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® Learn how to write and code.
® \Write actual C++, no libraries
® Understand the design decisions that lead to “good” code
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Very brief history of C+ +

Fa "

1962
i - 1969-1973 2014
‘., : S.ImL.'I!E IWE? mv?rlt.Ed t.-!,r ‘ The C: lantane was invented Minor update: C++14 released.
++ Hi ; '
C++ History: Evolution of We are here
C++
1979 1983 1998 2003 20M 2014 2017 2020 ?
C with
Classes
Bjarne Straustrop began —» "Cwith Classes” renamed ta  ——» e :
developing "C with Classes” Co+ ClTIEIEEEE L T8

Cfront, released by AT&T

For details more check out A History of C++: 1979-1991
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Why C+ +

FAST

Time in minutes

Many Cool Things Use/Were Made with C++

am azo' Why C++?

Lower-level control

High
Level

Low
Level

N\

Ruby

Javascript

Python

Java

C++
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The most popular programming languages for novice programmers

Most popular technologies / All Respondents

HTML/CSS Programming, scripting, and markup languages

JS 62.3%
JavaScri pt HTML/CSS 52.9%
2% 51%
51%
Python
TS 38.5%
Bash/Shell 33.9%
Java Java 30.3%
C# 27.1%
Ct++ 23%
SQL c 20.3%
PHP 18.2%
PowerShell 13.8%
Go 13.5%
12.6%
9.4%
6.2%

C++

https://survey.stackoverflow.co/2022/#most-popular- https://survey.stackoverflow.co/2024/technology#1-databases
technologies-language-learn

https://www.adesso.de/en/news/blog/stack-overflow-developer-survey-2022-part-2-2.jsp




Why C+ +

Tencent [Eiflikis

REMA~R THE)

B fifi

WAL ENP
. IRAERSTRA
. FRIRfsRH, BAH
. EEHEAFMTRT
. i 5 S T
. R F et T R
. BENEARTRREL

g WM

R ER

o
1. LERREEE
2. MEFIEC/CH+/Ja

B—ETHR:

1, Python, Shell, Per
2, MySQLBSQLIEE.
3. NoSQL, Key-value

=P

R mGERE BESS TREA RRK®

UNITREE

A E TR
HMT | Bk | &

PI{IER 3

1R B R
(it FEMY
FRRAEHET
REH#EH 3D,
IRHETRES

AEMBEEA

[= RV L = VN )

R

1. #ERH senso
RTINS
CAEREL—E
=30,
TE=iREEE
e S Epytorc
AR C++/CHIPY
. EFHHEIES

(= TN N FE N e |

|

oo

Q) deepseek #aan

M7= | RO

S
S
(6

AREFIRARIREM (AGIHER/AM)

£ | FFRE | AGI | HT-HME
FRIRER{L
R#F 2025-02-1

!

| BRf$EAR

BRI

1. BEEEIE X EARS

2. BEREVARAZ thRETB 1L AE

3. EE RISt ERMEHF

fEERER:

1. TERNEED (REEY) NEXEE, RERSRNIREEN.

2. JIBREN L E, BEFIEPythonFIC++, FiBPytorch/Tensorflow,
3. REFIEAEE D SXMBEHNEBIRIT,

4. EEAMB LRGN ERAENE.

| RAIfER

B EF el
REFIMRIEM (AGIILR/ -

M)

IR (3P b gt ]

AGI HOL-HM T 2025-02-11

https://www.unitree.com/cn/position

| BFRERAL

THER
CFO
[elele}
L5

BISE

€13

&l
ll‘_‘e‘"«'

%5
s

B

AGIiES
BARRALKICH TR

B RAR T2

10



XTFRIELR

VSCode / Code::Blocks / Microsoft Visual Studio 6.0/LatestVersions

Ch101-Helloworld.cpp — VSCode Most popular technologies / All Respondents

Integrated development environment

@ HREES Ch101-Helloworld.cop X

) THNESER CPP > Ch1Codes » € Ch101-Helloworld.cpp » &) main()
v VSCODE #include <iostream»

Visual Studio Code

using ; Visual Studio

main() Intelli) IDEA

> vscode
v CPP i

v ChiCodes cout<<"Hello world!"<<endl;
= Ch01-Helloworld return 0; Vim

Notepad++

Ch101-Helloworld... Android Studio
v Ch2Codes
> DS
v Python

PyCharm
Jupyter Notebook/JupyterLab
Neovim

GitPython.py

Sublime Text

https://survey.stackoverflow.co/2022/#most-popular-technologies-new-collab-tools
B® Microsoft ¢\ Y&
)q o .
Visual Studio 2022 \_ ST >
Professional ' %@Cllp Ll
x. Code::Blocks Visual Studio Code
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[FZEINiEL] CS106L: Standard C++ Programming, Special Edition
CS 106L i

