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Abstract
This paper performs research into the various digital multipliers available their positive and negative characteristics. This paper then splits into two sections. The first being a design, synthesis, and simulation of a 12-bit x 4-bit unsigned number using the Braun Array multiplier. This is achieved by using extensive VHDL programming using Xilinx Design Suite. The second section incorporates a design, synthesis, and simulation of a Finite State Machine (FSM) of a given state diagram using both a VHDL and discrete gate solution by using the software Proteus and Karnaugh mapping techniques. Both the VHDL and discrete date solution obtain the same result, however the VHDL was found to be much quicker and easier to complete.
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[bookmark: _Toc70784115]Chapter 1 – Literature Review
VHDL stands for VHSIC (Very High-Speed Integrated Circuit) Hardware Description Language. VHDL is one of the two languages digital designers use to create their circuits and are different than the conventional software styles such as ‘C’. [1] VHDL is often used to create, design, simulate and test multiple types of electrical systems, such as CPUs, processors, FPGAs, and ASICS. [2]

This chapter will focus on the research of the various multiplier’s algorithms available This report will primarily be focused on the use of serial-parallel multipliers. However, Table 1 outlines a comparison of parallel, serial and serial-parallel multipliers.
	Multiplier Types

	Parallel
	Serial
	Serial-Parallel

	· Less hardware required resulting in low power.
· Combinational circuits but no feedback.
	· Sequential circuits with feedback. 
· Uses succeeding addition algorithm.
· Simple structure – inputs in serial form.
· Fast speed.
	· Fast operating speed and low area requirements.
· The operand enters serially and stores the other in parallel.


Table 1. [3]

[bookmark: _Toc70784116]1.1 Brawn Array Multiplier
Braun Array multiplier is a simple parallel multiplier and has a regular structure. The Brawn multiplier is constricted to multiplication of two unsigned numbers using AND gates, full adders, and half adders. This multiplier cannot add an additional operand to result of multiplication, for this reason it is also named the non-additive multiplier. It is also known as a carry save array multiplier and it does not require logic registers. [3] [4]





Figure 1 shows the working principle of a Braun Array multiplier.
[image: Braun array multiplier | Download Scientific Diagram]
Figure 1. [5]
Table 2 outlines the advantages and disadvantages of the Brawn Array Multiplier.

	Advantages
	Disadvantages

	· Small sized.
· Regular Structure - simple layout meaning low design time.
· Ideal for pipeline architecture.
· Relatively quick multiplying speed for unsigned numbers under 16 bits.

	· The arrays increase as the operand increases.
· Restricted to multiplying only unsigned numbers.
· Hardware is underutilized.


Table 2. [3] [4]
[bookmark: _Toc70784117]1.2 Wallace Tree Multiplier

The Wallace Tree multiplier is an extremely fast multiplier of two numbers. It has reduced delay as it can perform the addition operations in parallel. Wallace used a tree of carry save adders which is an innovative method of parallel multiplication of the partial product bits, giving it the name “Wallace Tree”. This method is an efficient multiplier algorithm which multiplies two integers. The three steps to the Wallace multiplier are: -
1. Formation of partial products.
2. Carry-save adder is used to reduce the partial product matrix to a two-row matrix.
3. The outstanding two rows are added using a fast carry-propagate to output the figure. [3] [4]


Figure 2 outlines the working principle of a Wallace Tree multiplier.
[image: PDF) A study on Wallace tree multiplier]
Figure 2. [6]
Table 3 outlines the advantages and disadvantages of the Wallace Tree Multiplier.
	Advantages
	Disadvantages

	· Logic levels to produce sum can be reduced.
· Delay is reduced by using additional operation parallel – very quick multiplying speed.

	· Irregular wires.
· Complex layout.



Table 3. [3] [4]

[bookmark: _Toc70784118]1.3 Booth Multiplier
The booth multiplier can sum signed numbers. It is the most common method to create partial products. This multiplier uses 2-bit recoding. The algorithm scans three bits which reduces the partial products by roughly half. This allows for the multiplier to be divided into groups of 2-bits, and the algorithm is then used on this group of bits. Compression speed can be improved as the reduced number of partial products can be compressed in a carry-save adder tree. The booth multiplier has two steps: -
1. Booth encoding: generates one out of five values from the adjacent three bits.
2. Booth selector: output signals are utilized to generate a partial product. [3] [4]


Figure 3 shows the working principle of a Booth Multiplier.
[image: Low-Cost and High-Performance 8 × 8 Booth Multiplier | SpringerLink]
Figure 3. [7]


Table 4 outlines the advantages and disadvantages of the Wallace Tree Multiplier.
	Advantages
	Disadvantages

	· Partial products generated are reduced, meaning it is widely used in multiplying long operands.
· Signed numbers can be used.
	· Complex circuit to generate a partial product. 



Table 4. [3] [4]


[bookmark: _Toc70784119]1.4 Comparison of the Multiplier Types
Table 5 outlines a comparison of each of the multipliers described previously in this chapter.

	
	Braun
	Wallace
	Booth

	Multiply Speed
	Low/moderate
	Fast
	Moderate

	Required space
	Small
	Large
	Moderate

	System Complexity 
	Low
	Moderate
	High

	Regularity
	Regular
	Highly Irregular
	Irregular


Table 5. [3]


[bookmark: _Toc70784120]1.5 Multiplier Conclusion

Following the information which has been collected, there are pros and cons to each multiplier. The question of which multiplier is better is dependent on what the requirements are for each circuit. The Braun multiplier is relatively quick at a low power output but is limited to unsigned numbers under 16 bits. Secondly, the Wallis Tree is extremely quick, but lacks in terms of an irregularity, making it large in stature. Thirdly, the Booth method is ideal for multiplying long operands and has high multiplying speed, but it limited by its high complexity.



















[bookmark: _Toc70784121]Chapter 2 – 12x4 Multiplier
This chapter will outline the design, simulation, and synthesisation of a 12x4 multiplier. The process is broken down into separate sections which create the final product.
1. Half adder.
2. Full adder
3. Line0
4. Linex 
5. 12x3 full.

Figure 4 outlines the architecture mapping of a 12x4 Braun Array multiplier.
[image: ]
Figure 4.
[bookmark: _Toc70784122]2.1 Synthesise Test
Once the algorithms for each stage have been designed and written, it is required to be tested. This is done by using the synthesising tool (XST) on the Xilinx program. The purpose of the synthesise tool is to check if the program is written correctly and to state any errors/warnings present in the algorithm. Figure 5 outlines the successful indication that the system has been synthesised.
[image: ]
Figure 5.

