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Requirements
• Prerequisites: Basics of MATLAB programming, no C knowledge 

required

• Learning activities and teaching methods: teaching, independent 
work & homework after each lecture and final project work including 
sufficiently long reports.
• You need to pass all homework assignments separately. Also, the final project 

must be passed. So, all homework need to be done and passed, and final 
project must be passed.

• Rough idea is that you spend around 5-7 hours per week on self study (e.g., 
reading the course book and other materials) and for homework. 

• Final grading is pass/fail

• After completing the course, the student • Knows fundamentals of C 
programming language • Knows how to call C function from MATLAB 
as a part of larger programs • Knows complex data types and 
multithreaded programming (OpenMP)• Knows most important 
functions of C standard library • Knows about use of AI in coding 
[new]



Why we want to use C with MATLAB?
• MATLAB  is designed to be a high-level language with a focus on ease of use and readability, and 

therefore may not always be optimized for performance-critical tasks. MATLAB is typically used 
for prototyping and simulation and may not be suitable for real-time applications.

• C is very useful skill for industry and programming in general
• Also, microcontrollers etc. do not run MATLAB. Instead, C code can be compiled to run natively on embedded 

systems, such as microcontrollers.
• Much more compact than alternatives such as C++ (those can be learned later if really needed)

• Using C with MATLAB makes input and output and visualization easy (not a strength of C…)

• Speed difference in code with lots of for loops, if else statements, integer operations, ...
• Well written C code can be faster (but MATLAB's JIT is often surprisingly fast)

• We can even make C code faster by using SIMD instructions via intrinsics or GCC vector types (not 
covered in this course) and parallel processing (covered in this course)

• Speed difference in codes with lots of matrix operations / FFTs / sorting is not a good reason to 
use C since MATLAB uses heavily optimized matrix routines (faster than we can write unless SIMD 
and cache optimization is used) and optimized FFT routine

• The input to C code in MATLAB should be as large as possible to avoid overheads of function calls 
(avoid calling C code inside for loop)

• Overall, using C with MATLAB provides a powerful combination of high-level functionality 
and performance, allowing you to create custom solutions that are tailored to your specific needs



http://cm.bell-labs.co/who/dmr/picture.html

C was developed at Bell Labs by Dennis Ritchie 1972-1973

http://cm.bell-labs.co/who/dmr/picture.html


Course Book

• Recommend student book for this course is:
• K. N. King, C Programming: A Modern Approach Second Edition (might be 

best book ever written about C, especially for beginners!) I

• Lectures are partly based on “The C Book” by Mike Banahan, Declan 
Brady and Mark Doran

• Available freely at: 
https://github.com/wardvanwanrooij/thecbook/releases/latest

This first lecture covers some aspects of Chapter 1

https://github.com/wardvanwanrooij/thecbook/releases/latest


C language difficulty

• ANSI C (C89/C90) has these keywords [note that we use C99 in this course, 
but these are the major keywords]

• You only need to remember 32 keywords! (plus, some library functions, 
pointers, etc.) [also for example “auto” and “register” are rarely used, 
“volatile” is more for embedded systems]

• Today we will mostly use “double”, “int”, “return”, “sizeof”, “void”, “while”, 
“extern”, “if” (that is already 8 out of 32!)



Installing C/C++ compiler

• You need MATLAB version 2018 or later

• Install C/C++ compiler from this link

• https://se.mathworks.com/matlabcentral/fileexchange/52848-matlab-
support-for-mingw-w64-c-c-compiler

• Installing it does not require admin rights!

• If for some reason you cannot install compiler, you can use MATLAB Online 
at https://matlab.mathworks.com/
• It has gcc installed (Currently under bug fixing, GCC compiling does NOT work)

• If you have Linux,  MATLAB should automatically detect GCC

• If you have Mac, you can check links in Moodle

https://se.mathworks.com/matlabcentral/fileexchange/52848-matlab-support-for-mingw-w64-c-c-compiler
https://se.mathworks.com/matlabcentral/fileexchange/52848-matlab-support-for-mingw-w64-c-c-compiler
https://matlab.mathworks.com/


Background in MATLAB

• Student is assumed to know basics of MATLAB

• If not go through the free course at 
https://matlabacademy.mathworks.com/  [MATLAB Onramp]

• How to install MATLAB: Go 
to https://se.mathworks.com/academia/tah-portal/university-of-
oulu-873976.html

https://matlabacademy.mathworks.com/
https://se.mathworks.com/academia/tah-portal/university-of-oulu-873976.html
https://se.mathworks.com/academia/tah-portal/university-of-oulu-873976.html


Background before first C program in MATLAB
• In the next slide the outputs are from C++ 

interpreter (by CERN) 

• Normally, C is a compiled language (you must 
compile the code before running it). For 
interactive experiments (a bit like in MATLAB), 
ROOT is recommended

• Notice that is C++ interpreter (not C) but for 
most parts of this course, the difference is not 
important.



Background before first C program in MATLAB
• In C we need to declare variables before using

• We also need to specify the data type of the variable

• “double” in C corresponds to the standard data type in MATLAB
• If you do not have good reason otherwise, use “double”

• Let us define variable with name “result” with type “double” and assign 
10.0 to it

• The 10.0 above is double but just 10 would be of type “int” (integer). 
However, if we write result = 10; => C will automatically cast the integer to 
10.0 (in this case)



Background before first C program in MATLAB
• The provided header file will call MATLAB_main function with one 

input: variable with name “input” 

• Double before function name means that function will return a 
double (by using the “return” statement with a value)

• A function cannot normally modify the input variables
• Variable defined inside a function are local to that that function

• We communicate with outside “world” by returning a value
• Another option is to use pointers that will be discussed later



Background before first C program in MATLAB

operator

+ addition a+b Sum of a and b

- subtraction a-b a minus b 

* product a*b product (multiplication) of a and b

/ division a/b a divided by b

% remainder a%b Remainder of a divided by b For integers only!



Background before first C program in MATLAB

double MATLAB_main(double input)

{

    double result; 

    result = 2*input; 

    return result;

} End of function

Function start

Function body / compound statement

Function input(s)Function name

Type of function 
output

Returned value 
from the function



Background before first C program in MATLAB

• #include directive copies the contents of the pointed header file to the 
current file

• #include “testi.h”   looks first for testi.h in the current directory

• #include <stdio.h> looks outside current directory

• Every C program must have main() function [and only one main() function] 
(in MATLAB C/MEX we have chosen to use to MATLAB_main() )

• Main function will always run first, no matter where it is in the code

• \n is a newline character which changes the line in the output terminal

Every C program must exactly one main() function
Our header file requires that every MATLAB C program to have exactly one 
MATLAB_main() function instead of main() [MATLAB does not work with main]



Our first C program in MATLAB
• You are supplied with the header file

  "MULTIPLE_INPUTS_ONE_OUTPUT_REAL.h“

• It makes calling C from MATLAB easier by already doing the error 
checking in inputs etc.

• Make file example_one_input_one_output.c and include in it: 

In normal C, we need to use main() as main function instead of 
MATLAB_main and also input arguments are different

Equivalent MATLAB code

#define NINPUT_ARGUMENTS 1 // Must be first in the file (value 1 to 7)!

#include "MULTIPLE_INPUTS_ONE_OUTPUT_REAL.h"

double MATLAB_main(double input)

{

    double result;

    // Calculate result

    result = 2*input;

    // Return the result

    return result;

}



Our first C program in MATLAB
• // Compile using (on MATLAB Command Window):

• // mex -R2018a example_one_input_one_output.c

• And output is (from MATLAB command prompt)

• >> out = example_one_input_one_output(10)

• out = 20

Correct!!!

Equivalent MATLAB code

We call the function by the 
filename (.C file) that contained 

MATLAB_main

#define NINPUT_ARGUMENTS 1 

#include "MULTIPLE_INPUTS_ONE_OUTPUT_REAL.h"

double MATLAB_main(double input)

{

    double result;

    // Calculate result

    result = 2*input;

    // Return the result

    return result;

}



Our first “real” C programs

Code using main() will not compile using mex 
compiler! Use GCC or online C compiler. 

Equivalent MATLAB code



Our first “real” C programs

Equivalent MATLAB code (MATLAB 
needs %f (%lf doesn’t work)



Our first “real” C programs



While statement

Loop body

condition

true

Statement after end of 
while body

while (condition)

{

    [ loop body ]

}

[Statements after while body]





• You can run the standard C programs with Online C compiler: 
https://www.onlinegdb.com/online_c_compiler   

• Please make sure to use these compiler flags (they will help to spot 
errors and code that does not follow the C99 standard): 

   -std=c99 -fopenmp -O2 -Wall -Wextra -pedantic-errors

https://www.onlinegdb.com/online_c_compiler


This the header file 
“slide23_showm.h” supporting the 
slide_23_showm.c
Compile (if manually) with:
gcc slide23_main.c slide23_showm.c

The “primary” code 
file (slide23_main.c) 
that includes main-

function (only one file 
can have main)

The file 
“slide23_showm.c” 
defines the function 

showMessage

Example of multiple files!



Multiple files (using build system)
• If you have many source code files, it may be time to consider a build 

system. In this course we recommend CMake.
• CMake (cross-platform). It uses a CMakeLists.txt file to describe the build 

process. This file contains a set of commands and variables that describe the 
project structure and dependencies. 

• Below is the CMakeLists.txt used for codes so far in these slides (executable 
p5 is based on two source (.c) files). No need for manual compiling! Notice 
that header files (.h) [such as slide23_showm.h] are NOT listed as compile 
inputs even if they are actually used by the compiler (this is usual).



Division

By default, C does integer division! 3/2 is NOT 1.5 but 1!
Use instead 3.0/2.0, or 3.0/2 or 3/2.0 (for example)

• In C, the division operator ("/") returns an integer result when 
dividing two integers. This means that any decimal part of the result is 
truncated. To avoid this, use datatype double when dividing decimals.

• The modulo operator ("%") is another arithmetic operator in C that 
returns the remainder of integer division. For example, 7 % 3 would 
return 1, because 3 goes into 7 twice with a remainder of 1. The 
modulo operator can be used to check if a number is even or odd, by 
checking if the result of the modulo operation with 2 is equal to 0 or 
1, respectively.



Simple Arrays
• In C, an array is a collection of variables of the same data type, which 

are accessed using a common name and an index that represents 
their position in the array.

• Define array of 5 integers (array size is 5) using

int arr[5]; 

• We can initialize it using: (this syntax only works for the initialization)

int arr[5]={1,2,3,4,5};

It's important to note that the first element of the array is "arr[0]", not 
"arr[1]". This is because array indices in C start from 0, so the first 
element is always at index 0, and the last element is at index "size-1", 
where "size" is the size of the array.

There is no element arr[5]! Accessing it would be serious error



Simple Arrays



[Optional] Simple Arrays (advanced error finding)



Comments

• Comment is introduced to a C program by the pair of characters /*, 
which must not have a space between them. From then on, 
everything found up to and including the pair of characters */ is 
gobbled up and the whole lot is replaced by a single space.

• Preferred way to make single line comments is //  (C99)



#define macro example



If-else statement

if (expression)

{

    [true block]

}

else

{

    [false block]

}     

[Statements after if body]

Boolean 
expression

True block

truefalse

Statement after end of 
if body

False block



If statement
Equivalent MATLAB code





Example 
of using 
“return” 
to return 
value from 
a function



Multiple inputs and one output
• Header file #include "MULTIPLE_INPUTS_ONE_OUTPUT_REAL.h"

is flexible as it allows up to 7 inputs!

First specify  NINPUT_ARGUMENTS and then #include the header

Then in line 5, we notice that we have put 3 double inputs [input1, 
input2, input3] (this must match the NINPUT_ARGUMENTS)

>> out = example_var_inputs_one_output(10,20,100)

out =

   130

We call our own 
function by the 
filename (C file)



[Optional Practice] codewars.com

• https://www.codewars.com/

• Lot of practice problems!

• If you want to practice, begin with problems of difficulty level 8 kyu 
(and even from those select the easiest ones!)

https://www.codewars.com/


Further issues

Do not confuse equality test “==“
and assignment operator “=“



Mandatory Homework
• Every week, deadline for the homework return is Wednesday 12:00 (15 minutes before the 

lecture starts) It is recommended not to leave returning to last minute but to do this well before 
the deadline. Upload your solutions to Moodle as ZIPPED file. Your programs must be ready to 
compile. Include all necessary files to compile the programs in the ZIP file. In addition to the well-
commented program, write a sufficiently long report explaining how your program works.

The homework are likely to be easy (not prepared yet, so not 100% sure) but if you feel it is 
helpful, cooperation between students is allowed but 100% identical codes are not allowed. 
Written reports must be 100% independently written by each student (all group members must 
anyways be listed in the individual report returned to Moodle by each group member).

