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PSA: Lectures

* One lecture may be moved some time during the next few weeks

2 Course TDT4102 - Lecture 4 @NTNU




PSA: std::printin()

* Issues on Windows have been fixed!
* For new projects: should work right off the bat
* For existing projects: open folder in VS Code, then use
Create new project > GUI configuration

* Are you on MacOS and using Sequoia or Tahoe (>= 15.7.2)?
* If you get compilation errors because of std::printin(), open

Terminal and use the following command:
sudo rm -rf /Library/Developer/CommandLineTools

You will be asked your password. Press enter when done. Then:
xcode-select -install

Follow the on-screen instructions in the window that pops up
When it’'s done, running clang --version inthe terminal should
show version 17 or higher: | il Rt E

Apple clang version 17.0.0 (clang-1700.6.3.2)
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PSA: Insperagving

* Must be approved to be able to take the exam!
* No need to prepare, the point is to get used to the process of writing
and delivering code on the exam computers
e This is intended to be a tutorial in the real exam setting, not a test
of your knowledge!
e Held physically at Sluppen

e Dates are not entirely set, but currently looks like:
« 14" of April 9:00 — 13:00
e 17™ of April 9:00 — 13:00

(later than initially planned!)
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Last lecture

* C++ syntax

* Debugging

e Strings

* Functions

e Basics of graphics
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Today

 Obnoxious Phone Volcano Coat Quick
* std::vector and std::array

* Const & constexpr

* The terminal (if there’s time)
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Obnoxious Phone Volcano Coat Quick
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~ The Random
B Number Generator

o

Me trying to farm
acommon item

-




Demonstration: RNG in C++
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Random

 Computers are great at computing things, but not so much at
choosing things randomly

* We therefore compute pseudorandom numbers

* A pseudorandom number generator function computes a new
random value based on the one it generated previously.

 The initial value is called a «seed», and is often derived from
another source of randomness

f(501) f(384) f(277) f(914) f(530)
——» — —» — —»

277 914 530 464

501

384
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11

One way to generate randomness: point a camera at lava lamps!
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Minecraft 1.19.3

Create Hew Horld

Some games even let
d for the world generataor you set the random
seed value explicitly

S g T e This can also have an
T ——y advantage: random
numbers are now
predictable!
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Many noise functions exist. Perlin noise is
a popular one due to its somewhat slow
variability. Great for terrain generation!
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Random

* Using the C++ standard library to compute random numbers

// Generate a random seed using the operating system This tends to be costly, so we only
random_device device; / use it to generate a random seed.
unsigned long randomSeed = device();

You can use any value you please
// Initialise the random engine / as the random seed. We'll use the
default_random_engine engine(randomSeed); randomly generated one here.

This is the range in which random

// Now you can generate numbers! numbers will be generated
uniform_int_distribution integerDistribution(0, 10000); (between 0 and 10,000).
for(int 1 = 0; 1 < 100; i++) {

cout << "Generated a random integer: " << integerDistribution(engine) << endl;

} \
This generates the

random number
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Random

* Using the C++ standard library to compute random numbers

// Generate a random seed using the operating system
random_device device;
unsigned long randomSeed = device();

Want floating point numbers instead?
It's almost exactly the same process!
You just use a uniform_real_distribution

// Initialise the random engine
default_random_engine engine(randomSeed);

// Now you can generate numbers!
uniform_real_distribution floatDistribution(0.0, 10000.0);
for(int 1 = 0; 1 < 100; i++) {
cout << "Generated a random float: " << floatDistribution(engine) <<
endl;

}
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Random

* Pseudorandom number generator functions can be
surprisingly simple. Here’s the one used in many
implementations of the C++ standard library:

unsigned int random(unsigned int previousNumber) {
unsigned long multiplier = 16807,
unsigned long divider = 2147483647,
return (multiplier * previousNumber) % divider,
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Today

* Obnoxious Phone Volcano Coat Quick
e std::vector and std::array <« Only thing that should be left
« Const & constexpr for assignment 2!

* The terminal (if there’s time)

From next week we’ll be a bit
further ahead in the lectures,

and there will be 1 lecture per
assignment topic :)
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Vectors and Arrays

* \We often want to not just store one value,
but a list of multiple values that are related.

