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Abstract
Multipliers are an important part of digital electronic systems, being widely used in applications like digital signal processing, image processing and even computer hardware. Different multipliers such as Brauns and Wallace, offering different advantages so choosing the correct multiplier depends on the needs of the system. This assignment aims to compare both, looking at the difference in architectures, by designing and testing both using VHDL. The aim is to compare how each design performs in terms of speed, hardware resources, and overall efficiency. The Braun multiplier has a simple and regular structure, making it easier to design, understand and implement. Due to this, carries need to pass through levels that generally produce a result that can take longer when enacting calculations. The Wallace however, uses an alternative approach, by reducing the amount of products produced which allows for expedient calculations. This is ideal for systems that require speed in order to complete calculations in a timely manner, but even this has limitations such as the complicated hardware resources needed in order to design a system that can calculate at the desired speed of the Wallace. 

Introduction
VHDL (Very High-Speed Integrated Circuit Hardware Description Language) is a programming language used to describe and design digital electronic circuits. Instead of writing instructions for a computer to follow one step at a time, you write code that explains how electronic components, such as logic gates, registers and counters, should be connected and work together. This is essentially code in order for hardware to know how to function.
In this assignment, the use of VHDL to design systems that can run on devices like FPGAs (Field-Programmable Gate Arrays) and integrated circuits. Before building the hardware, they can simulate the design on a computer to check that it works correctly. This helps find and fix errors without making physical circuits.
For example, building an 8×8 Braun multiplier requires the user to program the AND gates, half adders and full adders in VHDL. Software such as Vivado can then simulate the design, converting the VHDL into hardware configuration data that programs an FPGA.
Programming languages can tell a computer what to do; VHDL tells electronic hardware what it should be. It is mainly used in digital electronics, computer engineering and embedded systems to create reliable and efficient hardware designs.
A Braun Multiplier, also known as an Array Multiplier, is a digital circuit that multiplies two binary numbers. It is one of many, multiplier designs because it uses a pattern of logic gates and adders to perform the calculation. This means that hardware is being actively being informed what it is meant to do with minimal complexity of hardware limitations such as more complex uses of switches with only the use AND and OR gates. The structure of the Brauns makes it easy to design, understand and implement, which is why it is commonly used in digital electronics, across the field.
The multiplication process begins by creating partial products. This is done using AND gates, where each bit of one binary number is multiplied by every bit of the other. 
Once the partial products have been created, they are added together using Half Adders (HA) and Full Adders (FA). These adders are arranged in a grid, allowing the sums and carry values to move through the circuit until the final result is produced. When two 8-bit binary numbers are multiplied, the output can be up to 16 bits long.
The Braun Multiplier is widely used because its regular layout makes it reliable and easy to implement in hardware. It is often used to demonstrate how binary multiplication works and is suitable for FPGA and digital logic designs. Although it performs well for smaller circuits, more advanced multiplier designs, such as the Wallace Tree and Booth Multiplier, are usually preferred for larger or high-speed applications because they require fewer addition stages and can produce results more efficiently.
A Wallace Multiplier, also known as a Wallace Tree Multiplier, is a digital circuit like the Brauns, but is meant to be faster in calculating its products. The Wallace achieves this by reducing the number of total levels needed to produce a final result.
Like most binary multipliers, the process starts by generating partial products using AND gates. Each bit of one binary number is multiplied by each bit of the other number. Instead of adding these partial products one row at a time, the Wallace Multiplier groups them together and reduces them using Half Adders (HA) and Full Adders (FA). Because many of these additions happen at the same time, the circuit can complete the calculation more quickly.
The reduction continues until only two rows of binary numbers remain. These are then added together using a final binary adder to produce the multiplication result.
One of the main advantages of the Wallace Multiplier is its expedient result. Although the Wallace Multiplier offers better performance, it is also more complex to design. The wiring is less regular than a Braun Multiplier, making it harder to implement and understand. For this reason, Braun Multipliers are often used for learning and smaller digital circuits, while Wallace Multipliers are preferred in applications where fast processing is more important.
Additional multipliers of note are the Booth Multiplier, wherein the system remains largely the same as the previously mentioned multipliers, but it is specialised in efficiently multiplying signed binary numbers. This design is common in processors due to its good performance while using less hardware than the standard array of multipliers. 
The Dadda Multiplier is similar to the Wallace in that it uses even fewer adders to achieve its reduction process, maintaining high operational speed, lower hardware usage and is often considered a more efficient or upgraded version of the Wallace Tree Multiplier. 
[bookmark: _GoBack]Sequential Multiplier performs multiplication one step at a time, using the smallest amount of hardware. Unlike the Dadda or the Wallace, it doesn’t reduce the operation of calculations even with the reduced chipset. However, with this reduction it requires few logic gates consuming less chip area and is commonly used in systems where saving hardware space is more important, than achieving expedient calculation speed.
Binary Multiplication
Binary multiplication only uses two digits - 0 and 1. With only two values, you multiply the bit of one binary number by each bit of another binary number. You take those results and them together producing your final product. In digital circuits, this process is carried out automatically using logic gates. AND gates are used to generate the results being calculated, while Half Adders (HA) and Full Adders (FA) are used to combine them into the final result. Multipliers such as the Braun Multiplier and Wallace Multiplier both follow this basic principle, although they achieve those results dependant on structure, hardware limitations and expedient result. The Braun Multiplier uses a regular array of adders, while the Wallace Multiplier reduces the stages required to calculate an answer as well as a reduced number of logic gates, allowing the calculation to be completed more quickly.

