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[bookmark: _Toc195347633]Introduction
Multipliers are integral components in many digital systems, particularly in areas such as digital signal processing, image processing, and other computational tasks that require efficient arithmetic operations. This report focuses on the comparative analysis of two multiplier architectures: Braun's multiplier and the Wallace Tree multiplier. Both designs are implemented and evaluated using VHDL for FPGA execution. The primary goal is to critically assess the performance, efficiency, and practicality of each architecture in terms of speed, power consumption, and hardware utilization.

The report outlines the design, simulation, and synthesis of both multipliers, detailing their principles, flowchart steps for their operation, and the final product produced by each architecture. By conducting simulations and analysing the resulting outputs, this report provides valuable insights into the advantages between these two multiplier techniques.

[bookmark: _Toc195347634]Background Research on Multiplier Techniques
Multiplication is a foundational operation in digital systems, and optimizing it has long been a focus of hardware design. Various architectures have been developed to reduce computational delay, minimize power usage, and optimize area utilization on hardware platforms such as FPGAs.
Braun's Multiplier:  A Braun multiplier is a simple parallel multiplier. It is specifically designed for unsigned multiplication. Its structure consists of an array of AND gates and adders organized in a structured, regular grid.
All partial products are generated simultaneously and then summed using a series of adders. These multipliers have largely replaced traditional shift-and-add methods due to their improved efficiency.
Compared to conventional multipliers, they offer significant advantages, including higher accuracy, a wider dynamic range, and faster computation. The number of bits used in the multiplier directly influences its accuracy and dynamic range, making it a critical factor in performance. 
(Nair, n.d.) (P. and Khan, 2018)
Wallace Tree Multiplier: 
The Wallace Tree multiplier is a parallel multiplication technique that uses a hierarchical reduction tree to sum partial products. Instead of adding them sequentially, partial products are grouped in sets of three and reduced using full adders. Remaining pairs are reduced using half adders. This process continues until only two rows remain, which are then summed using a conventional adder.
This method significantly reduces the number of addition stages, leading to faster computation, albeit at the cost of increased design complexity. Wallace Tree multipliers are suitable for high-speed applications where performance is critical. 
(vlsiverify, 2022)


[bookmark: _Toc195347635]Applications and Advantages of Multipliers
Braun multipliers are primarily utilized in applications that demand high-speed multiplication, such as digital signal processing, image processing, and multimedia technology. They provide a significant performance advantage over traditional multipliers in these areas.
· DSP applications: Braun multipliers are essential due to their ability to execute multiplication operations rapidly, a key function in many DSP algorithms.
· Image processing tasks like filtering and transformations often require intensive multiplication, making Braun multipliers an ideal choice for boosting processing speeds.
· Multimedia applications, including video and audio processing, benefit from the enhanced speed and efficiency provided by Braun multipliers.
· These multipliers play a vital role in improving the performance of arithmetic operations, which are crucial for various computational tasks.
Advantages of Braun’s Multiplier
· Braun multipliers are specifically designed to outperform traditional multipliers in speed, making them ideal for applications with high throughput requirements.
· Braun multipliers leverage the reconfigurable nature of FPGAs to deliver high-speed performance.
(Ijraset.com, 2024)

Wallace Tree multipliers are widely used in DSP and embedded systems due to their speed and efficiency in performing multiplication, particularly in applications that demand high-speed arithmetic operations.
· Wallace tree multipliers are essential in DSP and embedded systems, where fast and accurate multiplication is required for tasks such as filtering, image processing, and audio processing.
· They play a crucial role in ALUs and DSP processors, enabling the efficient execution of arithmetic operations.
· These multipliers are integral to the design and implementation of Finite Impulse Response (FIR) filters, where multiplication is a key operation. (L. Malathi, Bharathi, and Jayanthi, 2021)
Advantages of Wallace Tree Multipliers
· Wallace tree multipliers provide a significant speed advantage over traditional array multipliers, making them ideal for high-performance applications.
· They minimize the delay associated with adding partial products, resulting in faster multiplication operations. 
(Venkatesh Kumar and Rambabu, 2018)  

[bookmark: _Toc195347636]Brauns Multiplier Design
The design described here utilizes two 8-bit unsigned binary numbers, A and B, where the final product is a 16-bit binary number. The operation follows a series of steps to generate the final product.
The process begins by multiplying each bit of operand A with each corresponding bit of operand B, resulting in a set of partial products. These partial products are then combined using an adder array consisting of both half adders and full adders to ensure correct summation and proper carry propagation. The final sum of these partial products generates the 16-bit result, which is the product of the two input numbers.
Process Overview:
· Each bit of A is multiplied by each bit of B to generate partial products.
· The partial products are added using half adders and full adders to ensure proper summation.
· The result of this addition produces the final 16-bit product.
Figure 1 illustrates the multiplication process in detail.
Figure 1 Brauns multiplication
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[bookmark: _Toc195347637]Explanation of Flowchart:
The process begins by inputting two 8-bit numbers, A and B. Partial products are then generated by performing AND operations between each bit of A and B. Following this, half adders are used to sum the first layer of partial products, producing sum and carry values, while full adders are employed to add higher-order bits along with carry values. The final 16-bit product (P[15:0]) is computed by storing the sum bits in the result and utilizing full adders to propagate carry values to higher bits. Lastly, the 16-bit result is the output.
Figure 2 Flowchart
[image: A diagram of a diagram
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[bookmark: _Toc195347638]Braun’s Multiplier Architecture
The Braun multiplier can be represented as a combination of the following components:
Figure 3 Brauns Multiplier Architecture
[image: A diagram of a computer network
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The multiplication unit in Braun’s multiplier architecture generates partial products by performing bitwise multiplication of each bit of operand A with each bit of operand B. This step is fundamental in constructing the overall product.
The partial products are then summed using an adder array, which consists of both full adders and half adders to efficiently compute the final result.
Full Adder
A full adder is a combinational circuit that adds three binary numbers: two input bits and a carry-in bit. It produces two outputs—a sum and a carry-out. The carry-out can be passed to the next stage, allowing multiple full adders to be connected for adding larger binary numbers. This makes full adders important for handling multi-bit additions efficiently.



Half Adder
A half adder is a simpler circuit that adds two binary numbers and produces a sum and a carry output. Unlike a full adder, it does not take a carry-in bit as input. Because of this, half adders are mainly used in the first step of addition, where no previous carry exists.

