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* What is NMF?
* What is Orange?
* NMF widgets in Orange (demonstration):

— Overview of the workflow and the widgets
— Example: a synthetic dataset



What is NMF?
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What is NMF? Goal

Perform non-negative matrix factorization with a given rank k on X = 0

X=W-H
w0 Rl
Where

— X is the initial (non negative) matrix, columns are attributes and rows are
observations, or the contrary (size n X p)

— W is the matrix of basis vectors (weights) (size n X k)
— H is the matrix of mixture coefficients (size k X p)

The factorization is generally non-unique

NMF differs from other matrix factorization methods by incorporating a
constraint of non-negativity on the factors W and H, i.e., all elements must
be equal or greater than zero

If k << n,p we have summarized the information by discovering “hidden
features”, since for each i we now have

X; = ?:1 HjiWi (where x; and w; are the column vectors of X and W)
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What is NMF? Goal

In order to get an interpretable factorization, we add a scaling
(diagonal) matrix S

For a given rank k we now have:
X=W- S - H
And X; = H::

] 1°7JL
Where

— X is the initial (non negative) matrix, columns are attributes and
rows are observations (size n X p)

— W is the matrix of basis vectors (weights) (size n X k)
— S is the scaling (diagonal) matrix (size k X k)

— H is the matrix of mixture coefficients (size k X p)

— x; and w; are column vectors

SllWl
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What is the rank k?
How to choose it?

 The rank k corresponds to the number of
underlying “hidden features”

* Choosing k is a complex task

— Several measures can be computed in order to
assess what is the best k (cophenetic correlation
coefficient etc.)

— It seems that k can be best determined by looking

at t

— Bot
of t

ne scree plot of the SVD/PCA decomposition
n ways can be lengthy, depending on the size

ne data (minutes to hours)



A typical scree plot
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Main Settings ™
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What is NMF?
The math:
minimize||X — W - H||
subjecttoW,H = 0
* ||-]] is a divergence function

* Two simple divergence functions studied by
Lee and Seung (1999) are

— the squared error (or Frobenius norm)

— an extension of the Kullback-Leibler divergence to
positive matrices
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What is NMF?
In practice:

e There is no closed form to resolve this
optimization problem

-> perform numerical optimization

* Several optimization methods were developed
for NMF, including “sparse” methods

 There are available codes in Python, Matlab,
JMP, R etc.
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Other matrix factorization methods

* Principle component analysis (PCA)
* Singular value decomposition (SVD)
* Independent component analysis (ICA)

* While these other methods are very well
diffused, NMF is still less used in many fields,
although it has a lot of advantages, mainly for
Interpretation
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Why choose NMF rather than
PCA/SVD

* PCA/SVD fails for interpretation:

— 15t component is a general sum
— 2"d component is a “contrast”

Interpretation of loadings is typically difficult

* Contention: thanks to the non-negativity
constraint NMF finds “parts”
— NMF commits one vector pair to each part
— Or finds the generating vector pairs

NMF widgets for Orange
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Summary of NMF

Perform non-negative matrix factorization with a given rank k
onX =0

p
X; = z H;j;Siiw;
j=1

e
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What is Orange?

NMF widgets for Orange
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Orange &9

Orange is developed at Bioinformatics Laboratory, Faculty
of Computer and Information Science, Unlver5|ty of
Ljubljana, Slovenia
It is an open source project

-> Download is free at

http://orange.biolab.si/download/ S
Orange provides:

— data visualization and analysis

— data mining through visual programming or Python scripting
— components for machine learning

— add-ons for bioinformatics and text mining

— features for data analytics

NMF widgets for Orange
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A visual programming environment for
data mining/machine learning

* No need to code!

 Connect widgets together to represent your
workflow

Data Ej:: Selected Data pao
B

File Data Table Scatterplot

* For advanced users, use Python scripting
language as an additional tool
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Use of Python and its libraries

Python is a widely used programming language
and is freely available
Many scientific libraries are available in Python

— the most popular (and used by Orange) are Numpy
and Scipy (enable to use matrix calculus)

While Orange core is implemented in C++, all the
widgets are implemented in Python

For NMF, we have used the NIMFA library
provided by Marinka Zitnik

(http://nimfa.biolab.si/)
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How to use the NMF widgets?

