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1. [bookmark: _Toc195786791]Introduction
This report explores both the theoretical and practical aspects of Braun and Wallace multipliers using VHDL (Very High-Speed Integrated Circuit Hardware Description Language). It begins with background research into multiplier applications, highlighting the key features, advantages, design methodologies, and use cases of Braun and Wallace multiplier architectures. Following this, the report presents a practical implementation of both designs, along with a critical evaluation of their performance. Each multiplier offers distinct benefits in terms of speed, complexity, and power efficiency, which will be analysed and compared throughout the report.
[bookmark: _Toc195786792]2. Background Research
Multipliers are a fundamental part of digital electronics. Their role is especially crucial in systems requiring rapid arithmetic operations, such as digital signal processing (DSP), embedded computing, and real-time applications. As technology progresses and devices become more compact and power aware, engineers are under pressure to design arithmetic circuits that are not only fast but also efficient in terms of resource usage and energy consumption. Among the many multiplier architectures developed over time, Braun’s multiplier and the Wallace Tree multiplier remain two widely adopted designs. Each offers a unique approach to balancing speed, logic complexity, and implementation effort, and both have found relevance in today’s FPGA and ASIC workflows.
[bookmark: _Toc195786793]2.1. Braun’s Multiplier
The Braun multiplier is a well-established design, commonly introduced in early digital logic courses due to its simple and predictable structure. Conceptually, it builds multiplication operations using a grid of AND gates to generate partial products. These are then summed through a series of full adders arranged in a ripple carry fashion. This creates a highly regular and easy-to-follow layout, which translates well into hardware description languages (HDLs) such as VHDL.
Yet, this simplicity does come with some performance limitations. Because the adders are chained together, the circuit’s overall delay increases with input size. For instance, when multiplying two 8-bit numbers, each adder row depends on the carry output from the one before it, leading to a ripple effect. This sequential dependency results in longer critical path delays, especially for wider bit widths [1].
Despite that, the Braun multiplier continues to be a practical choice in FPGA based implementations, particularly when timing constraints are relaxed. Its clean layout and predictable structure often lead to faster synthesis and easier timing closure. In moderate throughput applications, this kind of reliability and ease of integration can outweigh the cost of its slower speed [2].
[bookmark: _Toc195786794]2.2. Wallace Tree Multiplier
In contrast, the Wallace Tree multiplier, introduced by C.S. Wallace in 1964 [3], was designed to address the speed issues inherent in array-based approaches like Braun’s. Rather than relying on sequential addition, Wallace’s technique organises the partial products into groups of three and applies parallel reduction using full and half adders. This continues in layers until only two rows remain, which are then summed using a fast adder such as a carry lookahead or carry select adder.
The benefit of this approach is clear, by reducing the number of sequential addition steps, the critical path delay is significantly minimised. In fact, the overall depth of the adder tree grows approximately with the logarithm of the input size, making this method highly suitable for speed sensitive applications.
Over time, the Wallace Tree design has undergone various improvements. One such example is the Dadda multiplier, which rearranges the reduction stages to use fewer adders and therefore reduces hardware overhead [4]. Modern designs also tend to pair the Wallace structure with Kogge-Stone or carry lookahead adders for faster final summation [5].
Further enhancements have included techniques like pipelining, bit-level optimisation, and prefix compression. These modifications help to drive down power consumption and increase clock frequency, especially when implemented on modern FPGAs [6].
Taken together, these advancements make the Wallace Tree multiplier highly attractive in performance critical systems, particularly those where speed and efficiency are non-negotiable.
[bookmark: _Toc195786795]2.3. Current Trends and Applications
Today’s computational landscape is changing quickly, especially with the rise of applications like machine learning, edge computing, and streaming analytics. In these contexts, traditional multiplier designs often need to be adapted to meet new constraints related to power, precision, and scalability.
One direction receiving growing attention is the development of approximate multipliers. These circuits intentionally reduce computational accuracy to gain improvements in power consumption and area. In applications like image processing or neural inference, a small error margin is often acceptable, making these multipliers particularly attractive [7].
In addition, Booth encoding and high radix multiplication techniques are being used to reduce the number of partial products, especially when dealing with signed numbers. This not only decreases delay but also reduces the amount of switching activity, which is directly related to dynamic power consumption [8].
Meanwhile, custom hardware accelerators, such as Google’s Tensor Processing Units (TPUs), are incorporating optimised multiplier designs at scale. These architectures are fine tuned to deliver maximum throughput per watt, pushing the boundaries of energy aware performance [10].
Another area of research focuses on reconfigurable multipliers designs that can dynamically adjust their bit width or computation mode based on system requirements. These are particularly useful in embedded platforms that need to balance power and precision depending on context [9].
To conclude, Braun and Wallace Tree multipliers offer contrasting but complementary design philosophies. The Braun approach highlights structural clarity and simplicity, while the Wallace method showcases hierarchical optimisation for speed. Understanding how and where to apply each of these techniques is a valuable skill for digital system designers, especially as hardware constraints continue to evolve.
[bookmark: _Toc195786796]3. Applications and Advantages of the Multipliers
Multipliers are essential components in digital systems where arithmetic operations must be executed quickly and efficiently. Among the many architectures available, Braun and Wallace Tree multipliers remain two of the most widely implemented techniques, each offering unique advantages tailored to different applications. While Braun’s design is valued for its structural simplicity, the Wallace Tree is favoured in scenarios where speed and scalability are paramount.
[bookmark: _Toc195786797]3.1. Application of Braun’s Multiplier
The Braun multiplier is most suitable for applications where ease of implementation, structural regularity, and modest performance requirements are prioritised over maximum speed. Its consistent grid-like arrangement of AND gates and full adders makes it an ideal choice in embedded control systems, particularly within industrial and automotive electronics, where design predictability and reliability are key considerations [1], [11].
This architecture is also commonly used in academic settings to teach the fundamentals of binary multiplication, due to its transparent operation and simple extension to larger bit-widths [2]. It performs effectively in small-scale digital signal processing tasks, such as in microcontroller-based filters, where multiplication needs are limited to 4×4 or 8×8 operations [3]. Additionally, the structure lends itself well to prototyping on FPGAs, where its regular layout simplifies both synthesis and routing processes [6].
[bookmark: _Toc195786798]3.2. Application of Wallace Tree Multiplier
In contrast, the Wallace Tree multiplier is optimised for high-speed and high-throughput applications. Its tree-based structure allows partial products to be reduced in parallel, significantly decreasing the number of sequential operations required. This design makes it highly effective in digital signal processing applications such as filtering, FFTs, and convolutions, where low latency is critical [4], [6].
The Wallace Tree architecture is also commonly employed in cryptographic systems, where fast multiplication of large integers underpins the security and efficiency of algorithms like RSA and elliptic curve cryptography [5], [12]. Its performance advantages make it particularly useful in artificial intelligence hardware, such as Google’s Tensor Processing Units, where large matrix operations are continuously executed at high speeds [10], [13]. It also plays a crucial role in image and video processing systems, as well as in high-speed communication devices like 5G transceivers, where real-time signal processing is essential [7], [8], [14].
The Wallace Tree’s compatibility with pipelining and advanced adder structures like Kogge-Stone or carry-lookahead further increases its value in performance-critical systems [5], [9].
[bookmark: _Toc195786799]4. Flowchart/Pseudocode Showing System Operation
The diagram below outlines the high-level operation of both Braun and Wallace Tree multipliers. While each begins by generating partial products, their methods for reducing these products differ considerably.
[image: A diagram of a product
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[bookmark: _Toc195787988]Figure 1 – Brauns & Wallce Tree Multiplier Flowchart
[bookmark: _Toc195786800]5. Methodologies
This section explains how the Braun and Wallace Tree multiplier systems function internally. Both designs are used to multiply two 8-bit unsigned binary numbers, producing a 16-bit product. While they achieve the same goal, the steps they follow and how they handle partial products and addition differ significantly.
[bookmark: _Toc195786801]5.1 Brauns Multiplier Operation
The Braun multiplier follows a regular and systematic structure. It starts by generating partial products these are created by performing an AND operation between every bit of the first input (A) and every bit of the second input (B). This results in a matrix of 64 partial products in 8 rows × 8 columns.
Each row in this matrix corresponds to a bit of input B and is shifted one position to the left compared to the previous row. These rows are then added together using a series of full adders and half adders in a ripple-carry arrangement. The carries produced from each addition flow into the next row, which creates a chain-like addition process from top to bottom.
This ripple-carry style means the system processes each layer one after another, so the overall delay increases with the number of bits. Despite this, the layout is highly regular and predictable, which makes it simple to design in hardware and well-suited to implementation on FPGAs [1], [2].
[bookmark: _Toc195786802]5.2 Wallace Tree Multiplier Operation
The Wallace Tree multiplier also begins by generating 64 partial products using the same bitwise AND operations. However, instead of adding the rows one after the other, the Wallace method reduces the matrix in parallel.
It does this by grouping partial products into sets of three and reducing them using full adders. This reduction is done layer by layer, which quickly decreases the number of rows. Once only two rows remain, a fast final adder is used to compute the final product.
This method significantly reduces the delay because multiple operations happen at the same time. The structure forms a “tree” of adders, where each level performs reductions in parallel, rather than waiting on the carry signal to pass through the entire matrix like in Braun’s method [3], [4].
Although this approach is more complex to design and uses more logic resources, it is much faster, especially for wider bit multiplications. It is therefore a better fit for systems that require high-speed arithmetic operations.
[bookmark: _Toc195786803]5.3 Summary
In summary:
· The Braun multiplier adds each row of partial products one after another using ripple-carry logic, making it slower but easier to implement.
· The Wallace Tree multiplier reduces all partial products in parallel layers using a tree of adders, making it faster but more complex.
Both systems perform the same task but use different structures and strategies, each with its own advantages depending on the application.