Multiplier Diagrams
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1 8x8 Braun Multiplier 
A Braun multiplier is a type of binary multiplier that uses a simple and regular arrangement of logic components to perform multiplication. Its structure is based on generating partial products and adding them together using a series of Half Adders and Full Adders. Because of the organised layout, the Braun multiplier is often easier to design and understand compared to more complex multiplier architectures, such as Wallace, Dadda or Sequential etc.

The first stage of the Braun multiplier is the creation of partial products. This is done by using AND gates, where each bit of the multiplier is combined with each bit of the inputs. For example, in a 4×4 Braun multiplier, every bit from the first input is identified as an AND with every bit from the second input, producing sixteen partial product bits. These partial products represent the individual steps of the multiplication process.

After the partial products are outputted, they are arranged into rows based on their binary weight. The rows are then added together using a combination of Half Adders and Full Adders. Half Adders are used when only two bits need to be added, while Full Adders are used when three bits are added together, including a carry input from a previous calculation. The carry outputs from each addition stage are passed diagonally to the next stage, allowing the multiplier to continue processing the remaining bits.
One of the main features of the Braun multiplier is its regular array structure. Each row and column follows the same pattern, making the design modular and easy to expand for larger bit sizes. This also makes it simpler to implement in hardware because the same building blocks can be reused multiple times.

However, as the multiplier size increases, the number of AND gates, adders, and connections also increases. This can make larger Braun multipliers slower and more complex due to longer carry paths and increased hardware requirements.

Overall, the Braun multiplier provides a straightforward and reliable method for binary multiplication, making it useful where simplicity and ease of implementation are important.
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1 Wallace Tree Multiplier 
In the diagram above, you can see the lighter pink rows are our outputs from the inputs provided and the darker pink rows are the carried values in order to form up the second row. The green represents the products that are in complete sequence, with no additions made to them representing a full adder. 
A Wallace Tree multiplier is a high-speed binary multiplier that uses a reduction-based architecture to perform multiplication more efficiently. Instead of adding all partial products together in a single large array, it reduces the number of rows step-by-step until only two rows remain. These final two rows are then added together to produce the multiplication result - which is what you see in the diagram, completing the multiplier.

