
t[1 . . . n] E
≤ N ≤

e1, e2 ∈ E e1 < e2 e1 ≤ e2 e1 #= e2

t t
t

t
i i

i

t[1 . . . n]

i ← 1
i ≤ n− 1

j ← n

j ≥ i + 1
t[j] < t[j − 1]
valeur ← t[j]
t[j] ← t[j − 1]
t[j − 1] ← valeur

j ← j − 1
i ← i + 1

n k i
C(n, k)

C(n, k) n k

C(n)
n C(n) n



t n E
≤ e1, e2 ∈ E e1 < e2 e1 ≤ e2 e1 #= e2

t t

n t

n− 1

t[1 . . . n]

i ← n

i ≥ 2
max ← t[1] pos ← 1
j ← 1

j ≤ i

max < t[j]
pos ← j max ← t[j]

j ← j + 1
t[pos] ← t[i] t[i ] ← max
i ← i− 1

n k i
C(n, k)

C(n, k) n k

C(n)
n C(n) n

t[1 . . . n] E
≤ e1, e2 ∈ E e1 < e2 e1 ≤ e2 e1 #= e2

t t
t

g, d ∈ [1, n] g ≤ d
t[g . . . d]

t[g . . . d] t′

t[g . . . d]



g d

g < d

m ← ' (g+d)
2 (

(g, m)
(m + 1, d)

(g, d,m)

g d m

i m g t′[i] = t[i]
j m + 1 d t′[d + (m + 1)− j] = t[j]

i ← g j ← d

k g d

t′[i] < t′[j]
t[k] ← t′[i] i ← i + 1

t[k] ← t′[j] j ← j − 1

g, d ∈ [1, n] g ≤ d p = (d− g) + 1
f(p) (g, d,m)

c(p) (g, d)
c c(p) = a.c('p

2()+ b.c()p
2*)+h(p)

a ∈ N b ∈ N a + b ≥ 1 h : N → R+

' . ( ) . *
α = log2(a + b)

h(p) = Θ(pβ) β < α c(p) = Θ(pα)
h(p) = Θ(pα) c(p) = Θ(pα ln p)
h(p) = Θ(pβ) β > α c(p) = Θ(pβ)

n

a ∈ N∗ n ∈ N an

a2p a2p+1 (a2)p a(a2)p

a n

n = 0

n = 1
a

n
2 ∈ N

(a× a, n
2 )

a× (a× a, 'n
2 ()



c(n) (a, n)
c

k ∈ N c(2k) = k n
c(n) = log2 n

c

n ≥ 1

'log2 n( ≤ c(n) ≤ 'log2 n(+ 1 .






m× 0 = 0
m× 1 = m
m× (n + 1) = m× n + m .






m× 0 = 0
m× 1 = m
m× (2n + 1) = m× n + m× n + m
m× (2n) = m× n + m× n .

m, n ∈ N a(n)
m n

a

a α β

α(n) = α('n
2
() + constante1 β(n) = β('n

2
() + constante2 .

k ∈ N α(2k) = k β(2k) = 2× (k + 1)
n ≥ 1

'log2 n( ≤ a(n) ≤ 2× ('log2 n(+ 2) .



n
n

n

n = 0
n−1 n n−1

n
n− 1

n

n > 0
n− 1

→
n− 1

c(n)

n

c c(n + 1) = α.c(n) + f(n)
α ∈ R α ≥ 1 f : N → R+

α > 1
f(k)
αk c(n) = O(αn)

f(n) = O(αn) c(n) = O(nαn)
f(n) = O(βn) β > α c(n) = O(βn)

n ∈ N
n
Σ

k=1

1
2k = 1− 1

2n

n ≥ 2 c(n) = αn−1[c(1) +
n−1
Σ

k=1

f(k)
αk ]

n ≥ 2 c(n) = 2n+1 − 2



pgcd(a, b) = pgcd(b, r)

r a b

a b
a ≥ b

(q, r) a = b.q + r

r = 0
b

(b, r)

(ak, bk) ak ≥ bk > 0
k

pgcd(a, b)
(ak+1, bk+1) → (ak, bk) → (ak−1, bk−1)

bk+1 ≥ bk + bk−1






Fibo(0) = 0,
Fibo(1) = 1,
Fibo(n + 2) = Fibo(n + 1) + Fibo(n) ∀n ∈ N

k bk ≥ Fibo(k)
k Fibo(k) ≥ Φk Φ > 1

pgcd(a, b)


