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Background

e 2000: Autonomous Analysis Initiative
* Needed to improve the efficiency & efficacy of data analysis
* Focus— Predictive Analytics
e 2005: Founded Evolved Analytics
e DataModeler
 Wide variety of application domains

e (Clients around the world

www.evolved-analytics.com



http://www.evolved-analytics.com

e Use evolution to develop
predictive models from data

e Reward simplicity & accuracy

e Transparent human-interpretable
models

e Many (thousands) of developed
models are “good” (accurate &
simple) and different
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Ensembles of diverse good
models = Trustable Models

Trustable Models = Active
DOE
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Philosophy

Automation is Good

e The machine should serve
— not the converse

e Humans have to be in the loop * Missing data adaption

 Automatic categorical

e Trust established by Conversion

ensembles AND context

e (Qutlier identification
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Understanding

In the Beginning was The Package

* A thing of beauty!

* ~460 Functions — spanning
entire data analytics workflow

* Extensive & complete
documentation

e Total control
e Custom workflows

* Limited market acceptance
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>Y A DataModeler/guide/DataModeler

Wolfram Language

®

Data Exploration

Data Adjustments

MakeDataNumeric = MakeDataNumericMapping * MergelnputResponseData = SplitinputResponseData =
RescaleData * RescaleDataMapping = AugmentData

Data Visualization

UnivariatePlot = BivariatePlot = CorrelationChart = CorrelationMatrixPlot = DataSummaryTable =
DataDistributionPlot = DataSummaryMap = DataCompletenessPlot = DataCompletenessMap * SmallPlot

Statistics

SummaryStatistics = RobustCorrelationMatrix = ConfidenceEllipsoid = AbsCorrelation = MedianAverage -
NoisePower = ScalelnvariantNoisePower = WeightedMean = WeightedStandardDeviation

Data Subset Selection

NearestDataRecord = ExtractDataSubset = UncorrelatedVariables = SubSample = ConfidenceEllipsoidSelection =
ConfidenceEllipsoidSelectionindices = NumericDataRecords * NumericDataRecordindices =
NonNumericDataRecords * NonNumericDataRecordIndices

Outlier Detection

DataStrangeness = DataOutlierAnalysis = DataOutliers = DataOutlierindices = DataOutlierTable

Model Development (Symbolic Regression)

Model Search Settings Review

ModelSearchSummaryTable = ModelSearchSummary

Model Creation

BuildFunctionPatterns = RandomModels - CreateModelFromExpression = RandomGenomes *
CreateModelFromGenome * ExtractGenomeSubtrees = MetaVariableModels

Ensemble Creation

CreateModelEnsemble

Evaluating Model and Ensemble Quality

EvaluateModelQuality = UpdateModelQuality = RearrangeModelQuality = EvaluateModelQualityVsMultipleDataSets

= UpdateModelQualityVsMultipleDataSets
100% )
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Insights ) Understanding

£ v A |DataModelerltutoriallcaseStudyOZDistiIIationSoftSensor |Q 2

DataModeler
our model accuracy target is 0.05-0.07 ppm which implicitly places a requirement on the (off-line) gas chromatograph I a C k a g e

used to supply the reference quality metric.

o (N = Issues

1 U
1

%3 and x5 — temperatures
WB-foedflow  fooomooo o T L A
_________ a2 .
=13 xB - x12 and x14 — x19 - temperatures
Out[12]= 113 = matesial balance

I e | Notebooks -
A e BT are linear e Users were coming from

o outside the Mathematica

» Initialization InSIth & Community
» Load the Observed Data underStandlng |S

» Explore the Univariate Behavior non I | near

» Explore the Bivariate Behavior

* Needed to train users in
6 xplortons moceleeinethe Mathematica as well as

v Build exploratory models using the training set

v Execute a time-constrained symbolic regression using data subsetting (OrdinalGP) a n a I y't I CS

The OrdinalGP option sets use the base ParetoGP algorithm by initially using a small random data subset for each
generation and ramping up the fraction of the data used during the model evaluation as the generations progress. At
the same time, As mentioned earlier, the size of the data set makes it appropriate to use data subsetting in the model

development. To illustrate this, let us perform a OrdinalGP-based symbolic regression. As shown below, each of the ® S h i f-t - e nt e r i S a re m a r k a b I e

