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0. [bookmark: _Toc196480248]Introduction 

Binary multiplication is a fundamental operation in digital systems, and it is widely used in applications such as digital signal processing, embedded systems, and computer architecture. To perform this operation efficiently, specialized hardware-based binary multipliers like the Braun and Wallace multipliers are implemented using digital logic. This document explores the design, construction, and simulation of a Braun and Wallace multiplier using Vivado and FPGA-based workflows. It explains how each multiplier works and the components involved—such as half adders, full adders, and AND gates—and demonstrates how partial products are generated and combined to produce the final multiplication result. Alongside code implementation and schematic diagrams, simulations are analyzed to verify the correct functionality of both designs using hexadecimal input values. The aim is to understand the structural differences, performance characteristics, and practical trade-offs between these two common binary multiplier architectures.

[bookmark: _Toc196480249]What is a binary multiplier 

A binary multiplier is a digital circuit used to perform multiplication of binary numbers. It operates by generating partial products and summing them in a manner similar to decimal multiplication, but using binary logic. There are different types of binary multipliers, including combinational and sequential. Combinational multipliers perform multiplication in a single step using logic gates, making them fast but hardware-intensive. Sequential binary multipliers, on the other hand, use a sequence of steps involving registers and adders, which makes them more efficient in terms of hardware but slower in operation. These multipliers are essential in digital electronics, particularly in processors and embedded systems, where they perform arithmetic operations efficiently.




[bookmark: _Toc196480250]What is a Braun multiplier 

[image: ]A Braun multiplier is a type of parallel array multiplier commonly used in digital signal processing and VLSI systems to perform high-speed binary multiplication. It is constructed using an array of AND gates and adders arranged in a regular, iterative structure, making it efficient for hardware implementation. The architecture typically involves generating partial products through AND gates, which are then summed using Half adders (HAs) and Full adders (FAs) to produce the final product. This design allows for faster computation by enabling the simultaneous processing of multiple bits. 
                                 Braun Multiplier diagram created by Martin White



[bookmark: _Toc196480251]the tests
I used a software called Vivado to create the Braun multiplier because of the FPGAs (hardware) made by AMD, just like Vivado. I first had to assign ports for the FPGA using the “STD_Logic” function. The required items for assigning were the AND gates, Signals, and the carry signals. Sum outputs are used during the reduction of the partial products later in the Braun multiplier, while carry outputs are used to feed into the next stage of the adder array. These signals consisted of the sum signals (S1-56) and the carry signals (C1-56). I could have implemented these in two different ways. I chose to use the simpler method, which was to implement them all under one “STD_LOGIC” function using commas to define each one separately. I could have created a “Signal s1 : STD__LOGIC;” for every single sum and carry but this would have simply over cluttered the code with meaningless numbers of lines extra that simply were not required. The AND gate signal outputs also needed to be declared in a similar way. I declared them in specific rows of the A signal in the AB so there were 8 rows A0B0-7, A1B0-7, A3B0-7 and so forth. All of these signals would go on to be used within every half adder and full adder. 
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For the half adder, I needed to create a component declaration. The block below defines a half adder component of the Braun multiplier. A half adder adds two single-bit binary numbers (A and B), which are set as STD_LOGIC inputs, and will produce both the Sum (the result of the addition) and the carry (a carry bit of both a and b if both are 1). This declaration allowed me to write my half adders into the reset of the code further down in the lines.
[image: A screenshot of a computer code

AI-generated content may be incorrect.]
Secondly I needed to created a similar component declaration for the half adders. The only difference between the two types of adders is that the full adder has a third input which is the “carry in”. The point of carry in, is to carry the additional bit that comes from the carry out of the previous adder, weather that’s from a half adder or a full adder.
[image: A screenshot of a computer code
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The final part I needed to create before moving on to coding the actual multiplier layout was the behavior of the and gates this was declaring that every A and B bit were put together into AND gates, meaning that every “a” bit would be ANDed with every “b” bit, forming an 8x8 grid (64 total partial products) theses partial products would then be added into the code within the adders 
[image: A screenshot of a computer
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Once I had created all the declarations, I needed to start coding the Braun multiplier. I did this by following the diagram I had created for my Braun multiplier, which is shown above in this document. Using that diagram, I knew whether I was working with a half adder or a full adder, so I could implement them accordingly. The diagram also instructed me on what was being input into each section. For example, for A00 (the first adder in the multiplier) the diagram showed me that it was going to be a half adder and that A input was “a1b0” and b was “a0b1” the sum and carry were ladled the same way I had labeled them when I had declared them meaning sum was equal to “s1” and the carry was equal to “c1”. I decided to separate each row of the diagram into “banks” for ease when it came back to looking over the code. So each row is defined with a comment at the top saying “AC#” so I can easily identify each row.
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Braun Implimentation Schematic
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Braun RTL schematic
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Braun IO planning
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Braun Timing data Sheet
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Braun Timing constraints
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Braun power summery
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Braun utilisation
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Braun utility summery






To prove that my multiplier was correctly operational, The Vivado simulation output displays the behavioral simulation of a Braun multiplier, where both 8-bit inputs are given in hexadecimal format. For example, if the input was a = 0x22 and b = 0x1A, which correspond to 34 and 26 in decimal, respectively. The expected result of multiplying these two values is 34 × 26 = 884, which is correctly represented as 0x0374 in hexadecimal. The waveform on the right side of the image would show that the inputs and the resulting output remain stable after 1005 ns, indicating that the multiplier has settled and produced a valid result. The signal viewer also shows individual partial products like a0b0, a1b1, etc., being processed internally. Overall, the simulation verifies that the multiplier is accurately generating and summing the partial products to compute the correct final output, confirming a successful and proper implementation.

