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Introduction

What is the STL?

Library accessible everywhere

Solving common problems

Modular design

Efficiency
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Introduction

Standard Template Library
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Introduction

Design principles of STL

® Should be as general as possible
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Introduction

Design principles of STL

® Should be as general as possible
® Solves common problems

® The common case should be convenient

Must work together with user-defined code

Efficient enough to replace hand-written alternatives

Should have robust error handling
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Introduction

Components

Algorithms
Containers
Functions
Iterators
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10

Streams
’ostringstream ‘ l ofstream ‘ liostream ‘ lifstream ‘ ’ istringstream‘

PAN

’ stringstream }——{ fstream ‘
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10

Streams

std::cout std::cin

ostream istream

ostringstream ‘ l ofstream ‘ liostream ‘ lifstream ‘ ’ istringstream
N

’stringstream %—4ﬁ fstream‘

II LINKOPING
o UNIVERSITY



8/42

10

Streams
Output Input
’ostringstream ‘ l ofstream ‘ liostream ‘ lifstream ‘ ’ istringstream‘
N

’ stringstream }——{ fstream ‘
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10

Stream operators

template <typename T>

ostream& operator<<(ostream& os, T&& data)

{
// write data to the device
return os;

}

//

cout << 1 << 2;
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10

Stream operators

ostream& operator<<(ostream& os, T&& data);

cout << 1 << 2;
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Stream operators

ostream& operator<<(ostream& os, T&& data);

(cout << 1) << 2;
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Stream operators

ostream& operator<<(ostream& os, T&& data);

operator<<(cout, 1) << 2;
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10

Stream operators

ostream& operator<<(ostream& os, T&& data);

cout << 2;
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10

Stream operators

ostream& operator<<(ostream& os, T&& data);

(cout << 2);
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10

Stream operators

ostream& operator<<(ostream& os, T&& data);

cout;
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10

Devices

ostream& operator<<(ostream& os, T&& data);

int main()

{
ostringstream oss{};
ofstream ofs{"my file.txt"};
cout << 1; // write to terminal
0ss << 1; // write to string
ofs << 1; // write to file
oss.str(); // access string
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10

Devices

istream& operator>>(istream& is, T& data);

int main()

{
int x;
istringstream iss{"1"};
ifstream ofs{"my file.txt"};
cin >> x; // read from terminal
0ss >> x; // read from string
ofs >> x; // read from file
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10

Error handling

int x;
ifstream ifs{"file"};
while (ifs >> x)

{
b

Exits loop if:

// do stuff
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10

Error handling

int x; . .
ifstream ifs{"file"}; Exits loop if:
while (ifs >> x) unable to read as int
{
// do stuff
}
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10

Error handling

int x; . .r.

ifstream ifs{"file"}; Exits loop if:

while (ifs >> x) unable to read as int

{ found end of file character
// do stuff

}
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10

Error handling

int x;
ifstream ifs{"file"};
while (ifs >> x)

{
b

// do stuff

13/42

Exits loop if:
unable to read as int
found end of file character
file is corrupt
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Error handling

int x;
ifstream ifs{"file"};
while (ifs >> x)

{
b

// do stuff
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Error handling

int x;
ifstream ifs{"file"};
while (ifs >> x)

{
b

// do stuff
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Exits loop if:
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10

Error handling

int x;
ifstream ifs{"file"};
while (ifs >> x)

{
b

// do stuff

13/42

Exits loop if:
fail: unable toreadas int
eof: found end of file character
bad: fileis corrupt

LINKOPING
II.“ UNIVERSITY



14/42

10

Error handling

int x;

ifstream ifs{"file"};

ifs >> x;

if (ifs.fail()) // unable to read as int
/7 ...

else if (ifs.eof()) // reached end of file
/7 ...

else if (ifs.bad()) // device is corrupt
/]
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10

Error flags

istream& operator>>(istream& is, T& t)

{

// try to read from is
if (/* unable to read as T */)

{

is.setstate(ios::failbit);

}

return 1is;

}
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10

Error flags

ios::failbit

stream operation failed

ios::eofbit

device has reached the end

ios::badbit

irrecoverable stream error

ios::goodbit

no error

16/42
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10

Converting from strings

17/42

int main(int argc, char* argv[])
{

int x;

istringstream iss{argv[1]};

if (!(iss >> x))

// error

// reset flags
iss.clear();

// continue

int main(int argc, char* argv[])

{
int x;
try
x = stoi(argv[1l]);
catch (invalid_argumenté& e)

// error

// continue

II LINKOPING
o UNIVERSITY



18/42

10

Converting from strings

istringstream version stoi version
+ More general -+ No extra objects
+ Cheaper error path + Easier error handling
— Requires a stream — Expensive error path
— Must check flags — Only works for int
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10

What will be printed?

