Dataconda Tutorial*

Michele Samorani
University of Alberta School of Business

More tutorials are available on Youtube



What I1s Dataconda®?

e Software program to generate a mining table from a relational
database

e State-of-the-art attribute generation
 Full version is free for research and teaching purposes

Install Dataconda (www.dataconda.net)

(optional but recommended) Install R (http://cran.r-
project.org/bin/windows/base/)

3. (optional but recommended) Install Weka
(http://www.cs.waikato.ac.nz/ml/weka/downloading.html)
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Motivation
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Flat Mining table
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\ New knowledge

A lot of research focuses
on this step

v\This is the actual critical step

Relational (and the main task performed by Dataconda)

Database




Table 2.1: The Purchases table

PurchaselD  Date  Online ClientID ProductID |Return| Class
Purl Oct 10 1 Clil Prol 1
Pur2 Oct 11 0 Cli2 Pro2 0
Pur3 Oct 14 0 Clil Pro2 0
Pur4 Oct 31 0 Cli3 Pro3 1
Table 2.2: The Clients table
ClientID Gender Age Table 2.3: The Products table
CTi N 33 ProductID Price
Cli2 F 45 Prol $200
Cli3 M 28 Pro2 $100
Pro3 $160
* Problem: classify purchases by Return
e First step: build a flat mining table:
Purchas Return
elD (0/1)
Purl 1
Pur2
Pur3 0
Purd 1




Building the mining table

* MANUALLY

* The analyst formulates hypotheses

 Computes only the attributes that she suspects will confirm or
reject the hypothesis

* Cons:
* Time consuming
e Limited knowledge discovery

* AUTOMATICALLY

e A software generates the hypotheses (attributes)

* Pros:

* Fast
* Enhanced knowledge discovery QUICK DEMO...




Attribute Generation Algorithm



Building attributes automatically

» Consider the Entity-Relationship diagram of the database

Date
Online

Return

broducts

Gender

Age Price

* The idea is to add attributes to the target table (Purchases)



Building attributes automatically

* Step 1: choose a path t; = t, = - = t,, from the target table

Purchases_ 2

Date

Online

Return

1

Gender

Price

Age

4 tables — Attributes at depth 4



Step 2: “roll up” from the end of the path

Purchases 2
1-t0-1 0-to-N 1to-1
Date Date m

Gender

Online Online Price
Age
Return Return

N

Virtual attribute

Add a column to Purchase 2, which brings in
information from Products



Purchases 2_
o1 O-toN o1
Date Date Products _

Gender

Online Online Price
Age
Return

Return

Add a column to Clients, which brings in information from
Purchases 2



Purchases 2_
o1 O-toN o1
Date Date Products _

Gender -
Online Online Price

Age

Add a column to Purchases 1, which brings in information from
Clients

Return

Return




Purchases 2

1-to-1

Date Date m

Gender _
Online Online Price

Age
l .

Add the where condition on the date

Return




Purchases2_
Lol OtoN o1
Date Date Products_

Gender —>

Online Online Price
Age
Return

Return

Could have chosen
<— any attribute of
Products

Could have chosen any attribute
a; of Purchases 2

Could have chosen any attribute

Could have chosen any a; of Purchases 2
threshold for attribute
Price The virtual attribute of Purchases2
ust be chosen as either a; or a;
Could have chosen any Could have chosen any
aggregating function compatible comparison operator compatible
with the attribute Return with the attribute Price

The red boxes above represent user settings. Let’s see how to configure them...



How to Use Dataconda



/Simulated Data

y Date
0O-to-N
Online to
P

Price

Age

Build all the tables randomly,
except for the target attribute Return:

P(Return) ~ logit!( -3
Depth2 —— + 0.02 *price

Depth3 — + 2 * customer'’s past return rate

Depth4 —» - (.1 * age of the client who most recently

purchased the current product online)

\_ TRUE VARIABLES




File  Options  Utilities  Help

Tables

Load CSV file

Consale
Welcome to Dataconda!