[image: ][image: ][image: ][image: ] 




[bookmark: _Toc196480252]What is a Wallace multiplier 

A Wallace multiplier is a high-speed digital circuit used for multiplying binary numbers, particularly effective in applications requiring rapid arithmetic computations. It was introduced by Australian computer scientist Chris Wallace in 1964. The Wallace multiplier operates through three main steps: first, it generates all possible partial products by performing bitwise multiplication of the input operands; second, it reduces these partial products to two rows using layers of full and half adders, then it sums the two remaining rows using a conventional adder to produce the final product. This approach significantly reduces the number of sequential addition steps compared to traditional methods, leading to faster computation times. However, the Wallace multiplier can result in increased hardware complexity due to the large number of adders and interconnections required. To address these challenges, modern implementations often incorporate optimization techniques such as compressor circuits and low-power design strategies, enhancing performance while mitigating area and energy costs.
[image: ]
[bookmark: _Toc196480253]the tests
I used the same software to create the Wallace multiplier because of the FPGAs (hardware) made by AMD, just like Vivado and the Wallace multiplier also utilized this hardware. The process for creating the code was fairly similar to the braun multiplier even though on paper their diagrams look different to each other. I first had to assign ports for the FPGA using the “STD_Logic” function. The required items for assigning were the same as the braun multiplier, AND gates, Signals, and the carry signals. These signals consisted of the sum signals (S1-56) and the carry signals (C1-56). The implementation for these were written out the same way as with the braun multiplier as once again the exact same number of sum and carry signals were used in both multiplier. The AND gate signal outputs also needed to be declared in a similar way. I declared them in specific rows of the A signal in the AB so there were 8 rows A0B0-7, A1B0-7, A3B0-7 and so forth. All of these signals would go on to be used within every half adder and full adder. 
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The entity declaration defines a module named WallaceMultiplier, which uses the Wallace tree approach as an 8-bit by 8-bit multiplier. It has two 8-bit input ports, a and b, both of type STD_LOGIC_VECTOR(7 down to 0), representing the binary numbers to be multiplied. The output port, p, is a 16-bit wide STD_LOGIC_VECTOR(15 down to 0), which holds the final product of the multiplication. This entity establishes the external interface for the multiplier, with the detailed implementation provided separately in the architecture body.
[image: ]
The next part of code that I needed to write was the internal implementation of the multiplier. Within this architecture, a component named HalfAdder is declared. The HalfAdder takes two single-bit inputs, a and b, and produces two single-bit outputs: sum and carry. The sum output represents the XOR of the inputs. In contrast, the carry represents their AND, mimicking the behavior of a standard half-adder in digital logic. This component is a fundamental building block in the Wallace tree structure, where multiple partial products must be efficiently reduced through layers of addition.
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The following is a component declaration for a full adder. Multiple full adders like this one efficiently sum partial products generated during multiplication. This component, named FullAdder, has three input ports: a, b, and carry_in, all of type STD_LOGIC, representing the two bits to be added and the carry-in from a previous stage, much like with the previously mentioned braun multiplier. It also has two output ports: sum, which gives the result of the bit-wise addition, and carry_out, which outputs the carry generated from this addition. This modular design allows the FullAdder to be instantiated multiple times throughout the Wallace Tree structure to perform fast, parallel reduction of partial products, ultimately leading to high-speed multiplication performance in digital systems.
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The remainder of the component declarations were identical to the Braun multiplier, as all that was left was creating the values for the AND gates. Once I had made all the declarations, I needed to start coding the Wallace multiplier. I did this by following the diagram I had created for my Wallace multiplier, which is shown above in this document. Using that diagram, I knew whether I was working with a half or a full adder so I could implement them accordingly. The diagram also instructed me on what was being input into each section. For example, for A00 (the first adder in the multiplier), the diagram showed me that it was going to be a half adder and that A input was “a1b0” and b was “a0b1” the sum and carry were ladled the same way I had labeled them when I had declared them meaning sum was equal to “s1” and the carry was equal to “c1”. I decided to keep separating each row of the diagram into “banks” for ease when it came back to review the code. So, each row is defined with a comment at the top saying “AC#,” so I can easily identify each row. The layout of the remaining full adders or the “AC0” bank differs slightly from the Braun multiplier due to how the multipliers differ and then the following backs after differ drastically as the carry signal from the adder directly above goes into the adder below it instead of the adder next to it.
[image: ]
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Walace IO planning
[image: ]
[bookmark: _GoBack]Wallace device


[bookmark: _Toc196480254]What is the difference between the two multipliers

The Braun and Wallace multipliers are both digital circuits used for binary multiplication, but they differ significantly in architecture and performance. The Braun multiplier follows a regular, row-wise array structure using AND gates and carry-save adders, making it straightforward to implement, especially in hardware like FPGAs. However, it is slower compared to more optimized methods. In contrast, the Wallace multiplier employs a tree-like structure that reduces partial products more rapidly using layers of full and half adders, allowing for much faster computation by minimizing the number of addition stages. While the Wallace multiplier offers better speed and often lower power consumption due to its efficient reduction technique, it comes at the cost of increased hardware complexity and irregular layout. Braun multipliers are ideal for simpler, structured applications, whereas Wallace multipliers are better suited for high-performance systems where speed is critical.

Below is a demonstration of the longest possible path that can be used for the multiplication within the Braun and Wallace multipliers. These diagrams were used to calculate the longest delay in both multipliers. Making these calculations was straightforward. Every AND gate along the path would equate to 1 nanosecond,, and every adder,, regardless of whether it was a full adder or a half adder, would equate to 2 nanoseconds
[image: ][image: ]
[bookmark: _Toc196480255]Conclusion
In conclusion, both the Braun and Wallace multipliers serve the essential purpose of performing fast and efficient binary multiplication. Yet, they do so using distinctly different architectural approaches. The Braun multiplier offers a more regular and predictable layout, making it easier to implement in hardware but resulting in a slower performance due to its sequential carry propagation. The Wallace multiplier, on the other hand, achieves higher speed by minimizing the number of sequential addition stages through parallel reduction of partial products. However, this increased speed comes at the cost of greater design complexity and irregular layout. Through simulations performed in Vivado with hexadecimal inputs, the functionality and accuracy of both multiplier designs were verified, showing correct results and stable outputs. These tests affirm that both architectures are viable, with the choice between them ultimately depending on design priorities such as speed, resource usage, and implementation simplicity.
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Appendices 
braun multiplier
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

entity BraunMultiplier 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 BraunMultiplier;

architecture Behavioral of BraunMultiplier is
     component HalfAdder is
     Port (
            a : in STD_LOGIC;
            b : in STD_LOGIC;
            sum : out STD_LOGIC;
            carry : out STD_LOGIC
            );
      end component;
      
      component FullAdder is
        Port (
            a : in STD_LOGIC; 
            b : in STD_LOGIC; 
            carry_in : in STD_LOGIC;
            sum : out STD_LOGIC;
            carry_out : out STD_LOGIC 
            );
         end component;
         