[bookmark: _Toc70784123]2.2 Test Bench
Even when the program has been successfully synthesised, there could still be mistakes present within the design. Further testing is required to guarantee that the system operates correctly at each section of the design and to identify any missed mistakes. The Xilinx program provides a tool which can simulate the algorithm when a set input is stated. The Xilinx function is called a VHDL Test Bench which can be created by adding a new source. The test benches will be able to analyse the circuit creating a set of inputs which are designed generate specific outputs to measure the success. 

When simulating the behavioural model, the output and all inputs can be placed inside a ‘virtual bus’. A virtual bus allows the simulation to condense to allow make it easier to analyse. When looking inside a virtual bus the inputs/outputs must be in a descending order. The radix can also be changed to ‘unsigned decimal’ which converts the figures from binary into digits which makes it easier to read.

[bookmark: _Toc70784124]2.3 Half and Full Adders
The full and half adders are a part of a fundamental aspect of the 12x4 Braun multiplier. Both components are used multiple times throughout the whole multiplication process.
[bookmark: _Toc70784125]2.3.1 Half Adder Design
The half adder consists of two inputs, A and B which both enter an XOR and an AND gate. Two outputs are produced, Sum and Carry (out). The Carry (out) signal can later be used at a different stage in the process. The half adder is used when there are no Carry (in) inputs present to reduce hardware requirements.

Figure 6 outlines the half adder schematic diagram and truth table.
[image: ]
Figure 6.
[bookmark: _Toc70784126]2.3.2 Half Adder VHDL
Lines 33 – 38 in Figure 3 set the entity of the program. This is where names and inputs/ outputs of the algorithm are set. It is also used to set the logic. Standard logic is used in all instances.
Lines 40 – 47 in Figure 7 is used determine the architecture of the program by using the entity above as reference to set what is required from the VHDL. In this instance, the logic gates are defined.
[image: ]
Figure 7.
[bookmark: _Toc70784127]2.3.3 Half Adder Test Bench
After the program has been written and successfully synthesised, a test bench must now be created to simulate the VHDL logic to test its operation. Lines 53 – 54 in Figure 8 set the inputs to ‘0’. This states that both A and B inputs will begin with a ‘0’. Lines 73 – 88 in Figure 8 are designed to command inputs A and B to determine if the half adder program is successful. Stim_proc states that input A pulses every 10ns whereas stim_proc1 states that input B pulses every 20ns. This means that when input B pulses once, input A pulses twice. The results of the test bench will be measured against the truth table in Figure 6.
[image: ]
Figure 8.

[bookmark: _Toc70784128]2.3.4 Half Adder Test Bench Results
Figure 9 shows the results when input A is 0 and input B is 0.
[image: ]
Figure 9.
Table 6 shows the results at the highlighted position set in Figure 9. 
	Input
	Output

	A
	B
	Sum
	Carry (Out)

	0
	0
	0
	0

	0
	1
	1
	0

	1
	0
	1
	0

	1
	1
	0
	1


Table 6.

Figure 10 shows the results when input A is 1 and input B is 0.
[image: ]
Figure 10.
Table 7 shows the results at the highlighted position set in Figure 10. 
	Input
	Output

	A
	B
	Sum
	Carry (Out)

	0
	0
	0
	0

	0
	1
	1
	0

	1
	0
	1
	0

	1
	1
	0
	1


Table 7.

Figure 11 shows the results when input A is 0 and input B is 1.
[image: ]
Figure 11.

Table 8 shows the results at the highlighted position set in Figure 11. 
	Input
	Output

	A
	B
	Sum
	Carry (Out)

	0
	0
	0
	0

	0
	1
	1
	0

	1
	0
	1
	0

	1
	1
	0
	1


Table 8.

Figure 12 shows the results when input A is 1 and input B is 1.
[image: ]
Figure 12.
Table 9 shows the results at the highlighted position set in Figure 12. 
	Input
	Output

	A
	B
	Sum
	Carry (Out)

	0
	0
	0
	0

	0
	1
	1
	0

	1
	0
	1
	0

	1
	1
	0
	1


Table 9.
[bookmark: _Toc70784129]2.3.5 Half Adder Conclusion
The half adder results obtained indicate that the system is operating correctly. The results have been backed up by comparing them to the truth table shown in Figure 2.



[bookmark: _Toc70784130]2.3.6 Full Adder Design
The full adder is different to the half adder because there is an additional Carry (in) input present. The extra input is required to be stated in the VHDL architecture section and results in an additional three logic gates present in the schematic diagram: AND, OR, and XOR shown in Figure 13. Table 10 outlines the truth table for the half adder which will be used to measure the success of the test bench.

[image: ]
Figure 13.

[image: Full Adder - Javatpoint]
Table 10.
[bookmark: _Toc70784131]2.3.7 Full Adder VHDL
Lines 33 – 39 in Figure 14 set the entity of the program. This is where names and inputs/ outputs of the algorithm are set. It is also used to set the logic. Standard logic is used in all instances.
Lines 41 – 55 in Figure 14 is used determine the architecture of the program by using the entity above as reference to set what is required from the VHDL. In this instance, the signals are assigned standard logic and the logic gates are defined.



[image: ]
Figure 14.

[bookmark: _Toc70784132]2.3.8 Full Adder Test Bench
After the program has been written and successfully synthesised, a test bench must now be created to simulate the VHDL logic to test its operation. Lines 55 – 57 in Figure 15 set the inputs to ‘0’. This states that inputs A, B and Carry (in) will begin with a ‘0’. Lines 74 – 96 in Figure 16 are designed to command inputs A, B and Carry (in) to determine that the half adder program is successful. Stim_proc states that input A pulses every 10ns, stim_proc1 states that input B pulses every 20ns and stim_proc2 states that input C pulses every 40ns. This means that when input C pulses once, input B pulses twice and input A pulses three times. 




[image: ]
Figure 15.

[image: ]
Figure 16.
[bookmark: _Toc70784133]2.3.9 Full Adder Test Bench Results
Figure 17 shows the results when: input A is 0, input B is 0 and input C is 0.
[image: ]
Figure 17.
Table 11 shows the results at the highlighted position set in Figure 17. 
	Inputs
	Output

	A
	B
	Carry In
	Sum
	Carry Out

	0
	0
	0
	0
	0

	0
	0
	1
	1
	0

	0
	1
	0
	1
	0

	0
	1
	1
	0
	1

	1
	0
	0
	1
	0

	1
	0
	1
	0
	1

	1
	1
	0
	0
	1

	1
	1
	1
	1
	1


Table 11.

Figure 18 shows the results when: input A is 1, input B is 0 and input C is 0.
[image: ]
Figure 18.





