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Abstract-In today’s business world, decision making is challenging task due to emerging technologies
and strategies applied for enterprise. To make accurate decisions, the data present in the decision
databases should be of good quality, in this relation we emphasis on building data quality evaluation
model for data migration or Extraction Transformation and Loading (ETL) business enterprises.
However, there are no standard tools in the market for evaluating the ETL output in the decision
databases. The proposed model evaluates the data quality of decision databases and evaluates the model
at different dimensions like accuracy derivation integrity, consistency, timeliness, completeness, validity,
precision and inter pretability, on various data sets after migration.
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I. INTRODUCTION

Data migration is an integral part of business knowledge process improvement and makes it accessible from
the new system. Data migration is a set of activities that moves data from one or more legacy systems to a new
system, it is actually the translation of datafrom one format to another format. Data migration is necessary when
a company upgrades its database or software, either from one version to another or from one platform to another
[6] [7]. After data migration or ETL process one should ensure the data quality of the target system, there is
necessity to compute the data quality dimensions of the migrated data. Methods to compute the Data Quality
Parameters have been explained as part of data quality Parameters Presentations and data quality indexes at the
parameter level should be computed to generate a data quality assessment report to make proper business
decisions. If the migration effort does not formally specify the level of end-state data quality and the set of
quality control tests that will be used to verify that data quality, the target domain may wind up with poor data
quality, which may result in (i) Costs associated with error detection,(ii) Costs associated with error rework (iii)
Costs associated with error prevention (iv) Time delays in operations (v) Costs associated with delays in
processing (vi) Difficulty and/or faulty decision making and (vii) Enterprise-wide data inconsistency [2][1]
Author developed the data quality assessment framework with different data quality dimensions to derive the
quality of the target system using decision tree method. Author hopes this study will help in analyzing and
ensuring the quality assurance of the warehouse system or any decision making databases. Author illustrated the
data quality assessment model with the case study of loan Repayment data mart along with its derivates.

II. RELATED WORK

In present days decision making is so important for any business, Inaccurate, incomplete reporting leads to
wrong decisions and redundant data handling leads to cost replications and synchronizations. Good quality helps
to increase customer value. so with the implementation of data warehouse systems can be achieved, one of the
challenge is when data is loaded into datwarehouse from legacy systems, need to verify the quality of the data
present in data warehouse or target system, there is a need to develop uniform framework, author emphasis in
constructing the framework to check the data quality for data quality testing. Data Quality is the measure of
accuracy of data which meets the business requirements and supports to the decision makings. Data quality can
be assessed with various dimensions such as completeness, accuracy, precision, consistency, derivation
integrity.etc. In 2001 by Virginie Goasdoue, Sylvaine Nugier, Dominique Duquennoy and Brigitte Laboisse
proposed an Evaluation Framework for Data Quality Semantically [5]. In 2006 by Kyung-Seok Ryu, Joo-Seok
Park, and Jae-Hong Park proposed a Data Quality Management Maturity Model and showed empirically that
data quality improves as data management matures [6]. A survey done by Bloor research group in 2007,
highlighted 84 percent of projects were running over time or budget. The most commonly cited reason for the
project was legacy migration i.e. 27 percent. Bull presented in London conference and emphasized on the data
migration importance and its data quality for business decision, i.e. they wanted to migrate from a mainframe-
based navigational database to a relational database on a non-mainframe platform. It used Reverse toolset to
migrate the existing COBOL code so that it runs directly and without change, against the PostgreSQL database.
The next phase will be to re-develop the application software. A Survey done on Poor data quality most
common in business intelligence problem by Jeff Kelly, News Editor Published in 20 Sep 2010. The most
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noticeable change is that we nearly always record that the biggest complaint is query speed, said by Barney
Finucane, a BARC analyst and lead author of the Bl Survey’s. BARC has been conducting the survey of Bl end
users since 2001. Thisyear’s survey included responses from nearly 2,200 end users, or consultants on behalf of
end users, most from Europe and North America. Impact of data quality on business domains, survey emphasis
that bad data means big business intelligence problems. The International Association for Information and Data
Quality (IAIDQ) was established in 2004 to provide a focal point for professionals and researchers in this field
[5]. IAIDQ have recently completed survey in 2010 with full report shows the importance of data quality in the
present real business world. Manjunath T N et.a [2011] highlighted different data quality dimensions in
different stages of data migration or ETL cycle. No literature found on the developing uniform data quality
assessment model using Key Performance Indicators (KPI) and decision tree method of accessing the data
quality for data migration business enterprise.

