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[bookmark: _Toc156188991]Introduction 
This report will compare, synthesize, and critically evaluate the performance of Braun’s and Wallace Tree multiplying techniques using VHDL. Firstly, a Brauns 8-bit multiplier will be designed capable of multiplying two 8 bit hexadecimal values. Secondly, a Wallace 8x8 Tree Multiplier will be designed, which again is capable of multiplying two 8 bit hexadecimal numbers. These are both array multipliers which are also known as parallel multipliers. In which are designed to perform multiplication of two binary numbers in a parallel fashion. Unlike sequential multipliers that process bits one at a time, array multipliers process multiple bits simultaneously, making them faster for certain applications.
[bookmark: _Toc156188992]Full and Half Adder
A half adder is a basic digital circuit, that adds two single-bit binary numbers. Half adder has two inputs, A and B, representing the two bits that are being inputted. It then produces two outputs, the sum (represented as S) and the carry (represented as C). The sum (S) output is the XOR of A and B and the carry (C) output is the AND of A and B. Below is figure ***** is the truth table for the Half Adder:
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Description automatically generated]A Full adder extends the functionality of the half adder previously described to include the ability to handle a carry input from the previous stage. It was three inputs: A,B and a carry (Cin). It then has two outputs: the sum (S) and the carry out (Cout). The sum (S) output is the XOR of A, B and also the incoming carry (Cin). And finally the carry out (Cout) is generated from the majority function, meaning it is true if two or more of the inputs are true. The truth table for the Full Adder is shown below:








These adders are essential components in the construction of arithmetic circuits and play a crucial role in digital systems for performing addition operations.
[bookmark: _Toc156188993]Full and Half adder VHDL programme code
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Figure 1 shows the full and Half adder VHDL programme code which is essential for both the Brauns multiplier and the Wallace Tree multiplier. First the component ‘fulladder’ was introduced, then each of the ports has been identified. Inputs being A, B Cin, and the outputs being S and Cout. Similarly to the Full adder, the component ‘halfadder’ was introduced, then each of the ports has been identified. Inputs being just A and B, and the outputs being S and Cout. 
[bookmark: _Toc156188994]Brauns Multiplier
The 8x8 Brauns Multiplier, a specialized digital circuit designed for the multiplication of two 8-bit binary numbers. Brauns multiplier architecture is part of the broader family of array multipliers, known for their parallel processing capabilities as well as their optimization of carries during intermediate additions making them fast and efficient.
[bookmark: _Toc156188995]Multiplication Process
The multiplication process begins with the generation of 64 partial products, by multiplying each bit of the 8-bit multiplicand with each bit of the 8-bit multiplier. Each partial product is represented in a carry-save format, comprising three components: Partial Product, Generate, and Sum.
· Partial Product represents the product of the corresponding bits.
· Generate, is the carry in which has been generated by the multiplications.
· Sum represents the sum of the corresponding bits.
Carry-save adders are employed to efficiently add the partial products in parallel. These adders take three inputs (P, G, S) and produce two outputs (Sum and Carry). The final addition stage involves the combination of the carry-save sums to obtain the final 16-bit product. A conventional adder is typically used for this purpose.
The 8x8 Carry-Save Array Multiplier generates 64 partial products by performing bitwise multiplications between the bits of the multiplicand and multiplier. Each partial product is represented in the carry-save format, allowing for a more efficient reduction process by minimizing carry propagation. Carry-save adders are utilized to add the partial products in parallel. The carry-save format optimizes this addition process, reducing delays associated with carry propagation. The final addition stage combines the results of the carry-save addition to obtain the 16-bit final product. The carry-out from the lower 8 bits is added to the higher 8 bits to complete the multiplication process.