Start by
+  Creating a "New Table" from a .csv file (click on Utility to import from SQL Server), or

+  Loading an existing Dataconda project




File  Qptions  Utilities  Help

Tables
Purchases

Settings of Cument Table

Set , ' . Camies
refinements Attribute Dimension Information

_ . Most Most Slope of
M=c Min Sum CountDistinct Court Fr:quem Avg re?:aﬂ ‘u":IE:s

Purchase_|D | Purchase_|D
Date Date
Client_ID Client_ID
Product_ID | Product_ID
Category_ID | Category_|ID
Online Online
Retum Retum

WEOO0O0omo

Console
You have created a table!

Select the atiribute types, their dimension (unit of measurement), refinements, and aggregation functions

Remember that each table should have at most one type "Date" attribute.




Load all three tables

File  Options  Utilties Help

Tables
Furchazes
Products
Clients
&,
Click hes
MNew Table A
Settings of Cument Table
Set . . . Camies .
Type refinements Attibute  Dimension Information Max  Min
ID v | 0 Cliert_ID | Clignt_|D L]
3 Categorical | w Gender | Gender

Numeric v | 2 Age Age




Save/Load project

File | Options  LUtilities  Help

MNew Project

Load Project
Save Project

Mew Table

You can save the project at any moment.

Click here

Note that the project file does NOT contain the data. So, it needs

to be saved in the same folder as the csv files



File  Options  Utilities Help

Tables Associations
Purchases
Products
Clierts
Click here to Generate
MNew Table Mtributes
Settings of Cument Table
Type Srn;tnemems Attrbite  Dimension ﬁ:ﬁaﬁon Max Min Sum CountDistinet Cournt Er::uem Avg Most a:lﬁ::f
D v 0 Client_ID |Client_ID O
3 Categorical |+ 2 Gender | Gender
Numeric 2 Age Age
7
Declare association betwee
two tables
Console
Is there a 0-to-I¥ relationship between the two tables? You can specify it by clicking on "New Association”.




0-to-N Association - B -

U

Associgtion Definition

Each record in Table 1 is associated with (Ho-M records in Table 2. This operation
automatically creates also a (Ho-1 association from Table 2 to Table 1.

Takblel: Table2:

Products W is 0:N with Purchases W

Parent key in Table 1: Child key in Table 2:

Product_|1D W Product_1D W
Cancel Create

Dataconda only supports 0:n and 0:1 associations

In the example above, we declare in one step:
e A 0O:n association from Products to Purchases
e A 0:1 association from Purchases to Products



File  Options  Utilities

Help
Tables Associations
Furchases g 0m 5
Products < Clients O:n Purchases
Clients
W4
Click here to G e
Mew Table Mtrbut

Declare the Clients = Purchases association



Settings of Table Purchases

Type of attribute € {Categorical, Numeric, ID, Date
There can be only one Date attribute per table,
and the records MUST be sorted by date ascending

Cames ' - Mast Muost Slope of
Max Min Sum CountDistinet Count Frexquent

Dimension Information Avg recent Values

_IDV)Purchase_ID
P
Diate
Cliert_ID
Product_|D
Category_|D
Online
Retum

K& O|0O0d 0

Column name in the csv file



Dimension: the unit of measurement. Itis used to generate where conditions.

For example, if two tables £ and t; have price attributes expressed in dollars, you should
set the dimension of both attributes to “dollars”. That way, Dataconda will generate

conditions like where tq.price > t.price

3 of Cument Table

Type Attibute  Dimension ﬁ?ﬁaﬁm /»é Min Sum CountDistinct Count Er::um pug Mot 3;525 of
] Purchase_|D | Purchase_|D ]

Date Date Date /Z/

D Cliert_ID Cliert_ID ]

1] Product_ID | Product_ID ]

D v 0 |Catogoy.iD |Categog D |  [J

Numeric Online (Ei‘l& ) O] ] O] L]
MNumeric 2 Retum Retum L] L] L] L]




