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Multiplication is a necessary process in lots of high-performance computing and signal processing systems in which the efficiency of the multiplier architecture design can have a massive impact of the performance of the system. The Braun and Wallace tree multiplier designs are used due to their unique approaches on how they are put together and the overall performance of each of the designs. [1]
This assignment aims to compare and contrast the use Brauns and Wallace tree multipliers along with synthesising them and evaluating how they are able to perform using the VHDL technique. This also involves implementing the architectures and observing the efficiency whilst they are in operation with engineering principles in mind.
The assignment tasks will need the appropriate application of mathematical and engineering ideas to be used to investigate the designs of the digital multipliers including the power consumption, speed and area used to implement each design. Using the VHDL for a simulation of each multiplier design and how hardware will be used with the implementation of each design, it will allow a detailed evaluation of how each multiplier is able to perform with various inputs and observation of the outputs. Using the data gathered from the designs, it will be compared to show the advantages and disadvantages of the Brauns and Wallace multipliers within a real-world application. [2]


[bookmark: _Toc195791502]Background Research
Digital multipliers are an array of and gates, half adders and full adders. They are used to multiply binary numbers and can produce a value through almost simultaneous addition of the binary values input into them.[3]
There are various multiplier techniques which are used to process numerical inputs into them and output an expected result under certain conditions with the correct parameters set. Some of these techniques work better than others in terms of time to process, area taken up with logic components and the power needed to process the data.
The first type of multiplier to ne looked at is the Braun multiplier, this is a type of parallel array multiplier. It is fast, efficient and is used within digital signal processors (DSPs). The Brauns multiplier is relatively easy to design, it consists of AND gates, half adders and full adders in which is internally made up with a product being made from the AND gates in parallel and each partial product being added with the sum of a partial product using a previously made partial product using the row of adders. A carry out will be moved one bit either to the left or right and then added to the sum from which is made by the first adder and a partial product. The Brauns multiplier has a few disadvantages which can cause some issues, it has a huge amount of components compared to other multiplier techniques which will increase by an incredible amount with the number of bits. At the final stage of full adders there is the possibility that the Brauns multiplier can fall to glitching problems because of the Ripple Carry Adder (RCA) [4].
The second multiplier which will be looked at is the Dadda multiplier. The Dadda multiplier has a slower operation in multiplication, it uses an array scheme in which each level where the calculation occurs only one row of bits in the tree is removed. This multiplier minimizes how many adder stages are needed to make the calculation of partial products within the array, using half adders and full adders. The reason behind it is the reduction of the use of the number of rows within an array at each calculation stage. The Dadaa method can be seen as an improvement to the Wallace multiplier due to the speed of processing and the size of the array. Some benefits include the use of fewer adders and logic gates compared to other multipliers, increases speed due to a lower delay in the reduction phase and it being efficient when working with Vary large scale integration (VLSI) in a hardware format. [5] 
The Booth multiplier is a digital multiplier which is able to reduce the number of mathematical operations, this can work more so if the multiplier has sequences of the same bits. Booth’s multiplier is used within digital signal processing, VLSI systems and microprocessors main due to the efficiency of the way it can handle signed binary multiplication. Within the multiplier it contains a multiplier tree such as a Wallace tree to calculate the partial products, a partial product generator, a Booth encoder and a final adder to create a result.[6] There is a version of Booth encoding named Radix-4 which can furthermore reduce the amount of partial products made, allowing faster and better area efficiency. Some advantages of the booth multiplier include it being more efficient to process signed numbers, this allows it to handle both positive and negative numbers. It has the ability to reduce the amount of partial products if there is a sequence of the same bit in a row leading to lower addition and subtraction calculations. Booth multipliers are able to work on lower hardware requirements due to the size of the area they take up once designed, allowing them to be more beneficial to VLSI.
Some disadvantages of the Booth multiplier is the amount of power it consumes; this is due to the increased amount of switching and control which can occur when dealing with large amounts of operations. It also has a higher amount of latency as it needs to run through multiple cycles to do one multiplication sum. It can also be limited due to the design being made for signed numbers, if it were used in an unsigned application it would need to be modified which can limit how it can perform compared to other unsigned digital multipliers. [7]
The final digital multiplier which will be looked at is the Wallace multiplier, this multiplier is a high-speed design which can be used to multiply two binary numbers, it has good efficiency when multiplying large calculations. It is used in digital signal processing, VLSI and microprocessors as it can calculate binary multiplications by efficiently removing the number of sequential stages of addition needed to make the partial product and works from a logarithmic scale. [8] The Wallace tree has three main stages in which it operates, the first being partial product generation, then partial product reduction and finally the final addition. 
There are many advantages to the Wallace multiplier such as high speed it is able to operate at. It can do the reduction of partial products in parallel allowing a much lower delay compared to other multipliers. It uses the area well which it is designed in, allowing it to fit into designed much easier where space is a concern. It is also very power efficient, allowing it to be more attractive where power consumption is a concern within a design.
The Wallace multiplier does come with disadvantages though, it has a relatively complex design, this will cause issues when designing it due to it being challenging with its layout especially if large processes are being used and the design needs to be changed for that.
Field Programmable gate array’s (FGPAs) are a type of integrated circuit which are designed to be programable to adapt to different applications. They can have high performance and have a good versatility which is useful in applications where there is low latency and high performance needed.
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Figure 1 - Flowchart of the system operation