[bookmark: _Toc156188996]Advantages of the 8x8 Brauns Multiplier 
One advantage of the Brauns multipliers is that the architecture allows for the parallel processing of partial products, this then enhances the overall speed of multiplication which is the sole purpose of these multipliers. In addition to this the carry-save format minimises carry propagation delays, resulting in improved efficiency. Finally, carry-save array multipliers tend to be area efficient, making them suitable for hardware implementation in integrated circuits.
[bookmark: _Toc156188997]Disadvantages of the 8x8 Brauns Multiplier
However, some of the disadvantages of the Brauns Multiplier is that the design and implementation can be more complex than simpler multiplier architectures. While carry-save multipliers offer advantages in speed and efficiency, considerations about power consumption are essential, especially in applications with stringent power constraints. Another disadvantage of Brauns multiplier is that the choice of technology is important. Technology such as CMOS or other semiconductor technologies can have an impact in the overall performance and characteristics of the multiplier.
[bookmark: _Toc156188998]Applications of the Brauns Multiplier
Some applications of Brauns Multiplier include within Digital Signalling processing. DSP often requires high speed multiplication operations making the Brauns multiplier suitable for tasks like filtering and convolution. Another application of Brauns multiplier is within Graphics Processing Units (GPUs). The reason they are used is because the efficient multiplication capabilities contribute to the execution of complex graphics algorithms. Finally, applications within cryptographic operations. The speed and efficiency are advantageous in cryptographic operations that involve extensive arithmetic computations.
[bookmark: _Toc156188999]Brauns 8x8 multiplier Flowchart
[image: A diagram of a diagram
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Figure 2 shows 8x8 Brauns multiplier structure showing the multiplication process of two 8-bit binary numbers. The two bit binary numbers go through this process and the answer to the multiplication sum is delivered at stage ‘P15’. 
[bookmark: _Toc156189000]Brauns 8x8 Critical Path
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Figure 3


The critical path in a Brauns Multiplier typically involves the path form the inputs, which are referred to as partial products, to the root of the binary tree. Figure 3 shows the critical path within a 8x8 Brauns Multiplier. This path shows multiple levels of parallel additions and the critical path delay is influenced by a few factors such as parallel Adder delays. Another factor is carry propagation and finally the technology used as well as the gate delays. The calculations in order to work out the critical path of the Brauns 8x8 designed in figure 3 is shown below:
Brauns = 1 AND gate 20 Adders
	(1v1) + (2x20) = 41ns

[bookmark: _Toc156189001]Simulation Test for Brauns Multiplier
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[bookmark: _Toc156189002]Brauns I/O Port Package
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The I/O ports of a Brauns Multiplier facilitates the flow of data that goes in, the multiplication operation that takes place and the result that is retrieved from the output port. Data widths, clocking and control signals, may very depending on the implementation and design of the circuit. 

[bookmark: _Toc156189003]Synthesis Design Process
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Figure 6


Figure 6 shows the synthesis design process, which ensures that the Braun 8x8 Multiplier is efficiently translated from a high-level description, to a detailed netlist, which is then ready for physical implementation and integration into digital systems.
[bookmark: _Toc156189004]Wallace Tree Multiplier
The Wallace Tree 8x8 Multiplier is a specialized hardware component designed for multiplication of two 8-bit binary numbers. It belongs to a group or multipliers, called array multipliers and inventor of the Wallace tree multiplier was C. S. Wallace [1]. Advantages of this multiplier architecture is the  speed and efficiency in which it operates, making it a popular choice in digital signal processing applications and other areas where multiplication is a frequently performed operation.
The Wallace Tree multiplier is particularly well-suited for parallel processing, which is a mode of operation in which a process is split into parts, which are executed simultaneously on different processors attached to the same computer [2], as it breaks down the multiplication process into several stages. The 8x8 multiplier specifically refers to its capability to handle two 8-bit binary numbers, producing a 16-bit product. [3]
[bookmark: _Toc156189005]Multiplication Process:
The multiplication process in the Wallace Tree 8x8 Multiplier is divided into three main stages: partial product generation, reduction tree, and final addition. This approach is responsible for the fast computation compared to the traditional sequential multipliers and is the reason why 8x8 wallace multipliers are used. [4]
For two 8-bit binary numbers, 64 partial products are generated. Each partial product corresponds to the multiplication of a pair of bits from the multiplicand and the multiplier. These partial products are grouped into three sets: full products, half products, and quarter products.
The reduction tree stage involves the grouping and summation of partial products. Full products are directly added, half products are first combined pairwise, and quarter products undergo a more complex reduction process. The reduction tree efficiently reduces the number of intermediate products, leading to a more compact representation of the final result.
[bookmark: _Toc156189006]Structure of 8x8 Wallace Tree multiplier
The Wallace Tree structure is characterized by its ability to merge adjacent partial products, reducing the overall number of additions required. This reduction is achieved by a process called "reduction by three," where three adjacent partial products are combined into two, optimizing the addition stage.
[image: Reduction in 8X8 Wallace Tree Multiplier | Download Scientific Diagram]Figure 7  [10]