Generates attributes and refinements based on this attribute

The aggregator AVG will be used on the attribute Return

3 of Cument Table

Type feﬁn ements Attribute Dimension Fn?:%;i o Max Min Sum CountDistinet Count H_::tu ant Awva rr:gztnt f,gﬁ:snf

Purchase_|D | Purchase_ID \|:| H N || [ | || [ |

Date Date O | ] | | |

Clert D | Client_ID O m N ] ] ] |

Product _ID | Product_ID O m N ] ] ] |

_ Category_ID | Category_ID E H B || [ | || [ |
Online Online ( 3 |:| |:| |:| | |:|
Retm | Retum ] O O (M) O

Since Online and Return are 0-1 attributes, it could make sense to define them as categorical
or numeric.

Here, we define them as numeric so that the mathematical aggregators (MAX, MIN, AVG, etc)
are enabled.



Selecting a different table will show the options for the attributes of that table

Tables Associations
Products 0in Purchases




Click to set the
refinements for this

attribute
Tables Associations
Furchases Products 0in Purchases
Clients 0:n Purchases
Clierts
Click here to Generate
Mew Table Attributes
Settings of Cumrent Table
Set , i ) Cami . L Mast M
Type reﬁne\ments Attribute Dimension Inf:l;nn?'lsatinn Max Min Sum CountDistinet  Court Fr:quent Awvg B
D W Product_ID | Product_ID []

(3 Mumerc |+ Frice Frice




Refinements

Refinements are the SQL “where” conditions

Click to set refinement

File  Options  LUtilities Help

Tables

Furchases

Clients ﬁ
Clicl
MNew Table
Settings of Curent Table
Set . . . Camies
Type refinements Attribute Dimension Information Max N
o— (v 0 Product_ID | Product_ID ]
3 Mumerc | v Price Frice [+




Refinements

Comparison refinements:

If the path considered passes two
times through the table products,
you might want a refinement like:
“where Products1.price >
Products2.price”

Refinement Settings - &

Select the possible refinements for attribute Price of type Numerc. Only the
compatible refinements are enabled.

Select operators for "Comparison” refinements:

U

Enable "ToValue" refinements

() Al possible values

4k

(@ Split data set in bins 4

Select operators for "ToValue" refinements:

[J= = M> M=

Cancel Ol




Refinements

15

. Refinement Settings - &
ToValue refinements:

You might want a refinement like: Select the possible refinements for attibute Price of type Mumeric. Only the
" . » compatible refinements are enabled.
where Products.price > 200

By selecting “All possible values”, [] Enable "Comparison” refinements
we enable the generation of the
refinements:

“where Products.price > val”
(for each distinct value val of

Select operators for "Comparison” refinements:

Price)

Enable "ToValue" refi@
Alternatively, we can split the
values of Price in bins. The () All possible values
blrlnlng performed is by “equal @ Spit data set in bins 4 s
width”

Select operators for "ToValue" refinements:

O- 0= > M«

Cancel Ol




Refinements

| 4

= Refinement Settings - &
Operators

We can select which operators to Select the possible refinements for attribute Price of type Mumeric. Only the
. . compatible refinements are enabled.
use in the where condition

[ ] Enable "Comparison” refinements

Select operators for "Comparison” refinements:

Enable "ToValue" refinements

() Al possible values

4k

(@ Split data set in bins 4

Select operators for "ToValue" refinements:

0.0

Cancel Ol

/\




After declaring attribute types, associations, enabled aggregations and
refinements,

It’s time to generate the flat table

File Options  LUtilities Help

Tables Associgtions
Products On Purchases
Products Clients 0'n Purchases
Clients
New Table |
Settings of Cument Table
Type Set Attribute Dimension Caries Max Min Sum CountDistinct Count Most A
¥p refinements IMfarmation Frequent

MNate W || 1 | MNAte MNate 1



Select Tanget

Select Target Table: Select Class Attribute:
P

Select the Class Spoilers:

ay

Settings
Time Limit Scan (minutes):
Time Limit Random Piclk {minutes):