The first stage of the Wallace Tree multiplier is similar to other multiplier designs, where partial products are generated using AND gates. Each bit of the multiplier is combined with each bit of the multiplicand to create a set of partial products. For example, a 4×4 Wallace Tree multiplier produces sixteen partial product bits, which are then grouped according to their binary position or weight.
The main difference in the Wallace Tree structure is the way these partial products are added. Instead of using a regular array layout, the partial products are placed into columns and reduced using Half Adders and Full Adders. Full Adders combine three bits at a time, producing a sum bit that remains in the same column and a carry bit that moves to the next column. Half Adders are used when two bits need to be combined. This reduction process is repeated in stages until the number of rows is reduced to only two.
Once only two rows of values remain, a final adder is used to combine them and generate the final multiplication output. This approach reduces the number of addition stages required, which helps lower the overall processing delay and improves the speed of the multiplier.
A key feature of the Wallace Tree multiplier is its ability to perform many additions at the same time, making it faster than simpler multiplier designs such as the Braun multiplier. However, the structure is less regular, meaning the connections between components are more complex and can make the design harder to implement and test.
Overall, the Wallace Tree multiplier provides a faster method of binary multiplication by focusing on efficient reduction of partial products, making it suitable for high-speed applications where performance is more important than design simplicity. 
Method
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1 Braun Order of Operation 
[image: ]
1 Wallace Order of Operation 
This assignment focused on designing and comparing two types of multipliers - The Braun Multiplier and the Wallace Tree Multiplier. Both designs were created using a similar method, starting from a basic 4×4 multiplier and then expanding into an 8x8.
The design process was started by creating two constraints or pieces of logic; a Half Adder and a Full Adder using the software Vivado. These were then placed into a main program file would entail the overall operation and calculation of the 8x8 Braun Multiplier.  Together, they would carry the values moving in diagonal pattern through the structure, creating a consistent and structured design. Although this would similarly be done in hardware, Vivado granted the opportunity of being able to replicate these without the resource needed to replicate the system in real world conditions. As stated previously, thanks to the simple structure hardware is not an issue but in detriment to its calculation speed, thus increasing the size of the design required more components and connections which made it difficult to scale and improve on design.
The Wallace Tree multiplier used a different approach by reducing the number of addition steps needed. However, in doing so made the calculations difficult to code and iterate during the assignment. The products were grouped into columns and being gradually reduced using carry-save addition. Full Adders and Half Adders were used to combine multiple rows of partial products until the last two rows remained, which were then added together to produce the final output. This method reduced the delay compared to the Braun multiplier, improving speed, but again, unlike the Brauns multiplier, though it could improve upon speed, scaling with the Wallace proved other challenges such as the design being more complex than the Braun’s. Whereas the Brauns, though simple, is only limited by the use of resources and space it requires in the system. 
Discussion
Implementation 
Hardware implementation of multiplier5s across the field is carried out by an Artix-7 FPGA, which is a cost effective and high performing FPGA platform used in digital design aiding in prototyping industry wide systems. 
The design was created and programmed using Xilinx Vivado. Once the code was completed, it was tested through simulation; synthesised to prepare it for implementation on the FPGA. The resulting bitstream file was then loaded onto the Artix-7 device. The Braun and Wallace Tree multipliers were implemented using the FPGA’s configurable logic blocks (CLBs), which were used to build the required logic components, including AND gates, Half Adders, and Full Adders. This allowed the multiplier designs to run directly on the FPGA hardware. During the test phase, input signals using an 8-bit input, was applied to the switches and the physical output was observed via an LED readout, indicating completed computation.
Improvements Of The Multipliers
Improvements on the Wallace design has been likened to using the Dadda Multiplier indicating that it can further reduce the amount of resources being used in similar architecture, reducing the amount of adders in the architecture to achieve the same reduction process, while maintaining a high operational output for calculation speed.
The Wallace Tree multiplier can be improved in several ways to increase its speed, reduce hardware usage, and make the design easier to implement.

