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NAME
cml_drl - Dimensionality Reduction

VERSION
Version 0.2.461

SYNOPSIS
cml_drl input_matrix output file -p train_test split rbm_itexr bp_iters rbm_size bp_sike[-b ran-
dom_see[d[-c convege nunj [-d embedding_dimensionaljty-e eigentypg [-f map_filg@ [-g] [-h] [-i
max_iter$ [-k num_neighbois [-] landmark type landmark valpe[-m reduction_methofd [-n
notice_levdl [-o low_dim_file stats_file[-p epsilon_distande[-r] [-s stat_calculatioh [-t test filg [-u]
[-v] [-w pymol_outpdt[-x dimensionk[-y neighbor_strini[-Z]

DESCRIPTION
Perform dimensionality reduction on a set of coordinates using principal component analysis (PCA), multi-
dimensional scaling (MDS) locally linear embedding (LLE), IsoMap, or an AutoEncoder (AE). The input
file consis is a matrix (see matrix file formats below) with ea@h cmoresponding to a data pointorF
MDS reduction, the input file is a symmetric distance matrix. An internal test matrix representing 400 sam-
ples from the 'swiss roll' can be used by specifying INT_SWISBIRas the input file name. 5000 sam-
ples of the swissroll can be specified with INT_SWISSROLL5. Other internal test matrices are:
INT_SWISSROLLN for textbook version of swiss roll, INT_THINSWISERL for thin swiss roll,
INT_JAPAROLL for Japaness flag roll, INT_NONDEVRL for Nondeelopable swiss roll,
INT_TKNOT for trefoil knot, INT_SPHERE for a sphere, INTORUS for torus, and INT_BR for the
open box. (Add 5 at the end of string for 5000 samples). The output file uses an internal format that stores
the map from the higdimensional to the le-dimensional space and visersa. Analysis can be per
formed without writing the map to disk by specifying NO_OUTPUT as the output file name. Once a map
has been obtained, coordinates can be mapped back and forth usinfiaiipeln this case, the input_file
contains the coordinates in one dimension andtiteut_filecontains the mapped coordinates.

PARAMETERS

-atrain_test_split rbm_ites bp_iters rom_size bp_size
Set parameters for the autoencodein_test splitis the fraction of input data to be used for
training (default is 0.8)bm_iters(default=10) andop_iters(default=30) are the number of itera-
tions to be used for restricted boltzmann and back propagation diepsize(default=10) and
bp_size(default=100) is the desired batch size for RBM and BP stdgs. sizeand bp_size
should eenly divide the training set size.

-b random_seed
Set the random number seed (ya_sizet integer value).

-c convege_num
Specify conergence criteria for power method. This ivai in terms of the cosine of the angle

between eigen vectors in successterations. The default is 0 which results in the default epsilon
depending on the matrix and method.
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-d embedding_dimensionality

Specify the number of dimension to project down to. The default is 2. For the AutoEratioder
layers are specified in a stringl ('3 8 4 2"

-e eigentype

Specify the type of eigen decomposition. Options are DQVER, RRR, and SIMPLE. The
default is RRR

-f map_file

Map from the high dimensional to theMalimensional space or vice versa using a previously cal-
culated reduction as specifiedrimap_file The input_matrixcan contain multiple points,ubthe
number of columns must match either the high ar donensionality For LLE and ISOMARthe
forward and reerse maps are calculated using areige distance weightedeage of coordinates
from neighbors of the high andwadimensionalities used in the original reduction. The number of
neighbors used for the mapping is specified with-kheption. Reconstruction errors for the map-
ping can be calculated using thieoption.

If linked to the Intel math librarythis will use the fastetow accuragy math functions.

Print out the man page for help

-i max_iters

Specify the maximum number of iterations for iteratirethods on each eigemator A warning
is generated if aneigen vector does not ceerge within the specified number of iterations. The
default is 10000.

-k num_neighbors

Specify the number of neighbors to be used for methods which regnéarést neighbors. The
default is 10. If k<1, then we use it as epsilon distance for neighbors.

-| landmark_type landmark_value

Use landmark points for IsoMap reductionldfidmark_types FILE, landmark_valuespecifies a

file to load a matrix from (see file formats below)lalfidmark_typés STRING, a string specifica-

tion of landmarks is used (seefor examples). Ifandmark_types RANDOM, a landmark alue

is a fraction>0 and <1 that specifies the random fraction of landmarks to be used. Landmarks are
specified with 0 as the first point.