You are not allowed to automatically generate answers to all homework questions with AI. You 
are allowed to first try your best and then check with AI. Also, you can ask AI coding questions 
(remember that it can answer incorrectly. For basic questions is might be anyways 99% correct). 
AI is very useful after you first yourself know the fundamentals of C. 

• AI can quite often create code with headers, but for "MATLAB C/MEX" tasks, you must use the 
headers given in the course (in the file CMAT2023 all headers). Use of different headers files will 
lead to rejection. If one of you knows how to make your own headers, then the course is of no 
use (it would be too simple), so you have to use the provided headers. And in addition, this will 
hopefully slightly reduce direct use of AI without understanding anything.

The following is direct feedback from local industry:
":understanding how to code because even though the use of AI in coding is 
increasing, you have to understand the logic of coding"



Using C with MATLAB #02
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Keywords Today we will focus on datatypes: “char”, “float”, “long”, 
“short”, “signed”, “unsigned”



Identifiers

• Identifier is the fancy term used to mean ‘name’. We have already 
seen them used to name variables and functions. 

• The rules for the construction of identifiers are simple: you may use 
the 52 upper- and lower-case alphabetic characters, the 10 digits and 
finally the underscore ‘_’, which is an alphabetic character for this 
purpose. 

• The only restriction is the usual one; identifiers must start with an 
alphabetic character. However, starting external linkage identifier 
with “_” is reserved and is not allowed (reserved for the 
implementation)!



Length of identifiers
• C99 has at least 63 significant characters for internal identifiers and 

31 significant characters for external linkage identifiers (such as 
function names)! Older versions of C (such as ANSI C) may be much 
more restrictive especially for external linkage identifiers.

• C is case-sensitive: for upper- and lower-case ”job” and ”JoB” are 
different identifiers

• For full list of reserved identifiers (that are not allowed be used by 
you) please see the link below:

• Identifier - cppreference.com [This website is known to be highly 
accurate for reference information!]

https://en.cppreference.com/w/c/language/identifier


Variables
• A declaration tells the compiler (and linker) the name and type of a 

variable or function but does not necessarily allocate storage.
• A definition also allocates storage (for variables) or provides the function 

body (for functions).
• Function prototype (e.g., int func(int);) is a declaration and not a 

definition.
• extern int a; is typically a declaration—it tells the compiler that “a” exists 

somewhere else. It does not allocate storage in the current translation 
unit.

• Automatic (local) variables (such as int x; inside a function) are not 
automatically initialized to 0; they have indeterminate (garbage) values if 
not explicitly initialized.

• Static and global (external linkage) variables are zero-initialized by default 
if no other initializer is provided.



Real types

Example sizes 
(in bytes) of 
real types

• Use of “double” is highly recommended when working with MATLAB+C
• Long double can be in reality be “just” 80 bits padded with zeros! But it has 

high speed due to hardware support for 80-bits (but may prevent auto 
vectorization  because SSE/AVX typically operate on 64-bit double or 32-bit 
float data rather than 80-bit extended precision)



Real types

Type Format

float %f

double %lf (or %f for printf)

long double %Lf (note: error in PDF version of the book)

Table 2.4. Format codes for real numbers 

Format codes for real numbers



 Avoid long doubles in Windows 
• On Windows, the default C runtime basically treats long double as 

double and can produce wrong output with %Lf

• The following (correct) code can wrongly print zero!

• Avoid platform-specific functions (even with preprocessor selection)!



Background: Binary numbers (4-bit example)
Binary Decimal

0000 0

0001 1

0010 2

0011 3

0100 4

0101 5

0110 6

0111 7

1000 8

1001 9

1010 10

1011 11

1100 12

1101 13

1110 14

1111 15

• Binary numbers use base 2 (digits 0 and 1) 
instead of decimal (base 10).

• Each digit (bit) represents a power of 2. For 
example,0𝑏1011=1×2^3+1×2^1+1×2^0 = 8 + 2 + 
1 = 11

int x = 0b1011;// binary literal 
(since C23)
• Why Binary?

• This is how computers actually work and store 
information (series of ones and zeros).

• Useful for bitwise operations, setting flags, or 
hardware register manipulation.

• Easier to see which individual bits are 1 or 0 
compared to decimal or hex.



IEEE 32-bit floats

>> single(123.2)   [in 
MATLAB Command prompt]
ans =   single             
123.2

MATLAB is hiding (even with “format long g”) the 
full information of the floating point numbers

https://www.h-schmidt.net/FloatConverter/IEEE754.html

What you “want” is not what you get!



In the IEEE 754 single-precision format, the exponent is stored with a bias of 
127, so first we subtract 127 from the stored exponent (133) to get 6. Next, 
the fraction bits represent the part after the decimal, and we add 1.0 in front 
because normalized floats always have an implicit leading 1. This results in 
number which is very close to 123.2 but not exact due to how binary 
floating-point stores numbers.



• Floating-Point Is an Approximation
• Not all decimal values (even “simple” ones like 123.2) can be 

represented exactly in binary floating-point. 
• Avoid Direct Equality Checks

• Do not compare floats or doubles with == unless you are certain 
they represent integers, or you have a known pattern. For example 
this is false 0.1+0.1+0.1==0.3

• Instead, compare within a small tolerance (an “epsilon”).
• Avoid long doubles in Windows
• Accumulated Error

• Repeated arithmetic on floating-point values can accumulate 
rounding errors, especially in loops or large sums.

• Order of operations can affect the final result.

 Warnings about real types



• Why they matter
• Provide explicit representations for invalid or unbounded results in 

floating-point arithmetic. Results will not be “random”.
• Help detect and handle special cases.

• Key Points
• Stored as pre-agreed special binary patterns.
• NAN arises for an undefined result (e.g., 0.0 / 0.0).
• INFINITY represents positive infinity (e.g., 1.0 / 0.0 on many 

systems). Can occur due to “overflow”. Negative version -INFINITY.
• These macros are defined in C99’s <math.h> and in <tgmath.h>
• Check for isnan() and isinf() if needed for your algorithm.
• INFINITY and NAN apply only to floating-point (not integers)

• If really needed, you can even “detect” overflow (and also underflow)
• https://en.cppreference.com/w/c/numeric/fenv/FE_exceptions

Infinity (INFINITY) and Not-a-Number (NAN) in C99

https://en.cppreference.com/w/c/numeric/fenv/FE_exceptions


NAN and INFINITY

out = slide12(Inf)

The input to C is infinity

out =   Inf

>> out = slide12(NaN)

The input to C is NaN (not a number)

out =    NaN

>> out = slide12(10)

out =   20

In C99, you can use macro NAN for NaN and 
INFINITY for Inf.
Remember to include math.h (or tgmath.h) 
[already included in our MEX headers]



 Using compiler flags like 
-ffast-math (GCC) can break 
strict IEEE 754 rules and 
assume no NaN or ∞ values 
occur, potentially causing 
incorrect behavior or 
unexpected optimizations 
when dealing with special 
floating-point values. 

However, such compiler 
flags can also (potentially) 
greatly increase speed



IEEE Single Precision floats
What we want What we get In binary representation (32 bit float)

0 0 0 00000000 00000000000000000000000

-0 -0 1 00000000 00000000000000000000000

0.1 0.100000001490116 0 01111011 10011001100110011001101

12345678 12345678 0 10010110 01111000110000101001110

1E-12 0.999999996004197e-12 0 01010111 00011001011110011001100

1E12 999999995904 0 10100110 11010001101010010100101

INF INF 0 11111111 00000000000000000000000

-INF -INF 1 11111111 00000000000000000000000

NAN NAN 0 11111111 10000000000000000000000



Real types for storing integer-values

• Unlike most of the floating-point values, a 64-bit double in IEEE 754 
can exactly represent every integer value up to 2^53

• This exceeds the maximum value of a 32-bit integer and explains why 
MATLAB’s double-based loops (remember in MATLAB double is the 
default) can handle reasonable integer ranges without losing 
precision.

• A 64-bit integer (e.g., “long long” on many platforms) can represent 
integers up to 2^63-1, which is larger than 2^53. So, for extremely 
large integers, a 64-bit integer type will still “do better” (but will not 
have INFINITY etc.)



Real types for storing integer-values

With double:
i = 0, 9007199254740988
i = 1, 9007199254740989
i = 2, 9007199254740990
i = 3, 9007199254740991
i = 4, 9007199254740992
i = 5, 9007199254740992
i = 6, 9007199254740992
i = 7, 9007199254740992
i = 8, 9007199254740992

 Loops gets stuck at 
9007199254740992!!!!
This is not “overflow” 
but issue with precision



Conversions of Real types

• A lot of expressions involve the use of subexpressions of mixed types together 
with operators such as +, * and so on. If the operands in an expression have 
different types, then there will have to be a conversion applied so that a common 
resulting type can be established; these are the conversions:

• If either operand is a long double, then the other one is converted to long double 
and that is the type of the result.

• Otherwise, if either operand is a double, then the other one is converted to 
double, and that is the type of the result.

• Otherwise, if either operand is a float, then the other one is converted to float, 
and that is the type of the result.

• In C you can force casting (conversion) by for example 
writing:

(double) x           // this will cast x to be double



Hexadecimal and octal numbers 

• Typical use of hexadecimal numbers is to set bits to 1

• One hexadecimal number is 4 bits

• “F” means that all 4 bits are 1

• 0xFFFF => means that lowest 16 bits are 1

• Never start integer constant with 0  
• Those will be octal number!!!

• Compiler will not warn you about using octal numbers

Binary Hexadecimal

0000 0

0001 1

0010 2

0011 3

0100 4

0101 5

0110 6

0111 7

1000 8

1001 9

1010 A

1011 B

1100 C

1101 D

1110 E

1111 F

Not 100 as you expected but 64!



Character constants
• Each valid character has integer value typically based on ASCII code

• For example, ‘A’ has integer value 65 (ASCII)

• We can do mathematics with characters since they are integers

• For example, ‘A’+10 = 75

• Datatype “char” (which is almost always exactly 1 byte = 8 bits) is enough to 
store the basic C character set. It is integer type. It can be signed or unsigned 
depending on the implementation. We can for unsigned by “unsigned char” or 
signed with “signed char”. Notice that for other integer datatypes, “signed” is 
automatically default. 

• “A” is totally different than ‘A’   
• “A” is array of characters (string) composed of two characters, ‘A’ and ‘\0’ (NUL which equal 

to integer 0) which ends the string. (Unlike C++, C does not have a “proper” string type)
• [More exact description]: Actually, “A” is string literal and gives pointer to the array of two 

characters (not modifiable as it may be stored in read-only location)



UTF-8 in C23
• Normal “C” does not support international characters 

reasonable way

• UTF-8 stores international characters as sequence of 
8-bit characters (each international character can take 
variable number of 8-bit characters, chars)

• C23 allows use of u8 prefix and for example printf may 
work (depending on for example terminal support)

• However, string functions such as strlen (returns 
length of a string) does not work as expected (strlen 
etc. will be discussed in later lectures)

• For realistic use, external libraries such iconv are 
required.



Char type



Integral types

int
signed
signed int

Fundamental signed 
integer type. Range 
contained at least 
[−32767, +32767] range 
(usually much more!!!)

16 (usually at least 32!)

char
Can contain basic character 
set. Can be  signed or 
unsigned. It is integer type. 

8

unsigned
unsigned int

Fundamental unsigned 
integer type. Range 
contained at least [0, 
65535] (usually much 
more!!!!)

16 (usually at least 32!)

Minimum bits: 
Full list at https://en.wikipedia.org/wiki/C_data_types

short
(also  short int
signed short
signed short int)

Short signed integer type. 
Range contained at least 
[−32767, +32767]

16

https://en.wikipedia.org/wiki/C_data_types


Integral types

long
long int
signed long
signed long int

Long signed integer type. 
Range contained at least 
[−2147483647,
+2147483647].

32

unsigned long
unsigned long int

Long unsigned integer 
type. Can contain at least 
the range[0, 
4294967295].

32

long long
long long int
signed long long
signed long long int

Long long signed integer 
type. Can contain 
numbers at least in the 
range 
[−9223372036854775807,
+9223372036854775807] 

. Specified since C99.

64

size_t (output type of sizeof)

int64_t   exactly 64 bits (signed) 
uint64_t   exactly 64 bits (unsigned)
(  Implementations are (in theory) not required to support these, also int8_t int16_t int32_t etc.) 



Common Integer printf Format Specifiers (C99+)



 Integer overflow

Notice that there is no INFINITY or NAN for integer types

Adding 1 to a signed variable that already contains the maximum 
possible positive number for its type will result in overflow, and 
the program’s behavior becomes undefined.



