	
	
	



[image: ]






B.Eng. (Hons) in Embedded Electronic Systems

ELECTRONICS II

Module: ACDA6001

Sean Upton 2410530

Word count 2641


[bookmark: _Toc446137934]Abstract

This report investigates two binary multipliers, the Wallace tree and the Brauns multiplayer. Comparing the differences between the different architectures. Both multipliers are 8x8 meaning that they can multiply two 8-bit values to create a 16-bit output. The architecture consists of AND gates with full and half adder.
For this VHDL and FPGA is used during the implementation. The study is to look at a multitude of factors including power consumption, processing speed and rescores usage. By comparing the designs, the key differences in the types of architecture are identified, this highlights the benefits of each type of multiplier for different scenarios.                   
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[bookmark: _Toc104862067]Introduction 

Multiplication is an essential part of digital electronics, it is necessary in signal processing, image processing and VLSI systems [1]. This is why the architecture of the multiplayer is a necessary consideration, as it will determine the performance of the product. It is important that the design is optimised to allow the product to have high speed and a low power consumption. 
The report focusses on two types of multiplayers, the Brauns multiplayer and the Wallace tree multiplayer. Although they both arrive at the same conclusion when it comes to multiplication, the way in which they do this differs. These differences can be seen in the performance of the multiplayers. The Brauns multiplayer is considered to be the simpler to implement of the two whereas the Wallace tree is considered to be faster [2]. This is to be analysed from the implementation using the VHDL software. 
Using this software, the two multipliers will be simulated, this will allow insights into the timing constants, utilization and power consumption. These readings will be taken for both and analysed to give strength and limitations of both multiplayers.




[bookmark: _Toc841947859]Background research

[bookmark: _Toc1432692991]Brauns and Wallace tree 

Both multipliers were designed around the 1960s, the Wallace tree multiplier being the first with the Brauns to follow [3]. The Bruns was developed to offer a simpler design and ease of implementation. More recent developments focus on improving speed and reducing power consumption. The tree-based structures reduce delays by processing partial products in parallel rather than individually, this is the Wallace tree. The Brauns multiplier is an array multiplier, processing partial products row by row unlike the tree. This makes them simpler and easy to design.
There are key differences between both multiplayers.  When looking at speed the Brauns is slower than the Wallce tree due to its simplistic architecture Brauns is slower. With that the Wallace tree is a come complex design so can take longer when in the design stage. This will result in the Brauns using more power and increased hardware usage. [4]
[bookmark: _Toc767830033]Innovations 
[bookmark: _Int_rGSXAmH5]Modern multiplayers offer more of a hybrid of the tree structure and the array. Taking features from both in an attempt to combine the speed of the tree and the simplices of the array. [5]
Research into multipliers focus on improving speed, efficiency and hardware utilization. Multipliers are used in various systems such as signal processing and artificial intelligence. A multiplier that is now widely used is the Vedic multiplier. This method reduces delays and power consumption. There are also the Approximate multipliers. This have proved to be less accurate than other multiplier but have major improvements in speed and efficiency [6].
The software to be used to implement and simulate the multipliers is Vivado. The software allows for the VHDL code to be written and can be installed into the Basys FPGA hardware.




[bookmark: _Toc1476743495]Applications and advantages of multipliers

The use of multipliers is fundamental for digital systems; they offer a range of applications sue to their ability for fast and reliable multiplication [7]. The most prominent areas being in signal processing such as filtering and audio processing. They are used in computers for executing instructions and impact the machines overall performance. Communication systems utilize multipliers for encoding and data transmitting. 
Modern technology realises on the use if multipliers. Their ability to perform at high speeds is necessary as it reduces the processing time. This is why the Wallace tree is better than the Brauns and is more common in complex systems. There is an advantage to there being many different types of architecture that can be used as the multiplier can be tailored to the desired use, if delays are not much of a concern for a simple system it may be more appropriate to use the Brauns or Approximate. They can also be scaled to handle different bit sizes meaning they can be used in simple project up to large complex systems.
More recently they are being used in artificial intelligence. AI relies on multipliers to prosses data, in neural networks there is constant data that needs to be processed to give an output in real time, due to this there needs to be an efficient multiplier with minimal delay [8].



[bookmark: _Toc348486395]flowchart/pseudocode showing the system operation.

