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Tutorial

KHIOPS 10.2

KHIOPS & KHIOPS VISUALIZATION

KHIOPS COCLUSTERING & KHIOPS COVISUALIZATION

MULTI-TABLE FUNCTIONALITIES



Khiops
2

- Khiops

3 ey «  Optimal data preparation based on discretization and value grouping
Scoring models for classification and regression

Correlation analysis between pairs of variables

-
~ - Khiops Visualization
e - Analysis of Khiops results using an interactive visualization tool

- Khiops Coclustering

Correlation analysis of two or more variables using a hierarchical coclustering model

A . - Khiops Covisualization
\ | \§ o . . . . . o . .
o . Exploratory analysis of Khiops Coclustering results using an interactive visualization tool
,_,EA\

- Multi-table functionalities
Multi-table database

- Automatic feature construction
60 «  Multi-table functionalities in Khiops and Khiops Coclustering



Khiops & Khiops Visualization

S

« Khiops
* Optimal data preparation based on discretization
and value grouping
* Scoring models for classification and regression
* Correlation analysis between pairs of variables

il

L
—=_ + Khiops Visualization
* Analysis of Khiops results using an interactive
visualization tool



£ Supervised classification

« Step 1 : Open an existing dictionary file

(ex: sample Iris.kdic)

. Khi
- Dictionary file: contains one or more dictionaries e
~PEM... i+ Parameters Results
Close
- Dictionary: description of variables of a database to use | == crtes
during analysis e
25 Khiops _ O % Dictionaries in file > Inspectcument dictionary
Data dictionary Tools Help ~ Qut
Data dictionary Train database Parameters Results . .
Analysis dictionary |Iris w Avallqble GCTlons :
Dictionary file C\Program Fileslkhiopsisamplesirisinis kdic ° Open, Save’ ste GSI Close
Dictionaries in file
Mame Root Variables Categorical Mumerical Derived ° EleIon (menU (( DiCﬁOﬂOry file/lnspeCf CUrrenf diCﬁondry ))/
Ins s ! 4 0 or NotePad)

Reload dictionary file

// e useful if it has been modified from an external editor

> Build dictionary from data table
_—

Build dictionary from data table... Reload dictionary file

Train model Deploy model...




£ Supervised classification
N

- Step 1, bis : Build a new dictionary from a data table
(If no available dictionary)

Build dictionary from data table... Reload dictionary file

Dictionary builder - o X

— o 1.1
Input data table . . n p q ne
Train model Deploy model...
Data table file C:\Program Files\khiops\samples\ris\ris bt &
®

Detect fle formal CI |Ck on button [ Build dictionary from data table...

Data dictionary

Header line used

Field separator

Show first lines

* 2. In the dialog box

Existing dictionaries

Specify the data table file
*  Build the dictionary

utaatonn rom s e T P — / 3. Specify the dictionary name
——— o Enter 2 name to validate fhe didmnaz * Repeat step 2 to build other dictionaries
!Z{I:I:E:IZ‘:\:‘B C:\Program Files\khiops\samples\lrisiiris Dldlonar}l name Irls
o ok || cancel 4. Close to save dictionary file
R 7 ° 5 1n pane Data dictionary
e * Inspect the built dictionary

*  Check variables types
« Select used variables

Build dictionary from data table Close K




£ Supervised classification
o

. Step 2 : Specify train database

Ko - B Detect file format : heuristic help that

- scans the first few lines to guess the file

Data dictionary Train database Parameters Results

Database files format. The header line and field

Data root Path Dictionary Drata table file

Data dictionary Tools

Iris Iris C-\Program Files\khiops\samplesirisiris.td Sepqrdtor are Updqted on SUCCGSS, W”h a

warning or an error in the log window
only if necessary.

Detect file format

Header line used File FOI’mGT

Field separator

samele percentase o Sample percentage : default 70%

Sampling mode Include sample w

Selection variable hd

Selection value v Controlled way of selecting the instances
Testdatsbase  |Complementan ’ by the means of a selection variable and

Inspect test database settings...

selection value

Train model Ceploy model...




£ Supervised classification
2

- Step 2, bis : Specify test database

~» Khiops - O X

Data dictionary Tools

Data dictionary Train database Parameters Results

Database files

Data root Path Dictionary Drata table file
Iris Iris C:\Program Files\khiopsisamplesilrisiris. td

Three possibilities :

Detect file format
Header line used Comp|emen’rdry

Field separator SpeCiﬁC

Sample percentage TO=

Sampling mode Include sample w None

Selection variable ~

Selection value - Complementary (default)
Test database Complementary w

— The test database is the complementary
None of the train database according to the

Train model Ceploy model... Chosen SCImp|e percenTCIge




£ Supervised classification
S

- Step 2, ter : Specify test database

Test database - m} X
Database files
Khiops - m} x
Data dictionary Tool Data root Path Dictionary Data table file
Iris Iris

Database files

Data root Path Dictionary Data table file

_— _ CAProgram Files\khiops\samplesiris\ris bt

Detect file format

Header line used

Field separator
Detect file format

Header line used SaPIENEEEags 1003
Field separator Sampling mode Include sample v
Sample percentage 70 2 Selection variable w
Sampling mode Include sample Selection value “
Selection variable Test database Specific

Selection value Impaort train database settings Close

Test database Specific

Inspect test database seftings..

Train model Deploy model...

Specific
The test database has it own independent
specification : specific file, sampling, selection



£ Supervised classification
-~

- Step 3 : Parameters

- Ehiops
Data dictionary Tools Help

Data dictionary Train database Parameters Results
Targetvariable | Class
Main target value |Iris-setosa

Predictors Recoders Preprocessing System parameters

Selective Maive Bayes predictor ’v

Feature engineering  Adyanced predictor parameters

Max number of constructed variables
Max number of trees

Max number of variable pairs

100 :(

10 .&

Train model

Deploy model...

N\

Type of selected target variable implies type of
analysis
Categorical  -> supervised classification

Numerical -> regression
Empty -> unsupervised analysis

Selective Naive Bayes predictor
default true, to be set to false if only data preparation is
wanted (without modeling)

Constructed variables are computed in multi-table schema and
allow to extract numerical or categorical values resulting from
computing formula applied to existing variable (default 100)

“The constructed trees allow to combine variables, either native
or constructed (default 10)

The pairs of variables are analyzed during data preparation
using a bivariate discretization method (default 0)



£ Supervised classification
N

- Step 3 bis : Advanced predictor parameters (optional)

- Khiops
Data dictionary Tools Help

Data dictionary  Train database Parameters Results
Targetvariable | Class

Main target value |Iris-setosa
Predictors Recoders Preprocessi

Selective Naive Bayes pradictor

Feature engineering Advanced predictor parameters

stem parameters

Two other optional predictors
(only in the supervised case)

Baseline : prediction of the majority class

Baseline predictor

Ce—

Number of univariate predictors

Selective MNaive Bayes
parameters

Wariable construction

parameters

Variable pairs
parameters

(default false)
Univariate: predictors exploiting one single variable
(default none)

= Advanced parameters to inspect

Train model

Deploy model...




% Supervised classification
B

. Step 4 : Results

Khiops

Data dictionary Tools Help

Data dictionary Train database Parameters Results

Resultfiles directory

Resultfiles prefix I

SupewisedClassiﬂcatiorI_] FI” a prefIX

Short description
Preparation report

2D preparation report
Modeling dictionary file
Modeling report

Train evaluation repoart
Test evaluation report

JS0M report

PreparationReportxs
Preparation2DReport.xls
WModeling.kdic
ModelingReportxls
TrainEvaluationReport.xls
TestEvaluationReportxs

AllReports.khj

Train model Dieploy model...

Directory where all results files are written

Prefix (ex: in case of several experiments)

Brief description to summarize the current analysis
Description of trained univariate preparation models
Description of trained bivariate preparation models
Technical description for deployment purposes
Description of trained models with selected variables
Evaluation on train database

Evaluation on test database

Json report, to get the analysis results from external tools



£ Supervised classification

|

- Step 5 : Start the analysis

Khiops - O x
Data dictionary Tools Help

Data dictionary Train database Parameters Results

SYSTEM (Z:) » Programmes » khiops » samples » Iris

o

Resultfiles directory i Mom Modifié
Resultfles prefix & TrainEvaluationReport.xls 0%/06,2!
Bl ] TestEvaluationReport.xls 08/06/21
Preparation report PreparationReportxls @_] PreparatiDnRepnrt.xls 09/06/21
2D preparation report | PreparationZDReport.xls |E_] Mudelingﬂepurt.xls Dg}_r:.ﬁ}_rz:
Modeling dictionary file | Modeling kdic ”j Mudeling.kdic :Ig.l_rclﬁl.l_rz:
Modeling report ModelingReportxls I:I Iris.tt 12/06/21
Train evaluation report | TrainEvaluationReport.xls ':I Iric.kdic 25,/04/21
Test evaluation report | TestEvaluationReport.xls = AIIReports.khj 09/06/21

JSON report AlIReports.khj

Train model Deploy model...

e,

4 2 - Inspect the results using Khiops Visualization
1 — Train model o (double-click on .khj file)



2+ Exploratory of classification results using

__..A._

Khiops Visualization

1 - Preparation 2 - Modeling 3 - Evaluation
= Khiops Visualization 1 l — a *
File View Help Reportabug
-~
~ KHIOPS . . . . .
A Visualization Project Preparation Tree preparation  Modeling Evaluation & = =
= summary Target variable stats [} Iris-setosa [l Iris-versicolor ([l Iris-virginica o Informations
Dictionary : Iris 0.4 Evaluated variables : 4

Database : C:\Program Files\ khiops\ samples \ Iris) Iris.txt 0a Informative variables : 4

Target variable : Class a2 | Discretization : MODL
Instances : 99 | Value grouping : MODL
e . 0.1
Learning tasks : Classification analysis
0

sample percentage: 70

Samnlina made * Incliids eamnle

. _. Scale chart
4 Variables Level distribution <> o« = Petallength ®
Rank Name Level Parts Values Type
Internal Coverage Coverage

Rl Petallength 0.6446 36 Numerical 0

w

R2 Petalwidth 0.6100 20 Numerical

30

(2]

R3 SepalLength 0.2800 30 Numerical

R4 Sepalwidth 01215 2 22 Numerical 20

[,2.4] [2.4,4.95] [4.85,6.8]

Target @ ris-setosa [ iris-versicolor

distribution @ rris-virginica Values 4 l I Probabilities 4

100

80

60

40




2+ Exploratory of classification results using

Khiops Visualization

Preparation pane

= Khiops Visualization /

Preparation Tree preparation

File View Help Reportabug

A KHIOPS -
= \isualization roject

Modeling Evaluation

selected variable

Coverage of the -8 x

o O o

= Summary Target variable stats [ Iris-setosa [} Iris-versicolor [ Iris-virginica

Dictionary : Iris

\ khiops\ samples\ Iris \ Iris.txt

' . |
Vquqbles Iysi . -
analysis 5

i 4 =

Samnlina Aa - Inchida enmnla

L]
(@] [ 4 = rouesn
Rank Name Level Parts Values Type
Internal Coverage
Rl Petallength 0.6446 3 36 Nurmerical 40
R2 Petalwidth 0.6100 g 20 Numerical
30
R3 Sepallength 0.2900 3 30 Numerical
R4 SepalWidth 01215 2 22 Numerical 20
10
o
[1,24]
. . . Target B Iris-setosa [ Iris-versicolor
Target distribution of detrbution 8 Ws~vigies

100

the selected variable w

60

40

[2.4,4.95]

o Informations

Evaluated variables : 4
Informative variables : 4
Discretization : MODL

Zoom

Value grouping : MODL

Scale chart

[4.956.9]

Values 4 ] [ Probabilities 4




2+ Exploratory of classification results using
Khiops Visualization

_..A._

= Khiops Visualization

File View Help Reportabug
“  KHIOPS

. " .
. Visualization

= summary Target variable stats

Dictionary : Iris 04
a

sets/Iris/Iris.txt

Trarnat uarinhla - Clas

[Iris-setosa”,Iri

@u

3 L2 Petalwidth

[ ]

