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[bookmark: _Toc196484928]Abstract
This report presents a critical evaluation of two prominent multiplier architectures, the Braun Multiplier and the Wallace Tree Multiplier, implemented using VHDL. Multipliers are essential in many digital applications, especially in embedded and digital signal processing systems. The goal of this evaluation is to compare the performance of both architectures in terms of speed, resource utilisation, and power consumption. VHDL models were developed and simulated in Xilinx Vivado and implemented on a Basys 3 FPGA board. Results showed that while the Wallace Tree Multiplier offered better performance in terms of speed and logic optimization, it consumed slightly more power than the Braun architecture. The analysis provides valuable insights into selecting the appropriate multiplier depending on specific design constraints and application requirements.

[bookmark: _Toc196484929]Introduction 
Multipliers are essential components in digital signal processing and FPGA-based applications [1] The efficiency of multipliers directly impacts the overall performance. 
This report details the creation 8 x 8-bit multipliers in both the Brauns Multiplier variation known for its structural simplicity and the Wallace Tree Multiplier, which is designed with speed optimisation in mind. These models have both been coded using VHDL in the software Xilinx Vivado. The code includes the correct port mapping for each type of model. these models have then been evaluated to see the differences in performance between the two types of multiplication by applying analytical techniques and calculating the critical paths of both multipliers. The models have also been used to simulate and calculate power consumption to determine which model is most efficient in terms of speed and power.
After simulation and verification using the Xilinx software the code has been uploaded to a Basys3 development board for implementation onto a real FPGA board to make sure that the multipliers work, these calculations and the results have been recorded to prove that the provide code works.
[bookmark: _Toc196484930]Background research
Multiplication is an important fundamental arithmetic operation. It is commonly used in digital signal processing applications [2]. This means that it is crucial to optimise the function as much as possible, combinational multipliers such as the Wallace and Brauns multipliers. They are used in high performance applications such as digital signal processing; this is because they calculate results in a single clock cycle meaning they are fast and efficient. 
Some applications of multipliers include image processing, encryption, digital communication as previously mentioned, FPGA’s and embedded microcontrollers. In power-sensitive applications, minimizing switching activity and propagation delay is critical this is why Wallace Tree multipliers are much preferred.


[bookmark: _Toc196484931]FPGA’s 
Field-programmable gate arrays (FPGAs) are integrated circuits that that can be reconfigured to meet designers’ needs. [3] This can be done after manufacturing to perform specific hardware functions. They are different from Application specific integrated circuits as they are flexible and can have digital circuits implemented on them using different languages.
An advantage of FPGAs is their ability to perform multiple operations simultaneously, enabling faster computation compared to sequential processors. They also allow for rapid prototyping and testing of digital circuits, making them ideal platforms for educational purposes and industry-level hardware development.

[bookmark: _Toc196484932]Wallace vs Braun
The Wallace Tree Multiplier and the Braun Multiplier are two fundamental architectures for binary multiplication in digital systems. Each different architecture offers trade-offs in terms of performance, area efficiency, power consumption, and implementation and debugging complexity, this means that they are both suitable for different applications.
The Wallace Tree Multiplier, first proposed by Chris Wallace in 1964, is designed to optimize computational speed through a parallel structure that generates all partial products first and then adds them in steps. This method reduces the number of adders required to perform the multiplication.[4] The Wallace tree achieves high performance, particularly in applications demanding low latency, such as digital signal processing (DSP), high-resolution image processing, and advanced graphics processing units (GPUs). However, this performance is at the cost of increased design complexity and complex layout.
The Braun Multiplier, introduced by Bruce Braun in 1973, uses a regular array-based structure. It consists of a grid of AND gates and full adders that calculate and keep partial products, along diagonal lines. The carries propagate through the array linearly, moving to be an input on the next full adder, this results in longer computation times compared to the Wallace tree. However, the simplicity and regularity of the Braun architecture make design and implementation easier, especially in field-programmable gate arrays (FPGAs). The simple data flow and modularity make it highly scalable.
As performance goes, the Wallace Tree Multiplier provides speedier calculations because of its parallel processing. But that is at the expense of increased power usage. The Braun Multiplier is slightly more efficient in terms of power, making it suitable low-power applications.
In conclusion, the choice between a Wallace Tree Multiplier and a Braun Multiplier depends on specific objectives. The Wallace tree is good in high-speed and performance-intensive applications, whereas the Braun multiplier is better suited for scenarios where simplicity and power efficiency are needed.
[bookmark: _Toc196484933]Block diagrams
The Block diagrams for both multipliers are below, these are a good aid for development as it allows visualisation whilst coding the various stages of each multiplier.
[bookmark: _Toc196484934]Brauns
Figure 1 shows the block diagram for the Brauns 8 x 8 multiplier, this uses 8 Half Adders and 48 Full Adders
[image: A diagram of a network
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[bookmark: _Ref196484100][bookmark: _Toc196484961]Figure 1 Block diagram for Brauns multiplier.

[bookmark: _Toc196484935]Wallace 
Figure 2 is the block diagram for the Wallace 8 x 8 multiplier, this uses 8 Half Adders and 48 Full Adders. Figure x also shows the dot diagram for the Wallace multiplier. 
[image: A diagram of a diagram
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[bookmark: _Ref196484101][bookmark: _Toc196484962]Figure 2 Block diagram for Wallace multiplier

[bookmark: _Toc196484936]Method / Design 
Braun multiplier saves an array of carry to optimize the speed. The structure comprises of cluster of AND gates and adders arranged in the iterative way [5]. Wallace Tree uses a tree structure of full and half adders to reduce the partial products quickly, followed by a final carry adder.
To start the coding process of both multipliers I first added three sources. These sources were the multiplier name, Wallace or Brauns respectively, Full_Adder and Half_Adder. These sources create the structure of the code. 
For the full adder source, I declared which logic to use, this was chosen as STD_LOGIC_1164, I then created the entity for the full adder and stated that the ports A,B and Cin where inputs and the ports S and Cout were to be seen as outputs. I then coded the actual logic of the adder by telling it what to do (its architecture) with the inputs to get the outputs. The full adder stated that S is “A XOR B XOR Cin “and Cout is “(A AND B) OR (Cin AND A) OR (Cin AND B)” I then ended the architecture by using end gate_level line of code. I then did the same for the Half adder however the half adder does not have a Cin input, and the architecture is as follows. S is “A XOR B” and Cout is “A AND B.” 