[bookmark: _Toc195786804]6. Block Diagrams and Algorithms
[bookmark: _Toc195786805][image: ]6.1. Brauns Multiplier Block Diagram
[bookmark: _Toc195787989]Figure 2 - Brauns Multiplier Block Diagram




[bookmark: _Toc195786806][image: A table with many letters and numbers]6.2. Brauns Multiplier Algorithms
[bookmark: _Toc195787990]Figure 3 - Brauns Multiplier Algorithm
[bookmark: _Toc195786807]6.3. Wallace Tree Block Diagram
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[bookmark: _Toc195787991]Figure 4 – Wallace Tree Multiplier Block Diagram
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[bookmark: _Toc195787992]Figure 5 – Wallace Tree Multiplier Algorithm











[bookmark: _Toc195786809]7. VHDL Codes
[bookmark: _Toc195786810]7.1. Brauns Multiplier VHDL Code
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[bookmark: _Toc195787993]Figure 6 – Brauns Multiplier VHDL Code 1
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[bookmark: _Toc195787994]Figure 7 - Brauns Multiplier VHDL Code 2
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[bookmark: _Toc195787995]Figure 8 - Brauns Multiplier VHDL Code 3
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[bookmark: _Toc195787996]Figure 9 - Brauns Multiplier VHDL Code 4
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[bookmark: _Toc195787997]Figure 10 - Brauns Multiplier VHDL Code 5
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[bookmark: _Toc195787998]Figure 11 - Brauns Multiplier VHDL Code 6
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[bookmark: _Toc195787999]Figure 12 - Brauns Multiplier VHDL Code 7
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[bookmark: _Toc195788000]Figure 13 - Brauns Multiplier VHDL Code 8
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[bookmark: _Toc195788001]Figure 14 - Brauns Multiplier VHDL Code 9
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[bookmark: _Toc195788002]Figure 15 - Brauns Multiplier VHDL Code 10
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[bookmark: _Toc195788003]Figure 16 - Brauns Multiplier VHDL Code 11
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[bookmark: _Toc195788004]Figure 17 - Brauns Multiplier VHDL Code 12
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[bookmark: _Toc195788005]Figure 18 - Brauns Multiplier VHDL Code 13




















[bookmark: _Toc195786811]7.2. Wallace Tree VHDL Code
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[bookmark: _Toc195788006]Figure 19 – Wallace Tree Multiplier VHDL Code 1
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[bookmark: _Toc195788007]Figure 20 - Wallace Tree Multiplier VHDL Code 2
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[bookmark: _Toc195788008]Figure 21 - Wallace Tree Multiplier VHDL Code 3
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[bookmark: _Toc195788009]Figure 22 - Wallace Tree Multiplier VHDL Code 4
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[bookmark: _Toc195788010]Figure 23 - Wallace Tree Multiplier VHDL Code 5
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[bookmark: _Toc195788011]Figure 24 - Wallace Tree Multiplier VHDL Code 6
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[bookmark: _Toc195788012]Figure 25 Wallace Tree Multiplier VHDL Code 7
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[bookmark: _Toc195788013]Figure 26 - Wallace Tree Multiplier VHDL Code 8
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[bookmark: _Toc195788014]Figure 27 - Wallace Tree Multiplier VHDL Code 9
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[bookmark: _Toc195788015]Figure 28 - Wallace Tree Multiplier VHDL Code 10





















