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ABSTRACT

Inthis paperwe show how Mongo DB changes ourideas about databases, howworldpasses fromrelational
database management system (RDBMS) to NoSQOL databases and how quickly they take over our attention.
We describe some types of databases and compare them with document ones. Then we compare
some document databases in order to show the advantages of Mongo DB. We show the usages of
Mongo DB and reasons why it becomes most popular NoSQL database and why we shall choose it.
Keywords: Document-oriented NoSQL databases, Humongous, Mongo DB, NoSQL databases.

INTRODUCTION

Imagine a world where using a database is so
simple that you soon forget you are even using
it. Imagine a world where speed and scalability
just work, and there is no need for complicated
configuration or setup. Imagine being able to
focus only on the task at hand, get things done,
and then, just for a change, leave work on time.
That might sound a bit fanciful, but Mongo DB
promises to help you to accomplish all these
things (and many more).

Mongo DB (derived from the word humon-
gous) is a relatively new breed of database that
has no concept of tables, schemas, SQL, or rows.
It does not have transactions, ACID compliance,
joins, foreign keys, or many of the other features
that tend to cause headaches in the early hours

of the morning. In short, Mongo DB is probably
a very different database than what you are used
to, especially if you have used a relational data-
base management system (RDBMS) in the past.
In fact, you might even be shaking your head
in wonder at the lack of so-called “standard”
features [1].

According to its creators, Mongo DB was
designed to combine the best features of key-
value stores and relational databases. Because of
their simplicity, key-value stores are extremely
fast and relatively easy to scale. Relational
databases are more difficult to scale, at least
horizontally, but have a rich data model and a
powerful query language. Mongo DB is intended
to be a compromise between these two designs,
with useful aspects of both. The end goal is for
it to be a database that scales easily, stores rich
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data structures, and provides sophisticated query
mechanisms. In terms of use cases, Mongo DB
is well-suited as a primary datastore for web ap-
plications, analytics and logging applications, and
any application requiring a medium-grade cache.
In addition, because it easily stores schema-less
data, Mongo DB is also good for capturing data
whose structure can not be known in advance.
The preceding claims are bold [2].

MongoDB is in many ways like a power drill.
Your ability to complete a task is framed largely by
the components you choose to use (from drill bits
of varying size to sander adapters). Mongo DB’s
strength lies in versatility, power, ease of use, and
ability to handle jobs both large and small.

Although it is a much newer invention than
the hammer, it is increasingly a tool builders reach
for quite often.

Mongo is a JSON document database (though
technically data is stored in a binary form of
JSON known as BSON). A Mongo document

Table 1. Database families.

can be likened to a relational table row without
a schema, whose values can nest to an arbitrary
depth. Mongo is an excellent choice for an ever-
growing class of web projects with large-scale
data storage requirements but very little budget
to buy big-iron hardware. Thanks to its lack of
structured schema, Mongo can grow and change
along with your data model. If you are in a web
startup with dreams of enormity or are already
large with the need to scale servers horizontally,
consider Mongo DB [3].

Mongo DB is a schema-free document
database written in C++ and developed in an
open-source project which is mainly driven by
the company 10gen Inc that also offers profes-
sional services around Mongo DB. According
to its developers the main goal of Mongo DB
is to close the gap between the fast and highly
scalable key-value-stores and feature-rich tradi-
tional RDBMSs relational database management
systems [4].

Examples Data model Scalability model Use cases
Simple key- | Memcached Key-value, where Variable. Caching.
value the value is a Memcached Web ops.
stores binary blob. can scale across nodes,
converting all
available RAM into a sin-
gle, monolithic
datastore.
Sophisticated | HBase, Variable. Cassandra Eventually High-
key-value Cassandra, uses a key-value consistent, throughput
stores Riak KV, structure Multimode verticals
Redis, CouchDB | known as a column. distribution for (activity
HBase and Redis store | high availability and easy | feeds, mes-
binary blobs. failover. sage
CouchDB queues).
stores JSON Caching.
documents. Web ops.
Relational Oracle Tables. Vertical scaling. System
databases Database, Limited support for clus- requiring
IBM DB2, tering and transactions
Microsoft manual partitioning (banking,
SQL Server, finance)
MySQL, or SQL.
PostgreSQL Normalized
data model.
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Mongo DB versus other databases

The number of available databases has ex-
ploded, and weighing one against another can be
difficult. Fortunately, most of these databases fall
under one of a few categories. In Table 1, and in
the sections that follow, we describe simple and
sophisticated key-value stores, relational data-
bases, and document databases, and show how
these compare with Mongo DB.