[bookmark: _Toc156189007]Advantages
One of the primary advantages of the Wallace Tree 8x8 Multiplier is its inherent parallelism. By breaking down the multiplication process into multiple stages and utilizing a reduction tree, it allows for simultaneous processing of multiple partial products. This results in faster computation times, making it suitable for applications where speed is critical.
In addition to speed benefits, the Wallace Tree 8x8 Multiplier offers advantages in terms of area efficiency. The reduction in the number of full adders and the optimization of partial product reduction contribute to a more compact hardware implementation compared to some other multiplier architectures.
[bookmark: _Toc156189008]Disadvantages
While the Wallace Tree 8x8 Multiplier excels in terms of speed and area efficiency, it's essential to consider trade-offs. The complexity of the reduction tree and the need for additional hardware for partial product generation may lead to increased power consumption in some cases. Engineers and designers must carefully evaluate the specific requirements of their applications to determine if the Wallace Tree architecture is the most suitable choice.
[bookmark: _Toc156189009]Applications
The Wallace Tree 8x8 Multiplier finds applications in various domains, including digital signal processing (DSP), image processing, communications, and arithmetic units in processors. Its efficiency in handling parallel computations makes it well-suited for real-time applications where high-speed multiplication is essential.
[bookmark: _Toc156189010]Wallace 8x8 multiplier Flowchart
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Figure 8 shows the flowchart for the structure of an 8x8 Wallace multiplier. A Wallace multiplier has a range of products ranging from ‘P0’ to ‘P15’. This diagram of the Wallace tree multiplier shows that the signals go directly down and carry from each full adder goes down and left once. The flow of the diagram shows how it progressively progresses down until it reaches ‘P15’ where at that stage will be the final answer. 
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Figure 9


In an 8x8 Wallace Tree multiplier, the critical path is the route through the circuit that experiences the longest delay. The partial product reduction stage and the final addition stage is involved within this path and is the reason for the longest delay. The delay along this path is influenced by the technology used, gate delays and the type of adder structure within the final stage of the process. Figure 9 above showcases the Wallace critical path highlighted in red. The calculations showing how long this designs delay is, is shown below:
Wallace = 1 AND gate + 15 Adders
	(1x1) + (2x15) = 41ns
[bookmark: _Toc156189012]Simulation Test
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Figure 10

Figure 10 shows the simulation test of the Wallace 8x8 multiplier. This simulation shows the multiplication of 2 x 3 and then showing the answer of 6 which is correct proving the simulation is performing as intended. This multiplication was done by forcing clock to be 1-0 on both A and B so they are in the correct timing and then forcing constant, A to be 2 and for B to be 3 then the multiplication process is carried out by the Wallace 8x8 multiplier and showcased by P15. P 15 can be seen in the Wallace flowchart.
[bookmark: _Toc156189013]Simulation Test A x C
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Figure 11


Figure 11 is again a simulation test for the Wallace 8x8 multiplier showing that A x C gives the correct result of 78. Similarly, to the previous test the clock for both A and B was forced to 1-0, ensuring correct timing but this time A constant was forced at a and B constant was forced at c. P15 then showing the correct answer of 78. 
[bookmark: _Toc156189014]Wallace I/O Port Package
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[bookmark: _Toc156189015]Wallace Tree Multiplier Synthesized Design
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Figure 13

The synthesized design represents the physical implementation of the 8x8 Wallace Multiplier. The synthesis step is crucial in translating the abstract design into an efficient and practical hardware realization.