1. DATA QUALITY ASSESSMENT FRAMEWORK AND ALGORITHM

After Data migration | ETL process from legacy system to data warehouse / target system, need to assess the
data quality of the target system with respect to underlying data, author derives the data quality characteristicsin
terms of KPI's (Key performance indicators), compute the KPI vaues for target system, compare these
computed KPI's with the threshold values, construct the decision tree to predict the data quality of the target
system and give the feedback on the data quality for the end user[6] [7].

Figure-1: Data Quality Assessment Framework

Data Quality Measurement is necessary for any business decisions; figure-1 describes the components used for
the framework. Accuracy: |s a measure of the degree to which data agrees with data contained in an original
source. Validity: Is a measure of degree of conformance of data values to its domain and business rules.
Derivation integrity: Is the correctness with which two or more pieces of data are combined to create new data.
Completeness:. |Is the characteristic of having al required values for the data fields. Timeliness: Is the relative
availability of data to support a given process within the timetable required to perform the process [4] [5]. The
figure-2 confers the algorithm for data quality assessment.
Algorithm-Data Quality assessment Framework
Begin algorithm
for each tablein the source database SD (1...N)
for each attribute Aij in SD (i rows and j columns)
for each record in the target database TD (1...M)
for each attribute Bij in TD (i rows and j columns)
Evauate DQ KPI's
for i=1 to n (where n=no of Entitiesin D)
Begin

Accuracy ()

Derivation integrity ()

Validity ()

Completeness ()

Timeliness ()

Accessihility ()

Consistency ()
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end for.
end for
end for.
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End

Store al DQ KPI'sin Temp table

end for.

Construct Decision tree for different KPI'si.e. DT
If (DT is Acceptable) break
Else not acceptable for decision making

End algorithm.

Figure-2: Algorithm for data quality assessment framework

IV.DATA QUALITY COMPUTATION CASE STUDY: LOAN REPAYMENT DATA MART

Concise indication of Loan Repayment Data Mart. Leading Bank is having operations in all the states across the
country. The Bank offers a wide range of banking products and financial services to corporate and retail
customers through a variety of delivery channels and through its specialized subsidiaries and affiliates in the
areas of investment banking, venture capital and asset management. The Bank has ERP systems and legacy
systems for capturing the transaction data. The bank has decided to go ahead with the implementation of data
warehousing solution to solve the repayment business need. Figure-3 describes the complete business
requirements to perform ETL Process | data migration from legacy to data mart.Figure-4 gives the multi-
dimensional model with start schema.

4.1 Typical Reguirements Specification for legacy Data system

Bank wants to design a data mart that will meet the following requirements. The bank should be able to view the
following information from the data mart.

1. List of defaulters

2. List of customers who have repaid the loan amount completely.
3. List of customers who have opted for partial prepayment of loan.
4. List of customers who have opted for full prepayment of loan.

5. List of customers who have completed 25 percent of their loan.

4.2 Design: Loan Repayment Data Mart

The data mart will have the following tables.

