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[bookmark: _Toc195440806]Abstract
This report details the workings of multipliers within electronics, discussing how a multiplier works, how they can be designed and what results are shown after simulation. Wallace Tree and Brauns Multipliers were used to create partial product arrays and logic circuit designs to allow for the VHDL program to be created. Using Vivado software to simulate the program, it was determined upon comparison that the Wallace Tree was faster in operation however the Brauns was more efficient.
[bookmark: _Toc195440807]1.0 - Introduction
Multipliers are important components in digital signal processing, computer arithmetic, and embedded systems. Their efficiency significantly impacts the overall performance of digital circuits, particularly in applications requiring high-speed computation, such as image processing, artificial intelligence, and cryptography. Two widely used multiplier architectures, Braun’s Multiplier and Wallace Tree Multiplier, are commonly implemented to optimize speed, power consumption, and hardware utilization.
The purpose of this paper is to use VHDL to compare, synthesise, and critically assess the performance of the Wallace Tree and Braun's multipliers. The study involves designing an 8-bit Braun’s Multiplier and an 8×8 Wallace Tree Multiplier, implementing them using appropriate computational techniques, and synthesizing them for FPGA deployment. Furthermore, a detailed performance analysis will be conducted using Xilinx Vivado software to compute propagation delays, analyse power consumption, and assess the efficiency of both multipliers.
The analysis will apply engineering and mathematical principles to determine the critical path delays, highlighting the advantages and limitations of each technique. Additionally, this report will explore potential improvements in multiplier efficiency, offering insights into optimizing speed and power consumption. By evaluating these two architectures, this study aims to contribute to the development of more efficient digital systems in modern computing applications.


[bookmark: _Toc195440808]2.0 - Research
[bookmark: _Toc195440809]2.1 - Logic Gates
[image: ] Logic gates are electrical circuits that are designed using resistors, diodes, transistors, and other electrical components. It is used to do logical operations based on the inputs that are presented to it and can produce logical output that is either high (1) or low (0). The basis for the operation of logic gates is the Boolean algebra or mathematics. Many parts of our daily life, such as the construction of memory devices, computers, tablets, and telephones, require logic gates [1]. Figure 1 - Table showing different types of Logic Gates, Algebraic Function and Truth Tables [2].

Logic gates are essential components in digital multipliers, enabling arithmetic operations on binary signals. AND gates create partial products by multiplying each bit of one operand with each bit of the other. For example, if A = 1010 and B = 1101, their bits are ANDed to form partial product rows. These partial products are then summed using Half Adders (HA) and Full Adders (FA)—HAs add two binary numbers without a carry input, while FAs handle cases with a carry. Braun’s Multiplier uses a carry propagate adder, whereas the Wallace Tree Multiplier employs parallel addition with reduction stages for faster computation [3]. 
[bookmark: _Toc195440810]2.2 - Multipliers
A multiplier is a digital circuit that performs multiplication of two numbers. AND gates are used to create partial products, which are then summed together using half and full adders. The two primary multiplier types are the Wallace Tree Multiplier, which employs parallel reduction for speedier calculation, and Braun's Multiplier, which adds partial products sequentially. 
In applications requiring quick arithmetic operations, such as digital signal processing (DSP), cryptography, image processing, and microprocessors, multipliers are crucial. They are extensively used in embedded systems, FPGAs, and ASICs to maximise speed and efficiency in a range of computing applications [4]. 

[bookmark: _Toc195440811]2.2.1 - Brauns Multiplier
[image: Fig. 6 : 4-Bit CMOS Braun multiplier Block Diagram III.]A Braun multiplier is an unsigned binary parallel multiplier or carry-save multiplier. It’s made up using an array of AND gates and adders in a recurring array, in which the bits of the multiplicand are ANDed with the bits of the multiplier to produce partial products, which are summed by the adders to produce the product. Although the Braun multiplier has a straightforward and area-conserving structure for low bit-widths, it has some disadvantages such as potential problems of glitching in the last ripple carry adder stages, which can affect speed and power [5]. Figure 2 - Braun Multiplier [6].

A Braun multiplier is made up of adders that are set up repeatedly to sum partial products and AND gates that create them. Carry bits are relocated and appropriately handled, and a row of adders is used to add a partial product to the calculated sum. A ripple carry adder (RCA), which adds delay and affects speed, is used in the last step. while. Although Braun multipliers are effective with inputs up to 16 bits in size, carry propagation in the last stage causes glitching. Row and column bypass techniques can optimise both power and area efficiency. Despite its extreme simplicity, the Braun's multiplier is frequently utilised in low-power FPGA implementations [7]. 
[bookmark: _Toc195440812][image: 4x4 Wallace tree multiplier with partial product and various stages]2.2.2 - Wallace Tree Multiplier Figure 3 - Wallace Tree Multiplier [9]