These two sources can then be easily called when writing the main program making it much easier to create. For the main program, the inputs and outputs to the multiplier are defined. A as an input, this is the first number in the multiplication and is told it is an array of eight digits. B as an input also defined as an array with eight digits and finally P as the output, this is an array of sixteen digits. The components are then included in the program, this is the full and half adder. 
The signals are then added into the program to define them and tell the code what to expect in the future, this is all of the combinations of A and B for example A0b0 and A2B1 and also all of the other signals such as the carry and sum signals. The program is then started and values are forced onto the A and B signals, A0B0 <= A(0) AND B(0); means that if A0B0 is used then assign the value of 0 to A and also assign the value of 0 to B, this is also repeated for every combination.
[image: ]A port map maps signals in an architecture to ports on an instance within that architecture. Port maps can also appear in a block or in a configuration. [6] The Port map for both multipliers has been written and can be seen in Figure 3and Figure 4 below, this is the only section that is different between the two multipliers and just changes which direction the sums and carry’s move through the multiplier. [bookmark: _Ref196484126][bookmark: _Toc196484963]Figure 3 Port mapping for Brauns multiplier
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[bookmark: _Toc196484937]I/O Planning
For the input and output mapping on both multipliers, the following pins in Figure 5 have been selected as the inputs and the outputs, this is to correspond to the Basys 3 board [image: ]
[bookmark: _Ref196484158][bookmark: _Toc196484965]Figure 5 I/O for both multipliers.
[bookmark: _Toc196484938]Brauns Diagrams
[bookmark: _Toc196484939]Brauns RTL Schematic
[image: ]
[bookmark: _Toc196484966]Figure 6 RTL schematic for Brauns.
[bookmark: _Toc196484940]Brauns implementation diagram
[image: ]
[bookmark: _Toc196484967]Figure 7 Brauns implementation diagram.
[bookmark: _Toc196484941]Brauns Device diagram
[image: ]
[bookmark: _Toc196484968]Figure 8Device diagram for Brauns Multiplier
[bookmark: _Toc196484942]Brauns I/O diagram
[image: ]
[bookmark: _Toc196484969]Figure 9 I/O diagram for Brauns.

[bookmark: _Toc196484943]Wallace Diagrams
[bookmark: _Toc196484944]Wallace RTL Schematic
[image: A computer circuit board with many green lines
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[bookmark: _Toc196484970]Figure 10 RTL schematic for Wallace.
[bookmark: _Toc196484945]Wallace implementation diagram
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[bookmark: _Ref196484185][bookmark: _Toc196484971]Figure 11 Implementation schematic for Wallace.
[bookmark: _Toc196484946]Wallace Device diagram
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[bookmark: _Toc196484972]Figure 12 Wallace device diagram.
[bookmark: _Toc196484947]Wallace I/O diagram
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[bookmark: _Toc196484973]Figure 13 Wallace I/O Diagram
[bookmark: _Toc196484948]Hardware implementation
To test the code on the hardware I uploaded it to the Basys3 board and set the switches correctly to show 2 * 7. This is seen in Figure 11. The switches are in two banks of eight, the first eight is used for the number 2 and the second bank for the number 7, these are set in binary, and the switches are set high when up and low when down. The output of the multiplier is then displayed on the LEDs above. This output is showing to be correct at 27.
[image: A circuit board with red and green lights
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[bookmark: _Toc196484974]Figure 14 Code implemented on the Basys3 board.
[bookmark: _Toc196484949]Testing and Results
[bookmark: _Toc196484950]Timing diagrams and calculation results 
In this section both multipliers will be assessed using real values to verify they are working correctly using the same values, this test will be repeated three times to ensure reliability.
[bookmark: _Toc196484951]Brauns 
A3 * A4
[image: ]
[bookmark: _Toc196484975]Figure 15 Timing diagram and result for A3*A4 Brauns
A3 = 163
A4 = 164
163 * 164 = 26732
686C = 26732
Therefore, this sum is correct.
24 *32
[image: ]
[bookmark: _Toc196484976]Figure 16 Timing diagram and result for 24*32 Brauns.
24 in hex is 36 in Decimal.
32 in Hex is 50 in Decimal
36 * 50 = 1800
0708 = 1800
Therefore, this sum is correct.
7F*7F
[image: ]
[bookmark: _Toc196484977]Figure 17  Timing diagram and result for 7F*7F Brauns.
7F = 127
127*127 = 16129
3F01 = 16129 
Therefore, this sum is correct.
[bookmark: _Toc196484952]Brauns timing report
To calculate the timing report for the Brauns multiplier, I added some timing constraints shown in Figure 18 This shows that it takes 2 seconds to go through each adder and 1 second to go through each AND gate, I have then calculated the maximum time it takes to go through the Braun multiplier by calculating the longest route. This is calculated as 41 seconds. 
[image: ]
[bookmark: _Ref196484223][bookmark: _Toc196484978]Figure 18 Defining Delays for Brauns

I then ran the simulation and implementation the timing results are seen in Figure 19 [image: ]
[bookmark: _Ref196484301][bookmark: _Toc196484979]Figure 19 Timing report for Brauns.

[bookmark: _Toc196484953]Brauns power 
To calculate the power consumption, I used the power report function on the implementation tab and set the power budget to 1.5W as this will be sufficient, in Figure 20 you can also see the amount of LUTs used and Figure 22 shows the utilisation of the chip
[image: ]
[bookmark: _Ref196484317][bookmark: _Toc196484980]Figure 20 LUT report for Brauns.
[image: ]
[bookmark: _Toc196484981]Figure 21power report for Brauns.
[image: ]
[bookmark: _Ref196484455][bookmark: _Toc196484982]Figure 22utilisation for Brauns.