For example:
* Measurements from sensors
« At what times you unlocked your phone throughout the day
* Your player inventory in a game

* Vector: list that can expand dynamically
e Similar to a List in Python
« Astd::stringis almost exactly a std: :vector<char>

 Array: list that has a constant number of elements
* Similar to a Tuple in Python

* The primary difference with Python is that in C++ lists, all
elements must have the same datatype.
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Using vectors

std::vector<int> vec {57, 19,

28, 89, 65, 68, 49%: 57 119 |28 |89 | 65|68 |49
vec.push_back(-43); 57 119 |28 | 89 | 65|68 |49 | -43
vec.at(0) -= 15; 42 | 19 | 28 |89 | 65 | 68 | 49 | -43
vec.at(5)++; 42 119 | 28 | 89 | 65 | 69 | 49 |-43
vec.at(2) = vec.at(7); 42 | 19 |-43 |89 | 65 | 69 | 49 | -43
vec.push_back(vec.size()); 42 119 |[-43 (89 | 65|69 |49 |-43| 8
vec.resize(5); 42 | 19 |-43| 89 | 65
vec.resize(8); 42 119 |-43(89 (65| 0| 0| O

vec.at(10) = 5; // ERROR: index out of range
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Using arrays

std:

arr

arr

arr

arr

arr

arr

21

If you do not specify all values,

they will be uninitialised. \

rarray<int, 5> arr {-65, 86, 10, 63};
.at(4) = 51,

at(2)++;

.at(0) = arr.at(1) + 10;

.at(3) = arr.size();
.F111(20); // vector does not have this!

.at(-1) = 5; // ERROR: index out of range
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Demonstration: std::vector
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Vectors and Arrays: cout

e \ectors cannot be used with cout

vector<int> numbers = {1, 2, 3, 4, 5};
std: :cout << numbers << std::endl; // Error!

e But they can be used with printin()!

// Prints: Contents: [1, 2, 3, 4, 5]
std: :println("Contents: {}'", numbers);

23 Course TDT4102 - Lecture 4 @NTNU




Task

* Setup
* In VS Code, open a new folder using File > Open folder...
* Use Create New Project > Lectures > Lecture 04 > Task — vector
* Once Meson finishes, compile the project

* Objective:
* In the main() function, write some code that reverses the vector of integers.

* Challenge / exam preparation: write a function that sorts the list of numbers
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This test program creates a
massive vector.

You can even see the memory
the program is using increase in
Activity Monitor (Mac) or

Task Manager (Windows)

int main() {
std: :vector<int> vec
while(true) {

Process Name User

Vectors can store as much data
as your computer has space for

i= Processes ‘ () Resources [B] File systems Q - O 0

%CPU  ID Disk read tot

Bl program

w Memory and Swap

14

vec.push_back(5);

}

25

1 miin 50 sacs 40 sacs

Memory
13,3 CB (40,1%) of 33,2 GB
Cache 3,5 GB
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- 60 %
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| 0%

20 sacs 10 s8cs

é] Swap
26,5 MB (1,2%) of 2,1 GB
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Which should you use?

* Vector:
If you need a list, the vector is the most flexible of
the two, and if you don’t have a good reason to use
an array, the vector should be your default choice.

* Array:
If you need to store a fixed (usually small) list whose
length will never change, the array has a speed
advantage over the vector, and communicates its
size to someone reading your code. You can see the function

expects a 3D (maths) vector

double computeSpeed(std::array<double, 3> distanceCovered, double timeSpent) { /* .. */ }
double computeSpeed(std::vector<double> distanceCovered, double timeSpent) { /* .. */ }

& NTNU
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You really shouldn’t use the [ ] operator

* The [ ] operator that Python uses for lists is also in C++:

std::vector<int> vec {1, 2, 3, 4, 5};
vec[3] = 28;
cout << vec[l] << endl;

* Except there is one small difference: it does not check if
the index you put in is inside the bounds of the list:

std::vector<int> vec {1, 2, 3, 4, 5};
cout << vec[5] << endl; // no error!
cout << vec.at(5) << endl; // error: out of range
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You really shouldn’t use the [ ] operator

* C++ has C-style arrays that only have the [ | operator
and no bounds checking. They’re not recommended!

int vec[5] {1, 2, 3, 4, 5};
std::cout << vec[5] << std::endl;
std::cout << vec.at(5) << std::endl; // Does not compile!

