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Exercise 1 Network (2.5 pts)

Internet

/

& / Object 2
\

Object 1 Computer 3

Computer 2

Network 1 Network 2
FIGURE 1 — Example of a network topology

Consider the organisation of figure 1. There, Object 1 interconnects Computer 1, Computer
2, and Object 2 within the same network, while Object 2 interconnects networks 1, 2, and the
internet. Answer the following questions :

(Q1) What type of device is Object 1? ©.25

Ol A is o nedin o o locad muitdh .

(Q2) What type of device is Object2? ©.S

OGhyd 2 5 oo o foulin making o fudag bfien miwolk Jand 2.

(@3) What uniquely identifies a computer on a network ? 05

Gm o mitwodh the TP adumn  domligioo & compiln  Toli-Bobocl

(Q4) Explain in a few sentences the role and functioning of the TCP protocol. l, 0
TCP n a wvuwmicaion MO‘\\OCOQ W“N’) the %oocl mcqﬂwn
g, oY godds W W sigdy sdin . Fhomhy to TCP @ ot
o e |
o ragut B Jonk o sed dofo ok Ron Gean N
Apcvxob {Q\,, w%.
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Exercise 2 Economic Model of the Web (3 pts)

2.1) Closed questions from the TD session (1,5 pts)
(0,5 pts if correct / -0,5 pts if incorrect / O pts if not answered. 1 answer / question)

(Q1) What is the "two-sided market" or "bifacial market" observable for online press ?

[J The online press sells content to its readers and pays its employees.

@ The online press sells content to its readers and advertising "spaces” to advertisers.

0 The online press sells its content twice : at the time of publication and when consulting
its archives.

(Q2) Among the following list, a resource related to the digital domain is considered strategic
for governments. Which one ?

M Silicon necessary for the production of semiconductors.

\/ O Iron for constructing the casing of central units and some high-end screens.
[J Renewable energies to power infrastructures.

(Q3) What is the main reason the term "cloud” is misleading ?

B Because the cloud evokes a vaporous and immaterial object that hides the physical
infrastructure of the Internet network and its ecological impacts.
\/ O Because the structure of the Internet network resembles a spider web rather than a cloud.
[J Because the cloud evokes fog synonymous with opacity, while the communication proto-
cols used on the Internet are public.

2.2) Open Questions from the TD session (1,5 pts)

/ (Q4) Name at least one problem that the concept of immateriality causes.

P { e 0 7ok sy ool
Nowaloduy, oo mud b ik OVH@;\L o.gwr%wvx

w0 . W wa mgh mponnibh Qﬁlwﬁuj"(ﬂ% do o owe mdyy .

\/ (05)AHow does digital technology disrupt the sovereignty of states ?

gi% CompOgULs  Qa rmgy\o'r\oﬁm 1 diqé'}op mold (G’AF'AM)
rmeofd() Wasen: e . Rordlad iy S 0. &1 .fgm%w,l Q, fot /
oéoun Ao tanels ﬁ{mogk g*f\hosn onds -

(Q6) Why do online services encourage Internet users to get more involved ?
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Lxercise 3 Course Question (2 pts)

(Q1) Write a sorting algorithm of your choice (an algorithm, so no Python).
Recommendation : choose an iterative (non-recursive) algorithm and consider only sorting integers.

tohil pusot did mot rach the Ond 06% Cak .
W0 e oF e piebed Fatie, b e 40 w80 1
© odd o o
" Mt o rwmben ax fuvoh 4 02 n &~ . :
nm?,iué)zcxi;,}(\q-»ﬁ o A Déluseam ( ,ﬂwof‘ A omd () qowq Badwonds

e e ) 5

‘ —rplace. cumbant oF § By Mumbon oF 4~ 4
oo cnumben o ¢y b
odd et pivet

\/ (Q2) What is the name of the algorithm you wrote ?
Adndk nenk:

Exercise 4 Recursion (8.5 pts)
4.1) Search in a List (2 pts)
’L'\O (Q1) In Python, write a recursive function is_present that takes at least an unordered list