[bookmark: _Toc196484954]Wallace
A3 * A4
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[bookmark: _Toc196484983]Figure 23 Timing diagram and result for A3*A4 Wallace
A3 = 163
A4 = 164
163 * 164 = 26732
686C = 26732
Therefore, this sum is correct.
24 *32
[image: A screenshot of a computer
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[bookmark: _Toc196484984]Figure 24 Timing diagram and result for 24*31 Wallace.
24 in hex is 36 in Decimal.
32 in Hex is 50 in Decimal
36 * 50 = 1800
0708 = 1800
Therefore, this sum is correct.
7F*7F
[image: A screenshot of a computer
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[bookmark: _Toc196484985]Figure 25 Timing diagram and result for 7F*7F Wallace.
7F = 127
127*127 = 16129
3F01 = 16129 
Therefore, this sum is correct.
[bookmark: _Toc196484955]Wallace timings 
Figure 26 below shows that it takes 2 seconds to go through each adder and 1 second to go through each AND gate, I have then calculated the maximum time it takes to go through the Wallace multiplier by calculating the longest route. This is calculated as 41 seconds. 
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[bookmark: _Ref196484341][bookmark: _Toc196484986]Figure 26 Defining Delays for Wallace
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[bookmark: _Toc196484987]Figure 27Timing report Wallace.

[bookmark: _Toc196484956]Wallace power
Below in Figure 28 are the simulated power draw results for the Wallace architecture and the LUT usage, Figure 29 also shows the amount of LUTs that are in use and Figure 30 shows the utilisation of the chip
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[bookmark: _Ref196484357][bookmark: _Toc196484988]Figure 28power report for Wallace.
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[bookmark: _Ref196484387][bookmark: _Toc196484989]Figure 29 LUT report for Wallace.
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[bookmark: _Ref196484388][bookmark: _Toc196484990]Figure 30Utilisation report for Wallace.


[bookmark: _Toc196484957]Comparison and analysis
Wallace uses one percent more power than the Brauns multiplier, for scaled up multipliers much larger than an 8 x 8 the power difference between the two multiplier architectures will become much more significant. The Wallace multiplier uses less LUTs (Look Up Table) than that of the Brauns multiplier, this provides faster computational times and uses less space on an FPGA (Field Programmable Gate Array) board making it more efficient in the wider aspect. Whilst it uses more power than the Brauns at the 8 x 8 multiplication level this extra power is negligible. The speed difference can be seen in the worst negative slack value in both the architectures although the difference is minimal. The utilisation is also the same between both however this would change if the multiplier were expanded to calculate larger numbers.

[bookmark: _Toc196484958]Conclusion
In conclusion, both the Braun and Wallace Tree multipliers have their advantages and trade-offs. The Braun Multiplier is structurally simple and power efficient, making it suitable for low power applications with moderate performance needs. On the other hand, the Wallace Tree Multiplier demonstrates superior computational speed and resource efficiency, particularly in more complex or high-speed applications, at the cost of slightly higher power consumption and increased implementation complexity.
The Wallace architecture's ability to reduce partial products in parallel results in shorter critical paths and faster overall computation, which is crucial in real time digital processing systems. Despite its more complex layout, the Wallace multiplier is more suitable for scenarios where performance is a higher priority than power.
Ultimately, the choice between these two architectures depends on specific design goals whether the focus is on speed, simplicity, or power efficiency. Future work may include testing with larger bit widths and integrating both multipliers into a larger processing pipeline to evaluate system-level impacts.
For future work I may consider creating a 32 x 32-bit multiplier to analyse the power differences as this larger format would show the difference in power between the two different multiplier architectures.
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library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

entity wallace_8x8 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_8x8;



architecture gate_level of wallace_8x8 is

component Full_adder
    port (
        A    : in  STD_LOGIC;
        B    : in  STD_LOGIC;
        Cin  : in  STD_LOGIC;
        S    : out STD_LOGIC;
        Cout : out STD_LOGIC
    );
end component;

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

signal A0B0  : STD_LOGIC;
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;


    -- Intermediate carry and sum signals
signal C0_1 : STD_LOGIC;
signal C0_2 : STD_LOGIC;
signal C0_3 : STD_LOGIC;
signal C0_4 : STD_LOGIC;
signal C0_5 : STD_LOGIC;
signal C0_6 : STD_LOGIC;
signal C0_7 : STD_LOGIC;
signal C0_8 : STD_LOGIC;

signal C1_1 : STD_LOGIC;
signal C1_2 : STD_LOGIC;
signal C1_3 : STD_LOGIC;
signal C1_4 : STD_LOGIC;
signal C1_5 : STD_LOGIC;
signal C1_6 : STD_LOGIC;
signal C1_7 : STD_LOGIC;
signal C1_8 : STD_LOGIC;

signal C2_1 : STD_LOGIC;
signal C2_2 : STD_LOGIC;
signal C2_3 : STD_LOGIC;
signal C2_4 : STD_LOGIC;
signal C2_5 : STD_LOGIC;
signal C2_6 : STD_LOGIC;
signal C2_7 : STD_LOGIC;
signal C2_8 : STD_LOGIC;

signal C3_1 : STD_LOGIC;
signal C3_2 : STD_LOGIC;
signal C3_3 : STD_LOGIC;
signal C3_4 : STD_LOGIC;
signal C3_5 : STD_LOGIC;
signal C3_6 : STD_LOGIC;
signal C3_7 : STD_LOGIC;
signal C3_8 : STD_LOGIC;

signal C4_1 : STD_LOGIC;
signal C4_2 : STD_LOGIC;
signal C4_3 : STD_LOGIC;
signal C4_4 : STD_LOGIC;
signal C4_5 : STD_LOGIC;
signal C4_6 : STD_LOGIC;
signal C4_7 : STD_LOGIC;
signal C4_8 : STD_LOGIC;

signal C5_1 : STD_LOGIC;
signal C5_2 : STD_LOGIC;
signal C5_3 : STD_LOGIC;
signal C5_4 : STD_LOGIC;
signal C5_5 : STD_LOGIC;
signal C5_6 : STD_LOGIC;
signal C5_7 : STD_LOGIC;
signal C5_8 : STD_LOGIC;