One improvement is the use of more efficient adders. Replacing standard Full Adders and Half Adders with faster adder designs, such as Carry Look-Ahead Adders (CLA) or Carry Select Adders (CSA), can reduce the time needed for the final addition stage. This helps improve the overall performance of the multiplier.
Another improvement is optimising the reduction stages. The Wallace Tree already reduces partial products quickly, but the arrangement of these stages can be adjusted to minimise the number of logic levels and reduce signal delay. Better grouping of partial products can result in a faster and more efficient design.
The use of pipelining is a technique wherein improvements within the performance and design by dividing the multiplication process into smaller stages, and adding registers in-between them, instead of completing the multiplication operation in one long sequence, the calculation is split into spate steps, that work the same.
Hardware usage can also be reduced by applying resource optimisation techniques. Removing unnecessary logic, sharing common components, and improving the VHDL design structure can lower the number of FPGA resources required while maintaining performance.
For FPGA implementations, the Wallace Tree multiplier can also be improved by making better use of built-in FPGA features, such as dedicated arithmetic blocks and optimised routing paths. This can reduce delays caused by connections between logic components.
Overall, improvements to the Wallace Tree multiplier focus on achieving a better balance between speed, hardware area, and power consumption. While the original Wallace Tree design provides fast multiplication, these changes can make it more suitable for larger bit-width multipliers and modern FPGA-based systems.
The Braun multiplier can be improved in several ways to increase its speed, reduce hardware usage, and make it more efficient for larger designs.
One common improvement is the use of faster adders. The standard Braun multiplier uses Half Adders and Full Adders, but replacing the final addition stages with faster designs such as Carry Look-Ahead Adders (CLA) similar improvement in the Wallace Tree.
Another improvement is reducing the number of unnecessary logic components. As the bit size of a Braun multiplier increases, the number of AND gates and adders also increases significantly. Optimising the arrangement of these components or removing unused logic can help reduce the required FPGA resources and lower power consumption; but could prove detrimental depending on the architecture due to the heavy reliance the Braun’s needs for these logic gates.
Pipelining can also be added to improve the performance of a Braun multiplier; again, similar to the Wallace Tree Multiplier.
Conclusions

This work was the design, implementation and evaluation of two architectures of multipliers: Braun Multiplier and Wallace Tree Multiplier. Both designs have been developed by using a 4×4 multiplier in the initial stages and have been implemented, simulated and synthesised with Xilinx Vivado. A functions test was carried out by simulation and the performance characteristics were analysed by the synthesis results - As well as key observation in real-world use of LEDs to verify computation of end result.
The main results exhibit a clear trade-off between the two architectures. The Wallace Tree multiplier was faster due to the parallel reduction and carry-save addition that resulted in less propagation delay. However, the Braun multiplier was of simpler, more regular construction, easier to design and implement, but at the expense of increased delay.
Based on these results, the Wallace Tree multiplier can be considered as the more efficient design in terms of performance, especially for higher bit-width applications where speed is important. The Braun multiplier, however, remains a good choice for situations where a simple design, regular layout and ease of implementation are desired.
Appendices
library IEEE; 
use IEEE.STD_LOGIC_1164.ALL; 
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity brauns 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; 

architecture Behavioral of brauns is
-- Row 1
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 ;

-- Row 2
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 ;

-- Row 3
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 ;

-- Row 4
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 ;

-- Row 5
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 ;

-- Row 6
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 ;

-- Row 7
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 ;

-- Row 8
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 ;

-- Carry definitions
signal C1 : std_logic ;
signal C2 : std_logic ; 
signal C3 : std_logic ; 
signal C4 : std_logic ;
signal C5 : std_logic ; 
signal C6 : std_logic ;
signal C7 : std_logic ;
signal C8 : std_logic ; 
signal C9 : std_logic ;
signal C10 : std_logic ;
signal C11 : std_logic ; 
signal C12 : std_logic ; 
signal C13 : std_logic ; 
signal C14 : std_logic ; 

