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[bookmark: _Toc68626593]Introduction:
As a part of level six in the UWTSD, I have been asked to complete this assignment for this module which contains two tasks.
First thing first; I am going to do some research on logic styles and the Braun multipliers and different types of multipliers, also I will be looking for the pros and cons of each multiplier.
In task one I am going to use the Xilinx design software in order to achieve my goals.
The goals for this task are the as the following: 
Design, simulate and synthesise a 12 Bit x 4 Bit unsigned number multiplier that based upon a basic parallel Braun Multiplier.
For task one I will provide some screen shots from my design and the coding, with an explanation for each step.
In task two, I asked to design, simulate, and synthesise an FSM as VHDL and discrete gate solution.
This report is going to be submitted to Turnitin, then all the data files (my designs) for both tasks by email.

















[bookmark: _Toc68626594]Multiplier Logic Styles:
Electronics and networking, (IP) digital image processing, (DSP) digital signal processing, broad band and communication technologies and telecommunication all use digital multipliers.
In certain transformations, multipliers are critical basic arithmetic functional units, and the performance of these transforms is heavily reliant on multiplication. Multipliers built on new technology systems such as CNFET which are much more effective and robust than the traditional MOSFET – based multipliers.
The first array multiplier is created, but it contains more digital logic gates and uses more power. So, in order to resolve these issues, the Wallace tree multiplier is found, and it is quicker than the basic array multiplier and the reason why is simply because it’s not linearity. However, the designers avoid the Wallace trees as compared to other multipliers like array, the Wallace trees multiplier Vedic multiplier is faster and requires less electricity.
Since the power conservation is a major concern in VLSI circuit design, the low-power technique Multi-threshold voltage CMOS (MTCMOS) is used to achieve successful power control.
















[bookmark: _Toc68626595]Braun Multiplier:
It is a basic parallel multiplier, also known as a carry save array multiplier. It is only capable of executing signed bits. There is no need for logic registers since the layout is made up of AND gates and adders that are organised iteratively. This is referred to as non-addictive multipliers. 
[2]
The array multiplier is a digital combinational circuit that uses an array of full adders and half adders to multiply two binary numbers. This array is used to almost simultaneously incorporate the different component terms involved. Before the adder array; an array of AND gates is used shape the different product concepts.
Analysing the multiplier bits one by one and creating partial product is really a sequential process that necessitates a series of adds and change the micro-operations. The multiplication of two numbers of binaries can be accomplished in a single micro-operation using a combinational circuit that generates the component bits all at once.
This is a quick method of multiplying two numbers since all that is required is for the signals to spread through the gates that comprise the multiplication array. However, the array multiplier needs a huge number of gates, making it uneconomical before the advent of integrated circuits.
[3]
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[bookmark: _Toc68616987]	                            Figure 1
Consider the multiplication of two 2-bit numbers as seen in figure 1 for the implementation of an array multiplier with a combinational circuit. B1 and b0 are the multiplicand, the a 1 and a0 are the multiplier bits, and the product (result) are the c3 c2 c1 c0

Given that A= a1a0 and B = b1b0, the different bits of the final product word P can be written as
P (0) = a0 b0
P (1) = a1 b0 + b1 a0 
P (2) = a1 b1 + c1, where c1 is the carry produced during then the P (1) addition.
P (3) = c2 < c2 is the carry that generated while the P (2) term’s addition.


Another example of 4x4 bit multiplication:
[4]
[image: ][image: Principles of Array Multiplier 4*4 bit multiplication                                        a3     a2      a1    a0     ...]







[bookmark: _Toc68616988]	                                                                                                                                                       Figure 2
[bookmark: _Toc68616989]Figure 3
[bookmark: _Toc68626596]Array multiplier:
	pros
	cons

	Minimal complication ( simple in design  )
	Huge amount of power consumption

	Simple and easy to scalable
	Increased the number of digital gates, 

	Pipelines are simply installed
	Leading to a greater chip area

	Standard shape type
	High delay

	Easy to route and place 
	



[bookmark: _Toc68626597]Combinational multiplier:
The multiplication of two unsigned binary numbers is performed by the combinational multiplier type. The combinational multiplier has the advantage of being able to quickly produce intermediate products. The combinational multiplier’s biggest downside is that it takes up a lot of space. 


[bookmark: _Toc68626598]Sequential multiplier:
This multiplication is divided down into a series (sequence) of steps, with each step adding the partial product generated to the accumulator partial sum before moving on to the next. This has the benefit of taking up less space.  A sequential multiplier has the downside of being a slow operation which takes more time to be done than the other types.


[bookmark: _Toc68626599]Wallace tree multiplier:
It decreases the number of partial products and adds partial products using a carry select adder. The downside of the Wallace tree multiplier is the irregular layout style of the design, which takes up more room.