signal C6_1 : STD_LOGIC;
signal C6_2 : STD_LOGIC;
signal C6_3 : STD_LOGIC;
signal C6_4 : STD_LOGIC;
signal C6_5 : STD_LOGIC;
signal C6_6 : STD_LOGIC;
signal C6_7 : STD_LOGIC;

signal S0_1  : STD_LOGIC;
signal S0_2  : STD_LOGIC;
signal S0_3  : STD_LOGIC;
signal S0_4  : STD_LOGIC;
signal S0_5  : STD_LOGIC;
signal S0_6  : STD_LOGIC;
signal S0_7  : STD_LOGIC;

signal S1_1  : STD_LOGIC;
signal S1_2  : STD_LOGIC;
signal S1_3  : STD_LOGIC;
signal S1_4  : STD_LOGIC;
signal S1_5  : STD_LOGIC;
signal S1_6  : STD_LOGIC;
signal S1_7  : STD_LOGIC;

signal S2_1  : STD_LOGIC;
signal S2_2  : STD_LOGIC;
signal S2_3  : STD_LOGIC;
signal S2_4  : STD_LOGIC;
signal S2_5  : STD_LOGIC;
signal S2_6  : STD_LOGIC;
signal S2_7  : STD_LOGIC;

signal S3_1  : STD_LOGIC;
signal S3_2  : STD_LOGIC;
signal S3_3  : STD_LOGIC;
signal S3_4  : STD_LOGIC;
signal S3_5  : STD_LOGIC;
signal S3_6  : STD_LOGIC;
signal S3_7  : STD_LOGIC;

signal S4_1  : STD_LOGIC;
signal S4_2  : STD_LOGIC;
signal S4_3  : STD_LOGIC;
signal S4_4  : STD_LOGIC;
signal S4_5  : STD_LOGIC;
signal S4_6  : STD_LOGIC;
signal S4_7  : STD_LOGIC;

signal S5_1  : STD_LOGIC;
signal S5_2  : STD_LOGIC;
signal S5_3  : STD_LOGIC;
signal S5_4  : STD_LOGIC;
signal S5_5  : STD_LOGIC;
signal S5_6  : STD_LOGIC;
signal S5_7  : STD_LOGIC;


begin
     -- Partial product generation (AND gates)
    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);
    
P(0) <= A0B0;

HA0_1: Half_Adder port map(A => A1B0,
                           B => A0B1,
                           Cout => C0_1,
                           s => P(1) 
                           );

FA0_2: Full_Adder port map( A => A2B0,
                            B => A1B1,
                            cin => A0B2,
                            cout => C0_2,
                            S => S0_1 
                            );
                                          
FA0_3: Full_Adder port map( A => A3B0,
                            B => A2B1,
                            cin => A1B2,
                            cout => C0_3,
                            S => S0_2 
                            );  
                                                                                 
FA0_4: Full_Adder port map( A => A4B0,
                            B => A3B1,
                            cin => A2B2,
                            cout => C0_4,
                            S => S0_3 
                            );     

FA0_5: Full_Adder port map( A => A5B0,
                            B => A4B1,
                            cin => A3B2,
                            cout => C0_5,
                            S => S0_4 
                            );

FA0_6: Full_Adder port map( A => A6B0,
                            B => A5B1,
                            cin => A4B2,
                            cout => C0_6,
                            S => S0_5 
                            );

FA0_7: Full_Adder port map( A => A7B0,
                            B => A6B1,
                            cin => A5B2,
                            cout => C0_7,
                            S => S0_6 
                            );
                            
HA0_8: Half_Adder port map(A => A7B1,
                            B => A6B2,
                            Cout => C0_8,
                            s => S0_7 
                            );  
 
 ---------------------------------------------------------------------------------
 
 
 
HA1_1: Half_Adder port map( A => S0_1,
                            B => c0_1,
                            Cout => C1_1,
                            s => P(2)
                            );

FA1_2: Full_Adder port map( A => S0_2,
                            B => A0B3,
                            cin => C0_2,
                            cout => C1_2,
                            S => S1_1 
                            );
                                          
FA1_3: Full_Adder port map( A => S0_3,
                            B => A1B3,
                            cin => C0_3,
                            cout => C1_3,
                            S => S1_2 
                            );  
                                                                                 
FA1_4: Full_Adder port map( A => S0_4,
                            B => A2B3,
                            cin => C0_4,
                            cout => C1_4,
                            S => S1_3 
                            );

FA1_5: Full_Adder port map( A => S0_5,
                            B => A3B3,
                            cin => C0_5,
                            cout => C1_5,
                            S => S1_4 
                            );

FA1_6: Full_Adder port map( A => S0_6,
                            B => A4B3,
                            cin => C0_6,
                            cout => C1_6,
                            S => S1_5 
                            );

FA1_7: Full_Adder port map( A => S0_7,
                            B => A5B3,
                            cin => C0_7,
                            cout => C1_7,
                            S => S1_6 
                            );

FA1_8: Full_Adder port map( A => A7B2,
                            B => A6B3,
                            cin => C0_8,
                            cout => C1_8,
                            S => S1_7 
                            );
                                                             
 ----------------------------------------------------------------------------
HA2_1: Half_Adder port map(A => S1_1,
                           B => C1_1,
                           Cout => C2_1,
                           s => P(3) 
                           );

FA2_2: Full_Adder port map( A => S1_2,
                            B => A0B4,
                            cin => C1_2,
                            cout => C2_2,
                            S => S2_1 
                            );
                      

FA2_3: Full_Adder port map( A => S1_3,
                            B => A1B4,
                            cin => C1_3,
                            cout => C2_3,
                            S => S2_2 
                            );

FA2_4: Full_Adder port map( A => S1_4,
                            B => A2B4,
                            cin => C1_4,
                            cout => C2_4,
                            S => S2_3 
                            );

FA2_5: Full_Adder port map( A => S1_5,
                            B => A3B4,
                            cin => C1_5,
                            cout => C2_5,
                            S => S2_4 
                            );

FA2_6: Full_Adder port map( A => S1_6,
                            B => A4B4,
                            cin => C1_6,
                            cout => C2_6,
                            S => S2_5 
                            );

FA2_7: Full_Adder port map( A => S1_7,
                            B => A5B4,
                            cin => C1_7,
                            cout => C2_7,
                            S => S2_6 
                            );

