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Background

Collaborative filtering is a major technique to make
personalized recommendations about information items
(movies, books, webpages etc) to individual users. In the lit-
erature, a common research objective is to predict unknown
ratings of items for a user, on the condition that the user
has explicitly rated a certain amount of items.

Figure 1: the MovieLens Recommendation Scenario

Figure 3: the Last.FM Recommendation Scenario

However, we may only have implicit evidence of user pref-
erences, such as “playback times of a music file” or “visiting
frequency of a web-site”; A more practical view of the rec-
ommendation task is to directly generate a top-N ranked
list of items that the user is most likely to like [1].

Risk-aware Modelling

We measure how probable an item (denoted as i) is to be
suggested to a given user (denoted as u): p(i|u) [2]

ou(i) ≡ p(i|u) ∝i log p(u|i) + log p(i)

Two parts: its likelihood towards the user preference p(u|i)
and its popularity p(i). Applying linear smoothing gives
[3]:
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The ranking score of a target item i is a combination of its
popularity and its co-occurrence with the items i′ ∈ Lu in
the preference list of the user. λ ∈ [0, 1] is a linear smooth-
ing parameter to further smooth it from a background model
(P (i′)). c(i′, i) denotes the number of user preferences where
both items i and i′ occur, and c(i) denotes the number of
user preferences where item i occurs.

Alternatively, using Bayes-smoothing gives:
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Unreliably-estimated items may be ranked highly in the
ranked list. large variance is unreliable and its rank score
should be penalized [4].

θ̂i ≡ Mean(θi) −
b

2
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where Mean(θi) is the mean of θi while V ar(θi) denotes its
variance. b > 0, and it is a parameter that adjusts the risk
preference and can be tuned from data.

Some Experiments

Figure 4: Recommendation Precision in Last.FM. Model 1: the linear
smoothing method; Model 2: risk-aware linear smoothing model ; and
Model 3: risk-aware Maximum Likelihood Estimate model. A Wilcoxon
signed-rank test is conducted and the significant ones (P-value < 0.05)
over Model 1 the linear smoothing model are marked as *.
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