[bookmark: _Toc195791504]Methodologies explaining the design process
 The Wallace and Brauns multiplier trees both have a few things to consider before they are created such as the power consumption, the time to process the data and the amount of area they occupy too.
The Brauns multiplier is a parallel digital multiplier, in which its design to process numbers focuses on generating and calculating partial products through the use of a grid of AND gates and adders. Through the creation of the design of a Brauns 8x8 multiplier there are some key aspects which are taken into account. The power draw of the Brauns 8x8 should be looked at as this is a big aspect on how much power the design takes to process a calculation, this can lead to higher temperatures generated if not considered. The area the Brauns 8x8 design needs to be considered too, if it takes up too much room it will be difficult to apply it to a compact device and also slow down the processing time. The timing of the Brauns digital multiplier will become an issue due to its larger size, the delay needed to calculate the binary output will be greater than an alternative multiplier such as the Wallace multiplier.
The Brauns multiplier works by using an array of AND gates and adders, the AND gates are assigned numbers to generate partial products in a parallel format. From this the partial product are put into rows across the array and will reference the bits of the multiplier. This will then be used to sum the partial products by using half adders and full adders, the columns of the array will sum the partial products and then add any carry from the stage prior. The carry output will then be output diagonally down from each adder into the next stage and the sum will be output to move horizontally. At the final row the Ripple Carry Adder (RCA) will then be used to combine the outputs to calculate the final product and expected result. [9]
The Wallace multiplier higher speed parallel binary multiplier which is known for being efficient due to reducing the number of sequential addition processes. The area a Wallace multiplier takes up compared to a Brauns multiplier is far less allowing it to fit into smaller areas, it also is much quicker due to the design having less AND gates to process the data. It could have the potential to use more power due to the repetitive tasks it needs to do to reach an end number.
It uses AND gates to input each bit of the input number and then groups each bit of the partial products of similarity of the final product. It then processes the values through half adders and full adders, the full adders will take groups of the same bit and reduce them, the sum output from the full adder will stay within the same column and the carry output will move to the next column of like-bits. Half adders are used if any two bits remain within a column. This is repeated until the number of rows only has two remaining. [10]
These types of multipliers can then be programmed through VHDL code to achieve an expected result, this VHDL code can then be coded into an FPGA board to check the code to see if it is working with hardware as expected.
[bookmark: _Toc195791505]Multiplier Block diagrams
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Figure 2 - Structure of the Brauns 8X8 multiplier
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Figure 3 - Structure of the Wallace 8X8 multiplier


[bookmark: _Toc195791506]Timing diagrams and Schematics of the designs
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Figure 4 - Brauns simulation sample 1 e4*c2
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Figure 5- Brauns simulation sample 2 3d*b4
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Figure 6 - Brauns simulation sample 3 22*d1
[image: A screenshot of a computer