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 C9_1 : std_logic ; 
signal C10_1 : std_logic ;
signal C11_1 : std_logic ; 
signal C12_1 : std_logic ;
signal C13_1 : std_logic ; 

signal C2_2 : std_logic ;
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 C2_3 : std_logic ;
signal C3_3 : std_logic ;
signal C4_3 : std_logic ;
signal C5_3 : std_logic ;
signal C6_3 : std_logic ;
signal C7_3 : std_logic ;

signal C2_4 : std_logic ;
signal C3_4 : std_logic ;
signal C4_4 : std_logic ;
signal C5_4 : std_logic ;
signal C6_4 : std_logic ;
signal C7_4 : std_logic ;

signal C2_5 : std_logic ;
signal C3_5 : std_logic ;
signal C4_5 : std_logic ;
signal C5_5 : std_logic ;
signal C6_5 : std_logic ;
signal C7_5 : std_logic ;

signal C2_6 : std_logic ;
signal C3_6 : std_logic ;
signal C4_6 : std_logic ;
signal C5_6 : std_logic ;
signal C6_6 : std_logic ;
signal C7_6 : std_logic ;

-- Partial definitions
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 P9_1 : std_logic ; 
signal P10_1 : std_logic ;
signal P11_1 : std_logic ; 
signal P12_1 : std_logic ;
signal P13_1 : 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 P10_2 : std_logic ;
signal P11_2 : std_logic ; 
signal P12_2 : 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 P11_3 : 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 P6_5 : std_logic ;
signal P7_5 : std_logic ;
signal P8_5 : std_logic ;
signal P9_5 : std_logic ; 

signal P7_6 : std_logic ;
signal P8_6 : std_logic ;


component FullAdder
port (A : in STD_LOGIC;
B : in STD_LOGIC;
C : in STD_LOGIC;
S : out STD_LOGIC;
Cout : out STD_LOGIC);
end component;

component HalfAdder
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) ;
A0B1 <= A(0) and B(1) ;

A2B0 <= A(2) and B(0) ;
A1B1 <= A(1) and B(1) ;
A0B2 <= A(0) and B(2) ;

A3B0 <= A(3) and B(0) ;
A2B1 <= A(2) and B(1) ;
A1B2 <= A(1) and B(2) ;
A0B3 <= A(0) and B(3) ;

A4B0 <= A(4) and B(0) ;
A3B1 <= A(3) and B(1) ;
A2B2 <= A(2) and B(2) ;
A1B3 <= A(1) and B(3) ;
A0B4 <= A(0) and B(4) ;

A5B0 <= A(5) and B(0) ;
A4B1 <= A(4) and B(1) ;
A3B2 <= A(3) and B(2) ;
A2B3 <= A(2) and B(3) ;
A1B4 <= A(1) and B(4) ;
A0B5 <= A(0) and B(5) ;

A6B0 <= A(6) and B(0) ;
A5B1 <= A(5) and B(1) ;
A4B2 <= A(4) and B(2) ;
A3B3 <= A(3) and B(3) ;
A2B4 <= A(2) and B(4) ;
A1B5 <= A(1) and B(5) ;
A0B6 <= A(0) and B(6) ;

A7B0 <= A(7) and B(0) ;
A6B1 <= A(6) and B(1) ;
A5B2 <= A(5) and B(2) ;
A4B3 <= A(4) and B(3) ;
A3B4 <= A(3) and B(4) ;
A2B5 <= A(2) and B(5) ;
A1B6 <= A(1) and B(6) ;
A0B7 <= A(0) and B(7) ;

A7B1 <= A(7) and B(1) ;
A6B2 <= A(6) and B(2) ;
A5B3 <= A(5) and B(3) ;
A4B4 <= A(4) and B(4) ;
A3B5 <= A(3) and B(5) ;
A2B6 <= A(2) and B(6) ;
A1B7 <= A(1) and B(7) ;

A7B2 <= A(7) and B(2) ;
A6B3 <= A(6) and B(3) ;
A5B4 <= A(5) and B(4) ;
A4B5 <= A(4) and B(5) ;
A3B6 <= A(3) and B(6) ;
A2B7 <= A(2) and B(7) ;