NMF widgets for Orange
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Orange

Open Orange

Orange Canvas

File View Options Widget Help
EE ® NI

Data | Visualize | Classify | Regression I Evaluate | Unsupervised | Associate | Bioinformatics | NMF widgets | Prototypes ‘

o

Distributions Attribute Parallel Survey Correspondence Multi Correspondence  Mosaic ieve Sieve
Statistics Projection Coordinates  Plot Analysis Analysis Display Diagram multigram

NMF widgets for Orange
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Open the NMF workflow

File

View Options Widget Help
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& |
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NMF workflow

File View Options Widget Help

= E = N

Da13|Wﬂ.ﬂaﬁm|dassiﬁr|ﬂ£ges§m|£uahateluﬂpﬂfwsed|Assodate|ﬁmﬁrmaﬁ$|Wnidgeislemt}pes|

%WL&W@M@ & e G e (e & @

File Paint Save Data Multi-key Select Rank Purge Merge Concatenate Data Discretize Preprocess Continuize Impute Outliers Feature Edit
Data Table Merge Data  Attributes Domain  Data Sampler Daiz Constructor Domain

L]

U

v

D

upy

Residuals

Missing Values Indicator ~ Data Table (3) gagplot Data Table (4) Scatterplot (3)

Measures

Rank selection far NMF Data Table (&) i H post-processed

Selected Xd
Selected Xa

Selection for NMF

Selected observations

Data Table (2) Heat Map
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Workflow

Possible pre-processing options:
— select attributes and observations
— take the log of the data
— normalize the data (scale, divide by median, subtract minimum of each variable)

Choose best rank according to:

— value of different measures:
* cophenetic correlation coefficient
* residual sum of squares (RSS)
* sparseness of output matrices

— Scree plot of SVD decomposition

Perform NFM
— Choose factorization algorithm (NMF, SNMF, LSNMF, BMF) and initial matrices (random, fixed)

Visualize factorization
— Score plots of components
— Heat maps of reordered X, fitted matrix, residuals
— QQ plot of residuals
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NMF workflow

Inputs:
- X (required)
- optional:
- Xd (additional variables not taken into account in the

factorization) o
- Xa (additional labels for variables) Robust SVD factorization
for optimal choice of rank

- list of selected variables
- list of selected observations

[ [
| ‘. Data _n_ Data .H
[ 1]
X Missing Values Indicator ~ Data Table (3)
Xd
Xa

Residuals

/D ggplat Data Table (4)

Procesed data ﬂ
n Measures 3

HE
ockssfd date V gty
n Data Table (&)

v Calculation of
measures for

Selectsf 0o maizafion for NMF~OC=5%E0 0312 rank selection

n Selected ¥d

" Selected X3

Rank sele ior-farHME

Selection for NMF

Preprocessing
tasks Matrix
Factorization

Selectedobservations

NMF widgets for Orange

Selected Data 'ﬁ.
LID'u'
of H

Data Table (2)

Post-processing

Scatterplot (3)

m:essed data

Nnrma ZE TOws H post-processed

Selected Data /|
[ ) [}

Visualization of

| outputs
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How to build the workflow (1)

Click on the widgets in the tabs

File View Options Widget Help
E ® N

Data | Visualize | Classify | Regression I Evaluate | Unsupervised | Assodate I Bininformatics MNMF widgets | Prototypes |

TR

Missing Values MMF  Mormalization Pivot Rank selection Selection rSvD
Indicator ’ for NMF Data for NMF for MMF
4

/

NMF widgets for Orange
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How to build the workflow (2)

Drag and drop them on the canvas

@ Orange Canvas T o L S—59—m———m

File View Options Widget Help

M E = N

Data | Visualize | Classify | Regression I valuate | Lnsupervised | Associate I Bioinformatics MMF widgets | Prototypes |
ssmg Values MM t k I ch I ch rs

mmmmmm

MMF

NMF widgets for Orange
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How to build the workflow (3