[bookmark: _Toc195786812]8. Timing Diagrams and Schematics
[bookmark: _Toc195786813]8.1. Brauns Multiplier Schematics
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[bookmark: _Toc195788016]Figure 29 – Brauns Multiplier Device
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[bookmark: _Toc195788017]Figure 30 - Brauns Multiplier Implementation Schematic
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[bookmark: _Toc195788018]Figure 31 - Brauns Multiplier RTL Design
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[bookmark: _Toc195788019]Figure 32 – Brauns Multiplier Design Timing Summary


[bookmark: _Toc195786814]8.2. Brauns Multiplier Longest Delay
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[bookmark: _Toc195788020]Figure 33 – Brauns Multiplier Longest Delay
Below is the calculation that can be used to calculate the longest permissible delay that can be added to the timing constraints:
Longest Delay = tg(N*tad)
                          = 1ns+(14*2ns)
                          = 1ns+(28ns)
                          = 29ns
[bookmark: _Toc195786815]8.3. Brauns Multiplier Combinational Delay
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[bookmark: _Toc195788021]Figure 34 - Brauns Multiplier Combinational Delay 1
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[bookmark: _Toc195788022]Figure 35  - Brauns Multiplier Combinational Delay 2
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[bookmark: _Toc195788023]Figure 36  - Brauns Multiplier Combinational Delay 3
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[bookmark: _Toc195788024]Figure 37 -  - Brauns Multiplier Combinational Delay 4
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[bookmark: _Toc195788025]Figure 38 - Brauns Multiplier Combinational Delay 5
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[bookmark: _Toc195788026]Figure 39  - Brauns Multiplier Combinational Delay 6
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[bookmark: _Toc195788027]Figure 40  - Brauns Multiplier Combinational Delay 7
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[bookmark: _Toc195788028]Figure 41 -  - Brauns Multiplier Combinational Delay 8
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[bookmark: _Toc195788029]Figure 42  - Brauns Multiplier Combinational Delay 9
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[bookmark: _Toc195788030]Figure 43 -  - Brauns Multiplier Combinational Delay 10
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[bookmark: _Toc195788031]Figure 44  - Brauns Multiplier Combinational Delay 11










[bookmark: _Toc195786816]8.4. Wallace Tree Schematics
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[bookmark: _Toc195788032]Figure 45 – Wallace Tree Multiplier Device
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[bookmark: _Toc195788033]Figure 46 – Wallace Tree Multiplier Implementation Schematic
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[bookmark: _Toc195788034]Figure 47 – Wallace Tree Multiplier RTL Design
[bookmark: _Toc195786817]8.5. Wallace Tree Longest Delay
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[bookmark: _Toc195788035]Figure 48 – Wallace Tree Multiplier Longest Delay
Below is the calculation that can be used to calculate the longest permissible delay that can be added to the timing constraints:
Longest Delay = tg(N*tad)
                          = 1ns+(20*2ns)
                          = 1ns+(40ns)
                          = 41ns
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[bookmark: _Toc195788036]Figure 49 – Wallace Tree Multiplier Design Timing Summary
[bookmark: _Toc195786818]8.6. Wallace Tree Combinational Delay
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[bookmark: _Toc195788037]Figure 50 – Wallace Tree Multiplier Combinational Delay 1
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[bookmark: _Toc195788038]Figure 51 – Wallace Tree Multiplier Combinational Delay 2
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[bookmark: _Toc195788039]Figure 52 – Wallace Tree Multiplier Combinational Delay 3
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[bookmark: _Toc195788040]Figure 53 – Wallace Tree Multiplier Combinational Delay 4
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[bookmark: _Toc195788041]Figure 54 – Wallace Tree Multiplier Combinational Delay 5
[image: A screenshot of a graph

AI-generated content may be incorrect.]
[bookmark: _Toc195788042]Figure 55 – Wallace Tree Multiplier Combinational Delay 6
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[bookmark: _Toc195788043]Figure 56 – Wallace Tree Multiplier Combinational Delay 7
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[bookmark: _Toc195788044]Figure 57 – Wallace Tree Multiplier Combinational Delay 8
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[bookmark: _Toc195788045]Figure 58 – Wallace Tree Multiplier Combinational Delay 9
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[bookmark: _Toc195788046]Figure 59 – Wallace Tree Multiplier Combinational Delay 10
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[bookmark: _Toc195788047]Figure 60 – Wallace Tree Multiplier Combinational Delay 11
[bookmark: _Toc195786819]9. FPGA Design Screen Dumps
[bookmark: _Toc195786820]9.1. Brauns Multiplier
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[bookmark: _Toc195788048]Figure 61 – Brauns Multiplier I/O Planning
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[bookmark: _Toc195788049]Figure 62 – Brauns Multiplier Hardware Demonstration
[bookmark: _Toc195786821]9.2. Wallace Tree Multiplier
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[bookmark: _Toc195788050]Figure 63 – Wallace Tree Multiplier I/O Planning
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[bookmark: _Toc195788051]Figure 64 – Wallace Tree Multiplier Hardware Demonstration


[bookmark: _Toc195786822]10. Simulation Results
[bookmark: _Toc195786823]10.1. Brauns Multiplier
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[bookmark: _Toc195788052]Figure 65 – Brauns Multiplier Simulation Result (A5x31)
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[bookmark: _Toc195788053]Figure 66 – Brauns Multiplier Simulation Result (ABxCD)
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[bookmark: _Toc195788054]Figure 67– Brauns Multiplier Simulation Result (CExEB)
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[bookmark: _Toc195788055]Figure 68 – Brauns Multiplier Simulation Result (FFxFF)
[bookmark: _Toc195786824]10.2. Wallace Tree Multiplier
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[bookmark: _Toc195788056]Figure 69 – Wallace Tree Multiplier Simulation Result (A5x31)
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[bookmark: _Toc195788057]Figure 70 – Wallace Tree Multiplier Simulation Result (ABxCD)
[image: A screenshot of a computer

