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– Sir Arthur Conan Doyle (1859 - 1930), The Sign of Four, A Scandal in 
Bohemia

I 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.
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AI ⇒ Augmented Intelligence 

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


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


• If an analysis component can be automated, it should be 
automated!
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Real-World Data
• Multivariate


• Correlated variables


• Unbalanced (closed-loop)


• Nonlinear


• Missing Data


• Wrong Data

Questions & Needs 

• Exploratory Data Analysis 
• Which variables matter? 
• Are there important metavariables? 
• What variable combinations are 

useful? 
• How to handle extrapolation and 

system changes 
• How to deploy models?
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GUI and/or Notebook

DataModeler 
Design 

• User can choose 
between a GUI or the 
classic Mathematica 
notebook interface 

• The functions used by 
the GUI are exposed for 
power users and 
custom workflows 

• ~450 functions are 
exposed and (well) 
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GUI used for Demo
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Project co-located with data

Data modeling projects 
are co-located with the 
data — this facilitates 

sharing

Input is a cvs or Excel 
table with a header row of 

variable names

If an Excel file has 
multiple sheets, the largest 
table is selected for input
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Choose a Target

Predictive Analytics — 
response target is 

selected for modeling

Multiple response 
targets can be 

selected within a given 
project

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
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Analysis now supports low-
order categoricals

Newly added is the 
ability to automatically 

convert low-order 
categoricals to numerics
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Getting the Zen of the Data
Plots adapt if a low-order 

categorical is detected and 
tooltips generated to show the 

mapping being used.

If a variable is detected as 
numeric but quantized, the 
displays shift appropriately.
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Missing data is handled 
seamlessly for both 
modeling and data 

exploration and model 
development

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.
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Categorical Analysis 

• A purely textual  data set — 
is the mushroom edible or 
poisonous? 

• Goal is to identify key 
attributes & develop 
predictive models 

• We cap the number of 
categories converted with 
those not converted ignored 

• Still doing symbolic 
regression to produce a 
predictive model
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Model Search
• 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.

Algebraic models

Parallel model searches
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•Model search converting 
categoricals to numerics (max 4 
categories covering at least 90% 
of records) 

• 16 model searches of 5 minutes 
on quad-core laptop — 20 
minutes of clock time

Focus on models with 
best complexity-accuracy 
balance (typically ~10% of 

developed models)

There are multiple 
variable combinations 

giving comparable 
performance

Variables have different model 
inclusion — an indicator of 

importance
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Here we look at the 
most prevalent variable 
combinations and their 

performance

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
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We did additional model 
searches only allowing four 

variables and selected 301 models 
as being both simple and 

accurate

The data defines the 
models and there are many 

models which are of 
comparable quality

110 minutes of model 
search across four rounds of 
analysis created this model 

set
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Each graphic 
has controls which can be 

exposed and used to tweak 
the display

Automatic shifts to a 
DataDensityPlot reveals that the 
model is doing a good job with a 

few erroneous predictions

Tooltips are used 
to show the variable mapping 

being used

• Here we are looking at one of the 
candidate models 

• Unfortunately, THE model does not 
typically exist in data-derived models 

• We can use ensembles of models to 
create a trustable model to detect 
extrapolation or underlying system 
changes
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Test & Validate
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We can choose which 
quality metrics we want to 

display via the (normally hidden) 
controls

Since we have 
pre-selected from the 

models near the knee of the 
Pareto Front (i.e., with good balance 
between complexity and accuracy), 

we mostly care about the 
performance against the test 

and training sets
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This data set was intentionally partitioned to test 
model extrapolation — such is a reality of 

deployed predictive analytics models.

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.

Here we 
found a model that 

extrapolates well; however, it is 
better to build a fully-informed 

model from the start.
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Instead of trying to find 
THE model, we can 

exploit the abundance of 
explored model forms 

and select a diverse set 
from the good-and-

simple category to form 
a TRUSTABLE model
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Ensemble Performance The (algorithmically 
generated) ensemble gives pretty 

good composite results when asked 
to extrapolate

More importantly, the 
constituent models diverge when asked to 
extrapolate so have a heads-up on the risk 

associated with the prediction
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Since the variables in this case are 
coupled, changing one without a 

corresponding change of the others would 
venture into unknown regions of parameter space. 

This is detected by the ensemble since the 
constituent models (light gray lines) diverge if we 
try to change, for example, the tray temperature 

independently from the observed reference 
point (green dot)
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• Here we are looking at the model 
prediction in the lowest observed 
value in the test data set. 

• The constituent models diverge when 
away from known data records which 
is the desired behavior — even 
though the actual prediction degrades 
reasonably gracefully. 

• Graceful degradation for 
extrapolation is a unique benefit of 
symbolic regression since other data-
driven modeling techniques tend to 
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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Spiffy 
Feature

We can export models as 
CDFs with embedded data 

so they can be explored 
without a dependency on 

either DataModeler or 
Mathematica 
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AI ⇒ Augmented Intelligence 

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


• 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


• Ease-of-use is enhanced with graphical tools supporting an effective 
analysis workflow.
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For More Information

• www.evolved-analytics.com


• mark@evolved-analytics.com
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