AI-generated content may be incorrect.]
Figure 7 - Brauns Simulation sample 4 58*c1
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Figure 8 - Brauns 8x8 RTL design
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Figure 9 - Brauns 8x8 Implementation design
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Figure 10 - Brauns 8x8 Device design
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Figure 11 - Brauns 8x8 I/O planning
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Figure 12 - Wallace 8x8 Schematic design
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Figure 13 - Wallace Simulation sample 1 4e*66
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Figure 14 - Wallace Simulation sample 2 5d*aa
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Figure 15 - Wallace 8x8 simulation sample 3 45*78
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Figure 16 - Wallace 8x8 Simulation sample 4 60*fe
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Figure 17 - Wallace 8x8 RTL Design
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Figure 18 - Wallace 8x8 Implementation design
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Figure 19 - Wallace 8x8 device design
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Figure 20 - Wallace 8x8 I/O planning
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Figure 21- Brauns 8x8 longest delay path
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Figure 22 - Wallace 8x8 longest delay path
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Figure 23 - Brauns timing constraint worst negative slack
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Figure 24 - Brauns max delay list 1
[image: A screenshot of a computer

AI-generated content may be incorrect.]
Figure 25 - Brauns max delay list 2
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Figure 26 - Brauns max delay list 3
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Figure 27 - Brauns max delay list 4
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Figure 28 - Brauns max delay list 5
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Figure 29 - Brauns max delay list 6
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Figure 30 - Wallace timing constraint worst negative slack
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Figure 31 – Wallace max delay list 1
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Figure 32 - Wallace max delay list 2
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Figure 33 - Wallace max delay list 3
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Figure 34 - Wallace max delay list 4
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Figure 35 - Wallace max delay list 5
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Figure 36 - Report Utilization Brauns
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Figure 37 - Report Utilization Wallace
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Figure 38 - Report summary Brauns
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Figure 39 - Report summary Wallace
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Figure 40 - Power report Brauns
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Figure 41- Power report Wallace


[bookmark: _Toc195791508]Comparison, Analysis and interpretation of results
From the results of the Brauns and Wallace multipliers, it can be seen that there are some differences with certain results of both multipliers.
The first result which will be looked at is the power analysis of both the multipliers. This power analysis shows that the power usage from both the multiplier is very similar to each other. The Wallace is every so slightly higher than the Brauns by 0.004W, this is possibly due to the Wallace multiplier needing to do repetitive tasks to eliminate numbers. Overall, both the multipliers fall within the 2W power limit given to them and working within specification. 
The timings of the worse negative slack of the multiplier show that the Brauns is far slower than the Wallace multiplier. The Brauns multiplier managed to achieve 14.735 nanoseconds of a delay whereas the Wallace multiplier managed to achieve a worst negative slack of 5.359 nanoseconds making it almost a third of the time of the Brauns. This shows that the Wallace can complete a calculation in a much quicker time than the Brauns is able to. [11]
Both multipliers will have a longest delay which they will have to process quicker than. This can be calculated by using the equation 1+(Number of Adders) *(2). This leaves the Brauns multiplier with a delay of 41ns due to the calculation of 1+(20)*(2) and the Wallace multiplier with a delay of 29ns with the calculation of 1+(14)*(2). It can be seen that the Wallace multiplier will be quicker than the Brauns multiplier as it will have to operate under a quicker delay. This can be seen in figure 21 and figure 22
The overall area of the multipliers is another comparison point. The Brauns multiplier will take up more room than the Wallace multiplier, this is due to the repetitive use of AND gates throughout the design causing the area which the multiplier uses to get bigger. This would be a concern when it comes to a device which only has a small area in which the multiplier can be implemented into.
From the four samples which have been taken for each of the multiplier calculations, both multipliers were able to process the inputs and display a correct output within the set time for each of them respectively.

[bookmark: _Toc195791509]Interpretation of Power utilization and LUTs
The power utilization is the total amount of power which is used by an FPGA whilst it is in operation.
Lookup Tables (LUTs) are an important part of an FPGA. They are the table within an FPGA which will determine what is output from the FPGA from the inputs put into it. It is effectively a truth table and will control how any combinational logic will perform.
[bookmark: _Toc195791510]Details of testing and recommendations for the future
The testing of the multipliers went very well, some errors occurred throughout the code but were fixed quickly by a quick observation of the code. The test results were as expected from the measured parameters, leaving the expected result of the Wallace being much quicker and efficient.
In the future additional parameters could be checked as well as testing smaller and bigger arrays to see what the results are compared to the two multipliers.