A digital circuit that effectively multiplies one integer by another is represented by a hardware device called a Wallace Tree Multiplier. Using a combination of half adders and full adders, the Wallace tree, also known as the Wallace reduction, progressively gathers partial products until only two remain, which are then added to get the outcome. This reduces the amount of successive addition stages, which speeds up multiplication when compared to simpler approaches [8]. 
The first part of a Wallace Tree Multiplier's operation is to create partial products by multiplying each bit of an operand by each bit of the second operand. The second is that successive layers of full and half adders decrease the partial products to two numbers to minimise the amount of adds that need to be made. The final product of multiplication is then obtained by adding the final two numbers using a standard adder. By reducing the depth of the critical path over the adder network, this structured procedure greatly speeds up multiplication processes [10]. 
[bookmark: _Toc195440813]2.3 - Adders
An adder is a simple digital circuit used in computers and other digital devices that performs the addition arithmetic function. The two primary types of adders are half adders and complete adders. The sum and carry outputs are obtained by applying a half adder to two binary values of one bit each. It never considers any carry input from the previous additions, though. On the other hand, when three single-bit binary values are added—typically two significant bits and an entering carry bit from the previous less significant stage—a Full Adder produces a sum output as well as a carry output. This enables cascading Full Adders to add binary numbers longer than one bit [11]. 
[bookmark: _Toc195440814]2.3.1 - Half Adder
[image: Half Adder Block Diagram] A simple digital circuit known as a half adder can be used to add two one-bit binary integers. From two inputs, typically represented by the letters A and B, it produces two outputs: the sum (S) and the carry (C). The sum output is the least significant bit in the sum, but the carry output overflows into the next significant bit. In terms of the logic gates, the sum is provided by an Exclusive OR (XOR) gate, while the carry is provided by a while gate. This configuration allows the half adder to do basic binary addition without requiring any carry input from a previous step [12]. Figure 4 - Half Adder Diagrams [13]

[bookmark: _Toc195440815]2.3.2 - Full Adder
[image: Full Adder Block Diagram]The total of two bits and a carry-in from the previous addition of three single-bit binary integers is calculated by a digital logic gate called a full adder. In multi-bit addition computations, it generates two outputs: a sum and a carry-out, which are sent to the subsequent higher bit position. Usually, an XOR gate is used to create the total output, and a combination of AND and OR gates is used to generate the carry-out. This enables the construction of adders that can handle binary numbers with more than one bit by cascading numerous full adders [14]. Figure 5 - Full Adder Diagrams [15]

[bookmark: _Toc195440816]2.4 - Applications
Multipliers are essential components of many digital systems and are used in many different applications. They make it possible to perform operations like filtering, convolution, and Fourier transforms in digital signal processing (DSP), which serve as the basis for calculations in audio and image processing. Multipliers in computer graphics allow for the fast calculations needed to render images and animations. In addition, they play a key role in the arithmetic logic units (ALUs) of microprocessors, carrying out crucial mathematical calculations that power computer programs. Such multipliers play a crucial role in contemporary electronics since their speed and efficiency have a direct impact on the power and speed of digital devices [16]. 
[bookmark: _Toc195440817]2.5- Advantages
Electronic multipliers, such as, Braun and Wallace tree structures, have great benefits in digital signal processing and VLSI applications. The Braun multiplier has a regular structure and simplicity, which makes it a good choice for FPGA implementations. It is designed to have simple layout and scalability, which is advantageous in hardware design [17]. The Wallace tree multiplier achieves optimal speed and efficiency by minimizing sequential additions. Its tree-based architecture reduces critical path delay, facilitating faster computation. It can also be implemented for low power, suitable for high-performance, low-power designs [18].


[bookmark: _Toc195440818][image: A diagram of a multiplying process

AI-generated content may be incorrect.]3.0 – Multiplier Flowchart[bookmark: _Ref195343999]Figure 6 – Flowchart showing process of a Multiplier

Figure 6 shows a flowchart that shows the binary multiplication of two values and illustrates the entire multiplier operation. The process starts with the numbers being entered and the carry and sum being initialised. Each bit in the multiplier (B) is multiplied by the corresponding bit in the multiplicand (A), and adders are used to accumulate the partial product in the final result. The full adder adds three bits, whereas the half adder adds two bits. This updates the result and carry for every bit in the multiplier. 


[bookmark: _Toc195440819]4.0 – Multiplier Design
To create a Multiplier, a partial product array must be designed, which will then be used to create the Logic Circuit Design. With this, it will allow for the VHDL program to be developed and simulated.
[bookmark: _Toc195440820]4.1 – Partial Product Array
[image: A white sheet with black text

AI-generated content may be incorrect.] In multiplier design, a partial product array is used to arrange and show the intermediate products that are produced when each multiplier bit is multiplied by each multiplicand bit. This array streamlines carry handling and subsequent summing. [19].Figure 7 - Example of Partial Product Array for 4x4 Brauns Multiplier [20]

By arranging the intermediate multiplication results in a systematic manner, a partial product array makes it possible to construct a combinational circuit. The carry proceeds through different phases and the partial products are efficiently summed using full adders and half adders. Fast computing, less delay, and effective final product calculation are made possible by this parallelised structure, which eliminates the requirement for clock synchronisation [21].
[bookmark: _Toc195440821]4.2 – Logic Circuit Design
[image: ]A digital circuit that adds several binary values together is called an logic circuit design. It allows for the parallel addition of partial sums and carries by arranging several rows of full or half adders in a structured manner. Because it expedites the addition process, this array layout is helpful for processor tasks like multiplication and large-scale arithmetic [22].Figure 8 - Example of Adder Array for 4x4 Wallace Tree Multiplier [23]

