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1. [bookmark: _Toc233740672]Introduction

Multiplication is a fundamental arithmetic operation used in digital systems, including digital signal processing (DSP), image processing , microprocessor design and communication systems. As multiplication is more computationally intensive than addition and subtraction, the efficiency significantly affects system performance [1]. Differing architectures offer different trade-offs in terms of speed, resource utilisation, and power consumption. 
Two such architectures are the Brauns, and Wallace tree. These are two different designs that produce different performance metrics due to their differing designs. In this paper they will be designed and simulated in Xilinx Vivado, and programmed onto an Artix-7 FPGA, which will allow the comparison of different performance metrics, for example power reports, LUT utilisation, longest path delay, and physical device planning. 
2. [bookmark: _Toc233740673]Literature review

A multiplier is a circuit designed to perform the arithmetic operation of multiplication, between two binary numbers . This is an essential operation performed in many different uses, such as arithmetic logic units (ALUs) where basic arithmetic operations are performed, finite impulse response filters (FIRs) that multiply the inputs by set filter parameters, and fast Fourier transforms (FFTs) which repeatedly use multiplication of coefficients [1]. They are also used in advanced processing tasks, like graphical processing, cryptography [2], and machine learning/AI [3] [4].  The process of binary multiplication shares some similarity to decimal, as partial products are generated by individual multiplying individual parts (bits) of the multiplicand and multiplier. These partial products are shifted according to significance of the bit, and summed, obtaining the final product. [5]
The Brauns multiplier is a parallel multiplier, used for multiplying unsigned binary values. It consists of three main stages, partial product generation stage, accumulation stage, then summation stage. In partial product generation stage, partial products are generated using AND gates where each bit of the multiplicand and multiplier are ANDed together.  This means that for an n-bit multiplier, partial products are generated. These are then summed using a combination of half/full adders. These adders can be arranged into an array, which gives the Brauns a simple architecture making it easy to layout and implement and troubleshoot. [6] [5] [7]
However, due to its simple array design, it can have a long critical path delay, which is the longest time taken for a signal to travel through the circuit. This determines the overall speed of the circuit, as the clocks period must be greater than the longest delay [5]. 
The simplicity of the system also decreases the power usage, when the operand size is small. The power usage however, can increase when the size of the values being multiplied increases, and the number of adders and size of the accumulation stage increases. This makes Brauns multipliers good for low complexity, and low area systems, where high speed is not needed. [6]
The Wallace tree multiplier starts by generates partial products, using AND gates. However, unlike the Brauns, it does not create an array, but reduces the partial products using full and half adders. Each adder then produces a carry and sum bit which are then passed to the next stage. [5] This method of reduction happens for multiple layers, until the final product can be made. Because all of the reductions happen across the circuit, the longest path delay is decreased, by avoiding the multiple step delays found in array multipliers. [8] [6]
This increased speed introduces increased complexity, which can increase the power usage, making it harder to implement the design both in practice and in simulation.
There are more advanced multipliers that have been developed to improve performance, for example utilisation, increasing speed, and reducing power consumption. Some of these more advanced multipliers include the Booth multiplier, the Dadda, the Baugh-Wooley, and the Vedic multiplier.
The Booth multiplier reduces the number of partial products that has to be generated, reducing the number of arithmetic operations needed. It works by examining pairs of bits, and deciding if they need to be added or subtracted.  It does this by checking for changes in the bits and then only does an action on a change [9]. This reduction makes it a faster process than an array multiplier, and makes it efficient for large multiplications. It also allows for multiplication of signed and unsigned values. However, it requires more complex logic, and is harder to implement, with additional circuitry required. [8]
The Dadda multiplier has a similar structure to the Wallace tree, where partial products are compressed with adders. Unlike the Wallace tree, the reduction stage is optimised, using the minimum amount of adders in each stage, this reduces the amount of adders/hardware needed  while also shortens the critical path(compared to array multipliers) [10]. This allows for smaller physical size, while having a fast speed. However, it is more complex to design, and like the Wallace tree, has a complex layout, reducing the ease of understanding, and implementation. This makes it suited for high speed systems, especially when modified to decrease power consumption. [11]
The Baugh-Wooley multiplier has been designed specifically for signed multiplication, using the twos compliment method, similar to the Booth multiplier. In signed multiplication, some partial products can become negative, which can make the multiplication significantly more complex. The Baugh-Wooley rearranges the multiplications to invert the partial products, by rearranging and modifying some of the partial products, which is implemented as a regular array, similar to the Braun, creating a simple layout, and a reduced design complexity. However, due to the array style , the critical path is increased linearly  with larger designs where the operand size is larger(when compared to tree multipliers, which scale logarithmically). This also increases the hardware size and utilisation, so is often specifically for signed multiplication, in situations where slower performance is allowed in the design.  [12]
The Vedic multiplier performs multiplication  by generating all partial products at the same time, using vertical and crosswise multiplication, before combining them. This method can reduce the time used for multiplication when compared with basic array multipliers, and large multipliers can be created from smaller blocks, making them easy to implement in FPGA design. However, they may require additional adders which can drive up the design complexity, and may require more power than other methods, if not optimised correctly [13]. [14]


