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Introduction

The aim of this assignment is to Compare, synthesize, and critically evaluate the performance of Braun’s and Wallace Tree multipliers techniques using VHDL. 
Binary multipliers are designed to carry out complex multiplication of binary numbers, they operate similar to decimal multiplication, but are adapted to the binary number system where only the numbers 0 and 1 are used. The most common multiplication method is the “shift and add” method, which involves shifting and adding partial products based on the binary digits of the multiplier. 
The use of binary multiplication is fundamental in digital system designs. They are critical to systems from the design of toys, calculators, mobile phones, digital processors in PCs and all the way up to Critical systems in Aviation and super computers. 

[bookmark: _Toc159773680]Background research

There are many different types of multipliers, each with its own characteristics, and each designed for different application:
Array Multiplier 
An array of AND gates and adders generate partial products and sum them up.
Booth Multiplier
Multiplies using a signed digit representation, reducing the number of partial products generated.
Wallace Tree Multiplier
A tree Like Structure for partial product reduction, improving speed and efficiency.
Braun’s Multiplier
Hardware based multiplier designed to reduce partial products
Dadda Multiplier
Tree like structure, with specific set of rules for partial product reduction.
Sequential Multiplier
Performs multiplication sequentially, bit by bit, often using shift and add operations. 

The choice of multiplier depends on factors such as speed requirements, hardware constraints and the specific application. All types of multipliers aim to strike a balance between performance, power consumption and efficiency. 


Binary multipliers use Half Adders and Full adders to generate partial products and to perform adding operations. 

[bookmark: _Toc159773681]Half Adder
A Half Adder is used to add two single binary numbers, producing the sum (S) and carry (Cout) outputs. They handle the first bit addition in each column of the multiplication. Logic Gates involved in Half Adders are:
· XOR (Exclusive OR) Gate for the Sum (S): 	
· AND Gate for Carry (C):	 			
[image: ]




Figure 1: Half Adder Logic Diagram


[bookmark: _Toc159773682]Full Adder
A Full Adder by comparison to the Half Adder can add three binary numbers, two data bits (A and B) and carry input (Cin) producing the sum (S) and carry output (Cout). Full Adders are used to perform the more complex addition in binary multipliers. Logic Gates involved in Full Adders are:
· XOR Gate for Sum (S): 				
· AND Gate for Carry (C):				
						
						
· OR Gate for Carry Output (Cout) is the 		
OR of the ANDed terms above. 
[image: ]Figure 2: Full Adder Logic Diagram
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Let’s look more closely at the Braun’ Multiplier and Wallace Tree Multiplier, both are techniques used for binary multiplication in digital systems.

[bookmark: _Toc159773684]Braun’s Multipliers

[image: ]The Braun multiplier was initially proposed in 1963 by Braun Edward Louis. It is also referred to as the carry array and is a straightforward parallel multiplier. Only the multiplication of two unsigned numbers can be done with this multiplier. 

Logic registers are not needed because it is an iterative structure made up of an array of gates and adders. This is also referred to as the non-additive since it multiplies the result without adding an operand. Adders can be used to add each partial product to the previous sum of partial products. The carry out signals are shifted one bit to the left and are then added to the sums of the first adder and the new partial productFigure 3: A 4×4 bit basic Braun multiplier


[image: ]







Figure 4: Braun multiplier with row-bypassing


In terms of speed, power, and area, the Braun multiplier works well for unsigned operands with fewer than 16 bits. Furthermore, in contrast to the other multiplier systems, it has a straightforward and regular structure. On the other hand, as the number of bits rises, the number of components needed to construct the Braun multiplier increases quadratically. Because of this, the Braun is rarely used when working with large operands due to its inefficiency.
The full adder cell delay as well as the final adder in the row are factors that affect the Braun multiplier's delay. In the multiplier array, a full adder with balanced carry and sum delays is desirable because the sum and carry signals are both in critical path. The speed and power of the full adder is very important for large arrays. For large arrays, the full adder's speed and power are crucial factors.
[1]

[bookmark: _Toc159773685]Wallace Tree Multiplier 

Wallace Tree Multiplier is an efficient hardware implementation of a digital circuit that multiplies two integers. It was devised by Australian computer scientist Chris Wallace in 1964. 
A Wallace Tree Multiplier utilize the full adder and half adder in three steps:
· In one of the arguments each bit is multiplied by each bit of the other, yielding results. The wires carry different weights depending on position of the multiplied bits.
· The number of partial products reduced to two by layers of full and half adders.
· The wires in two numbers get grouped, and added with a conventional adder. 
[image: Wallace Tree Multiplier using full and half adders | Download Scientific  Diagram]Figure 5: Wallace Tree Multiplier using full and half adders













The advantages of Wallace Tree Multiplier is that it becomes more pronounced for more than 16 bits. As well as having a smaller delay and lower power consumption than other multiplier systems.
The disadvantages are that a logarithmic depth reduction tree-based CSAs has an irregular structure, therefore its design and layout is difficult and complex.
It is suitable to use in applications such as DSP structures, ALU's and several low power and high speed arithmetic applications.
[2]
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VHDL (VHSIC Hardware Description Language) is a hardware description language used in digital circuit design and electronic system-level design. It stands for Very High-Speed Integrated Circuit Hardware Description Language.
The American Department of Defence was the first to start developing VHDL. They asked for a language to describe hardware that would compel developers to produce organised, understandable code and be simultaneously readable by computers and humans. The American Institute of Electrical and Electronics Engineers (IEEE) first standardised VHDL in 1987.
VHDL is used to describe the behaviour and structure of electronic systems and circuits. It allows designers to model and simulate digital systems before they are physically implemented. Digital signal processing, ASIC (application-specific integrated circuit) design, FPGA (field-programmable gate array) programming, and other fields all make extensive use of VHDL in digital design.
To help manage the complexity of digital design, the design process in VHDL can be divided into multiple levels of abstraction.
[3]
[image: ]Figure 6: Abstraction Levels in VHDL
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[bookmark: _Toc159773688]Braun’s Multiplier Combinational Diagram 
Figure 7: 8x8 Braun’s Multiplier

Figure 7 shows the design of the 8-bit Braun’s multiplier utilising Full and Half Adders. From the diagram, we can clearly see the distinctive movement to the left from one adder to the next. 
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The VHDL code was compiled using the Vivado software in the laboratory. Please refer to Appendix A of this report for the full code. Attached below in Figure 8 is a link to this code in the Note++ Application format.  


Figure 8: Braun's VHDL Code in Notepad++
[bookmark: _Toc159773690]Braun’s Multiplier Simulation Results

Once the code has been compiled, the next process is to simulate our multiplier. We do this by firstly running the Behavioural Simulation within Vivado. In order to make this work we have to force two parameters. Firstly the clock, which enables our program to run, and secondly we have to force the values of our bits, that is our A & B values that are to be multiplied. Below are the results from my first (simplest) simulation, multiplying 12 x 12.
[image: ]
Figure 9: Behavioural Simulation of 12 x 12 (Vivado)



We can then check our simulation against a generic online hexadecimal calculator. As we can see, the online calculator in Figure 10 confirms that our multiplier is working correctly for our simplest simulation.


Figure 10: Hexadecimal Calculation of 12 x 12


Below are the results from my second (intermediate) simulation, multiplying 88 x 2b.


[image: ]
Figure 11: Behavioural Simulation of 88 x 2b (Vivado)




As we can see, the online calculator in Figure 12 confirms that our multiplier is working correctly for our intermediate simulation.



Figure 12: Hexadecimal Calculation of 88 x 2b



Below are the results from my final (hardest) simulation, multiplying FE x EA
[image: Simulation BRAUN FE & EA Constants]
[image: ]Figure 13: Behavioural Simulation of FE x EA (Vivado)





Again, we can see, the online calculator in Figure 14 confirms that our multiplier is working correctly for our hardest simulation.




Figure 14: Hexadecimal Calculation of FE x EA
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Once the Behavioural simulations have been carried out we are ready to carry out the next simulation, which is to run the Synthesis. This translates the VHDL description of the digital circuit into its hardware, its logical gates. Figure 15 below shows the schematic of our design. This however is the lowest abstraction RTL level. In order to obtain a device view we need to run the Implementation.  
Figure 15: Schematic of my Synthesized Design (Braun Multiplier)


There is one step to be carried out before the implementation. That is to select the I/O ports, and the pins in our package of our device. 
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Once the Implementation has been run, we can then see the physical hardware configuration of our FPGA Design.




Figure 16: Schematic from Implementation of FPGA Design (Braun Multiplier)



Figure 17: Device View from Implementation of FPGA Design (Braun Multiplier)




Figure 18: IO Planning from Implementation of FPGA Design (Braun Multiplier)
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Once the implementation has been run, we can then simulate the design to investigate the speed of the multiplier. Figure 19 below shows the Timing report for our 8x8 Braun’s Multiplier. From the WNS result, we note that there is no signals missing the timing.



Figure 19: Timing Result (Braun’s Multiplier)

[image: ]
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[bookmark: _Toc159773695]Wallace Tree Multiplier Dot Diagram

[image: ]
Figure 20: Wallace Tree Dot Diagram
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Figure 21: 8x8 Wallace Tree Multiplier


Figure 20 shows the design of the 8-bit Wallace Tree multiplier utilising Full and Half Adders. 
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The VHDL code was compiled using the Vivado software in the laboratory. Please refer to Appendix B of this report for the full code. Attached below in Figure 21 is a link to this code in the Note++ Application format.  



Figure 22: Wallace Tree VHDL Code in Notepad++
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Once the code has been compiled, the next process is to simulate our multiplier. We do this by firstly running the Behavioural Simulation. Below are the results from my first (simplest) simulation, multiplying 12 x 12.
[image: C:\Users\114663\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Simulation WALLACE 12 & 12 Constants.png]
[image: ]
Figure 23: Behavioural Simulation of 12 x 12 (Wallace Tree)


[image: C:\Users\114663\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Online Hex Calculator 12 by 12 .png]

As we can see, the online calculator in Figure 23 confirms that our multiplier is working correctly for our simplest simulation.





Figure 24: Hexadecimal Calculation of 12 x 12


Below are the results from my second (intermediate) simulation, multiplying 88 x 2b.
[image: Simulation WALLACE 88 & 2B Constants]

[image: ]Figure 25: Behavioural Simulation of 88 x 2b (Wallace Tree)

[image: C:\Users\114663\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Online Hex Calculator 88 by 2B.png]


As we can see, the online calculator in Figure 25 confirms that our multiplier is working correctly for our intermediate simulation.