B riz-setcsa [ Iris-versicolor

Tree preparation pane
|

Preparation Tree preparation

Project Modeling Evaluation o] = =

Display purity by
opacity

B Iris-virginica

Hyper tree
visualization

o Informations 0 Display leaf sizes

by population

Evaluated variables: 6
Informative variables :
6

) L] Scale chart
Rank  Name Level Pa. | Va. | Type
Internal Coverage Coverage
Rl Tree_4 0.5676 3 3 Categorical 40
R2 Tree_1 0.5394 =l =l Categorical =0
20
R3 Tree_6 0.4319 3 4 Categorical 10
. 0
R4 Tree_2 0.4210 3 4 Categorical L4 1L5.3] L6
R5 Tree_5 0.3500 4 Categorical
R6 Tree_8 0.2890 3 4 Categorical Target ] Irisfsetu§c —
o . B rris-versicolor l Values 4 I l Probabilities 4 l L4
distribution B Fris-virginica ® . 5
100 i
2
| L] = 5@ L@
0 — —_— — —_—
L4 1L5,L3] L6
Decision tree selection details : L5, L3 <> 4« = Leaf infos Leaf rules
Length No. Values
palWidth Target
palwidtr - g_ e Vaolues 4 l [ Probabilities 4
L5 [“Iris-setosa’, Iis-versicolor’, Iris-virginic distribution

60
40
20
o — (|
L3

Population : 14 Purity : 0.4029




2+ Exploratory of classification results using

_..A._

Khiops Visualization
S

.
P—— Tree preparation pane — 0
File View Help Reportabug I
-~
:‘- 52{%5?04“9” Project Preparation Tree preparation  Modeling Evaluation o] = =
=_Summary Target variable stats [} ris-setocsa [} Iris-versicolor [} Iris-virginica o Infermations Hyper tree Display purity by Display leaf sizes
Q o f o . N ! - values # | O (| .
; en;erlgal Information (as in Preparation pane) Evaluated variables: & visualization opacity by population
Database : ../..[./data 0z [ _ Informative variables :
sets/Iris/Iris.txt o 5
Trarnat varinhla * Clne
° Scale chart

Leyel gistribution
-

Tre€ varidble

Rank = Name Level Pa.. | Va. | Type
Internal Coverage Coverage

Rl Tree_4 0.5676 3 3 Categorical 40
R2 Tree_1 0.5394 =l =l Categorical j:j
R3 Tree_6 0.4319 3 4 Categorical 10
. 0
J R4 Tree_2 0.4210 3 4 Categorical L4 1L5.3] L6
R5 Tree_5 0.3500 3 4 Categorical
R6 Tree_8 0.2890 3 4 Categorical Target @ rris-setosa —
distribution B rris-versicolor l Values I l Probabilities 4 l 14
B Fris-virginica ® . 5
100 5 =
L
3 - m o e
0 — —_— — —_—
L4 ]L5,L3] L6
Decision tree selection details : L5, L3 o ae = Leaf infos Leaf rules
[3J Lo sepalLength No. Values

3 v sepalwidth T{.:rg.et e Values 4 l [ Probabilities 4 ]

L5 [“Iris-setosa’, Iris-versicolor’, Iris-virginig distribution

. L4 [Iris-setosa’Iris-versicolor” Iris-virginic 20

3 L2 Petalwidth 60

_ 40

- Information on the Inf i f

@5 nrormation ed

. 0 —
Hlerqrchy of selected group of - infos: target distribution

the selected tree || leaves -rrules: sequencedsf tree tests Hypertree of the selected tree




4 Exploratory of classification results using

_,.-A._

Khiops Visualization
5 .

& Kiiogs Venmizaion Tree preparation pane S

File View Help Reportabug I
-~
L KHIOPS ) )
-~ Visualization Project Preparation Tree preparation  Modeling Evaluation o] = =

= Ssummary Target variable stats [} ris-setocsa [} Iris-versicolor [} Iris-virginica o Infermations Hyper tree 0 Display purity by 0 Display leaf sizes
opacity

Dictionary : Iris 04 Evaluated variables : 6 visualization by population

0

sets/Iris/Iris.txt 6

Trarnat uarinhla - Clas

) — _ e Scale chart
6 Variables Level distribution <> =« = Tree_5 ® S

r click

Rank = Name Level Pa.. | Va. | Type

Internal Coverage Coverage
Rl Tree_4 0.5676 3 3 Categorical 40
R2 Tree_1 0.5394 =l =l Categorical :‘:
R3 Tree_6 0.4319 3 4 Categorical 10

. 0
R4 Tree_2 0.4210 3 4 Categorical L4 15031
RE Tree 5 03500 3 4 Categorical
R6 Tree_8 0.2890 3 4 Categorical Target @ rris-setosa -
Iris-versicolor l Values 4 I l Probabilities 4 l

distribution B Fris-virginica

100

- o ] .

) — — — —

L4 JL5,L3] L&
Decision tree selection details : L5, L3 <> 4« = Leaf infos !ea" rules
03 L0 sepallengt No. Values
[ U sepalwidtt Target = . . .
4 Probabilities 4
R Multiple selection modes

N Everything that is clickable in
one panel selects what is
Population : 14 Purity : 0.4029 releva nt In the Others

" J




4 Exploratory of classification results using

_.-A._

Khiops Visualization

Tree preparation pane

A KHIOPS

Project  Preparation Tree preparation Modeling  Evaluation

Population:14  Purity : 04029

Hyper tree - D:s:\:vpu\lyby o

Information on selected leaf

Leaf infos
Target distribution in leaf

@ iris-setosa
@ ris-versicolor
@ iris-virginica

Target
distribution

100
80

Leaf rules
Sequence of trre rules leading to the leaf

Leaf rules : L4

Variable Type Partition

SepalLlength Numerical [4.3, 5.75]
Sepalwidth Numerical [2.85, 4.4]




_..A._

Khiops Visualization
B

% Khiops Visualization

File View Help Reportabug
-~
L KHIOPS

e \fisualization

= summary

Dictionary : Iris

Database : C:\Program Files\ khiops \ samples |\ Iris | Iris.txt
Target variable : Class

Instances : 98

Learning tasks : Classification analysis

Sample percentage: 70

Project

Target variable stats

0.4
03
02
01

0

samplina mode : Include sample

Select trained predictor Selective Naive Bayes 4 )\

Selected
predictor

earch X

4 Variables

name level

Petalwidth 0.6100
0.5903
0.6446
0.4108

weight

0.3358
0.2812
01640
0.0937

Variables of
the predictor

2+ Exploratory of classification results using

Modeling pane

Preparation Tree preparation

Medeling Evaluation

B ris-setosa [ Iris-versicolor [} Iris-virginica

<>

o Trained predictors

Selective Naive Bayes : 4 Variables

ale

Petallength

Internal Coverage

40

30

Scale chart

[,2.4]

Target
distribution
100
80
80

40

[2.4,4.95] [4.95,6.8]

B Iris-setosa ([ Iris-versicolor

B rris-virginica Values 4 I l Probabilities 4

Current interval

Interva..

124]

[1.2.4] [2.4,4.95] [4.95,6.9]




4 Exploratory of classification results using

_.-A._

Khiops Visualization

Evaluation pane
= Khiops Visualization - [m| X
File View Help Reportabug /
A KHIOPS

[

x> Visualization Project Preparation Tree preparation Modeling  Evaluation o d 0 &
Evaluation type <y e Cumulative gain chart of ‘ Iris-setosa 4 | Filter curves 4
T : 100
ype Dictionary Instances
Train Iris 29

Test s \ 51 ?5

Evaluation list

Target Modality %
[51)
g

. o
Cumulative gain
Predictor » charts of each
Q .
evaluations predictor
Predictor evaluations <> o 0 25 50 75 100
. ’ Population %
type name accuracy compression auc robustness gini
@ Fopulation @@ Optimal: Train [ Selective Naive Baye.. [l Optimal: Test [l Selective Naive Baye...
Train Selective Naive | 0.9898 0.9485 0.9998 0.9986 Random
Train Optimal 1 1 1 1
Test Selective Naive | 0.9215 0.7964 0.9853 0.9854 0.9706 Confusion matrix of Selective Naive Bayes - B
Test Optimal 1 1 1 1 1
Target Iris-setosa Iris-versicolor Iris-virginic
$lris-setosa 31 0 0
o .
Confusion Matrix of the | , . .

SeleCTed predictor $iris=virginica 0 1 31




Exercises A and B ...

A : Perform a supervised classification on sample database Iris

B : Perform a Supervised classification on sample database Adult

m) Interpret the analysis results



- Reg ression (supervised)

- Same as classification

with a numerical target variable

~» Khiops - O x
Data dictionary Tools Help

Data dictionary  Train database Parameters Results

Targetvariable | PetalLength -
Main target value -
Predictors Recoders Preprocessing System parameters

Selective Naive Bayes predictor

Feature engineering  Advanced predictor parameters

Max number of constructed variables 100=
Max number of trees 0= |n th|S Case, blval’late ana|y5IS
bl s O and tree construction are not

available!

Train model Deploy model...




Exploratory of regression results using

_.-A..

Khiops Visualization
]

= Khiops Visualization

File View Help Reportabug
A:\ !«(fgbooﬁzso:lon Projec Preparation  Modeling  Evaluation
= summary = Target variable stats
Dictionary : Iris values : 36
Database : C:\Program Files\khiops\sam min:1
ples\Iris\Iris.txt max: 6.9
[ ]
Rank Name Level Target parts Parts Values Type
Rl Class 0.1837 3 3 3 Categorical
R2 Petalwidth 01545 3 3 20 Numerical
R3 Sepallength 0.0925 3 3 30 Numerical
R4 Sepalwidth 0.0264 Numerical
Co-occurrence matrix of the selected
variable vs. the target variable. The color
represents mutual information:
* Inred: cells with frequency higher —
than expected
* In blue: cells with frequency lower
than expected
Name Derivation rule
Class

— ] X
o Informations
Evaluated variables : 4
Informative variables : 4
Discretization : MODL
Scale chart
Class
Internal Coverage Coverage
L‘q I
Target values | I (Class, Petallength) 4 Frequency
° _ e
L]
'z
T
=
o 0.3635
=]
-0.0437
Class
<> 4]« <> 4«
Values of Class Frequency Interval of Petallength

an fa.mal




Exercise C ...

C: Perform a regression of variable PetalLength of Iris

m) Interpret the analysis results



Correlation analysi

(unsupervised, bivariate)

S

|

(categorical, numerical, both)

Train a correlation model between two variables

« Khiops
Data dictionary Tools Help

Data dictionary Train database Parameters Results
Targetvariable

Main target value

Predictors Recoders Preprocessing System parameters

Selective Maive Bayes predictor

Eeature engineering Adyvanced predictor parameters

Max number of constructed variables 10045

Max number of trees =

5 &

Max number of variable pairs

1-Target variable must be empty

2 —Activate bivariate analysis
—————— a—Feature engineering pane

| b—Choice of a max number of pairs to analyze

Train model Deploy model...




Correlation analysis

(unsupervised, bivariate)

- Train a correlation model : advanced parameters

< Khiops

Data dictionary Tools Help

- [} X

Target variable

Main target value

Selective Naive Bayes predictor

Baseline predictor

Mumber of univariate predictors

Selective Maive Bayes

e

1—Target variable must be empty
2 — Inspect variable pair parameters

3 — Specify the pairs

Variable pairs file

Variable construction Variable pairs

Max number of variable pair\
All pairs

Specific variable pairs

a—import/export variable
pairs file
T b - all potential pair
c - individual pairs or families
- of variable pairs involving
certain variables to analyze

First name Second name

SepalLengtl ~ | SepalWidth e

PetalLength -~ | [gEEW \ e

/

parameters parameters parameters
Insert pair Remove pair Clear pair list
Specific pairs number 2
Train model Deploy model... Close




2 Exploratory of correlation results using

_..A._

Khiops Visualization

= Khiops Visualization
File View Help Reportabug

A KHIOPS
e, \fisualization

= summary
Dictionary : Iris
Database : C:\Program Files\ khiops\ samples\Iris\ Iris.txt
Instances : 150
Learning task : Unsupervised analysis
Sample percentage : 100
Sampling mode : Include sample
Evaluated variables : 5

5 Pair variables

Rank Name 1 Name 2 Level Variabl...
Rl Class Petalwidth 01445 2
R2 Class Petallengtt 01416 2
R3 Petallengtt PetalWidth 0.0823 2
R4 Class Sepallengt 0.0584 2
RS Petallengt! Sepallengt 0.0498 2

Variables pairs

Level distribution . <> e

Cells

Preparation 2D pane

Project Preparation Preparation 2D

Co-occurrence matrix
of the selected
variable pair

[ .
= Matrix Cells Standard Frequency

Co-occurrence | | (Class, PetalWidth) 4

G)\ Contrast
Lo |
L4 |
£
3 L
=
4_9 0.3662
o
o
LN
e
-0.3662
Class
<> 4|« <> s«

Values of Class Freguency Interval of PetalWidth



Exercises D, E, F and G...