Table 12 shows the results at the highlighted position set in Figure 18. 
	Inputs
	Output

	A
	B
	Carry In
	Sum
	Carry Out

	0
	0
	0
	0
	0

	0
	0
	1
	1
	0

	0
	1
	0
	1
	0

	0
	1
	1
	0
	1

	1
	0
	0
	1
	0

	1
	0
	1
	0
	1

	1
	1
	0
	0
	1

	1
	1
	1
	1
	1


Table 12.

Figure 19 shows the results when: input A is 0, input B is 1 and input C is 0.
[image: ]
Figure 19.
Table 13 shows the results at the highlighted position set in Figure 19. 
	Inputs
	Output

	A
	B
	Carry In
	Sum
	Carry Out

	0
	0
	0
	0
	0

	0
	0
	1
	1
	0

	0
	1
	0
	1
	0

	0
	1
	1
	0
	1

	1
	0
	0
	1
	0

	1
	0
	1
	0
	1

	1
	1
	0
	0
	1

	1
	1
	1
	1
	1


Table 13.





Figure 20 shows the results when: input A is 1, input B is 1 and input C is 0.
[image: ]
Figure 20.
Table 14 shows the results at the highlighted position set in Figure 20. 
	Inputs
	Output

	A
	B
	Carry In
	Sum
	Carry Out

	0
	0
	0
	0
	0

	0
	0
	1
	1
	0

	0
	1
	0
	1
	0

	0
	1
	1
	0
	1

	1
	0
	0
	1
	0

	1
	0
	1
	0
	1

	1
	1
	0
	0
	1

	1
	1
	1
	1
	1


Table 14.
Figure 21 shows the results when: input A is 1, input B is 1 and input C is 1.
[image: ]
Figure 21.
Table 15 shows the results at the highlighted position set in Figure 21. 
	Inputs
	Output

	A
	B
	Carry In
	Sum
	Carry Out

	0
	0
	0
	0
	0

	0
	0
	1
	1
	0

	0
	1
	0
	1
	0

	0
	1
	1
	0
	1

	1
	0
	0
	1
	0

	1
	0
	1
	0
	1

	1
	1
	0
	0
	1

	1
	1
	1
	1
	1


Table 15.
[bookmark: _Toc70784134]2.3.10 Full Adder Conclusion
The full adder results obtained indicate that the system is operating correctly. The results have been backed up by comparing them to the truth table shown in Table 9. 

[bookmark: _Toc70784135]2.4 Line 0 VHDL
Line 0 is the first line of the multiplier. Lines 32-58 in Figure 22 outlines the entity section, A1-A12 and B1 are defined as inputs and Q0-Q11 are defined as outputs. All the entities are standard logic.
[image: ]
Figure 22.






Lines 60-77 in Figure 23 define the 12 logic AND gates of the process.
[image: ]
Figure 23.
[bookmark: _Toc70784136]2.4.1 Line0 Test Bench
Once Line0 has been synthesised, a test bench is required for the same reasons outlined above in the half and full adder sections. Lines 38-70 in Figure 24 outline the architecture of Line 0.
[image: ]
Figure 24.
Lines 73 – 86 in Figure 25 state that all the signals begin at ‘0’. Lines 73-100 in Figure 25 state that all the input and output signals are standard logic.
[image: ]
Figure 25.












The stim_proc feature is used to set the inputs from ‘0’ to ‘1’ at a specified time. Lines 135-166 in Figure 26 outline the stim_proc commands of A1-A4. In this instance the timings of A1 start at 1ns, and the timings of each input/stim_proc double. B1 is the last input of the stim_proc and has a timing of 4096ns. 
[image: ]
Figure 26.
[bookmark: _Toc70784137]2.4.2 Line0 Test Bench Results
The objectives of line Line0:
1. For the output Q to be 0 if B1 is ‘0’ regardless of the input value.
2. For the output Q to equal the input if B1 is ‘1’.

Figure 27-30 outlines the test bench at the transition from 4095 back to 0 – this is where B1 transitions from 0 – 1. Figures 27-28 show the outputs from inputs 4091-4095 are 0 as B1 is set to ‘0’. Whereas Figures 29-30 outline the inputs at 1-5 which equal the outputs, as B1 is set to ‘1’.


[image: ]
Figure 27.
[image: ]
Figure 28.

[image: ]
Figure 29.
[image: ]
Figure 30.
[bookmark: _Toc70784138]2.4.3 Line0 Conclusion
The results obtained in Figures 27-30 state that Line0 is operating correctly, and both objectives have been successfully met. The test bench outlines that when B1 is ‘0’, all outputs are 0 and when B1 is ‘1’, all outputs equal the inputs.







[bookmark: _Toc70784139]2.5 LineX VHDL
LineX is used on all lines after the first line of the multiplier. As there are four lines present in the 12x4 multiplier, three LineX’s are required. All LineX’s operate in the same fashion and can be duplicated. LineX cannot operate without the use of the half and full adders, therefore they have been previously created. 

Both the half and full adders are required to be inserted by opening each of them in LineX and copying the component section into the architecture section between lines 74-93 in Figure 31.
[image: ]
Figure 31.

Both the half and full adders are required to be inserted by right clicking ‘add source’ and selecting the vhd file. Figure 32 outlines what the product of adding each source looks like.
[image: ]
Figure 32.
Internal signals must be created which are the product of the previous line. There are 12 internal signals required labelled s0-s11 from line 95-106 in Figure 33. A total of 11 internal carries are required which are labelled c1-c11 from lines 108-118 in Figure 33. An internal carry can only be produced on the full adders, not the half adder. There are 11 full adders, and 1 half adders present at this stage.
[image: ]
Figure 33.

Lines 121-134 in Figure 34 outlines the And gate sequence of each internal signal.
[image: ]
Figure 34.

The next stage is to port map. Port mapping is required to state the input signals of the half adder and 11 full adders. Lines 136-184 in Figure 35 outline the port mapping of LineX.
[image: ]
Figure 35.


[bookmark: _Toc70784140]2.5.1 LineX Test Bench
Once LineX has been synthesised, a test bench is required for the same reasons outlined above in the half and full adder sections. 

Lines 86-111 in Figure 36 of the LineX test bench outlines how every input is set to a ‘0’ as the starting state and that they are standard logic. 
[image: ]
Figure 36.










The stim_proc feature is used to set the inputs from ‘0’ to ‘1’ at a specified time. Lines 175-221 in Figure 37 outline the stim_proc commands of A1-A6. In this instance the timings of A1 start at 1ns, and the timings of each input/stim_proc double. B is the last input of the stim_proc and has a timing of 8388606ns.
[image: ]
Figure 37.




Lines 223-269 in Figure 38 outline the stim_proc commands of A7-A12
[image: ]
Figure 38.