Simple key-value stores

Simple key-value stores do what their name
implies: they index values based on a supplied
key. A common use case is caching. For instance,
suppose you needed to cache an HTML page ren-
dered by your app. The key in this case might be
the page’s URL, and the value would be the ren-
dered HTML itself. Note that as far as a key-value
store is concerned, the value is an opaque byte
array. There’s no enforced schema, as you’d find
in a relational database, nor is there any concept
of data types. This naturally limits the operations
permitted by key-value stores: you can insert a
new value and then use its key either to retrieve
that value or delete it. Systems with such simplic-
ity are generally fast and scalable. The best-known
simple key-value store is Memcached, which
stores its data in memory only, so it trades dura-
bility for speed. It is also distributed; Memcached
nodes running across multiple servers can act as
a single datastore, eliminating the complexity of
maintaining cache state across machines.

Compared with MongoDB, a simple key-
value store like Memcached will often allow for
faster reads and writes. But unlike MongoDB,
these systems can rarely act as primary datastores.
Simple key-value stores are best used as adjuncts,
either as caching layers atop a more traditional
database or as simple persistence layers for
ephemeral services like job queues.

Sophisticated key-value stores
It is possible to refine the simple key-value
model to handle complicated read/write schemes

or to provide a richer data model. In these cases,
you end up with what we shall term a sophisti-
cated key-value store. One example is Amazon’s
Dynamo. The aim of Dynamo is to be a database
robust enough to continue functioning in the face
of network failures, datacenter outages, and similar
disruptions. This requires that the system always
be read from and written to, which essentially re-
quires that data be automatically replicated across
multiple nodes. If a node fails, a user of the system
, perhaps in this case a customer with an Amazon
shopping cart, will not experience any interruptions
in service. Dynamo provides ways of resolving the
inevitable conflicts that arise when a system allows
the same data to be written to multiple nodes. At
the same time, Dynamo is easily scaled. Because
it is masterless, all nodes are equal, it is easy to
understand the system as a whole, and nodes can
be added easily. Although Dynamo is a proprietary
system, the ideas used to build it have inspired
many systems falling under the NoSQL umbrella,
including Cassandra, HBase, and Riak KV.

By looking at who developed these sophisti-
cated key-value stores, and how they have been
used in practice, you can see where these systems
shine. Let us take Cassandra, which implements
many of Dynamo’s scaling properties while pro-
viding a column oriented data model inspired by
Google’s BigTable. Cassandra is an open source
version of a datastore built by Fac for its inbox
search feature. The system scales horizontally to
index more than 50 TB of inbox data, allowing for
searches on inbox keywords and recipients. Data
is indexed by user ID, where each record consists
of an array of search terms for keyword searches
and an array of recipient IDs for recipient searches.
These sophisticated key-value stores were devel-
oped by major internet companies such as Ama-
zon, Google, and Fac to manage cross-sections
of systems with extraordinarily large amounts
of data. In other words, sophisticated key-value
stores manage a relatively self-contained domain
that demands significant storage and availability.
Because of their masterless architecture, these
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systems scale easily with the addition of nodes.
They opt for eventual consistency, which means
that reads do not necessarily reflect the latest
write. But what users get in exchange for weaker
consistency is the ability to write in the face of
any one node’s failure.

This contrasts with Mongo DB, which pro-
vides strong consistency, a rich data model, and
secondary indexes. The last two of these attributes
go hand in hand; key-value stores can generally
store any data structure in the value, but the
database is unable to query them unless these
values can be indexed. You can fetch them with
the primary key, or perhaps scan across all of
the keys, but the database is useless for querying
these without secondary indexes.