3. [bookmark: _Toc233740674]8x8 Wallace multiplier
3.1. [bookmark: _Toc233740675]Pseudo code
[image: ]
[bookmark: _Toc233710742]Figure 1: Pseudo code for Wallace
3.2. [bookmark: _Toc233740676]Block diagram and dot diagram 
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[bookmark: _Toc233661359][bookmark: _Toc233710743]Figure 2: Wallace tree excel planning
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[bookmark: _Toc233661360][bookmark: _Toc233710744]Figure 3: Wallace block diagram
Figure 2 shows the planning and flow of the Wallace tree, showing partial product generation stage, reduction stages, and final output. It does include P16, an additional carry output, as an adder was used before that. However, it will always be 0, as the multiplication of two 8-bit numbers is always a 16-bit integer.
Figure 3 shows the block diagram for the Wallace tree. As seen in the figure the structure is highly irregular and complicated to design/implement. The Wallace diagram shows the partial product generation stage, implemented using the AND gates, then reduced using a combination of half/full adders.
[image: ]
[bookmark: _Toc233661361][bookmark: _Toc233710745]Figure 4: Wallace dot diagram
Figure 4 shows the Wallace tree dot diagram. With each circle representing a bit, including partial products, carry bits, and sum bits. The green squares indicate full adders (47 total), and the red indicating half adders (17 total). The blue circles indicate the final carry bits generated by the final sums. This image also shows the parallel reduction method that the Wallace tree employs, which results in the shorter critical path.

3.3. [bookmark: _Toc233740677]VHDL Code and design process 
Full code can be seen in appendix 7.1, along with constraints code. The constraints code contains the 0.25W power budget used in this project, along with clock, and max delay. The max delay is determined by the critical path,  shown in figure 9, but was worked out to be 31ns, and the clock just must be larger than that, so was set to 35.
The code starts by defining the Wallace entity, describing the two 8 bit integer inputs (A and B)  and describing P, the 16 bit output. After this, it defines all the signal types, the partial products, sums, and carrys, before then declaring the half/full adders. It then goes on to describe the partial products, as A(x) AND B(x). This creates every partial product. It then uses the adders to create the intermediate signals used in the reduction stages until all final output bits are generated. The structure of this code follows the structure outlined in figure 1/2/3, which includes the pseudo code.


3.4. [bookmark: _Toc233740678]Schematics, timing diagrams and calculations, IO planning, and device  
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[bookmark: _Toc233661362][bookmark: _Toc233710746]Figure 5: Wallace schematic
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[bookmark: _Toc233661363][bookmark: _Toc233710747]Figure 6: Wallace RTL
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[bookmark: _Toc233661364][bookmark: _Toc233710748]Figure 7: Wallace device image
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[bookmark: _Toc233661365][bookmark: _Toc233710749]Figure 8: Wallace IO
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[bookmark: _Toc233661366][bookmark: _Toc233710750]Figure 9: Wallace longest delay path


[image: ]
[bookmark: _Toc233661367][bookmark: _Toc233710751]Figure 10: Wallace synthesis timing


[image: ]
[bookmark: _Toc233661368][bookmark: _Toc233710752]Figure 11: Wallace implementation timing

Figure 9 shows the longest delay path, which would be 15 adders, and 1 AND gate. Which totals to 31ns, which was used in the constraints file (see appendix 7.1). 
The worst negative slack is the time it was required to arrive in, minus the time it did arrive in. for the Wallace, the max time was set to 31ns. The positive slack values shown in figure 10 and 11 show that it arrived earlier than required, meeting the timing constraints set. Using the implementation slack value in figure 10 and 11, it can be derived that it took 12.526ns to complete and 17.608ns in the synthesis. This reduction is due to more advanced modelling in the implementation step.
3.5. [bookmark: _Toc233740679]Simulation results 
[image: ]
[bookmark: _Toc233661369][bookmark: _Toc233710753]Figure 12: Wallace simulation input 1
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[bookmark: _Toc233661370][bookmark: _Toc233710754]Figure 13:Wallace simulation input 2
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[bookmark: _Toc233661371][bookmark: _Toc233710755]Figure 14: Wallace simulation input 3

[image: ]
[bookmark: _Toc233661372][bookmark: _Toc233710756]Figure 15: Wallace simulation input 4
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[bookmark: _Toc233661373][bookmark: _Toc233710757]Figure 16: Wallace simulation input 5

[image: ]
[bookmark: _Toc233661374][bookmark: _Toc233710758]Figure 17: Wallace simulation input 6

Figures 12 to 17 show that when the Wallace tree was given two 8-bit inputs, it was able to multiply them together to correctly produce the results. 



3.6. [bookmark: _Toc233740680]Practical results 
[image: ]
[bookmark: _Toc233661375][bookmark: _Toc233710759]Figure 18: Wallace physical test 1
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[bookmark: _Toc233661376][bookmark: _Toc233710760]Figure 19:Wallace physical test 2
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[bookmark: _Toc233661377][bookmark: _Toc233710761]Figure 20: Wallace physical test 3


[image: ]
[bookmark: _Toc233661378][bookmark: _Toc233710762]Figure 21: Wallace physical test 4

In figures 18-21, a bit stream had been generated, and uploaded onto the Artix-7-FPGA. Switches were then used to set binary values for the inputs, with the 16 LEDS showing the 16-bit output. These images show that the program ran correctly both in simulation, and when uploaded to a physical FPGA. The values chosen were the same for the simulation and practical, and ranged across from the minimum values, to the max values. 