Lines 271-325 in Figure 39 outline the stim_proc commands of P1-P7.
[image: ]
Figure 39.




Lines 328-375 in Figure 40 outline the stim_proc commands of P8-P12-B.
[image: ]
Figure 40.






[bookmark: _Toc70784141]2.5.2 LineX Test Bench Results
The objectives of line LineX:
1. For the output Q to equal input P the if B is ‘0’, regardless of input A.
2. For the output Q to be the sum of the input A and input P the input if B is ‘1’.

Figure 41 states the output Q when B is ‘0’, which is the same value as input P. 
[image: ]
Figure 41.

Figure 42 states that the output Q is the sum of input A and input P.
[image: ]
Figure 42.
[bookmark: _Toc70784142]2.5.3 LineX Conclusion
The test bench results obtained, LineX operates correctly and both objectives have been successfully met. The test bench outlines that when B is ‘0’, output Q equals input P. additionally when B is ‘1’, output Q is the sum of input A and input P.  







[bookmark: _Toc70784143]2.6 Multiplier 12x4 Full Version
The final stage of the multiplier is combining all the stages into one document. The half adder, full adder, Line0 and LineX are all required to be operating successfully by this point for the multiplier to be correct. 

In the 12x4 multiplier there are 12 input A’s, 4 input Bs and 16 output Q’s in total. The first step is to open both Line0 and LineX vhd files into the architecture section.  This is shown in Figures 43-44 from line 67-140.

[image: ]
Figure 43.

[image: ]
Figure 44.












Three sets of internal signals are also required which are shown between line 142-178 in Figure 45. A total of 11 signals are required for the first set of signals (p1_1-p1_11), this is due to an output being dropped straight from the first line instead. 
[image: ]
Figure 45.

Lines 185-205 in Figures 46-47 outline the port mapping required for the 4 lines of the multiplier.

[image: ]
Figure 46.
[image: ]
Figure 47.

[bookmark: _Toc70784144]2.6.1 Multiplier 12x4 Test Bench

After multi12x4 full version has been successfully synthesised, a test bench is required for the same reasons outlined above in the half and full adder sections.
Lines 80-96 in Figure 48 of the multi12x4 full version test bench outlines how every input is set to a ‘0’ as the starting state. Lines 80-114 in Figure 48 state that all the input and output signals are standard logic.
[image: ]
Figure 48.
Lines 156-226 in Figure 49 outline the stim_proc process for the multi12x4 full version. The same timing methods have been applied as before, A1 begins at 10ns and every input time is doubled.
[image: ]
Figure 49.
Lines 228-284 in Figure 50 outline the continued stim_proc process for the multi12x4 full version.
[image: ]
Figure 50.





[bookmark: _Toc70784145]2.5.2 Multiplier 12x4 Test Bench
The objective of the 12x4 multiplier:
1. For the output Q to be the multiplication of input A and input B.

To make sure that the multiplier is operating correctly, various screenshots have been taken (Figures 46-51) at different stages of the test bench. 

Figure 51 outlines the multiplier when input B is 0.
[image: ]
Figure 51.

Figure 52 outlines the multiplier when input B is 1.
[image: ]
Figure 52.

Figure 53 outlines the multiplier when input B is 2.
[image: ]
Figure 53.


Figure 54 outlines the multiplier when input B is 3.
[image: ]
Figure 54.





Figure 55 outlines the multiplier when input B is 5.
[image: ]
Figure 55.

Figure 56 outlines the multiplier when input B is 10.
[image: ]
Figure 56.

Figure 57 outlines the maximum calculation in the 12x4 multiplier.
[image: ]
Figure 57.

[bookmark: _Toc70784146]2.7 Multiplier 12x4 Conclusion
The test bench results obtained, the 12x4 Braun multiplier operates correctly. The positive test bench results show that output Q is the sum of input A and input B which is true.

Figure 57 outlines that 12bit x 4bit (4095 x 15 / 111111111111 x 1111) = 61425. This calculation is correct. This section has outlined how a 12x4 Braun multiplier has been successfully designed, synthesised and simulated using the Xilinx design software.






[bookmark: _Toc70784147]Chapter 3 – FSM
This chapter of the report will focus on the designing, simulation, and synthesis of a Finite State Machines (FSM) using two methods. The first method is the discrete gate which uses states tables and Karnaugh mapping to design the FSM. However, the simulation must be done by another method. The second method is the VHDL method which will use the Xilinx software to design, simulate, and synthesise to obtain the solution. 

[bookmark: _Toc70784148]3.1 Discrete Gate Solution FSM Design
The aim is to use the state diagram shown in Figure 58. Figure 58 is also known as a sequential circuit. The aim of this chapter is to obtain the state/next diagram and work back to obtain a schematic diagram using Karnaugh mapping. 

The input (x) and output (Z) of the state diagram has a single variable, either 0 or 1. The output (Z) is set in two places, on a ‘1’ input at A and a ‘1’ input at E.
[image: ]
Figure 58.
[bookmark: _Toc70784149]3.2 State Tables
Using the information given in Figure 58, the current and next stage values can be obtained. Table 16 outlines the current and next state tables.
	
	Current State
	Input
	Next State
	Output 

	
	A
	B
	C
	x
	A
	B
	C
	Z

	State 0
	0
	0
	0
	0
	1
	0
	0
	0

	
	0
	0
	0
	1
	0
	0
	1
	1

	State 1
	0
	0
	1
	0
	0
	1
	1
	0

	
	0
	0
	1
	1
	0
	1
	0
	0

	State 2
	0
	1
	0
	0
	1
	1
	0
	0

	
	0
	1
	0
	1
	0
	1
	1
	0

	State 3
	0
	1
	1
	0
	1
	1
	0
	0

	
	0
	1
	1
	1
	1
	0
	1
	0

	State 4
	1
	0
	0
	0
	1
	0
	1
	0

	
	1
	0
	0
	1
	0
	1
	1
	1

	State 5
	1
	0
	1
	0
	1
	1
	1
	0

	
	1
	0
	1
	1
	0
	1
	0
	0

	State 6
	1
	1
	0
	0
	1
	1
	0
	0

	
	1
	1
	0
	1
	0
	0
	1
	0

	State 7
	1
	1
	1
	0
	1
	1
	0
	0

	
	1
	1
	1
	1
	0
	0
	0
	0


Table 16.
[bookmark: _Toc70784150]3.3 Karnaugh Map Creation
Karnaugh mapping is a tool which reduces the size of the logic gates and the amount of hardware which would be required by looping terms of 1’s, 2’s, 4’s, 8’s, 16’s etc. The aim of Karnaugh mapping is to loop as many terms as possible to reduce the output SOPs. Table 17-20 outlines the Karnaugh mapping for Da, Db, Dc and Dx, using the data collected in the current and next state diagrams using Table 16. The SOP’s will be given underneath each Karnaugh map table. The SOP’s will be used to create a schematic diagram of the whole system using D-type flip flops.
[bookmark: _Toc70784151]3.3.1 Karnaugh Mapping and SOP Results 
	Da
	
	ab
	
	
	

