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1 Introduction 
Multipliers are essential in digital circuits for many tasks across different complexities. This 

assignment will critically evaluate the performance of a Braun and Wallace Tree multiplier simulated, 

synthesised and implemented on an xc7a15tcpg236-1 FPGA in Xilinx Vivado [1]. Multipliers are the 

backbone of complex digital signal processing algorithms such as Fast Fourier Transforms, Finite 

Impulse Responses [2], Infinite Impulse Reponses and Convolutions [3], image/video processing and 

machine learning [4]. 

2 Background Research / Literature Review 
Multiplication of decimal number, when done by hand, is often completed using long multiplication 

[5]. Long multiplication is the name applied to the summation of partial products, and is applicable 

to multiplication in number systems that do not use base 10 [6]. 

One multiplier that may be found in a digital circuit is a Braun multiplier [7] is comprised of “Carry 

Save Adder stages for generating partial products and one Ripple Carry Adder [6] stage which give 

final 4 MSB Product Bits.” The partial products are summed together to form the final product, 

similar to long multiplication [5]. Calculating partial products and summing them to create a final 

product is a method of multiplication that works in different number bases. As we are implementing 

a digital circuit, we must take into consideration that we are restricted to base 2. 

The Wallace Tree multiplier is one such example of a parallel multiplier [8], which means it can 

generate parts of the final product in a non-linear fashion. It makes use of a carry look ahead adder 

enables faster computation of results by shortening propagation delay throughout the circuit [9]. 

Additionally, the Wallace tree multiplier has applications in non-FPGA digital circuits such as RISC-V 

processors [10]. 

3 Task 1 – Braun Multiplier 
The Braun multiplier has been designed to take two unsigned numbers, a multiplicand and 

multiplier, represented by 𝑎 and 𝑏, with the most significant and least significant bits being 𝑎7, 𝑏7 

and 𝑎0, 𝑏0 respectively. 



3.1 Logic circuit diagram 

 

Figure 1: Circuit diagram of an 8-bit Braun multiplier 

3.2 Schematic 

 

Figure 2: Post simulation schematic of an 8-bit Braun multiplier in Xilinx Vivado 

 



4 Task 2 – Wallace Multiplier 

4.1 Logic circuit diagram 

 

Figure 3: Circuit diagram of an 8-bit Wallace Tree multiplier 

4.2 Schematic 

 

Figure 4: Post simulation schematic of an 8-bit Braun multiplier in Xilinx Vivado 



5 Task 3 – Multiplier Evaluation 

5.1 Test bench 
The accuracy of the output from both multipliers was verified through the use of a test bench. Using 

the multiply operator “*” to store the result of the two inputs multiplier together, a variable named 

“resultCheck” was created to store a comparison between the output of a multiplier and the internal 

multiply. 

 

Figure 5: Screenshot of the simulation screen after running a Braun multiplier test bench 

 

Figure 6: An identical output from the simulation of a Wallace Tree multiplier test bench 

5.2 Longest delay 
In order to calculate the longest delay, the “resultCheck” variable that was used in the test benches 

was removed prior to simulations that were used to retrieve timing values as it made use of integral 

multipliers to verify the output of the multipliers created in this assignment. 



5.2.1 Wallace tree multiplier combinational delay 

 

Figure 7: Maximum combinational delays between ports for a Wallace tree multiplier 



5.2.2 Braun multiplier combinational delay 

 

Figure 8: Maximum combinational delays between ports for a Wallace tree multiplier 

  



5.2.3 Calculated delays 
Delays for each multiplier that have been manually calculated below use the following assumptions: 

• Each ‘and gate’ has a delay of 1ns; 

• The processing delay in the half adder and full adder is 2ns; 

• The propagation delay between logic elements is 0ns. 

5.2.3.1 Calculated delay in Braun multiplier 

𝑎𝑛𝑑 𝑔𝑎𝑡𝑒 𝑐𝑜𝑢𝑛𝑡 ∗ 𝑡𝑔 + 𝑎𝑑𝑑𝑒𝑟 𝑐𝑜𝑢𝑛𝑡 ∗ 𝑡𝑎𝑑 

Equation 1: Longest delay formula [11] 

Where 𝑡𝑔 = 1𝑛𝑠 and 𝑡𝑎𝑑 = 2𝑛𝑠 

1 ∗ 𝑡𝑔 + 20 ∗ 𝑡𝑎𝑑 = 𝑡𝑜𝑡𝑎𝑙 𝑑𝑒𝑙𝑎𝑦 

1 ∗ 1𝑛𝑠 + 20 ∗ 2𝑛𝑠 = 41𝑛𝑠 

5.2.3.2 Calculated delay in Wallace tree multiplier 

𝑎𝑛𝑑 𝑔𝑎𝑡𝑒 𝑐𝑜𝑢𝑛𝑡 ∗ 𝑡𝑔 + 𝑎𝑑𝑑𝑒𝑟 𝑐𝑜𝑢𝑛𝑡 ∗ 𝑡𝑎𝑑 

Equation 2: Longest delay formula [11] 

Where 𝑡𝑔 = 1𝑛𝑠 and 𝑡𝑎𝑑 = 2𝑛𝑠 

1 ∗ 𝑡𝑔 + 12 ∗ 𝑡𝑎𝑑 = 𝑡𝑜𝑡𝑎𝑙 𝑑𝑒𝑙𝑎𝑦 

1 ∗ 1𝑛𝑠 + 12 ∗ 2𝑛𝑠 = 25𝑛𝑠 

5.2.4 Multiplier delay comparison 
The delay in the Braun multiplier is calculated to be greater than that of the Wallace tree at 41ns vs 

25ns, 64% slower. This highlights that there should be an expected difference in latency between the 

two multipliers, which is observed when comparing Figure 7 and Figure 8. The maximum delay from 

an input port to an output port for the Braun multiplier is 22.647ns, while the Wallace tree multiplier 

has a delay of 18.327ns.  