A7B3 <= A(7) and B(3) ;
A6B4 <= A(6) and B(4) ;
A5B5 <= A(5) and B(5) ;
A4B6 <= A(4) and B(6) ;
A3B7 <= A(3) and B(7) ;

A7B4 <= A(7) and B(4) ;
A6B5 <= A(6) and B(5) ;
A5B6 <= A(5) and B(6) ;
A4B7 <= A(4) and B(7) ;

A7B5 <= A(7) and B(5) ;
A6B6 <= A(6) and B(6) ;
A5B7 <= A(5) and B(7) ;

A7B6 <= A(7) and B(6) ;
A6B7 <= A(6) and B(7) ;

A7B7 <= A(7) and B(7) ;


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

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

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

P31 : FullAdder port map (A=>A3B0, B=>A2B1, C=>C2_1, S=>P3_1, Cout=>C3_1);
P32 : FullAdder port map (A=>A1B2, B=>P3_1 ,C=>C2, S=>P3_2, Cout=>C3_2);
P3_0 : HalfAdder port map (A=>A0B3, B=>P3_2, S=>P(3), Cout=>C3);
 
P41 : FullAdder port map (A=>A3B1 , B=>A4B0 , C=>C3_1 ,S=>P4_1, Cout=>C4_1);
P42 : FullAdder port map (A=>A2B2 , B=>P4_1 , C=>C2_2, S=>P4_2, Cout=>C3_2);
P43 : FullAdder port map (A=>A1B3 , B=>P4_2 , C=>C3 , S=>P4_3, Cout=>C2_2); 
P4_0 : HalfAdder port map (A=>A0B4 , B=>P4_3, S=>P(4), Cout=>C4);
 
P51 : FullAdder port map (A=>A4B1 , B=>A5B0, C=>C4_1, S=>P5_1, Cout=>C5_1);
P52 : FullAdder port map (A=>A3B2 , B=>P5_1, C=>C3_2, S=>P5_2, Cout=>C4_2);
P53 : FullAdder port map (A=>A2B3 , B=>P5_2, C=>C2_3, S=>P5_3, Cout=>C3_3);
P54 : FullAdder port map (A=>A1B4 , B=>P5_3, C=>C4, S=>P5_4, Cout=>C2_4);
P5_0 : HalfAdder port map (A=>A0B5 , B=>P5_4, S=>P(5), Cout=>C5);

P61 : FullAdder port map (A=>A5B1, B=>A6B0, C=>C5_1, S=>P6_1, Cout=>C6_1);
P62 : FullAdder port map (A=>A4B2, B=>P6_1, C=>C4_2, S=>P6_2, Cout=>C5_2);
P63 : FullAdder port map (A=>A3B3, B=>P6_2, C=>C3_3, S=>P6_3, Cout=>C4_3);
P64 : FullAdder port map (A=>A2B4, B=>P6_3, C=>C2_4, S=>P6_4, Cout=>C3_4);
P65 : FullAdder port map (A=>A1B5, B=>P6_4, C=>C5, S=>P6_5, Cout=>C2_5);
P6_0 : HalfAdder port map (A=>A0B6, B=>P6_5, S=>P(6), Cout=>C6);

P71 : FullAdder port map (A=>A7B0, B=>A6B1, C=>C6_1, S=>P7_1, Cout=>C7_1);
P72 : FullAdder port map (A=>A5B2, B=>P7_1, C=>C5_2, S=>P7_2, Cout=>C6_2);
P73 : FullAdder port map (A=>A4B3, B=>P7_2, C=>C4_3, S=>P7_3, Cout=>C5_3);
P74 : FullAdder port map (A=>A3B4, B=>P7_3, C=>C3_4, S=>P7_4, Cout=>C4_4);
P75 : FullAdder port map (A=>A2B5, B=>P7_4, C=>C2_5, S=>P7_5, Cout=>C3_5);
P76 : FullAdder port map (A=>A1B6, B=>P7_4, C=>C6, S=>P7_5, Cout=>C2_6);
P7_0 : HalfAdder port map (A=>A0B7, B=>P7_5, S=>P(7), Cout=>C7);