Link them t

@ Orange Canvas —"

ogether

T

Eile

View Options Widget Help

HE & 10

Data | visusize | Classify | Regression | Evaluate | Unsupervised | Assocate | Bioinformatics | NMFwidgets | Prototypes |

2 @2 e e

Migzing Values NMF  Normalization Pivot Rank selection Selection  rSWD

Indicator for NMF Data for NMF for NMF
4
. e
@3 Connect Signals E?I.L
X (9 |
Orange.data. Table
Xd
Data n Orange.data.Table
- - .
Data Xa
File selection for MMF Crange.data. Table Orange.data.Table
List of variables

Orange.data.Table

List of observations
Orange.data. Table
File {2)

File (2) Selection for NMF

T ) () o
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Format of input files

Input files must have a *.tab
extension and follow Orange format.
You can easily format your files in
Excel (save them in *.txt tab-
delimited format and then manually
change the extension to *.tab)

There must be one column of
identifiers named “ID” and declared

n  «u

as “string”, “meta”

The first row contains the names of the
variables

The second row contains the types of
the variables:

“continuous” (or “c”)

- “discrete” (or “d”)

- “string”

- The third row declares the “meta”
attributes and “class” variables (no
class variables for NMF widgets
inputs)

- Variables in Xd/Xa should all be
declared as “string” and “meta”

- The list of variables/ observations to
select (Selection widget) should just NMF widgets for Orange 26
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Widget file: connect to external data

aen LR T T L T I DL P S TR A T T eI e R LS L R per L

for NMF Data for NMF for NMF
(& x ==] = ]
Data File
[atmat o[-
Info

25 example(s), 400 attribute(s), 1 meta attribute(s).
Data has no dependent variable.

Advanced settings

Procesged data

Prockssed data
Rank selection for NMF

2

NME

dalti?:rmalizaﬁon for NMF

Selected data
Selected Xd
Selected Xa

Selection for MMF

slected variables

»cted observations

B Open Orange Data File

s, -
OU | 11+« Bxample input datasets

o

B

|

‘ Organiser ~

Liens favoris

E Documents
i

Dropbox
L 5DL-1.214

Autres »

Dossiers v

Computational Genon +
Dossier inscription ED?
Dossier inscription théD
Orange

. Final Version

| Bxample input dati _

Mom du fichier :

ams - Affichages

- | 5 | |_Rechen:her

- n MNouveau dossier

-

MNom Date de modification

Type
o all-aml brunet.tab

& | data.tab

& | testPivot.tab

& | testSelectID tab

& | testSelectVar.tab

& | testXa.tab

& | test¥d.tab

Taille

» | Tab-delimited files (*tab *bd) = |

| Ouvir

) |t
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Widget “Selection for NMF”:

select variables and observations in X

2 Selection for N... i =) [

Info

25 variables in input data set
400 observations in input data

set

Cornmit

Click on “Commit” to select
variables and observations

If you have no “List of
variables” and/or “List of
observations” inputs, then all
variables and/or observations
are selected by default

Selection is automatically
updated each time you
change an input file or
reopen your canvas (it means
you do not have to click on
“commit” again if you change
your input files or reopen
your canvas)

Connect the widgets
“file” with the
corresponding inputs

Missif

B2l
- -
File

Missing Values Indicator

Data Table (5

e g

@& Connect Signals

QOrange. data. Table

File

ange.data. Table

i
Crange.data. Table

Xa
QOrange.data. Table

List of variables
Crange.data. Table

List of observations
QOrange.data. Table

Selection for NFM

[ Clear Al “ OK I[ Cancel ]

m

NMF widgets for Orange
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Widget “Normalization for NMF”:
pre-process your data before the factorization

F

? MNormalization for NMF

=

| E )

Info

400 variables in input data set
25 observations in input data set

Log transformation

|| Take the log 2 of the data

|| Divide by median
|| subtract minimum value

ormalize rows (sum to o

| Commit

NMF widgets for Orange

Take the logarithm (base 2)
of your data

Normalize your data:
“Scale”: Divide each variable by its L1
norm (the sum of the absolute value of
its observations)

