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Scope and Purpose of this Document

This document is a user manual for the R package ❛♣❝❧✉st❡r [2]. It is only meant as a gentle
introduction into how to use the basic functions implemented in this package. Not all features of
the R package are described in full detail. Such details can be obtained from the documentation
enclosed in the R package. Further note the following: (1) this is neither an introduction to affin-
ity propagation nor to clustering in general; (2) this is not an introduction to R. If you lack the
background for understanding this manual, you first have to read introductory literature on these
subjects.
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1 Introduction

Affinity propagation (AP) is a relatively new clustering algorithm that has been introduced by
Brendan J. Frey and Delbert Dueck [6].1 The authors themselves describe affinity propagation as
follows:2

“An algorithm that identifies exemplars among data points and forms clusters of data

points around these exemplars. It operates by simultaneously considering all data

point as potential exemplars and exchanging messages between data points until a

good set of exemplars and clusters emerges.”

AP has been applied in various fields recently, among which bioinformatics is becoming in-
creasingly important. Frey and Dueck have made their algorithm available as Matlab code.1 Mat-
lab, however, is relatively uncommon in bioinformatics. Instead, the statistical computing platform
R has become a widely accepted standard in this field. In order to leverage affinity propagation
for bioinformatics applications, we have implemented affinity propagation as an R package. Note,
however, that the given package is in no way restricted to bioinformatics applications. It is as
generally applicable as Frey’s and Dueck’s original Matlab code.1

Starting with Version 1.1.0, the apcluster package also features exemplar-based agglomer-

ative clustering which can be used as a clustering method on its own or for creating a hierarchy
of clusters that have been computed previously by affinity propagation. Leveraged Affinity Prop-

agation, a variant of AP especially geared to applications involving large data sets, has first been
included in Version 1.3.0.

2 Installation

2.1 Installation via CRAN

The R package apcluster (current version: 1.4.8) is part of the Comprehensive R Archive Net-

work (CRAN)3. The simplest way to install the package, therefore, is to enter the following com-
mand into your R session:

install.packages("apcluster")

If you use R on Windows or Mac OS, you can also conveniently use the package installation
menu of your R GUI.

2.2 Manual installation from source

Under special circumstances, e.g. if you want to compile the C++ code included in the package
with some custom options, you may prefer to install the package manually from source. To this
end, open the package’s page at CRAN4 and then proceed as follows:

1http://genes.toronto.edu/affinitypropagation/
2quoted from http://genes.toronto.edu/affinitypropagation/faq.html#def
3http://cran.r-project.org/
4https://CRAN.R-project.org/package=apcluster
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1. Download ❛♣❝❧✉st❡r❴✶✳✹✳✽✳t❛r✳❣③ and save it to your harddisk.

2. Open a shell/terminal/command prompt window and change to the directory where you put
❛♣❝❧✉st❡r❴✶✳✹✳✽✳t❛r✳❣③. Enter

❘ ❈▼❉ ■◆❙❚❆▲▲ ❛♣❝❧✉st❡r❴✶✳✹✳✽✳t❛r✳❣③

to install the package.

Note that this might require additional software on some platforms. Windows requires Rtools5 to
be installed and to be available in the default search path (environment variable P❆❚❍). Mac OS X
requires Xcode developer tools6 (make sure that you have the command line tools installed with
Xcode).

2.3 Compatibility issues

All versions downloadable from CRAN have been built using the latest version, R 3.6.1. However,
the package should work without severe problems on R versions ≥3.0.0.

3 Getting Started

To load the package, enter the following in your R session:

❧✐❜r❛r②✭❛♣❝❧✉st❡r✮

If this command terminates without any error message or warning, you can be sure that the
package has been installed successfully. If so, the package is ready for use now and you can start
clustering your data with affinity propagation.

The package includes both a user manual (this document) and a reference manual (help pages
for each function). To view the user manual, enter

✈✐❣♥❡tt❡✭✧❛♣❝❧✉st❡r✧✮

Help pages can be viewed using the ❤❡❧♣ command. It is recommended to start with

❤❡❧♣✭❛♣❝❧✉st❡r✮

Affinity propagation does not require the data samples to be of any specific kind or structure.
AP only requires a similarity matrix, i.e., given l data samples, this is an l × l real-valued matrix
S, in which an entry Sij corresponds to a value measuring how similar sample i is to sample j.
AP does not require these values to be in a specific range. Values can be positive or negative. AP
does not even require the similarity matrix to be symmetric (although, in most applications, it will

5❤tt♣✿✴✴❝r❛♥✳r✲♣r♦❥❡❝t✳♦r❣✴❜✐♥✴✇✐♥❞♦✇s✴❘t♦♦❧s✴
6❤tt♣s✿✴✴❞❡✈❡❧♦♣❡r✳❛♣♣❧❡✳❝♦♠✴t❡❝❤♥♦❧♦❣✐❡s✴t♦♦❧s✴
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be symmetric anyway). A value of −∞ is interpreted as “absolute dissimilarity”. The higher a
value, the more similar two samples are considered.

