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e Please write name, surname, matricola and signature in the appropuatddee. Teachers and assi
tants can request a document for identification.

e The solution and procedure must be written in the same sheet containiexgttoise text; if needed, ug
the back. All papers must be handed back at the end.

e No exercise requires complex calculations, only additions, multiplicatiomsby or two-digit numberg
and simple fractions.

e |t is important that the procedure is reported as well as the result. Urgastdsults will not be taker
into account.

e Every exercise is worth a maximum of 10 points.
e Use of notes, books, computers, calculators and PDAs is forbidden.




Let V7 andV; be two finite sets. Then the set of edges in a complete dirégpedtite graph havind;, as source
nodes and/’ as destination nodes is the Cartesian product of the two sets

VixVa={(i,j):i€ViNjeEVa}
Let us define grapty = (V, E) where:
vV o= {1,...,12}
E ({1,2,3}><{4,5,6}) U ({5,6}><{7,8}) U ({9, 10}x{11,12}).

The three subsets @ identify three bipartite components 6f

G, = ({1,...,6},{1,2,3}x{4,5,6})
Gy = ({5,...,8},{5,6}x{7,8})
Gy = ({9,...,12},{9,10}x{11,12})

Note that the three components are not disjoint, but thehgisapot connected.

For every node:, according to the HITS scoring system, lgt) be itshub score and leta(n) be itsauthority
score. Moreover, if B = (Vp, Ep) is a bipartite graph, let us define itsportance I(B) as the sum of hub
scores of its source nodes plus the sum of the authority sodiits destination nodes:

IB)= > hi)+ >, al).

i:35(i,j)€ER i:3j(j,i)€EEB

1.1) Which bipartite component (amordgy, G2 andG3) will asymptotically achieve the maximum importance,
and why?

1.2) Simulate three iterations of the HITS system starting witmdorm value of1 to all hub and authority
scores. What is the importance of each bipartite compongtite &nd?

1.3) If the edge(3,9) is added toGz, how do you expect the importance scores of the three compone
change, and why?

1.4) With the further addition of edg@l 0, 3) to the graph, how do you expect the importance scores of the th
components to change, and why?



The singular value decomposition of a term-document matrix UXV 7 is

L (1 -1 0 300 1}(1)_11
U=—1|1 1 o}, =02 0], Vv=— -
V2o 0 2 00 1 \/3(1)_1101

2.1) What are the size and the rank of the matiX

2.2) Perform a reduction of the LSI space of one dimension.

2.3) Given the new representation of mated apply an agglomerative clustering procedure to the ciidiec
Merge the clusters at each step according tetifesimilarity measure by using as a measure of inter-document
similarity simply the dot-productd; , ds).

2.4) Draw the resulting dendrogram. How many clusters can youdiradlevel of similarity oR2?

2.5) Check the clustering results you get by cutting across thdmgram, by plotting them.



As a part of a clustering method, we decide to compute for dachmenti the number of occurrences of the
most frequent term in that document:
N(d) = maxn(t,d).
teT

We want to modelV (d) as a Poisson random variable with paramatego that given a random documehin
our corpus we have
Ate™?

n!
3.1) Given a sampled document skt . . . , di, show that the maximum likelihood estimate)oin the Poisson
model is the average ¥ (d;).
3.2) DetermineX based on the following sample:

Pr(N(d) =n;\) =

o dy =(1,2,3,4,3,2,3,3,2,1,5,6,3)
o dy=(3,2,4,4,2,3,2,4,5,1,6)

o d3=(6,4,3,5,2,6,1,7)

o dy=(6,54,3,2,1,26,2,2)

o ds = (4,3,4,2,5,4,1,6,3)



