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Chapter 1

MLPACK Documentation

1.1 Introduction

MLPACK is an intuitive, fast, scalable C++ machine learning library, meant to be a machine learning analog to LAPACK.
It aims to implement a wide array of machine learning methods and function as a "swiss army knife" for machine learning
researchers. The MLPACK development website can be found at http://mlpack.org.

MLPACK uses the Armadillo C++ matrix library (http://arma.sourceforge.net) for general matrix, vector,
and linear algebra support. MLPACK also uses the program_options, math_c99, and unit_test_framework components
of the Boost library; in addition, LibXmI2 is used.

1.2 How To Use This Documentation

This documentation is APl documentation similar to Javadoc. It isn’t necessarily a tutorial, but it does provide detailed
documentation on every namespace, method, and class.

Each MLPACK namespace generally refers to one machine learning method, so browsing the list of namespaces
provides some insight as to the breadth of the methods contained in the library.

To generate this documentation in your own local copy of MLPACK, you can simply use Doxygen, from the root directory
(/mlpack/trunk/):

$ doxygen

1.3 Executables

MLPACK provides several executables so that MLPACK methods can be used without any need for knowledge of C++.
These executables are all self-documented, and that documentation can be accessed by running the executables with
the ’-h’ or '—help’ flag.

A full list of executables is given below:

allkfn, allknn, emst, gmm, hmm_train, hmm_loglik, hmm_viterbi, hmm_generate, kernel_pca, kmeans, lars, linear_«
regression, local_coordinate_coding, mvu, nbc, nca, pca, radical, sparse_coding



2 MLPACK Documentation

1.4 Tutorials
A few short tutorials on how to use MLPACK are given below.

+ Building MLPACK (p. 6)

» Matrices in MLPACK (p. 13)

* MLPACK Input and Output (p.9)

* MLPACK Timers (p.17)

» Simple Sample MLPACK Programs (p. 15)

» mipack version information (p. 19)
Tutorials on specific methods are also available.

* NeighborSearch tutorial (k-nearest-neighbors) (p. 55)
 Linear/ridge regression tutorial (linear_regression) (p. 49)
» RangeSearch tutorial (range_search) (p.61)

+ Density Estimation Tree (DET) tutorial (p.21)

- EMST Tutorial (p. 27)

+ K-Means tutorial (kmeans) (p. 39)

» Fast max-kernel search tutorial (fastmks) (p.31)

1.5 Methods in MLPACK

The following methods are included in MLPACK:

+ Decision Stump - mipack::decision_stump::DecisionStump (p. 192)

» Density Estimation Trees - mipack::det::DTree (p. 198)

» Euclidean Minimum Spanning Trees - mlpack::emst::DualTreeBoruvka (p. 230)
+ Gaussian Mixture Models (GMMs) - mipack::gmm::GMM (p. 266)

» Hidden Markov Models (HMMs) - mlpack::hmm::HMM (p. 279)

» Kernel PCA - mlpack::kpca::KernelPCA (p. 339)

+ K-Means Clustering - mlpack::kmeans::KMeans (p. 327)

+ Least-Angle Regression (LARS/LASSO) - mlpack::regression::LARS (p. 520)
* Local Coordinate Coding - mlpack::lcc::LocalCoordinateCoding (p. 346)

* Locality-Sensitive Hashing - mlpack::neighbor::LSHSearch (p. 381)

» Naive Bayes Classifier - mlpack::naive_bayes::NaiveBayesClassifier (p. 366)

» Neighborhood Components Analysis (NCA) - mipack::nca::NCA (p. 370)
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» Nonnegative Matrix Factorization (NMF) - mipack::amf::AMF <>

* Nystroem Method - mlpack::kernel::NystroemMethod (p. 312)

 Perceptron - mlpack::perceptron::Perceptron (p. 497)

* Principal Components Analysis (PCA) - mlpack::pca::PCA (p.493)

