
Lecture 15: C part VIII

Suggested Literature



Working with 
files in C

C has specific 
libraries to open files 
directly (instead of 

relying on bash input 
/ output redirection)



Working with 
files in C

fputs is an 
alternative to 

fprintf

fputs vs fprintf

https://stackoverflow.com/questions/5690979/when-should-i-use-fputs-instead-of-fprintf


Working with files in C

Like scanf, fscanf returns int = number of variables it read 
successfully. Use with while to do format reading of tables



Working with files

fgets can be used 
with terminal or file

Alternative
char* gets (char* str)

assumes the 
terminal output



Working with files

How to convert 
int errors to 

human readable 
messages
(in the std 
library)?

errno, strerror



Working with files

This way of 
handling error is 
not safe when 

doing 
parallelism

Why?

global variable

source: https://www.geeksforgeeks.org/error-handling-c-programs/



Working 
with files

fseek allows 
the user to 

position the 
file pointer in 

different 
places



Working with 
files

Reading entire 
file into memory 
at once (faster)

ftell returns long 
int (current 

position of the 
stream in bytes)

Char sz = 1 byte



Working with 
files

Reading entire 
file into memory 
at once (faster)

fread, fwrite are 
lower-level 
functions

2 arg = size of each element

3 arg = total size



Working with 
files

fwrite is lower-level 
functions 

(deal with bytes).

Can be useful when 
writing structs as 

well

2 arg = size of each elem
3 arg = total size



Working with 
files

fwrite is lower-
level functions 

(deal with bytes).

Can be useful when 
writing structs as 

well
2 arg = size of each elem

3 arg = total size

return = num 
elem read



Standard Library: 
math.h

Many useful math 
functions

Need manual linking 
with -lm



Standard 
Library: float.h

Limits on float / 
double types & 

proper float 
number 

comparison



Standard Library: limits.h

Important 
limits on other 
types such as 
char, int and 

long int

Not that 
large



Standard Library: 
ctype.h

Check if a type is 
alphanumeric or 

alphabetic or numeric or 
printable (additional 
options and checks 

available on ctype.h)
Source: https://www.tutorialspoint.com

https://www.tutorialspoint.com/c_standard_library/c_function_isalpha.htm


Standard Library: 
ctype.h

Source: 
https://www.tutorialspoint.com/c_standard
_library/c_function_isalpha.htm 

Check if a type is 
alphanumeric or 

alphabetic or numeric 
or printable (additional 

options and checks 
available on ctype.h)

https://www.tutorialspoint.com/c_standard_library/c_function_isalpha.htm
https://www.tutorialspoint.com/c_standard_library/c_function_isalpha.htm


Standard Library: 
ctype.h

Source: 
https://www.tutorialspoint.com/c_standard
_library/c_function_isprint.htm 

Check if a type is 
alphanumeric or 

alphabetic or numeric 
or printable (additional 

options and checks 
available on ctype.h)

https://www.tutorialspoint.com/c_standard_library/c_function_isprint.htm
https://www.tutorialspoint.com/c_standard_library/c_function_isprint.htm


Arguments in the main 
function

• int argc: the number of 
arguments. The program 
itself count as an argument

Source: https://www.geeksforgeeks.org/find-largest-
among-three-different-positive-numbers-using-command-
line-argument/ 

https://www.geeksforgeeks.org/find-largest-among-three-different-positive-numbers-using-command-line-argument/
https://www.geeksforgeeks.org/find-largest-among-three-different-positive-numbers-using-command-line-argument/
https://www.geeksforgeeks.org/find-largest-among-three-different-positive-numbers-using-command-line-argument/


Arguments in the main 
function

• char** argv: an array of 
strings. In this case we need 
to convert them to integers

Source: https://www.geeksforgeeks.org/find-largest-
among-three-different-positive-numbers-using-command-
line-argument/ 

https://www.geeksforgeeks.org/find-largest-among-three-different-positive-numbers-using-command-line-argument/
https://www.geeksforgeeks.org/find-largest-among-three-different-positive-numbers-using-command-line-argument/
https://www.geeksforgeeks.org/find-largest-among-three-different-positive-numbers-using-command-line-argument/


Standard Library: 
time.h

More examples 
(including display of 
local / UTC time) via 

geeksforgeeks

Functions to display 
local (or GMT) time and 

to measure execution 
elapsed time

https://www.geeksforgeeks.org/time-h-header-file-in-c-with-examples/
https://www.geeksforgeeks.org/time-h-header-file-in-c-with-examples/
https://www.geeksforgeeks.org/time-h-header-file-in-c-with-examples/


