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Abstract: 
Big data processing involves models and techniques to process huge volumes of data increasing at an 

exponential rate that has made it difficult for traditional data management tools to process. Data streaming 

is a popular technique that enables real time processing of data for real-time data analysis. Currently 

Apache Kafka is one of the most popular data streaming framework that provides fast, highly scalable and 

distributed processing of big data. It is a Produce-Consume messaging service known for its high 

throughput, low latency and high reliability. In this paper we analyze the architecture, working and 

performance of Kafka. 
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I. INTRODUCTION 

Data stream processing refers to processing of 

data in motion as it is produced instead of the 

traditional storing in a database and query later 

process.[1] An application listening to a data stream 

can react by triggering an action, to a message as 

soon as it is received. A messaging system allows 

transferring data from one application to another, 

which is of extreme necessity for distributed 

systems especially micro service-based applications. 

This way the application can solely focus on 

processing data without worrying much about how 

the data is shared among the different computes. 

Apache Kafka is one of the most popular open-

source data streaming or messaging platform used 

by hundreds of companies across the globe. It was 

originally developed by LinkedIn to process their 

real time log data written mainly in Java and Scala. 

Its attractive features are high speed, scalability, 

distributed processing, durability, low latency, high 

throughput and reliability. 

 

II. ARCHITECTURE 

 
Fig. 1Apache Kafka Architecture 

 

Kafka is based on a Publish-Subscribe 

architecture[3]. It consists of servers and clients that 

communicate with each other. The servers are a 

collection of systems that can span across multiple 

data centres. If any of the servers go down, other 

servers take responsibility and ensure good fault 

tolerance. Clients enable applications to publish or 

subscribe to Kafka. Kafka Clients are available for 
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various languages such as Java, Scala, C/C++, 

Python etc., 

The main components of Kafka are as follows[2],

• Topics: A Kafka topic is a virtual group 

of similar ordered messages. 

• Producers: A producer is a client

application that produces messages to 

Kafka topics. 

• Consumers:A consumer is a client

application that consumes messages from 

Kafka topics. 

• Partitions: Topics are divided into 

partitions and placed on separate 

machines of a cluster so that a topic can 

be parallelized. 

• Consumer groups: A group of consumers 

where each partition is consumed by 

exactly one consumer. 

• Brokers: A broker is a Kafka server.

• Clusters: A cluster is a group of brokers 

that work together with additional features 

such as redundancy, load balancing and 

reliable fail-over. 

• Partitions: Topics are divided into several 

partitions in order to achieve parallelism.

• ZooKeeper: ZooKeeper is a distributed 

service synchronizer that is used to track 

the status of nodes in the cluster.

 

III. WORKFLOW 

Before we begin producing and consuming 

messages using Kafka, we need to configure Kafka 

Eco-system starting from brokers to clients. These 

configurations should be provided as a key value 

pairs. Once the configurations are set, zoo

and Kafka server can be started. A basic Kafka 

environment is set up and running now. 

Applications can publish and consume messages 

from Topics created. 

A. Creation of topics 

The messages that Kafka works with are divided 

into categories called topics. It is analogous to a 

folder in which for similar messages are stored. 
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Producers: A producer is a client or 

application that produces messages to 

Consumers:A consumer is a client or 

pplication that consumes messages from 

Partitions: Topics are divided into 

partitions and placed on separate 

machines of a cluster so that a topic can 

Consumer groups: A group of consumers 

where each partition is consumed by 

afka server. 

Clusters: A cluster is a group of brokers 

that work together with additional features 

such as redundancy, load balancing and 

Partitions: Topics are divided into several 

ns in order to achieve parallelism. 

ZooKeeper: ZooKeeper is a distributed 

service synchronizer that is used to track 

the status of nodes in the cluster. 

Before we begin producing and consuming 

messages using Kafka, we need to configure Kafka 

system starting from brokers to clients. These 

configurations should be provided as a key value 

pairs. Once the configurations are set, zoo-keeper 

and Kafka server can be started. A basic Kafka 

environment is set up and running now. 

h and consume messages 

The messages that Kafka works with are divided 

into categories called topics. It is analogous to a 

folder in which for similar messages are stored. 

Since Kafka is a distributed system, these 

divided and replicated across multiple nodes of a 

cluster. When creating a Kafka topic details such as 

the replication factor, number of partitions, topic 

name, zookeeper address needs to be specified

B. Setting up clients 

Kafka provides an API interface for all its 

clients.In this paper we'll consider a Java Spring 

Boot Application for demonstration of Kafka 

Producer and consumer setup and their workflow. 

Although the clients can use any of the several 

servers of a cluster, the address of any on

servers belonging to the cluster should be 

mentioned under the bootstrapserver field for initial 

connection. A single producer can publish messages 

to multiple Kafka topics and a single consumer can 

subscribe to multiple topics as well

C. Kafka in action with the application

Once all the setup is done, we are ready to push 

and consume messages from applications.Fig 2 

shows a sample code for publishing and consuming 

events with a java spring boot application

 

Fig. 2Sample code to publish and consume message in a spring boot 

application. 