[bookmark: _Toc195791511]Conclusion
The Wallace multiplier is the better multiplier to use in this application than the Brauns. Both have use cases depending on the environment they are needed in and will have advantages over one and another. There are limitations on the multipliers which could lead to other multipliers being used.
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Brauns 8x8 VHDL code
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 EightbyEightbrauns 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 EightbyEightbrauns;

architecture Eightbrauns of EightbyEightbrauns is

signal A1B0 : std_logic;
signal A0B1 : std_logic;
signal A2B0 : std_logic;
signal A1B1 : std_logic;
signal A0B2 : std_logic;
signal A3B0 : std_logic;
signal A2B1 : std_logic;
signal A1B2 : std_logic;
signal A0B3 : std_logic;
signal A4B0 : std_logic;
signal A3B1 : std_logic;
signal A2B2 : std_logic;
signal A1B3 : std_logic;
signal A0B4 : std_logic;
signal A5B0 : std_logic;
signal A4B1 : std_logic;
signal A3B2 : std_logic;
signal A2B3 : std_logic;
signal A1B4 : std_logic;
signal A0B5 : std_logic;
signal A6B0 : std_logic;
signal A5B1 : std_logic;
signal A4B2 : std_logic;
signal A3B3 : std_logic;
signal A2B4 : std_logic;
signal A1B5 : std_logic;
signal A0B6 : std_logic;
signal A7B0 : std_logic;
signal A6B1 : std_logic;
signal A5B2 : std_logic;
signal A4B3 : std_logic;
signal A3B4 : std_logic;
signal A2B5 : std_logic;
signal A1B6 : std_logic;
signal A0B7 : std_logic;
signal A7B1 : std_logic;
signal A6B2 : std_logic;
signal A5B3 : std_logic;
signal A4B4 : std_logic;
signal A3B5 : std_logic;
signal A2B6 : std_logic;
signal A1B7 : std_logic;
signal A7B2 : std_logic;
signal A6B3 : std_logic;
signal A5B4 : std_logic;
signal A4B5 : std_logic;
signal A3B6 : std_logic;
signal A2B7 : std_logic;
signal A7B3 : std_logic;
signal A6B4 : std_logic;
signal A5B5 : std_logic;
signal A4B6 : std_logic;
signal A3B7 : std_logic;
signal A7B4 : std_logic;
signal A6B5 : std_logic;
signal A5B6 : std_logic;
signal A4B7 : std_logic;
signal A7B5 : std_logic;
signal A6B6 : std_logic;
signal A5B7 : std_logic;
signal A7B6 : std_logic;
signal A6B7 : std_logic;
signal A7B7 : 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,C56: std_logic;
signal S1,S2,S3,S4,S5,S6,S7,S8,S9,S10,S11,S12,S13,S14,S15,S16,S17,S18,S19,S20,S21,S22,S23,S24,S25,S26,S27,S28,S29,S30,S31,S32,S33,S34,S35,S36,S37,S38,S39,S40,S41,S42,S43,S44,S45,S46,S47,S48: std_logic;

component EightBrauns_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 EightBrauns_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) ;
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 : EightBrauns_half_adder port map (A=>A1B0 , B=>A0B1 ,S=> P(1) , Cout =>C1);

p21 : EightBrauns_full_adder port map (A=>A2B0 , B=>A1B1, Cin=>C1 ,S=> S2 , Cout =>C2);
P2_0 : EightBrauns_half_adder port map (A=>S2 , B=>A0B2 ,S=> P(2) , Cout =>C9);

p31 : EightBrauns_full_adder port map (A=>A3B0 , B=>A2B1, Cin=>C2 ,S=> S3 , Cout =>C3);
p32 : EightBrauns_full_adder port map (A=>S3 , B=>A1B2, Cin=>C9 ,S=>S10 , Cout =>C10);
P3_0 : EightBrauns_half_adder port map (A=>S10 , B=>A0B3 ,S=> P(3) , Cout =>C17);

p41 : EightBrauns_full_adder port map (A=>A4B0 , B=>A3B1, Cin=>C3 ,S=> S4 , Cout =>C4);
p42 : EightBrauns_full_adder port map (A=>S4 , B=>A2B2, Cin=>C10 ,S=>S11 , Cout =>C11);
p43 : EightBrauns_full_adder port map (A=>S11 , B=>A1B3, Cin=>C17 ,S=>S18 , Cout =>C18);
P4_0 : EightBrauns_half_adder port map (A=>S18 , B=>A0B4 ,S=> P(4) , Cout =>C25);