- “Divide by median”: divide each
variable by its median

- “Subtract minimum value: subtract to
each variable its minimum
-> get positive data

- “Normalize rows”: sum to one each
row

Selection is automatically updated each
time you change an input file or reopen
your canvas (it means you do not have to
click on “commit” again if you change your
input files or reopen your canvas)

29



Widget “Rank Selection for NMF”: get measures on a set of different

ranks to find the best one

2 Rank selection for NMF Lo o P

Info
400 variables in input data set

25 observations in input data set

rameters

umber of iterations

@ NMF

(71 LSNMF
71 SNMF

@ random_veol

(7) MMNDSVD

Minirmum rank 2

Maximum rank 10

umber of runs 10 \'?<

Cophenetic correlation coeffident
RSS
[7] sparseness

:{: Go (this process may be lengthy) j

JAY

/ Table” widget for visualization

Choose your factorization
method.

The number of iterations
are updated to their default
respective value each time
you select a factorization

o method.

Choose your initialization method for W and H:
- “random_vcol” option is a type of random initialization
“NNDSVD” option performs SVD to find initial factors

and H as inputs

“Fixed”option requires that you give your own initial factors W

Set the number of runs carefully. By default it is
10 if you calculate the “cophenetic correlation
coefficient” and 1 otherwise.

Calculating the “cophenetic correlation
coefficient” takes a lot of time since you need
to perform “number of runs” factorizations.

Calculate measures and send them to a “Data

NMF widgets for Orange
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Several measures to choose the best k

Data Table

Info (Measures)
6 examples, Rank Cophenetic R55 Sparseness W Sparseness H
0 {0.0%) with missing values.,
1 2.000 1.000 5225492 0.347 0.769
5 attributes, 2 3.000 0.999 1647 887 0.456 0.754
no meta attributes. 3 4.000 1,000 27673 0.454 0937
Classless domain. 4 5.000 1.000 25987 0.450 0,770
5 6.000 1.000 24.3a0 0.4az2 0.66%
Setlings 6 7.000 1000 23169 0.566 0631
Show meta attributes
Show attribute labels (if any)
Resize columns: [ +] [ -]




"

2 NMFRVT

Info

400 variables in input data set

25 observations in input data set

@ random_wvcol
™) MMDSVD
() Fixed

Visualizatior-

Reorder
) Rows

() Columns

@~Both rows and columns

[ Display duster in output data

Filename

|test2.tab

O

Resend data

—_—

Widget NMF: perform NMF

Choose your factorization method.
The number of iterations are updated to their default respective value
each time you select a factorization method.

Choose your initialization method for W and H:

- “random_vcol” option is a type of random initialization

- “NNDSVD” option performs SVD to find initial factors

- “Fixed”option requires that you give your own initial factors W and H as
inputs

Visualization options:

- The “Display cluster in output data” enables to have a class column in
your outputs representing the assigned cluster for each observation
(based on the highest weight). The only inconvenient of this option can
be that it produces as many heat maps as there are clusters in the” heat
map” widget (confer to “Display heat maps”).

- Additionallyto W, S, H, WSH (fitted matrix) and residuals, X, WSH and
residuals are outputted reordered by row and/or column, according
respectively to their highest weight (W) and/or mixture coefficient (H).

Perform NMF and send outputs to “Data table”
widgets for visualization. The process may be
lengthy if your data is big!

Save your outputs: confer to “saving your
work”

NMF widgets for Orange
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Widget SVD decomposition
7 rSVD - B

- Contrarily to NMF, inputs are allowed to have missing values.

- Default rank is the minimum of n and p where (n, p) are the dimensions
of X.

- The maximum number of iterations should normally remain 200.