The final product is calculated by adding all the partial products using an adder array, ensuring accurate and efficient multiplication. The diagrams illustrate that the multiplication process occurs in different stages, utilizing 48 full adders and 8 half adders.
RTL Design and Implementation
The RTL design and implementation of Braun's multiplier include the schematic representations of the logic gates, adder array, and overall structure. 
· Implementation Schematics: The schematics show the layout of logic gates, including AND gates for partial product generation, and the arrangement of half and full adders for the summation process.
· Device and I/O Planning: The implementation details include the FPGA device to be used for hardware execution, as well as I/O planning for handling input and output data.
RTL Design
Figure 4 RTL Brauns
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Implementation Schematics
Figure 5 Implementation Brauns
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Device
Figure 6 Device Brauns
[image: A screenshot of a computer screen
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I/O Planning
Figure 7 I/O Brauns
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[bookmark: _Toc195347639]Wallace Tree Multiplier Design
This design focuses on multiplying two 8-bit unsigned binary numbers, A and B, to produce a 16-bit binary product. The Wallace Tree multiplier significantly reduces the number of sequential addition stages, enhancing overall speed when compared to traditional multipliers such as Braun's multiplier.
Process Overview:
1. Each bit of A is multiplied with each bit of B, generating an array of partial products.
2. The partial products are reduced using a structured Wallace tree, which consists of carry-save adders (full and half adders) to minimize the number of partial product rows efficiently.
3. The final stage uses a simple adder to get the 16-bit product.
This method optimizes the multiplication process by minimizing the number of addition stages required, making it faster than traditional approaches that rely on a straightforward adder array.
Figure 8  Wallace multiplication dot diagram
[image: A graph with many colored dots
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Figure 9 Wallace tree multiplication algorithm
[image: A graph with numbers and circles
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[bookmark: _Toc195347640]Explanation of Flowchart:
The Wallace Tree multiplier first step involves inputting the 8-bit numbers A and B. Next, partial products are generated by performing AND operations between each corresponding bit of operand A and operand B. These partial products are then reduced in several stages using Half and Full adders. In the first reduction stage, Half and Full adders generate sums and carry outputs, which are passed on to the next stage. This reduction process continues through the second and third stages, where the sums are further reduced using additional Half and Full adders. In the fourth reduction stage, the process is repeated to further reduce the sums and carries. The final reduction stage produces two remaining rows, which are then added together to produce the final result. Once the two rows have been added, the 16-bit final product is outputted. The process ends after the result is generated and displayed.


Figure 10 Wallace tree multiplier flowchart
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[bookmark: _Toc195347641]Wallace Tree Multiplier Architecture
The Wallace tree multiplier can be represented as a combination of the following components:
Figure 11 Wallace Multiplier Architecture
[image: A diagram of a network
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Wallace Tree multiplier begins by generating partial products. Each bit of operand A is multiplied with each bit of operand B, resulting in multiple rows of partial products.
The partial products are then summed in a more optimized way. Instead of directly adding them using an adder array, the Wallace Tree approach groups them into sets of three and reduces them using full adders and half adders. This process continues in multiple stages until only two rows remain.
After the Wallace Tree reduction, only two rows remain, which are then summed using a carry-propagate adder to obtain the final product.
The diagrams illustrate that the multiplication process is carried out in five stages, utilizing 47 full adders and 16 half adders.
RTL Design and Implementation
The RTL design and implementation of Wallace Tree multiplier include the schematic representations of the logic gates, adder array, and overall structure. The design is synthesized for FPGA execution.
· Implementation Schematics: The schematics show the layout of logic gates, including AND gates for partial product generation, and the arrangement of half and full adders for the summation process.
· Device and I/O Planning: The implementation details include the FPGA device to be used for hardware execution, as well as I/O planning for handling input and output data.


RTL Design:
Figure 12 RTL Design Wallace
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Implementation schematics:
Figure 13 Implementation Wallace
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Device:
Figure 14 Device Wallace
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I/O Planning
Figure 15 I/O Wallace
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[bookmark: _Toc195347642]Simulation Results
The simulation results compare the performance of Wallace and Braun multiplier architectures, focusing on their accuracy and efficiency. Both multipliers were tested using identical input values, and the final multiplication results were found to be the same, confirming their correctness. Despite achieving the same numerical output, the architectures differ in their internal computation methods. These results validate the accuracy of both architectures while highlighting their distinct design characteristics.
Sample 1:
Figure 16 Brauns sample 1
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Figure 17 Wallce Tree sample 1
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Sample 2:
Figure 18 Brauns sample 2
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Figure 19 Wallce Tree sample 2
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Sample 3
Figure 20 Brauns sample 3
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Figure 21 Wallce Tree sample 3
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Sample 4
Figure 22 Brauns sample 4
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Figure 23 Wallce Tree sample 4
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[bookmark: _Toc195347643]Comparison, Analysis, and Interpretation of Results
One of the most critical factors in evaluating multipliers is speed. The Wallace Tree multiplier outperforms Braun's multiplier in terms of computation speed. This is primarily due to its reduction approach, which minimizes the number of sequential addition stages.
Braun’s multiplier is simpler in design, AND gates and adders are arranged in a straightforward array structure. This simplicity makes it easier to implement and debug however it leads to increased propagation delay. In contrast, the Wallace Tree multiplier is more complex due to its reduction tree, which requires additional full and half adders. While this increased number of logic elements results in higher design complexity, it also provides a significant performance gain by reducing computation time.
While Braun’s multiplier features a simpler and more regular architecture, testing shows that it consumes slightly more on-chip power compared to the Wallace Tree multiplier. Specifically, Braun’s implementation uses more LUTs and has a higher total power consumption. In contrast, the Wallace Tree multiplier, despite its more complex structure, demonstrates better power efficiency in this case due to reduced logic utilization and optimized parallel processing


[bookmark: _Toc195347644]Longest Delay Diagrams:
The longest delay diagrams for the 8x8 bit Wallace and Braun's multipliers show the critical path, which impacts the maximum operating speed. The Wallace multiplier tends to have a shorter delay due to its complex adder structure, while Braun’s multiplier usually has a longer delay time. Comparing these delays helps identify which design is faster and more efficient for a given application.
Given that AND Gate Delay = 1 ns; Full Adder/ Half Adder Delay= 2ns
Longest Delay = Delay of 1st AND Gate + 2 * (Delay in Carry out Half Adder) + 2* ( Delay in Carry Out Full Adder)
Therefore ,
Manually calculated longest delay for Brauns = 1ns + 7*(2ns) + 13 *(2ns) = 41ns
Manually calculated longest delay for Wallace = 1ns + 6*(2ns) + 8 *(2ns) = 29ns
Brauns
[image: ]
Wallace Tree
[image: ]
[bookmark: _Toc195347645]Timing Constraints Analysis
Timing constraints ensure that the design meets performance requirements without timing violations.
Braun’s Multiplier: Due to its simpler structure and sequential nature, it has a higher critical path delay, leading to timing challenges.
Wallace Tree Multiplier: Reduces critical path delay through parallel processing, making it more suitable for high-speed applications. 