p51 : EightBrauns_full_adder port map (A=>A5B0 , B=>A4B1, Cin=>C4 ,S=> S5 , Cout =>C5);
p52 : EightBrauns_full_adder port map (A=>S5 , B=>A3B2, Cin=>C11 ,S=>S12 , Cout =>C12);
p53 : EightBrauns_full_adder port map (A=>S12 , B=>A2B3, Cin=>C18 ,S=> S19 , Cout =>C19);
p54 : EightBrauns_full_adder port map (A=>S19 , B=>A1B4, Cin=>C25 ,S=>S26 , Cout =>C26);
P5_0 : EightBrauns_half_adder port map (A=>S26 , B=>A0B5 ,S=> P(5) , Cout =>C33);

p61 : EightBrauns_full_adder port map (A=>A6B0 , B=>A5B1, Cin=>C5 ,S=> S6 , Cout =>C6);
p62 : EightBrauns_full_adder port map (A=>S6 , B=>A4B2, Cin=>C12 ,S=>S13 , Cout =>C13);
p63 : EightBrauns_full_adder port map (A=>S13 , B=>A3B3, Cin=>C19 ,S=> S20 , Cout =>C20);
p64 : EightBrauns_full_adder port map (A=>S20 , B=>A2B4, Cin=>C26 ,S=>S27 , Cout =>C27);
p65 : EightBrauns_full_adder port map (A=>S27 , B=>A1B5, Cin=>C33 ,S=>S34 , Cout =>C34);
P6_0 : EightBrauns_half_adder port map (A=>S34 , B=>A0B6 ,S=> P(6) , Cout =>C41);

p71 : EightBrauns_full_adder port map (A=>A7B0 , B=>A6B1, Cin=>C6 ,S=> S7 , Cout =>C7);
p72 : EightBrauns_full_adder port map (A=>S7 , B=>A5B2, Cin=>C13 ,S=> S14 , Cout =>C14);
p73 : EightBrauns_full_adder port map (A=>S14 , B=>A4B3, Cin=>C20 ,S=>S21 , Cout =>C21);
p74 : EightBrauns_full_adder port map (A=>S21 , B=>A3B4, Cin=>C27 ,S=> S28 , Cout =>C28);
p75 : EightBrauns_full_adder port map (A=>S28 , B=>A2B5, Cin=>C34 ,S=>S35 , Cout =>C35);
p76 : EightBrauns_full_adder port map (A=>S35 , B=>A1B6, Cin=>C41 ,S=>S42 , Cout =>C42);
P7_0 : EightBrauns_half_adder port map (A=>S42 , B=>A0B7 ,S=> P(7) , Cout =>C49);

p81 : EightBrauns_half_adder port map (A=>A7B1 , B=>C7 ,S=> S8 , Cout =>C8);
p82 : EightBrauns_full_adder port map (A=>S8 , B=>A6B2, Cin=>C14 ,S=> S15 , Cout =>C15);
p83 : EightBrauns_full_adder port map (A=>S15 , B=>A5B3, Cin=>C21 ,S=>S22 , Cout =>C22);
p84 : EightBrauns_full_adder port map (A=>S22 , B=>A4B4, Cin=>C28 ,S=> S29 , Cout =>C29);
p85 : EightBrauns_full_adder port map (A=>S29 , B=>A3B5, Cin=>C35 ,S=>S36 , Cout =>C36);
p86 : EightBrauns_full_adder port map (A=>S36 , B=>A2B6, Cin=>C42 ,S=>S43 , Cout =>C43);
p8_0 : EightBrauns_full_adder port map (A=>S43 , B=>A1B7, Cin=>C49 ,S=>P(8) , Cout =>C50);

p91 : EightBrauns_full_adder port map (A=>C8 , B=>A7B2, Cin=>C15 ,S=> S16 , Cout =>C16);
p92 : EightBrauns_full_adder port map (A=>S16 , B=>A6B3, Cin=>C22 ,S=>S23 , Cout =>C23);
p93 : EightBrauns_full_adder port map (A=>S23 , B=>A5B4, Cin=>C29 ,S=> S30 , Cout =>C30);
p94 : EightBrauns_full_adder port map (A=>S30 , B=>A4B5, Cin=>C36 ,S=>S37 , Cout =>C37);
p95 : EightBrauns_full_adder port map (A=>S37 , B=>A3B6, Cin=>C43 ,S=>S44 , Cout =>C44);
p9_0 : EightBrauns_full_adder port map (A=>S44 , B=>A2B7, Cin=>C50 ,S=>P(9) , Cout =>C51);

