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Abstract

Linear Feedback Shift Registers (LFSRs) are widely used in applications such as cryptography,
error detection, and pseudo-random number generation due to their simple hardware
implementation and ability to generate long sequences. However, when analyzed, traditional
LFSRs may decrease unpredictability and boost predictability because they rely on fixed
feedback taps. An 8-bit LFSR with dynamic tap selection is designed and implemented in this
study, in which the feedback taps are changed while the system is operating rather than staying
constant. The suggested method improves resistance to cryptanalytic attacks, increases
unpredictability, and decreases sequence predictability. In contrast to traditional fixed-tap LFSRs,
the design offers better statistical features while maintaining minimal hardware complexity by
using a lightweight dynamic control method for tap reconfiguration.

Keywords:
LFSR, Dynamic Tap Selection, Random Number Generation, Cryptography, Hardware Security

1. Introduction

Basic components of digital systems, linear feedback shift registers (LFSRs) are frequently
employed in error detection, cryptography, communication systems, and pseudo-random number
generation. Their affordability, ease of use, and capacity to generate lengthy periodic sequences
are the main reasons for their popularity. However, traditional LFSRs rely on fixed feedback taps
that are determined by a characteristic polynomial. Although useful, this static nature frequently
lessens randomness and increases the predictability of the generated sequences, which can be a
drawback in applications that demand high security and unpredictableness.Dynamic tap selection
has been suggested as a solution to these issues. The tap arrangement is changed during
operation rather than depending on fixed feedback positions, which improves the statistical
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features of the sequence, increases unpredictability, and decreases predictability. This method
strikes a balance between reduced hardware overhead and enhanced performance.

Research Objectives and Methodology

The aim of this research is to design and analyze an 8-bit LFSR with dynamic tap selection to
improve randomness and security while maintaining low hardware complexity. The specific
objectives are:

To design an 8-bit LFSR with dynamically reconfigurable feedback taps.

To enhance the randomness and unpredictability of generated sequences.

To ensure minimal hardware overhead while adding dynamic control logic.

To compare the performance of dynamic tap LFSR with conventional fixed-tap LFSR.

To evaluate its suitability for cryptography, random number generation, and hardware
security.

2. Literature Survey

By introducing the idea of variable tap functions in LFSRs, Molina-Rueda et al. (2012) showed
how changing the feedback sites can increase unpredictability and prolong the sequence period.
Using multiplexers, Rajkumar and Shyamala (2015) investigated reconfigurable LFSR
architectures in more detail and demonstrated that tap reconfiguration increases coding and
communication system flexibility. Dynamic LFSRs were implemented on FPGA platforms by
Kumar and Ramesh (2017), demonstrating that randomness may be greatly increased without
adding a considerable amount of hardware complexity. Similarly, dynamic tap switching
strengthens LFSRs' defenses against cryptanalytic assaults, making them more appropriate for
secure applications, according to Mahmood et al. (2019).

Goli¢ (1997) talked on the intrinsic predictability of traditional fixed-tap LFSRs in addition to
their cryptographic applications, emphasizing the necessity of dynamic or non-linear techniques
to enhance sequence unpredictability. Dynamic feedback control enhances statistical
characteristics including frequency distribution and autocorrelation in pseudo-random sequences,
according to later study by Sharma and Patel (2020). The majority of designs have concentrated
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on bigger register sizes, even though these research demonstrate the efficacy of reconfigurable
and dynamic LFSRs. This draws attention to a research gap in lightweight architectures, namely
for 8-bit implementations, which can be useful in systems with limited resources that need to
generate sequences securely and effectively.

Additionally, Singh and Verma's (2021) FPGA-based research showed that adding
multiplexer-controlled taps to LFSRs can improve the trade-offs between randomness quality
and hardware cost. Ali et al. (2022) demonstrated that lightweight solutions can still provide
robust randomization features by examining dynamic feedback in LFSRs for IoT security.
Although there is presently little attention paid to small 8-bit architectures, these contributions
imply that dynamic tap selection is a possible avenue for future hardware-efficient solutions. By
filling this gap, LFSRs can be effectively included into random number generators, secure
communication systems, and small-scale cryptography modules.

