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* For example

tinclude <iostream>

std;

main() main()

{
std: :println("Hello, world!");

return 0;

std::cout << "Hello, world!" << std::endl;
return 0;

b

What you learn What C++ code will be like in 2025
Ugly and inefficient (Visual Studio already supports it)
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« Why C++7?

 Course Outline

e Useful Tools

« Concepts need to be known

« Code style suggestions
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Requirements
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cppreference) ...
* Thus, this course will use English text.

« Sentences and words won’t be very complicated.
 CET4 is enough!
« BTW, never mind my possible syntax error...I'm not a native speaker too.

 It's totally OK if you aren’t good at English, since I'll implicitly translate
PPTs during teaching.
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Why C++7?

 It's definitely not enough to only learn C++...
« Script languages, like Python, Lua, Ruby, etc.
« Internet-related, like 1S, TS, Go, etc.
« C#, Java...
« Function programming, like Haskell/Lisp.
« Data science, like Julia/Matlab, etc.

« Remember, using C++ represents that you choose a powerful
and efficient language.

« E.g. if you do machine learning and only care about network structure,
why not Python?

» Let's see how Bjarne Stroustrup, C++ creator, views C++!
« Credit: InfoQ @ bilibili



InfoQ L‘i“ikﬁ‘i



Why C++7?

* One of the most important philosophy in C++ is zero-overhead

abstract (A%ﬁﬁl\ﬁ%ﬁ?ﬂﬂ%\)

1. You don't pay for what you don't use.

2. What you do use is just as efficient as what you could reasonably write
by hand.

It cannot be denied that code can be optimized compared to standard
libraries in a specific platform or occasion.

But your first choice should always be the standard library, and when the
profiler (M4geNgs) tells you that it’s necessary to do optimization
somewhere, do it then.

Only a few features disobey such philosophy, and we may mention it in the
future.
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Course Qutline

» Totally 16 lectures; each lecture is expected to be 150min.
« Just like a course with 3 credits!

Introduction (This lecture)

Basic review & extension

Containers

Ranges and algorithms
 These three lectures may be longer, because you‘ve learnt major parts.

« We'll go deeper beyond what you’ve learnt, like learning from source code
of some STL implementation.



Course Qutline

Lifetime
« We'll teach you C++-style type conversion, variant and any, tell right from
wrong (especially UB).
* Programming in multiple files

« We'll teach you header files, source files, linkage, and C++20 modules.
« And a strong build tool developed by Chinese, Xmake!

Error Handling
« We'll teach you optional/expected, exceptions, and how to do unit test.

String and Stream

« We'll teach you Unicode, string/string_view, format/print (to substitute
rubbish iomanip, std: :cout or printf), stream and regular expression.

Move Semantics, for 2.5 lectures.



Course Qutline

* Templates, for 1.5 lectures.

- In Move Semantics, we'll teach you return value optimization, move
ctor/assignment, rvalue reference, value categories, etc.

- In Templates, we’ll teach you concept, template specialization, variadic
templates, metaprogramming, etc.

« We’ll then go back to Move Semantics to see perfect forwarding, etc.

Multithreading, for 1.5 lectures.

- We'll teach you threads, semaphores, mutex, locks, condition variable, future-
promise model, atomic variables, memory order, etc..

Coroutines, for 0.5 lectures.

Memory management
« We’ll teach you advanced techniques like allocators, pmr.

Final
« Summary, uncovered features and future vision of C++.



Course Qutline

 If you feel unable to learn the whole lecture at once, you may
learn sections one by one.

« When you feel that you have grasped all things, then learn the next
section.

* There will be some code examples and homework.
(LERIL) © IMRBIFRKER
c IREEMLERETARE K KB,
« B R MINRR]SLERAYEE oK KEK!
» MENAEM, SUHNRETEASES T
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Useful tools

 First and foremost, I do NOT encourage illegal actions like
visiting websites by VPN.

« There are various mirror websites.

« GitHub: a code base where you can record & rewind & etc. to
cooperate with others, or view & download others’ public repos.

« It's possible that you can visit this website directly, but quite unstable...