Brauns	
The path from B[0] to P[15] is giving the critical path delay of 16.911 ns
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Wallace Tree
The path from A[2] to P[15] is giving the critical path delay of 11.239 ns
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[bookmark: _Toc195347646]Utilization Report
This utilization report provides overview of the resources used by both the Wallace and Braun’s multipliers in the design. The reported values reflect the resource consumption of the two multiplier implementations.
The Wallace multiplier demonstrates a slightly lower LUT consumption (88 vs. 103), indicating that it uses fewer resources for the same functionality. This can potentially result in reduced power consumption and a more efficient design, especially when considering large-scale implementations. However, both multipliers make use of the same number of IOBs, suggesting that the external connectivity requirements are comparable for both implementations.
Overall, the Wallace multiplier is more resource efficient in terms of LUTs.
Brauns
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Wallace Tree
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[bookmark: _Toc195347647]Project Summary
While Braun's multiplier is known for its simplicity, its performance in terms of timing is notably different from that of the Wallace Tree multiplier. 
Worst Negative Slack is an important measure of how well a circuit meets its timing goals. It shows the biggest delay where the signal doesn't arrive on time. In Braun's multiplier, the WNS is 0.064, meaning it works fairly well in terms of timing, with only a small delay. However, when compared to the Wallace Tree multiplier, which has a much higher WNS of 1.450, we can see that the Wallace Tree has better timing, allowing it to perform faster calculations.
Brauns
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[bookmark: _Toc195347648]Power report
Power analysis highlights efficiency between the two multipliers. Braun’s multiplier has higher power consumption. In contrast, the Wallace Tree multiplier consumes slightly less power making it ideal for low-power applications.
Brauns
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Wallace Tree
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[bookmark: _Toc195347649]Recommendations for Future Improvements
To improve the Wallace Tree Multiplier, it is recommended to focus on power optimization by improve the design of logic elements and minimizing switching activity. This can be achieved by adopting more efficient adder structures.
For Braun’s Multiplier, future improvements can focus on power efficiency by reducing unnecessary logic and improving the utilization of registers. This would minimize power consumption without compromising its simple design. Additionally, exploring alternate FPGA architectures could optimize resource usage, allowing Braun's multiplier to scale more effectively with larger input sizes.
Future work should consider additional architectures such as Booth multipliers, Dadda multipliers, and Modified Wallace Trees. These architectures offer more complexity, speed, and power, and including them in studies would result in more robust design decisions for target-specific applications.

[bookmark: _Toc195347650]Conclusion
This report compares Braun's multiplier and the Wallace Tree multiplier in terms of speed, power consumption, and hardware utilization for FPGA implementations.
The Wallace Tree multiplier outperforms Braun's multiplier in computation speed, thanks to its reduction approach that minimizes the number of sequential addition stages. This results in faster performance, despite its higher design complexity, including less LUTs. It consumes slightly less power than Braun’s multiplier, making it more energy-efficient overall.
Braun's multiplier, though simpler and more LUTs usage, experiences higher power consumption. Despite its simplicity, Braun's multiplier has a longer delay and is less efficient in terms of timing and power compared to the Wallace Tree multiplier.
Based on the analysis, the Wallace Tree multiplier is better suited for high-speed applications due to its faster computation and lower power consumption. Braun's multiplier, while simpler is less suitable for high-performance scenarios due to its slower speed and higher power usage.


[bookmark: _Toc195347651]Appendix
[bookmark: _Toc195347652]Brauns Code
----------------------------------------------------------------------------------
-- Company: 
-- Engineer: 
-- 
-- Create Date: 27.03.2025 12:38:09
-- Design Name: 
-- Module Name: brauns_8x8 - gate_level
-- Project Name: 
-- Target Devices: 
-- Tool Versions: 
-- Description: 
-- 
-- Dependencies: 
-- 
-- Revision:
-- Revision 0.01 - File Created
-- Additional Comments:
-- 
----------------------------------------------------------------------------------


library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.std_logic_unsigned.ALL;
-- Uncomment the following library declaration if using
-- arithmetic functions with Signed or Unsigned values
--use IEEE.NUMERIC_STD.ALL;

-- Uncomment the following library declaration if instantiating
-- any Xilinx leaf cells in this code.
--library UNISIM;
--use UNISIM.VComponents.all;

entity brauns_8x8 is
    Port ( 
             A : in STD_LOGIC_VECTOR (7 downto 0);
             B : in STD_LOGIC_VECTOR (7 downto 0);
             P : out STD_LOGIC_VECTOR (15 downto 0)
           );
end brauns_8x8;

           
architecture gate_level of brauns_8x8 is

signal A1B0 : std_logic;
signal A2B0 : std_logic;
signal A3B0 : std_logic;
signal A4B0 : std_logic;
signal A5B0 : std_logic;
signal A6B0 : std_logic;
signal A7B0 : std_logic;

signal A0B1 : std_logic;
signal A1B1 : std_logic;
signal A2B1 : std_logic;
signal A3B1 : std_logic;
signal A4B1 : std_logic;
signal A5B1 : std_logic;
signal A6B1 : std_logic;
signal A7B1 : std_logic;

signal A0B2 : std_logic;
signal A1B2 : std_logic;
signal A2B2 : std_logic;
signal A3B2 : std_logic;
signal A4B2 : std_logic;
signal A5B2 : std_logic;
signal A6B2 : std_logic;
signal A7B2 : std_logic;

signal A0B3 : std_logic;
signal A1B3 : std_logic;
signal A2B3 : std_logic;
signal A3B3 : std_logic;
signal A4B3 : std_logic;
signal A5B3 : std_logic;
signal A6B3 : std_logic;
signal A7B3 : std_logic;

signal A0B4 : std_logic;
signal A1B4 : std_logic;
signal A2B4 : std_logic;
signal A3B4 : std_logic;
signal A4B4 : std_logic;
signal A5B4 : std_logic;
signal A6B4 : std_logic;
signal A7B4 : std_logic;

signal A0B5 : std_logic;
signal A1B5 : std_logic;
signal A2B5 : std_logic;
signal A3B5 : std_logic;
signal A4B5 : std_logic;
signal A5B5 : std_logic;
signal A6B5 : std_logic;
signal A7B5 : std_logic;

signal A0B6 : std_logic;
signal A1B6 : std_logic;
signal A2B6 : std_logic;
signal A3B6 : std_logic;
signal A4B6 : std_logic;
signal A5B6 : std_logic;
signal A6B6 : std_logic;
signal A7B6 : std_logic;

signal A0B7 : std_logic;
signal A1B7 : std_logic;
signal A2B7 : std_logic;
signal A3B7 : std_logic;
signal A4B7 : std_logic;
signal A5B7 : std_logic;
signal A6B7 : std_logic;
signal A7B7 : std_logic;

