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Abstract

Users employing smartphones typically combine multiple
applications to perform their tasks. It would be possible to be
recommended the appropriate applications by acquiring the
contexts of users who perform such tasks. And the contexts are
composed by the relationship of applications used in the tasks. We
present an algorithm that extracts the relationship between
applications that the user intentionally uses in combination. At the
end of the paper, we report the results of verification tests
conducted on this algorithm.

1. Introduction

Users are annoyed with searching the large number of
applications installed in their smartphone. It is useful to
recommend the suitable application which matched the user’s
context. Previous studies on the usage history of smartphone
applications have revealed that the frequency of the use of an
application of a specific genre tends to be relatively high in
specific places and at specific times. [

Smartphone users tend to use multiple applications in a given
situation. We think it is possible to recommend the applications
depended on their context with higher accuracy by using the
combinations of multiple applications used in each situation.

2. The characteristic of the operation

We focused on the user operation characteristic that users switch
between applications when using them in combination. We
hypothesized that the shorter the switching time, the more likely it
is that the operation involves the use of application in combination
before and after switching.

In order to verify of the above hypothesis, we analyzed the
dataset which logged the application usage for one month by a
smartphone user and divided into two groups by our subjectivity.
Figure 1 shows how the switching time about relevant and
irrelevant pairs of applications. This result confirms that the
switching time affect the relevance.

80
60
10
20
o M. .

M App Store = Browser Gro_up 1
M Network Setting = Mail Pairs of relevant
[ News Reader = Browser applications

®
z
S 0 30 60 90 120 150 180 210 240 270 more
S- 40 The time W Navigation - Mail Grqup 2
& is shorter B Movie > Scheduler Pairs of irrelevant
20 [ News Reader - Game app"cations
0 . Illlil..“.h. 1

0 30 60 90 120 150 180 210 240 270 more

Switching time (seconds)
Figl. Frequency histograms of the time for switching operation

3. Algorithm

Based on the above verified hypothesis, we defined the

relationship between a pair of applications as a unit of application
combination, using the operation of switching between them and
the representation of the situation. In order to acquire this
relationship, we present the algorithm that shows the degree of the
relation between application x and y by the score based on the
switching time (T(x,y)). We represent the relationship score (E)
based on the switching time in the following equation:

E.(x,y) = (1 —min (M, T(X,y) / M)) /' N,

where N is the total number of times application x is used, and M
is the threshold period.

We modify the above relationship score using scores for the
probability of consistency of usage situations. The score for the
location relationship (Ep) is the probability of consistency of
usage locations, and the score for the time relationship (Et) is the
closeness in usage time of day.

E(le) = EC(va) +a X Ep(le) + B x Et(X,y),
where o and P are location and time dependence coefficients,
respectively, for application y.

4. Evaluation

We evaluated how well the score E(X,y) represents the users’
context using the foregoing dataset. Table 1 shows the probabilities
of corresponding the application expected to be used by the user
next time with the actual application used by the user next time in
the assuming usage cases in which smartphones are used at home
in the evening or when driving. We compared the prediction result
based on the ranking of the score derived by our algorithm with it
based on the frequency of the neighboring use of applications
(conventional algorithm). Our results confirm that using the
relationship between applications extracted by our algorithm is
effective to acquire the users’ context with higher accuracy.

Tablel. Comparison of prediction accuracy in the assuming use cases

Case Prediction accuracy

Our algorithm | Conventional algorithm
At home in the evening 91% 72%
Driving 69% 58%

5. Conclusion

We proposed an algorithm to extract the relationship between a
pair of applications, and verified its effectiveness in cases of actual
use. We think the proposed method could be a primary technique
to categorize multiple applications, and recommend the suitable
applications which matched users’ context.
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