D : Perform the correlation analysis of the two most correlated variables of Iris
(tip: analyze all pairs to identify the most informative)

E : ldem with variables PetalLength and PetalWidth

(tip: inspect the Variable pairs parameters)

F : Idem with new constructed variables PetalArea and SepalArea

(tip: use the derivation rule Product in dictionary,
see KhiopsGuide: sections « Derivation rules » and « Appendix »)

G : Perform the correlation analysis of all pairs of Adult involving variable native_country

m) Interpret the analysis results



2, Variable construction

- Parameters

redictors

<+ Khiops - m}
Data dictionary Tools Help

Feature engineering

Data dictionary Train database Parameters
Targetvariable | Class
Main target value |Iri
Predictors "Recpders Preprocessing System parameters

Selective Naive Bayes predictor

Feature engineering Adyanced predictor parameters

IMax number of constructed variables
Max number of trees

Max number of variable pairs

Train model Deploy model...

* Max number of constructed variables
*  to build an analyze table from a multi-table schema (see later)
- . automatic extraction of complex information to obtain accurate
v classifiers
Max number of trees
*  combines natives or constructed variables to extract complex
information
. better accuracy, at the expense of interpretability
100~
i ] Max number of pairs of variable
ol *  to understand correlation between variables
*  use rather for exploratory analysis rather than for better accuracy
Recommendation
*  start with few constructed variables, and increase incrementally
* idem for trees

no tree for simpler, faster and more interpretable predictors
more and more trees for more accurate predictors



Exercise H ...

A : Perform a supervised classification on sample database Letter
Build o, 10, 50 trees

m) Interpret the analysis results, and the trade-off between
number of trees, training time and test accuracy



Integration in information systems
B

Batch mode
to record and replay Khiops scripts
to perform any Khiops task from any programming language

see next slide

Khiops Native Interface (KNI)
dynamic link library (DLL) for online deployment of Khiops models
package to download from hitps://khiops.org

Python Khiops Library (pykhiops)
to perform any Khiops task from python
to inspect any Khiops analysis results from python
python package available from https://khiops.org

JSON file exports
Khiops dictionaries and analysis results can be exported from the Khiops tool

to exploit Khiops results from any programming language


https://khiops.org/
https://khiops.org/

Batch mode
N I

Khiops

Khiops Coclustering
& Khiops Covisualization
& Khiops Visualization

—  Start a Shell Khiops

B¥ Shell Khiops

@ Uninstall

doc -

1 Précédent

| Rechercher les programmes et fichiers o ‘

e ) o (.

Record a script « automatically» using

R e ot o = Khiops user interface
. L khiops —o my_script._kh

o = output

- Replay a script from the shell
khiops —i my_script._kh

Graver Nouveau dossier i = inpUT
i MNom Type ’
B logte I Replay a script from Windows Explorer
| logotxt Document texte . . . .
scenario,_khc Khiops Coclustering File I’Ighf CI|Ck on SCI’IpT flle
Ourvrir -

Execute Khiops Script



Exercise | ...

| : Record a script file, then replay it ...



% Deploy a model
N

Deploy model

- o x| Steps for model deployment

Deployment dictionary |Adult

Input database
Database files

- 1- Start from a modeling dictionary « Modeling.kdic »

Data root Path Dictionary Datatable file

Adult Adult C:\Program Files\khiopsisamples\AdultAdult bt

« In « Data dictionary » pane

Header line used

Field separator

Sample percentage

Sampling mode Include sample
Selection variable

Selection value

Detect file format

«  2- Choose the variables to deploy
+ Inspect the modeling dictionary In « Data dictionary » pane

100 by right-click in the “Dictionaries in file” list
. - Suppress the « Unused » tag from identifier variables
v « Select the prediction variables to deploy

- 3- Menu: « Tools -> Deploy model »

Output database
Database files
Data root Path Dictionary Data table file .
L] -
Adult | |Adu|t C:\Program Files\khiops\samples\AdultT_Adulttd ... 4 De ploy mOdeI d Ia Iog bOX

Header line used

Field separator

- Select deployment dictionary
- Select input database
___——  Select output database

Output format tabular / .
«  Click on « Deploy model » button

Deploy model ‘& Build deployed dictionary...

Close




Exercise J ...

J: Deploy a classifier on database Iris



Khiops Coclustering &

Khiops Covisualization

» Correlation analysis of two or more variables
using a hierarchical coclustering model

C  Khiops Coclustering

« Khiops Covisualization

* \\\\ * Exploratory analysis of Khiops Coclustering results

e using an interactive visualization tool



Khiops Coclustering &

Khiops Covisualization
A I

« Train a coclustering model

Use of Khiops Coclustering back-end tool

* Co-partition of two or more categorical or numerical variables

* At each level of the hierarchy, the merge of clusters with the minimum
information loss is performed

N

A
. . . . . \\
*  Write results in a coclustering report file « .khcj » Y

A , * Exploratory analysis of the results

NN . se of Khiops Covisualization tool

* Navigation in the hierarchy of models



C Train a coclustering model
B

« Step 1 : Open an existing dictionary
(ex: sample Adult.kdic)

- Description of variables to use during analysis

Available actions :

. — 5 x1° Open,Save, Save as, Close
Data di Tools Help e  Edition (menu « Dictionary file/Inspect current dictionary », or NotePad)
Data dictionary Database Parameters Results ® Reload dic’riondry file
Analysis dictionary | Adult | IS Build dictionary from data table
Dictionary file C:\Program Files\khiops\samples\Adultiddult kdic Dictionary Adult
Dictionaries in file {
Name Root Variables Categorical Numerical Derived Numerical Label;
Adult 16 10 6 0 Numerical age;
Categorical workclass;
Numerical  fnlwgt;
Categorical education;
Numerical  education_num;
Categorical marital_status;
Categorical occupation;
Categorical relationship;
Categorical race;
Categorical  sex;
Build dictionary from data table Reload dictionary file Numerical  capital_gain;
Numerical  capital_loss;
Train coclustering Numerical  hours_per_week;

Categorical native_country;
Categorical class;



© Build a coclustering model

- Step 2 : Specification of used database

. Khiops Coclusteri - O *
Data dictionary To
Data dictionary Database Parameters Results
Database files
Data root Path Dictionary Data table file
Adult Adult C\Program Files\khiops\samples\AdultiAdult be
Detect file format : heuristic help that scans
the first few lines to guess the file format.
[~ The header line and field separator are
Detect file format
Headerlins used updated on success, with a warning or an
Pl separatt error in the log window only if necessary.
Sample percentage 10015
Sampling mode Include sample W
Selection variable v
Selection value v
Train coclustering




C Build a coclustering model
S

- Step 3 : Specification of coclustering variables

. Khiops Coclustering - O X
Data dictionary Tools Help

Data dictionary Database Parameters Results

Coclustering parameters System parameters

Caclustering variables
Name
education v H
(_> Coclustering
occupation ~ é’ va riqbles
Insertvariable Remove variable
Frequency variable W

Train coclustering




© Build a coclustering model
S

. Step 4 : Results

L0 Khiops Coclustering
Data dictionary Tools Help

Data dictionary Database Parameters Results

Resultfiles directory | CorrelationEducationOccupation
Resultfiles prefix

Short description

Coclustering report | Coclustering.khc

Export JSON

Train coclustering

Directory where result file is written
Prefix (ex: in case of several experiments)
L
. . . . . . “‘ N
Synthetic coclustering report (cf. Khiops Covisualization) Za

Json report, to get the analysis results from external tools



C Build a coclustering model

2 |

- Step 5 : Start the analysis

& Khiops Caclustering [m| X
Data dictionary Tools Help
icti Result | | . . .
JERGEGTEY DERIEEE STRMEES R = = | CorrelationEducationOccupation - O *
Accueil Partage Affichage 0
* O2ex B3 M H
W -
Epinglerd Copier Coller Mouveau Propriétés Sélectionner
Accés rapide lil dossier @ 5 =
Result files directory | CorrelationEducationOccupation Presse-papiers Organiser Nouveau Quvrir
Result files prefix &« v « Adult » Correlatio... v O Rechercher dans : Correlatio.. @
Short description ~ Mom -
7 Accés rapide
Coclustering report | Coclustering khc 2. Coclustering.khcj
B Bureau - G c inakh
Export JSON v o oc ring.khc
L= ‘ Téléchargements b
@ Documents b
&=/ Images b
2 élément(s) =
Train coclustering

A ~

~x 2 - Inspect the results using Khiops Covisualization
(double-click on .khcj file)

1 — Train the coclustering



C Example: base Adult education*occupation

43

. Khiops Coclustering - ] X
Data dictionary Tools Help
Data dictionary Database Parameters Results
el System
. . .
° t t Caclustering variables
| iops Coclustering
P | equcation -
& p | occupation ~
. . .
° nalysis or pdir or variables =
d tion™ ti
Insertvariable Remove variable
 Khiops Covisualzation - 8 x Frequency variable -
View Help Reportabug
D EmEmmE 6 o o
Train coclustering
Hierorchy | occupation 4 @  Composiion @ © sle T selectedclusters o e
cluster terminaiCluster rank ity ame Current Cluster Nocl
- oA
- ow {Machine-op-inspcr, Transp: {Mochine-op-inspct, Transpt 5 1 occupation [ —
3 {Prot-specialty, Amod-Forces} {Machine-op-inspct, Transp:[Machine-op-inspct, Transpt 5 09132 education {prot-school Doctorate} 8
O {exec-manogerial} {Machine-op-inspet, Transp:  {Machine-op-inspct, Transp: & 07806
- Om
- Do
- DA A
e r— . N
O {craft-repair} \ | G
= Oas 1 (oceupation
O {other-serice] \
[ {Forming-fishing, Priv-house-serv} Cellstats F=6 EF=1315205 I=-0.0005 Total=01719
- e o \
O {acm-clerical, Protective-serv}
- b
iorarchy [ education 4 @ | Composiion (] o Q
]
cluser ypicaity value trequency
- O we g . . . . .
o e | iops Covisualization
O (Bacheiors} {Prof-school Doctorate] 07327 Doctorote 360
- DCies §
0 {masters} g H
Stz Explorat I f th It
CE g Xplorarory analysis o € resulrs
o |
O {Hs-grad}
- Dee
0 {n,totn,ath, .}
O {7th-ath, sth-th Ist-ath,..} N
- BI2 u l
[ {some-coliege} “oose7

oceupation
- Clee P



@

Exercise J ...

