneously. This is where meta-build systems come in.

Introduction to CMake

CMake is
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