
Lecture 12: C part V

Suggested Literature



RECAP: Pointers – Common Mistakes
The problem with memory violation is that the 

compiler may not catch it, and the program may run!



RECAP: Pointers – Common Mistakes
The order of *p1++ is 

opposite of intended and result 
in memory access violation

•First deference operator “*”

•Second, add one to the 
pointer address (remember: 
location is a hex number)



RECAP: generate a stack overflow? 
Stack size is ~8 Megabytes of memory. 

So, let’s create an array with more 

than 8 Megabytes.

Given that double is 8 bytes. We 

need an array ~10^6 elements



RECAP: Dynamically allocated memory

always check if 
the pointer is 

NULL

malloc provides 
memory but does not 

initialize array 
values

Can’t forget to free 
the memory



RECAP: Pointers – Common Mistakes
You can’t deallocate 
2x memory allocated 
with a single malloc! 

That is memory 
corruption.



Pointers – Common Mistakes Part X

If you lose the 
pointers to an 

allocated array, 
you create 

garbage objects 
(memory can’t 

be reached but is 
not freed)

Memory leakNot even --pedantic -Wall 
warns you



Pointers – Common Mistakes Part XI
If you define a struct 

(user-defined type) with 
pointers, be careful with 

shallow vs deep copy

That is why in C++, we 
have copy constructors

In C, you can create functions 
that act more-or-less as copy 

constructors (does deep copy) 



Pointers – Common Mistakes Part XII

If you have multiple 
pointers pointing to 

the same memory, be 
careful when you 
free that memory.

That is one reason 
why in C++, we have 

unique pointers



Pointers – Common Mistakes Part XIII
Users must be careful 
when accessing arrays.

Array indexes go from         
zero to size -1



Pointers – Common Mistakes Part XIV
Users must be careful 
when accessing arrays.

Array indexes go from         
zero to size -1



Pointers – Common Mistakes Part XV
Pointers are not a magic wand that allows you not to 

respect the memory boundaries of types



Pointers – Common Mistakes Part XVI

Pointers 
pointing to 
different 
locations 

obviously do 
not imply the 
contents on 

these locations 
are different.



Double pointers in 
C



Pointers

What if we need to 
modify the pointer 
function argument? 
We need pointer of 

pointers!

The address of 

the pointer to int 

is passed by 

value



Double Pointers

int* and int** 
have the same size; 

they are both 
addresses

8 bytes = 64 bits = 
up to 16 digits in 
Hex



Source: 21st Century C, 
2nd Edition. Author: 
Ben Klemens

Yes! const int x; is equivalent to int const x;

Double Pointers



Constant correctness is involved
• The double pointer to an int is constant, i.e., it can’t be 
assigned to another pointer to int address: int** const ptr;
• The pointer to int that the double pointer holds (*ptr) is not 
a constant pointer to an integer. (*ptr) can be assigned to 
another integer address

• What if we don’t want the pointer (*ptr) to int that the 
double pointer holds to be assigned to another address)?            
int* const * const
• Even in this case, the int that *(*ptr) holds can be 
modified? What if we don’t want that? We must define the 
double pointer ptr as  const int* const * const or int const * 
const * const (some people find that easier to remember. In 
this case, const is a promise for the operator on the left



Pointers
The double pointer 

to an int, ptr, is 
constant

The pointer ptr can’t 
be assigned to 

another pointer to int 
address



Pointers
The pointer to int that 

the double pointer 
holds, (*ptr), is 

constant 
The pointer (*ptr) 
can’t be assigned to 

another integer 
address



Pointers
The integer that 

*(*ptr) holds can’t 
be modified

The integer variable 
*(*ptr) can’t be 

assigned to another 
integer value



What about triple pointers in C?

Useful when your 
program need a[i][j][k]



Dynamically allocated memory (2D array)



malloc & calloc 
on double pointers

In this common way: 
we need to malloc each 

dimension separately 
(with the for loop)

When deallocating 
memory with free, we 
also need to free each 
dimension separately



malloc & calloc on double pointers

The problem with that approach is the 
memory is not contiguous

In normal circumstances, that is totally ok
But there are more optimal ways in High-

Performance Computing (contiguous 
memory)

Solution 1: 1D array such that a[i,j] = v[i + nrows*j]
Solution2: (ref: Ex4 - https://www.geeksforgeeks.org/dynamically-allocate-2d-array-c/)

https://www.geeksforgeeks.org/dynamically-allocate-2d-array-c/


malloc & calloc on double pointers

Solution 1: 1D 
array such that 
a[i,j] = v[i + 

nrows*j] 
Cumbersome!

Good part: 
memory is 
contiguous



malloc & calloc on double pointers
good: Memory is contiguous

bad: Memory is non-contiguous. Integer arithmetic w/ 
pointers not possible, i.e., a[i,j] != *(a + i + nrows*j) 

These can be far away in 
memory location



What is the output of the following program and why? Does this 

program have a memory leak? Why?

Homework I



Homework II
What is the output of the following program and why? Does this 

program have a memory leak? Why?



Homework III
What is the output of the following program and why? Does this 

program have a memory leak? Why?



Homework IV
What is the output of the following program and why? Does this 

program have a memory leak? Why?



Homework V
What is the output of the following program and why? Does this 

program have a memory leak? Why?



Homework VI

What is the output of the following 

program and why? Does this 

program have a memory leak? 

Why?



const correctness is a significant and important deal on pointers

Homework VII



Homework VIII
• Write a function that multiples the matrix by a scalar 
• Write a vector struct and then a function that evaluate a 

linear transformation Ax, where A is a matrix and x is a 
vector. The function should check if the dimensions are 
compatible
• Write a function that checks if the matrix is either 2x2 or 

3x3 and in these two cases, return the determinant. In all 
other cases, it returns an error



Additional Reading
• GeeksforGeeks article on double pointer: 

https://www.geeksforgeeks.org/c-pointer-to-pointer-double-

pointer/ 

https://www.geeksforgeeks.org/c-pointer-to-pointer-double-pointer/
https://www.geeksforgeeks.org/c-pointer-to-pointer-double-pointer/