	
	
	_00
	_01
	11
	10

	cx
	_00
	1
	1
	1
	1

	
	_01
	0
	0
	0
	0

	
	11
	0
	1
	0
	0

	
	10
	0
	1
	1
	1


Table 17.
Da = /C./X + /A.B.C + A.C./X

	Db
	
	ab
	
	
	

	
	
	_00
	_01
	11
	10

	cx
	_00
	0
	1
	1
	0

	
	_01
	0
	1
	0
	1

	
	11
	1
	0
	0
	1

	
	10
	1
	1
	1
	1


Table 18.
Db = C./X + /A./B.C + /A.B./C + B./C./X + A./B.X

	Dc
	
	ab
	
	
	

	
	
	_00
	_01
	11
	10

	cx
	_00
	0
	0
	0
	1

	
	_01
	1
	1
	1
	1

	
	11
	0
	1
	0
	0

	
	10
	1
	0
	0
	1


Table 19.
Dc = /C.X + /B.C./X + /A.B.X + A./B./C

	Dz
	
	ab
	
	
	

	
	
	_00
	_01
	11
	10

	cx
	_00
	0
	0
	0
	0

	
	_01
	1
	0
	0
	1

	
	11
	0
	0
	0
	0

	
	10
	0
	0
	0
	0


Table 20.
Dz = /B./C.X

[bookmark: _Toc70784152]3.3.2 Type of Finite State Machine
From the information given in Table 16-20, it can be determined that this Finite State Machine is a Class A (Mealy). The reasons being is that the output (Z) is dependent on the input (X). The output is derived from four signals; next state A, B, C, and input X to obtain output (Z).

[bookmark: _Toc70784153]3.3.3 Schematic Diagram
The number of ‘And’ and ‘Or’ gates are determined by the SOP’s which came from the Karnaugh mapping.
[image: ]
Figure 59.


[bookmark: _Toc70784154]3.4 VHDL FSM Design
The setup of this Xilinx VHDL module is sightly different to the multiplier. A vector is used instead of the standard logic which was previously used. Line 36 in Figure 60 displays how a vector is presented in the entity section. Lines 39-43 in Figure 60 also states how the behavioural inputs are entered into the program.
[image: ]
Figure 60.

Using the state diagram in Figure 53, Line 45-85 in Figure 61 state the current and next state of the signals. The clock process is also identified from lines 77-85 in Figure 61.
[image: ]
Figure 61.
After the program has been written, it should be synthesised to check if it operates correctly. Figure 62 states that the program has synthesised successfully.
[image: ]
Figure 62.
[bookmark: _Toc70784155]3.4.1 VHDL FSM Test Bench
The test bench is to simulate if the program to test if it is operating successfully. The objective of the test bench in this instance is to:
1. Test each state at ‘0’ and ‘1’ to see if they swich to the correct state.
2. Test to see if the outputs flag at the correct point. 

Line 54 in Figure 63 states that input CLK will start at a ‘1’, which helped collect the relevant results. 
[image: ]
Figure 63.
Lines 72-116 in Figure 64 outline the use of the stim_proc tool. The clock pulses every 10ns while the input x pulses every 20ns. To complete the objective, the following route was planned; 0,4,5,2,3,5,7,0,1,3,5,7,0,4,3,6,1,3,5,7,6.

The route is also stated adjacent to each command.
[image: ]
Figure 64.

Figure 65 outlines the route which was taken. 
[image: ]
Figure 65.
[bookmark: _Toc70784156]3.4.12 VHDL FSM Conclusion
The route that was taken in the simulation shown in Figure 65 confirm that the stim_proc commands given in Figure 64 were correct. The simulation also confirms that when x is ‘1’ at 0 (between 0-1) and 4 (between 4-3), output Z is ‘1’. Furthermore, all states were tested both at ‘0’ and ‘1’ which proves that the program can successfully perform all the required commands.

[bookmark: _Toc70784157]3.5 Chapter 3 Conclusion
Now that the discrete method and VHDL method have been completed, the same output can be achieved however, it can be stated that the VHDL method is a much quicker and arguably easier method to design, synthesise and simulate the FSM described in the state diagram shown in Figure 58.
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[bookmark: _Toc70784159]Appendix – VHDL Code
[bookmark: _Toc70784160]Half Adder
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

entity halfadder is
    Port ( A : in  STD_LOGIC;			-- A is set as an input
           B : in  STD_LOGIC;			-- B is set as an input
           Sum : out  STD_LOGIC;		-- Sum is set as an output
           Carry : out  STD_LOGIC);	-- Carry is set as an output
end halfadder;

architecture Behavioral of halfadder is

begin

	Sum <= A xor B;  -- Sum is assigned A and B an xor gate
	Carry <= A and B;-- Caryy is assigned A and B an And gate

end Behavioral;
[bookmark: _Toc70784161]Full Adder
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

entity fulladder is
    Port ( A : in  STD_LOGIC;			-- A is set as an input
           B : in  STD_LOGIC;			-- B is set as an input
           C : in  STD_LOGIC;			-- Carry (in) is set as an input
           Sum : out  STD_LOGIC;		-- Sum is set as an output
           Carry : out  STD_LOGIC);	-- Carry (out) is set as an onput
end fulladder;

architecture Behavioral of fulladder is

	signal AxB  : STD_LOGIC; -- logic set to signals
	signal AxBnC: STD_LOGIC; -- logic set to signals
	signal AnB	: STD_LOGIC; -- logic set to signals
	
begin
	AxB 	<= A xor B;
	AxBnC <= AxB and C;
	AnB 	<= A and B;

	Sum 	<= AxB xor C;
	Carry <= AxBnC or AnB;

end Behavioral;

