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Exemple d’algorithme les données
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An algorithm is a recipe to solve get a result in a finite number of 
instructions.  

An algorithm solves a problem.

• Input: two numbers a and b
   Output: a+3b+ab

• Input: an integer a 
   Output: the sum 1+2+3+...+a
• Input: a set of coins, a value S 
   Output: a subset of coins whose total value is S

• Input: a list of words 
   Output: the sorted list

• Input: two texts 
   Output: the list of words occurring in the 2 texts.

• Input: a map, and two towns A and B 
   Output: a shorst path from A to B

• Données: a program P, an input a 
   Output: the answer to the question “does P(a) equal to 
8a+5 ? » 

Examples of algorithmic problems



problem / instance

• Input: a list of words 
   Output: the sorted list

Examples of instances:

A problem

‣table, vélo, chaise, pain, chocolat, tram, ciel, pomme 
‣Noémie, Pierre,  Alain, Célia, Juan, Leila, John 
‣pomme, oiseau, vélo, fgsdhgf, hjdshq, sqdkjhd 
‣ x     
‣bip, bop, bip, tip

An algorithm has to solve all 
instances of the problem.

Problems and algorithms

A given problem may admit several different algorithms (or none). 

We look for correct and efficient algorithms ! 
It is not always easy !It is not always possible



The efficiency of algorithms

CA(x) : number of elementary instructions required for the 
execution of algorithm A over the input x. 

Worst case analysis: 
    CA(n) =  max    CA(x) 

Average analysis: 

    CAmoy(n) =  ∑   p(x).CA(x) 

Amortized analysis: 
Evaluate the cumulative cost of n operations (in worst case 
setting).

x.|x|=n

x.|x|=n
probability distrib over the 
input of size n. 

Time complexity

« worst case running time »

For every input of size n, the execution of A 
takes at most CA(n) instructions.

Complexité des algorithmes

Obj: an order-of-magnitude  
Notations: O( ), Ω( ) et Θ( ): 

O(g(n)) = {f(n) | ∃c>0,n0≥0 s.t. 0≤f(n)≤c.g(n) ∀ n≥n0} 
→  contains the functions for which  c.g(n) is an asymptotic upper 
bound (some some constant c). 

Ω(g(n)) = {f(n) | ∃c>0,n0≥0 s.t. 0≤c.g(n)≤f(n) ∀ n≥n0} 
→  contains the functions for which  c.g(n) is an asymptotic lower 
bound.  

Θ(g(n)) = {f(n) | ∃c1,c2>0,n0≥0 tq 0≤c1.g(n)≤f(n)≤c2.g(n) ∀ n≥n0} 
→  g(n) is an asymptotic tight bound for f(n) 



3n3

Notations: O,Ω,Θ

2n3

C(n)

n0

c=3
C(n)∈ O(n3)

C(n)∈ Θ(n3) 

Notations: O,Ω,Θ

‣ n! ∈ O(nn)

‣ 3n2+4n+5 ∈ O(n2)    and    3n2+4n+5 ∈ O(n5)  …
‣ 3n2+4n+5 ∈ Θ(n2)    but    3n2+4n+5 ∉ Θ(n5)
‣ 8n3-3n ∈ Θ(n3)
‣ 2n+2n3 ∈ Θ(2n)
‣ |sin(n)| ∈ Θ(1)

‣ 2n+1 ∈ Θ(n) 
‣ 3n ∉ O(2n)

‣ (n+1)! ∉ O(n!)



What is an efficient algorithms ?

We distinguish several classes of algorithms: 

- Sublinear algorithms. 
Par ex. en O(log n) 

- Linear algorithms: O(n) 
[or  O(n.log n) ] 

- Polynomial algorithms: O(nk) 

- Exponential algorithms: O(2n) 
- …

1.1 Evaluer la complexité d’un algorithme

Obj : avoir un ordre de grandeur du nombre d’opérations que l’algorithme doit effectuer
lorsque la taille du problème augmente.

