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Pointer Terminology

® A pointer is a variable
that holds a memory

address.
o This address can point to
anything - but is typically the
address of another variable.
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Pointers

® Lets observe the address of variables elie o
on our stack.

® Bonus: What do you observe if you L
run sequential executions of the int b = 456;
program? printf("a: tp\n",a);
o ASLR: Try playing with these 2 commands on pintf(E;Tz;zCEzz)

a local machine:

m echo O | sudo tee /proc/sys/kernel/randomize_va_space
m echo2 | sudo tee /proc/sys/kernel/randomize_va_space
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Pointers are difficult

pythontutor.com: Use this online tool to visually debug your code.

C (C17 + GNU extensions) Print output (drag lower right corner to resize)

I have 20 bananas
#include <stdio.h>

p
int main() { Stack Hea
int x[] = {10, 20, 30}; P
int* p = &x[1]; // pointer into middle main array
% . _qm " 1 2 3 4 5 6
char™ Hruls(A] = {"apples : array char | char | char | char | char | char | char
bananas"”, : iy @ [ [ |1 e s [N
X int | int | int

"cherries"}; (this is in read-only storage, not the heap)

10,420 30
printf("I have %d %s\n", *p, fruit[1]); p P%term int AL i )
return 0; char | char| char | char | char | char | char | char
array oo o R S [ R T 2 | =
- } 7 b' [fa* [*n® [*a* [*n* ‘@ [‘s: |*\O
fruit ointez48 char | pointer t (EoToter to char (this is in read-only storage, not the heap)
Edit Code & Get Al Hel P POerto poterito cha
- « o«
line that just executed array
== next line to execute 1 4
char | char| char | char| char | char | char | char| char
e R et e e e s |
<< First ‘ < Prev (this is in read-only storage, not the heap)
Done running (6 steps)
Visualized with pythontutor.com C/C++ details: [ none [default view] v
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Dynamic Memory Allocation

® Request memory at

runtime.
e Forthisweusemalloc() e ey e e o0

if (an array == NULL) return EXIT FAILURE;
L Y i

o Does NOT initialize elements to o~ o0
an_array [2 = 3007

free (an_array) ;

o Don't forget to f ree( ) - return EXIT SUCCESS;

printf ("%d %d\n",aniarray[20],an7array[21]);
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Complications of Dynamic Memory Allocation

e Memory leakage i e ok (o)
o The condition caused by a (
. int* an array = mall (sizeof (int) *100) ;
program that falls to if (an a;ray Z: WiL)Ozbort ()

correctly free allocated an_array[20] = 300;

return;

memory.
e The definition really

should be defined within
the context of a program.
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Sieve of Eratosthenes for Large n

g sum primes ( o g limit) {

) * (limit+1)) ;

< limit+1; i++4) {

limit; 1i++){

<= limit; m += 1)

I

}
free (marks) ;

return sum;,
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Debugging with GDB

ctrl+x + ctrl+a
o TUI mode
run
©  Run program until breakpoint
start
©  Run a program until main
next
o Execute one line of source code (steps
over functions)
step
o Execute one line of source code (steps
into functions)
finish
o  Finish execution of current function
continue
o  Execute program until a breakpoint
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bt

o  Print backtrace
b (line number,function name)

o  Breakpoint
print (/x for hex, \s for string)

o Print values. Can also use display
X/ (format (i.e 30g)) <addr>

o  Print list of memory address values
set

o Set variable or register

Pointer.

Read as integer, print as character.
Integer, signed decimal.

Floating point number.

Integer, print as octal.

Try to treat as C string.

Integer, print as binary (t = ,two").
Integer, unsigned decimal.

Integer, print as hexadecimal.

X &t O MQQ D
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2 Flavors of Matrix Allocation

int** one way (size

{

int** matrix = malloc (sizeof (int*) *rows) ;

if (matrix == NULL) abort ():;

for(size t i = 0; i < rows; 1i+t)

{

matrix [1]

= malloc (sizeof (int) *cols) ;

if (matrix [i] == NULL) abort ():;

}

return matrix;
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int* another way (
{
int* matrix = malloc (si
if (matrix == NULL) abort ():;

return matrix;
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2 Flavors of Matrix Allocation

Stack Heap

main array
0 1 2

mattix P:W—‘—Tpointer to int | pointer to int | pointer to int

P

rray
o 1 Stack Heap
llint | int/int
S ‘ ? main array
Ly SO0 | 0 1 2 3 4 5 6 7 8

int| int
2002

int| int
22

int| int
2|

int
?

tri pointer to int int | int
arr matrix 2 |2

int
?

int
?
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2 Flavors of Matrix Allocation

Stack Heap

main

int
?

int

row a8
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Stack Heap
main array
0 1 2 3 4 S 6 74 8
tri pointer to int int|int|int|int|int|int|int| int| int
matrix ACAEAEAEE .
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2 Flavors of Matrix Allocation

Stack Heap

main

int
?

int

row a8
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Must be contiguous

Stack Heap
main array
0 1 2 3 - 5 6 8
tri pointer to int int|int|int|int|int|int|int| int| int
matrix ACAEAEAEE .
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2 Flavors of Matrix Allocation

Stack Heap Must be contiguous

main
0 1 2
matrix p:w—‘—Tpointer to int | pointer to int | pointer to int
p7 4

0 1 2 3 4 5 6 7 8

? ?

P2 2

?2 | ?

5

Extra item 5 |7 |
stored for each =/
row AHB

Easy to free
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2 Flavors of Matrix Allocation

Stack Heap Must be contiguous

main
0 1 2
matrix p:w—“_Tpointer to int | pointer to int | pointer to int
p7 4

Stack Heap

? ?

? ?

Extra item 5 |7 |
stored for each =/
row i int | int

Prettier access
syntax (matrix[i1[j1)

Easy to free
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2 Flavors of Matrix Allocation

Extra dereference .
Stack Heap / Must be contiguous

main array

Stack Heap
main array
0 1 2 3 4 S 6 74 8
tri pointer to int int|int|int|int|int|int|int| int| int
matrix ACAEAEAEE .

Extra item

My Prettier access
stored foreach -/ gy ptax (natrixtirtsn)

row A8k

Easy to free
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2 Flavors of Matrix Allocation - Performance

Runtime for matrix kernel m[1][j] = 1 + j over 1000 trials

Rows Columns int** Runtime (S) int* Runtime (S)
1000 1000 0.0931 0.0822
2000 2000 0.3543 0.3227
3000 3000 1.2079 1.1200
4000 4000 3.1762 3.0856
5000 5000 5.4211 5.3389
6000 6000 8.1758 8.2131
7000 7000 11.2992 11.1163

100000 1 0.0725 0.0446
200000 1 0.1416 0.0896
300000 1 0.2152 0.1328
400000 1 0.2960 0.1769
500000 1 0.3737 0.2241
600000 1 0.4807 0.2743
700000 1 0.5753 0.3139
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2 Flavors of Matrix Allocation - Performance

Runtime for matrix kernel m[1][j] = 1 + j over 1000 trials

Rows Columns int** Runtime (S) int* Runtime (S)

1000 1000 0.0931 0.0822

EXt ra 2000 2000 0.3543 0.3227

3000 3000 1.2079 1.1200

d e rEfe rence 4000 4000 3.1762 3.0856
5000 5000 5.4211 5.3389

has a cost! 6000 6000 8.1758 8.2131

7000 7000 11.2992 11.1163
1 0.0725 0.0446

200000 0.1416 0.0896
300000 0.1328
400000 0.1769
500000 0.2241
600000 0.2743
700000 1 0.5753 0.3139
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