An Logic Circuit Design can then be used to create the VHDL program by defining full and half adder components and arranging them in a structured array. VHDL's process or concurrent statements handle bit addition and carry propagation. Inputs are connected to the adders, and outputs generate the final result, which is tested using testbenches for accuracy.
[bookmark: _Toc195440822]5.0 – 8x8 Brauns Multiplier
To begin designing a Braun’s multiplier, a partial product array will be created through bitwise multiplication of the multiplicand and multiplier. These partial products are then summed using a logic circuit design, with full and half adders handling bitwise addition and carry propagation for efficient final product computation.
[bookmark: _Toc195440823]5.1 – Partial Product Array for 8x8 Brauns Multiplier
[image: A table with many rows of letters

AI-generated content may be incorrect.]
[bookmark: _Ref195354566]Figure 9 - 8x8 Partial Product Array for a Brauns Multiplier
The Partial Product Array in Figure 9 shows the Multiplicand (A) and the Multiplier (B). From the research above, it is known that a half adder includes two inputs and a SUM and CARRY outputs, and a full adder has three inputs as well as the SUM and CARRY outputs [24]. It is visible that in the column with A0B0, there is only one input, this means that there is no SUM or CARRY. In the column to the left of it, with A1B0 and A0B1, there are two inputs meaning they will produce a SUM and a CARRY. 


[bookmark: _Ref195433796][bookmark: _Ref195433820][bookmark: _Toc195440824]5.2 – Logic Circuit Design for 8x8 Brauns Multiplier
[image: ]
[bookmark: _Ref195356459]Figure 10 – Logic Circuit Design for 8x8 Brauns Multiplier
As shown in Figure 10, the logic circuit design lays out the foundation for the 8x8 Brauns Multiplier. It visually shows where the SUM and the CARRY end up after the adder. Using the Adder Array, the values can be input into the VHDL program to create and simulate the multiplier. 
[bookmark: _Toc195440825]5.3 – VHDL and Simulation for 8x8 Brauns Multiplier
This section presents the VHDL program developed for an 8x8 Braun’s Multiplier. The design is based on a structured array of partial products and a logic circuit design to compute the final 16-bit result. The full VHDL for the 8x8 Brauns Multiplier can be seen in Appendix A. Using the software VIVADO, the program can be simulated and analysed. This will provide a detailed analysis of the speed and efficiency of the multiplier. 
[bookmark: _Toc195440826]5.3.1 – VHDL of Brauns Multiplier
An 8-bit Braun multiplier, a combinational digital circuit for multiplying two 8-bit binary values (A and B), is implemented in this VHDL software. The architecture computes the partial products and sums them correctly to generate a 16-bit output product (P) using an array of AND gates, half adders, and full adders. By creating partial products (via AND operations between bits of A and B) and adding them in a structured pipeline with adders, each bit of the result is computed. The approach is appropriate for high-speed multiplication in digital systems and places an emphasis on hardware parallelism.
5.3.1.1 – Port Maps in VHDL for 8x8 Brauns Multiplier 
[image: A group of black and white text

AI-generated content may be incorrect.]
[bookmark: _Ref195363258]Figure 11 - Partial Product Generator with Port Maps for Multiplier
This area of the VHDL program, shown in Figure 11, implements the calculation of partial products for an 8-bit multiplier by utilizing AND gates and both half adders and full adders in a structured hierarchy. Each line of the program uses port maps to instantiate different components, connecting specific input signals to the inputs of those components and defining the outputs to correspond with the desired product bits. 
[bookmark: _Toc195440827]The application computes partial products for an 8-bit multiplier using port mappings. It begins with P0, which translates the AND operation between A(0) and B(0) directly. To add partial products and handle carries, it then employs a combination of half and full adders. P1_0, for instance, adds A1B0 and A0B1, resulting in a sum and carry that are sent to the following step. Following port maps are used in this operation, each of which handles carry propagation and adds partial products before producing the product bits. 
5.3.2 – Vivado Simulation of 8x8 Brauns Multiplier
5.3.2.1 – Hexadecimal Calculations
To begin, the program was implemented into the software and simulated using a hexadecimal calculator. The first equation being.

[image: A screenshot of a computer

AI-generated content may be incorrect.]As shown in Figure 12 below, the 8x8 Brauns Multiplier has been able to successfully calculate this equation. [bookmark: _Ref195366380]Figure 12 - 03xA1 Hexadecimal Calculation using 8x8 Brauns Multiplier

The following calculations shown in Figure 13, Figure 14 and Figure 15 were also carried out during the simulation. 
[image: A screenshot of a computer

AI-generated content may be incorrect.][bookmark: _Ref195367013]Figure 13 - 08x05 Hexadecimal Calculation using 8x8 Brauns Multiplier


[image: A screenshot of a computer

AI-generated content may be incorrect.][bookmark: _Ref195367026]Figure 14 - 0AxB1 Hexadecimal Calculation using 8x8 Brauns Multiplier


[image: A screenshot of a computer

AI-generated content may be incorrect.][bookmark: _Ref195367037]Figure 15 - FFxFF Hexadecimal Calculation using 8x8 Brauns Multiplier


As shown, each of the calculations are correct. This proves that the VHDL program is multiplying correctly. 
5.3.2.2 – RTL Design of 8x8 Brauns Multiplier
[image: A screenshot of a computer
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Figure 16 - 8x8 Brauns Multiplier RTL Design
5.3.2.3 – Implementation Schematics of 8x8 Brauns Multiplier
[image: A computer screen shot of a computer
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Figure 17 - 8x8 Brauns Multiplier Implementation Schematic
5.3.2.4 – 8x8 Brauns Multiplier Device
[image: A screenshot of a computer
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Figure 18 - 8x8 Brauns Multiplier Device
5.3.2.5 – I/O Planning for 8x8 Brauns Multiplier
[image: A screenshot of a computer game