We’'ll talk more about these kinds of arrays in a later
lecture
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You really shouldn’t use the [ | operator

RU.. [>| Buildand.. v | §3 - C* main.cpp X @__cxa_throw
\ VARIABLES ©) G+ main.cpp > & main()
> numbers = size=5 2
I ” - 3 int main() {
uckyhumber = 4 vector<int> numbers = {1, 2, 3, 4, 5};
winningNumber = 1 5 numbers.at(10);
> Static 6
Nt / Now you can use the local variables
> WATCH 3 N :
section to see the length of your vector
v CALL STACK Paused on breakpoint 9
__cxa_throw @__cxa_thr... (3 10

std::__1::__throw_out_of_range[c PROBLEMS OUTPUT TERMINAL DEBUG CONSOLE P

std::__1::vector<int, std::__1:: |:|

std::__1::vector<int, std::__1::

main main.cpp (5:13




You really shouldn’t use the [ | operator

e Here is what an out of bounds error looks like:

RU.. [> Buildand.. v | 3 - G+ main.cpp @__cxa_throw X
> VARIABLES 1 ; Symbol: __cxa_throw
S WATCH 2 ; Source: unknown
D 3 [187B4FB7C: 7F 23 03 D5
v CALL STACK Paused on breakpoint 4 187B4FB8A: F6 57 BD A9
——cxa_throw @__cxa_thr.. (3 5  187BAFBS4: F4 4F 01 A9
std::__1::__throw_out_of_range[c 6 187B4FB88: FD 7B 02 A9
N std::__1::vector<int, std::__1:: 7 187B4FB8C: FD 83 00 91
i std::__1::vector<int, std::__1:: 8 : 187B4FBI0: F3 03 02 AA
_ _ 9 Click through the mess to a call stack
main main.cpp «45*S- 10 entry that is from one of your functions!
start 11 187B4FBY9C: 61 F2 FF 97
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It may not sound like a big deal, but it really Is!

e At best your program is not affected, but it is likely to
cause bugs, and the program will not tell you.

* It can also cause some very funky behaviour:

int main() {
int value = 10;
std::array<int, 5> list;
list[5] = 5, // Use -1 on MacO0S
std::cout << value << std::endl; // often prints 5
return 0;
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You can even crash your program!

File Edit Selection View Go Run Terminal Help =
RUN AND DEBUG D> Build and Run Debug v~ €8 - main.cpp > < ¥ T O 0O~
“ VARIABLES main.cpp > @ main(
#include "std_lib_facilities.
confuseDebugger() {
array< , 5> list;
list[7] = o;
list[8] = @;
ﬁ 1 }
v WATCH () {
confuseDebugger();
return @;
12 }
v CALL STACK @ PROBLEMS QUTPUT DEBUG CONSOLE
v 1: tid=5208 PAUSED ON EXCEPTION  ID & ¥ 7T To the point that the
ul
Internal debugger error: Can't read instructions at that address. 1| d ebu er | S Confuse dl
> 2:tid=6868 PAUSED 99 )
> 4:tid=7060 PAUSED
> 3:tid=8496 PAUSED
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Or exploit it In nefarious ways..

TAL VE Racords: 123140

CoOese DDT4A02 e vectiirets % NTNU


https://cve.mitre.org/cgi-bin/cvekey.cgi?keyword=%22buffer+overflow%22
https://cve.mitre.org/cgi-bin/cvekey.cgi?keyword=%22buffer+overflow%22

Today

e Obnoxious Phone Volcano Coat Quick
* std::vector and std::array

* Const & constexpr

* The terminal (if there’s time)
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Const

e Used for constants

 The const keyword is added in front of the data type

» Const variables can only be assigned a value once, and
the variable becomes read-only after it is initialised

const int count = 10;
count++; // error
std: :cout << count << endl; // ok!

A const value can be still be copied to another variable

int copyOfCount = count;
copyOfCount++; // ok!
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Const

* Const also works on more complex data types like
std::string and std::vector

const std::string constantMessage = "Hello there";

expression must be a modifiable lvalue

const std::__1::string constantMessage

View Problem (CF8) Quick Fix... (&.)
constantMessage.at(4) = 'l';
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Const

* Const will be making appearances over the course of
the course
* Usually used to communicate that something is not
Intended to be modified

* Const also allows the compiler to apply specific
optimisations
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Constexpr
A more advanced version of const

* Indicates that a value should be computed by the
compiler while it is compiling your program

constexpr int precomputed = 15 + 16;

constexpr double estimatePi() {
double pi = 0;
int sign = 1;
for(int 1 = 1; i < 50000; i++) {
pi += 4.0 / (((2 * 1) - 1) * sign);
sign *= -1,
¥

return pi;

}

constexpr double pi = estimatePi();
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Constexpr

 Compilers are encouraged, but not required, to perform
computations marked with constexpr at compile time

e Conversely, per the C++ standard, a compiler is not
necessarily allowed to run functions at compile time unless
they are marked as constexpr

* Not all functions are supported:
* Only literal data types as parameters (mostly numbers)
* Only literal data types as return type
* Only short functions
* Compiler complains if it takes too long
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Task: which data type?

