Data Completeness Prediction by Deep Learning
Jaouad MAQBOUL1, *, Bouchaib BOUNABAT2, *
*

AL QualSADI Team-ENSIAS, Rabat IT Center, Mohammed V University, Rabat, Morocco

Abstract.
This article describes an approach to identify the tangible and intangible im-pact of better data
quality, in an enterprise architecture context without for-getting the cost resulting from the
improvement of this data. the goal is to measure the impact and cost of improving business
processes, quantitatively, to help decision-makers make good decisions and carry out their
strategy, this approach will facilitate the choice of candidate quality projects to be ex-ecuted by
minimize cost of improvement, an JEE java web application is de-veloped to meet our need.
Keywords: Data quality assessment and improvement, artificial neural network, deep
learning Introduction.

1. Introduction
Formerly we speak of budgetary capital and the money invested, according to IBM’s the
expense of poor-quality data is enormous, and estimate to $3.1 trillion per year for the US
economy, $611bn per year is lost in the US in poorly targeted mailings and staff overheads
alone [1], nowadays we talk about of data, information, knowledge to wisdom capital, the
immensity of the data produced by the compa-ny during its existence is an essential heritage of
which it cannot do without it, 90% of data produced so far, in the last two years [2], the global
big data analytics market was valued at US $ 37.34 billion in 2018 and is expected to reach US
$ 105.08 billion by 2027 and 58% of companies adopt Big Data Analytics [30]; by the way Big
Data is characterized by properties which are (Variety, Variabil-ity, Complexity, Value) [31],
by these properties there will surely be a lot of erro-neous, incomplete, inaccurate data and it is
the duty of compagnies to correct them as the cost of poor quality data is enormous and could
damage image of company with customers and partners; for this purpose that practitioners and
scientists, identify quality as a strategic element that will create added value, and satisfy the
client to humanity, in meeting their needs, and gaining here trust for making a financial gain
[3].
The organization of this paper is addressed as follows: section I a comparative table of
research work on the impact and cost of quality, Section II, presents data quality definitions and
dimensions; Section III the contribution and the complexi-ty of the completeness improvement;
Sections IV describes our approach of using the artificial neural network on completeness
prediction, the conclusions and future work are summarized.

13

2. Related Work
Table 1. Related work

Data Quality for the Information Age (Redman, 1996)

√

√

Enterprise Knowledge Management: The Data Quality
Approach (Loshin, 2001)

√

√

Towards Quantifying Data Quality Costs (Kim & Choi, 2003)

√

√

√

A Classification and Analysis of Data Quality Costs (Eppler &
Helfert, 2004)

√

√

√

Executing Data Quality Projects: Ten Steps to Quality Data and
Trusted Information (TM) (McGilvray, 2008)

√

√

Information Quality Applied (English, 2009)

√

√

DAMA Book of Knowledge (DAMA, 2009)

√

√

Improving Data Warehouse and Business Information Quality:
Methods for Reducing Costs and Increasing Profits (English, 2011)
The Costs of Poor Data Quality (Haug, 2011)
Understanding the Financial Value
Improvement (Knowledge Integrity, 2011)

of

Data

Quality

Measuring the Business Value of Data Quality (Gartner, 2011)
How to Monetize, Manage, and Measure Information as an
Asset for Competitive

√

√

non-Financial

Improvement

Poor data

Process

Data

Works

Financial

Impact

Cost

√

√

√

√

√

√

√

√

√

√

√

√

X. (Laney, 2017)

The comparison criteria being the aspects dealt with, namely: the costs of poor quality the
impact of improved data quality and the costs of improving quality. This for the processes and
its data.
It can be concluded that the literature in the field of impact assessment and efficiency
analysis of a preliminary program / project to improve data quality is broken down into the
following aspects:
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1. The negative value of the data, namely the costs associated with poor quality;
2. The financial / business value of improving the quality of the data;
3. The costs associated with improving the quality of the data.
However, this work does not offer metrics or aggregated indicators that allow us to analyze
these aspects, to lead, to choices of implementation of initiatives to improve the quality of the
data, the work done in this direction was based on the economic side, which makes these models
difficult to apply and adapt to a range of contexts.
The aggregation of the different impact and cost factors is required in order to provide a
synthesized view and thus simplify the decision-making process in relation to the quality
improvement initiatives to be implemented.

