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ABSTRACT

In Data Warehouse (DW) environment, Extraction-
Transformation-Loading (ETL) processes consumes up to
70% of resources. Data quality tools aim at detecting and
correcting data problems that affect the accuracy and
efficiency of data analysis applications. Source data imported
into the data warehouse often has different quality, format,
coding etc. In order to bring all the data together in a standard,
homogeneous  environment,  Extraction-transformation—
loading (ETL) tools are used. ETL solutions provided so far
are either proprietary and have limited functionality. Small
and Medium Scale Enterprises(SME) and Small Scale
Enterprises (SSE) cannot afford the licensing cost of these
paid tools. The developed tool is capable of providing an
integrated and open source data quality solution - MaSSEETL
is to deal with naming conflicts, structural conflicts, date
conversions, missing values and changing dimensions.
MaSSEETL solves the appropriate errors with appropriate
level of warning. In this paper, we are presenting the working
of MaSSEETL.

The tool provides an pragmatic evidence of strategic
intensification of quality data in the academic and business
enterprises.

General Terms
Data warehousing, data cleansing, quality data, dirty data

Keywords:
Data inconsistency, identification of errors, organization
growth, ETL, data quality

1. INTRODUCTION

An approach by Bill Inmon describes the Data warehouse as
Subject Oriented, Integrated, Time-Variant and non volatile
collection of data. This data helps in supporting decision
building methods by analyst in an organization. The challenge
in data warehouse environments is to incorporate, rearrange
and consolidate large volumes of data over many systems, to
provide a unified information base for business intelligence.

The core route of building a data warehouse is Extraction-
transformation- Loading (ETL). According to TDWI report,
66% of data warehouse performance rely on the success of
data warehouse ETL process.

ETL Data Quality Management Tools allows discovery of
data quality issues and monitoring the quality measures. This
process consumes one third of effort and expenses in the
budget of the data warehouse. ETL or data integration
processes run between the source and the staging layer, run
between the staging layer and the operational data store and
potentially run between the operational layer and the
performance layer. ETL is a process of finding data,
integrating it, and placing it in a data warehouse. To work in
an operational environment several quality issues have been
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seen in an ETL environment. The quality of the information
depends on quality attributes[3] of completeness, consistency,
conformity, accuracy, pattern and common format , relevance,
security and understandibility. To build a DW we must run
the ETL tool. ETL tools are a category of Extraction —
Transformation — Loading Tools with the job of dealing with
data warehouse homogeneity, cleansing, transforming, and
loading problems. Poor data quality affects customer
satisfaction , economic aspects, and even strategic decisions.

The major market players mainly deals with discovery of
quality issues . Moreover ,these are very expensive and have
the licensing issues of paid tools which are not affordable by
small scale and medium scale enterprises. For our research
we present the working of a GPL bases open- source tool-
MaSSEETL, for the benefit to SME’s and SSE’s.

2. RELATED WORK

E. Rahm et al. [14] classify data quality problems that can be
addressed by data cleaning routines and provides an overview
of the main solution approaches. The article also presents
contemporary tool support for data cleaning process.

Muller and Freytag [13] classified quality problems into
syntactical anomalies which concern data formats and values
for data representation (e.g. lexical errors, domain format
errors and irregularities). The authors also discussed the
Semantic anomaly and coverage anomaly in context with
integrity constraints, contradictions, duplicates and invalid
tuples.

Singh and Singh in [9], highlights major quality issues in the
field of a data warehouse. The review has collected various
issues in data ware house process. The author has classified
various causes of data quality data ware house process.

Rahul K. Pandey [1] has tried to gather various sources of
data quality problems at various stages of an ETL process.
The researcher has classified the problems as "problems at
data sources, data profiling problems, staging problems at
ETL, problems at data modelling".

Panos Vassiliadis et al.[10] in his research identified generic
properties that characterize ETL activities. The researcher
provided a taxonomy that characterizes ETL activities in
terms of the relationship of their input to their output and the
proposed taxonomy that can be used in the construction of
larger modules which can be used for the composition and
optimization of ETL workflows.

Ahmed Kabiri [6] has highlighted the review of open source
and commercial ETL tools, along with some ETL prototypes
coming from academic world, the modelling and design
works in ETL field, ETL maintenance, review works for
optimizing ETL.

K.Srikanth et al. [7] discusses issues related to Slowly
Changing Dimensions - SCD type 2 to store entire history in
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the dimension table. The implementation has been done on
Informatica using employee sample data base.