The use of the flow chart and pseudocode is used to clearly demonstrate the sequence of operations and a simple overview of the system. Allowing for readers with a non-technical background to easier engage with the system.
[bookmark: _Toc1718687078]Flowchart 
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[bookmark: _Toc227330151]Figure 1 Brauns (left) and Wallace flow chart (right)
[bookmark: _Toc2080874064]Brauns code 
-Start
-Load A, Load B
-Generate partial products using AND gates
-Shift partial products based on position
-Add all partial products using array of adders
-Output 16-bit product
-End

[bookmark: _Toc1594343987]Wallace tree code
-Start
-Load A, Load B
-Generate partial products using AND gates
-Group partial products and reduce them using adders
-Repeat reduction until only 2 rows remain
-Add final 2 rows
-Output final 16-bit product
-End


[bookmark: _Toc1371362419]Methodologies explaining the design process

Both multipliers were designed using Xilin Vivado. Both implement half adder and full adders, this also needed to be designed so that they could be used in the implementation. 
[bookmark: _Toc268395822]Full adder 
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[bookmark: _Toc227330152]Figure 2 full adder code
[bookmark: _Toc750011968]Half adder
[image: ]
[bookmark: _Toc227330153]Figure 3 half adder code
A diagram is created which is utilised when designing. These then allow an easy reference when writing the code. It allows you to see the combinations of the input, sum, and the carries.

[bookmark: _Toc1268929515]Brauns
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[bookmark: _Toc227330154]Figure 4 Brauns table 

[bookmark: _Toc1372702370]Wallace
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[bookmark: _Toc227330155]Figure 5 Wallace table 
After both multipliers are complete simulation are done to test if they are given the correct results, the simulation is conducted using Vivado, the code is then uploaded to the Basys 3 board for hardware testing.
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[bookmark: _Toc227330156]Figure 6 methodology simulation 
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[bookmark: _Toc227330157]Figure 7 methodology hardware test 



[bookmark: _Toc923777573]Multipliers Block Diagram and Algorithms. 
To understand how both multipliers work the use of diagrams allows a representation of how it works. The structed then allows for accurate 8x8 multiplication.
[bookmark: _Toc1967466409]Brauns block diagram 
The Brauns uses AND gates alongside full and half adders. It is designed in an array structure. The half adders having two inputs and two outputs. The sum and the carry outputs are then used as inputs for further adders which will result in the multiplication of the 8-bit signals to 16 bits. This design is simpler to understand and design, but as a result of this it is slower.
[image: ]
[bookmark: _Toc227330158]Figure 8 Brauns block diagram


[bookmark: _Toc1258078591]Wallace tree block diagram 
The Wallace tree is the faster of the two architectures; it achieves this by using parallel processing. This is adding multiple stages at once reducing partial products.
[image: ]
[bookmark: _Toc227330159]Figure 9 Wallace tree diagram 




[bookmark: _Toc1203292227]VHDL Codes (In Appendix Words are not countable for coding’s)

Both multipliers are designed using VHDL and utilize the half adder and the full adder, they then use their own specific architecture which code must be written and will be shown the appendix 




[bookmark: _Toc1822617398]Timing diagrams and schematics of the designs 

[bookmark: _Toc529855506]Timing and schematic of Brauns 
[bookmark: _Toc1120043008]Brauns longest path
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[bookmark: _Toc227330160]Figure 10 Brauns longest path 
Once the longest path is identified the longest delay can be calculated. The multiplier is made up of AND gates, full adders and half adders. In the longest path there is 20 full/half adders and one and gate. The delay for an and gate is given to be 1ns and the delays for the adders in 2ns. Using this the delay can be calculated as 
  
[image: ]
[bookmark: _Toc227330161]Figure 11 Brauns longest delay 
When doing the synthesis, the worst negative slack is 25.084ns but when implementing the design, it gives a worst negative slack of 18.521ns.

[bookmark: _Toc15093802]Brauns synthesis
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[bookmark: _Toc227330162][bookmark: _Hlk227329107]Figure 12 Brauns synthesised worst negative slack 
[bookmark: _Toc1858463808]Brauns implementation 
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[bookmark: _Toc227330163]Figure 13 Brauns implemented worst negative slack
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[bookmark: _Toc227330164]Figure 14 Brauns schematic
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[bookmark: _Toc227330165]Figure 15 Brauns RTL design
[bookmark: _Toc1666915662]Timing and schematic of Wallace

[bookmark: _Toc1030226124]Wallace tree longest path 
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[bookmark: _Toc227330166]Figure 16 Wallace tree longest path 
For the Wallace tree there are 14 adder stages, using this we can do the same calculation to find the longest delay.
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[bookmark: _Toc227330167]Figure 17 Wallace tree longest delay 
[bookmark: _Toc611819216]Wallace tree synthesis 
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[bookmark: _Toc227330168]Figure 18 Wallace tree synthesised worst negative slack
[bookmark: _Toc1161170240]Wallace tree implementation 
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[bookmark: _Toc227330169]Figure 19 Wallace tree implemented worst negative slack
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[bookmark: _Toc227330170]Figure 20 Wallace tree schematic 
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[bookmark: _Toc227330171]Figure 21 Wallace tree RTL design
From this it can be seen that the longest delays are higher for the Brauns, meaning that the Wallace tree is faster. This is the result that was to be expected. 