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

stringstream ss{};

ss << "123a bc hello";
int n{};

char c{};

string str{};

if (ss >> n >> n >> ¢) cout << n << " ";
ss.clear();

if (ss >> ¢ >> c) cout << c << " ",
ss.clear();

if (ss >> str) cout << str << " ';
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Containers

Containers

® Sequential Containers
® Associative Containers

® Container Adaptors
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Sequential Containers

Important concepts

® Memory allocations
® CPU caching

® Pointer invalidation
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Sequential Containers

What is a sequential container?

e Data stored in sequence
® Accessed with indices

® Ordered but not (necessarily) sorted
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Sequential Containers

Which sequential containers are there?

® std:
® std:
® std:
® std:

® std:

:array
:vector

:list
:forward_1list

:deque
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Sequential Containers

std::array

data

0

0]

0

0

std::array<int, 4>

std::array<int, 4> array{},;
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Sequential Containers

std::array

data| @ [ @ | O | O

std::array<int, 4>

array[0] = 1;
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Sequential Containers

std::array

data| 1 [ @ | O | O

std::array<int, 4>

array[0] = 1;

LINKOPING
II.“ UNIVERSITY



25/42

Sequential Containers

std::array

data| 1 [ @ | O | O

std::array<int, 4>

array[1] = 2;
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Sequential Containers

std::array

data| 1 [ 2 [ O© | O

std::array<int, 4>

array[1] = 2;
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Sequential Containers

std::array

data| 1 [ 2 [ O© | O

std::array<int, 4>

array[2] = 3;
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Sequential Containers

std::array

data| 1 [ 2 ([ 3| ©

std::array<int, 4>

array[2] = 3;
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Sequential Containers

std::array

data| 1 [ 2 ([ 3| ©

std::array<int, 4>

array[3] = 4;
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Sequential Containers

std::array

data| 1 | 2| 3| 4

std::array<int, 4>

array[3] = 4;
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Sequential Containers

std::array

® insertion: not applicable
® deletion: not applicable

® lookup: O(1)
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Sequential Containers

std::array

+ No memory allocations
-+ Data never move in memory

— Fixed size

Size must be known during compilation
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Sequential Containers

Example

#include <array>
7 oo
int main()

std::array<int, 5> data{};
for (unsigned i{}; i < data.size(); ++i)

cin >> data.at(i);
}
for (auto&& i : data)
cout << i << endl;

}
}
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Sequential Containers

std: :vector

data [i]
size
capacity

std: :vector<T>

std::vector<int> vector{};
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Sequential Containers

std: :vector

data [i]
size
capacity

std: :vector<T>

vector.push_back(1);
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Sequential Containers

std: :vector

1

data [i]
size
capacity

std: :vector<T>

29/42

vector.push_back(1);
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Sequential Containers

std: :vector

1

data [i]
size
capacity

std: :vector<T>
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vector.push_back(2);
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Sequential Containers

std: :vector

12

data [i]
size
capacity

std: :vector<T>
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vector.push_back(2);
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Sequential Containers

std: :vector

12

data [i]
size
capacity

std: :vector<T>

29/42

vector.push_back(3);
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Sequential Containers

std: :vector

1(2(3

data [i]
size
capacity

std: :vector<T>

vector.push_back(3);
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Sequential Containers

std: :vector

1(2(3

data [i]
size
capacity

std: :vector<T>

vector.push_back(4);
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Sequential Containers

std: :vector

1(2 (3|4

data [i]
size [:]
capacity

std: :vector<T>

vector.push_back(4);
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Sequential Containers

std: :vector

1(2 (3|4

data [i]
size [:]
capacity

std: :vector<T>

vector.push_back(5);
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Sequential Containers

std: :vector

1(2 (3|4

data [i]
size
capacity

std: :vector<T>

vector.push_back(5);
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Sequential Containers