« You can also use this mirror website (only for IP in China mainland). All
https://github.com/AA/BB can be accessed by https://hub.nuaa.cf/AA/BB .

« I will also upload code in GitLab, which can be directly accessed.

« StackOverflow: an international forum for programmers.
 It's also possible to visit using domestic IP but more complex.



https://github.com/
https://hub.nuaa.cf/
https://gitlab.com/
https://stackoverflow.com/

Useful tools

« Cpp reference: a semi-authoritative C++ standard document,
just like a dictionary in C++; follow up the newest standard.
« However, it's obscure to some extent, especially for the beginner.
« It has Chinese version, but quite similar to machine translation...

» Its search column is duckduckgo (inaccessible in Chinese mainland), you

can use Baidu:

Bai'&:ﬁrﬁ

standard layoutjsite:en.cppreference.com

Q Mm )y Hifl 7 yAE] MEE HEE K maE EE

en.cppreferen...

std::is_standard_layout - cppreference.com
BELRENGTNEE, Bad SRR

std::is_standard_layout is a UnaryTypeTrait. If T is a standard-layout type, provides the member c

onstant value equal to true. For any other type, value is false...

en.cppreference.com/w/cpp/type...


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

Useful tools

« Special notice: you can designate language version, otherwise
may be way too long...

Page Discussion Standard revision: Diff ~ View Edit Histor . . Y . . .
¢ | 1 v Page | Discussion IStandard revision: C++23  ~ IV\ew Edit History

Insert Wh at the h e I I ! ? C++ Strings library std::basic_string
std::basic_string<CharT,Traits,Allocator>:: insert

C++  Strings library std::basic_string

std::basic_string<CharT,Traits,Allocator>:

basic_string& insert( size_type index, size_type count, CharT ch };
constexpr basic_string& insert( size_type index, size_type count, CharT ch );

basic_stringk insert( size_type index, const CharT* s ): ot Ceee constexpr basic_string& insert( size_type index, size_type count, CharT ch ); (1

constexpr basic_string& insert( size_type index, const CharT* s ); ' +420) constexpr basic_string& insert( size_type index, const CharT* s ); 2)

basic_string& insert( size_type index, const CharT* s, size_type count ); . until C-++20 constexpr basic_string& insert( size_type index, 5

constexpr basic_stringd insert( size_type index, : Bl e cosa0) const CharT* s, size_type count ): (3)

const CharT* s, size_type count }; N . : : . = : :

basic_strings insert( size_type index, const basic_string& str ); gy lantil G constexpr basic_string& insert( size_type index, const basic_string& str ); (4)

constexpr basic_string& insert( size_type index, const basic_string& str ); (since C++20) constexpr basic_string& insert( size_type index, const basic_stringé& str, 5

basic_string& insert( size_type index, const basic_string& str, unt size_type s_index, size_type count = npos );
size_type s_index, size_type count ); - - - B

basic_string& insert( size_type index, const basic_string& str, 5 (since C++14) constexpr iterator insert( const_iterator pos, CharT ch J; ©
size_type s_index, size_type count = npos ): (until C++2 constexpr iterator insert( const_iterator pes, size_type count, CharT ch ); @

sensteipr basic_seringd insert( size type index, const besicstringd str template< class Inputlt > o

: R - = = : = : ; constexpr iterator insert( const_iterator pos, Inputlt first, InputIt last );

iterator insert( iterator pos, CharT ch ); {until C++11 . . =

terat . ¢ iterat CharT ch ) & (since C++1l) constexpr iterator insert( const_iterator pos, ©)

iterator insert( const_iterator pos, arl ch )i C std::initializer_list<CharT> ilist );

constexpr iterator insert( const_iterator pos, CharT ch ); template< class StringViewLike > .