1. Loan product

2. Customer

3. Branch

4. Payment mode
5. Time

4.3 Mapping Document with typical business rules

Field Name Data Type | Description Business Rules
Actual_date_payment Date type Date when the loan installment (EMI) is | Entered in dd-mm-yyyy
actually paid by the customer format
Address Text The address of the customer Maximum characters: 40,
can aso include special
characters
Balance loan_amount Currency The outstanding loan amount for the | Can take only integers (no
customer decimals). Values from Re 1
to Rs 10 million
Branch Text The name of the branch from where the | Can take vaues only
loan is availed. mentioned in the drop down
box
Branch_id Text The uniqueid given to the branch Can take vaues only
mentioned in the drop down
box
City Text The city of the customer Maximum characters: 20,
cannot include integers or
specia characters
Credit_rating Text Credit rating given to the customer. Can take vaues only
mentioned in the drop down
box. Four values: A, B, C &
D
Customer_id Text The unique customer id alotted to the | Unique customer id alotted

customer.

to the customer.

Same for al banking
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transactions for the customer
in the bank.

Customer_Type Text The type of customer such as salaried or | Should not accept any other

self-employed. value than those identified.

Date key Date type This contains the format of the date

Day Text This contains all the days of the week

Delayed payment_days Number This is the payment delay (in number of | Would be an integer.

days). It is equal to the
"Actual_date_payment" minus
"Due_date_payment".
Description Text Loan description (Housing loan, Vehicle | Can take values only
loan, Personal loan) mentioned in the drop down
box

DOB Date type Date of Birth of the Customer Entered in  dd-mm-yyyy
format

Due_date payment Date type Date when the loan installment (EMI) need | Entered in  dd-mm-yyyy

to be paid by the customer format

Duration (months) Number This is the total number of months for | It should be between 12

which the loan has been sanctioned. months and 240 months.
Must be an integer.
Eff_date Date type This is the data from which the revised
interest rate is effective.
Equated_Monthly_Installment | Currency The monthly instalment which the | Calculated amount. The
customer hasto pay every month. decimals values are rounded
off.
Exception_id Number The id for al the exceptions which can
happen during the tenure of the loan

First_name Text Thefirst name of the customer Maximum characters: 20,
cannot include integers and
specia characters

Fulldate Datetype Thisisthe date in dd-mm-yyyy format.

Last_name Text The last name of the customer Maximum characters. 20,
cannot include integers and
specia characters

Loan_End_date Date type Date when the loan installment for theloan | Entered in  dd-mm-yyyy

shall be paid by the customer format

Loan_id Text Thisis the id alocated to the loan taken by | Should be unique. One

the customer. customer id can have
multiple loan ids.

Loan_product_id Text The id allocated to various types of loans | Should accept only allocated

likeHL, PL and VL. ids.

Loan_Start_date Date type This is the date when the disbursement of

the loan takes place.

Month Text This contains all the months of the year.

No_of_installments_defaulted | Number This is the number of months for whichthe | Can accept up to one

customer has defaulted. decimal.

Pay_mode_description Text The description of various modes of | Should not accept any other

payments such as Cash, ECS and Cheque. value.

Payment_made Date type This is the date when the payment is | Entered in dd-mm-yyyy

actually made by the customer. format

Prepaid_full_penalty_charges | Number This is the penalty (in %) which is charged

on the outstanding principal amount when
the customer wants to forecl ose the loan.
Repayment_no Auto Number | This is the installment number being paid | Auto generated
by the customer. Should be increased by
one over the previous repayment number.
ROI Number Thisisthe interest rate being charged to the | For HL, it should be equal to
customer. bank rate plus spread. Can
include up to 2 decimals.

ROI_type Text Includes two types: fixed rate and floating | Should not accept any other

rate. value.

Salesperson_id Text Theid alocated to the sales person Should be unique for every

sales person.