 

5.3 Power consumption  
The vast majority of the power consumed by the multiplier is device static which is a constant 

0.070W and not related directly to the multiplier. The remaining power consumption is used by the 

multiplier and split into signals, the interconnects that run between logic, the logic itself, and I/O. 



5.3.1 Braun multiplier power consumption 

 

Figure 9: Power consumption from the implemented netlist for the Braun multiplier as shown in Xilinx Vivado 

5.3.2 Wallace tree multiplier power consumption 

 

Figure 10: Power consumption from the implemented netlist for the Wallace tree multiplier as shown in Xilinx Vivado 

5.3.3 Braun vs Wallace tree multiplier power consumption 
The power consumption for the Braun and Wallace tree multipliers are shown above in Figure 9 and 

Figure 10 respectively. The overall power consumption for the two multipliers is almost identical, but 

analysing the differences highlights unexpected behaviour. Both multipliers have the same device 

I/O and device static power consumption, but unexpectedly the signals in the Braun multiplier draw 

more power than the Wallace tree multiplier. Overall, the Wallace tree uses 0.001W less power than 

the Braun multiplier.  

 



5.4 Utilisation 
The utilisation for both multipliers is roughly the same, with Xilinx Vivado [1] reporting 1% LUT usage 

and 30% IO (Input / Output) utilisation. For the purposes of this comparison, the IO utilisation may 

be disregarded as both multipliers use the same number of inputs and outputs, two 8-bit numbers 

are taken as inputs and a single 16-bit number is output. 

The Braun multiplier uses 93 LUTs compared to 103 LUTs in the Wallace tree multiplier (0.89% vs 

0.99%). If multipliers were to occupy the entire space of the FPGA, ~10% more Braun multipliers 

could be added. 

5.4.1 Braun multiplier utilisation 

 

Figure 11: IO and LUT usage of a Braun multiplier implemented in Xilinx Vivado 

5.4.2 Wallace tree multiplier utilisation 

 

Figure 12: IO and LUT usage of a Wallace tree multiplier implemented in Xilinx Vivado 

 

6 Conclusion 
The Wallace tree multiplier is a faster multiplier that should be used when the design specification 

for a project requires a faster multiplier that is able to sacrifice the increase in power consumption. 

The Braun multiplier is generally [7] suggested for projects where a more power efficient multiplier 

is required, but the additional speed of a Wallace tree multiplier is not required. However, in the 



simulations conducted for this assignment, no significant difference was identified between the two 

despite several re-simulation. This could be due to redundant logic added in the VHDL files (see 

Annexes for VHDL source files used for simulation). 

7 Recommendations 
Careful consideration should be taken when choosing how to implement a multiplier, subject to the 

requirements of the larger design, to optimise for either power draw or multiplier speed. The 

simulation results examined in the above sections show that the Braun tree multiplier has a longer 

delay but lower complexity which makes it more suitable for a design where either power efficiency 

is important or design space is limited on the FPGA. Additional optimisations could be made to 

reduce the processing delay through the careful selection of input and output pins to reduce the 

distance signals have to travel. By reducing the distance signals are required to travel, the delay can 

be reduced. Further research into parallel multipliers and performing a similar comparison, where 

the power usage and longest delay is critically analysed could lead to the discovery of a more power 

or time efficient multiplier than the Braun or Wallace tree multipliers explored in this assignment. 

Finally, the simulations did not show a significant difference between the two multipliers power 

consumption. It is recommended that different variants of both multipliers are implemented in 

order to differentiate the two in terms of power consumption. 
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Annex A. Braun Multiplier VHDL 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.NUMERIC_STD.ALL; 

 

entity BRAUN_8BIT is 

    Port (a : in STD_LOGIC_VECTOR(7 downto 0); 

          b : in STD_LOGIC_VECTOR(7 downto 0); 

          c : out STD_LOGIC_VECTOR(15 downto 0)); 

end BRAUN_8BIT; 

 

architecture b8 of BRAUN_8BIT is 

     
    -- Generated by a python script I wrote, each signal vector (and{n}) 

represents a horizontal array of and gates. 

    signal and0, and1, and2, and3, and4, and5, and6, and7 : 

STD_LOGIC_VECTOR(7 downto 0) := (others => '0'); 

    -- Generated by a python script I wrote, these arrays hold the the 

carry out bits for each horizontal array of adders. 
    signal adder0_c, adder1_c, adder2_c, adder3_c, adder4_c, adder5_c, 

adder6_c : STD_LOGIC_VECTOR(7 downto 0) := (others => '0'); 

    -- Generated by a python script I wrote, these arrays hold the the sum 

out bits for each horizontal array of adders. 

