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| never guess. It is a capital mistake to theorize
before one has data. Insensibly one begins to twist
facts to suit theories, instead of theories to suit
facts.

— Sir Arthur Conan Doyle (1859 - 1930), The Sign of Four, A Scandal in
Bohemia
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Al = Augmented Intelligence

e Recognized ~20 years ago that we needed better tools to
extract actionable insight from real-world multivariate
data

e The human needs to be in the loop with the machine
serving not the converse

e |f an analysis component can be automated, it should be
automated!



http://www.evolved-analytics.com

Real-World Data

e Multivariate

e Correlated variables
 Unbalanced (closed-loop)
e Nonlinear

e Missing Data

e Wrong Data

www.evolved-analytics.com
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DataModeler.nb
DataModeler

GUI and/or Notebook

o

< v @A | DataModeler/tutorial/000verview | &

v A | DataModeler/guide/DataModeler Abort Search

DataModeler
Wolfram Language

URL v

-DataModeler Tutorials Data M o) d el er -DataModeler
v Preliminaries DataModeler is an incredibly powerful tool. The best way to get started is to explore the tutorials (which include a number of case studies

-
D e S I n illustrating key features using industrial data). In the short-term, the function overview, quick start and FAQ are good places to get started as
Preface well as see some of the capabilities.

Release Notes
Finally, www.evolved-analytics.com is a good source for publications and additional information.
Introduction

v Getting Started ® User can Choose Data Exploration

An Overview of the Modeling Process

FAQ: Frequently Asked Questions (and some illustrations) betwee n a G U I O r th e v Data Adjustments

Symbolic Regression is Not Enough — Context Matters MakeDataNumeric *+ MakeDataNumericMapping - MergelnputResponseData - SplitinputResponseData - RescaleData -

A Mea'ndering Joumey. through DataModeler C I aSS i C M at h e m ati Ca AugmentData
notebook interface

v Data Visualization

SmallPlot - CorrelationChart * UnivariatePlot - BivariatePlot - CorrelationMatrixPlot - DataSummaryTable -
DataDistributionPlot « DataCompletenessPlot * DataCompletenessMap

v Data Exploration & Selection

Data Exploration Function Taxonomy
v Statistics

® The functions used by [ wr——————
the G U I are exposed for' v Data Subset Selection

NearestDataRecord * ExtractDataSubset * UncorrelatedVariables - SubSample - ConfidenceEllipsoidSelection -

p Ower users and ConfidenceEllipsoidSelectionindices * NumericDataRecords * NumericDataRecordindices = NonNumericDataRecords *

NonNumericDataRecordindices

Data Visualization Functions
Data Statistics Functions

Data Subset Selection Functions

v Symbolic Regression Modeling

Symbolic Regression Function Taxonomy
GPModel Data Structure and Accessor Methods

GPModel Creation cu Sto m WO rkfl OWS v Outlier Detection

Evaluating Model Quality DataStrangeness - DataOutlierAnalysis * DataOutliers « DataOutlierindices - DataOutlierTable
Selecting Models

Introducing Diversity into the Model Set

Evolving Models o -~ 4 50 f unct | ons are Model Development (Symbolic Regression)
v Exploring Models & Model Sets exposed and (Wel I)

Model Creation

<

Reviewing Model Sets
BuildFunctionPatterns - RandomModels - CreateModelFromExpression * RandomGenomes - CreateModelFromGenome

Exploring Models = ExtractGenomeSubtrees * MetaVariableModels

Genetic Engineering (Model Optimization) j
Building Trustable Models (Model Ensembles) j v Ensemble Creation
Model Response Exploration j CreateModelEnsemble

Model Prediction Performances v Evaluating Model and Ensemble Quality

TS Y, EvaluateModelQuality *+ UpdateModelQuality * RearrangeModelQuality - EvaluateModelQualityVsMultipleDataSets -

www.evolved-analytics.com 100% » | comm— 4
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GUI used for Demo

G DataModeIer 9.3

Welcome to Evolved Analytics’ DataModeler

Start New Project N

Contact Us

Open Project
Quick Start Guide

Explore Starta New Project  Open Existing Project  Take a quick product ~ Contact us to share

the Quick Start Tutorial from scratch to explore, modify  tourto see all the cool  feedback or suggest
to hit the ground running or continue analysis features improvements

100%

www.evolved-analytics.com
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Project co-located with data

o0 e " DM_Projects
(< | > = EIIDII Ty v M Q P Q Search
Favorites |# DataMod..t 2017.nb @ n AugmentedCountryData_M...016-07-20-22-20-59.xls & [ DM_Proje..n Homes @& *»
I DeepDive @ » 7 BostonHomes_Summarylinfo.xls © I DM_Proje..Age Gap @ *
c Dropbox (Evolved Analytics) I DivelntoDataScience @ »  BostonHomes_TestData.xls © | DM_Proje..n Column & »
@ AirDrop [l WTC-2017-Demo @& » smes_TrainingData.xls © | DM_Proje..FisherIris @ »
© [ DM_Proje..Edibility & »
All My Files
o y © [ DM_Proje...c Survival @ »
¢ iCloud Drive DM_Projects ] ' DM_Proje...e Quality @ »
D Fisherlris_Summarylinfo.xls (/]
™ Fisherlris_TestData.xls )
: : ™ Fisherlris_TrainingData.xls (V]
Data mOdellng prOJeCtS ™ Mushroom_TestData.xls (V]
-
. - Mushroom_TrainingData.xls (/]
are co-located with the [# test notebook.nb o
-
: e " Titanic_Summaryinfo.xls o
data o thlS faC"ltateS D Titanic_TestData.xls o
: ™ Titanic_TrainingData.xls (V]
sharlng ™ WineQuality_TestData.xls °
() WineQuality_T ainingData.x (/]

