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This article outlines the design, simulation, and examination of two multiplier architectures: Braun and Wallace Tree, utilizing VHDL and FPGA for their implementation. Their performance is assessed in terms of computational delay, power consumption, and resource efficiency. An in-depth comparison reveals the advantages and drawbacks of both designs, with suggestions made to enhance speed and overall design effectiveness.
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This report compares the design, architecture and operation of two different hexadecimal multipliers:
Wallace Tree Multiplier – A ‘tree’ of half and full adders that condenses the partial products for a fast design and outcome.
Brauns Multiplier – The Braun multiplier is the most straightforward of all parallel multipliers. After being created in parallel, each partial product is gathered using a stage of adders [1].
Both models are simulated and synthesized using Xilinx Vivado on different FPGA families and delay, area and power are observed and the use of Verilog-VHDL to implement the code. A comparison of performance will be made based on hardware utilization, power and delay. The model is also implemented on a Basys3 board [2].
In FPGA-based applications and digital signal processing, multipliers are essential. In DSP and FPGA-based systems, power, speed, and area are all crucial factors that rely on multipliers, which in turn rely on adders. Adders can therefore be used to reduce the delay [3].
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[bookmark: _Toc227335620]Brauns Multiplier 
The Braun Multiplier first designed in 1963 [4]. Usually referred to as a carry save array multiplier, it is a straightforward parallel multiplier. It can only execute signed bits. There is no requirement for logic registers because the structure is made up of an array of AND gates and adders arranged iteratively [5]. In terms of speed, power, and area, the Braun multiplier works well for unsigned operands with fewer than 16 bits. However, in contrast to the other multipliers, its structure is straightforward. The primary disadvantage of this multiplier is the possibility of a glitching issue because of the last stage's ripple carry adder [5]. The delay is determined by the whole adder's delay as well as the final adder's delay.

[bookmark: _Toc227335621]Wallace Tree Multiplier
The multiplier architecture most frequently found in memory units and processors is the Wallace Tree Multiplier [6]. A Wallace multiplier is a type of digital multiplier that receives binary-encoded inputs and generates binary-encoded outputs [7]. There is more addition operations needed in the traditional 8-bit Wallace tree multiplier design. To create the carry and sum, three partial product terms can be added simultaneously using the carry save adder [8]. The full adder of the subsequent level uses the sum signal. The adder that creates the subsequent output bit uses the carry signal.

[bookmark: _Toc227335622]Advantages and Applications of Multipliers
In contemporary electronic systems that manage massive volumes of data and perform intricate, fast calculations, multipliers are essential, particularly in DSP applications [9]. The system's dependability, efficiency, and performance can all be directly impacted by the multiplier architectural selection. With each multiplier having their own advantages and limitations.
Applications requiring high performance are better suited with Wallace Tree multipliers [10]. They are perfect for use in high-speed digital signal processing (DSP), graphics processing units (GPUs), as well as cryptographic hardware such as RSA encryption engines because they may minimise the amount of sequential addition stages [10].
The most popular parallel array multiplier is often Braun's multiplier. In order to maximise energy economy in signal processing applications, the Braun multiplier is developed with both traditional and row and column bypassing schemes [11]. They are frequently present in simpler systems. 
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Figure 1 and 2 are operational flowcharts of both Braun and Wallace Tree multipliers to allow a better understanding of how they both work and breaking them both down into logical steps before creating anything on Vivado. Both the pseudocode and flowcharts help with the design stage and allow the ability to understand the design of both multipliers in more depth.
Brauns Pseudocode:
1 – Start
2 - Generate 8-bit inputs for A and B
3 – Generate partial products
4 – Initialize sum and carry 
5 – Assign half adders and full adders
6 – Store sum and carry 
7 – Assign product bits 
8 - End


Wallace Tree Pseudocode:
1 – Start 
2 – Generate 8-bit inputs for A and B
3 – Generate partial products
4 – Arrange partial products
5 – Apply full adders or half adders depending on the amount of bits
6 – Repeat until only 2 rows are remaining
7 – Apply final adder
8 – 16-bit output product
9 - End







Brauns Flowchart:
[image: ]
[bookmark: _Toc227335633]Figure 1 - Operational Flowchart of a Brauns Multiplier