signal C1 : std_logic;---P2
signal C2_1 : std_logic;
signal C3_1 : std_logic;
signal C4_1 : std_logic;
signal C5_1 : std_logic;
signal C6_1 : std_logic;
signal C7_1 : std_logic;
signal C8_1 : std_logic;

signal P2_1 : std_logic;
signal P3_1 : std_logic;
signal P4_1 : std_logic;
signal P5_1 : std_logic;
signal P6_1 : std_logic;
signal P7_1 : std_logic;
signal P8_1 : std_logic;

signal C2 :   std_logic;---P3
signal C3_2 : std_logic;
signal C4_2 : std_logic;
signal C5_2 : std_logic;
signal C6_2 : std_logic;
signal C7_2 : std_logic;
signal C8_2 : std_logic;
signal C9_2 : std_logic;

signal P3_2 : std_logic;
signal P4_2 : std_logic;
signal P5_2 : std_logic;
signal P6_2 : std_logic;
signal P7_2 : std_logic;
signal P8_2 : std_logic;
signal P9_2 : std_logic;

signal C3 : std_logic;---P4
signal C4_3 : std_logic;
signal C5_3 : std_logic;
signal C6_3 : std_logic;
signal C7_3 : std_logic;
signal C8_3 : std_logic;
signal C9_3 : std_logic;
signal C10_3 : std_logic;

signal P4_3 : std_logic;
signal P5_3 : std_logic;
signal P6_3 : std_logic;
signal P7_3 : std_logic;
signal P8_3 : std_logic;
signal P9_3 : std_logic;
signal P10_3 : std_logic;

signal C4 : std_logic;---P5
signal C5_4 : std_logic;
signal C6_4 : std_logic;
signal C7_4 : std_logic;
signal C8_4 : std_logic;
signal C9_4 : std_logic;
signal C10_4 : std_logic;
signal C11_4 : std_logic;

signal P5_4 : std_logic;
signal P6_4 : std_logic;
signal P7_4 : std_logic;
signal P8_4 : std_logic;
signal P9_4 : std_logic;
signal P10_4 : std_logic;
signal P11_4 : std_logic;

signal C5 : std_logic;---P6
signal C6_5 : std_logic;
signal C7_5 : std_logic;
signal C8_5 : std_logic;
signal C9_5 : std_logic;
signal C10_5 : std_logic;
signal C11_5 : std_logic;
signal C12_5 : std_logic;

signal P6_5 : std_logic;
signal P7_5 : std_logic;
signal P8_5 : std_logic;
signal P9_5 : std_logic;
signal P10_5 : std_logic;
signal P11_5 : std_logic;
signal P12_5 : std_logic;

signal C6 : std_logic;---P7
signal C7_6 : std_logic;
signal C8_6 : std_logic;
signal C9_6 : std_logic;
signal C10_6 : std_logic;
signal C11_6 : std_logic;
signal C12_6 : std_logic;
signal C13_6 : std_logic;

signal P7_6 : std_logic;
signal P8_6 : std_logic;
signal P9_6 : std_logic;
signal P10_6 : std_logic;
signal P11_6 : std_logic;
signal P12_6 : std_logic;

signal P13_7 : std_logic;

signal C7 : std_logic;
signal C8_7 : std_logic;
signal C9_7 : std_logic;
signal C10_7 : std_logic;
signal C11_7 : std_logic;
signal C12_7 : std_logic;
signal C13_7 : std_logic;
signal C14_7 : std_logic;

component full_adder
port (
A : in std_logic;
B : in std_logic;
Cin : in std_logic;
S : out std_logic;
Cout : out std_logic);
end component;

component half_adder
port (
A : in std_logic;
B : in std_logic;
S : out std_logic;
Cout :out std_logic);
end component;
begin

A1B0 <= A(1) and B(0);
A2B0 <= A(2) and B(0);
A3B0 <= A(3) and B(0);
A4B0 <= A(4) and B(0);
A5B0 <= A(5) and B(0);
A6B0 <= A(6) and B(0);
A7B0 <= A(7) and B(0);

A0B1 <= A(0) and B(1);
A1B1 <= A(1) and B(1);
A2B1 <= A(2) and B(1);
A3B1 <= A(3) and B(1);
A4B1 <= A(4) and B(1);
A5B1 <= A(5) and B(1);
A6B1 <= A(6) and B(1);
A7B1 <= A(7) and B(1);

A0B2 <= A(0) and B(2);
A1B2 <= A(1) and B(2);
A2B2 <= A(2) and B(2);
A3B2 <= A(3) and B(2);
A4B2 <= A(4) and B(2);
A5B2 <= A(5) and B(2);
A6B2 <= A(6) and B(2);
A7B2 <= A(7) and B(2);

A0B3 <= A(0) and B(3);
A1B3 <= A(1) and B(3);
A2B3 <= A(2) and B(3);
A3B3 <= A(3) and B(3);
A4B3 <= A(4) and B(3);
A5B3 <= A(5) and B(3);
A6B3 <= A(6) and B(3);
A7B3 <= A(7) and B(3);

A0B4 <= A(0) and B(4);
A1B4 <= A(1) and B(4);
A2B4 <= A(2) and B(4);
A3B4 <= A(3) and B(4);
A4B4 <= A(4) and B(4);
A5B4 <= A(5) and B(4);
A6B4 <= A(6) and B(4);
A7B4 <= A(7) and B(4);

A0B5 <= A(0) and B(5);
A1B5 <= A(1) and B(5);
A2B5 <= A(2) and B(5);
A3B5 <= A(3) and B(5);
A4B5 <= A(4) and B(5);
A5B5 <= A(5) and B(5);
A6B5 <= A(6) and B(5);
A7B5 <= A(7) and B(5);

A0B6 <= A(0) and B(6);
A1B6 <= A(1) and B(6);
A2B6 <= A(2) and B(6);
A3B6 <= A(3) and B(6);
A4B6 <= A(4) and B(6);
A5B6 <= A(5) and B(6);
A6B6 <= A(6) and B(6);
A7B6 <= A(7) and B(6);

A0B7 <= A(0) and B(7);
A1B7 <= A(1) and B(7);
A2B7 <= A(2) and B(7);
A3B7 <= A(3) and B(7);
A4B7 <= A(4) and B(7);
A5B7 <= A(5) and B(7);
A6B7 <= A(6) and B(7);
A7B7 <= A(7) and B(7);

P0 : P(0) <= A(0) and B(0);

P1_0 : half_adder port map (A=>A1B0, B=>A0B1, S=>P(1), Cout=>C1);