FA2_8: Full_Adder port map( A => A7B3,
                            B => A6B4,
                            cin => C1_8,
                            cout => C2_8,
                            S => S2_7 
                            );



HA3_1: Half_Adder port map(A => S2_1,
                           B => C2_1,
                           Cout => C3_1,
                           s => P(4) 
                           );

FA3_2: Full_Adder port map( A => S2_2,
                            B => A0B5,
                            cin => C3_1,
                            cout => C3_2,
                            S => S3_1 
                            );

FA3_3: Full_Adder port map( A => S2_3,
                            B => A1B5,
                            cin => C3_2,
                            cout => C3_3,
                            S => S3_2 
                            );

FA3_4: Full_Adder port map( A => S2_4,
                            B => A2B5,
                            cin => C3_3,
                            cout => C3_4,
                            S => S3_3 
                            );

FA3_5: Full_Adder port map( A => S2_5,
                            B => A3B5,
                            cin => C3_4,
                            cout => C3_5,
                            S => S3_4 
                            );

FA3_6: Full_Adder port map( A => S2_6,
                            B => A4B5,
                            cin => C3_5,
                            cout => C3_6,
                            S => S3_5 
                            );

FA3_7: Full_Adder port map( A => S2_7,
                            B => A5B5,
                            cin => C3_6,
                            cout => C3_7,
                            S => S3_6 
                            );

FA3_8: Full_Adder port map( A => A7B4,
                            B => A6B5,
                            cin => C3_7,
                            cout => C3_8,
                            S => S3_7 
                            );


HA4_1: Half_Adder port map(A => S3_1,
                           B => C3_1,
                           Cout => C4_1,
                           s => P(5) 
                           );

FA4_2: Full_Adder port map( A => S3_2,
                            B => A0B6,
                            cin => C4_1,
                            cout => C4_2,
                            S => S4_1 
                            );

FA4_3: Full_Adder port map( A => S3_3,
                            B => A1B6,
                            cin => C4_2,
                            cout => C4_3,
                            S => S4_2 
                            );

FA4_4: Full_Adder port map( A => S3_4,
                            B => A2B6,
                            cin => C4_3,
                            cout => C4_4,
                            S => S4_3 
                            );

FA4_5: Full_Adder port map( A => S3_5,
                            B => A3B6,
                            cin => C4_4,
                            cout => C4_5,
                            S => S4_4 
                            );

FA4_6: Full_Adder port map( A => S3_6,
                            B => A4B6,
                            cin => C4_5,
                            cout => C4_6,
                            S => S4_5 
                            );

FA4_7: Full_Adder port map( A => S3_7,
                            B => A5B6,
                            cin => C4_6,
                            cout => C4_7,
                            S => S4_6 
                            );

FA4_8: Full_Adder port map( A => A7B5,
                            B => A6B6,
                            cin => C4_7,
                            cout => C4_8,
                            S => S4_7 
                            );


HA5_1: Half_Adder port map(A => S4_1,
                           B => c4_1,
                           Cout => C5_1,
                           s => P(6) 
                           );

FA5_2: Full_Adder port map( A => S4_2,
                            B => A0B7,
                            cin => C5_1,
                            cout => C5_2,
                            S => S5_1 
                            );

FA5_3: Full_Adder port map( A => S4_3,
                            B => A1B7,
                            cin => C5_2,
                            cout => C5_3,
                            S => S5_2 
                            );

FA5_4: Full_Adder port map( A => S4_4,
                            B => A2B7,
                            cin => C5_3,
                            cout => C5_4,
                            S => S5_3 
                            );

FA5_5: Full_Adder port map( A => S4_5,
                            B => A3B7,
                            cin => C5_4,
                            cout => C5_5,
                            S => S5_4 
                            );

FA5_6: Full_Adder port map( A => S4_6,
                            B => A4B7,
                            cin => C5_5,
                            cout => C5_6,
                            S => S5_5 
                            );

FA5_7: Full_Adder port map( A => S4_7,
                            B => A5B7,
                            cin => C5_6,
                            cout => C5_7,
                            S => S5_6 
                            );

FA5_8: Full_Adder port map( A => A7B6,
                            B => A6B7,
                            cin => C5_7,
                            cout => C5_8,
                            S => S5_7 
                            );



HA6_1: Half_Adder port map(A => S5_1,
                           B => C5_1,
                           Cout => C6_1,
                           s => P(7)
                           );

FA6_2: Full_Adder port map( A => S5_2,
                            B => A7B0,
                            cin => C6_1,
                            cout => C6_2,
                            S => P(8) 
                            );

FA6_3: Full_Adder port map( A => S5_3,
                            B => A7B1,
                            cin => C6_2,
                            cout => C6_3,
                            S => P(9) 
                            );

FA6_4: Full_Adder port map( A => S5_4,
                            B => A7B2,
                            cin => C6_3,
                            cout => C6_4,
                            S => P(10) 
                            );

FA6_5: Full_Adder port map( A => S5_5,
                            B => A7B3,
                            cin => C6_4,
                            cout => C6_5,
                            S => P(11) 
                            );

FA6_6: Full_Adder port map( A => S5_6,
                            B => A7B4,
                            cin => C6_5,
                            cout => C6_6,
                            S => P(12) 
                            );

FA6_7: Full_Adder port map( A => S5_7,
                            B => A7B5,
                            cin => C6_6,
                            cout => C6_7,
                            S => P(13) 
                            );

FA6_8: Full_Adder port map( A => A7B7,
                            B => C5_8,
                            cin => C6_7,
                            cout => P(15),
                            S => P(14) 
                            );


end gate_level;




























library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

entity brauns_8x8 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_8x8;



architecture gate_level of brauns_8x8 is

component Full_adder
    port (
        A    : in  STD_LOGIC;
        B    : in  STD_LOGIC;
        Cin  : in  STD_LOGIC;
        S    : out STD_LOGIC;
        Cout : out STD_LOGIC
    );
end component;

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

signal A0B0  : STD_LOGIC;
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;


