
Live Coding
1) Pointers
2) C-style arrays
3) New and delete
4) Vector



Sequence 
Containers



Sequence Containers
A sequence container holds an ordered collection of values of the same type.

In the recorded lectures we introduced several sequence containers:

Abstract Data Type C++ data structure

Fixed size array C-style array and std::array

Resizable array std::vector

Linked list std::list (doubly linked) and 
std::forward_list (singly linked)



Fast and Slow

Before big Oh, there is fast and slow.

An operation is fast if it takes constant time.

An operation is slow if it can take time proportional 
to the number of elements in the container.

Bonus:  An operation is fast* if it takes amortized constant time.

Doing the operation    times takes time at most a constant times    .
<latexit sha1_base64="8+370im7CW8DU6bdqwndwnEPY/k=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx48SIkYB6QLGF20puMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8MOME/YgOJA85o8ZK9VGvVHYr7gxkmXg5KUOOWq/01e3HLI1QGiao1h3PTYyfUWU4EzgpdlONCWUjOsCOpZJGqP1sduiEnFqlT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhPe+BmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlO0IXiLLy+T5nnFu6pc1i/K1fs8jgIcwwmcgQfXUIU7qEEDGCA8wyu8OY/Oi/PufMxbV5x85gj+wPn8AdkUjQQ=</latexit>

k
<latexit sha1_base64="8+370im7CW8DU6bdqwndwnEPY/k=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx48SIkYB6QLGF20puMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8MOME/YgOJA85o8ZK9VGvVHYr7gxkmXg5KUOOWq/01e3HLI1QGiao1h3PTYyfUWU4EzgpdlONCWUjOsCOpZJGqP1sduiEnFqlT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhPe+BmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlO0IXiLLy+T5nnFu6pc1i/K1fs8jgIcwwmcgQfXUIU7qEEDGCA8wyu8OY/Oi/PufMxbV5x85gj+wPn8AdkUjQQ=</latexit>

k

Sometimes the operation is slow, but the average time per operation is fast.



Jeopardy

std::vector std::list

$100 $100

$200 $200

$300 $300

$400 $400



Fast or Slow

std::vector std::list std::deque

push_back fast* fast fast*

push_front slow fast fast*

pop_back fast fast fast*

pop_front slow fast fast*

insert in middle slow fast slow

erase from middle slow fast slow

get/set [i] fast slow fast



Practical Summary

Abstract Data Type C++ data structure Troy’s comments

Fixed size array C-style array and 
std::array use std::vector instead

Resizable array std::vector start here

Linked list
std::list (doubly linked) 
and std::forward_list 

(singly linked)
limited use cases:


Bjarne's talk

Deque std::deque alternative to std::vector 
when need to push_front

https://www.youtube.com/watch?v=YQs6IC-vgmo


Classes



Student Class Godbolt

https://godbolt.org/z/6aYWKbacr


Header Files



Header File

In large projects code is typically split
into header (.hpp) files and implementation 
(.cpp) files.

A header file contains the declaration of 
member functions—the types of the 
parameters and return value.

student.hpp

Usually the definition (actual implementation) 
goes into a corresponding .cpp file.



Implementation

student.cpp

include header



User of Student Class

main.cpp

With the student header file the compiler can check if this code makes sense.

This allows separate compilation—we can separately compile main.cpp and 
student.cpp and only later link them together.



Compilation

student.hpp

student.cpp

main.cpp

student.o

main.o

main

<latexit sha1_base64="N/UwxkGlTLRXhfRQ2O08yldTq20=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0FwVRLxtSy4cSNUsA9oQplMJu3QySTM3Ag19EvcuFDErZ/izr9x2mahrQcuHM65l3vvCTPBNbjut7Wyura+sVnZqm7v7O7V7P2Dtk5zRVmLpiJV3ZBoJrhkLeAgWDdTjCShYJ1wdDP1O49MaZ7KBxhnLEjIQPKYUwJG6tu1wgfAvsMlFXnEJn3bcevuDHiZeCVxUIlm3/7yo5TmCZNABdG657kZBAVRwKlgk6qfa5YROiID1jNUkoTpoJgdPsEnRolwnCpTEvBM/T1RkETrcRKazoTAUC96U/E/r5dDfB0UXGY5MEnni+JcYEjxNAUcccUoiLEhhCpubsV0SBShYLKqmhC8xZeXSfus7l3WL+7PncZdGUcFHaFjdIo8dIUa6BY1UQtRlKNn9IrerCfrxXq3PuatK1Y5c4j+wPr8AZDwkxU=</latexit>