[bookmark: _Toc156189016]Performance and Comparison of both Multipliers
[bookmark: _Toc156189017]Brauns 8x8 Critical Path
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Figure 14

The critical path in a Brauns Multiplier typically involves the path form the inputs, which are referred to as partial products, to the root of the binary tree. Figure 14 shows the critical path within a 8x8 Brauns Multiplier. This path shows multiple levels of parallel additions and the critical path delay is influenced by a few factors such as parallel Adder delays. Another factor is carry propagation and finally the technology used as well as the gate delays. The calculations in order to work out the critical path of the Brauns 8x8 designed in figure 14 is shown below:
Brauns = 1 AND gate 20 Adders
	(1v1) + (2x20) = 41ns

[bookmark: _Toc156189018]Wallace Critical Path
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In an 8x8 Wallace Tree multiplier, the critical path is the route through the circuit that experiences the longest delay. The partial product reduction stage and the final addition stage is involved within this path and is the reason for the longest delay. The delay along this path is influenced by the technology used, gate delays and the type of adder structure within the final stage of the process. Figure 15 above showcases the Wallace critical path highlighted in red. The calculations showing how long this designs delay is, is shown below:
Wallace = 1 AND gate + 15 Adders
	(1x1) + (2x15) = 41ns
The Critical Path timings for the Wallace and Brauns multiplier both equal 41ns.

[bookmark: _Toc156189019]Simulation Procedure
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Figure 16


Step one of the simulation procedure is to ‘Run Behavioural Simulation’, which show the simulation as well as the input for A and B, along with the output (answer to the multiplication). In order for the timing to be in sync, must force clock on the inputs, figure 16 shows them both being set to leading edge value 1 and timing edge value 0.
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Figure 17 shows the Force Constant of A being set to a hexadecimal value of 3. Similarly this was done to input B.


[bookmark: _Toc156189020] Simulation Results
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Figure 18


Figure 18 now shows the simulation results, showcasing that 3 multiplied with 2 equals 6. Additionally, the green lines within the simulation show there is no errors within the code. 
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Within the specification its specified that a multiplication of a x c in hexadecimal must be completed. Figure 19 shows this multiplication and shows the output P(15) is correct and showing the correct answer of 78.
[bookmark: _Toc156189021]Schematic of Brauns
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[bookmark: _Toc156189022]Schematic of Wallace Tree
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Figure 22
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	Figure 23 shows the max delay for every process. The red circled value is the highest value therefore corresponds to the critical path timing.



Figure 23

[bookmark: _Toc156189023]Comparison of Brauns and Wallace Multiplier
[bookmark: _Toc156189024]Brauns Timing Summary
[image: A screenshot of a computer

Description automatically generated]Figure 24




[bookmark: _Toc156189025]
Wallace Timing Summary 
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From the design timing summary within the software, its shown that for the Brauns has a ‘Worst Negative Slack’ of 6.118ns. ‘Worst Negative Slack’ refers to the critical path with the highest delay margin below the required timing constraints. it signifies the path with the most significant timing violation, which if too high, can potentially lead to performance issues. 
However the Wallace Multiplier has a WNS of 2.707ns, implying that the Wallace Tree Multiplier is faster than Brauns. 
[bookmark: _Toc156189026]Implementation Report Brauns
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Implementation Report Wallace
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Figure 27

An implementation report for the multipliers provides a comprehensive documentation of the design, construction, and performance of the multiplier circuit. It presents performance metrics such as throughput, area efficiency, power consumption, and clock frequency. For example if the worst negative slack is 0ns, there is no signal missing the timing. If the worst negative slack is a positive value such as 6ns, then this implies the signal is arriving early meaning it is wasting area and power by being unnecessarily fast. On the other hand, if the worst negative slack is a negative value such as -2ns, then the signal is arriving late. 
[bookmark: _Toc156189028]Power Consumption Brauns
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Figure 28