4. [bookmark: _Toc233740681]8x8 Brauns multiplier 
4.1. [bookmark: _Toc233740682]Pseudo code 
[image: ]
[bookmark: _Toc233710763]Figure 22:Pseudo code for Brauns
4.2. [bookmark: _Toc233740683]Block diagram 
[image: ]
[bookmark: _Toc233661379][bookmark: _Toc233710764]Figure 23: Brauns excel planning
[image: ]
[bookmark: _Toc233661380][bookmark: _Toc233710765]Figure 24: Brauns block diagram

Figures 23 and 24 show the partial product matrix, and block diagram for the Brauns multiplier. It shows the array structure of the Brauns, showing its partial product generation stage, accumulation, and final product generation. The AND gates show the generation of the partial products, and the adders (8 half and 48 full) accumulate these partial products. It shows the regular array structure, and provides the basis for creating the code, which is also aided by figure 22, showing the pseudo code. 
4.3. [bookmark: _Toc233740684]VHDL Code and design process 

The coding and design process for the Brauns was much the same as for the Wallace, and can be found in appendix 7.2 . Figures 22/23/24 were used to help structure the code, and know which adders were needed in each section. It starts by defining the Brauns entity, its ports, and the port parameters (8-bit inputs, 16-bit output). It then defines the signals used, containing each partial product , sum, and carry. Then, it brings in the half/full adder components, before assigning values to each partial product. Then, using the structures laid out in the block diagram, defines each adder/half adder, as well as each final product bit. 

4.4. [bookmark: _Toc233740685]Schematics, timing diagrams and calculations, IO planning, and device  
[image: ]
[bookmark: _Toc233661381][bookmark: _Toc233710766]Figure 25: Brauns schematic
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[bookmark: _Toc233661382][bookmark: _Toc233710767]Figure 26: Brauns RTL
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[bookmark: _Toc233661383][bookmark: _Toc233710768]Figure 27: Brauns IO
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[bookmark: _Toc233661384][bookmark: _Toc233710769]Figure 28: Brauns Device
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[bookmark: _Toc233661385][bookmark: _Toc233710770]Figure 29: Brauns longest path
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[bookmark: _Toc233661386][bookmark: _Toc233710771]Figure 30: Brauns Synthesis timing

[image: ]
[bookmark: _Toc233661387][bookmark: _Toc233710772]Figure 31: Brauns implementation timing

Figures 29,30, and 31 show the timing summary’s, and the critical path diagram for the Brauns multiplier. Figure 29 shows the longest path, which is used to calculate the critical path delay, which in this case, is 41ns. This is used in the constraints file, setting the value for the clock (45), and max delay (41) (this can be seen in appendix 7.2). The positive WNS timing results show that the Brauns met the timing requirements, with the implementation results improving, due to more accurate and in depth modelling used in the implementation. 


4.5. [bookmark: _Toc233740686]Simulation results 
[image: ]
[bookmark: _Toc233661388][bookmark: _Toc233710773]Figure 32: Brauns simulation test 1
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[bookmark: _Toc233661389][bookmark: _Toc233710774]Figure 33: Brauns simulation test 2
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[bookmark: _Toc233661390][bookmark: _Toc233710775]Figure 34: Brauns simulation test 3
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[bookmark: _Toc233661391][bookmark: _Toc233710776]Figure 35: Brauns simulation test 4
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[bookmark: _Toc233661392][bookmark: _Toc233710777]Figure 36: Brauns simulation test 5

[image: ]
[bookmark: _Toc233661393][bookmark: _Toc233710778]Figure 37: Brauns simulation test 6

The Brauns was simulated with a range of inputs, from lower to upper limits, checking that output (P) was correct. The simulated output was correct across the whole range of inputs, which meant it could now be sent to the FPGA chip for physical test.

4.6. [bookmark: _Toc233740687]Practical results 


[image: ]
[bookmark: _Toc233661394][bookmark: _Toc233710779]Figure 38: Brauns practical results 1
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[bookmark: _Toc233661395][bookmark: _Toc233710780]Figure 39: Brauns practical results 2
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[bookmark: _Toc233661396][bookmark: _Toc233710781]Figure 40: Brauns practical results 3

[image: ]
[bookmark: _Toc233661397][bookmark: _Toc233710782]Figure 41: Brauns practical results 4

The Brauns practical results were done using 4 of the values used in the simulation. Switches were used to simulate the inputs, and the LEDs were the inputs. All multiplication inputs gave correct LED outputs.
5. [bookmark: _Toc233740688]Comparison of results
5.1. [bookmark: _Toc233740689]Power utilisation and LUT utilisation
5.1.1. [bookmark: _Toc233740690]Wallace power and LUT Utilisation
[image: ]
[bookmark: _Toc233661398][bookmark: _Toc233710783]Figure 42: Wallace synthesised power
[image: ]
[bookmark: _Toc233661399][bookmark: _Toc233710784]Figure 43: Wallace implemented power
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[bookmark: _Toc233661400][bookmark: _Toc233710785]Figure 44: Wallace synthesis utilisation

[image: ]
[bookmark: _Toc233661401][bookmark: _Toc233710786]Figure 45: Wallace Implementation utilisation

5.1.2. [bookmark: _Toc233740691]Brauns power and LUT Utilisation

[image: ]
[bookmark: _Toc233661402][bookmark: _Toc233710787]Figure 46: Brauns implemented power

[image: ]
[bookmark: _Toc233661403][bookmark: _Toc233710788]Figure 47: Brauns synthesised power

[image: ]
[bookmark: _Toc233661404][bookmark: _Toc233710789]Figure 48: Brauns synthesised utilisation
[image: ]
[bookmark: _Toc233661405][bookmark: _Toc233710790]Figure 49: Brauns implementation utilisation
5.2. [bookmark: _Toc233740692]Power and LUT utilisation comparison