Wallace Tree Flowchart:
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[bookmark: _Toc227335634]Figure 2 - Operational Flowchart of a Wallace Tree Multiplier
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The task was to design an 8x8-bit input Braun multiplier and an 8x8-bit Wallace Tree multiplier. Both designs acknowledge an 8-bit A input and an 8-bit B input producing a 16-bit output. Both multipliers were designed using a VHDL and on Vivado to allow an accurate comparison of the performance of both binary multipliers. A user may handle design complexity with the help of VHDL, a complete language [12]. Modern digital systems built on VLSI chips are inherently complicated, both in terms of design and the data that represents a design [12]. VHDL is the first language that makes it possible to efficiently handle data and the design process.
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[bookmark: _Toc227335635]Figure 3 - 8x8 Bit Brauns Multiplier Table
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[bookmark: _Toc227335636]Figure 4 - 8x8 Bit Brauns Structure
Figure 3 was used to help create figure 4 which is the Braun multiplier block diagram. The Braun multiplier is an array style structure made of AND gates, half adders and full adders. Row by row, it adds the partial products, aligning each based on its binary weight. It is simpler to comprehend and implement in hardware due to this architecture.
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[bookmark: _Toc227335637]Figure 5 - 8x8 Bit Wallace Tree Multiplier Table
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[bookmark: _Toc227335638]Figure 6 - 8x8 Bit Wallace Tree Structure
Figure 5 was used to help create figure 6 which is the Wallace Tree multiplier block diagram. By minimising sequential additions, the Wallace Tree multiplier enhances performance. It uses AND gates to create partial products, then layers full and half adders to compress them. This increases speed and lowers the critical path delay, making it appropriate for high-performance use.
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[bookmark: _Toc227335639]Figure 7 - Brauns Multiplier Device
Figure 7 shows the Braun multiplier device layout on Vivado. It shows clearly how my synthesised design is mapped onto the FPGA fabric. The evenly spaced vertical lines that can be seen represent columns of partial products. In Braun architecture, each column accumulates sums diagonally that’s why routing looks very regular.
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[bookmark: _Toc227335640]Figure 8 - Wallace Tree Multiplier Device
Figure 8 shows the Wallace Tree multiplier device layout on Vivado. Unlike the Braun multiplier the logic lines appear clustered and uneven this is because the Wallace Tree groups bits by weight and not position so the reduction happens in parallel layers and not a grid.