(©) Remote Disc

Tags
® Red

& Evolver HD > [m1 Users > 4§ mek > b > I # Activ > I Wolfra
1 GB available

WTC 2 > "1 WTC-2017-Demo > "1 DM_Projects

Input is a cvs or Excel

It an Excel file has table with a header row of

multiple sheets, the largest

table is selected for input variable names

www.evolved-analytics.com
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Choose a Target

Target Response 232 Death Age Gap

» Ady d Search & Selectit

Predictive Analytics — |

response target is

selected for modeling

Multiple response
targets can be
selected within a given

project

www.evolved-analytics.com

36 141 Gun Deaths TBD

37 145 Region

38 149 NonReligiosity

39 153 Beer (%)

40 157 2015 projection

41 161 Non-communicable Death Fraction
42 165 Breastfeeding Percent

43 169 Health expenditure per capita
44 173 Hospital Bed Rate

45 177 Female Labor Fraction

46 181 Male Adult Obesity

47 185 Female-Male Literacy Ratio

48 189 Teen Pregnancy Rate

49 193 Female Unemployment Rate
50 197 Urban Population Percent

51 201 GINI index

52 205 Income share held by lowest 10%
53 209 Control of Corruption

54 213 Rule of Law

55 217 Adult lliterate Population

56 221 Primary School Expense Fraction
57 225 Education Fraction of GDP

58 229 Primary per Pupil Percent of GDP

Selected Variables
2 3
2 Continent 3 AdultPopulation
6 AMRadioStations 7 AnnualBirths
10 ArableLandFraction 11 Area
14 CellularPhones 15 ChildPopulation
19 CropsLandFraction
23 ~ricituCAne imntinn

The GUI implicitly supports a

workflow moving from data insights to

variable selection to model
development and selection to
definition of trustable models and
creation of deployable models

138 Gun Homicides

142 Guns per 100 residents (2014)
146 Subregion

150 Total

154 Wine (%)

158 Prisoner Rate

162 lodized Salt Consumption

166 Household Health Fraction

170 Health expenditure, private (GDP)
174 Hospital Stay Duration

178 Contraception Met Rate

182 Female Adult Obesity

186 Female Smoking Rate

190 Tuberculosis Death Rate

194 Male Unemployment Rate

198 Urban Population

202 Income share held by fourth 20%
206 Income share held by lowest 20%
210 Government Effectiveness

214 Voice and Accountability

218 Iiitercy Percent Female

222 Secondary School Expense Fraction
226 Education Fraction of GDP (I)
230 Secondary per Pupil Percent of GDP

135 Girls Cigarette Use
139 Gun Suicides

143 Rate

147 Year listed

151 Recorded consumption

155 Spirits (%)

159 Communicable Disease Death Rate
163 Contraceptive Prevalence

167 Female-Headed Households

171 Health expenditure, private (total)
175 Improved Sanitation Access

179 Physician Availability

183 Female Chikihood Obesity

187 Male Smoking Rate

191 Tuberculosis Prevalence Rate
195 Total Unemployment Rate

199 Vitamin A Coverage

203 Income share held by highest 10%
207 Income share held by second 20%
211 Political Stability

215 Female lliterate Population

219 Education Expenditure Percent
223 Tertiary School Expense Fraction

227 Public Education Expenditure Fraction

231 Tertiary per Pupil Percent of GDP

136 Youth Cigarette Use
140 Gun Deaths Accidental

144 Count

148 Religiosity

152 Unrecorded consumption

156 Other (%)

160 Injury Death Percent

164 Diabetes Prevalence

168 GNI per capita

172 Health expenditure, total (GDP)

176 Improved Water Access

180 Male Childhood Obesity

184 Childhood Obesity

188 Tuberculosis Detection Rate

192 Turberculosis Treament Success Rate
196 Unmet Contraception Need

200 Wanted Fertility Rate

204 Income share held by highest 20%
208 Income share held by third 20%

212 Regulatory Quality

216 Male lliterate Population

220 Compulsory Education Duration

224 Preschool Expense Fraction

228 Total per Pupil Percent of GDP

232 Death Age Gap 4
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Analysis now supports low-
order categoricals

O] @ |# DataModeler 9.3 - [Fisher Iris]

Launch Project Select Variables >Explore Data > Generate Models Analyze Models

. =
D ¢ C a Q DataSummaryTable

Col Label Type Uniformity Class Unique Distribution Plot Zero-Cross Min Mean Median Max

Target Response Species of iris |5\
1 Sepallengthinem. 123 I ANy 20 _d:l]]]== - 4.4 58 57 77
R AN M . sqawdhinom 120 JEIEE Ay 20 Ed b - 22 30 30 44
P Data File Summa
: 3 Petallengthinem. 123 [JEIIG Ay, 37 D D = 1.0 37 4.4 6.9
Vv  Exploring Methods
4 Petalwidthinem. 123 KL N 2 m =3 0.1 1.2 1.3 25
Max Explorers 1 —
f iri ABC virginica virginica virginica
s spocosorvs sec I 111 2 [J[J[  pr1 seoss vegnea vegnica veg
View Data to Explore virginica

Imported Data Report

UnivariatePlot
DataDistributionPlot
DataCompletenessMap

DataCompletenessPlot

BivariatePlot
CorrelationChart

CorrelationMatrixPlot

www.evolved-analytics.com
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Getting the Zen of the Data

