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Abstract. The reliability of data transmission in computer
networks critically depends on mechanisms of error control
and data recovery. These mechanisms ensure that transmitted
information remains accurate and consistent despite channel
noise, packet loss, or network congestion. Modern protocols
use a combination of error detection codes, error correction
techniques, and retransmission strategies to maintain
communication integrity. This paper provides an overview of
fundamental and advanced methods applied in TCP/IP,
wireless networks, and real-time applications, analyzing their
role in achieving robust and efficient communication.
Keywords: error control; data recovery; error detection;
retransmission; TCP/IP; reliability; network protocols.

I.INTRODUCTION AND PROBLEM STATEMENT

Ensuring reliable and accurate data delivery across
networks has always been a fundamental challenge in computer
communication systems. Data transmitted over networks is
subject to various types of errors caused by physical
interference, noise, packet loss, congestion, synchronization
issues, or faulty hardware. Without effective control
mechanisms, these errors compromise the integrity,
completeness, and usability of the transmitted information,
potentially leading to communication failures, corrupted files,
or inaccurate results in applications such as streaming, online
gaming, financial transactions, and remote monitoring[1].

The challenge lies in designing strategies that can detect,
correct, and recover from errors while minimizing additional
overhead, latency, and bandwidth consumption. In high-speed,
real-time, and mission-critical applications, even minor delays
or data corruption can lead to significant performance
degradation or operational risks. The relevance of this study is
driven by the growing demand for highly reliable
communication in next-generation networks, including 5G, 10T
ecosystems, autonomous systems, and cloud-based services,
where both speed and accuracy are paramount[2].

I1.PROBLEM SOLUTION AND RESULTS

Error control in network protocols generally relies on three
complementary  approaches: detection, correction, and
recovery. Error detection techniques include checksums, cyclic
redundancy checks (CRC), and parity bits, which provide a
means to identify corrupted or altered data during transmission.
Detection is the first critical step in preventing the propagation
of errors and ensuring that only valid data is processed[3].

Error correction techniques aim to restore the original
information without requiring retransmission. Common
methods include Hamming codes, Reed-Solomon codes, and
Low-Density Parity-Check (LDPC) codes. These algorithms
add redundant information to the transmitted data, allowing
receivers to identify and correct errors efficiently. Forward
Error Correction (FEC) is especially valuable in real-time
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applications or high-latency networks where retransmissions
are costly or impractical[4]. Recovery mechanisms focus on
retransmission strategies to ensure complete and accurate data
delivery. Protocols such as TCP employ Automatic Repeat
reQuest (ARQ) techniques, including Stop-and-Wait, Go-Back-
N, and Selective Repeat, which enable the sender to retransmit
lost or corrupted packets until successful delivery is confirmed.
Modern wireless communication protocols and real-time
systems often integrate hybrid approaches that combine FEC
with ARQ, dynamically adjusting error control methods based
on network conditions, signal quality, and application
requirements[5].

Extensive analysis demonstrates that adaptive and hybrid
error control mechanisms significantly enhance network
reliability while maintaining efficient use of bandwidth and
computational resources. For example, multimedia streaming
applications can prioritize low-latency FEC methods to prevent
interruptions, while file transfer protocols can rely on selective
retransmission to guarantee data integrity. Furthermore,
integrating monitoring and feedback mechanisms allows
networks to proactively adjust transmission parameters to
reduce error rates and improve overall performance.

111.CONCLUSIONS

Error control and data recovery mechanisms are
indispensable for ensuring reliable communication in modern
networks. A combination of detection, correction, and
retransmission  strategies  provides  resilience  against
transmission errors, packet loss, and data corruption. Adaptive
techniques that dynamically adjust error control according to
network conditions offer enhanced efficiency and performance,
especially in high-speed, wireless, and real-time applications.
Future research should explore the integration of machine
learning and Al-driven predictive models to forecast error
patterns, optimize error correction parameters, and enhance
recovery strategies. Additionally, next-generation networks
such as 5G, satellite communication systems, and loT
environments will benefit from intelligent, self-adaptive error
control protocols that ensure both high reliability and low
latency, supporting critical applications in industry, healthcare,
and autonomous systems.
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