AI-generated content may be incorrect.]
[bookmark: _Toc195788058]Figure 71 – Wallace Tree Multiplier Simulation Result (CExEB)
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[bookmark: _Toc195788059]Figure 72 – Wallace Tree Multiplier Simulation Result (FFxFF)
[bookmark: _Toc195786825]11. Comparison, Analysis and Interpretation of Results
[bookmark: _Toc195786826]11.1. Comparison
The implementation and simulation of both Braun’s and Wallace Tree multipliers were carried out using VHDL and synthesised on an FPGA through Xilinx Vivado. While both designs functionally produced correct 16-bit multiplication outputs, their internal architecture, timing characteristics, and resource utilisation differed significantly.
Braun’s multiplier was constructed using an array-based layout, where partial products were summed through sequential addition using ripple-carry logic. In contrast, the Wallace Tree design compressed partial products in parallel using half and full adders in multiple stages. This structural difference directly impacted timing and synthesis outcomes.
[bookmark: _Toc195786827]11.2. Analysis
Post-synthesis analysis in Vivado showed that the Wallace Tree multiplier achieved a faster critical path delay compared to Braun’s. This improvement is attributed to the Wallace architecture’s ability to perform reductions in fewer logic levels, thanks to its tree-based compression approach.
Braun’s design, although functionally correct, exhibited a longer delay path due to the ripple-carry propagation in its sequential adder structure. However, its regular layout made it simpler to design and synthesise, which is beneficial for compact systems where high speed is not essential.
In terms of resource usage, the Wallace Tree used more logic slices and adders due to its parallel reduction structure. This made it marginally more power-consuming, although not excessively so in this 8×8 implementation. The Braun multiplier, on the other hand, showed a more efficient use of logic resources, especially in the context of a smaller bit-width multiplier.
[bookmark: _Toc195786828]11.3. Interpretation of Results
The results suggest that both multiplier architectures are valid and effective but serve different design goals. The Wallace Tree multiplier is clearly better suited for high-speed applications, such as DSP or real-time processing, where performance is a key factor. Its parallel structure reduces delay and enables higher operating frequencies.
On the other hand, the Braun multiplier offers advantages in design simplicity and layout regularity, which may be preferred in educational tools, embedded systems, or any environment where timing is not critical, and resource efficiency is desirable.
In summary, the Wallace Tree excels in speed but at the cost of additional complexity and logic usage, whereas Braun’s multiplier remains a reliable and straightforward option for low- to medium-performance systems.

[bookmark: _Toc195786829]12. Power Utilisation and LUTs
[bookmark: _Toc195786830]12.1. Brauns Multiplier Power Utilisation
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[bookmark: _Toc195788060]Figure 73 – Brauns Multiplier Power Utilisation
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[bookmark: _Toc195788061]Figure 74 - Brauns Multiplier Project Summary
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[bookmark: _Toc195788062]Figure 75 – Brauns Multiplier Report Utilisation
[bookmark: _Toc195786831]12.2. Wallace Tree Multiplier Power Utilisation
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[bookmark: _Toc195788063]Figure 76 – Wallace Tree Multiplier Power Utilisation
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[bookmark: _Toc195788064]Figure 77 – Wallace Tree Multiplier Project Summary
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[bookmark: _Toc195788065]Figure 78 – Wallace Tree Multiplier Report Utilisation
[bookmark: _Toc195786832]12.3. Interpretation
The power utilisation data for both Braun’s and Wallace Tree multipliers demonstrates a clear trade-off between architectural simplicity and computational performance. Braun’s multiplier, due to its sequential array structure and predictable layout, consumed slightly less power during synthesis and implementation. This aligns with its relatively lower switching activity and reduced logic complexity.
In contrast, the Wallace Tree multiplier required more logic resources and exhibited higher power consumption, which can be attributed to its parallel partial product reduction and increased adder activity across multiple layers. Despite this, the Wallace design offered improved operational speed and shorter critical path delay, which makes the additional power usage justifiable for time-sensitive applications.
The FPGA synthesis reports confirm that the difference in power consumption is not drastic, especially for an 8×8 design. However, if scaled to wider bit-widths or integrated into larger systems, the architectural efficiency of each design becomes more relevant, particularly in power-constrained or battery-operated environments.
[bookmark: _Toc195786833]12.4. Power Conclusion
Overall, the power analysis supports the broader comparison between the two architectures. Braun’s multiplier remains more power-efficient, making it suitable for applications where energy conservation and resource predictability are prioritised over speed. On the other hand, the Wallace Tree multiplier sacrifices modestly higher power usage in favour of performance, which is often a worthwhile trade-off in real-time processing systems or performance-critical digital applications.
The power findings reinforce the notion that the choice of multiplier should be driven by system-level goals: whether the design favours simplicity and low energy or requires speed and throughput. Both multipliers serve valid purposes, and the optimal selection will depend on the specific constraints and priorities of the target system.
[bookmark: _Toc195786834]13. Details of Testing and Recommendations for Future Improvements
[bookmark: _Toc195786835]13.1 Testing Overview
Both the Braun and Wallace Tree multipliers were thoroughly tested using simulation tools provided in Xilinx Vivado. Functional correctness was validated through a series of testbench inputs representing a range of unsigned 8-bit operand combinations. The simulation outputs confirmed that each design produced the expected 16-bit product across all test cases.
In addition to behavioural simulation, post-synthesis and implementation reports were analysed to assess performance metrics including delay, logic utilisation, and power consumption. The Wallace Tree multiplier consistently achieved shorter critical path delays due to its parallel reduction structure, whereas Braun’s multiplier exhibited longer propagation delays due to its sequential layout. However, Braun’s design required fewer resources and exhibited slightly lower power consumption, making it more efficient for compact or resource-constrained systems.
Waveforms generated during simulation further confirmed correct timing behaviour and signal transitions. Both multipliers handled corner cases and boundary values accurately, reinforcing their suitability for embedded arithmetic applications.
[bookmark: _Toc195786836]13.2 Recommendations for Future Improvements
Although both multipliers worked correctly, there are several ways they could be improved in future versions to make them faster, more efficient, or better suited to different types of systems:
1. Make Braun’s Multiplier Faster
Braun’s design could be improved by adding “checkpoints” between steps, allowing the system to process new data more often without waiting for the entire calculation to finish. This technique, known as pipelining, can boost speed in systems that handle continuous data streams [11].
2. Use a Faster Adder in Wallace Tree
The final step in the Wallace Tree multiplier can be made quicker by using a more advanced adder, such as a carry-lookahead or Kogge-Stone adder. These help carry values across bits more efficiently, reducing how long the entire calculation takes particularly beneficial in larger designs [5].
3. Add Size Flexibility
The current design is fixed at 8×8. A more flexible version could switch between different sizes (e.g., 4×4, 8×8, or 16×16), depending on the application. This would conserve energy in simpler tasks and offer more power when needed, especially in reconfigurable or embedded platforms [9].
4. Allow for Approximate Results
In some applications, such as image processing or AI, a perfect result isn’t always necessary. Using simplified arithmetic in these cases can save power and increase speed a method known as approximate computing [7], [13].
5. Turn Off Unused Parts
Power could be saved by turning off parts of the circuit that aren’t in use. Techniques like power gating or clock gating can help reduce idle energy consumption in low-power devices [15].
6. Make Better Use of FPGA Features
The design could benefit from using built-in hardware blocks available on many FPGAs, such as dedicated multipliers or DSP slices. These components are often more efficient than constructing the same logic manually, improving both speed and chip area usage [6].
In short, while both designs performed well, applying these enhancements could make them even more practical and efficient, particularly in real-time, portable, or performance-sensitive applications.
[bookmark: _Toc195786837]14. Conclusion
This assignment looked at two different ways to build digital multipliers Braun’s and Wallace Tree using VHDL code and testing them on an FPGA. Both were designed to multiply two 8-bit binary numbers and were tested through simulation and hardware synthesis to see how well they worked.
The Braun multiplier was easier to design and follow. Its layout was very regular and straightforward, making it a good option for projects where simplicity and reliability are more important than speed. It also used slightly less power and fewer hardware resources.
The Wallace Tree multiplier, on the other hand, was more complex but much faster. It handled calculations in parallel, which helped reduce the time it took to get a result. This design is more suitable for systems where speed really matters, such as in real-time data processing or advanced electronics like artificial intelligence or image processing.
Both designs produced correct results, and each had its own strengths. Braun’s was better for low-power or beginner-friendly designs, while Wallace Tree performed better in high-speed applications.
In summary, the best multiplier to use depends on what the system needs. If the goal is to keep things simple and save energy, Braun is the better choice. If speed and performance are more important, Wallace Tree is the stronger option. This project helped show how important it is to choose the right design based on the task at hand.
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library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;