    signal adder0_s, adder1_s, adder2_s, adder3_s, adder4_s, adder5_s, 

adder6_s : STD_LOGIC_VECTOR(7 downto 0) := (others => '0'); 
 

    component 

    half_adder is  

    port (a_ha : in STD_LOGIC;   

          b_ha : in STD_LOGIC;   

          sum_ha : out STD_LOGIC;  
          carry : out STD_LOGIC); 

    end component; 

     

    component 

    full_adder is 

    port (a_fa : in STD_LOGIC; 

          b_fa : in STD_LOGIC; 

          carry_in : in STD_LOGIC; 

          sum_fa : out STD_LOGIC; 

          carry_out : out STD_LOGIC); 



    end component; 

 

begin 
  -- Generated by a python script I wrote, each signal vector (and{n}) 

represents a horizontal array of and gates. 

  -- They start with a(7) as the STD_LOGIC_VECTOR above that defines the 

signals use downto instead of upto 

  and0 <= (a(7) AND b(0), a(6) AND b(0), a(5) AND b(0), a(4) AND b(0), 

a(3) AND b(0), a(2) AND b(0), a(1) AND b(0), a(0) AND b(0)); 

  and1 <= (a(7) AND b(1), a(6) AND b(1), a(5) AND b(1), a(4) AND b(1), 

a(3) AND b(1), a(2) AND b(1), a(1) AND b(1), a(0) AND b(1)); 

  and2 <= (a(7) AND b(2), a(6) AND b(2), a(5) AND b(2), a(4) AND b(2), 

a(3) AND b(2), a(2) AND b(2), a(1) AND b(2), a(0) AND b(2)); 

  and3 <= (a(7) AND b(3), a(6) AND b(3), a(5) AND b(3), a(4) AND b(3), 

a(3) AND b(3), a(2) AND b(3), a(1) AND b(3), a(0) AND b(3)); 

  and4 <= (a(7) AND b(4), a(6) AND b(4), a(5) AND b(4), a(4) AND b(4), 

a(3) AND b(4), a(2) AND b(4), a(1) AND b(4), a(0) AND b(4)); 

  and5 <= (a(7) AND b(5), a(6) AND b(5), a(5) AND b(5), a(4) AND b(5), 

a(3) AND b(5), a(2) AND b(5), a(1) AND b(5), a(0) AND b(5)); 

  and6 <= (a(7) AND b(6), a(6) AND b(6), a(5) AND b(6), a(4) AND b(6), 

a(3) AND b(6), a(2) AND b(6), a(1) AND b(6), a(0) AND b(6)); 

  and7 <= (a(7) AND b(7), a(6) AND b(7), a(5) AND b(7), a(4) AND b(7), 

a(3) AND b(7), a(2) AND b(7), a(1) AND b(7), a(0) AND b(7)); 

   

  -- output for bit 0 

  c(0) <= and0(0); 

  -- output for bit 1 
  HA0 : half_adder port map (a_ha => and0(1), b_ha => and1(0), sum_ha => 

c(1), carry => adder0_c(0)); 

  -- output for bit 2 

  FA0 : full_adder port map (a_fa => and0(2), b_fa => and1(1), carry_in => 

adder0_c(0), sum_fa => adder0_s(1), carry_out => adder0_c(1)); 

  HA1 : half_adder port map (a_ha => and2(0), b_ha => adder0_s(1), sum_ha 
=> c(2), carry => adder1_c(0)); 

-- output for bit 3 

  FA1 : full_adder port map (a_fa => and0(3), b_fa => and1(2), carry_in => 

adder0_c(1), sum_fa => adder0_s(2), carry_out => adder0_c(2)); 

  FA2 : full_adder port map (a_fa => and2(1), b_fa => adder0_s(2), 

carry_in => adder1_c(0), sum_fa => adder1_s(1), carry_out => adder1_c(1)); 

  HA2 : half_adder port map (a_ha => and3(0), b_ha => adder1_s(1), sum_ha 

=> c(3), carry => adder2_c(0)); 

  -- output for bit 4 

  FA3 : full_adder port map (a_fa => and0(4), b_fa => and1(3), carry_in => 

adder0_c(2), sum_fa => adder0_s(3), carry_out => adder0_c(3)); 

  FA4 : full_adder port map (a_fa => and2(2), b_fa => adder0_s(3), 
carry_in => adder1_c(1), sum_fa => adder1_s(2), carry_out => adder1_c(2)); 

  FA5 : full_adder port map (a_fa => and3(1), b_fa => adder1_s(2), 

carry_in => adder2_c(0), sum_fa => adder2_s(1), carry_out => adder2_c(1)); 

  HA3 : half_adder port map (a_ha => and4(0), b_ha => adder2_s(1), sum_ha 

=> c(4), carry => adder3_c(0)); 



  -- output for bit 5 

  FA6 : full_adder port map (a_fa => and0(5), b_fa => and1(4), carry_in => 

adder0_c(3), sum_fa => adder0_s(4), carry_out => adder0_c(4)); 
  FA7 : full_adder port map (a_fa => and2(3), b_fa => adder0_s(4), 

carry_in => adder1_c(2), sum_fa => adder1_s(3), carry_out => adder1_c(3)); 

