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Introduction 
 

Binary multipliers are fundamental components in digital electronics that play a crucial role in 

performing many computing tasks. In the world of digital systems, binary multipliers are used. 

This report aims to explain and test two of the most common binary multipliers, the Brauns 

and Wallace. 

This project has asked that 8x8 versions for each of these multipliers be designed and 

simulated to analysed performance characteristics. This will be done utilising Vivaldo software. 
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Project Research 
 

Before discussing Brauns and Wallace multipliers, it is important to understanding their basic 

building blocks. These are half and full adders. 

Half Adder: 
 

A half adder is a digital circuit used to add two binary digits. It consists of two inputs, A and B, 

and will produce two outputs known as the sum and carry. To produce the sum, inputs A and 

B are fed into an XOR gate that performs addition. For the carry, inputs A and B are fed through 

an AND gate that performs multiplications. The sum and carry will then be combined similarly 

to algebraic addition to produce a final product. 

The basic circuit diagram and truth table for a half adder can be seen below in Figure 1. 

 

 

 

 

 

 

 

Full Adder: 
 

A full adder consists of three inputs, A, B and Cin, and two outputs, the sum and carry. The 

sum is again produced via addition through a series of XOR gates. The carry is now produced 

via two AND gates and an OR gate before a final product is produced.  

The structure and truth table for a full adder can be seen in Figure 2.  

Figure 2 - Full-Adder Structure and Truth Table [1] 

Figure 1 - Half-Adder Structure and Truth Table [5] 
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Multipliers: 
 

Fundamentally, multipliers are used to find the product of two or more values. In computing, 

they are used to find the product of binary numbers. By using specific configurations of logic 

gates, half and full adders, binary multipliers can be created. 

Two of the most efficient multipliers for this application are Brauns and Wallace multipliers.  

 

Brauns Multiplier: 
 

The Brauns multiplier, also known as the carry-save-array multiplier [2], is a simple parallel 

device that is limited to finding the product of two unsigned numbers. It is made up of an array 

of AND gates and adders arranged in a configuration that does not require logic registers for 

operation. Because of this, product bits can be generated simultaneously.  

Each partial product can be combined with the previous sum of partial products, using a row 

of adders. This is done through a carry-save-adder that shifts carries one bit to the left [3].  

The Least Significant Bit (LSB) is always fed into a half adder at the start of each row. The 

sum from the first half adder will represent a bit value within the final calculated product. 

A carry-save-adder then feeds the carry into an adjacent adder to the left.  The final carry of 

each row is fed into the input of the final adder of the proceeding row. The sum from each full 

adder is used as an input for the adder directly below in this array configuration. 

This sequential addition continues until the final row of the multiplier. The sum from each adder 

within this row will represent a bit value within the final binary product. The final carry for this 

row will represent the Most Significant Bit (MSB) of the product.  

The performance of the Brauns multiplier is excellent when working with unsigned operands 

that are less that 16-bit. It is fast, consumes little power and occupies a very small area due 

to its simplicity. This straightforward structure is also beneficial for expansion and fault finding 

within a 16-bit range.  

The problem with Brauns multipliers is that their component requirement increases 

exponentially with the bit rate of the multiplier. Brauns multipliers for 16-bit plus operations are 

typically slow, inefficient and consume higher power compared to other multiplier 

configurations [2].  

A flowchart highlighting the configuration of an 8x8 Brauns multiplier can be seen in Figure 3.  
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Figure 3 - Configuration of an 8x8 Brauns Multiplier 
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Wallace Multiplier: 
 

The Wallace multiplier is another parallel multiplier that follows a similar array structure to the 

Brauns. There are however major differences between designs. 

The Wallace multiplier generates fewer partial products compared to the Brauns multiplier. It 

achieves this by grouping operands into smaller blocks and generating the partial products of 

each block. This is known as partial product reduction [4].  

Due to this, the carries are directly fed into the next stage of adders instead of laterally as seen 

in a Brauns configuration. 

Despite circuit complexity increasing due to additional hardware requirements of partial 

product reduction, the overall efficiency of the multiplier improves as fewer partial products are 

calculated [4]. A Wallace multiplier is also scalable and doesn’t suffer the same exponential 

setbacks through expansion as the Brauns device. This makes Wallace multiplier better suited 

to multiplication of larger numbers [2].  

The additional hardware does however increase circuit size and complexity as well as overall 

power consumption of the device. 

An example of an 8x8 Wallace multiplier can be seen in Figure 4. A dot diagram has also been 

created shown in Figure 5. 
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Figure 4 Configuration of an 8x8 Wallace Multiplier 
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Figure 5 - Dot Diagram of an 8x8 Wallace Multiplier 
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Multiplier Simulation 
 

With a fundamental understating of both Brauns and Wallace type multipliers, this project now 

asks that an 8x8 version for each is designed and tested utilising Vivaldo software. 