On utilise les notations O( ), Ω( ) et θ( ) pour exprimer une majoration, une minoration
ou un encadrement de l’ordre de grandeur :

– O(g(n))
def
= {f(n) | ∃c > 0, n0 ≥ 0 tq 0 ≤ f(n) ≤ c · g(n) ∀n ≥ n0}

C’est donc l’ensemble des fonctions majorées par c · g(n).
– Ω(g(n))

def
= {f(n) | ∃c > 0, n0 ≥ 0 tq 0 ≤ c · g(n) ≤ f(n) ∀n ≥ n0}

C’est donc l’ensemble des fonctions minorées par c · g(n).
(f(n) ∈ Ω(g(n)) ⇔ g(n) ∈ O(f(n)))

– θ(g(n))
def
= {f(n) | ∃c1, c2 > 0, n0 ≥ 0 tq 0 ≤ c1 · g(n) ≤ f(n) ≤ c2 · g(n) ∀n ≥ n0}

On s’intéresse à quelques grandes “familles” de fonctions pour distinguer la complexité
des algorithmes :

– les algorithmes sous-linéaires. Par exemple en O(log(n))
(exemple : la recherche dichotomique)

– les algorithmes linéaires : O(n) (exemple : recherche du min/max dans une liste). Ou
quasi-linéaires comme O(n · log(n)) (exemple : le tri d’un tableau)

– les algorithmes polynomiaux : O(nk)

– les algorithmes exponentiels : O(2n) ou plus généralement en O(2P (n)) où P (n) est un
polynôme.

– les algorithmes doublement-exponentiels O(22
n

),. . .
– . . .

Cette classification renvoie à de vraies différences :
– recherche dichotomique : la recherche d’un nom dans un annuaire comportant 1.000.000

de noms nécessite au plus 20 comparaisons si on applique l’algorithme dichotomique.
(après une comparaison, l’espace de recherche n’est plus que de 500.000, après 2 il est
de 250000, . . . )

– tri d’un tableau : le tri d’un tableau de 100.000 nombres demande de l’ordre de 2 mil-
lions de comparaisons si on applique un algorithme efficace en O(n · log(n))... Mais il
en nécessite de l’ordre de 10 milliards si on utilise un algorithme en O(n2).

N’oublions pas les ordres de grandeurs de toutes ces fonctions. . . [voir ”Algorithmics, the
spirit of computing”, David Harel, Addison Wesley]

fct \n 10 50 100 300 1000

5n 50 250 500 1500 5000
n · log2(n) 33 282 665 2469 9966

n2 100 2500 10000 90000 106(7c)
n3 1000 125000 106(7c) 27 · 106(8c) 109(10c)

2n 1024 . . . (16c) . . . (31c) . . . (91c) . . . (302c)
n! 3.6 · 106(7c) . . . (65c) . . . (161c) . . . (623c) . . .!!!
nn 10 · 109(11c) . . . (85c) . . . (201c) . . . (744c) . . .!!!!

Notation : “(Xc)” signifie “s’écrit avec X chiffres en base 10”.

4notation: (Xc) -> “a  X-digit number”

(see « Algorithmics, the spirit of computing », D. Harel)

What is an efficient algorithms ?



Fonc.\ n 20 40 60 100 300

n2 1/2500 
milliseconde

1/625 
milliseconde

1/278 
milliseconde

1/100 
milliseconde

1/11 
milliseconde

n5 1/300 
second

1/10 
second

78/100 
second

10 
seconds

40,5 
minutes

2n 1/1000 
second

18,3 
minutes

36,5 
years

400.109  
centuries

(72c)  
centuries

nn 3,3.109  
years

(46c)  
centuries

(89c)  
centuries

(182c)  
centuries

(725c)  
centuries

(see « Algorithmics, the spirit of computing », D. Harel)

With a computer running 109 instructions per seconde…

The big-bang was 13,8.109 years ago. 

What is an efficient algorithms ?

En 10 ans, la vitesse des ordinateurs a été multipliée par 50... 