Jasna Rodi’c et al. [13] have proposed various rules that can
be used in data warehouse process. The researchers have
generated metadata tables for these tables that store
information about the rules. The information about the rules
violations is stored to provide analysis of such data. Entire
data quality process will be integrated into ETL process in
order to achieve load of data warehouse that is as automated,
as correct and as quick as possible.

The published work by Singh and Singh [11] substantiates
that very diminutive information available on the quality
assurance of ETL routines. The researcher suggested the au
automated testing in extraction, transformation and loading
routines independently.

Chinta et al.[8] provided data cleaning framework to provide
robust data quality. The authors have worked upon missing
values and dummy values using the "Indiasoft" data set.

Sujatha R.[5] in her research explores designed a framework
for non-parametric iterative imputation based mixed kernel
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estimation in both mixture and clustered data sets. The
research has implemented a framework to fill in incomplete
instances.

The work by P. Saravanan [2]provided an integrated unit for
imputing missing values for the right attribute. The kernel
based iterative non-parametric estimators work for both
continuous and discrete values.

The research by J. Anitha[4] has covered all the major aspects
of ETL usage which can be used to compare and evaluate
various ETL tools. The implementation of SCD Type has
been done to show comparison.

3. DISCUSSIONS AND OBJECTIVES

The comprehensions from the previous work has given us an
idea is various data quality issues in data warehouse
environment. The aforementioned issues have been
implemented through separate tools . But no single tool has
provided a solution to all the above problems at a single place.
The data quality issues along with their stages are described
below:

Table 1 ETL Quality Issues

Quality Metric ETL Stage Scope Example
Heterogeneous Data Extraction Integration Integration of Flat file ,web data,
Source databases, XML databases.
Naming Conflicts Transformation and Synonyms Sex/Gender,
Cleaning SID/Studentld /Rollno./ Studld
Structural Conflicts | Transformation and |Gender, First Name Middle name Last name| (“0”/”1” vs. “F”/”"M”) for the Gender
Cleaning / Name/ Fname Lname field.

Transformation and
Cleaning

Date Formats

Various Date Separators and Date Formats

DD-MM-YY/Month,DD Y'Y/
DD/MON/YY/
DATE TIME etc.

Transformation and
Cleaning

Missing Values

Value Missing from the Data Set

Fees of the student missing from the data

set.

Changing Dimensions Loading

Versioning of data after every load and
update operation.

SCD type 1,2,3

The table describes finding and implementation from various
authors through separate tools. Moreover, the frameworks
implemented which covers all the issues are implemented

4. PROPOSED WORK

The three step ETL process works as follows:

through paid tools. So we propose a MaSSEETL — an
integrated open-source tool to implement the above issues.
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EXTRACTION: The amalgamation of all of the disparate
systems across the enterprise is the real challenge to getting
the data warehouse to a state where it is usable. This step
consolidates the data from different data sources. OLTP
systems and Non OLTP systems like flat files or spreadsheets
are the most common data sources. The main objective of
extraction is to retrieve all the required data from the source
system with as little resources as possible. It is also known as
Data discovery phase. The validated data from extraction is
backed up and archived at the staging area.

I. CLEANSING AND TRANSFORMATION: It applies a
set of rules to transform the data from the source to the target.
This includes converting the measured data to the same

5. MaSSEETL WORKFLOW
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dimension using the same units so that they can be later
joined.

Il. LOADING: Loading data to the target data source
structure is the final step in ETL. In this step extracted and
transformed data is written into dimensional structures
actually is accessed by the end user and application systems.
Loading includes both dimensional tables and fact tables.

In a data warehouse, data quality is challenge in an idealized
mono-cultural environment, but it is inflamed to epic
proportions in a ETL environment. The data quality issues
complicate the data warehouse process and hamper the
implementation of Data warehouse ETL process in industry.

The table below describes the problems that occur while building an MaSSEETL tool.
Table 2 MaSSEETL Quality Issues

Data Quality Issue Problem

1. Data Integration Issues Dealing with php data objects (pdo) in php.

2. Date formats Ms- Excel does not date as dd-mon-yy
Ms-Access uses standard formats Date/Time
My-SQL has format As DD-MON-YY

3. Generation of source-id Know the source —id for all the data sources, Ms-Excel does not have any
source-id

4. Generation of surrogate key Surrogate key for Ms-Excel is difficult to be generated as it does not use any
primary key

5. Filling the missing values Filling the missing values based on certain criteria.

6. Domain Checks and conversion Checking the domain of a particular column and changing the complete data set
according to that value e.g. changing the numeric id field to varchar value.

7. Structural conflicts Identifying the values of those fields having same structural value , e. g. Gender
(0/1) and marital status also having value (0/1) .