O ®
- Launch Project

(> ] [

Target Response

Variable Set

> Data File Summary

¥  Exploring Methods

Max Explorers 1
DataSummaryTable
View Data to Explore

Imported Data Report

UnivariatePlot
DataDistributionPlot
DataCompletenessMap

DataCompletenessPlot

BivariatePlot
CorrelationChart

CorrelationMatrixPlot

Select Variables Explore Data Generate Models

- (0] @

Species of iris \:51

All u

www.evolved-analytics.com

>
UnivariatePlot
Sepal length in cm. Sepal width incm.
7
75 4 :
7.0 s s
6.5 s
6.0 ) 4
55
50 1 2
4 1
45 o !
Petal width in cm Species of iris
25

20

N .0 -
1.0

0.5 .5 [N
0.0 1

Species of iris

setosa - -1
versicolor - 0
virginica - 1

|# DataModeler 9.3 - |

soaize Wodels | Test & Valdate  Wihat ) epors

Petal length incm

v Launch Project

o

Target Response

Variable Set

»  Data File Summary

¥  Exploring Methods

Max Explorers 1
DataSummaryTable
View Data to Explore

Imported Data Report

UnivariatePlot
DataDistributionPlot
DataCompletenessMap

DataCompletenessPlot

BivariatePlot

Select Variables Explore Data Generate Models

I

All

h O

@

Propylene | {dl

o

deltaPressure

temperatureTray2

temperatureTray6

temperatureTray10

\

vaporFlow

{# DataModeler 9.3 - [Dist

Analyze Models _ Test & Validate | WhatIf? Reports |

UnivariatePlot

OverheadPressure

verheadT emperature

feedFlow1

B A €0 L €O G
SDOENED
R =2-X-L-%-]

temperatureTray3
50
40 Nf
30
20
10
0
temperatureTray7

80
75
70
65
60
55

temperatureTray11

155 1 I ,J__

145 !
140

feedFlow2

4000
3000
2000
1000

0

temperatureTray4

temperatureTray8

refluxFlow

PWEBDO
Shonod

temperatureTray1
30
20

\

temperatureTray5

W B b ooaon
[CE-XoR-X:

temperatureTray9

N~ ~D D
nShondh

steamFlow

6 50
50, 45
G} - 40
1. ——r
> * 30
temperatureTray12
bottomTemperawre Propylene
165 15
160
155 1.0
150 0.5
145

0.0
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[# DataModeler 9.3 - [Death Age Gap]

Target Response

Variable Set Round 2 Drivers (1%)

Death Age Gap @

~
v

> Data File Summary

v Exploring Methods

Max Explorers 3
DataSummaryTable
~ View Data to Explore

~ Imported Data Report

~ UnivariatePlot

~ DataDistributionPlot
DataCompletenessMap
DataCompletenessPiot

- BivariatePlot
~ CorrelationChart
~ CorrelationMatrixPlot

Missing data is handled
seamlessly for both

modeling and data
exploration and model
development

www.evolved-analytics.com

» U

Data Rows

» 7

10
Data Columns

DeathRateFraction

FemalelnfantMonrtalityFraction

123

123

123

123

123

123

123

30

94%

8

A EBEEEE
S E B E BB

. Generte Mocels Al Hodel ) TGS NGARED NIRSERD) W

X X
Numeric and Non-Numeric Data DataCompletenessPlot
Data Row Completeness Data Column Completeness
100 | F 100 | | [ [ Leeet”
..... 4
80+ | 80} esssncee® ......... !
.0
(+]
T S £ ol
g & Macau §
Z 40+ ! Z 40+
R f =
20} ! ! 20}
0 : 1 1 I I 0 1 i I i | ]
0 50 100 150 200 0 5 10 15 20 25 30
Sorted Row Index Sorted Column Index

The default rule for model
development is that a model must be
supported by having at least 75% of the

data records be completely numeric in
the variables used by the model.
Incomplete records are not considered
in the quality assessment.

X
DataSummaryTable

Type Uniformity Class Unique Distribution Plot Zero-Cross  Min Mean Median Max
A 202 ‘ - 0.0 0.0 0.0 0.0

s 213 I © -24x10'0 36x107 87x107 22x10'
s 214 I - 0.0 0.0 0.0 0.2
ANy 142 ‘ - 0.1 08 09 1.0

A 231 l - 1376 159520 55147 2115000
A 218 . © -0.1 0.0 0.0 0.2
A 228 _J - 456 715 740 844
A 144 . - 0.2 09 09 1.0

123

w0
*
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10

1

12

13

14

15

16

17

18

19

20

21

23 edibility of mushroom (either edible or poisonous)

stalk-shape
stalk-root
stalk-surface-above-ring
stalk-surface -below-ring
stalk-color-above-ring

stalk-color-below-ring

ring-number

ring-type

spore-print-color

population

T

& & 8 B B 8 8B 8 B B B B E B E B E B BE B B & B

3

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

DataSummaryTable
Uniformity Class Unique Distribution Plot Zero-Cross  Min

4

10

—_0a_
o_[0O
0__0-__Doo
o
S |
_ [
-
irs
o0loo_ 0.0
O[]
Ol oe_
__m%
R
Vo) [

D_w_[
0_o___[l_
___GMD

MD-De-m
il

X

Mean Median Max

| bell convex convex  sunken

P

Categorical Analysis

e A purely textual data set —

is the mushroom edible or
poisonous?

o Goal is to identify key

attributes & develop
predictive models

= ® We cap the number of

categories converted with
those not converted ignored

o Siill doing symbolic
| regression to produce a
predictive model
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Model Search

[# DataModeler 8

e Data ) Generate Models ) Analyze Models | Test & Validate | Mhatif?)