Cutput Directory: |C:\U5&rs\Mid1&Ie\Desktop\tLﬂorial files ICS 2{| Browse...

o< oo

Attributes to Generate
(®) Generate all attibutes

(") Generate only the attibutes below:

In order to generate atiributes, vou need to mdicate:
(1) a Target Table (1e_, the table you want o add attnibutes to), and
(2) a Class Attribute (i.e.. 2 muneric or categorical attribute vou want to predict)

We need to select which tables we want to “expand” by adding new
attributes
(in this case: purchases)




- Gene
Select Tanget .
We need to select which
Select Tanget Table: Select Class Attribute: attribute iS the ta rget
Purchase_ID .
Products Date attri b ute
Clients Client_ID . .
Product D (in this case: return)
G
Dataconda places the
target attribute among
Select the Class Spoilers: the class SpOi/erS
Purch D Rt
- Qe
Cliert_ID
Product_ID
Online

Class spoilers are those attributes that should not be used to predict the target
attribute, because the target attribute is functionally dependent on them. If we used
them, the classification rule would be trivial.

Clearly, we cannot use the target attribute to predict itself. Otherwise, the classification
rule would be “If return = 1, then predict 1”. In this case, return is the only class spoiler.
If the Purchases table contained an attribute “ReasonForReturn” (defective product,
client doesn’t like it, not returned, ...), then ReasonForReturn would also be a class
shoiler



e Attributes

Time spent generating attributes “in order” g Setings
(Scan tl mE) Time Limit Scan {minutes)

When the Scan Time is up, Dataconda starts = Time Limi Randem Pick (minuies).
generating more complex attributes in Outpust Dirsctory:

random order / M Dpth:

Maximum depth of the paths used to
generate attributes (see slide 6)

Note:

-3

3
C:\Users'Michele\Deskdop*tutorial files IC5 2( Browse...

E! -

-

Cancel

Time to press
Run!

Increasing the max depth will result in many more attributes (good). However, they may

also be very complex and hard to interpret



An important option

File | Options | Utilities Help Attribute Generation

Tamq|—|5E“i“95 I

Purchases
Products
Clients

Minutes between data file updates:

e If the attribute generation procedure is executed for a long time, you
might want an intermediate output once in a while

* Note that too frequent updates slow down the procedure



Data.csv and Data.arff

These files contain the flat table

A B C

A128785228003063964_2_2 Am7334981810602272740_2_2 A2688933330912742441_3_3 A328771(
454 'M'
125 ‘M’
103 ‘M’
432 'M'
490 'M'
125 ‘M’
261 'M'
125 ‘M’
490 'M'

1'10'
0'4
0'6'
o['7"
0'1
0'4
0's'
0'4
11

still there \v

The target attribute is

A\m7720857665522209076_4p2_4 'Return’

=

[ = W e

Since here the target table is Purchases, the flat table will have the

same number of rows as Purchases. ..

...but a lot more attributes! These attributes are new attributes for

Purchases

The arff file can be opened directly in Weka

The meaning of the generated attributes is reported in attributes.txt

\




-~

Attributes.txt

For example, this attribute is the
maximum value of the attribute
Online among all past purchases

relative to the current product.

Practically, its value is 1 if the
product was purchased online at
least once prior to the current

purchase

The description reports the path on
which this attribute was built  in
this case: purchases - products —

purchases

Am7318961810941188030 4pl 4:

Numeric,Online

DESCRIPTION: Max (Online) among past Purchases
0:Target->Max (Online)

1:Purchases->Max (Online)

2:Products=>Max (Online) where Date LessThan 1:

3:Purchases.Online

of Products

Date

Am8341016844213767212 4pl 4:

Numeric,Online

DESCRIPTION: Min(Online) among past Purchases
0:Target->Min (Online)

1:Purchases->Min (Online)

2:Products=>Min (Online) where Date LessThan 1:

3:Purchases.Online

AT7468550537736559003 4pl 4:
Numeric,Online

TMTTOATY T TOHM T ART . Clamamn £ Man T 3 an ~ A

of Products

Date

A Tham e A e




~
Analysis output.txt

* After generating the attributes, if R is installed and if the output
folder contains a ftile Rtemplate.R, Dataconda executes an attribute

selection procedure in order to find the best predictors

Coefficients: (4 not defined because of singularities)
Estimate Std. Error z value Pr(>|z]|)
. (Intercept) 1.605e+02 7.620e+01 2.106 0.0352 *
pI‘lCG —» A2688933330912742441 3 3 1.580e-02 2.437e-03 6.482 9.06e-11 ***
. , Am5814594725006700583 4p2 4 -1.608e+00 1.149e+00 -1.400 0.1615
Chentsreturn rate —» Am5374094593339410794 4pl 4 3.349e+00 8.027e-01 4,172 3.01le=-05 ***

® The price has a significant (***) impact on return. The correlation

is positive (because its coefficient 1.580e-02 is greater than 0)

e The client’s return rate has also a significant (K**) impact on return.

The correlation is positive (because its coefficient 3.349 is greater

than 0)




4 I
The results are also reported in the window

Settings
v i sen s
Time Limit Random Pick (minutes):

Output Directary: |C:\Users\Mid1&l&\D&ddop‘dmorial files ICS 2(| Browse...

Product_ID

Max Depth:

g

Purchase_ID
ety - genersted 305 out of 305 attributes via scanning and random picking. Finished analyzing data.

Client_|D
Product_|D
Orling

#k#xkkkkdiiik BEST PREDICTORS OF TARGET CLASS **#*#ksbhsnis

Attributes to Generate

(®) Generate all attibutes

() Generate only the attributes below:

The discriminant attributes




Important

® When preparing the csv file, make sure that the rows are “order by

date asc”

® When saving/loading the project, remember to place it in the

same folder as the csv files

® Do not keep the data.csv file open in Excel when executing the
attribute generation procedure. Otherwise, Dataconda will give

an €rror.




-
Two ways to extend Dataconda

1. Write attribute selection procedure (in R)

* After generating attributes, Dataconda executes the file Rscript.R in

the folder

® The default attribute selection procedure is based on Lasso

2. Write aggregating functions (in .NET)
® Extend the interface dataconda.core.IAggregatingFunction
® Place the dll in the program folder of Dataconda
® The new function will appear in the GUI




Some Experiments



" Real Data (ISMS Dataset)

o ISMS Dataset: all transactions of 1% of the registered customers of
Circuit City. In total: 173,262 transactions

Target table

Transactions

Return
Subcategorles
0-to-N
Households Locatlons

* Too large!

® Sample 1,000 customers and retain all their transactions
* End up with a target table with ~6,000 rows

® Generated 2,496 attributes up to depth 4 in 1h 21




Attribute 1 (f = .53, pval <0.01)

o Max(RETURN_BINARY) where Price < $1,500, among past
TRANSACTIONS of HOUSEHOLDS

Att value Prob return Count

0 11.5% 39713

1 34.0% 45030

NULL 11.8% 37789
18.00%
16.00%
14.00%
12.00%
10.00%

Return rate
B.00%
5.00%
4.00%
2.00%
0.00% : :
0’}‘)0\ hgb@‘\ QD"\"’\ o @G\ . "O?)@ Q::é,')QQ'\ &@0@
Q¢ < Q& S <V &
Price Range (S)




~
Attribute 2 (f =-.45, pval < 0.01)

®» Max(INCOME of HOUSEHOLDS) where INCOME > 7.4,
among past TRANSACTIONS of BRANDS

Attr Value Prob return Count
8 24.2% 1135
9 19.8% 118664




Conclusion

* Relational attribute generation:
® Underdeveloped field with high potential

Find new knowledge

Increase classification accuracy

=
® Dataconda =/

e Full version is free for research and teaching purposes

® Can be extended:
Add new aggregating functions

Change the attribute selection procedure

® Can be improved:
Integrate it with a DBMS

e Thank you very much!

Contact:

-