/ - The number of trials is only taken into account for rSVD. It can be

) increased to get a more accurate output or decreased to perform a

faster SVD.

ps

200

10

- “SVD” is the standard singular value decomposition
- “rSVD LTS Global” and “rSVD LTS Global Restricted” are robust versions

@ sSVD

B +— of SVD. Note that rSVD takes more time to compute than standard SVD,
() rSVD LTS Global since many “trials” are performed.
Commit
Saving options
ave outputs
Filename
‘\

[{nnne}

Save your outputs: confer to “saving your work”
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Choose the best k by looking at the
scree plot of SVD

| Scatterplot (2)

T -i--__-r-.- -

T
-

baees 4 -

= | S

Mair Settings

¥-axis Attribute

[ &l Mumber

Y-axis Attribute

| [ Scaling factor

Point Color

[{Same color)

Point label:

Additional Point Properties

| (No labels)

Point shape:

Scaling factor

[{Same shape)

Point size:

[{Same size)

Optimization dialogs

[ VizRank |

Zoom [ Select

e

9] =)=

[ Save Graph

J

Report |

100

a0

60

40

20

L]

I T T T T I T T T T I T T T T I
10 15 20 25

Number




Widget “Data Table”: Display Data Table(s)

Data Table (= B

fnfo ) | H | 6 | Residuals) \
75 examples, ) Col2 Co3 Cold Col5 B

- You can display several tables in one “Data
Table” widget

P (00%)wihmsing abes 0569 00 -0.010924415 0035891648 0044577662 00514
-0.030590501 0008700771 0010938886 -0.027920978 -0.011446843 0123
-0.047914442 - 0015086440 0057966202 0026193278 -0.006291774 0064
-0.005378357 0056422606 -0.041400164 0024381962 0016173296 0023

400 attributes,

-0.030535387 0.026457483 0.078557149 0.072865218 0.069622092 -0.05¢

Settings

- Click there to select the whole data table _
Show meta attributes

-0.027627630 -0.038446464 0.043477330 -0.018330045 0.009721320 -0.00¢

m

Show attribute [abels (f any)

Resize columns: E]

I Restore Order of Examples ]

00503622 00BEGI0 000926667 00302199 0008 004

0087403469 OOISEI91Z3 0060370445 0003854248 -O0A3ASTIZ 0002
10 0100135811 0013051235  -000T3229 0018256061 -00M0B8T6 0037,
1 0108895443 QOTLZEINMS  -DOTASOSH9 0030208299  OOMELIEI 0.0
] Vrioe cmiinsssvies 12 00571892 0006631228 00OGOOI24  OOLISTLISS  -DOISSESI 003
7] Color by dass valae 13 00LSMBHT Q0400877 0208 00IMEN3  QOISHTT 047

2
3
4
5
g 0050050411 -0.017195320 0112237222 -0.002914990 0058131993 -0.02
7
]
9

Colars

14 -0.069348346 -0.035854757 0.079816438 0.048184570 0.054409076 0.005:
15 0080290742 0.020920735 0.024145246 -0.093852885 -0.057649235 -0.00¢

’ Set colors ]

Selection

16 -0.022692841 0.011114745 -0.075748041 -0.040142208 0.049636085 0.050;
17 -0.042374663 0.030822741 0.050818495 -0.025637047 -0.080217056 -0.07:
18 0116771728 -0.026518201 0007080947 0072293922 -0.079039931 -0.04:
19 -0.017399792 0.024571056 0.067118309 -0.085324243 0.033886429 0,029 .

- Click on “Send selections” to send the selected
rows to a visualization widget (e.g. “heatmap” [
widget, “scatter plot” widget etc.)

Send selections

Commit on any change

’ Repart ] 4 '
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Widget “Scatter plot”: Display Score Plots and QQPIot of Residuals

PrEartpegs. A 4 - B L] |

=reE

L — | e

S
Ve 015 oo
X-axis Attribute
Y- Attribute
-axis Attribu 01
005+
: 0
z
H
d
0,05
Optimization dislogs
Zoom / Select i
all=] »
o
T T T T T
02 0.1 0 01 02

(here the input data table is W)

- Select the components you want to plot

gqgplot of residuals

|¢* Scatterplot

N

L 5 Attribute

Main Settings

m Component 2
Y-axis Attribute

@ Component 3
Point Calor

[(Same color)

Additional Point Properties |
Point label: ‘-[] 15

(o labes) -] J
Paint shape:

[(Same shape) - ]
Point size:

I(Same size) - ]

0.1

Optimization dialogs

[ VizRank ]