[bookmark: _Toc1525743310]FGGA Design Screen dumps with Pin allocation.

One the multipliers have been implemented a floorplan and interconnection layout are generated. This allows in incite to the internals of the hardware architecture.   
[bookmark: _Toc1028778004]Brauns FGGA
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[bookmark: _Toc227330172]Figure 22 Brauns floor plan 
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[bookmark: _Toc227330173]Figure 23 Brauns interconnection layout
[bookmark: _Toc915201287]Wallace FGGA 
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[bookmark: _Toc227330174]Figure 24 Wallace floor plan 
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[bookmark: _Toc227330175]Figure 25 Wallace interconnected layout
[image: A screenshot of a computer
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Figure 26 I/O layout
Using the Basys 3 board the input and output pins can be identified and mapped across to both multipliers, as they both have 16 inputs and 16 outputs the I/O pins are the same for both designs. The I/O std is to write that it should be 3.3V. 




[bookmark: _Toc1882601188]Simulation results

The simulation allows an insight to see if the multiplier is working as expected. The simulations are run using the Vivado software and is done for both the Wallace tree and the Brauns. Testing low figures as well as high figures to see the full range of both multipliers.  
[bookmark: _Toc1015141723]Brauns simulations
For the Brauns an initial test of 1 x 1 shows that the design is working correctly
[image: ]
[bookmark: _Toc227330176]Figure 27 Brauns 1x1 simulation
Forcing the constant and running the simulation gives us the hex value of 0001 and the binary output of 0000000000000001 which is the correct result.
Next a more complex action doing 4 x 5 is simulated.
[image: ]
[bookmark: _Toc227330177]Figure 28 Brauns 4x5 simulation
This again gives the correct result showing 0014 in hex and giving a binary output of 0000000000010100 which is correct.
The final simulation for the Brauns is AB X CD this large number will allow a final check to see if it is working as intended. 
[image: ]
[bookmark: _Toc227330178]Figure 29 Brauns AB x CD simulation 
This simulation gives a hex output of 88ef and a binary output of 1000100011101111 which is correct.

[bookmark: _Toc2027456050]Wallace tree simulations
The first test for the Wallace tree is a simple 2x2 which will give an immediate indication if the design is working correctly. 
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[bookmark: _Toc227330179]Figure 30 Wallace 2 x 2 simulation 
This gives a hex result of 0004 which is correct and gives a binary output of 0000000000000100 which is as expected.
Next is 3b x 4b 
[image: ]
[bookmark: _Toc227330180]Figure 31 Wallce 3B X 4B simulation
This gives the hex value of 1149 and a binary of 0001000101001001. 
The final test is FF x FF this will test the higher range of the multiplier 
[image: ]
[bookmark: _Toc227330181]Figure 32 Wallace tree FF x FF simulation

This again shows the correct value of FE01 and a binary of 1111111000000001 which is correct.




[bookmark: _Toc422003881]Comparison, Analysis, and Interpretation of Results (use at least 4 samples)

To compare the results of both multipliers test reports from Vivado are used, they provide insights to how the architecture works with the hardware. Calculations are also preformed to find the minimum timing delay. This must be found as it directly affects the speed and efficiency of the multiplier. Four samples are used, this allows an accurate conclusion to be drawn. The results are only going to be looked at for the implementation to give a more accurate result. 

The first point to consider is the worst negative slack. The Wallace tree has a worst negative slack of 10.147ns, the Brauns has a worst negative slack of 18.521ns. This value was to be expected as the Wallace tree is typically a faster multiplier. 







[bookmark: _Toc931282207]Interpterion of Power utilization and LUTs

When designing it is important to know the power utilization of your design. This is important as higher utilization will result in the chip on the hardware's temperature to rise, use more power and limit the life span on the chip. The FPGA has a budget of how much power can be used and you want to limit usage as much as possible without effecting the prosses. The LUT represents how much hardware is used in the design. 

