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C/C++

Compiled Language

Requires manual memory management (mostly C)

Both C and C++ syntax is used in parallel computing.

C++ has direct support for Object Oriented Programming (OOP) but in 

this course we don’t use OOP too much

CUDA programming syntax is like C

C++ features that we use: Exception handling, std::vector, 

std::thread, smart pointers, etc.



Common Bugs

Segmentation faults

Use-after-free

Memory leaks

Double Free

Race Conditions (multi-threaded programs)

Deadlocks (multi-threaded programs)

Integer overflows



Tools

MSVC, Mingw, and WSL on Windows

sudo apt install build-essential On Linux

brew install gcc on MAC

Compiler

Visual StudioVisual Studio Code (Vscode)

CLion

https://learn.microsoft.com/en-us/windows/wsl/install

https://learn.microsoft.com/en-us/windows/wsl/install

Try to setup dev tools locally if possible

https://learn.microsoft.com/en-us/windows/wsl/install
https://learn.microsoft.com/en-us/windows/wsl/install


Hello World & Compilation Basics

Compilation on Linux & Mac

hello.c

gcc hello.c –o hello
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Hello World & Compilation Basics
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Compilation on Linux & Mac

hello.c

gcc hello.c –o hello

--save-temps --save-temps



Compilation Basics

Objdump –d object_file.o

Disassemble the object file and show the assembly 
code



Preprocessor

The preprocessor processes a source file before compilation, it allows to define macros which are 

abbreviations for longer structs.

Lines which begin with #
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Primitive datatypes: Integers, Floats, and Doubles



Primitive datatypes: Integers, Floats, and Doubles



Primitive datatypes: Booleans 



Non-Primitive datatypes: Strings

C-Style C++ Style

Prefer std::string over C-style string



Non-Primitive datatypes: Arrays and Vectors

Image: https://www.geeksforgeeks.org/c-arrays/

An Array in C is a fixed-size collection of similar data items stored in a contiguous memory locations.

It can be used to store the collection of primitive datatypes and derived and user defined types.



Non-Primitive datatypes: Arrays and Vectors

C-Style

Low-level code, embedded systems, performance-critical sections

Fixed-size that must be defined at compile time. Once declared, their size 

cannot change.

Lack of built-in functions for resizing, inserting, or deleting.

Not safe! No built-in bound checking

Minimal overhead due to their simplicity. 

Manual memory management.



Non-Primitive datatypes: Arrays and Vectors

C++ Style

Dynamic-size array that can grow or shrink as needed during runtime.

Rich interface: push_back(), pop_back(), empty(), 

capacity(), size()

Safe! built-in bound checking when using .at()

Compatible with C++ standard library algorithms

Automatic memory management.



Pointers

C-Style

A variable that holds the memory address of another variable



Pointers

C-Style (Modern) C++ Style

A variable that holds the memory address of another variable
Smart Pointers

std::unique_ptr<T> : Exclusive ownership

std::shared_ptr<T>: shared ownership

Automatic memory management



C Memory Model & Memory Management
Stack

Heap

Local variables, function 
calls, return addresses

Dynamic memory allocation

BSS

Data

Text

Uninitialized global and static 
variables

Initialized global and static 
variables.

Executable code



C Mem ory Model &  Memory Manag ement

Stack Memory:

 Managed by the OS/Compiler

 Memory for local variables and function calls

 Scope based

 Has a fixed, smaller size

 Faster than heap

 what does ulimit –a do on a unix based OS?

Stack

Heap

Local variables, function 
calls, return addresses

Dynamic memory allocation

BSS

Data

Text

Uninitialized global and static 
variables

Initialized global and static 
variables.

Executable code
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Heap Memory:

 Managed explicitly by programmers

 Dynamic allocation on runtime

 remains until it is explicitly deallocated

 Much larger than stack

 Slower than stack



C Mem ory Model &  Memory Manag ement
Stack

Heap

Local variables, function 
calls, return addresses

Dynamic memory allocation

BSS

Data

Text

Uninitialized global and static 
variables

Initialized global and static 
variables.

Executable code

Memory Management becomes even more important when it comes to GPU 
programming

• Memory Data Transfer
• Manage GPU memory
• Manage System Memory



Memory Management

Dynamic memory allocation in C

Always check if the allocation was successful

Ensure that every allocated block is later freed to 

avoid memory leaks.

malloc: allocates a block of memory of a specified size.

calloc: allocates memory for an array of elements and initializes 

them to zero.

realloc: resizes an allocated memory block

free: frees previously allocated memory



Memory Management

Dynamic memory allocation in C++

No casting required

new: allocates a block of memory of a specified size.

delete: frees a memory block



Memory Management

Memory Management Best Practices

1. Consistent Allocation/Deallocation: Match each malloc with free and each new with delete.

2. Error Checking: Always verify that memory allocation was successful

3. Ownership Clarity: Clearly define which part of your code owns a piece of memory.

4. Once memory is freed, set the pointer to NULL (or nullptr in C++)

5. Use Valgrind to detect memory leaks.



Memory Management

MEMORY LEAKS

memory is allocated for an array of integers but never freed 

before the program ends.



Memory Management

MEMORY LEAKS

a function that allocates memory for a string on each call but 

never frees it, leading to repeated leaks.



Memory Management: Modern C++ Techniques

RAII (Resource Acquisition Is Initialization): 

allocate resources (memory, file handles, sockets, etc.) in a 

constructor and release them in the destructor



Memory Management: Modern C++ Techniques

Smart pointers (C++11)

Implement RAII automatically



Structs

Allows to group related data.



Functions

Pass by value



Functions

Pass by reference (C++)



Functions

Inline Functions



Functions

Lambda Functions (C++11)



I/O in C++

Reading / Writing files



Did we miss anything?

Cmake - an open-source build system that manages the build process of C/C++ 

projects across different platforms and compilers using configuration files.

Visit https://www.cmake.org for tutorials. 

https://www.cmake.org/


Next Lecture: Shared Memory Programming
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