[bookmark: _Toc156189029]Power Consumption Wallace
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Figure 28 and 29 show the comparison of the power consumption between Brauns and Wallace Multiplier. It shows that Brauns uses more power, 0.08W compared to Wallace which uses 0.079. Close results were expected as the calculations made for the critical paths on the design structure were identical.
[bookmark: _Toc156189030]Potential Improvements

· One potential improvement could be to replace the traditional adders with faster parallel-prefix adders (like Brent-Kung or Kogge-Stone) for the final addition stage. This can improve the overall speed of the multiplier. [5]
· Implement Booth encoding for the multiplier to reduce the number of partial product rows generated. Booth encoding helps in compressing consecutive identical multiplier bits into a single operation, reducing the number of partial products. [6]
· Consider low-power design techniques, such as clock gating and power gating, to reduce power consumption. This is particularly important in applications where power efficiency is a critical concern. [7]
· If feasible, consider implementing the Wallace 8x8 multiplier in a more advanced semiconductor technology node. Smaller transistor sizes can lead to reduced area and improved performance. [8]
· Optimize the layout and use advanced synthesis tools to minimize the physical area occupied by the multiplier. This can be essential for applications with tight space constraints. [9]
· Depending on the application requirements, you might explore the inclusion of error correction codes to enhance the reliability of the multiplier. [10]
· Implement Testing strategies. Verification is crucial, especially in complex designs.
When making improvements to a multiplier, it's essential to consider the specific requirements of the application and the trade-offs between speed, area, and power consumption. The choice of improvement strategies will depend on the targeted goals and constraints.














[bookmark: _Toc156189031]VHDL Code for Brauns 8x8 Multiplier
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

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

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

entity 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

component FullAdder is
    Port ( A : in STD_LOGIC;
           B : in STD_LOGIC;
           Cin : in STD_LOGIC;
           S : out STD_LOGIC;
           Cout : out STD_LOGIC);
end component;

component HalfAdder is
    Port ( A : in STD_LOGIC;
           B : in STD_LOGIC;
           S : out STD_LOGIC;
           Cout : out STD_LOGIC);
end component;

--signals

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

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

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

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

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

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

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

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

signal C1 : std_logic;
signal S2 : std_logic; 

signal C2 : std_logic; 
signal S3 : std_logic;
signal C9 : std_logic;
signal S10: std_logic;

signal C3: std_logic;---P4
signal S4: std_logic;
signal C10: std_logic;
signal S11: std_logic;
signal C17: std_logic;
signal S18: std_logic;

signal C4: std_logic;---P5
signal S5: std_logic;
signal C11: std_logic;
signal S12: std_logic;
signal C18: std_logic;
signal S19: std_logic;
signal C25: std_logic;
signal S26: std_logic;

signal C5: std_logic;---P6
signal S6: std_logic;
signal C12: std_logic;
signal S13: std_logic;
signal C19: std_logic;
signal S20: std_logic;
signal C26: std_logic;
signal S27: std_logic;
signal C33: std_logic;
signal S34: std_logic;

signal C6: std_logic;---P7 
signal S7: std_logic;
signal C13: std_logic;
signal S14: std_logic;
signal C20: std_logic;
signal S21: std_logic;
signal C27: std_logic;
signal S28: std_logic;
signal C34: std_logic;
signal S35: std_logic;
signal C41: std_logic;
signal S42: std_logic;

signal C7: std_logic;---P8
signal S8: std_logic;
signal C14: std_logic;
signal S15: std_logic;
signal C21: std_logic;
signal S22: std_logic;
signal C28: std_logic;
signal S29: std_logic;
signal C35: std_logic;
signal S36: std_logic;
signal C42: std_logic;
signal S43: std_logic;
signal C49: std_logic;