Taking into consideration the above issues we propose a
MaSSEETL — an integrated ETL tool.

Following Rules can be applied to implement the above

quality issues:

Table 3 Rules of MaSSEETL

Rule I Integration Rule

{Sourcel(MySQL), Source2(FlatFile), Source3(MsAccess).....}
- Sync(MySQL)

Rule Il Surrogate Key Generation

{SourcelD1+Pk , SourcelD2 +Pk, SourcelD3 + Pk........ } -
{SurrogateKey1, SurrogateKey2, SurrogateKey3.......}

Rule 111 Date Format Mapping

{ DD-MON-YY,
{DD/MM/YY?}

DD/MM/YY, Date/Time.....} -

Rule IV Domain Conflicts Mapping

{varchar, char, text...} - varchar
{date/time , date, varchar} - varchar
{int, number, float....} - float
{Boolean, varchar, numeric} ->Boolean

Rule V Structural Conflicts Mapping

{FirstName+MiddleName+LastName,
- {User-Specific Name}

{Gender, Sex} > {User - Specific Name}

Fname+Lname, Name}

Rule VI Missing Value Computation

Mean Value is used to compute the missing value
Mode is used to fill the Non —numeric value.

Rule VII Changing Dimensions

For every update on the data set Changing Dimension Version is
added to the reporting data.
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Sequence Diagram depicts the workflow of MaSSEETL
as follows:

STEP 1: The user selects the data file. Once the file is
selected, user can select the fields and the corresponding
data types. Then the user can select the name of the column
to be displayed in the reporting data.

STEP 2: The database generation of Step 1 is carried out in
this step.

This step offers the user to create a merged data set or to
update the prevailing data set.
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STEP 3: For Create operation: All the cleansing
operations are done and Cleansed and transformed data set
is given to the end user.

For Update operation:

Version is added to every update operation on the record.

STEP 4:

Log table is maintained to depict the success and failure
count of records.

STEP 5:

Report is generated in the form of a CSV File.

MaSSEETL follows the following Sequence Diagram

User

Source DB [MY-SQL, MS-ACCESS, MS-Excel]

Destination DB [MY-SQL] Log Report

1. Select Database .|
Selected Database Feld Set ’| |

2. Select Fied name, Data Type, Merge fisld nam

2.1 Send Selecie d Fiel Set

|
3. Create/Update

Cutput Data and Log Report
I

3.1 Send Log Reportt

Success or Failure Record

3.2 Send Reportin CSV Fomat L

T
SuccessorFailure Record

User

Source DB [MY-SQL, MS-ACCESS, MS-Excel]

Destination DB [MY-SQL] Log Report

Fig 2 Sequence diagram of MaSSEETL

6. WORKING OF MaSSEETL

For the research, we have taken the data set from various
schools of Patiala. The Data Set is represented in the
following figures

B C D E f G H

A L) K
\D‘ doa ‘regno‘admno‘ name‘gender‘ dob ‘class ‘section‘rollno‘ mig %igdeta‘bloodﬁategor\gtionali‘ransporﬁstardﬂBusNobusstodfath

Sample Data Set

41 28-Feb-07 ROO4 4583 SIMR Fema 29-Aug-03 Nur A
42 06-Mar-07 R004 4584 CHIR Male 21-Oct-02 Prep- A
43 19-Apr-07 ROO4 4712 RAV] Male 15-Nov-90X C
44 24-Mar-07 RO04 4585 HARI Male  23-Oct-02 Nur A

BHUVAN
4586 PASSEY  Male

Xl (Non

4 24-Mar-07  RO043 7-Sep-30 Med) (A

NEHA

46 U-Mar-07  ROD46 4587 SHARMA Female 03-Sep-90 XII (Med) B

1No
1No
7No
0 No

1No

3No

L M N 0 P Q R 5 T:i:
0- INDIA Yes 4887 URBA S,
AB+ GENEINDIAYes - 4887 INCO SHR
0- INDIA No S
AB+ INDIAYes - 2204 BARS S.GI

SHRL.

RAJES

INDIA  No PASSE

SHRL.J

DEV

0+ INDIA ~ No | SHARN

Fig 3 Data Set Generation

Stage Wise diagram to implement the MaSSEETL- an
integrated ETL tool based on the following flow diagram.
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Data Source -MY SQL

Data Seurce MS EXCEL

Step-1
Extraction from multiple Data Sources
Step -2
Transformation and Cleaning
Step -3

Loading

Data Source MS Access
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Integraion of Mutiple Data Sources

Performing Data Cleaning Operations
Solving Naming conflicts

Domain Conflicts

Structural Conflicts

Date Conversion.

