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ABSTRACT 

Several regions across India are currently experiencing significant energy shortages. This study 

investigates the implementation of an optimized First-In-First- Out (FIFO) mechanism using Field- 

Programmable Gate Array (FPGA) technology to enhance environmentally sustainable 

transmission systems. FIFO, which manages and processes items or data in the order they are 

received, mirrors the intuitive operation of real life queues and lines. The proposed design employs 

the Genesys board as the FPGA hardware, which offers high performance, Gigabit Ethernet 

connectivity, and design flexibility, making it suitable for highly complex applications. The 

integration of this optimized FIFO mechanism on the Genesys FPGA board demonstrates potential 

improvements in the efficiency and sustainability of energy transmission systems, addressing 

current energy shortfalls effectively. 
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I. INTRODUCTION 

 

FPGAs are semiconductor devices that are organised 

in the form of a matrix of configurable logic blocks 

(CLBs) that are linked together by means of 

programmable interconnects. FPGAs are widely used in 

various industries and applications, ranging from 

electronics and telecommunications to aerospace and 

automotive sectors [1]. At their core, FPGAs are made 

up of a network of programmable interconnects that 

allow the internal blocks to communicate with each 

other. These logic blocks can be configured to 

implement different logic functions, such as AND, OR, 

NOT, XOR, and more complex functions. Additionally, 

FPGA devices often include other specialized resources, 

such as memory blocks, digital signal processing (DSP) 

blocks, and circuitry for the management of clocks [2]. 

The FPGA is configured using hardware descriptive 

languages like VHDL and Verilog. This language is then 

compiled and synthesized into a configuration bit file 

that specifies how the logic blocks and interconnects 

should be set up to achieve the desired functionality. 

That bit file is loaded onto the FPGA device, effectively 

"programming" it to perform the specified logic 

operations [3]. One of the key advantages of FPGAs is 

their reconfigurability. Unlike traditional Application- 

Specific Integrated Circuits (ASICs) that are designed 

for a specific purpose and cannot be changed after 

manufacturing, FPGAs can be reprogrammed to adapt to 

different tasks or to fix errors or updates. This flexibility 

makes FPGA suitable for prototyping, testing, and even 

for use in products where design changes might be 

necessary over time[4]. FPGAs find applications in a 

wide range of fields, including: Digital Signal 

Processing: FPGAs can accelerate complex 

mathematical computations, making them useful in 

applications like image and audio processing. 

Communication Systems: FPGAs are used to implement 

communication protocols, encoding/decoding, and 

modulation/demodulation functions. Embedded Systems: 
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FPGAs can be integrated into embedded systems to 

provide hardware acceleration for specific tasks, 

reducing the load on the main processor. Aerospace and 

Défense: FPGAs are used in radar systems, satellite 

communication, avionics, and more due to their ability 

to handle real-time processing and adapt to changing 

requirements. Industrial Automation: FPGAs are used in 

industrial control systems for real-time monitoring and 

control of machinery and processes[1, 5]. 

Cryptocurrency Mining: FPGAs can be used to 

accelerate certain cryptographic calculations in mining 

operations. Prototyping: FPGAs are often used to 

prototype hardware designs before committing to 

manufacturing ASICs. Despite their versatility, FPGAs 

do have some limitations, such as lower performance 

compared to custom-designed ASICs for specific tasks 

and higher power consumption due to their general- 

purpose nature. However, advancements in FPGA 

technology continue to improve their performance, 

power efficiency, and capabilities. In computer science, 

a FIFO data structure is often referred to as a queue. In a 

queue, the first item added is the first one to be removed. 

For example, there is a long queue of people waiting to 

purchase tickets at the theatre. The individual who 

comes first will be given the opportunity to purchase a 

ticket before everyone else. In a similar manner, the 

item that is processed first in a computer programme is 

the one that was placed to the queue first.[6, 7]. In 

computer memory management, a FIFO page 

replacement algorithm is used to decide which page to 

remove from memory when space is needed for a new 

page. The idea is to replace the oldest page in memory, 

just like you would replace the oldest item in a queue. In 

business and accounting, FIFO is used to calculate the 

cost of goods sold (COGS) and the value of inventory. 

According to the FIFO principle, the items that were 

acquired or produced first are assumed 

to be sold or used first. This method can have an impact 

on tax liabilities and financial reporting. In networking, 

a FIFO buffer (First-In, First-Out buffer) is often used to 

manage the flow of data packets. Data packets are stored 

in the buffer in the order they arrive, and they are 

processed and sent out in the same order[8, 9]. FIFOs 

are also used in hardware design, especially in digital 

circuits. These FIFOs are used to manage data flow 

between different parts of a system, ensuring that data is 

handled in the order it was received. 