p101 : EightBrauns_full_adder port map (A=>C16 , B=>A7B3, Cin=>C23 ,S=>S24 , Cout =>C24);
p102 : EightBrauns_full_adder port map (A=>S24 , B=>A6B4, Cin=>C30 ,S=>S31 , Cout =>C31);
p103 : EightBrauns_full_adder port map (A=>S31 , B=>A5B5, Cin=>C37 ,S=>S38 , Cout =>C38);
p104 : EightBrauns_full_adder port map (A=>S38 , B=>A4B6, Cin=>C44 ,S=>S45 , Cout =>C45);
p10_0 : EightBrauns_full_adder port map (A=>S45 , B=>A3B7, Cin=>C51 ,S=>P(10) , Cout =>C52);

p111 : EightBrauns_full_adder port map (A=>C24 , B=>A7B4, Cin=>C31 ,S=>S32 , Cout =>C32);
p112 : EightBrauns_full_adder port map (A=>S32 , B=>A6B5, Cin=>C38 ,S=>S39 , Cout =>C39);
p113 : EightBrauns_full_adder port map (A=>S39 , B=>A5B6, Cin=>C45 ,S=>S46 , Cout =>C46);
p11_0 : EightBrauns_full_adder port map (A=>S46 , B=>A4B7, Cin=>C52 ,S=>P(11) , Cout =>C53);

p121 : EightBrauns_full_adder port map (A=>C32 , B=>A7B5, Cin=>C39 ,S=>S40 , Cout =>C40);
p122 : EightBrauns_full_adder port map (A=>S40 , B=>A6B6, Cin=>C46 ,S=>S47 , Cout =>C47);
p12_0 : EightBrauns_full_adder port map (A=>S47 , B=>A5B7, Cin=>C53 ,S=>P(12) , Cout =>C54);

p131 : EightBrauns_full_adder port map (A=>C40 , B=>A7B6, Cin=>C47 ,S=>S48 , Cout =>C48);
p13_0 : EightBrauns_full_adder port map (A=>S48 , B=>A6B7, Cin=>C54 ,S=>P(13) , Cout =>C55);

p14_0 : EightBrauns_full_adder port map (A=>C48 , B=>A7B7, Cin=>C55 ,S=>P(14) , Cout =>C56);

p15 : P(15) <= C56;

end Eightbrauns;



Wallace 8x8 VHDL code
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 EightWallace 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 EightWallace;

architecture EightByEightWallace of EightWallace is

signal A1B0 : std_logic;
signal A0B1 : std_logic;
signal A2B0 : std_logic;
signal A1B1 : std_logic;
signal A0B2 : std_logic;
signal A3B0 : std_logic;
signal A2B1 : std_logic;
signal A1B2 : std_logic;
signal A0B3 : std_logic;
signal A4B0 : std_logic;
signal A3B1 : std_logic;
signal A2B2 : std_logic;
signal A1B3 : std_logic;
signal A0B4 : std_logic;
signal A5B0 : std_logic;
signal A4B1 : std_logic;
signal A3B2 : std_logic;
signal A2B3 : std_logic;
signal A1B4 : std_logic;
signal A0B5 : std_logic;
signal A6B0 : std_logic;
signal A5B1 : std_logic;
signal A4B2 : std_logic;
signal A3B3 : std_logic;
signal A2B4 : std_logic;
signal A1B5 : std_logic;
signal A0B6 : std_logic;
signal A7B0 : std_logic;
signal A6B1 : std_logic;
signal A5B2 : std_logic;
signal A4B3 : std_logic;
signal A3B4 : std_logic;
signal A2B5 : std_logic;
signal A1B6 : std_logic;
signal A0B7 : std_logic;
signal A7B1 : std_logic;
signal A6B2 : std_logic;
signal A5B3 : std_logic;
signal A4B4 : std_logic;
signal A3B5 : std_logic;
signal A2B6 : std_logic;
signal A1B7 : std_logic;
signal A7B2 : std_logic;
signal A6B3 : std_logic;
signal A5B4 : std_logic;
signal A4B5 : std_logic;
signal A3B6 : std_logic;
signal A2B7 : std_logic;
signal A7B3 : std_logic;
signal A6B4 : std_logic;
signal A5B5 : std_logic;
signal A4B6 : std_logic;
signal A3B7 : std_logic;
signal A7B4 : std_logic;
signal A6B5 : std_logic;
signal A5B6 : std_logic;
signal A4B7 : std_logic;
signal A7B5 : std_logic;
signal A6B6 : std_logic;
signal A5B7 : std_logic;
signal A7B6 : std_logic;
signal A6B7 : std_logic;
signal A7B7 : 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,C56: std_logic;
signal S1,S2,S3,S4,S5,S6,S7,S8,S9,S10,S11,S12,S13,S14,S15,S16,S17,S18,S19,S20,S21,S22,S23,S24,S25,S26,S27,S28,S29,S30,S31,S32,S33,S34,S35,S36,S37,S38,S39,S40,S41,S42,S43,S44,S45,S46,S47,S48: std_logic;