Apples
Bfel)oad 1) Shopping list g
Crisps 10

2) Histogram

3) Tier list

4) A chunk in Minecraft

5) A calendar with a list of
appointments for each day
Pick a data type that can store the data of each of the above
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Today

e Obnoxious Phone Volcano Coat Quick
* std::vector and std::array

* Const & constexpr

* The terminal (if there’s time)
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The terminal

* Atext-based interface to your computer, much like
the graphical interface you use every day

e Terminals run one command at a time, then wait for
you to put in a new one

* In contrast to the graphical interface, you can run
programs with parameters that affect their behaviour
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The terminal

e Terminals have a «current directory», like File
Explorer on Windows or Finder in MacOS

* Any files you use in commands will be relative
to the current directory
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Pinto Quick Copy Paste . New o Properties
Lopy = Copyto Rename
access @ ' folder - e
Clipboard Organise New Open
« v 4[]« git > TOT4102-examples > v o
- ~
— This BC Name Date modified
¥ 30 Objects it
I Desktop algorithm - accumulate inner_product p..
= elgorithm - find and find_if
[£] Documents
algorithm - for_each unique_copy merge..
4 Downloads
bug
b Music callSequence
=] Pictures chrmays
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B videos cleanAir V1
4 Local Disk (C) CMBsigma
DSk D) command line arguments
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Relative file paths

A relative file path specifies the location of a file or directory relative
to the current directory

Syntax:

* Directories are separated using a /
Example: “builddir/meson- logs/meson- log. txt”

* A period (.) means “this directory”
Example: “. /builddir/program.exe”

* Adouble period (..) means “the directory above”
Example: “../../main.cpp”
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The terminal: current directory

* List the contents of the current directory:
Ls

e Change the current directory:
cd [directory]

* Show the path of the current directory:
echo "${PwWD}"
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The terminal: files and directories

e Create a new directory:
mkdir [directory name]

e Delete a directory (and its contents):
Windows: rmdir [directory name]

MacOS /Linux: rm -rf [directory name]

* Create a new file:
Windows: New-Item -ItemType file [filename]
MacOS / Linux: touch [filename]

* Delete afile:
rm [filename]
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Open a terminal at a folder

* Windows:
* Hold shift =
* Right click in an empty part of a folder = —y
* Select “open PowerShell window here”
or “open Terminal window here”

aaaaaaaa

* Mac:
* Right click on a folder
e Select services
* Select “New Terminal at Folder”
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Compiling a C++ program

The first thing we need is a C++ source file.

We'll use the basic one for now:

#include '"std lib facilities.h"

int main() {
std: :cout << "Hello, World!" << std::endl;
return 0;

Next we need a compiler!
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There are many compilers..

 LLVM / Clang
e Used in the course
 LLVM is a set of tools to build compilers

« GCC (GNU Compiler Collection)
* Developed by the Free Software Foundation

* MSVC (Microsoft Visual C++)
* Microsoft’'s C++ compiler
* Only available on Windows

* icc (Intel C++ compiler)

And a LOT more!

49
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But how do they differ?

* Implement C++ (and its standard library) in a
slightly different way

* Optimises your code in different ways

* Sometimes have specific language extensions or
features

e Some tools only work with a specific compiler
E.g. clang-tidy

) Course TDT4102 - Lecture 5 @ NTNU




Compiling a program
Windows:

c lang++ main.cpp -0 program.exe

MacOS / Linux: Indicates that the filename of the
J executable follows

c lang++ main.cpp -0 program

/S \

The compiler Name of the C++ file Name of the
you want to compile executable file
51 Course TDT4102 - Lecture 5
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We need to make some changes..

#include '"std lib facilities.h"

int main() {
std::cout << "Hello, World!" << std::endl;
return 0;

main.cpp:1:10: fatal error:
'std _lib_facilities.h' file not found
#include "std_1ib_facilities.h"

1 error generated.
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Now the program compiles!

#include <iostream>

int main() {
std::cout << "Hello, World!" << std::endl;
return 0;

bart@TURBONINJA:~/workspace$ ilang++ main.cpp -0 program

bart@TURBONINJA: ~/work:
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Running a program
Windows:

./program.exe

MacOS / Linux:

./program

bart@TURBONINJA:~/workspace$ ./program
Hello there!
bart@TURBONINJA:~/workspace$ J
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We are vectorious!

And done for today :)

Next time: how to create projects with multiple
.cpp source files!
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