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o C programming
o Pointers and dynamic arrays.
@ Number theory

@ Congruence.
o Euclid’s extended algorithm
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@ A pointer is a memory address.

@ When a variable is declared, some memory is allocated to it.
@ The address is obtained using &

// allocated memory for a

int a;

// prints the address of a
// (for ex: 2678673).
printf ("%d\n",&a);
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@ Pointer declaration:
@ Integer pointer: int *p;
o Char pointer: char *pc;
o Float pointer: float *pf;

@ Access to content:
@ *p is the value at address p.
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int a; // allocate memory for a
a=2;

int *p; //
p=&a; // p is now a pointer to a

printf ("%d\n",*p);
// prints the content at address p
/1 2.

*p=3; // now a=3
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Memory allocation

@ Pointer declaration:
9 int *p;
¢ Does not allocate memory at address p.
@ *p=2; can give an error.
@ p can become a pointer to an existing variable:
@ int a; int *p; p=&a;
@ Or one can allocate memory for p.

e Using malloc.
@ int *p;
p=malloc(sizeof (int));
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Dynamic arrays

@ Dynamic array of size n:
9 int *t;
t=malloc(n*sizeof (int));
¢ t[0] to t[n-1]
@ Dynamic size.
o Not necessarily known at compilation time.
o Known at execution time.
@ As opposed to
int t[10];
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#include <stdio.h>
int main()
{
int n;
n=2%10;
// n is known only at execution time

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

int i;
for(i=0;i<n;i++) p[il=0;
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Freeing memory

@ Function free.
o int *t=malloc(n*sizeof (int)); free(t);
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Congruence

@ Definition

o Let n>0,and a,b € Z.
@ ais congruent to b if n|(a — b).
e a=b (mod n).
o nis called the modulus.
@ Should not be confused with the mod of Euclidean division.
@ Theorem
o Let n > 0. For any integer a, there exists a unique integer b
such that a = b (mod n) and 0 < b < n, namely b:=a
mod n.
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Examples and properties

@ Examples :

s 2=28 mod 3 since 3|(8 — 2).
¢ 12=2 mod 5 since 5/(12 — 2).

@ Properties :

ea=b modn&s dkeZ,a=b+k-n.

@ a=a modn

@a=b modn=b=a modn

@ a=b modnand b=c mod nimpliesa=c mod n
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@ Addition and multiplication
e Ifa=a modnand b=b" mod n, then
eat+tb=a+b modnanda-b=a"-b mod n.
@ When computing modulo n, one can substitute to x a value x’
congruent to x modulo n.
@ Computing a with 0 < a < 8 such that a=83-72 mod 7.
@ First solution: 83 -72 = 5976
a=>5976 mod 7 =5.
@ Second solution: 83 =6 mod7,72=2 mod 7,
83.72=6:-2=12=5 mod 7.
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Multiplicative inverse

@ Multiplicative inverse :
o Let n >0 and a € Z. An integer a’ is a multiplicative inverse
of amodulonifa-a’=1 mod n.
@ Theorem :

o Let n,a € Z with n > 0. Then a has a multiplicatif inverse
modulo n iff PGCD(a, n) = 1.
@ Proof (=)
o If &’ is a multiplicative inverse of a modulo n, then a-a' =1
mod n.
o Let k€ Zsuchthata-a' =1+ k-n.
e If d|a and d|n, then d|1. Therefore PGCD(a, n) = 1.
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@ A multiplicative inverse of 5 modulo 7 is 3 because
3:5=15=1 mod 7

@ 2 has no multiplicative inverse modulo 6 :
22:-1=2 mod6

02:-2=4 mod®6
©2-3=0 mod®6
©2-4=2 mod6
9 2:-5=4 mod®6
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Euclid's extended algorithm

@ Euclid's extended algorithm

o Let a,b € Z and d = PGCD(a, b).
o Computes s,t € Z such that a-s+ b-t =d.

@ Multiplicative inverse.

s Let a,n with n > 0 and PGCD(a, n) = 1.
o With Euclid’s extended algorithm, one computes s, t such that

a-s+n-t=1

@ Thena-s=1 modn
@ s is one multiplicative inverse of a modulo n.
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Euclid's extended algorithm

@ Euclid's extended algorithm, for a > 0 and b > 0.
o Two additional sequences u; and v;.
o rp=aand np =b.
o Fori >0, letri=gqj-rig1+ riq2
o up:=1 v:=0, up:=0, vi :=1 and for i > 2, one defines
Ui = Ui — gj—2-uj—1 and v; = v;_» — gi_2 - vj_1.
@ There exists k > 0 such that r, = 0.
o Then PGCD(a,b) = rk—1 = ug—1-a+ vk_1-b.
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@ We always have ri = uj-a—+v; - b.
o Truefory=a=1-a+0-b.
o Trueforryr=b=0-a+1-b.
o lfro=ui_>-a+vio-band rr_i=uj_1-a+vi_1-b, then:

ui-ra+vi-b = (Ui2—qi2-ui1)-a+
(Vica—qi—2-vj—1)- b
fi—2—=4qi—2-ri—-1
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