     -- AND signal outputs
     signal a0b0, a0b1, a0b2, a0b3, a0b4, a0b5, a0b6, a0b7,
            a1b0, a1b1, a1b2, a1b3, a1b4, a1b5, a1b6, a1b7,
            a2b0, a2b1, a2b2, a2b3, a2b4, a2b5, a2b6, a2b7,
            a3b0, a3b1, a3b2, a3b3, a3b4, a3b5, a3b6, a3b7,
            a4b0, a4b1, a4b2, a4b3, a4b4, a4b5, a4b6, a4b7,
            a5b0, a5b1, a5b2, a5b3, a5b4, a5b5, a5b6, a5b7,
            a6b0, a6b1, a6b2, a6b3, a6b4, a6b5, a6b6, a6b7,
            a7b0, a7b1, a7b2, a7b3, a7b4, a7b5, a7b6, a7b7 : STD_LOGIC;

    -- Adder go between     
    signal s1, s2, s3, s4, s5, s6, s7, s8, s9, s10, s11, s12, s13, s14, s15, s16,
           s17, s18, s19, s20, s21, s22, s23, s24, s25, s26, s27, s28, s29, s30, s31, s32 : STD_LOGIC;
    signal s33, s34, s35, s36, s37, s38, s39, s40, s41, s42, s43, s44, s45, s46, s47, s48,
           s49, s50, s51, s52, s53, s54, s55, s56 : 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 : STD_LOGIC;
    signal c33, c34, c35, c36, c37, c38, c39, c40, c41, c42, c43, c44, c45, c46, c47, c48,
           c49, c50, c51, c52, c53, c54, c55, c56 : STD_LOGIC;
   
            
begin

 -- AND gates
    a0b0 <= a(0) AND b(0);
    a0b1 <= a(0) AND b(1);
    a0b2 <= a(0) AND b(2);
    a0b3 <= a(0) AND b(3);
    a0b4 <= a(0) AND b(4);
    a0b5 <= a(0) AND b(5);
    a0b6 <= a(0) AND b(6);
    a0b7 <= a(0) AND b(7);
    a1b0 <= a(1) AND b(0);
    a1b1 <= a(1) AND b(1);
    a1b2 <= a(1) AND b(2);
    a1b3 <= a(1) AND b(3);
    a1b4 <= a(1) AND b(4);
    a1b5 <= a(1) AND b(5);
    a1b6 <= a(1) AND b(6);
    a1b7 <= a(1) AND b(7);
    a2b0 <= a(2) AND b(0);
    a2b1 <= a(2) AND b(1);
    a2b2 <= a(2) AND b(2);
    a2b3 <= a(2) AND b(3);
    a2b4 <= a(2) AND b(4);
    a2b5 <= a(2) AND b(5);
    a2b6 <= a(2) AND b(6);
    a2b7 <= a(2) AND b(7);
    a3b0 <= a(3) AND b(0);
    a3b1 <= a(3) AND b(1);
    a3b2 <= a(3) AND b(2);
    a3b3 <= a(3) AND b(3);
    a3b4 <= a(3) AND b(4);
    a3b5 <= a(3) AND b(5);
    a3b6 <= a(3) AND b(6);
    a3b7 <= a(3) AND b(7);
    a4b0 <= a(4) AND b(0);
    a4b1 <= a(4) AND b(1);
    a4b2 <= a(4) AND b(2);
    a4b3 <= a(4) AND b(3);
    a4b4 <= a(4) AND b(4);
    a4b5 <= a(4) AND b(5);
    a4b6 <= a(4) AND b(6);
    a4b7 <= a(4) AND b(7);
    a5b0 <= a(5) AND b(0);
    a5b1 <= a(5) AND b(1);
    a5b2 <= a(5) AND b(2);
    a5b3 <= a(5) AND b(3);
    a5b4 <= a(5) AND b(4);
    a5b5 <= a(5) AND b(5);
    a5b6 <= a(5) AND b(6);
    a5b7 <= a(5) AND b(7);
    a6b0 <= a(6) AND b(0);
    a6b1 <= a(6) AND b(1);
    a6b2 <= a(6) AND b(2);
    a6b3 <= a(6) AND b(3);
    a6b4 <= a(6) AND b(4);
    a6b5 <= a(6) AND b(5);
    a6b6 <= a(6) AND b(6);
    a6b7 <= a(6) AND b(7);
    a7b0 <= a(7) AND b(0);
    a7b1 <= a(7) AND b(1);
    a7b2 <= a(7) AND b(2);
    a7b3 <= a(7) AND b(3);
    a7b4 <= a(7) AND b(4);
    a7b5 <= a(7) AND b(5);
    a7b6 <= a(7) AND b(6);
    a7b7 <= a(7) AND b(7);

-- AC 0
A00: entity work.halfadder port map (
    a => a1b0,
    b => a0b1,
    sum => s1,
    carry => c1);
A01: entity work.fulladder port map (
    a => a2b0,
    b => a1b1,
    carry_in => c1,
    sum => s2,
    carry_out => c2);
A02: entity work.fulladder port map (
    a => a3b0,
    b => a2b1,
    carry_in => c2,
    sum => s3,
    carry_out => c3);
A03: entity work.fulladder port map (
    a => a4b0,
    b => a3b1,
    carry_in => c3,
    sum => s4,
    carry_out => c4);
A04: entity work.fulladder port map (
    a => a5b0,
    b => a4b1,
    carry_in => c4,
    sum => s5,
    carry_out => c5);
A05: entity work.fulladder port map (
    a => a6b0,
    b => a5b1,
    carry_in => c5,
    sum => s6,
    carry_out => c6);
A06: entity work.fulladder port map (
    a => a7b0,
    b => a6b1,
    carry_in => c6,
    sum => s7,
    carry_out => c7);
A07: entity work.halfadder port map (
    a => c7,
    b => a7b1,
    sum => s8,
    carry => c8);
    