Figure 26: Hexadecimal Calculation of 88 x 2b







Below are the results from my final (hardest) simulation, multiplying FE x EA
[image: Simulation WALLACE FE & EA Constants]

[image: ]
Figure 27: Behavioural Simulation of FE x EA (Wallace Tree)



[image: C:\Users\114663\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Online Hex Calculator FE by EA.png]

Again, we can see, the online calculator in Figure 27 confirms that our multiplier is working correctly for our hardest simulation.




Figure 28: Hexadecimal Calculation of FE x EA
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Figure 28 below shows the schematic of our design after running the Synthesis. This however is the lowest abstraction RTL level. In order to obtain a device view we need to run the Implementation.  
[image: WALLACE RTL Analysis]Figure 29: Schematic of my Synthesized Design (Wallace Tree Multiplier)



The Implementation can be run once we select the I/O ports, and the pins in our package of our device. 









[bookmark: _Toc159756424][bookmark: _Toc159773700]Wallace Tree Multiplier Implementation Results


Once the Implementation has been run, we can then see the physical hardware configuration of our FPGA Design.
[image: C:\Users\114663\AppData\Local\Microsoft\Windows\INetCache\Content.Word\WALLACE Schematic from Implementation.png]


Figure 30: Schematic from Implementation of FPGA Design (Wallace Tree Multiplier)









[image: WALLACE Device View from Implementation]Figure 31: Device View from Implementation of FPGA Design (Wallace Tree Multiplier)



Figure 32: IO Planning from Implementation of FPGA Design (Wallace Tree Multiplier)
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Figure 19 below shows the Timing report for our 8x8 Braun’s Multiplier. From the WNS result, we note that there is no signals missing the timing.

[image: ]Figure 33: Timing Result (Wallace Tree Multiplier)
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With the information we have gathered in Task 1 and Task 2 of this report, we are ready to start evaluating these two multipliers. 

[bookmark: _Toc159773703]Critical Path Delay

In order to identify our critical path delay, we must first download the Combinational Delays from the datasheet in Vivado and compare the Overall Delay of both multipliers. 

