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£
ANK

2007 2009
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Technology +

Command line Engine for OEM applications Rulex GUI Rulex Solutions

tools
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Boston, MA: Management,
Marketing & Sales

Genova: R&D
Bologna: Marketing &
Sales
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What is Rulex rulex
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Vertical
Products

Business

Oriented _
For business users
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Rulex Logic Learning Machine rilex

analytics

Rulex’s Logic Learning Machines are the only pattern
recognition engine that provides if-then
prescriptions rules

in complex data environments,
automatically.

Rulex is the choice-enabling tool 4}
for business decisions makers. |

* No a priori assumptions
* Innate big data approach

© 2017 Rulex, Inc. 5



Conventional vs. Cognitive Machine Learning ijlex
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* Conventional ML models are computational; Rulex models are logical.
* Rulex models can be created, edited, understood by domain experts.

Equivalent NN and Rulex models for Kaggle Election Prediction case

J(x)

= 0.293tanh(0.113 2o + 0.337 2, = 032925 +0.251 25 — 0.288 2y — 0.207 25 + 0.436 2 + 1. IF (White alone, percent, 2014 <=71.100) THEN party = Democrat
+ 016627 = 0184 25 + 0219 29 + 0483 219 = 02222, + 0173215 + 0.012 25 + 2. IF (High school graduate or higher, percent of persons age 25+, 2009-2013 > 90.450)
= 035220, +0.250 205 + 0176 205 + 0345 217 + 031 245 + 0.177 219 — 0.329 299 + THEN party = Democrat

1. IF (High school graduate or higher, percent of persons age 25+, 2009-2013 <= 88.650
AND White alone, not Hispanic or Latino, percent, 2014 > 73.950) THEN party =
Republican

2. IF (Persons per household, 2009-2013 > 2.615 AND White alone, percent, 2014 >
62.300 AND White alone, not Hispanic or Latino, percent, 2014 > 32.500) THEN party =

- 0.363 T =+ 0.216 Tog = 0.148 Loy — 0.043 Tog -+ 0.316 Tag = (0.068 Tag = 0.421 Topioy T
T UJ.'J .T'-_);l 1= (]280 Lagjay = [}.}ll Iag + ”J.G Iag + []l()q Tap = l]lJ.J. I3 = Ul(‘ll?u T
+ 0117 Tag + (.466 Iy + 0.457 Ias + (.133 Tag + 0.331 Iy = (0.362 Iag = 0.43 Tag +

- “1(]1 Ty — {]l-J-J Ty T ”;f-l Iyo — “U-J Ty — “11-{- Ty — “”Il? i5 "‘{]22’) Ty T

+ 032827 = 0118 245 = 0.3) + Republican

- 1934 tanh(-0.233 2 + 0.174 2, = 0.25229 = 0.501 25 = 0.125 24 +0.311 25 = 0573 24 + 3. IF (Persons 65 years and over, percent, 2014 > 19.850 AND High school graduate or

= 0.299 27 + 1123 25 + 0318 29 = L1692y +0.10524; = 0429215 = 0,075 215 + higher, percent of persons age 25+, 2009-2013 <= 90.850 AND White alone, not

- 01432 +0.146 215 = 0530 2y + 0.077 2y = 0133 205 = 0.122 2y + 0162 29y + Hispanic or Latino, percent, 2014 > 57.350) THEN party = Republican

— 0,089 = 0496 295 — 0.21 295 — 0113 29y + 0485 295 + 0575 295 — 0.126 2970 + 4. IF (724908 < Manufacturers shipments, 2007 ($1,000) <= 16640803 AND Asian alone,
0135 2ar(yy +0.022 2979 — 0.352 295 — 0.693 29 + 0.379 230 + 0.400 251 — 0.100 24 + percent, 2014 <= 6.350 AND White alone, not Hispanic or Latino, percent, 2014 >

63.000) THEN party = Republican

5. IF (Private nonfarm establishments, 2013 <= 289 AND Population per square mile,
2010 > 14.550 AND 56.150 < White alone, percent, 2014 <= 98.750) THEN party =
Republican

=+ U.?.i‘cq T33 T+ “2{)2 I3y T Ul(}l I35 — UUSG Tag — []'; T3 — U”(‘\‘(} T3g T U I.(H Tag +
- 0072 10 + {]-:“. Ty = [}.\' lq Lo+ .14 2 13 =+ (.754 rig+ ll.)?)l XTy5 — U'LH Tyg + [}27»} Yir+
= 0.285 x5 - 0.286) + 0.252

Neural Network Model Logic Learning Machine Model

© 2017 Rulex, Inc. 6



A Rulex workflow from data to results ru‘ex
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Data |:> Data :> Data
import exploration integration

&

Model

Model <]
evaluation generation

&

Forecast C>| Export |
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Rulex easy to use interface
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87 Rulex Analytics ®: Full Version
File Edit Actions View Help

B88| @« d« bpErEds

z \g\m | ® [ransparency: 0,5 2]
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|Processes. & x

v # US primary elections
primary results_cpy
county_facts_cpy
datamanl
towidel
jein
fel
datamand
=plit]
lim1
ruleman?

A

featrank?

app3 (
confmatrb Model construction
dataman5 B

ruleviewer! and evaluation

dataman3
fileexport]
dataman2

> @ US primary election_Update

> # US primary election_Update_11,

Tasks. & X
~ [ Import

T ey e
ﬂ Impert from Database

ﬂ Import from Excel File
mpert from HDFS
ﬂ Import from R script
ﬂ Impert from Task
ﬂ Import from Text File

~ [ Export
Export to Database

ﬂ Export to Excel File
Export to Text File

v [ Visualization/Editing

< > <
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Rulex: one software, many challenges rulex
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Categorical, continuous or discrete
inputs Set of rules. Relevance for each

) / variable
Categorical output.