-- AC 1
A10: entity work.halfadder port map (
    a => s2,
    b => a0b2,
    sum => s9,
    carry => c9);
A11: entity work.fulladder port map (
    a => s3,
    b => a1b2,
    carry_in => c9,
    sum => s10,
    carry_out => c10);
A12: entity work.fulladder port map (
    a => s4,
    b => a2b2,
    carry_in => c10,
    sum => s11,
    carry_out => c11);
A13: entity work.fulladder port map (
    a => s5,
    b => a3b2,
    carry_in => c11,
    sum => s12,
    carry_out => c12);
A14: entity work.fulladder port map (
    a => s6,
    b => a4b2,
    carry_in => c12,
    sum => s13,
    carry_out => c13);
A15: entity work.fulladder port map (
    a => s7,
    b => a5b2,
    carry_in => c13,
    sum => s14,
    carry_out => c14);
A16: entity work.fulladder port map (
    a => s8,
    b => a6b2,
    carry_in => c14,
    sum => s15,
    carry_out => c15);
A17: entity work.fulladder port map (
    a => c8,
    b => a7b2,
    carry_in => c15,
    sum => s16,
    carry_out => c16);
    
-- AC 2
A20: entity work.halfadder port map (
    a => s10,
    b => a0b3,
    sum => s17,
    carry => c17);
A21: entity work.fulladder port map (
    a => s11,
    b => a1b3,
    carry_in => c17,
    sum => s18,
    carry_out => c18);
A22: entity work.fulladder port map (
    a => s12,
    b => a2b3,
    carry_in => c18,
    sum => s19,
    carry_out => c19);
A23: entity work.fulladder port map (
    a => s13,
    b => a3b3,
    carry_in => c19,
    sum => s20,
    carry_out => c20);
A24: entity work.fulladder port map (
    a => s14,
    b => a4b3,
    carry_in => c20,
    sum => s21,
    carry_out => c21);
A25: entity work.fulladder port map (
    a => s15,
    b => a5b3,
    carry_in => c21,
    sum => s22,
    carry_out => c22);
A26: entity work.fulladder port map (
    a => s16,
    b => a6b3,
    carry_in => c22,
    sum => s23,
    carry_out => c23);
A27: entity work.fulladder port map (
    a => c16,
    b => a7b3,
    carry_in => c23,
    sum => s24,
    carry_out => c24);
    
-- AC 3
A30: entity work.halfadder port map (
    a => s18,
    b => a0b4,
    sum => s25,
    carry => c25);
A31: entity work.fulladder port map (
    a => s19,
    b => a1b4,
    carry_in => c25,
    sum => s26,
    carry_out => c26);
A32: entity work.fulladder port map (
    a => s20,
    b => a2b4,
    carry_in => c26,
    sum => s27,
    carry_out => c27);
A33: entity work.fulladder port map (
    a => s21,
    b => a3b4,
    carry_in => c27,
    sum => s28,
    carry_out => c28);
A34: entity work.fulladder port map (
    a => s22,
    b => a4b4,
    carry_in => c28,
    sum => s29,
    carry_out => c29);
A35: entity work.fulladder port map (
    a => s23,
    b => a5b4,
    carry_in => c29,
    sum => s30,
    carry_out => c30);
A36: entity work.fulladder port map (
    a => s24,
    b => a6b4,
    carry_in => c30,
    sum => s31,
    carry_out => c31);
A37: entity work.fulladder port map (
    a => c24,
    b => a7b4,
    carry_in => c31,
    sum => s32,
    carry_out => c32);
    
-- AC 4
A40: entity work.halfadder port map (
    a => s26,
    b => a0b5,
    sum => s33,
    carry => c33);
A41: entity work.fulladder port map (
    a => s27,
    b => a1b5,
    carry_in => c33,
    sum => s34,
    carry_out => c34);
A42: entity work.fulladder port map (
    a => s28,
    b => a2b5,
    carry_in => c34,
    sum => s35,
    carry_out => c35);
A43: entity work.fulladder port map (
    a => s29,
    b => a3b5,
    carry_in => c35,
    sum => s36,
    carry_out => c36);
A44: entity work.fulladder port map (
    a => s30,
    b => a4b5,
    carry_in => c36,
    sum => s37,
    carry_out => c37);
A45: entity work.fulladder port map (
    a => s31,
    b => a5b5,
    carry_in => c37,
    sum => s38,
    carry_out => c38);
A46: entity work.fulladder port map (
    a => s32,
    b => a6b5,
    carry_in => c38,
    sum => s39,
    carry_out => c39);
A47: entity work.fulladder port map (
    a => c32,
    b => a7b5,
    carry_in => c39,
    sum => s40,
    carry_out => c40);
    
-- AC 5
A50: entity work.halfadder port map (
    a => s34,
    b => a0b6,
    sum => s41,
    carry => c41);
A51: entity work.fulladder port map (
    a => s35,
    b => a1b6,
    carry_in => c41,
    sum => s42,
    carry_out => c42);
A52: entity work.fulladder port map (
    a => s36,
    b => a2b6,
    carry_in => c42,
    sum => s43,
    carry_out => c43);
A53: entity work.fulladder port map (
    a => s37,
    b => a3b6,
    carry_in => c43,
    sum => s44,
    carry_out => c44);
A54: entity work.fulladder port map (
    a => s38,
    b => a4b6,
    carry_in => c44,
    sum => s45,
    carry_out => c45);
A55: entity work.fulladder port map (
    a => s39,
    b => a5b6,
    carry_in => c45,
    sum => s46,
    carry_out => c46);
A56: entity work.fulladder port map (
    a => s40,
    b => a6b6,
    carry_in => c46,
    sum => s47,
    carry_out => c47);
A57: entity work.fulladder port map (
    a => c40,
    b => a7b6,
    carry_in => c47,
    sum => s48,
    carry_out => c48);
    
-- AC 6
A60: entity work.halfadder port map (
    a => s42,
    b => a0b7,
    sum => s49,
    carry => c49);
A61: entity work.fulladder port map (
    a => s43,
    b => a1b7,
    carry_in => c49,
    sum => s50,
    carry_out => c50);
A62: entity work.fulladder port map (
    a => s44,
    b => a2b7,
    carry_in => c50,
    sum => s51,
    carry_out => c51);
A63: entity work.fulladder port map (
    a => s45,
    b => a3b7,
    carry_in => c51,
    sum => s52,
    carry_out => c52);
A64: entity work.fulladder port map (
    a => s46,
    b => a4b7,
    carry_in => c52,
    sum => s53,
    carry_out => c53);
A65: entity work.fulladder port map (
    a => s47,
    b => a5b7,
    carry_in => c53,
    sum => s54,
    carry_out => c54);
A66: entity work.fulladder port map (
    a => s48,
    b => a6b7,
    carry_in => c54,
    sum => s55,
    carry_out => c55);
A67: entity work.fulladder port map (
    a => c48,
    b => a7b7,
    carry_in => c55,
    sum => s56,
    carry_out => c56);


