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Always code as if the guy who ends up maintaining your code will be a violent psychopath who knows 
where you live. » Martin Golding 

Exercise 1 Code Reading - Recursion (3 pts) 

Given the following code 

1 def function (k,n): 

2 res = 11 

if n = k or k == 0: 

A res= 1 

else 
res function (k, n-1) + function (k-1,n-1) 

return res 

9 total = 4 

10 for n in range ( total+1) 
for k in range(n+1) 

print(f"{function (k, n) } ", end="") 
print() 

11 
12 

13 

91.1) What is displayed on the terminal? 

1.2) What is the base case in this example? Specify the lines of the program and their 

interpretation 
(Q1.3) What is the recursive form in this example? 



Exercise 2 Code Reading - 2D arrays (3 pts) 

Given the following code: 
1 def function1 (t,a,b,c) : 

for i in range(len(t [al)): 
tlallil = tlal[il + C*t[b][i 

2 

5 def function2 (t,1): 
t2-
for i in range(len (t)): 

t2.append (t[i].copy ()) 
t2[i].append (1[i]) 

return t2 10 
11 
12 
13 t=I[-1,1,2], [2,1,1],[1,3, 3]] 
14 

15 function1 (t, 1,0,2) 
16 print (t) 
17 

18 print(function2 (t,[2,3,1]) 
19 
20 print (t) 

92.1) What is displayed on the terminal? 

92.2) Briefly explain what the functions function1 and function2 do? 
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Exercise 3 Functional decomposition - Game of Nim (5 pts) 

The game of Nim is a two player pure strategy game. There are many versions of it (like the game of sticks 

in Fort-Boyard), but here we will focus on the version with multiple heaps. Consider the following code that 

implements this version of the game : 

1 from random import randint 
2 

3 nb_heat 3 
4np_piece_max = 10 
5 num_player = 1 
6 fini = False 

the_heaps = [] 

for i in range(nb_heat) 

the_heaps.append(randint (1, np_piecemax)) 
10 print(f"{len(the_heaps)} heap :", end="") 
11 for ele in the_heaps: 

9 

12 print(f" {ele} ", end="") 
13 print() 
14 while fini = False 

print(f"Player {num_playert, which heap?") 
num_heap = int(input (f"Enter a value between 0 and {nb_heat-1} ")) 

while num_heap < 0 or num_heap >= nb_heat: 

num_heap = int(input (f"Enter a value between 0 and {nb_heat-1} ")) 
while the_heaps[num_heap] == 0 : 

print( "Heap empty! ") 
print(f"Player {num_player}, which heap?") 
num_heap = int(input(f"Enter a value between 0 and {nb_heat-1}")) 
while num_heap < 0 or num_heap >= nb_heat 

num_heap = int(input (f"Enter a value between 0 and {nb_heat-1} ")) 

15 
16 

17 

18 
19 

20 
21 
22 
23 
24 

print(f"Player {num_player), how many pieces?") 
np_piece = int(input(f"Enter a value between 1 and {the_heaps [num_heap]}")) 
while np_piece < 1 or np_piece > the_heaps [num_heap] 

np_piece = int(input(f"Enter a value between 1 and {the_heaps [num_heap]} ")) 
the_heaps [num_heap] -= np_piece 

print(f"{len (the_heaps)} heap ", end="") 
for ele in the_heaps: 

print(f" {ele} ", end="") 
print() 
if num_player == 1: 

num_player 2 
else 

25 
26 
27 
28 
29 

30 
31 
32 
33 
34 
35 
36 

num_player= 1 
fini = True 

37 
38 
39 i 0 

while fini and i < len(the_heaps) 
if the_heaps[i] != 0 : 

fini = False 

40 
41 
2 
43 else 

i += 1 45 14 print (f"Player {num_player} has lost !") 

In this version, we consider N heaps of pieces, numbered from 0 to N - 1. The players play alternately. 