Assume that your computer solves a problem of K in one 
hour….
If the complexity of the algorithm is n, then... 
- A computer 100 times faster would solve problem of size 100xK. 
- A computer 1000 times faster would solve problem of size 1000xK.

Les algorithmes efficaces… et les autres. 

If the complexity of the algorithm is n2, then... 
- A computer 100 times faster would solve problem of size 10xK. 
- A computer 1000 times faster would solve problem of size 32xK.

If the complexity of the algorithm is 2n, then... 
- A computer 100 times faster would solve problem of size K+7. 
- A computer 1000 times faster would solve problem of size K+10.



A puzzle...

...

a grid 5x5 25 cards

Puzzle
25 cards to place over 25 locations: 

- 25 possibilities for the first one, 
- 24 for the second one, 
- 23 for the third one, 
- ... 
 25x24x23x...x2 possibilities ! 

490 millions years ! 
(25! is a 26-digit number…)

We try every possible arrangement ? 

With a computer examining one billion arrangements 
per second, it takes…  



Overview

undecidable 
pb

hard pb

tractable pb

tractable pb = « with a 
polynomial algo. » 

Efficient algorithms

n2 ≠ 2n     OK !

But n3, n2, n.log n and n are significantly different ! 



Example

A problem: 
Given an array of n numbers, compute the max. 
subsum (ie max sum of some a subarray).

8 -10 10 4 -19 40 0 5 -9 14 2 3 78 7 -24 6 9 -18 7 2

(≠ sum of all elements = 115)

mx sum:= 140

See J. Bentley  

«Pearls of programming»
Comparison of « efficient » algo.

Example: find the max. subsum. 

sum[i,j] =     ∑  T[k]:
k∈ [i;j]

Output:     Max { sum[i,j]    |   0 ≤  i,j ≤  n-1 }
Input: an array T[0..n-1]

interval: i,i+1,...,j

Comparison of « efficient » algo.



- a naive  algorithm (3 nested loops « for ») in O(n3)  
- an improved version in O(n2) 
- a « divide and conquer »  solution in O(n.log n) 
- a dynamic prog. solution in O(n)

We can easily find several algorithms for this problems:

All solutions are «efficient algorithms »… but  significantly different !

Comparison of « efficient » algo.

Example: find the max. subsum. 

 J. Bentley «Pearls of programming», Addison-Wesley (1986) Programming Pearls 

TABLE I. Summary of the Algorithms 

Algorithm 1 2 3 4 

Lines of C Code 8 7 14 7 

Run time in 3.4N 3 13N 2 46N log N 33N 
microseconds 
Time to solve 102 3.4 secs 130 msecs 30 msecs 3.3 msecs 
problem of size 103 .94 hrs 13 secs .45 secs 33 msecs 

104 39 days 22 mins 6.1 secs .33 secs 
10 s 108 yrs 1.5 days 1.3 min 3.3 secs 
106 108 mill 5 mos 15 min 33 secs 

Max problem sec 67 280 2000 30,000 
solved in one min 260 2200 82,000 2,000,000 

hr 1000 17,000 3,500,000 120,000,000 
day 3000 81,000 73,000,000 2,800,000,000 

If N multiplies by 1 O, 1000 1 O0 1 O+ 10 
time multiplies by 

If time multiplies by 2.15 3.16 10-  10 
1 O, N multiplies by 

Equipment Corporation VAX-11/750, 2 timed them, and 
extrapolated the run times to achieve Table I. 

This table makes a number of points. The most im- 
portant is that proper algorithm design can make a big 
difference in run time; that point is underscored by the 
middle rows. The table also shows something of the 
different character of cubic, quadratic, N log N and 
linear algorithms: the last two rows show how the prob- 
lem size and run time vary as a function of each other. 