-- P Outputs
    p(0) <= a0b0;
    p(1) <= s1;
    p(2) <= s9;
    p(3) <= s17;
    p(4) <= s25;
    p(5) <= s33;
    p(6) <= s41;
    p(7) <= s49;
    p(8) <= s50;
    p(9) <= s51;
    p(10) <= s52;
    p(11) <= s53;
    p(12) <= s54;
    p(13) <= s55;
    p(14) <= s56;
    p(15) <= c56;
    
wallace multiplier
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

entity WallaceMultiplier 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 WallaceMultiplier;

architecture Behavioral of WallaceMultiplier is
     component HalfAdder is
     Port (
            a : in STD_LOGIC;
            b : in STD_LOGIC;
            sum : out STD_LOGIC;
            carry : out STD_LOGIC
            );
      end component;
      
      component FullAdder is
        Port (
            a : in STD_LOGIC; 
            b : in STD_LOGIC; 
            carry_in : in STD_LOGIC;
            sum : out STD_LOGIC;
            carry_out : out STD_LOGIC 
            );
         end component;
         
     -- AND signal outputs
     signal a0b0, a0b1, a0b2, a0b3, a0b4, a0b5, a0b6, a0b7,
            a1b0, a1b1, a1b2, a1b3, a1b4, a1b5, a1b6, a1b7,
            a2b0, a2b1, a2b2, a2b3, a2b4, a2b5, a2b6, a2b7,
            a3b0, a3b1, a3b2, a3b3, a3b4, a3b5, a3b6, a3b7,
            a4b0, a4b1, a4b2, a4b3, a4b4, a4b5, a4b6, a4b7,
            a5b0, a5b1, a5b2, a5b3, a5b4, a5b5, a5b6, a5b7,
            a6b0, a6b1, a6b2, a6b3, a6b4, a6b5, a6b6, a6b7,
            a7b0, a7b1, a7b2, a7b3, a7b4, a7b5, a7b6, a7b7 : STD_LOGIC;

    -- Adder go between     
    signal s1, s2, s3, s4, s5, s6, s7, s8, s9, s10, s11, s12, s13, s14, s15, s16,
           s17, s18, s19, s20, s21, s22, s23, s24, s25, s26, s27, s28, s29, s30, s31, s32 : STD_LOGIC;
    signal s33, s34, s35, s36, s37, s38, s39, s40, s41, s42, s43, s44, s45, s46, s47, s48,
           s49, s50, s51, s52, s53, s54, s55, s56 : 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 : STD_LOGIC;
    signal c33, c34, c35, c36, c37, c38, c39, c40, c41, c42, c43, c44, c45, c46, c47, c48,
           c49, c50, c51, c52, c53, c54, c55, c56 : STD_LOGIC;
   
            
begin

 -- AND gates
    a0b0 <= a(0) AND b(0);
    a0b1 <= a(0) AND b(1);
    a0b2 <= a(0) AND b(2);
    a0b3 <= a(0) AND b(3);
    a0b4 <= a(0) AND b(4);
    a0b5 <= a(0) AND b(5);
    a0b6 <= a(0) AND b(6);
    a0b7 <= a(0) AND b(7);
    a1b0 <= a(1) AND b(0);
    a1b1 <= a(1) AND b(1);
    a1b2 <= a(1) AND b(2);
    a1b3 <= a(1) AND b(3);
    a1b4 <= a(1) AND b(4);
    a1b5 <= a(1) AND b(5);
    a1b6 <= a(1) AND b(6);
    a1b7 <= a(1) AND b(7);
    a2b0 <= a(2) AND b(0);
    a2b1 <= a(2) AND b(1);
    a2b2 <= a(2) AND b(2);
    a2b3 <= a(2) AND b(3);
    a2b4 <= a(2) AND b(4);
    a2b5 <= a(2) AND b(5);
    a2b6 <= a(2) AND b(6);
    a2b7 <= a(2) AND b(7);
    a3b0 <= a(3) AND b(0);
    a3b1 <= a(3) AND b(1);
    a3b2 <= a(3) AND b(2);
    a3b3 <= a(3) AND b(3);
    a3b4 <= a(3) AND b(4);
    a3b5 <= a(3) AND b(5);
    a3b6 <= a(3) AND b(6);
    a3b7 <= a(3) AND b(7);
    a4b0 <= a(4) AND b(0);
    a4b1 <= a(4) AND b(1);
    a4b2 <= a(4) AND b(2);
    a4b3 <= a(4) AND b(3);
    a4b4 <= a(4) AND b(4);
    a4b5 <= a(4) AND b(5);
    a4b6 <= a(4) AND b(6);
    a4b7 <= a(4) AND b(7);
    a5b0 <= a(5) AND b(0);
    a5b1 <= a(5) AND b(1);
    a5b2 <= a(5) AND b(2);
    a5b3 <= a(5) AND b(3);
    a5b4 <= a(5) AND b(4);
    a5b5 <= a(5) AND b(5);
    a5b6 <= a(5) AND b(6);
    a5b7 <= a(5) AND b(7);
    a6b0 <= a(6) AND b(0);
    a6b1 <= a(6) AND b(1);
    a6b2 <= a(6) AND b(2);
    a6b3 <= a(6) AND b(3);
    a6b4 <= a(6) AND b(4);
    a6b5 <= a(6) AND b(5);
    a6b6 <= a(6) AND b(6);
    a6b7 <= a(6) AND b(7);
    a7b0 <= a(7) AND b(0);
    a7b1 <= a(7) AND b(1);
    a7b2 <= a(7) AND b(2);
    a7b3 <= a(7) AND b(3);
    a7b4 <= a(7) AND b(4);
    a7b5 <= a(7) AND b(5);
    a7b6 <= a(7) AND b(6);
    a7b7 <= a(7) AND b(7);