Standard Library: 
stdlib.h

Source: 
https://www.tutorialspoint.com/c_standard_li
brary/stdlib_h.htm 

Many important 
functions

• malloc/calloc/realloc
• free
• exit(), abort()
• int rand()
• atof, atoi, atoll
• char* getenv(const char 

*name)

https://www.tutorialspoint.com/c_standard_library/stdlib_h.htm
https://www.tutorialspoint.com/c_standard_library/stdlib_h.htm


Standard Library: 
stdlib.h

Source: 
https://www.tutorialspoint.com/c_stan
dard_library/c_function_strtod.htm 

Functions atof, atoi, 
atoll work ok but 
there are functions 

(e.g., strtod) that are 
more complete. 

strtod provides mixed 
translation from string 
to number and words

https://www.tutorialspoint.com/c_standard_library/c_function_strtod.htm
https://www.tutorialspoint.com/c_standard_library/c_function_strtod.htm


Standard 
Library: stdlib.h

strtod/strtol 
functions also 

provide a way to 
check if the 

conversion was 
successful



Standard Library: 
stdlib.h

Source: 
https://www.tutorialspoint.com/c_standard
_library/c_function_strtol.htm 

Functions atof, atoi, atoll 
work ok but there are 
functions (e.g., strtol) 
that are more complete 
strtod provides mixed 

translation from string to 
number and words

https://www.tutorialspoint.com/c_standard_library/c_function_strtol.htm
https://www.tutorialspoint.com/c_standard_library/c_function_strtol.htm


Standard Library: stdlib.h

Source: https://www.tutorialspoint.com/c_standard_library/stdlib_h.htm 

stdlib.h provides a high-
quality random number 

generator
• srand = provide the 

seed for the generator 

https://www.tutorialspoint.com/c_standard_library/stdlib_h.htm


Standard Library: stdlib.h

Source: https://www.tutorialspoint.com/c_standard_library/c_function_getenv.htm  

stdlib.h provides the 
gentenv function that 

allows shell/bash 
environmental 

variables to be read

https://www.tutorialspoint.com/c_standard_library/c_function_getenv.htm


Standard Library: 
stdlib.h

Source: 
https://www.tutorialspoint.com/c_standard_l
ibrary/c_function_qsort.htm 

stdlib.h provide generic 
functions such as qsort.

Generic functions use void 
pointers because anything 
can be casted into void*

https://www.tutorialspoint.com/c_standard_library/c_function_qsort.htm
https://www.tutorialspoint.com/c_standard_library/c_function_qsort.htm


Headers in C
File 1: testheader1.c

body of the function

header 1: testheader1.h

Include declarations of 
functions (and global 

variables / structs)

Headers need pre-
processor guards



Headers in C
File 1: testheader1.c

body of the function

Advanced technical point 

If you mix C and C++ 
code, the C headers need 
these additional guards.

Why? Differences 
between C and C++ on 

something called “Name 
Mangling”

https://www.geeksforgeeks.org/extern-c-in-c/
https://www.geeksforgeeks.org/extern-c-in-c/
https://www.geeksforgeeks.org/extern-c-in-c/
https://www.geeksforgeeks.org/extern-c-in-c/


Headers in C

File 2: testheader1_main.c
Location of the main 

function

How do I compile the code? No need to include the header

Why the double quotes in “testheader1.h”?
Trick that tells the pre-processor to look for the file in the 

current directory first

https://www.geeksforgeeks.org/c-c-include-directive-with-examples/
https://www.geeksforgeeks.org/c-c-include-directive-with-examples/


• Internal linkage = 
file’s instance of a 
var x or a function f() 
is its own and 
matches only other 
instances 
of x or f() in the same 
scope. Use 
the static keyword to 
indicate internal 
linkage.