Integer overflow
For unsigned integer types, the standard defines wrapping around

Unsigned numbers work “modulo one greater than the maximum 
number that they can hold”



 Expressions and arithmetic
• A lot of expressions involve the use of subexpressions of mixed types together 

with operators such as +, * and so on. If the operands in an expression have 
different types, then there will have to be a conversion applied so that a common 
resulting type can be established; these are the conversions:

• If the integral promotions are applied to both operands and the following 
conversions are applied:

• If either operand is an unsigned long int, then the other one is converted 
to unsigned long int, and that is the type of the result.

• Otherwise, if either operand is a long int, then the other one is converted 
to long int, and that is the type of the result.

• Otherwise, if either operand is an unsigned int, then the other one is 
converted to unsigned int, and that is the type of the result.

• Otherwise, both operands must be of type int, so that is the type of the 
result.

 Do not mix signed and unsigned integer values!



True and false

• In C (and in MATLAB), any non-zero value is True.

• Booleans can be either true or false. 

• Using the C99 bool type can make code more readable and self-
documenting than just using int for Booleans.

 



Bitwise vs Logical operations

Here is for example bitwise AND: (11 & 7) 

So, result of 11 & 7 is 3. AND outputs 1 only if both inputs are 1.

Logical AND for these values 11 && 7 => 1 (True) [Both values are non-
zero meaning True, so we find True AND True => True = 1]

Bit index 3 2 1 0

11 1 0 1 1

7 0 1 1 1

& operation 0 0 1 1



Bitwise vs Logical operations

Here is for example bitwise OR: (11 | 7) 

So, result of 11 | 7 is 15. OR outputs 1 if one (or both) inputs are 1.

Logical OR for these values 11 || 7 => 1 (True) [Both values are non-
zero meaning True, so we find True OR True => True = 1]

Bit index 3 2 1 0

11 1 0 1 1

7 0 1 1 1

| operation 1 1 1 1



Short circuit operation
• The && and || operators evaluate arguments left-to-right and do not 

care about the the second argument if the first argument already 
determines the answer; so

 0 && collapseSystem();

 1 || collapseSystem();

is safe to run.

 
^ (bitwise XOR)  “^” is not power like in MATLAB but 

bitwise XOR!!!
For example, 2^8 is 10 not 256



Bitwise vs Logical operations
Logical not in C is “!”

For example !100 = false = 0 (because non-zero numbers are true so 
100 is considered true and not TRUE = FALSE)

Bitwise not in C is “~”

 In MATLAB logical NOT is “~”!!!
Easy to confuse MATLAB and C!



Increment and decrement operations

•  x = x + 1;   

• Can be replaced with 

x++;

or

++x;

•  x = x - 1;   

• Can be replaced with 

x--;

or

--x;



Difference between ++x and x++ (and --x and x---)

• So to summarize if “++” is before the variable, BEFORE anything we 
increment the variable and use the updated value in the expression 
such as assignment

• If the “++” is after the variable name, we use the current value of x 
for the expression such as assignment, and AFTER that increment x



Compound assignment operators

• We can replace for example “x = x + 5” with “x += 5”. 

• We can replace for example “x = x - 5” with “x -= 5”



Operator 
precedence 
and 
associativity



 Side effects



Using C with MATLAB #03

https://publications.gbdirect.co.uk/c_book/copyright.html

https://publications.gbdirect.co.uk/c_book/copyright.html


Keywords



Logical expressions and Relational Operators

• We have already seen the use of simple logical expressions such as 
this:



Logical expressions and Relational Operators

• Here is list of the relational expressions: 



Logical expressions and Relational Operators



Extra material: C++ and C99 bool

• In C++, the output type of relational operators is “bool”
• However, in real life the difference to C is quite minimal as true basically corresponds 

to “1” and false to “0”

• C99 can use “bool” datatype but you need to #include <stdbool.h>

• In C++ and C99, bool flag = 123; will lead to true (or 1) being stored (not 123)

• One benefit is that std::print (C++23) can directly print Booleans as true or  
false [not 1 or 0] (std::print is recommended over classical std::cout)

• To get std::print working, #include <print> and in MinGW:



Extra material: C++ and C99 bool



Relational operators

In “if (a = 3)” a will first get the value of 3 and then that will be “output” to if. Remember that any non-
zero value will be counted as True. Avoid using “=“ in if unless you know what you are doing. Our usual 
flags “-std=c99 -O2 -Wall -Wextra -pedantic-errors” will give message about this (but not error)

Coding error!
Prints “True” even if a was not 3



If-else statement

if (expression)

{

    [true block]

}

else

{

    [false block]

}     

[Statements after if body]

Boolean 
expression

True block

truefalse

Statement after end of 
if body

False block



 Dangled if

User’s 
indentation 
does not 
change what 
“if” does 
“else” belong 
to
=> Use { }  or 
at least 
automatic 
code 
formatter





If else structure can get
non-intuitive

“else if” to the rescue!
(actually it is just indentation change... In C 
there is no elseif or elif [preprocessor has 
#elif]) [MATLAB has elseif]



Extra material: C++ if (C++17 and later)

• C++ if allows initializer within if statement

• The main purpose is scope limitation (the variable is limited to if else blocks) 
[if we define “int ch;” earlier, in C we can use if ((ch = getchar()) != EOF)



While statement

Loop body

condition

true

Statement after end of 
while body

while (condition)

{

    [ loop body ]

}

[Statements after while body]





The while statement



Another example:



The do-while statement

There is no do-while construct in MATLAB









 Warning about for loops < vs <=

Extra material: for comparison here is modern C++ based similar for loop that avoids < or <=

Using fmt (not part of standard) to 
avoid any for loop:



 Extra material, bounds checking with C++





for (initialize; check; update) statement

• We can also have loop counting in negative direction

This will likely 
give error since 

counter was 
local variable to 

for loop!



For loop within for loop
#include <stdio.h>

 

int main()

{

    int i, j;

for (i = 0; i < 2; i++)

    {

        printf("Outer for loop %d is starting\n", i);

        for (j = 0; j < 3; j++)

printf("\t Inner loop %d is here\n", j);

    }

    

    return 0;

}



Infinite loops

Exit from them using “break”!



Warning about if and while

• Do not include “;” after if or while 

• [unless you really want]
for (i=0; i<8; i++)

    sum += i;

 

for (i=0; i<8; i++);

    sum += i;

• Are doing totally different things

• In the second version, the for loop is run

without running sum+= i 

[it is being run only once after the for loop]

// Correct indentation is

for (i=0; i<8; i++)

    sum += i;

 

for (i=0; i<8; i++);

sum += i;

Q: What is the 
value of sum? 
(if it originally 

was 0)



Switch statement



Switch
statement
• One curious 

feature is that 
the cases are 
not exclusive, 
as this example 
shows.

ERRONEOUS CODE!!!
BREAKS WOULD BE NEEDED



Switch
statement

FIXED CODE!!!



Switch statement

This is also constant integer value!



Switch
statement



The break statement
This is a simple statement. Exits the innermost loop or switch. It only makes sense if it occurs in the 
body of a switch, do, while or for statement. When it is executed the control of flow jumps to the 
statement immediately following the body of the statement containing the break. Its use is 
widespread in switch statements, where it is more or less essential to get the control that most 
people want. 

#include <stdio.h>
#include <stdlib.h>
main(){
      int i;

      for(i = 0; i < 10000; i++){
              if(getchar() == 's')
                      break;
              printf("%d\n", i);
      }
      exit(EXIT_SUCCESS);
}
Example 3.7
It reads a single character from the program's input before printing the next in a sequence of 
numbers. If an ‘s’ is typed, the break causes an exit from the loop.





continue stament (note that 1.0/0 = NAN usually but integer division 
with zero should be avoided (can even crash the program)!)



goto statement

goto cannot transfer control to any function except the one that is currently active
(  longjmp is best to be avoided… )
Generally discouraged in structured programming
☺ E. Dijkstra, "Go To Statement Considered Harmful“, 1968 ☺



More about logical expressions 
• && is the logical AND  (not to be confused with bitwise and &)

• || is the logical OR (not to be confused with bitwise OR |)





More about logical expressions 



? operator
 expression1?expression2:expression3

• If expression1 is true, then the result of the whole expression is expression2, 
otherwise it is expression3; depending on the value of expression1, only one of 
them will be evaluated when the result is calculated.

• The easiest case is when both expressions have arithmetic type (i.e. integral or 
real). The usual arithmetic conversions are applied to find a common type for 
both expressions and then that is the type of the result. For example

• a>b?1:3.5
contains a constant (1) of type int and another (3.5) of type double. Applying the 
arithmetic conversions gives a result of type double.

Can be nested (example of sign check):
int sign = (x > 0) ? 1 : ((x < 0) ? -1 : 0);
Can be written equivalently (but less clear):
int sign = x > 0 ? 1 : x < 0 ? -1 : 0;
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Types of function
• C is Procedural programming language, meaning that it emphasizes 

splitting programs into functions (procedures) that contain steps of 
instructions to be carried out [C++ supports also Object-Oriented 
programming (OOP) with objects that encapsulate data and behavior]

• Using functions makes programs easier to maintain and understand
• Functions can be reused in other programs
• Program can be divided into smaller pieces that can be assigned to 

different programmers. 
• Standard library functions such as printf are built-in functions that are 

declared in header files. For example, printf is declared in stdio.h header. 
• To use printf #include <stdio.h>  [In C++ there is much broader C++ Standard Library 

but functions similar to C Standard Library (but often overloaded) are available for 
example with #include <cmath> etc. ]

• User-defined functions 



Function definition

double test_function(double input1, double input2)

{

    double result; 

    result = input1+input2; 

    return result;

} End of function

Function start

Function body / compound statement

Function input(1)Function name

Type of function 
output

Returned value 
from the function

Function input(2)

“,” is needed even between same data type inputs!



Function Declaration/Prototype
• A function needs to be declared before using it

• If your function if before main() you can at the same time declare and define 
the function

• If your function defined after main, you need function prototype before main()

• Example of function declaration for function with name “aax1”:

• Above void means that function takes no inputs [In C++ avoid void for inputs 
but instead use double aax1();  In C never use empty parenthesis! ]

• Double means that function returns a double

Function prototype declares the function name, parameters, and return type. The actual 
function is not contained. 
    Use prototype for all functions!



Function definitions before or after main
• For coding style, it is preferred that all functions are after main and include 

prototypes before main [for larger programs put functions in different .c 
file(s)) and include prototypes in header “.h” files [in C++ use “.h” or “.hpp” 
depending on your preferences] [In C++20 modules can be used instead of 
header file-based programming]

• Functions can be defined in any order

• If you include all function before main prototypes may not be needed
• But you will get into problems if functions call each other!!!

• In any case, do not put main in the middle of functions!!!

Prototypes

main

Functions

More functions



Function Declaration/Prototype
• Why prototypes are so important?

• Once the compiler knows the types of a function's arguments, having 
seen them in a prototype, it's able to check that the use of the 
function conforms to the declaration.

• If we have function with protype

double fsquare(double);

• When we call it with

double result = fsquare(2)*10; 

• The compiler knows that fsquare takes double as input so integer “2” 
will be converted to double (2.0). Without conversion result would be 
totally wrong 

• Note that “10” is integer but as return type of fsquare is double, 
multiplication is done in “double” domain in here “fsquare(2)*10”



Function Call

• Assume we have function with prototype

double fsquare(double);

• We can store the output of the function call into a variable

double result;

result = fsquare(3); 

• We can also use the returned value without storing it

printf(“%f\n”,fsquare(3));

• We can also simply throw away the return value

fsquare(3);



Function prototypes

• If a function is called with arguments of the wrong type, the presence 
of a prototype means that the actual argument is converted to the 
type of the formal argument ‘as if by assignment’. 

• For example, if prototype specified that input is double but function 
called with integer value, then the integer value is promoted to 
double

• Without prototype compiler would not know to do this!



Function prototypes
Prototype specified input as 
double but “i” is integer!
Integer will be converted to 

double
Calculations are correct

Function call

Function
Execution

Function
Return

Back to calling
function e.g main()



Function return types

• Functions can return any type supported by C (except for arrays and 
functions), including the pointers, structures and unions which are 
described later.

• For the types that can’t be returned from functions, the restrictions 
can often be sidestepped by using pointers instead.

• All functions can be called recursively.

• Void means that function does not return anything

• Functions returning void cannot be used to anywhere where a value 
would be needed. Also, Cannot be used to assign a value to a variable 
(no value is being returned!)

A C function cannot return array [C++ function can return std::vector for example!]



Function types
• void checkPrime(void); [In C++ use “void checkPrime();]

• Takes no input and has no output
• Call with      checkPrime();

• int test(void); [In C++ use “int test();”]
• Takes no input but returns integer as output
• Call with        out = test(); //where out is typically integer (if not arithmetic 

conversions will be done such as int to double)

• void test2(int);
• Takes input but has no return value
• Call with          test2(in); //where in is typically integer

• int add_two_numbers(int,int);
• Takes two inputs and returns integer as output
• Call with     out = add_two_numbers(in1,int2); // where out, in1,in2 are 

typically all integers



C++ not required in mandatory homework (may be present in optional questions)
It is good to know about C++ features so you can choose between C and C++, depending on your application requirements.