The Wallace power report can be seen in figures 42 and 43, and Brauns in figures 46 and 47. The figures are very close, with the static power for each device the same (0.072W), as the programming target was the same for both (Artix-7 FPGA). The variations in power come from the dynamic power, where the Wallace has 0.003W more (0.008 vs 0.011), a 37.5% increase. This is because the Wallace tree performs more operations in parallel, which requires more switching and logic. The next variation in power is in the I/O power, where the Brauns uses 0.008W and the Wallace uses 0.010W (25% more), this is again due to the higher amount of switching that the Wallace tree must do to produce its partial products, the Wallace tree may also produce more glitching in the Vivado software, which can add to this [15].  This shows that overall the Wallace uses more power, which matches the expected results.
 Figures 44 and 45 show the Wallace trees utilisation. The synthesis and implementation give almost identical results, however, there is a light increase in LUTs in the implementation, however this is a negligible amount of difference and likely just due to Vivado optimisations. The same is true for the Brauns multiplier. In figures 48 and 49, it can be seen that the Bruans implementation uses 90 LUTs, and the synthesis uses 94. Again, this small difference is likely just due to Vivado simulation and optimisations. It may be that due to the Wallace trees more complex structure, it requires more LUTs for optimisation, however, as it is not a significant increase, it is likely due to optimisations during implementation.


5.3. [bookmark: _Toc233740693]Timing comparisons
Using figure 9 for the Wallace, and figure 29 for the Brauns it is possible to calculate the longest path delays. Using the given values of 1ns for AND gates, and 2ns for adders, the longest path delays come out to 31ns for the Wallace and 41ns for the Bruans. Both of the simulations achieved a positive WNS value, indicating that both designs met the timing constraints set. The Wallace however, was able to operate with a shorter timing constraint, meeting the expected result of being a faster multiplier.

5.4. [bookmark: _Toc233740694]Improvements 

There are multiple ways that a Wallace multiplier can be improved. The main point of improvement is power consumption. One method would be to use clock gating [16], which disables clock to parts of the circuit when not required, reducing the power used when the circuit is on, but not in direct use. Dynamic power can also be improved by employing operand isolation [16], this prevents unnecessary switching of inputs, when the units are not in use. The Wallace tree could also improve its speed by implementing a faster carry propagate adder, or using compressors to reduce the size of the reduction stages. The Bruans multiplier could be improved by reducing its longest path. This can also be done by replacing the adders with a faster adder configuration [17], or by using pipelining [16]. This is a way of improving the speed by splitting the multiplication into stages, before passing each stage result to the next stage. This means that a bit doesn’t have to pass through as many adders. It does not make it faster for single multiplications, however, it does increase the overall throughput. [18]
[bookmark: _Toc233740695]6.1.  Conclusion 

The aim of this report was to design and implement an 8x8 Brauns, and an 8x8 Wallace multiplier, using Vivado software. The results from these simulations were compared to evaluate the performance of both multipliers, finding that the Wallace consumed slightly more power, by 3mW, but was also able to operate faster, due to its shorter critical path. Resource utilisation was similar for both architectures, with both using a small amount of the available LUTs. This matches the theoretical results expected, showing that the Wallace multiplier improves performance, but at the cost of power and complexity, while the Brauns operates with a more simple architecture. Both however, would be suitable for implementation in an FPGA, depending on the requirements.


[bookmark: _Toc233740696]6.2.  Future improvements and recommendations

For future work, it would be advantageous to compare how these multipliers scale further, by moving to 16x16, or 32x32. This will better highlight the difference between to two multiplier architectures. It would also be beneficial to see how other types of multipliers compare, for example the Dadda, Vedic, Baugh-Wooley, and Booth. This would give a greater comparison of the power consumption, speed, and utilisation. It would also be beneficial to try to optimise the multipliers, as suggested in section, which could allow for more performance benefits to be explored. My recommendations drawn from this work would be to that the Wallace tree can be used where higher performance is needed, for example in high speed applications, whereas Brauns can be used where simplicity is needed more than speed.