Standard C++ Programming
Stanford University, Winter 2023

About CS106L Course Information

\L CS 106L is a companion class to C5106B/CS106X that explores the medern C++ language in depth. We'll cover some of the most 1.1 Haven Whitney

exciting features of C++, including modern patterns that give it beauty and power. 1 Sarah McCarthy

» Anyane who is taking or has taken CS 106B/X (or equivalent) is welcome to enroll. In other words, we welcome anyone that has 8 c5106L-win2223-staff@lists.stanford.edu

learned or is learning programming fundamentals like functions and objects/classes. aTuesday Thursday; 3:00-4:20pm; 260-113

/€5 106L is a class for 1 unit. Students will complete 2 very short assignments. There are no exams or papers. All grades are S/NC.
Class will finish in week 9 to give you time for finals.

Welcome to CS 106L!

Tuesdays 4:30 - 5:30pm in 260-113. Sarah: Wednesdays 3:15 - 4:15pm in 120-314. If these times don't work for you, we'll also have %
virtual office hours, times by appointment!

14l €S 106L is built far you! Even if you're nat taking the class, you're welcame to come to our in-person office hours. Haven:

Week Tuesday Thursday
1 JANUARY 10 JANUARY 12
1.Welcome! 2.Types and Structs
LU Slides LU Slides
Policies M Code
I — https://www.bilibili.com/video/BV1K8411b7AU/?s
3. Initialization and References 4. Streams 1 — - 1
i) ey pm_id_from=333.337.search-card.all.click
M Code M Code
3 JANUARY 24 JANUARY 26
5. Containers 6. lterators and Pointers
LI Slides LI Slides
M Code

http://web.stanford.edu/class/cs106l/

12
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You can do this. Best of luck on the exam!

Assignment 9 Released

Huffman Coding, goes out today. It's due on
Friday, March 19th at the start of class (11:30AM
Pacific).

S5106B

Programming Abstractions in C++

To visit the website for fall quarter's CS106B offering, click here.

Container Syntax Reference
Python-to-C++ Guide

Assignment Submission Checklist

Course Calendar
Course Information

Blank Stanford C++ Project
Blank SimpleTest Project

Assignment Submitter

Git Help Session Slides

“ . S e o . . | - . « O ste " O ietuw

9 . ©

Stanford | ENGINEERING  CS 106B: Programming Abstractions, Winter 2018

Computer Science

Midterm 2 Released
Mach 12, 2021 Handouts Resources
A Home ™ Lectures Staff/SLs 1] Qt Creator O CodeStepByStep
Our second midterm exam goes out today. It's due r
in 47 hours (Sunday, Murchgl4th at 12:303;’M Huffman Coding Stanford C++ Library Documentation 2::1::::: L‘l::::::o " g ::’:J:OF:':um g :""l::: ‘; ("(tlobmm g :::u
Pacific time). Second Midterm Logistics C++ Standard Library Documentation e 7 PP 4 Vs
Midterm Logistics Setting Up Qt Creator air Programming O Exams © videos Style Guide [ ¢s Major

Instructor: Marty Stepp

; R, )/ > 1aff/SLs page ;
March 12, 2021 Debugging Your Code Working in Pairs As Ashley Taylor and Amy Xu - see Staff/SLs page for our contact info
The I . . fth Honor Code Style Guide
c last programming assignment of the quarter, Course Placement Git Hclp Session anm ents

« [01/07) Welcome to CS 10681 Lectures are in Cubberley Auditoriym on MWF from 11:30am - 12:20pm. Note our exam dates and make sure
that vou can attend both exams

“IREEZHS . https://web.stanford.edu/class/cs106x/res/reader/CS106BX-Reader.pdf
RFEMSR: https://www.bilibili.com/video/BV1G7411k7iG

13
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cppreference.com

Page Discussion

C++ reference

Create account

” Search

Standard revision: Diff ~ View View source History

C++11, C++14, C++17, C++20, C++23, C++26 | Compiler support C++11, C++14, C++17, C++20, C++23, C++26