-m reduction_method

Specify the dimensionality reduction method to be used. Options are PCA, MDS, LLE, ISOMAP
and AE. The default is PCA.

-n notice_level

Set the degree of program output. Use:

-n 0 No output
-n10  Normalprogram output
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-n 20  Rarameters useful for reproducing the results
-n30  All output

-0 low_dim_file stats_file

Output the coordinates in theal@imensional space from the reductiorde_dim_filein text for
mat. Statistics are output to the fifiats_file dso in text format.

-p epsilon_distance
Specify the epsilon distance for neighbors to be used for ISOMAP method.

-r Calculate the reconstruction error for the mapping specified -Witli used with-x, the recon-
struction error is calculated for each of the specifi@tensiongnote that thex option cannot be
used with the autoencoder). If this option is used during learning, the reconstruction error is calcu-
lated from theinput_matrix For the autoencodgthis is the training set and the test set if the
option is not specified. If the& option is specified, it is the reconstruction error for the data used
for training. For LLE and Isomap, the reconstruction error for the training data wéysbe 0
due to the mapping algorithm. Therefore it is advised to use a separate test set with these algo-
rithms.

-sstat_calculation

Perform calculations on the statistics for a reduction. Options are NONEAREH, RECON-
STRUCT and ALL. The defult is NONE. Thedimensiongor which statistics are calculated is
specified with-x

-t test_file

Specify explicitly the test set for autoencoder training. In this case no randomization of data
occurs.

-u Perform calculations to estimate the intrinsic dimensionality usirayiant of local PCA. In this
case, PCA is performed on the manifold around each point using the nearest neighbors and the
residual varience around each point is calculated. Statistics on the residaace for each
dimension are written to the output file. The top line is the mean residual variancextliveerie
the minimum, followed by the maximum and the standard deviation for each dimension. If a single
dimension is specified, either witl or -x the output file consists of the residual variance around
each datapoint. The time required for calculation will not chang®, i& fewer dimensionsare
specified. If-z is specified, theutput_fileis plotted.

-V For MDS, LLE, and IsoMap, the foravd and reerse maps are obtained from a weighteerage
of the neighbors. By default, the weights are obtained from theesin of the distances to the
neighbors. If thev flag is set, weights are obtained by solving a legqsares problem as is per
fromed in LLE.

-w pymol_output
Test output for pymol.

-x dimensions

Dimensions for which statistics should be calculated in matrix format. Exampleg g@&3]" -x
"[0:2:4]" -x "[0 1 5]". For eigewalues, alldimensionsre currently output gardless of thelimen-
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sionsspecified. Additionallythe dimensionspecified with-x currently hae ro dfect on autoen-
coder statistics.

-y neighbor_string

Do not do the reduction, but instead just generate statistics on the number of connected manifolds.
Statistics are generated for each number of neighbangighbor_string(specified in the same
manner as fox).

-z Make pots with gnu plot.

MATRIX FILE FORMATS
Five file formats are\ailable for matrix and vector I/O depending on the type of matrix and format: full,
symmetric, sparse, diagonal, pretiyd binary format.

The format for the full matrix is:

VecMat <rows> <columns>
<data at rowl, coll>
<data at row2, coll>
<data at row3, coll>

<data at row2, col_n>
<data at rowl, col2>

The format for a symmetric matrix is:

VecMatSym<rows>

<data at rowl, coll>
<data at row2, coll>
<data at row2, col2>
<data at row3, coll>
<data at row3, col2>
<data at row3, col3>

for the lower triangle. The format for a diagonal matrix is:
VecMatDiag<rows>
<data at row1, coll>
<data at row2, col2>
<data at row3, col3>

for the diagonal. The format for a sparse matrix is:
VecMatSparserows> <columns>
<col_number*rows+row_number> <value>

<col_number*rows+row_number> <value>

END
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The format for a pretty file is:

<data rowl, coll> <data rowl, col2> ... <data rowl,col_n>
<data row2, coll> <data row2, col2> ... <data row2,col_n>

Binary files can also be loaded angesh but are not architecture independent.

AUTHORS
W. Michael Brown, Shawn Martin, Haixia Jia, Jean-Paul Watson
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