#include

g++ -c main.cpp

g++ -c student.cpp

<latexit sha1_base64="N/UwxkGlTLRXhfRQ2O08yldTq20=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0FwVRLxtSy4cSNUsA9oQplMJu3QySTM3Ag19EvcuFDErZ/izr9x2mahrQcuHM65l3vvCTPBNbjut7Wyura+sVnZqm7v7O7V7P2Dtk5zRVmLpiJV3ZBoJrhkLeAgWDdTjCShYJ1wdDP1O49MaZ7KBxhnLEjIQPKYUwJG6tu1wgfAvsMlFXnEJn3bcevuDHiZeCVxUIlm3/7yo5TmCZNABdG657kZBAVRwKlgk6qfa5YROiID1jNUkoTpoJgdPsEnRolwnCpTEvBM/T1RkETrcRKazoTAUC96U/E/r5dDfB0UXGY5MEnni+JcYEjxNAUcccUoiLEhhCpubsV0SBShYLKqmhC8xZeXSfus7l3WL+7PncZdGUcFHaFjdIo8dIUa6BY1UQtRlKNn9IrerCfrxXq3PuatK1Y5c4j+wPr8AZDwkxU=</latexit>

#include

g++ student.o main.o -o main

To compile main.cpp we just need student.hpp and the object file student.o



Header Guards

roster.hpp

<latexit sha1_base64="Y1IDjxr5ptit6ohE5v4R6OPmg4Y=">AAACCnicbZDLSgMxFIYzXmu9jbp0E1sEV2VGvC0LbtwIFewFOqXNpGkbmsmE5IxQhq7d+CpuXCji1idw59uYtrPQ1h8CH/85J8n5QyW4Ac/7dpaWV1bX1nMb+c2t7Z1dd2+/ZuJEU1alsYh1IySGCS5ZFTgI1lCakSgUrB4Oryf1+gPThsfyHkaKtSLSl7zHKQFrtd2jNADAQZFLKpIuwwHGnY4BixJKA6UK47Zb9EreVHgR/AyKKFOl7X4F3Zgmkb2BCmJM0/cUtFKigVPBxvkgMUwROiR91rQoScRMK52uMsbH1uniXqztkYCn7u+JlETGjKLQdkYEBma+NjH/qzUT6F21Ui5VAkzS2UO9RGCI8SQX3OWaURAjC4Rqbv+K6YBoQsGml7ch+PMrL0LttORflM7vzorl2yyOHDpEBXSCfHSJyugGVVAVUfSIntErenOenBfn3fmYtS452cwB+iPn8wcFL5nk</latexit>

#include “student.hpp”

main.cpp

<latexit sha1_base64="Y1IDjxr5ptit6ohE5v4R6OPmg4Y=">AAACCnicbZDLSgMxFIYzXmu9jbp0E1sEV2VGvC0LbtwIFewFOqXNpGkbmsmE5IxQhq7d+CpuXCji1idw59uYtrPQ1h8CH/85J8n5QyW4Ac/7dpaWV1bX1nMb+c2t7Z1dd2+/ZuJEU1alsYh1IySGCS5ZFTgI1lCakSgUrB4Oryf1+gPThsfyHkaKtSLSl7zHKQFrtd2jNADAQZFLKpIuwwHGnY4BixJKA6UK47Zb9EreVHgR/AyKKFOl7X4F3Zgmkb2BCmJM0/cUtFKigVPBxvkgMUwROiR91rQoScRMK52uMsbH1uniXqztkYCn7u+JlETGjKLQdkYEBma+NjH/qzUT6F21Ui5VAkzS2UO9RGCI8SQX3OWaURAjC4Rqbv+K6YBoQsGml7ch+PMrL0LttORflM7vzorl2yyOHDpEBXSCfHSJyugGVVAVUfSIntErenOenBfn3fmYtS452cwB+iPn8wcFL5nk</latexit>

#include “student.hpp”
<latexit sha1_base64="/6qhyaBeZxzoOndTJurFSxWCkrc=">AAACCXicbVDJSgNBEO2JW4xb1KOXJkHwFGbE7Rjw4kWIYBbIhKSnU0ma9PQM3TVCGHL14q948aCIV//Am39jZzlo4oOCx3tVVNULYikMuu63k1lZXVvfyG7mtrZ3dvfy+wc1EyWaQ5VHMtKNgBmQQkEVBUpoxBpYGEioB8PriV9/AG1EpO5xFEMrZH0leoIztFI7T1MfkfpFobhMukB9SjsdHRkEXRrEcWHczhfdkjsFXSbenBTJHJV2/svvRjwJQSGXzJim58bYSplGwSWMc35iIGZ8yPrQtFSxEEwrnX4ypsdW6dJepG0ppFP190TKQmNGYWA7Q4YDs+hNxP+8ZoK9q1YqVJwgKD5b1EskxYhOYqFdoYGjHFnCuBb2VsoHTDNugzA5G4K3+PIyqZ2WvIvS+d1ZsXw7jyNLjkiBnBCPXJIyuSEVUiWcPJJn8krenCfnxXl3PmatGWc+c0j+wPn8ATZ/mXI=</latexit>

#include “roster.hpp”

Now the student.hpp is (indirectly) included twice in main.cpp.