(we focus on C99, C11 does have Generic selection which is similar as overloading)



Call by value

• The call by value is the default in C programming. It means that 
passing parameters to a function copies the actual value of each 
argument into formal parameters of the function. Any possible 
changes made to the parameter inside the function have no effect on 
the argument.

• This means that function cannot modify parameters of the function 
that called it! 

• The way to communication to outside world is to use return 
statement to return a value

• It is possible to write functions that take pointers as their arguments, giving a 
form of call by reference. This is described in Chapter 5 of the course 
book and does allow functions to change values in their callers. [In C++
“references” are preferred to pointers]



Call by value – Failed attempt at swap function

These a and b are NOT same as 
a and b in main()
These are local variable to function
Their names do not matter
Modifying them does NOT change
the a and b in main()!





Return statement

• The return statement is very important. Every function except those 
returning void should have at least one, each return showing what 
value is supposed to be returned at that point. 

• If function returns for example integer (int) we can use, in the 
function body, the command return 10; //10 is just an example, to 
return from that line to the calling function

• There can be multiple returns in a function (obviously maximum one 
of them will be executed if any)



Return statement

• Reaching end of the function (without any return hitting before it), is 
equivalent to return statement without an expression (“return”). 

• This is an error if the function is supposed to return something (its return type 
is not “void”) [this is only valid in C99 and later for main returning int, also 
valid in C++]

• Function return type will be casted to the specified type (if possible)
• For example, if you return int (and function is supposed to return double), int 

will be automatically casted to double



Example function

Function prototype: takes two 
integers and returns an integer



Example function



Integer/float promotion in printf

• For Variadic functions [avoid writing your own variadic functions] 
(that can take varying number of input arguments), char and short are 
promoted to int and float is promoted to double

• This why format specific %f can be used for both float and double 
in printf (since float will anyways be promoted to double)

 For scanf we need to use proper format specifiers (even for 
char, short, float, etc.)



Visibility (Scope) – local variables
• Local variables are visible only inside the block they are defined in. 

They have default automatic (auto) storage type [they will have 
allocated memory only during the block they are defined in].  In C++ 
keyword “auto” has a new function, it means that datatype will be 
automatically inferred. 



Visibility

• Variable declared with a block (code enclosed between curly brackets 
{ and }) is only visible at that block (local scope)

• This also applies to functions

• Blocks can even be nested
• In this case, inner block definitions will override outer block definitions until 

the end of the inner block

• After that the outer block definition will be again valid

• Global variables (defined outside functions) will be available when 
there are no other definitions using same variable name within the 
current function



Visibility – local variables

Float a is not visible outside the 
function func!
It is a local variable to the function

Global
Variable



Visibility

Terminal output: 

Value of a = 10

Value of a in inner block is  20

Now value  of a is again 10

In function print_a value  of a 777

Start of a new block

End of the block

Start of the outer block

End of the outer block









Visibility – global variables 
• Global variables are accessible from any function in the program

• Avoid global variables as much as possible (constant values like PI are OK)



Recursion







factorial(5)   



Static variables



Static variables
Terminal output:
Count is 11
Count is 12
Count is 13

Only initialized once!



Program and file scope

Different file:

Would be error to 
try to access 

file_scope_variable 
here!

We need this, otherwise variable is not found

Static means different thing at block scope
and variables/functions outside blocks



More Advanced & Totally Optional (will cover in lecture if enough time)
Lambdas has many further details. This is just “taste” of lambdas
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Arrays
• You define arrays this way:

datatype array_name[array_size]; //  Array size 
CANNOT be changed afterwards!(C++ std::vector size 
can be changed)

• For example 

double ar[100];

• defines array with name “ar” with 100 elements each of which is a 
double

• First element of the “ar” is ar[0] and last element is ar[99] (totally 100 
elements)

   Array indexing is C starts from zero (not one like in MATLAB)



Arrays

• We change array values by indexing them with square brackets

• For example,

double ar[100]; // So far values of ar elements are 
“random” (not guaranteed to be zero) 

ar[0] = 1.23; //changes the value of the 1st element

ar[1] = 3.45; // changes 2nd element value

• We can initialize all elements of ar to be zero by declaring it with

double ar[100] = {0}; // just one zero is enough 



Arrays

int arr_int[5] = {1, 2, 3, 4, 5};

• will initialize all elements in the array

int arr_int[5] = {1,2}; 

• will initialize the first two elements (rest will be set to be zero)

• Notice that after definition of variable you cannot use curly brackets

It is enough to initialize just one element (rest will be set to zero)

You cannot assign {2,3,4} (for example) to array [after it has been initialized]

You can let compiler
calculate the size of 
the array



Arrays

Value of arr[0] = -1984856120
Value of arr[1] = 32736
Value of arr[2] = -472514080
Value of arr[3] = 22030
Value of arr[4] = 0
Value of arr[5] = 0
Value of arr[6] = -472514432
Value of arr[7] = 22030
Value of arr[8] = 991944400
Value of arr[9] = 32764

As with other variables, 
uninitialized variables can have 

“random” values

Uninitialized values can be random!



 Array size 
• The number of elements in array can be found with 
sizeof(array_name)/sizeof(array_name[0])

•  This only works for C-style true arrays (not C-
“array” passed to functions as those are actually 
pointers) Program will compile (maybe with a 
warning) but will give WRONG results

This code is OK



Array size C++
•  In C++, sizeof should be avoided. Instead use for example:

• std::size (will work for true arrays but also with std::vector. Very nice that it will 
FAIL for pointers!) for std::vector you can also use directly .size method (for 
example my_vec.size()   )  std::size will give size directly in elements (not bytes)



 Arrays cannot be compared (e.g. with ==, >, <)

 You cannot assign to array

 C-style arrays cannot be returned 



std::vectors can be compared C++

You can assign to std::vector C++

std::vector can be passed to function 
(preferred as a reference) and also can be 
returned C++



std::vector can be 
passed to a function 
(preferred as a 
reference to avoid 
overhead and to allow 
modification, use 
“const” reference if no 
need to modify it) C++

We can even add elements!
For vectors with more complex 

datatypes, use v.emplace_back(..) 
to call constructor directly



Pointers
• Each variable is stored in memory in some address

• The address of operator (&) will give you the address of a variable [This is 
not C++ reference which also uses “&” in a different way]
• Typically not the “real” physical address but virtual (logical) address (we do not have 

care about this difference)
• Cannot be used for register variables

• We can print address with format specifier %p

• To store results of address of operator, we need a variable called pointer. 

• A pointer is variable that stores an address. A pointer has an address of its 
own (since its a variable). 

•  Avoid pointers of any kind in C++, if really needed use std::unique_ptr, 
std::shared_ptr, std::weak_ptr  [not covered in this lecture]



Pointers
• General format for defining a pointer is

data_type *name_of_pointer;

• For example

int *test_pointer1, *test_pointer2;

• Now “test_pointer1” and “test_pointer_2” are pointers to an integer. 
The variable store address and that address is assumed to contain an 
integer. 

• Now if we have int variable “test”, we can store its address into the 
pointer test_pointer1

test_pointer1 = &test; 

ptr1 and ptr2 are pointers
not_a_pointer is not!

Lower example has better coding style!



Pointers
• We dereference pointers with “*” (do not confuse this with 

multiplication operator)

• By dereferencing a pointer, we go to the value stored at the address 
that the pointer contains

• We can read the value of the original variable and every modify that!

• There can be multiple pointers pointing to same memory address
• However, each pointer itself is stored in different memory address



Call by reference by pointers
• Swapping two values by 

feeding pointers to the swap 
function instead of actual 
values [Avoid this in C++]

• C++ version using references



Pointers and arrays
• Name of C-style array corresponds/decays to the address of its first 

element for example, or function calls (the array is NOT copied!)
• (mostly, but not for sizeof operator)

Equivalent!
Array name is converted to the pointer to its 

first element



Pointers and arrays

• Adding integer n to a pointer gives a pointer which points n elements 
further along an array than the original pointer did. 
• Not n bytes further but n elements ( further!!!

int_ptr[1] = 256; is equivalent to 
*(int_ptr+1) = 256;



Passing name of C-style array (=>pointer) to a function
     Mandatory to also include the size 

of the array (it cannot be found from the pointer alone!)



Call by reference (in place editing)
#include <stdio.h>

void change_array(double *input, size_t numb_elements)

{

    for (int i = 0; i < numb_elements; i++)

        input[i] = i+1;

}

 

int main()

{

    double arr[] = {1123,4.25,100.5};

    for (int i = 0; i < sizeof(arr)/sizeof(arr[0]); i++)

        printf("arr[%d]=%f\t", i, arr[i]);

    printf("\n");

    change_array(arr, sizeof(arr)/sizeof(arr[0]));

    for (int i = 0; i < sizeof(arr)/sizeof(arr[0]); i++)

        printf("arr[%d]=%f\t", i, arr[i]);    return 0;

}

 Before function call: 
arr[0]=1123.000000      arr[1]=4.250000 arr[2]=100.500000
After function call: 
arr[0]=1.000000 arr[1]=2.000000 arr[2]=3.000000

input[i] = i+1 modifies the array of the calling function!!! 
Pointers enable call by reference



In place editing in MATLAB/MEX

• Unfortunately, MATLAB does not allow C/MEX to do in-place 
editing of the input vector/matrix. 

• We need a separate output array that can be modified
• Provided by our header files

 Do not modify input array in MEX



Vector input one output in MATLAB C (MEX), 
using parameters

Input can be row or column vector (but not 
matrix!)
Output is scalar.

#define NEXTRA_PARAMETERS 1 // CAN BE ZERO!

#include "VECTOR_INPUT_ONE_OUTPUT_REAL.h"

double MATLAB_main(double *input, size_t numb_elements, double param1)

{

    double temp = 0;

    for(int c = 0; c < numb_elements; c++)

        temp += pow(input[c],param1);

    return temp;

}

 

>> A = [1 2 3 4 5 6 7 8 9 10];
>> out = example_vector_input_one_output(A,3)

out =

        3025

>> out = sum(A.^3)

out =

        3025



Vector input vector output in MATLAB C 
(MEX), using parameters

Input can be row or column vector 
(but not matrix!)
Output is vector of the same size as 
the largest dimension of the input 

>> A = [1 2 3 4 5 6 7 8 9 10];
>> out = example_vector_input_vector_output(A,3)

out =

     4     5     6     7     8     9    10    11    12    13

#define NEXTRA_PARAMETERS 1 // CAN BE ZERO!

#include "VECTOR_INPUT_VECTOR_OUTPUT_REAL.h"

 

void MATLAB_main(double* output, double* input, size_t numb_elements, double param1)

{

    for(int c = 0; c < numb_elements; c++)

        output[c] = input[c] + param1;

}

 
No return 

statement!



Multidimensional
 arrays

MATLAB
C

Matrices (multidimensional 
arrays) are not that useful 
in C and  not even in C++

Recommended to NOT use 
them. 

Instead of use for example 
external C++ library called 

“eigen”



Multidimensional arrays

Address Row-major order (used by C) Column-major order (MATLAB)

0 𝑎11 𝑎11

1 𝑎12 𝑎21

2 𝑎13 𝑎12

3 𝑎21 𝑎22

4 𝑎22 𝑎13

5 𝑎23 𝑎23

matrix:
𝑎11 𝑎12 𝑎13
𝑎21 𝑎22 𝑎23

• For example MATLAB stores                        in memory with data in order 
[1,4,2,5,3,6]. But C will store in order [1,2,3,4,5,6]. 

•  Different memory order for matrices in C and MATLAB (does not 
matter for vectors) must be taken into account

1 2 3
4 5 6



• Avoid C++ multidimensional 
arrays

• Instead use for example “eigen” 
• It can enable “MATLAB-like” 

array processing in C++
• Installation is quite easy
• Eigenvalues, norm, etc.

• For quick reference, please see
• eigen.tuxfamily.org/dox/AsciiQuic

kReference.txt

https://eigen.tuxfamily.org/dox/AsciiQuickReference.txt
https://eigen.tuxfamily.org/dox/AsciiQuickReference.txt


Matrix in MATLAB C (MEX)

If we would loop over rows first, speed would be 6x 
times slower!!!

