
CCINP F MPI

Exercices de type B

Exr 1. L’xr suvnt st  trtr ns l ln OCml.

1. É   somme : int array -> int -> int   ’ somme t i   


i

k=0 t.(k)     t    0  i .

U  t  n > 0 ́́  J0, n − 1K   ́́     0 ≤ i < n, t.(i) 
x   ’  i  t, ’-- 

∀i ∈ J0, n− 1K, t.(i) =  (k ∈ J0, n− 1K  t.(k) = i)

A,  x,  n = 4,     ́́ :

i 0 1 2 3
t.(i) 1 2 1 0

E ,   0 x   ,   1  x ,   2    
  3 ’̂ı   t.

2. J  ’ ’x   ́́  n ∈ J1; 3K     
́́  n = 4.

3. É   est auto : int array -> bool  ́      n > 0  ́́.

O   x́  O(n).

O  ’  ́     ()     x ́
  n > 0 ́. U  gen auto     x ́́    ́

  ́. C            n (́ 
n = 5,     n = 8,    n = 15). O  ́ ’ x x x x
́́  n = 4,    n ∈ 5, 7, 8    n = 6.

P ́́  ,   ́ ’ (́     ’    
      ).

4. Q -      ́́ ’  ́́ ? E ́  ́ ’́
 ́́  . I :    somme      

  ́ ’x  somme t i ́ ́   x .

5. Q -      ́   t.(i),  y  ́   ’ ’ 
0 ≤ k ≤ i     t.(k) ? E ́  ́ ’́ ́     œ.
C   -  ́    n = 15 ?

6. A  ́   t.(i),    --   ? C     ́́
     ? A   -      ́   x
    ? E ́  ́ ’́ ́     œ. C  
-  ́    n = 30 ?

7. M ’ x   ́́   n ≥ 7. O        
   ́   n ≥ 7. O        
 .
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Exr 2. L’xr suvnt st  trtr ns l ln OCml.

D  x  ’ ’   ́   OC (́́, x, 
, .).

O ́  OC   σ  J0, n−1K    ’ [σ0;σ1; . . . ;σn−1]. U  
́́     ,   œ ́ ’ - , ’ ́  ’ -  :

typ  =
 V
 N o  ∗    ∗ 

O ́     ́́     ́́     ́.
O ́     ́́  n œ  J0;n − 1K   ’ x    
. L  ́     ́        ́x. L
 1   x (      ).

()

3

2 5

0 4 7

1 6

() ()

Figure 1 – ()     ́́ ; ()  ́     x,   ́

 [3; 2; 0; 1; 5; 4; 7; 6] ; ()      ́́.

U   OC  ́  x   .

1. É ’ ()    1     ́.

2. É   parcours prefixe : arbre -> int list      ́ ’ 

 ’ ́x     . O   ’́ @     
́     ́     ’.

3. É   etiquette : arbre -> arbre          

́        ́́     J0, n− 1K   ’ x
’   . I :      x  y arbre -> int ->

arbre * int          ́       
́  ’ ́́     ́  .

U  σ  J0, n − 1K      ’       [σ0;σ1; . . . ;σn−1] 
          . O  ’ ,
́́    y ́ :

• I    ;

• P  ́́  ́ :

? T  ’́́         , ́         ;

? E ’́́  ́    ;

• D́   ́́       .

P x,    [3; 2; 0; 1; 5; 4; 7; 6] ,   3, 2, 0,  ́ 0,  
1,  ́ 1, 2, 3,   5, 4,  ́ 4, 5,   7, 6,  ́ 6, 7. O    ́
[7; 6; 5; 4; 3; 2; 1; 0]    ́    ́́   . O  ’
              .

4. D́ ’x́       ́  ’ ()    1  ́ ’
    .

5. É   trier : int list -> int list  ́     y -

. P x, trier [3; 2; 0; 1; 5; 4; 7; 6]  ’́    [7; 6; 5; 4; 3; 2; 1; 0] .
O      ́  . I : ́   x 
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y int list -> int list -> int list -> int list       ’́, 
     ,  ,         ’́    ,   ́
́́    ́.

6. M  ’ x 0 ≤ i < j < k ≤ n− 1   σk < σi < σj ,  σ ’     .

7. O         J0, n − 1K         
   ́́  n œ.

() M    ́        . O   
    ́x  ’́  ’     x  ’́ ́
’ .

() M ’        ́    . I :
   σ0  ,  ́ ́   σ0 − 1 ́́  
          .
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Exr 3. L’xr suvnt st  trtr ns l ln OCml.

O ’́   SAT       . O  x   
V = v0, v1, . . . , vn−1   .

U ́ `i     vi   ́ ’   ¬vi. O ́
 ́  OC   y ́́́ :  ́ vi  ́́  V i   ́ ¬vi  NV i . U
 c = `0 ∨ `1 ∨ · · · ∨ `|c|−1     ́x,  ’ ́  OC    
́x. O  ́   x       , ’-- 
     c0 ∧ c1 ∧ · · · ∧ cm−1. O ́     OC    
,     x  ́x. O ’     :    ̂   
̂ ́  ’y   . D ̂    ’̂ ́ ’ ,   
́ >   ́́   . U  v : V → V, F  ́́  OC  
  ́.

U  OC  ́   . L  initialise : int -> valuation 
’   ́.

1. I́   evalue : clause -> valuation -> bool  ́     
  .

É ́   f ́  m  c0∧c1∧ · · ·∧cm−1 ́     n , 
 random sat           , ’  x   ’ y

. C      k   y  ́  y valuation option , 

      ́           None .

L’́     ’   ́     ́   
 . S   ’  ,   ́   ́   ́  
,    ,   .

2. S    None , -     f  ́ ’   ? D 
y ’  ’- ?

3. P    5  ́́        .

4. C  -      ́ ? S  ’ ́,   
 ’   .

O ’́    MAX-SAT  ,       
  -,            ́ -
. U  ’x  ̈ı     ́   ́́
́ k      x     .

5. I́    OC  ́   x. Q   x́  
      ?

6. S ’y P 6= NP, - x    x́ y  ́ MAX-SAT?
J.
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Exr 4. L’xr suvnt st  trtr ns l ln C.

D  ’x,      x ’   n ≥ 0.

U    C   ́,      ’    . V z 
̂      .

1. É    y bool nb occurrences(int n, int* tab, int x)    

’  ’́́ x    tab   n . Q   x́    ?

D   ,     x  ́  ’ . O    ́ 
      -  x  ́́. O   ’  ́ 
 int une occurrence(int n, int* tab, int x)    y   ’ 

  ’́́ x ’  ́     -1 . O   .

2. C́      int une occurrence(int n, int* tab, int x)    ́ 
 . C     x́  O( n).

3. É   int premiere occurrence(int n, int* tab, int x)   ’   

 ’ ́́ x    tab   n   ́́  ́  −1 . C
    x́  O( n).

4. É   int nombre occurrences(int n, int* tab, int x)     ’-

  ’́́ x    tab   n . C     x́ 
O( n).

5. J    une occurrence    . O       
  ’ .

6. M   x́    une occurrence    O( n).
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Exr 5. L’xr suvnt st  trtr ns l ln C.

D  x,     ́. O ́   ́ G = (S,A),  S =
0, . . . , n− 1,  C     :

strut   
nt  ;
nt  [ 1 0 0 ] ;
nt        [ 1 0 0 ] [ 1 0 ] ;

 ;

L’ n      S  . O   n ≤ 100. P 0 ≤ s < n, 

 degre[s]   ́  d+(s), ’--    , ́  ,  s. O

   ́   ́  10. P 0 ≤ s < n,   voisins[s]    ,
x  0 ≤ i < d+(s),     s. I ’  ’ ́   ’  
  ́́   x  C.

U   C          ́́    g exemple .

0 1 2

3 4 5

6 7 8

P s ∈ S   A(s) ’       s. P s ∈ S,  x  ́
’      s  ́ d∗(s) = x d+(s′)  s′ ∈ A(s). P x,    -
, A(2) = 2, 4, 6, 7, 8  d∗(2) = 2  d+(4) = 2. D  x,     d∗(s)  
 s ∈ S.

O ́  -   S′ ⊆ S     ́   n,  true 

  ’ s′  s′ ∈ A(s)  false .

1. É   int degre max(graph* g, bool* partie)    ́ x ’ 

s′ ∈ S′    G = (S,A)    S′ ⊆ S ́́  S, ’--  
x d+(s′)  s′ ∈ S′.

2. É   bool* accessibles(graph* g, int s)         -

 s     (  )   ́   n ́ A(s). U 
nb accessibles         ’x -   ́   
 ́.

3. É   int degre etoile(graph* g, int s)   d∗(s)      

́  . Q   x́    ?

4. L́   ́  x -, ’-- ́     ̂  
’ ́    ,        .

5. D  ,      G = (S,A)  y. D́    
   d∗(s)  s ∈ S  O(S+ A).

6. O      y. D́        d∗(s) 
s ∈ S  O(S+ A).
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Exr 6. L’xr suvnt st  trtr ns l ln C.

O   n ≥ 1  o0, . . . , on−1    (v0, ..., vn−1) ∈ Nn    
(p0, ..., pn−1) ∈ Nn. O        x pmax  - ’ y
    . F,    x

n−1∑

i=0

xivi

  

(x0, ..., xn−1) ∈ 0, 1n 

n−1∑

i=0

xipi ≤ pmax

I,   xi  1  ’ oi       0 .

O  ’            o0, o1, . . . , on−1 
’     ’́ i ’ i (  xi = 1)  -         
x ́      (  xi = 0) . O     v0, v1, . . . , vn−1 
   ́   ,       ́  .

1. P  y  ́  ́,  n ,  ,     
x0, x1, . . . , xn−1.

2. É    ́  ́  ́ -    n, pmax  p0, p1, . . . , pn−1

    y   x0, x1, . . . , xn−1   x .

3. É         ’́  (   ́)   n ≥ 1,
    pmax,  n    x  v0, v1, . . . , vn−1,  n 
  x  p0, p1, . . . , pn−1        (’́  ́) 

    x   x0, x1, . . . , xn−1,     
n−1

i=0 xivi    ́n−1
i=0 xipi. O    ́      ́    %d.

4. L’  - --     ?

()       ’     ;

()     ́     ́ ;

()     ́      ;

()     ́   ́   vi

pi
.

J     ́  ’ ’ -x  ’ ́.

5. L      ́́   x    ’. D   
́ ́      vseuil. M     ́     NP.

6. Q   x́ ’ ́  x   x      ?
Q ́ ’́ -   œ  ́ ’   ?

O       ́  NP-.
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