Target Response

edibility of mushroom (either edible or poisonous) @

Current Round

¥ Round Comments

Round 3 Edit Comments

enabled.

Round 3 is the same as Round 2 except that Optimize Linear Models is

Completed edits have been saved.

Setup & Calculate ) Analyze

v

Symbolic Regression q)) . Generate Models | J@
Save Models
Independent Evolutions 16
Time Constraint @ 0 ° 0

h m s

Optimize Linear Model True
Rescale Data None
Allowed Variables »  Roound 1 Drivers
Excluded Variables » None
Meta Variables

(88 voory cremte

None -

¥ Advanced Options

Number of Variables All

Basis Set Limit Automatic

Power Limit 4

Robust Models False

Category Threshold {4, 0.9)

Binary Format PlusMinus

Converted Forms All

— y

0.0+

05~

0.1+

Calculating

Best Accuracy Irrespective of Complexity: R? = 0.91

=
Model Generation Sequence

ParetoFronts of the Current IndependentEvolutions

The assumption is that not all variables are
equal and that we can consolidate to a
relative handful of inputs

Models are evolved rewarding those which
are simple and accurate with breeding
rights

Developed models are simple algebraic
expressions — human interpretable!

We can view the search as an automated
hypothesis generation & refinement

Lots of diverse accurate-but-simple
models are developed from which we can
extract insight.

ParetoFronts of the 12 Completed Independent Evolutions

Joof

Algebraic models

A

ringnumber "3 + gillsize ringtype +J sporeprintcolor
1 : g

1 1

! ! |

50 100 150
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|# DataModeler 9.3 - [Mu

shroom Edibility]

g O =

>

B O @

v

edibilitysof*rmushroomeeither-ediblesorspoisonous — 307 of 2813 unique models selected

Explore Data  Generate Models ) Analyze Models ) Test & Validate | MhaEIf?) JReports]

X
®

Model search converting

Target Response edibility of mushroom (either edible or poisonous) @ 104
Models ) Analyze | . Focus on models with categoricals to numerics (max 4
v SouctModels 30712613 Reset Fiters best complexity-accuracy categories covering at least 90%
— osl balance (typically ~10% of ; £ d
Focus Ensembles :
* % developed models) OT recor S)
Quality Box Al 4
- °;j’ © Ccomplexity 100 04 1
| ® 16 model searches of 5 minutes
Selection Fraction 50% | 02f 1 d I 2 O
_ A B | | | | on quad-core laptop —
Variables Max 00 '_0_._, 2,531,::10'3 -1.31r1ngnumb:|;:0.37gillsz: ringtypea ;(,).95 sp::’:pfintcolt:l:JU - m i n utes of CIOCk ti me
Required Variables »  None .
mplexity
Allowed Variables » Al
Excluded Variables » None X
>V } Q p ¥ | Enter set name... S Modify & Save
Power Limit 4 edibilitysofsmushroomeeither-edible+or*poisonous B - ?ve o
" % Vars |8 - VariableC - p Plot edibility-ofsmushroomeeither+edible+orpoisonous
Robust Models False 020 %
“Uiee ' ’ .' [ [
ANOVA Trim Apply 015, . ® a ]
g!h" P
Selected Model(s) Save Model Set... 3 89=5200% . ] e e N
Model Ensemble Create... 0051 .
o 40 50 60 70 80 90 100
v Explore Models
020r7 75T r . . r
R o g |
¥ Model Quality Plots (1) otolsiess Bl X B EDT stalkshape
ParetoFrontPlot 4 (92=030.0% 0;5 IR :
ParetoFrontContextPlot 0~00 sulksudaeeabovarlnq
o T 2 3 4 5 6 7 8 9 40 50 60 70 8 90 100 keurfacebeionring
ParetoFrontContextLogPlot 02015y LT '
¥ Model Dimensionality (1) 0.15 { ui . . ringnumber
ModelDimensionalityTable 78 = 24.1 % 010/ =@« » ‘g ¢ ~ ~$’:“
¥ Variable Presence (1) 0.05 t
W) VariablePresenceChart” 0.00 bk
.vm.bhm“mhbh 12345678 910111213 40 50 60 70 80 90 100
. 0.20 Fr g =TT T
VariablePresenceDi There are multiple ossl e ¥
. . . . . oo,
VariablePrese variable combinations oo RN > T
» Meta Variables .. = 9. T - . .
s g|v|ng Comparable ote . Vanable.s have dlffer-ent mOdeI
» Model Selection Tables performance ool 1 L [ | 1 inclusion — an indicator of

p Variable Filters Table

www.evolved-analytics.com

12345678 91011121314

40 S50 60 70 80 90 100

importance

X
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Lainch Pt Seect araies |

e O =& EB 6

edibility of mushroom (either edible or poisonous) @

Target Response

edibilitysof*mushroom-either+edible+orpoisonous
T T T T

[# DataModeler 9.3 - [Mushroom Edibility]

Explore Data  Generate Models ) Analyze Models ) Test & Validate | \What if2) Reports|
Q >V