// mex -R2018a CFLAGS="$CFLAGS -fopenmp -std=c11" LDFLAGS="$LDFLAGS -fopenmp" 

COPTIMFLAGS="-O3" example_matrix_input_one_output.c

#define NEXTRA_PARAMETERS 0

#include "MATRIX_INPUT_ONE_OUTPUT_REAL.h"

double MATLAB_main(double* input, size_t numb_rows, size_t numb_columns)

{

    double temp = 0;

    for(int c = 0; c < numb_columns; c++)

    {

for(int r = 0; r < numb_rows; r++ )

        {

            // Now we are at using MATLAB array indexing at input(r+1,c+1)

            //     mexPrintf("input[%d][%d] =  %0.2f \t", r, c, input[r + numb_rows*c]);

            temp += input[numb_rows*c + r];

        }

        //    mexPrintf("\n");

    }

    return temp;

}

We can interpret MATLAB matrix as (one dimensional) vector, 
can be useful. 



Const qualifier
• The const qualifier states that variable is constant 

• const int two = 2 // this cannot be modified

• Reference can also be const (useful for example for function calls where 
copying overhead needs to be avoided but data is not modified)



Pointer to const
• A pointer to memory that should not be modified can be declared as 

“pointer to const”

p is pointer to const int
(p itself can be modified, it is not constant)



Pointers to void



Null pointers
Assigning 0 
to pointer is 

equal to 
assigning 
NULL to  a 

pointer
(both lead to 
null pointer)



Strings in C  [  recommended to be 
avoided, if using C++ use C++ std::string] 

• String is an C is array of characters ending with 0  (to indicate end of string)

• Based on above we can define

char a[3]={‘H’ , ‘i’, 0};

• Now we can print it using printf(“%s\n”,a) resulting into

“Hi”

• We can more conveniently write

char a[3] = “Hi” //(we need space for “H”, “i” and 0)

or

char a[] = “Hi” // Automatically correct size

We can modify the string, e.g., using a[0] = ‘h’; => String will become “hi”. 
Here we used character constant ‘h’ since “h” would be two characters (“h” 
and 0)



Strings in C 

• String can be shorted than the character array is it stored in (if the 
end of the string (marked with 0) is earlier than end of the character 
array. The maximum length is the array length minus one (since last 
character needs to be 0)

• For example, 

0x00 marks the end of string



String in C

• The character constants such as ‘A’ take only one byte. 

• With double quotes “A” is actually string composed of two characters, 
‘A’ and 0. 



Strings constants/literals
• We can also write

const char *s = “Hello World!”;

• Now s is pointer to constant array (string constant cannot be 
modified!)



String constants
• Unlike normal arrays, string constants can be returned from a function!

• String constants have static duration and remain alive for the program 
lifetime. 

• Remember that typically local variables of a function will be destroyed once 
the function exits

• Function that takes an integer as an argument and returns "Even" or even 
numbers or "Odd" for odd numbers. As below, use “const char *” instead of 
“char *” as string literals cannot be modified!

const char * even_or_odd(int number)

{

    if (number % 2 == 0)

        return "Even";

    return "Odd";

}



String length
• First, we need to include #include <string.h>

• Then we can use the strlen function

• strlen will give length of the string Excluding the zero at the end. If the string is 
not zero terminated, the whole program can collapse!
•   Strlen as most of the C string functions is not good for secure programming... 



Reverse a string in-place
#include <stdio.h>

#include <string.h>

 

void strrev(char *string) // return nothing since reversing is in-place!

{

    int string_length = strlen(string);

for (int ind = 0; ind < string_length/2; ind++)

    {

        char temp = string[ind];

string[ind] = string[ string_length - 1 - ind];

        string[ string_length - 1 - ind] = temp;

    }

}

 

int main()

{

    char string_test[] = "World";

    strrev(string_test);

    puts(string_test);

    return 0;

}



Stack vs heap memory

• Local variables are allocated to stack
• Stack is very limited, typically only 1-8 megabytes
• Heap memory is only limited by total memory of the system (can be 

gigabytes)
• Do not put large variables in stack

• Instead allocate memory for them from heap using malloc

• Variables in heap are not automatically destroyed on function exit
• You need to free the memory when you have finished using it using “free” command

• C++ has “new” and “delete” as “better” alternatives, but they are not 
recommended anymore.
• Instead use for example std::vector (preferred), or smart pointers, etc. 



Heap memory / malloc & free
#include <stdio.h>

#include <stdlib.h>

#define NUMB_INT 5

 

void init_array(int *p, int number_of_elements)

{

    for (int i = 0; i < number_of_elements; i++)

        p[i] = i*i;

}

 

int main()

{

    int *int_ptr = malloc(sizeof(int)*NUMB_INT);

    init_array(int_ptr,NUMB_INT);

for (int i = 0; i < NUMB_INT; i++)

        printf("array element %d is %d\n", i, int_ptr[i]);

    free(int_ptr); // free the allocated memory

    return 0;

}

If we allocate a double array, it would say 
malloc(sizeof(double)*NUMB_DOUBLE)



Codewars.com

• Build a function that returns an array of integers from n to 1 where 
n>0. Example : n=5 --> [5,4,3,2,1]. Note: allocate memory yourself. 

/* return NULL in case n == 0 */

#include <stdlib.h>

unsigned short *reverse_seq(unsigned short n)

{

    if (n == 0)

        return NULL;

    unsigned short  *p = malloc(sizeof(unsigned short )*n);

for (int i = 0; i < n; i++)

        p[i] = n-i;

    return p;

}

Notice no free!
Caller has to 
call free!!!
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ANSI C keywords



Volatile keyword

• Volatile tells the compiler that the variable may be modified outside the 
program and our actions in it (such as in an interrupt etc.)

• Compiler cannot do optimisations such as buffering the value in cache
• For example, if you write 3 to a volatile int, when you in next line add 

something to that int, compiler cannot assume that its value is 3
volatile int interface_flag = 0;
...
while(interface_flag == 0){
    // do something
   // that does not modify the flag
}

Not necessarily infinite while loop!
Other means than our code can change the value of the variable



Typedef

• Typedef allows us to create alias for another type

• For example, 

• typedef unsigned char BYTE; 

• Now BYTE is alias for unsigned char and we can write for example

• BYTE byte_variable = 100; // define and initialize variable of type byte 
(alias for unsigned char)



Register keyword

• Suggestion for compiler to place the variable in a CPU register

• Compiler is fully free to ignore this suggestion

• Not very useful these days and also prevents you from using address 
of operation on it (& is not allowed for register variables)



Structures
• Arrays can be used group together same-type items

• Structures can be used to group together items of different kinds

• Below declaration declares structure with tag “car” with members “year” 
of the type int, “weight” of the type double, and “horsepower” of the type 
int

• Above does not yet define any variable! “car” is not a variable, just a 
structure type!

Notice the semicolon “;”. It is not optional!

“car” is optional structure tag



Structures
• After declaring structure type with tag car, we can define a variable(s)

• Above defines two structure variables of type car: first_car and second_car. 
Both first_car and second_car contain all the 3 elements of “struct car” 
(previous slide).

• We can also declare and define structure at the same time: 

• Above declares structure type “car” and also defines two structure 
variables car1 and car2. We can still define car3 same way as before: 



Structures

• By using typedef we can use structure without typing the struct 
keyword. 

The new name can be same as struct tag

car1, car2, car3 are all structures of 
type “car” (struct car)



Structures
• We can access members of the structure variable by dot operator “.”

• In MATLAB we also use dot operator:



Structures

• When define a new variable, we can initialize it at the same time by using 
curly brackets { } 

• If you put fewer initializers than there are elements in the structure, rest 
will be automatically initialized to zero



Structures,C99 designated initialization

• Uninitialized members are automatically set to zero
x = 10, y = 256
Red



Structures
• One structure can be assigned to another one with “=“ operator. 

• However, ==, >, >=, <, <= etc. operations are not permitted on 
structures.

• Only operation permitted on structures is assignment

• They can be assigned to each other, passed as arguments to 
functions and returned by functions. However, it is not a very 
efficient operation to copy structures and most programs avoid 
structure copying by manipulating pointers to structures instead. It 
is generally quicker to copy pointers around than structures. 



Structure copy
• Structure copy is not deep copy 

• The data that pointers point to is not copied to a new memory location

• This would be impossible since length of where pointers point to is not known 
to runtime

• Instead, pointer is copied as a new pointer pointing to the same 
address



Structure copy
• Genuine arrays are properly copied!

first.x remains unchanged



Structures and functions

#include <stdio.h>

typedef struct car {

    int year;

    double weight;

    int horsepower;

} car;

 

void print_car(car);

 

int main()

{

car car1 = {2000, 1950.0, 150};

    print_car(car1);

    return 0;

}

 

void print_car(car temp_car)

{

    printf("Car year = %d, weight = %f, horsepower = %d\n", temp_car.year, 

temp_car.weight, temp_car.horsepower);

}

Car year = 2000, weight = 1950.000000, horsepower = 150

Name of structure is NOT a pointer



Structures
• C functions can 

be called with 
structure input 
and they can also 
return structures 
(unlike arrays).

• Name of 
structure is NOT a 
pointer

• Call-by-value!

• Original car1 is 
not modified!

We return struct variable just like any other variable!



Modify a structure (call-by-value)
#include <stdio.h>

typedef struct car {

    int year;

    double weight;

    int horsepower;

} car;

 

void print_car(car);

 

car edit_car(car temp_car)

{

    temp_car.year = temp_car.year + 1;

    temp_car.horsepower += 50;

    return temp_car;

}

 

int main()

{

car car1 = {2000, 1950.0, 150};

    print_car(car1);

    car1 = edit_car(car1);

    print_car(car1);

    return 0;

}

 

Car year = 2000, weight = 1950.000000, horsepower = 150
Car year = 2001, weight = 1950.000000, horsepower = 200

void print_car(car c)

{

    printf("Car year = %d, weight = %f, horsepower = %d\n", 

c.year, c.weight, c.horsepower);

}



Structures
#include <stdio.h>

typedef struct complex

{

    double real;

    double imag;

} complex_double;

 

complex_double multiply(complex_double n1, complex_double n2);

 

int main() {

complex_double n1 = {10,20}, n2 = {30,40}, res;

    res = multiply(n1, n2);

    printf("Product = %f %fi\n", res.real, res.imag);

    return 0;

}

 

complex_double multiply(complex_double n1, complex_double n2) {

    complex_double temp;

temp.real = n1.real*n2.real - n1.imag*n2.imag;

temp.imag = n1.imag*n2.real + n2.imag*n1.real;

    return temp;

}

=> Product = -500.000000  1000.000000i

>> (10+20i)*(30+40i) %MATLAB

ans =

                       -500 +                  1000i



Structures
• Pointers to structure variable 

can be passed to functions

• For large structures, this is 
more efficient than passing 
copy of the whole structure 
to a function

• If we have pointer to 
structure, its members can 
be accessed with arrow 
operator “->”

#include <stdio.h>

typedef struct car {

    int year;

    double weight;

    int horsepower;

} car;

 

void print_car(car *);

 

int main()

{

car car1 = {2000, 1950.0, 150};

    print_car(&car1);

    return 0;

}

 

void print_car(car *p)

{

    printf("Car year = %d, weight = %f, horsepower 

= %d\n", p->year, p->weight, p->horsepower);

}



Structures
• Pointers to structure variable 

can be passed to functions

• For large structures, this is 
more efficient than passing 
copy of the whole structure 
to a function

• If we have pointer to 
structure, its members can 
be accessed with arrow 
operator “->”

• Call-by-refence!

• Original car1 is modified!



Structures
• You can define array of structures as usual with for example “int” 

data-type. 

• Remember that array (of any type) cannot be returned from a 
function



Array of structures#include <stdio.h>

#include <stdlib.h>

typedef struct xy {

    int x,y;

} xy;

 

void print(xy *, size_t);

 

int main()

{

    xy arr[2] = {{10,20},{30,40}};

    print(arr, sizeof(arr)/sizeof(arr[0]));

    return 0;

}

 

void print(xy * p, size_t numb_elements)

{

    for (int i = 0; i < numb_elements; i++)

printf("x = %d, y = %d\n", p[i].x, p[i].y);

}

Name or array “arr” is a pointer!
Call-by-reference!

x = 10, y = 20
x = 30, y = 40



Structures
• If you need large number of structures in an array, it is better to use 

malloc to get memory from them
• This is because stack memory is limited compared to heap (also we can 

dynamically decide the number of elements)



Structures
Erroneous
Code

As usual, local variables are destroyed once the 
function exits! We cannot return pointer to a local 

variable!