IndependentEvolutions nominally involves a total of 100 generations

in3291= (GenerationsPerRun x RunsPerCascade * CascadesPerEvolution) /. $0rdinalGPQuick /. :
Options@SymbolicRegression arrl e r

out[329)= 100 3
100% » | Com—— y

» Partition the Data into Training, Test and Validation Sets

www.evolved-analytics.com


http://www.evolved-analytics.com

Understanding

... and then there was the GUI

@ Mathematica File Edit Insert Format Cell Graphics Evaluation Palettes Window Help ® Ease Of use nchek Q @ i
‘o0 @ {# DataModeler 9.3 - [Death Age Gap @ Ev d DataModeler.nb
. DataModeler
_ Select Variables Explore Data ) Generate Models ) Analyze Models _- - e
\ ° B t. f I . n t r f Version Information
Best A :R“=0.72 e ol
u @ D 0 Q Modeling proc:sss res?li:fr:rcl)yeath Age Gap in Round 4. eau I u I e ace Functions
Wr————7 7 7 T T [ T T Tutorials
Target Response Death Age Gap @

0.8

Round 4 Edit Comments - e Supported best-practice workflow

V¥ Round Comments

Evolved Analytics

06+ . Abort Search

* Robust (but pushes Dynamic T
limits)

Round 4 uses the Round 2 drivers but turns on the Optimize Linear
Model behavior since nothing interesting showed up on the
metavariable front.

Completed edits have been saved.

Error= 1- R?

Setup & Calculate ) Analyze

v Symbolic Regression *) Generate Models 1
) ™™ e Layered complexity
Save Models 0 100 200 300 400 500
" R 1 Model Generation Sequence
Time Constraint v oh 5m os ] ‘ParetoFronts ?ftheCurrentIr?dependentEvoI‘utions ° N eW Cli ents h ad n O Math em a-ti Ca
Optimize Linear Model True experience Or interest
Rescale Data None 5

P T NE  I T T S S B!

Allowed Variables »  Round 2 Drivers (’
o o~ 04
f— [+ [:<
Excluded Variables > Age Variables 1 I »
- s R °
Meta Variables ] n 03
13 13
o o
i Modify ~Create u:J 1x
tuberculosissDeath *Rate 0.2k communicablesDisease*Death+Rate + control«of «Corruption + lifeExpectancy + 'foEXDCct;ncyz +

communicable+Disease+Death+Rate

female-LaborFraction r malesSmoking-Deaths +(~lifeExpectancy + malesSmoking-Deaths)? + total + total? + 1 +§/tota|
5 o - + tuberculosis+DeatheRate
communicable+Disease+Death+Rate 01+

¥ Advanced Options

TNV T NN S T R B R

Number of Variables All 0.0t | | | | | 0.0 | I |
R— 50 100 150 200 250 50 100 150
. P . A
Basis Set Limit Automatic Complexity Complexity Y
- E
Power Limit 4
Robust Models False
A
Category Threshold {3, 0.9}
Binary Format PlusMinus 4
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| Launch Project  Select Variables  Explore Data ) Generate Models ) Analyze Models  Test & Validate |What 1f? |Reports
. E7smwmbl ¢aEpl : G,vthl — Package + GUI

VariableCombinationM
Target Response Death Age Gap @ HVars H Models = % ariableCombinationMap ParetoFrontPlot
0.40
_ é 0.38 8 - !
Current Round Round 4 Edit Comments 3 0.36 1 1
146 =5 32.8 % : o [ =k
¥ Round Comments 4 = 328% sgk 0.32 . o
non 1 L O o2 |
Round 4 uses the Round 2 drivers but turns on the Optimize Linear 2 §§ communicablesDisease*Death+Rate is used by 100.0 % ( 146 of 146 models)
Model behavior since nothing interesting showed up on the ‘ T e . . x =77
metavariable front. 12345678 910111213141516 40 60 80 100 120
Completed edits have been saved. 0.40
0.38 [2
0.36
Setup & Calculate Analyze 034
5 161=>36.2% 0'32
Vv Select Models  445/1477 | Reset Filters 0.30 . .
e e Mathematica required
- Focus Ensembles 12 3 45 6 7 8 9 10
0.40
Quality Box )
ity C All 0.38
-
) e O complexity 125 036
. 0.34
2 o
1-R m 6 72=516.2% 0.32 .
Selection Fraction 50% B p 0.0 .
2 0.28
A
Number of All
Variables Max 0.40
Required Variables 03812
g »  None B 036
q 0.34
Allowed Variables > All 7 38 = 8.5 % .
: 0.32
SE— e Concurrent licenses
. 0.28
Power Limit 4 1234567 89101112131415
Robust Models False B
ANOVA Trim Apply
st el Save Model Set.. * Flexera the chosen vendor
Model Ensemble Create...

