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JAMA

Colt

MTJ

commons-math

vecmath

extendable

dense matrices

sparse matrices

2D matrices

3D matrices

4D matrices

matrices > 4D

> 2731 rows/columns

object entries

generic entries

matrices > RAM

entry iterators

advanced operators

import/export filters

visualization methods
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Matrix Interface n-dimensional, dense/sparse, 263 rows/columns, various cell types

Function Declarations

size

get/set cell
plus, minus
multiply, divide
transpose

min, max, mean
variance, std
sin, cos, tan
select rows/cols
get submatrix
import/export

visualization
(list not complete)

Abstract Matrix
Matrix Implementations

Data in Memory
double[][]

int[][]
String[][]

Matrix Libraries

IAMA " Woth]
Colt oA
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Data on Disk
CSV, TXT
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Java Libraries
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Custom Function Implementations

Database Tables
Apache Derby /"

JDBC
PostgreSQL

Vs

Default Function
Implementations
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matrix label column labels axis label
roduct data
Report prodd
June 2009 _ _ _ _

product id # of sales in stock margin price [US$]

rowl 6757 5 yes 15.4% 230.87

row?2 6876 1 yes 20.3% 330.53

row3 9976 4 yes 12.3% 321.45

row4 9975 2 no 7.4% 732.42
label

for rows 980 1 yes 2.4% 643.32

o row6 8657 1 yes 33.2% 313.53
axis

row?7 7677 5 no 23.4% 832.95

row8 7657 13 yes 11.5% 542.32

row9 6678 9 yes 6.5% 232.54

rowl10 8865 2 yes 45.6% 335.21
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Matrix imported from CSV

getAsString(3,1)

getAsDouble(3,1)

"1.2"

getAsint(3,1)

1.2

"“This" "5.7"
"matrix” "1.9"
"contains” "4.0"
"Strings,” "1.2"
"data" "9.1"
"must” "0.5"
"be" 7.7
"converted" "3.8"

getAsLong(3,1)

1

getAsBoolean(3,1)

1l

true

Supported value types:

float, double, byte, char, short, int, long, boolean, Date,

BigDecimal, Biginteger, String, Object, <Generic>

' # $ % #& # &$'&(#)* +#H#

D




W &# (7 #]

! , 33" n , 6
all
coordinates
................................................ > >
............................................................... 4. seIeCted
\ 4 coordinates
..................................................................................................... v /
R S A e e e
.................................................... > available
coordinates
/
R

Sparse Matrix

' # $ % #& # &$'&(#)* +#H#




‘& # &<# &

1" "15 $ "9 6

additional
visualization
modules

2D overview

|| [50000x50000] D
hatriz| Tools

/MatrixED [ho label]

//

/.

990

20GB of data!

991
ez
993
94
995
996
997
995
kL]
1000
1001
100z
1003
1004
1005
1006
1007
1003
1009
1010
1011
101z
1013
ni4

5
0.9577

0.010%

HOH1 X HH#
#(,& #&<

**Q & )

1, & #,&#&!

& & # & # &<# &!
1!

't # $ %

H&!I H# &S '&(#) ¥ +HH -




11#) # /& &
) #'$ %NS & H% (* $ "3l "&"2 ,3 %%$6
Homepage:

% #( # & http://www.ujmp.org
E#)* # #11 X ##

7 #& I &(#HE&

4 $&( # #& 1 !

O ! %'

& *1 1* FG

+ *

N1 #&!

I O## &1

/[,10 "# H

't # $ %

H&!I H# &S '&(#) ¥ +HH




Slide 1: Hi, my name is Holger Arndt and I'm doing a PhD at the Technical University of Munich in Germany. | would like to present one of my software projects,
which | work on together with my colleagues Andreas Négele and Markus Bundschus: the Universal Java Matrix Package.

Slide 2: I'm sure, that all of you know what a matrix is, but just to make sure, that we are not talking about “Matrix” the movie... A matrix is a rectangular array of
data values, usually in two dimensions, but also higher dimensional. If most cells contain non-zero values, the matrix is called “dense”. If most cells are empty, it
is called “sparse”. In my presentation, the values can be numbers, but also strings and arbitrary objects. | start with a motivation, why this matrix library is needed
and will then present some of its features.

Slide 3: I'm not only doing a PhD, | am also working as a freelancer. My customers often require large amounts of data to be analyzed. Currently, | analyze
online marketing data for Refined Labs. Before, | worked with gene expression data for Siemens. But | also work with graphical models or text mining. During my
work | noticed, that most of this data has matrix format, and that virtually everything is a matrix: data values in memory, Excel files on disk, SQL database tables,
images...

| could use software like Matlab to process this data, but this software is very expensive, and moreover, | often create web-based applications which have to be in
Java. Java itself does not support matrix operations, but there are libraries, such as JAMA, Colt, Matrix Toolkits for Java, or Apache’s commons-math. But |
sometimes ran into problems when | used these libraries as you can see on the next slide.