Return a pointer to structure
#include <stdio.h>

#include <stdlib.h>

typedef struct xy {

    int x,y;

} xy;

 

xy* make_xy(int in1, int in2)

{

    xy * p = malloc(sizeof(xy));

    p->x = in1;

    p->y = in2;

    return p;

}

 

int main()

{

    xy *point_ptr;

    point_ptr = make_xy(10,20);

printf("Point x = %d, y = %d\n", point_ptr->x, point_ptr->y);

    free(point_ptr);

    return 0;

}

45



Structures 
• Structures can be nested: there can a structure inside a structure

This needs to be declared before xy
since xy is using this (and not just a pointer to it)

#include <stdio.h>

struct color{

    int r,g,b;

};

typedef struct xy{

    int x, y;

    struct color rgb;

} xy;

int main()

{

    xy tpoint= {100,128,{10,11,12}};

// OR: xy tpoint= {.x=100,.y=128,.rgb = {10,11,12}};

    

printf("x=%d,y=%d,r=%d,g=%d,b=%d\n",

            tpoint.x, tpoint.y, tpoint.rgb.r,tpoint.rgb.g,tpoint.rgb.b);

}

Element 
b within 
element 

rgb of 
tpoint



Structures
• One way to pass (and 

return) arrays with pass-
by-value is to embed 
them into a structure!

• Beware of the overhead 
is copying the full array to 
temp variable and them 
copying full array to var2!

Call-by-value!
Var1 is not changed!

Returning temp is OK! 
We can return structure same was as we can return e.g. “int”



Structures

• Structures can be heavily padded, due to alignment requirements of 
its different members

• Below, the sizeof structure is 12 bytes when the sum of the sizeof of 
the individual members is only 6 bytes!



Structures

• The ordering of data elements inside a struct can affect its size!



Structures
• We can use compiler specific instructions to pack structures more 

tightly. 

• With GCC we can use __attribute__((__packed__))

• Now only 6 bytes are consumed! (But accessing the elements can be 
quite much slower due to non-alignment)

• We can also write 

#pragma pack(1)

• which will affect all subsequent structures



Unions
• Union is like structure but all its members share the same memory. 

• Can in theory be used for example to convert between different types

• Let us extract hexadecimal representation of a float

• Notice that we cannot do printf(“Float %f in hexadecimal is %x\n”, 
testi.x, (int) testi.x)! This would just print 123 in hexa. 

https://www.h-schmidt.net/FloatConverter/IEEE754.html



Unions
• Remember that union members share the same memory.

• Changing one member will change the other members

• Only one member is valid at a time!



Bitfields
• Like structures but we use keywords “signed” and “unsigned” and specify 

the number of bits each element consumes

• But above test_bfield takes huge number of bytes (4)!

• We need to use __attribute__((__packed__))
• Now test_bfield consumes only 1 byte!!!



Preprocessor

• Preprocessor looks at the source code before compilation and for 
example replaces #define’d values with the definitions. 

• Preprocessor lines start with #

• We are already familiar with #include and simple #define

• Preprecessor statements do not end semicolon “;” instead they end 
with a newline (“enter”)

Do not put semicolon at the end of preprocessor staments



#define

#include <stdio.h>

#define NUMB_EL 3

#define END_MESSAGE "Returning now!"

 

int main(void)

{

    int arr[NUMB_EL];

for (int i = 0; i < NUMB_EL; i++)

        arr[i] = i;

    puts(END_MESSAGE);

    return 0;

}



#undef



Macro arguments
• Let us define preprocessor macro SQUARE which takes one input

• Notice the multiple parenthesis (they are required to avoid problems)

• Notice how data type of output depends on the data type on input



Macro arguments [ERRONEOUS MACRO]
• Let us define preprocessor macro SQUARE which takes one input

• What can go wrong without parenthesis???



Macro arguments
• We can also have multiple input arguments to a preprocessor 

“function”



#ifdef

• We can check if the definition for given name or not

• Remember this happens before compilation

• Compiler only sees the text on right hand side below:

• Would be enough to write

• “#define VAL” instead of “#define VAL 1”

• Even “#define VAL 0” would hit #ifdef as TRUE!!!!

Even value defined as zero (or no value at all) will hit #ifdef as TRUE



#ifdef vs  #if

#include <stdio.h>

#define VAL 0

int main(void)

{

#ifdef VAL

    printf("Val is defined\n");

#else

    printf("Val is non-defined\n");

#endif

}

#include <stdio.h>

#define VAL 0

int main(void)

{

#if VAL

printf("Val is non-zero\n");

#else

    printf("Val is zero/does not exist\n");

#endif

}

=> Val is zero/does not exist

=> Val is defined
#if check is the value is non-zero
#ifdef checks is the macro defined at all 
(even with value 0!)



#ifndef and #if !defined

#include <stdio.h>

int main(void)

{

#ifndef VAL

    printf("Val is not defined\n");

#else

    printf("Val is defined\n");

#endif

}

Val is not defined

#include <stdio.h>

int main(void)

{

#if !defined(VAL)

    printf("Val is not defined\n");

#else

    printf("Val is defined\n");

#endif

}

 

Val is not defined



#if & #elif

No “;” at the end

No brackets ( )  around expression

#elif is support by preprocessor!

If nothing above hits...

We need to end #if with #endif

#include <stdio.h>

#define VAL 3

int main(void)

{

#if VAL == 2

    printf("Value is two!\n");

#elif VAL == 3

    printf("Value is three!\n");

#else

    printf("Value is not 2 or 3!\n");

#endif

}

VAL is not a 
variable!
#if #elif #else is 
happening before 
compilation by the 
C preprocessor 
(CPP)
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Standard libraries
• The C89/90 standard includes these libraries

• C99/C11 added several new libraries
• We will cover <tgmath.h> in addition to “classical” <math.h> [<tgmath.h> is 

more similar to <cmath> in C++ than <math.h>]

• For full list see

https://en.wikipedia.org/wiki/C_standard_library#Application_progra
mming_interface

https://en.wikipedia.org/wiki/C_standard_library#Application_programming_interface
https://en.wikipedia.org/wiki/C_standard_library#Application_programming_interface


Malloc

• For malloc, we need to #include <stdlib.h>

• malloc allocates storage for n bytes (where n is the input argument to 
malloc) and return a pointer to the start the memory block (if 
possible). If malloc fails to allocate the memory, it will return a null 
pointer. 

• It is good coding practice to check the return value of malloc. 

• Because return type of malloc is void *, its return value can be 
assigned to any pointer variable. 

•  Remember to free allocated memory! 

 Memory returned by malloc is uninitialized (garbage) 



Malloc and free

Array obtained with malloc can be 
returned! (it is responsibility of calling 

function to free the memory)



Memcpy [quite fast   way to copy memory]
• #include <string.h> [mempcy is not limited to “string”!!!]

memcpy(destination,source,sizeof(double)*numb_elements);

• Above copies numb_elements doubles from memory addresses 
starting from source (a pointer) to memory addresses starting at 
destination (a pointer)

• Same approach can be used for copying integers etc.

• Make sure 

“destination” has 
enough memory!

• Overlap between 
source and 
destination is NOT 
allowed



<assert.h>

• While you are debugging programs, it is often useful to check that the value of an 
expression is the one that you expected. The assert function provides such a 
diagnostic aid.

• In order to use assert you must first include the header file <assert.h>. The 
function is defined as

#include <assert.h>

void assert(int expression)

• If the expression evaluates to zero (i.e. false) then assert will write a message 
about the failing expression, including the name of the source file, the line at 
which the assertion was made and the expression itself. After this, the abort 
function is called, which will halt the program.

assert(1 == 2);

• /* Might result in */

Assertion failed: 1 == 2, file silly.c, line 15



<assert.h>
• Assert is actually defined as a macro, not as a real function. In order to disable 

assertions when a program is found to work satisfactorily, defining the name 
NDEBUG before including <assert.h> will disable assertions totally. You should 
beware of side effects that the expression may have: when assertions are turned 
off with NDEBUG, the expression is not evaluated. Thus, the following example 
will behave unexpectedly when debugging is turned off with the #define 
NDEBUG.

• Note that assert returns no value.

p = malloc(sizeof(int));
assert(p)

Is not a very good idea since 
asserts are typically disabled in 
release version of a program!



<ctype.h>

isalnum(int c)
True if c is alphabetic or a digit; 
specifically (isalpha(c)||isdigit(c)).

isalpha(int c)
True if (isupper(c)||islower(c)).

isdigit(int c)
True if c is a decimal digit.

islower(int c)
True if c is a lower case alphabetic letter. 

isprint(int c)
True if c is a printing character (including space).

isspace(int c)
True if c is a white space character

isupper(int c)
True if c is an upper case alphabetic character.

isxdigit(int c)
True if c is a valid hexadecimal digit.



Limits.h
• You can use this for 

example to check if “int” is 
sufficient for your purposes 
or you need for example 
“long long”

LLONG_MIN Min value for a long long int ≤−9,223,372,036,854,775,807

LLONG_MAX Max value for a long long int ≥+9,223,372,036,854,775,807

ULLONG_MAX
Max value for an unsigned 
long long int

≥+18,446,744,073,709,551,615



Float.h
• Most interesting values here are

• When double is 64 bits this is actually

• #define DBL_EPSILON 
2.2204460492503131e-16

• which is (naturally) same as MATLAB 
“eps” 

• It is smallest number such that 1+x is 
not 1

• For long double there is



Random number generation
• Function rand() in <stdlib.h> return pseudo-random number from 0 to 

RAND_MAX. 

• To get random integer between 0 and 99 we can use rand()%100

•  rand() will always give the exactly same sequence (with default seed)

• To get different random numbers each time we run the program, we can 
set use current time as seed

•  Make sure to call srand only once, at the beginning of the program!

Might be very poor quality random numbers, better to use for example POSIX (often available) drand48-function



QSORT
• For sorting data in C, we need comparison function such for doubles

int cmpfunc (const void * a, const void * b){

  return (*(double*)a > *(double*)b) ? 1 : (*(double*)a < *(double*)b) ? -1:0 ; }

Above returns 1 if *a > *b, 0 if *a is equal to *b, and -1 if *a < * b

We can basically compare any types if we provide reasonable comparator function. 
Comparison function needs to return  negative value if the first argument is less than the 
second, positive value if the first argument is greater than the second and zero if the 
arguments are the same.

After we have comparison assembly-based we call qsort this way
•  qsort(data_to_be_sorted, numb_elements, sizeof(double[for example]), cmpfunc);

• Where data_to_be_sorted (it’s a pointer) points to the data be 
sorted in-place, numb_elements is the number of elements, sizeof(double) is the size of 
each element (here double), and cmpfunc is the comparator function

• qsort is sadly not so “quick sort”  due to for example using a generic function 
pointer for comparisons (even if we just use int or double), which prevents inlining and 
incurs overhead on each comparison

• In C++, use for example std::sort instead (typically faster).

• In C, you can for example look for assembly-based non-standard implementations



QSORT

Element 0 is 1.000000
Element 1 is 5.000000
Element 2 is 7.000000
Element 3 is 100.000000



Codewars.com problems

#include <stddef.h>

#include <stdlib.h> // MALLOC, FREE, QSORT

#include <string.h> // MEMCPY

int cmpfunc(const void * a, const void * b) {

   int arg1 = *(const int*)a;

    int arg2 = *(const int*)b; 

    if (arg1 < arg2) return -1;

    if (arg1 > arg2) return 1;

    return 0;

}

long sum_two_smallest_numbers(size_t n, const int *numbers)

{

    long result = 0;

    int *temp_ptr = malloc(sizeof(int)*n);

    memcpy(temp_ptr, numbers, sizeof(int)*n);

    qsort(temp_ptr, n, sizeof(int), cmpfunc);

    result = (long)temp_ptr[0] + (long)temp_ptr[1];

    free(temp_ptr);

    return result;

}

Do not modify the original array.
So we are allocating memory for that with malloc
Copying original to copy with memcpy
Then qsort:ing inplace (it modifies the copy)

[notice this is not the fastest approach but just an 
example]

Many cmpfunc from “Internet” have errors  
Use only reliable places such as cppreference.com
qsort, qsort_s - cppreference.com
For example, don’t use:
return ( *(int*)a - *(int*)b );
It fails for INT_MIN

Create a function that returns the sum of 
the two lowest numbers given an array. Do 
not modify original array. 

https://en.cppreference.com/w/c/algorithm/qsort


Working with files

• FILE is a structure defined in <stdio.h>. Pointer to FILE is called a file 
pointer. 

• Following defines a file pointer ftpr:

FILE *ftpr; 



File opening and closing

• Named files are opened by a call to the fopen function, whose declaration 
is this:

#include <stdio.h>

FILE *fopen(const char *pathname, const char *mode);

• The pathname argument is the name of the file to open

• Files can be opened in a variety of modes, such as read mode for reading 
data, write mode for writing data, and so on. [modes can be “binary” or 
“text”. We focus on “text”]

• If error occurs during opening file, fopen() function will return a NULL 
pointer. 

• Remember to close file with fclose-function!



Working with files

• Three streams are available without any special action; they are 
normally all connected to the physical device associated with the 
executing program: usually your terminal. 