-

v Select Models 307/2813 Reset Filters brulees |- _—|
- Focus Ensembles e
Quality Box All gillsize - °
~
. Complexity 100
- Qlwes sonore [ —————
S son [ coveseons [N
Number of All C stalksurfacebelowring - .—o—l o
Variables Max
Required Variables None ringnumber - ; - ,
Hoved Vs A e '
Excluded Variables °
None sporeprintcolor - °
Power Limit 4
Robust Models False 0 20 40 60 80 100
ANOVA Trim Apply
[ Y
Selected Model(s) Save Model Set... edibility eh t Bioorpole s
020 ——T——— T T
Explore AREITD
v e Here we look at the . ois ogam e
. gllisize - ) XS -’
e .o
L most prevalent variable rngpumber oiols ole o s o THUEIEL o
» Model . . g sporeprintcolor i AR
W combinations and their — . ool
v Variable Pr perform ance ‘
0.00L.
40 50 60 70 80 90 100
VariablePresenceTable 0.201 -
ey “
VariablePresenceDistributionChart I 1 .r N ! oo
gilisize 0.15} %9 M* U NP
VariablePresenceMap stalkshape ; T 4 w l‘& ‘.
ringnumber 10l *® e g oo 'ﬂ'. e ."?f
¥ Meta Variables (1) 2 28=91% sporeprintcolor ‘ o of
ModelBasisSetTable* - o 0.05!
ModelBasisSetDistributionTable* I
0,00k o bwidiiiabn e -
ModelBasisSetDistributionChart 40 50 60 70 80 9 100
020 T T
MetaVariableTable* - [ r? %*‘ .
gilisize 0.15} LN h‘
MetaVariableDistributionTable" ringnumber : ‘e W ?g;-:‘;u T R
| e * MY
MetaVariableDistributionChart 3 21m068% fingtype 010 S e e & oo edip 1t
: sporeprintcolor
¥ Variable Combinations (1)
o- 4+

VariableCombinationTable"

VariableCombinationMap

www.evolved-analytics.com

Here we look at the
variable presence in each of the
independent model searches. Each
pursues their own path to
success

We
can also look for model
substructures which have been
exploited. These metavariables can
provide insight as well as be exploited

in subsequent rounds of
modeling

edibility~ofsmushroom_ither-edible-or-poisonous
Rank Count MetaVariable % of models % of MetaVariables
++ 1 s gllisize + [ sporeprintcolor 17.3 351
++ 2 49 J gilisize + +[ sporeprintcolor 16.0 325
++ 3 28 gllisize + ringnumber + [ sporeprintcolor 9.1 185
- 4 22 gllisize? stalksurfacebelowring 7.2 146
. 1/3
++ 5 2 (glllslze + ringnumber + | sporeprintcolor ) 7.2 146
—— 6 21 gilisize ringtype 6.8 139
_— 46 9.3
+ T | 21.03928+sporeprintcolor : -
++ 8 14 gllisize? + || sporeprintcolor 46 9.3
o2 1/3
++ 9 13 (gllls-ze + +/ sporeprintcolor ) 42 86
+4+ 10 12 ’ sporeprintcolor® 39 79

0.05 | 2.53x1072-1.35 ringnumber +0.37 gillsize ringtype +0.95 J sporeprintcolor

‘ |
000l | |
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o0 O [# DataModeler 9.3 - [Mushroom Edibility]

FEBURGHPGREED) Select Varales  Expor Data  Generae Models Y ATa8iode ) FHeGEBIVAHERES) IRBER GRasl

(> ] Vv - (0] @ >0 We did additional model

odlblllty-ol-mushroom-elthenodlble-or-polsonous — 301 of 1937 unique models ulocmd .
Target Response edibility of mushroom (either edible or poisonous) @ 10 R SearCheS Only aIIOW| ng fOUI‘
- variables and selected 301 models
os} : as being both simple and
v Select Models 301/1937 Reset Filters accurate
- Focus Ensembles 05—
_-\6: L ]
Quality Box Al -
. ‘ . © complexity 80 04—y .
. 2 ot - 110 minutes of model
Selection Fraction s0% B 02f— gg | search across four rounds of
Al B k ’ analysis created this model
Number of v
Variables Max 00p | | | | . set
Required Variables » None 0 100
Complexity
Allowed Variables » Al
Excluded Variables » None >0 » ¥
Power Limit 4 . qdlpllhroﬁnqsh;oom’the_r-o@lb!qup?bgnoys - 301 ?nlguoymordel's 7 o eg|b|hty-of-mushroom-enther-eduble-or-pmsonous '
Robust Models False 015t ’ ot ’ ] 22 IndependentEvolutions are represented in this gmphlc
ANOVA Trim Apply 0.4t * -t ]
Selected Model(s) Save Model Set... °-13E' * R — | h gilisize +
Model Ensemble Create... o.12f— ’ .. .. :.: : -
‘KI: . st . .
V¥  Explore Models - 01k . . N . [ ]
i. ¢ ;’ ! .!...‘. ".. ringnumber o [ ]
Max Explorers 3 0.10+ . [ R : e : e ., 1
¥ Model Quality Plots (2) { : ? :: ,: :.!u: .: ...
ParetoFrontPlot 0'09.'- r ‘ et . ** . i ¢ ! .
[¥) ParetoFrontContextPlot * ... ...:.;:. :.;. '; zoi:
' . “ . ringtype ® }
ParetoFrontLogPlot S 60 ' ' 70 80
ParetoFrontContextLogPlot Complexity
¥ Model Dimensionality
ModelDimensionalityTable
¥ Variable Presence (1) The data defines the sporeprintcolor o
VariablePresenceChart” models and there are many
VariablePresenceTable models which are of A S I SR S

VariablePresenceDistributionChart

comparable quality

....................
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http://www.evolved-analytics.com