Bibliography

[1] 	S. Nagaraj, B. Krishna, G. Naresh and D. A. Prem, “Design and Analysis of 8-bit Array, Carry Save Array, Braun, Wallace Tree and Vedic Multipliers,” International Journal of Psychosocial Rehabilitation, Vol. 24, Issue 03, vol. 24, no. 03, 2020. 
[2] 	G. Perin, D. G. Mesquita and J. B. Martins, “Montgomery Modular Multiplication on Reconfigurable Hardware: Systolic versus Multiplexed Implementation,” International Journal of Reconfigurable Computing, vol. 2011, no. 1, 2011. 
[3] 	I. Goodfellow, Y. Bengio and A. Courville, Deep Learning, MIT Press, 2016. 
[4] 	Cornell University, In-Datacenter Performance Analysis of a Tensor Processing Unit, Cornell University, 2017. 
[5] 	S. Rani, A. Kumar, V. Singla and R. Singla, “Performance Analysis of Different 8x8 Bit CMOS,” in International Journal of Computer Applications (0975 – 8887) , 2016. 
[6] 	A. A. Khan and S. P, “Comparison of Braun Multiplier and Wallace Multiplier Techniques in VLSI,” in International Conference on Devices, Circuits and Systems (ICDCS), Coimbatore, India, 2018. 
[7] 	B. Parhami, Computer Arithmetic: Algorithms and Hardware Designs, Oxford: Oxford University press, 2000. 
[8] 	B. Lamba and A. Sharma, “A review paper on different multipliers based on their different performance parameters,” in International Conference on Inventive Systems and Control (ICISC), Coimbatore, India, 2018. 
[9] 	A. D.Booth, “A SIGNED BINARY MULTIPLICATION TECHNIQUE,” The Quarterly Journal of Mechanics and Applied Mathematics, vol. 4, no. 2, pp. 236-240, 1951. 
[10] 	L.DADDA, “Some schemes for parallel multipliers,” Associazione Electtrotecnica ed Elettronica Italiana, 1965.
[11] 	K. Yogeshwaran, M. Yogesh, B. N. Srinivass, A. M, B. P and S. Veerendiran, “Cutting Edge Design of High Performance Dadda Multipiler for Fast Arithmetic Operations,” in Advancements in Electrical, Electronics, Communication, Computing and Automation (ICAECA), International Conference on, Coimbatore, India, 2025. 
[12] 	C. Baugh and B. Wooley, “A Two's Complement Parallel Array Multiplication Algorithm,” IEEE Transactions on Computers, Vols. C-22, no. 12, pp. 1045-1047, 1973. 
[13] 	A. Ranjanl and D. M. K. Yadav, “A comprehensive Review of Vedic Multipliers and their application in field programmable gate array (FPGA) implimentations,” INTERNATIONAL JOURNAL OF RESEARCH AND ANALYTICAL REVIEWS (IJAR), vol. 12, no. 2, 2025. 
[14] 	“Vedic Mathematics Based 32-Bit Multiplier Design for High Speed Low Power Processors,” International Journal on Smart Sensing and Intelligent Systems, vol. 4, no. 2, 2011. 
[15] 	A. xilinx, “Vivado Design Suite User,” 22 October 2021. [Online]. Available: https://www.xilinx.com/support/documents/sw_manuals/xilinx2021_2/ug907-vivado-power-analysis-optimization.pdf. [Accessed 28 06 2026].
[16] 	AMD, “UltraFast Design Methodology Guide for FPGAs and SoCs (UG949),” 07 06 2023. [Online]. Available: https://docs.amd.com/r/2023.1-English/ug949-vivado-design-methodology/Using-Gated-Clocks. [Accessed 29 06 2026].
[17] 	U. Kumar and A. Fam, “Enhanced Wallace Tree Multiplier via a Prefix Adder,” The State University of New York, Buffalo, 2020.
[18] 	S. More, S. Shirol, A. Bandiwad and N. G. M, “Design and Implementation of Braun Multiplier with Different Adder Architectures,” in International Conference on Knowledge Engineering and Information Systems (KEIS-2025), 2025. 




7. [bookmark: _Toc233740698]Appendix 
[bookmark: _Toc233740699]7.1 Wallace Code
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[bookmark: _Toc233740700]7.2 Brauns Code
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#8x8 Wallace Tree

#Generate Partial Products
for x = 0 to 7
for y =0 to 7
PP[x] [yl = A[x] AND B[yl

#Reduction
while more than two bits exist in any column
Use Full Adders to reduce every group of 3 bits
sum  #remains in current column
Carry #moves to next column

Use Half Adders to reduce remaining groups of 2 bits
sum  #remains in current column
Carry #moves to next column

#Final Addition
Add the remaining two rows using Half Adders and Full Adders

Propagate carries from the least significant bit to the most significant bit

#output
Store the final 16-bit result in P
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Design Timing Summary

Setup Hold

Worst Negative Slack (WNS): 18.474 ns
Total Negative Slack (TNS): ~ 0.000 ns
Number of Failing Endpoints: 0

Total Number of Endpoints: 16

All user specified timing constraints are met.

Worst Hold Slack (WHS): inf
Total Hold Slack (THS): 0.000 ns
Number of Failing Endpoints: 0

Total Number of Endpoints: 16

Pulse Width

Worst Pulse Width Slack (WPWS):

NA

Total Pulse Width Negative Slack (TPWS): NA

Number of Failing Endpoints:
Total Number of Endpoints:

NA
NA
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Number of Failing Endpoints: 0 Number of Failing Endpoints: 0
Total Number of Endpoints: 16 Total Number of Endpoints: 16

All user specified timing constraints are met.

Pulse Width

Worst Pulse Width Slack (WPWS):
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Number of Failing Endpoints:
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#8x8 Brauns

#Generate Partial Products
for x = 0 to 7
for y =0 to 7
PP[x] [yl = A[x] AND B[y]

#Array
Arrange the partial products in an array

Add each row of partial products using
Half Adders and Full Adders.
Sum #across to the next stage
Carry #to the next column

#Final output
Continue the addition until all columns
are processed
output 16-bit product P.
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Design Timing Summary

Setup Hold

Worst Negative Slack (WNS): 25.084 ns
Total Negative Slack (TNS): ~ 0.000 ns
Number of Failing Endpoints: 0

Total Number of Endpoints: 16

All user specified timing constraints are met.