void insert( iterator pos. size_type count, CharT ch ); constexpr basic_string& insert( size_type index, const StringViewlLike& t );

template< class StringViewlLike >
constexpr basic_string& insert( size_type index, const StringViewlike& t, (11)
size_type t_index, size_type count = npos );

iterator insert( const_iterator pos, size_type count, CharT ch ); ()

constexpr iterator insert( const_iterator pos, size_type count, CharT ch );
template< class Inputlt >

void insert( iterator pos, Inputlt first, Inputlt last );

template< class Inputlt >

iterator insert( const_iterator pos, InputIt first, Inputlt last );

template< class Inputlt > ‘ﬁm.;r_l._,',‘;. Ah Vi that’s gOOd L}

constexpr iterator insert( const_iterator pos, Inputlt first, Inputlt last );

iterator insert( const_iterator pos, std::initializer_list<CharT> ilist ):

constexpr iterator insert( const_iterator pos,
std::initializer_list<CharT> ilist );

template< class StringViewlike >
basic_string& insert( size_type index, const StringViewLike& t ); (10)
template< class StringViewlike = . o
constexpr basic_string& insert( size_type index, const StringViewLike& t ): -
template< class StringViewlLike >
basic_string& insert( size_type index, const StringViewlLike& t,

size_type t_index, size_type count = npos ); (11
template< class StringViewlike >
constexpr basic_string& insert( size_type index, const StringViewLike& t,

size_type t_index, size_type count = npos );




Useful tools

« cplusplus reference: another document website, but easier to
understand. Unfortunately, the documents stop at C++14
standard.

« C++ standard.

 Though I don’t encourage you to be a language lawyer, sometimes it's
important to refer to the standard to get the answer...

« Compiler Explorer: an online code editor which can show
assembly code & execute code, so that you can analyze code
behaviors.

* You can also choose different compilers & options too, so that you can try
newest features without a e.g. virtual machine.



https://cplusplus.com/reference
https://eel.is/c++draft/
https://godbolt.org/

Useful tools

« cpp insights: convert your code to a version without syntax
sugar (1BE%E) .

 Quick Bench: an online benchmark website

* You can test code efficiency & performance-consuming positions with
different compiler options.

« Markdown: not for C/C++, just a really light-weight markup

| angu age for a notebook. igmﬁgi%iﬁéﬁ%ﬁ—te»amamn:%;a {BASBIETRE, S IE) evaluation 2
« Code block, table, paragraph, etc. e fCine b, nt O
« Better than Word because code highlight * rrarnon
& easy format. etarn 2

« Widely used in zhihu, stackoverflow, etc.

« Many softwares for rendering md; Search
them yourself!

nt g(int b, int ¢)

i

i

{
retunr b - ¢;

}

int b = g(f(0, 1), (1, 2));

// can be as : (0, 1) = 1; (1, 2) => 4; g(1, 4) => -3.
[/ or ¢ (1, 2) == 3; f(0, 1) => 4; g4, 3) => 1.


https://cppinsights.io/
https://quick-bench.com/

Some learning materials

* A FALEBERE, BEBEFAARNERFX, BN ERAZRT,
o AR R, BEXE.
« FiEEZCH++ A8 =mkfE, Mick235711, Lancern... (7>
REMBBC++HIEBF R RNRE)
« B8 EEEHETEFAHRRNstackoverflow.
o NEE[ER NEEER

- BERE
- HTEEEAR Y, R TIEERs, SERLAEEERR, il AEEED
BRAENIBERNEE, ZBMOERLEER.

 Cpp con
« Though it’s originally uploaded to YouTube, you can check it in bilibili.
« Great thanks to rSkip!!!!

TILA, AREREE,



https://www.zhihu.com/
https://www.zhihu.com/people/wu-yong-wei-99
https://www.zhihu.com/people/mick235711
https://www.zhihu.com/people/lancern
https://segmentfault.com/
https://www.cnblogs.com/
https://space.bilibili.com/110213/video
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C++ committee

« How does C++ standard evolve to the next version?
« C++ standard is ISO standard (ISO/IEC JTC1/SC22/WG21).

« Since C++11, new version of standard is released every 3 years.

« That’s because C++98 to C++11 takes too much time with too many features,
which makes C++ loses lots of developers and not easy to learn.

« So since C++11, train-like model is used, i.e. if a feature hasn’t been adopted
when the train departs, then it has to wait the next standard.