Another important point is that when we're compar- 
ing cubic, quadratic, and linear algorithms with one 
another, the constant factors of the programs don't  mat- 
ter much. To underscore this point, I conducted an 
experiment in which I tried to make the constant fac- 
tors of two algorithms differ by as much as possible. To 
achieve a huge constant factor I implemented Algo- 
rithm 4 on a BASIC interpreter on a Radio Shack TRS- 
80 Model III microcomputer. For the other end of the 
spectrum, Eric Grosse of AT&T Bell Laboratories and I 
implemented Algorithm 1 in fine-tuned FORTRAN on a 
CRAY-1 supercomputer. We got the disparity we 
wanted: the run time of the cubic algorithm was meas- 
ured as 3.0N 3 nanoseconds, while the run time of the 
linear algorithm was 19,500,000N nanoseconds. Table II 

shows how those expressions translate to times for var- 
ious problem sizes (the same data is displayed graphi- 
cally in Figure 1.) 

The difference in constants (a factor of six and a half 
million) allowed the cubic algorithm to start off faster, 
but the linear algorithm was bound to catch up. In this 
case, the break-even point for the two algorithms is 
around 2,500, where each takes about 50 seconds. 

Principles 
The history of the problem sheds light on the algorithm 
design techniques. The problem arose in a pattern- 
matching procedure designed by Ulf Grenander of 
Brown University in the two-dimensional form de- 
scribed in Problem 7. In that form, the maximum sum 
subarray was the maximum likelihood estimator of a 
certain kind of pattern in a digitized picture. Because 
the two-dimensional problem required too much time 
to solve, Grenander simplified it to one dimension to 
gain insight into its structure. 

Grenander observed that the cubic time of Algorithm 
I was prohibitively slow, and derived Algorithm 2. In 
1977 he described the problem to Michael Shamos of 
UNILOGIC, Ltd. (then of Carnegie-Mellon University) 

TABLE II. The Tyranny of Asymptotics 

N 
Cray-1, 

FORTRAN, 
CubicAIgonthm 

TRS-80, 
BASIC, 

LinearAIgonthm 

10 
100 

1000 
10,000 

100,000 
1,000,000 

3.0 microsecs 
3.0 millisecs 

3.0 secs 
49 mins 
35 days 
95 yrs 

200 millisecs 
2.0 secs 
20 secs 
3.2 mins 
32 mins 
5.4 hrs 

2 VAX is a trademark of Digital Equipment Corporation. 

868 Communications of the ACM September 1984 Volume 27 Number 9 

1984... machine: VAX-11/750

Example: find the max. subsum. 



Programming Pearls 

TABLE I. Summary of the Algorithms 

Algorithm 1 2 3 4 

Lines of C Code 8 7 14 7 

Run time in 3.4N 3 13N 2 46N log N 33N 
microseconds 
Time to solve 102 3.4 secs 130 msecs 30 msecs 3.3 msecs 
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If N multiplies by 1 O, 1000 1 O0 1 O+ 10 
time multiplies by 

If time multiplies by 2.15 3.16 10-  10 
1 O, N multiplies by 

Equipment Corporation VAX-11/750, 2 timed them, and 
extrapolated the run times to achieve Table I. 

This table makes a number of points. The most im- 
portant is that proper algorithm design can make a big 
difference in run time; that point is underscored by the 
middle rows. The table also shows something of the 
different character of cubic, quadratic, N log N and 
linear algorithms: the last two rows show how the prob- 
lem size and run time vary as a function of each other. 

Another important point is that when we're compar- 
ing cubic, quadratic, and linear algorithms with one 
another, the constant factors of the programs don't  mat- 
ter much. To underscore this point, I conducted an 
experiment in which I tried to make the constant fac- 
tors of two algorithms differ by as much as possible. To 
achieve a huge constant factor I implemented Algo- 
rithm 4 on a BASIC interpreter on a Radio Shack TRS- 
80 Model III microcomputer. For the other end of the 
spectrum, Eric Grosse of AT&T Bell Laboratories and I 
implemented Algorithm 1 in fine-tuned FORTRAN on a 
CRAY-1 supercomputer. We got the disparity we 
wanted: the run time of the cubic algorithm was meas- 
ured as 3.0N 3 nanoseconds, while the run time of the 
linear algorithm was 19,500,000N nanoseconds. Table II 

shows how those expressions translate to times for var- 
ious problem sizes (the same data is displayed graphi- 
cally in Figure 1.) 