[bookmark: _Toc68626600]Booth multiplier:
The multiplier in the booths multiplier has the purpose of multiplying two signed binary number identified in 2’s complement forms. The benefits of the booth multiplier are as follow: the multiplication is sped up, so it is less complex and difficult. The downside is that the amount of the energy/power used is considerable (high power consumption).





















[bookmark: _Toc68626601][image: ]Task one:







[bookmark: _Toc68626602]Half-Adder:
[image: ][bookmark: _Toc68616990]Figure 4







SUM = A OR B
CARRY = A AND B












[bookmark: _Toc68626603]Design halfadder.vhd:
[image: ][bookmark: _Toc68616991]Figure 5









[bookmark: _Toc68626604][image: ]Halfadder-TB.vhd Design:[bookmark: _Toc68616992]Figure 6









[image: ][bookmark: _Toc68616993]Figure 7











[image: ][bookmark: _Toc68616994]Figure 8










Starting the code with including all the necessary libraries and importing all the needed packages from using them by using the requirement. Then I defined the entity here when I defined both input and output ports of my design. Followed with the architecture behaviour where I wrote the functional of the design as it showed in the above figures. Also, at the end of the architecture I ended the behaviour.
[bookmark: _Toc68626605]Half adder behavioural simulation:
[bookmark: _Toc68616995]Figure 9
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[bookmark: _Toc68626606]Full adder:
The full adder is a digital logic it produces two outputs by adding three inputs as it shows in the below figure.
When A=0, B=0, C=0 both outputs will be 0 this means whenever the three inputs equals zero the carry and the sum will be zero.
When A=1, B=1, C=1 the sum output will be 1 also, when one of the three inputs equals 1 the sum will be 1 as well.
When A=1,B=1 , C=1 the carry will be 1, also when two of the inputs 1.
[image: ]	[bookmark: _Toc68616996]Figure 10
[bookmark: _Toc68616997]Figure 11
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[bookmark: _Toc68626607][image: ] Design Fulladder.vhd:






[bookmark: _Toc68616998]Figure 12


In the full adder there is three inputs which is the A,B and C with two outputs of the sum and carry.





[bookmark: _Toc68626608][image: ]Fulladder-TB.vhd Design:[bookmark: _Toc68616999]Figure 13
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[image: ][bookmark: _Toc68617001]Figure 15







[bookmark: _Toc68626609]Full adder behavioural simulation:
[image: ][bookmark: _Toc68617002]Figure 16







[bookmark: _Toc68626610]12x4 design:
[bookmark: _Toc68626611]Identify line0:
Identifying all the inputs and the outputs.
[image: ][bookmark: _Toc68617003]Figure 17












[bookmark: _Toc68626612]line0 Architecture Behavioural:
This means when A1Xb1 the output Q is equals 1
[image: ]means when A2Xb1 the output Q is equals 2[bookmark: _Toc68617004]Figure 18

means when A3Xb1 the output Q is equals 3
means when A4Xb1 the output Q is equals 4
means when A5Xb1 the output Q is equals 5
means when A6Xb1 the output Q is equals 6
means when A7Xb1 the output Q is equals 7
means when A8Xb1 the output Q is equals 8 
means when A9Xb1 the output Q is equals 9
means when A10Xb1 the output Q is equals 10
means when A11Xb1 the output Q is equals 11
means when A12Xb1 the output Q is equals 12

[bookmark: _Toc68626613]line0 Test Bench:	
[image: ][bookmark: _Toc68617005]Figure 19















[image: ][bookmark: _Toc68617006]Figure 20

[image: ][bookmark: _Toc68617007]Figure 21













[image: ][bookmark: _Toc68617008]Figure 22













[bookmark: _Toc68626614]Test bench delays:
for each input, a delay has to be placed, each delay is doubled up.  These delays going to enable the outputs to bee shown in the simulation. [bookmark: _Toc68617009]Figure 23
[bookmark: _Toc68617010]Figure 24
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[image: ][image: ][image: ][bookmark: _Toc68617011]Figure 25
[bookmark: _Toc68617012]Figure 26
[bookmark: _Toc68617013]Figure 27











Never forget to end each process.
[bookmark: _Toc68626615]Line0 tb simulation:
[image: ]
[image: ][bookmark: _Toc68617015]Figure 28


	



[bookmark: _Toc68617014]Figure 29


This is shows that my coding for this multiplication is right as A? times B1 = Q? the same value of A and when A? times B0 = Q0
For e.g.  if A4 x B1 = Q4 
In the second figure above A=001110111001 so when its times B1 the Q going to be 001110111001 which equals to 953. If B equals 0 the Q will be 0.