Language
Keywords = Preprocessor
ASCI chart
Basic concepts
Comments
Mames (lookup)
Types {fundamental types)
The main function
Expressions
Value categories
Evaluation order
Operators (precedence)
Conversions — Literals
Statements
if = switch
for = range-for (Ce=11})
while - do-while
Declarations = Initialization
Functions — Owverloading
Classes (unions)
Templates = Exceptions
Freestanding implementations
Standard library (headers)
Named requirements
Feature test macros (c++20)
Language — Standard library
Language support library
Program utilities:
Signals = Non-local jumps
Basic memory management
Wariadic functions
source_ location (Ce+20)
Coroutine support (G++20)
Comparison utilities (Crv20)y
Type support = type_info
numeric_limits - exception
initializer_ Llist (C+e11)
Concepts library (c+:20)

Technical specifications

Diagnostics library
Assertions — System error (C+=11)
Exception types — Ermror numbers
basic_stacktrace (G++z3)
Debugging Support (C++28)

Memory management library
Allocators — Smart pointers
Memory resources (C++17)

Metaprogramming library (c++11)

Type traits — ratio
integer_sequence (C++14)
General utilities library
Function objects — hash (S++11)
Swap — Type operations (C++11)
Integer comparison (C++20)
pair = tuple (C++11)
optional (C++17)
expected (C++23)
variant (©++17) = any (C++17)
bitset - Bit manipulation (c+»20)
Containers library
wvector - deque - array (C++11}
list - forward list (c++11)
map -—multimap - set - multiset
unordered_map (C++11)
unordered_multimap (c++11)
unordered_set (C++11)
unordered_multiset (c++11)
Container adaptors
span {Ce+20) — mdspan (C++23)
Iterators library
Ranges library (c++z0)
Range factories —= Range adaptors
generator (C++23)
Algorithms library
MNumeric algorithms
Execution policies (C++17)
Constrained algorithms (C++20)

Standard library extensions (livrary fundamentals TS)
resource adaptor — invocation type

Standard library extensions v2 (ibrary fundamentals TS vz)
propagate_const - ostream_joiner - randint

observer ptr - Detection idiom

Standard library extensions v3 (ibrary fundamentals TS v3)
scope_exit - scope_fail - scope_success - unique_resource

External Links — MNon-ANSI/ISO Libraries — Index — std Symbol Index

Strings library
basic string - char traits
basic_string_view (G+ri7)
Text processing library
Primitive numeric conversions (C++-17)
Formatting (C=+z0)
locale = Character classification
text_encoding (C++26)
Regular expressions (C++11)
basic_regex = Algorithms
Default regular expression grammar
Mull-terminated sequence utilities:
byte — multibyte — wide
Numerics library
Common math functions
Mathematical special functions (C++17)
Mathematical constants (c++20)
Basic linear algebra algorithms (C++26)
Data-parallel types (SIMD) (C++26)
Pseudo-random number generation
Floating-point environment (S++11)
complex — wvalarray
Date and time library
Calendar (C++20) = TimMe Zone {C++20)
Input/output library
Print functions (C++23)
Stream-based /0 = VO manipulators
basic_istream-basic_ostream
Synchronized output (S+20)
File systems (C++17)
Concurrency support library (c++11)
thread = jthread {c++20)
atomic - atomic_flag
atomic_ref (C++20) = memory_order
Mutual exclusion = Semaphores (C++20)
Condition variables = Futures
latch (c++20) = barrier (C++20)
Safe Reclamation (C++26)
Execution support library (c++26)

Parallelism library extensions v2
(parallelism TS w2}

simd
Concurrency library extensions
{concurrancy TS)
Transactional Memory (TmTs)
Reflection (reflection TS)

cppreference.com Create account || search |

Page | Discussion View Edit History

C++ C++ language Classes

Classes

A class is a user-defined type.

A class type is defined by class-specifier, which appears in decl-specifierseq of the declaration syntax. See class
declaration for the syntax of the class specifier.

A class can have the following kinds of members:

1) data members:
a) non-static data members, including bit-fields.
b) static data members
2) member functions:
a) non-static member functions
b) static member functions
3) nested types:
a) nested classes and enumerations defined within the class definition
b) aliases of existing types, defined with typedef or type alias (since C++11)declarations

c) the name of the class within its own definition acts as a public member type alias of itself for the purpose of
lookup (except when used to name a constructor): this is known as infected-class-name

4) enumerators from all unscoped enumerations defined within the class, or introduced by using-declarations or
using-enum-declarations (since C++20)

5) member templates (variable templates, (since C++14)class templates or function templates) may appear in the
body of any non-local class/struct/union.

