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Abstract For past several years Relational Databases performing and providing
services to many applications. As data is growing, the necessity for a new kind of
database which can handle such a huge amount of data in semistructured and unstruc-
tured form has also increased. NoSQL databases are able to manage complexity of
data structure as well as they can handle such a huge amount of data. Analysis is again
achallenging process of such semi-structured and unstructured data. Traditional data
warehouses are incapable of analyzing such schema-less data for decision making
as relational databases need to know schema in advance. ETL (Extract-Transform-
Load) is the process used to collect data from source, process and transform them and
storing into a data warehouse for further analysis. The paper presents a framework
for an ETL process for document-oriented data warehouse which provides real-time
analytics using classification approach at the data warehouse stage. The proposed
framework is designed and verified to enhance execution time for real-time analytics.

Keywords Extract-transform-load framework + Data warehouse + MongoDB -
Real-time analytics - NoSQL/SQL

1 Introduction

For analysis and storing data, data warehouses are used from decades in the indus-
tries. In the scenario of Big Data DW's become more necessitate to handle semistruc-
tured and unstructured data. But traditional Data Warehouses have limitations related
to structure of data. NoSQL databases can overcome the limitations of traditional
databases and allows schema-free data storage and also provides horizontal scal-
ability. As the data increases substantially, it is important to integrate the data to
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extract the vision for business expansion and policy formation for most businesses
[1, 2]. Extract-Transform-Load process is used to handle structured, semi-structured
and unstructured data for Data Warehouse [3].

1.1 Relational Data Warehouse

Businesses require to store their data into data warehouses for analytics to take crucial
decisions. Typically, data warehouses are designed and managed using relational
databases for knowledge discovery using relational queries. The extensive growth of
unstructured data needs expansion of a data warehouses that can manage data in an
unstructured way, with each record having different attributes. Non-Relational tech-
nologies have ability to accumulate and process such schema free data and provides
scope to design new age data warehouse [4].

1.2 ETL

For creation of a Data Warehouse, ETL (Extract-Transform-Load) is the primary
process for collecting and organizing data for business decisions. Extracting, Trans-
forming and Loading is cumbersome process in the designing of any data warehouse.
An Extraction is the process of collecting data from sources and temporary lodging
into the stage area for further transformation. Transformation includes cleaning, split-
ting, joining, and aggregating data. Lodging process loads data into the designated
Data Warehouse [5, 6].

1.3 NoSQL Based Data Warehousing

NoSQL databases are new age databases and has ability to manage huge amount of
data in unstructured form. Researchers have identified and pinpointed many advan-
tages of NoSQL databases over relational databases and emphasized the scope of
data warehouse development using non-relational databases. Some of the foremost
benefit of NoSQL databases are schema-free data structure and scalability [7].

1.4 Real-Time Analytics

Real-time analytics is the need for current businesses to make quick decisions to cop-
up the competition. Many researchers are working with the real-time analytics using
NoSQL technologies [8—10]. Papers deals with real-time stream processing using
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stream join algorithms to improve latency. In another paper, authors have designed a
framework for handling structured and unstructured data using NoSQL technologies
for data analytics.

The proposed paper provides the modern framework of handling structured and
unstructured data using modern technologies (NoSQL) for data analytics [4, 11].
Prototyping of the proposed framework with execution time and memory usage will
be analysed to check the performance.

The paper organizes into sections, where Sect. 2 represents related work done in
the proposed research area. Section 3 shows the Proposed Framework, Sect. 4 repre-
sents methodologies and process will be used to execute the proposed framework.
Section 5 covers Results and Discussion of the proposed framework and Sect. 6
Concludes the paper.

2 Related Work

The authors have analyzed 15 most prevalent ETL tools and carried out main features
an ETL tool can provide. The paper also suggests the appropriate ETL tool for a
specific type of organization. Further, it has highlights the limitations of most ETL
tools such as horizontal scalability, real-time processing and automation [1]. The
researchers analyzed the performance of incremental lodging in ETL using codebased
ETL tools. Incremental loading is done by snapshot-based Change Data Capture,
which will record the changes in the data while loading them into the data warehouse,
then dimension and fact processing will be performed. Furthermore, authors have
developed a code-based ETL framework to supports RDBMS and NoSQL database
with rich transformation techniques [12].