[image: A screenshot of a computer game

Description automatically generated]
[bookmark: _Toc227335641]Figure 9 - Brauns Multiplier I/O Plan
Figure 9 indicates how the ports are physically assigned to FGPA pins around the chip boundary for the Braun multiplier. The inputs and outputs are grouped like this to reduce routing complexity and keep signal paths shorter; this compliments the grid like internal structure of Brauns multipliers.
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[bookmark: _Toc227335642]Figure 10 - Wallace Tree Multiplier I/O Plan
Figure 10 shows the I/O plan of the Wallace Tree multiplier on Vivado. This is the physical pin layout of the FPGA showing where the multiplier’s input and output signals are connected on the chip package.
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[bookmark: _Toc227335643]Figure 11 - Brauns Multiplier Implementation Schematic
Figure 11 represents how the multiplier is built using AND gates, adders, and routing connections inside the FPGA. The schematic shows the partial product generation and the carry-save addition adder array, spread out across the schematic.
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[bookmark: _Toc227335644]Figure 12 - Wallace Tree Multiplier Implementation Schematic
Figure 12 shows the Wallace Tree implementation schematic from Vivado. It looks even more complex than the Braun multiplier because the Wallace tree reduces partial products in a tree structure instead of a regular array.
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[bookmark: _Toc227335645]Figure 13 - Brauns Multiplier RTL Design
Figure 13 shows the register transfer level schematic of the Braun multiplier. Unlike the implementation schematic, the RTL view represents the logical design structure written in your VHDL code, not the final gate-level implementation. Because of this, the diagram looks more structured and easier to follow.
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[bookmark: _Toc227335646]Figure 14 - Wallace Tree Multiplier RTL Design
Figure 14 is the RTL design of the Wallce Tree multiplier on Vivado. This RTL schematic shows the Wallace Tree multiplier architecture, where 64 partial products generated by AND gates are reduced through multiple stages of full and half adders arranged in a tree structure.
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[bookmark: _Toc227335647]Figure 15 - VHDL Code of Full Adder Structure
Figure 15 shows a VHDL implementation of a 1-bit full adder, which is a key building block for both the Wallace Tree and Braun multiplier designs. This component gets reused in large designs like the multipliers. All inputs and outputs are defined in the full adder code.
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[bookmark: _Toc227335648]Figure 16 - VHDL Code of Half Adder Structure
Figure 16 is the VHDL implementation of a 1-bit half adder, which is another essential building block used alongside the full adder in both the Braun and Wallace Tree multipliers. Both the full adder and half adder code were written before writing the base code for each individual multiplier.
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[bookmark: _Toc227335649]Figure 17 - Pin Allocation for Brauns and Wallace Tree Multipliers
Figure 17 is the I/O pin assignment table on Vivado for both multipliers. Each signal in the VHDL design is assigned to a physical FGPA pin. This allows the design to interact with switches, LEDs and external hardware.
[bookmark: _Toc227335626]Simulation Waves
The proper operation of the Braun and Wallace Tree multipliers was confirmed by functional simulations performed in Vivado and on the actual Basys 3 board. To guarantee a fair comparison, the same input values were used for both designs. All test case's waveform outputs were recorded, and each outcome was checked against the anticipated binary and hexadecimal products.
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[bookmark: _Toc227335650]Figure 18 - Brauns Multiplier Simulation Wave 1 - CC x CC
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[bookmark: _Toc227335651]Figure 19 - Brauns Multiplier CC x CC on Basys 3 Board
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[bookmark: _Toc227335652]Figure 20 - Wallace Tree Multiplier Simulation Wave 1 - CC x CC
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[bookmark: _Toc227335653]Figure 21 - Wallace Tree Multiplier CC x CC on Basys 3 Board
Figure 18, 19, 20 and 21 show the simulation wave for the CC x CC hexadecimal calculation for both the Wallace Tree and Braun multiplier. On Vivado the simulation wave gives the correct answer of A290 for both. The Basys 3 board gives the correct binary output for A290 = 1010 0010 1001 0000. Both Simulations are a pass and prove both multipliers are operating as expected.
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[bookmark: _Toc227335654]Figure 22 - Brauns Multiplier Simulation Wave 2 - D3 x 4E
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[bookmark: _Toc227335655]Figure 23 - Brauns Multiplier D3 x 4E on Basys 3 Board
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[bookmark: _Toc227335656]Figure 24 - Wallace Tree Multiplier Simulation Wave 2 - D3 x 4E
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[bookmark: _Toc227335657]Figure 25 - Wallace Tree Multiplier D3 x 4E on Basys 3 Board
Figure 22, 23, 24 and 25 show the simulation wave for the D3 x 4E hexadecimal calculation for both the Wallace Tree and Braun multiplier. On Vivado the simulation wave gives the correct answer of 404A for both. The Basys 3 board gives the correct binary output for 404A = 0100 0000 0100 1010. Both Simulations are a pass and prove both multipliers are operating as expected.
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[bookmark: _Toc227335658]Figure 26 - Brauns Multiplier Simulation Wave 3 - 2A x 4A
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[bookmark: _Toc227335659]Figure 27 - Brauns Multiplier 2A x 4A on Basys 3 Board
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[bookmark: _Toc227335660]Figure 28 - Wallace Tree Simulation Wave 3 - 2A x 4A
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[bookmark: _Toc227335661]Figure 29 - Wallace Tree Multiplier 2A x 4A on Basys 3 Board
Figure 26, 27, 28 and 29 show the simulation wave for the 2A x 4A hexadecimal calculation for both the Wallace Tree and Braun multiplier. On Vivado the simulation wave gives the correct answer of 0C24 for both. The Basys 3 board gives the correct binary output for 0C24 = 0000 1100 0010 0100. Both Simulations are a pass and prove both multipliers are operating as expected.
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[bookmark: _Toc227335662]Figure 30 - Brauns Multiplier Simulation Wave 4 - BD x DB
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[bookmark: _Toc227335663]Figure 31 - Brauns Multiplier BD x DB on Basys 3 Board
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[bookmark: _Toc227335664]Figure 32 - Wallace Tree Multiplier Simulation Wave 4 - BD x DB
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[bookmark: _Toc227335665]Figure 33 - Wallace Tree Multiplier BD x DB on Basys 3 Board
Figure 30, 31, 32 and 33 show the simulation wave for the BD x DB hexadecimal calculation for both the Wallace Tree and Braun multiplier. On Vivado the simulation wave gives the correct answer of A1AF for both. The Basys 3 board gives the correct binary output for A1AF = 1010 0001 1010 1111. Both Simulations are a pass and prove both multipliers are operating as expected.
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[bookmark: _Toc227335666]Figure 34 - Brauns Multiplier Longest Path
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[bookmark: _Toc227335667]Figure 35 - Wallace Tree Multiplier Longest Path
Figure 34 and 35 shows the longest delay path for both multipliers highlighted in red. With both of these it helps calculate the longest delay times for both respected multipliers. Braun longest delay = 1ns + 20*(2ns) = 41ns. Wallace Tree longest delay = 1ns + 14*(2ns) = 29ns. As the Wallace Tree compresses its partial products and reduces logic levels this allows a shorter longest delay time to achieve P15.
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[bookmark: _Toc227335668]Figure 36 - Wallace Tree Multiplier Longest Path Timing Constraint
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[bookmark: _Toc227335669]Figure 37 - Brauns Multiplier Longest Path Timing Constraint
Figure 36 and 37 shows the timing constraints on Vivado for both multipliers. The longest delay time for each multiplier was added to the code and with this it makes the report summaries achievable and accurate.
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[bookmark: _Toc227335670]Figure 38 - Wallace Tree Multiplier Report Timing Summary
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[bookmark: _Toc227335671]Figure 39 - Brauns Multiplier Report Timing Summary
Figure 38 and 39 show the report timing summary for both multipliers on Vivado. Both the Wallace Tree and Braun multipliers satisfy the specified timing constraints with zero setup and hold violations. The Braun multiplier has a higher Worst Negative Slack (20.133 ns) compared to the Wallace Tree multiplier (12.277 ns), indicating greater timing margin in the synthesized implementation. Although the Wallace Tree multipliers are theoretically faster due to parallel partial product reduction, synthesis and routing optimizations in FPGA implementation may lead to different timing results.