AI-generated content may be incorrect.]
Figure 19 - I/O Plan for 8x8 Brauns Multiplier


[bookmark: _Toc195440828]6.0 – 8x8 Wallace Tree Multiplier
A Wallace Tree Multiplier is a fast hardware multiplier that effectively reduces partial products by using a tree structure. The multiplicands are initially used to create partial products, which are subsequently reduced in stages using half adders and full adders that gradually merge and remove carries. A network of adders arranged in layers is created as part of the design; each layer lowers the number of partial products until there are just two numbers left, which are then added together to create the final product [25].
[bookmark: _Toc195440829]6.1 – 8x8 Wallace Tree Multiplier Dot Diagram
[image: A graph paper with lines and dots

AI-generated content may be incorrect.]A Dot Diagram in a Wallace tree multiplier visually shows how partial products are generated and reduced during multiplication. It helps organize the bits from the multiplication and illustrates how they are added together in stages using adders. This diagram is important for optimizing the design, ensuring faster multiplication with fewer logic gates [26].Figure 20 - Dot Diagram for 8x8 Wallace Tree Multiplier

[bookmark: _Toc195440830]6.2 - Partial Product Array for 8x8 Wallace Tree Multiplier
[image: A table with many rows of letters and numbers
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Figure 21 - Partial Product Array for 8x8 Wallace Tree Multiplier
[bookmark: _Ref195433831][bookmark: _Toc195440831]6.3 – Logic Circuit Design for 8x8 Wallace Tree Multiplier[bookmark: _Ref195434500]Figure 22 - Logic Circuit Design for 8x8 Wallace Tree Multiplier

[image: ]

[bookmark: _Toc195440832]6.4 – VHDL and Simulation for Wallace Tree Multiplier
Throughout this section, images will be shown of the simulation results taken from uploading the VHDL program into the Vivado simulation software. 
[bookmark: _Toc195440833]6.4.1 – VHDL for 8x8 Wallace Tree Multiplier
[image: A screenshot of a computer program

AI-generated content may be incorrect.]Shown in Figure 23 is a section of the VHDL program used to simulate the 8x8 Wallace Tree Multiplier. The entire program can be seen in Appendix B. [bookmark: _Ref195430795]Figure 23 - Section of VHDL program for 8x8 Wallace Tree Multiplier

[bookmark: _Toc195440834]6.4.2 – Vivado Simulation of 8x8 Wallace Tree Multiplier
[image: A screenshot of a computer

AI-generated content may be incorrect.]6.4.2.1 – Hexadecimal Calculation 

Figure 24 - 08x05 Hexadecimal Calculation


[image: A screenshot of a computer
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Figure 25 - B1 x 0A Hexadecimal Calculation





[image: A screenshot of a computer
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Figure 26 - A1x03 Hexadecimal Calculation


[image: A screenshot of a computer
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Figure 27 - FFxFF Hexadecimal Calculation


[image: A computer screen shot of a computer

AI-generated content may be incorrect.]6.4.2.2 – RTL Design for 8x8 Wallace Tree MultiplierFigure 28 - 8x8 Wallace Tree Multiplier RTL Design





6.4.2.3 – Implementation Schematics of 8x8 Wallace Tree Multiplier
[image: A screenshot of a computer
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Figure 29 - 8x8 Wallace Tree Multiplier Implementation Schematic


6.4.2.4 – 8x8 Wallace Tree Multiplier Device
[image: A screenshot of a computer
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Figure 30 - Device for 8x8 Wallace Tree Multiplier




6.4.2.5 – I/O Planning for 8x8 Wallace Tree Multiplier
[image: A screenshot of a computer game
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Figure 31 - 8x8 Wallace Tree Multiplier I/O Planning


[bookmark: _Toc195440835]7.0 – Simulation Analysis
With both multipliers successfully simulated, the results can now be compared to determine the differences between each. 
[bookmark: _Toc195440836]7.1 – Timing Analysis
[image: A screenshot of a computer

AI-generated content may be incorrect.]To begin, by calculating the longest delay by looking at both sections, 5.2 – Logic Circuit Design for 8x8 Brauns Multiplier and 6.3 – Logic Circuit Design for 8x8 Wallace Tree Multiplier. It can be determined that for the Brauns Multiplier, Figure 10 shows 20 adders in the longest route, therefore the longest delay is expected to be.Figure 32 - Report Timing Summary of 8x8 Brauns Multiplier



[image: A screenshot of a computer

AI-generated content may be incorrect.]Figure 22, shows that the Wallace Tree Multiplier has only 14 adders on its longest route, therefore the longest delay is expected to be. Figure 33 - Report Timing Summary of 8x8 Wallace Tree Multiplier




[image: A screenshot of a computer
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AI-generated content may be incorrect.]With these equations, it will be expected that the Wallace Tree is quickest.  [bookmark: _Ref195435518]Figure 34 - Longest Delays for 8x8 Brauns Multiplier (Left) and 8x8 Wallace Tree Multiplier (Right)

