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Abstract - This Cryptography is central to the
protection of digital communication privacy and
security. This paper provides an exhaustive description
of symmetric and asymmetric cryptographic methods,
noting their basic principles,

major algorithms,

performance  aspects, and  uses.  Symmetric
cryptography, being fast and efficient, relies on a single
key for encryption and decryption, whereas asymmetric
cryptography uses a pair of private and public keys to
support secure key exchange and authentication.
Following comparative analysis, the strengths and
weaknesses of the two methods on issues of security,
computational expense, and scalability are discussed

within this research.
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1.INTRODUCTION

In our modern, more interlinked digital era, the

protection of data has become second nature.
Cryptography is an essential means of establishing the
confidentiality, integrity, and authenticity of data being
passed over networks. It enables users to hide
confidential information from prying eyes by converting
it into a form that is imperceptible and can be

deciphered only by approved entities [1]. The two main

types of cryptographic methods rule the sphere:

symmetric and asymmetric cryptography.

Symmetric cryptography employs a single secret key for
both decryption and encryption processes. It is well
recognized due to its efficiency and high speed, and thus
it is highly recommended for the encryption of huge
amounts of data. Symmetric algorithms are mostly the
Advanced Encryption Standard (AES), Data Encryption
Standard (DES), and Blowfish [2,5,8]. But one of the
primary issues with symmetric encryption is key
distribution—if the key is intercepted while in transit,
the whole communication is lost [6]. Asymmetric
cryptography, on the other hand, solves this problem by
utilizing a pair of keys: a public key to encrypt and a
private key to decrypt. Although this provides strong
key management and security across open networks, this
is at an increased computational expense and lower

performance than symmetric systems [2,4,7].

Over the past few years, hybrid encryption methods
have been developed that utilize the best of both
symmetric and asymmetric techniques to build more
secure and scalable systems. For instance, SSL/TLS
protocols employ asymmetric encryption to securely
transmit a symmetric key, which in turn is used for
quicker data encryption [4]. This work attempts to give
an exhaustive description of symmetric and asymmetric
cryptography, examining their inherent principles, chief

algorithms, merits, and drawbacks. It also addresses the

© 2025, IJSREM | www.ijsrem.com

| Page 1


http://www.ijsrem.com/

REM"

T

i )
@,& International Journal of Scientific Research in Engineering and Management (IJSREM)
SJIF Rating: 8.586

W Volume: 09 Issue: 05 | May - 2025

ISSN: 2582-3930
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uses in contemporary information security systems.
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) . ) al. (2020) . security to
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symmetric and asymmetric cryptography in securing cryptography algorithms
digital communication. Al-Shabi [1] provides a
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systems. AES faster; RSA
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9 implementation for balanced
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Survey on Symmetric is
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3. Architecture

3.1 Symmetric Cryptography Architecture

The symmetric cryptography architecture is simple,
consisting of one secret key shared for encryption and
decryption. The identical key needs to be securely
shared between the sender and receiver prior to
communication. It starts with plaintext input, which is
encrypted through a symmetric algorithm (AES or DES)
and the secret key. The obtained ciphertext is sent to the
receiver, who decrypts it with the same key.

One of the key strengths of this architecture is its
performance and low computational overhead, and
hence it is well suited for bulk encryption of data. But
the biggest drawback is key distribution: if the key is
tapped  while  exchanging, confidentiality  of
communication is lost [1] [2][5]. Secure channels or pre-
shared key mechanisms are usually needed to ensure

confidentiality.

3.2 Asymmetric Cryptography Architecture

Asymmetric cryptography employs a dual key: one
public key that is shared by all and one private key
hidden by the owner. In such a design, if a sender
desires to send an encrypted message to a receiver, they
can employ the public key of the receiver. Decrypting
the message can be accomplished only by the receiver
using the private key of the receiver. This avoids
sending a secret key securely across potentially insecure
networks.

This model accommodates advanced security features
like digital signatures and authentication, which is why
it is used extensively in applications such as email
encryption, SSL/TLS protocols, and blockchain systems
[2,4,7]. The performance is the trade-off—public-key
heavier  and

operations are  computationally

mathematically more complex than symmetric

approaches.

3.3 Hybrid Cryptography Architecture

Hybrid encryption platforms take the best of both
symmetric and asymmetric designs and merge them into
a secure yet balanced framework. The asymmetric
system here is employed for the purpose of exchanging a
session key (a temporary symmetric key), and this is
used to encrypt the real message content. This enables
secure key exchange without diminishing the symmetry
of encryption speed.

Plaintext

l

Key— Encryption
Process

I
Ciphertext

l

LG Decryption
Process

Plaintext

Figure 1. Cryptography Process
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4. Result Analysis

The comparison between symmetric and asymmetric
cryptographic systems demonstrates clear differences in
performance, security, and applicability. According to
several studies [1-9], symmetric encryption is always
faster and more efficient compared to asymmetric
encryption, particularly for large data sets. Symmetric
protocols such as AES and Blowfish can encrypt
information at high speeds with minimal computational
burden, thus making them suited for low-resource
platforms such as embedded and mobile systems.

On the other hand, asymmetric algorithms such as RSA
and ECC offer improved key handling and secure
communication, especially in open and untrusted
networks. The strength of asymmetric cryptography is
its capability to remove the requirement for secure key
exchange since only the public key has to be exchanged
freely. Nevertheless, these algorithms are relatively
slower and consume more processing power, which can
turn out to be a bottleneck in time or large-scale

applications.

Comparison of Symmetric and
Asymmetric Cryptographic Systems

Performeration
w » O ®

~N

Performance

Security Applicablity

B Symmetric B Asymmetric

Experiments that deployed both AES and RSA in actual
situations identified that hybrid encryption models
provide the optimum balance between performance and
security. In SSL/TLS protocols, for example, RSA

securely exchanges an AES session key, then faster

symmetric encryption continues with data transfer. Not
only is key distribution made secure but also data
throughput remains high. Hybrid encryption has
therefore become the mode of choice for use in the likes
of secure online transactions, cloud storage, and private

messaging applications.

5. Conclusion

Cryptography continues to be the underlying pillar of
making digital communication secure, and the two
mainstream methods are symmetric and asymmetric
encryption. Symmetric encryption is far faster and more
efficient and, as such, suited for large data encryption
but at the disadvantage of having problems in secure
distribution of keys. By contrast, asymmetric encryption
solves key management problems by utilizing public and
private key pairs, providing increased security in open
environments but at the expense of performance. A
review of the literature and comparative analysis
establishes that neither approach by itself is adequate for
all applications. Consequently, hybrid cryptographic
systems have emerged as a feasible approach,
synthesizing both methods' strengths to deliver strong
and scalable security. Such systems are in extensive use
throughout practical applications, from secure web
surfing to cloud computing and digital communication.
In the future, ongoing cryptographic efficiency, post-
quantum algorithm, and lightweight cryptography
techniques research will be essential to confronting the
changing face of cybersecurity threats.
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