[image: A screenshot of a graph

Description automatically generated]
[bookmark: _Toc227335672]Figure 40 - Wallace Tree Multiplier Report Utilization
[image: A screenshot of a graph

Description automatically generated]
[bookmark: _Toc227335673]Figure 41 - Brauns Multiplier Report Utilization
Figures 40 and 41 give the report utilization from Vivado for both multipliers. The resource utilization results show that both multiplier architectures require minimal FPGA resources. The Wallace Tree multiplier uses 85 LUTs (0.41%), whereas the Braun multiplier uses 92 LUTs (0.44%), indicating that the Wallace architecture is slightly more hardware-efficient. The IO utilization is identical for both designs at 32 pins (30.19%), as both multipliers have the same input and output bit widths. Overall, the Wallace Tree multiplier achieves lower logic resource consumption compared to the Braun multiplier in the 8×8 implementation.
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[bookmark: _Toc227335674]Figure 42 - Wallace Tree Multiplier Report Power
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[bookmark: _Toc227335675]Figure 43 - Brauns Multiplier Report Power
Figures 42 and 43 show the final comparisons of the multipliers from Vivado and these screenshots are the power reports. The power analysis results indicate that both multiplier implementations operate well within the specified power budget of 0.25 W. The Wallace Tree multiplier consumes a total on-chip power of 0.084 W, while the Braun multiplier consumes slightly less power at 0.080 W. Dynamic power accounts for a small portion of the total power in both designs, with static power dominating the overall consumption. The Braun multiplier demonstrates marginally lower dynamic and total power consumption compared to the Wallace Tree multiplier.
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This project looked at two popular digital multiplier architectures: The Braun multiplier and the Wallace Tree multiplier. Both were built as 8×8-bit multipliers using VHDL and were synthesized with the Xilinx Vivado platform. They were then deployed on a Basys 3 FPGA platform. The study aimed to evaluate and compare the architectures based on functionality, timing performance, hardware resource use, and power consumption. 
The first part of the project focused on designing and modelling both multipliers. The Braun multiplier used a typical array structure made of AND gates, half adders, and full adders arranged in a grid. On the other hand, the Wallace Tree multiplier employed a tree structure for reducing partial products using multiple layers of adders. This architectural difference is important because the Wallace Tree aims to minimize the number of consecutive addition stages, which can lower propagation delay.
 Functional verification took place through simulation in Vivado and practical testing on the Basys 3 FPGA board. Several hexadecimal multiplication tests were run on both multipliers, including CC × CC, D3 × 4E, 2A × 4A, and BD × DB. In all instances, the outputs from both multiplier designs matched the expected results. The simulation waveforms and hardware outputs confirmed that both designs worked correctly and reliably. This verification step showed that the VHDL implementations successfully turned the theoretical multiplier architectures into working digital circuits.
 Next, performance evaluation was done using timing, utilization, and power analysis reports generated by Vivado. Timing analysis showed that both multipliers met all timing constraints without setup or hold violations. Interestingly, even though the Wallace Tree architecture is expected to be faster due to its shorter logic depth, the synthesized results indicated that the Braun multiplier had a larger worst negative slack value of 20.133 ns compared to 12.277 ns for the Wallace Tree design. This implies that in this specific FPGA setup, the Braun multiplier had a better timing margin. Such behaviour can result from synthesis optimizations, routing choices, and the relatively small operand size used in the design.
 Resource utilization analysis revealed that both multipliers required very little FPGA hardware. The Wallace Tree multiplier needed 85 LUTs (0.41%), while the Braun multiplier used 92 LUTs (0.44%). This shows that the Wallace Tree architecture was slightly more efficient in terms of logic resource use. However, the difference between the two designs was minimal, and both took up less than 1% of the available FPGA logic resources. The input/output utilization was the same for both designs because they shared the same 8-bit input and 16-bit output interface. 
Power analysis also indicated similar performance between the two architectures. Both designs operated well below the power budget of 0.25 W. The Braun multiplier used slightly less total power (0.080 W) compared to the Wallace Tree multiplier (0.084 W). In both cases, static power made up most of the total power consumption, while dynamic power came primarily from I/O switching activity. 
Overall, the results show that both multiplier architectures are effective for small parallel multipliers on FPGA hardware. The Wallace Tree multiplier has slightly better logic efficiency, while the Braun multiplier shows slightly lower power consumption and a greater timing margin in this implementation. The choice between these architectures depends on the design priorities of the target system, especially whether speed, power efficiency, or implementation simplicity is the main focus.
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Library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

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

Uncomment the following library declaration if instantiating
any Xilinx leaf cells in this code.