J: Train a coclustering model
on two categorical variables of sample database Adult

m) Explore the analysis results



@ Khiops Covisualization
B

= Khig) - *

- | Interactive hierarchy of

. Project Axis L' f L3 bl fe] (] &
—
variable #1 ist of variables
Hierarchy | occupation 4 ‘ o Composition @ <> s« T Selected clustdrs <> e
cluster terminalCluster rank typicality Name Current Cluster Nb CI
= Al
= AT {Machine-op-inspct, Transp: {Machine-op-inspct, Transpi 5 occupation {Machine-op-inspct, Transpt 9
O {prof-specialty, Armed-Forces} {Machine-op-inspct, Transp« {Machine-op-inspct, Transp: 5 0.8132 education {Prof-school, Doctorate} 9
O {Exec-managerial} [Machine-op-inspet, Transpe {Machine-cp-inspet, Transpr 5 0.7808
= A3
= A0
= Al3

{Machine-of Handlers-cleaners}

O {crait-repair}

_ AlE |I(occupuuomeducouon) 4 ‘ standard [

Infe ra Cﬁve hie rarc hy Of Cellstats F=6 EF=1315205 I=-0.0005 Total= 01719
variable #2 a

~-inspct, Transport-movi

Fal e
—— .
Hierarchy | education 4 | o Composition EI <> e« = O\
- [
cluster typicality value frequency
- B2 0.0357
= BS {Prof-school, Doctorate} Prof-school
O {Bachelors} {Prof-school, Doctorate} 0.7327 Doctorate 360
= B9 5
O [Masters} é
{Prof-school, Doctorate} é
= B4
o I
O bs-groa) I |
= B14
3 {nth,10th, 8th, ..}
[ {7th-8th, 5th-6th, 1st-4th, ..} o

- BI2 &l
1“' . -0.0357

O {some-college}

occupation
= B16 P



@ Khiops Covisualization
S

% Khiops Covisualization - *

File View Help Reportabug
<.  KHIOPS . )
=X Covisualization Project Axis External data Unfold hierarchy £ O =

Hierarchy | occupation 4 [ ) Composition @ <> o = Selected clusters <> e

cluster terminalCluster rank typicality Name Current Cluster Nb CI

= A7 {Machine-op-inspct, Transp« {Machine-op-inspct, Transpt &

occupation {Machine-op-inspct, Transpc 9

O {rrofspgeialeted ool {Machine-op-inspct, Transp«  {Machine-op-inspct, Transpt 5 0.9132 education {Prof-school, Doctorate} 9

O {exec-m [Machine-op-inspet, Transpe {Machine-op-inspet, Transp: 5 07806

-~ = | Composition of
selected cluster of

o «d variable #1

- A5 | I (occupation, education) 4 ‘ Frequency

O {other-service}

O {Formmgflishmg.Priwhouse*serv} Cellstats F=6 EF=1315205 I=-0.0005 Total=0.1719
= A8 Contrast
) ) Q
O {Adm-clerical, Protective-serv}
= ATl e
—— [ ]
Hierarchy | education 4 o Composition EI <> e« = O\
cluster typicality value frequency b
- B2 0.0357
= BS {Prof-school, Doctorate} Prof-school
O {Bachelor {Prof-school, Doctorate} 0.7327 Doctorate 360
- B9 C o 0 f g
A ] COMposition o g
a
>
0O {prof-sc | | f ko]
@
B selected cluster o

" 5ieod variable #2 B

- Bl4
3 {nth,10th, 8th, ..}
[ {7th-8th, 5th-6th, 1st-4th, ..} o

- BI2 &l
1“' . -0.0357

O {some-college}

occupation
= B16 P



@ Khiops Covisualization

% Khiops Covisualization

File View Help Reportabug
= @ o o

—==. Covisualization

Hierarchy | occupation 4 [ ) Composition <> 4+ = Selected clusters <> s«

M cluster terminalCluster rank typicality Name Current Cluster Nb CI
- A7 — occupation {Machine-op-inspct, Transpt 8
3 {prof-specialty, Armed-Forces} ¢ ) 0.9132 education {Prof-school, Doctorate} 9
O fexee manageria Co-occurrence matrix: direct 7606
= A3
=L visualization of both partitions

[ {Machine-op-inspct, Transport-moving, Handlers-cleane iOinﬂy. Color represents mU"’UqI
O {crait-repair}
‘ I (occupation, education) 4 | Frequency

- Cims information :

O {other-service}

Cellstats F=6 EF=1315205 I=-0.0005 Total=01718

O {Farming-fishing, Priv-house-serv} ° red: Ce”s With frequency higher
= AB Contrast
O {Adm-clerical, Protective-serv} Thqn expected a
= ATl 52
I * blue: cells with frequency lower @] o+ =* @
o than expected racuancy °
0.0357
= BB ol 517
3 {Bachelors} {Prof-school, Doctorate} 0.7327 Doctorate 360
= B9 g
O [Masters} §
= B4
= B6
O {Hs-grad} - -.
= B14
0 {(nth,10th, 8th, .}
[ {7th-8th, 5th-6th, Ist-4th, ..} ©
_ BI2 'Q . -0.0357

O {some-college}
occupation

= El6



@ Khiops Covisualization
S

“ Khiops Covisualization - X
File View Help Reportabug

EEmEmEm = 6 o o

—==. Covisualization

Hierarchy | occupation 4 o Composition @ <> s« T Selected clusters <> e
cluster terminalCluster rank typicality Name Current Cluster Nb CI
= Al
= AT {Machine-op-inspct, Transp: {Machine-op-inspct, Transpi 5 occupation {Machine-op-inspct, Transpt 9
O {prof-specialty, Armed-Forces} {Machine-op-inspct, Transp« {Machine-op-inspct, Transp: 5 0.8132 education {Prof-school, Doctorate} 9
O {Exec-managerial} {Machine-op-inspet, Trg)

e, Unfold Hierarchy allows to choose

= AlD
{Machine-of Handlers-cleaners} the COCIUSfering gl’GnUlqriT)’ H
O {crait-repair} . . . . I
- Cam optimal unfolding of each partition [ o
so as to keep the most informative

= Al3

~-inspct, Transport-movi

O {other-service}
O {rFarming-fishing, Priv-house-serv}
= AB

O {Adm-clerical, Protective-serv} model.
= All
. v
Hierarchy | education 4 o Composition EI <> e« = O\
cluster typicality value frequency

= B2
= BS {Prof-school, Doctorate} Prof-school

3 {Bachelors} {Prof-school, Doctorate} 0.7327 Doctorate 360

EF=1315205 I=-0.0005 Total= 01719

Contrast

0.0357

= B9
O {Masters}
= B4
= B6
O {Hs-grad} - -.
= B14

3 {nth,10th, 8th, ..}
[ {7th-8th, 5th-6th, 1st-4th, ..} o

- BI2 &l
1“' . -0.0357

O {some-college}
occupation

education

= El6



@ Khiops Covisualization

. Khiops Covisualization

File View Help Reportabug

Cells: 81

GCCOI’ding 1'0 fhe 1'01'CI| number Of Information rate: 100%

The evolution of information

clusters.

Information rate

Nb of clusters per dime
S
S

Total number of clusters

=

b of clusters per dimension @ occupation education

oM EG®D

2 3 4 5 6 7 8 9 10 11 12 13 10— 15 1 T
Total number of clusters

Nb of clusters per dime

Detailed number of clusters per
Nb of clusters per dimension dimension‘

numberOfCluster

dimension maxNumberOfCluster

occupation

education



Training a triclustering

.o

« Same as coclustering (Step 3) by inserting a third variable

< Khiops Coclustering
Data dictionary Tools Help

Data dictionary Database Farameters Results

Coclustering parameters  System parameters

Coclustering variables

Mame

education

occupation - The third variable

Sex

Insert variable Remove variable

Frequency variable

Train coclustering




Exploring a triclustering

. Khiops Covisualization

File View Help Reportsbug

- KHIOPS
==& Covisualization

Hierarchy ‘ education 4 | o

= A3
O {Bachelors}
Al2
0 {Mmasters}
3 {prof-school, Doctorate}
= AB

- A9
O {Hs-grad}
- A6
) {7th-8th, 9th, 5th-6th, .}
3 {nth,10th,12th}

= AlS

O {some-college}

_—. . L
Hierarchy ‘ occupation 4 ‘ o
- B2

- B4
- B7
 l:}

O {proi-specialty}

O {exec-managerial}
= B13

= Bl14

O {sales}

1 {Tech-support}
{Protective-serv, Armed-
Forces}

BE

O {adm-clerical}

Project Axis Context
L]
Composition IE] > ae =
cluster typicality value frequency
{Bachelors} 1 Bachelors 8025
{Masters} 1 Masters 2657
{Prof-schoaol, Doctore 1 Prof-school B34
{Prof-school, Doctorc 0.7294 Doctorate 594
L]

Composition
cluster

{Execlnagerial}

2 main variables

1 Exec-managerial

Selectey

Name

education

occupation

sex {Male} 2

‘ | (education, occupation) 4 Conditional

on context

Standard Fi

Cell stats F=5570 EF=25652548 I|=0.1453 Total=11837

contrast

0.0625

occupation

.|
[

-0.0625
education




52

Exploring a triclustering

Context pane

“ Khiops Covisualization

File View Help Reportabug

~.  KHIOPS
——==. Covisualization

Hierarchy ‘ Sex 4 ‘ o
- Cl
{Male}
B {rFemale}

Project Axis Context
° .
Current clusters < e = Annotation of {Male}
Type an annctation
Name size
{male} 1
{Female} 1

cluster typicality

Selected clusters
Name

Current Cluster

education

eccupation

EEm(= @ o -

<> e

Nb Clusters

sex {Male}

| I (education, occupation) 4

Cellstats F=5570

occupation

S|
G | —

Conditional
on context

Standard

EF= 25652548 1=01453 Total=11937

Contrast

0.06256

-0.0825
education




Exploring a triclustering
I

= Khiops Covisualization
File View Help Reportabug

UNFOLD HIERARCHY

Number of clusters : 8

Information rate

Nb of clusters per dime

=

b of clusters per dimension

Choose a hierarchy
with 2 X 3 X 3 clusters
(with optimal
information)

cancel

Cells: 18
Information rate: 69.2%

13

Total number of clusters

@ education occupation [l sex

w
£
o
17}
a
a
2
@
=
&l
k]
a
=z

Nb of clusters per dimension
dimension

education
occupation

sex

13

Total number of clusters.

numberOfCluster maxNumberOfCluster

foldunfold




Exploring triclustering

% Khiops Covisualization - O ®

File View Help Reportabug

~.  KHIOPS i
X Covieualization Project Axis Context Unfold hierarchy E e 0O &

R ®
Hierarchy education 4 o Composition @ <> e = Selected clusters <> |«

cluster typicality value frequency Name Currgp#Cluster Nb Clusters

+ A8 {Hs-grad} Hs-grad 15784 education

{7th-8th, 9th, Sth-6tt 1 7th=-8th 955 occupation
{7th-8th, 9th, 5th-6tt 0.8213 @th 58X {male} 2
{7th-8th, 9th, 5th-6tt 0.8133 5th-6th 509
{7th-8th, oth, 5th-6tF  0.4292 Tst-4] 247
kschool 83,

Uneducqfed men hdve h 1389 1 (education , occupation) A.‘ g Sonditional

657

physica I OCCU quions Cell stats F=7636 [F=51957237 |=0.0900 Total= 01315
.
Contrast
Hierarchy | occupation 4 o Composition
cluster typicality L
- 82 00576
= B4 {Craft-repair} Craft-repair
+ B7 {Transport-moving} Transport-moving
c
{Handlers-cleaners} 1 Handlers-cleaners 2
<]
{Farming-fishing} 1 Farming-fishing 3
8
<]
L
=
-0.0576

education




Exploring a triclustering

“ Khiops Covisualization

File View Help Reportabug

A+ KHIOPS

m]

X

unfold hierarchy ‘E E e ID IQ

Nb Clusters

EF=348.6611

I=0.0146 Total= 0.0707

Conditional
on context

{Handlers-cleaners} 1

{rarming-fishing} 1

== Covisudlization Project Axis Context
— )
Hierarchy education 4 o Composition EI <> 4+« = Selected clusters
cluster typicality value frequency Name Current Cluster
= A3
+ A8 {Hs-grad} education
- AS {7th-8th, oth, 5th-6tr 1 7th-8th occupation
{7th-ath, ot 5th-6r 05213 o fremae]
+ A18 {7th-8th, 9th, 5th-6tt 0.8133 5th-6th
[Zth-8th oth, Sth-6tk 04292
h 0 | | (education, occupation) 4
Cell stats  F=542
.
occupations.
Hierarchy occupation 4 | o Composition
cluster typicality value
= B2
= B4 {craft-rep 1 Craft-repair
+ B7 {Tmnsport—muvmg} 1 Transport-moving

Handlers-cleaners

Farming-fishing

occupation

A ]

education

Standard

<>

o«

Ccontrast

0.0578




C Exploiting a coclustering model
B

c Khiops Coclustering

Data dictionary Tools Help

Data dictionar Train coclustering Ctrl+T
Simplify coclustering... Ctrl+|
Analysis dictiol
Extract clusters... Ctrl+E
Dictionary file Prepare deployment.. Ctrl+P

- Tools menu
- Train coclustering

Input: dictionary and database file
Train a coclustering model

- Simplify coclustering
Input: coclustering model
Build a simplify coclustering model given user constraints

- Extract clusters
Input: coclustering model
Extract clusters in a text file for a given coclustering variable

. Prepare deployment
Input: dictionary and coclustering model
Enables the deployment of a coclustering model on new data by the means
of a Khiops deployment dictionary
See multi-table section of the tutorial



C Simplifying a coclustering model

(. Coclustering simplification - O X
Input coclustering report | C:\Program Files\khiops\samples\AduliCarrelationEducationOr

Simplification parameters Results
ShartDescription i
Instance number 48842

L[] L] L] L] L]

o [ - Steps for coclustering model simplification
Cell number 81
WMax cell number 0%
M dinformati oz . .

auprssenes momaten | « 1- Select input coclustering (.khc)
Total part number 138
Max total part number : 0=

Caoclustering variables . . ofe . .