P21 : full_adder port map (A=>A2B0, B=>A1B1, Cin=>C1, S=>P2_1, Cout=>C2_1);
P2_0 : half_adder port map (A=>A0B2, B=>P2_1, S=>P(2), Cout=>C2);

P31 : full_adder port map (A=>A3B0, B=>A2B1, Cin=>C2_1, S=>P3_1, Cout=>C3_1);
P32 : full_adder port map (A=>A1B2, B=>P3_1, Cin=>C2, S=>P3_2, Cout=>C3_2);
P3_0 : half_adder port map (A=>A0B3, B=>P3_2, S=>P(3), Cout=>C3);

P41 : full_adder port map (A=>A4B0, B=>A3B1, Cin=>C3_1, S=>P4_1, Cout=>C4_1);
P42 : full_adder port map (A=>A2B2, B=>P4_1, Cin=>C3_2, S=>P4_2, Cout=>C4_2);
P43 : full_adder port map (A=>A1B3, B=>P4_2, Cin=>C3, S=>P4_3, Cout=>C4_3);
P4_0 : half_adder port map (A=>A0B4, B=>P4_3, S=>P(4), Cout=>C4);

P51 : full_adder port map (A=>A5B0, B=>A4B1, Cin=>C4_1, S=>P5_1, Cout=>C5_1);
P52 : full_adder port map (A=>A3B2, B=>P5_1, Cin=>C4_2, S=>P5_2, Cout=>C5_2);
P53 : full_adder port map (A=>A2B3, B=>P5_2, Cin=>C4_3, S=>P5_3, Cout=>C5_3);
P54 : full_adder port map (A=>A1B4, B=>P5_3, Cin=>C4, S=>P5_4, Cout=>C5_4);
P5_0 : half_adder port map (A=>A0B5, B=>P5_4, S=>P(5), Cout=>C5);

P61 : full_adder port map (A=>A6B0, B=>A5B1, Cin=>C5_1, S=>P6_1, Cout=>C6_1);
P62 : full_adder port map (A=>A4B2, B=>P6_1, Cin=>C5_2, S=>P6_2, Cout=>C6_2);
P63 : full_adder port map (A=>A3B3, B=>P6_2, Cin=>C5_3, S=>P6_3, Cout=>C6_3);
P64 : full_adder port map (A=>A2B4, B=>P6_3, Cin=>C5_4, S=>P6_4, Cout=>C6_4);
P65 : full_adder port map (A=>A1B5, B=>P6_4, Cin=>C5, S=>P6_5, Cout=>C6_5);
P6_0 : half_adder port map (A=>A0B6, B=>P6_5, S=>P(6), Cout=>C6);

P71 : full_adder port map (A=>A7B0, B=>A6B1, Cin=>C6_1, S=>P7_1, Cout=>C7_1);
P72 : full_adder port map (A=>A5B2, B=>P7_1, Cin=>C6_2, S=>P7_2, Cout=>C7_2);
P73 : full_adder port map (A=>A4B3, B=>P7_2, Cin=>C6_3, S=>P7_3, Cout=>C7_3);
P74 : full_adder port map (A=>A3B4, B=>P7_3, Cin=>C6_4, S=>P7_4, Cout=>C7_4);
P75 : full_adder port map (A=>A2B5, B=>P7_4, Cin=>C6_5, S=>P7_5, Cout=>C7_5);
P76 : full_adder port map (A=>A1B6, B=>P7_5, Cin=>C6, S=>P7_6, Cout=>C7_6);
P7_0 : half_adder port map (A=>A0B7, B=>P7_6, S=>P(7), Cout=>C7);

P81 : half_adder port map (A=>A7B1, B=>C7_1, S=>P8_1, Cout=>C8_1);
P82 : full_adder port map (A=>A6B2, B=>P8_1, Cin=>C7_2, S=>P8_2, Cout=>C8_2);
P83 : full_adder port map (A=>A5B3, B=>P8_2, Cin=>C7_3, S=>P8_3, Cout=>C8_3);
P84 : full_adder port map (A=>A4B4, B=>P8_3, Cin=>C7_4, S=>P8_4, Cout=>C8_4);
P85 : full_adder port map (A=>A3B5, B=>P8_4, Cin=>C7_5, S=>P8_5, Cout=>C8_5);
P86 : full_adder port map (A=>A2B6, B=>P8_5, Cin=>C7_6, S=>P8_6, Cout=>C8_6);
P8_0 : full_adder port map (A=>A1B7, B=>P8_6, Cin=>C7, S=>P(8), Cout=>C8_7);

P91 : full_adder port map (A=>A7B2, B=>C8_1, Cin=>C8_2, S=>P9_2, Cout=>C9_2);
P92 : full_adder port map (A=>A6B3, B=>P9_2, Cin=>C8_3, S=>P9_3, Cout=>C9_3);
P93 : full_adder port map (A=>A5B4, B=>P9_3, Cin=>C8_4, S=>P9_4, Cout=>C9_4);
P94 : full_adder port map (A=>A4B5, B=>P9_4, Cin=>C8_5, S=>P9_5, Cout=>C9_5);
P95 : full_adder port map (A=>A3B6, B=>P9_5, Cin=>C8_6, S=>P9_6, Cout=>C9_6);
P9_0 : full_adder port map (A=>A2B7, B=>P9_6, Cin=>C8_7, S=>P(9), Cout=>C9_7);

P101 : full_adder port map (A=>A7B3, B=>C9_2, Cin=>C9_3, S=>P10_3, Cout=>C10_3);
P102 : full_adder port map (A=>A6B4, B=>P10_3, Cin=>C9_4, S=>P10_4, Cout=>C10_4);
P103 : full_adder port map (A=>A5B5, B=>P10_4, Cin=>C9_5, S=>P10_5, Cout=>C10_5);
P104 : full_adder port map (A=>A4B6, B=>P10_5, Cin=>C9_6, S=>P10_6, Cout=>C10_6);
P10_0 : full_adder port map (A=>A3B7, B=>P10_6, Cin=>C9_7, S=>P(10), Cout=>C10_7);

P111 : full_adder port map (A=>A7B4, B=>C10_3, Cin=>C10_4, S=>P11_4, Cout=>C11_4);
P112 : full_adder port map (A=>A6B5, B=>P11_4, Cin=>C10_5, S=>P11_5, Cout=>C11_5);
P113 : full_adder port map (A=>A5B6, B=>P11_5, Cin=>C10_6, S=>P11_6, Cout=>C11_6);
P11_0 : full_adder port map (A=>A4B7, B=>P11_6, Cin=>C10_7, S=>P(11), Cout=>C11_7);