[bookmark: _Toc195440837]The equations above are confirmed by the fact that the Wallace Tree Multiplier is far faster than the Brauns Multiplier, as seen in Figure 32, which shows that it takes almost half as long. 
7.2 – Power Consumption
Due to their different structures, Braun and Wallace Tree multipliers use varying amounts of electricity. Due to their regular and straightforward structure, Braun multipliers often use less dynamic power, but for big bit-widths, they have a larger area and slower performance. On the other hand, Wallace Tree multipliers, which use parallel partial product reduction to boost speed, typically use more power because of their complicated wiring and higher switching activity. Wallace trees that use more power may produce more heat, which could compromise thermal stability and need the use of more reliable power and cooling systems. In the end, Wallace Trees provide faster speeds, but their power requirements may affect the overall effectiveness of the system, particularly in low-power or battery-operated designs [27-28]. Both multipliers were given a Power Budget of 1W. 
[image: A screenshot of a computer
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[bookmark: _Ref195437132]Figure 35 - Power Consumption of 8x8 Brauns Multiplier
Shown in Figure 35 is the power consumption of the Brauns Multiplier. As shown, the total On-Chip power is at 0.08W, which is the total estimated power used during operation. The Power Budget margin is 0.92W which means that only 8% power is being used, proving this is a very efficient result. 
[image: A screenshot of a computer
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[bookmark: _Ref195437925]Figure 36 - Power Consumption of 8x8 Wallace Tree Multiplier
The Wallace Tree Multiplier's power usage is displayed in Figure 36. This allows for comparison to identify the most efficient multiplier. 
From comparing the two, it is visible that the Brauns has a slightly lower total and dynamic power which means that it is more efficient in terms of power usage when in operation. The static power is identical between both. To conclude, the Wallace Tree is faster however it consumes more power to operate, confirming that Brauns multiplier is more efficient. 
[bookmark: _Toc195440838]7.2.1 – Methods to improve power efficiency
One method to improve the efficiency of both, is to optimize the I/O switching. By using fewer toggles, or a lower toggle rate during its testing, it will reduce the load capacitance on the I/Os. A second method is power gating, this method completely turns off power to unused blocks during periods of no or low activity, this method will also help with power leakage. 
Finally, a third method of improving efficiency is Clock Gating. This method simply shuts off the clock to idle sections of logic to reduce the power used during dynamic switching. Each of these can be implemented into the program to allow it to run more efficiently [29-30]. 
[bookmark: _Toc195440839]8.0 - Conclusion
To conclude this report, a successful simulation of an 8x8 Brauns Multiplier and an 8x8 Wallace Tree Multiplier was designed using Partial Product Arrays and Logic Circuit Designs. This allowed for the multipliers pattern to be visualised and then transferred into a VHDL program which was then simulated using Vivado software. 
The Wallace Tree Multiplier was clearly quicker than the Brauns during the simulation, but the Brauns were able to operate more effectively and consume less electricity. The simulation also allowed for Hexadecimal equations to be carried out to determine that the output and pattern of the Logic Circuit Design was correct, and the program was able to provide the correct output. Using this, the program was also input to a Basys 3 PCB where a sequence of LEDs output the correct answer depending on the input sequence which was determine by the switches. This can be viewed in Appendix C. Overall, the design methods and simulation were a complete success. With each method used successfully helping to create the final VHDL program.  
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library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity brauns_multipler 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_multipler;
architecture Behavioural of brauns_multipler is
 
signal A0B1 : std_logic;
signal A0B2 : std_logic;
signal A0B3 : std_logic;
signal A0B4 : std_logic;
signal A0B5 : std_logic;
signal A0B6 : std_logic;
signal A0B7 : std_logic;
signal A1B0 : std_logic;
signal A1B1 : std_logic;
signal A1B2 : std_logic;
signal A1B3 : std_logic;
signal A1B4 : std_logic;
signal A1B5 : std_logic;
signal A1B6 : std_logic;
signal A1B7 : std_logic;
signal A2B0 : std_logic;
signal A2B1 : std_logic;
signal A2B2 : std_logic;
signal A2B3 : std_logic;
signal A2B4 : std_logic;
signal A2B5 : std_logic;
signal A2B6 : std_logic;
signal A2B7 : std_logic;
signal A3B0 : std_logic;
signal A3B1 : std_logic;
signal A3B2 : std_logic;
signal A3B3 : std_logic;
signal A3B4 : std_logic;
signal A3B5 : std_logic;
signal A3B6 : std_logic;
signal A3B7 : std_logic;
signal A4B0 : std_logic;
signal A4B1 : std_logic;
signal A4B2 : std_logic;
signal A4B3 : std_logic;
signal A4B4 : std_logic;
signal A4B5 : std_logic;
signal A4B6 : std_logic;
signal A4B7 : std_logic;
signal A5B0 : std_logic;
signal A5B1 : std_logic;
signal A5B2 : std_logic;
signal A5B3 : std_logic;
signal A5B4 : std_logic;
signal A5B5 : std_logic;
signal A5B6 : std_logic;
signal A5B7 : std_logic;
signal A6B0 : std_logic;
signal A6B1 : std_logic;
signal A6B2 : std_logic;
signal A6B3 : std_logic;
signal A6B4 : std_logic;
signal A6B5 : std_logic;
signal A6B6 : std_logic;
signal A6B7 : std_logic;
signal A7B0 : std_logic;
signal A7B1 : std_logic;
signal A7B2 : std_logic;
signal A7B3 : std_logic;
signal A7B4 : std_logic;
signal A7B5 : std_logic;
signal A7B6 : std_logic;
signal A7B7 : std_logic;
 