An application based on a micro

architecture will have several component services 

running independently that interact with each other 

through Kafka[2]. One benefit that can be reaped 

out of Kafka is the horizontal scalability. With 

Kafka as the data store the application can be 

distributed and horizontally scaled easily by just 

adding more brokers and compute instances.Fig. 3 
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Since Kafka is a distributed system, these topics are 

divided and replicated across multiple nodes of a 

cluster. When creating a Kafka topic details such as 

the replication factor, number of partitions, topic 

to be specified. 

interface for all its 

clients.In this paper we'll consider a Java Spring 

Boot Application for demonstration of Kafka 

Producer and consumer setup and their workflow. 

Although the clients can use any of the several 

servers of a cluster, the address of any one of the 

servers belonging to the cluster should be 

mentioned under the bootstrapserver field for initial 

connection. A single producer can publish messages 

to multiple Kafka topics and a single consumer can 

subscribe to multiple topics as well. 

ction with the application 

Once all the setup is done, we are ready to push 

and consume messages from applications.Fig 2 

shows a sample code for publishing and consuming 

events with a java spring boot application. 

 
e message in a spring boot 
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shows how a system that is horizontally scaled to 

use 6 compute instances. 

Fig. 3Horizontal scaling with Kafka. 

These compute instances can be grouped into 

consumer groups so that exactly one of these 

processes a particular event. In this fast pace IT 

world migrating applications from legacy 

technologies is a difficult task. Although Kaf

not be able to completely replace traditional 

databases, it acts as a powerful complement. Kafka 

provides seem-less integration with legacy 

databases such as SQL as well as NoSQL databases. 

The scalability of an application using SQL 

database could be limited. With the help of Kafka 

this limit could be extended to a higher number of 

compute instances hence improving the response 

time and fault tolerance of the application.

IV. COMPARISION WITH RABBITMQ

RabbitMQ is another popular framework that 

allows applications to send and receive messages 

within its components. While both have completely 

different architectures, they serve very similar 

purpose. The main difference between the two is 

the data structure in which the messages are stored. 

Kafka uses an append only log structure whereas 

the RabbitMQ uses a traditional queue structure. 

Most of the time applications have the use case of 

reading a message, processing it, and publish 

another message. For such an use case, Kafka with 

its Kafka streams feature is well suited. Although 

RabbitMQ provides a sense of consistency by 

keeping track of read status of messages, Kafka 

overshadows RabbitMQ with its performance. It 
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These compute instances can be grouped into 

consumer groups so that exactly one of these 

a particular event. In this fast pace IT 

world migrating applications from legacy 

technologies is a difficult task. Although Kafka will 

not be able to completely replace traditional 

databases, it acts as a powerful complement. Kafka 

less integration with legacy 

databases such as SQL as well as NoSQL databases. 

The scalability of an application using SQL 

be limited. With the help of Kafka 

this limit could be extended to a higher number of 

compute instances hence improving the response 

time and fault tolerance of the application. 

RABBITMQ 

RabbitMQ is another popular framework that 

pplications to send and receive messages 

within its components. While both have completely 

different architectures, they serve very similar 

purpose. The main difference between the two is 

the data structure in which the messages are stored. 

ppend only log structure whereas 

the RabbitMQ uses a traditional queue structure. 

Most of the time applications have the use case of 

reading a message, processing it, and publish 

another message. For such an use case, Kafka with 

s well suited. Although 

RabbitMQ provides a sense of consistency by 

keeping track of read status of messages, Kafka 

overshadows RabbitMQ with its performance. It 

provides higher throughput with limited amount of 

resource which is an important factor in big

processing. Kafka also provides a history of the 

data stream. When an application needs support for 

legacy protocols such as AMQP, RabbitMQ is 

useful. But with new applications that require 

complex routing, event sourcing or multi

pipelined stages of processing of messages, Kafka 

is the preferred choice[4]. However

to know RabbitMQ can be used for a lot of the use 

cases best suited for Kafka, but only with the help 

of other tools like Apache Cassandra.

V. PERFORMANCE EVALUATION

The performance of Kafka when producers and 

consumers are run separately is evaluated here. The 

experiments were done with a single 

The main performance evaluation parameter 

considered was the throughput compared against 

the size of the message[5]. From fig 4. it can be 

observed the number of messages processed 

concurrently drops as the message size increase. 

However, the total throughput in kbps is still 

increased as the message size increases. In most of 

the micro-service based applications the 

messages or events being exchanged is less than 

1kb. Hence the throughput obtained from 

pretty good. 

Fig. 4Throughput(Messages/sec) vs Message size

VI. CONCLUSIONS 

In this work, the emphasis has been on answering 

questions such as What? How? and Why? Kafka. 

An overall idea about Kafka, its architecture, setup 
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and how it can be used over its alternatives is 

provided along with a sample code snippet. 

Evaluation of performance based on other 

parameters as well as tuning of performance is left 

for future work.  With the continuous developments 

and updates, there is no doubt that Kafka will form 

an integral part of micro service-based applications. 
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