P81 : HalfAdder port map (A=>A7B1, B=>C7_1, S=>P8_1, Cout=>C8_1);
P82 : FullAdder port map (A=>A6B2, B=>P8_1, C=>C6_2, S=>P8_2, Cout=>C7_2);
P83 : FullAdder port map (A=>A5B3, B=>P8_2, C=>C5_3, S=>P8_3, Cout=>C6_3);
P84 : FullAdder port map (A=>A4B4, B=>P8_3, C=>C4_4, S=>P8_4, Cout=>C5_4);
P85 : FullAdder port map (A=>A3B5, B=>P8_4, C=>C3_5, S=>P8_5, Cout=>C4_5);
P86 : FullAdder port map (A=>A2B6, B=>P8_4, C=>C2_6, S=>P8_5, Cout=>C3_6);
P8_0 : FullAdder port map (A=>A1B7, B=>P8_5, C=>C7, S=>P(8), Cout=>C8);

P91 : FullAdder port map (A=>A7B2, B=>C8_1, C=>C7_2, S=>P9_1, Cout=>C9_1);
P92 : FullAdder port map (A=>A6B3, B=>P9_1, C=>C6_3, S=>P9_2, Cout=>C7_3);
P93 : FullAdder port map (A=>A5B4, B=>P9_2, C=>C5_4, S=>P9_3, Cout=>C6_4);
P94 : FullAdder port map (A=>A4B5, B=>P9_3, C=>C4_5, S=>P9_4, Cout=>C5_5);
P95 : FullAdder port map (A=>A3B6, B=>P9_4, C=>C3_6, S=>P9_5, Cout=>C4_6);
P9_0 : FullAdder port map (A=>A2B7, B=>P9_5, C=>C8, S=>P(9), Cout=>C9);

P101 : FullAdder port map (A=>A7B3, B=>C9_1, C=>C7_3, S=>P10_1, Cout=>C10_1);
P102 : FullAdder port map (A=>A6B4, B=>P10_1, C=>C6_4, S=>P10_2, Cout=>C7_4);
P103 : FullAdder port map (A=>A5B5, B=>P10_2, C=>C5_5, S=>P10_3, Cout=>C6_5);
P104 : FullAdder port map (A=>A4B6, B=>P10_3, C=>C4_6, S=>P10_4, Cout=>C5_6);
P10_0 : FullAdder port map (A=>A3B7, B=>P10_4, C=>C9, S=>P(10), Cout=>C10);

P111 : FullAdder port map (A=>A7B4, B=>C10_1, C=>C10_1, S=>P11_1, Cout=>C11_1);
P112 : FullAdder port map (A=>A6B5, B=>P11_1, C=>C7_4, S=>P11_2, Cout=>C7_5);
P113 : FullAdder port map (A=>A5B6, B=>P11_2, C=>C6_5, S=>P11_3, Cout=>C6_6);
P11_0 : FullAdder port map (A=>A4B7, B=>P11_3, C=>C10, S=>P(11), Cout=>C11);

P121 : FullAdder port map (A=>A7B5, B=>C11_1, C=>C11_1, S=>P12_1, Cout=>C12_1);
P122 : FullAdder port map (A=>A6B6, B=>P12_1, C=>C7_5, S=>P12_2, Cout=>C7_6);
P12_0 : FullAdder port map (A=>A5B7, B=>P12_2, C=>C11, S=>P(12), Cout=>C12);

P131 : FullAdder port map (A=>A7B6, B=>C12_1, C=>C12_1, S=>P13_1, Cout=>C13_1);
P13_0 : FullAdder port map (A=>A6B7, B=>P13_1, C=>C12, S=>P(13), Cout=>C13);

P14 : FullAdder port map (A=>A7B7, B=>C13_1, C=>C11, S=>P(14), Cout=>C14);

P15 : p(15) <= C14;

end Behavioral;
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