 

II. EXISTING METHOD 

 

The existing system for FIFO (First In, First Out) is a 

basic queueing mechanism commonly used in data 

storage and transfer applications. FIFO ensures that data 

is processed in the exact order it arrives, meaning that the 

first data element added to the queue is also the first one 

to be removed. This system operates through two main 

operations: enqueue, which adds data to the queue, and 

dequeue, which removes the data in the same order. 

FIFO is widely used in scenarios where maintaining the 

order of data is crucial, such as in communication 

systems, data buffering, and task scheduling. The 

mechanism works by maintaining two pointers—head 

and tail—where the head pointer indicates the position 

from which data will be removed, and the tail pointer 

marks where new data is added. FIFO is commonly 

implemented using various data structures like arrays or 

linked lists, but in hardware implementations, such as 

those on FPGAs (Field-Programmable Gate Arrays), the 

system is designed for high-speed, parallel processing. 

FPGA implementations of FIFO typically use Block 

RAM (BRAM) or other memory elements, with specific 

logic circuits for managing the enqueue and dequeue 

operations. These operations rely on read and write 

pointers to ensure the order of data flow, and the data 
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elements are stored in registers or memory banks. The 

FPGA-based design allows the FIFO system to operate at 

high speeds with low latency, making it ideal for 

applications like data stream buffering in communication 

systems, packet switching in networks, or task 

scheduling in embedded systems. Furthermore, FPGA 

implementations offer flexibility in optimizing 

performance by adjusting the width of data paths, clock 

speeds, and memory configurations. However, the 

implementation of FIFO on FPGA requires careful 

consideration of resource utilization, such as the amount 

of available memory, logic blocks, and the overall design 

complexity. As FPGA technology allows for custom 

hardware designs, it provides the opportunity to fine-tune 

the FIFO system for specific use cases, enhancing its 

efficiency and performance compared to traditional 

software-based implementations. Through such an 

FPGA-based implementation, the FIFO system becomes 

highly scalable, with the potential for improved 

throughput, reduced latency, and better integration into 

larger hardware systems. 

 

III. PROPOSED METHOD 

Being a hardware solution, the FPGA-based FIFO 

system has a number of benefits over conventional 

software-based FIFO implementations, especially with 

regard to speed, flexibility, and dependability. With the 

help of a hardware platform called FPGA (Field- 

Programmable Gate Array), users can create unique 

circuits for particular applications, enabling high- 

performance execution. The FIFO logic in your 

suggested system is implemented by the FPGA, 

guaranteeing that data is handled effectively and 

processed in the precise order that it comes, without 

needless delays. Using FPGA for FIFO has the primary 

benefit of parallel processing. The architecture of 

FPGA allows it 

to do several operations at once, in contrast to software 

systems that usually process data in a sequential fashion. 

FIFO processes are accelerated by this parallelism, 

especially in applications that need real-time data 

management, including packet switching or data 

buffering. Additionally, FPGA has very low latency 

when managing data flow in high-speed applications 

including real-time embedded systems, communication 

systems, and video processing. Future Potential and 

Optimization: By utilizing newer features like larger 

memory blocks and high-speed interfaces, the suggested 

system can be further optimized as FPGA technology 

advances. More sophisticated processing methods, 

including caching to speed up enqueue and dequeue 

processes or dynamic memory allocation to maximize 

data storage and retrieval, can be incorporated into the 

system in later iterations. Furthermore, the FPGA FIFO 

system can be enhanced to manage even larger data 

volumes while preserving its effectiveness and low-

latency performance when more complicated 

applications emerge. 

 

TABLE 1 

Results for Proposed Logic 
 

 

Circuit Static 

Power(nW) 

Dynamic 

Power(fW) 

Delay(ns) 

NAND 

gate 

20.1 0.49 4.43 

NOR 

gate 

11.6 1.30 4.42 

Full 

Adder 

10.2 0.82 3.87 
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Power 

FIGURE 1. Dynamic Power for Domino and Proposed Logic 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. power consumption results 

 

 

 

Fig: Temperature results 

 

 

IV. RESULTS 
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Figure 1: A sample line graph using color’s which contrast well 

both on screen and on a black-and-white hardcopy 
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V. CONCLUSION 

Using a Genesys board, FIFO is built in Vivado for 

the purpose of this research. The Genesys board's 

reliable and flexible environment makes it a good choice 

for developing FPGA-based systems, making it a viable 

alternative for a wide range of tasks BUFG, LUT, FF, 

and IO is right. Individual % breakdown: 1%, 0.008%, 

0.002%, and 3.13% This chip needs 2.189 W (total). 
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