--library UNISIM;

use UNISIM.VComponents.all;

entity full_adder is
Port (A : in STD_LOGIC;
B : in STD_LOGIC;
Cin : in STD_LOGIC;
S+ out STD_LOGIC;
Cout : out STD_LOGIC);
end full_adder;

azchitecture behavioral of full adder is
begin

S <= A XOR B XOR Cin ;

Cout <= (A AND B) OR (Cin AND A) OR (Cin AND B) ;

end behavioral;
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Library IEEE;
use TEEE.STD_LOGIC_1164.ALL;

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

- Uncomment the following library declaration if instantiating
- any ¥ilinx leaf cells in this code.

entity half_adder is
Port (A : in std_logic:
5 : in std logic
5 : out std logic:
Cout : out std logic);
end half_adder;

azchitecture Behavioral of half adder is
begin

S <= A ¥R B
Cout <= (A and B);

end Behavioral;
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# Create a virtual clock (needed for timing analysis)
create_clock -period 30.000 -name virtual clk

# Set max delay for the critical path (longest delay)
set_max_delay -from [get_ports A'] —to [get ports BA] 29.000
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# Create a virtual clock (needed for timing analysis)
create_clock -period 45.000 -name virtual clk

# Set max delay for the critical path (longest delay)
set_max_delay ~from [get_ports A'] ~to [get ports BA] 41.000
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| Design Timing Summary

Setup.
Worst Negative Slack (WNS): 12.277 ns
Total Negative Slack (TNS): ~ 0.000 s
Number of Failing Endpoints: 0
‘Total Number of Endpoints: 16
Alluser specified timing constraints are met.

Hold
‘Worst Hold Slack (WHS):
Total Hold Stack (THS):
Number of Failing Endpoints:
Total Number of Endpoints:

inf
0.000ns

Pulse Width
Worst Pulse Width Slack (WPWS): NA
Total Pulse Width Negative Stack (TPWS): NA
Number of Failing Endpoints: NA
Total Number of Endpoints: NA




image39.png
Design Timing Summary

Setup.
Worst Negative Slack (WNS): 20,133 ns
Total Negative Slack (TNS): ~ 0.000 s
Number of Failing Endpoints: 0
‘Total Number of Endpoints: 16
Alluser specified timing constraints are met.

Hold
‘Worst Hold Slack (WHS):
Total Hold Stack (THS):
Number of Failing Endpoints:
Total Number of Endpoints:

inf
0.000ns

Pulse Width
Worst Pulse Width Slack (WPWS):
Total Pulse Width Negative Slack (TPWS):
Number of Failing Endpoints:
Total Number of Endpoints:

NA
NA
NA
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Library IEEE;
use TEEE.STD_LOGIC_1164.ALL;

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

Uncomment the following library declaration if instantiating
any Xilinx leaf cells in this code.

-~ Library ONISTN;

-- use UNISTN.VComponents.all;

entity Wallace is

Bort (A ¢ in STD_LDGIC VECTOR (7 downto 0) ;
5 : in STD_LOGIC VECTOR (7 downto 0) ;
®  : ouc STD_LOGIC VECTOR (15 downto 0)) ;

end Wallace;

azchitecture Behavioral of Wallace is
component full_adder is
Port (A : in STD_LOGIC;
B : in STD_LOGIC;
Cin : in STD_LOGIC;
S+ our STD_LOGIC;
Cou  : our STD_LOGIC):
end component;

component half_adder is
Port (A : in STO_LOGIC;
B : in STD_LOGIC;
St out STD_LOGIC;
Cout : out STD_LOGIC);
end component;

signal
52,53,54,55,56,57,58, 510, 511,512,513, 514, 515, 516, 518, 519,520, 521, 522, 523, 524, 526, 521, 528, 529, 530, 531, 532, 534, 535, 536, 537, 538, 539, 540, 542, 543, 544, 545, 546, 547, 548, 549, 550, 551, 552, 553, 554, 555, 556 : STD_LOGIC;

signal

€1,c2,c3,04,C5, 06, €7, C2, €3, €10, €11, €12, €13, €14, €15, €16, €17, C1e, €18, €20, C21, C22, €23, C24, €25, C26, C27, €28, €28, C30, C31, C32, C33, C34, 038, C36, C37, 038, C39, 040, C41, 042, C43, C44, C4S, C46, C47, C4e, 049, C50, C51, 052, C53, 054, C55 ¢ STD_LOGIC
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signal AlBO
signal A2B0
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signal A4BO
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signal 68O
signal A780
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signal 2281
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177