[ NN |# DataModeler 9.3 - [Mushroom Edibility]

e O O O © @® v X

Target Response edibility of mushroom (either edible or poisonous) @ RlotMarine None
- Sort By Observed Each graphic
Connect Plot Points has controls which can be
Y ST exposed and used to tweak
Candidates [B8US] Ensembles Data Outlers the dISplay
Front
Rl EX e .? Tooltip Limit
P 25 Outlier Tooltip Limit
Number of Models
Grid Lines
Aoorox. Wi Numbar of odels 1 mage sz — ® Here we are looking at one of the
Selected Model(s) Save Model Set... Aspect Ratio 3/5 (Landscape) . I
. B — candidate models
Mex Bxplorers 3 Plot Label Model Prediction Comparison

: m‘c::"::: (3) odlbllfty-of-mdu?om-dthor«'lblc-of-pols?nous - melctfnf . Obse'rved * Outliers . U nfO rt U n ately, T H E m Od el d OeS n Ot

ModelPredictionComparisonPlot

— o il typically exist in data-derived models

ModelResidualPlot

e ; ® We can use ensembles of models to
 ResponseContourPlotExplorer 10 T —
> N R create a trustable model to detect

» Data Outliers

v Mot v - extrapolation or underlying system

~ ModelBasisSetTable"
- h
ol _ changes
~ MetaVariableTable" e —— ) )
» Model Selection Tables 0 1000 2000 3000 4000 5000
» Variable Filters Table Data Record Indices — Sorted by Observed Behavior

XEA X

edibilitysof*mushroome-either+edibleor+poisonous Prediction Plot edibilitysof*mushroome-either+edible+or*poisonous Residual Plot
. . ' ' ' ' . 1% 1% 15
Automatic shifts to a v 88 E] 7 dEl3 3 ool :1
. 2 04 3 04 2 04
DataDensityPlot reveals that the ¢ Bile o = g L3 P S
model is doing a good jOb with a st - 000204 0605 10 000204 0605 10 oosooosioisz P
few erroneous predictions o o o =
- 12 12 -
. Flaiile o % 308 el
* BE R 3 93 >l
00 © 00
05F -0.2 -0.2
-1.0-050005 10 1520 00 02 04 06 08 10
° sporeprintcolor Observed
0.0-/,' T .
% 52 T 5 5 0 Tooltips are used
Observed to show the variable mapping

being used
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Launch Project ~ Select Variables
0O &2 0O o

Target Response

v

v

v

v

Pick Models

Vodel Sets

propylene (190)

Individual Models
No single-model sets retrieved.
Viodel Ensembles

No ensembles retrieved.

Select Target Data Set

Data Sets for Model Analysis

Model Quality

Quality Metrics

Updated Modeling Objective

Select Models 190/190

Quality Box

Selection Fraction

Number of

www.evolved-analytics.com

Test & Validate

DistTower_training

DistTower_test

Updated

v Original Metrics
Complexity & NoisePower

Complexity & 2-Norm~

NoisePower
2-Norm
w
Complexity 81
1-RZ  0.03

Explore Data

Propylene l{a]

Generate Models

I

0.025 -

0.020 -

1-R?

0.010 -

0.005 +

0.000

0.015+

|# DataModeler 9.3 - [Distillation Colum

L) a b
. * ®
‘. e : .
. i .
... .:.0 ° H

o . * Le** . B

* o .

o.’ a

.O ° ‘0
50 60 70 80
Complexity

R2 is not a good metric for evaluating against \
multiple data sets since it assesses shape match
rather than true prediction error. NoisePower is the
norm of the prediction error normalized by the norm
of the observed values. Here we reassess the

\models quality against the specified data sets. j
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00 |# DataModeler 9.3 - [Distillation Column]

Lainch et Seect arales  Expore Dsta  Generate Mocels | Analyze Hodels ) TaBE A VAIGaRa) MIRBERF) Repere]
2 D fa, - & o)

Density Plot Automatic
Target Response Propylene @
Complexity
-- Displayed Objectives DistTower_training:Noise Power
v DistTower_test:Noise Power .
o m We can choose which
Model Sets Graphics Array Columns Automatic
propylene (190) Image Size 1 925. quallty metrICS We Want tO
Individual Model . . . .
qN: si:Zle—;jdsel sets retrieved. Rao 3/5 (Landscape) dlsplay Vla the (norma"y hldden)
Model Ensembles Plot Label Pareto Front Plot
No ensembles retrieved. ¢ ¢ areto Fromt o COﬂthlS
v Select Target Data Set ROLRSON All
DistTower_training Tooltip Limit 750 &
Data Sets for Model Analysis 1
DistTower_test Reset <<<
v Model Quality propylene — 137 unique models
i I . —— 1 —
Quality Metrics Updated 0,008 f. '. ", oo .. * * * .
: [
Updated Modeling Objective Complexity & NoisePower 5 L olee :: | . 0.04- . .
g owe® g ety I o
v Select Models 137/190 Reset Filters 8 I ® e ‘: ,g: .es ° a * ‘e e, . . ®
3 o 'Y . 0’3 * . & 003 * s < % . °
o ' L L4 te - B z [ ® . .
Quality Box o | . ’ < 002k . . ‘e
All g | ° ‘ . ° L g : S . . o . . B
(o) Complexity 81 _»g 00021 e | 2 | F | .: E.| i P . .
DistTower_training:Noise Power 0.0082 - 0.011 Ve e : R p
DistTower_test:Noise Power ,0.05 | ‘. .. : ..3 .‘. o’ . ... * ‘ o ’
A 0.000 - - A - - - - | | . . . . A . " . . | " . " 000‘ ) ) | ) ) ) ) | ) ) ) ) | ) ) ) ) | ) ) ) ) | )
Selection Fraction 100% |* 30 40 50 60 70 0 “ o o B
Number of All c Complexity Complexity
Variables Max
Required Variables » None 0.05 r—r—rr .
Since we have
Allowed Variables » Al
Exciuded Variablos S e oo} pre-selected from the
bower Limit 5 L models near the knee of the
— g 003 . .
e False s | Pareto Front (i.e., with good balance
% .
Selected Model(s) Save Model Set... é 002| between complexity and accuracy),
Model Ensemble Create... % we mostly care about the