The full programs created for each of these multipliers can be seen in Appendix 1.0 and 2.0. 

Brauns Simulation: 
 

Once the Brauns program was written, a simulation was conducted to confirm correct 

operation. Basic hexadecimal multiplication was used for this as shown in Figures 5 and 6.  

 

 

 Figure 7 – Hexadecimal Multiplication of 8 and 9 

Figure 6 – Hexadecimal Multiplication of A and C 
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With correct operation confirmed, design synthesis was conducted and a simulated schematic 

of the Brauns multiplier was created as seen in Figure 8. 

 

Brauns Timing: 

 

The inputs and outputs (I/O) for this multiplier are now designated to specific pins to create 

nets within the multiplier. This allows for system implementation to be conducted to highlight 

timing data within the multiplier. The timing summary for this device can been seen in Figure 

9 below. 

 

 

 

 

 

 

 

It can be seen that no time constraints are currently applied to the multiplier. This may cause 

operational delays and prevent the multiple from working efficiently.   

Using the timing datasheet, the maximum delay within this device can be deduced. Time 

constrains can then be implemented to reduce this delay. The combinational delays for his 

simulation can be seen in Figure 10.       

Figure 8 - 8x8 Brauns Multiplier Circuit Schematic 

Figure 9 - Initial Timing Summary of Brauns Multiplier 
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For this multiplier, it can be seen that a maximum delay of 23.128ns is present between input 

B1 and output P13. This maximum delay is also known as the critical path of the multiplier.  

This critical path can also be approximated manually using the following assumptions: 

 

1. AND gate time delay is equal to 1ns. 

2. Each adder time delay is equal to 2ns. 

 

Referring back to Figure 3, it can be seen that route B1 to P13 travels through seven AND 

gated and seven total adders. Hence the manually calculated critical path is: 

 

𝐶𝑟𝑖𝑡𝑖𝑎𝑙 𝑃𝑎𝑡ℎ = (7 ×  1) + (7 ×  2) = 21𝑛𝑠 

 

To eliminate the delay from this critical path, a time delay can be added between pins B1 and 

P13. The set-up for this timing delay can be seen in Figure 11. 

 

 

 

 

 

Figure 10 - Brauns Multiplier Preliminary Combinational Delay 
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With this timing constrain, the device was re-implemented, and the following timing summary 

was created. 

 

 

This shows that there is now 0ns Worst Negative Slack (WNS) occurring as a result of the 

time constraints added. This can be further highlighted when inspecting the new combinational 

delays. A minimum delay of 0ns is now measure between B1 to P13 as shown in Figure 13.   

 

 

 

Figure 11 - Brauns Multiplier Delay Implementation 

Figure 12 - Timing Summary with Time Constraint 



Gareth Davies 2218705                                                                                  Page | 15  
 

 

 

 

 

 

 

 

 

 

 

 

Brauns Power Consumption: 

 

In addition to a timing summary, power consumption from this multiplier can also be analysed. 

 

 

Of the specified 2W power budget, Figure 14 shows that only 0.081W is being utilised by the 

Brauns multiplier.  

 

 

Figure 13 - Combinational Delays with Timing Constraints Implemented 

Figure 14 - Brauns Multiplier Power Usage 
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Brauns Utilisation:  
 

With the final implementation complete, the utilisation tool can now be used to highlight device 

usage of its Look-Up Tables (LUTs) and I/O components. From Figure 15, it can be seen that 

this Brauns multiplier utilises 90 LUTs and 27 I/O ports. 

 

Brauns Summary: 
 

 The figures within this section summaries the final design of this 8x8 Brauns multiplier.  

 

 

 

 

Figure 15 - Brauns Utilisation 

Figure 16 - Summary of the Brauns Multiplier 
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Figure 17 - Device Routing for Brauns Implementation 

Figure 18 - Brauns Multiplier I/O Planner 
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Figure 19 - RTL Analysis of 8x8 Brauns Multiplier 
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Wallace Simulation: 

 
Using an identical method of that described for the Brauns, the designed Wallace 8x8 program 

was then simulated, synthesised, and implemented.  

 

 

  

Figure 21 - Hexadecimal Multiplication of 8 and 9 

Figure 20 – Hexadecimal Multiplication of A and C 
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Wallace Timing: 

 

 

 

 

  
 

 

 

 

Figure 22 - 8x8 Wallace Multiplier Circuit Schematic 

Figure 23 - Initial Timing Summary of Wallace Multiplier 
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It can be seen that a maximum delay of 17.987ns is present between input A4 and output P10 

of this Wallace multiplier. This is its critical path.  