The difference in constants (a factor of six and a half 
million) allowed the cubic algorithm to start off faster, 
but the linear algorithm was bound to catch up. In this 
case, the break-even point for the two algorithms is 
around 2,500, where each takes about 50 seconds. 

Principles 
The history of the problem sheds light on the algorithm 
design techniques. The problem arose in a pattern- 
matching procedure designed by Ulf Grenander of 
Brown University in the two-dimensional form de- 
scribed in Problem 7. In that form, the maximum sum 
subarray was the maximum likelihood estimator of a 
certain kind of pattern in a digitized picture. Because 
the two-dimensional problem required too much time 
to solve, Grenander simplified it to one dimension to 
gain insight into its structure. 

Grenander observed that the cubic time of Algorithm 
I was prohibitively slow, and derived Algorithm 2. In 
1977 he described the problem to Michael Shamos of 
UNILOGIC, Ltd. (then of Carnegie-Mellon University) 

TABLE II. The Tyranny of Asymptotics 

N 
Cray-1, 

FORTRAN, 
CubicAIgonthm 

TRS-80, 
BASIC, 

LinearAIgonthm 

10 
100 

1000 
10,000 

100,000 
1,000,000 

3.0 microsecs 
3.0 millisecs 

3.0 secs 
49 mins 
35 days 
95 yrs 

200 millisecs 
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20 secs 
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2 VAX is a trademark of Digital Equipment Corporation. 

868 Communications of the ACM September 1984 Volume 27 Number 9 

CRAY-1 vs TRS 80 ?

 J. Bentley «Pearls of programming», Addison-Wesley (1986) 

And today ?



Algo 1 Algo 2 Algo 3 Algo 4 Algo 5
100 0,0145 0,0015 0,0016 0,0006 0,0000

500 1,6278 0,0345 0,0359 0,0018 0,0002

1 000 14,4006 0,1341 0,1532 0,0042 0,0005

2 000 111.9258 0.5274 0,6124 0,0096 0,0010

10 000 13.718 16.3547 0.052 0.0047

30 000 127.7064 146.9065 0.1731 0.0151

100 000 0.6253 0.0525

1 000 000 7.0648 0.5043

2021: Macbook Pro, i5 (16Gb).

1h 22min 15min 33sec

(en secondes)

1984:

Remark 1

The notion of complexity is robust.



Even if all are considered as efficient.

Don’t forget: there are many problems for which: ‣ there is no efficient algorithm… or  
‣ no algorithm at all !   

Remark 2

There are very different in practice
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graphs

graphe orienté graphe non orienté

graphe orienté valué graphe non orienté valué

directed graph or digraph (undirected) graph

weighted directed graph weighted graph



why is it useful ?

Comment sortir ?

novembre 29, 2010_1.pdf - Page 3

Un labyrinthe…

Comment aller E à S ?



Un labyrinthe…

= un graphe non orienté ! 

Le réseau de métro…
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= un graphe (non) orienté Comment aller de Glacière à Gare 
du Nord ? (le plus vite possible)



Une carte routière

= un graphe non orienté valué ! 

Comment aller de Alès à Caen ? 
(le plus vite possible)

Un réseau d’ordinateurs

Le réseau est-il robuste ? 
Est-ce qu’il existe au moins k chemins distincts entre deux sites ?

= un graphe non orienté



Des relations binaires 
La peinture se fait après l’électricité, 
la peinture du plafond se fait avant celle des murs, …

5 Recherche d’une extension linéaire

Ce problème de recherche d’une extension linéaire est souvent appelé tri topologique dans
les livres d’algorithmique.

On s’intéresse ici aux graphes orientés acycliques (DAG).

Définition 6 Une extension linéaire d’un graphe orienté acyclique G = (S,A) est un ordre
total ≤ sur les sommets compatible avec A, c’est-à-dire tel que pour tout u et v, on a :
(u, v) ∈ A ⇒ u ≤ v.