1 and an element e as parameters. It should return a boolean value true if e is present in 1
and false otherwise. (You do not need to write the docstring)

| (Lg;i&béfﬁgﬁﬁ,{‘-ro '»pﬁ\ (p we wone ollowad Fo sk
\j . .. G ik Follse. Qe Ok, coudd Bantdons @
| i Uy == e s &y Ry moce. opfimusygd
R T Nea = T A
e {.»E v .
m 1B : 5; = (& U ;;.w’f'(g",-—{")
AT (Tha Y o QCt‘_”:(). !! f to o
. whily oon:
. Mod~ o m=0 . whil i< X
JS YN e Je ‘(4:.1\ 4

4.2) Text Decryption with 1 successor (4 pts)

Let’s decode a text whose words are mixed up. To decrypt it, a "decryption thread" and a
starting position are needed. Consider the example :

1 text = ["i.sll’ “every:thing“, IIiII’ Ilnot“, Ilokll' Ilfinell, IlspII’ Ilfa.rll’ llamll]
2 thread = [5, 0, 8, 4, 3, 999, 7, 1, 5]
3 start = 2 »
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We decrypt it by reading the words in the order of the thread. The numerical value read
from the thread is both the index of the next word and the next index. If this value is 999, it
means there is no successor (end of traversal). This value is associated with an empty string :

indices : 0 1 L RN 4 5 6 7 8
encrypted text:l is |everything| i I not ] ok l fine | S0 | far | am |

read sequence: 2—>»8—»5 —» 999

[ Y 5
thread:|5| 0 |8| 4 | 3 |999| 7 ] 1 | 5 | readtext:l i |am|fine|

start : 2 T

First the word at position 2 (start),
then the word at position 8 (value stored in 2 in the thread),
then the word at position 5 (value stored in 2 in the thread), ...

\\0 (Q2) Decrypt the text from the example using start = 6 (1 pt)
\/ po fan  esvwdhino » @nm

(Q3) Write a recursive Python function decryption that returns the decrypted text. (3 pts)
(if you get stuck, write a non-recursive function (1 pt))

dooigion (tet | Fhuaad nron)
49\0 (f Ruod Dhed] == 3%
nos = bt (ko

e -
= brct Gion 3 4 deougpion (o) thread | Hinead [3hd 1)

ol nea

4.3) Text Decryption with 1 prefix and 1 suffix (2.5 pts)

Following the same principle as in the previous question, we now decide that the thread is
no longer linear, but that each cell potentially has a prefix and a suffix. So now, the thread is
a 2D list : each sublist contains exactly 2 elements, which are the text to be placed just before
(cell 0) and the text to be placed just after (cell 1). If the value is 999, it means there is nothing
before or after. Example :

4
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indices : 0 1 2 3 4 5 6

tet: | so [ far | fine | am | bad | not ] T HE
thread : [[999,999][ [0 , 3] [1999,999] [ [6 ., 2] [[999,999] | [3 8] [1999,999] [1999,999] [ (4 , 7 |

\
start : 1
1

reading order far

dlagram: / 3 . readtext: | so [ far | | am | fine |

A e

fine |

(Q4) Using start=5, draw the diagram of the reading order and decrypt the text from the

example above. (1.5 pts)
5
..

5}(4[‘" = c)‘

\&

=5

i

\) -

LL

4
\(’no\ I

[ )

v

X o fie, wet fad oF o

(Q5) Write a recursive Python function decryption_2d that returns the decrypted text. (1 pt)

Jleamwim 20 (ted, thund | inciec)

0
\\
if thuad [indx) == [393 9987 Dt lhar “ o Ul nGunng
B f%J Ew&hc-] fh ™ U& g( (')Aé AT {'\J r’ls(\{r\)
ey = A el me e, 5% ('?"5‘5"3] .

i v (o) + b Ladeec] +
un = d,Wm 2d (ru)' ‘mmu\ RNIN) Ewtl»:] wmw\

% daomgplion u\(w Houad Husd i)

A'\GCQ ( s

th»({\ W af wody, ey
m LQu Eml L ¥

nﬂwwxrm
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Exercise 5 Algorithm and Functional Decomposition (4 pts)
(Warning : less rewarding exercise. Save it _for the end.)