» QUIC-SVD - mlpack::svd::QUIC_SVD (p. 546)

» RADICAL (ICA) - mipack::radical::Radical (p. 502)

* Regularized SVD - mlpack::svd::RegularizedSVD (p. 548)

» Simple Least-Squares Linear Regression - mlpack::regression::LinearRegression (p. 527)
+ Sparse Autoencoding - mlpack::nn::SparseAutoencoder (p. 424)

+ Sparse Coding - mlpack::sparse_coding::SparseCoding (p. 541)

+ Tree-based neighbor search (AIIkNN, AllkFN) - mipack::neighbor::NeighborSearch (p. 392)

» Tree-based range search - mlpack::range::RangeSearch (p. 506)

1.6 Final Remarks
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Chapter 2

Building MLPACK From Source

2.1 Introduction

MLPACK uses CMake as a build system and allows several flexible build configuration options. One can consult any
of numerous CMake tutorials for further documentation, but this tutorial should be enough to get MLPACK built and
installed.

2.2 latest mlpack build

Download latest mipack build from here : m1pack-1.0.10

2.3 Creating Build Directory

Once the MLPACK source is unpacked, you should create a build directory.

$ cd mlpack-1.0.10
$ mkdir build

The directory can have any name, not just 'build’, but ’build’ is sufficient enough.

2.4 Dependencies of MLPACK

MLPACK depends on the following libraries, which need to be installed on the system and have headers present:

+ Armadillo >= 3.6.0 (with LAPACK support)
+ LibXML2 >=2.6.0

» Boost (math_c99, program_options, unit_test_framework, random, heap) >= 1.49

In Ubuntu and Debian, you can get all of these dependencies through apt:

# apt-get install libboost-math-dev libboost-program-options-dev
libboost-random-dev libboost-test-dev libxml2-dev libarmadillo-dev
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If you are using an Ubuntu version older than 13.10 ("Saucy Salamander") or Debian older than Jessie, you will have to
compile Armadillo from source. See the README.txt distributed with Armadillo for more information.

On Fedora, Red Hat, or CentOS, these same dependencies can be obtained via yum:

# yum install boost-devel boost-random boost-test boost-program-options

boost-math libxml2-devel armadillo-deve

On Red Hat Enterprise Linux 5 and older (as well as CentOS 5), the Armadillo version available is too old and must be
compiled by hand. The same applies for Fedora 16 and older.

2.5 Configuring CMake
Running CMake is the equivalent to running . /configure with autotools. If you run CMake with no options, it will
configure the project to build with debugging symbols and profiling information:

$ cd build
$ cmake ../

You can specify options to compile without debugging information and profiling information (i.e. as fast as possible):

$ cd build
$ cmake -D DEBUG=OFF -D PROFILE=OFF ../

The full list of options MLPACK allows:

+ DEBUG=(ON/OFF): compile with debugging symbols (default ON)
* PROFILE=(ON/OFF): compile with profiling symbols (default ON)
+ ARMA_EXTRA_DEBUG=(ON/OFF): compile with extra Armadillo debugging symbols (default OFF)

Each option can be specified to CMake with the '-D’ flag. Other tools can also be used to configure CMake, but those
are not documented here.

2.6 Building MLPACK

Once CMake is configured, building the library is as simple as typing 'make’. This will build all library components as
well as ‘'mlpack_test'.

$ make

Scanning dependencies of target mlpack

[ 1%] Building CXX object
src/mlpack/CMakeFiles/mlpack.dir/core/optimizers/aug_lagrangian/aug_lagrangian_test_functions.cpp.o
<ol>

You can specify individual components which you want to build, if you do not want to build everything in the library:

$ make pca allknn allkfn

If the build fails and you cannot figure out why, register an account on Trac and submit a ticket and the MLPACK
developers will quickly help you figure it out:

http://mlpack.org/
Alternately, MLPACK help can be found in IRC at #mlpack on irc.freenode.net.
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2.7 Installing MLPACK