The results of the implementation it can be seen that the Brauns uses 0.44% of LUT and the Wallace tree uses 0.41% meaning that the Wallace tree is slightly more efficient, but the difference is marginal. The I/O utilization is the same across both multipliers due to them sharing 16 inputs and 16 outputs. When looking at the power report it can be seen that the total on chip power is the same at 0.091W, but analysing the results shows that only 0.018W comes from the I/O and 0.072W from the devise, this shows that each design uses a very small amount of power.  

[bookmark: _Toc1210985851]Power utilization of Brauns 
[bookmark: _Toc2091893460]Synthesis
[image: ]
[bookmark: _Toc227330182]Figure 33 Brauns synthesis LUT
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[bookmark: _Toc227330183]Figure 34 Brauns synthesis utilization summery 
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[bookmark: _Toc227330184]Figure 35 Brauns synthesis power summery 
[bookmark: _Toc750535710]Implementation 
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[bookmark: _Toc227330185]Figure 36 Brauns implementation LUTs 
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[bookmark: _Toc227330186]Figure 37 Brauns implementation utilization summary 
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[bookmark: _Toc227330187]Figure 38 Brauns implementation power summery 

[bookmark: _Toc1683319149]Power utilization of Wallace tree 

[bookmark: _Toc1691709200]Synthesis
[image: ]
[bookmark: _Toc227330188]Figure 39 Wallace synthesis LUTs
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[bookmark: _Toc227330189]Figure 40 Wallace synthesis utilization summary
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[bookmark: _Toc227330190]Figure 41 Wallace synthesis power summary
[bookmark: _Toc1159157055]Implementation

[image: ]
[bookmark: _Toc227330191]Figure 42 Wallace implementation LUTs
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[bookmark: _Toc227330192]Figure 43 Wallace implementation utilization summary 
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[bookmark: _Toc227330193]Figure 44 Wallace implementation power summary

[bookmark: _Toc908274038]Details of testing and recommendations for future improvements

[bookmark: _Toc771871125]Testing
The testing is done using the Vivado software as well as the Basys hardware. This is necessary to see if both designs operate as intended. Both multipliers have different architecture but give accurate results when simulated in the Vivado software as well as on the Basys hardware 

When testing on the hardware the inputs are controlled by 16 switches, each switch represents a binary input. The first 8 switches represent A and the last 8 represent B. depending on the configuration of the switches will give outputs via the LEDs which are acting as the 16-bit binary output. Tests are compared against the simulated results that were preformed using vivado to see if the correct outputs are given. 




[bookmark: _Toc183019242]Brauns
[bookmark: _Toc1302685582]4 x 5
[image: ]
[bookmark: _Toc227330194]Figure 45 Brauns 4 x 4 hardware test
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[bookmark: _Toc227330195]Figure 46 Brauns 4 x 4 simulation


[bookmark: _Toc1837051987]1 x 1 
[image: ]
[bookmark: _Toc227330196]Figure 47 Brauns 1 x 1  hardware test
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[bookmark: _Toc227330197]Figure 48 Brauns 1 x 1 simulation



[bookmark: _Toc1692373643]AB x CD

[image: ]
[bookmark: _Toc227330198]Figure 49 Brauns AB x CD hardware test
[image: ]
[bookmark: _Toc227330199]Figure 50 Brauns AB x  CD  simulation




[bookmark: _Toc878083786]Wallace tree

[bookmark: _Toc189659444]FF x FF

[image: ]
[bookmark: _Toc227330200]Figure 51 Wallace FF x FF simulation 
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[bookmark: _Toc227330201]Figure 52 Wallace FF x FF hardware test 

[bookmark: _Toc1794846760]3B x 4B
[image: ]
[bookmark: _Toc227330202]Figure 53 Wallace 3B x 4B simulation 
[image: ]
[bookmark: _Toc227330203]Figure 54 Wallace 3B X 4B hardware test 
  



[bookmark: _Toc1138944124]2 x 2
[image: ]
[bookmark: _Toc227330204]Figure 55 Wallace 2 x 2 simulation 
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[bookmark: _Toc227330205]Figure 56 Wallace 2 x 2 hardware test




[bookmark: _Toc1966412650]Improvements 
The 8x8 multiplier does allow for large multiplication, there is also scope for expanding on the multipliers by adding additional stages there is scope to go to 16 x 16 bits and 32 x 32. To get a more accurate picture of efficiency and performance of multipliers, additional multipliers could have been tested such as the Vedic multiplier. To improve the delay pipelining could be introduced this would reduce the number of stages as multiplication is broken down into smaller steps.