Imputing Missing Values

Handling changing dimensions

Fig 4 Stage- wise ETL Workflow of MaSSEETL

INTER STAGE FLOW OF MaSSEETL

Build Reference Data(Data Set Generation )

v

Extract

Extract (Actual Data)From multiple sources(MySQL , MSAccess, MSExcel)

v

Validate(Data Formats Validation)

v

Transform (Clean and Apply Business Rules)

Naming Conflicts, Structural Conflicts, Domain Conflicts, Missing Values

Transform

v

Stage (Load into Staging Tables)

v

Audit Report (Success / Failure Log)

v

Load into target tables

v

Achieve

Load

v

Cleanup

Fig 5 Inter Stage Flow of MaSSEETL

STEP 1:
Three data sets are taken in to consideration : MsAccess,
MySQL, MSEXCEL.

STEP 2.
User can select the data source
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@ Thesis

Al ¥ & =

€ | @ localhost/thesis/index!.php c¢| 8-

Which Type Of My Sqi Excel
Databse You Want To
A L)
upload [# Fieldname DataType  Merge Fiel Browse.. | data_setxls
1 id INT v Select Show List
EIMYSQL [72 doa VARCHAR v | Select "
Excel 3 regno VARCPR < [Seoat I# Fieldname Data Type  Merge Fie
[IMS ACCESS )¢ admno VARCHAR v Saloct 11 VARCHAR v | Select
5! rame VARCHAR v Select L2 doa VARCHAR v Select
[6 gender VARCHAR v Select 13 regno VARCHAR | Select
7 dob VARCHAR v Salact []4 admna VARCHAR v Select
08 dass VARCHAR v Select L5 name VARCHAR v |Select
o section VARCHAR v Select []6 gender VARCHAR v Select
Di0rolino VARCHAR v Select L7 dab VARCHAR v |Select
C11mig VARCHAR v Select [18 dass VARCHAR v Select
[Ji2migdetsii  VARCHAR v Select [L]o e VARCHAR _ v |Select
[13blood VARCHAR v Select [J10roling VARCHAR v Select
[11mig VARCHAR v Select
[Ji4category VARCHAR v Select v N =rem——— T — v
< > < >

Fig 6 Selection of Data Sources

Step 3.
Select the data set by browsing the data source, perform
transformation and log report.

€ | @ localhost/thesis/index].php X ' Google P 1} B 4+ & =
Which Type Of My Sql Excel
Databse You Want To
" "
upload [# Fieldname Data Type  Merge Fiel Browse_ | dala_setxls
¥ MYSaL M1 id INT v/ Select
Excel ; E:;m 3:22::? : ::::3 [ 1# Fieldname DataType  Merge Fie
[1MS ACCESS 4. admno VARCHAR | Selact ¥1 o VARCHAR v/ Select
¥I5 name VARCHAR v/ Select L2 doz VARCHAR _ v| Select
V6 gender VARCHAR v | Select I3 reano VARCHAR v Select
¥7 dob VARCHAR v | Selact [J4 admno VARCHAR v Select
s dass VARCHAR v | Select [l paind VARCHAR v | Select
o section VARCHAR v/ Select 6 gender VARCHAR _ v/ Select
V/10ralino VARCHAR v/ Select M7 dob VARCHAR v/ Select
J11mig VARCHAR v | Selsct []8 class VARCHAR v Select
Di2migdetal | VARCHAR v | Select [ 8 sectie) VARCHAR v Select
Di3blood VARCHAR v |Selsct [¥10rolino VARCHAR v Select
[J11mig VARCHAR v Select
[J14category VARCHAR v | Select Il =i — — v
< > < >
LOG Data
# Source Destination Total Records Successed Fail Time Taken
1 MySql MySal 763 763 0 27.8975
2 Excel MySal 763 763 0 28.2037

Export TO Excel | | Print

Waiting for localhost...