	From Port
	To Port
	Wallace Tree Max Delay
	Braun Max Delay

	A[0]
	P[0]
	7.42
	4.59

	A[0]
	P[1]
	6.79
	4.62

	A[0]
	P[2]
	6.69
	4.59

	A[0]
	P[3]
	8.44
	5.18

	A[0]
	P[4]
	8.82
	6.30

	A[0]
	P[5]
	10.66
	7.23

	A[0]
	P[6]
	10.65
	8.12

	A[0]
	P[7]
	11.24
	9.02

	A[0]
	P[8]
	12.97
	10.20

	A[0]
	P[9]
	13.43
	10.81

	A[0]
	P[10]
	13.66
	11.36

	A[0]
	P[11]
	13.56
	11.97

	A[0]
	P[12]
	14.02
	12.55

	A[0]
	P[13]
	14.67
	12.87

	A[0]
	P[14]
	13.16
	12.85

	A[0]
	P[15]
	13.16
	12.84

	A[1]
	P[1]
	9.92
	5.60

	A[1]
	P[2]
	9.60
	5.59

	A[1]
	P[3]
	11.30
	6.18

	A[1]
	P[4]
	11.68
	7.30

	A[1]
	P[5]
	13.52
	8.22

	A[1]
	P[6]
	13.48
	9.12

	A[1]
	P[7]
	13.87
	10.02

	A[1]
	P[8]
	15.60
	11.20

	A[1]
	P[9]
	15.89
	11.80

	A[1]
	P[10]
	16.29
	12.36

	A[1]
	P[11]
	16.17
	12.97

	A[1]
	P[12]
	16.63
	13.54

	A[1]
	P[13]
	17.28
	13.87

	A[1]
	P[14]
	15.77
	13.85

	A[1]
	P[15]
	15.78
	13.83

	A[2]
	P[2]
	10.09
	5.58

	A[2]
	P[3]
	11.40
	6.17

	A[2]
	P[4]
	11.78
	7.29

	A[2]
	P[5]
	13.62
	8.21

	A[2]
	P[6]
	14.03
	9.11

	A[2]
	P[7]
	14.63
	10.01

	A[2]
	P[8]
	16.35
	11.19

	A[2]
	P[9]
	16.78
	11.79

	A[2]
	P[10]
	17.04
	12.35

	A[2]
	P[11]
	16.93
	12.96

	A[2]
	P[12]
	17.39
	13.53

	A[2]
	P[13]
	18.04
	13.86

	A[2]
	P[14]
	16.53
	13.84

	A[2]
	P[15]
	16.53
	13.82

	A[3]
	P[3]
	10.05
	6.17

	A[3]
	P[4]
	10.44
	7.30

	A[3]
	P[5]
	12.28
	8.22

	A[3]
	P[6]
	12.70
	9.11

	A[3]
	P[7]
	12.98
	10.01

	A[3]
	P[8]
	15.08
	11.19

	A[3]
	P[9]
	15.53
	11.80

	A[3]
	P[10]
	15.81
	12.35

	A[3]
	P[11]
	15.66
	12.97

	A[3]
	P[12]
	16.12
	13.54

	A[3]
	P[13]
	16.77
	13.87

	A[3]
	P[14]
	15.26
	13.84

	A[3]
	P[15]
	15.26
	13.83

	A[4]
	P[4]
	10.16
	6.72

	A[4]
	P[5]
	12.01
	7.63

	A[4]
	P[6]
	13.12
	8.52

	A[4]
	P[7]
	13.72
	9.41

	A[4]
	P[8]
	15.44
	10.62

	A[4]
	P[9]
	15.29
	11.23

	A[4]
	P[10]
	16.13
	11.78

	A[4]
	P[11]
	16.01
	12.39

	A[4]
	P[12]
	16.47
	12.97

	A[4]
	P[13]
	17.12
	13.29

	A[4]
	P[14]
	15.61
	13.27

	A[4]
	P[15]
	15.62
	13.26

	A[5]
	P[5]
	11.11
	7.65

	A[5]
	P[6]
	12.93
	8.54

	A[5]
	P[7]
	13.53
	9.43

	A[5]
	P[8]
	15.26
	10.64

	A[5]
	P[9]
	15.59
	11.24

	A[5]
	P[10]
	15.94
	11.79

	A[5]
	P[11]
	15.83
	12.41

	A[5]
	P[12]
	16.29
	12.98

	A[5]
	P[13]
	16.94
	13.31

	A[5]
	P[14]
	15.43
	13.28

	A[5]
	P[15]
	15.43
	13.27

	A[6]
	P[6]
	7.51
	6.64

	A[6]
	P[7]
	8.37
	7.86

	A[6]
	P[8]
	10.09
	9.04

	A[6]
	P[9]
	10.04
	9.65

	A[6]
	P[10]
	10.78
	10.20

	A[6]
	P[11]
	10.67
	10.83

	A[6]
	P[12]
	11.13
	11.41

	A[6]
	P[13]
	11.78
	11.71

	A[6]
	P[14]
	10.27
	11.70

	A[6]
	P[15]
	10.27
	11.69

	A[7]
	P[7]
	6.63
	7.86

	A[7]
	P[8]
	8.35
	9.04

	A[7]
	P[9]
	8.39
	9.65

	A[7]
	P[10]
	9.03
	10.20

	A[7]
	P[11]
	9.87
	10.83

	A[7]
	P[12]
	10.33
	11.41

	A[7]
	P[13]
	10.98
	11.71

	A[7]
	P[14]
	9.47
	11.70

	A[7]
	P[15]
	9.47
	11.69

	B[0]
	P[0]
	10.23
	5.58

	B[0]
	P[1]
	9.61
	5.61

	B[0]
	P[2]
	9.39
	5.58

	B[0]
	P[3]
	11.87
	6.17

	B[0]
	P[4]
	12.25
	7.29

	B[0]
	P[5]
	14.09
	8.21

	B[0]
	P[6]
	14.05
	9.11

	B[0]
	P[7]
	14.44
	10.00

	B[0]
	P[8]
	16.17
	11.18

	B[0]
	P[9]
	15.89
	11.79

	B[0]
	P[10]
	16.86
	12.34

	B[0]
	P[11]
	16.75
	12.96

	B[0]
	P[12]
	17.21
	13.53

	B[0]
	P[13]
	17.86
	13.86

	B[0]
	P[14]
	16.35
	13.83

	B[0]
	P[15]
	16.35
	13.82

	B[1]
	P[1]
	9.86
	5.60

	B[1]
	P[2]
	9.37
	5.58

	B[1]
	P[3]
	10.78
	6.17

	B[1]
	P[4]
	11.16
	7.29

	B[1]
	P[5]
	13.00
	8.22

	B[1]
	P[6]
	12.96
	9.11

	B[1]
	P[7]
	13.35
	10.01

	B[1]
	P[8]
	15.09
	11.19

	B[1]
	P[9]
	15.04
	11.80

	B[1]
	P[10]
	15.77
	12.35

	B[1]
	P[11]
	15.66
	12.97

	B[1]
	P[12]
	16.12
	13.54

	B[1]
	P[13]
	16.77
	13.87

	B[1]
	P[14]
	15.26
	13.84

	B[1]
	P[15]
	15.26
	13.83

	B[2]
	P[2]
	9.71
	5.58

	B[2]
	P[3]
	11.67
	6.17

	B[2]
	P[4]
	12.05
	7.28

	B[2]
	P[5]
	13.89
	8.21

	B[2]
	P[6]
	13.85
	9.10

	B[2]
	P[7]
	14.24
	10.00

	B[2]
	P[8]
	15.97
	11.18

	B[2]
	P[9]
	15.69
	11.79

	B[2]
	P[10]
	16.66
	12.34

	B[2]
	P[11]
	16.55
	12.68

	B[2]
	P[12]
	17.01
	13.26

	B[2]
	P[13]
	17.66
	13.85

	B[2]
	P[14]
	16.15
	13.83

	B[2]
	P[15]
	16.15
	13.82

	B[3]
	P[3]
	11.44
	5.60

	B[3]
	P[4]
	11.82
	6.17

	B[3]
	P[5]
	13.66
	7.61

	B[3]
	P[6]
	13.71
	8.67

	B[3]
	P[7]
	14.18
	9.57

	B[3]
	P[8]
	15.95
	10.74

	B[3]
	P[9]
	16.46
	11.34

	B[3]
	P[10]
	16.69
	11.89

	B[3]
	P[11]
	16.58
	12.24

	B[3]
	P[12]
	17.04
	12.81

	B[3]
	P[13]
	17.69
	13.41

	B[3]
	P[14]
	16.18
	13.38

	B[3]
	P[15]
	16.19
	13.37

	B[4]
	P[4]
	10.50
	5.62

	B[4]
	P[5]
	13.43
	7.04

	B[4]
	P[6]
	14.28
	8.13

	B[4]
	P[7]
	14.88
	9.03

	B[4]
	P[8]
	16.60
	10.21

	B[4]
	P[9]
	16.57
	10.81

	B[4]
	P[10]
	17.29
	11.36

	B[4]
	P[11]
	17.18
	11.71

	B[4]
	P[12]
	17.64
	12.28

	B[4]
	P[13]
	18.29
	12.87

	B[4]
	P[14]
	16.78
	12.85

	B[4]
	P[15]
	16.78
	12.84

	B[5]
	P[5]
	9.80
	4.62

	B[5]
	P[6]
	10.65
	6.02

	B[5]
	P[7]
	11.24
	7.12

	B[5]
	P[8]
	12.97
	8.29

	B[5]
	P[9]
	13.43
	8.88

	B[5]
	P[10]
	13.66
	9.44

	B[5]
	P[11]
	13.56
	9.79

	B[5]
	P[12]
	14.02
	10.35

	B[5]
	P[13]
	14.67
	10.93

	B[5]
	P[14]
	13.16
	10.91

	B[5]
	P[15]
	13.16
	10.89

	B[6]
	P[6]
	10.08
	4.60

	B[6]
	P[7]
	10.68
	5.14

	B[6]
	P[8]
	12.57
	6.30

	B[6]
	P[9]
	13.08
	6.89

	B[6]
	P[10]
	13.31
	7.45

	B[6]
	P[11]
	13.20
	7.80

	B[6]
	P[12]
	13.66
	8.35

	B[6]
	P[13]
	14.31
	8.37

	B[6]
	P[14]
	12.80
	8.34

	B[6]
	P[15]
	12.81
	8.33

	B[7]
	P[7]
	10.08
	4.58

	B[7]
	P[8]
	12.17
	5.17

	B[7]
	P[9]
	12.62
	6.08

	B[7]
	P[10]
	12.91
	6.62

	B[7]
	P[11]
	12.84
	7.17

	B[7]
	P[12]
	13.30
	7.72

	B[7]
	P[13]
	13.95
	7.73

	B[7]
	P[14]
	12.44
	7.71

	B[7]
	P[15]
	12.44
	7.70



Figure 34: Overall Delay of both multipliers (downloaded to Excel) for comparison







Figure 35: Comparison of the overall delay of both Multipliers



From the above we can see that the longest critical path is as follows:
	Multiplier
	Path
	Time

	Wallace Tree
	B4 ---> P13
	18.29

	Braun’s
	A1 ---> P13
	13.87



Figure 36: Critical Path Breakdown




[bookmark: _Toc159773704]Braun’s Multipliers Critical Path
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Figure 37: Highlighted Critical Path of Braun’s Multiplier


[bookmark: _Toc159773705]Braun’s Longest Delay Calculation

What is the longest delay, assuming an AND gate delay is: 
, and n adder delay (full adder and half adder) is 







[bookmark: _Toc159773706]Wallace Tree Multipliers Critical Path
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Figure 38: Highlighted Critical Path of Wallace Tree Multiplier


[bookmark: _Toc159773707]Wallace Tree Longest Delay Calculation

What is the longest delay, assuming an AND gate delay is: 
, and n adder delay (full adder and half adder) is 










[bookmark: _Toc159773708]Power Consumption Comparisons
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[image: ]Figure 38: Braun's Power Consumption Summary

Figure 39: Wallace Tree Power Consumption Summary


The above two comparisons are virtually identical, except for a slight variation in signal power. Figure 38 has 0.002 W compared to 0.001 W in Figure 39. 

[image: ][image: ]




Figure 39: LUTs (Look up Tables) in the Braun’s Multiplier

[image: ]
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Figure 40: LUTs (Look up Tables) in the Wallace Tree Multiplier


The comparison above shows less LUTs (Look up Tables) in the Wallace Tree multiplier compared to the Braun’s multiplier. A binary multiplier can be more efficient with fewer LUTs to minimise resource usage.   



[bookmark: _Toc159773709]Conclusions

In conclusion, while both the Wallace Tree Multiplier and the Braun’s Multiplier offer efficient binary multiplier solutions, in comparing the two designs in this report, the Braun’s Multiplier would appear to perform slightly faster as per the conclusions in Figure 34. 
However the Wallace Tree Multiplier having fewer LUTs than the Braun’s multiplier would suggest that the Wallace Tree is a more efficient technique given that both designs in this report had near identical power consumption as seen in Figures 38 & Figure 39. 

[bookmark: _Toc159773710]Recommendations

In order to reduce the number of partial products generated, and in turn increase the speed of a Wallace Tree Multiplier, techniques such as Booth encoding can be used. [4]
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Comparison of Wallace Tree & Braun Delay