• They are referred to by the names 
• stdin, the standard input

• stdout, the standard output

• stderr, the standard error streams. 

• Normal keyboard input is from stdin, normal terminal output is to 
stdout, and error messages are directed to stderr. 



“w” means for 
writing

fprintf is the same as printf put prints to a file
fprintf to stdout 
will “print” to 
screen (not a file 
in hard disk)



fscanf
• For easily reading data from text file, we can use fscanf. 

• Its format specifiers are listed, for example, in

• https://www.cplusplus.com/reference/cstdio/fscanf/

• Several differences to printf format specifiers!!!!

• For example, double must be %lf (%f is only for float)

• Always check format specifiers for (f)scanf! Do not just directly use 
printf format specifiers!
• (the reason is that printf has automatic promotions but scanf not)

https://www.cplusplus.com/reference/cstdio/fscanf/


“r” means for 
reading

fscanf cannot read “HEI!!!!” as double => it will
return 0 (not 2) as number of items read



Complex data type (C99+) [Do not use in C++ 
but use std::complex instead]
• Need to include #include <tgmath.h> (tgmath includes complex.h)

• Automatically included in our header files!

 

• complex double cval; // defines complex variable cval

• complex float cval; // defines single-precision complex variable cval

• complex long double cval; // defines extended precision complex 
variable cval



Complex data type

• Depending on the input type the type generic math functions 
automatically call the correct function

Type-generic 
“function”

carg

conj

creal

cimag

carg: Computes the argument (also called phase angle) of 
z. In MATLAB this is “angle” command. Returns a real 
number.
conj: Calculates complex conjugate of z. In MATLAB this 
is “conj” command.
creal: Return the real part of  a complex number. In 
MATLAB this is “real” command.
cimag: Return the imaginary part of a complex number. 
In MATLAB this is “imag” command.



Complex data type

c1 = 5.000000-4.000000i
c2 = 8.000000-2.000000i

“I” is the imaginary unit (C99+)

CMPLX(real_part,imag_part) 
[type is complex double]



<tgmath.h> [C99+] Type generic math

• Also for real numbers, there are many type generic math functions

• For functions taking real or imaginary input, appropriate function is 
called

https://en.cppreference.com/w/c/numeric/tgmath

Use type generic math functions instead of manually finding function for 
float/double/long double. Also type generic functions handle equally well 
complex and real input arguments!

For different input types (for example 
float/double), type generic math 
functions will call the proper function 
and return the proper type

https://en.cppreference.com/w/c/numeric/tgmath


Convenience of type-
generic macros 
[cppreference.com]
There are also many real-
only type-generic macros: 
atan2 cbrt ceil
 copysign erf
 erfc exp2
 expm1 fdim
 floor fma
 fmax fmin
 fmod frexp
 hypot ilogb
 ldexp lgamma
 llrint llround
 log10 log1p
 log2 logb
 lrint lround
 nearbyint 
nextafter nexttoward 
remainder remquo
 rint round
 scalbln scalbn
 tgamma trunc

6 choices!





Example

 Do not use abs function in C for floating point numbers! It is in an integer operation but 
compiler will not warn you!  Use fabs with <tgmath.h>!
[In C++, you actually should use std::abs especially for complex numbers]

• fabs: Computes the absolute value of the z. For complex z this is the 
also known as norm, modulus, or magnitude. In MATLAB this is “abs” 
command. Returns a real number. 

#include <stdio.h>

#include <tgmath.h>

int main()

{

    complex double c1 = 5 - 4*I, c2; 

printf("c1 = %f%+fi\n",creal(c1),cimag(c1));

printf("abs(c1) = %f\n", fabs(c1));

    return 0;

}

c1 = 5.000000-4.000000i
abs(c1) = 6.403124

In MATLAB:
>> c1 = 5-4*1i;
>> abs(c1)

ans =

6.40312423743285



Example: [ WRONG CODE]

#include <stdio.h>

#include <math.h>

#include <complex.h>

int main()

{

    complex long double c1 = 5 - 4*I, c2;

printf("abs(c1) = %Lf\n", fabs(c1));

    return 0;

}

Fabs will not call the 
type-generic math 

function since math.h 
was included instead of 

tgmath.h

Type generic math requires 
tgmath.h not math.h!!!

If we include math.h we need to manually specify the 
proper function with correct datatype

<math.h>:  correct function would be (instead of 
fabs) cabsl

<tgmath.h>: fabs is always correct



Example

• pow (the type-generic version): Computes the computes the 
(possibly complex) power function x^y 
• In MATLAB this is simply x^y. 

• Be very careful since x^y in C means XOR operation! You cannot use 
“^” in C for power operation. 

 You must use pow(x,y) for   power function [when using tgmath.h]!   x^y in C will return 
totally different results!!! 



MATLAB mxComplexDouble

• MATLAB complex datatype is mxComplexDouble which is struct 
composed of real part and imaginary part

• typedef struct { mxDouble real, imag; } mxComplexDouble;

• We can access real and imaginary parts as usual with the dot 
operator

• Storage in memory is using new interleaved format (mex –R2018a)

• Exactly same as storage style as C99 complex double! 
=> We can cast between them

Real part 1st 
number

Imag part 1st 
number

Real part 2nd 
number

Imag part 2nd 
number



Complex number representation

• If we have array of mxComplexDouble input we can access real and 
imaginary part this way:

• input[i].real 

• input[i].imag

• We can cast input to be of type (complex double *) for directly 
converting between mxComplexDouble and C99 complex doubles. 

• Or we if we process one number at a time, we can make complex 
double cval and assign to it 

input[i].real + I*input[i].imag



Example vector input one output

This is slower than MATLAB 
sum(r.^1.25) but with OpenMP 

(discussed later) we are a bit faster 
than MATLAB vector function!

We convert from mxComplexDouble to “complex double”

Doing complex power operation on cval



Example vector input one output (using casting)
// mex -v -R2018a CFLAGS="$CFLAGS -fopenmp -std=c11" LDFLAGS="$LDFLAGS -fopenmp" 

COPTIMFLAGS="-O3" example_complex_vector_input_one_output.c

#define NEXTRA_PARAMETERS 1

#include "VECTOR_INPUT_ONE_OUTPUT_COMPLEX.h"

complex double MATLAB_main(mxComplexDouble* input, size_t numb_elements, double param1)

{

    complex double output = 0;

    complex double *input_ptr = (complex double *) input;

    for(int c = 0; c < numb_elements; c++)

        output += pow(input_ptr[c], param1);

    return output;

} We cast pointer to 
mxComplexDouble 

to a pointer to 
complex double!

Due to same 
memory layout 

this works!!!

Output is 
the same as 

with the 
program in 

the previous 
slide



Example vector input vector output (using casting)
#define NEXTRA_PARAMETERS 1

#include "VECTOR_INPUT_VECTOR_OUTPUT_COMPLEX.h"

void MATLAB_main(mxComplexDouble* output, mxComplexDouble* input, 

size_t numb_elements, double param1)

{

    complex double *output_ptr = (complex double *) output;

    complex double *input_ptr = (complex double *) input;

    for(int c = 0; c < numb_elements; c++)

        output_ptr[c] = pow(input_ptr[c], param1);

}

>> r = randn(1,1E7)+1i*randn(1,1E7);
>> output = example_complex_vector_input_vector_output(r,1.25); 
>> output_MATLAB = r.^1.25; norm(output-output_MATLAB)
      1.13088226530426e-12
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 OpenMP

• OpenMP is designed for shared-memory architectures, which are 
typical in modern computers. 
• This means all processors share a single memory space, unlike distributed 

memory systems where each processor has its own private memory (and 
usually use MPI). 

• OpenMP offers an easy way to take advantage of the increasing number of 
processor cores in today’s systems, making it essential for high-performance 
computing. 

•  However, unlike standard C code, you might write parallel code that 
compiles without warnings but contains race conditions, leading to 
inconsistent or incorrect results on each run. 



MATLAB and C++ options
• MATLAB Coder (automatic MATLAB to C conversion with OpenMP 

support) can be a good option for beginners since it automatically 
analyzes code for parallelization and includes checks to reduce the 
risk of race conditions. 
• This is often easiest and safest option to make parallel code for a beginner

•  While it often produces safe OpenMP-based code, thorough testing is still 
essential to catch hidden data dependencies. 

•  Meanwhile, modern C++ offers parallel algorithms via tool such as 
std::execution::parallel_policy, which can accelerate operations on 
standard containers. However, just like with OpenMP, it doesn’t 
guarantee race-free execution if shared data isn’t carefully managed, 
so careful design and testing remain crucial for correctness.
• std::execution::par can still be more “easier”/”safer” than OpenMP for simple 

vector operations



SIMD Optimization in Modern Development

• Modern compilers are very good at autovectorization, which means 
they automatically generate SIMD instructions for simple loops.

• This reduces the need for manual SIMD optimization, especially for 
beginners.

• With limited time, it is often more beneficial to focus on 
parallelization (e.g., using OpenMP or C++ parallel algorithms) to 
leverage multiple cores.

• In summary, while SIMD can improve performance, autovectorizing 
compilers lessen the need for manual tuning, so prioritizing 
parallelization is usually best.





opt.log Terminal output

Auto-vectorized







https://godbolt.org
Can show assembly 

code!!!

https://godbolt.org/




Some of below ones GCC specific
Required for OpenMP(use appropriate flags for “Debug” and “Release” configurations)



OpenMP

• OpenMP is based on on two concepts: the use of threads and the 
fork/join model of parallelism. 

• The fork/join model says that a thread can split itself (‘fork’) into a 
number of threads that are identical copies. 

• At some point these copies go away and the original thread is left 
(‘join’), but while the team of threads created by the fork exists, you 
have parallelism available to you. The part of the execution between 
fork and join is known as a parallel region.



OpenMP



OpenMP

• The threads that are forked are all copies of the master thread: they 
have access to all that was computed so far; this is their shared data.

• Of course, if the threads were completely identical the parallelism 
would be pointless, so they also have private data, and they can 
identify themselves: they know their thread number. 

• This allows you to do meaningful parallel computations with threads.



OpenMP

• OpenMP programming is typically done to take advantage of multicore 
processors. 

• Thus, to get a good speedup you would typically let your number of 
threads be equal to the number of cores. 

• However, there is nothing to prevent you from creating more threads: the 
operating system will use time slicing to let them all be executed. You just 
don’t get a speedup beyond the number of actually available cores.

• On some modern processors there are hardware threads, meaning that a 
core can actually let more than thread be executed, with some speedup 
over the single thread. To use such a processor efficiently you would let 
the number of OpenMP threads be (typically) 2 times  the number of 
cores.



OpenMP

• In C, you can redeclare a variable inside a nested scope:

• In OpenMP the situation is a bit more tricky because of the threads. 
When a team of threads is created they can all see the data of the 
master thread. 

• However, they can also create data of their own. We will go into the 
details later



OpenMP



OpenMP

• Your file needs to include #include “omp.h”

• On gcc compiler you compile program using OpenMP with 

gcc foo.c -fopenmp

• Without using “-fopenmp” your OpenMP program will run only single 
thread (meaning no gain!) or give run time error

• In MATLAB MEX, you can use these compilation options:

mex -R2018a CFLAGS="$CFLAGS -fopenmp" LDFLAGS="$LDFLAGS -
fopenmp" foo.c



OpenMP

• In MATLAB / MEX you can verify that file has been compiled properly 
with OpenMP by using

#ifndef _OPENMP

    mexErrMsgTxt("Incorrect compile options! Compile with OpenMP 

support!");

#endif

at the beginning of your MATLAB_main()

• The value of this _OPENMP is a decimal value yyyymm denoting the 
OpenMP standard release that this compiler supports.



OpenMP

• The simplest way to create parallelism in OpenMP is to use the 
parallel pragma. A block preceded by the omp parallel pragma is 
called a parallel region; it is executed by a newly created team of 
threads. This is an instance of the Single Program Multiple Data 
(SPMD) model: all threads execute (redundantly) the same segment 
of code.



OpenMP



OpenMP

OMP_NUM_THREADS=4

omp_get_thread_num reports the number of the 
thread that makes the call.



OpenMP

Assumes exactly 3 threads!!! Not practical program 
but its just an example



OpenMP – Erroneous Code (race condition)!

R
esu

lt 
varies!!

Multiple thread try to update at the same time shared variable!
Also, temp not guaranteed to be from this thread!

Many of the difficulties of parallel programming with OpenMP stem from the use of shared 
variables. For instance, if two threads update a shared variable, you not guarantee an order 
on the updates.



OpenMP – Erroneous Code (race condition)!

temp not guaranteed to be from
this thread!

Thread 1 can modify temp

But before it can update tsum, 

Thread 2 can modify temp

Then thread1 will add wrong temp
to tsum!!!



OpenMP – Erroneous Code (race condition)!