[bookmark: _Toc2017357919]Conclusion
The purpose of the research was to compare the performance of both the Brauns and Wallace tree multiplier through the use of simulation and analysis and find the measurable differences between the array and tree architecture. It was found that the Brauns multiplier is easier to implement due to its straightforward structure. But as a downside to this structure is that there is more of a delay due to increased steps. The Wallace tree is a more complex design but is able to achieve faster results due to it being able to reduce partial products in parallel. 
Both multipliers are effective at multiplying 8x8 binary inputs, but the Wallce tree would be more advised to be used for applications that require better performance.
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[bookmark: _Toc1875562033]Appendix 
[bookmark: _Toc70386805]Barun's code
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
 
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 : std_logic;------p2
signal S2 : std_logic;
 
signal C2 : std_logic;------p3
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
 
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 halfadder
port (A : in STD_LOGIC;
B : in STD_LOGIC;
  S : out STD_LOGIC;
Cout : out STD_LOGIC);
end component;
 
begin
A1B0 <= A(1) and B(0) ;----row 2
A0B1 <= A(0) and B(1) ;
 
A2B0 <= A(2) and B(0) ;---row 3 
A1B1 <= A(1) and B(1) ;
A0B2 <= A(0) and B(2) ;
 
A3B0 <= A(3) and B(0) ;---row 4 
A2B1 <= A(2) and B(1) ;
A1B2 <= A(1) and B(2) ;
A0B3 <= A(0) and B(3) ;
 
A4B0 <= A(4) and B(0) ;---row 5 
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) ;---row 6 
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) ;----row 7 
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) ;----row 8 
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) ;----row 9 
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) ;----row 10 
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) ;----row 11 
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) ;----row 12
A6B5 <= A(6) and B(5) ;
A5B6 <= A(5) and B(6) ;
A4B7 <= A(4) and B(7) ;
 
A7B5 <= A(7) and B(5) ;----row 13
A6B6 <= A(6) and B(6) ;
A5B7 <= A(5) and B(7) ;
 
A7B6 <= A(7) and B(6) ;----row 14
A6B7 <= A(6) and B(7) ;
 
A7B7 <= A(7) and B(7) ;
 
 
 
P0          : P(0) <= A(0) and B(0) ;
 
----2
P1_0 : halfadder port map (A=>A1B0 , B=>A0B1 ,S=> P(1), Cout=>C1);
 
----3
P21 : full_adder port map (A=>A2B0 , B=>A1B1 , Cin=>C1, S=>S2, Cout=>C2);
P2_0 : halfadder port map (A=>A0B2 , B=>S2 , S=>P(2), Cout=>C9);
 
----4 
P31 : full_adder port map (A=>A3B0 , B=>A2B1, Cin=>C2 , S=>S3 ,Cout=>C3);
P32 : full_adder port map (A=>A1B2, B=>S3 ,Cin=>C9, S=>S10 ,Cout=>C10);
P3_0 : halfadder port map (A=>A0B3, B=>S10 , S=>P(3),Cout=>C17);
 
----5
P41 : full_adder port map (A=>A4B0 , B=>A3B1, Cin=>C3 , S=>S4 ,Cout=>C4);
P42 : full_adder port map (A=>A2B2 , B=>S4, Cin=>C10 , S=>S11 ,Cout=>C11);
P43 : full_adder port map (A=>A1B3 , B=>S11, Cin=>C17 , S=>S18 ,Cout=>C18);
P4_0 : halfadder port map (A=>A0B4, B=>S18 , S=>P(4),Cout=>C25);
 
----6 
P51 : full_adder port map (A=>A5B0 , B=>A4B1, Cin=>C4 , S=>S5 ,Cout=>C5);
P52 : full_adder port map (A=>A3B2 , B=>S5, Cin=>C11 , S=>S12 ,Cout=>C12);
P53 : full_adder port map (A=>A2B3 , B=>S12, Cin=>C18 , S=>S19 ,Cout=>C19);
P54 : full_adder port map (A=>A1B4 , B=>S19, Cin=>C25 , S=>S26 ,Cout=>C26);
P5_0 : halfadder port map (A=>A0B5, B=>S26 , S=>P(5),Cout=>C33);
 