use |EEE.STD_LOGIC_UNSIGNED.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 Braun_8x8 is
Port ( A in std_logic_vector (7 downto 0);
B :in std_logic_vector (7 downto 0);

P : out std_logic_vector (15 downto 0));

‘end Braun_8x8;

architecture Behavioral of Braun_8x8 is
signal A180 : std_logic;
signal AOB1 : std_logic;
signal A280 : std_logic;
signal A181 : std_logic;
signal A0B2 : std_logic;
signal A380 : std_logic;

signal A281 : std_logic;
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signal A286
signal AL87
signal A782
signal AGE3.
signal AS24
signal Adss.
signal A326
signal A287
signal A783
signal AG24.
signal ASES.
signal Adz6
signal A387
signal A724
signal AGSS.
signal ASZ6
signal Ad87
signal A785.
signal AGZ6
signal ASE7
signal A726
signal AGS7

signal A787





image9.png
signal C1: std_logic,—P2

signal 52 : std_logic;

signal C2: std_logic;—#3
signal 53 : std_logic;
signal €9 std_logic;

signal 510 std_logic;

signal 3 std_logic;—P4.
signal 54 : std_logic;

signal €10 std_logi

signal S11.: std_logic;

signal €17 : std_logi

signal 518 : std_logic;

signal C4 - std_logic;—#5
signal 55 : std_logic;

signal C11.: std_logi
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component Full_Adder is

port (A

inSTD_LOGIC;

8:inSTD_LOGIC;
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CIN:in STD_LOGIC;

S:out STO_LOGIC;

COUT : out STD_LOGIC);

end component;

component Half_Adder is

Port (A:in STD_LOGIC;

8:inSTD_LOG

S:out STO_LOGIC;

COUT : out STD_LOGIC);
end component;

begin

A180 <= A(1) and 8(0);

4081 <= A(0) and B(1);

4280 <= A(2) and 8(0);

A181 <= A(1) and 8(1);

4082 <= A(0) and 8(2);

'A380 <= A(3) and 8(0);

A281 <= A(2) and B(1);

A182 <= A(1) and 8(2);

4083 <= A(0) and 8(3);

A480 <= A(4) and 8(0);

A381 <= A(3) and B(1);

A282 <= A(2) and 8(2);

A183 <= A(1) and 8(3);

4084 <= A(0) and B(4);

ASBO <= A(S) and B(0);
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A4B1 <= A(4) and B(1);
A382 <= A(3) and B(2);
A283 <= A(2) and B(3);
A281 <= A(2) and B(1);
A184 <= A(1) and 8(4);
4085 <= A(0) and B(5);
4680 <= A(6) and B(0);
ASB1 <= A(5) and B(1);
A482 <= A(4) and B(2);
4383 <= A(3) and B(3);
A284 <= A(2) and B(4);
A185 <= A(1) and B(5);
4086 <= A(0) and B(6);
A780 <= A(7) and B(0);
A6B1 <= A(6) and B(1);
AS82 <= A(5) and B(2);
A483 <= A(4) and 8(3);
A384 <= A(3) and B(4);
4285 <= A(2) and B(5);
A186 <= A(1) and B(6);
4087 <= A(0) and 8(7);
A781 <= A(7) and B(1);
A682 <= A(6) and B(2);
AS83 <= A(5) and B(3);
A484 <= A(4) and B(2);
4385 <= A(3) and B(5);
4286 <= A(2) and B(6);
A187 <= A(1) and 8(7);

A782 <= A(7) and B(2);
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A6B3 <= A(6) and B(3);
ASB4 <= A(5) and B(4);
A485 <= A(4) and B(5);
4386 <= A(3) and B(6);
A287 <= A(2) and 8(7);
A783 <= A(7) and B(3);
A684 <= A(6) and B(4);
A58 <= A(5) and B(5);
A486 <= A(4) and 8(6);
A387 <= A(3) and B(7);
A784 <= A(7) and B(4);
A685 <= A(6) and B(5);
AS86 <= A(5) and B(6);
A487 <= A(4) and B(7);
A785 <= A(7) and B(S);
4686 <= A(6) and B(6);
ASB7 <= A(5) and 8(7);
A786 <= A(7) and B(6);
A687 <= A(6) and B(7);

A787 <= A(7) and B(7);