Multiple thread try to update at the 
same time shared variable!

tsum = tsum + temp

What if read current value of tsum 
but before we update tsum another 

thread already updated tsum!
Then we will wrongly update tsum 

based on its old value!



OpenMP – Erroneous Code (race condition)!

Now temp guaranteed to be the same in 
this thread!

However, tsum update can still happen 
same time with wrong results!

Temp is now private variable; each thread has own copy 
of it!!!! [without private clause temp would be shared!]



OpenMP – Erroneous Code (race condition)!

Now temp guaranteed to be the same in this 
thread!

However, tsum update can still happen same 
time with wrong results!



OpenMP – Correct Code (no race condition)!

• critical: following section of 
code can only be executed by 
one thread at a time; 
Do not use #critical inside for 
loops (high performance 
penalty)

• Critical vs. Atomic:
• For a single integer increment, #pragma omp atomic is typically faster than 
#pragma omp critical because it reduces synchronization overhead.

• Reduction (for “for loops”) is much better way [to be discussed next]



OpenMP

• Loop parallelism is a very common type of parallelism in scientific 
codes, so OpenMP has an easy mechanism for it. OpenMP parallel 
loops are a first example of OpenMP ‘worksharing’ constructs (see 
section 21 for the full list): constructs that take an amount of work 
and distribute it over the available threads in a parallel region, 
created with the parallel pragma.

• The parallel execution of a loop can be handled a number of different 
ways. For instance, you can create a parallel region around the loop, 
and adjust the loop bounds manually. 



OpenMP
• A natural option is to use the for pragma

• This has several advantages. For one, you don’t have to calculate the 
loop bounds for the threads yourself.

• Without #pragma omp for, each thread would run full for loop!!!

• With #pragma omp for, each thread automatically gets its own 
portion of the loop indices!!!



OpenMP

• Note that the for pragma does not create a team of threads: it takes 
the team of threads that is active, and divide the loop iterations over 
them. 

• This means that the omp for directive needs to be inside a parallel 
region.

• It is also possible to have a combined omp parallel for directive



OpenMP – erroneous code (race condition!)

Each thread can try to update tsum at the same time!!!
(tsum is shared variable)



OpenMP – correct but slow code

Only one thread will update tsum at a 
time => correct results



OpenMP – correct code (easy and fast way)



OpenMP – correct code (another way)

#critical is outside for loop! No performance penalty!
We sum local temp sums to the final tsum

Each local sum is partial sum!



OpenMP



// mex -R2018a CFLAGS="$CFLAGS -fopenmp" LDFLAGS="$LDFLAGS -fopenmp" 

example_vector_input_one_output.c

#define NEXTRA_PARAMETERS 1

#include "VECTOR_INPUT_ONE_OUTPUT_REAL.h"

// After mex compilation, call from MATLAB for example with: 

// out = example_vector_input_one_output([1 2 3 4 5],2)

double MATLAB_main(double *input, size_t numb_elements, double param1)

{

    double temp = 0;

    #pragma omp parallel

    {

    #pragma omp for reduction (+:temp)

    for(int c = 0; c < numb_elements; c++)

        temp += pow(input[c],param1);

    }

    return temp;

}





Single



OpenMP Output varies due to race condition



Private data

All variables defined inside parallel region are by default private



Private data

Private variables are uninitialized! Its just “luck” 
they are zero (then x = x + 1 leads to 1)

After parallel section x reverts to original value!



OpenMP



OpenMP



OpenMP



OpenMP

• Here is implicit barrier between for loops. Second for loop will only 
run once the first has finished. 



OpenMP
• Here is implicit barrier between for loops has been removed with 

“nowait”. The two printfs will print in random order.



OpenMP
• Here reduction clause is not need since each thread will touch 

different part of output vector. 
// mex -R2018a CFLAGS="$CFLAGS -fopenmp -std=c11" LDFLAGS="$LDFLAGS -fopenmp" COPTIMFLAGS="

O3" example_vector_input_vector_output.c

#define NEXTRA_PARAMETERS 1 // CAN BE ZERO!

#include "VECTOR_INPUT_VECTOR_OUTPUT_REAL.h"

// After mex compilation, call from MATLAB for example with: 

// out = example_vector_input_vector_output([1 2 3 4 5],3)

void MATLAB_main(double* output, double* input, size_t numb_elements, double param1)

{

    #pragma omp parallel for

    for(int c = 0; c < numb_elements; c++)

        output[c] = input[c] + param1;

}

Here calculation is very simple 
(just “+”) so OpenMP speed up is 

less than 2x
TBD: Cache optimization effect?
TBD: Compiler optimization flag 

effect?
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1 What can AI do?

2 Understanding AI Models

3 AI for Coding vs. General Chat

4 The Importance of Fundamentals
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AI in Action: Example Scenarios

Practical Examples of AI in Programming
Auto-Completion: Suggesting entire lines or blocks of code as you
type.
Comment-Based Generation: Creating a function just by describing
it in a comment.
Chat-Based Prompting: Posing questions such as “Optimize this
function” to an AI and getting solutions.
Cross-File Assistance: Analyzing multiple files to ensure consistency
across a whole project. AI can suggest edits to multiple files at the
same time. Available for example in GitHub Copilot.
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Why Use AI for Programming?

Benefits of AI in Programming
Faster Development: AI handles boilerplate, so you can focus on
high-level logic. Offload repetitive tasks to AI, freeing up mental space
for innovation.
Higher Code Quality: This is your responsibility but a set of second
eyes always helps!
Enhanced Learning: Receive real-time feedback and examples while
you code. But beginners should first solve the problem themselves,
before using AI.
Learn New Programming Language: Great for assisting in learning
new programming languages such as C++ (recommended to also read
the best book and/or best web resources on the topic for true learning)
When something (such as one time script in Python) needs to be
quickly done in some unfamiliar language.
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Key AI Models in Programming

Popular AI Models for Coding
Claude (Anthropic): Known for substantial context capacity and
strong code synthesis.
Gemini (Google): Prioritizes responsiveness; excels at multi-language
integration.
OpenAI Models (e.g., GPT-4o, o1, o3-mini):

Varying strengths in logic, speed, and detail.

Grok 3 (xAI): Launched in 2025, designed to be competitive with top
models, featuring advanced reasoning, a 1 million token context
window, and strong coding performance.
DeepSeek-R1 (can be used with Azure AI Foundry, the main website
is currently blocked in University of Oulu). Can be very good for
creative tasks, such making a drawing using LaTeX (even better than
o1). Good for coding. Achieved breakthrough in cost effectiveness.
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GitHub Copilot: Your AI Assistant
Can propose entire blocks of code or entire functions.
Both auto-completion and Chatting.
Integrates directly into e.g. Visual Studio Code (install extensions:
GitHub Copilot Chat and the basic GitHub Copilot).
Free for University students (requires proof of status, for example
screenshot from Tuudo student card might suffice).

Figure: Currently available models in GitHub Copilot

Copilot can Use various AI Models: Some models are tuned for
speed, others for deeper reasoning or large context handling. There is
no always-best model. Experiment!
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Claude (Anthropic)

Claude 3.7 Sonnet / Sonnet Thinking
Released on February 24, 2025.
Enhances logic and multi-step problem solving
The “Thinking” variant is more thorough but slower
User can choose fast responses or step-by-step reasoning (hybrid AI
model).
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Gemini 2.0 Flash (Google)

Gemini 2.0 Flash (Google)
Released in January 30 2025
Popular model for developers, with enhanced performance at fast
response times
Extreme context window (up to 1 million tokens).
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OpenAI Models in Copilot
OpenAI Models in Copilot

Built on top of GPT architectures, known for strong reasoning and
language understanding.

GPT-4o
Robust general knowledge and detailed explanations

o1 (OpenAI reasoning model)
Excellent chain-of-thought reasoning
Handy for debugging or multi-step logic

o3-mini / o3-mini-high reasoning models
Released January 31, 2025
Great for coding.
o3-mini-high has demonstrated better performance than full o1
(performance varies).
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Understanding Tokens and Context Window

What Are Tokens?
Small textual chunks (words, parts of words, symbols) used by AI
models.
“I love programming” could tokenize into ["I", "love", "program",
"ming"].

What Is the Context Window?
The amount of text the model can “see” at once during generation.
Larger windows let the model reference more of your code, increasing
relevancy.
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Why Does Context Window Size Matter?

Advantages of a Large Context Window
Holistic Understanding: Tracks the entire codebase or lengthy
functions.
Better Relevance: AI suggestions remain consistent across files or
modules.
Fewer Oversights: Reduces trivial mistakes that arise from missing
context.
Consistent Coding Style: Maintains uniform naming, formatting,
and logic patterns.
But also, more costly (if you have to get API access).

Janne Lehtomäki (University of Oulu) AI-Assisted Programming March 5, 2025 11 / 18



Canvas Model Overview for chatgpt.com

OpenAI Canvas Model
Single interactive window shared by the programmer and the AI.
Both parties collaborate in real time on the same code snippet.
Promotes a more direct iterative approach: fewer context switches.
Slightly similar to experience you would get from IDE with AI.

Why It Matters
Minimizes versioning friction.
Maintains a single, always-updated code source.
Streamlines quick prototyping and debugging.
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GPT-5 (Subject to Change)

(Background): GPT-4.5 is the latest model available to Pro-users [not
available in Plus] (as a research preview). Normal users still use
GPT-4o or one of the reasoning models.
Rumored to be a unified model, merging reasoning and generation
seamlessly.
May incorporate advanced features from the o3 lineage (full o3 might
never be released as a seperate product).
Release timeline unknown; details remain speculative.
Key Point: In the future, specialized “reasoning” or “speed” variants
might be replaced by a single comprehensive model.
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Coding-Focused vs. General Chat AI

Coding-Focused AI in GitHub
Copilot

IDE integration gives great
benefits.
Gives short, targeted
suggestions (developer
prompts given to it might
vary, sometimes responses
are long, especially for
models under Preview)
Basic models are the same or
similar to general-purpose
models (sometimes extra
training data has been used).

General-Purpose external AI (e.g.,
ChatGPT)

Excellent for conceptual
explanations or brainstorming.
Provides more verbose,
conversational answers.
Requires manual copy-paste of code
context.
Great for generic programming
questions/chat.
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You Still Need to Know C

Memory & Pointers: AI might overlook pointer arithmetic quirks or
produce unsafe code.
Debugging Skills: AI suggestions can help, but diagnosing real errors
remains your job.
Optimization: AI typically offers generic code; fine-tuning
performance can be done by iterative process (such as asking for
generation of intrinsics). Without deep knowledge, tedious
trial-and-error iterative can be the result even with AI.
Professional Growth: Solid language fundamentals are essential for a
robust career.
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Limitations & Pitfalls: Real-World Examples
Even the Best AI Can Make Mistakes!

Hallucinations (Inventing Things): AI might suggest using
functions or libraries that don’t actually exist.
Security Risks (Unsafe Code): AI might generate code with buffer
overflows, format string vulnerabilities, or other security flaws.
Misleading Confidence (Logically Flawed Code): The
AI-generated code might compile and run, but produce incorrect
results due to logical errors. Example: An AI might generate a sorting
algorithm that doesn’t correctly handle duplicate values.
C Style Errors (Empty Parenthesis): Even top-tier AI models can
make basic C syntax errors, such as declaring a function prototype as
void print_message() instead of void print_message(void),
which has different meanings in C.
Verification Is Key (Always Test!): Never blindly trust
AI-generated code. Always test it thoroughly with different inputs and
edge cases to ensure it works correctly. Iteration is usually needed.
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What to Expect in AI-Driven Development
Ultra-Large Contexts: Models capable of parsing entire repositories
(Gemini 2.0 and Grok 3 already have huge context windows).
Persistent Memory: Remembering a project’s evolution across
multiple sessions.
Automated Debugging: AI able to run test suites and propose
targeted fixes.
"Agent" Mode: Already available for testing in GitHub Copilot
(February, 2025, preview) 2 ”capable of iterating on its own code,
recognizing errors, and fixing them automatically. It can suggest
terminal commands and ask you to execute them”
Tighter Tool Integration: Working closely with compilers, linters,
and documentation systems.
Unified Models (GPT-5?): A single advanced model that balances
speed and depth.

2https://github.blog/news-insights/product-news/
github-copilot-the-agent-awakens/
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Key Takeaways

AI can significantly boost productivity for C and other languages.
Different models suit different use cases: some excel at reasoning,
others at speed.
Always verify outputs: your testing and review are essential.
Future AI developments promise bigger context windows and deeper
debugging support.
Shift in Focus: Developers move from rote coding to validation,
design, and creative problem-solving.
Solid language fundamentals remain indispensable. Industry expects
actual knowledge, not just prompt engineering without actual
programming knowledge.
Embrace AI as a collaborative partner, not a silver bullet.
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