C++

Env
// version
C++ 20

// compiler
clang++, g++

// debugger
1ldb, gdb

speed up cin/cout
ios_base::sync_with_stdio(false);
cin.tie(NULL);

// ensure output appears immediately
cout.flush();

// or

cout<<endl (but \n won’t flush)

Input/Output
#include <iostream>

// get a int, char
int 1i;
cin>>i;

char c;
cin>>c;
cin.ignore()

// get a string

string a;

cin>>a;

getline(cin, a); // input with spaces

// output int, char or string
cout<<d<<endl;

// format print
#include <iomanip>

cout << fixed << setprecision(2) <<
number;

Read and Write a file
freopen(“s.in", “r”, stdin);
freopen(“s.out”, “w”, stdout);
int a,b,c; cin>>a>>b>>c;

// or
./a < s.in > s.out

exit program
exit(0)

Variable
std::swap(i,j) //for vector too

Base types: (primitives)
bool, char, short, int, long, float,
double

#include <cstdint>
int64_t (long long)
uint64_t (unsigned long long)

Type range:
sizeof(aType)

for integer:
#include <climits>
INT_MIN, INT_MAX
LONG_MIN, LONG_MAX

for float:

#include <limits>
numeric_limits<float>:: lowest();
numeric_limits<float>::max();
numeric_limits<double>::lowest();
numeric_limits<double>::max();

Aggregate types and class type:
array, struct; class

Copy or reference or move
vector<int> a={1,2,3};
vector<int> b={2,4,5};

// copy

a=b;

// reference

vector<int> &c=b;

// transfer ownership
a=std: :move(b)

Convert int and char
// 2 _> l2l

int num = 2;

char digit = '@' + num;
// ‘2" —> 2

int num = digit - ‘0';
//

int n=80;

char c=n; n=c;

cast

double d=1.23;

(int)d // cast to int

int(d) // construct an int
cast and construct have same result
Function

int sum(vector<int>& nums) {..}

Functions cannot be defined inside main() or
other functions. but lambda and functor can.

typedef
// c++ 11
using Point=pair<int, int>;

// traditional way
typedef pair<int, int> point;

math functions

#include <cmath>

gcd, div, abs, pow, sqrt,
fmin, fmax

round,
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#include <algorithm>
max, min, min_element, minmax_element

Flow control
if, for, for each, while, do-while

String (mutable, it is not but like
sequence container)

string literal vs a string object:
“abc” is an array ‘const char([4]’,
not an object.

“abc”.length() // won’t work

string s="abc”;
s.size() // works, =s.length()

// replace a char
#include <algorithm>
replace(s.begin(),s.end(),'A','z");

// replace a string
see regex_replace

// or

string s="abcd abcd";
string old="ab";

auto p=s.find(“ab”);

while (p!=string::npos) {
s.replace(p,old.length(),"AB");
p=s.find(old, p);
cout<<s<<endl;

by

// split by space

string s = "100 200";
//

stringstream ss(s);
ss>>a>>b;

// or get last word
string part;
while (ss >> part) {}

// Assign new string content
string b = "new string to parse";
ss.clear();

ss.str(b);

// split by ,

string s = “100,200,300";

stringstream ss(s);

string part;

while (getline(ss, part,
cout << part << endl;

3

")) A

// number <-> string

string numStr = to_string(42);
int num = stoi(numStr);

float num = stof(numStr);

// check type

cout << isalnum('z') <<
cout << isalpha('z') <<
cout << isdigit('1l') <<
for floating num or num

endl;

endl;

endl; // not
with signs

// format
// add leading zeros
cout << setw(10) << setfill('Q') << s

<< endl;

// C++ 20

auto s = format("{:0>8}", "abc");
auto s = format("{:08}", 123);

// case (for char)
toupper(c), tolower(c)

// case (for string)
for (char &c : s) {
c = tolower(c);

}

// char -> string
string s;

s += ¢c; // or string s(1, c);

goto
goto label;

label:

// code to execute

Measure time and sleep
#include <ctime>
auto start=clock()

#include <unistd.h>
sleep(1)

Random

#include <cstdlib>
srand(time(0Q));

cout << RAND_MAX << endl;

cout << rand() << endl;

// [0,RAND_MAX]
(double)rand()/RAND_MAX // [0,1]

// or
include <random> // C++ 11

Regular Expression C++11
#include <regex>

std::regex pattern(R”(\d{5})”,
std::regex_constants::icase))

std::regex_match(str, pattern)

// search one
if (std::regex_search(str, match,
pattern)) {

match.str()

match.position()

}

// search all
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std::sregex_iterator it(str.begin(),
str.end(), pattern);
std::sregex_iterator end;

while (it !'= end) {
std::cout << it->str() <<

it->position() << std::endl;
++it;

b

// replace
std::regex_replace(str, pattern,
11} r.dll)