Relational databases

Popular relational databases include MySQL,
PostgreSQL, Microsoft SQL Server, Oracle Data-
base, IBM DB2, and so on; some are open-source
and some are proprietary. Mongo DB and rela-
tional databases are both capable of representing
arich data model. Where relational databases use
fixed-schema tables, Mongo DB has schema-free
documents. Most relational databases support
secondary indexes and aggregations.

Perhaps the biggest defining feature of re-
lational databases from the user’s perspective
is the use of SQL as a query language. SQL is
a powerful tool for working with data; it is not
perfect for every job, but in some cases it is
more expressive and easier to work with than
Mongo DB’s query language. Additionally, SQL
is fairly portable between databases, though each
implementation has its own quirks. One way to
think about it is that SQL may be easier for a data
scientist or full-time analyst who writes queries
to explore data. Mongo DB’s query language is
aimed more at developers, who write a query once
to embed it in their application. Both models have
their strengths and weaknesses, and sometimes
it comes down to personal preference. There are
also many relational databases intended for ana-
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lytics (or as a “data warehouse”) rather than as an
application database. Usually data is imported in
bulk to these platforms and then queried by ana-
lysts to answer business-intelligence questions.
This area is dominated by enterprise vendors with
HP Vertica or Teradata Database, which both offer
horizontally scalable SQL databases.

There is also growing interest in running SQL
queries over data stored in Hadoop. Apache Hive
is a widely used tool that translates a SQL query
into a Map-Reduce job, which offers a scalable
way of querying large data sets. These queries
use the relational model, but are intended only
for slower analytics queries, not for use inside
an application [2].

Document databases

Documents are the main concept in docu-
ment databases. The database stores and retrieves
documents, which can be XML, JSON, BSON,
and so on. These documents are self-describing,
hierarchical tree data structures which can consist
of' maps, collections, and scalar values. The docu-
ments stored are similar to each other but do not
have to be exactly the same. Document databases
store documents in the value part of the key-value
store; think about document databases as key-
value stores where the value is examinable [5].

These databases store and manage volumes
of collections of textual documents (e.g. emails,
web pages, text file books), semi-structure, as
well as no structure and de-normalized data; that
would require extensive usage of null values as
in RDBMS. Unlike key-value stores, the docu-
ment databases support secondary indexes on
sub-documents to allow fast searching. They al-
low horizontal scaling of the data over multiple
servers called shards. Mongo DB [7], Couch
DB [8], Couchbase [9], ReThink DB [10], and
Cloudant [11] are some of the most popular
document-oriented databases, as shown in the
Table 2 in a categorical format along their dif-
ferent characteristics. Among these Mongo DB
is the most popular one due to its efficiency, in
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MongoDB

Fig. 1. Mongo DB versus other databases.

memory processing and complex data type fea-
tures. The other databases such as Couchbase,
ReThink DB, Cloudant and Couch DB do not
offer in-memory processing features; Mongo DB
is good for the dynamic queries, which the other
document-oriented databases lack, such as Couch
DB or Couchbase.

Besides this there are different object rela-
tional mapping middle wares available, to define
out of the box multiple schemas depending upon
the application requirements. The object nature
of Mongo DB documents makes this mapping
even more fluid and fast [6].

Databases and Collections

Mongo DB databases reside on a Mongo
DB server that can host more than one of such
databases which are independent and stored
separately by the Mongo DB server. A database
contains one or more collections consisting of
documents. In order to control access to the data-
base a set of security credentials may be defined
for databases.

Collections inside databases are referred to
by the Mongo DB manual as “named groupings
of documents”. As Mongo DB is schema-free the
documents within a collection may be heteroge-
neous although the Mongo DB manual suggests
to create “one database collection for each of
your top level objects”. Once the first document
is inserted into a database, a collection is created
automatically and the inserted document is added
to this collection. Such an implicitly created col-
lection gets configured with default parameters
by Mongo DB, if individual values for options
such as auto-indexing, preallocated disk space or
size-limits are demanded, collections may also
be created explicitly by the createCollection-
command:

>>db. createCollection (<name >, {< configu-
ration parameters >})

Documents

The abstraction and unit of data storable in
Mongo DB is a document, a data structure com-
parable to an XML document, a Python diction-
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Table 2. Document-oriented databases