signal C1 	: std_logic;---P2
signal P2_1 	: std_logic;
 
signal C2_1 	: std_logic;---P3
signal P3_1 	: std_logic;
signal C2 	: std_logic;
signal P3_2 	: std_logic;
 
signal C3_1 	: std_logic;----P4
signal P4_1 	: std_logic;
signal C3_2 	: std_logic;
signal P4_2 	: std_logic;
signal C3   	: std_logic;
signal P4_3   	: std_logic;
 
signal C4_1 	: std_logic;-----P5
signal C4_2 	: std_logic;
signal C4_3	: std_logic;
signal P5_1 	: std_logic;
signal P5_2	: std_logic;
signal P5_3	: std_logic;
signal C4   	: std_logic;
signal P5_4 	: std_logic;

signal C5_1 	: std_logic;----P6
signal P6_1	: std_logic;
signal C5_2	: std_logic;
signal P6_2	: std_logic;
signal C5_3	: std_logic;
signal P6_3	: std_logic;
signal C5_4	: std_logic;
signal P6_4	: std_logic;
signal C5	: std_logic;
signal P6_5	: std_logic;

signal C6_1 	: std_logic;----P7
signal P7_1	: std_logic;
signal C6_2 	: std_logic;
signal P7_2	: std_logic;
signal C6_3	: std_logic;
signal P7_3	: std_logic;
signal C6_4	: std_logic;
signal P7_4	: std_logic;
signal C6_5	: std_logic;
signal P7_5	: std_logic;
signal C6	: std_logic;
signal P7_6	: std_logic;

signal C7_1 	:std_logic; ----P8
signal P8_1 	: std_logic;
signal C7_2 	: std_logic;
signal P8_2	: std_logic;
signal C7_3	: std_logic;
signal P8_3	: std_logic;
signal C7_4	: std_logic;
signal P8_4	: std_logic;
signal C7_5	: std_logic;
signal P8_5	: std_logic;
signal C7_6	: std_logic;
signal P8_6	: std_logic;
signal C7	: std_logic;

signal C8_1	: std_logic;-----P9
signal C8_2	: std_logic;
signal P9_1	: std_logic;
signal C8_3	: std_logic;
signal P9_3 	: std_logic;
signal C8_4 	: std_logic;
signal P9_4	: std_logic;
signal C8_5 	: std_logic;
signal P9_5	: std_logic;
signal C8_6	: std_logic;
signal P9_6   	: std_logic;
signal C8	: std_logic;

signal C9_1	: std_logic;-----P10
signal C9_3	: std_logic;
signal P10_1 	: std_logic;
signal C9_4 	: std_logic;
signal P10_4	: std_logic;
signal C9_5 	: std_logic;
signal P10_5	: std_logic;
signal C9_6	: std_logic;
signal P10_6   	: std_logic;
signal C9	: std_logic;

signal C10_1 	: std_logic;-----P11
signal C10_4 	: std_logic;
signal P11_1	: std_logic;
signal C10_5 	: std_logic;
signal P11_5	: std_logic;
signal C10_6	: std_logic;
signal P11_6   	: std_logic;
signal C10	: std_logic;

signal C11_1	: std_logic;-----P12
signal C11_5 	: std_logic;
signal P12_1	: std_logic;
signal C11_6	: std_logic;
signal P12_6   	: std_logic;
signal C11	: std_logic;

signal C12_1	: std_logic;-----P13
signal C12_6	: std_logic;
signal P13_1   	: std_logic;
signal C12	: std_logic;

signal C13_1   	: std_logic;-----P14
signal C13	: std_logic;

signal C14	: std_logic;-----P15
 
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
A0B1 <= A(0) and B(1) ;
A0B2 <= A(0) and B(2) ;
A0B3 <= A(0) and B(3) ;
A0B4 <= A(0) and B(4) ;
A0B5 <= A(0) and B(5) ;
A0B6 <= A(0) and B(6) ;
A0B7 <= A(0) and B(7) ;
A1B0 <= A(1) and B(0) ;
A1B1 <= A(1) and B(1) ;
A1B2 <= A(1) and B(2) ;
A1B3 <= A(1) and B(3) ;
A1B4 <= A(1) and B(4) ;
A1B5 <= A(1) and B(5) ;
A1B6 <= A(1) and B(6) ;
A1B7 <= A(1) and B(7) ;
A2B0 <= A(2) and B(0) ;
A2B1 <= A(2) and B(1) ;
A2B2 <= A(2) and B(2) ;
A2B3 <= A(2) and B(3) ;
A2B4 <= A(2) and B(4) ;
A2B5 <= A(2) and B(5) ;
A2B6 <= A(2) and B(6) ;
A2B7 <= A(2) and B(7) ;
A3B0 <= A(3) and B(0) ;
A3B1 <= A(3) and B(1) ;
A3B2 <= A(3) and B(2) ;
A3B3 <= A(3) and B(3) ;
A3B4 <= A(3) and B(4) ;
A3B5 <= A(3) and B(5) ;
A3B6 <= A(3) and B(6) ;
A3B7 <= A(3) and B(7) ;
A4B0 <= A(4) and B(0) ;
A4B1 <= A(4) and B(1) ;
A4B2 <= A(4) and B(2) ;
A4B3 <= A(4) and B(3) ;
A4B4 <= A(4) and B(4) ;
A4B5 <= A(4) and B(5) ;
A4B6 <= A(4) and B(6) ;
A4B7 <= A(4) and B(7) ;
A5B0 <= A(5) and B(0) ;
A5B1 <= A(5) and B(1) ;
A5B2 <= A(5) and B(2) ;
A5B3 <= A(5) and B(3) ;
A5B4 <= A(5) and B(4) ;
A5B5 <= A(5) and B(5) ;
A5B6 <= A(5) and B(6) ;
A5B7 <= A(5) and B(7) ;
A6B0 <= A(6) and B(0) ;
A6B1 <= A(6) and B(1) ;
A6B2 <= A(6) and B(2) ;
A6B3 <= A(6) and B(3) ;
A6B4 <= A(6) and B(4) ;
A6B5 <= A(6) and B(5) ;
A6B6 <= A(6) and B(6) ;
A6B7 <= A(6) and B(7) ;
A7B0 <= A(7) and B(0) ;
A7B1 <= A(7) and B(1) ;
A7B2 <= A(7) and B(2) ;
A7B3 <= A(7) and B(3) ;
A7B4 <= A(7) and B(4) ;
A7B5 <= A(7) and B(5) ;
A7B6 <= A(7) and B(6) ;
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=>A3B1 , B=>A4B0 , 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=>A4B1 , B=>A5B0 , 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=>A5B1 , B=>A6B0 , 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=>A6B1 , B=>A7B0 , 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);