std: :vector

1(2 (3|45

data [i]
size
capacity

std: :vector<T>

vector.push_back(5);
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Sequential Containers

std: :vector

1(2 (3|45

data [i]
size
capacity

std: :vector<T>

vector.erase(vector.begin() + 2);
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Sequential Containers

std: :vector

12 415

data [i]
size [:]
capacity

std: :vector<T>

vector.erase(vector.begin() + 2);
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Sequential Containers

std: :vector

112 4 |5

f N
data [i]
size [:]

capacity

std: :vector<T>

vector.erase(vector.begin() + 2);
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Sequential Containers

std: :vector

1124 5

data [i]
size [:]
capacity

std: :vector<T>

vector.erase(vector.begin() + 2);
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Sequential Containers

std: :vector

112 |4 5
f N
data [i]
size [:]
capacity

std: :vector<T>

vector.erase(vector.begin() + 2);
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Sequential Containers

std: :vector

1124|565

data [i]
size [:]
capacity

std: :vector<T>

vector.erase(vector.begin() + 2);
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Sequential Containers

std: :vector

® insertion:
* atend: O(1)
* otherwise: O(n)
® deletion:
* last element: O(1)
* otherwise: O(n)

® lookup: O(1)
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Sequential Containers

std: :vector

+ Data is sequential in memory
-+ Dynamic size

— Entire data range can move in memory

Dynamic allocations are slow
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Sequential Containers

Example

#include <vector>
// ...
int main()

std::vector<int> data{};
int x{};
while (cin >> x)

data.push_back(x);

for (auto&& i : data)
cout << i << endl;
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Sequential Containers

std::list

first Egj
last Egj
size

std::list<T>

std::list<int> list{};
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Sequential Containers

std::list

first Egj
last Egj
size

std::list<T>

list.push_back(1);
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Sequential Containers

std::list

first Bai 1 E
last [E}AAAAAJ
size

std::list<T>

list.push_back(1);
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Sequential Containers

std::list

first Bai 1 E
last [E}AAAAAJ
size

std::list<T>

list.push_back(2);
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Sequential Containers

std::list

first N1 [7=[[2 N
last [:} 4
size

std::list<T>

list.push_back(2);
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Sequential Containers

std::list

first N1 [7=[[2 N
last [:} 4
size

std::list<T>

list.push_back(3);
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Sequential Containers

std::list

FaE M BiSIBESIRT
last
size

std::list<T>

list.push_back(3);
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Sequential Containers

std::list

FaE M BiSIBESIRT
last
size

std::list<T>

list.push_back(4);
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Sequential Containers

std::list

firse [\ 2 [T [2 [T [s [Tt [« [\
last [:} L
size

std::list<T>

list.push_back(4);
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Sequential Containers
std::list
® insertion:
* atthe ends: O(1)
* otherwise: O(n)
® deletion:
* first or last element: O(1)
* otherwise: O(n)

* lookup: O(n)
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Sequential Containers

std::list

+

elements never move in memory
+ Operations around a specific element is O(1)
— Many allocations (one for each element)

— Linear lookup
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Sequential Containers

std::list

+ elements never move in memory

+ Operations around a specific element is O(1)
— Many allocations (one for each element)

— Linear lookup

— Makes the CPU cache very sad :(
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Sequential Containers

Example

#include <list>
#include <vector>
70 saa

int main()

std::list<int> data{};
std::vector<int*> order{};
int x;

while (cin >> x)

data.push_back(x);
order.push_back(&data.back());

data.sort();
int i{e},;
for (auto&& val : data)

cout << val << ", " << *order[i++] << endl;
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Sequential Containers

std: :forward_1list

first ESJ
size

std::forward_list<T>

std::forward_list<int> list{};
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Sequential Containers

std: :forward_1list

first ESJ
size

std::forward_list<T>

list.push_front(1);