Slide 4: | can use all of these libraries when | want to process dense 2-dimensional double matrices. But for sparse matrices or matrices with more than two
dimensions, or matrices with entries other than double, only a few libraries remain. For example fmri data has three dimensions. With a time component, it's 4d.
Or in physics: | don’t know how many dimensions there are in String theory: 10? 267 Definitely more than 3.

Another problem was, when | had to process data which would not fit into main memory, since this was not possible with these libraries. Ideally | would like to
combine the features of these libraries.

Slide 5: | started with a very generic interface definition, which would contain everything | want from a matrix: support for dense and sparse matrices, multi-
dimensional matrices, different cell types such as numbers, Strings or objects, and support for very large matrices. In addition to that, this interface defines
everything | can do with matrices, perform operations like plus and minus, calculate statistics, import/export filters, visualization and much more.

The next step is a stub implementation which is able to execute these functions: the operations plus, minus, statistics and so on can be calculated by reading and
writing cells when also the size of the matrix is known. The actual implementation of a matrix will just have to provide these methods to be fully functional:
getSize, getValue and setValue. The implementation could be data values in memory, Excel files on disk, SQL database tables, images, audio files, or the matrix
libraries | have mentioned before: Jama, Colt, etc. Sometimes they provide their own methods, for example Colt and Jama can calculate plus, minus and multiply
by themselves. Also some databases will be able to execute operations themselves and e.g. provide statistics about a table. In this case, the default
implementation of a method can be overridden by the custom implementation. So as you can see: everything is a matrix!

Slide 6: The next slide is about the calculations you can do with a matrix. For example, you want to round all floating point values in a matrix to the closest
integer number. The intuitive way is shown in the middle of this slide: You take a source matrix, apply an operation, and you get a new matrix with the result. But
imagine, that the matrix has a size of 4GB. Another copy of it would not fit into memory. In this case, you can modify the original matrix, as shown on top. No
additional storage is required. This scenario may also make sense, when the data is stored in a SQL table and you want to modify the database directly. No need
to copy the data back and forth. The third example shows the use case, when you don’t want to modify the original data, but still have limited memory available.
In this case, it is possible to link an operation to the original data, and the desired function is executed on demand whenever a value is requested from the result.



Slide 7: Let’s move on to the next feature and take a look at this matrix: The data in this matrix looks really important, but the problem is: it's absolutely useless!
We have no idea, what it means. Therefore it is possible to attach annotation, i.e. row and column labels and descriptions to a matrix. And now we know what the
data means. This example is to illustrate, that it is important to be able to store also meta-data together with the actual data values.

Slide 8: As you have seen, data can be numerical but also Strings, like in an Excel file, where you can find numbers, text, date and time values. For example,
when the data is stored in a CSV file on disk, all the cells are made of Strings at the beginning. The user has to decide if some entry represents a number, and
what format is used. So it is possible to store mixed data in a single matrix.

Slide 9: Itis important to access the data in large matrices efficiently. Therefore we provide iterators to loop over the desired values. One iterator will loop over all
the cells which the matrix comprises. For sparse matrices, only the non-zero entries are important so there is another iterator which loops available coordinates
only. In addition to that, it is possible to select rows and columns, which the user is interested in.

Slide 10: This slide illustrates the window you see, when a matrix is displayed on the screen. On the right hand side, there is an editor where you can edit single
values, like in an Excel sheet. On the left side, you see an overview of the whole matrix. When you select a value here with the mouse, the editor will jump to the
desired location, which is a convenient mechanism for navigating in large data sets. On top, there can be other visualization modules, such as line plot,
histogram, pie chart, and so on. As you can see in this example, this is a 20GB file on disk, but only the upper left corner actually contains data. So this is an
efficient way to get an overview over your data. For creating the visualization only a small portion of the data is needed. Just the values which are visible in the
editor and every n-th row or column to display the 2d view. Ideally no additional storage is required for creating the visualization.

Slide 11: | have presented a novel matrix library for Java. The intention of the Universal Java Matrix Package is not to invent the wheel twice. There are excellent
libraries for matrix operations (Jama, Colt, MTJ, commons-math). The goal is to bring everything together in one framework and attach to many other storage
implementations: Everything is a matrix! Documentation has to be improved in the future, and parallel algorithms should be added. Source code and jar files are
freely available for interested users and developers under LGPL.