----7
P61 : full_adder port map (A=>A6B0 , B=>A5B1, Cin=>C5 ,S=>S6 ,Cout=>C6);
P62 : full_adder port map (A=>A4B2 , B=>S6, Cin=>C12 , S=>S13 ,Cout=>C13);
P63 : full_adder port map (A=>A3B3 , B=>S13, Cin=>C19 , S=>S20 ,Cout=>C20);
P64 : full_adder port map (A=>A2B4 , B=>S20, Cin=>C26 , S=>S27 ,Cout=>C27);
P65 : full_adder port map (A=>A1B5 , B=>S27, Cin=>C33 , S=>S34 ,Cout=>C34);
P6_0 : halfadder port map (A=>A0B6 , B=>S34 , S=>P(6),Cout=>C41);
 
----8 
P71 : full_adder port map (A=>A7B0 , B=>A6B1, Cin=>C6 , S=>S7 ,Cout=>C7);
P72 : full_adder port map (A=>A5B2 , B=>S7, Cin=>C13 , S=>S14 ,Cout=>C14);
P73 : full_adder port map (A=>A4B3 , B=>S14, Cin=>C20 , S=>S21 ,Cout=>C21);
P74 : full_adder port map (A=>A3B4 , B=>S21, Cin=>C27 , S=>S28 ,Cout=>C28);
P75 : full_adder port map (A=>A2B5 , B=>S28, Cin=>C34 , S=>S35 ,Cout=>C35);
P76 : full_adder port map (A=>A1B6 , B=>S35, Cin=>C41 , S=>S42 ,Cout=>C42);
P7_0 : halfadder port map (A=>A0B7 , B=>S42 , S=>P(7),Cout=>C49);
 
----9 
P8_0 : halfadder port map (A=>A7B1, B=>C7 , S=>S8,Cout=>C8);
P81 : full_adder port map (A=>A6B2 , B=>S8, Cin=>C14 , S=>S15 ,Cout=>C15);
P82 : full_adder port map (A=>A5B3 , B=>S15, Cin=>C21 , S=>S22 ,Cout=>C22);
P83 : full_adder port map (A=>A4B4 , B=>S22, Cin=>C28 , S=>S29 ,Cout=>C29);
P84 : full_adder port map (A=>A3B5 , B=>S29, Cin=>C35 , S=>S36 ,Cout=>C36);
P85 : full_adder port map (A=>A2B6 , B=>S36, Cin=>C42 , S=>S43 ,Cout=>C43);
P86 : full_adder port map (A=>A1B7 , B=>S43, Cin=>C49 , S=>P(8) ,Cout=>C50);
 
----10 
P91 : full_adder port map (A=>A7B2 , B=>C8, Cin=>C15 , S=>S16 ,Cout=>C16);
P92 : full_adder port map (A=>A6B3 , B=>S16, Cin=>C22 , S=>S23 ,Cout=>C23);
P93 : full_adder port map (A=>A5B4 , B=>S23, Cin=>C29 , S=>S30 ,Cout=>C30);
P94 : full_adder port map (A=>A4B5 , B=>S30, Cin=>C36 , S=>S37 ,Cout=>C37);
P95 : full_adder port map (A=>A3B6 , B=>S37, Cin=>C43 , S=>S44 ,Cout=>C44);
P96 : full_adder port map (A=>A2B7 , B=>S44, Cin=>C50 , S=>P(9) ,Cout=>C51);
 
----11
P101 : full_adder port map (A=>A7B3 , B=>C16, Cin=>C23 , S=>S24 ,Cout=>C24);
P102 : full_adder port map (A=>A6B4 , B=>S24, Cin=>C30 , S=>S31 ,Cout=>C31);
P103 : full_adder port map (A=>A5B5 , B=>S31, Cin=>C37 , S=>S38 ,Cout=>C38);
P104 : full_adder port map (A=>A4B6 , B=>S38, Cin=>C44 , S=>S45 ,Cout=>C45);
P105 : full_adder port map (A=>A3B7 , B=>S45, Cin=>C51 , S=>P(10) ,Cout=>C52);
 
----12
P111 : full_adder port map (A=>A7B4 , B=>C24, Cin=>C31 , S=>S32 ,Cout=>C32);
P112 : full_adder port map (A=>A6B5 , B=>S32, Cin=>C38 , S=>S39 ,Cout=>C39);
P113 : full_adder port map (A=>A5B6 , B=>S39, Cin=>C45 , S=>S46 ,Cout=>C46);
P114 : full_adder port map (A=>A4B7 , B=>S46, Cin=>C52 , S=>P(11) ,Cout=>C53);
 