Zoom f Select 0.05 —

EYEIE] »

Save Graph ] [ Repart 0

01

NMF widgets for Orange
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Widget “Heat Map” Display Heat Maps:

http://www.biolab.si/supp/bi-visprog/Orange%20Genomics.pdf for more information

Select the additional variables from Xd you want to
display on the heatmap

@ Heat Map /

—= | 1=] o

y,
‘L Settings J)Filter |

Info | SplitData |
Annotation & Legends
Showe legend

Display column labels

Position

Column ID

Spot Index

Gene expression

dnnotation

\
[ \ Save Graph
|
T
|

Change the size of the heatmap
in the “Settings” tab

NMF widgets for Orange
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Widget “Missing Values Indicator”: return an indicator table of

missing values (0 for missing value, 1 for available)

>

Missing Values Indicator

Info

400 variables in input data set
25 observations in input data set

Cornrnit

Data Table ] 5
Info (Missing Values Indicator) |
R Col395 Col396 Col397 Col398 Col399 Coloo D -
0 (0.0%%) with mizsing values. il
1 1.000000000 1.000000000 1000000000 1.000000000 1.000000000 1.000000000 a
400 attributes, 2 1.000000000 1.000000000 1000000000 1.000000000 1.000000000 1.000000000 b
1meta attribute. 3 1000000000 1.000000000 1.000000000 1.000000000 1.000000000 1000000000 c
o 4 1.000000000 1.000000000 1.000000000 1.000000000 1.000000000 1,000000000 d
5 1.000000000 1000000000 1000000000 1.000000000 1.000000000 1.000000000 e
=SS 6 1.000000000 1.000000000 1000000000 1.000000000 1.000000000 1000000000 f
Show meta attributes =
7 1.000000000 1.000000000 1000000000 1.000000000 1.000000000 1000000000 : E
Show attribute labels {if any)
8 1.000000000 1.000000000 1.000000000 1.000000000 1.000000000 1000000000 h
Resize columns: E]
9 1.000000000 1.000000000 1.000000000 1.000000000 1.000000000 1000000000 i
[__Restore order of Exanples 10 1000000000 1000000000 1000000000 1.000000000 1000000000 1000000000 |
Colors 11 1.000000000 1000000000 1000000000 1.000000000 1.000000000 1.000000000 k
Visusize confinuous valugs 12 1.000000000 1.000000000 1000000000 1.000000000 1.000000000 1000000000 |
Color by dass value 13 1.000000000 1.000000000 1000000000 1.000000000 1.000000000 1.000000000 m
[ ——— 14 1000000000 1.000000000 1.000000000 1.000000000 1.000000000 1000000000 n
15 1000000000 1.000000000 1.000000000 1.000000000 1.000000000 1,000000000 o
Selection 16 1.000000000 1000000000 1000000000 1.000000000 1.000000000 1.000000000 o
[ Send selections 17 1.000000000 1.000000000 1000000000 1.000000000 1.000000000 1000000000 :
Oerimeycms 1g 1.000000000 1.000000000 1000000000 1.000000000 1.000000000 1000000000 ;
19 1000000000 1.000000000 1.000000000 1.000000000 1.000000000 1000000000 s -
[ Report a ’:I >
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Widget Pivot

testPivot (Data) |

1
11
25
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(Pivoted Data)
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List of recently saved files

Saving your work

Select this option to automatically save your

Save outputs

outputs in the directory of the “filename”

Tz Browse button to choose the directory where you
[test2.tab -] U )/ want to save your outputs
| Resend data ol | Resend the data saved in the directory of the
\ . . . . .
“filename” to your visualization widgets (data
tables etc.)
? Save Orange Data File I ﬁ
» !
L | . <« Dropbox » Crange » testSave ) | v-i'rf |‘|!:f_:s;:hfr':her — o
‘ Organiser = g2a8 Affichages ~ [ Mouveau dossier
s s Nom Date de modification Type Taille
& | test_H.tab

E| Documents
& | test_QQplot.tab

& test_Reordered _residuals.tab
| test Reordered W5H.tab
| test Reordered X.tab

3# Dropbox
j 5DL-1.2.14

=l Emplacements réce...