signal C8: std_logic;---P9
signal C15: std_logic;
signal S16: std_logic;
signal C22: std_logic;
signal S23: std_logic;
signal C29: std_logic;
signal S30: std_logic;
signal C36: std_logic;
signal S37: std_logic;
signal C43: std_logic;
signal S44: std_logic;
signal C50: std_logic;

signal C16: std_logic;---P10
signal C23: std_logic;
signal S24: std_logic;
signal C30: std_logic;
signal S31: std_logic;
signal C37: std_logic;
signal S38: std_logic;
signal C44: std_logic;
signal S45: std_logic;
signal C51: std_logic;

signal C24: std_logic;---P11
signal C31: std_logic;
signal S32: std_logic;
signal C38: std_logic;
signal S39: std_logic;
signal C45: std_logic;
signal S46: std_logic;
signal C52: std_logic;

signal C32: std_logic;---P12
signal C39: std_logic;
signal S40: std_logic;
signal C46: std_logic;
signal S47: std_logic;
signal C53: std_logic;

signal C40: std_logic;---P13
signal C47: std_logic;
signal S48: std_logic;
signal C54: std_logic;

signal C48: std_logic;---P14
signal C55: std_logic;

signal C56: std_logic;---P15

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);

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

--stage 1
P1 : HalfAdder port map (A1B0,A0B1,P(1),C1);

--stage 2
S2_1: FullAdder port map (A2B0,A1B1,C1,S2,C2);
P2 : HalfAdder port map(A0B2,S2,P(2),C9);

--stage 3
S3_1 : FullAdder port map (A3B0,A2B1,C2,S3,C3);
S10_1 : FullAdder port map (A1B2,S3,C9,S10,C10);
P3 : Halfadder port map (A0B3,S10,P(3),C17);

--stage 4
S4_1 : FullAdder port map (A4B0,A3B1,C3,S4,C4);
S11_1 : FullAdder port map (A2B2,S4,C10,S11,C11);
S18_1 : FullAdder port map (A1B3,S11,C17,S18,C18);
P4 : Halfadder port map (A0B4,S18,P(4),C25);

--stage 5
S5_1 : FullAdder port map (A5B0,A4B1,C4,S5,C5);
S12_1 : FullAdder port map (A3B2,S5,C11,S12,C12);
S19_1 : FullAdder port map (A2B3,S12,C18,S19,C19);
S26_1 : FullAdder port map (A1B4,S19,C25,S26,C26);
P5 : Halfadder port map (A0B5,S26,P(5),C33);

--stage 6
S6_1 : FullAdder port map (A6B0,A5B1,C5,S6,C6);
S13_1 : FullAdder port map (A4B2,S6,C12,S13,C13);
S20_1 : FullAdder port map (A3B3,S13,C19,S20,C20);
S27_1 : FullAdder port map (A2B4,S20,C26,S27,C27);
S34_1 : FullAdder port map (A1B5,S27,C33,S34,C34);
P6 : Halfadder port map (A0B6,S34,P(6),C41);

--stage 7
S7_1 : FullAdder port map (A7B0,A6B1,C6,S7,C7);
S14_1 : FullAdder port map (A5B2,S7,C13,S14,C14);
S21_1 : FullAdder port map (A4B3,S14,C20,S21,C21);
S28_1 : FullAdder port map (A3B4,S21,C27,S28,C28);
S35_1 : FullAdder port map (A2B5,S28,C34,S35,C35);
S42_1 : FullAdder port map (A1B6,S35,C41,S42,C42);
P7 : Halfadder port map (A0B7,S42,P(7),C49);

--stage 8
S8_1 :  HalfAdder port map (A7B1,C7,S8,C8);
s15_1 : FullAdder port map (A6B2,S8,C14,S15,C15);
S22_1 : FullAdder port map (A5B3,S15,C21,S22,C22);
S29_1 : FullAdder port map (A4B4,S22,C28,S29,C29);
S36_1 : FullAdder port map (A3B5,S29,C35,S36,C36);
S43_1 : FullAdder port map (A2B6,S36,C42,S43,C43);
P8 :    FullAdder port map (A1B7,S43,C49,P(8),C50);

