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1 Purpose of the document

The purpose of this document is to describe the solution and summarize results of given Proof-of-Concept
(PoC) delivered by BellaDati for Customer.

2 PoC requirements

BellaDati received the following resources:

* PoC requirements specification
* Sample data files

File name Description

export_sabah_ogos.txt Export trade table for Semenanjung, Sabah dan
Sarawak. July 2015.

import_sabah_ogos.txt Import trade table Semenanjung, Sabah dan
Sarawak. July 2015.

import_zb_julai.txt Import trade table for Semenanjung sahaja. July
2015.

MSBR_JUL_AUG_SEPT15_POC.xIsx | Business Register for July, August and September
2015.

* completed BellaDati Questionnaire document.
The requirements can be summarized into the following points:

1. Combine given data tables (trade import/export tables with BR) based on key identifiers
matching. Example illustrating the requirement:

MSBR TRADE DATABASE

Alphanumeric 12345-M 000012345 M
9 Digit JIMO0034567-V  IM0034567 Y
ROC Numeric 3456-V 3456 \%
1-8 Digit 12-M 12 M

Columns containing the appropriate keys are identified as:

\ File name \ Column name Description
export_sabah_ogos.txt Exporter/Consignor Code | Exporter code. Example
import_sabah_ogos.txt B137811A
export_sabah_ogos.txt Importer/Consignee Code | Importer code. Example:




import_sabah_ogos.txt

B137811A

import_zb_julai.txt IMPORTER CODE Importer code. Example:
526896-V

import_zb_julai.txt EXPORTER CODE Exporter code. Example:
305119-V

MSBR_JUL_AUG_SEPT15_POC.xIsx | BUSINESS_REG_NO

Business Registration
Number. Example:
418817/ 1P0274828

The requirement is to find appropriate records in the BR based on matching Importer/Exporter
codes with BUSINESS_REG_NO. Identifier key values may be in two formats (detected either by

“check digit” or by textual analysis):

* 9 digits alphanumeric

e 1-8 digits numeric

MSBR

Combine given data tables (trade import/export tables with BR) based on text matching of
particular columns. This approach should be applied for the records, which were not matched by

MSBR
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the key identifier (see 1.). Example illustrating the requirement:

Columns containing the appropriate values for text matching are identified as:

export_sabah_ogos.txt

import_zb_julai.txt

MSBR_JUL_AUG_SEPT15_POC.xlsx

import_sabah_ogos.txt
Exporter/Consignor Name

REGISTERED_NAME or
TRADING_NAME

Importer/Consignee Name

REGISTERED_NAME or
TRADING_NAME

IMPORTER NAME

REGISTERED_NAME or




TRADING_NAME

EXPORTER NAME

REGISTERED_NAME or
TRADING_NAME

Exporter/Consignor
Address

Correspondence address =
(STREET_1_A, STREET_2_A,
TOWN_A, POSTCODE_A, STATE_A)
or

Location address = (STREET_1_B,
STREET_2_B, TOWN_B,
POSTCODE_B, STATE_B)

Importer/Consignee
Address

Correspondence address =
(STREET_1_A, STREET_2_A,
TOWN_A, POSTCODE_A, STATE_A)
or

Location address = (STREET_1_B,
STREET_2_B, TOWN_B,
POSTCODE_B, STATE_B)

EXPORTER ADDRESS

Correspondence address =
(STREET_1_A, STREET_2_A,
TOWN_A, POSTCODE_A, STATE_A)
or

Location address = (STREET_1_B,
STREET_2_B, TOWN_B,
POSTCODE_B, STATE_B)

IMPORTER ADDRESS

Correspondence address =
(STREET_1_A, STREET_2_A,
TOWN_A, POSTCODE_A, STATE_A)
or

Location address = (STREET_1_B,
STREET_2_B, TOWN_B,
POSTCODE_B, STATE_B)

3. Create sample reports and visualizations based on the resulting data sets.

4. Demonstrate the readiness of BellaDati for applying the solution for Big Data.

3 Solution in BellaDati

BellaDati is able to address all key requirements specified in PoC. Based on the fact, that the desired
results are heavily depending on advanced data processing, BellaDati will utilize mainly the it’s ETL and

Machine learning capabilities do deliver the solution. The solution has been divided into several phases:

1. Analyzing the data structure

a. Textual analysis of the key identifiers

b. Textual analysis of the columns to be used for matching

2. Identifying necessary steps to be executed in BellaDati to deliver desired results

a. Define number and content of iterations resulting into desired results




b. Identify the desired transformation rules to put the values into normalized format, data
cleaning
3. Importing and transforming data, creating appropriate data sets (data models)
4. Combining imported data sets (several iterations)
a. Key identifiers matching
b. Text matching
c. GEO mapping
5. Creating reports

3.1 Data structure analysis

Quick analysis of the data files showed the high level of uncertainty of the key identifier values and
content of the columns dedicated to the text matching. Examples:

* Inconsistent importer/exporter codes
* Invalid symbols presented (e.g. spaces, quotes, &amp;, ...)
* Inconsistent parts of the address

To be able to realize what is the range of possible matching issues and identify possible solutions,
BellaDati did the textual and statistical analysis of the file content. BellaDati Machine Learning module
was used. As an example, here is a code used for analyzing the import/export trade files.

Machine Learning - BellaD... X = =

= =] X
€« localhost:8 bi/r/studio;jsessionid=1900ggmndr8z017fmrs c Q Search B 93 A O =

— .
\V‘BeIIaDatl Folders Dashboards Reports Datasets Administration

(/\ Machine Learning

Workspace Script editor Viewer
B Upload file | & Clear All | 4D Libraries 3

#® Console output | EBTable | #) Chart | 9D History

1 import java.util.regex.*

Processed in 921lms.
0 Math3 3 Frequency f = new Frequency() Result is of type org.apache.commons.math3.stat.Freque
Deactivate 5 eachRow(70) { Value Freq. Pet. Cum Pet.

Commens Math is a library of lightweight, self-contained

- ! Pattern p = Pattern.compile (' (-\\w$)') -1 1 0% 0%
mathematics and stafistics components addressing the most 7 Matcher m = p.matcher(trim(values[12])) -3 7 0% 0%
common problems not available in the Java programming if (m.find()) { -D 1 0% 0%
language or Commons Lang. f.addValue (m.group(0)) B 12 0% 0%
} else if (isAlphanumeric(values[12])) { :; i: 2: 2:
f.addValue ("Other - Alphanumeric") —E-: 2 03 13
} else 1_5 (islfx:meric(values[:%])) { -T 16 0% 1%
f.addValue ("Other - Numeric") -u 13 0% 1%
} else { -v 18 0% 1%
£.addValue ("Other") -W 7 0% 1%
} Other 4444 448 468
Other - Alphanumeric 5446 sS4 100%
}
return f < >
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1. import java.util.regex.*

2.

3. Frequency f = new Frequency()

4.

5. eachRow(70) {

6. Pattern p = Pattern.compile(a’'(-\\w$)"')
7. Matcher m = p.matcher(trim(values[12]))
8. if (m.find()) {

9. f.addvalue(m.group(®@))

10. } else if (isAlphanumeric(values[12])) {
11. f.addvalue("Other - Alphanumeric")
12. } else if (isNumeric(values[12])) {

13. f.addvalue("Other - Numeric")

14. } else {

15. f.addvalue("Other")

16. }

17. }

18.

19. return f

Code used:

And the results were:

-1 1 0% 0%

-A 7 0% 0%
-D 1 0% 0%
-H 12 0% 0%
-K 16 0% 0%
-M 16 0% 1%
-P 2 0% 1%
-T 16 0% 1%
-T 13 0% 1%
-U 19 0% 1%
-wW 7 0% 1%
Alphanumeric 5446 44% 46%
Other 4444 54% 100%

After similar analysis has been done for all key columns, we found out the following transformation will be
needed:

1. Basic cleaning - whitespaces were stripped from the start and end of strings. Other special
characters, such as dash, quotes etc. were also stripped from the start if necessary.
2. Importer/Exporter code transformation
a. remove XNIL values. Check if it contains dash (check digit after dash)
i. if not, return code as it is
ii. If yes, split the string by dash
b. Check which part is longer -> longer part is code, shorter part is check digit
check whether it is numerical or alphanumerical
i. If numerical - > return as i tis
ii. If alphanumerical —add correct number of leading zeros so the string has 9 chars
d. character on beginning or at the end — this character has to be removed.