----13
P121 : full_adder port map (A=>A7B5 , B=>C32, Cin=>C39 , S=>S40 ,Cout=>C40);
P122 : full_adder port map (A=>A6B6 , B=>S40, Cin=>C46 , S=>S47 ,Cout=>C47);
P123 : full_adder port map (A=>A5B7 , B=>S47, Cin=>C53 , S=>P(12) ,Cout=>C54);
 
----14
P131 : full_adder port map (A=>A7B6 , B=>C40, Cin=>C47 , S=>S48 ,Cout=>C48);
P142 : full_adder port map (A=>A6B7 , B=>S48, Cin=>C54 , S=>P(13) ,Cout=>C55);
 
----15
P141 : full_adder port map (A=>A7B7 , B=>C48 , Cin=>C55 , S=>P(14) ,Cout=>P(15));
 
end Behavioral;

[bookmark: _Toc264370719]Wallce tree code
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_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 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 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); 
 
--1  
P0 	: P(0) <= A(0) and B(0) ; 
 
P1_0 : halfadder port map(A=>A1B0 , B=>A0B1, S=>P(1), Cout=>C1); 
P11 : full_adder port map(A=>A2B0 , B=>A1B1, Cin=>A0B2, S=>S2, Cout=>C2); 
P12 : full_adder port map(A=>A3B0 , B=>A2B1, Cin=>A1B2, S=>S3, Cout=>C3); 
P13 : full_adder port map(A=>A4B0 , B=>A3B1, Cin=>A2B2, S=>S4, Cout=>C4); 
P14 : full_adder port map(A=>A5B0 , B=>A4B1, Cin=>A3B2, S=>S5, Cout=>C5); 
P15 : full_adder port map(A=>A6B0 , B=>A5B1, Cin=>A4B2, S=>S6, Cout=>C6); 
P16 : full_adder port map(A=>A7B0 , B=>A6B1, Cin=>A5B2, S=>S7, Cout=>C7); 
P1_1 : halfadder port map(A=>A7B1 , B=>A6B2, S=>S8,  Cout=>C8); 
 
--2
P2_0 : halfadder port map(A=>S2, B=>C1, S=>P(2),  Cout=>C9); 
P21 : full_adder port map(A=>S3, B=>C2, Cin=>A0B3, S=>S10,  Cout=>C10); 
P22 : full_adder port map(A=>S4, B=>C3, Cin=>A1B3, S=>S11,  Cout=>C11); 
P23 : full_adder port map(A=>S5, B=>C4, Cin=>A2B3, S=>S12,  Cout=>C12); 
P24 : full_adder port map(A=>S6, B=>C5, Cin=>A3B3, S=>S13,  Cout=>C13); 
P25 : full_adder port map(A=>S7, B=>C6, Cin=>A4B3, S=>S14,  Cout=>C14); 
P26 : full_adder port map(A=>S8, B=>C7, Cin=>A5B3, S=>S15,  Cout=>C15); 
P27 : full_adder port map(A=>A7B2, B=>C8, Cin=>A6B3, S=>S16,  Cout=>C16); 
 
--3
P3_0 : halfadder port map(A=>S10, B=>C9, S=>P(3),  Cout=>C17); 
P31 : full_adder port map(A=>S11, B=>C10, Cin=>A0B4, S=>S18,  Cout=>C18); 
P32 : full_adder port map(A=>S12, B=>C11, Cin=>A1B4, S=>S19,  Cout=>C19); 
P33 : full_adder port map(A=>S13, B=>C12, Cin=>A2B4, S=>S20,  Cout=>C20); 
P34 : full_adder port map(A=>S14, B=>C13, Cin=>A3B4, S=>S21,  Cout=>C21); 
P35 : full_adder port map(A=>S15, B=>C14, Cin=>A4B4, S=>S22,  Cout=>C22); 
P36 : full_adder port map(A=>S16, B=>C15, Cin=>A5B4, S=>S23,  Cout=>C23); 
P37 : full_adder port map(A=>A7B3, B=>C16, Cin=>A6B4, S=>S24,  Cout=>C24); 
 
--4
P4_0: halfadder port map(A=>S18, B=>C17, S=>P(4),  Cout=>C25); 
P41 : full_adder port map(A=>S19, B=>C18, Cin=>A0B5, S=>S26,  Cout=>C26); 
P42 : full_adder port map(A=>S20, B=>C19, Cin=>A1B5, S=>S27,  Cout=>C27); 
P43 : full_adder port map(A=>S21, B=>C20, Cin=>A2B5, S=>S28,  Cout=>C28); 
P44 : full_adder port map(A=>S22, B=>C21, Cin=>A3B5, S=>S29,  Cout=>C29); 
P45 : full_adder port map(A=>S23, B=>C22, Cin=>A4B5, S=>S30,  Cout=>C30); 
P46 : full_adder port map(A=>S24, B=>C23, Cin=>A5B5, S=>S31,  Cout=>C31); 
P47 : full_adder port map(A=>A7B4, B=>C24, Cin=>A6B5, S=>S32,  Cout=>C32); 
 