  FA8 : full_adder port map (a_fa => and3(2), b_fa => adder1_s(3), 

carry_in => adder2_c(1), sum_fa => adder2_s(2), carry_out => adder2_c(2)); 

  FA9 : full_adder port map (a_fa => and4(1), b_fa => adder2_s(2), 

carry_in => adder3_c(0), sum_fa => adder3_s(1), carry_out => adder3_c(1)); 

  HA4 : half_adder port map (a_ha => and5(0), b_ha => adder3_s(1), sum_ha 

=> c(5), carry => adder4_c(0)); 

-- output for bit 6 

  FA10 : full_adder port map (a_fa => and0(6), b_fa => and1(5), carry_in 

=> adder0_c(4), sum_fa => adder0_s(5), carry_out => adder0_c(5)); 

  FA11 : full_adder port map (a_fa => and2(4), b_fa => adder0_s(5), 

carry_in => adder1_c(3), sum_fa => adder1_s(4), carry_out => adder1_c(4)); 

  FA12 : full_adder port map (a_fa => and3(3), b_fa => adder1_s(4), 

carry_in => adder2_c(2), sum_fa => adder2_s(3), carry_out => adder2_c(3)); 

  FA13 : full_adder port map (a_fa => and4(2), b_fa => adder2_s(3), 

carry_in => adder3_c(1), sum_fa => adder3_s(2), carry_out => adder3_c(2)); 

  FA14 : full_adder port map (a_fa => and5(1), b_fa => adder3_s(2), 

carry_in => adder4_c(0), sum_fa => adder4_s(1), carry_out => adder4_c(1)); 

  HA5 : half_adder port map (a_ha => and6(0), b_ha => adder4_s(1), sum_ha 

=> c(6), carry => adder5_c(0)); 

  -- output for bit 7 

  FA15 : full_adder port map (a_fa => and0(7), b_fa => and1(6), carry_in 

=> adder0_c(5), sum_fa => adder0_s(6), carry_out => adder0_c(6)); 
  FA16 : full_adder port map (a_fa => and2(5), b_fa => adder0_s(6), 

carry_in => adder1_c(4), sum_fa => adder1_s(5), carry_out => adder1_c(5)); 

  FA17 : full_adder port map (a_fa => and3(4), b_fa => adder1_s(5), 

carry_in => adder2_c(3), sum_fa => adder2_s(4), carry_out => adder2_c(4)); 

  FA18 : full_adder port map (a_fa => and4(3), b_fa => adder2_s(4), 

carry_in => adder3_c(2), sum_fa => adder3_s(3), carry_out => adder3_c(3)); 
  FA19 : full_adder port map (a_fa => and5(2), b_fa => adder3_s(3), 

carry_in => adder4_c(1), sum_fa => adder4_s(2), carry_out => adder4_c(2)); 

  FA20 : full_adder port map (a_fa => and6(1), b_fa => adder4_s(2), 

carry_in => adder5_c(0), sum_fa => adder5_s(1), carry_out => adder5_c(1)); 

  HA6 : half_adder port map (a_ha => and7(0), b_ha => adder5_s(1), sum_ha 

=> c(7), carry => adder6_c(0)); 

   

   

  -- output for bit 8 

  HA7 : half_adder port map (a_ha => and1(7), b_ha => adder0_c(6), sum_ha 

=> adder0_s(7), carry => adder0_c(7)); 

  FA21 : full_adder port map (a_fa => and2(6), b_fa => adder0_s(7), 
carry_in => adder1_c(5), sum_fa => adder1_s(6), carry_out => adder1_c(6)); 

  FA22 : full_adder port map (a_fa => and3(5), b_fa => adder1_s(6), 

carry_in => adder2_c(4), sum_fa => adder2_s(5), carry_out => adder2_c(5)); 

  FA23 : full_adder port map (a_fa => and4(4), b_fa => adder2_s(5), 

carry_in => adder3_c(3), sum_fa => adder3_s(4), carry_out => adder3_c(4)); 



  FA24 : full_adder port map (a_fa => and5(3), b_fa => adder3_s(4), 

carry_in => adder4_c(2), sum_fa => adder4_s(3), carry_out => adder4_c(3)); 

  FA25 : full_adder port map (a_fa => and6(2), b_fa => adder4_s(3), 
carry_in => adder5_c(1), sum_fa => adder5_s(2), carry_out => adder5_c(2)); 

  FA26 : full_adder port map (a_fa => and7(1), b_fa => adder5_s(2), 

carry_in => adder6_c(0), sum_fa => c(8), carry_out => adder6_c(1)); 

  -- output for bit 9 

  FA27 : full_adder port map (a_fa => and2(7), b_fa => adder0_c(7), 

carry_in => adder1_c(6), sum_fa => adder1_s(7), carry_out => adder1_c(7)); 

  FA28 : full_adder port map (a_fa => and3(6), b_fa => adder1_s(7), 

carry_in => adder2_c(5), sum_fa => adder2_s(6), carry_out => adder2_c(6)); 

  FA29 : full_adder port map (a_fa => and4(5), b_fa => adder2_s(6), 

carry_in => adder3_c(4), sum_fa => adder3_s(5), carry_out => adder3_c(5)); 

  FA30 : full_adder port map (a_fa => and5(4), b_fa => adder3_s(5), 

carry_in => adder4_c(3), sum_fa => adder4_s(4), carry_out => adder4_c(4)); 