All members are defined at once in the class definition, they cannot be added to an already-defined class {unlike the
members of namespaces)

A member of a class T cannot use T as its name if the member is
« a static data member,
+ a member function,
* a member type,
« a member template,
e an enumerator of an enumeration |(unless the enumeration is scoped) (since C++11), or

* a member of a member anonymous union.

https://en.cppreference.com/w/

14
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1.1 }A C :zéu C+ + POP: Procedure-Oriented Programming

> RS ERE
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1.1 }A C :Zéu C+ + OOP: Object-Oriented Programming

> HRIXNRREE
YILAREE, ALIBtD DPYETNR, WREFE

ER

ENGIAEY e

https://juejin.cn/post/6844904041307176974




OOP: Object-Oriented Programming

> HRIXNRREE
R EIRENTH R

POE

A, Homt, REX... EAREH

https://juejin.cn/post/6844904041307176974



1.1 }A C :Zéu C+ + OOP: Object-Oriented Programming

> HRIXNRREE

! =5 2 e
' N — i Er— 1. %%
i i + fi24R : String 2. mit

M (e .- oos) - : 3. /5%
+ARER: 29 void | sk mrmmes

GERRXR, —ME5RIK 1s-a BHAE B BATEER + j&s#h0 : void

- private

<<interface>>

+ public
- e R % # protected
5

| R ————————————— _ HE
i - 3B : int 2

tion) <HEx (Association) JAN + T&( : void

?T i |

KRE 85 18

+ TE( : void + T&( : void + &0 : void
| e | —| + %#0 : void

2 A

+ VET%170 : void Btk
! ] — oam ol + —F %470 : void : ;

REEOFEIAXER Implement X R(RRAZE)

™ ~ DO citim

T BHEWAM%R  has-a

https://juejin.cn/post/6844904041307176974 19
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> RS SR

Problem Analysis and Specification
> igit

Design
> YRh5

Implementation (Coding)

> BRI, it
Testing, Execution and Debugging

> ERH4ER
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Chapter 1 C+ +#J340iR

= 1.1 MNCEIC++

= 1.2 REENC+ +iEFF

= 1.3 C++XCHI¥ %

= 1.4 C++IZFRIRSHISEIR
= 1.5 XFC++_EH5cE

2023F3H1H
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1.2 REEPERNC+ +iERF?

[o] it :

N

| FEs

xR CIERE
[* This is the first C program */ «—#2=8
#include <stdio.h> < eSS
* IREEAEE!
iIntmain () < 2%, REEHEREEHEE
[
{ < HEFIA
_I*]*I!@%lg \k—IEIEiﬁcn
prlntf ( ‘Hello World!\n <—IZI§511“ =
= L
return O; < é;%& @ia;llélifla SR
} < BRENLER

IEfTEEER:  Hello World!

22



1.2 REEPERNC+ +iERF?

bl: wIELTE

HE 352

EFAIEAR
A, ERkilFEE
F*.ce*.cpp

D thESE,
SEERBIRE
F*.obj

5HE BiRiE
S A =E e
fic, Rk eI LT
IZF".exe

( JEFE Pfile.c
=l l Hir 7
N AE

syl <
J¥:file.exe ' -
AT
AN IE T <
\/@lli}

| IR
PR T HAstET |0 UTHE T P
kA BFEITES| IEES | MBS
AT AT LA AT LA EIA izl C/C+ + IEFATTRIE
HAES | .coli.cpp .0bj exe 23




Behind the Scenes: The Compilation Process

header files

iostream.h " ™
my_headerh L
* BExpanded source code file

C++ preprocessor ——— * not normally visible SR C++ compiler
* g++-E£ to see output

—

main.cpp — i

Object code file * Assembler code file

- assembler -« * not normally visible
* g++ -5 to see output

l k. J
Executable

linker _ g++ -0 main main.cpp
main

C++ library files
system library files main.o

24



1.2 REEPERNC+ +iERF?

{1

1.1 EiHE—1T==4F "Hello World! This is a C++ program.”,

#include <iostream> //FHcouttiHATEER LS4

using namespace std; //{ERRApR = E]std

int main()

{
cout<<“Hello World!”;
cout<<"This is a C++ program.\n"; //HitH—{T
return 0;

\

#include <iostream>
using namespace std;
int main()

{

cout<<"Hello world!"<<endl;
return O;

}

RBEPFE
HMAEHRTE?
EFRTERE?
A=

EFREITIE

iz LR

25



T4 =R =a? using namespace std;

C++FSIARI—1HE, EER AT RS MRRElar 2P AERE, HE&RI

LI

SEEERFRPTABRR—MNEE

== \ 77\
1EBZFRY S,
#include<iostream>
using namespace std;
int main()

{

cout<<"Nice to meet you!"<<endl;
return O;

}

#include<iostream>
int main()
{
std::cout<<"Nice to meet you!"<<std::en
return 0;

}

, C++IEEENZFENEIARRZEE, K

#include<iostream>

using std::cout;

using std::endl;

int main()