Wallace Tree Max Delay	P[0]	P[1]	P[2]	P[3]	P[4]	P[5]	P[6]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[1]	P[2]	P[3]	P[4]	P[5]	P[6]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[2]	P[3]	P[4]	P[5]	P[6]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[3]	P[4]	P[5]	P[6]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[4]	P[5]	P[6]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[5]	P[6]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[6]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[0]	P[1]	P[2]	P[3]	P[4]	P[5]	P[6]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[1]	P[2]	P[3]	P[4]	P[5]	P[6]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[2]	P[3]	P[4]	P[5]	P[6]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[3]	P[4]	P[5]	P[6]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[4]	P[5]	P[6]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[5]	P[6]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[6]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	A[0]	A[0]	A[0]	A[0]	A[0]	A[0]	A[0]	A[0]	A[0]	A[0]	A[0]	A[0]	A[0]	A[0]	A[0]	A[0]	A[1]	A[1]	A[1]	A[1]	A[1]	A[1]	A[1]	A[1]	A[1]	A[1]	A[1]	A[1]	A[1]	A[1]	A[1]	A[2]	A[2]	A[2]	A[2]	A[2]	A[2]	A[2]	A[2]	A[2]	A[2]	A[2]	A[2]	A[2]	A[2]	A[3]	A[3]	A[3]	A[3]	A[3]	A[3]	A[3]	A[3]	A[3]	A[3]	A[3]	A[3]	A[3]	A[4]	A[4]	A[4]	A[4]	A[4]	A[4]	A[4]	A[4]	A[4]	A[4]	A[4]	A[4]	A[5]	A[5]	A[5]	A[5]	A[5]	A[5]	A[5]	A[5]	A[5]	A[5]	A[5]	A[6]	A[6]	A[6]	A[6]	A[6]	A[6]	A[6]	A[6]	A[6]	A[6]	A[7]	A[7]	A[7]	A[7]	A[7]	A[7]	A[7]	A[7]	A[7]	B[0]	B[0]	B[0]	B[0]	B[0]	B[0]	B[0]	B[0]	B[0]	B[0]	B[0]	B[0]	B[0]	B[0]	B[0]	B[0]	B[1]	B[1]	B[1]	B[1]	B[1]	B[1]	B[1]	B[1]	B[1]	B[1]	B[1]	B[1]	B[1]	B[1]	B[1]	B[2]	B[2]	B[2]	B[2]	B[2]	B[2]	B[2]	B[2]	B[2]	B[2]	B[2]	B[2]	B[2]	B[2]	B[3]	B[3]	B[3]	B[3]	B[3]	B[3]	B[3]	B[3]	B[3]	B[3]	B[3]	B[3]	B[3]	B[4]	B[4]	B[4]	B[4]	B[4]	B[4]	B[4]	B[4]	B[4]	B[4]	B[4]	B[4]	B[5]	B[5]	B[5]	B[5]	B[5]	B[5]	B[5]	B[5]	B[5]	B[5]	B[5]	B[6]	B[6]	B[6]	B[6]	B[6]	B[6]	B[6]	B[6]	B[6]	B[6]	B[7]	B[7]	B[7]	B[7]	B[7]	B[7]	B[7]	B[7]	B[7]	7.4249062538146973	6.7946243286132813	6.6879158020019531	8.4426584243774414	8.8247079849243164	10.663364410400391	10.64551830291748	11.244508743286133	12.967229843139648	13.433321952819824	13.661761283874512	13.555813789367676	14.015525817871094	14.665473937988281	13.155744552612305	13.161792755126953	9.9216976165771484	9.5968389511108398	11.297493934631348	11.679544448852539	13.518200874328613	13.47673225402832	13.865525245666504	15.60124683380127	15.885787010192871	16.286340713500977	16.173873901367188	16.633584976196289	17.283535003662109	15.773805618286133	15.779853820800781	10.087552070617676	11.39787769317627	11.777928352355957	13.616584777832031	14.032509803771973	14.631499290466309	16.354221343994141	16.78431510925293	17.039316177368164	16.926849365234375	17.386558532714844	18.036508560180664	16.526777267456055	16.532827377319336	10.045049667358398	10.442100524902344	12.280756950378418	12.703445434570313	12.981503486633301	15.076277732849121	15.526971817016602	15.811888694763184	15.657432556152344	16.117141723632813	16.767091751098633	15.25736141204834	15.263409614562988	10.16352653503418	12.01318359375	13.119133949279785	13.718125343322754	15.44084644317627	15.29490852355957	16.125940322875977	16.013473510742188	16.473184585571289	17.123132705688477	15.613404273986816	15.619452476501465	11.113333702087402	12.933480262756348	13.532470703125	15.255190849304199	15.588955879211426	15.940285682678223	15.827818870544434	16.287528991699219	16.937479019165039	15.427749633789063	15.433797836303711	7.5117182731628418	8.3709020614624023	10.093624114990234	10.044498443603516	10.778717994689941	10.666252136230469	11.125962257385254	11.775911331176758	10.266181945800781	10.272229194641113	6.6271543502807617	8.3468751907348633	8.3854913711547852	9.0319700241088867	9.8686370849609375	10.328348159790039	10.978296279907227	9.46856689453125	9.4746160507202148	10.226404190063477	9.6101226806640625	9.3934917449951172	11.87066650390625	12.252717971801758	14.091373443603516	14.049905776977539	14.438698768615723	16.174421310424805	15.892862319946289	16.859514236450195	16.747047424316406	17.206758499145508	17.856710433959961	16.346979141235352	16.35302734375	9.8595829010009766	9.3669538497924805	10.782382965087891	11.164432525634766	13.00308895111084	12.961621284484863	13.35041618347168	15.086136817932129	15.039566040039063	15.771231651306152	15.658764839172363	16.118473052978516	16.768423080444336	15.258693695068359	15.264741897583008	9.7117528915405273	11.669011116027832	12.05106258392334	13.889718055725098	13.848249435424805	14.237043380737305	15.972764015197754	15.691206932067871	16.657859802246094	16.545392990112305	17.005102157592773	17.655050277709961	16.145320892333984	16.151369094848633	11.443550109863281	11.823601722717285	13.662257194519043	13.708330154418945	14.175895690917969	15.94944953918457	16.456619262695313	16.685060501098633	16.579111099243164	17.038822174072266	17.688772201538086	16.179042816162109	16.185091018676758	10.502004623413086	13.432042121887207	14.282267570495605	14.881257057189941	16.603979110717773	16.570539474487305	17.289073944091797	17.176607131958008	17.636318206787109	18.286264419555664	16.776535034179688	16.782585144042969	9.7952938079833984	10.64551830291748	11.244508743286133	12.967229843139648	13.433321952819824	13.661761283874512	13.555813789367676	14.015525817871094	14.665473937988281	13.155744552612305	13.161792755126953	10.084985733032227	10.683976173400879	12.574314117431641	13.081484794616699	13.309924125671387	13.203976631164551	13.663687705993652	14.31363582611084	12.80390739440918	12.809954643249512	10.075787544250488	12.170560836791992	12.621254920959473	12.906169891357422	12.836191177368164	13.295901298522949	13.945849418640137	12.43612003326416	12.442168235778809	Braun Max Delay	P[0]	P[1]	P[2]	P[3]	P[4]	P[5]	P[6]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[1]	P[2]	P[3]	P[4]	P[5]	P[6]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[2]	P[3]	P[4]	P[5]	P[6]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[3]	P[4]	P[5]	P[6]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[4]	P[5]	P[6]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[5]	P[6]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[6]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[0]	P[1]	P[2]	P[3]	P[4]	P[5]	P[6]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[1]	P[2]	P[3]	P[4]	P[5]	P[6]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[2]	P[3]	P[4]	P[5]	P[6]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[3]	P[4]	P[5]	P[6]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[4]	P[5]	P[6]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[5]	P[6]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[6]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	P[7]	P[8]	P[9]	P[10]	P[11]	P[12]	P[13]	P[14]	P[15]	A[0]	A[0]	A[0]	A[0]	A[0]	A[0]	A[0]	A[0]	A[0]	A[0]	A[0]	A[0]	A[0]	A[0]	A[0]	A[0]	A[1]	A[1]	A[1]	A[1]	A[1]	A[1]	A[1]	A[1]	A[1]	A[1]	A[1]	A[1]	A[1]	A[1]	A[1]	A[2]	A[2]	A[2]	A[2]	A[2]	A[2]	A[2]	A[2]	A[2]	A[2]	A[2]	A[2]	A[2]	A[2]	A[3]	A[3]	A[3]	A[3]	A[3]	A[3]	A[3]	A[3]	A[3]	A[3]	A[3]	A[3]	A[3]	A[4]	A[4]	A[4]	A[4]	A[4]	A[4]	A[4]	A[4]	A[4]	A[4]	A[4]	A[4]	A[5]	A[5]	A[5]	A[5]	A[5]	A[5]	A[5]	A[5]	A[5]	A[5]	A[5]	A[6]	A[6]	A[6]	A[6]	A[6]	A[6]	A[6]	A[6]	A[6]	A[6]	A[7]	A[7]	A[7]	A[7]	A[7]	A[7]	A[7]	A[7]	A[7]	B[0]	B[0]	B[0]	B[0]	B[0]	B[0]	B[0]	B[0]	B[0]	B[0]	B[0]	B[0]	B[0]	B[0]	B[0]	B[0]	B[1]	B[1]	B[1]	B[1]	B[1]	B[1]	B[1]	B[1]	B[1]	B[1]	B[1]	B[1]	B[1]	B[1]	B[1]	B[2]	B[2]	B[2]	B[2]	B[2]	B[2]	B[2]	B[2]	B[2]	B[2]	B[2]	B[2]	B[2]	B[2]	B[3]	B[3]	B[3]	B[3]	B[3]	B[3]	B[3]	B[3]	B[3]	B[3]	B[3]	B[3]	B[3]	B[4]	B[4]	B[4]	B[4]	B[4]	B[4]	B[4]	B[4]	B[4]	B[4]	B[4]	B[4]	B[5]	B[5]	B[5]	B[5]	B[5]	B[5]	B[5]	B[5]	B[5]	B[5]	B[5]	B[6]	B[6]	B[6]	B[6]	B[6]	B[6]	B[6]	B[6]	B[6]	B[6]	B[7]	B[7]	B[7]	B[7]	B[7]	B[7]	B[7]	B[7]	B[7]	4.5934019088745117	4.6187667846679688	4.5924668312072754	5.1826729774475098	6.3023800849914551	7.2250490188598633	8.1210155487060547	9.0178365707397461	10.198821067810059	10.805658340454102	11.356075286865234	11.97295093536377	12.545352935791016	12.873418807983398	12.846188545227051	12.835143089294434	5.6037359237670898	5.5914359092712402	6.1816420555114746	7.3013486862182617	8.2240180969238281	9.1199846267700195	10.016804695129395	11.197792053222656	11.804628372192383	12.355045318603516	12.971919059753418	13.544322967529297	13.872386932373047	13.845155715942383	13.834111213684082	5.5816488265991211	6.1718549728393555	7.2915620803833008	8.2142314910888672	9.1101980209350586	10.007018089294434	11.188004493713379	11.794840812683105	12.345256805419922	12.962132453918457	13.53453540802002	13.862601280212402	13.835370063781738	13.824324607849121	6.1686005592346191	7.2953085899353027	8.2179765701293945	9.1139430999755859	10.010764122009277	11.191750526428223	11.798586845397949	12.349003791809082	12.965877532958984	13.538281440734863	13.866347312927246	13.839116096496582	13.828071594238281	6.722588062286377	7.6282572746276855	8.5192232131958008	9.4140443801879883	10.619029998779297	11.225866317749023	11.776283264160156	12.393158912658691	12.965560913085938	13.29362678527832	13.266395568847656	13.255351066589355	7.6451644897460938	8.5361318588256836	9.4309520721435547	10.635937690734863	11.242775917053223	11.793190002441406	12.410065650939941	12.982470512390137	13.310534477233887	13.283303260803223	13.272257804870605	6.6420159339904785	7.8558368682861328	9.0368232727050781	9.6466588973999023	10.197074890136719	10.83495044708252	11.407353401184082	11.714418411254883	11.703187942504883	11.692142486572266	7.8558368682861328	9.0368232727050781	9.6466588973999023	10.197074890136719	10.83495044708252	11.407353401184082	11.714418411254883	11.703187942504883	11.692142486572266	5.5794587135314941	5.6078238487243652	5.578524112701416	6.1687302589416504	7.2884373664855957	8.2111053466796875	9.1070728302001953	10.00389289855957	11.184879302978516	11.791715621948242	12.342132568359375	12.959006309509277	13.531410217285156	13.859476089477539	13.832245826721191	13.821200370788574	5.5989727973937988	5.5846734046936035	6.1748790740966797	7.294586181640625	8.217254638671875	9.1132211685180664	10.010042190551758	11.191027641296387	11.797865867614746	12.348280906677246	12.965155601501465	13.537558555603027	13.86562442779541	13.838393211364746	13.827347755432129	5.5804381370544434	6.1706442832946777	7.283350944519043	8.206019401550293	9.1019868850708008	9.9988069534301758	11.179794311523438	11.786630630493164	12.33704662322998	12.684921264648438	13.257326126098633	13.854389190673828	13.827157974243164	13.816112518310547	5.5960268974304199	6.1667337417602539	7.6064023971557617	8.6713695526123047	9.5681896209716797	10.743176460266113	11.342013359069824	11.892428398132324	12.242302894592285	12.81270694732666	13.409771919250488	13.382541656494141	13.371496200561523	5.6173138618469238	7.0429830551147461	8.1349496841430664	9.0317707061767578	10.206756591796875	10.80559253692627	11.356009483337402	11.705883979797363	12.276288032531738	12.873351097106934	12.846120834350586	12.835075378417969	4.6170487403869629	6.0150160789489746	7.1188368797302246	8.2938222885131836	8.8796586990356445	9.4390754699707031	9.7929506301879883	10.348353385925293	10.932418823242188	10.905187606811523	10.894142150878906	4.5950160026550293	5.1418371200561523	6.2998232841491699	6.8856596946716309	7.4450759887695313	7.7989506721496582	8.3543539047241211	8.3654193878173828	8.3381891250610352	8.327143669128418	4.5778369903564453	5.173823356628418	6.0806584358215332	6.6180763244628906	7.1679511070251465	7.723353385925293	7.7344183921813965	7.7071876525878906	7.6961421966552734	
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braun.vhdl
----------------------------------------------------------------------------------

-- Company: 

-- Engineer: 

-- 

-- Create Date: 09.12.2023 12:10:01

-- Design Name: 

-- Module Name: Brauns_Multiplier - Behavioral

-- Project Name: 

-- Target Devices: 

-- Tool Versions: 

-- Description: 

-- 

-- Dependencies: 

-- 

-- Revision:

-- Revision 0.01 - File Created

-- Additional Comments:

-- 

----------------------------------------------------------------------------------





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 Brauns_Multiplier 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 Brauns_Multiplier;



architecture Behavioral of Brauns_Multiplier is



component Full_Adder

port (A : in STD_LOGIC;

B : in STD_LOGIC;

Cin : in STD_LOGIC;

S : out STD_LOGIC;

Cout : out STD_LOGIC) ;

end component;



component Half_Adder 

port (A : in STD_LOGIC;

B : in STD_LOGIC;

S : out STD_LOGIC;