    -- Intermediate carry and sum signals
signal C0_1 : STD_LOGIC;
signal C0_2 : STD_LOGIC;
signal C0_3 : STD_LOGIC;
signal C0_4 : STD_LOGIC;
signal C0_5 : STD_LOGIC;
signal C0_6 : STD_LOGIC;
signal C0_7 : STD_LOGIC;
signal C0_8 : STD_LOGIC;

signal C1_1 : STD_LOGIC;
signal C1_2 : STD_LOGIC;
signal C1_3 : STD_LOGIC;
signal C1_4 : STD_LOGIC;
signal C1_5 : STD_LOGIC;
signal C1_6 : STD_LOGIC;
signal C1_7 : STD_LOGIC;
signal C1_8 : STD_LOGIC;

signal C2_1 : STD_LOGIC;
signal C2_2 : STD_LOGIC;
signal C2_3 : STD_LOGIC;
signal C2_4 : STD_LOGIC;
signal C2_5 : STD_LOGIC;
signal C2_6 : STD_LOGIC;
signal C2_7 : STD_LOGIC;
signal C2_8 : STD_LOGIC;

signal C3_1 : STD_LOGIC;
signal C3_2 : STD_LOGIC;
signal C3_3 : STD_LOGIC;
signal C3_4 : STD_LOGIC;
signal C3_5 : STD_LOGIC;
signal C3_6 : STD_LOGIC;
signal C3_7 : STD_LOGIC;
signal C3_8 : STD_LOGIC;

signal C4_1 : STD_LOGIC;
signal C4_2 : STD_LOGIC;
signal C4_3 : STD_LOGIC;
signal C4_4 : STD_LOGIC;
signal C4_5 : STD_LOGIC;
signal C4_6 : STD_LOGIC;
signal C4_7 : STD_LOGIC;
signal C4_8 : STD_LOGIC;

signal C5_1 : STD_LOGIC;
signal C5_2 : STD_LOGIC;
signal C5_3 : STD_LOGIC;
signal C5_4 : STD_LOGIC;
signal C5_5 : STD_LOGIC;
signal C5_6 : STD_LOGIC;
signal C5_7 : STD_LOGIC;
signal C5_8 : STD_LOGIC;

signal C6_1 : STD_LOGIC;
signal C6_2 : STD_LOGIC;
signal C6_3 : STD_LOGIC;
signal C6_4 : STD_LOGIC;
signal C6_5 : STD_LOGIC;
signal C6_6 : STD_LOGIC;
signal C6_7 : STD_LOGIC;

signal S0_1  : STD_LOGIC;
signal S0_2  : STD_LOGIC;
signal S0_3  : STD_LOGIC;
signal S0_4  : STD_LOGIC;
signal S0_5  : STD_LOGIC;
signal S0_6  : STD_LOGIC;
signal S0_7  : STD_LOGIC;

signal S1_1  : STD_LOGIC;
signal S1_2  : STD_LOGIC;
signal S1_3  : STD_LOGIC;
signal S1_4  : STD_LOGIC;
signal S1_5  : STD_LOGIC;
signal S1_6  : STD_LOGIC;
signal S1_7  : STD_LOGIC;

signal S2_1  : STD_LOGIC;
signal S2_2  : STD_LOGIC;
signal S2_3  : STD_LOGIC;
signal S2_4  : STD_LOGIC;
signal S2_5  : STD_LOGIC;
signal S2_6  : STD_LOGIC;
signal S2_7  : STD_LOGIC;

signal S3_1  : STD_LOGIC;
signal S3_2  : STD_LOGIC;
signal S3_3  : STD_LOGIC;
signal S3_4  : STD_LOGIC;
signal S3_5  : STD_LOGIC;
signal S3_6  : STD_LOGIC;
signal S3_7  : STD_LOGIC;

signal S4_1  : STD_LOGIC;
signal S4_2  : STD_LOGIC;
signal S4_3  : STD_LOGIC;
signal S4_4  : STD_LOGIC;
signal S4_5  : STD_LOGIC;
signal S4_6  : STD_LOGIC;
signal S4_7  : STD_LOGIC;

signal S5_1  : STD_LOGIC;
signal S5_2  : STD_LOGIC;
signal S5_3  : STD_LOGIC;
signal S5_4  : STD_LOGIC;
signal S5_5  : STD_LOGIC;
signal S5_6  : STD_LOGIC;
signal S5_7  : STD_LOGIC;


begin
     -- Partial product generation (AND gates)
    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);
    
P(0) <= A0B0;

HA0_1: Half_Adder port map(A => A1B0,
                           B => A0B1,
                           Cout => C0_1,
                           s => P(1) 
                           );

FA0_2: Full_Adder port map( A => A2B0,
                            B => A1B1,
                            cin => C0_1,
                            cout => C0_2,
                            S => S0_1 
                            );
                                          
FA0_3: Full_Adder port map( A => A3B0,
                            B => A2B1,
                            cin => C0_2,
                            cout => C0_3,
                            S => S0_2 
                            );  
                                                                                 
FA0_4: Full_Adder port map( A => A4B0,
                            B => A3B1,
                            cin => C0_3,
                            cout => C0_4,
                            S => S0_3 
                            );     

FA0_5: Full_Adder port map( A => A5B0,
                            B => A4B1,
                            cin => C0_4,
                            cout => C0_5,
                            S => S0_4 
                            );

FA0_6: Full_Adder port map( A => A6B0,
                            B => A5B1,
                            cin => C0_5,
                            cout => C0_6,
                            S => S0_5 
                            );

FA0_7: Full_Adder port map( A => A7B0,
                            B => A6B1,
                            cin => C0_6,
                            cout => C0_7,
                            S => S0_6 
                            );
                            
HA0_8: Half_Adder port map(A => A7B1,
                            B => C0_7,
                            Cout => C0_8,
                            s => S0_7 
                            );  
 
 ---------------------------------------------------------------------------------
 
 
 
HA1_1: Half_Adder port map( A => S0_1,
                            B => A0B2,
                            Cout => C1_1,
                            s => P(2)
                            );

FA1_2: Full_Adder port map( A => S0_2,
                            B => A1B2,
                            cin => C1_1,
                            cout => C1_2,
                            S => S1_1 
                            );
                                          