Worst Hold Slack (WHS): inf
Total Hold Slack (THS): 0.000 ns
Number of Failing Endpoints: 0

Total Number of Endpoints: 16

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

Setup Hold Pulse Width
Worst Negative Slack (WNS): 18.469 ns Worst Hold Slack (WHS): inf Worst Pulse Width Slack (WPWS): NA
Total Negative Slack (TNS): ~ 0.000 ns Total Hold Slack (THS): 0.000 ns Total Pulse Width Negative Slack (TPWS): NA
Number of Failing Endpoints: 0 Number of Failing Endpoints: 0 Number of Failing Endpoints: NA
Total Number of Endpoints: 16 Total Number of Endpoints: 16 Total Number of Endpoints: NA

All user specified timing constraints are met.
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Summary

Power estimation from Synthesized netlist. Activity | On-Chip Power
derived from constraints files, simulation files or
vectorless analysis. Note: these early estimates can
change after implementation.

|| Dynamic: 0.011W (13%)

[ ] Signals: <0.001W  (3%)

Total On-Chip Power: 0.083 W [ Logic:  <0.001W  (2%)
Design Power Budget: 0.25W 1 1yo: 0010 W (95%)
Process: typical "] Device Static: ~ 0.072 W (87%)
Power Budget Margin: 0.167 W

Junction Temperature: 25.4°C

Thermal Margin: 59.6°C (11.9W)

Ambient Temperature: 25.0°C

Effective QJA: 5.0°C/W

Power supplied to off-chip devices: 0 W

Confidence level: Low

Launch Power Constraint Advisor to find and fix
invalid switching activity
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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 wallace is
Port (A : in STD_LOGIC_VECTOR (7 downto 0);
T B : in STD_LOGIC_VECTOR (7 downto 0);
P : out STD_LOGIC_VECTOR (15 downto 0));
end wallace;

architecture Behavioral of wallace is

signal AlBO, A2BO, A3BO, A4BO, ASBO, A€BO, A7BO, AOBl, AlBl, A2BI, A3Bl, AdBl, ASBl, A6€BL, A7BI,
R0B2, AlB2, A2B2, A3B2, AdB2, ASB2, A€B2, A7B2, AOB3, AlB3, A2B3, A3B3, AdB3, ASB3, A€B3, A7B3,
ROB4, AlB4, A2B4, A3B4, AdB4, ASB4, A6B4, ATB4, AOBS, AIB5, A2B5, A3B5, AdB5, ASB5, A€BS, ATBS,
ROBE, AlB6, A2B6, A3B6, AdBE, ASB6, A6B6, ATB6, AOB7, AlB7, A2B7, A3B7, AdB7, ASB7, A€B7, A7B7: std logic;

signal s1,s2,s3,s4,S5,56,57,58,59,510,511,512,513,514,515,516,517,518,519,520, 521,522,523, 524,525, 526,527,
s28,529,530,531,532,533,534,535,536,537,538, 539,540, 541,542, 543,544, 545,546, 547,548, 549,550, 851,552: std_logic;

signal co,cl,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,

€57,C58,C59,C60,C61,C62,C63 : std_logic;

component FullAdder
port(a : in std logic;
B : in std_logic;

cin : in std_logic;

S : out std logic;
Cout : out std logic);
end component;

component HalfAdder
port(a : in std logic;
B : in std_logic;

S : out std_logic;
Cout : out std logic);
end component;

begin
AlBO <= A(l) AND B(0) ;
A2B0 <= A(2) AND B(0) ;
A3B0 <= A(3) AND B(0) ;
A4B0 <= A(4) AND B(0) ;
A5B0 <= A(5) AND B(0) ;
A6B0 <= A(€) AND B(0) ;
A7BO <= A(7) AND B(0) ;
AOBl <= A(0) AND B(1) ;
AlBl <= A(l) AND B(1) ;
A2Bl <= A(2) AND B(l) ;
A3Bl <= A(3) AND B(l) ;
A4Bl <= A(4) AND B(1) ;
A5B1 <= A(5) AND B(1) ;
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: HalfAdder

: HalfAdder port map (
map (A=>A0B3, B=>S2, Cin=>Cl, S=
map (A=>S3, B=>S4, Cin=>C2,
map (A=>S5, B=>S6, Cii

port
port
port
port
port
port
port
port
port
port
port
port
port
port
port

port
port
port
port
port
port
port
port
port

: HalfAdder port map (

=>A4B5,
ASBS,

=>S11
>51

c3,

5=>S13, Cout=>Cl3);
s=>S14, Cout=>Cl4);

S15, Cout=>Cl5);

S1, B=>C0, S=>P(2), Cout=>CLE);

517, Cout=>Cl7);
8, Cout=>C18);
9, Cout=>C19);

map (A=>A0B6, B=>C5, S=>S20, Cout=>C20);
map (A=>S7, B=>S8, Cin=>C6, S=>S21, Cout=>C21);
map (A=>A1B6, B=>AO0B7, Cin=>C7, S$=>S22, Cout=>C22);

map (A=>S9, B=>S10, Cin=
map (A=>A2B6, B=>AlB7, Cin=>C9,
map (A=>S11, B=>S12, Cin:
map (A=>A7B2, B=>A3B6, Cii
map (A=>C12, B=>S13, Cim:
map (A=>A4B6, B=>A3B7, Cii
map (A=>A5B6, B=>A4B7, Cii
map (A=>A7B5, B=>A€B6, Cii

C8, S=>S.