Fig 7 Extraction from Multiple Data Sources
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Step 4.
Generate the report by exporting to EXCEL.
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Home Insert Page Layout Formulas Data Review View @ - 82X
ﬂj & cut Calibri - |A‘ A'| ‘E = | S Wrap Text General o E ﬁ _g? m é( @ ey % ﬁ
~— 2 Copy = - - !
W ot (B 0B 0 A S acote - [8 % o0 ] ot fomi | Do romt | st e
Clipboard {F} Font F) Alignment (i Number iF} Styles Cells Editing |
| AL - fe|#
A B 5 D E F G H | J K L M N o] P Q R S T U
1 |# SURROGATEK ID REGNO NAME  GENDER DOB ROLLNO  VERSION WARNING
21 sgll 41 0 SIMRAN FEMALE 0000-00-011 0 5
32 sql2 42 0 CHIRAG ViMALE 0000-00-011 0 5
413 sql3 43 0 RAVIOT SIMALE 0000-00-017 0 5
54 sqld 44 0 HARINDEF MALE 0000-00-010 0 5
6|5 sqls 45 0 BHUVAN FMALE 0000-00-011 0 5
706 sqle A6 0 MNEHA SHAFEMALE  0000-00-013 0 5
87 sql7 47 0 DEVYANSIMALE 0000-00-013 0 5
9 8 sql3 43 0 AKSHATC MALE  0000-00-010 0 S
109 sgl9 49 0 PREETIND MALE  0000-00-010 0 S
11|10 sqlio 30 0 HARPREETMALE 0000-00-011 0 5
12|11  sgiil 51 0 SUMIT MA MALE 0000-00-010 0 5
13|12 sgl12 52 0 SIMRANPIMALE 0000-00-014 0 5
1413 sqgl13 23 0 JASMINE MALE 0000-00-010 0 5
1514  sgli4 54 0 RUHANI FEMALE 0000-00-010 0 5
16|15  sqgl1s 55 0 BHAWANIFEMALE  0000-00-015 0 5
17|16  sqgl16 56 0 TRISHLEEM MALE 0000-00-010 0 5
1817 sqgl17 57 0 PARULGOFEMALE 0000-00-011 0 5
1918  sqgl18 58 0 ADITI KAFFEMALE  0000-00-010 0 5
20119 sgl19 59 0 MEHAK  FEMALE 0000-00-010 0 5
21120 sgl20 60 0 CHANDVI FEMALE  0000-00-010 0 S
22121 sgl21 61 0 HIMANSH FEMALE  0000-00-010 0 S
23|22 sgl22 62 0 NITIN GRCMALE 0000-00-010 0 5
24123 sgl23 63 0 JASMEEN FEMALE 0000-00-017 0 5
2524 sgl24 64 0 MEHTAP SMALE 0000-00-012 0 5
W4 0] thesislistReportCsv-2 /73 0| m

Ready |

=

Fig 8 Report Generation

7. RESULTS

1526 records transformed and profiling is shown in figure below:

Detailed profile

Summary by state

Order -« State & Time State @ Total Time + % Time o Time

1 Starting 38 uys  Sending Data 329 ps 51.25% 1 329 ps
2 Checking Permissions 6 ps  Freeing ltems 143 ps 22 27% 1 143 ps
3 Opening Tables 27 ps  Starting 38 ps 5.92% 1 38 ps
4 Init 35ps  Init 35 ps 5.45% 1 35 ps
5 System Lock 7 ps  Opening Tables 27 ps 4.21% 1 27 ps
& Optimizing 4 s Statistics 13 ps 2.02% 1 13 ps
7 Statistics 13 us  Cleaning Up 12 us 1.87% 1 12 ps
8 Preparing 10 ys  Preparing 10 ps 1.56% 1 10 ps
9 Executing 2ups  Closing Tables 8 ps 1.25% 1 8 ps
10 Sending Data 329 us  System Lock 7 ps 1.09% 1 T ps
gkl End 3 ps  Checking Permissions B ps 0.93% 1 B ps
12 Query End 5ps  Query End 5ps 0.78% 1 5ps
13 Closing Tables 8 ps  Optimizing 4 ps 0.62% 1 4 ps
14 Freeing ltems 143 ps  End 3 ps 0.47% 1 3 ps
15 Cleaning Up 12 s Executing 2 s 0.31% 1 2 s
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Starting

Checking Permissions
Orpening Tables

Init

System Lock

Orptimizing

Statistics
Preparing
Exscuting
Sending Data
End

Cery End
Closing Tables

Fresing ltems

Cleamning Up

Flg 9 : Transformation Profiling of Output Records

8. CONCLUSION

Data quality has become a major concern activity performed
by most organizations that have data warehouses. Every
organization needs quality data to improve on its services it
renders to its customers. In view of this, a thorough review of
approaches and papers in that regard are discussed and their
limitations also stated. This is to help future development and
research directions in the area of ETL. The papers reviewed in
this report looked at critical aspects of data quality, problems
and shortcomings in the existing environment.

8.1 Future Work

In future work we propose to implement with data - de-
duplication and handling semi structured data in the above
tool. The tool performs loading in single destination. In
future, multiple data sources can be selected to display the
output.
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