FA1_3: Full_Adder port map( A => S0_3,
                            B => A2B2,
                            cin => C1_2,
                            cout => C1_3,
                            S => S1_2 
                            );  
                                                                                 
FA1_4: Full_Adder port map( A => S0_4,
                            B => A3B2,
                            cin => C1_3,
                            cout => C1_4,
                            S => S1_3 
                            );

FA1_5: Full_Adder port map( A => S0_5,
                            B => A4B2,
                            cin => C1_4,
                            cout => C1_5,
                            S => S1_4 
                            );

FA1_6: Full_Adder port map( A => S0_6,
                            B => A5B2,
                            cin => C1_5,
                            cout => C1_6,
                            S => S1_5 
                            );

FA1_7: Full_Adder port map( A => S0_7,
                            B => A6B2,
                            cin => C1_6,
                            cout => C1_7,
                            S => S1_6 
                            );

FA1_8: Full_Adder port map( A => C0_8,
                            B => A7B2,
                            cin => C1_7,
                            cout => C1_8,
                            S => S1_7 
                            );
                                                             
 ----------------------------------------------------------------------------
HA2_1: Half_Adder port map(A => S1_1,
                           B => A0B3,
                           Cout => C2_1,
                           s => P(3) 
                           );

FA2_2: Full_Adder port map( A => S1_2,
                            B => A1B3,
                            cin => C2_1,
                            cout => C2_2,
                            S => S2_1 
                            );

FA2_3: Full_Adder port map( A => S1_3,
                            B => A2B3,
                            cin => C2_2,
                            cout => C2_3,
                            S => S2_2 
                            );

FA2_4: Full_Adder port map( A => S1_4,
                            B => A3B3,
                            cin => C2_3,
                            cout => C2_4,
                            S => S2_3 
                            );

FA2_5: Full_Adder port map( A => S1_5,
                            B => A4B3,
                            cin => C2_4,
                            cout => C2_5,
                            S => S2_4 
                            );

FA2_6: Full_Adder port map( A => S1_6,
                            B => A5B3,
                            cin => C2_5,
                            cout => C2_6,
                            S => S2_5 
                            );

FA2_7: Full_Adder port map( A => S1_7,
                            B => A6B3,
                            cin => C2_6,
                            cout => C2_7,
                            S => S2_6 
                            );

FA2_8: Full_Adder port map( A => C1_8,
                            B => A7B3,
                            cin => C2_7,
                            cout => C2_8,
                            S => S2_7 
                            );



HA3_1: Half_Adder port map(A => S2_1,
                           B => A0B4,
                           Cout => C3_1,
                           s => P(4) 
                           );

FA3_2: Full_Adder port map( A => S2_2,
                            B => A1B4,
                            cin => C3_1,
                            cout => C3_2,
                            S => S3_1 
                            );

FA3_3: Full_Adder port map( A => S2_3,
                            B => A2B4,
                            cin => C3_2,
                            cout => C3_3,
                            S => S3_2 
                            );

FA3_4: Full_Adder port map( A => S2_4,
                            B => A3B4,
                            cin => C3_3,
                            cout => C3_4,
                            S => S3_3 
                            );

FA3_5: Full_Adder port map( A => S2_5,
                            B => A4B4,
                            cin => C3_4,
                            cout => C3_5,
                            S => S3_4 
                            );

FA3_6: Full_Adder port map( A => S2_6,
                            B => A5B4,
                            cin => C3_5,
                            cout => C3_6,
                            S => S3_5 
                            );

FA3_7: Full_Adder port map( A => S2_7,
                            B => A6B4,
                            cin => C3_6,
                            cout => C3_7,
                            S => S3_6 
                            );

FA3_8: Full_Adder port map( A => C2_8,
                            B => A7B4,
                            cin => C3_7,
                            cout => C3_8,
                            S => S3_7 
                            );


HA4_1: Half_Adder port map(A => S3_1,
                           B => A0B5,
                           Cout => C4_1,
                           s => P(5) 
                           );

FA4_2: Full_Adder port map( A => S3_2,
                            B => A1B5,
                            cin => C4_1,
                            cout => C4_2,
                            S => S4_1 
                            );

FA4_3: Full_Adder port map( A => S3_3,
                            B => A2B5,
                            cin => C4_2,
                            cout => C4_3,
                            S => S4_2 
                            );

FA4_4: Full_Adder port map( A => S3_4,
                            B => A3B5,
                            cin => C4_3,
                            cout => C4_4,
                            S => S4_3 
                            );

FA4_5: Full_Adder port map( A => S3_5,
                            B => A4B5,
                            cin => C4_4,
                            cout => C4_5,
                            S => S4_4 
                            );

FA4_6: Full_Adder port map( A => S3_6,
                            B => A5B5,
                            cin => C4_5,
                            cout => C4_6,
                            S => S4_5 
                            );

FA4_7: Full_Adder port map( A => S3_7,
                            B => A6B5,
                            cin => C4_6,
                            cout => C4_7,
                            S => S4_6 
                            );

FA4_8: Full_Adder port map( A => C3_8,
                            B => A7B5,
                            cin => C4_7,
                            cout => C4_8,
                            S => S4_7 
                            );

HA5_1: Half_Adder port map(A => S4_1,
                           B => A0B6,
                           Cout => C5_1,
                           s => P(6) 
                           );

FA5_2: Full_Adder port map( A => S4_2,
                            B => A1B6,
                            cin => C5_1,
                            cout => C5_2,
                            S => S5_1 
                            );

FA5_3: Full_Adder port map( A => S4_3,
                            B => A2B6,
                            cin => C5_2,
                            cout => C5_3,
                            S => S5_2 
                            );

FA5_4: Full_Adder port map( A => S4_4,
                            B => A3B6,
                            cin => C5_3,
                            cout => C5_4,
                            S => S5_3 
                            );

FA5_5: Full_Adder port map( A => S4_5,
                            B => A4B6,
                            cin => C5_4,
                            cout => C5_5,
                            S => S5_4 
                            );

FA5_6: Full_Adder port map( A => S4_6,
                            B => A5B6,
                            cin => C5_5,
                            cout => C5_6,
                            S => S5_5 
                            );