Name Data model Scalability Description Who uses it
MongoDB | JSON-like Sharding, Most popular JSON Expedia, Bosh,
hierarchical docu- replication and document store, MetLife,
ments persistency ACID, MapReduce, Facebook,
with or without primary secondary comcast,
schemas, object indexing, eventual sprinklr
mapping, BSON consistency,
RESTful
CouchDB | Native JSON- Multi-master JavaScript as query meebo, AirFi So-
document store; replication language using phos, BBC, npm
types: MapReduce, and HTTP for an CANAL+
strings, API,
numbers, dates, or- multi-version concurrency,
dered lists MapReduce,
and associative ar- ACID, eventual consistency
rays
Couchbase | Multi-model: key- Sharding, CouchDB based with Mem- Informatica, Joyent,
value store, docu- master-master cachedcompatible interface, even- | intel, Wipro,
ment- and master-slave | tual consistency, Google, Simba
store; JSON docu- replication limited ACID, eventual consisten-
ments cy, RESTful HTTP API
RethinkDB | JSON Sharding, Push real-time data; Jive SW,
documents with master-slave RethinkDB Query Mediafly,
dynamic replication Language (ReQL); Pristine Platzi,
schemas Hadoop-style CMUNE, Wise.io
MapReduce;
primary&secondary
indexes; Not ACID
Cloudant JSON based flexible | Sharding, master- | CouchDB based; primary and Samsung, IBM, Ex-
documents master & secondry pedia, DHL, Mi-
master-slave indexes; MapReduce; crosoft,
replication Eventual Pearson
Consistency; RESTful
HTTP/JSON
API

ary, a Ruby hash or a JSON document. In fact,
Mongo DB persists documents by a format called
BSON which is very similar to JSON but in a
binary representation for reasons of efficiency
and because of additional datatypes compared to
JSON. Nonetheless, “BSON maps readily to and
from JSON and also to various data structures in
many programming languages”. Documents in
Mongo DB are limited in size by 4 megabytes.

Datatypes for Document Fields

MongoDB provides the following datatypes
for document fields:
* scalar types: boolean, integer, double
* character sequence types: string (for character
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sequences encoded in UTF-8), regular expres-

sion, code (JavaScript)

* object (for BSON-objects)

* objectid is a data type for 12 byte long binary
values used by MongoDB and all officially

na

ag na

groups:

st ag| name: "al",
1 e st age: 18,
J gr status: '

\ 1
o

[ "politics”,

"news” ]

Collection

Fig. 2. MongoDB Collection.
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db.users.insertOne(

4——— collection

{
name: "sue", 4+——— field: value
age: 26, +— field: value document
status: "pending” ¢——— field: value

}

)
Fig. 3. Mongo DB Document structure.
supported Use cases of MongoDB

* programming language drivers for a field
named id that uniquely idenfies documents
within collections. The object

 id datatype is composed of the following
components:

* timestamp in seconds since epoch (first 4 bytes)

* id of the machine assigning the object id value
(next 3 bytes)

* id of the MongoDB process (next 2 bytes)

 counter (last 3 bytes)

For documents whose id field has an object

id value the timestamp of their creation can be

Extracted by all officially supported program-

ming drivers [4]

* null

* array

* date

user document

_id: <ObjectIdl>,
username: "123xyz"

)

v

You are not going to choose a database solely
on the basis of its features. You need to know that
real businesses are using it successfully.

Web applications

MongoDB is well-suited as a primary datastore
for web applications. Even a simple web applica-
tion will require numerous data models for man-
aging users, sessions, app-specific data, uploads,
and permissions, to say nothing of the overarching
domain. Just as this aligns well with the tabular
approach provided by relational databases, so
too it benefits from Mongo DB’s collection and
document model. And because documents can
represent rich data structures, the number of collec-
tions needed will usually be less than the number
of tables required to model the same data using a

contact document

_id: <ObjectId2>,
user_id: <ObjectIdil>,
phone: "123-456-7890",
email: "xyz@example.com”

3

el

access document

_id: <ObjectId3>,
user_id: <ObjectIdl>,
level: 5,

group: "dev"

}

Fig. 4. Data model in Mongo DB.
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fully normalized relational model.

In addition, dynamic queries and secondary
indexes allow for the easy implementation of
most queries familiar to SQL developers. Finally,
as a web application grows, Mongo DB provides
a clear path for scale.