- 2- Specify user simplification constraints

Type Name Partnumber  Max part number

Categorical education ] = ° MGX Ce” nUmber :

Calegorical | occupation | 8 E - max number of cells to keep in the simplified coclustering

- Max preserved information
I max percentage of information to keep in the simplified coclustering
Frequencyvanacts ! +  Max total part number
Selectinput coc\ustenngﬁ Simplify coclustering Close max for the sum of the part number per coclusfering variable

«  Per coclustering variables (in the array)

Max part number
max number of part to keep for this variable in the simplified coclustering

(O : no constraint)

\ - 3- Select result files directory
Result files directory C:\Program Files\khiops\samples\Adult/CorrelationE | ..

Resul e prf «  4- Click on « Simplify coclustering »

Simplified coclustering report | SimplifiedCoclustering.khc

€ Coclustering simplification - O x

Input coclustering report | C:\Program Files\khiopsisamples\AdultiCorrelationEducationO« ~

Simplification parameters Results

Export JSON

: el

Select input coclustering... Simplify coclustering éose




C Extracting clusters in a text file
N

Foy— ~ o x - Steps for cluster extraction

Input coclustering report | C:\Program FileS".l-Ihi-j{ Elsamples\adultiCorrelationEdt

Simplification parameters Cluster parameter Results <

- 1- Select input coclustering (.khc)

———  2- Specify user simplification constraints

—  3- Select coclustering variable containing the clusters

Coclustering variable e

4- Select result files directory

/— 5- Click on « Extract clusters »
- —

Select input coclustering..™ Extract clusters Close

Output cluster file
«  Text file with header line and separator tabulation

«  Columns:
Cluster: name of the cluster (group of values)
Valve: name of the value contained in the cluster
Frequency: frequency of the value
Typicality: interest measure of the value within its cluster



@

Exercise K, L ...

K : Simplify previously built adult coclustering model
Keep 50% of the information in the model

m) Explore the simplified analysis results with Khiops covisualization

L : Extract clusters from variable education of adult coclustering model

m) Inspect the cluster file with a text editor



Multi-table functionalities

. Multi-table functionalities
ﬁ «  Multi-table database
- Automatic feature construction
Multi-table functionalities in Khiops and Khiops Coclustering



-2« Why extending to multi-table?

- Why extending to multi-table?
Most data mining tools work on instances™variables flat tables
Real data often have a structure coming from databases
- The input representation is richer using multi-table specification
- Data mining methods may benefit from explicit richer domain description

- Real data is usually structured Customer
E I #id customer: Cat Usage
’ qup e Name: Cat #id customer: Cat
. Marketing: Customer with shopping list Age: Num Product: Cat
Web analytics: cookie with web log Usages: Table (Usage) useDate: Date
. . . . MainAddress: Entity (Address)
Telecommunications: Customer with call detail records Class: Cat
Bioinformatics: DNA segments with ordered list of nucleotides Address

#id customer: Cat
StreetNumber: Num
StreetName: Cat

- Data mining with structured data requires a lot of data preparation City: car

Constructing a representation in a flat table

Expert knowledge necessary to constructed new variables

Time expensive process to get a flat table usable for data analysis
This process is unreliable

Risk of missing informative variables
Risk of constructing and selecting irrelevant variables




== Khiops multi-table
B

- Khiops can deal with multi-table databases
- star schema: one root entity and several 0-1 or 0-n secondary entities
- snowflake schemas and beyond

- Impact on Khiops

Multi-table dictionary
to describe star-schema input representation

Multi-table database

to store input data on multiple files

Feature construction language
to drive automatic feature construction

Sort functionality on large files

Powerful analytic functionalities
Automatic feature construction
Recoding of multi-table databases to get a flattened representation
Modeling and deployment at the multi-table level

- Impact on Khiops Coclustering

Deployment of coclustering models
For example, given a text*word coclustering model, assign new texts to their closest cluster



== Khiops multi-table
B

Khiops can deal with multi-table databases
star schema: one root entity and several 0-1 or O-n secondary entities
snowflake schemas and beyond

Impact on Khiops
\/ . Multi-table dictionary

to describe star-schema input representation

Multi-table database
to store input data on multiple files

Feature construction language
to drive automatic feature construction

Sort functionality on large files

Powerful analytic functionalities
Automatic feature construction
Recoding of multi-table databases to get a flattened representation
Modeling and deployment at the multi-table level

All other Khiops functionalities are available similarly
Classification, regression, correlation analysis
Deployment, recoding, evaluation



== Khiops multi-table
B

Khiops can deal with multi-table databases
star schema: one root entity and several 0-1 or O-n secondary entities
snowflake schemas and beyond

|
[
.

Impact on Khiops
\/ . Multi-table dictionary

to describe star-schema input representation

Multi-table database
to store input data on multiple files

Feature construction language
to drive automatic feature construction

Sort functionality on large files

Powerful analytic functionalities
Automatic feature construction
Recoding of multi-table databases to get a flattened representation
Modeling and deployment at the multi-table level

All other Khiops functionalities are available similarly
Classification, regression, correlation analysis
Deployment, recoding, evaluation



Star schema
3

- One root entity
- secondary tables in O-1 relationship: Entity

- secondary tables in O-n relationship: Table

Customer
] - 0 Usages
*id customer Categorical
— - 0 Address Usage

°Name : Categorical N =
‘id_customer Categorical
°Product: Categorical
°Time Timestamp
°Duration Numerical

Address
1

*id customer
9StreetNumber Numerical
9StreeName Categorical
°City Categorical




Snowflake schema
B

- One root entity
- secondary tables in O-1 relationship: Entity

- secondary tables in O-n relationship: Table

- Each table may have secondary tables

Customer
" ) 1 0 Services
id customer Cateqor}ca 0 Aduress Service
°Name : Categorical N

*id customer Categorical
*id product: Categorical 0 Usages
°Product Categorical Usage

*id customer Categorical
*id product Categorical
°Time Timestamp
Address °Duration Numerical

¢id customer

°StreetNumber Numerical
°StreeName Categorical
°City Categorical

. Example in samples/Customer

- detailed explanations in sample



External tables

.

- One root entity
- secondary tables in O-1 relationship: Entity

- secondary tables in 0-n relationship: Table

- Each table can have secondary tables

- External tables
- to reuse common table shared by all analysis entities
- can be referenced from any table, with specific keys

Customer
*id customer Categorical § Services
= 0 2ddreas | Service
Name : Catec-xorical - - 0 Usage
’1d_cu5‘tomer Categorical D ——
*id product: Categorical — —
| Usage
N . .
id customer Categorical
*id product Categorical
| °Time Timestamp
1 Address °Duration Numerical
*id customer |
°StreetNumber Numerical
9StreeName Categorical
°City Categorical |
r____________I
1
Product
tid product: Categorical
°Product Categorical
°Price Numerical

. Example in samples/CustomerExtended

- detailed explanations in sample



== Multi-table schemas: synthesis
oo

Khiops 8.0:
- from mono-table to star schema

- Automatic variable construction
- a technological disruption

Khiops 9.0:

]
extended data schema ﬁ

- Snowflake schema

- External data

- Multiple snowflake schema <%




%= Example of a multi-table database
B

French road accidents database

\\|//
The AccidentsSummary is described using the following star schema: Q"ﬂ

Accident

| -=- 1:n -- Vehicle

Each accident has associated one or more vehicles. In the Khiops dictionary Accident-Vehicle 1:n
relationship is described with the Table keyword. The key linking both tables is AccidentId.

Obijective: predict fatal traffic accidents (target variable: Gravity field of Accident table)



<%= Build a multi-table dictionary

o4
- Step 1: Build one dictionary per data table

«. Dictionary builder -

inpu cata e . a : Build the first dictionary for the Accidents. txt table

Data table file C\Applications\khiop: cidents SummanfAccidents.bd |ﬁ

Detect file format

Header line used [

| Build dictionary from data table... Reload dictionary file
Field separator A
Tr_m madel Deploy model...

Show first lines

Dictionary file
Existing dictionaries .I . In pCIrle

Name . . . .
* Click on button Build dictionary...
2. Build the first dictionary
Ty P SR l * Specify the data table file: accidents. txt
.+ Dictionary builder — O e 4 BUiId The diCﬁOﬂCll’y
glatuttdzll:lal;ble o . : Jccsonent 2 Diction... — O % SpeCif)’ The diCﬁOﬂCﬂ'y name : Accident

e Enter a name to validate the dictionary
Header line used []

Dictionary name | Accident f
Field separator

Cancel

Show first lines

Existing dictionaries

Mame '

Build dictionary from data table Close




<%= Build a multi-table dictionary

S
- Step 1: Build one dictionary per data table

. b : Repeat for the Vehicles. txt table

_ Dictionary builder — O *

Input data table
Data table file Ch\Applications\khiopsisamples\Accidents SummanWehicles bt

Detect file format

Header line used

Field separator

Show first lines

Existing dictionaries

Mame

Accident

Build dictionary from data table Close




%= Build a multi-table dictionary
N

- Step 1: save the constructed dictionary into a .kdic file

Dictionary builder - [m] x
Input data table . . . .
Data table file CMpplicationsikhiopsisamples\dccidents SummanyiVehicles bt . 4. que |n dlCTIOI‘]GI’y flle
Header line used [ o ° Close
Fild separaor * Specify the dictionary file name:

Show first lines A A A
AccidentsTutorial .kdic

Existing dictionaries S
D
Name qve
— . Save under | %
Look in: Accidents Summary i =F Ea-

| Accidents kdic

“;IH

Recent ltems

| J

Build dictionary from datatable | | Close |4

Desktop ! ) . )
Khiops - o X File name: AccidentsTutorial kdic Save
Data dictionary Tools Help A
Data dictionary Train database Parameters Results L Files of type: Dictionary Files (*.kdic) ~ Cancel
Analysis dictionary Accident v
Dicionaryfile |G Tutorial kdic

Dictionaries in file

Name Root Variables Categorical Numerical Derived
Accident ‘ ‘ 12 |7 ‘ 3 ‘0
Vehicle \9 |7 \ 2 \o

Build dictionary from data table: Reload dictionary file

Train model Deploy model.




<%= Build a multi-table dictionary

.

- Step 2: Describe the table relationships in the .kdic file

5. Open the dictionary file

with a text editor

5.1 Specify the root entity

5.2 Fix the types of the fields in green

5.4 Specify the relation between

the root entity and the secondary entity
Add a variable per relation to root dictionary

* Table for O-n relationship
e Entity for 0-1 relationship

6. Save the dictionary file

———> Root Dictionary Accident (AccidentId)€———

{

Categorical
Categorical
Date Date;

Time Hour;
Categorical
Categorical
Categorical
Categorical
Categorical
Categorical
Categorical
Categorical

};

{

Categorical
Categorical
Categorical
Categorical
Numerical

Categorical
Categorical
Categorical
Categorical

> Table (Vehicle) Vehicles;

Dictionary Vehicle(AccidentId, Vehicleld) &=

AccidentId;
Gravity;

Light;
Department;
Commune ;
InAgglomeration;
IntersectionType;
Weather;
CollisionType;
PostalAddress;

AccidentId;
Vehicleld;
Direction;
Category;
PassengerNumber;
FixedObstacle;
MobileObstacle;
ImpactPoint;
Maneuver;

5.3 Specify the key fields

for each entity
Key fields must be Categorical
and not derived



ﬁ Sorll- dqll-q beIe files (if necessary)
sy

For multi-table analyses data table files must be sorted by their keys
* Sorting is done only once before any Khiops analysis

. Note: Records of the root table must be unique by key
* It is necessary for efficiency, specially when treating large databases
. Records of the root and secondary tables are read synchronously from their data table files
Khiops
Data dictionary Tools Help
Nﬁata dldlcn;r Check database 74
Sort data table by key... . . . .
s ko IRV 1. Open the multi-table dictionary file
e Sll= This allows to obtain the definition of the tables to sort
Data table sorter - m] X

Sort dictionary |Accident

Sortvariables

Name

Accidentld

2. Menu: Tools — Sort data table by key

In the Data table sorter window, for each data table to sort

\z

Input data table

Default key variables Insert variable Remove variable

-
Databasefile | KhiopsisamplesiccidentsSummantaccidents.bd | .. €

2.1 Specify the sort dictionary

Header line used

Field separator

Output data table

Detect file format

Header line used

Field separator

Database file ‘Sﬁnccidems.hrﬂ ": €

2.2 Specify the sort variables
Default key variables to use the keys defined in dictionary

Sort data table by key Close

2.3 Specify the input and output data table files

— 2.4 Sort

*  The output file is sorted by key
e All native variables are kept (used or not in the dictionary)
* Derived variables are ignored




= Supervised classification
1

« Step 1, bis : Open the Accidents.kdic dictionary file

o Khi — O *
Data ry Tools Help

Data dictionary Train database Parameters Results

Analysis dictionary |Accident ~
Ana IYSIS d IChonq rY Dictionary file } C\Applications\khiopsisamplesiAccidents Summarny\Accidents kdic
Dictionaries in file
. Name Root Variables Categorical Numerical Derived

ROOf enhfy Accident 13 10 L+] L+]

H Vehicle 9 8 1 L+]
Secondary entity

Build dictionary from data table... Reload dictionary file

Train model Deploy model. ..