The k-means algorithm is a partitioning method. Given a set of points, it attempts to
partition the n points into k& clusters, minimizing the distance between points within each
cluster (source : Wikipedia). For example, for k = 4 and the points in figure 2.0a, a satisfactory
result would be the partitioning in figure 2.3c. The result calculated by the algorithm is the
position of each of the k centroids (the barycenter of the clusters). Let’s walk through the
different steps of this method on figure 2 :

Given points p; (fig.2.0a) and an integer k =4 :

The initial positions of the centroids are chosen randomly (fig.2.0b).

For each point p, we determine the closest centroid C' (fig.2.1a). We will then say that p is
assigned to the cluster defined by C.

For each cluster, we calculate its barycenter. This barycenter becomes the new position of
its centroid (fig.2.1b).

We repeat these last two steps until the positions of the centroids become stable (fig.2.2a
to figi2.3¢).

0 @,
° o ° o ® ﬁ) O—k RC 12 O\?\O
o © (0] O o o © ] O o
o o @ o o
o o
Ve e
oo oo
o) 0 © o @o
8 e @ e ® o o ¢
Oa. input data Ob. initialization la. assignment 1b. calculate barycenter

£, K
A :3-

2a. assignment 2b. calculate barycenter

T g T 3@?
S N S " ?éia%

3a. assignment 3b. calculate barycenter  3c. assign stable cluseters (end)

FIGURE 2 - Illustration du déroulement de I'algorithme des k-means en 4 itérations.
By Mquantin, CC BY-SA 4.0


Mobile User


\,\0
v

| ’”’Mdﬁ 2

Oulpiy |

’L\O

(Q1) What are the inputs and outputs of this algorithm (parameters and result) ? For each,
propose an associated Python type (e.g., integer, string, 1D list of floats...) (1 pt)

aQDw@m'&&7\me OG Cndnoidblqg.b bt 15 ddomuy,
Wiy eadnoid ie Inbud aoith phidh pouks

(Q2) Without writing Python and without delving into fine details, write an algorithm for
k-means clustering. Be sure to use the vocabulary given in the statement (point, centroid,
partition, barycenter...). (2 pts)

(Volume indication : a good response written in natural language would be about ten lines)

nandonly e b Loy Lino]

A powdn b e dosob eaitnotd

compute %mtmogme «ﬁe«c&% .
Nexce aoudnoid Q}%WMMMW

omlimdl, condnsiel _

the Gt sty meﬂamﬁm*ﬂa@“ﬂam

R oufin o‘(’ r_ﬁuﬂuu)/ a 2D &o" gfﬂ tp"‘- com(l"”‘o‘h‘ dstug M ({mm (@MP@M)
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(@3) Perform a functional decomposition of your algorithm by identifying two Python func-
tions that would be useful for implementing your algorithm in Python. For each, provide their
signature and a complete docstring (the code for the function is not required) (1 pt)

A Bwmentin (coond )
"t cood: 2D bk of Ha poritioa of e ooty
[E’Q’ "’2‘3 | E‘xz ‘lﬁé\ ‘E“m,‘{)nj] 4»{1:0. mnow:(},'
MMZ Qw&@. twe awadsva MWQA t, comd;‘mali
A o Cany utin (d)&;\gdw Covdical comth bowpondrlaocnd | .
J i A funditn B fnds @ Bornplin of potnls o
Rooe tha vowe  wtigh~ Buy ovoiagny i
thow [, 40
Vit Bk o b of namdom pouds o il

be pacuk : L
i B Lot o, condinols ruto o oo, il
d be ploced | fod Voiicoly | thous Rougnloliny

sobl o 29 M'l«fg By stomdon covolinali,

diom Mhee B pouts o e Bl ety
e M%(mﬂu &bi\oé(.’omch;v\qm%e%&&-”'
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