In this paper, a novel data warehouses approach is presented using document-
oriented databases. The approach consists of five steps such as choosing NoSQL
database, extracting schema, identifying structure graph, multidimensional schema
and designing the data warehouse schema [13]. In this research, authors have provided
a data warehouse solution for NoSQL and SQL data sources for improved stream
processing using MongoDB. The analysis between structured and unstructured semi-
stream join processing using MongoDB has been made while implementing Extract-
Transform-load phase. CPU and memory usage is analyzed while executing using
synthetic and real datasets. Finally, the authors have guided for choosing appropriate
memory size to reduce disk I/O cost for effective implementation of real-time data
warehouse [14]. This paper includes has reviewed 74 articles for real-time stream
processing systems in systematic way, which provide guidance to researchers for
implementation of a robust real-time stream processing framework for real-time
Data Warehouse. This study pinpoints a problem of less research done for ETL for
unstructured data [8].

The authors have designed an ETL based platform for transformation of multi-
dimensional concept-based model using document-oriented database for NoSQL
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warehousing. The Business Process Modeling Notation is used for modeling trans-
formation rules and then the model is evaluated for read and write request latency
using TPC-DS benchmark. Based on the results researchers have come to the conclu-
sion that NoSQL data warehouse manage data volume and queries without affecting
performance [15]. This research proposes BigDimETL with multidimensional struc-
ture for the ETL process to achieve knowledge discovery. To develop a data ware-
house MapReduce and Hbase are used to store data into facts and dimensions.
Three queries are used to analyze the execution time, queries can be run using
different factors such as table size, joins, aggregations and concurrent queries [16].
The researchers have highlighted the need of tools and techniques for unstructured
data, as available tools are able to manage structured data only. The paper designed
the method for handling unstructured data using NoSQL platform like MongoDB.
Researchers have focused on features of MongoDB, which can analyze data of any
structure without using classy data warehouse workloads [17].

3 Proposed Work

Prevailing ETL frameworks are usually transform data into structure form before
storing them into Data Warehouse for analysis. The proposed framework has been
designed based on literature review done from similar papers of ETL frameworks [1].
Transforming semi-structured and unstructured data into structured data to create a
data warehouse is inefficient and needs the schema to be known in beforehand.

The present Semi-structured and unstructured data gathered from various appli-
cations makes it hard to transform data into the structure form for analysis
[18].

The proposed ETL framework is designed using a Non-Relational DocumentO-
riented Database for modern Data Warehouse. Figure 1 represents proposed ETL
framework. Very less work done in the field of ETL process to store and analyze
documents (JSON) in data warehouse.

Every business in the market is facing blast of data because of wide use of internet
and online platforms. It is very important to store and analyze products, sales and
customer data to understand the pattern and to increase growth of businesses. The data
generated from online platforms have no structure or have document like structure
with no schema defined. NoSQL databases are becoming popular to manage such
schema-free data with and also provides horizontal scalability. To encounter the orga-
nizational requests of handling semi-structured data for analysis the proposed ETL
framework is designed. The proposed framework challenges typical ETL processes
for storage, retrieval, scalability and real-time analytics [ 19, 20]. The proposed frame-
work receives input from source (JSON documents) into MongoDB for transfor-
mation. MongoDB’s aggregation framework creates pipeline for data aggregation.
Transformed documents will be stored using Amazon Web Services as a Data Ware-
house [21]. To enhance real-time analytics, data pre-processing will be performed
on transformed data for on-demand analytics using data classification approach.
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Fig.1 Proposed ETL Framework

Selected classification method will pre-process the data into analytics-ready data
for quicker results [11]. Apache Spark data stream processing engine can be used to
speed up the process and to identify the essential components while analytics [22, 23].
Pre-processed data will reduce the analysis time and provides real-time analytics.
An ETL processing tool HCI integrates health care databases into knowledgebase
using AWS cloud services [24].