P121 : full_adder port map (A=>A7B5, B=>C11_4, Cin=>C11_5, S=>P12_5, Cout=>C12_5);
P122 : full_adder port map (A=>A6B6, B=>P12_5, Cin=>C11_6, S=>P12_6, Cout=>C12_6);
P12_0 : full_adder port map (A=>A5B7, B=>P12_6, Cin=>C11_7, S=>P(12), Cout=>C12_7);

P131 : full_adder port map (A=>A7B6, B=>C12_5, Cin=>C12_6, S=>P13_7, Cout=>C13_6);
P13_0 : full_adder port map (A=>A6B7, B=>P13_7, Cin=>C12_7, S=>P(13), Cout=>C13_7);


P14 : full_adder port map (A=>A7B7, B=>C13_6, Cin=>C13_7, S=>P(14), Cout=>C14_7);
P15 : P(15)<=C14_7;

end gate_level;


----------------------------------------------------------------------------------
-- Company: 
-- Engineer: 
-- 
-- Create Date: 13.02.2025 17:24:30
-- Design Name: 
-- Module Name: half_adder - gate_level
-- Project Name: 
-- Target Devices: 
-- Tool Versions: 
-- Description: 
-- 
-- Dependencies: 
-- 
-- Revision:
-- Revision 0.01 - File Created
-- Additional Comments:
-- 
----------------------------------------------------------------------------------


library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

-- Uncomment the following library declaration if using
-- arithmetic functions with Signed or Unsigned values
--use IEEE.NUMERIC_STD.ALL;

-- Uncomment the following library declaration if instantiating
-- any Xilinx leaf cells in this code.
--library UNISIM;
--use UNISIM.VComponents.all;

entity half_adder is
    Port ( A : in STD_LOGIC;
           B : in STD_LOGIC;
           S : out STD_LOGIC;
           Cout : out STD_LOGIC);
end half_adder;

architecture gate_level of half_adder is

begin
S <= A XOR B;
Cout <= (A AND B);

end gate_level;


----------------------------------------------------------------------------------
-- Company: 
-- Engineer: 
-- 
-- Create Date: 13.02.2025 17:33:10
-- Design Name: 
-- Module Name: full_adder - gate_level
-- Project Name: 
-- Target Devices: 
-- Tool Versions: 
-- Description: 
-- 
-- Dependencies: 
-- 
-- Revision:
-- Revision 0.01 - File Created
-- Additional Comments:
-- 
----------------------------------------------------------------------------------


library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

-- Uncomment the following library declaration if using
-- arithmetic functions with Signed or Unsigned values
--use IEEE.NUMERIC_STD.ALL;

-- Uncomment the following library declaration if instantiating
-- any Xilinx leaf cells in this code.
--library UNISIM;
--use UNISIM.VComponents.all;

entity full_adder is
    Port ( A : in STD_LOGIC;
           B : in STD_LOGIC;
           Cin : in STD_LOGIC;
           S : out STD_LOGIC;
           Cout : out STD_LOGIC);
end full_adder;

architecture gate_level of full_adder is

begin

S <= A XOR B XOR Cin;
Cout <= (A AND B) OR (Cin AND A) OR (Cin AND B);

end gate_level;


[bookmark: _Toc195347653]Wallace Tree code
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
 
entity wallace is
    Port ( A : in  STD_LOGIC_VECTOR (7 downto 0);
           B : in  STD_LOGIC_VECTOR (7 downto 0);
           P : out  STD_LOGIC_VECTOR (15 downto 0));
end wallace;
 
architecture Behavioral of wallace is
 
component Fulladder is
    Port ( A : in  STD_LOGIC;
           B : in  STD_LOGIC;
         Cin : in  STD_LOGIC;
         S : out  STD_LOGIC;
       Cout : out  STD_LOGIC);
end component;
 
component Halfadder is
    Port ( A : in  STD_LOGIC;
           B : in  STD_LOGIC;
         S : out  STD_LOGIC;
        Cout : out  STD_LOGIC);
end component;
 
 
signal S2,S3,S4,S5,S6,S7,S8,S9,S10,S11,S12,S13,S14,S15,S16,S18,S19,S20,S21,S22,S23,S24,S25,S26,S27,S28,S29,S30,S31,S32,S34,S35,S36,S37,S38,S39,S40,S41,S42,S46,S47,S48,S49,S50,S51,S52,S53,S54,S55: std_logic;
signal C1,C2,C3,C4,C5,C6,C7,C8,C9,C10,C11,C12,C13,C14,C15,C16,C17,C18,C19,C20,C21,C22,C23,C24,C25,C26,C27,C28,C29,C30,C31,C32,C33,C34,C35,C36,C37,C38,C39,C40,C41,C42,C44,C45,C46,C47,C48,C49,C50,C51,C52,C53,C54,C55,C56,C57,C58,C59,C60,C61,C62,C63,C64,C65: std_logic;
 
signal A1B0 : std_logic;
signal A2B0 : std_logic;
signal A3B0 : std_logic;
signal A4B0 : std_logic;
signal A5B0 : std_logic;
signal A6B0 : std_logic;
signal A7B0 : std_logic;

signal A0B1 : std_logic;
signal A1B1 : std_logic;
signal A2B1 : std_logic;
signal A3B1 : std_logic;
signal A4B1 : std_logic;
signal A5B1 : std_logic;
signal A6B1 : std_logic;
signal A7B1 : std_logic;

signal A0B2 : std_logic;
signal A1B2 : std_logic;
signal A2B2 : std_logic;
signal A3B2 : std_logic;
signal A4B2 : std_logic;
signal A5B2 : std_logic;
signal A6B2 : std_logic;
signal A7B2 : std_logic;

signal A0B3 : std_logic;
signal A1B3 : std_logic;
signal A2B3 : std_logic;
signal A3B3 : std_logic;
signal A4B3 : std_logic;
signal A5B3 : std_logic;
signal A6B3 : std_logic;
signal A7B3 : std_logic;

signal A0B4 : std_logic;
signal A1B4 : std_logic;
signal A2B4 : std_logic;
signal A3B4 : std_logic;
signal A4B4 : std_logic;
signal A5B4 : std_logic;
signal A6B4 : std_logic;
signal A7B4 : std_logic;

signal A0B5 : std_logic;
signal A1B5 : std_logic;
signal A2B5 : std_logic;
signal A3B5 : std_logic;
signal A4B5 : std_logic;
signal A5B5 : std_logic;
signal A6B5 : std_logic;
signal A7B5 : std_logic;

signal A0B6 : std_logic;
signal A1B6 : std_logic;
signal A2B6 : std_logic;
signal A3B6 : std_logic;
signal A4B6 : std_logic;
signal A5B6 : std_logic;
signal A6B6 : std_logic;
signal A7B6 : std_logic;

signal A0B7 : std_logic;
signal A1B7 : std_logic;
signal A2B7 : std_logic;
signal A3B7 : std_logic;
signal A4B7 : std_logic;
signal A5B7 : std_logic;
signal A6B7 : std_logic;
signal A7B7 : std_logic;

begin
A1B0 <= A(1) and B(0);
A2B0 <= A(2) and B(0);
A3B0 <= A(3) and B(0);
A4B0 <= A(4) and B(0);
A5B0 <= A(5) and B(0);
A6B0 <= A(6) and B(0);
A7B0 <= A(7) and B(0);