-- AC 0
A00: entity work.halfadder port map (
    a => a1b0,
    b => a0b1,
    sum => s1,
    carry => c1);
A01: entity work.fulladder port map (
    a => a2b0,
    b => a1b1,
    carry_in => a0b2,
    sum => s2,
    carry_out => c2);
A02: entity work.fulladder port map (
    a => a3b0,
    b => a2b1,
    carry_in => a1b2,
    sum => s3,
    carry_out => c3);
A03: entity work.fulladder port map (
    a => a4b0,
    b => a3b1,
    carry_in => a2b2,
    sum => s4,
    carry_out => c4);
A04: entity work.fulladder port map (
    a => a5b0,
    b => a4b1,
    carry_in => a3b2,
    sum => s5,
    carry_out => c5);
A05: entity work.fulladder port map (
    a => a6b0,
    b => a5b1,
    carry_in => a4b2,
    sum => s6,
    carry_out => c6);
A06: entity work.fulladder port map (
    a => a7b0,
    b => a6b1,
    carry_in => a5b2,
    sum => s7,
    carry_out => c7);
A07: entity work.halfadder port map (
    a => a6b2,
    b => a7b1,
    sum => s8,
    carry => c8);
    
-- AC 1
A10: entity work.halfadder port map (
    a => s2,
    b => c1,
    sum => s9,
    carry => c9);
A11: entity work.fulladder port map (
    a => s3,
    b => c2,
    carry_in => a0b3,
    sum => s10,
    carry_out => c10);
A12: entity work.fulladder port map (
    a => s4,
    b => c3,
    carry_in => a1b3,
    sum => s11,
    carry_out => c11);
A13: entity work.fulladder port map (
    a => s5,
    b => c4,
    carry_in => a2b3,
    sum => s12,
    carry_out => c12);
A14: entity work.fulladder port map (
    a => s6,
    b => c5,
    carry_in => a3b3,
    sum => s13,
    carry_out => c13);
A15: entity work.fulladder port map (
    a => s7,
    b => c6,
    carry_in => a4b3,
    sum => s14,
    carry_out => c14);
A16: entity work.fulladder port map (
    a => s8,
    b => c7,
    carry_in => a5b3,
    sum => s15,
    carry_out => c15);
A17: entity work.fulladder port map (
    a => a6b3,
    b => a7b2,
    carry_in => c8,
    sum => s16,
    carry_out => c16);
    
-- AC 2
A20: entity work.halfadder port map (
    a => s10,
    b => c9,
    sum => s17,
    carry => c17);
A21: entity work.fulladder port map (
    a => s11,
    b => a0b4,
    carry_in => c10,
    sum => s18,
    carry_out => c18);
A22: entity work.fulladder port map (
    a => s12,
    b => a1b4,
    carry_in => c11,
    sum => s19,
    carry_out => c19);
A23: entity work.fulladder port map (
    a => s13,
    b => a2b4,
    carry_in => c12,
    sum => s20,
    carry_out => c20);
A24: entity work.fulladder port map (
    a => s14,
    b => a3b4,
    carry_in => c13,
    sum => s21,
    carry_out => c21);
A25: entity work.fulladder port map (
    a => s15,
    b => a4b4,
    carry_in => c14,
    sum => s22,
    carry_out => c22);
A26: entity work.fulladder port map (
    a => s16,
    b => a5b4,
    carry_in => c15,
    sum => s23,
    carry_out => c23);
A27: entity work.fulladder port map (
    a => a7b3,
    b => a6b4,
    carry_in => c16,
    sum => s24,
    carry_out => c24);
    
-- AC 3
A30: entity work.halfadder port map (
    a => s18,
    b => c17,
    sum => s25,
    carry => c25);
A31: entity work.fulladder port map (
    a => s19,
    b => a0b5,
    carry_in => c18,
    sum => s26,
    carry_out => c26);
A32: entity work.fulladder port map (
    a => s20,
    b => a1b5,
    carry_in => c19,
    sum => s27,
    carry_out => c27);
A33: entity work.fulladder port map (
    a => s21,
    b => a2b5,
    carry_in => c20,
    sum => s28,
    carry_out => c28);
A34: entity work.fulladder port map (
    a => s22,
    b => a3b5,
    carry_in => c21,
    sum => s29,
    carry_out => c29);
A35: entity work.fulladder port map (
    a => s23,
    b => a4b5,
    carry_in => c22,
    sum => s30,
    carry_out => c30);
A36: entity work.fulladder port map (
    a => s24,
    b => a5b5,
    carry_in => c23,
    sum => s31,
    carry_out => c31);
A37: entity work.fulladder port map (
    a => a6b5,
    b => a7b4,
    carry_in => c24,
    sum => s32,
    carry_out => c32);
    
-- AC 4
A40: entity work.halfadder port map (
    a => s26,
    b => c25,
    sum => s33,
    carry => c33);
A41: entity work.fulladder port map (
    a => s27,
    b => a0b6,
    carry_in => c26,
    sum => s34,
    carry_out => c34);
A42: entity work.fulladder port map (
    a => s28,
    b => a1b6,
    carry_in => c27,
    sum => s35,
    carry_out => c35);
A43: entity work.fulladder port map (
    a => s29,
    b => a2b6,
    carry_in => c28,
    sum => s36,
    carry_out => c36);
A44: entity work.fulladder port map (
    a => s30,
    b => a3b6,
    carry_in => c29,
    sum => s37,
    carry_out => c37);
A45: entity work.fulladder port map (
    a => s31,
    b => a4b6,
    carry_in => c30,
    sum => s38,
    carry_out => c38);
A46: entity work.fulladder port map (
    a => s32,
    b => a5b6,
    carry_in => c31,
    sum => s39,
    carry_out => c39);
A47: entity work.fulladder port map (
    a => a6b6,
    b => a7b5,
    carry_in => c32,
    sum => s40,
    carry_out => c40);
    