178 | A0B5 <= A(0) and
175 | AIBS <= A(1) and
150 | A285 <= A(2) and
151 | 2385 <= A(3) and
152 | A4BS <= A(4) and
183 | 2585 <= A(5) and
150 | 2685 <= A(6) and
185 | A7BS <= A(7) and
186

187 | AOB6 <= A(0) and
155 | AIB6 <= A(1) and
185 | A2B6 <= A(2) and
190 | 2386 <= A(3) and
191 | A4B6 <= A(4) and
192 | 2586 <= A(S) and
193 | 2636 <= A(6) and
190 | ATB6 <= A(7) and
155

195 | 2087 <= A(0) and
197 | AIBT <= A(1) and
195 | A287 <= A(2) and
195 | A3B7 <= A(3) and
200 | MB7 <= A(4) and
201} RSBY <= A(5) and
202 | ReBY <= A(6) and
203 | R7B7 <= A(7) and
200

205 Stage 1

206

207 B0 : B(0) <= A(0) 2nd B(0) ;
208

209

210

211

212

213

214

215

216

217
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: half_adder
full_adder
: full adder
full_adder

23 | fa25 ¢ fall adder
2 | faz6 full_adder
25 | fa27 @ fall adder
260 fa2s @ fall adder

25 | hasl half_adder
230 | fa32  : fall adder
231! fa33 full_adder
232 | fa3s @ fall adder
233 | fa3s full_adder
234 ) fa36 @ fall adder
235 | fa37 full_adder
236 | fa3s @ fall adder
232

235 | hasl half_adder
200 | fas2 full_adder
241} fas3 @ fall adder
202 | fass full_adder
213 | fass  : fall adder
213 | fate full_adder
215 | fad7 @ fall adder
215 | fass @ fall adder
207

2} —

215 | hasl  : half adder
250 | fasz full_adder
251 | zas3 full_adder
252 | fase @ fall adder
253 | zass full_adder
254 | fas6 @ fall adder
255 | fas7 full_adder
256 | fass @ fall adder

pore
port
port
port
port
port
port
port

pore
port
port
port
port
port
port
port

pore
port
port
port
port
port
port
port

pore
port
port
port
port
port
port
port

map (52,C1,2(2),C9) 7
map (3, C2,A083, 510, C10]
map(54,C3,A183,511,CL1) ;
map (S5, C4,A283,512,C12]
map (56,5, A383,513,C13) ;
map (7,6, A483,514,C14]

map (58, C7,A583,515,C15) ;
map (A782,C8, A6B3, 516, C16)

nap (510,39, B(3) , C17]
map (11,10, 2084, 518, C18]
map(512,C11,A184,519,C19)
map (513, 12,4284, 520, C20]
map(514,C13,A384, 521, C21]
map (515, C14,A484,522,C22) 5
map (516, C15,A584, 523, C23]
map (ATB3, C16,A684, 524, C24) 5

map (518,17, B(4),C25) 7
map(519,C18, A0BS, 526, C26)
map (520, C19,A185, 527, C27)
map (521, €20, A285, 528, C28]
map (522, 21,4385, 529, C29)
map (523, €22, A485, 530, C30]
map (524, €23, 8585, 531,C31) ;
map (ATB4, C24, A6BS, 532, C32)

map (526,25, B(5) ,C33) 7

map (527, €26, A086, 534, C34]
map (528, C27,A186, 535, C35]
map (529, €28, A286, 536, C36)
map (530, €29, A386, 537, C37)
map (531, €30, A486, 538, C38]
map (532, C31,A5B6, 539, C39)
map (ATBS, C32,A686, 540, C40) 7
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5
5

a6l ¢ half adder
fa62 full_adder
263 : full adder
fa6s full_adder
zacs full_adder
fage ¢ full adder
fa67 full_adder
fage ¢ full adder

ha7l half_adder
272 : full adder
a73 full_adder
273 : full adder
za75 full_adder
za76 full_adder
277 : full adder
278 ¢ full adder

end Behavioral;

pore
port
port
port
port
port
port
port

pore
port
port
port
port
port
port
port

map (534,C33,B(6) ,C41) 7
map (535, C34,A087, 542, C42) ;
map (536, C35,A18, 543,C43) ;
map (537, C36,A287, 544, C44)
map (538, C37,A387, 545, C45)
map (539, C38, A48T, 546, C46) ;
map (540, €39, ASB7, 547, C47)
map (ATB6, C40, A6B7, 548, C48|

map (542, C41,B(7) ,C49) 5
map (543,042,049, B(8) ,C50) ;
map (544,043, C50, B(9) , C51)
map (545, 044,51, B(10), €521
map(S46, 045, C52, B(11),, €53
map (547, C46, C53, B(12) , C54]
map (548, C4€, C54, B(13), C55)
map (ATB7, C48, CS5, B(14) , B (15)) §
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library IEEE;
use TEEE.STD_LOGIC_1164.ALL;

- Uncomment the following library declaration if using
- aritmmetic functions with Signed or Unsigned values
—-use IEEE.NUMERIC STD.ALL,

- Uncomment the following library declaration if instantiating
- any ¥ilinx leaf cells in this code.