1 a.t:ll <<

// group
string str = "[info] username: John
Smith logged into system.";

regex pattern(R"(username:\s+((\w+)
\s+(\w+)))");
smatch m;

if (regex_search(str, m, pattern)) {

cout << "Full match:" << m[0] <<
endl;

cout << "Full name:" << m[1] <<
endl;

cout << "First name:" << m[2] <<
endl;

cout << "Last name:" << m[3] <<
endl;
}

structured bindings C++17

Works for tuple-like types which have
certain properties (tuple_size,
tuple_element, get):

pair, tuple; struct, class; array
container, but not string

// for unpack tuple
auto rc = make_tuple(1, 2);
auto [r, cl = rc;

// for unpack struct
struct Position {
char row;

char col;

};
Position pos = {'A', ‘1'};
auto [r, c] = pos;

struct

The syntax for a struct and a class
is nearly identical, and both can
have data members, functions,
constructors, destructors, and even
inherit from other classes or structs

struct Point {
// members are public by default
int x,y;

};

Point p(100,200);

class

class Point {

public: // by private by default
int x, vy;

};

Point p(100,200);

C++ containers
cheatsheet_cpp_containers.key
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Debug with 1ldb

how many ways:

1 cout

2 breakpoint, step over etc;

3 start debug session, and run, bt
4 debug “core” file

Compile with -g
clang++ —-std=c++20 —-g f.cpp -0 a

Start
$ 1ldb ./a

help

> help

repeat the last command

by press enter

Run (if process stop, don’t need
recreate target, just ‘run’,
debugging will start again)

// set a breakpoint at main function
> b main

// or set breakpoint at line 5
>b 5

>b // set to current line

> r // run [argl arg2 .. <in.txt]

> guil

// close gui back to lldb command,
press esc 3 times

// press h to see help

// for gdb

> tui enable

> refresh

Breakpoints

// set a breakpoint at line 4
>b 4

// show all breakpoints

> br list (gdb: “info br” or “i b")
// delete breakpoint 3

> br del 3 (gdb: “del 3"”)

// delete all breakpoints
> br del (gdb: “del”)
step

// step over

> next (or n)

// step into (jump into)
> step (or s)

// step out
> finish (or f)

// resume to next breakpoint or end
of code

> continue (or c)

Show variable and expression

> p var_or_expr (p array)

> e var_or_expr

> p aFunc() // call function

> e aFunc()

// change var value

> e a=2 (gdb: set var a=2)

> display x // Auto-print this for
every stop

> undisplay 1 # remove display #1
List code

> where or frame or bt (show curr
line number)

> list 5 (5 is line number)

> list (list 1@ lines)

Watch (Pause program execution
whenever this variable’s value
changes without set breakpoint)

// stop when var is written

> watch set variable varname

> w S V varname

// stop when read
>w S vV -w read varname

// stop when read and write

W S V -w read_write var_name

// list watchpoint
>w 1

// enable/disable watchpoint
> watchpoint enable 1
> w disable 1

When program crash, just start 1ldb
and run to find out crash cause

$ Lldb ./a
> run
3 int fun2() {
4 int *p=NULL;
-> 5 *p=100;
6 return xp;
7 ¥
> bt

Backtrace, Frame

> bt

> frame select 0

> fr s @ // select curr stack frame
> thread select 1 (or >th select 1)
> up

> down

Run shell command
> shell 1s

Quit 1ldb
> q

Kill (if process unresponsive)
> k
> run

Debugging with gdb
cpp_debug_demo.pdf
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string vector set map

create #include <string> #include <vector> #include <set> #include <map>
string s; vector<int> v; set<int> s; map<int,int> m {
strin siuabcn_ vector<int> v(2); // size 2 set<int> s{1, 2, {1,100},
g s= ; vector<int> v{1,2,3}; 3}; {2,200},
: {3,300}
string s(6,'\0"'); I}
// change size and capacity _ //' What would the keys be?
s.resize(6); Ve MESEZRN(E) B /I mot stored // 50 Mo resize or reserve
// change only capacity v.reserve(6); contiguously
s.reserve(6); // 80 no resize or
reserve
size s.size() v.size() s.size() m.size()
s.capacity() v.capacity()
connect “abc”+"def” v.insert(v.end(), vl.begin(),
vl.end())
duplicate string s(3, ‘x’); vector<char> v(3, ‘w’); NA NA

// 2 by 3 grid
vector<vector<int>> v(2,
vector<int>(3));

