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Inaccuracy vs Correlation Threshold
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Figure 3.1: Plof showing the relofionship befween the average inaccuracy and the correlation
threshold for dafa from Ehe BochMowme Dafa. This dofosef consisls of the rafings of 58 users
and 125 mowvies. Average moocuracy = an average of the differences befircen the rafing and

the predickion for every pair of users and movies in the dafa sek.

the movie. We repeated this same procedure for every user amnd movie (for every
data element in the matrix data set). We computed the average absolute inaccuracy
(absolute difference between the generated rating and its computed prediction) for
the whole data set. This is the average inaccuracy of the data set for that particular
value of the correlation threshold. We then repeated the same procedure for different
values of the correlation threshold.

Figure 3.1 illustrates the rmesults from our experiments on a data set consisting
of ratings submitted by 58 users for 125 movies. The ratings in the data set are

extracted from the EachMovie data. The ratings submitted were on a scale of 1 to
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Figure 3.2: Plof showing the relofionship befween the average inaceuracy and the correlation
threshold for o random dafa sel consisbing of 10 users and 100 movies. Average maccuracy
ix an average of the differences bebween the rafing and the prediclion for every poair of users

and mowes in the dofa ek
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Inaccuracy vs Corralation threshold
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Figure 3.3: Plof showing the relofionship befween the average inaccuracy and the correlation
threshold for o random dofa sef conmasting of 10 users and 500 movies. Average imocrumacy
i an average of the differences bebueen the rafing and the predichon for every poir of user

and mowne m the dafa sef.

the data set for the corresponding correlation threshold value. The average inaccuracy
was caleulated by taking the average of inaccuracies in all the predictions computed
by the system for every pair of users and ratings.

Point A an the curve shows the awrage inaccuracy when there is no correlation
threshold applied (correlation threshold is 0.0). Point B on the graph shows the
average inaccuracy when the correlation threshold is 0.1, Point C shows a rise in the
inaccuracy when the correlation threshold is inereased to 0.3,

Figure 3.3 also illustrates the relationship between the averapge inaccuracy of the
data set and the correlation threshold. This graph illustrates the results of the same
experiment (with correlation thresholds) on a random data set with the same number
of users but a greater number of movies (ve times the number of movies as in the
first graph).

We can see from the above graphs that the use of random data to test Tor collabs-

orative filtering techniques is not very useful. The inherent randomness of the data
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History vs Inaccuracy
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Figure 3.4: Average tnoccuracy and the hasfory in common befueen any bwo wsers. The
number of users i5 kept conslant af 125, Average moccuracy s an average of e differences

befureen the rafing and the predichon for every pair of users and momes m the dofa sek.

relationship of the inaccuracy of the prediction and the number of users in the data
set for data extracted from the EachMovie database [EM97].

Figure 3.4 illustrates the results from our experiments on a data set consisting of
ratings submitted by Gfty eight users for six hundred movies. The ratings in the data
set are extracted from the EachMovie data. The ratings submitved were on a scale of
1to ten. The line labelod Mar shows the average of the (rating — mean) of the data
set. This is computed by taking the avwerage of the inaccuracies in the prediction if
the prediction returned was the same a8 the user’s mean rating value. We plot this as
this is the prediction returned for the user if no user in the data set has a history in
common higher than threshold with the user in question. Line average inaccuracy of
dala sel shows the average inaccuracy for the data set for the corresponding history

threshold value. The average inaccuracy was caleulated by taking the average of
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History vs Inaccuracy and Standard Deviation of
Inaccuracy
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Figure 3.5 Plot showsng the relofionship befueen the average snocewracy, the sfandard
deviabion of the average tnaccuracy and the hisfory in common befueen any Bue wsers in
the daota sef for a data sef consisbing of rafings extracted from the FochMome dafabase.

Average inaccwracy 5 an average of fhe differences befueen the mafing and the pradicion

for every pair of wer and movie in Hhe dafo sek

the inaccuracies in the predictions. We then plot the average inaccuracy of the data
set amd also plot graphs which are at 1 standard deviation distance from the averape.
i(For normally distributed data approxdmately 60 pereent of the total predictions

would lie in the range within 1 standard deviation of the mean.

The graph shown below illustrates the relationship of the naccuracy as well s
the standard deviation of the inaccuracy of the prediction and the history in commaon
between the users in the data set for data extracted from the EachMovie database.