Source: 
https://stackoverflow.com/questions/7762731/
whats-the-difference-between-static-and-
static-inline-function 

Source2: 
https://stackoverflow.com/a/25000931 

Static variables outside functions 

https://stackoverflow.com/questions/7762731/whats-the-difference-between-static-and-static-inline-function
https://stackoverflow.com/questions/7762731/whats-the-difference-between-static-and-static-inline-function
https://stackoverflow.com/questions/7762731/whats-the-difference-between-static-and-static-inline-function
https://stackoverflow.com/a/25000931


Static variables outside functions 

Example of static global variables with internal linkage used in my 
research. They are great for setting compile-time options that are 

relevant only in one file 
Source: https://github.com/CosmoLike/cocoa/blob/main/Cocoa/external_modules/code/cosmolike/cosmo2D.c 

https://github.com/CosmoLike/cocoa/blob/main/Cocoa/external_modules/code/cosmolike/cosmo2D.c


Static variables outside functions 

They have the same name, but act 
independent because of the static prefix



Static variables outside functions 

Without static prefix, linking of the files 
done by the compile fail



How to make a global variable to all files?



Inline functions - Headers in C
• inline instructs the compiler 

to attempt to embed the 
function content into the 
calling code

• For small functions that are 
called frequently that can 
make a big performance 
difference.

• This is only a "hint", and the 
compiler may ignore it. 
From header also require 
extern for linkage

Source: 
https://stackoverflow.com/questions/7762731/whats-the-
difference-between-static-and-static-inline-function 

Source2: https://stackoverflow.com/a/25000931 

https://stackoverflow.com/questions/7762731/whats-the-difference-between-static-and-static-inline-function
https://stackoverflow.com/questions/7762731/whats-the-difference-between-static-and-static-inline-function
https://stackoverflow.com/a/25000931


Inline functions - Headers in C
This is only a "hint", and the 
compiler may ignore it. C 
also requires extern for 
linkage. Why?
External linkage means that 
symbols that match across 
files should be treated as the 
same thing by the linker. 
The extern keyword will be 
useful to indicate external 
linkage
Source: 
https://stackoverflow.com/questions/7762731/whats-the-
difference-between-static-and-static-inline-function 

Source2: https://stackoverflow.com/a/25000931 

https://stackoverflow.com/questions/7762731/whats-the-difference-between-static-and-static-inline-function
https://stackoverflow.com/questions/7762731/whats-the-difference-between-static-and-static-inline-function
https://stackoverflow.com/a/25000931


Static inline functions
• Internal linkage = 

file’s instance of a 
var x or a function f() 
is its own and matches 
only other instances 
of x or f() in the same 
scope (file). 

Use the static keyword 
to indicate internal 

linkage.
Source: 
https://stackoverflow.com/questions/7762731/w
hats-the-difference-between-static-and-static-
inline-function 

Source2: https://stackoverflow.com/a/25000931 

https://stackoverflow.com/questions/7762731/whats-the-difference-between-static-and-static-inline-function
https://stackoverflow.com/questions/7762731/whats-the-difference-between-static-and-static-inline-function
https://stackoverflow.com/questions/7762731/whats-the-difference-between-static-and-static-inline-function
https://stackoverflow.com/a/25000931


Static inline functions



Static inline functions
Without the static keyword, compile can’t link the files

How to create a single inline function? Keyword extern



Casting between const and non-const

When working with functions 
(especially external 
functions), the const can 
cause API incompatibilities. 
Casting is possible if the 
function don’t break the const 
promise (otherwise you get 
undefined behavior) 



Casting between const and non-const
Seems to work fine with our 
gcc version but it is 
undefined behavior. Why? 
Sometimes const variables 
sits in unwritable memory 
location (memory with read-
only attributes)
Source: 
https://stackoverflow.com/a/1704922/2472169  

https://stackoverflow.com/a/1704922/2472169


Homework
• Write a program that converts T (input from the terminal – main args) 

degrees Fahrenheit to Celsius using the formula C = 5 (F – 32) / 9
• Write a program to evaluate the polynomial shown here 3x^3 – 5 x^2 + 

6 for x (input from the terminal – use main args), and display the results 
in scientific notation.

• Write a program that computes the numerical integration via the 
trapezoidal rule of a function (example f(x) = x^2 from 0 to 10). Now 
loop that integral in an outer for loop so the calculation is repeated 1000 
times. Use time.h to compute the execution time of your program.

• Write a program that converts T (input from terminal – main args) 
degrees Fahrenheit to Celsius using the formula C = 5 (F – 32) / 9. Now 
save this function in a different C file and write a header so the function 
can be called from main.c, where you will convert of a few Ts in the 
main function.



Congratulations

You now have a solid understanding of the 
C language, which can be incredibly helpful 
in scientific research (C is fast and reliable)