--library UNISIM;

~-use UNISIM.VComponents.all;

enticy Brauns Multiplier is
ort (A : in STD_LDGIC VECTOR (7 downto 0);
5 : in STD_LOGIC VECTOR (7 downto 0);
® : out STD_LOGIC VECTOR (15 downto 0));
end Brauns Multiplier;

hrchisecture Behavioral of Brauns Muleiplier is

signal AIBO : std_logic:
signal ROBL : std_logic;
signal A2B0 : std_logic;
signal AIBL : std_logic;
signal R0B2 : std_logic;
signal A380 : std_logic;
signal A2B1 : std_logic;
signal AIB2 : std_logic;
signal R0B3 : std_logic;

signal A4BO : std logic;
signal A3BL : std_logic;
signal A2B2 : std_logic:
signal AIB3 : std_logic:

signal R0B4 : std_logic:
signal ASBO : std_logic:
signal ABL : std logic;
signal A382 : std_logic;
signal A2B3 : std_logic;
signal AlB4 : std_logic:
signal AOBS : std logic;
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component full_adder

215 | port (2 : in STD_LOGIC
220 | B : in STD_LOGIC;
2210 Cin: in STD_LOGIC

222 0 S : out STO_LOGIC;
223 | Cout : out STD_LOGIC);
224 end componsnt;

225
226C) component half_adder
227 | port (2 : in STD_LOGIC

228 0 B : in STD_LOGIC;
226 0 S : out STD_LOGIC;
230 | Cout : out STD_LOGIC);

231() end component;
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20 : 2(0)

2(0) and B(0)

P1 : nalf_adder porc map (A=>AIB0,B=>ADBL,S=>P(1),Cout=>Cl);--B!

S2_1 : full_adder port map (A=>A280,B=>A1B1,Cin=>Cl,$=>52, Cout=>C2) ;
2 : half_adder port map (A=>AOB2 , B=>S2 , 5=>P(2), Cout=>C9);

S3_1 : full_adder port map (A=>A380 , B=>A2B1 , Cin=>C2 , §=>S3 , Cout=>C3);--53
5101 : full adder port map (A>ALB2 , B=>S3 , Cin=>C9 , §=>510 , Coue=>Cl0);
3 : half_adder port map (A=>AOB3 , B=>S10 , S=P(3) , Cout=>C17);

541 : full adder port map (R=>RBO , B=>A3BI , Cin=>C3 , S=>S4 , Cowt=>C4); -—-2¢
SIL1 : full adder port map (A=>A2B2 , B=>S4 , Cin=>C10 , S=>S11 , Cout=>Cl1):
5181 : full_adder port mep (A=>AIB3 , B=>SI1 , Cin=>C17 , S=>S18 , Cout=>C18);
24 ¢ half_adder port map (R=>A0B4 , B=>S18 , S=>B(4) , Cout=>C25):

S5._1 ¢ full adder port map (R=>ASBO , B=>RB1 , Cin=>C4 , S=5S5 , Cout=>C5); -
5121 : full adder port map (A=>A382 , B=>S5 , Cin=>Cll , S=>S12 , Cout=>C12);
5151 : full_adder port map (A=>A2B3 , B=>SI2 , Cin=>C18 , S=>S18 , Cout=>C19):
5261 : full_adder port mep (A=>RIB4 , B=>S1S , Cin=>C25 , S=>526 , Cout=>C26);
25 ¢ half_adder port map (R=>AOBS , B=>526 , S=>B(5) , Cout=>C33):

561 : full adder port map (R=>R6BO , B=>ASBI , Cin=>C5 , S=5S6 , Cout=>C6); --2¢
5131 : full adder port map (A=>AB2 , B=>S6 , Cin=>C12 , S=>S13 , Cout=>C13);
5201 : full_adder port map (A=>A383 , B=>S13 , Cin=>C19 , S=5520 , Cout=>C20);
5271 : full_adder port map (A=>A2B4 , B=>520 , Cin=>C26 , S=>527 , Cout=>C27);
5341 : full_adder port map (A=>AIBS , B=>527 , Cin=>C33 , S=>531 , Cout=>C34);
26 © half_adder port map (A=>A0B6 , B=>S34 , S=B(6) , Cout=>C41);