Categorical, continuous or discrete

inputs. Set of rules. Relevance for each

variable

Ordered output.

Categorical, continuous or discrete

inputs. Clusters of similar cases

>
>
>
rime seres forecast >
>
>
>

No output.

Time series, in case with exogenous
factors.

Association rules. List of
frequent item patterns. Packages
of items. Replacement rules.

List of transactional data

List of most frequent sequences.
List of anomalous sequences of
events.

Log file of different events

List of regular and anomalous
records. Rules characterizing
anomalies and regular cases.

Categorical, continuous or discrete
inputs. No output.

NNV NV NV N




Some applications by sector / 1 rolex
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Automotive E-Commerce
1. Drivers Segmentation 1. New product introduction
2. Predictive Maintenance 2. Sales Predictions
3. Complexity reduction 3. Automatic discounts
4. Marketing effectiveness Education
Banking 1. Students Behavior
1. Churn in Retail Banks Energy
2. Bank Product cross-sgllmg 1. Solar power plant performance
3. Ir-1vestr'nents forecasting . 2. Gas consumption forecasting
4. Financial Indexes forecasting Healthcar
5. Stock Indexes forecasting ealthcare _ _
6. Optimizing Business Models in 1. Neur‘oblast-omf:\ Dlagn95|s Support
2. Quality of live in chronical patients
Banks
S lv chain 3. Identification of risk factors for
upply _ problematic gambling or other
1. Demand forecast during dependences
promotions 4. Medical Imaging

2. Understanding Supermarket
customer Behavior & Sales
© 2017 Rulex, Inc. 10



Some applications by sector / 2 rolex
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Industrial Plants

1.
2.

Preventive Maintenance
Network optimization

Insurance

1.
2.
3.

Retail
1.

O NOUAEWN

Fraud detection
Customer Behavior
Churn Analysis

Shrinkage Analytics
Customer Behavior
Assortment Optimization
Showroom Optimization
Marketing effectiveness
Showroom Format Definition
Basket Analysis with CRM
OTC Products Optimization

Security

1. Anomaly Detection
Society, Politics & Economy

1. USA Election

2. Sustainable Development
Sport

1. Under/Over forecast

Telco

1. Network Optimization
2. Customer segmentation

Tourism
1. Visitor Behavior

© 2017 Rulex, Inc. 11



Industry Acknowledgments I

analytics

Awarded as One of the 10 Most Disruptive
Technologies by MIT Sloan CIO Symposium 2016.

MITSloan
CIO Symposium

LEADING Business Partner of Konica Minolta
‘ EDGE for Leading Edge Technologies.

PARTNERS

Winner of the 2015 EY Start-Up Challenge for
Big Data Analytics in Supply Chain and Customer

EYBu"dinq a better Intelligence.
working world

Scientific Partner of the
Massachusetts General Hospital.

© 2017 Rulex, Inc. 12




An application: Self-Correcting Supply Chain,fﬁ ex
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* The new solution proposed by Rulex for automating
the identification and correction of anomalies in

supply chain data. % Wi

1]
Raw Materials
Manufacturing

* Supply chain data may include: m
— Records that occur very seldom (rare cases)

— Records that contain wrong (combination of) values (mistake
cases)

* Only a human can recognize mistakes
from rare cases

Anomaly Rule

) hum@an declsion

Mistake Rare

© 2017 Rulex, Inc. Rule Case



Possible situations rd ex
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Unlabeled patterns, =

W|thout anomalies

: Unlabeled patterns with :

anomalles

La beled patterns

© 2017 Rulex, Inc. 14



Rulex approach sl
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Challenge
J, J, J,

Solution

[ ———
[If a-<b

[T a<D|
XX 1 Logic Learning Machine 499 | Uniclassifier

MM

© 2017 Rulex, Inc. 15



Typical Anomaly Detection/Correction Process rij ex
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* Planners and other subject matter experts (SME)
identify sample errors for use by machine learning
algorithms.

* Data scientists build model to predict anomalies in
new data.

e SMEs eliminate outliers from and correct erroneous
records.

e SMEs define and submit database record corrections.

6/26/2017 © 2017 Rulex, Inc. 16
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From Data Inspection to Pattern Evaluation rU ex
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Data Inspection Pattern Evaluation

Varl Var2 Var3 Var4 Norma

If Var2 = @ then Anomaly
If Varl= ® AND Var3# B then Anomaly
If Var4= 4 then Anomaly

(N ®
e olO® .
. e

rulex

analytics/

* Only a few patterns to review

* Lengthy, costly procedural (resource and time saving)

process. * Clear meaning of the anomaly (logic

 Difficult to understand why approach).

anomalies are generated.

© 2017 Rulex, Inc. 17



The Rulex (SC)? Solution
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Historic

Data

_/

Sample Anomaly
Records Rules and Data
UniClassifier®

* Proprietary Rulex
“unsupervised”
machine learning
algorithm.

* Automatically finds
examples of data
records containing
anomalies.

Suspect
Conditions

"~ Machine

Data experts select and
edit Error Rules

AN

THEN Threshold = 50

IF Min Qty < Reserv
AND Material e~ Plastic

Correction
Rules

Example
Errors

Logic
Learning

* Proprietary Rulex
“supervised” machine
learning algorithm.

* Automatically creates
logical rules of data
correction.

© 2017 Rulex, Inc.

Data experts validate
Correction Rules

New
Data

Validated
Rules

Production
Data

Data
Corrections

Find
And
Replace / Data

Change Log

Rulex predictive data
correction module.
Automatically finds
and corrects anomalies
in live supply chain
data records.
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Thank you!

www.rulex.ai
e.ferrari@rulex.ai
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