  FA31 : full_adder port map (a_fa => and6(3), b_fa => adder4_s(4), 

carry_in => adder5_c(2), sum_fa => adder5_s(3), carry_out => adder5_c(3)); 

  FA32 : full_adder port map (a_fa => and7(2), b_fa => adder5_s(3), 

carry_in => adder6_c(1), sum_fa => c(9), carry_out => adder6_c(2)); 

  -- output for bit 10 

  FA33 : full_adder port map (a_fa => and3(7), b_fa => adder1_c(7), 

carry_in => adder2_c(6), sum_fa => adder2_s(7), carry_out => adder2_c(7)); 

  FA34 : full_adder port map (a_fa => and4(6), b_fa => adder2_s(7), 

carry_in => adder3_c(5), sum_fa => adder3_s(6), carry_out => adder3_c(6)); 

  FA35 : full_adder port map (a_fa => and5(5), b_fa => adder3_s(6), 

carry_in => adder4_c(4), sum_fa => adder4_s(5), carry_out => adder4_c(5)); 

  FA36 : full_adder port map (a_fa => and6(4), b_fa => adder4_s(5), 
carry_in => adder5_c(3), sum_fa => adder5_s(4), carry_out => adder5_c(4)); 

  FA37 : full_adder port map (a_fa => and7(3), b_fa => adder5_s(4), 

carry_in => adder6_c(2), sum_fa => c(10), carry_out => adder6_c(3)); 

  -- output for bit 11 

  FA38 : full_adder port map (a_fa => and4(7), b_fa => adder2_c(7), 

carry_in => adder3_c(6), sum_fa => adder3_s(7), carry_out => adder3_c(7)); 
  FA39 : full_adder port map (a_fa => and5(6), b_fa => adder3_s(7), 

carry_in => adder4_c(5), sum_fa => adder4_s(6), carry_out => adder4_c(6)); 

  FA40 : full_adder port map (a_fa => and6(5), b_fa => adder4_s(6), 

carry_in => adder5_c(4), sum_fa => adder5_s(5), carry_out => adder5_c(5)); 

  FA41 : full_adder port map (a_fa => and7(4), b_fa => adder5_s(5), 

carry_in => adder6_c(3), sum_fa => c(11), carry_out => adder6_c(4)); 

  -- output for bit 12 

  FA42 : full_adder port map (a_fa => and5(7), b_fa => adder3_c(7), 

carry_in => adder4_c(6), sum_fa => adder4_s(7), carry_out => adder4_c(7)); 

  FA43 : full_adder port map (a_fa => and6(6), b_fa => adder4_s(7), 

carry_in => adder5_c(5), sum_fa => adder5_s(6), carry_out => adder5_c(6)); 

  FA44 : full_adder port map (a_fa => and7(5), b_fa => adder5_s(6), 
carry_in => adder6_c(4), sum_fa => c(12), carry_out => adder6_c(5)); 

  -- output for bit 13 

  FA45 : full_adder port map (a_fa => and6(7), b_fa => adder4_c(7), 

carry_in => adder5_c(6), sum_fa => adder5_s(7), carry_out => adder5_c(7)); 



  FA46 : full_adder port map (a_fa => and7(6), b_fa => adder5_s(7), 

carry_in => adder6_c(5), sum_fa => c(13), carry_out => adder6_c(6)); 

  -- output for bit 14 and bit 15 
  FA47 : full_adder port map (a_fa => and7(7), b_fa => adder5_c(7), 

carry_in => adder6_c(6), sum_fa => c(14), carry_out => c(15)); 

 

 

end b8; 

Annex B. Wallace Multiplier VHDL 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 
use IEEE.NUMERIC_STD.ALL; 

 

entity wallace_8bit is 

    Port (a : in STD_LOGIC_VECTOR(7 downto 0); 

          b : in STD_LOGIC_VECTOR(7 downto 0); 

          c : out STD_LOGIC_VECTOR(15 downto 0)); 
end wallace_8bit; 

 

architecture w8 of wallace_8bit is 

 

    -- Generated by a python script I wrote, each signal vector (and{n}) 

represents a horizontal array of and gates. 

    signal and0, and1, and2, and3, and4, and5, and6, and7 : 

STD_LOGIC_VECTOR(7 downto 0) := (others => '0'); 

    -- Signals to take the sums and carry of the adders 

    signal c0, c1, c2, c3, c4, c5, c6, c7, c8, c9, c10, c11, c12, c13, 

c14, c15, c16, c17, c18, c19, c20, c21, c22, c23, c24, c25, c26, c27, c28, 

c29, c30, c31, c32, c33, c34, c35, c36, c37, c38, c39, c40, c41, c42, c43, 

c44, c45, c46, c47, c48, c49, c50, c51, c52, c53, c54, c55, c56, c57, c58, 

c59, c60, c61, c62, c63, c64, c65, c66, c67 : STD_LOGIC := '0'; 

    signal s0, s1, s2, s3, s4, s5, s6, s7, s8, s9, s10, s11, s12, s13, 

s14, s15, s16, s17, s18, s19, s20, s21, s22, s23, s24, s25, s26, s27, s28, 

s29, s30, s31, s32, s33, s34, s35, s36, s37, s38, s39, s40, s41, s42, s43, 

s44, s45, s46, s47, s48, s49, s50, s51, s52, s53, s54, s55, s56, s57, s58, 

s59, s60, s61, s62, s63, s64, s65, s66, s67 : STD_LOGIC := '0'; 