4 Methodology

Figure 2 shows the method of implementation stated in ETL framework.

Step1 Extraction of JSON documents from source system. GSTR1 and GSTR
2A files of various clients are extracted from Goods and Service Tax to
analyze the sales and purchase over the time.

Step 2 Staging into MongoDB for further process. In MongoDB JSON documents
will be stored as collections.

Step 3 Data Cleaning, Filtering, attribute selection. This step selects the required
attributes for further analysis.

Step4 Transformation of documents using MongoDB aggregation Framework.
Using Aggregation pipeline data are transformed and grouped using
“$unwind”, “$group” command for data aggregation.

Step 5 Loading into Data Warehouse using Amazon Web Services.

Step 6  To Speed up the analysis, Pre-processing is performed using classification
approach to classify the data into categories and understand the relationship
between variables.

Step 7  Processed data will be stored into Data Warehouse to fasten the analysis.
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Fig. 2 Flow of proposed ETL Framework

Step 8 Testing Execution time using Existing Real-Time analytics tools.
Step9 Knowledge Discovery and decision-making using analytics.

5 Results and Discussion

As can be seen, the approaches and technologies used to manage unstructured data
is limited and they only provide solution till one or more extent of the ETL and Data
Warehouse process (Table 1).

The studied approaches can provide transformation of unstructured data into
structured and vice versa to design a NoSQL based Data Warehouse for Real-
Time Analytics. Analyzing unstructured data from the Data Warehouse can be more
complicated, thus it requires analytical techniques to speed up the process. The
proposed work covers major aspects of designing, implementing and providing real-
time analysis using classification approach at the data warehouse for unstructured
data.

Figure 3 shows the technologies used for designing NoSQL based data ware-
housing using structured/unstructured data and points out the performance at the
specific phase of implementation. Which leads to further research and development
in the area using other technologies. Here majorly used technologies are evaluated
based on capacity and performance for structured data handling, unstructured data
handling, real-time analytics, execution time and response time. Proposed work over-
comes the limitations in the work done till the date with new trend of technologies
with added data mining approach at the data warehouse level for real time analytics.
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Table 1 Technological trend in the development of NoSQL based Data Warehouse

References number | Input data Technology Scope of the research
[12] Database tables, Postgres SQL Modeling of a near real
CSV files Anaconda time process
Python
[13] DBLP, Hadoop Design a data warehouse
LINKEDIN MapReduce Scheme from
unstructured data
[14] 100Y Weathe rSmall | MongoDB Atlas Semi-stream join
processing at ETL phase
[15] Multi-dimensional | Talend for big data, Transformation rules to
schema Java routines transform
multi-dimensional
schema into
document-oriented
system
[16] Twitter Hbase, Oracle SQL, Adapting ETL process
Hadoop hortonworks | with big data for decision
making
[17] CSV, MP3 file MongoDB, SQL Query processing
comparison in SQL and
MongoDB
Proposed work GST—IJSON files MongoDB, Amazon ETL framework for
red shift document oriented data
warehouse with real-time
analytics using
classification approach
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Fig. 3 Technological Trend for Modern Data Warehousing
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Appling Data mining on the data warehouse compliments each other by improving
real-time analytics.

6 Conclusion

This paper proposed an ETL framework for data warehousing using NoSQL
databases. The framework will improve execution time by pre-processing data priorly
for better performance in the era of big data. This newly designed framework using
NoSQL technologies seems to offer promising results for handling huge amount of
semi-structure data and real-time analytics. The study of latest technologies has been
done to identify the superlative tools which can improve performance in every aspect
of developing and executing document-oriented data warehousing. The researcher
has analyzed and determined that the working on semi-structured data directly will
save time of transformation into structured form. As future work, we will imple-
ment the proposed ETL framework with defined methodologies which will establish
transformation at the data warehouse stage using appropriate classification approach
before analytics.
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