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This course is designed for undergraduate students majoring in computer science and related fields, serving as the
second programming language course following "Introduction to Computer Programming”. This course aims to enhance
students' programming skills, improve their understanding of computers, and improve their problem-solving abilities. It
will introduce the C and C++ programming languages, as well as their applications in system development and
computing. The Rust programming languages will also be introduced in the course. C is a general-purpose programming
language known for its conciseness, rich types, complete structures, strong expressiveness, direct memory
manipulation, and suitability for modular structures. It combines the advantages of high-level languages with many
features of low-level languages. C++ extends from C with its object-oriented development approach, incorporating
beneficial concepts and effective methods from the field of software engineering. It encapsulates data and operations on
data, integrating abstraction, encapsulation, inheritance, and polymorphism, facilitating the development of modular,
highly abstracted, well-hidden, reusable, easily modifiable, and expandable programs. Rust is a new programming
language, designed with the principles of "performance, type safety, and concurrency”. It supports functional, parallel,
procedural, and object-oriented programming styles and has been gaining increasing attention and usage.

This course focuses on the unique advantages of C and C++ programming languages, particularly their advantages in
efficiency. Beyond fundamental concepts, it will use case studies to demonstrate the advantages of C and C++ in
computing, allowing students to know the basics of computer system development and deep learning. In addition, this
course will also introduce the modern programming language Rust, allowing students to understand the trends in
programming language development.
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Upon completion of this course, students should be able to:

. Explain how an existing C/C++ program works

. Know the basic syntax and features of Rust

. Discover errors in a C/C++ program and fix them

. Know programming with pointers in C/C++

. Analyze a problem and construct a C/C++ program to solve it
. Know how to improve the efficiency of a program

. Professional programming attitude and habits

. Programming thinking
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Course Contents (in Parts/Chapters/Sections/Weeks. Please notify name of instructor for course section(s), if
this is a team teaching or module course.)
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Weak 1:

Weak 2:

[Lab 2J:

Week 3:

[Lab 3]:

Getting Started

The first example

Different programming languages
Compile and link

Preprocessor and macros

Simple output and input

WSL configuration

VSCode configuration

Data Types and Arithmetic Operators
Integer numbers

More integer types

Floating-point numbers

Arithmetic operators

C ++ arithmetic operator

Printing formatting of numbers

Branching and Looping Statements
if statement

?: operator

Conditional expressions

while loops

for loop

goto statement

switch statement
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Week 4:

[Lab 4]:

Week 5:

[Lab 5]:

Week 6:

[Lab 6]:

Introduction to Linux commands

The compilers: gcc and g++

Data Structures

Arrays

Strings: Array-style strings and the string class
Structure, union and enumeration

typedef operator

An introduction to Makefile.

Memory and Pointers
Pointers

Pointers and arrays
Allocate memory in C style

Allocate memory in C++ style

An introduction to cmake

Basics of Functions
Functions

Function parameters
References

return statement

inline function

An introduction to static libraries
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Week 7:

[Lab 7]:

Week 8:

[Lab 8]:

Week 9:

Advances in Functions

Default arguments

Function overloading

Function templates

Function pointers and references

Recursive functions

An introduction to dynamic libraries

Speedup Your Program

C and C++ with ARM

Speedup your program

An example with SIMD and OpenMP
CUDA library

Ascend C of CANN

How to Avoid memory copy in OpenCV

SIMD intrinsics

OpenMP

Basics of Classes

Classes and objects
Constructors and destructors
this pointer

const and static members

Read from files and the standard input

Write to files and the standard output
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o] Linux pipe

(¢} Exercises on classes, constructors, etc

Week 10: Advances in Classes

o Operators in OpenCV

o] Operator overloading

0 Friend functions

o] User defined type conversion

o Increment and decrement operators
[Lab 10]:

0 git and GitHub

o Exercises on operator overloading

Week 11: Dynamic Memory Management in Classes

o] Some default operations

0 An example with dynamic memory

o] Solutionl: Hard copy

o] Solution2: Soft copy

0 Smart pointers

[Lab 11]:

o] Exercises on dynamic memory management in classes.

Week 12: Class Inheritance

o] Improve your source code

o] Derived class

0 Access control

0 Virtual functions

0 Inheritance and dynamic memory allocation
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o] Examples in OpenCV
[Lab 12]:
o] Exercises on class inheritance, polymorphism and memeory managment

Week 13: Class Templates and std Library

o] Class template

0 Template non-type parameters
o] Class template specialization
o std classes

[Lab 13]:

0 Exercises on class templates

Week 14: Error handling

o] Standard output stream and standard error stream
o assert

0 Exceptions

o] More about exceptions

o] nothrow

[Lab 7]:

o] Exercises on error handling

Week 15: Nested Classes and RTTI

0 Friend classes

o] Nested types

0 RTTI and type cast operators
[Lab 15]:

0 Exercises on RTTI
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Week 16: In introduction to Rust

o Basic syntax of Rust

o] Good features of Rust
[Lab 16]:

o] Matrix addition using Rust

B RHESER R Textbook and Supplementary Readings

1. Stephen Prata, C Primer Plus (Sixth Edition), ISBN-13: 978- 0321928429

2. Stephen Prata, C++ Primer Plus (Sixth Edition), ISBN-13: 978-0321776402

3. Jim Blandy, Jason Orendorff, Leonora Tindall, Programming Rust: Fast, Safe Systems Development, ISBN-13:
978-1492052593

4. Robert Love, Linux System Programming: Talking Directly to the Kernel and C Library, ISBN-13: 978-1449339531
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