£0:P(0) <= A(0) and 8(0};-P0

P1: Half_Adder port map (A=>A1B0, B=>A0B1, S=>P(1) , COUT=>C1);~P1

52_1: Full_Adder port map (A=>A280, B=>A161, CIN=>C1, 5552, COUT=>C2);-P2

P2: Half_Adder port map (A=>A0B2 , B=>S2 , S=>P(2) , COUT=>C3);

53_1: Full_Adder port map (A=>A380, B=>A2B1, CIN=>C2,, 5=>53 , COUT=>C3);—P3
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'$10_1: Full_Adder port map (A=>A182, B=>S3 , CIN=>C9, $=>510,, COUT=>C10);

P3: Half_Adder port map (A=>A083

510, 5=>P(3), COUT=>C17);

'54_1: Full_Adder port map (A=>A480, B=>A3B1 , CIN=>C3, $=>54 , COUT=>C4);—P4.
S11_1: Full_Adder port map (A=>A282, B=>54 , CIN=>C10, S=>S11, COUT=>C11);
S18_1: Full_Adder port map (A=>A183 , B=>S11, CIN=>C17 , $=>S18 , COUT=>C18);

P4: Half_Adder port map (A=>A084,

18, S=>P(4) , COUT=>C25);

51 Full_Adder port map (A=>ASB0, B=>A451 , CIN=>C4, 5=>55 , COUT=>CS);-PS.
$12_1: Full_Adder port map (A=>A382, B=>S5 , CINS>C11, 55512 , COUT=>C12);

519_1: Full_Adder port map (A=>A283 , B=>S12, CINS>CIS , =551, COUT=>C1);
526_1: Full_Adder port map (A=>A184 , B=>S19, CINS>C25 , 525526 , COUT=>C26);

P5 - Half_Adder port map (A=>A085 , B=>526, S=>P(5) , COUT=>C33);

6.1 Full_Adder port map (A=>AGB0, B=>AS51, CIN=>CS , 52556 , COUT=>C6J;-P6
S13_1: Full_Adder port map (A=>A482, B=>S6 , CIN=>C12, 5=>513 , COUT=>C13);

520_1: Full_Adder port map (A=>A383 , B=>S13, CINS>C19 , 525520, COUT=>C20);
527_1: Full_Adder port map (A=>A284 , B=>520, CIN=>C26 , 525527 , COUT=>C27);
534_1: Full_Adder port map (A=>ALES , B=>527, CIN=>C33 , 525534, COUT=>C34);

P6: Half_Adder port map (A=>A086,

s34,

=>p(6) , COUT=>Ca1);

S7_1: Full_Adder port map (A=>A780, B=>A6B1 , CIN=>C6, $=>57 , COUT=>C7);—P7

514_1: Full_Adder port map (A=>ASE2, B=>S7, CINS>CL3 , 525514, COUT=>C14);
521_1: Full_Adder port map (A=>A483 , B=>514, CINS>C20 , 525521, COUT=>C21);
525_1: Full_Adder port map (A=>A384 , B=>521, CIN=>C27 , 525528, COUT=>C28);
535_1: Full_Adder port map (A=>A285 , B=>528 , CIN=>C34 , 525535 , COUT=>C35);
542_1: Full_Adder port map (A=>AL86 , B=>S35 , CINS>Ca1, 525542, COUT=>CA2);

P7: Half_Adder port map (A=>A087 ,

542, 5=>P(7) , COUT=>CA3);
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$8_1 : Half_Adder port map (A=>A78B1, B=>C7 , $=>S8 , COUT=>C8);--P8

515_1 : Full_Adder port map (A=>A682 , B=>S8 , CIN=>C14 , $=>S15 , COUT=>C15);
$22_1 : Full_Adder port map (A=>A5B3 , B=>515 , CIN=>C21 , $=>522 , COUT=>C22);
$29_1 : Full_Adder port map (A=>A484 , B=>522 , CIN=>C28 , $=>$29 , COUT=>C29);
$36_1: Full_Adder port map (A=>A385, B=>529 , CIN=>C35 , $=>$36 , COUT=>C36);
$43_1: Full_Adder port map (A=>A286, B=>536 , CIN=>C42 , $=>543 , COUT=>C43);
P8 : Full_Adder port map (A=>A187 , B=>543 , CIN=>C49 , $=>P(8) , COUT=>C50);
$16_1 : Full_Adder port map (A=>A782, B=>C8, CIN=>C15, $=>516 , COUT=>C16);--P9
$23_1 : Full_Adder port map (A=>A683 , B=>516 , CIN=>C22, $=>523 , COUT=>C23);
$30_1 : Full_Adder port map (A=>A5B4 , B=>523 , CIN=>C29 , $=>$30 , COUT=>C30);
$37_1 : Full_Adder port map (A=>A485 , 8=>530 , CIN=>C36 , $=>537 , COUT=>C37);
$44_1 : Full_Adder port map (A=>A38B6, B=>537 , CIN=>C43 , $=>544 , COUT=>C44);

P9 : Full_Adder port map (A=>A287 , B=>544, CIN=>C50, $=>P(9) , COUT=>C51);

$24_1: Full_Adder port map (A=>A783, B=>C16 , CIN=>C23 , $=>524 , COUT=>C24);--P10
$31_1: Full_Adder port map (A=>A684 , B=>524, CIN=>C30, $=>$31, COUT=>C31);
$38_1 : Full_Adder port map (A=>A585, B=>$31, CIN=>C37, $=>$38,, COUT=>C38);
$45_1 : Full_Adder port map (A=>A486 , B=>538 , CIN=>C44 , $=>545 , COUT=>C45);

P10 : Full_Adder port map (A=>A3B7, B=>S45 , CIN=>C51, S=>P(10) , COUT=>C52);

$32_1 : Full_Adder port map (A=>A784 , B=>C24 , CIN=>C31, $=>$32 , COUT=>C32);~P11
$39_1 : Full_Adder port map (A=>A685 , B=>$32,, CIN=>C38, $=>539 , COUT=>C39);
$46_1 : Full_Adder port map (A=>A5B6 , B=>$39, CIN=>C45 , $=>546 , COUT=>C46);

P11 : Full_Adder port map (A=>A4B7 , B=>546 , CIN=>C52, S=>P(11) , COUT=>C53);

540_1 : Full_Adder port map (A=>A785 , B=>C32 , CIN=>C39 , $=>$40 , COUT=>C40);~-P12
$47_1 : Full_Adder port map (A=>A686 , B=>S40 , CIN=>C46 , $=>547 , COUT=>C47);

P12 : Full_Adder port map (A=>ASB7 , B=>$47 , CIN=>C53 , $=>P(12) , COUT=>C54);
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'$48_1 : Full_Adder port map (A=>A786 , B=>C40 , CIN=>C47 , $=>548 , COUT=>CA8);--P13

P13 - Full_Adder port map (A=>AG7 , B=>548 , CIN=>C54, S=>P(13), COUT=>CSS);

P14 - Full_Adder port map (A=>A7E7 , B=>C48 , CIN=>C55 , S=>P(14) , COUT=>C56);-P14.