Dans la mesure où G est acyclique, la relation →∗ engendrée par les arcs de A induit un
ordre partiel. Il s’agit donc d’en déduire un ordre total (il y a en général plusieurs solutions
possibles).

Applications. On a besoin d’extension linéaire lorsqu’on fait de l’ordonnancement de tâches :
on dispose de contraintes de la forme ”Ti doit être traitée avant Tj”, et on cherche une manière
d’exécuter ces différentes tâches dans un ordre “correct”. Par exemple :

1. la peinture des murs doit se faire avant le parquet ;

2. l’électricité se fait avant la peinture et la préparation des murs ;

3. la plomberie se fait avant la peinture ;

4. la préparation des murs et du plafond est avant la peinture et après l’électricité ;

5. la pose des meubles se fait après la peinture et après le parquet ;

6. la peinture du plafond se fait avant la peinture des murs ;

On peut représenter ces différentes contraintes de précédence sous la forme du graphe de la
figure 10 où chaque arc (u, v) représente la contrainte “u précède v”.

Peinture Plafond

Peinture Murs

Electricité

Plomberie

Parquet

Préparation des Murs

Pose Meubles

Figure 10 – Graphe GT représentant l’ordre des tâches

Une extension linéaire de GT fournit une manière d’ordonner les différentes tâches de
manière à respecter les contraintes de précédence. Une extension linéaire possible est :

plomberie < électricité < prépa. murs < peinture plafond < peinture murs < parquet < meubles

22

= un graphe orienté ! 

Comment ordonner les tâches ?

Le problème de la ville embourbéeLe problème de la ville embourbée

Problème : Paver su�samment de rues pour que tous les
habitants puissent se rendre n’importe où les pieds au
sec. . . mais en utilisant le moins de pavés possible.novembre 29, 2010_4.pdf - Page 2

(recherche d’un arbre couvrant minimal)



Colorier une carte

(image de paco-solver.fr)

There are many many examples where graphs are 
very natural to model the considered problem.



Graphes 
Définitions

poly pages 8-15
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Les graphes

graphe orienté graphe non orienté

graphe orienté valué graphe non orienté valué



Directed graphs
G=(S,A) 
S = a finite set of vertices (or nodes) 
A ⊆ SxS = a set of ordered pairs of vertices, 
called edges (or transitions, links, arcs…)

q0

q1

q2
q3

q4

Path:  for ex. q3 q4 q2 q4 q0 
Circuit: for ex.  q4 q2 q4
(Self)loop: for ex. q0 q0

q0

q1

q2
q3

q4

notation:  
q →* q’ if there exists some path from q to q’.

A strongly connected component C is a 
maximal set of vertices s.t.  

if u,v ∈ C, then u →* v and v →* u.

A graph G is strongly connected iff it contains a unique SCC.

Directed graphs



Weighted directed graphs

12

5
-3

1
-14

8

10

17

Paths, circuits, loops… 
The weight is extended to paths:

q0

q1

q2
q3

q4

G=(S,A,w) with  
S = a finite set of vertices (or nodes) 
A ⊆ SxS = a set of (directed) edges, and: 
w : A → R: w assigning a weight to each edge.

w(q3 q4 q2 q4 q0) = 17 + -14 + 12 + 1 = 16

(undirected) graphs
q0

q1

q2
q3

q4

Cycle:  a cycle is a path (v0,v1,..,vk) with v0=vk and k≥3 and v1,v2,…,vk are 
distinct.

If G contains no cycle, it is said acyclic.

G=(S,A) 
S = a finite set of vertices (or nodes) 
A ⊆ SxS = a set of pairs of vertices, also 
called edges.



(undirected) graphs
q0

q1

q2
q3

q4

The connected components (CC) are the 
equivalence classes of the relation ⟷*.

A graph G is connected iff it has a unique CC.  
(ie for any nodes x and y, the is a path from x to y).

connexe

non connexe

-3
10

8

12
1

17

Weighted graphs

G=(S,A,w) with  
A ⊆ !2(S) and w : A → R 
w assigns a weight to every edge.