« WG21 is divided into CWG (Core working group), LWG (Library WG), EWG
(Evolution WG), LEWG (Library Evolution WG).
« Everyone, no matter whether he/she is one of ISO/C++ members, can make
suggestions on C++ by proposal.

« Like you want a new standard library (send to LEWG), a new language feature (send
to EWG), etc. See here for how to send a proposal to C++ committee.


https://isocpp.org/std/submit-a-proposal

C++ committee

« Members will then vote for/against proposals, and when the proposal is in
favor by the major, it's accepted.

« Otherwise it needs to submit revision, and revision will be reviewed again.
« S0 a proposal is always like PxxxxRy.

« If a proposal is a fix of historical problem, which means it does draft revision,
then it may be also marked as DRxx.

« E.g. DR20 will be seen as part of C++20, so on gcc (of high version, i.e. has
implemented such revision) -std=c++20 will enable it though it's proposed in C++23.

* You can check proposals and their vote results here.

 There are also many searching groups (SG), who tries to explore
new libraries or language features.

« Like modules is SG2, concept is SG8, and after C++20 they’ve been
disbanded (4R, BT .

For more information about C++ history, see B.S.’s paper Thriving in a Crowded
and Challenging World: C++ 2006-2020 on HOPL4 in 2020 (Chinese version).



https://github.com/cplusplus/papers/issues
https://www.stroustrup.com/hopl20main-p5-p-bfc9cd4--final.pdf
https://www.stroustrup.com/hopl20main-p5-p-bfc9cd4--final.pdf
https://github.com/Cpp-Club/Cxx_HOPL4_zh

C++ implementation

« C++4+ committee only provides a standard, and implementations
of compilers and standard libraries are updated by vendors.

« But the committee isn’t just theorist; Google, Meta, Microsoft, etc. all have
many important members in the committee.
« The Big 3:
« GNU: gcc/libstdc++, widely used in Unix-based systems.
« It's just mirror since gcc is created before Github.

« LLVM: clang/libc++, widely used in MacOS (gcc on Mac is in fact Apple-Clang,
a changed version of Clang). -stdlib=1ibc++.

« Microsoft: msvc/MS-STL; msvc is not open-source. Widely used in Windows.

« Usually Microsoft implements libraries faster, while msvc updates slower (i.e. slow
language feature update), possibly because it’s not open-source.
« And there are many other vendors, like Intel’s icpx for HPC, EDG for C++
frontend (Visual Studio Intellisense uses EDG), nvcc for CUDA, etc.



https://github.com/gcc-mirror/gcc/tree/master/gcc/cp
https://github.com/gcc-mirror/gcc/tree/master/libstdc%2B%2B-v3/include/std
https://github.com/llvm/llvm-project/tree/main/clang
https://github.com/llvm/llvm-project/tree/main/libcxx
https://github.com/microsoft/STL

C++ evolvement

' > cVyy

« C++ evolves slc_)wly but continuously... e e TEreeo
« Some are arguing: C++ evolves too slowly! RSB ENT
« Others: C++ is too complex!

 C++ tries to keep a subtle balance, so that 5§ James Yin
only necessary new features are introduced. Y ERESexecutor, BEARET

 And a final question: C/C++

« Is C subset of C++7?
« Long before yes (C++98 v.s. C89), now no.
« It's even not necessary to learn C first.
« Is C always faster than C++7?
 Still no, because compilers have more optimizations on C++.
« But if you don’t understand modern C++, it's easy to write garbage code...



Undefined behavior

s — TR, —PUBRIER, ACH+RIEFRE[DSS...

« To keep efficiency, many things are required to be checked by C++
programmers, instead of by the language.

« Undefined behavior means “such things should be prohibited, because
anything may happen”.

« For example, signed integer overflow (like INT_MAX + 1) is UB, since different

hardware platforms have different handlers (like just overflow, or throws an
hardware exception, etc.).

« “"Anything may happen” means that compiler may do any optimization or even
strip the code out.

« E.qg. if the compiler has already known signed integera > @ & b > 0, then bool ¢
(a + b) > @ will be optimized to bool ¢ = true; without checking overflow.

« We'll teach you many UBs, and some of them may cause very astonishing
results.