To get a first impression, let us create a random data set in R
2 as the union of two “Gaussian

clouds”:

❝❧✶ ❁✲ ❝❜✐♥❞✭r♥♦r♠✭✸✵✱ ✵✳✸✱ ✵✳✵✺✮✱ r♥♦r♠✭✸✵✱ ✵✳✼✱ ✵✳✵✹✮✮

❝❧✷ ❁✲ ❝❜✐♥❞✭r♥♦r♠✭✸✵✱ ✵✳✼✱ ✵✳✵✹✮✱ r♥♦r♠✭✸✵✱ ✵✳✹✱ ✳✵✺✮✮

①✶ ❁✲ r❜✐♥❞✭❝❧✶✱ ❝❧✷✮

♣❧♦t✭①✶✱ ①❧❛❜❂✧✧✱ ②❧❛❜❂✧✧✱ ♣❝❤❂✶✾✱ ❝❡①❂✵✳✽✮
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The package ❛♣❝❧✉st❡r offers several different ways for clustering data. The simplest way is the
following:

❛♣r❡s✶❛ ❁✲ ❛♣❝❧✉st❡r✭♥❡❣❉✐st▼❛t✭r❂✷✮✱ ①✶✮

In this example, the function ❛♣❝❧✉st❡r✭✮ first computes a similarity matrix for the input data
①✶ using the similarity function passed as first argument. The choice ♥❡❣❉✐st▼❛t✭r❂✷✮ is the
standard similarity measure used in the papers of Frey and Dueck — negative squared distances.

Alternatively, one can compute the similarity matrix beforehand and call ❛♣❝❧✉st❡r✭✮ for the
similarity matrix (for a more detailed description of the differences, see 10.1):

s✶ ❁✲ ♥❡❣❉✐st▼❛t✭①✶✱ r❂✷✮

❛♣r❡s✶❜ ❁✲ ❛♣❝❧✉st❡r✭s✶✮

The function ❛♣❝❧✉st❡r✭✮ creates an object belonging to the S4 class ❆P❘❡s✉❧t which is
defined by the present package. To get detailed information on which data are stored in such
objects, enter
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❤❡❧♣✭❆P❘❡s✉❧t✮

The simplest thing we can do is to enter the name of the object (which implicitly calls s❤♦✇✭✮)
to get a summary of the clustering result:

❛♣r❡s✶❛

★★

★★ ❆P❘❡s✉❧t ♦❜❥❡❝t

★★

★★ ◆✉♠❜❡r ♦❢ s❛♠♣❧❡s ❂ ✻✵

★★ ◆✉♠❜❡r ♦❢ ✐t❡r❛t✐♦♥s ❂ ✶✸✶

★★ ■♥♣✉t ♣r❡❢❡r❡♥❝❡ ❂ ✲✵✳✶✹✶✻✵✷✷

★★ ❙✉♠ ♦❢ s✐♠✐❧❛r✐t✐❡s ❂ ✲✵✳✶✾✺✺✶✶✾

★★ ❙✉♠ ♦❢ ♣r❡❢❡r❡♥❝❡s ❂ ✲✵✳✷✽✸✷✵✹✹

★★ ◆❡t s✐♠✐❧❛r✐t② ❂ ✲✵✳✹✼✽✼✶✻✸

★★ ◆✉♠❜❡r ♦❢ ❝❧✉st❡rs ❂ ✷

★★

★★ ❊①❡♠♣❧❛rs✿

★★ ✷✺ ✹✹

★★ ❈❧✉st❡rs✿

★★ ❈❧✉st❡r ✶✱ ❡①❡♠♣❧❛r ✷✺✿

★★ ✶ ✷ ✸ ✹ ✺ ✻ ✼ ✽ ✾ ✶✵ ✶✶ ✶✷ ✶✸ ✶✹ ✶✺ ✶✻ ✶✼ ✶✽ ✶✾ ✷✵ ✷✶ ✷✷ ✷✸ ✷✹ ✷✺

★★ ✷✻ ✷✼ ✷✽ ✷✾ ✸✵

★★ ❈❧✉st❡r ✷✱ ❡①❡♠♣❧❛r ✹✹✿

★★ ✸✶ ✸✷ ✸✸ ✸✹ ✸✺ ✸✻ ✸✼ ✸✽ ✸✾ ✹✵ ✹✶ ✹✷ ✹✸ ✹✹ ✹✺ ✹✻ ✹✼ ✹✽ ✹✾ ✺✵ ✺✶ ✺✷

★★ ✺✸ ✺✹ ✺✺ ✺✻ ✺✼ ✺✽ ✺✾ ✻✵

The ❛♣❝❧✉st❡r package allows for plotting the original data set along with a clustering result:

♣❧♦t✭❛♣r❡s✶❛✱ ①✶✮
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In this plot, each color corresponds to one cluster. The exemplar of each cluster is marked by a
box and all cluster members are connected to their exemplars with lines.

A heatmap is plotted with ❤❡❛t♠❛♣✭✮:

❤❡❛t♠❛♣✭❛♣r❡s✶❛✮
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In the heatmap, the samples are grouped according to clusters. The above heatmap confirms again
that there are two main clusters in the data. A heatmap can be plotted for the object ❛♣r❡s✶❛ be-
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