Mongo DB can be a useful tool for powering
a high-traffic website. This is the case with The
Business Insider (TBI), which has used Mongo
DB as its primary datastore since January 2008.
TBI is a news site, although it gets substantial
traffic, serving more than a million unique page
views per day. What’s interesting in this case is
that in addition to handling the site’s main con-
tent (posts, comments, users, and so on), Mongo
DB processes and stores real-time analytics data.
These analytics are used by TBI to generate dy-
namic heat maps indicating click-through rates
for the various news stories.

Agile Development

Regardless of what you may think about
the agile development movement, it is hard to
deny the desirability of building an applica-
tion quickly. A number of development teams,
including those from Shutterfly and The New
York Times, have chosen Mongo DB in part
because they can develop applications much
more quickly on it than on relational databases.
One obvious reason for this is that Mongo DB
has no fixed schema, so all the time spent com-
mitting, communicating, and applying schema
changes is saved.

In addition, less time need be spent shoehorn-
ing the relational representation of data into an
object-oriented data model or dealing with the va-
garies and optimizing the SQL produced by object-
relational mapping (ORM) technology [13]. Thus,
MongoDB often complements projects with shorter
development cycles and agile, mid-sized teams.

Analytics and logging
We alluded earlier to the idea that Mongo DB
works well for analytics and logging, and the
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number of applications using Mongo DB for these
is growing. Often, a well established company
will begin its forays into the Mongo DB world
with special apps dedicated to analytics. Some of
these companies include GitHub, Disqus, Justin.
tv, and Gilt Groupe, among others.

Mongo DB’s relevance to analytics derives
from its speed and from two key features: targeted
atomic updates and capped collections. Atomic
updates let clients efficiently increment counters
and push values onto arrays. Capped collections
are useful for logging because they store only
the most recent documents. Storing logging data
in a database, as compared with the filesystem,
provides easier organization and greater query
power. Now, instead of using grep or a custom
log search utility, users can employ the MongoDB
query language to examine log output.

Caching

Many web-applications use a layer of caching
to help deliver content faster. A data model that
allows for a more holistic representation of ob-
jects (it is easy to shove a document into Mongo
DB without worrying much about the structure),
combined with faster average query speeds, fre-
quently allows Mongo DB to be run as a cache
with richer query capabilities, or to do away
with the caching layer all together. The Business
Insider, for example, was able to dispense with
Memcached, serving page requests directly from
Mongo DB [2].

CONCLUSIONS

Mongo DB is an open source, document-based
database management system. Designed for the
data and scalability requirements of modern in-
ternet applications, Mongo DB features dynamic

stores data in flexible, JSON-like documents,
meaning fields can vary from document to docu-
ment and data structure can be changed over time.
The document model maps to the objects queries
and secondary indexes, fast atomic updates and
complex aggregations, and support for replication
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with automatic failover and sharding for scaling

horizontally [2].

Mongo DB in your application code, is making
data easy to work with. Ad hoc queries, index-
ing, and real time aggregation provide powerful
ways to access and analyze your data. NoSQL
encompasses a wide variety of different database
technologies that were developed in response to
the demands presented in building modern applica-
tions. Mongo DB is a document NoSQL database
with the scalability and flexibility that you want
with the querying and indexing that you need [7].

The following are some additional reasons Mongo
DB has become the most popular NoSQL database:
* Document oriented: Because Mongo DB is

document oriented, the data is stored in the
database in a format that is very close to what
you will be dealing with in both server-side and
client-side scripts. This eliminates the need to
transfer data from rows to objects and back.

* High performance: Mongo DB is one of the
highest-performing databases available.

 Especially in today’s world, where many peo-
ple interact with websites, having a back end
that can support heavy traffic is important.

* High availability: Mongo DB’s replication
model makes it easy to maintain scalability
while keeping high performance and scalability.

* High scalability: Mongo DB’s structure makes
it easy to scale horizontally by sharding the
data across multiple servers.

* No SQL injection: Mongo DB is not susceptible
to SQL injection (putting SQL statements in web
forms or other input from the browser that com-
promises the DB security) because objects are
stored as objects, not by using SQL strings [12].
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