Représentation des graphes 

How to represent directed graphs ?
1

0

2

4

3

S={0, 1, …, 4} 
A = { (0,1), (1,0), (3,1), (3,0), (2,4), (4,2), (3,4), (4,0) }

4

3

2

1

0
1  

0  

4  

0 1 4  

0 2  

adjacency list

⊥ ⊤ ⊥ ⊥ ⊥ 
⊤ ⊥ ⊥ ⊥ ⊥ 
⊥ ⊥ ⊥ ⊥ ⊤
⊤ ⊤ ⊥ ⊥ ⊤
⊤ ⊥ ⊤ ⊥ ⊥ 

matrix

(0,1)

O(|S|+|A|) O(|S|2)

G=(S,A) 
S = a finite set of vertices (or nodes) 
A ⊆ SxS = a set of ordered pairs of vertices, 
called edges (or transitions, links, arcs…)



G=(S,A,w),  w : A → R

1

0

2

4

3

S={0, 1, …, 4} 
A = { (0,1), (1,0), (3,1), (3,0), (2,4), (4,2), (3,4), (4,0) } 
w(0,1) = 5, w(1,0)=10, …

4

3

2

1

0
1,5  

0,10  

4,12  

0,8 1,-3 4,17  

0,1 2,-14  

adjacency list

∞ 5 ∞ ∞ ∞
10 ∞ ∞ ∞ ∞
∞ ∞ ∞ ∞ 12
8 -3 ∞ ∞ 17
1 ∞ -14 ∞ ∞ 

matrix

(0,1)

12

5
-3

1
-14

8

10

17

How to represent directed weighted graphs ?

1

0

2

4

3

⊥ ⊤ ⊥ ⊤ ⊤ 
⊤ ⊥ ⊥ ⊤ ⊥ 
⊥ ⊥ ⊥ ⊥ ⊤
⊤ ⊤ ⊥ ⊥ ⊤
⊤ ⊥ ⊤ ⊤ ⊥ 

symmetric matrix

(0,1)

O(|S|2)

4

3

2

1

0
1  

0  

4  

0 1 4  

0 2  

adjacency list O(|S|+|A|)

3

3

3 4

How to represent undirected graphs ?
G=(S,A) 
S = a finite set of vertices (or nodes) 
A ⊆ SxS = a set of ordered pairs of vertices, 
called edges (or transitions, links, arcs…)



Représentation des graphes non orientés valués 
G=(S,A,w) 
S = ensemble fini de sommets 
A ⊆ SxS  
w : A → R

1

0

2

4

3

∞ 10 ∞ 8 1
10 ∞ ∞ -3 ∞
∞ ∞ ∞ ∞ 12
8 -3 ∞ ∞ 17
1 ∞ 12 17 ∞ 

par matrice

(0,1)
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1

17

4

3

2

1

0
1,10  

0,10  

4,12  

0,8 1,-3 4,17  

0,1 2,12  

par liste d’adjacence.

3,17

3,-3

3,8 4,1

representation and complexity

Représentation et complexité. Dans la suite, nous donnerons la complexité des di↵érents
algorithmes en précisant la représentation choisie. Ces deux notions sont liées : changer de
représentation peut changer la complexité ! Il est donc nécessaire de choisir une représentation
en fonction de l’algorithme (i.e. des opérations à faire). On peut résumer les di↵érences (en
terme de complexité) entre les deux représentations (liste ou matrice d’adjacence) avec le
tableau ci-dessous.

Matrice d’adjacence Liste d’ajacence
Espace mémoire O(|S|2) O(|S|+ |A|)
Tester si (u, v) 2 A O(1) O(deg�(u)) = O(|S|)
Enumérer les voisins de u 2 S O(|S|) O(deg�(u)) = O(|S|)
Enumérer tous les arcs de A O(|S|2) O(|S|+ |A|)
Ajouter un arc (u, v) dansA O(1) O(1)

11

→ the complexity of an algorithm depends on the representation.