Cout : out STD_LOGIC) ; 

end component;









signal A1B0, A2B0, A3B0, A4B0, A5B0, A6B0, A7B0 : std_logic;

signal A0B1, A1B1, A2B1, A3B1, A4B1, A5B1, A6B1, A7B1 : std_logic;

signal A0B2, A1B2, A2B2, A3B2, A4B2, A5B2, A6B2, A7B2 : std_logic;

signal A0B3, A1B3, A2B3, A3B3, A4B3, A5B3, A6B3, A7B3 : std_logic;

signal A0B4, A1B4, A2B4, A3B4, A4B4, A5B4, A6B4, A7B4 : std_logic;

signal A0B5, A1B5, A2B5, A3B5, A4B5, A5B5, A6B5, A7B5 : std_logic;

signal A0B6, A1B6, A2B6, A3B6, A4B6, A5B6, A6B6, A7B6 : std_logic;

signal A0B7, A1B7, A2B7, A3B7, A4B7, A5B7, A6B7, A7B7 : std_logic;





signal C1, C2, C3, C4, C5, C6, C7, C8 : std_logic;

signal C9, C10, C11, C12, C13, C14, C15, C16 : std_logic;

signal C17, C18, C19, C20, C21, C22, C23, C24 : std_logic;

signal C25, C26, C27, C28, C29, C30, C31, C32 : std_logic;

signal C33, C34, C35, C36, C37, C38, C39, C40 : std_logic;

signal C41, C42, C43, C44, C45, C46, C47, C48 : std_logic;

signal C49, C50, C51, C52, C53, C54, C55, C56 : std_logic;





signal S2, S3, S4, S5, S6, S7, S8 : std_logic;

signal S10, S11, S12, S13, S14, S15, S16 : std_logic;

signal S18, S19, S20, S21, S22, S23, S24 : std_logic;

signal S26, S27, S28, S29, S30, S31, S32 : std_logic;

signal S34, S35, S36, S37, S38, S39, S40 : std_logic;

signal S42, S43, S44, S45, S46, S47, S48 : std_logic;









begin





A1B0 <= A (1) 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 (6) and B (0) ;

A7B0 <= 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) ;

A5B1 <= A (5) and B (1) ;

A6B1 <= A (6) and B (1) ;

A7B1 <= 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) ;

A5B2 <= A (5) and B (2) ;

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

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) ;

A5B3 <= A (5) 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) ;

A5B4 <= A (5) and B (4) ;

A6B4 <= A (6) and B (4) ;

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



A0B5 <= A (0) and B (5) ;

A1B5 <= A (1) and B (5) ;

A2B5 <= A (2) and B (5) ;

A3B5 <= A (3) and B (5) ;

A4B5 <= A (4) and B (5) ;

A5B5 <= A (5) and B (5) ;

A6B5 <= A (6) and B (5) ;

A7B5 <= A (7) and B (5) ;

 

A0B6 <= A (0) and B (6) ;

A1B6 <= A (1) and B (6) ;

A2B6 <= A (2) and B (6) ;

A3B6 <= A (3) and B (6) ;

A4B6 <= A (4) and B (6) ;

A5B6 <= A (5) and B (6) ;

A6B6 <= A (6) and B (6) ;

A7B6 <= A (7) and B (6) ;



A0B7 <= A (0) and B (7) ;

A1B7 <= A (1) and B (7) ;

A2B7 <= A (2) and B (7) ;

A3B7 <= A (3) and B (7) ;

A4B7 <= A (4) and B (7) ;

A5B7 <= A (5) and B (7) ;

A6B7 <= A (6) and B (7) ;

A7B7 <= A (7) and B (7) ;







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





P1 : Half_Adder port map (A1B0,  A0B1, P (1), C1) ;



S2_1 : Full_Adder port map (A2B0, A1B1, C1, S2, C2) ;

P2 : Half_Adder port map (A0B2, S2, P (2), C9) ;



S3_1 : Full_Adder port map (A3B0, A2B1, C2, S3, C3) ; 

S10_1 : Full_Adder port map (A1B2, S3, C9, S10, C10) ;

P3 : Half_Adder port map (A0B3, S10, P (3), C17) ;



S4_1 : Full_Adder port map (A4B0, A3B1, C3, S4, C4) ; 

S11_1 : Full_Adder port map (A2B2, S4, C10, S11, C11) ; 

S18_1 : Full_Adder port map (A1B3, S11, C17, S18, C18) ; 

P4 : Half_Adder port map (A0B4, S18, P (4), C25) ;



S5_1 : Full_Adder port map (A5B0, A4B1, C4, S5, C5) ; 

S12_1 : Full_Adder port map (A3B2, S5, C11, S12, C12) ; 

S19_1 : Full_Adder port map (A2B3, S12, C18, S19, C19) ; 

S26_1 : Full_Adder port map (A1B4, S29, C25, S26, C26) ; 

P5 : Half_Adder port map (A0B5, S26, P (5), C33) ;



S6_1 : Full_Adder port map (A6B0, A5B1, C5, S6, C6) ; 

S13_1 : Full_Adder port map (A4B2, S6, C12, S13, C13) ; 

S20_1 : Full_Adder port map (A3B3, S13, C19, S20, C20) ; 

S27_1 : Full_Adder port map (A2B4, S20, C26, S27, C27) ;

S34_1 : Full_Adder port map (A1B5, S27, C33, S34, C34) ;

P6 : Half_Adder port map (A0B6, S34, P (6), C41) ;



S7_1 : Full_Adder port map (A7B0, A6B1, C6, S7, C7) ; 

S14_1 : Full_Adder port map (A5B2, S7, C13, S14, C14) ; 

S21_1 : Full_Adder port map (A4B3, S14, C20, S21, C21) ; 

S28_1 : Full_Adder port map (A3B4, S21, C27, S28, C28) ;

S35_1 : Full_Adder port map (A2B5, S28, C34, S35, C35) ;

S42_1 : Full_Adder port map (A1B6, S35, C41, S42, C42) ;

P7 : Half_Adder port map (A0B7, S42, P (7), C49) ;



S8_1 : Half_Adder port map (A7B1, C7, S8, C8) ; 

S15_1 : Full_Adder port map (A6B2, S8, C14, S15, C15) ; 

S22_1 : Full_Adder port map (A5B3, S15, C21, S22, C22) ; 

S29_1 : Full_Adder port map (A4B4, S22, C28, S29, C29) ;

S36_1 : Full_Adder port map (A3B5, S29, C35, S36, C36) ;

S43_1 : Full_Adder port map (A2B6, S36, C42, S43, C43) ;

P8 : Full_Adder port map (A1B7, S43, C49, P(8), C50) ;



S16_1 : Full_Adder port map (A7B2, C8, C15, S16, C16) ; 

S23_1 : Full_Adder port map (A6B3, S16, C22, S23, C23) ; 

S30_1 : Full_Adder port map (A5B4, S23, C29, S30, C30) ; 

S37_1 : Full_Adder port map (A4B5, S30, C36, S37, C37) ;

S44_1 : Full_Adder port map (A3B6, S37, C43, S44, C44) ;

P9 : Full_Adder port map (A2B7, S44, C50, P(9), C51) ;



S24_1 : Full_Adder port map (A7B3, C16, C23, S24, C24) ; 

S31_1 : Full_Adder port map (A6B4, S24, C30, S31, C31) ; 

S38_1 : Full_Adder port map (A5B5, S31, C37, S38, C38) ; 

S45_1 : Full_Adder port map (A4B6, S38, C44, S45, C45) ;

P10: Full_Adder port map (A3B7, S45, C51, P(10), C52) ;



S32_1 : Full_Adder port map (A7B4, C24, C31, S32, C32) ; 

S39_1 : Full_Adder port map (A6B5, S32, C38, S39, C39) ; 

S46_1 : Full_Adder port map (A5B6, S39, C45, S46, C46) ; 

P11: Full_Adder port map (A4B7, S46, C52, P(11), C53) ;



S40_1 : Full_Adder port map (A7B5, C32, C39, S40, C40) ; 

S47_1 : Full_Adder port map (A6B6, S40, C46, S47, C47) ; 

P12: Full_Adder port map (A5B7, S47, C53, P(12), C54) ;



S48_1 : Full_Adder port map (A7B6, C40, C47, S48, C48) ; 

P13: Full_Adder port map (A6B7, S48, C54, P(13), C55) ;



P14: Full_Adder port map (A7B7, C48, C55, P(14), C56) ; 

P15: P(15) <= C56 ;









end Behavioral;
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wallace.vhdl
----------------------------------------------------------------------------------

-- Company: 

-- Engineer: 

-- 

-- Create Date: 09.12.2023 12:35:37

-- Design Name: 

-- Module Name: Wallace_Tree - Behavioral

-- Project Name: 

-- Target Devices: 

-- Tool Versions: 

-- Description: 

-- 

-- Dependencies: 

-- 

-- Revision:

-- Revision 0.01 - File Created

-- Additional Comments:

-- 

----------------------------------------------------------------------------------





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_Tree 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_Tree;





architecture Behavioral of Wallace_Tree is





component Full_Adder

port (A : in STD_LOGIC;

B : in STD_LOGIC;

Cin : in STD_LOGIC;

S : out STD_LOGIC;

Cout : out STD_LOGIC) ;

end component;



component Half_Adder 

port (A : in STD_LOGIC;

B : in STD_LOGIC;

S : out STD_LOGIC;

Cout : out STD_LOGIC) ; 

end component;





signal S2, S3, S4, S5, S6, S7 : std_logic;

signal S9, S10, S11, S12, S13, S14 : std_logic;

signal S16, S17, S18, S19, S20, S21 : std_logic;

signal S23, S24, S25, S26, S27, S28 : std_logic;

signal S30, S31, S32, S33, S34, S35 : std_logic;

signal S37, S38, S39, S40, S41, S42 : std_logic;

signal S44, S45, S46, S47, S48, S49 : std_logic;





signal C1, C2, C3, C4, C5, C6, C7 : std_logic;

signal C8, C9, C10, C11, C12, C13, C14  : std_logic;

signal C15, C16, C17, C18, C19, C20, C21 : std_logic;

signal C22, C23, C24, C25, C26, C27, C28 : std_logic;

signal C29, C30, C31, C32, C33, C34, C35 : std_logic;

signal C36, C37, C38, C39, C40, C41, C42 : std_logic;

signal C43, C44, C45, C46, C47, C48, C49 : std_logic;

signal C50, C51, C52, C53, C54, C55 : std_logic;





signal A1B0, A2B0, A3B0, A4B0, A5B0, A6B0, A7B0 : std_logic;

signal A0B1, A1B1, A2B1, A3B1, A4B1, A5B1, A6B1, A7B1 : std_logic;

signal A0B2, A1B2, A2B2, A3B2, A4B2, A5B2, A6B2, A7B2 : std_logic;

signal A0B3, A1B3, A2B3, A3B3, A4B3, A5B3, A6B3, A7B3 : std_logic;

signal A0B4, A1B4, A2B4, A3B4, A4B4, A5B4, A6B4, A7B4 : std_logic;

signal A0B5, A1B5, A2B5, A3B5, A4B5, A5B5, A6B5, A7B5 : std_logic;

signal A0B6, A1B6, A2B6, A3B6, A4B6, A5B6, A6B6, A7B6 : std_logic;

signal A0B7, A1B7, A2B7, A3B7, A4B7, A5B7, A6B7, A7B7 : std_logic;



begin



A1B0 <= A (1) 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 (6) and B (0) ;