 

 

    component 

    half_adder is  
    port (a_ha : in STD_LOGIC;   

          b_ha : in STD_LOGIC;   

          sum_ha : out STD_LOGIC;  

          carry : out STD_LOGIC); 

    end component; 

     
    component 



    full_adder is 

    port (a_fa : in STD_LOGIC; 

          b_fa : in STD_LOGIC; 
          carry_in : in STD_LOGIC; 

          sum_fa : out STD_LOGIC; 

          carry_out : out STD_LOGIC); 

    end component; 

 

begin 

 

  and0 <= (a(7) AND b(0), a(6) AND b(0), a(5) AND b(0), a(4) AND b(0), 

a(3) AND b(0), a(2) AND b(0), a(1) AND b(0), a(0) AND b(0)); 

  and1 <= (a(7) AND b(1), a(6) AND b(1), a(5) AND b(1), a(4) AND b(1), 

a(3) AND b(1), a(2) AND b(1), a(1) AND b(1), a(0) AND b(1)); 

  and2 <= (a(7) AND b(2), a(6) AND b(2), a(5) AND b(2), a(4) AND b(2), 

a(3) AND b(2), a(2) AND b(2), a(1) AND b(2), a(0) AND b(2)); 

  and3 <= (a(7) AND b(3), a(6) AND b(3), a(5) AND b(3), a(4) AND b(3), 

a(3) AND b(3), a(2) AND b(3), a(1) AND b(3), a(0) AND b(3)); 

  and4 <= (a(7) AND b(4), a(6) AND b(4), a(5) AND b(4), a(4) AND b(4), 

a(3) AND b(4), a(2) AND b(4), a(1) AND b(4), a(0) AND b(4)); 

  and5 <= (a(7) AND b(5), a(6) AND b(5), a(5) AND b(5), a(4) AND b(5), 

a(3) AND b(5), a(2) AND b(5), a(1) AND b(5), a(0) AND b(5)); 

  and6 <= (a(7) AND b(6), a(6) AND b(6), a(5) AND b(6), a(4) AND b(6), 

a(3) AND b(6), a(2) AND b(6), a(1) AND b(6), a(0) AND b(6)); 

  and7 <= (a(7) AND b(7), a(6) AND b(7), a(5) AND b(7), a(4) AND b(7), 

a(3) AND b(7), a(2) AND b(7), a(1) AND b(7), a(0) AND b(7)); 

 
-- output for bit 0 

 

c(0) <= and0(0); 

 

-- First stage 

 
HA0 : half_adder port map (a_ha => and1(0), b_ha => and0(1), sum_ha => s0, 

carry => c0); 

FA0 : full_adder port map (a_fa => and0(2), b_fa => and2(0), carry_in => 

and1(1), sum_fa => s1, carry_out => c1); 

FA1 : full_adder port map (a_fa => and0(3), b_fa => and1(2), carry_in => 

and2(1), sum_fa => s2, carry_out => c2); 

FA2 : full_adder port map (a_fa => and0(4), b_fa => and1(3), carry_in => 

and2(2), sum_fa => s3, carry_out => c3); 

 

HA1 : half_adder port map (a_ha => and3(1), b_ha => and4(0), sum_ha => s4, 

carry => c4); 

FA3 : full_adder port map (a_fa => and0(5), b_fa => and1(4), carry_in => 
and2(3), sum_fa => s5, carry_out => c5); 

FA4 : full_adder port map (a_fa => and3(2), b_fa => and4(1), carry_in => 

and5(0), sum_fa => s6, carry_out => c6); 

FA5 : full_adder port map (a_fa => and0(6), b_fa => and1(5), carry_in => 

and2(4), sum_fa => s7, carry_out => c7); 



FA6 : full_adder port map (a_fa => and3(3), b_fa => and4(2), carry_in => 

and5(1), sum_fa => s8, carry_out => c8); 

FA7 : full_adder port map (a_fa => and0(7), b_fa => and1(6), carry_in => 
and2(5), sum_fa => s9, carry_out => c9); 

FA8 : full_adder port map (a_fa => and3(4), b_fa => and4(3), carry_in => 

and5(2), sum_fa => s10, carry_out => c10); 

 

HA2  : half_adder port map (a_ha => and6(1), b_ha => and7(0), sum_ha => 

s11, carry => c11); 

FA9  : full_adder port map (a_fa => and1(7), b_fa => and2(6), carry_in => 

and3(5), sum_fa => s12, carry_out => c12); 

FA10 : full_adder port map (a_fa => and4(4), b_fa => and5(3), carry_in => 

and6(2), sum_fa => s13, carry_out => c13); 

FA11 : full_adder port map (a_fa => and2(7), b_fa => and3(6), carry_in => 

and4(5), sum_fa => s14, carry_out => c14); 

FA12 : full_adder port map (a_fa => and5(4), b_fa => and6(3), carry_in => 

and7(2), sum_fa => s15, carry_out => c15); 

FA13 : full_adder port map (a_fa => and3(7), b_fa => and4(6), carry_in => 

and5(5), sum_fa => s16, carry_out => c16); 