3. Data Quality Dimensions Classification, Study Case Data Completeness
3.1

Data Quality

We have chosen some definitions of quality,quality is the degree to which a set of inherent
characteristics fulfills requirements [4]. Philip Crosby says: Conformance of requirements of
the customer [5].W. Edwards Deming: A predictable degree of uniformity and dependability,
at low cost and suited to the market [6]. Joseph Juran: fitness for use [7].Referred to [8], quality
is “the extent to which information still meets the requirements and expectations of customers
[9, 10].

3.2

Classification of the Quality Dimension

The researchers made a classification from three to four categories of data quality by Wang
and Strong: intrinsic, contextual, representational and accessibility [11], in this study we choose
completeness from contextual.
1. Intrinsic: Denotes that data is linked to the quality that the data has on its own. This
aspect of quality is independent of the user’s perspective and context.
2. Contextual: Points to the requirement that data quality must be considered within the
context of the task at hand.
3. Representational: includes aspects related to the format of the data, and meaning of data
[36], in such a way that they are interprétable, easy to understand.
4. Accessibility: emphasizes the important role of systems; that is, the data must be
accessible as well as the system in addition to its security.
3.3

Chosen dimension, Completeness

This study will survey on one of critical dimensions; accuracy, consistency,
completeness, and timeliness, which are considered as a fundamental dimension and
improvement process in information systems [36], data completeness can block the business
process than other critical dimensions.
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Among the most common definitions of completeness is the extent to which data is not
missing and is of sufficient breadth and depth for the task at hand [11], it means all the requisite
information available.
In the next session, we discuss the impact of completeness improvement and how will cost
to the company; but the cost will be difficult to calculate and estimate, so we choose the
complexity of completeness improvement; it is already proven that the cost of improvement has
a linear relationship with complexity [12, 13],and the improvement will target the data managed
by these processes.
In the next section we extracted the questions in our survey to see the impact of improving
the data completeness on the company in terms of costs and gains.

4. The Complexity And Contribution Of Improving Completeness
4.1

Impact of improving data completeness

Good-quality data has several beneficial impacts on organizations in Decision making,
Productivity, Compliance and Marketing [35], here we cite the questions to answer the impact
of data completeness,is improving data completeness
1. Will reduce the cost?
Good data quality cost to company money and time, the cost can be divided into cost of
low data and the cost of improving data [14]; the second class divided into prevention costs,
Detection costs, repair costs; by default, good data, minimize these costs and we don't waste
time and resources to deal with poor data.
2. Will increase profitability and efficiency?
A report made by General Accounting Office 1991, companies that used total quality
management practices, improved profitability [15]; so good data in-crease profitability. When
collaborators are committed in a work environment; in which teamwork is emphasized, and
where quality are the goal; the work will be fluid and smoother than the one in which quality
comes after the incident.
3. Will enhanced customer satisfaction?
In order to survive, the company must continuously improve its ability to serve their
customers, and have the advantage of competing better than existing competitors [16]. good
quality data keeps customers loyal without investing in advertising or any other method of
influence, even if the staff leave the compa-ny; the services is delivered in time no matter the
employers behind the process
4. Will improve transverse processes (Cross-Functional Process)?
The processes that are the true value of the business are precisely those that cover multiple
organizational domains, applications, and IT systems. Most of the time, processes are divided
into interdepartmental because once a process is transferred to the next service; it is difficult to
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track and manage, so the im-provement of the data managed by these processes will improve
the daily opera-tions for interdepartmental.
5. Will facilitates decision making and strategy change?
Today, most companies use data to make decisions about their business. The reason they're
leading the way is that they've gained a strategic advantage over their rivals simply by shifting
their focus to data rather than relying on business acumen alone. Good data make it easy for
analysts provide good information to decision-makers to make good decisions and even make
changes to their strate-gy in the short or longterm.
6. Will has a direct impact over time?
It depends on the context of the entity, quality data, in our context, complete-ness, will
have an impact in the short-term or in the long-term.For example, accumulated market data can
save the company large sums, in the short-term or, on the contrary, mark its death in front of its
competitors; while a strategy based on complete data will have a long-term impact.
7. Will increase security compliance?
Almost all privates, data protection and compliance programs are data-based. And the
quality of this data is important. If it is low, you are exposed to risks, but the contrary will help
to reinforce security, generate savings by refining processes, reduce compliance time by
streamlining the reporting process and Reduce the response time.
4.2