3. Importer/Exporter name normalizing
a. removing invalid characters, stripping values
b. transforming to uppercase
c. trim up to three words - to eliminate majority of misspellings and differences in exporter
name representation, only up to three words from the beginning of the name were used
for matching
4. Importer/Exporter address normalizing
a. addresses in MSBR file are separated into multiple columns (street, town, postcode, state),
but in trade files, they are in one column. Strip all spaces, dots and commas and merge all
four columns in MSBR into one ADDRESS columns which will be used for matching.
b. addresses in trade files have various formats — some are with commas, some with dots,
some with spaces only.

3.2 Importing and transforming data

Imported data from import/export trade files has been transformed according the transformation rules
identified in previous chapter (1-5). As an example, here is the code used for normalizing of one of the key

identifiers (exporter name):



if (basetext =='-') {
return "'

} else {
numOfSpaces =

if (numOfSpaces>=3) {
return left(basetext, subs)

else {
return basetex

FEWOONOUAWNR

0. }
1

subs= ordinalIndexOf(basetext, "

basetext = replace(stripStart(strip(strip(value(8)),"

'
~
<

"), ' &amp;', '&")

countMatches(basetext, ' ')

", 3)

\?j BellaDati

Folders Dashboards Reports

Data sets

€ Import Data - Export Sarawak - final

Users

. Excluded rows Encoding Separator Quote char Escape char -
Header row o B UTF8 4 comma”,” + Double quote:" & backslash: "\" 4 Contlnue
# Fill the empty celks... ] Apply import template... ® Reset columns setfing @ Get new columns
Columns available Column 28
Preview
Search
Column type Attribute + sh Key Identifier 2 (CROPPED NAME) {}
All (30) sh Attribute (22) . R COLGATE-PALMOLIVE MARKETING SDN
A5 Transiation (0] @ Indicator (2] Aftribute | Key Identifier 2 (CROPPED NAME) # COLGATEPALMOLIVE MARKETING SON
O Time (1) ® Exclude (5) COLGATE-PALMOLIVE MARKETING SDN
: Additional column settings COLGATE-PALMOLIVE MARKETING SDN
[0 Proceedaction.. #
y COLGATE-PALMOLIVE MARKETING SDN
< oource Replace empty cells with value:
= A COLGATE-PALMOLIVE MARKETING SDN
05 ¢h Channe

O¢ g Custom Registration No
7 ¢ Exporter/Consignor Code
8 ¢h Exporter/Consignor Name
09 ¢h Exporter/Consignor Address
[ 10 ¢h Importer/Consignee Code

Transformation script

Split values into rows

. basetext = replace(stripStart(strip(strip(value(2)),'-'),

COLGATE-PALMOLIVE MARKETING SDN
COLGATE-PALMOLIVE MARKETING SDN
COLGATE-PALMOLIVE MARKETING SDN
COLGATE-PALMOLIVE MARKETING SDN
COLGATE-PALMOLIVE MARKETING SDN

2 if (basetext =='-') [ COLGATE-PALMOLIVE MARKETING SDN
O 11 ¢ Importer/Consignee Name (paserex
[0 12 ¢ Importer/Consignee Address ) e COLGATE-PALMOLIVE MARKETING SDN
[0 13 b Agent Code 5 else { COLGATE-PALMOLIVE MARKETING SDN

[0 14 ¢h Agent Nome
015 ¢h Mode of Transport
016 ¢h Place of Loading
017 ¢h Place of Discharge

7 numOfSpaces = countMatches(basetext, ' ')
2 if (numOfSpaces>=3) {
9 subs= ordinallndexOf (basetext, " ", 3

return left(basetext, subs)
}

COLGATE-PALMOLIVE MARKETING SDN
COLGATE-PALMOLIVE MARKETING SDN
COLGATE-PALMOLIVE MARKETING SDN
COLGATE-PALMOLIVE MARKETING SDN

[ 18 ¢h Country of Origin

019 ¢h Country of Final Destination
[J20 © Release Date

[021 ® HS/AHIN Code

022 ® siC Code

023 ® Item Description

O 24 / Quantity

025 Valve

12 else

return basetext

ARMR SR SIS SR SIS SRS SRR MR SRR SR SR S
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All provided data files has been transformed and imported into BellaDati. They are now represented as 3
independent data sets: BR, Exports and Imports. Appropriate data model has been created as well.

3.3 Combining data (records matching)

To match records from BR table and Trade table, native graphical user interface available in BellaDati was
used. To reflect requirements for matching, custom joining condition was used and the process is divided
into 4 iterations:

1. In first iteration, BellaDati is trying to find match between Exporter code and Business
registration number.

In the second iteration, for unmatched records, second condition is applied. This condition is
trying to find match between Exporter name and Registered name.