[bookmark: _Toc70784162]Line0
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

entity line0 is
    Port ( A1 : in  STD_LOGIC;
           A2 : in  STD_LOGIC;
           A3 : in  STD_LOGIC;
           A4 : in  STD_LOGIC;
           A5 : in  STD_LOGIC;
           A6 : in  STD_LOGIC;
           A7 : in  STD_LOGIC;
           A8 : in  STD_LOGIC;
           A9 : in  STD_LOGIC;
           A10 : in  STD_LOGIC;
           A11 : in  STD_LOGIC;
           A12 : in  STD_LOGIC;
           B1 : in  STD_LOGIC;
           Q0 : out  STD_LOGIC;
           Q1 : out  STD_LOGIC;
           Q2 : out  STD_LOGIC;
           Q3 : out  STD_LOGIC;
           Q4 : out  STD_LOGIC;
           Q5 : out  STD_LOGIC;
           Q6 : out  STD_LOGIC;
           Q7 : out  STD_LOGIC;
           Q8 : out  STD_LOGIC;
           Q9 : out  STD_LOGIC;
           Q10 : out  STD_LOGIC;
           Q11 : out  STD_LOGIC);
end line0;

architecture Behavioral of line0 is

begin

	Q0 <= A1 and B1;
	Q1 <= A2 and B1;
	Q2 <= A3 and B1;
	Q3 <= A4 and B1;
	Q4 <= A5 and B1;
	Q5 <= A6 and B1;
	Q6 <= A7 and B1;
	Q7 <= A8 and B1;
	Q8 <= A9 and B1;
	Q9 <= A10 and B1;
	Q10 <= A11 and B1;
	Q11 <= A12 and B1;

end Behavioral;

[bookmark: _Toc70784163]LineX
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

entity multi3x3_line_X is
    Port ( A1 : in  STD_LOGIC;
           A2 : in  STD_LOGIC;
           A3 : in  STD_LOGIC;
           B : in  STD_LOGIC;
           P1 : in  STD_LOGIC;
           P2 : in  STD_LOGIC;
			  P3 : in  STD_LOGIC;
           Q1 : out  STD_LOGIC;
           Q2 : out  STD_LOGIC;
           Q3 : out  STD_LOGIC;
           Q4 : out  STD_LOGIC);
end multi3x3_line_X;

architecture Behavioral of multi3x3_line_X is

    COMPONENT halfadder
    PORT(
         A : IN  std_logic;
         B : IN  std_logic;
         Sum : OUT  std_logic;
         Carry : OUT  std_logic
        );
    END COMPONENT;

    COMPONENT fulladder
    PORT(
         A : IN  std_logic;
         B : IN  std_logic;
         C : IN  std_logic;
         Sum : OUT  std_logic;
         Carry : OUT  std_logic
        );
    END COMPONENT;
	 
	 
	signal s0 : STD_LOGIC;
	signal s1 : STD_LOGIC;
	signal s2 : STD_LOGIC;	
	
	signal c1 : STD_LOGIC;
	signal c2 : STD_LOGIC;	
	
begin
	-- and gate sequence.
	s0 <= A1 and B;
	s1 <= A2 and B;
	s2 <= A3 and B;
	
	HA1: halfadder
	Port Map
	(s0 ,  P1 , Q1 , c1 );

	FA1 : fulladder
	Port Map
	(s1 , P2 , c1 , Q2 , c2);
	
	FA2 : fulladder
	Port Map
	( s2, P3 , c2 , Q3 , Q4 );
	 
	

end Behavioral;

[bookmark: _Toc70784164]12x4 Full
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

entity multi12x4_full is
    Port ( A1 : in  STD_LOGIC;
           A2 : in  STD_LOGIC;
           A3 : in  STD_LOGIC;
           A4 : in  STD_LOGIC;
           A5 : in  STD_LOGIC;
           A6 : in  STD_LOGIC;
           A7 : in  STD_LOGIC;
           A8 : in  STD_LOGIC;
           A9 : in  STD_LOGIC;
           A10 : in  STD_LOGIC;
           A11 : in  STD_LOGIC;
           A12 : in  STD_LOGIC;
           B1 : in  STD_LOGIC;
           B2 : in  STD_LOGIC;
           B3 : in  STD_LOGIC;
           B4 : in  STD_LOGIC;
           Q0 : out  STD_LOGIC;			  
           Q1 : out  STD_LOGIC;
           Q2 : out  STD_LOGIC;
           Q3 : out  STD_LOGIC;
           Q4 : out  STD_LOGIC;
           Q5 : out  STD_LOGIC;
           Q6 : out  STD_LOGIC;
           Q7 : out  STD_LOGIC;
           Q8 : out  STD_LOGIC;
           Q9 : out  STD_LOGIC;
           Q10 : out  STD_LOGIC;
           Q11 : out  STD_LOGIC;
           Q12 : out  STD_LOGIC;
           Q13 : out  STD_LOGIC;
           Q14 : out  STD_LOGIC;
           Q15 : out  STD_LOGIC);
end multi12x4_full;

architecture Behavioral of multi12x4_full is

    COMPONENT line0
    PORT(
         A1 : IN  std_logic;
         A2 : IN  std_logic;
         A3 : IN  std_logic;
         A4 : IN  std_logic;
         A5 : IN  std_logic;
         A6 : IN  std_logic;
         A7 : IN  std_logic;
         A8 : IN  std_logic;
         A9 : IN  std_logic;
         A10 : IN  std_logic;
         A11 : IN  std_logic;
         A12 : IN  std_logic;
         B1 : IN  std_logic;
         Q0 : OUT  std_logic;
         Q1 : OUT  std_logic;
         Q2 : OUT  std_logic;
         Q3 : OUT  std_logic;
         Q4 : OUT  std_logic;
         Q5 : OUT  std_logic;
         Q6 : OUT  std_logic;
         Q7 : OUT  std_logic;
         Q8 : OUT  std_logic;
         Q9 : OUT  std_logic;
         Q10 : OUT  std_logic;
         Q11 : OUT  std_logic
        );
    END COMPONENT;
	 
	 COMPONENT multi12x4_linex
    PORT(
         A1 : IN  std_logic;
         A2 : IN  std_logic;
         A3 : IN  std_logic;
         A4 : IN  std_logic;
         A5 : IN  std_logic;
         A6 : IN  std_logic;
         A7 : IN  std_logic;
         A8 : IN  std_logic;
         A9 : IN  std_logic;
         A10 : IN  std_logic;
         A11 : IN  std_logic;
         A12 : IN  std_logic;
         B : IN  std_logic;
         P1 : IN  std_logic;
         P2 : IN  std_logic;
         P3 : IN  std_logic;
         P4 : IN  std_logic;
         P5 : IN  std_logic;
         P6 : IN  std_logic;
         P7 : IN  std_logic;
         P8 : IN  std_logic;
         P9 : IN  std_logic;
         P10 : IN  std_logic;
         P11 : IN  std_logic;
			P12 : IN  std_logic;
         Q1 : OUT  std_logic;
         Q2 : OUT  std_logic;
         Q3 : OUT  std_logic;
         Q4 : OUT  std_logic;
         Q5 : OUT  std_logic;
         Q6 : OUT  std_logic;
         Q7 : OUT  std_logic;
         Q8 : OUT  std_logic;
         Q9 : OUT  std_logic;
         Q10 : OUT  std_logic;
         Q11 : OUT  std_logic;
         Q12 : OUT  std_logic;
         Q13 : OUT  std_logic
         );
    END COMPONENT;
	 