C10, s=
=>A2B7,
Ccl1, s=
=>C13,
cl4,
ASBT7,

23, Cout=>C23);
=>524, Cout=>C24);
>525, Cout=>C25) ;
$=>526, Cout=>C26) ;
>527, Cout=>C27) ;
$=>528, Cout=>C28);
$=>529, Cout=>C29) ;
$=>530, Cout=>C30) ;

map (A=>A7B6, B=>AEB7, S=>S31, Cout=>C31);

: HalfAdder port map (A=>S17, B=>Cl6, S=>P(3), Cout=>C32);
: HalfAdder

map (A=>S18, B=>C17, S=>S33, Cout=>C33);

map (A=>S19, B=>C4, Ci

C18, S=>

$34, Cout=>C34);

map (A=>S21, B=>S20, Cin=>C19, S=>S35, Cout=>C35);

map (A=>S23, B=>S22,
map (A=>S25, B=>S24,
map (A=>S27, B=>S26,
map (A=>S28, B=>C27,
map (A=>S29, B=>C28,
map (A=>S30, B=>C29,

533,

B=>C32,

c22, s=

Cin=>C20, S=>$36, Cout=>C36);
Cin=;
cin=>C24, S=>$38, Cout=>C38);

>$37, Cout=>C37);

: HalfAdder port map (A=>S34, B=>C33,
: HalfAdder port map (A=>S35, B=>C34, S=>Sd4,
Fulladder port map (A=>S36, B=>C21, Cin=>C35, S=>S45, Cout=>C45);
FullAdder port map (A=>S37, B=>C23, Cin=>C36, S=>S46, Cout=>C46);
Fulladder port map (A=>S38, B=>C25, Cin=>C37, S=>S47, Cout=>C47);
Fulladder port map (A=>S39, B=>S14, Cin=>C38, S=>S48, Cout=>C48);
FullAdder port map (A=>S40, B=>S15, Cin=>C39, S=>S49, Cout=>C49);
Fulladder port map (A=>S41, B=>CI5, €40, S=>550, Cout=>C50);
: FullAdder port map (A=>S31, B=>C30, C41, S=>551, Cout=>C51);
: HalfAdder port map (A=>C31, B=>ATB7, S=>S52, Cout=>C52);
: HalfAdder port map B=>C42, S=>P(5), Cout=>C53);
Fulladder port map B=>C43, Cin=>C53, S=>P(¢), Cout=>C54);
Fulladder port map B=>C44, Cin=>C54,
Fulladder port map B=>C45, Cin=>C55,
Fulladder port map B=>C46, Cin=>C56,
FullAdder port map ( B=>C47, Cin=>C57, S=>P(10), Cout=>C58);
FullAdder port map (A=>S49, B=>C48, Cin=>C58, S=>P(11), Cout=>C59);
FullAdder port map (A=>S50, B=>C49, Cin=>C59, S=>P(12), Cout=>C60);
FullAdder port map (A=>S51, B=>C50, Cin=>C6€0, S=>P(13), Cout=>C6l);
Fulladder port $52, B=>C51, Cin=>Cél, Cout=>Cé2) ;
: HalfAdder port map (A=>C52, B=>C62, S=>P(15), Cout=>Cé3);

end Behavioralj|
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set_operating conditions -design_power budget 0.25
create clock -period 35.000 -name virtual clk
set _max_delay -from [get ports A*] -to [get ports P*] 31.000
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library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

entity Bruansl is

f

Port (A :
B :
P

end Bruansl;

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

in STD_LOGIC_VECTOR (7 downto 0);
in STD_LOGIC_VECTOR (7 downto 0);
out STD_LOGIC VECTOR (15 downto 0));

architecture Behavioral of Bruansl is

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

use UNISIM.VComponents.all;

signal AlBO, A2BO, A3BO, A4BO, ASBO, A€BO, A7BO, AOBl, AIBl, A2B1, A3Bl, A4Bl, A5Bl, A6Bl, A7BL,
R0B2, AlB2, A2B2, A3B2, AdB2, ASB2, A€B2, A7B2, AOB3, AlB3, A2B3, A3B3, A4B3, A5B3, A6B3, ATB3,
ROB4, AlB4, A2B4, A3B4, AdB4, ASB4, A€B4, ATB4, AOBS, AIBS, A2B5, A3BS5, A4BS5, AS5BS, A6B5, ATBS,
ROBE, AlB6, A2B6, A3B6, A4BE, AS5B6, A6B6, ATB6, AOB7, AlB7, A2B7, A3B7, A4B7, ASB7, A6B7, A7B7: std_logic;

signal cl, c2,
c21, c22, c23,
ca1, c42, c43,

signal s2, S3,
sle, sl8, s19,
s31, 32, S34,

c3, c4, c5, c6, C7,
c24, c25, C26, 27,
ca4, c45, cd6, c4a7,

s4, s5, s6, 7, S8,
520, s21, S22, s23,
s35, 36, S37, S38,

component FullAdder

port
B :

Cin :

s
Cout

(@ :

in std_logic;
in std_logic;
in std_logic;

out std_logic;

out std_logic) ;

end component;

component HalfAdder

port
B :
S
cout

(@ :

in std_logic;
in std_logic;

out std_logic;

out std_logic) ;

end component;

begi

AlBO
A2BO
A3BO
A4BO
ASBO
A6B0O
A7BO
AOB1
AlB1
A2B1
A3B1

n

R I

A
A(2)
A(3)
A(4)
A(5)
A(e)
a7
a(0)
A
A(2)
A(3)

AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND

B(0)
B(0)
B(0)
B(0)
B(0)
B(0)
B(0)
B(1)
B(1)
B(1)
B(1)

ce, c9, clo, cll, cl2, cl13, cl4, cl5, cle, cl7, clg, cl9, c20,

c28, c29, €30, c31, c32,
c48, c49, €50, C51, C52,

s10, sl1, sl2, si13, sl4,
s24, s26, s27, s28, S29,
$39, sS40, S42, sS43, s44,

c33, c34, c35, c36, €37, €38, €39, C40,
c53, €54, €55, C56: std_logic; -- carry bits

s15,
530,
545, S46, S47, S48: std_logic; --all the sums, skipping sums that go

to outputs
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: FullAdder

FullAdder
FullAdder

: FullAdder
: HalfAdder

port
port
port
port
port
port
port

B(0);

map

A1BO, B=>AOBL, S=>P(l), Cout=>Cl);

B=>A1BI, s5=>52,
B=>A2B1, s5=>53,
B=>A3B1, s=>s4,
B=>A4BI, =55,

(A=>A€B0, B=>A5Bl, Cin=>C5, S=>S6,
(A=>A7B0, B=>A6Bl, Cin=>C6, S=>S7,
(A=>A7B1, B=>C7, S=>S8, Cout=>C8);

HalfAdder port map (A=>S2, B=>A0B2, S=>P(2), Cout=>C9);

Cout=>C2) ;

Cout
Cout=>Cé) ;
Cout=>C7) ;
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(a=>s3,

«
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: HalfAdder port map (A=>S10,

(a=>s11,
(a=>s12,
(a=>513,

: HalfAdder port map (A=>S18,

(a=>c24,

FullAdder port map 527,
FullAdder port map
FullAdder port map
FullAdder port map
FullAdder port map s31,
FullAdder port map (A=>S32,
FullAdder port map (A=>C32,

: HalfAdder port map (A=>S34,

Fulladder port map (A=>S35,
Fulladder port map 536,
Fulladder port map 537,
Fulladder port map (A=>S38,
Fulladder port map 539,
Fulladder port map (A=>S40,
Fulladder port map (A=>C40,

: HalfAdder port map (A=>S42,

Fulladder port map (A=>S43,
Fulladder port map (A=>S44,

B=>A1B2,
B=>A2B2,
B=>A3B2,
B=>A4B2,
B=>A5B2,
B=>A6B2,
B=>ATB2,

Cin=>C9,
Cin:

10,

Cin:

15,

5=>510, Cout=>C10);
s=>S11, Cout=>Cll);
s=>S12, Cout=>Cl2);
$=>S13, Cout=>Cl3);
s=>S14, Cout=>Cl4);
$=>S15, Cout=>Cl5) ;
s=>S16, Cout=>Clé);

B=>A0B3, S=>P(3), Cout=>C17);
B=>A1B3, Cin=>C17, S=>518, Cout=>Cl8);

B=>A2B3,
B=>A3B3,
B=>A4B3,
B=>A5B3,
B=>A6B3,

Cin=>C18,
Cin=>C19,

$=>$19, Cout=>Cl9) ;
$=>520, Cout=>C20) ;
s=>521, Cout=>C21);
$=>522, Cout=>C22);
$=>523, Cout=>C23);
$=>524, Cout=>C24);

B=>AO0B4, S=>P(4), Cout=>C25);

B=>A2B4,
B=>A3B4,
B=>A4B4,
B=>A5B4,
B=>A6B4,
B=>ATB4,

cin=>C26,

Cin=>C31,

B=>A1B4, Cin=>C25, S=>526, Cout=>C26);

$=>527, Cout=>C27) ;
$=>528, Cout=>C28) ;
$=>529, Cout=>C29) ;
$=>$30, Cout=>C30) ;
$=>$31, Cout=>C31);
$=>$32, Cout=>C32);

B=>A0B5, S=>P(5), Cout=>C33);

B=>A2B5,
B=>A3BS5,
B=>A4BS,
B=>A5B5,
B=>A6BS,
B=>ATBS,

cin=>C34,
cin=>C35,
cin=>C36,
cin=>C37,
cin=>C38,
cin=>C39,

B=>AIB5, Cin=>C33, S=>534, Cout=>C34);

S$=>535, Cout=>C35);
5=>536, Cout=>C36);
5=>537, Cout=>C37);
5=>538, Cout=>C38);
5=>539, Cout=>C39);
5=>540, Cout=>C40);

B=>AO0B6, S=>P(6), Cout=>C4l);

B=>ALB6,
B=>A2B6,
B=>A3B6,
B=>A4B6,
B=>A5B6,
B=>A6B6,
B=>ATB6,

B=>AOB7, S=:

cin=>C41,
Cin=>C42,

Cin=>C45,
cin=>C46,
Cin=>C47,

$=>542, Cout=>C42);
$=>543, Cout=>C43);
S=>S44, Cout=>C44);
$=>545, Cout=>C45) ;
S=>546, Cout=>C46) ;
$=>547, Cout=>C47);
S=>548, Cout=>C48) ;

P(7), Cout=>C49);

B=>A1B7, Cin=>C49, S=>P (%),

Cout=>C50) ;
Cout=>C51) ;

Fulladder port
Fulladder port
Fulladder port
Fulladder port
Fulladder port

end Behavioral;

map
map
map
map
map

(a=>345,
>546,
>547,
>548,
>C48,

Cout
Cout
Cout
Cout
Cout

=>C52) ;
>C53) ;
>C54) ;
>C55) ;
>P(15))
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set_operating conditions -design_power budget 0.25
create clock -period 45.000 -name virtual clk
set _max_delay -from [get ports A*] -to [get ports P*] 41.000
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