Third iteration is trying to match records by the Trading name

Fourth iteration is trying to match records by the Address or Location.



These four iterations have been executed several times with different condition parameters and matching
algorithm. Based on the first results (built on plain text matching) and very low rates (around 1-5%) of
matched records, we decided to apply advanced method to match the data — for the PoC purposes, we
used the Fuzzy matching algorithm. Except the fuzzy matching, BellaDati supports the following methods:

* Levenstein - calculates the Levenstein distance between two strings

* Metaphone —it’s similar to Fuzzy matching and calculates the representative code string.
Two strings are then deemed similar if they have the same codes.

By using the Fuzzy matching method we increased the matching rates up to 60%.

The screenshot below shows BellaDati Ul containing joined data set combining trade table with MSBR
based on plain text matching.

\Y‘BeIIaDati Folders Dashboards Reports Datasets Users

Seffings & Export Sarawak - final join - Joined data sets
Dota set summary @ This data set is a join of Export Sarawak - final and following data sets:
Attributes (46)
A'h Drill down paths (0] © Add joining item @® Delete alljoins Disable automatic rebuild
(#\ Indicators (2) Target data set Primary join point Secondary join point Join type Joining condition
¥§ Joined datassefs (2) sh Country of Final  ¢h code [Mapper2]
- Destination [Export feco;ddm the .
S k - final] larget data sef
D - araweaic-tinal A B to join is not
] mandatory (LEFT ®
- OUTER JOINJ.
Q Browse dato Mapper2
Change fo: +|+ InnerJoin .. Cross
> Creoteclert Join
OAﬁnbu?es match is not required 14891 key. identifier 1 destext =
Action Just join ( |_key_identifier_1_code:text =

ith 1488.|_business_reg_no::text OR

A + B w t (t489.1_key_identifier_2_cropp::text =

&b Share with users cusiom 1488.I_registred_name_cropped::text
condition

- AND 1489.|_key_identifier_1_code NOT
B sove XML backup z IN ( SELECT
= MSER - final M&‘?._vkey_'\denﬂﬁer_l_code FROM
Yaw |mport report from XML nal ds_heitech.export_sarawak__final_nvat
1489 JOIN ds_heitech.msbr__final_ilaj
® Delete Dota set 1488 ON

1489.|_key_identifier_1_code:text =
t488.I_business_reg_no::text )))

3.4 Reports

Based on the final data set, a sample report was created to demonstrate abilities of BellaDati. The report
contains multiple visualization, filters and other advanced features of BellaDati, such as associated views.

First part of report contains four basic KPls, displaying total export value, total number of exports, export
value WTD (week-to-date) and number of exports WTD. Second part of report shows a world map with
total export value for each country and a two pie charts displaying values for each Place of discharge. It is
possible to select specific country by clicking on the map and filter the pie charts for that country.
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Picture 1: First and second part of report

Third part of report contains another map which displays export value for each state of Malaysia. Next to
the map there is a line chart showing total export quantity and total export value for each day.

Fourth part of sample report is used for showing the change (growth or decay) of export between weeks.
Multidimensional table with drill-down by weeks and by Country of final destination was used. Conditional
formatting was applied on the table to highlight the growth and decay of each values. Last visualization is
another map. In this case a point-based map was used instead of shape-based map. Each point describes
number of exports for different country and each point is divided in slides for each point of discharge.



Export quantity and value by Days
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3.5 Big Data Support

BellaDati supports several ways how to store the data and how the data are represented on the database
level. Here is a brief overview:

1. Plain data sets up to 100GB — these data sets are represented as physical data structures
(partitioned tables, materialized views) inside the BellaDati reporting database (e.g. PostgreSQL)

2. Joined data sets up to 100GB — same as plain data sets, but different changes calculation method
is used (eager algorithms).

3. Big Data data sets (up to several TB) — BellaDati utilizes the Hadoop platform and can access it

natively over the Foreign Data Wrapper (Hadoop FDW) directly from PostgreSQL database
subsystem (see the illustration below).

[ [ Joined Data Set ] [ Plain Data Set ] [ BigData Data Set ]J

Hadoop FDW

BellaDati can support another Big Data engines like SAP HANA (BellaDAti is certified partner of SAP HANA,
SAP BW using the connectors available in BellaDati.