component EightWallace_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 EightWallace_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) ;
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) ;
--1
h11 : EightWallace_Half_Adder port map (A=>A1B0,B=>A0B1,S=>P(1),Cout=>C1);
f12 : EightWallace_full_adder port map (A=>A2B0,B=>A1B1,Cin=>A0B2,S=>S2,Cout=>C2);
f13 : EightWallace_full_adder port map (A=>A3B0,B=>A2B1,Cin=>A1B2,S=>S3,Cout=>C3);
f14 : EightWallace_full_adder port map (A=>A4B0,B=>A3B1,Cin=>A2B2,S=>S4,Cout=>C4);
f15 : EightWallace_full_adder port map (A=>A5B0,B=>A4B1,Cin=>A3B2,S=>S5,Cout=>C5);
f16 : EightWallace_full_adder port map (A=>A6B0,B=>A5B1,Cin=>A4B2,S=>S6,Cout=>C6);
f17 : EightWallace_full_adder port map (A=>A7B0,B=>A6B1,Cin=>A5B2,S=>S7,Cout=>C7);
h18 : EightWallace_Half_Adder port map (A=>A7B1,B=>A6B2,S=>S8,Cout=>C8);
--2
h21 : EightWallace_Half_Adder port map (A=>S2,B=>C1,S=>P(2),Cout=>C9);
f22 : EightWallace_full_adder port map (A=>A0B3,B=>S3,Cin=>C2,S=>S10,Cout=>C10);
f23 : EightWallace_full_adder port map (A=>A1B3,B=>S4,Cin=>C3,S=>S11,Cout=>C11);
f24 : EightWallace_full_adder port map (A=>A2B3,B=>S5,Cin=>C4,S=>S12,Cout=>C12);
f25 : EightWallace_full_adder port map (A=>A3B3,B=>S6,Cin=>C5,S=>S13,Cout=>C13);
f26 : EightWallace_full_adder port map (A=>A4B3,B=>S7,Cin=>C6,S=>S14,Cout=>C14);
f27 : EightWallace_full_adder port map (A=>A5B3,B=>S8,Cin=>C7,S=>S15,Cout=>C15);
f28 : EightWallace_full_adder port map (A=>A7B2,B=>A6B3,Cin=>C8,S=>S16,Cout=>C16);
--3
h31 : EightWallace_Half_Adder port map (A=>S10,B=>C9,S=>P(3),Cout=>C17);
f32 : EightWallace_full_adder port map (A=>A0B4,B=>S11,Cin=>C10,S=>S18,Cout=>C18);
f33 : EightWallace_full_adder port map (A=>A1B4,B=>S12,Cin=>C11,S=>S19,Cout=>C19);
f34 : EightWallace_full_adder port map (A=>A2B4,B=>S13,Cin=>C12,S=>S20,Cout=>C20);
f35 : EightWallace_full_adder port map (A=>A3B4,B=>S14,Cin=>C13,S=>S21,Cout=>C21);
f36 : EightWallace_full_adder port map (A=>A4B4,B=>S15,Cin=>C14,S=>S22,Cout=>C22);
f37 : EightWallace_full_adder port map (A=>A5B4,B=>S16,Cin=>C15,S=>S23,Cout=>C23);
f38 : EightWallace_full_adder port map (A=>A7B3,B=>A6B4,Cin=>C16,S=>S24,Cout=>C24);
--4
h41 : EightWallace_Half_Adder port map (A=>S18,B=>C17,S=>P(4),Cout=>C25);
f42 : EightWallace_full_adder port map (A=>A0B5,B=>S19,Cin=>C18,S=>S26,Cout=>C26);
f43 : EightWallace_full_adder port map (A=>A1B5,B=>S20,Cin=>C19,S=>S27,Cout=>C27);