When it is his turn, a player indicates the number i of the heap from which he wants to remove pieces. If 
is the number of pieces in this heap, the player can take between 1 and n, pieces in a single heap (but he can 
change the heap on the next turn). The winner is the one who removes the last piece, all heaps combined. The 

loser is therefore the one who must play while all the heaps are empty. 
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es) w
h

e
re

: 

list_
lin

e
s li] [O

] 
represents the starting point of the line i 

lis
t_

lin
e
s
 [il [1] 

represents the end point of the line 
list_

lin
e
s [il [2] 

represents the cost of the line 
F

ro
m

 th
e
 m

a
trix

 given 
a
s
 
a
n

 exam
ple, 

w
e
 w

o
u

ld
 o

b
tain

 th
e follow

ing 
list: 

[1
,0

,2
3

0
, (2,0,1901, [2,1,1501, [3,0,120]. [3

,1
,1

1
0

], [4
,0

,3
1

0
]. [4,1,80], [4,3,120] 

(9
4

.4
) 

P
ro

p
o

se a fu
n

ctio
n

 list_
fro

m
_

m
at w

h
ich

 creates th
e list list_

lin
e
s o

f p
o

ssib
le train

 
lin

e
s fro

m
 th

e
 m

a
trix

 m
a
trix

_
lin

e
s. Y

o
u

 w
ill e

n
su

re
 th

a
t th

e
 list c

o
n

ta
in

s e
a
c
h

 tra
in

 
lin

e only 
o

n
c
e
 (the d

irectio
n

 o
f th

e
 lin

e d
o

e
s n

o
t m

atter). 
9

4
.5

) 
P

ro
p

o
se a fu

n
ctio

n
 n

ex
t_

lin
e w

hich finds th
e n

ex
t line to ad

d
 

th
e line w

ith
 th

e 
lo

w
est c

o
st th

a
t allo

w
s to

 re
a
c
h

 a 
n

e
w

 city. 
T

h
is fu

n
c
tio

n
 
ta

k
e
s 

a
s 

p
a
ra

m
e
te

rs th
e
 lists 

lis
t_

c
itie

s
 
a
n

d
 
lis

t_
lin

e
s
 

d
e
fin

e
d

 

ab
o

v
e a

n
d

 re
tu

rn
s
 th

e
 in

d
ic

e
s o

f th
e
 tw

o
 c

itie
s c

o
n

n
e
c
te

d
 b

y
 th

e
 c

h
o

se
n

 lin
e
. 

9
4

.6
) 

P
ro

p
o

se a 
fu

n
ctio

n
 algorithm

_prim
 th

a
t im

p
lem

en
ts P

rim
's alg

o
rith

m
 d

escrib
ed

 
ab

o
v

e. Y
o

u
 w

ill re
u

se
 th

e
 fu

n
c
tio

n
s d

e
fin

e
d

 p
re

v
io

u
sly

 (in
 p

a
rt 4

.B
). 

T
h

is fu
n

c
tio

n
 ta

k
e
s a

s p
a
ra

m
e
te

rs th
e
 m

a
trix

 m
a
trix

_
lin

e
s a

n
d

 th
e
 in

d
e
x

 o
f th

e
 

startin
g

 city
 (th

e cap
ital) a

n
d

 re
tu

rn
s th

e list o
f p

airs o
f cities co

n
n

ected
 b

y
 th

e 
c
h

o
se

n
 lin

es a
n

d
 th

e
 to

tal c
o

st o
f co

n
stru

ctio
n

. It d
isp

lay
s th

e
 c

h
o

se
n

 lin
e a

t e
a
c
h

 
tu

rn
 o

f th
e
 lo

o
p

. 

Y
ou can

 u
se th

e fu
n

ctio
n

 in
it_

c
itie

s
 w

h
ich

 in
itializes th

e list lis
t_

c
itie

s
: it tak

es as a p
aram

eter th
e 

n
u

m
b

er o
f cities an

d
 retu

rn
s a list filled w

ith F
alse. W

e w
ill a

ssu
m

e
 th

a
t th

is fu
n

c
tio

n
 is a

lre
a
d

y
 d

e
fin

e
d

: 
y

o
u

 d
o

n
't h

a
v

e
 to

 w
rite

 it. 
E

x
ecu

tin
g

 th
e fu

n
ctio

n
 a

lg
o

rith
m

_
p

rim
 (m

a
trix

_
lin

e
s,0

) on th
e exanm

ple defined ab
o

v
e w

ould retu
rn

 th
e 

list [[3,01, [1,3], [4,1], [2,1]] 
an

d
 

a 
to

tal c
o

st of 460, an
d

 w
ould output a

t ru
n

tim
e
 : 

N
e
 

lin
e
 

fro
m

 
0 

to
 

3 
N

ew
 
lin

e
 

fro
m

 
3 

to
 

1 

N
ew

 
lin

e
 
fro

n
 

1 
to

 
4 

N
ew

 
lin

e
 

fro
m

 
1 

to
 

2 



{ "type": "Document", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