The complexity for data completeness improvement

the cost of a data quality comes from the cost of prevention, direct cost and cost of
improvement and others, for our study we will try to ask questions about the cost of
improvement of the completeness, how cost to improving data completeness by:
1. Finding of source of data to complement or contradict the data?
The companies are looking for to complete their data; there is some data that can be
completed, by older backup after failed migration, or knowledge bases that are had been
capitalized after years of experience including algorithms and instructions for employees,
to deliver faster service, and increasing satisfaction of customer; the fact that experts
contribute to this knowledge base, doesn’t improve that their knowledge accumulated are
archived, documented and shared with all employers; further their knowledge can
contradict the archived knowledge and correct it.
2. The nature of data?
Most companies rely on huge amounts of data; about their suppliers, employees, process
data, videos, audio, PDFs, knowledge and more; business processes handle several types
of data ranging from golden data, master data to unstructured data.The complexity
increases from master data that manipulate some tables like employees, customers,
products or suppliers; these tables are key business entities that support transactions in
operational systems [17], to the most expensive, unstructured data; these tables contains
information that does not have a predefined data model or is not organized in a predefined
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manner; that's the fact because there is data entered manually, by machine directly or after
back-end processing based on a faulty algorithm in a knowledge base.
3. How the process is executed?
Business Process Automation (BPA) is assumed to enhance organizational efficiency by
decreasing levels of effort and elimination of redundant processes and procedures [18].
The complexity varies according to the way the process is executed manually or
automatically.
4. Identifing attributes of data that have great weight?
Identify attributes that are consistent across different data sources, reduces the complexity
of Data matching [26], data cleansing [27], Data profiling [28], Data deduplication [29].
In the next session, we will discuss about deep learning to our neural network in order to
classify the prediction of completeness and calculated after by regression.

5. Proposed Architecture
5.1

Technical architecture

Architecture is divided into 3 layers: the presentation layer which provides the interface
with the user, the business layer which encloses the business processes and the DAO layer,
through a connector, is responsible for the operations of managing records at the level
database. this layered architecture allows for easy maintainability and scalability [32].
Figure 1. technical architecture of the jee application

5.2

implementation phase

we present in this section the screenshots of the platform
Figure 2. assessment of the positive impact factor
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Figure 3. assessment of the complexity of implementation

6. Artificial Neural Networks
6.1

Principe of ANN - neural network

Deep learning, and machine Learning they are new, and effective strategies commonly to
maximize profits in the market; neural networks by nature are effective in finding the
relationships between data and using it to predict (or classify) data [19]. An artificial neural
network (ANN) involves numerous processors operating in parallel arranged in levels [21].
The first level receives the input information. Each successive level receives the output of the
preceding level, the last level produces the output of the system which will be the prediction.
6.2