A7B0 <= 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) ;

A5B1 <= A (5) and B (1) ;

A6B1 <= A (6) and B (1) ;

A7B1 <= 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) ;

A5B2 <= A (5) and B (2) ;

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

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) ;

A5B3 <= A (5) 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) ;

A5B4 <= A (5) and B (4) ;

A6B4 <= A (6) and B (4) ;

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



A0B5 <= A (0) and B (5) ;

A1B5 <= A (1) and B (5) ;

A2B5 <= A (2) and B (5) ;

A3B5 <= A (3) and B (5) ;

A4B5 <= A (4) and B (5) ;

A5B5 <= A (5) and B (5) ;

A6B5 <= A (6) and B (5) ;

A7B5 <= A (7) and B (5) ;

 

A0B6 <= A (0) and B (6) ;

A1B6 <= A (1) and B (6) ;

A2B6 <= A (2) and B (6) ;

A3B6 <= A (3) and B (6) ;

A4B6 <= A (4) and B (6) ;

A5B6 <= A (5) and B (6) ;

A6B6 <= A (6) and B (6) ;

A7B6 <= A (7) and B (6) ;



A0B7 <= A (0) and B (7) ;

A1B7 <= A (1) and B (7) ;

A2B7 <= A (2) and B (7) ;

A3B7 <= A (3) and B (7) ;

A4B7 <= A (4) and B (7) ;

A5B7 <= A (5) and B (7) ;

A6B7 <= A (6) and B (7) ;

A7B7 <= A (7) and B (7) ;







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



hall: Half_Adder port map (A1B0, A0B1, P(1), C1) ;

fa12: Full_Adder port map (A2B0, A1B1, A0B2, S2, C2) ;

fa13: Full_Adder port map (A2B1, A1B2, A0B3, S3, C3) ;

fa14: Full_Adder port map (A2B2, A1B3, A0B4, S4, C4) ;

fa15: Full_Adder port map (A2B3, A1B4, A0B5, S5, C5) ;

fa16: Full_Adder port map (A2B4, A1B5, A0B6, S6, C6) ;

fa17: Full_Adder port map (A2B5, A1B6, A0B7, S7, C7) ;





ha21: Half_Adder port map (S2, C1, P(2), C8) ;

fa22: Full_Adder port map (A3B0, S3, C2, S9, C9) ;

fa23: Full_Adder port map (A3B1, S4, C3, S10, C10) ;

fa24: Full_Adder port map (A3B2, S5, C4, S11, C11) ;

fa25: Full_Adder port map (A3B3, S6, C5, S12, C12) ;

fa26: Full_Adder port map (A3B4, S7, C6, S13, C13) ;

fa27: Full_Adder port map (A2B6, A1B7, C7, S14, C14) ;





ha31: Half_Adder port map (S9, C8, P(3), C15) ;

fa32: Full_Adder port map (A4B0, S10, C9, S16, C16) ;

fa33: Full_Adder port map (A4B1, S11, C10, S17, C17) ;

fa34: Full_Adder port map (A4B2, S12, C11, S18, C18) ;

fa35: Full_Adder port map (A4B3, S13, C12, S19, C19) ;

fa36: Full_Adder port map (A3B5, S14, C13, S20, C20) ;

fa37: Full_Adder port map (A3B6, A2B7, C14, S21, C21) ; 





ha41: Half_Adder port map (S16, C15, P(4), C22) ;

fa42: Full_Adder port map (A5B0, S17, C16, S23, C23) ;

fa43: Full_Adder port map (A5B1, S18, C17, S24, C24) ;

fa44: Full_Adder port map (A5B2, S19, C18, S25, C25) ;

fa45: Full_Adder port map (A4B4, S20, C19, S26, C26) ;

fa46: Full_Adder port map (A4B5, S21, C20, S27, C27) ;

fa47: Full_Adder port map (A4B6, A3B7, C21, S28, C28) ; 





ha51: Half_Adder port map (S23, C22, P(5), C29) ;

fa52: Full_Adder port map (A6B0, S24, C23, S30, C30) ;

fa53: Full_Adder port map (A6B1, S25, C24, S31, C31) ;

fa54: Full_Adder port map (A5B3, S26, C25, S32, C32) ;

fa55: Full_Adder port map (A5B4, S27, C26, S33, C33) ;

fa56: Full_Adder port map (A5B5, S28, C27, S34, C34) ;

fa57: Full_Adder port map (A5B6, A4B7, C28, S35, C35) ; 





ha61: Half_Adder port map (S30, C29, P(6), C36) ;

fa62: Full_Adder port map (A7B0, S31, C30, S37, C37) ;

fa63: Full_Adder port map (A6B2, S32, C31, S38, C38) ;

fa64: Full_Adder port map (A6B3, S33, C32, S39, C39) ;

fa65: Full_Adder port map (A6B4, S34, C33, S40, C40) ;

fa66: Full_Adder port map (A6B5, S35, C34, S41, C41) ;

fa67: Full_Adder port map (A6B6, A5B7, C35, S42, C42) ; 





ha71: Half_Adder port map (S37, C36, P(7), C43) ;

fa72: Full_Adder port map (A7B1, S38, C37, S44, C44) ;

fa73: Full_Adder port map (A7B2, S39, C38, S45, C45) ;

fa74: Full_Adder port map (A7B3, S40, C39, S46, C46) ;

fa75: Full_Adder port map (A7B4, S41, C40, S47, C47) ;

fa76: Full_Adder port map (A7B5, S42, C41, S48, C48) ;

fa77: Full_Adder port map (A7B6, A6B7, C42, S49, C49) ; 





ha81: Half_Adder port map (S44, C43, P(8), C50) ;

fa82: Full_Adder port map (S45, C44, C50, P(9),C51) ;

fa83: Full_Adder port map (S46, C45, C51, P(10), C52) ;

fa84: Full_Adder port map (S47, C46, C52, P(11), C53) ;

fa85: Full_Adder port map (S48, C47, C53, P(12), C54) ;

fa86: Full_Adder port map (S49, C48, C54, P(13), C55) ;

fa87: Full_Adder port map (A7B7, C49, C55, P(14), P(15)) ; 







end Behavioral;


image32.png
Q = 2 & Q & Q W e a LN L]

> 1 Walla Wallace_Tre VHDL Enity > ® AT0] 12 Array
> ¥ Bro] 12 Array

AT
> W P{15C 0144 Array

W B70]
2 1 Logic

 Pl15:0]

< | o A




image33.png
1,049,995 ps 11,049,396 ps (1,049,397 ps

12 53

12 =

o144 s





image34.png
— Hex Calculator

Enter Number1 | 12
Operation Muitiply ()

Enter Number2 12

Calculate m

OUTPUT

Output = 144




image35.png
SIMULATION - Behavioral Simulation - Functional - sim_1 - Wallace_Tree
Scope Objects Untitied 1
Q = 2 #| Q # o W a a X oM
Name DesignU... BlockType Name Value Data Type
> 1 Wallace_Ti Wallace_Tre VHDL Entity > % AT0) 88 Array
> ¥ o) 2 Array
AT
> W P[15C 1608 Array
W B70]
s2 0 Logic

W P[15:0]




image36.png
2
1608

1,099,995 ps

1,099,996 ps

1,099,997 ps

L

&

=

Teas





image37.png
— Hex Calculator

Enter Number 1 | gg
Operation Muitiply ()

Enter Number2 | 28

Calculate m

OUTPUT

Output | 16D8




image38.png
SIMULATION - Behavioral Simulation - Functional - sim_1

llace_Tree

Q = 2 #| Q # O W a a i LN L]
> 1 Wallace_T1 llace_Tre VHDL Entity > W AT0] fe Array
> W B[7:0] ea Array
> W P15:C e82c Array
W B[7:0]

W P[15:0]




image39.png
ea

1,143,555 ps

1,145,596 ps

1,143,557 ps

5

eze





image40.png
— Hex Calculator

Enter Number 1 | e
Operation Muitiply ()

Enter Number2 = ga

Calculate m

OUTPUT

Output = es2c




image41.png
ELABORATED DESIGN - Xc7315icpg236-2L.

Project Summary x| Schematic

x| Wallace_Tree.vhd

x| Schematic(2)  x

@ ax ® o C | t20cers zuoPos szhets
- et
L 3 ; = ;-
= ]
= - = -
- = =
[ — 5 r -
s — - = =
5 5 o I = 3
5 5 > - 3 =
Fos =S & o - =
T = - = = -
- — = ‘j‘ = — w ‘ =
i T — P
= - gy = i =
_'L;" T ““ s
P B ne F] s — 5 o
f T d s -
f 5 — -
= = £ 1
— ; -
\m‘ ' D T “‘" — L T
= ] = —
- :
. > -
i
0 I T

2?2 x

280




image42.png




image43.png




image44.png




image45.png
Design Timing Summary

Setup.
Worst Negative Slack (WNS): 0.000 ns
Total Negative Slack (TNS):  0.000ns
Number of Failing Endpoints: 0
Total Number of Endpoints: 1

Alluser specified timing constraints are met.

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

inf
0.000ns

Pulse Width

‘Worst Pulse Width Slack (WPWS):

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

“Total Number of Endpoins:

£EEEE




image46.png
IMPLEMENTED DESIGN * - Xc7a15icpg236-2L.

TelConsole | Messages | Log | Reports
Q = 2 C W
General Information
Timer Settings
Design Timing Summary
Clock Summary (1)
Methodology Summary

> % Check Timing (1)
Intra-Clock Paths
Inter-Clock Paths
Otner Path Groups
UserIgnored Paths
Unconstrained Paths

Datasheet

DesignRuns | Timing x Power |DRC | PackagePins | O Ports

4 Design Timing Summary
»

Setup.
Worst Negative Slack (WNS): 0,000 ns
Total Negative Slack (TNS): ~ 0.000 s
Number of Failing Endpoints: 0
Total Number of Endpoints: 1

Alluser specified timing constraints are met.