A0B1 <= A(0) and B(1);
A1B1 <= A(1) and B(1);
A2B1 <= A(2) and B(1);
A3B1 <= A(3) and B(1);
A4B1 <= A(4) and B(1);
A5B1 <= A(5) and B(1);
A6B1 <= A(6) and B(1);
A7B1 <= A(7) and B(1);

A0B2 <= A(0) and B(2);
A1B2 <= A(1) and B(2);
A2B2 <= A(2) and B(2);
A3B2 <= A(3) and B(2);
A4B2 <= A(4) and B(2);
A5B2 <= A(5) and B(2);
A6B2 <= A(6) and B(2);
A7B2 <= A(7) and B(2);

A0B3 <= A(0) and B(3);
A1B3 <= A(1) and B(3);
A2B3 <= A(2) and B(3);
A3B3 <= A(3) and B(3);
A4B3 <= A(4) and B(3);
A5B3 <= A(5) and B(3);
A6B3 <= A(6) and B(3);
A7B3 <= A(7) and B(3);

A0B4 <= A(0) and B(4);
A1B4 <= A(1) and B(4);
A2B4 <= A(2) and B(4);
A3B4 <= A(3) and B(4);
A4B4 <= A(4) and B(4);
A5B4 <= A(5) and B(4);
A6B4 <= A(6) and B(4);
A7B4 <= A(7) and B(4);

A0B5 <= A(0) and B(5);
A1B5 <= A(1) and B(5);
A2B5 <= A(2) and B(5);
A3B5 <= A(3) and B(5);
A4B5 <= A(4) and B(5);
A5B5 <= A(5) and B(5);
A6B5 <= A(6) and B(5);
A7B5 <= A(7) and B(5);

A0B6 <= A(0) and B(6);
A1B6 <= A(1) and B(6);
A2B6 <= A(2) and B(6);
A3B6 <= A(3) and B(6);
A4B6 <= A(4) and B(6);
A5B6 <= A(5) and B(6);
A6B6 <= A(6) and B(6);
A7B6 <= A(7) and B(6);

A0B7 <= A(0) and B(7);
A1B7 <= A(1) and B(7);
A2B7 <= A(2) and B(7);
A3B7 <= A(3) and B(7);
A4B7 <= A(4) and B(7);
A5B7 <= A(5) and B(7);
A6B7 <= A(6) and B(7);
A7B7 <= A(7) and B(7);

--first stage
 
P0 : P(0) <= A(0) and B(0) ;
 
ha11 : Halfadder port map(A=>A1B0,B=>A0B1,S=>P(1),Cout=>C1);
fa12 : Fulladder port map(A=>A2B0,B=>A1B1,Cin=>A0B2,S=>S2,Cout=>C2);
fa13 : Fulladder port map(A=>A3B0,B=>A2B1,Cin=>A1B2,S=>S3,Cout=>C3);
fa14 : Fulladder port map(A=>A4B0,B=>A3B1,Cin=>A2B2,S=>S4,Cout=>C4);
fa15 : Fulladder port map(A=>A5B0,B=>A4B1,Cin=>A3B2,S=>S5,Cout=>C5);
fa16 : Fulladder port map(A=>A6B0,B=>A5B1,Cin=>A4B2,S=>S6,Cout=>C6);
fa17 : Fulladder port map(A=>A7B0,B=>A6B1,Cin=>A5B2,S=>S7,Cout=>C7);
ha18 : Halfadder port map(A=>A7B1,B=>A6B2,S=>S8,Cout=>C8);
 
ha19 : Halfadder port map(A=>A1B3,B=>A0B4,S=>S9,Cout=>C9);
fa110 : Fulladder port map(A=>A2B3,B=>A1B4,Cin=>A0B5,S=>S10,Cout=>C10);
fa111 : Fulladder port map(A=>A3B3,B=>A2B4,Cin=>A1B5,S=>S11,Cout=>C11);
fa112 : Fulladder port map(A=>A4B3,B=>A3B4,Cin=>A2B5,S=>S12,Cout=>C12);
fa113 : Fulladder port map(A=>A5B3,B=>A4B4,Cin=>A3B5,S=>S13,Cout=>C13);
fa114 : Fulladder port map(A=>A6B3,B=>A5B4,Cin=>A4B5,S=>S14,Cout=>C14);
fa115 : Fulladder port map(A=>A7B3,B=>A6B4,Cin=>A5B5,S=>S15,Cout=>C15);
ha116 : Halfadder port map(A=>A7B4,B=>A6B5,S=>S16,Cout=>C16);

 
--second stage
ha21 : Halfadder port map(A=>S2,B=>C1,S=>P(2),Cout=>C17);
fa22 : Fulladder port map(A=>S3,B=>C2,Cin=>A0B3,S=>S18,Cout=>C18);
fa23 : Fulladder port map(A=>S4,B=>S9,Cin=>C3,S=>S19,Cout=>C19);
fa24 : Fulladder port map(A=>S5,B=>S10,Cin=>C4,S=>S20,Cout=>C20);
fa25 : Fulladder port map(A=>S6,B=>S11,Cin=>C5,S=>S21,Cout=>C21); 
fa26 : Fulladder port map(A=>S7,B=>S12,Cin=>C6,S=>S22,Cout=>C22);
fa27 : Fulladder port map(A=>S8,B=>S13,Cin=>C7,S=>S23,Cout=>C23);   
fa28 : Fulladder port map(A=>A7B2,B=>S14,Cin=>C8,S=>S24,Cout=>C24); 
fa29 : Fulladder port map(A=>A4B6,B=>A3B7,Cin=>S15,S=>S25,Cout=>C25);
fa210 : Fulladder port map(A=>A5B6,B=>A4B7,Cin=>S16,S=>S26,Cout=>C26);
fa211 : Fulladder port map(A=>A7B5,B=>A6B6,Cin=>A5B7,S=>S27,Cout=>C27);
ha212 : Halfadder port map(A=>A7B6,B=>A6B7,S=>S28,Cout=>C28);
ha213 : Halfadder port map(A=>A0B6,B=>C10,S=>S29,Cout=>C29);
fa214 : Fulladder port map(A=>A1B6,B=>A0B7,Cin=>C11,S=>S30,Cout=>C30);
fa215 : Fulladder port map(A=>A2B6,B=>A1B7,Cin=>C12,S=>S31,Cout=>C31);
fa216 : Fulladder port map(A=>A3B6,B=>A2B7,Cin=>C13,S=>S32,Cout=>C32);