{
cout<<"Nice to meet you!"<<endl;
return 0;

}
C++FinERERA T hRISL S

| Ban, $ABERHHRE, 7
d EAE SR, AR

A note about STL naming conventions | ??ﬁf@&}% o

- STL = Standard Template Library
- Contains TONS of functionality (algorithms,

containers, functions, iterators) some of which we

will explore in this

class 26



1.2 REEPERNC+ +iERF?

» Compiled, Interpreted, Dynamically/Statically typed

CS 106L

Translated: Converting source Compiled vs Interpreted: When is source code translated?
code into something a computer can

understand (i.e. machine code)

Dynamically typed, interpreted  Statically typed, compiled

. - Types checked on the fly, during - Types before program runs
o Compiled N Interpreted execution, line by line during compilation
Main Difference: When is source code translated? _ ,
- Example: Python - Example: C++

Source Code: Original code,

Runtime: Period when programis | static typing helps us

executing commands (after to prevent errors before
compilation, if compiled) our code runs

usually typed by a human into a
computer (like C++ or Python)

C++ iIs a statically typed language

statically typed: everything with a name (variables, functions, etc) is given a type before runtime

dynamically typed: everything with a name (variables, functions, etc) is given a type at runtime
based on the thing’s current value

27



2 FRIFPERC+ +IERF?

> Types and Structs in C

C++ Fundamental Types

Int val = 5; //32 bits

char ch ='F'; //8 bits (usually)

float decimalVall = 5.0; //32 bits (usually)
double decimalVal2 = 5.0; //64 bits (usually)
bool bVal = true; //1 bit

#include <string>
std::string str = "Sarah",

CS 106L

28



1.2 REEPERNC+ +iERF?

» Types and Structs in C CS 106L
Fill in the types

string a = “fest”,
double b=3.2*5-1;
Int c=5/2,
Nt d(int foo) { return foo / 2; }
double e(double foo) { return foo / 2; }
Nt f(double foo) { return int(foo / 2); }
void g(double c) { std::cout << ¢ << std::endl;}

29



1.2 REEPERNC+ +iERF?

> Types and Structs in C CS 106L

struct Student {
string name,; // these are called fields
string state; // separate these by semicolons

Int age;

}; Definition

Student s; o group of named

s.name = "Sarah"; variables each with their

s.state = "CA"; own type. A way to

s.age = 21; // use . to access fields bundle different types
together

30



1.2 REPENC+ +i2RF?

1.2 kafllb FEMELZH,

/] SRECZ AT R IFREAT)
#include <iostream>//TiikbFE 454
using namespace std;//{# H iy 44 =57 std
int main()// 3= BRI A E #HS
{// R EBUAF 15
int a,b,sum;// & XA

cin>>a>>b;//4i A2 ma b [ {H

sum=a+b;// I (H 15 7]

cout<<"a+b="<<sum<<endl://% 15 7]

return O;//UNFE 7 1EH 45 W, [n] e fE R4k [0 — 1N E1E
VRS R

31



1.2 REPENC+ +i2RF?

1.3 3k a #1 b EAPERAIKEL,
//1511.3 SR AN B Y R 2L

#include <iostream>
using namespace std;
int main()

{

int max(int x, inty) //3E Y. max PR %1
{

int z;
if(x>y) z=x;
else z=y;

. return(z);
int max(int x,int y) ; // % max R Z4E 7= 2

}

int a,b,c;

cin>>a>>b;

c=max(a,b); // i FHmax R %%
cout<<"max="<<c<<endl;
return O;

32



1.2 REEPENC++IER?

1.4 BE5RMC++EERF.

[/B11.460 5 R C++ 2 7 Student stud1,stud2;

#include <iostream> //5E X stud 1flstud2 NStudentZE ) 28 &, TN &

using namespace std;

class Student // 7= B —/~25, 2544 HStudent int main() // = pR 2 5B

{ {

private: // UL I N2 BIRAA H0 // X % stud 11 setdata bR 4L
int num; // A5 Z & num stud1.setdata();

int score; // FA\ i A2 & score // i % % stud 2 setdata bk £

stud2.setdata();

public: // LAN N A HER 41 // VA X % stud 11 display BRI X
void setdata() // & 3~ HI PR #setdata stud1.display();
{ cin>>num; // Fi A num P {H // X %t stud 11F display B 21

cin>>score; } // i A scorelfJ i stud2.display();

return O;

void display() // %€ L2~ R #idisplay

{ cout<<"num="<<num<<endl; // % i num 1 1H
// i score 1

cout<<"score="<<score<<endl; };
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