-- AC 5
A50: entity work.halfadder port map (
    a => s34,
    b => c33,
    sum => s41,
    carry => c41);
A51: entity work.fulladder port map (
    a => s35,
    b => a0b7,
    carry_in => c34,
    sum => s42,
    carry_out => c42);
A52: entity work.fulladder port map (
    a => s36,
    b => a1b7,
    carry_in => c35,
    sum => s43,
    carry_out => c43);
A53: entity work.fulladder port map (
    a => s37,
    b => a2b7,
    carry_in => c36,
    sum => s44,
    carry_out => c44);
A54: entity work.fulladder port map (
    a => s38,
    b => a3b7,
    carry_in => c37,
    sum => s45,
    carry_out => c45);
A55: entity work.fulladder port map (
    a => s39,
    b => a4b7,
    carry_in => c38,
    sum => s46,
    carry_out => c46);
A56: entity work.fulladder port map (
    a => s40,
    b => a5b7,
    carry_in => c39,
    sum => s47,
    carry_out => c47);
A57: entity work.fulladder port map (
    a => a6b7,
    b => a7b6,
    carry_in => c40,
    sum => s48,
    carry_out => c48);
    
-- AC 6
A60: entity work.halfadder port map (
    a => s42,
    b => c41,
    sum => s49,
    carry => c49);
A61: entity work.fulladder port map (
    a => s43,
    b => c42,
    carry_in => c49,
    sum => s50,
    carry_out => c50);
A62: entity work.fulladder port map (
    a => s44,
    b => c43,
    carry_in => c50,
    sum => s51,
    carry_out => c51);
A63: entity work.fulladder port map (
    a => s45,
    b => c44,
    carry_in => c51,
    sum => s52,
    carry_out => c52);
A64: entity work.fulladder port map (
    a => s46,
    b => c45,
    carry_in => c52,
    sum => s53,
    carry_out => c53);
A65: entity work.fulladder port map (
    a => s47,
    b => c46,
    carry_in => c53,
    sum => s54,
    carry_out => c54);
A66: entity work.fulladder port map (
    a => s48,
    b => c47,
    carry_in => c54,
    sum => s55,
    carry_out => c55);
A67: entity work.fulladder port map (
    a => c48,
    b => a7b7,
    carry_in => c55,
    sum => s56,
    carry_out => c56);


-- P Outputs
    p(0) <= a0b0;
    p(1) <= s1;
    p(2) <= s9;
    p(3) <= s17;
    p(4) <= s25;
    p(5) <= s33;
    p(6) <= s41;
    p(7) <= s49;
    p(8) <= s50;
    p(9) <= s51;
    p(10) <= s52;
    p(11) <= s53;
    p(12) <= s54;
    p(13) <= s55;
    p(14) <= s56;
    p(15) <= c56;
    
    
end Behavioral;

BASYS 3 Board working with multipliers
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-- AND signal outputs

signal a@bo, adbl, adb2,
albo, albl, alb2,
a2bo, a2bl, a2b2,
a3b0, a3bl, a3b2,
a4bo, adbl, adb2,
a5bo, asbl, asSb2,
a6bo, a6bl, a6b2,
a7bo, a7bl, a7b2,

-~ Adder go between
signal s1, s2, s3, s4, s5,
517, s18, s19, s20,
signal s33, s34, s35, s36,
549, s50, s51, s52,
signal c1, c2, c3, c4, c5,
€17, c18, c19, c20,
signal ¢33, c34, ¢35, c36,
€49, c50, c51, c52,

aeb3,
alb3,
a2b3,
a3b3,
a4b3,
asb3,
a6b3,
a7b3,

s6,
s21,
537,
553,
<6,

c21,
37,
53,

a6ba, a@bs,
alba, albs,
a2ba, a2bs,
a3ba, a3bs,
asba, a4bs,
asba, asbs,
a6ba, a6bs,
a7ba, a7bs,

57, s8, s9,

522,
s38,
554,

523,
539,
555,

<7, 8, <9,

22,
38,
54,

23,
39,
cs5,

s10,
s24,
s40,
556 :
c1e,
c24,
40,
€56 :

a6b6, a0b7,
alb6, alb7,
a2b6, a2b7,
a3b6, a3b7,
adb6, a4b7,
asb6, asb7,
a6b6, a6b7,
a7b6, a7b7 : STD_LOGIC;

s11, s12, si3,
525, s26, s27,
s41, s42, s43,
STD_LOGIC;

€11, c12, c13,
€25, c26, <27,
<41, ca2, ca3,
STD_LOGIC;

s14,
528,
s44,

c14,
c28,
cas,

515,
529,
45,

c15,
29,
cas,

s16,
s30,
s46,

ci16,
30,
a6,

531,
547,

31,
47,

$32 :

s48,

€32 :

a8,

STD_LOGIC;

STD_LOGIC;
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component Halfhdder is
rore (

2t in STD_LOGIC;
b : in STD_LOGIC;
sum 5 out STD_LOGIC;
carry @ out STD_LOGIC
i

end component;

component FullAdder is

rore (
a1 in STD_LOGIC;
b s in STD_LOGIC;
carry_in : in STD_LOGIC;
sum 5 out STD_LOGIC;

carry_out : out STD_LOGIC
)

end component;





image5.png
carry_in

con ¢ o $To_tocrc;
Carey_oun + om ST to6TC

)
end component;

-- aND signal outputs
signal a0b0, a0bl, a0b2,
albo, albl, alb2,
a2b0, azbl, azb2,
a0, adbl, a2,
a4b0, adbl, adb2,
asbo, asbl, ash2,
a@bo, adbl, adb2,
a7b0, a7bl, a7z,

x go betw
signal sl, s2, s3, s4, 55,
517, sie, s1s, s20,
signal 33, s34, s35, 535,
49, s50, s51, s52,
signal cl, c2, c3, c4, cs5,
17, clg, cls, c20,
signal ¢33, c34, ¢35, c36,
43, o0, 51, 52,

begin

BO);
2(0) AND B(1);
a(0) A b(2);
2(0) AND B(3);
2(0) AND B(4);
a(0) A b(S);
2(0) AND B(e);
2(0) AND B(7);
a(1) A b(O);
a(1) A b(1);
a(1) A b(2);
a(1) A b(3);
a(1) A b(4);
a(1) A b(s);
a(1) 2D b(E);
a(1) A b(7);
a(2) A B(0);
a(2) A b(1);
a(2) A b(2);
2(2) A B(3);
a(2) A bi4);
2(2) A B(S);
a(2) AN b(e);
a(2) A b(7);
2(3) AN B(0);
2(3) A b(1);
a(3) A b(2);
2(3) A B(3);
2(3) A b(4);
a(3) A b(S);
2(3) A b(e);
2(3) A b(7);
a(4) A b(O);
a(4) A B(1);
a(4) A b(2);
a(4) A b(3);
a(4) AND b(4);
a(4) AN B(S);
a(4) A b(E);
a(4) A B(7);
a(s) AN B(0);
a(s) A b(1);
a(s) A b(2);
a(s) A B(3);
a(s) A b(4);
a(s) AN B(S);
a(s) AND b(e);
a(s) A b(7);
a(6) AND b(0);
a(e) A b(1);
a(e) A b(2);
a(e) AN B(3);
a(6) AND b(4);
a(e) A b(S);
a(6) AN b(e);
a(e) A b(7);
a(7) A b(O);
a(7) A b(1);
a(7) A b(2);
a(7) A b(3);
a(7) A b(4);
a(7) A B(s);
a(7) A b(e):
= a(7) MND b(7);