S7_1 : full adder port map (R=>R7B0 , B=>R6Bl , Cin=>C6 , S=5S7 , Cout=>CT);—-27
5181 : full _adder port map (A=>ASB2 , B=>S7 , Cin=>C13 , S=>S14 , Cout=>Cl4);
5211 : full_adder port map (A=>RB3 , B=>SI4 , Cin=>C20 , S=>S21 , Cout=>C21);
5251 : full_adder port map (A=>A3B4 , B=>S21 , Cin=>C27 , S=5528 , Cout=>C28);
5351 : full_adder port map (A=>A2B5 , B=>528 , Cin=>C34 , S=>535 , Cout=>C35);
5421 : full_adder port map (A=>RIB6 , B=>S35 , Cin=>Cdl , S=>542 , Cout=>C42);
7 ¢ half_adder port map (R=>A0B7 , B=>S42 , S=B(7) , Cout=>C48):

581 : half_adder port map (R=>A7BL , B=>C7 , S=>88 , Cout=>C8);--28
5151 : full adder port map (A=>A6B2 , B=>S8 , Cin=>Cl4 , S=>S15 , Cout=>Cl1S);
5221 : full_adder port map (A=>ASB3 , B=>SIS , Cin=>C21 , S=5522 , Cout=>C22):
5251 : full_adder port map (A=>RB4 , B=>S22 , Cin=>C28 , S=>526 , Cout=>C28);
5361 : full_adder port map (A=>A3B5 , B=>S29 , Cin=>C35 , S=>536 , Cout=>C36);
5431 : full_adder port map (A=>A2B6 , B=>S36 , Cin=>C42 , S=>543 , Cout=>C43);
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S5_1 : half_adder port map (A=5ATBL , B=>CT , S=>S8 , Cout=>Cs);

ez

SIS_1 : full adder port map (A>AEB2 , B=>S8 , Cin=>Cl4 , S=>S15 , Cour=>Cls);
S22_1 : full_adder port map (A=>ASB3 , B=>SIS , Cin=>C21 , $=>522 , Cour=>C22);
5291 : full_adder port map (A>A4B4 , B=>$22 , Cin=>C28 , S=>529 , Cour=>C29);
S36_1 : full_adder port map (A=>A38S , B=>S29 , Cin=>C35 , S=>536 , Cour=>C36);
S43_1 : full_adder port map (A=>A286 , B=>S36 , Cin=>C42 , =543 , Cour=>C43);
B8 : full_adder port map (A=>AIBT , B=>S43 , CIN=>C4S , S=>P(8) , Cout=>C50);
S16_1 : full adder port map (A>ATB2 , B=>CS , Cin=>C1S , S=>S16 , Cour=>Clé);
5231 : full_adder port map (A>AEB3 , B=>S16 , Cin=>C22 , $=>523 , Cour=>C23);
S30_1 : full_adder port map (A=>ASB4 , B=>S23 , Cin=>C29 , S=>$30 , Cour=>C30);
S37_1 : full_adder port map (A=>A4BS , B=>S30 , Cin=>C36 , =537 , Cour=>C37);
S44.1 : full_adder port map (A=>A3B6 , B=>S37 , Cin=>C43 , S=>S44 , Cour=>C44);
B9 : full_adder port map (A=>A2B7 , B=>S44 , Cin=>C50 , S=>P(9) , Cout=>C51);
5241 : full_adder port map (A=>ATB3 , B=Cl6 , 1 52524, Cout=>C24);
S311 : full_adder port map (A=>AGB4 , B=>S24 , 1 5531, Cout=>C31);
S$35_1 : full_adder port map (A=>ASES , B=>S3l , 1 52538 , Cout=>C38);
S45_1 : full_adder port map (A=>A4BE , B=>S38 , 1 5545 , Cout=>C45);
P10 : full_adder port map (A=>A387 , B=>SM5 , $5B(10) , Coue=>C52);
$32_1 : full_adder port map (A=>ATB4 , B=>C24 1 5532, Cout=>C32);
$39_1 : full_adder port map (A=>AEBS , B=>S32 1 52539 , Cout=>C39);
S46_1 : full_adder port map (A=>ASBE , B=>S39 1 5546 , Cout=>C46);
BLL : full_adder port map (A=>AB7 , B=>Sd6 , SB(11) , Coue=>C53);
S40_1 : full adder port map (A=>ATBS , B=>C32 1 52540 , Cout=>C40);
S47_1 : full_adder port map (A=>AEBE , B=>S40 1 5547 , Cout=>C47);
P12 : full_adder port map (A=>ASBT , B=>S47 , 5B(12) , Cour=>Cs4);
S45_1 @ full_adder port map (A=>ATBE , B=>C40 1 5548 , Cout=>C48);
P13 : full_adder port map (A=>A6B7 , B=>S48 , $5B(13) , Cour=>CSS);
BL4 : full adder port map (A=>ATB7 , B=>CAS , SB(14) , Cour=>C56);
BIS : B(15) <= C56;--2:

end Behavioral;
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