--stage 9
S16_1 : FullAdder port map (A7B2,C8,C15,S16,C16);
S23_1 : FullAdder port map (A6B3,S16,C22,S23,C23);
S30_1 : FullAdder port map (A5B4,S23,C29,S30,C30);
S37_1 : FullAdder port map (A4B5,S30,C36,S37,C37);
S44_1 : FullAdder port map (A3B6,S37,C43,S44,C44);
P9 : Fulladder port map (A2B7,S44,C50,P(9),C51);

--stage 10
S24_1 : FullAdder port map (A7B3,C16,C23,S24,C24);
S31_1 : FullAdder port map (A6B4,S24,C30,S31,C31);
S38_1 : FullAdder port map (A5B5,S31,C37,S38,C38);
S45_1 : FullAdder port map (A4B6,S38,C44,S45,C45);
P10 : Fulladder port map (A3B7,S45,C51,P(10),C52);

--stage 11
S32_1 : FullAdder port map (A7B4,C24,C31,S32,C32);
S39_1 : FullAdder port map (A6B5,S32,C38,S39,C39);
S46_1 : FullAdder port map (A5B6,S39,C45,S46,C46);
P11 : Fulladder port map (A4B7,S46,C52,P(11),C53);

--stage 12
S40_1 : FullAdder port map (A7B5,C32,C39,S40,C40);
S47_1 : FullAdder port map (A6B6,S40,C46,S47,C47);
P12 : Fulladder port map (A5B7,S47,C53,P(12),C54);

--stage 13
S48_1 : FullAdder port map (A7B6,C40,C47,S48,C48);
P13 : Fulladder port map (A6B7,S48,C54,P(13),C55);

--stage 14
P14 : Fulladder port map (A7B7,C48,C55,P(14),C56);

--stage 15
P15 : P(15) <= C56;
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library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

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

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

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

architecture Behavioral of wallace is

component fulladder is 
        Port ( A : in STD_LOGIC; 
               B : in STD_LOGIC; 
             Cin : in STD_LOGIC;  
             S : out STD_LOGIC;   
            Cout : out STD_LOGIC);
end component; 
 
 Component halfadder is
        Port ( A : in STD_LOGIC;
               B : in STD_LOGIC;
             S : out STD_LOGIC;
            Cout : out STD_LOGIC);
end component;
  
 signal S2,S3,S4,S5,S6,S7,S8,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 A0B0 : 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
A0B0 <= A(0)and B(0);
A1B0 <= A(1)and B(0);
A2B0 <= A(2)and B(0);
A3B0 <= A(3)and B(0);
A4B0 <= A(4)and B(0);
A5B0 <= A(5)and B(0);
A6B0 <= A(6)and B(0);
A7B0 <= A(7)and B(0);

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

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

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

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

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

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

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



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


--Second stage
ha11: halfadder port map(A1B0,A0B1,P(1),C1);
fa12: fulladder port map(A2B0,A1B1,A0B2,S2,C2);
fa13: fulladder port map(A3B0,A2B1,A1B2,S3,C3);
fa14: fulladder port map(A4B0,A3B1,A2B2,S4,C4);
fa15: fulladder port map(A5B0,A4B1,A3B2,S5,C5);
fa16: fulladder port map(A6B0,A5B1,A4B2,S6,C6);
fa17: fulladder port map(A7B0,A6B1,A5B2,S7,C7);
fa18: halfadder port map(A7B1,A6B2,S8,C8);

--Third stage
ha21: halfadder port map(S2,C1,P(2),C9);
fa22: fulladder port map(A0B3,S3,C2,S10,C10);
fa23: fulladder port map(A1B3,S4,C3,S11,C11);
fa24: fulladder port map(A2B3,S5,C4,S12,C12);
fa25: fulladder port map(A3B3,S6,C5,S13,C13);
fa26: fulladder port map(A4B3,S6,C6,S14,C14);
fa27: fulladder port map(A5B3,S6,C7,S15,C15);
fa28: fulladder port map(A6B3,A7B2,C8,S16,C16);