P91 	: full_adder port map (A=>A7B2 , B=>C8_1 , Cin=>C8_2 , S=>P9_1 , Cout=>C9_1);
P93 	: full_adder port map (A=>A6B3 , B=>P9_1 , Cin=>C8_3 , S=>P9_3 , Cout=>C9_3);
P94 	: full_adder port map (A=>A5B4 , B=>P9_3 , Cin=>C8_4 , S=>P9_4 , Cout=>C9_4);
P95 	: full_adder port map (A=>A4B5 , B=>P9_4 , Cin=>C8_5 , S=>P9_5 , Cout=>C9_5);
P96 	: 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 , S=>P(9) , Cout=>C9);

P101 	: full_adder port map (A=>A7B3 , B=>C9_1 , Cin=>C9_3 , S=>P10_1 , Cout=>C10_1);
P104 	: full_adder port map (A=>A6B4 , B=>P10_1 , Cin=>C9_4 , S=>P10_4 , Cout=>C10_4);
P105 	: full_adder port map (A=>A5B5 , B=>P10_4 , Cin=>C9_5 , S=>P10_5 , Cout=>C10_5);
P106 	: 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 , S=>P(10) , Cout=>C10);

P111 	: full_adder port map (A=>A7B4 , B=>C10_1 , Cin=>C10_4 , S=>P11_1 , Cout=>C11_1);
P115 	: full_adder port map (A=>A6B5 , B=>P11_1 , Cin=>C10_5 , S=>P11_5 , Cout=>C11_5);
P116 	: 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 , S=>P(11) , Cout=>C11);

P121 	: full_adder port map (A=>A7B5 , B=>C11_1 , Cin=>C11_5 , S=>P12_1 , Cout=>C12_1);
P126 	: full_adder port map (A=>A6B6 , B=>P12_1 , Cin=>C11_6 , S=>P12_6 , Cout=>C12_6);
P12_0 	: full_adder port map (A=>A5B7 , B=>P12_6 , Cin=>C11 , S=>P(12) , Cout=>C12);

P131 	: full_adder port map (A=>A7B6 , B=>C12_1 , Cin=>C12_6 , S=>P13_1 , Cout=>C13_1);
P13_0 	: full_adder port map (A=>A6B7 , B=>P13_1 , Cin=>C12 , S=>P(13) , Cout=>C13);

P14_0 	: full_adder port map (A=>A7B7 , B=>C13_1 , Cin=>C13 , S=>P(14) , Cout=>C14);

P15_0  	: P(15) <= C14;
end Behavioural;


[bookmark: _Ref195430850][bookmark: _Toc195440842]Appendix B
library IEEE; 
use IEEE.STD_LOGIC_1164.ALL; 
entity Wallace_Tree 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_Tree; 
 
architecture Behavioral of Wallace_Tree is 
component 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 component; 
 
component half_adder 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,S10,S11,S12,S13,S14,S15,S16,S18,S19,S20,S21,S22,S23,S24,S26,S27,S28,S29,S30,S31,S32,S34,S35,S36,S37,S38,S39,S40,S42,S43,S44,S45,S46,S47,S48 : 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,C43,C44,C45,C46,C47,C48,C49,C50,C51,C52,C53,C54,C55 : 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); 
 
-- Stage 1 
 
P0 	: P(0) <= A(0) and B(0) ; 
 
ha11 	: half_adder port map(A1B0,A0B1,P(1),C1); 
fa12 	: full_adder port map(A2B0,A1B1,A0B2,S2,C2); 
fa13 	: full_adder port map(A3B0,A2B1,A1B2,S3,C3); 
fa14 	: full_adder port map(A4B0,A3B1,A2B2,S4,C4); 
fa15 	: full_adder port map(A5B0,A4B1,A3B2,S5,C5); 
fa16 	: full_adder port map(A6B0,A5B1,A4B2,S6,C6); 
fa17 	: full_adder port map(A7B0,A6B1,A5B2,S7,C7); 
ha18 	: half_adder port map(A7B1,A6B2,S8,C8); 
 