= Supervised classification

S

. Step 2 : Specify train and test databases

- Specify the root and secondary data table files

~ Khiops - O X
Data dictionary Tools

Data dictionary Train database Parameters Results

Database files

Data root Path Dictionary Data table file
Accident Accident C\Applicationsikhiops\samples\AccidentsSummarny\Accident | ... Roof dqfq 1c|b|e files
Accident Vehicles Vehicle C:\Applications\khiops\samples\iccidentsSummary\Wehicles |

Secondary data table file

Detect file format
Header line used

Field separator

Sample percentage b=
Sampling mode Include sample v
Selection variable v
Selection value ~
Test database Complementary v

Inspect test database seftings...

Deploy model...




= Supervised classification
2

- Step 3 : Parameters

Khiops - O X
Data dictionary Tools Help
. Data dictionary Train database Parameters Results
Target vquclble Targetwvariable | Gravity v
Main ta rget value Main target vaﬁ Lethal v
F'I'EUICWTS Recoders Preprocessing System parameters
Selective Naive Bayes predictor
Feature engineering Advanced predictor parameters
Max number of constructed variables 100%
Max number of trees 10f%
Max number of variable pairs 0=
Train model Deploy maodel. ..




= Supervised classification

2

- Step 4 : Variable construction parameters

Variable construction parameters

Optional

Choice of construction rules —=

Construction rules

Used Family Name Label
Entity GetValue Mumerical value in a sub-entity
Entity GetValueC Categorical value in a sub-entity
Table TableCount Mumber of instances in a table
Table TableCountDistinct | Number of distinct values in a table
Table TableMax Max ofvalues in a table
Table TableMean Mean of values in a table
Table TableMedian Median of values in a table
Table TableMin Min of values in a table
Table TableMode Most frequent value in a table
Table TableSelection Selection from a table for a given selection criterion
Table TableStdDev Standard deviation of values in atable
Table TableSum Sum ofvalues in a table
(| Date Day Day in a date
[ Date DecimalYear Year with decimal part for day in year
] Date WeekDay Day inweek in a date
[ Date YearDay Dayinyearin a date
] Time DecimalTime Decimal hour in day
[ Timestamp DecimalWeekDay Week day with decimal part for fraction of days
] Timestamp DecimalYearTS Year with decimal part for day in year, attimestamp precision
[ Timestamp GetDate Get date from timestamp
O Timestamp GetTime Get time from timestamp
[ TimestampTZ | LocalTimestamp Local timestamp from a timestampTZ
Default Select all Unselect all Close




= Supervised classification
B

. Step 5 : Analysis results

Khiops
Data dictionary Tools Help

Data dictionary Train database Parameters Results

ReSUHS files direCfory Resultfiles directory> Results
Resultfiles prefix
Short description
Preparation report PreparationReport.xls

2D preparation report | Preparation2DReportxls
Modeling dictionary file | Modeling. kdic

Modeling report ModelingReportxls

Train evaluation report | TrainEvaluationReport.xls
Test evaluation report | TestEvaluationReport.xls

JSON report AlIReports.khj

Train model Deploy model...




= Supervised classification
B

- Step 6 : Start the analysis

% Khiops - o X | @ 9 < | Results
Data dictionary Tools Help
- Home Share View
Data dictionary Train database Parameters Results
&« v <« samples » AccidentsSummary * Results v | O
w
Mame Size
Resultfiles directory  Results B| TrainEvaluationReport.xls 45 KB
Resull files prefix B3| TestEvaluation Report.axls 43 KB
Short description B PreparationReport.xls 195 KB
Preparation report PreparationReport.xs B Mod E“”gREPU‘rt-XIS 2KB
20 preparation report | Preparation2DReport xls @ Med eling.kdic 3TKB
Modeling dictionary file | Modeling.kdic - AllReports.khj 366 KB
Modeling report ModelingReportxls
Train evaluation report | TrainEvaluationReport.xls
Test evaluation report  TestEvaluationReportxls b items
JS0N report AllReports khj
Train model Deploy model..
A'h-u.
1 - Train model ~ 2 - Inspect the results using Khiops Visualization
—_

(double-click on .khj file)



e
o

— Khiops Visualization
_ 8L |

. Exploratory of classification results using

% Khiops Visualization

= Summary Target variable stats [ Lethal [l NonLethal

Dictionary : Accident 1
Database : C:\ Applications \ khio
ps\samples\ AccidentsSummar
y\Accidents.txt

Target variable : Gravity
Instances : 40470

b amemiom bmals s S lmaiflastiam s

L]
Level distribution El <> a4l =

108 Variables

Rank MName Level Parts Val. Type

ROO3 CollisionType 0.0360 3 8 Categorical
RO04 Mode(Vehicles FixedObstacle) 0.0304 3 8 Categorical
ROOS5 Commune 0.0253 2 79 Categorical
ROOG Light 0.0234 4 5 Categorical
ROO7 Mux(VehicIes.PcssengerNumber) where FixedObstacle = None 0.0207 2 67 Numerical
ROOB Meon[VehicIes.PussengerNumber) where FixedObstacle = None 0.0207 2 85 Numerical
ROOS Median(Vehicles,PGssengerNumber] where FixedObstacle = None 0.0207 2 [o1:] Nurmerical
RO0 Min(VehicIes.PossengerNumber] where FixedObstacle = None 0.0207 2 35 Numerical
RO Sthev(VehicIes.PossengerNumber) where FixedObstacle = None 0.0207 2 76 Numerical
RO12 Sum(Vehicles.PussengerNumber) where FixedObstacle = None 0.0207 2 68 Numerical
RO13 Count(Vehicles) where FixedObstacle = None 0.0205 3 n Numerical
RO15 Max(VehicIes.F'ussengerNumber) where Fix*bstclcle < None 0.0203 2 31 Numerical
nAe LW PR [ PR TR AP, PRI RpAST Y RPN RORpn TP SRy 0 Y. VRSP PR Y P nAnAs - a0 [ PP o |
Name Derivation rule

Count(Vehicles) where FixedObstacle <> None TableCount( Vehicles where FixedObstacle <> None’)

Constructed variable

Constructed variable nanle

derivation rule

File View Help Reportabug PrepCl rGflon
-~
_‘:‘;: 5\";"ucf’]ﬁzsgtiom Project Preparation Tree preparation  Modeling

05

Evaluation o D @

@ niormations

Evaluated variables : 108

Constructed variables : 100

Informative variables : 66
Discretization : MODL
Value grouping : MODL

Scale chart

Count(Vehicles) where FixedObstacle <> None

Internal Coverage

80

60

40

20

[0,0.5] 10.5,9]

Target
distribution

B Lethal

B nonLethal Values 4 l l Probabilities 4

] .
Jo.5.9]

Current interval <> |+

100

[0,0.5]

Interval of Count(vehicles..

[0,05]




Example of a complex
multi-table database

French road accidents database (full version)

This the full version of the AccidentsSummary dataset.

It is described using the following snowflake schema:

Accident m.\‘“@
® ()

-- 1:n -- Vehicle

|-- 1l:n -- User

-- 1:1 —-- Place

Each accident has associated one or more vehicles and one unique place. The vehicles involved in
an accident have in turn associated one or more road users (passengers and pedestrians).

In the Khiops dictionary the Accident-Place relationship (1:1) is described with the Entity
keyword, whereas the Accident-Vehicle and Vehicle-User relationships (1:n) with the Table

keyword.

Obijective: predict fatal traffic accidents (target variable: Gravity field of Accident table)



= Supervised classification
B

« Step 1 : Open the Accidents.kdic dictionary file

o Khi
Data ry Tools Help

Data dictionary Train database Parameters Results

Analysis dictio narsﬁccide nt

Analysis dictionary

Dictionary file C\Applications\khiopsisamplesiAccidents\Accidents kdic

Dictionaries in file

. Name Root Variables Categorical Numerical Derived
Root enfity Accident 17 11 2 1
> | Place 18 14 4 0
> | User 12 11 1 0
Secondary entities > Venicle 10 8 1 0
Build dictionary from data table... Reload dictionary file

Train model Deploy model. ..




= Supervised classification
B

. Step 2 : Specify train and test databases

«  Root and other data table files have to be specified

Khiops - O X

Data dictionary Tools

Data dictionary Train database Parameters Results

Database files

Data root Path Dictionary Data table file L

Accident Accident C\Applicationsikhiops\samples\Accidents\Accidents bd Roof dqfq 1c|b|e files

Accident Place Place C:\Applications\khiops\samples\Accidents\Places. bt

Accident Venhicles Vehicle C:Wpplications\khiops\samples\Accidents\Wehicles b - €

Accident Vehicles'Users User C:\Applications\khiops\samples\Accidents\Users b > Secondqry data table files
]

Detect file format
Header line used
Field separator
Sample percentage b=
Sampling mode Include sample
Selection variable

Selection value

Test database Complementary

Inspect test database seftings...

Train model Deploy model...




= Supervised classification
B

- Step 3 : Parameters

Khiops - O X
Data dictionary Tools Help
. Data dictionary Train database Parameters Results
Targe’r vquable Targetwvariable | Gravity v
Main target value T .
Predictors Recoders Preprocessing System parameters
Selective Naive Bayes predictor
Feature engineering Advanced predictor parameters
Max number of constructed variables 10015
Max number of trees 10f%
Max number of variable pairs 0=
Train model Deploy maodel. ..




= Supervised classification
B

- Step 4 : Variable construction parameters

Khiops - m} >
Data dictionary Tools Help

Data dictionary Train database Parameters Results

Targetvariable | Gravity w
Main target value | [SE3ikE] w
Predictors Recoders Preprocessing Syste rameters

Selective Maive Bayes predictor

Feature engineering Advanced predictor parameters

Optional
Baseline predictor O
Choice of construction rules D .
MNumber of univariate predictors 0=
\ 4
Selective Naive Bayes Variable construction Variable pairs
parameters parameters parameters

Train model Deploy model...




= Supervised classification
B

- Step 4 : Variable construction parameters

Variable construction parameters - O X
Construction rules
,__.Used Family MName Label
Entity GetvValue Mumerical value in a sub-entity
Entity GetValueC Categorical value in a sub-entity
Table TableCount Mumber of instances in a table
Table TableCountDis | Number of distinct values in a table
Table TableMax Max of values in atable
Table TableMean Mean of values in a table
Table TableMedian | Median of values in a table
Table TableMin Min of values in a table
O ﬁonal Table TableMode Most frequent value in atable
p Table TableSelection | Selection from a table for a given selection criterion
Choice Of CO”STI’UCTiOﬂ rules —_— Table TableStdDev | Standard deviation of values in a table
Table TableSum ‘Sum ofvalues in a table
Il Date Day Dayin a date
Il Date DecimalYear | Year with decimal part for day in year
O Date WeekDay Dayinweekin a date
Il Date YearDay Day in yearin a date
O Time DecimalTime | Decimal hour in day
Il Timestamp DecimalWeekl | Week day with decimal part for fraction of days
Il Timestamp DecimalYearT: | Year with decimal part for day in year, attimestamp precision
Il Timestamp GetDate Get date from timestamp
O Timestamp GetTime Gettime from timestamp
S——
Default Selectall Unselectall Close




= Supervised classification
B

. Step 5 : Analysis results

Khiops
Data dictionary Tools Help

Data dictionary Train database Parameters Results

ReSUHS files direCfory Resultfiles directory> Results
Resultfiles prefix
Short description
Preparation report PreparationReport.xls

2D preparation report | Preparation2DReportxls
Modeling dictionary file | Modeling. kdic

Modeling report ModelingReportxls

Train evaluation report | TrainEvaluationReport.xls
Test evaluation report | TestEvaluationReport.xls

JSON report AlIReports.khj

Train model Deploy model...