[bookmark: _Toc68626616]LineX Design Architecture Behavioural:
[bookmark: _Toc68617016]Figure 30




























[bookmark: _Toc68626617]Architecture Behavioural of muli12x4 line-x: the half adder and full adder:
[image: ][bookmark: _Toc68617017]Figure 31












Signals:
[image: ][bookmark: _Toc68617018]Figure 32
















The gate sequences:
[image: ][bookmark: _Toc68617019]Figure 33











A1 X B = S1
A2 X B = S2
A3 X B = S3
A4 X B = S4
A5 X B = S5
A6 X B = S6
A7 X B = S7
A8 X B = S8
A9 X B = S9
A10 X B = S10
A11 X B = S11
A12 X B = S12




























[bookmark: _Toc68617020]Figure 34


12 port maps are needed to complete the 12x4 multiplier, as the half adder has two inputs and two outputs. the S1 and P1 are the inputs and the Q1, C1 as outputs. For the full adders port maps the three inputs are the S, P and C ones and two outputs (the Q and C ones). 




[bookmark: _Toc68626618]TB of line-X design:
[bookmark: _Toc68626619][image: Graphical user interface, text, application
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Description automatically generated][bookmark: _Toc68617021]Figure 35
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Description automatically generated][bookmark: _Toc68617022]Figure 36
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[bookmark: _Toc68617023]Figure 37
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Description automatically generated][bookmark: _Toc68617024]Figure 38
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Description automatically generated][bookmark: _Toc68617025]Figure 39











[bookmark: _Toc68617026]Figure 40
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[image: Graphical user interface

Description automatically generated]






















Multi 12 x 4 Full Line Design Architecture Behavioural:
 













[bookmark: _Toc68617028]Figure 42

[bookmark: _Toc68617029]Figure 43

[image: Graphical user interface, text, application

Description automatically generated]













[image: Graphical user interface, text, application, Word

Description automatically generated]







[bookmark: _Toc68617030]Figure 44




















[bookmark: _Toc68626621]The mapping: 
[image: Graphical user interface, text, application, Word
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[bookmark: _Toc68617031]Figure 45


 











Multi 12 x 4 Full Line Design: TB
BEGIN
	-- Instantiate the Unit Under Test (UUT)
   uut: multi12x4_full PORT MAP (
          A1 => A1,
          A2 => A2,
          A3 => A3,
          A4 => A4,
          A5 => A5,
          A6 => A6,
          A7 => A7,
          A8 => A8,
          A9 => A9,
          A10 => A10,
          A11 => A11,
          A12 => A12,
          B1 => B1,
          B2 => B2,
          B3 => B3,
          B4 => B4,
          Q1 => Q1,
          Q2 => Q2,
          Q3 => Q3,
          Q4 => Q4,
          Q5 => Q5,
          Q6 => Q6,
          Q7 => Q7,
          Q8 => Q8,
          Q9 => Q9,
          Q10 => Q10,
          Q11 => Q11,
          Q12 => Q12,
          Q13 => Q13,
          Q14 => Q14,
          Q15 => Q15,
          Q16 => Q16
        );

Delays:
[bookmark: _Toc68617032]Figure 46










































[bookmark: _Toc68617033]Figure 47


























[bookmark: _Toc68617034]Figure 48












[bookmark: _Toc68626622]12x4 multiplier simulation:

[image: Graphical user interface
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[bookmark: _Toc68626623]Multiplication explanation:
[image: ][bookmark: _Toc68617035]Figure 51









                       A12          A11       A10       A9       A8       A7      A6      A5       A4    A3     A2      A1
                                                                                                                                                                   X
                                                                                                                                                           B1
P11/L11     P10/10     P9/9    P8/8     P7/7    P6/6    P5/5   P4/4      P3/3     P2/2    P1/1          Q1
[image: ] 
[bookmark: _Toc68617036]Figure 52





    

     A12          A11       A10       A9       A8       A7      A6      A5       A4    A3     A2      A1
                                                                                                                                                         X
                                                                                                                                             B2
          S12        S11         S10        S9         S8      S7        S6       S5     S4     S3       S2     S1





[image: ][bookmark: _Toc68617037]Figure 53





                 P12          P11       P10       P9       P8       P7      P6      P5       P4     P3     P2      P1
                                                                                                                                                            +
                  S12         S11       S10       S9       S8        S7      S6      S5       S4       S3     S2       S1
                                                                                                                                       
 M12        M11        M10       M9      M8     M7      M6    M5     M4     M3     M2    M1    Q2


[image: ][bookmark: _Toc68617038]Figure 54







              A12         A11       A10       A9       A8       A7      A6      A5       A4     A3     A2       A1
                                                                                                                                                            X
                                                                                                                                       	B3
                T12         T11        T10       T9      T8      T7      T6       T5        T4       T3     T2         T1    