The data completeness prediction by the ANN

ANN uses multiple layers that approximate complex mathematical functions to process
data. A backpropagation neural network (BPNN) is a widely used learning algorithm in an
ANN application that uses back-propagation of the error gradient to minimize the error of
nonlinear functions of high complexity [25]. In this study, a BPNN algorithm has been
adopted for predicting completeness after an improvement of it, which will have a favorable
impact on the company at a cost (complexity), based on an experience in the company on the
previous improvements.
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The BPNN consists of three layers: an input layer, one or multiple hidden layers and an
output layer; each layer contains a number of neurons, each of which receives inputs from
neurons in the previous layer, or external inputs, and converts these into either an output
signal [22, 24].
In our study the factors of impact and complexity are going to be the input of our network, in
Figure 2 and Figure 3, we had used weight for each answer; the strong point for this propose
came from the contextual fly of completeness; our proposal to let the neuron network learn
from data to adapt these weight in order to minimize the cost in Figure 3 and approaching the
completeness.
Backpropagation: Backpropagation is a method to adjust connection weights, to compensate
for each error found during learning; the goal of backpropagation is to improve the prediction
in most learning networks; so, error is calculated as the difference between the actual output
and the predicted output [23, 34]. To decrease the error, move the weight in the opposite
direction of the gradient, means the partial derivative of the J(w) with respect to weight w.
Forward propagation: Refers to, calculating and storing intermediate variables (including
outputs) for the neural network within the models; in the order of the input layer to the output
layer, we can choose a function activation for each layer; we use function activation to learn
nonlinear complex functional mappings between the factors (inputs) and the predicted
completeness (target outputs of our data.

7. Completeness Prediction By Neural Network
7.1

Learning from answers of the survey

We have developed a survey to question the practitioners and responsables of processus of
data quality, our survey is about the cost to improve data completeness of proceses and it’s
impact on the company; we pushed at level to accumulate information about process in
company; so the field company is added in order to have a learning for just this company; the
type of company to generalize this learning for same company, the name of process, type of
process (critical one, important, normal) and the department charged of this process; in order
to generalize to other company, or same department, and other fields existed in our last survey
to identify the factors of (impact, complexity) completeness improvement [20].
7.2

case study

7.1.1 Case 1.
In first, we have used one hidden layer with 10 neurons in order to predict the
completeness; we have used the dl4j library, the value of predict completeness 0.2835 is more
than the desired value, while the value calculate after improving is 0.25.
Figure 4. The predicted value of completeness for (1) layer
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7.1.2 Case 2.
After we decide to go with two layers, each layer with 10 neurons, the value of predict
completeness 0.2693 is more than the desired value, while the value calculate after improving
is 0.25.
Figure 5. The predicted value of completeness for (2) layer

7.1.3 Case 3.
Add one hidden layer, so we had 3 hidden layers, the predicted completeness
approximate the desired value 0.2499
Figure 6. The predicted value of completeness for (3) layer
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7.1.4 Case 4.
We decide to add another hidden layer to identify the exact numbers of hidden layers,
so know we had 4 hidden layers, the predicted completeness is 0.2583.
Figure 7. The predicted value of completeness for (4) layer

The experience has shown that three hidden layers are the most suitable for our
problematic, and we had the best prediction we can have.

8. RESULTS AND DISCUSSION
Our survey is a tool for capitalizing the cost and impact of improving the completeness
of business processes in the company, we can have several costs and impacts for the same
business process over time, we can group them by business services or department or services,
from this database proven after improvement of completeness, the neuron network will use it
as input to predict a value, in our study will be the value of completeness based on the factors
of the cost and impact, we used multiple hidden layer levels and case 3 (hidden three layer
neural network) accurately predicted the completeness value.

9. Conclusion And Future Work
Our approach is based on the impact and complexity of data quality improvement, in
our case completeness; based on neural networks as factors are numerous and each factor
influences it company; then each company will build its own model and can be generalized on
another company or department.
After each improvement, it's necessary to compare predicted value, with the real one;
update the value, and recalculate if the predicted will the completeness and have a precision of
completeness and prediction over time.
Some future work: (i) the generalization of our approach for more dimensions of data
quality (ii) application of our approach by dimension category (iii) combine the shapley value
with our approach to give decision-makers to choose the data processes or departments or
departments to improve and expand it to the dimensions of quality.
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