 
--third stage
ha31 : Halfadder port map(A=>S18,B=>C17,S=>P(3),Cout=>C33);
ha32 : Halfadder port map(A=>S19,B=>C18,S=>S34,Cout=>C34);
ha33 : Fulladder port map(A=>S20,B=>C9,Cin=>C19,S=>S35,Cout=>C35);
ha34 : Fulladder port map(A=>S21,B=>S29,Cin=>C20,S=>S36,Cout=>C36);
ha35 : Fulladder port map(A=>S22,B=>S30,Cin=>C21,S=>S37,Cout=>C37);
ha36 : Fulladder port map(A=>S23,B=>S31,Cin=>C22,S=>S38,Cout=>C38);
ha37 : Fulladder port map(A=>S24,B=>S32,Cin=>C23,S=>S39,Cout=>C39);
ha38 : Fulladder port map(A=>S25,B=>C14,Cin=>C24,S=>S40,Cout=>C40);
ha39 : Halfadder port map(A=>S26,B=>C25,S=>S41,Cout=>C41);
ha310 : Halfadder port map(A=>S27,B=>C26,S=>S42,Cout=>C42);

--fourth stage
ha41 : Halfadder port map(A=>S34,B=>C33,S=>P(4),Cout=>C44);
ha42 : Halfadder port map(A=>S35,B=>C34,S=>S46,Cout=>C45);
ha43 : Halfadder port map(A=>S36,B=>C35,S=>S47,Cout=>C46);
ha44 : Fulladder port map(A=>S37,B=>C29,Cin=>C36,S=>S48,Cout=>C47);
ha45 : Fulladder port map(A=>S38,B=>C30,Cin=>C37,S=>S49,Cout=>C48);
ha46 : Fulladder port map(A=>S39,B=>C31,Cin=>C38,S=>S50,Cout=>C49);
ha47 : Fulladder port map(A=>S40,B=>C32,Cin=>C39,S=>S51,Cout=>C50);
ha48 : Fulladder port map(A=>S41,B=>C15,Cin=>C40,S=>S52,Cout=>C51);
ha49 : Fulladder port map(A=>S42,B=>C16,Cin=>C41,S=>S53,Cout=>C52);
ha410 : Fulladder port map(A=>S28,B=>C27,Cin=>C42,S=>S54,Cout=>C53);
ha411 : Halfadder port map(A=>A7B7,B=>C28,S=>S55,Cout=>C65);

--fifth stage 
ha51 : Halfadder port map(A=>S46,B=>C44,S=>P(5),Cout=>C54);
ha52 : Fulladder port map(A=>S47,B=>C45,Cin=>C54,S=>P(6),Cout=>C55);
ha53 : Fulladder port map(A=>S48,B=>C46,Cin=>C55,S=>P(7),Cout=>C56);
ha54 : Fulladder port map(A=>S49,B=>C47,Cin=>C56,S=>P(8),Cout=>C57);
ha55 : Fulladder port map(A=>S50,B=>C48,Cin=>C57,S=>P(9),Cout=>C58);
ha56 : Fulladder port map(A=>S51,B=>C49,Cin=>C58,S=>P(10),Cout=>C59);
ha57 : Fulladder port map(A=>S52,B=>C50,Cin=>C59,S=>P(11),Cout=>C60);
ha58 : Fulladder port map(A=>S53,B=>C51,Cin=>C60,S=>P(12),Cout=>C61);
ha59 : Fulladder port map(A=>S54,B=>C52,Cin=>C61,S=>P(13),Cout=>C62);
ha510 : Fulladder port map(A=>S55,B=>C53,Cin=>C62,S=>P(14),Cout=>C63);
ha511 : Halfadder port map(A=>C65,B=>C63,S=>P(15),Cout=>C64);



end Behavioral;


----------------------------------------------------------------------------------
-- Company: 
-- Engineer: 
-- 
-- Create Date: 20.02.2025 12:11:30
-- Design Name: 
-- Module Name: HalfAdder - gate_level
-- Project Name: 
-- Target Devices: 
-- Tool Versions: 
-- Description: 
-- 
-- Dependencies: 
-- 
-- Revision:
-- Revision 0.01 - File Created
-- Additional Comments:
-- 
----------------------------------------------------------------------------------


library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

-- Uncomment the following library declaration if using
-- arithmetic functions with Signed or Unsigned values
--use IEEE.NUMERIC_STD.ALL;

-- Uncomment the following library declaration if instantiating
-- any Xilinx leaf cells in this code.
--library UNISIM;
--use UNISIM.VComponents.all;

entity Halfadder is
    Port ( A : in STD_LOGIC;
           B : in STD_LOGIC;
           S : out STD_LOGIC;
           Cout : out STD_LOGIC);
end Halfadder;

architecture gate_level of Halfadder is

begin
S <= A XOR B;
Cout <= (A AND B);

end gate_level;


----------------------------------------------------------------------------------
-- Company: 
-- Engineer: 
-- 
-- Create Date: 20.02.2025 12:18:57
-- Design Name: 
-- Module Name: FullAdder - gate_lavel
-- Project Name: 
-- Target Devices: 
-- Tool Versions: 
-- Description: 
-- 
-- Dependencies: 
-- 
-- Revision:
-- Revision 0.01 - File Created
-- Additional Comments:
-- 
----------------------------------------------------------------------------------


library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

-- Uncomment the following library declaration if using
-- arithmetic functions with Signed or Unsigned values
--use IEEE.NUMERIC_STD.ALL;

-- Uncomment the following library declaration if instantiating
-- any Xilinx leaf cells in this code.
--library UNISIM;
--use UNISIM.VComponents.all;

entity Fulladder is
    Port ( A : in STD_LOGIC;
           B : in STD_LOGIC;
           Cin : in STD_LOGIC;
           S : out STD_LOGIC;
           Cout : out STD_LOGIC);
end Fulladder;

architecture gate_lavel of Fulladder is

begin
S <= A XOR B XOR Cin;
Cout <= (A AND B) OR (Cin AND A) OR (Cin and B);

end gate_lavel;
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Design Timing Summary

Setup.
Worst Negative Slack (WNS): 0,054 ns
Total Negative Slack (TNS):  0.000 s
Number of Failing Endpoints: 0
Total Number of Endpoints: 16
Alluser specified timing constraints are met.
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Design Timing Summary

Setup.
Worst Negative Slack (WNS): 4704 ns
Total Negative Slack (TNS):  0.000 s
Number of Failing Endpoints: 0
Total Number of Endpoints: 16

Al user specified timing constraints are met.
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