[image: ][bookmark: _Toc68617039]Figure 55







              T12         T11       T10       T9       T8       T7      T6      T5       T4     T3     T2       T1
                                                                                                                                                           +
              M12       M11      M10     M9     M8     M7      M6     M5     M4   M3    M2     M1
                                                                                                                      	
   U12      U11        U10       U9      U8      U7      U6       U5        U4     U3    U2     U1     Q3

[image: ][bookmark: _Toc68617040]Figure 56







              A12         A11       A10       A9       A8       A7      A6      A5       A4     A3     A2       A1
                                                                                                                                                            X
                                                                                                                                       	B4
                V12         V11        V10       V9      V8      V7      V6       V5        V4       V3     V2         V1
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              U12      U11        U10       U9      U8        U7      U6       U5   U4    U3   U2     U1     
                                                                                                                                                           +
               V12        V11        V10      V9     V8         V7       V6      V5    V4     V3     V2     V1
                                                                                                         	
   Q16      Q15       Q14      Q13     Q12     Q11     Q10     Q9    Q8   Q7     Q6     Q5    Q4       Q3   Q2   Q1



















[bookmark: _Toc68626624]Task two:
[image: ] [bookmark: _Toc68617042]Figure 58

















In this task I designed and simulate then synthesise the FSM that described by the above state diagram as both a discrete gate solution and a VHDL.










	Present state
	Input 
	Next state
	Output 
Z           

	A
	0
	E
	0

	
	1
	B
	1

	B		
	0
	D
	0

	
	1
	C
	0

	C
	0
	G
	0

	
	1
	D
	0

	D	
	0
	G
	0

	
	1
	F
	0

	E
	0
	F
	0

	
	1
	D
	1

	F
	0
	H
	0

	
	1
	C
	0

	G
	0
	G
	0

	
	1
	B
	0

	H
	0
	G
	0

	
	1
	A
	0





	
	
	Present   
	State
	
	input
	Next state
	
	
	Output 


	
	
	A
	B
	C
	x
	A
	B
	C
	Z           

	A
	0
	0
	0
	0
	0
	1
	0
	0
	0

	
	1
	0
	0
	0
	1
	0
	0
	1
	1

	B		
	0
	0
	0
	1
	0
	0
	1
	1
	0

	
	1
	0
	0
	1
	1
	0
	1
	0
	0

	C
	0
	0
	1
	0
	0
	1
	1
	0
	0

	
	1
	0
	1
	0
	1
	0
	1
	1
	0

	D	
	0
	0
	1
	1
	0
	1
	1
	0
	0

	
	1
	0
	1
	1
	1
	1
	0
	1
	0

	E
	0
	1
	0
	0
	0
	1
	0
	1
	0

	
	1
	1
	0
	0
	1
	0
	1
	1
	1

	F
	0
	1
	0
	1
	0
	1
	1
	1
	0

	
	1
	1
	0
	1
	1
	0
	1
	0
	0

	G
	0
	1
	1
	0
	0
	1
	1
	0
	0

	
	1
	1
	1
	0
	1
	0
	0
	1
	0

	H
	0
	1
	1
	1
	0
	1
	1
	0
	0

	
	1
	1
	1
	1
	1
	0
	0
	0
	0





	DA
	
	
	
	

	AB
/
C X
	00
	01
	11
	10

	00
	1
	1
	1
	1

	01
	0
	0
	0
	0

	11
	0
	1
	0
	0

	10
	0
	1
	1
	1



DA = /C./X + /A.B.C + C./X.A

	DB
	
	
	
	

	A B  
/
C X
	00
	01
	11
	10

	00
	0
	1
	1
	0

	01
	0
	1
	0
	1

	11
	1
	0
	0
	1

	10
	1
	1
	1
	1




DB = C./X + /A./B.C + /A.B./C + /C./X.B + A./B.X

	DC
	
	
	
	

	AB
/
C X
	00
	01
	10
	11

	00
	0
	0
	0
	1

	01
	1
	1
	1
	1

	11
	0
	1
	0
	0

	10
	1
	0
	0
	1



DC=C./X./B+/A.B.X + A./B./C + C./X./B

	Z
	
	
	
	

	AB
/
C X
	00
	01
	11
	10

	00
	0
	0
	0
	0

	01
	1
	0
	0
	1

	11
	0
	0
	0
	0

	10
	0
	0
	0
	0



Z= /C.X/B
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Figure 60




DA:
[image: Diagram, schematic

Description automatically generated]Figure 61
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Figure 62
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[bookmark: _Toc68626625]Conclusion:
To complete this assignment, it was necessary to learn how to use the Xilinx software and understand the digital logic multipliers. 
I really enjoyed working on this assignment and the experience that I had by working in this software where now I have enough knowledge to solve any similar task.
Both codes will be send by email.
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-- Stimulus process
stim proc22: process
begin
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begin
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