P15 :P(15) <= C56;-P15

end Behavioral;
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library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;

use |EEE.STD_LOGIC_UNSIGNED.ALL;

-- Uncomment the following library declaration if using
-- arithmetic functions with Signed or Unsigned values

--use |[EEE.NUMERIC_STD.ALL;

-- Uncomment the following library declaration if instantiating
-- any Xilinx leaf cells in this code.
~library UNISIM;

--use UNISIM.VComponents.all;

entity Wallace_8x8 is
Port (A:in STD_LOGIC_VECTOR (7 downto 0);
B:in STD_LOGIC_VECTOR (7 downto 0);
P :out STD_LOGIC_VECTOR (15 downto 0));

end Wallace_8x8;

architecture Behavioral of Wallace_8x8 is

component Full_Adder is
Port (A:in STD_LOGIC;
B:in STD_LOGIC;
CIN :in STD_LOGIC;
S :out STD_LOGIC;
COUT: out STD_LOGIC);

end component;
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component Half_Adder is
Port(A:in STD_LOGIC;
B:in STD_LOGIC;
S:out STD_LOGIC;
COUT : out STD_LOGIC);

end component;

signal
$2,53,54,55,56,57,58,510,511,512,513,514,515,516,518,519,520,521,522,523,524,526,527,528,529,530,53
1,532,534,535,536,537,538,539,540,542,543,544,545 546,547, 548: std_logic;

signal
€1,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,
€27,C28,€29,C30,C31,C32,C33,C34,C35,C36,C37,C38,C39,C40,C41,C42,C43,C44,CA5,C46,C47,C48,C49,C5
0,C51,C52,C53,C54,C55: std_logic;

signal A1B0 : std_logic;
signal A280 : std_logic;
signal A380 : std_logic;
signal A480 : std_logic;
signal ASBO : std_logic;
signal A680 : std_logic;

signal A780 : std_logic;

signal A0B1 : std_logic;
signal A1B1 : std_logic;
signal A2B1 : std_logic;
signal A381 : std_logic;
signal A4B1 : std_logic;
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signal ASB1 : std_logic;
signal A6B1 : std_logic;

signal A781 : std_logic;

signal A0B2 : std_logic;
signal A182 : std_logic;
signal A282 : std_logic;
signal A382 : std_logic;
signal A482 : std_logic;
signal ASB2 : std_logic;
signal A6B2 : std_logic;

signal A782 : std_logic;

signal A0B3 : std_logic;
signal A183 : std_logic;
signal A283 : std_logic;
signal A383 : std_logic;
signal A483 : std_logic;
signal AS83 : std_logic;
signal A683 : std_logic;

signal A783 : std_logic;

signal A0B4 : std_logic;
signal A184 : std_logic;
signal A284 : std_logic;
signal A3B4 : std_logic;
signal A4B4 : std_logic;
signal ASB4 : std_logic;

signal A684 : std_logic;
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ignal A784

signal AOBS
signal A185
signal A285
signal A385
signal A4B5
signal ASBS
signal A6B5

signal A785

signal A0B6
signal A186
signal A286
signal A386
signal A486
signal ASB6
signal A6B6

signal A786

signal A0OB7
signal A187
signal A287
signal A387
signal A487
signal ASB7
signal A687
signal A787

< std_logic;

- std_logic;
= std_logic;
= std_logic;
< std_logic;
< std_logic;
< std_logic;
< std_logic;

= std_logic;

< std_logic;
< std_logic;
< std_logic;
- std_logic;
= std_logic;
= std_logic;
< std_logic;

= std_logic;

= std_logic;
< std_logic;
2 std_logic;
- std_logic;
= std_logic;
= std_logic;
< std_logic;
= std_logic;
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begin

A1BO <= A(1) and B(0);
A2B0 <= A(2) and B(0);
A3B0 <= A(3) and B(0);
A4BO <= A(4) and B(0);
ASB0 <= A(S) and B(0);
A6BO <= A(6) and B(0);
A780 <= A(7) and B(0);

A0B1 <= A(0) and B(1);
A1B1<=A(1)and B(1);
A2B1 <= A(2) and B(1);
A3B1<=A(3)and B(1);
A4B1 <= A(4) and B(1);
ASB1<=A(S)and B(1);
ABB1 <= A(6) and B(1);
A781 <= A(7)and B(1);

A0B2 <= A(0) and B(2);
A1B2 <= A(1) and B(2);
A2B2 <= A(2) and B(2);
A3B2 <= A(3) and B(2);
A4B2 <= A(4) and B(2);
ASB2 <= A(5) and B(2);

A6B2 <= A(6) and B(2);
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A7B2 <= A(7) and B(2);

'A0B3 <= A(0) and B(3);
A1B3 <= A(1) and B(3);
A2B3 <= A(2) and B(3);
A3B3 <= A(3) and B(3);
A4B3 <= A(4) and B(3);
'AS5B3 <= A(S) and B(3);
A6B3 <= A(6) and B(3);

A7B3 <= A(7) and B(3);

'A0B4 <= A(0) and B(4);
A1B4 <= A(1) and B(4);
A2B4 <= A(2) and B(4);
A3B4 <= A(3) and B(4);
A4B4 <= A(4) and B(4);
ASB4 <= A(S) and B(4);
A6B4 <= A(6) and B(4);

A7B4 <= A(7) and B(4);

/A0BS <= A(0) and B(S);
A1BS5 <= A(1) and B(S);
A2B5 <= A(2) and B(S);
'A3BS5 <= A(3) and B(5);
A4BS <= A(4) and B(S);
ASBS <= A(5) and B(S);
A6BS <= A(6) and B(5);
A7B5 <= A(7) and B(S);
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A0B6 <= A(0) and B6);
A186 <= A(1) and B(6);
4286 <= A(2) and B(6);
4386 <= A(3) and B(6);
A486 <= A(4) and 8(6);
AS86 <= A(5) and B(6);
4686 <= A(6) and B(6);
A786 <= A(7) and B(6);