-- Stage 2
ha21 	: half_adder port map(S2,C1,P(2),C9); 
fa22 	: full_adder port map(S3,C2,A0B3,S10,C10); 
fa23 	: full_adder port map(S4,C3,A1B3,S11,C11); 
fa24 	: full_adder port map(S5,C4,A2B3,S12,C12); 
fa25 	: full_adder port map(S6,C5,A3B3,S13,C13); 
fa26 	: full_adder port map(S7,C6,A4B3,S14,C14); 
fa27 	: full_adder port map(S8,C7,A5B3,S15,C15); 
fa28 	: full_adder port map(A7B2,C8,A6B3,S16,C16); 
 
-- Stage 3
ha31 	: half_adder port map(S10,C9,P(3),C17); 
fa32 	: full_adder port map(S11,C10,A0B4,S18,C18); 
fa33 	: full_adder port map(S12,C11,A1B4,S19,C19); 
fa34 	: full_adder port map(S13,C12,A2B4,S20,C20); 
fa35 	: full_adder port map(S14,C13,A3B4,S21,C21); 
fa36 	: full_adder port map(S15,C14,A4B4,S22,C22); 
fa37 	: full_adder port map(S16,C15,A5B4,S23,C23); 
fa38 	: full_adder port map(A7B3,C16,A6B4,S24,C24); 
 
-- Stage 4
ha41 	: half_adder port map(S18,C17,P(4),C25); 
fa42 	: full_adder port map(S19,C18,A0B5,S26,C26); 
fa43 	: full_adder port map(S20,C19,A1B5,S27,C27); 
fa44 	: full_adder port map(S21,C20,A2B5,S28,C28); 
fa45 	: full_adder port map(S22,C21,A3B5,S29,C29); 
fa46 	: full_adder port map(S23,C22,A4B5,S30,C30); 
fa47 	: full_adder port map(S24,C23,A5B5,S31,C31); 
fa48 	: full_adder port map(A7B4,C24,A6B5,S32,C32); 
 
-- Stage 5 
ha51 	: half_adder port map(S26,C25,P(5),C33); 
fa52 	: full_adder port map(S27,C26,A0B6,S34,C34); 
fa53 	: full_adder port map(S28,C27,A1B6,S35,C35); 
fa54 	: full_adder port map(S29,C28,A2B6,S36,C36); 
fa55 	: full_adder port map(S30,C29,A3B6,S37,C37); 
fa56 	: full_adder port map(S31,C30,A4B6,S38,C38); 
fa57 	: full_adder port map(S32,C31,A5B6,S39,C39); 
fa58 	: full_adder port map(A7B5,C32,A6B6,S40,C40); 
 
-- Stage 6 
ha61 	: half_adder port map(S34,C33,P(6),C41); 
fa62 	: full_adder port map(S35,C34,A0B7,S42,C42); 
fa63 	: full_adder port map(S36,C35,A1B7,S43,C43); 
fa64 	: full_adder port map(S37,C36,A2B7,S44,C44); 
fa65 	: full_adder port map(S38,C37,A3B7,S45,C45); 
fa66 	: full_adder port map(S39,C38,A4B7,S46,C46); 
fa67 	: full_adder port map(S40,C39,A5B7,S47,C47); 
fa68 	: full_adder port map(A7B6,C40,A6B7,S48,C48); 
 
-- Stage 7 
ha71 	: half_adder port map(S42,C41,P(7),C49); 
fa72 	: full_adder port map(S43,C42,C49,P(8),C50); 
fa73 	: full_adder port map(S44,C43,C50,P(9),C51); 
fa74 	: full_adder port map(S45,C44,C51,P(10),C52); 
fa75 	: full_adder port map(S46,C45,C52,P(11),C53); 
fa76 	: full_adder port map(S47,C46,C53,P(12),C54); 
fa77 	: full_adder port map(S48,C46,C54,P(13),C55); 
fa78 	: full_adder port map(A7B7,C48,C55,P(14),P(15)); 
 
 
end Behavioral;
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-- Stage 1

PO : P(@) = A(0) and B(0) ;

hall : half_adder port map(A1B@,A0B1,P(1),C1);
fal2 : full_adder port map(A2B@,A1B1,A0B2,S2,C2);
fal3 : full_adder port map(A3B@,A2B1,A1B2,S3,C3);
falu : full_adder port map(AUB@,A3B1,A2B2,Su,Cd);
fal5 : full_adder port map(A5B@,AuB1,A3B2,S5,C5);
fal6 : full_adder port map(A6B@,A5B1,AUB2,S6,C6);
fal7 : full_adder port map(A7B@,A6B1,A5B2,S7,C7);
hals : half_adder port map(A7B1,A6B2,S8,C8);

-- Stage 2

ha21 : half_adder port map(S2,C1,P(2),C9);

fa22 : full_adder port map(S3,C2,A0B3,S10,C10);
fa23 : full_adder port map(Sd4,C3,A1B3,S11,C11);
fa2u : full_adder port map(S5,Cu,A2B3,S12,C12);
fa25 : full_adder port map(S6,C5,6A3B3,S13,C13);
fa26 : full_adder port map(S7,C6,AuB3,S14,C1u);
fa27 : full_adder port map(S8,C7,A5B3,S15,C15);
fa28 : full_adder port map(A7B2,C8,A6B3,516,C16);
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