--5 
P5_0 : halfadder port map(A=>S26, B=>C25, S=>P(5),  Cout=>C33); 
P51 : full_adder port map(A=>S27, B=>C26, Cin=>A0B6, S=>S34,  Cout=>C34); 
P52 : full_adder port map(A=>S28, B=>C27, Cin=>A1B6, S=>S35,  Cout=>C35); 
P53 : full_adder port map(A=>S29, B=>C28, Cin=>A2B6, S=>S36,  Cout=>C36); 
P54 : full_adder port map(A=>S30, B=>C29, Cin=>A3B6, S=>S37,  Cout=>C37); 
P55 : full_adder port map(A=>S31, B=>C30, Cin=>A4B6, S=>S38,  Cout=>C38); 
P56 : full_adder port map(A=>S32, B=>C31, Cin=>A5B6, S=>S39,  Cout=>C39); 
P57 : full_adder port map(A=>A7B5, B=>C32, Cin=>A6B6, S=>S40,  Cout=>C40); 
 
--6
P6_0 : halfadder port map(A=>S34, B=>C33, S=>P(6),  Cout=>C41); 
P61 : full_adder port map(A=>S35, B=>C34, Cin=>A0B7, S=>S42,  Cout=>C42); 
P62 : full_adder port map(A=>S36, B=>C35, Cin=>A1B7, S=>S43,  Cout=>C43); 
P63 : full_adder port map(A=>S37, B=>C36, Cin=>A2B7, S=>S44,  Cout=>C44); 
P64 : full_adder port map(A=>S38, B=>C37, Cin=>A3B7, S=>S45,  Cout=>C45); 
P65 : full_adder port map(A=>S39, B=>C38, Cin=>A4B7, S=>S46,  Cout=>C46); 
P66 : full_adder port map(A=>S40, B=>C39, Cin=>A5B7, S=>S47,  Cout=>C47); 
P67 : full_adder port map(A=>A7B6, B=>C40, Cin=>A6B7, S=>S48,  Cout=>C48); 
 
--7 
P7_0 : halfadder port map(A=>S42, B=>C41, S=>P(7),  Cout=>C49); 
P71 : full_adder port map(A=>S43, B=>C42, Cin=>C49, S=>P(8),  Cout=>C50); 
P72 : full_adder port map(A=>S44, B=>C43, Cin=>C50, S=>P(9),  Cout=>C51); 
P73 : full_adder port map(A=>S45, B=>C44, Cin=>C51, S=>P(10),  Cout=>C52); 
P74 : full_adder port map(A=>S46, B=>C45, Cin=>C52, S=>P(11),  Cout=>C53); 
P75 : full_adder port map(A=>S47, B=>C46, Cin=>C53, S=>P(12),  Cout=>C54); 
P76 : full_adder port map(A=>S48, B=>C46, Cin=>C54, S=>P(13),  Cout=>C55); 
P77 : full_adder port map(A=>A7B7, B=>C48, Cin=>C55, S=>P(14),  Cout=>P(15)); 
 
 
end Behavioral;
	2410530
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	Sean Upton
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entity full_adder is
Port (A : in STO_LOGI
B : in STD_LOGIC;
Cin : in STD_LOGIC;
Cout : out STD_LOGIS
St out STD_LOGIO);
end full_adder;

architecture Behavioral of full adder is

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

end Behavioral;
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entity halfadder is
Port (A : in STD_LOGIC;
5 : in STD_LOGIC:
St out STD_LOGI
Cout : out STD_LOGIC);
end halfadder;

architecture Behavioral of halfadder is

begin

S <= 2 ¥R B
Cout <= A AND B;

end Behavioral;
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# Create a virtual clock (needed for timing analysis)
create_clock -period 20.000 -name virtual clk

# Set max delay for the critical path (longest delay)
Set_max _delay -from [get _ports A*] -to [get ports BA] 41.000
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# Create a virtual clock (nesded for timing analysis)
create_clock -period 20.000 -name virtual clk

# Set max delay for the critical path (longest delay)
set_nax. delay ~fzom [get_ports M1 ~co [qet, ports 1] 264000
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