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ABSTRACT: In current digital Era, the volume of data that is being generated through various processes in the Health
care industry has become unmanageable. More than structured data there are a lot of unstructured data that is being
generated. Relevant research indicate that are many issues that have to be looked into.To manage this huge amount of
unstructured data, SQL with its relational structure and strict schema design, is not efficient. The efficient way of
managing this is through NoSQL, the database technology that does not follow property of ACID as we follow in SQL.
Literature show that NoSQL databases have considerable Advantage in healthcare systems. In this paper an attempt has
been made to identify an efficient technology for storage and retrieval of healthcare Industry Data.
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I. INTRODUCTION

Healthcare is one of the fields with the highest Big Data potential. The volume of data that is being generated through
various processes in the health care Industry has become unmanageable. Despite the development in the database
technology the healthcare industry has seen many challenges with regards to storing and sharing of data.

Data intensive information systems require a strong database management systems in order to function properly. The
volume and variety of data in modern distributed systems is increasing very quickly [1]. To manage Big Data in terms
of Volume, Velocity, and Variety is the biggest challenge in the present day. SQL is a database computer language
designed for the retrieval and management of data in relational database [2]. However, SQL is not an efficient way of
managing Big Data. There are new systems to manage data and these new systems are referred to as “NoSQL”
databases. It is another type of data storage other than databases (that were used earlier) that is used to store huge
amount of data which keeps on increasing day by day. NoSQL is a non-relational database management system, it is a
fast information retrieval database and is portable. NoSQL has many advantages such as high scalability, lower costs
and availability.

Il. BACKGROUND

The concept of Healthcare records or computerized Patient records is not a new concept. It was introduced in early
1990°s.Healthcare records are identified by different names such as Electronic health records(EHR) ,Electronic
Medical records(EMR),Electronic Patient records(EPR). An electronic health record (EHR) is a digital version of a
patient’s paper chart. EHRs are real-time, patient-centred records that make information available instantly and securely to
authorized users. The international standard organization (ISO) defines EHR as “a repository of information regarding the
status of a subject of care in a computer process able form and, transmitted securely, and accessible by multiple
authorized users” [3] of Implementations of such systems was not possible cause of many reasons which include lack of
technological standards, difficulty in using systems and system cost. These EHR systems have a great potential in the
healthcare industry in India. The national health Portal India intends to introduce a uniform system for maintenance of
Electronic Medical Records / Electronic Health Records (EMR / EHR) by the Hospitals and healthcare providers in the
country.
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I11. TECHNOLOGICAL ISSUES AFFECTING THE HEALTHCARE SYSTEM

There are three primary areas that need to be addressed with healthcare data i.e. storage issue, management issue and
processing issue. There are a number of obstacles and challenges in relation to EMR systems mentioned in the
literature, such as standardisation of vocabulary, security, privacy and data quality. The challenges include capturing,
storing, searching, sharing and analysing.

Volume
Health care organizations are collecting more data. Analysing this huge collections of data can improve the accuracy,
for better results which might give users to find unexpected patterns and insights [4].

Variety

To provide capital for this variety of data that is available, organizations need software solutions that can help them
capture, integrate, and analyse this huge amount unstructured data. Data management solutions can help meet an
organization’s requirements in integrating data from multiple sources and help ensure the data is reliable.

Velocity

High-velocity data should be captured and analysed by Analytics software and the infrastructure on which it runs to
deliver results in time. Patient monitoring systems such as those used in ICUs generate critical data at a rapid pace. If
organizations can produce insights from that data in real time or near-real time, they can provide those insights to
patient care teams at the moments when interventions will have the greatest benefits.

IV.NOSQL DATABASES

NOSQL stands for Not Only SQL. It is a class of database management system which is identified by its non-adherence
to the widely used relational database management system (RDBMS) model with its structured query language (SQL)

[5].

Features of NoSQL

Massive scalability

Flexible schema

Quicker/cheaper to set up

Higher performance and availability

No declarative query language (i.e. SQL)
Relaxed consistency
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BASE

. Basically Available: The database system always seems to work!

) Soft State: It does not have to be consistent all the time.

. Eventually Consistent; The system will eventually become consistent when the updates propagate .
. Because of the distributed model, any server can answer any query

. Servers communicate amongst themselves at their own pace (behind the scenes)

. The server that answers your query might not have the latest data

V. MAP REDUCE[6]

It is a software frameworkfor easily writing applications which process vast amounts of data (multi-terabyte data-sets)
in-parallel on large clusters (thousands of nodes) of hardware in a reliable, fault-tolerant manner.

A Map Reduce program is composed of:

o Map() : performs filtering and sorting (such as sorting students by first name into queues, one queue for each
name)
. Reduce (): performs a summary operation (such as counting the number of students in each queue, yielding

name frequencies).
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VI.TYPES OF NOoSQL DATABASES

There are about 150 different types of NoSQL databases which are grouped into four basic categories based on
requirement of data for a specific application

A. KEY-VALUE PAIR (KVP) STORES

All data is stored in key value pairs. Keys are unique values that are used to access the information stored in values. In
this type, there is no required format for the data i.e. data may have any format. It has an extremely simple interface.
Records are distributed to nodes based on key.