	 signal p1_1 : STD_LOGIC;
	 signal p1_2 : STD_LOGIC;
	 signal p1_3 : STD_LOGIC;
	 signal p1_4 : STD_LOGIC;
	 signal p1_5 : STD_LOGIC;
	 signal p1_6 : STD_LOGIC;
	 signal p1_7 : STD_LOGIC;
	 signal p1_8 : STD_LOGIC;
	 signal p1_9 : STD_LOGIC;
	 signal p1_10 : STD_LOGIC;
	 signal p1_11 : STD_LOGIC;
		
	 signal p2_1 : STD_LOGIC;
	 signal p2_2 : STD_LOGIC;
	 signal p2_3 : STD_LOGIC;
	 signal p2_4 : STD_LOGIC;
	 signal p2_5 : STD_LOGIC;
	 signal p2_6 : STD_LOGIC;
	 signal p2_7 : STD_LOGIC;
	 signal p2_8 : STD_LOGIC;
	 signal p2_9 : STD_LOGIC;
	 signal p2_10 : STD_LOGIC;
	 signal p2_11 : STD_LOGIC;
	 signal p2_12 : STD_LOGIC;
	 
	 signal p3_1 : STD_LOGIC;
	 signal p3_2 : STD_LOGIC;
	 signal p3_3 : STD_LOGIC;
	 signal p3_4 : STD_LOGIC;
	 signal p3_5 : STD_LOGIC;
	 signal p3_6 : STD_LOGIC;
	 signal p3_7 : STD_LOGIC;
	 signal p3_8 : STD_LOGIC;
	 signal p3_9 : STD_LOGIC;
	 signal p3_10 : STD_LOGIC;
	 signal p3_11 : STD_LOGIC;
	 signal p3_12 : STD_LOGIC;
	 
	 

begin

line1 : line0
	Port Map
		( A1 , A2 , A3 , A4 , A5 , A6 , A7 , A8 , A9 , A10 , A11 , A12 , B1 , Q0 , p1_1 , p1_2 , p1_3 , p1_4 , p1_5 , p1_6 , p1_7 , p1_8 , p1_9 , p1_10 , p1_11 );
		
line2 : multi12x4_linex
	Port Map
		( A1 , A2 , A3 , A4 , A5 , A6 , A7 , A8 , A9 , A10 , A11 , A12 , B2 , p1_1 , p1_2 , p1_3 , p1_4 , p1_5 , p1_6 , p1_7 , p1_8 , p1_9 , p1_10 , p1_11 , '0' , Q1 , p2_1 , p2_2 , p2_3 , p2_4 , p2_5 , p2_6 , p2_7 , p2_8 , p2_9 , p2_10 , p2_11 , p2_12 );
		
line3 : multi12x4_linex
	Port Map
		( A1 , A2 , A3 , A4 , A5 , A6 , A7 , A8 , A9 , A10 , A11 , A12 , B3 , p2_1 , p2_2 , p2_3 , p2_4 , p2_5 , p2_6 , p2_7 , p2_8 , p2_9 , p2_10 , p2_11 , p2_12 , Q2 , p3_1 , p3_2 , p3_3 , p3_4 , p3_5 , p3_6 , p3_7 , p3_8 , p3_9 , p3_10 , p3_11 , p3_12 );
				

line4 : multi12x4_linex
	Port Map
		( A1 , A2 , A3 , A4 , A5 , A6 , A7 , A8 , A9 , A10 , A11 , A12 , B4 , p3_1 , p3_2 , p3_3 , p3_4 , p3_5 , p3_6 , p3_7 , p3_8 , p3_9 , p3_10 , p3_11 , p3_12 , Q3 , Q4 , Q5 , Q6 , Q7 , Q8 , Q9 , Q10 , Q11 , Q12 , Q13 , Q14 , Q15 );


end Behavioral;
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entity halfadder is
Port (A : in STD_LOGIC;
B :in STD_LOGX
Sum : out STD_LOGIC;
Carry : ouc STD_LOGIC);
end halfadde

A is set as an input
B is set as an input

Sum is set as an output
Carry is set as an output

architecture Behavioral of halfadder is

begin

Sum <= A xor B; -- Sum is assigned A and B an xor gate
Carry <= A and B;-- Caryy is assigned A and B an And gate

end Behavioral;
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——Inputs
signal A : std_logic
signal B : std_logic

—-outputs
signal Sum : std_logi
signal Carzy : std_logic:

-- No clocks detected in port list. Replace <clock> below with

- appropriate port name

szeIN

-~ Instantiate the Unit Under Test (UUT)

uut: halfadder EORT MAP (

- stimulus process
stim proco: process
begin
—- nold reset state for
wait for 10 n:
A <= not A;

end process.

stim procl: process
begin
—- nold reset state for
wait for 20 n:
B <= not B;

end process:

100 ns.

100 ns.

pulse & every lons

pulse B every 20ms




image10.png
Name

1 a

1 sum
1 cany

Value





image11.png




image12.png
Name

1 a

1 sum
1 cany

Value





image13.png
& a
'y

um

o— ]

1 |

1 cary

Lene oS W
.
.





image14.png
A
B >— > SUM

CARRY (IN) >

AND

OR

CARRY (OUT)

AND

/ l |





image15.png
Outputs

Sum

Carry

Inputs

Cin





image16.png
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

entity fulladder is
in  STD_LOGT
in  STD_LOGT
in  STD_LOGIC:
Sum : out STD_LOGIC:
Carry : out SID_LOGIC):
end fulladder;

architecture Behavioral of fulladder

signal AxB : STD_LOGIC: logic

signal AxBnC: STD_LOGIC, logic

signal AnB : STD_LOGIC: logic
begin

AxB <= A xor B;

AxBnC <= AxB and
AnB <= A and B;

Sum <= AxB xor C;
Carry <= AxBnC or AnB;

end Behaviora:

-- A is set as an input

B is set as an input

Carry (in) is set as an input
Sum is set as an output

Carry (out) is set as an onput

is

set to signals

set to signals
set to signals
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ARCHITECTURE behavior OF fulladder_TB IS
-- Component Declaration for the Unit Under Test

COMPONENT fulladder
PORT (
A : IN std_logic:
B : IN std_logic:
C: IN std_logic:
Sum : OUT std_logic:
Carry : OUT std_logic
)i
END COMPONENT;

--Inputs

signal A : std_logic ror
signal B : std_logic ror
signal C : std_logic := '0';