= Supervised classification
B

- Step 6 : Start the analysis

- Khiops — [m] X Iﬂ - R.ES-UItS - D :X:
Data dictionary Tools Help D . )
. . Fichier Accueil Partage Affichage 9
Data dictionary Train database Parameters Results
= v « Accidents » Results w | [ Recherch.
— ﬁ T
A
Resultfiles directory  Results I_‘-I Documents Nom
Result files prefix — |r'|"|E ES . )
= 9 & TrainEvaluationReport.xls
Short description .
Preparation report PreparationReport.ds J’ MLIS-IqLIE |E_j TEStEVElUEtlDﬂH.EF'Dl’t-XIS
20 preparation report | Preparation2DReport xls " DhJEtS- ED @] PrEparatiDnREpDrt.}{ls
Modeling dictionary file Modeling.kdic @ .
i ModelingReport.xls
Modeling report ModelingReportxls ke Flrl:lf ErDUIlC] :v] g FI
Train evaluation report | TrainEvaluationReportxls ' Téléchargements _I MDdE“ﬂg-kdlC
Test evaluation report | TestEvaluationReportxls | | d . __':_ A”REPDI"tS.khJ
JS0N report AllReports khj Utl |53tEL| rs |: _tDrna D-
B Vidéos v £ >
B élément(s) =
Train model Deploy model..
-
1 - Train model T 2 - Inspect the results using Khiops Visualization
_.-A..

(double-click on .khj file)



. Exploratory of classification results using

-
L.

— Khiops Visualization
o §

= Khiops Visualization P 1.. - [m| X
File View Help Reportabug repqrq ion
L~
~ KHIOPS . . . . '
~_ Visualization Project Preparation Tree preparation Modeling Evaluation o (] [
= Summary Target variable stats [l Lethal [l Nonlethal o Informations
Dictionary : Accident 1 Evaluated variables : 112

Database : C:\Applicotions\khiops\SompIeS\A ) Constructed variables : 100
ccidents\ Accidents.txt ’ Informative variables : 84
0

Target variable : Gravity Discretization : MODL
Instances : 40470 Value grouping : MODL

L Scale chart
112 Variables Level distribution @ < s = Mean(Vehicles PassengerNumber) where FixedObstacle <> None ®
Rank Name Level 1 Parts Values Type
Internal Coverage Coverage

tn

RO0S Mode(vehicles FixedObstacle) 0.0304 3 18 Cate 80
RO10 Latitude 0.0297 1 3391 Nurmy :2
RON Commune 0.0253 2 79 Cate 20
ROI12 Light 0.0234 a4 5 Cate ’ Missing 10.900]
RO13 Mean(Vehicles PassengerNumber) where FixedOt  0.0208 2 a5 Nurm
RO14 Median(Vehicles.PassengerNumber) where Fixedt 0.0206 2 69 Nurm Target distribution @ Lethal @ Nontethal l Values 4 l l b4 l
RO15 Count(Vehicles) where FixedObstacle = None 0.0204 3 I Nurmy ; :
Mean(Vehicles.PassengerNumber) where FixedOt 2 .1
Median (Vehicles.Passengéflumber) where Fixedt U'Z _ -

ROA Min(Vehicles PassennarNurhber ) whers FixedOhst 00209 o] 78 M Missing ]0,800]

Name Derivation rule Current interval <> 4+
Mecm(Vehicles.PassengerNumber) where TableMean("Vehicles where FixedObstacle <>
FixedObstacle <> None None’, qusengerNumber) Interval of Mecm(Vehicles.Pc:sSengerNumDer) where FixedObstacle <> None
Missing

Constructed variable
derivation rule

Constructed variable name




== Khiops multi-table

- Khiops can deal with multi-table databases

- star schema: one root entity and several 0-1 or 0-n secondary entities
- snowflake schemas and beyond

A - Impact on Khiops Coclustering
- Deployment of coclustering models

Given a text*word coclustering model, assign new texts (with their words) to their closest cluster
Given a cookie*page coclustering model, assign new cookies (with their pages) to their closest cluster
Given a curve*X*Y triclustering model, assign new curves (with their X*Y points) to their closest cluster

- |n this tutorial

Build a triclustering model on the SpliceJunctionDNA data table
Clusters of sequence samples
Intervals of positions in the sequences

Clusters of DNA chars
C . Prepare a deployment model
Build a deployment dictionary

Deploy the model on the multi-table Splicelunction database
Assign new DNA sequences to trained clusters of sequences



%= Splice junction multi-table database

- Molecular Biology (Splice-junction Gene Sequences)

. Obijective:

. Recognition of boundaries between exons and introns in DNA sequences

. Splice junctions are points on a DNA sequence at which “superfluous' DNA is removed during the process of protein creation in higher
organisms. The problem posed in this dataset is to recognize, given a sequence of DNA, the boundaries between exons (the parts of
the DNA sequence retained after splicing) and introns (the parts of the DNA sequence that are spliced out). This problem consists of

two subtasks: recognizing exon/intron boundaries (referred to as El sites), and recognizing intron/exon boundaries (IE sites). (In the

biological community, |IE borders are referred to as *“acceptors” while El borders are referred to as *“donors".)

- Database dictionary

Sampleld Class Sampleld Pos Char
. Root entity: splice junction AGMKPNRSB-NEG-1 N —AGMKPNRSB-NEG-1 1 c
Sampleld
Closy (El IE, NEG) AGMORS12A-NEG-181 N AGMKPNRSB-NEG-1 P
Sequence of DNA AGMORS9A-NEG-481 N
AGMRSKPNI-NEG-1141 N AGMKPNRSB-NEG-1 58 A
. Seconclmsta)r'n ggg_y: DNA ATRINS-ACCEPTOR-1678 IE AGMKPNRSB-NEG-1 59 C
Pos: position in the sequence NSO A2 08 £ _AGMKPNRSB-NEG-1 60 A
Char (A, C, G, T) ATRINS-DONOR-521 El —AGMORS12A-NEG-181 1 A
LA TOli 0 Bl AGMORS12A-NEG-181 2 G
Datab fil AGMORS12A-NEG-181 59 G
. atabase T1ies AGMORS12A-NEG-181 60 G
: SpliceJunction.txt L AGMORS9A-NEG-481 1 T
. . AGMORSIA-NEG-481 2 G
. SpliceJunctionDNA.txt P e

SpliceJunction.txt

SpliceJunctionDNA.txt

Exploratory analysis of DNA sequences:
. find clusters of similar DNA sequences
. using a triclustering Sampleld x Pos x Char



iTrqin a triclustering model
B

« Step 1 : Open an existing dictionary

(ex: sample SpliceJunction.kdic)

< Coclustering — O X
Dat ary Tools Help

Data dictionary Database Parameters Results

Analysis diction SpliceJunctionDMA ~
onary file C\Program Files\khiopsisamples\SpliceJunction\SpliceJunction.kdic

Dictionaries in file

Analysis dictionary —
(secondary entity)

Name Root Variables Categorical MNumerical Derived
Splicedunction 3 2 o i)
SpliceJunctionDMNA 3 2 1 0

Build dictionary from data table... Reload dictionary file

Train coclustering




= Train a triclustering model
B

- Step 2 : Specification of used database

. Khiops Coclust — O *
Data dictionary To p

Data dictionary Database Parameters Results

Database files

Data root Path  Dictionary Data table file

_ - CAProgram FilesikhiopsisamplesiSpliceJunctiomSpliceJunctionDMA bt

Data table file —

(one single file for

analysis of the

secondary entity) :
Detect file format

Header line used
Field separator

Sample percentage 1005
Sampling mode Include sample w
Selection variable

Selection value e

Train coclustering




iTrqin a triclustering model
B

- Step 3 : Specification of triclustering variables

& Khiops Coclustering
Data dictionary Tools Help

Data dictionary Database Parameters Results

Coclustering parameters  System parameters

Coclustering variables

Mame

Triclustering
variables § Sampleld :
Pos 5

Char

[AA

Insert variable Remove variable

Frequency variable

Train coclustering




iTrqin a triclustering model
B

. Step 4 : Analysis results

. Khiops Coclustering — O x
Data dictionary Tools Help

Data dictionary Database Parameters Results

Result files directory \

Resultfiles directory | TriclusteringResults
Resultfiles prefix

Short description

Coclustering report | Coclustering.khc

Export JSON

Train coclustering




iTrqin a triclustering model

|

- Step 5 : Start the analysis

& Khiops Coclustering

|
[m]
X
<J

= | TiclusteringResullts — O X
Data dictionary Tools Help

Fichier Accueil Partage Affichage o
Data dictionary Dalabase Parameters Resulls

« v <« Splicel.. » TriclusteringResullts v O & Rechercherdans: ...
~
CustomerExtended_old ~ Mom
Iris E'f Coclustering.khc
Resultfiles directory TriclusteringResults .
Letter . Coclustering.khej
Resultfiles prefix
Mushroom
Short description
Coclustering report  Coclustering.khc e Spllcaunctlon
Export JSON

TriclusteringResullts

2 dlément(s) =

Train coclustering

1 — Start the analysis ~a~ 2 -Inspect the results using Khiops Covisualization
- (double-click on .khcj file)



«  With Khiops Coclustering

Analysis of correlation between variables

Sampleld*Pos*Char

" Khiops Cavia

fie View abug

. KHIOPS
== Covisuaizat

s

[&] o +

Compos

Selocted clusters o e

[HubavENE-

CEFTOR-

HUMMHCW

[HUMVFHP- ACCEFTOR-1688, HUMGASTA-ACC

[HUMALPII-DONOR-42,

DONCR- 608, ]

Hiorarchy | Por 4

— (MUMBCL2A-NEG-L HUMFGFGI-NEG:

{UMMHCDBA-DOY

IUMERP-DOMNCR - 588, HUMERPA

OR-178],

0. HUMCOLTHA

(HUMVPHP- ACCEPTOR- 1653, HUMMANTLE -1

[HUMVPHP- ACCEPTOR- 1558, HUMMHC B &C

[HUMVPHP- ACCEPTOR- 1858, HUMLB-ACH

[HunVEP- ACCEPTOR- 1858, HUMHEAS-ACCE

[HUMVPHP-ACCEFTOR-1668, 08526 HUMHGAS-ACCE | (sompleid Pos) 4

[HUMVPHP-ACCEPTOR-1668, 08526 MACHBA-ACCER

[HUMVPHP-ACCEPTOR-1658, 08350 HUMMHEA-ACCE Cellstats [= 187 Er " oo Telelopdns

.
Q

L]
@
5| |

Sampleld

KhiOpS COViSUCIIiSCIﬁOn: base SpliceJunctionDNA

& Khiops Coclustering - o X
Data dictionary Tools Help

Data dictionary Database Parameters Results

ol System
Coclustering variables
Name
Sampleld ~
> Pos ~
Char ~
Insertvariable Remove variable
Frequencyvariable v

Train coclustering

With Khiops Covisualization

* Exploratory analysis of the results




== Khiops multi-table
5o

- Khiops can deal with multi-table databases

- star schema: one root entity and several 0-1 or 0-n secondary entities
- snowflake schemas and beyond

- Impact on Khiops Coclustering
- Deployment of coclustering models

Given a text*word coclustering model, assign new texts (with their words) to their closest cluster
Given a cookie*page coclustering model, assign new cookies (with their pages) to their closest cluster
Given a curve*X*Y triclustering model, assign new curves (with their X*Y points) to their closest cluster

. Cln this tutorial

Train a triclustering model on the SpliceJunctionDNA data table
Clusters of sequence samples
. Intervals of positions in the sequences

C Clusters of DNA chars
Prepare a deployment model

Build a deployment dictionary
Deploy the model on the multi-table Splicelunction database