The basic operations are:

Insert (key, value),Fetch (key), Update (key), Delete (key)
The “Value” is stored as a “BLOB”. Here the application is responsible for understanding the data. In simple terms, a

NoSQL Key-Value store is a single table with two columns: one being the (Primary) Key, and the other being the
Value. Azure Table Storage, DynamoDB, Redis, are examples of key-value stores [7].
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Example of unstructured data for user records

Key: | ID:sj | First Name: Sam
1

Key: | Email: Location: Age:
2 jb@gmail.com London 37
Key: | Facebook Password: Name:

3 1D: jkirk KKK James

B. DOCUMENT STORES

This is similar to Key-Value Stores, except that the value here is a “Document”.It is in the form of “key” and
“document” pair. The document format can beXML, JSON or any other semi-structured formats. The Document
Stores store extensible structures as a “value” [8].Operation are based on document contents.

The basic operations are:

Insert (key, document), Fetch (key), Update (key), Delete (key)and Fetch ().

Some of the examples of this system are CouchDB, MongoDB, SimpleDB, etc. The rrecordscan have different
structures within a single table.An example record from Mongo, using JSON format, might look like:

Though records are called documents, they are not documents in the sense of a word processing document, you can
store binary data (using BSON format) in any of the fields in the document. You can modify the structure of any
document while it is still in progress, by adding and removing members from the document, you can do this by reading
the document into your program or modifying it and re-saving it, or by using update commands.

C. COLUMN-BASED STORES

This is based on Google’s Big Table store. In column based stores the data tables are stored as sections of columns of
data and not as rows of data. It is not required to define columns at the beginning. There can be countless number of
columns which can be grouped as Super Columns.Cassandra and HBase are some of the examples of column based
stores [7] .The below figures explains the column-based stores.An example of column based databases.

Record# | Name | Address City | State
0003623 ABC 125NWay | cityite ESN
0003625 | Newbury | 1300 ForestOr | Troy VT
0003667 | Fotsam (5 mdustial Pmy | Spingeld | wT
0003705 Joty s2955mst | Amwnere | NY
D. GRAPH DATABASE SYSTEMS

In the Graph Database Systems, the model is in the form of nodes and edges. The nodes can consist of properties and
edges may have labels or roles. The graph theory is applied in the storage of information about the relationship between
entries. To represent and store data, a graph database uses graph structures with nodes, edges, and properties. It
provides index-free adjacency i.e. every element contains a direct pointer to its adjacent element and it is not necessary
for index lookups [7].
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Id: 1
Name: Alice
Age: 18

Id: 3
Type: Group
Name: Chess

VII. RELATIONAL DATABASE THEORY

The transactions in the RDBMS are managed using ACID properties. It was developed by E.F. Codd. RDBMS has
been widely used in most of the industry since a long time [9]. In the Relational database theory data are stored in rows
and columns [10].

ACID PROPERTIES

*  Atomicity — All of the work in a transaction completes (commit) or none of it completes

+  Consistent — A transaction transforms the database from one consistent state to another consistent state.

» Isolated — The results of any changes made during a transaction are not visible until the transaction has committed.
*  Durable — The results of a committed transaction survive failures.

VIll.  CAPTHEOREM

The CAP theorem states that there are three basic requirements which exist in a special relation when designing
applications for a distributed architecture.

Consistency - This means that the data in the database remains consistent after the execution of an operation.
Availability - This means that the system is always on (Service guarantee availability), no downtime.

Partition Tolerance - This means that the system continues to function even if the communication among the servers
is unreliable, i.e. the servers may be partitioned into multiple groups that cannot communicate with one another.

Visual Guide to NoSQL Systems

Pick Two

In a distributed system it is not possible to fulfill all the three requirements. However the CAP provides the basic
requirements for a distributed system to follow two of the three requirements. Distributed systems should be partition
tolerant (P), and then a choice is made between Consistency and Availability. Current NoSQL databases follow the
different combinations of C and A from the CAP theorem as below:
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. CA - Single site cluster, therefore all nodes are always in contact. When a partition occurs, the system blocks.
. CP - Some data may not be accessible, but the rest is still consistent / accurate.
. AP - System is still available under partitioning, but some of the data returned may be inaccurate.

IX.BENEFITS THAT NoSQL DATABASES PROVIDE FOR HEALTHCARE SYSTEMS

. Scalability and Performance: As current systems are based on RDBM systems, the increasing amount of
data in the healthcare sector and the need for scalability are considered as an obstruction for the implementation of
EMR Systems. The advantage of the NoSQI system is that it allows scaling up of large data sets .Cost effective scaling
up is made possible with such NoSQL systems [12].

. High Awvailability: Replication is used to guarantee data availability among these systems. The nature of
healthcare data need higher availability [13].

. Consistency: Healthcare data is usually added and not updated hence weaker consistency data can be applied
using NoSQL Databases. Eventual consistency which is offered by NoSQL is sufficient.[12]

. Open Source Availability:NoSQL database have many open source alternatives, which may help in reducing
the implementation cost by enabling access to the source code.

X. CONCLUSION AND FUTURE WORK

The main aim of this paper is to give an overview of the challenges faced in storing and retrieval of healthcare data. It
describes the details that form the base of NoSQL databases like ACID, BASE and CAP theorem. Healthcare data
cannot be managed with traditional Relational Database management systems. To satisfy the 3V’s and to manage this
huge amount of data, ACID properties are overtaken by BASE. Maintaining consistency all the time also is one of the
big challenge along with the security.
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