ISSN : 0975-4024

Vol 5No 1 Feb-Mar 2013

104



Manjunath T.N et al. / International Journal of Engineering and Technology (1JET)

Salesperson_name Text Name of the sales person against whom this | Maximum characters: 40,
loan id is tagged. cannot include integers and
specia characters
Spread Number This would be the percentage mark up for | Should increase with afal in
the customer over the bank rate. Depends | the credit rating. Can include
on credit rating. up to 2 decimals.
Status flag Text It contains two flags: Y esand No. Should not accept any other
value.
Total_Loan_Amount Currency The total loan amount sanctioned by the | Can take values between Rs
bank 5000 to Rs 10 million.
Week_Number Auto number The auto generated week number of the

year.

Figure-3: Typical business rules while performing ETL| Migration

4.4 Multidimensional Data Model: Loan Repayment data mart

Loan product
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Figure-4: Multidimensional model to hold Bank data: Star Schema

The exercised data mart consist of six dimension tables namely loan product, customer, time, payment mode,
time, marketing team and branch and one fact table loan fact and all these tables have be arranged in start style.
The transactional data present in legacy system is loaded into data mart on the daily basis. To ensure the data
quality of the data mart is challenge and tedious task, the proposed KPI (Key Performance Evaluation) method
helps in ensuring the data quality. The exercised requirements are highlighted in mapping document in figure-3
and multidimensional model in figure-4
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4.5 Analytical Model for Data Quality Assessment

Dimension Table name Fields
Loan Spread
Accuracy Repayment Closing Principal
Repayment Interest
loan ROI
Derivation integrity Repayment Delayed Payment_Days
Repayment Preclosure_Penalty
Customer DOB
Validity Customer Customer Type
Loan Loan_product_ID
Completeness Loan Customer_ID
Loan Equated_Monthly_Installment
Non-Duplication Customer First Name, Last Name, DOB

Figure-5: Data Quality Analysiswith respect to different KPI's

Accuracy: Isameasure of the degree to which data agrees with data contained in an origina source.

A _ Sumof All E(i) (Wherei =123 ...... n)
Uy = rotal number of entities in the source database

) Number of Accurate fields
Accuracy of an Entity(E;) =

Total number of fields in the entity

Number of values of a field without error in the target database
Total number of values in a field of the source database

Accuracy of each Field(4;) =

Derivation integrity: Isthe correctness with which two or more pieces of data are combined to create new data.

Number of error records

Deviation from Derivation Integrity in the field =
f grity f Total number of records

Derivation Integrity = 1 — Average(Deviation in integrity of each field)
One should be very cautious, when computing the Derivation Integrity, which would not be literally calculated
by one single formula, but should be considered under different circumstances, conditions based on the database
instances.
Validity: Isameasure of degree of conformance of data values to its domain and business rules.

Validit Total Number of records in the target database satisfying the business rules
alidity =

Total number of records in the source database

Automated data assessments can test validity and reasonability, but they will not be able to assess accuracy of
the values
Completeness. Is the characteristic of having al required values for the data fields i.e. completeness can be
measured by taking aratio of the number of incomplete items to the total number of items and subtracting from
1

Number of incomplete items

Total number of items

Validity =1 —
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Timeliness. |Is the relative availability of data to support a given process within the timetable required to
perform the process. Timeliness is measured as a maximum of one of the two terms: 0 and one minus the ratio
of currency to volatility.

Currency

Volatilty
Where, Currency is the age plus delivery time minus the input time. Volatility refers to the length of time the
dataremains valid. Delivery time refers to when the datais delivered to the user.

Consistency: It can be measured by a ratio of violations of a specific consistency type to the total number of
consistency checks subtracted from one.

Timeliness =1

Violation of a specific consistency type

Consistency =1 —
y Total number of consistency checks

V. RESULTSAND DISCUSSIONS

The proposed methods have greater data quality assessment with respect to the different KPI’s for different data

sets. Target database is classified for decision making which meets customer expectation and confidence to rely
on the underlying data. The data is validated with different characteristics such as, which are the exact data (The
data user need), with the right completeness (All the data user need), in the right context (Whose meaning user
know), with the right accuracy (User can trust and rely on it), in the right format (User can use it easily), at the
right time (When user need it), at the right place (Where user need it), for the right purpose (User can
accomplish business objectives).Figure-6 and 7 shows the relationship between existing and proposed system.