4087 <= A(0) and 8(7);
A187 <= A(1) and 8(7);
A287 <= A(2) and 8(7);
A387 <= A(3) and B(7);
A487 <= A(4) and B(7);
ASB7 <= A(5) and 8(7);
A687 <= A(6) and B(7);

A787 <= A(7) and B(7);

— First Stage

P0: P(0) <= A(0) and B(0) ;

hal1: Half_Adder port map(A=>A180,8=>A081,5=>P(1),COUT=>C1);
fa12  Full_Adder port map(A=>A280,5=>A181,CIN=>A082,5=>52,C0UT=>C2);
fa13 : Full_Adder port map(A=>A380,5=>A281, CIN=>A182,5=>53,COUT=>C3);
114 - Full_Adder port map(A=>A4B0,5=>A3B1,CIN=>A282,5=>54,COUT=>CAl;
fa15 - Full_Adder port map(A=>ASB0,5=>A4B1, CIN=>A382,5=>55,COUT=>CS);

£216 : Full_Adder port map(A=>A680,8=>A5B1,CIN=>A482,5=>56,COUT=>C6);
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fa17 : Full_Adder port map(A=>A780,8=>A6B1,CIN=>A582,5=57,COUT=>C);

ha1s : Half_Adder port map(A=>A7B1,8=>A682,5=>58,COUT=>C8);

- Second stage

ha21: Half_Adder port map(A=>s2,8=

C1,55>P(2),COUT=>C9);

fa22: Full_Adder port map 4083 5=>510,COUT=>C10);

fa23 : Full_Adder port map A183 $>511,C0UT=>C11);

fa24 - Full_Adder port map 4283 525512,C0UT=>C12);
25 : Full_Adder port map 4383 525513,COUT=>C13);

1226 - Full_Adder port map(A=>57,B=>C6, CIN=>A483,5=>514,C0UT=>C14);

227 : Full_Adder port map(A=>58,B=>C7,CIN=>A583,5=>515,COUT=>C15);

128 : Full_Adder port map(A=>A782,52>C8,CIN=>A6B3,5>516,C0UT=>C16);

—Third stage

ha31.: Half_Adder port map(A=>510,8=>C8,5=>P(3),COL

>c17);

132 Full_Adder port map

s11,

C10,CIN=>A084,5=>518,COUT=>C18);

1233 : Full_Adder port map C11,CIN=>A184,5=>519,COUT=>C1¢

fa34 : Full_Adder port map( C12,CIN=>A284,5>520,00UT=>C20)

fa35 : Full_Adder port map( C13,CIN=>A384,525521,C0UT=>C2:

1236 - Full_Adder port map C14,CIN=>A484,525522,COUT=>C2:

137 : Full_Adder port map(A=>$16,8=>C15, CIN=>AS4,5>523,00UT=>C23);

1238 : Full_Adder port map(A=>A783,5=>C16, CIN=>A634,5=>528, COUT=>C2:

~ Fourth Stage
had1: Half_Adder port map(A=>518,8=>C17,5=>(4), Cout=>C25);

fa42 : Full_Adder port map( /C18,CIN=>A085,5=>526,COUT=>C2¢

1243 : Full_Adder port map C19,CINS>A185,525527,00UT=>C27);
fa44 : Full_Adder port map

fad5 : Full_Adder port map(
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fa46 - Full_Adder port map(A=>523,8=>C22, CIN=>A485,5=>530,C0UT=>C30);
fas

ull_Adder port map(A=>524,8=>C23,CIN=>AS85,5=>$31,COUT=>C31);

fa45 - Full_Adder port map(A=>A734,8>C24, CIN=>AB8S,5=>532,C0UT=>C32);

~ Fifth Stage.
has1.: Half_Adder port map(A=>526,8=>C25,5=>(5),COUT=>C33);

fa52 - Full_Adder port map(A=>527,8=>C26,CIN=>A0B6, 5=>534,COUT=>C34);
£a53 - Full_Adder port map(A=>528,5=>C27,CIN=>A1B6,5=>535,COUT=>C35);

fasa

UlI_Adder port map(A=>529,5=>C28,CIN=>A286,5>536,C0UT=>C36);
£a55 - Full_Adder port map(A=>530,8=>C29,CIN=>A3B6,5=>537,COUT=>C37);

fass

Ull_Adder port map(A=>$31,B=>C30,CIN=>A4B6,5=>538,C0UT=>C38);
£a57 : Full_Adder port map(A=>532,8=>C31, CIN=>ASB6, 5=>539,COUT=>C39);

fass

ull_Adder port map(

A755,8>C32,CIN=>AB26,5=>540,C0

ca0);

— sixth Stage.
ha.: Half_Adder port map(A=>$34,8=>C33,5=>P(6),COUT=>C41);

ull_Adder port map(A=>$35,8=>C34,CIN=>A087,5=>542,COUT=>C42);

ull_Adder port map(A=>$36,8=>C35,CIN=>A187,5>543,COUT=>C43);
fa64 - Full_Adder port map(A=>537,8=>C36,CIN=>A2B7,5=>544,COUT=>Caa);

fass

ull_Adder port map(A=>$38,8=>C37,CIN=>A387,5=>545,COUT=>C45);
£a66 - Full_Adder port map(A=>539,5=>C38,CIN=>A4B7,5=>546,COUT=>Ca6);

fa6

ull_Adder port map(A=>540,8=>C39,CIN=>ASB7,5=>547,COUT=>C47);

fa65 - Full_Adder port map(A=>A756,8=>C40, CIN=>AB7,5=>548,COUT=>CAS);

~seventh Stage.
ha71: Half_Adder port map(A=>$42,8=>C41,5=>P(7),COUT=>C49);

fa72 - Full_Adder port map(A=>543,8=>C42, CIN=>049,S=>P(8),COUT=>C50);
fa73 - Full_Adder port map(A=>544,8=>C43,CIN=>C50,5=>P(9),COUT=>C51);
fare

ull_Adder port map(A=>545,8=>C44,CIN=>C51,5=>P(10),COUT=>C52);
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fa75 : Full_Adder port map(A=>$46,8=>C45,CIN=>C52,5=>P(11),COUT=>CS3)

fa76  Full_Adder port map(A=>547,8=>C46,CIN=>C53,5=>P(12),COUT=>C54)

177 : Full_Adder port map(A=>$48,B=>C47,CIN=>C54,5>P(13),COUT=>CS5);

fa78 - Full_Adder port map(A=>A787,5=>C48,CIN=>C55,5=>P(14), COUT=>P(15));

end Behavioral;
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