f44 : EightWallace_full_adder port map (A=>A2B5,B=>S21,Cin=>C20,S=>S28,Cout=>C28);
f45 : EightWallace_full_adder port map (A=>A3B5,B=>S22,Cin=>C21,S=>S29,Cout=>C29);
f46 : EightWallace_full_adder port map (A=>A4B5,B=>S23,Cin=>C22,S=>S30,Cout=>C30);
f47 : EightWallace_full_adder port map (A=>A5B5,B=>S24,Cin=>C23,S=>S31,Cout=>C31);
f48 : EightWallace_full_adder port map (A=>A7B4,B=>A6B5,Cin=>C24,S=>S32,Cout=>C32);
--5
h51 : EightWallace_Half_Adder port map (A=>S26,B=>C25,S=>P(5),Cout=>C33);
f52 : EightWallace_full_adder port map (A=>A0B6,B=>S27,Cin=>C26,S=>S34,Cout=>C34);
f53 : EightWallace_full_adder port map (A=>A1B6,B=>S28,Cin=>C27,S=>S35,Cout=>C35);
f54 : EightWallace_full_adder port map (A=>A2B6,B=>S29,Cin=>C28,S=>S36,Cout=>C36);
f55 : EightWallace_full_adder port map (A=>A3B6,B=>S30,Cin=>C29,S=>S37,Cout=>C37);
f56 : EightWallace_full_adder port map (A=>A4B6,B=>S31,Cin=>C30,S=>S38,Cout=>C38);
f57 : EightWallace_full_adder port map (A=>A5B6,B=>S32,Cin=>C31,S=>S39,Cout=>C39);
f58 : EightWallace_full_adder port map (A=>A7B5,B=>A6B6,Cin=>C32,S=>S40,Cout=>C40);
--6
h61 : EightWallace_Half_Adder port map (A=>S34,B=>C33,S=>P(6),Cout=>C41);
f62 : EightWallace_full_adder port map (A=>A0B7,B=>S35,Cin=>C34,S=>S42,Cout=>C42);
f63 : EightWallace_full_adder port map (A=>A1B7,B=>S36,Cin=>C35,S=>S43,Cout=>C43);
f64 : EightWallace_full_adder port map (A=>A2B7,B=>S37,Cin=>C36,S=>S44,Cout=>C44);
f65 : EightWallace_full_adder port map (A=>A3B7,B=>S38,Cin=>C37,S=>S45,Cout=>C45);
f66 : EightWallace_full_adder port map (A=>A4B7,B=>S39,Cin=>C38,S=>S46,Cout=>C46);
f67 : EightWallace_full_adder port map (A=>A5B7,B=>S40,Cin=>C39,S=>S47,Cout=>C47);
f68 : EightWallace_full_adder port map (A=>A7B6,B=>A6B7,Cin=>C40,S=>S48,Cout=>C48);
--7
h71 : EightWallace_Half_Adder port map (A=>S42,B=>C41,S=>P(7),Cout=>C49);
f72 : EightWallace_full_adder port map (A=>S43,B=>C42,Cin=>C49,S=>P(8),Cout=>C50);
f73 : EightWallace_full_adder port map (A=>S44,B=>C43,Cin=>C50,S=>P(9),Cout=>C51);
f74 : EightWallace_full_adder port map (A=>S45,B=>C44,Cin=>C51,S=>P(10),Cout=>C52);
f75 : EightWallace_full_adder port map (A=>S46,B=>C45,Cin=>C52,S=>P(11),Cout=>C53);
f76 : EightWallace_full_adder port map (A=>S47,B=>C46,Cin=>C53,S=>P(12),Cout=>C54);
f77 : EightWallace_full_adder port map (A=>S48,B=>C47,Cin=>C54,S=>P(13),Cout=>C55);
f78 : EightWallace_full_adder port map (A=>A7B7,B=>C48,Cin=>C55,S=>P(14),Cout=>p(15));


end EightByEightWallace;
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