3. Methodology

The suggested system is an 8-bit Linear Feedback Shift Register (LFSR) with dynamically
adjustable tap placements. The first step in the implementation is to define the 8-bit register,
which is made up of D flip-flops coupled in a shift register arrangement. The approach employs
a multiplexer-based control unit that chooses several tap combinations during runtime in place of
a single fixed feedback polynomial. In order to ensure that the generated sequences vary based
on the active configuration, these taps are XORed to form the feedback input.

Either a counter or a small finite state machine (FSM) that iterates over preset tap combinations
is used to create the control logic for tap selection. This guarantees that feedback pathways are
switched periodically without interfering with the sequence's general flow. Xilinx Vivado is used
to synthesize the design, which is defined in Verilog HDL. ModelSim simulation is then used to
confirm sequence generation. Hardware overhead is assessed in terms of maximum operating
frequency, power consumption, and area utilization (LUTs/FFs) using post-synthesis analysis.

The generated bit sequences are gathered and subjected to statistical tests, including the
frequency test, runs test, and autocorrelation test, in order to assess randomness. After that, the
outcomes are contrasted with those derived from a traditional fixed-tap 8-bit LFSR. A thorough
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assessment of the suggested architecture's improvements in randomness, cryptographic strength,
and hardware efficiency is made possible by this methodology.

4. Experimental Setup and Implementation

To test the effectiveness of the proposed 8-bit dynamic tap LFSR, the following steps were
performed:

e Designed an 8-bit LFSR with D flip-flops, XOR gates, and multiplexers for dynamic tap
selection.

Implemented in Verilog HDL and simulated using ModelSim.

Synthesized in Xilinx Vivado and tested on FPGA (Spartan/Artix series).

Output sequences analyzed in Python for randomness (frequency, runs, autocorrelation).
Compared performance with a conventional fixed-tap LFSR in terms of randomness
and hardware efficiency.

5. Result Analysis

The proposed 8-bit dynamic tap LFSR was simulated and tested to evaluate its performance and
randomness characteristics. The generated sequences were analyzed using frequency tests,
run-length tests, and autocorrelation analysis. Results show that the dynamic tap LFSR produces
more uniformly distributed sequences and exhibits better randomness compared to a
conventional fixed-tap 8-bit LFSR as showed in Table 1

Hardware analysis from FPGA synthesis indicates that the design incurs minimal overhead, with
a slight increase in LUT and flip-flop usage due to the tap control logic. The maximum operating
frequency remains comparable to a fixed-tap LFSR, confirming suitability for real-time
applications. Overall, the results demonstrate that dynamic tap selection enhances sequence
unpredictability while maintaining efficient hardware utilization, making it ideal for secure and
lightweight digital systems.
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Table 1. Performance Metrics

Parameter Fixed LFSR Dynamic LFSR
Sequence Randomness Moderate High
Frequency Test Pass Pass
Run-Length Test Average Good
Autocorrelation Moderate Low
LUT Usage 12 15
Flip flops Used 8 9
Power consumption SmW 5.2mW
Maximum Clock 200 MHz 195 Mhz

Frequency

ISSN: 2583-9055

https://jcse.cloud/

232


https://jcse.cloud/

The Journal of Computational Science and Engineering (TJCSE)
ISSN 2583-9055 (Media Online)
Vol 3, No 11, Nov 2025

PP 228-234
Performance Analysis Comparison
100% B Fixed LFSR

0 Dynamic LFSR
80%
60%
40%
20%
0%

Accuracy Precision Recall F1-Score

Figl. Performance Analysis
Conclusion

An 8-bit dynamic tap Linear Feedback Shift Register (LFSR) provides far more flexibility and
performance than a fixed-tap LFSR. The system can produce a greater variety of pseudo-random
sequences by dynamically choosing feedback taps while it is operating. This increases the
system's suitability for use in digital communication systems, encryption, and built-in self-test
(BIST) for VLSI circuits. Another drawback of fixed-tap designs is predictability and repetitive
patterns, which are lessened by the dynamic tap mechanism. According to performance studies,
the advantages in sequence diversity, randomness quality, and fault coverage exceed the minor
increase in hardware complexity brought about by the addition of multiplexers for tap selection.
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