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

inf
0.000ns

Pulse Width

Worst Pulse Width Slack (WPWS):

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

Total Number of Endpoints:

NA
NA
NA





image47.jpeg
FI

J
o

F

] C]
A

-9

Ldss

e

e

¢ 9 9 9 9 9 9 ¥ ¥ 9 9 9 @

S R .

) w |l =l

R R





image48.jpeg




image49.png
Poweranaysis fommplomened it Ay
e om consans s Smuton'
ctoess anahsis

Total OnChip Power: oonw
Design Power Budget: 5w
Power Busget Margi: o
Soncion Temperaure: 25
Mermai g e
E soom
Powersupplegto ot dedces: W
Contoence et tow

Launcn Powss Consa Ao tnd nate
s swicning sty

on.chip Power
Clomame 00w (7%
Isgnux 0002w (11%)
ooomw %)
oonzw %)
B onkcesme 007w (63%)




image50.png
Summary

Poweranayss fom mplemented netist Acty
Gerhedrom consvaits les, simulaton fles o

Vectoress anapsis

“TotalOn.Chip Power:
‘Design Power Budget:

Power Budget Margin:

Juncton Temperature:
Thermai g

Enecte an
Powersuppliedto oftcp deices:
Contdence leve:

oostw
15w

1arow
24
rscsm
soom

ow

tow

Launch Power Constrant Asortoid ana

inaldswicing achy

on.chip Power
ootew (17%)

[ sionas: 0001w (11%)
-m» ooorw %)
oor2w (@3%)

[ oeicostaic  0087W (83%)




image51.png
Resource

wr
10

[

2%

10400
108

38

Utiization %

088
2453

2

50 75
Utiization (%)

100




image52.png
A, SleLUTs  Siice  LUTaslogic BondediOB  BondedIPADS.
(10400)  (8150) (10400) (108) a0

N Brauns_Multiplier 2 2 2 2 6

Name




image53.png
A, SlicelUTs  Slice  LUTasLogic Bonded|OB  Bonded IPADS.
(10400)  (8150)  (10400) (106) 10)

8 25 8 26 6





image54.png
Resource Utiization Available Utilization %
wr £ 10400 083
0 2 106 2453
wry 1%
o 2%
0 25 50 75 100

Utilization (%)




image55.png
-- Company:
Engineer:

Create Date: 09.12.2023 12:10:01
Design Name
Module Name: Brauns_Multiplier - Behavioral
Project Name:
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Description:

Dependencies:

Revision:
Revision 0.01 - File Created
Additional Comments:

Llibrary IEEE;
use IEEE.STD_LOGIC_1164.ALL;

-~ Uncomment the following library declaration if using
T arithmetic functions with Signed or Unsigned values
~-use IEEE.NUMERIC_STD.ALL;
EB-- Uncomment the following library declaration if instantiating
-- any Xilinx leaf cells in this code.
--library UNISIM:
--use UNISIM.VComponents.all;

ntity Brauns Multiplier is
Port (A : in STD_LOGIC_VECTOR (7 downto 0);
in STD_LOGIC_VECTOR (7 downto 0) :
P : out STD_LOGIC_VECTOR (15 downto 0));
end Brauns_Multiplier;

architecture Behavioral of Brauns Multiplier is

component Full_Adder
Gport (A : in STD_LOGIC;
B : in STD_LOGIC;
Cin : in STD_LOGI
5 : out STD_LOGIC.
Cout : out STD_LOGIC) ;
end component

component Half_Adder
port (A : in STD_LOGIC:
B : in STD_LOGIC;

S : out STD_LOGIC:
Cout : out STD_LOGIC) ;
end component;





image56.png
58
59
60
61
62
&
6
€5
66
&1
3
69
70
7
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
o1
92
93
94
95
96
97
98
99

100

101

102

103

104

105

106

107

signal AlBO,
signal AOBL,
signal A0B2,
signal AOB3,
signal AOB4,
signal AOBS,
signal AOBG,
signal A0B7,

380,
281,
282,
283,
A2B4,
285,
286,
287,

A4BO, ASBO, AGBO, A7BO : std_logic;

A3BL, A4Bl, ASBl, AGBL, A7BL : std_logic;
A3B2, AdB2, ASB2, AGB2, ATB2 : std_logic;
A3B3, AdB3, ASB3, AGB3, A7B3 : std_logic;
A3B4, A4B4, ASB4, AGB4, ATB4 : std_logic
A3BS, A4BS, ASBS, AGBS, A7BS : std_logic
A3B6, A4BG, ASBE, AGBE, ATBE : std_logic
A3B7, BT, ASBT, A€B7, ATB7 : std_logic:

signal 1, C2, €3, C4, C5, C6, C7, CB : std_logic;

signal €9, C10, Cll, C12, C13, Cl4, C15, C16 : std_logic;

signal C17, C18, C19, C20, C21, €22, C23, C24 : std_logic
signal C25, C26, C27, 28, C29, €30, C31, €32 : std_logic
signal C33, C34, C35, C36, C37, €38, C39, C40 : std_logic
signal C41, C42, C43, C44, C45, C46, C47, C48 : std_logic:
signal C43, CS0, C51, C52, C53, CS4, €55, €56 : std_logic:
signal 52, $3, S4, S5, S6, S7, S8 : std_logic:

signal S10, Sl1, §12, s13, S14, s15, S16 : std_logic,
signal S18, 519, $20, s21, S22, 523, S24 : std_logic,
signal $26, 527, $28, 529, $30, S31, $32 : std_logic,
signal $34, 535, $36, 537, $38, 539, S40 : std_logic,
signal S42, 543, S44, 545, S46, S47, S48 : std_logic;
begin

ALBO <= A (1) and B (0)

A2B0 <= A (2) and B (1)

A3B0 <= A (3) and B (1)

ABO <= A (4) and B (1)

ASBO <= A (5) and B (1)

AGBO <= A (¢) and B (1)

ATB0 <= A (7) and B (0)

AOBL <= A (1) and B (1)

ALBL <= A (1) and B (1)

A2B1 <= A (2) and B (1)

A3l <= A (3) and B (1)

BBl <= A (4) and B (1)

ASBL <= A (5) and B (1)

BBl <= A (¢) and B (1)

ATBl <= A (7) and B (1)
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AOB4 <= A (7) and B (4)
AlB4 <= A (1) and B (4)
B2B4 <= A (2) and B (4)
A3B4 <= A (3) and B (4)
B4B4 <= A (4) and B (4)
BSB4 <= A (%) and B (4)
AEB4 <= A (1) and B (4)
ATB4 <= A (7) and B (4) :
BOBS <= A (0) and B (9) ;
BIBS <= A (1) and B (5) ;
A2B5 <= A (2) and B (5)
A3BS <= A (3) and B (5)
B4BS <= A (4) and B (9)
BSBS <= A (5) and B (5)
BEBS <= A (0) and B (5)
ATBS <= A (7) and B (5) :
BOBE <= A (0) and B (6)
A1B6 <= A (1) and B (6)
A2B6 <= A (2) and B (6)
A3B6 <= A (3) and B (0)
B4BE <= A (4) and B (0) ;
BSBE <= A (5) and B (0) ;
BEBE <= A (¢) and B (6)
ATBE <= A (7) and B (0) ;
AOB7 <= A (0) and B (7)
A1B7 <= A (1) and B (7)
A2B7 <= A (2) and B (7)
A3B7 <= A (3) and B (7)
B4B7 <= A (4) and B (1)
BSB7 <= A (5) and B (7)
BEB7 <= A (0) and B (1)
ATB7 <= A (7) and B () ;

PO 1 P (0) <= A (0) and B (0) ;

Pl : Half Adder port map (AlBO, AOBL, P (1), Cl) ;

52,

1 : Full Adder port map (A2B0, AlBI, Cl, 52, C2) ;
22

Half_Adder port map (A0B2, S2, P (2), C9) ;

$3_1 : Full Adder port map (A3B0, A2Bl, C2, S3, C3) ;
5101 : Full Adder port map (AlB2, 53, C9, S10, C10) ;
P3 T Half Adder port map (AOB3, 510, B (3), C17) ;

S4_1 : Full Adder port map (R4B0, A3Bl, C3, 4, C4) ;
S111 : Full Adder port map (A2B2, S4, C10, S11, C11) ;
51871 : Full Adder port map (A1B3, Sll, C17, 518, Cl18) ;
P4 T Half Adder port map (AOB4, S18, P (4), C25) ;
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182 1S5 1 : Full Adder port map (ASBO, Ad4Bl, C4, S5, C5) ;
183 [S12_1 : Full Adder port map (A382, S5, Cll, S12, C12) ;
184 |s1971 : Full Adder port map (A283, S12, Cl8, 519, C19) ;
185 |s261 : Full Adder port map (A1B4, 529, C25, 526, C26) ;
186 |PS T Half Adder port map (AOBS, 526, P (5), C33) ;
187

188 |S6_1 : Full Adder port map (AGBO, ASBL, CS, S6, C6) :
189 |513_1 : Full Adder port map (A4B2, S6, C12, S13, C13)
190 [52071 : Full_Adder port map (A383, S13, C19, 520, C20)
191 2771 : Full Adder port map (A2B4, 520, C26, 27, C27)
192 |53471 : Full Adder port map (A1BS, S27, C33, S34, C34) ;
193 |P6 T Half Adder port map (AOBG, S34, P (c), C41) ;
194
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S7_1 : Full Adder port map (A7BO, AEBl, C€, S7, CT) ;

S14_1 : Full Adder port map (ASB2, S7, C13, sl4, Cl4)
S2171 : Full Adder port map (483, S14, C20, S21, C21)
S28_1 : Full Adder port map (A3B4, S21, C27, 528, C26)

$35_1 : Full Adder port map (A2BS, 528, C34, S35, C35)
54271 : Full Adder port map (AlB6, S35, C4l, 542, C42) ;
P77 Half Adder port map (A0B7, 542, P (1), C49) ;

S8_1 : Half Adder port map (A7B1, C7, S8, C8) ;