Implementation-defined behavior

« Compared with UB, some behaviors are not determined by the
standard, but are implementation-defined.
« That is, it should be regulated like in the document of the platform.
 For example, sizeof(long) is 4 in many Windows system, 8 in many Linux
system.

« So, if your C++ code runs on the specific platform, you may utilize such
features.
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Code Style

 C++ doesn’t have a uniform code style, so personally,

Name convention:

« I used to code C# for a period of time, so I prefer to name namespace, class,
function with upper camel case, and variables with lower camel case.
 For example, void SomeFunction(int someVariable);

« For private or protected members of a class, I'll decorate with a trailing , e.g. int
privateMember_;

 Make your name good to understand without comment.
« Sometimes it's necessary to give comments on class, methods, etc., and I'll use

doxygen-style. i o
. l doxygen| x ] editorconfig S4RTRESEIE $H§EE¥§BSMJ33¥{’*B9 ‘f%*TLEQMyE» EEEEJA
* In VS, tool -> option -> [ ‘j e
* // TODO: xxx to mean your ey
E AR R
future plan. Doaen

WSTRE, ERTERAEERE
SREPERITHETE



Code Style

« You can have your own name convention, but there are two prohibition:

« 1. Never begin with underscore (unless the name is just _).

« _ is usually used to denote “discarded value”, and since C++26 it can be defined
more than once in a single scope.

« For example, std::lock guard { mutex };.
« 2. Never have two underscores connected.

« These two conventions are reserved by the standard library; such names may
be conflict with them.

« For other styles, you can use clang format to check it!

« I prefer Microsoft code style with slight changes; I may share it in code
examples.

* You need to give a .clang-format at root path of the project. = clang-format X

= .clang-format
1 BasedOnStyle: Microsoft



https://llvm.org/docs/CodingStandards.html

COd e Sty I e Ctrl + Shift + P b

ferences: Open User Settings (JSON)

"[epp]™: {
"editor.defaultFormatter": "xaver.clang-format”,
"editor.formatOnSave”:

* For VSCode, download plugin “"Clang-Format”, and manage your

settings.

« Set your executable path to the one
owned by Visual Studio.

« On Linux/Mac, install manually, e.q.
apt install clang-format.

« Besides, you may also utilize code analysis to
check code quality.

« For example, if(a = 1) is likely to be if(a == 1), and
code analysis will warn you.

py Extension 1D

Chinese (Simplified) (&
@ A3 ({EHA) Extension Settings

2 Microsoft ) )
Apply Extension to all Profiles

o~ Clang-Format ® v Sync This Extension
% i Use Clang-Format in Visu
>l Xaver Hellauer Add to Workspace Recommendations

Clang-format: Executable

clang-format executable path

D:\Softwares\Visual Studio\VC\Tools\LIvm\x64\bin\clang-format

SN TEM  FREE) E0w) ) P R Optixtest
femsism Y e

1=1T Code Analysis (R) 3 _ﬁ?ﬂﬁ’iﬁiﬁiﬁ)
HEREESEM) » 3 cppTest m{THiAS3#(A)
EW) N I3z 1T Code Analysis (F) Ctrl+Shift+Alt+F7

>code ana

C/C++: Clear All Code Analysis Problems
C/C++: Run Code Analysis on Active File
C/C++: Run Code Analysis on All Files

C/C++: Run Code Analysis on Open Files



Code Style

« Another important thing is Tab size...
« Personally I like to type Tab to mean a new segment, but it has different

length on different platforms (like 4 or 8), so the code will be messy.

« You should change your settings on IDE, like in VS:

« Tool -> option -> tick “insert
spaces”, and choose your size
of Tab.

« VSCode can adjust it at the right
bottom.

« Clang format will also set the
tab size; LLVM may be 2 by default.

« If you hope to override some rules, you
can check it here.

« For example, add IdentWidth: 4.

Ln 11, Col 1 |Spaces:4, UTF-8 CRLF
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https://clang.llvm.org/docs/ClangFormatStyleOptions.html

Next lecture...

« We'll review what you should have learnt before, and make some
miscellaneous extensions.
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