amm3,
a3,
az3,
am3,
b3,
asp3,
a3,
ams3,

b4,
albs,
azb4,
a4,
abs,
asbd,
abd,
a4,

aoss,
albs,
azs,
ams,
adps,
asps,
abs,
ams,

aobe,
albe,
aze,
ame,
adbe,
aspe,
abe,
ame,

amm7,
a7,
a7,
am7,
aap7,
asp7,
@7,
2757 5 STD_LOGIC;

s6, 7, s8, 55, sl0, sll, sl2, sl3, sl4, s, slG,
s21, s22, s23, s24, s25, s26, s27, s28, s29, 830, s3L,
537, 38, 39, 540, sdl, s42, s43, s44, s45, sd6, s47,

553, s54, 355, 856

STD_L0GIC;

€, ¢, c8, 3, clo, cll, cl2, cl3, cld, cls, clé,
21, c22, c23, c24, 25, c2€, 27, 28, €29, €30, c3l,
€37, c38, ©39, oD, cl, c42, c43, cdd, cofS, o€, cof7,

53, 54, <55, c5€

STD_1061C;

532 : STO_LDGIC;
sse,





image6.png
118

usi —-aco
120 200: entity work.halfadder port
121 a = albo,
122 b => ambl,
123 sum => 81,

12 cn;
125 entity work.fulladder port
126 a2m0,

127 a1,

128

128

130

131 : entity work. fulladder port
132 a0,

133
138
135

136

azl,
carry_in

sum => 83,
carzy_out => c3);

2,

1370) 203: entity vork.fulladder port
132 a = aibo,

139 b= aml,

150 carry_in => c3,

131 sum => a4,

152 carry_out => c4);

1430 204: entity vork.fulladder port

133 a = asmr,
135 b => aibl,

16 carry_in => of,

147 sum => 55,

132 carry_out => c5);

135 entity work.fulladder port
150 a = @m0,

151 b= asbl,

152 os,

153

map

map

map

map

map

map
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-~ AND signal outputs

signal a@be, adbl, adb2, adb3,
albe, albl, alb2, alb3,
a2b0, a2bl, a2b2, a2b3,
a3b0, a3bl, a3b2, a3b3,
a4bo, adbl, adb2, adb3,
a5bo, asbl, aSb2, aSb3,
a6bo, a6bl, a6b2, atb3,
a7b0, a7bl, a7b2, a7b3,

-~ Adder go between

signal s1, s2, s3, s4, s5, s6,
517, s18, s19, s20, s21,

signal s33, s34, s35, 536, s37,
549, s50, s51, s52, s53,

signal c1, c2, ¢3, c4, c5, c6,
€17, c18, c19, c20, c21,

signal ¢33, c34, ¢35, c36, c37,
€49, c50, c51, ¢52, c53,

a6ba, a@bs,
alba, albs,
a2ba, a2bs,
a3ba, a3bs,
asba, a4bs,
asba, asbs,
a6ba, a6bs,
a7ba, a7bs,

57, s8, s9,

522,
s38,
554,

523,
539,
555,

<7, 8, <9,

22,
38,
54,

23,
39,
cs5,

s10,
s24,
s40,
556 :
c1e,
c24,
40,
€56 :

a6b6, a0b7,
alb6, alb7,
a2b6, a2b7,
a3b6, a3b7,
adb6, a4b7,
asb6, asb7,
a6b6, a6b7,
a7b6, a7b7 : STD_LOGIC;

s11, s12, si3,
525, s26, s27,
s41, s42, s43,
STD_LOGIC;

€11, c12, c13,
€25, c26, <27,
<41, ca2, ca3,
STD_LOGIC;

s14,
528,
s44,

c14,
c28,
cas,

515,
529,
45,

c15,
29,
cas,

s16,
s30,
s46,

ci16,
30,
a6,

531,
547,

31,
47,

532 : STD_LOGIC;
s48,

€32 : STD_LOGIC;
a8,
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1. library IEEE;

2 | use IEEE.STD_LOGIC_1164.ALL;

3.

4 entity WallaceMultiplier is

50 Port (' a : in STD_LOGIC_VECTOR (7 downto 0);
6! b : in STD_LOGIC_VECTOR (7 downto 0);
7 p : out STD_LOGIC_VECTOR (15 downto 0));
8¢ end WallaceMultiplier;

9.

100 architecture Behavioral of WallaceMultiplier is
19 component HalfAdder is

12} Port (

13 . a : in STD_LOGIC;

14 b : in STD_LOGIC;

15 | sum : out STD_LOGIC;

16 ! carry : out STD_LOGIC

171 )5

188 end component;

19 1

200 component FullAdder is

21} Port (

22 . a : in STD_LOGIC;

231 b : in STD_LOGIC;

2 carry_in : in STD_LOGIC;

25 . sum : out STD_LOGIC;

26 ! carry_out : out STD_LOGIC

27 )5

288 end component;
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--AC @

A00:

Ao1:

A02:

A03:

noa:

entity work.halfadder
a => albe,
b => aobl,

sum => s1,
carry => c1);

entity work.fulladder
a => a2be,
b => albl,

carry_in => a0b2,
sum => s2,
carry_out => c2);

entity work.fulladder
a => a3be,
b => a2bl,

carry_in => alb2,
sum => s3,
carry_out => c3);

entity work.fulladder
a => adbe,
b => a3bl,

carry_in => a2b2,
sum => s4,
carry_out => c4);

entity work.fulladder
a => asbe,
b => adbl,

carry_in => a3b2,
sum => s5,
carry_out => c5);

port

port

port

port

port

map

map

map

map

map
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