FA5_7: Full_Adder port map( A => S4_7,
                            B => A6B6,
                            cin => C5_6,
                            cout => C5_7,
                            S => S5_6 
                            );

FA5_8: Full_Adder port map( A => C4_8,
                            B => A7B6,
                            cin => C5_7,
                            cout => C5_8,
                            S => S5_7 
                            );


HA6_1: Half_Adder port map(A => S5_1,
                           B => A0B7,
                           Cout => C6_1,
                           s => P(7)
                           );

FA6_2: Full_Adder port map( A => S5_2,
                            B => A1B7,
                            cin => C6_1,
                            cout => C6_2,
                            S => P(8) 
                            );

FA6_3: Full_Adder port map( A => S5_3,
                            B => A2B7,
                            cin => C6_2,
                            cout => C6_3,
                            S => P(9) 
                            );

FA6_4: Full_Adder port map( A => S5_4,
                            B => A3B7,
                            cin => C6_3,
                            cout => C6_4,
                            S => P(10) 
                            );

FA6_5: Full_Adder port map( A => S5_5,
                            B => A4B7,
                            cin => C6_4,
                            cout => C6_5,
                            S => P(11) 
                            );

FA6_6: Full_Adder port map( A => S5_6,
                            B => A5B7,
                            cin => C6_5,
                            cout => C6_6,
                            S => P(12) 
                            );

FA6_7: Full_Adder port map( A => S5_7,
                            B => A6B7,
                            cin => C6_6,
                            cout => C6_7,
                            S => P(13) 
                            );

FA6_8: Full_Adder port map( A => C5_8,
                            B => A7B7,
                            cin => C6_7,
                            cout => P(15),
                            S => P(14) 
                            );

end gate_level;
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P(0) <= AOBO;

HAO_1: Half Adder port map(A => ALBO,
B => AOBL,
cout => c0_1,
5 = p(1)
)i

FAO_2: Full Adder port map( A => A2BO,
B => AlBIL,
cin => co_1,
cout => c0_2,
s => s0_1
)i

FAO_3: Full Adder port map( A => A3BO,
B => A2B1,
cin => co0_2,
cout => c0_3,
s => s0_2
)i

FAO_4: Full Adder port map( A => A4BO,
B => A3B1,
cin => c0_3,
cout => c0_4,
s => s0_3
)i
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A7B7 <= A(7) AND B(7);
P(0) <= ROBO;

HAO_1: Half Adder port map(A => AlBO,
B => AOBL,
cout => c0_1,
B(1)

)i

FAO_2: Full_Adder port map( A => A2BO,
B => AlBIL,
cin => A0B2,
cout => c0_2,
s => s0_1
)i

FAO_3: Full _Adder port map( A => A3BO,
B => A2B1,
cin => AlB2,
cout => c0_3,
s => s0_2
)i

FAO_4: Full _Adder port map( A => A4BO,
B => A3B1,
cin => A2B2,
cout => c0_4,
s => s0_3
)i

FAO_S: Full_Adder port map( A => ASBO,
B => A4BI,
cin => A3B2,
cout => c0_5,
. s => 50 4
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Name  Direction Interface  Neg Diff Pair ~ Package Pin Fixed Bank 1/O Std Vcco  Vref  Drive Strength Slew Type Pull Type Off-Chip Termination ~ IN_TERM
B A7l IN R2 v 34 default (LVCMOS18) - 1.800 NONE v NONE v
2 A6l IN m v 34 default (LVCMOS18) - 1.800 NONE v NONE v
A5 N ut v 34 default (LVCMOS18) - 1.800 NONE v NONE v
2 A4l N w2 v 34 default (LVCMOS18) - 1.800 NONE v NONE v
B A3 N R3 v 34 default (LVCMOS18) - 1.800 NONE v NONE v
B A2 N ™ v 34 default (LVCMOS18) - 1.800 NONE v NONE v
B AN iE] v 34 default (LVCMOS18) - 1.800 NONE v NONE v
B A0l N v2 v 34 default (LVCMOS18) - 1.800 NONE v NONE v
P2 B7 N w13 v 14 default (VCMOS18)  ~ 1800 NONE v NONE v
@ Bel N w14 v 14 default (VCMOS18)  ~ 1800 NONE v NONE v
P e5 N V15 v 14 default (VCMOS18)  ~ 1800 NONE v NONE v
PB4l N wis v 14 default (VCMOS18)  ~ 1800 NONE v NONE v
2e3 N w17 v 14 default (VCMOS18)  ~ 1800 NONE v NONE v
BB N w16 v 14 default (VCMOS18)  ~ 1800 NONE v NONE v
BN V16 v 14 default (VCMOS18)  ~ 1800 NONE v NONE v
@ B0l N V17 v 14 default (VCMOS18)  ~ 1800 NONE v NONE v
@ pps] out u v 35 default (LVCMOS18) - 1.800 2 v v NONE v FPVIT S0 v
@4 out P1 v 35 default (VCMOS18)  ~  1.800 12 v v NONE v FPVIT S0 v
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& PpIs1 out 1115 v 14 default 1 VCMOS1R) - 1800 12 v v NONF v FP VTT 50 v
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11 # Create a virtual clock (needed for timing analysis)

2!

3| create_clock -period 20.000 -name virtual clk

4.

5 # Set delays based on analytical calculations

6! set_input _delay -clock virtual clk -max 1.000 [get_ports A*]
7| set_input_delay -clock virtual clk -max 1.000 [get_ports B*]
2| set_output_delay -clock virtual clk -max 2.000 [get ports P*]
5!

10 | # Set max delay for the critical path (longest delay)

11! set_max_delay —from [get_ports A*] —to [get ports P*] 41
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# Create a virtual clock (needed for timing analysis)
create_clock -period 20.000 -name virtual clk

# set delays based on analytical calculations

set_input_delay -clock virtual clk -max 1.000 [get_ports A*]
set_input_delay -clock virtual clk -max 1.000 [get_ports B*]
set_output_delay -clock virtual clk -max 2.000 [get_ports P*]

# Set max delay for the critical path (longest delay)
set_max_delay -from [get_ports A*] -to [get_ports P*] 29.000
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