Ml Bureau | test_Residuals.tab
1% Ordinateur & | test_S.tab
Autres » | test_W.tab
o | test_WS5H.tab
Dossiers A

| All outputs are saved in the chosen directory, and have
— their name beginning by the chosen “filename”

Mom du fichier: m

Type: [Tab—delimited files (*.tab])

= Cacher les dossiers

- Saving is done automatically if you have checked
v] / the option “Save outputs”, however you can still
| save “manually” by clicking on the “browse”
| Ervegstrer | |) Annuler | button and then on “save”.
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a synthetic dataset

Example

0|00
GEIDD
BEIDD
LEIOD
gEI0D
SEI0D
FEIOD
EEIDD
ZEI0D
LEIOD
QEIDD
GTALLM
ETALM
2E100
89Z100
=TALL
AL
EZI0D
AL
L2100
(IFAL
G OO
8OO
200
9100
SHOD
F OO
EHOD
& oD
FLIOD
(R
6100

Bloo

2100

9100

5100

F100

E10D

2100

HOD
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Frinz
Frin3
Frind

—

=
=
(I

PCA outputs

Eigenvalue 20 40 60 80 N :
21.2508 b - . 11-15
13.9568 \ -
3.9223 | | _“1 16-20
0.8612 > 5] 6-10
0.0000 E
0.0000 ‘E e AR R
0.0000 2 5.
0.0000 o .
0.0000 41 :
0.0000 . | 1-5
0.0000 21-25
0.0000 _E_I T T T T T T T
-8 -G -4 -2 0 2 4 i} a
Component 1 (53.1 %)

But we know we have 4 orthogonal components!
And we know we have 4 overlapping groups.
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PCA ouptuts

Ot A0y

AE MmOy OFIoD
8E MON BEIDD
16 10 BEI0D
96 MOY E10D
S MOY 9EI0D
PE MON GEIOD
£E MOY PEIOD
6 Mo Zelo0o
ool
B MR BZI0D
B MOk B8ZI0D
ki AOH 12100
Hoies 9z100
et GZI0D
el FZI0D
A £ZI0D
BRSNS ZzI0D
ke MOy 1Z100
0¢ Mod 0Z100
61 Moy 610D
Bl Moy LoD
LMoy 210D
g1 oY 91100
51 M0 51100
vl mod ¥ 1102
m”ﬁum £L100
Z1100
LMoo LLI0D
0l Moy 04oD
& Moy 6102
B Mmoo glo0o
4 W 100
d Moy glo0
§ oY 5100
T AHEE Floo
E Ao [s{[1fa]
o Ao Zloo
| O (N[+fa]
o — % 0 =
2 EEEE
A oooo Fulld

EUld
Zulld
L4
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Synthetic dataset: input matrix
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Several measures to choose the best k

Data Table

Info (Measures)
6 examples, Rank Cophenetic R55 Sparseness W Sparseness H
0 {0.0%) with missing values.,
1 2.000 1.000 5225492 0.347 0.769
5 attributes, 2 3.000 0.999 1647 887 0.456 0.754
no meta attributes. 3 4.000 1,000 27673 0.454 0937
Classless domain. 4 5.000 1.000 25987 0.450 0,770
5 6.000 1.000 24.3a0 0.4az2 0.66%
Setlings 6 7.000 1000 23169 0.566 0631
Show meta attributes
Show attribute labels (if any)
Resize columns: [ +] [ -]




Choose the best k by looking at the
scree plot of SVD

| Scatterplot (2)

T -i--__-r-.- -

T
-

baees 4 -

= | S

Mair Settings

¥-axis Attribute

[ &l Mumber

Y-axis Attribute

| [ Scaling factor

Point Color

[{Same color)

Point label:

Additional Point Properties

| (No labels)

Point shape:

Scaling factor

[{Same shape)

Point size:

[{Same size)

Optimization dialogs

[ VizRank |

Zoom [ Select

e

9] =)=

[ Save Graph

J

Report |

100
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40

20

L]
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Synthetic dataset: NMF outputs
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