LINKOPING
II.“ UNIVERSITY



37/42

Sequential Containers

std: :forward_1list

first [3}444> 1 E
size

std::forward_list<T>

list.push_front(1);
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Sequential Containers

std: :forward_1list

first [3}444> 1 E
size

std::forward_list<T>

list.push_front(2);
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Sequential Containers

std: :forward_1list

first [E}AA—>LEALfAAA» 1 E
size

std::forward_list<T>

list.push_front(2);
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Sequential Containers

std: :forward_1list

first [E}AA—>LEALfAAA» 1 E
size

std::forward_list<T>

list.push_front(3);
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Sequential Containers

std: :forward_1list

e R EIEEIESEY
size

std::forward_list<T>

list.push_front(3);
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Sequential Containers

std: :forward_1list

e R EIEEIESEY
size

std::forward_list<T>

list.push_front(4);
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Sequential Containers

std: :forward_1list

rarst 4 [ [z [N
size

std::forward_list<T>

list.push_front(4);
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Sequential Containers

std: :forward_1list

® insertion:
® in beginning: O(1)
* otherwise: O(n)

® deletion:
e first element: O(1)
* otherwise: O(n)

* lookup: O(n)
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Sequential Containers

std: :forward_1list

+ Less memory per element compared to std
— No O(1) operations on last element

— Unable to go backwards

prlist
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Sequential Containers

std: :deque

begin Egj
data [:}
size
chunks

std: :deque<T>

std::deque<int> deque{};
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Sequential Containers

std: :deque

begin Egj
data [:}
size
chunks

std: :deque<T>

deque.push_back(1);
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Sequential Containers

std: :deque

begin ﬁgj
data [:} 7
size
chunks

std: :deque<T>

deque.push_back(1);
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Sequential Containers

std: :deque

! '

begin [f]
1
data [:} 7
size
chunks

std: :deque<T>

deque.push_back(1);
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Sequential Containers

std: :deque

! '

begin [f]
1
data [:} 7
size
chunks

std: :deque<T>

deque.push_back(2);
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Sequential Containers

std: :deque

! '
begin [f]
112
data [:} 7
size
chunks

std: :deque<T>

deque.push_back(2);
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Sequential Containers

std: :deque

! '
begin [f]
112
data [:} 7
size
chunks

std: :deque<T>

deque.push_back(3);
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Sequential Containers

std: :deque

! '
begin [f]
123
data [:} 7
size
chunks

std: :deque<T>

deque.push_back(3);
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Sequential Containers

std: :deque

! '
begin [f]
123
data [:} 7
size
chunks

std: :deque<T>

deque.push_back(4);
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Sequential Containers

std: :deque

! '
begin [f]
1121314
data [:} 7
size
chunks

std: :deque<T>

deque.push_back(4);
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Sequential Containers

std: :deque

! '
begin [f]
1121314
data [:} 7
size
chunks

std: :deque<T>

deque.push_back(5);
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Sequential Containers

std: :deque

! '
begin [f]
1121314
data [:} 7
size N
chunks

std: :deque<T>

deque.push_back(5);
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Sequential Containers

std: :deque

! '
begin [f]
1121314
data [:} 7
size J 5
chunks

std: :deque<T>

deque.push_back(5);
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Sequential Containers

std: :deque

! '
begin [f]
1121314
data [:} 7
size J 5
chunks

std: :deque<T>

deque.pop_front();
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Sequential Containers

std: :deque

! ¥
begin [f]
2134
data [:} 7
size J 5
chunks

std: :deque<T>

deque.pop_front();
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Sequential Containers

std: :deque

! ¥
begin [f]
2134
data [:} 7
size J 5
chunks

std: :deque<T>

deque.erase(deque.begin() + 2);
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Sequential Containers

std: :deque

! ¥
begin [f]
2|3
data [:} 7
size J 5
chunks

std: :deque<T>

deque.erase(deque.begin() + 2);
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Sequential Containers
std: :deque

: ¥
begin m
213
data D —+ )

size o 5
chunks

std: :deque<T>

deque.erase(deque.begin() + 2);
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Sequential Containers

std: :deque

! ¥
begin [f]
21315
data [:} 7
size N
chunks

std: :deque<T>

deque.erase(deque.begin() + 2);
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Sequential Containers

std: :deque

! ¥
begin [f]
21315
data [:} 7
size
chunks

std: :deque<T>

deque.erase(deque.begin() + 2);
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Sequential Containers
std: :deque
® insertion:
* atends: O(1)
* otherwise: O(n)
® deletion:
* atends: O(1)
* otherwise: O(n)

® lookup: O(1)
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Sequential Containers

std: :deque

+

Elements rarely move in memory

+ Fast operations at ends

-+ More cache friendly than std: : list
— Not contigous in memory

— Additional complexity gives slighly worse performance
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