We observe in figure 3.5 that the standard deviation is really high for a history
in common of five movies and then rapidly drops with an incresse in the history in

common between users. This supports our eaclier conclusion that an inerease in the
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Number of Users vs Inaccuracy

Inaccuracy

o 100 200 300 400 mO0 00
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Figure 4.1: Plot showing the relationship between the average inaccuracy and the number
af users in the data set for a data set consisting of rafings extracted from the FachMowe
database. The number of arficles is kept constant af 125, Average inaccuracy 5 an average
af the differences befween the rafing and the prediclion for every por of wers and movies
in the dafa sef.
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Eﬁ:ﬁ Frequency f vs rank order r u pper
cut-off
o wordal
—+—plal shawing|
Trisqu ey’ v
rnk ards

frequency

rank order

Figure 4.2: Plot showing the relationship of the frequency of o word in an article and its
rank order determining ifs imporfance in the arficle.

furnishes a useful measurement of word significance [Luh58]. Let f be the occurrence
of various words in a text and r their rank order, that is, the order of their frequency
of occurrence. A plot relating f and r yields a curve similar to the hyperbolic in
figure 4.2. This is in fact a curve demonstrating Zipf's Law [Zip49] which states that
the product of the frequency of words and the rank order is approximately constant.
Zipf verified his law on American Newspaper English. Luhn used this as a hypothesis
to enable him to specify two cut-offs, an upper and a lower (see fgure 2.1}, thus ex-
cluding non-significant words. The words exceeding the upper cut-off are considered
to be common and those below the lower cut-off rare, and therefore not contributing
significantly to the content of the article.

Edmundson and Wyllys generalized Lubn's work by normalizing his measurements
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Figure 4.3: Mot shousng the overage maccuracy in the molloborafive filfering score undh

tame.

a user s reading and the user has not specified anything in his profile. In this case,
the system can use neither the implicit keywords nor the users profile to compute the
content based score

We can thus claim that the integration of content based techniques with pure
collaborative fltering techniques can ensure that the system can generate predictions
for almost all articles (execept sometimes the first article) for all the users.

We also perform analysis on the whole data set to see the relative inaccuracies
of the pure collaborative fluering score, the content based filtering score and a com-
bination of the two. The graph in Gpure 4.4 shows the inaccuracy of the individual
collaborative filtering and content filtering scores as well as the integrated score (the
prediction returned to the user by the system).

We can see from figure 4.4 that the collaborative filtering score is more inaccurate

in the beginning, This as we mentioned earlier is because of the the et that the
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Thiz dafaset

congists of the rafings of 18 wers and all neuspoper arficles over 2 months., Percenfage
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of users and mowes i Ehe dafa sef,
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newspager arficles over 2 months.

This dalasel conststs of the rabings of 18 users and all
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Vertical Distributionot Ratings
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Users

Figure A.1: This graph shows a possible distribution of ratings in o dafa sef where some
users have gwen ratings for all arficles in the data sef. Each point (z,y) represents the fact
that a rating has been submelfed by the user x for the arficle y.
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Horizontal Distribution of Ratngs

Articles
= p W Bk o m o~ oW o

Users

Figure A.2: This graph shows a possible distribution of ratings in o dafa sef where some
arficles have been given rafings by oll users in the data set. Each point (z.y) represents the
fact that a rating has been submitted by the wser x for the arficle y.
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Mixed Distributionof Ratings

Ratings
= M W E U m o= oW o

Users

Figure A.3: This graph shows a possible distribution of ratings i o date sef where some
articles have been given ratings by all users in the dafa sef and some users have given ratings
for all the articles in the dofo sef. Each point [r.y) represents the fact that o rabing has
been submitted by the user x for the article y.
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Random Distribution of Ratings
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Figure A4: This graph shows a possible distribution of rafings in o data sef where all the
users hove gwen ratings for some articles [nof necessardy the some articles) in the data
sef. Kach point (z.y) represents the fact thai o rafing has been submitled by the user x for
the article y.
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Average Inaccuacy ve Time
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Figure A.5: This graph represents the average inaccwacy of the dofa set over time. The
average maccwracy af the data sef s ealewdated by taking the average of the tnaccuracies in
the predictions for every user for every arficle.

Sparalyy =l Data Satwa Time
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Figure AG: This graph represents the sparsity of the dafa set over fime. The sparsity of

the data set is calculoted as the rafio of the fofal number of ralings in the data set and the
tofal number of possble rafings in the dafa sek
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