DQ Dimension Proposed Existing

Completeness 100 75.2
Business Conformance 100 78.7
Non Duplicates 100 94.825
Accuracy Field 100 100
Accuracy Entity 66.66 66.66
Derivation Integrity 100 67.7
Consistency 100 98

Figure-6: KPI’s between Proposed and Existing Method

Figure-7: Relationship between existing and proposed method

To ascertain successful and qualitative loading of data from the source database | legacy system to the target
database the following additional verification should be conducted.

Summary Tests: These include checking for total number records based on certain key columns or while
considering rejections. Similarly, summary tests can be conducted by applying suitable filters.

Total Values Tests: These include checking for SUM (or related values) as applicable to key numeric columns.
Audit and Control Log Verification: This helpsto get an idea about the load at the summary level.
Rejection Log Verification: This helpsto get an idea on expected data quality issues

5.1 Classification with Decision tree Method
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Vaidated the data quality of the decision / target database using decision tree method: For a given a collection
of records (training set), each record contains a set of attributes, and one of the attributes is the class. Find a
model for class attribute as a function of the values of other attributes.

Goal: Previously unseen records should be assigned a class as accurately as possible.

A test set isused to determine the accuracy of the model. Usually, the given data set is divided into training and
test sets, with training set used to build the model and test set used to validateit.

Decision tree is a flow-chart-like tree structure, internal node denotes atest on an attribute, Branch represents an
outcome of the test and Leaf nodes represent class labels or class distribution. At start, al the training examples
are at the root and Partition examples recursively based on selected attributes. The below are the training data
set and test data set with different databases of loan repayment data mart. Figure-8 represents training set for
different KPI's and figure-9 shows the test set for the different databases with respect to KPI's.Figure-10
represents the decision tree construction for data quality classification with respect to KPI's.

Training Data set
Dimension Value Class
Compl eteness 80 to 100
Business Conformance 80 to 100
Non Duplicates 100
Accuracy Field 90 to 100 Yes
Accuracy Entity 80 to 100
Derivation Integrity 80 to 100
Consistency 80t0 100

Figure-8: Training set for different KPI's

Data Sets Dimension Value Class

Completeness 98

Business Conformance 98

Non Duplicates 100
Oracle Accuracy Field 100 Yes

Accuracy Entity 66.66

Derivation Integrity 100

Consistency 100

Compl eteness 77

Business Conformance 78

Non Duplicates 84 No

SQL Server | Accuracy Field 100

Accuracy Entity 85

Derivation Integrity 76

Consistency 80

Compl eteness 97

Business Conformance 96

Non Duplicates 77 Yes
Flat Files Accuracy Field 100

Accuracy Entity 100

Derivation Integrity 98

Consistency 100

Compl eteness 100

Business Conformance 100

Non Duplicates 100 Yes
DB2 Accuracy Field 98

Accuracy Entity 77

Derivation Integrity 96

Consistency 98

Figure-9: Test Set for Different KPI's and dataset
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Decision Tree Construction for different test set based on the training set

Figure-10: Test Set for Different KPI's and dataset

VI. CONCLUSIONS

In current information technology, process improvement is vital part of any businesses, in this regard data
migration is essential from legacy systems to newer system or data warehouses for their business decisions, in
this connection there is an essence of developing data quality assessment model to assess the underlying data in
the decision databases. The Proposed data quality assessment model evaluates the data at different dimensions
to give confidence for the end users to rely on their businesses. Author extended to classify various data sets
suitable for decision making. The results reveal the proposed model is performing an average of 12.8 percent of
improvement in evaluation criteria dimensions with respect to selected case study.
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