If you wish to install MLPACK to /usr/include/mlpack/ and /usr/lib/ and /usr/bin/, once it has built, make sure you have
root privileges (or write permissions to those two directories), and simply type

# make install

You can now run the executables by name; you can link against MLPACK with -Imlpack, and the MLPACK headers are
found in /usr/include/mipack/.
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Chapter 3

MLPACK Input and Output

3.1 Introduction
MLPACK provides the following:

» mlpack::Log (p. 350), for debugging / informational / warning / fatal output

« mipack::CLI (p. 179), for parsing command line options

Each of those classes are well-documented, and that documentation should be consulted for further reference.

3.2 Simple Logging Example
MLPACK has four logging levels:

» Log::Debug
* Log::Info
* Log::Warn

* Log::Fatal

Output to Log::Debug does not show (and has no performance penalty) when MLPACK is compiled without debugging
symbols. Output to Log::Info is only shown when the program is run with the —verbose (or -v) flag. Log::Warn is always
shown, and Log::Fatal will halt the program, when a newline is sent to it.

Here is a simple example, and its output:

#include <mlpack/core.hpp>

using namespace mlpack;

int main(int argc, char*x argv)

( CLI::ParseCommandLine (argc, argv);

Log: :Debug << "Compiled with debugging symbols." << std::endl;

Log::Info << "Some test informational output." << std::endl;
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Log::Warn << "A warning!" << std::endl;
Log::Fatal << "Program has crashed." << std::endl;

Log::Warn << "Made it!" << std::endl;

}

With debugging output and —verbose, the following is shown:

$ ./main --verbose

[DEBUG] Compiled with debugging symbols.
[INFO ] Some test informational output.
[WARN ] A warning!
[ ]

FATAL] Program has crashed.

The last warning is not reached, because Log::Fatal terminates the program.

Without debugging symbols and without —verbose, the following is shown:

$ ./main
[WARN ] A warning!
[FATAL] Program has crashed.

These four outputs can be very useful for both providing informational output and debugging output for your MLPACK

program.

3.3 Simple CLI Example

Through the mlpack::CLI (p. 179) object, command-line parameters can be easily added with the PROGRAM_INFO,

PARAM_INT, PARAM_DOUBLE, PARAM_STRING, and PARAM_FLAG macros.

Here is a sample use of those macros, extracted from methods/pca/pca_main.cpp.

#include <mlpack/core.hpp>

// Document program.

PROGRAM_INFO ("Principal Components Analysis", "This program performs principal "
"components analysis on the given dataset. It will transform the data "
"onto its principal components, optionally performing dimensionality "

"reduction by ignoring the principal components with the smallest "
"eigenvalues.");

// Parameters for program.
PARAM_STRING_REQ ("input_file", "Input dataset to perform PCA on.", "");

PARAM_STRING_REQ ("output_file", "Output dataset to perform PCA on.", "");
PARAM_INT ("new_dimensionality", "Desired dimensionality of output dataset.",

o0y ;
using namespace mlpack;

int main(int argc, char*x argv)

{
// Parse commandline.
CLI::ParseCommandLine (argc, argv);

Documentation is automatically generated using those macros, and when the program is run with —help the following is

displayed:

$ pca —--help
Principal Components Analysis

This program performs principal components analysis on the given dataset.
will transform the data onto its principal components, optionally performing
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dimensionality reduction by ignoring the principal components with the
smallest eigenvalues.

Required options:

——input_file [string] Input dataset to perform PCA on.
—-—output_file [string] Output dataset to perform PCA on.
Options:

—-help (-h) Default help info.

—--info [string] Get help on a specific module or option.
Default value '’.

—-new_dimensionality [int] Desired dimensionality of output dataset.
Default value 0.

—--verbose (-Vv) Display informational messages and the full list
of parameters and timers at the end of
execution.