M s B e 2l o -
multiple paths to a * Reprise is an alternative

|| ParetoFrontPlot
|| ParetoFrontContextPlot Oo d m Od e I
|| ParetoFrontLogPlot g

|| ParetoFrontContextLogPlot

¥ Model Dimensionality (1)

e Neither are stellar in terms
ey of customer support

'V Variable Combinations
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Enter the App

O ® &, DataModeler
X 2 items

App versions are
available for MacOS,
Windows & Linux

DataModeler.app Applications

£ DataModeler

www.evolved-analytics.com

GUI-only (same as package
version)

Created with Enterprise
Mathematica

CDF Player embedded
Code signing
e Apple & DigiCert

OS-specific installers —
MacOS, Windows, Linux

Behaves (mostly) like a
conventional app

People seem to care!
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Understanding

DataSummaryTable
Col Label Type Uniformity Class Unique Distribution Plot Zero-Cross  Min Mean Median Max
1 cap-shape ol 100% BN 6 I:l |:| o (B bell convex convex sunken
2 cap-surface [:IclN 100% [ I 1 |:'| |:| |:| || fibrous  scaly  scaly smooth
k. _
3 cap-color Aasc I 1 10 I:l fligrous DDD (B brown  brown brown yellow
4 bruises? -l 100% 2 |:| D | False False False  True
5 odor ol 100% [l 9 I:l (B almond none  none  spicy
ce-all_lU_o Data Records -
6 gill-attachment Asc I — 2 |:| | attached  free free free
— capcolor brown gray _ yellow 0
7 gill-spacing -3 100% [ 2 I:l | close close  close crowded .
= odor almond fishy spicy 1
8 gill-size - 100% 2 |:| ) I broad  broad broad narrow
9 gill-color Aasc I 1 12 n[l 0o |:| 0 B black buff buff  yellow
8 =="0="o sporeprintcolor _ brown chocolate green white -2
10 stalk-shape ABC [R[I}A 2 |:| I:I | enlarging tapering tapering tapering
Model Maximum = Model Minimum Export Explorer
1 stalk-root Aasc I ||| s 0 |:| o || bulbous bulbous  rooted P P
s | —
12 stalk-surface-above-ring ABC LT | | | 4 ) |:| (B fibrous ~ smooth smooth smooth Constraints ‘ Clicking variables names above will insert them
13 stalk-surface-below-ring AsC LI ||| 4 o D | fibrous ~ smooth smooth  smooth Round 3 4-Var Ensemble [ ref = -7.35x 107 ]
14 stak-color-above-ring Asc LI 1 ¢ o |:| | brown  white  white  yellow 4 1 4 i
15  stak-color-below-ring  ABC LT L 9 0 |:| (B brown white  white  yellow 1 1
16 veil-type ABC 100% —_— 1 I:l ] partial partial  partial  partial 2 1 2r 7
17 veil-color ABC [ — 4 |:| |*=<1 brown white  white  yellow 1 .
18 ring-number A - UnivariatePlot 0 0 —_—
) cap-color bruises? odor gill-spacing 1 .
19 ring-type A 2 — 1. O fp——— — 2 — 1. s — 7 7
0.8 0.8 4 i
20 spore—print-color Al M & T — - 06 2 1 2l i
0 —— 0 SA—— | |
-1 02 -1 02 . 1
-24 0.0 s —— —2 | 0.0 i i
gill-size talk—surface—above—rin: Stalk-color-above-ring ring-number -4 1 47 1
1.0 — o — 2 0 2 1.0 i
0.8 5 1 05 capcolor odor
10 — — .
06 0.5 0 - 0. 4 ) 4 4t ]
0.4 0.0 capcolor
0.2 05 -1 - -0.5
0.0 — 1 8 -2 - -1.0 brown -
. . . . gray -
ring-type spore-print-color population habitat
— — 2 o — 2 | — 2 — 2 ;| red =
1 1 1 b ———— 1 - white -
0 - 0 | — O fum 0 — — yellow -
-1 -1 —1 - -1 — 0
=2 b— -2 R -2 -2 _—
1shroom (either edible o spore-print-color g _
0 S — = B J
8 black - 2 -2 1 2t i
brown - -1 i ]
4 chocolate - 0 g 8
2 green - 1 4 i
0 s white = 2 -4 1 4 ]
ringnumber sporeprintcolor
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M ) Insights ) Understanding

“Most Effective Technology”
e Think Different is a barrier

e Corporate Software Certification (IT
Restrictions)

Excel xlsx Import

e Mathematica implementation is
poor

Dynamic limitations

e There are dragons here

* Imposed limits on data sizes
e Subkernels

CDF issues

o Audit trail / Cut & Paste

evolved-analytics.com

WWwWWw.

Remaining Barriers
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Understanding ) Actions 4
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Questions?

e www.evolved-analytics.com

e mark@evolved-analytics.com

www.evolved-analytics.com

14


http://www.evolved-analytics.com
http://www.evolved-analytics.com
mailto:mark@evolved-analytics.com