v  Explore Models

Max Explorers 1

» Model Quality Plots (1)
» Model Dimensionality
» Variable Presence

~
v

0.01+

0.00 -

performance against the test
and training sets

A i A
0.006

DistTower_training:Noise Power

A A " A
0.005
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refluxFlow

vaporFlow

240

Training Data
temperatureTray1

10

0
Propylene

151

10¢f

051

00F

40
a0
20

The normal
purpose of a test set
is to avoid over-fitting.
With DataModeler, we avoid

that by explicitly considering
the complexity-accuracy
trade-off — so we can
develop fully-informed
models.

Test Data

refluxFlow

146} ]
1 40k
144 |
3o}
1az |

2o}
140}

10}
138 |

vaporFlow

Here we
found a model that

temperatureTray1

Propylene

This data set was intentionally partitioned to test

extrapolates well; however, it is
better to build a fully-informed
model from the start.

model extrapolation — such is a reality of
deployed predictive analytics models.

propylene [DistTower_training] Prediction Plot propylene [DistTower_test] Prediction Plot

Ll / /
15} ° s . ¢ . - |
P o ] i A |
* [} * 15 ’ ® .
q L 1 i
:’ .o | | ’ : .oo
f' o, I oo JPS
od ' .
10t P I - . e
3 . 'd'. ERE | o2
%j e ". 13
a ” .. |z I
03r ® . ‘ ’ 05.- o >
L I .
] i a*
o |
00F 1 . 1 1 oor ~ 1 1 1
00 0.5 1.0 15 0.0 0.5 1.0 15
Observed Observed
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Hound s Ensemble (5 Vars) summary lable
MedianAverage[models, 0.7]
-0.28- (3.55: 10’7) (127.67 - vaporFlow) temperatureTray, 3

5 (7.59:10“) vaporFiow? temperature Tray , 3
+
refluxFlow

-0.48+ (3.58: 10“) vaporFlow? temperatureTray, (-9.37 + temperatureTray, )

-0.

(5.00:10’5) (127.67-vaporFlow) temperatureTray , 3
-027-
refluxFlow

1.07-(6.86: 10'°)reﬂuxl=|ow -(4.49: 10'2)mmpemure'rray, +(9.18: 10’°)vaporFlowbmperamreTray,2

-0.41+ (7.09: 10‘3) vaporFlow - (8.89: 10") refluxFlow temperatureTray, + (3.04: 10'3) temperatureTray, 2
4.42-(9.75x1073) refluxFlow - 1.40temperatureTray, /2 + (9.26x 1078) vaporFiow temperature Tray, 2
(6.92 -10’3) (127.67-vaporFiow) temperatureTray , 3

-0.25

7223.34 temperatureTray , 2

va:mrf’lm\r5

uxFlow temperatureTray
LN (2.63: 10‘3) temperatureTray, 2

(3.60:10'5)(7+J vaporFlow | vaporFiow temperatureTray 2
=000+ refluxFlow

-0.65+(2.22x1073)temperatureTray, 2 -

0.59 - (4.50x 10~#) vaporFiow - g2l

96.47

-4.61 -(2.11 810-2)\18”90«0 _mT'w
¥ 1

~0.75 - (9.49x 108 refluxFiow + (8.19x 108 vaporFiow + bt ‘°"""’°"‘“'°T'°V1 ®

(0.12:10"9) va;:;orf’ltwr"’2 temperatureTray 3
-0.28+
refluxFlow

0.13 refluxFlow Ti
70.58 +0.25 temperatureTray, - re temperatureTrayy
temperatureTray vaporFlow

6.19- (1.1 1x 10'2) refluxFlow - m&- -2.10,ftemperatureTray, +0.27temperatureTray,

-7.19+(5.44-1o")vapornow+

0.13 refluxFlow temperatureTray

0.030 -

0.025
0.020
‘&l 0.015
0.010

0.005

0.000 -

+(1.05x 107 vaporFiow temperatureTray, - (9.81x1078) temperatureTray, 3

8.85-(4.51 x 10“)vaporﬁow-3.90 J temperatureTray, +0.54 temperatureTray, - ”

76.91 temperatureT
7856 __, 0.50temperatureTray, - o,
temperatureTray vaporFlow

2415+ 2865.36

+(1.96x10‘2)vaporﬁow+

Round 3 Ensemble (3 Vars) — 19 unique models

T

(1 02x 10‘5)tunporaweTray, 3

7.85 75.70 temperatureTray

Instead of trying to find
THE model, we can
exploit the abundance of
explored model forms

and select a diverse set

3

1.08 - 1.81 refluxFlow /3 0(6.55! 1o-°)mnw:f=|ow2 .(5.14: 10‘2)npoerw-(emxto-5)vapoervF - e
temperatu 1

R2 0.988397
13 Variables 3
1 Models 19
Avg Model Complexity 41.5263

Model Complexity  4_g2

1 26 0.0229559
2 29 0.0212007
3 29 0.029529

4 33 0.0137302
5 34 0.0182884
6 34 0.0235753
7 38 0.0166514
8 38 0.02229

9 38 0.025075

10 41 0.0109854
1 41 0.0220358

mnuxFlow"’

from the good-and-
simple category to form
a TRUSTABLE model

T T T r T
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Ensemble Performance £ 4r

good composite results when asked

[# DataModeler 9.3 = 1{0) extrapo| ate
ESORERRGREE) seecvariabes  ExloreDsta Genrte odels JATAEGHGAE) JHeGERNAIGAES) YARREHD) NESGiSl
(> = - (0 @ > Q

Round 3 Ensemble (3 Vars) [DistTower_training] Prediction Plot Round 3 Ensemble (3 Vars) [DistTower_test] Prediction Plot
Target Response Propylene (24) T T — T v :

Data Models ) Explore | e .