This critical path can also be approximated manually using the following assumptions: 

 

1. AND gate time delay is equal to 1ns. 

2. Each adder time delay is equal to 2ns. 

 

Referring back to Figure 4, it can be seen that route A4 to P10 requires one AND gate and 

seven total adders. Hence the manually calculated critical path is: 

 

𝐶𝑟𝑖𝑡𝑖𝑎𝑙 𝑃𝑎𝑡ℎ = (1 × 1) + (7 × 2) = 15𝑛𝑠 

 

To eliminate the delay from this critical path, a time delay can be added between pins A4 and 

P10. The set-up for this timing delay can be seen in Figure 25. 

 

 

 

Figure 24 – Wallace Multiplier Preliminary Combinational Delay 
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Figure 26 shows that the timing constraints added have reduced the WNS to 0ns. The 

combinational delays shown in Figure 27 also confirm a 0ns delay on the critical path. 

 

 

 

 

Figure 25 - Wallace Multiplier Delay Implementation 

Figure 26 - Timing Summary with Time Constraint 
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Wallace Power Consumption: 

 
Despite using a different multiplication method, Figure 26 highlights a power consumption of 

0.081W for this Wallace configuration, identical that of Brauns. 

 

 

 

Figure 27 - Combinational Delays with Timing Constraints Implemented 

Figure 28 - Wallace Multiplier Power Usage 



Gareth Davies 2218705                                                                                  Page | 24  
 

Wallace Utilisation:  
 

The utilisation tool shows that the Wallace multiplier requires 86 LUTs and 26 I/O port to 

operate as shown in Figure 29. 

Figure 29 - Wallace Utilisation 

 

Wallace Summary: 

 

The figures within this section summaries the final design of this 8x8 Wallace multiplier.  

 

 

 

Figure 30 - Summary of the Wallace Multiplier 
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Figure 31 - Device Routing for Wallace Implementation 

Figure 32 - Wallace Multiplier I/O Planner 
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Figure 33 - RTL Analysis of 8x8 Wallace Multiplier 
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Multiplier Comparison 
 

Table 1 is a comparison table used highlight the key differences between the Brauns and 

Wallace multiplier simulations. 

 

 

 

From Table 1, it can be seen that the simulated multipliers follow the general tends outlined in 

the project research.  

The critical path delay measured for the Brauns multiplier is nearly 33% longer compared to 

that experience by the Wallace. This is due to the to the partial products being calculated for 

each bit pair within the Brauns. The partial product reduction of the Wallace equivalent reduces 

this delay. 

Despite research suggesting the Walles multiplier would consume addition power due to 

hardware requirements, it can be seen that power consumption is identical during simulation. 

It is thought that this has occurred due to the relatively small size of the 8-bit multipliers. Should 

a 16 or 32-bit multiplier be used, it is believed a discrepancy between powers would be seen.  

The LUTs and I/O required for the Brauns multiplier is seen to be slightly higher than that of 

the Wallace. This is due to the AND gate requirements for partial product calculations of every 

bit pair within Brauns configuration. This difference would again get significantly wider if the 

multipliers size was increased. 

 

 

 

 

 

 

 

 

 

 

Multiplier Critical Path Delay Power Consumption LUTs I/O 

Brauns 23.128 ns 0.081 W 90 27 

Wallace 17.987 ns 0.081 W 86 26 

Table 1 - 8x8 Multiplier Comparison 
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Conclusion 
 

The 8x8 multipliers designed and simulated for this project have been used to support project 

research highlighting the difference between Brauns and Wallace configurations.  

The Braun multiplier has been found to be ideal for small, less than 16-bit applications, that 

required efficient area utilisation and low power consumption. Due to its additional gate 

requirements, this is achieved at the cost of operational speed.  

On the other hand, Wallace multipliers are ideal for higher speed applications facilitated 

through the use of partial product reduction. They are also better suited to the multiplication of 

larger numbers due to their scalability. The downside to this configuration is that the circuit 

complexity increases device size and the overall power consumption of the device. 

Whilst basic trends have been found through these simulations, the power consumption and 

device requirements of the 8x8 Brauns and Wallace multipliers are very similar. It is believed 

more decisive results would be achieved through the simulation of 16 and 32-bit versions of 

the multipliers.  

Moving forward, expansion into these larger multipliers would be recommended.  Additionally, 

both multiplying techniques can be configured in slightly varying methods for different 

applications. Research and simulation of these new methods may provide better insight into 

the overall operational characteristic for each type of multiplier.   
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Appendix 1.0 

Brauns Multiplier Program 
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Appendix 2.0 

Wallace Multiplier Program 
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