--Fourth stage
ha31: halfadder port map(S10,C9,P(3),C17);
fa32: fulladder port map(A0B4,S11,C10,S18,C18);
fa33: fulladder port map(A1B4,S12,C11,S19,C19);
fa34: fulladder port map(A2B4,S13,C12,S20,C20);
fa35: fulladder port map(A3B4,S14,C13,S21,C21);
fa36: fulladder port map(A4B4,S15,C14,S22,C22);
fa37: fulladder port map(A5B4,S16,C15,S23,C23);
fa38: fulladder port map(A6B4,A7B3,C16,S24,C24);

--Fifth stage 
ha41: halfadder port map(S18,C17,P(4),C25);
fa42: fulladder port map(A0B5,S19,C18,S26,C26);
fa43: fulladder port map(A1B5,S20,C19,S27,C27);
fa44: fulladder port map(A2B5,S21,C20,S28,C28);
fa45: fulladder port map(A3B5,S22,C21,S29,C29);
fa46: fulladder port map(A4B5,S23,C22,S30,C30);
fa47: fulladder port map(A5B5,S24,C23,S31,C31);
fa48: fulladder port map(A6B5,A7B4,C24,S32,C32);

--Sixth stage
ha51: halfadder port map(S26,C25,P(5),C33);
fa52: fulladder port map(A0B6,S27,C26,S34,C34);
fa53: fulladder port map(A1B6,S28,C27,S35,C35);
fa54: fulladder port map(A2B6,S29,C28,S36,C36);
fa55: fulladder port map(A3B6,S30,C29,S37,C37);
fa56: fulladder port map(A4B6,S31,C30,S38,C38);
fa57: fulladder port map(A5B6,S32,C31,S39,C39);
fa58: fulladder port map(A6B6,A7B5,C32,S40,C40);

--Seventh stage
ha61: halfadder port map(S34,C33,P(6),C41);
fa62: fulladder port map(A0B7,S35,C34,S42,C42);
fa63: fulladder port map(A1B7,S36,C35,S43,C43);
fa64: fulladder port map(A2B7,S37,C36,S44,C44);
fa65: fulladder port map(A3B7,S38,C37,S45,C45);
fa66: fulladder port map(A4B7,S39,C38,S46,C46);
fa67: fulladder port map(A5B7,S40,C39,S47,C47);
fa68: fulladder port map(A6B7,A7B6,C40,S48,C48);

--Eigth stage
ha71: halfadder port map(S42,C41,C49,P(7));
fa72: fulladder port map(S43,C42,C49,C50,P(8));
fa73: fulladder port map(S44,C43,C50,C51,P(9));
fa74: fulladder port map(S45,C44,C51,C52,P(10));
fa75: fulladder port map(S46,C45,C52,C53,P(11));
fa76: fulladder port map(S47,C46,C53,C54,P(12));
fa77: fulladder port map(S48,C47,C54,C55,P(13));
fa78: fulladder port map(A7B7,C48,C55,P(14),P(15));

end Behavioral;
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) entity wallace is
Bort (A : in STD_LDGIC VECTOR (7 downto 0);
5 : in STD_LOGIC VECTOR (7 downto 0);
® : out STD_LOGIC VECTOR (15 downto 0));
) end wallace;

) architecture Behavioral of wallace is

) component fulladder is
Port (A : in STD_LOGIC;
B : in STD_LOGIC;
Cin : in STD_LOGIC:
5 : out STO_LOGIC;
Cout : our STD_LOGIC);
) end component

) Component halfadder is
Port (A : in STO_LOGIC;
5 : in STD_LOGIC
5 : out STO_LOGIC;
Cout : out STD_LOGIC)
) end component;
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