// reset and refill

v.assign(5, ‘a’)
read s[0] vio] auto it=s.begin() | // by key
s.back() s.substr(start, *1t m[0] .
length) mlnot_exist_keyl //
N e return default value
// by iterator
auto it=m.begin();
it—>first; it->second;
iterator s.begin(), s.end(), s.rbegin(), same same same

s.rend()
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'[_oop // for loop for loop for each loop for each loop
for (size_t i=@; i<s.size(); | for each loop for loop by for loop by iterator
i++){} iterator
// for each for (auto it=s.begin(); it!
for (char c:s) {} =s.end(); ++it) {
cout<<xit<<endl;
¥
update slol="A"; v[o]=100 NA m[0]=100;
update s=s+"def"”; v.push_back(10) s.insert(4); // add or no change
(add) s.append(“def”) s.insert(v.begin( ml.insert({1,”apple”});
S s.insert(1,"def”) // obj is copied to v ),v.end())

// add a char
s+=aChar;

// add multiple char
s.append(10,'a’);

v.push_back(obj) //obj is copied

v.insert(v.begin()+2,0bj) //

s.insert(1,4,’a’); also copy
delete s.erase(1,3); v.erase(v.begin()+2) // erase by key same as set

s.erase(s.begin()); v.erase(v.begin(D+2, v.end()) c.erase(4)

s.pop_back() // if v is sorted

s.clear() v.erase(unique(v.begin(),v.end() |// erase by

),v.end()) iterator

set<int> ¢ = {1,
2, 3, 4, 5};
auto itl =
c.find(2);
auto it2 =
c.find(5);
c.erase(itl,
it2);
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delete string s = "ababa"; same NA NA

all ~

occurrenc @uto pos =
es of ‘a’ remove(s.begin(), s.end(),

la’);

s.erase(pos, s.end());

// or
string t;
t.reserve(s.size());
for (char ¢ : s) {
if (c'='a') {
t.push_back(c);
}

by

query s.starts_with(“abc”) // C+ v.size() v.size() v.size()
+20
s.ends_with(“abc”)
s.size(); s.length()

find // find a string or a char auto auto auto it=c.find(key)
size_t p=s.find(“ab") it=std::find(v.begin(),v.end( %$=C1fl?f(key) if (it != c.end())

size_t ),Val); é_ eéé%))_{}

p=s.find(“ab”,startPos); )

size t it=find_if(v.begin(),v.end(),

p=s.find_last_of(“ab”) [1(int a){return a>4;});

{}

contains ) e X s.contains(aKey) |m.contains(aKey)
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count

// count a char
std::count(s.begin(),
s.end(),’'a’);

// count a string

string s="abcd abcd";

string a="ab";

int p=s.find(a);

int count=0;

while (p!=string::pos) {
count++;
p=s.find(a,p+a.length());

I

std::count(v.begin(), v.end(),
la’);

Not meaningful Not meaningful

copy

s="abc”;
sl=s;

v=v1l

s=s1

m=m1l

sort

sort(s.begin(), s.end());

sort(s.begin(), s.end(),
cmpFunctionOrLambda)

same

already sorted already sorted

Reverse

#include <algorithm>
reverse(s.begin(),s.end())

// reverse a copy
string s =
string(s.rbegin(),
s.rend());

reverse(v.begin(), v.end())

X

but can create a set | but can create a map in
in descending order | descending order

such as:
set<int,

greater<int>> s = {1,

3,5, 7}

X
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Compa re A== same Ssame Same
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Python Java C++ (container)
int al10]; int al10];
array<int, 10> a; // #include <array>
list (dynamic array with references) ArraylList vector (dynamic array, single contiguous array)
ArrayDeque list (double linked list): random access not support,

deque (indexed, double-linked list)

LinkedList (indexed,
double-linked 1list)

insertions/removal at arbitrary positions
forward list (single linked list)

deque: segmented array, combine vector’s random
access and list’s insertion/removal speed at both
ends

Stack, Queue (default container is deque, but not
support random access)

heapq, PriorityQueue PriorityQueue priority_queue (max heap)
set HashSet unordered_set 0(1) (hash table)
pip install ordered-set TreeSet set (sorted set) 0(log n) (binary search tree)
LinkedHashSet
multiset, unordered multiset
HashMap unordered_map 0(1)
TreeMap map (natural sorted map) 0(log n)
dict (keep insertion order) LinkedHashMap vector+unordered_map

multimap, unordered multimap

tuple

pair // 2 elements
tuple // multiple elements

l.sort(); sorted(l, reverse=True)
l.reverse(); reversed(1)

d={k:d[k] for k in sorted(d.keys())}

d={k:d[k] for k in
sorted(d.keys(),key=1lambda e:d[e])}

Arrays.sort(array,

Collections.reverseOrder())

Collections.sort(1,

Collections.reverseOrder())

sort(a, a+n);
sort(a, a+n, greater<int>);
sort(a, a+n, cmpFunc)
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