The mipack::CLI (p. 179) documentation can be consulted for further and complete documentation.
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Chapter 4

Matrices in MLPACK

4.1 Introduction

MLPACK uses Armadillo matrices for matrix support. Armadillo is a fast C++ matrix library which makes use of advanced
template techniques to provide the fastest possible matrix operations.

Documentation on Armadillo can be found on their website:
http://arma.sourceforge.net/docs.html

Nonetheless, there are a few further caveats for MLPACK Armadillo usage.

4.2 Column-wise Matrices

Armadillo matrices are stored in a column-major format; this means that on disk, each column is located in contiguous
memory.

This means that, for the vast majority of machine learning methods, it is faster to store observations as columns and
dimensions as rows. This is counter to most standard machine learning texts!

Major implications of this are for linear algebra. For instance, the covariance of a matrix is typically
C=X"x

but for a column-wise matrix, it is

C=xxT

and this is very important to keep in mind! If your MLPACK code is not working, this may be a factor in why.

4.3 Loading Matrices

MLPACK provides a data::Load() (p. 89) and data::Save() (p. 90) function, which should be used instead of Armadillo’s
loading and saving functions.

Most machine learning data is stored in row-major format; a CSV, for example, will generally have one observation per
line and each column will correspond to a dimension.

The data::Load() (p. 89) and data::Save() (p. 90) functions transpose the matrix upon loading, meaning that the follow-
ing CSV:
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)
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is actually loaded with 5 rows and 13 columns, not 13 rows and 5 columns like the CSV is written.

This is important to remember!
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Chapter 5

Simple Sample MLPACK Programs

5.1 Introduction

On this page, several simple MLPACK examples are contained, in increasing order of complexity.

5.2 Covariance Computation

A simple program to compute the covariance of a data matrix ("data.csv"), assuming that the data is already centered,
and save it to file.

// Includes all relevant components of MLPACK.
#include <mlpack/core.hpp>

// Convenience.
using namespace mlpack;

int main ()
{
// First, load the data.
arma::mat data;
// Use data::Load() which transposes the matrix.
data::Load("data.csv", data, true);

// Now compute the covariance. We assume that the data is already centered.
// Remember, because the matrix is column-major, the covariance operation is
// transposed.

arma::mat cov = data = trans(data) / data.n_cols;

// Save the output.
data::Save ("cov.csv", cov, true);

5.3 Nearest Neighbor

This simple program uses the mlpack::neighbor::NeighborSearch (p. 392) object to find the nearest neighbor of each
point in a dataset using the L1 metric, and then print the index of the neighbor and the distance of it to stdout.

#include <mlpack/core.hpp>
#include <mlpack/methods/neighbor_search/neighbor_search.hpp>

using namespace mlpack;
using namespace mlpack::neighbor; // NeighborSearch and NearestNeighborSort
using namespace mlpack::metric; // ManhattanDistance
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int main ()
{
// Load the data from data.csv (hard-coded). Use CLI for simple command-line
// parameter handling.
arma::mat data;
data::Load("data.csv", data, true);

// Use templates to specify that we want a NeighborSearch object which uses
// the Manhattan distance.
NeighborSearch<NearestNeighborSort, ManhattanDistance> nn(data);

// Create the object we will store the nearest neighbors in.
arma::Col<size_t> neighbors;
arma::vec distances; // We need to store the distance too.

// Compute the neighbors.
nn.Search(l, neighbors, distances);

// Write each neighbor and distance using Log.
for (size_t i = 0; 1 < neighbors.n_elem; ++1i)
{
Log::Info << "Nearest neighbor of point " << i << " is point "
<< neighbors[i] << " and the distance is " << distances[i] << ".\n";

5.4 Other examples

For more complex examples, it is useful to refer to the main executables:

» methods/neighbor_search/allknn_main.cpp

» methods/neighbor_search/allkfn_main.cpp

» methods/emst/emst_main.cpp

» methods/radical/radical_main.cpp

» methods/nca/nca