 

HA3  : half_adder port map (a_ha => and6(4), b_ha => and7(3), sum_ha => 

s17, carry => c17); 

FA14 : full_adder port map (a_fa => and4(7), b_fa => and5(6), carry_in => 

and6(5), sum_fa => s18, carry_out => c18); 

FA15 : full_adder port map (a_fa => and5(7), b_fa => and6(6), carry_in => 

and7(5), sum_fa => s19, carry_out => c19); 

 
HA4  : half_adder port map (a_ha => and6(7), b_ha => and7(6), sum_ha => 

s20, carry => c20); 

   

-- Second stage 

HA5  : half_adder port map (a_ha => s1, b_ha => c0, sum_ha => s21, carry 

=> c21); 
FA16 : full_adder port map (a_fa => and3(0), b_fa => c1, carry_in => s2, 

sum_fa => s22, carry_out => c22); 

FA17 : full_adder port map (a_fa => s3, b_fa => s4, carry_in => c2, sum_fa 

=> s23, carry_out => c23); 

FA18 : full_adder port map (a_fa => s5, b_fa => s6, carry_in => c3, sum_fa 

=> s24, carry_out => c24); 

FA19 : full_adder port map (a_fa => s7, b_fa => s8, carry_in => and6(0), 

sum_fa => s25, carry_out => c25); 

 

HA6  : half_adder port map (a_ha => c5, b_ha => c6, sum_ha => s26, carry 

=> c26); 

FA20 : full_adder port map (a_fa => s9, b_fa => s10, carry_in => s11, 
sum_fa => s27, carry_out => c27); 

 

HA7  : half_adder port map (a_ha => c7, b_ha => c8, sum_ha => s28, carry 

=> c28); 



FA21 : full_adder port map (a_fa => s12, b_fa => s13, carry_in => and7(1), 

sum_fa => s29, carry_out => c29); 

FA22 : full_adder port map (a_fa => c9, b_fa => c10, carry_in => c11, 
sum_fa => s30, carry_out => c30); 

FA23 : full_adder port map (a_fa => s14, b_fa => s15, carry_in => c12, 

sum_fa => s31, carry_out => c31); 

FA24 : full_adder port map (a_fa => s16, b_fa => s17, carry_in => c14, 

sum_fa => s32, carry_out => c32); 

FA25 : full_adder port map (a_fa => s18, b_fa => c16, carry_in => c17, 

sum_fa => s33, carry_out => c33); 

 

HA8  : half_adder port map (a_ha => s19, b_ha => c18, sum_ha => s34, carry 

=> c34); 

HA9  : half_adder port map (a_ha => s20, b_ha => c19, sum_ha => s35, carry 

=> c35); 

 

-- Third stage 

HA10  : half_adder port map (a_ha => s22, b_ha => c21, sum_ha => s36, 

carry => c36); 

HA11  : half_adder port map (a_ha => c22, b_ha => s23, sum_ha => s37, 

carry => c37); 

 

FA26 : full_adder port map (a_fa => c23, b_fa => s24, carry_in => c4, 

sum_fa => s38, carry_out => c38); 

FA27 : full_adder port map (a_fa => c24, b_fa => s25, carry_in => s26, 

sum_fa => s39, carry_out => c39); 

FA28 : full_adder port map (a_fa => c25, b_fa => c26, carry_in => s27, 
sum_fa => s40, carry_out => c40); 

FA29 : full_adder port map (a_fa => c27, b_fa => c28, carry_in => s29, 

sum_fa => s41, carry_out => c41); 

FA30 : full_adder port map (a_fa => c29, b_fa => c30, carry_in => s31, 

sum_fa => s42, carry_out => c42); 

FA31 : full_adder port map (a_fa => c31, b_fa => c15, carry_in => s32, 
sum_fa => s43, carry_out => c43); 

FA32 : full_adder port map (a_fa => c32, b_fa => and7(4), carry_in => s33, 

sum_fa => s44, carry_out => c44); 

 

HA12 : half_adder port map (a_ha => s34, b_ha => c33, sum_ha => s45, carry 

=> c45); 

HA13 : half_adder port map (a_ha => c34, b_ha => s35, sum_ha => s46, carry 

=> c46); 

 

FA33 : full_adder port map (a_fa => and7(7), b_fa => c20, carry_in => c35, 

sum_fa => s47, carry_out => c47); 

 
 

-- Fourth stage 

HA14 : half_adder port map (a_ha => c36, b_ha => s37, sum_ha => s48, carry 

=> c48); 

 



FA34 : full_adder port map (a_fa => s38, b_fa => c37, carry_in => c48, 

sum_fa => s49, carry_out => c49); 

FA35 : full_adder port map (a_fa => s39, b_fa => c38, carry_in => c49, 
sum_fa => s50, carry_out => c50); 

FA36 : full_adder port map (a_fa => c39, b_fa => s40, carry_in => s28, 

sum_fa => s51, carry_out => c51); 

FA37 : full_adder port map (a_fa => c40, b_fa => s30, carry_in => s41, 

sum_fa => s52, carry_out => c52); 

FA38 : full_adder port map (a_fa => c13, b_fa => c41, carry_in => s42, 

sum_fa => s53, carry_out => c53); 