Assign new DNA sequences to trained clusters of sequences




C
~ Prepare a deployment model

100
[ ] [ ] )
* Prerequisite : a multi-table database
« dictionary file
« data files
(ex: sample SpliceJunction)
SpliceJunction.kdic SpliceJunction.txt SpliceJunctionDNA.txt
Root entity > ?oot Dictionary SpliceJunction(Sampleld) Z:STAPI:::RSB e CI:ss Sampleld Pos  Char
-NEG- —AGMKPNRSB-NEG-1 1 cC
for deployment on new g:::gg::gz: ggnggleld; AGMORS12A-NEG-181 N AGMKPNRSB-NEG-1 2 A
instances ; _NEG-.
Table(SpliceJunctionDNA) DNA; 22&::53& ’:lEE((SS4181t11 :
k -NEG- AGMKPNRSB-NEG-1 58 A
. - _ _ ATRINS-ACCEPTOR-1678 IE AGMKPNRSB-NEG-1 59 C
Secondary en'rl'ry ———> Dictionary SpliceJunctionDNA(Sampleld) ATRINS-ACCEPTOR-701 IE L AGMKPNRSE.NEG.1 o A
previously analyzed using Categorical Sampleld ; ATRINS-DONOR-521 El —AGMORS12A-NEG-181 1 A
triclustering Numerical Pos; ATRINS-DONOR-905 El AGMORS12A-NEG-181 2 G
Categorical Char;
}; e
AGMORS12A-NEG-181 59 G
AGMORS12A-NEG-181 60 G
__AGMORS9A-NEG-481 1 T
AGMORS9A-NEG-481 2 G
AGMORS9A-NEG481 3 G



C
~ Prepare a deployment model
o]

« Step 1 : Open an existing dictionary

(ex: sample SpliceJunction.kdic)

L0 = Coclustering - O *
Dat ary Tools Help

Data dictionary Database Parameters Results
Analysis dictionary | SpliceJunctionDMA w

Dictionary file C\Program Files\khiops\samples\SpliceJunction\SpliceJunction_kdic

Dictionaries in file

ROO‘I’ enﬁ'ry Mame Root ariables Categorical Mumerical Derived
\ﬁysnnce.mncuon 3 2 0 0
;cr?srtgri:glfyment on new/jspce.mncnon[ 3 2 1 0
Secondary entity
previously analyzed using
triclustering
Build dictionary from data table... Reload dictionary file

Build coclustering




C
~ Prepare a deployment model
e ]

« Step 2 : Start « Tools — Prepare deployment »

&, Khiops Co g - O *
Data dictionary Tools Hel
Data dictionar] Build poclustering Ctrl+B
Simplfy coclustering... Ctrl+I
Analysis dictio w
Extragyclusters... Ctrl+E
Dictionary file Prepare deployment... Ctrd+P [S'SpliceJunction\SpliceJunction kdic

Dictionaries in file

Mame Root Wariables Categorical Mumerical Derived
Splicedunction 3 2 0 0
SpliceJunctionl E) 2 1 0

Build dictionary from data table... Reload dictionary file

Build coclustering




C
~ Prepare a deployment model
B

« Step 3 : Select input coclustering file

(ex: previously trained triclustering model)

& co ing deployment preparation — [m] p%e

Input co ring report
Input file
Simplification parameters Deployment parameters Resulis

ShortDescription

Instance number a
Mon empty cell number [}
Cell number 0
Max cell number =
Max preserved information 045
Total part number [}
Max total part number 0

Coclustering variables

Type Mame Part number Max part number

C Select input coclustering d

Frequency variable

Look in: TriclusteringResullts ~ kB

Select input coclustering... Prepare deployment Close

1. click on button —
Documents...

2. select a triclustering — _
. File name: Coclustering.khj > | Open |
model file -

B Files offype! | coclustering Files (* khe* khoj*.... ~ Cancel

3. open



6
~ Prepare a deployment model
o ]

. Siep 4 : The triclustering model is summarized in the first pane

if necessary, specify simplification parameters

& Codl g deployment preparation - O X
Input cocl ing report | C:\Program Files\khiopsisamples\SpliceJunction\Triclusterir
Input di le C\Program Files\khiops\samples\SpliceJunctiomSpliceJunc

Simplification parameters Deployment parameters Results
ShortDescription
Instance number 190680

Mon empty cell number 453

Slmpllflcqhon Cell number 468
parameters e -
m 0fs
=

Type Nam& tn er Max part number
Categorical Sampleld E& 0

Numerical | Fos 13N 0
Categorical Char 4 ﬂ 0

Al

Frequency variable

Selectinput coclustering... Prepare deployment Close




C
~ Prepare a deployment model
B

« Step 5 : Specify deployment parameters

< Coclustering deployment preparation

Input coclustering report | C:\Program Files'khio mples\SpliceJunction\TricoclusteringResults\Coclustering.khe

Speciﬁcqﬁon of inpuf Input dictionary file C:\Program Files\khio @l mples\Spliceunction\SpliceJunction kdic e . f
dictiona ry to enrich Simplification parameters Deployment para Results SpeCI IC.Cﬂ'IOI’l ° deployment
variables to build
Root Dictionary SpliceJunction%
{ Gocgarie] St |_ One variable to assign closest cluster
?:é?gg;z!eJunctgﬁlstl\;lA) DNA; msn"mumﬁon - closestcluster of Sampleld
Y Input table vanable — DNA
Dictionary SpliceJunctionDNA(Sampleld) WSampleld ~ L= Several variables for distance to each
{ Categorical Sampleld ;f' ild predicted cluster variable cluster
(l\:lui'neric_al | EﬁS; _ Build inter-cluster distance variables . distance to each cluster of Sampleld
}; afegoriea o Build frequency recoding variables
Cutput variables prefix P_

. Several variables for secondary record
number per interval /group of the
other dimensions of the triclustering

Selectinput coclustering... Prepare deployment Close - frequency per interval of Pos

. frequency per group of Char



C
~ Prepare a deployment model
B

- Step 6 : Specify result parameters

. Coclustering deployment preparation — O x

Input coclustering report | C:\Program Files\khiopsisam pliceJunction\TricoclusteringResults\Coclustering.khc
Input dictionary file C\Program Files\khiopsisa liceJunctiom\SpliceJunction kdic

Simplification parameters Deployment parameters Results

Result files directory —

Result files directory Deployment

Resultfiles prefix

Coclustering dictionary fike | Coclustering. kdic

Deployment dictionary file —

(to deploy cluster information
on new data)

Selectinput coclustering... Prepare deployment Close




C
~ Prepare a deployment model

- Step 7 : Build the deployment dictionary

. Coclustering deployment preparation - O 'Y

Input coclustering report | C:\Program Files\khiops\samples\SpliceJunction\TricoclusteringResults\Coclustering khe

Input dictionary file

Q

“\Program Files\khiopsisamples\3pliceJunction\SpliceJunction kdic

Simplification parameters Deployment parameters Results

EE)

dans : Deployment ol

@Qv\ | « Triclust... » Deployment ]

Organiser »  Inclure dans la bibliothéque ¥ Partageravec » = O @

&

4 || khiops *  Nom

Resultfiles directory Deployment = > tiin ] Coclustering.kdic

Result files prefix
Coclustering dictionary file | Coclustering.kdic > 1. lastrun
> )i python
4 | samples
Pl Adult
| Customer ‘

m

. CustomerbExtended

b Iris
b Letter

. Mushroom
Select jnput coclustering.. Prepare deployment Close

4 || Splicelunction

! Results
4 | TriclusteringResults

. Deployment

1 — Build the deployment dictionary 2 — The deployment dictionary is ready for use with

Khiops « Transfer database » functionality



== Khiops multi-table

108

- Khiops can deal with multi-table databases

- star schema: one root entity and several 0-1 or 0-n secondary entities
- snowflake schemas and beyond

- Impact on Khiops Coclustering
- Deployment of coclustering models

Given a text*word coclustering model, assign new texts (with their words) to their closest cluster
Given a cookie*page coclustering model, assign new cookies (with their pages) to their closest cluster
Given a curve*X*Y triclustering model, assign new curves (with their X*Y points) to their closest cluster

. Cln this tutorial

Train a triclustering model on the SpliceJunctionDNA data table
Clusters of sequence samples
. Intervals of positions in the sequences

C Clusters of DNA chars
Prepare a deployment model

Build a deployment dictionary
Deploy the model on the multi-table SpliceJunction database

Assign new DNA sequences to trained clusters of sequences



‘= Deploy the model
B

« Step 1 : Open the deployment dictionary file with Khiops

(ex: Samples\SpliceJunction\TriclusteringResults\Deployment\Coclustering.kdic)

- O x
Dat ry Tools Help
Data dictionary Train database Parameters Results
. . Analysis diction SpliceJunction ~
Deploymenf dlcnonary Dictionary file C\Program Files\khiopsisamples\SpliceJunction\TricoclusteringResults\DeploymentiCoclustering. kdic

Dictionaries in file

Name Root Variables Categorical Numerical Derived

ROOT enﬁty SpliceJunction 4 3 0 1

. > SpliceJunctionDNA 3 2 1 0
Secondary entity — |

Build dictionary from data table... Reload dictionary file

Train model Deploy model...




‘= Deploy the model
o

. Step 2: If necessary, select deployment variables

(use « Inspect current dictionary » by right-click on dictionary SpliceJunction)

Dictionary - O *
Name | SpliceJunction "
Root
Key Sampleld
Variables
Used  Type Mame Derived Meta-data Label
|" Categorical ~ | Sampleld
Initial variables > Categorical v | Class
Used by default L Table(SplicedunctionDMNA) | DNA
O Structure(DataGrid) ~ | P_Coclustering DataGrid(Sampleld, Pos, Char)
. | Structure(VectorC) ~ | P_SampleldLabels Cluster labels for variable Sampleld
Model variables
B O Structure(Vector) ~ | P_PosSet Value distribution for variable Pos
(technical variables) 0O |structuretvectorc) ~ | P_CharSet Value distribution for variable Char
J Structure(DataGridDeployment) ~ | P_DeployedCoclusteringAtSampleld Deployed coclustering for variable Sampleld
Deployment variables } | Mumerical ~ | P_Sampleldindex Predicted cluster index for variable Sampleld
Cluster index (unused by default) L Categorical ~ | P_SampleldPredictedLabel Predicted |abel for variable Sampleld v
Cluster label (used by default) < ?
Select all Unselect all Close




‘= Deploy the model
]

« Step 3 : Open the « Deploy model » dialog box

Khiops - O *
Data dictionary Tools Help
Data dictionary  Train database Parameters Results
Analysis dictionary | SpliceJunction w
Dictionary file C:\Program Filesikhiopsisamples\SpliceJunction\TricoclusteringResults\DeploymentiCoclustering kdic
Dictionaries in file
Mame Root Variables Categorical Mumerical Derived
SpliceJunction 4 Y 0 1
SplicedunctionDMNA 3 2 1 o
Build dictionary from data table... Reload dictionary file
Train model ) Deploy model...

click on button



‘= Deploy the model

112

« Step 4 : Specify the file transfer parameters

Deploy model

- [m] X

Deployment dictionary | SpliceJunction

Input database
Database files

li

Data root Path Dictio

nary Data table file

SpliceJunction

Header line used

Field separator

Sampling mode
Selection variable

Selection value

Output database
Database files

SpliceJunction

CAProgram Files'khiopsisamples\SpliceJunction\SpliceJunction.bd

CAProgram Files'khiopsisamples\SpliceJunction\SpliceJunctionDMNA bt

N

Sample percentage

Include sample

Detect file fum}\

1005

Data root

SpliceJunction

Field separator

Output format

Path Dictionary Data table file

SpliceJunction | C:\Program Files\khiops\samples\SpliceJunction\D_SpliceJunction.td

<

=

C:\Program Files\khiops\samples\SpliceJunction\D_SpliceJunctionDMNA. b

Header line used

tabular

Deploy model Wdcse |

1 Specify the deployment dictionary

2 Specify the input data table files
. splice junction samples with their DNA sequence
. all files are mandatory

3 Specify the output data table files
. secondary files are optional

4 Deploy
. The output files are enriched with new fields derived from the
triclustering analysis




End of tutorial: summary

- Khiops

ey «  Optimal data preparation based on discretization and value grouping
Scoring models for classification and regression

Correlation analysis between pairs of variables

-
. - Khiops Visualization
e, - Analysis of Khiops results using an interactive visualization tool

- Khiops Coclustering

Correlation analysis of two or more variables using a hierarchical coclustering model

- Khiops Covisualization
Exploratory analysis of Khiops Coclustering results using an interactive visualization tool

Multi-table functionalities
Multi-table database

- Automatic feature construction
«  Multi-table functionalities in Khiops and Khiops Coclustering
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