These results in the Student class being defined twice, an error.

We prevent this with header guards.



roster.hpp

<latexit sha1_base64="Y1IDjxr5ptit6ohE5v4R6OPmg4Y=">AAACCnicbZDLSgMxFIYzXmu9jbp0E1sEV2VGvC0LbtwIFewFOqXNpGkbmsmE5IxQhq7d+CpuXCji1idw59uYtrPQ1h8CH/85J8n5QyW4Ac/7dpaWV1bX1nMb+c2t7Z1dd2+/ZuJEU1alsYh1IySGCS5ZFTgI1lCakSgUrB4Oryf1+gPThsfyHkaKtSLSl7zHKQFrtd2jNADAQZFLKpIuwwHGnY4BixJKA6UK47Zb9EreVHgR/AyKKFOl7X4F3Zgmkb2BCmJM0/cUtFKigVPBxvkgMUwROiR91rQoScRMK52uMsbH1uniXqztkYCn7u+JlETGjKLQdkYEBma+NjH/qzUT6F21Ui5VAkzS2UO9RGCI8SQX3OWaURAjC4Rqbv+K6YBoQsGml7ch+PMrL0LttORflM7vzorl2yyOHDpEBXSCfHSJyugGVVAVUfSIntErenOenBfn3fmYtS452cwB+iPn8wcFL5nk</latexit>

#include “student.hpp”

main.cpp

<latexit sha1_base64="Y1IDjxr5ptit6ohE5v4R6OPmg4Y=">AAACCnicbZDLSgMxFIYzXmu9jbp0E1sEV2VGvC0LbtwIFewFOqXNpGkbmsmE5IxQhq7d+CpuXCji1idw59uYtrPQ1h8CH/85J8n5QyW4Ac/7dpaWV1bX1nMb+c2t7Z1dd2+/ZuJEU1alsYh1IySGCS5ZFTgI1lCakSgUrB4Oryf1+gPThsfyHkaKtSLSl7zHKQFrtd2jNADAQZFLKpIuwwHGnY4BixJKA6UK47Zb9EreVHgR/AyKKFOl7X4F3Zgmkb2BCmJM0/cUtFKigVPBxvkgMUwROiR91rQoScRMK52uMsbH1uniXqztkYCn7u+JlETGjKLQdkYEBma+NjH/qzUT6F21Ui5VAkzS2UO9RGCI8SQX3OWaURAjC4Rqbv+K6YBoQsGml7ch+PMrL0LttORflM7vzorl2yyOHDpEBXSCfHSJyugGVVAVUfSIntErenOenBfn3fmYtS452cwB+iPn8wcFL5nk</latexit>

#include “student.hpp”
<latexit sha1_base64="/6qhyaBeZxzoOndTJurFSxWCkrc=">AAACCXicbVDJSgNBEO2JW4xb1KOXJkHwFGbE7Rjw4kWIYBbIhKSnU0ma9PQM3TVCGHL14q948aCIV//Am39jZzlo4oOCx3tVVNULYikMuu63k1lZXVvfyG7mtrZ3dvfy+wc1EyWaQ5VHMtKNgBmQQkEVBUpoxBpYGEioB8PriV9/AG1EpO5xFEMrZH0leoIztFI7T1MfkfpFobhMukB9SjsdHRkEXRrEcWHczhfdkjsFXSbenBTJHJV2/svvRjwJQSGXzJim58bYSplGwSWMc35iIGZ8yPrQtFSxEEwrnX4ypsdW6dJepG0ppFP190TKQmNGYWA7Q4YDs+hNxP+8ZoK9q1YqVJwgKD5b1EskxYhOYqFdoYGjHFnCuBb2VsoHTDNugzA5G4K3+PIyqZ2WvIvS+d1ZsXw7jyNLjkiBnBCPXJIyuSEVUiWcPJJn8krenCfnxXl3PmatGWc+c0j+wPn8ATZ/mXI=</latexit>

#include “roster.hpp”

The first time we encounter student.hpp the name STUDENT_HPP has 
not been defined.  The second line then defines it.

The next time we encounter student.hpp, STUDENT_HPP has already been 
defined.  The “if not defined” is false, so we skip including student.hpp again.