FA39 : full_adder port map (a_fa => s43, b_fa => c42, carry_in => c53, 

sum_fa => s54, carry_out => c54); 

FA40 : full_adder port map (a_fa => c43, b_fa => s44, carry_in => c54, 

sum_fa => s55, carry_out => c55); 

FA41 : full_adder port map (a_fa => s45, b_fa => c44, carry_in => c55, 

sum_fa => s56, carry_out => c56); 

FA42 : full_adder port map (a_fa => c45, b_fa => s46, carry_in => c56, 

sum_fa => s57, carry_out => c57); 

FA43 : full_adder port map (a_fa => s47, b_fa => c46, carry_in => c57, 

sum_fa => s58, carry_out => c58); 

 

-- Fifth and final stage 

HA15 : half_adder port map (a_ha => c50, b_ha => s51, sum_ha => s59, carry 

=> c59); 

FA44 : full_adder port map (a_fa => c51, b_fa => s52, carry_in => c59, 

sum_fa => s60, carry_out => c60); 

FA45 : full_adder port map (a_fa => c52, b_fa => s53, carry_in => c60, 
sum_fa => s61, carry_out => c61); 

 

HA16 : half_adder port map (a_ha => s54, b_ha => c61, sum_ha => s62, carry 

=> c62); 

HA17 : half_adder port map (a_ha => s55, b_ha => c62, sum_ha => s63, carry 

=> c63); 
HA18 : half_adder port map (a_ha => s56, b_ha => c63, sum_ha => s64, carry 

=> c64); 

HA19 : half_adder port map (a_ha => s57, b_ha => c64, sum_ha => s65, carry 

=> c65); 

HA20 : half_adder port map (a_ha => s58, b_ha => c65, sum_ha => s66, carry 

=> c66); 

 

FA46 : full_adder port map (a_fa => c47, b_fa => c58, carry_in => c66, 

sum_fa => s67, carry_out => c67); 

 

 

c(1) <= s0; 
c(2) <= s21; 

c(3) <= s36; 

c(4) <= s48; 

c(5) <= s49; 

c(6) <= s50; 



c(7) <= s59; 

c(8) <= s60; 

c(9) <= s61; 
c(10) <= s62; 

c(11) <= s63; 

c(12) <= s64; 

c(13) <= s65; 

c(14) <= s66; 

c(15) <= s67 or c67; 

 

end w8; 

Annex C. Half adder VHDL 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

 

entity half_adder is 

    Port ( a_ha : in STD_LOGIC; 

           b_ha : in STD_LOGIC; 
           sum_ha : out STD_LOGIC; 

           carry : out STD_LOGIC); 

end half_adder; 

 

architecture ha_a of half_adder is 

begin 
    sum_ha <= a_ha XOR b_ha; 

    carry <= a_ha AND b_ha; 

end ha_a; 

Annex D. Full adder VHDL 
library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

 

entity full_adder is 

    Port ( a_fa : in STD_LOGIC; 

           b_fa : in STD_LOGIC; 
           carry_in : in STD_LOGIC; 

           sum_fa : out STD_LOGIC; 

           carry_out : out STD_LOGIC); 

end full_adder; 

 

architecture fa_a of full_adder is 
begin 

    sum_fa <= a_fa XOR b_fa XOR carry_in; 

    carry_out <= (a_fa AND b_fa) OR (b_fa AND carry_in) OR (a_fa AND 

carry_in); 

end fa_a; 

Annex E. Python script to create signals 

MakeAndarray.py 



def andGates(BITS, signalName, TABSPACE): 

    vhdl = "" 

 
    vhdl += "%ssignal " % (' ' * TABSPACE) 

    for i in range(BITS): 

        vhdl += "%s%s, " % (signalName, i) 

 

    vhdl += ': STD_LOGIC_VECTOR(%s downto 0) := (others => \'0\');\n' % 

(BITS - 1) 

 

    for i in range(BITS): 

        vhdl += "%s%s%s <= (" % (' ' * TABSPACE, signalName, i) 

        for j in range(BITS): 

            vhdl +="a(%s) AND b(%s), " % (BITS - 1 - j, i) 

        vhdl = vhdl[:-2] 

        vhdl += ");\n" 

         

    vhdl = vhdl[:-1] 

 

    return vhdl 

 

def halfAdder(count, a, a_m, b, b_m, s, s_m, c, c_m): 

    HA = "HA%s : half_adder port map (%s => %s, %s => %s, %s => %s, %s => 

%s);" % (count, a, a_m, b, b_m, s, s_m, c, c_m) 

    return HA 

     

 
if __name__ == "__main__": 

 

    print(halfAdder(0, 'a_ha', r'and0(%s)', r'b_ha', r'and0(%s)', 

r'sum_ha', r'adder%s_s(%s)', r'carry_ha', r'adder%s_c(%s)')) 

 

    ret = andGates(8, "and", 2) 
    print(ret) 

 

MakeSignals.py 

raw = r'%s%s, ' 

 

o = '' 

p = '' 

for i in range(68): 

    o+= raw % ('c', i) 

for i in range(68): 

    p+= raw % ('s', i) 

 

 

print('signal ' + o[:-2] + " : STD_LOGIC := '0';") 

print('signal ' + p[:-2] + " : STD_LOGIC := '0';") 