S15_1 : Full Adder port map (€82, S8, Cl4, 515, C15) ;
52271 : Full Adder port map (ASB3, S15, C21, S22, C22)
52971 : Full Adder port map (A4B4, S22, C28, 529, C29)

S36_1 : Full Adder port map (A3BS, S29, C35, S36, C36)
S43_1 : Full Adder port map (A2B6, S36, C42, S43, C43)
P8 ¢ Full Adder port map (AlB7, 543, C49, P(%), C50) ;

Full_Adder port map (A7B2, C8, C1S, S16, C16) ;
Full_Adder port map (A6B3, S16, C22, 523, C23)
Full_Adder port map (ASB4, S23, C29, S30, C30)
Full_Adder port map (A4BS, $30, C36, S37, C37)
1 : Full Adder port map (A3B6, S37, C43, S44, C44) ;
B9 T Full Adder port map (A2B7, 544, C50, B(9), CS1) ;

524 1 : Full Adder port map (A7B3, Cl6, C23, 524, C24)
$3171 : Full Adder port map (A6B4, 524, C30, 31, C31)
53871 : Full Adder port map (ASBS, S31, C37, 838, C38)
$45_1 : Full Adder port map (A4B6, 538, C44, 545, C45)
P107 Full Adder port map (A3B7, 545, C51, B(10), C52) ;

532 1 : Full Adder port map (A7B4, C24, C31, 532, C32)
$39_1 : Full Adder port map (A6BS, 532, C38, 539, C39)
461 : Full Adder port map (ASB6, 539, C45, 546, C46)
P117 Full Adder port map (A4B7, 546, C52, B(11), C53) ;

540_1 : Full Adder port map (A7BS, C32, C39, 540, C40) ;
$47_1 : Full Adder port map (AGB6, S40, C46, 547, C4T) ;
P127 Full Adder port map (ASB7, 547, C53, B(12), C54) ;

S48_1 : Full Adder port map (A7B6, C40, C47, 548, C48) ;
P13 Full Adder port map (AGB7, 548, C54, B(19), C55) ;

P14: Full Adder port map (A787, C48, C55, P(14), C56) ;
P15: P(15) <= C56 ;

‘end Behavioral;
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Additional Comments:

Llibrary 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.AL

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

--library UNISIM:

--use UNISIM.VComponents.all;

ntity Wallace_Tree is
Port (A : in STD_LOGIC_VECTOR (7 downto 0);
B : in STD_LOGIC_VECTOR (7 downto 0)
B : out STD_LOGIC_VECTOR (15 downto 0));
end Wallace_Tree;

Flarchitecture Behavioral of Wallace_Tree is

ficomponent Full Adder
Gport (A : in STD_LOGIC;
B : in STD_LOGIC;

Cin : in STD_LOGIC;

S : out STD_LOGIC.

Cout : out STD_LOGIC) ;
end component ;

omponent Half_Adder
port (A : in STD_LOGIC;
in STD_LOGIC
out STD_LOGIC,
Cout : out STD_LOGIC) ;
‘end component.
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signal
signal

signal

519, 520,
526, 827,
533, s34,
s40, s41,
547, s48,

c1, c2, 3, c4, €5, C6, CT :
signal 8, C9, C10, Cl1, C12, C13, C14

signal C15, Clé, C17, C18, C19,
signal C22, €23, C24, €25, C26,
signal €29, €30, €31, €32, €33,
signal C36, C37, €38, C39, C40,
signal C43, C44, C45, C46, C47,
signal €50, C51, €52, €53, C54,
signal ABO, A2BO, A3BO, A4BO,
signal AOBL, AlB1, A2B1, A3Bl,
signal AOB2, AlB2, A2B2, A3B2,
signal AOB3, AlB3, A2B3, A3B3,
signal AOB4, AlB4, A2B4, A3B4,
signal AOBS, AIBS, A2BS, AJBS,
signal AOBG, A1BE, A2B6, AJBE,
signal AOB7, AIB7, A2B7, A3E7,
begin

A1BO <= A (1) and B (0)
A2B0 <= A (2) and B (0)

A3BO0 <= A (3) and B (0)

B4BO <= A (4) and B (0)

BSBO <= A (5) and B (0)

BEBO <= A (¢) and B (0)

ATBO <= A& (7) and B (0)

AOBL <= A (0) and B (1)

AlBL <= A (1) and B (1)

A28l <= A (2) and B (1)

A3BL <= A (3) and B (1)

B4BL <= A (4) and B (1)

BSBL <= A (5) and B (1)

BEBL <= A (0) and B (1)

ATBL <= A (7) and B (1)

AOB2 <= A& (0) and B (2)

AlB2 <= A (1) and B (2)
A2B2 <= A (2) and B (2)

A3B2 <= A (3) and B (2)

B4B2 <= A (4) and B (2)

BSB2 <= A (5) and B (2)

BEB2 <= A (¢) and B (2)

A7B2 <= A (7) and B (2)

52, 3, S4, S5, $6, ST : std_logic;
9, 10, s11, $12, S13, S14 : std_logic;
signal s16, S17, S18,
signal 523, 524, S25,
signal 530, $31, $32,
signal $37, $38, $39,
signal S44, 545, S46,

521 : std_logic
528 : std_logic
535 : std_logic
542 : std_logic
549 : std_logic:
std_logic:

c20, c21
c27, c28
c34, ¢35
ca1, ca2

+ std_logic:
std_logic
std_logic
std_logic
std_logic

c48, c49 : std_logic:
€55 : std_logic,

ASBO, A6BO,
AdB1, ASBI,
asB2,
asB3,
asB4,
asBS,
asB6,

ATBO : std_logic:

aeBl,
AB2,
a6B3,
neBd,
aeBS,
a6Bé,
n6B7,

A7B1: std_logic
A7B2 : std_logic.
A7B3 : std_logic
ATB4 : std_logics

A7BS : std_logic
A7B6 : std_logic.
A7B7 : std_logic:
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115
116 |A0B3 <= A (0) and B (3)
117 |AlB3 <= A (1) and B (3)
118 |A2B3 <= A (2) and B (3)
115 |A3B3 <= A (3) and B (3)
120 |A4B3 <= A (4) and B (3)
121 |A5B3 <= A (5) and B (3)
122 |A6B3 <= A () and B (3)
123 |a7B3 <= A (1) and B (3) ;
124

125 |A0B4 <= A (0) and B (4)
126 |AlB4 <= A (1) and B
127|284 <= A (2) and B

126 |A3B4 <= A (5) and B

125 |A4B4 <= A (4) and B

130 |aSB4 <= A (5) and B

131 |A6B4 <= A () and B

132 |A7B4 <= A (7) and B

133

134 |A0BS <= A (0) and B (5)
135 |AlBS <= A (1) and B (5)
136 |A285 <= A (2) and B (5)
137 |A385 <= A (3) and B (5)
138 |A4BS <= A (4) and B ()
135 |ASBS <= A (5) and B (5)
140 |A6BS <= A (6) and B (5)
141|785 <= A (7) and B (5) ;
142

143 |A0B6 <= A (0) and B ()
144 |AlB6 <= A (1) and B ()
145|286 <= A (2) and B ()
146 |A386 <= A (3) and B ()
147 | A4B6 <= A (4) and B ()
145 |ASB6 <= A (5) and B (¢)
145 |A6B6 <= A (6) and B (¢)
150 |a786 <= A (7) and B (6) ;
151

152 |A0B7 <= A (0) and B (1)
153 |AlB7 <= A (1) and B (1)
154 |A287 <= A (2) and B (1)
155 |A387 <= A (3) and B (1)
156 |A4B7 <= A (4) and B (1)
157 |ASB7 <= A (5) and B (1)
156 |A6B7 <= A (6) and B (1)
156|787 <= A (7) and B (1) ;
160

161

162

163 |20 : P(0) <= A (0) and B();
164
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BEEEIBE BBiBEE: BBEREEER BRBIBED BIREIE

Brizig:

(A1BO, AOB1, P(1), C1)
(A2B0, AlB1, AOB2, S2,
(a2B1, AlB2,
(A2B2, A1B3,
(A2B3, AlB4,
(A2B4, AIBS,
(A2BS, A1BE,

(s2, c1, B(2), C8) ;
(A3B0, S3, C2, S9, C9)

(A3B1, s4, €3, S10, C10)
(A3B2, S5, C4, S11, c11)
(A3B3, S6, C5, S12, C12)
(A3B4, 7, C6, S13, C13)

c2)
c3)
c4)
cs)
ce)
cn

(A2B6, ALET, C7, S14, CL4)

(s, c8, B(3), C15) ;

(A4B0, 510, C9, 516, C16)
(a4B1, sl1, 10, $17, C17)
(a4B2, s12, Cl1, 18, C18)
(a4B3, 513, C12, 19, C19)
(A3B5, sl4, C13, 520, C20)

(A3B6, A2B7, Cl4, S21, C21)

(S16, €15, B(4), C22)

(ASBO, s17, C16, $23, C23)
(ASB1, s18, C17, $24, C24)
(ASB2, s19, C18, 525, C25)
(R4B4, 520, C19, 526, C26)
(a4BS, s21, €20, $27, C27)

(R4B6, 3BT, C21, 528, C28)

(523, c22, B(5), C29)

(R6BO, s24, €23, $30, C30)
(R6BL, 25, C24, S31, C31)
(ASB3, 26, €25, $32, C32)
(ASB4, 527, C26, $33, C33)
(ASBS, 528, €27, S34, C34)

(ASB6, A4BT, C28, 535, C35)

(830, €29, B(0), C36)

(A780, 31, €30, $37, C37)
(A6B2, 532, €31, $38, C38)
(A6B3, 33, €32, $39, C39)
(R6B4, 534, €33, S40, C40)
(R6BS, 535, €34, S41, C41)

(R6B6, ASET, C35, 542, C42)
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end Behavioral;

port
port
port
port
port
port
port

port
port
port
port
port
port
port

Brieige

Brreige

(837, €36, B(7), C43) ;

(781, 538, €37, S44, C44)
(782, 539, €38, S45, C45)
(783, 540, €39, S46, C46)
(784, S41, C40, 547, C47)
(8785, 542, C41, S48, C48)
(786, RGET, C42, 549, C49)

(544, C43, B(7), C50) ;

(545, C44, C50, B(9),C51) ;
(s46, C45, C51, B(10), C52)
(547, C46, C52, B(11), C53)
(S48, C47, C53, B(12), C54) ;
(549, C48, C54, B(13), C55) ;
(787, 49, €55, B(14), P(15))
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