. g . » ’
¥ Pick Models

”~
oz’ ’
te o ®
Model Sets ‘ 10k .’ .* ] 1ol
No model sets retrieved. r.

Individual Models
Round 3 Ratio Model (1)

Predicted
L
[
Predicted

Round 3 Additive Model (1) ° 05}

05k ol
Best T&V Model (1)

Model Ensembles .o L]

Round 3 Ensemble (3 Vars) ‘ 00 _ ,

Vv Select Target Data Set 0.0 d

DistTower_training 0.0

05 1.0 15 0.0 0.5 1.0
Data Sets for Model Analysis

15
DistTower_test Observed Observed

V¥  Explore Models
>V

Max Explorers 2 Round 3 Ensemble (3 Vars) [DistTower_training] Prediction Plot
» Model Statistics

Round 3 Ensemble (3 Vars) [DistTower_test] Prediction Plot

¥ Response Plots /

1.5}
ResponsePlotExplorer

* i
ResponseSurfacePlotExplorer
-
ResponseContourPlotExplorer r }} 1.0}
1.0} ’ ik |
.

¥ Prediction Plots (2) g

¢
$
ER o e

15}

ModelPredictionPlot

Predicted
Predicted

EnsemblePredictionPlot

ModelPredictionComparisonPlot 05F }
ModelResidualPlot »d ¢
EnsembleResidualPlot ‘

» Data Outliers

0.0 05 10 15

More importantly, the Observed
constituent models diverge when asked to

extrapolate so have a heads-up on the risk
associated with the prediction
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BivariatePlot

: . ™ e LR
SortBy: Index o+ 178 . ™~ ‘ /
refluxFlow »” ' o M ) -
[ ' ol

Observed W 0.69
refluxFlow _._,—I"J_'_‘-\__r'_"“_
N
’

temperatureTray1 ——— 259

e — N&ZD

Round 3 Ensemble (3 Vars) [DistTower_training] [ ref = 0.66 ]

3—- : | | 1 8
5t N I N N N
o N I I S N
3 3
2 2
"1 5 I I I S S I
o [T ———
-1 _ -1
refluxFlow temperatureTray1

ot [ [ T [ I T] Since the variables in this case are
55 coupled, changing one without a

: corresponding change of the others would
A | ] venture into unknown regions of parameter space.
3 I S This is detected by the ensemble since the
2 ‘ constituent models (light gray lines) diverge if we

try to change, for example, the tray temperature

1 4 independently from the observed reference
0 | point (green dot)

vaporFlow
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SortBy: Observed ./ ‘-.+ 709
Observed W oo ® Here we are looking at the model
eson @ LAV e prediction in the lowest observed
— = —— o value in the test data set.
bl i - The constituent models diverge when

mmsmw(svﬂ!““ﬂ*—ml""-““l away from known data records which

)/_ Is the desired behavior — even
though the actual prediction degrades
reasonably gracefully.

.

Graceful degradation for

O 0 -
| — ’/ extrapolation is a unique benefit of
P 1 _// symbolic regression since other data-
| driven modeling techniques tend to

refluxFlow temperatureTray1 fail spectacularly when asked to
extrapolate

Since these data points were
explicitly chosen to test the ensemble
ability to detect extrapolation, we can
conclude that the ensemble is, in fact,
a trustable model
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(Y

oo s D

refluxFlow 135.
temperatureTray1 259
vaporFlow 273.

Model Maximum  Model Minimum Export Explorer

X

Constraints | Clicking variables names above will insert them

X

; This button will export the response explorer as a CDF document

Spiffy
Feature

Round 3 Ensemble (3 Vars) [ ref = 0.66 which is independent of DataModeler and can be used by

6 -

anyone having Mathematica or the (free) CDF Player.
~ Constrained optimization is not possible within the CDF environment.

[ NON ) |#| Untitled-2

e

SortBy: Index

refluxFlow temperatureTray1
of
6l
Al
st
A We can export

without a depe
either DataModeler or
Mathematica

vaporFlow
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CDFs with embedded data
so they can be explored

Round 3 Ensemble (3 Vars) [ ref = 0.660064 ]

6 6
5- 5
4- 4
3 3k
models as 2 2
4L ! ! ! | | 1
() ! 1 ! 1 5 .0
-1 -1
refluxFlow
ndency on T
5-
4
3
2k
1k
0
vaporFlow
CDF Player Model Originally Developed: Thu 19 Oct 2017 12:48:22 Evolved Analytics

100% .~
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Al = Augmented Intelligence

 DataModeler easily handles exploration and analysis of multivariate data
with correlated inputs, missing values and (now) low-order categoricals

e Searching for simple & accurate models allows identifying driving
variables as well as variable combinations useful for developing quality
models for deployment

* Algebraic models allows for analyst inspection and insight development

* Ensembles of simple & accurate models can be used as trustable models
and obviate the need for data set partitioning — which is important when
data is sparse

e Ease-of-use is enhanced with graphical tools supporting an effective
analysis workflow.
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e www.evolved-analytics.com

e mark@evolved-analytics.com
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