--Outputs
signal Sum : std_logic:
signal Carry : std_logi

(UUT)
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BEGIN

-- Instantiate the Unit Under Test

uut: fulladder BORT MAP (
A=>3,
B =38,
c=c,
Sum => Sum,
Carry => Carry

-- Stimulus process
stim proc: process
begin
-- hold reset s
wait for 10 ns;
A <= not &;
end process;

for 10 ns.

stim procl: process
begin
-- hold reset s
wait for 20 ns;
B <= not B;
end process;

stim proc2: process
begin
-- hold reset s
wait for 40 ns;
€ <= not C:
end process;

END;

(UUT)
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32 entity line0 is

33 Port (Al : in STD_LOGI;
34 A2 : in STD_LOGI
35 A3 : in STD_LOGI
36 A4 : in STD_LOGI
37 AS : in STD_LOGI
38 A6 : in STD_LOGI
39 A7 : in STD_LOGIC;
40 A8 : in STD_LOGI
41 A9 : in STD_LOGI
42 Al0 : in STD_LOGI:
43 All : in STD_LOGIC:
44 Al2 : in STD_LOGIC:
45 Bl : in STD_LOGI
46 Q0 : out STD_LOGIC:
47 QL : out STD_LOGIC:
48 Q2 : out STD_LOGIC:
49 Q3 : out STD_LOGIC:
50 Q4 : out STD_LOGIC:
51 Q5 : out STD_LOGIC:
52 Q6 : out STD_LOGIC:
53 Q7 : out STD_LOGIC:
54 Q8 : out STD_LOGIC:
55 Q9 : out STD_LOGIC:
56 QL0 : out STD_LOGIC:

57 Q11
58 end line0;

out STD_LOGIC):
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-- Stimulus process

stim proc: process

begin
-- hold reset state for 100
wait for 1 n:
Al<= not Al;

end process;

stim proc2: process
begin
-- hold reset state for 100
wait for 2 ns:
A2¢= not A2;

end process;

stim proc3: process
begin

100

wait for 4 n
A3<= not A3;

end process;

stim procd: process
begin
-- hold reset s
wait for 8 n
R4<= not Ad4;

100

end proces:.
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architecture Behavioral of multil2x4_linex

COMPONENT halfadder
PORT (

IN std_logi

IN std_logi
Sum : OUT std_logic;
Carry : OUT std_logic
)i

END COMPONENT;

a
B

COMPONENT fulladder

PORT (
A : IN std logic;
B : IN std_logi
C: IN std logic;

Sum : OUT std_logic;
Carry : OUT std_logic
)i

END COMPONENT
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-- Stimulus process
stim proc: process
begin
-- hold reset state
wait for 1 ns;
Al <= not AL
end process;

-- Stimulus process
stim proc2: process
begin
- hold reset state
wait for 2 ns;
A2 <= nov A2;
end process;

-- Stimulus process
stim proc3: process
begin
-- hold reset state
wait for 4 n
A3 <= not A3,
end process

-- Stimulus process
stim pro4: process
begin
-- hold reset state
wait for 8 ns;
24 <= not Al
end process;

-- Stimulus process
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- hold reset state
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-- hold reset state
wait for €4 ns;
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-- hold reset state
wait for 128 ns;
28 <= not A%;
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-- Stimulus process
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-- hold reset state
wait for 256 ns;
A5 <= not A%;
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-- Stimulus process
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wait for §12 ns;
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-- Stimulus process
stim procll: process
begin
-- hold reset state
wait for 1024 ns;
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stim proc20: process
begin
-- hold reset state for
wait for 524288 ns;
P8 <= not P8;
end process;

Stimulus process
stim proc2l: process
begin
-- hold reset state for
wait for 104857€ ns;
PS <= not P
end proces:

Stimulus process
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-- hold reset state for
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begin
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69 COMPONENT 1ined
70 PORT (

7 Al : IN std_logic
72 A2 : IN std_logic
73 A3 : IN std_logic
74 A¢ : IN std_logic
75 AS : IN std_logic;
76 A6 : IN std_logic
77 A7 : IN std_logic;
78 A8 : IN std_logic
79 R9 : IN std logic;
80 RA10 : IN std_logi
81 A1l : IN std logic;
82 RA12 : IN std_logi
83 Bl : IN std_logic;
8¢ Q0 : OUT std_logi
85 Q1 : OUT std_logi
86 Q2 : OUT std_logi
87 Q3 : OUT std logic;
88 Q4 : OUT std_logic;
89 QS : OUT std_logic;
%0 Q6 : OUT std_logic;
91 Q7 : OUT std_logic;
92 Q8 : OUT std logic;
93 Q9 : OUT std logic:
94 Q10 : OUT std_logic:
95 Ql1 : OUT std_logic
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entity FSM 1 is
Port ( X : in STD_LOGT
Clk : in STD_LOGIC;
Z : out STD_LOGI
Y : out STD_LOGIC_VECTOR (2 downto 0));

end FSM_1;

[prchitecture Behavioral of FSM 1 is

type state_type is (state A, state_B, state_C, state D, state E, state_F, state G, state H);
signal present_state : state_type := state A;
signal next state : state type := state A;
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47 State: process (present_state,X)

48 begin

s if x='0" Tnen

50 case present_state is

51 When state A => next_state z
52 When state B => next_state z
53 When state C => next_state z
s When state D => next_state z
55 When state E => next_state z
se When state F => next_state z
57 When state G => next_state z
58 When stave H => next_state z
ss When OTHERS => NULL,

0 end case,

&1 clse if x='1' Then

52 case present_state is

3 When state A => next_state z
6 When state B => next_state z
&5 When state C => next_state z
e When state D => next_state z
&1 When state E => next_state z
68 When state F => next_state z
65 When state G => next_state z
70 When state H => next_state < z
7 When OTHERS => NULL,

72 end case;

73 end if;

72 end if;

75 end Process Stave;

76

77 clocked: Process (Clk)

78 begin

73 Lf(Cli='1' and (Clk'last_value='0')) Then

80 present_state

a1 end if;

82 end Process clocked:

&3

ss

85 end Behavioral:
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[RRCHITECTURE behavior OF FSM1_tb IS

-- Component Declaration for the Unit Under Test

COMPONENT
PORT (

signal X :
signal Clk

--Outputs
signal z
signal Y

FSM_1

IN std_logic;
IN std_logic;

OUT std_logic;

OUT std_logic_vector(2 downto 0)

std_logic :
: std_logic

std_logic;
std_logic_vector(2 downto 0);

(UUT)
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begin

wait for 10

Clk <= not Clk:

end proces.

Stimulus process
stim proc: process

-- Stimulus process

stim procl: process

begin

wait for 40
X <= v
wait for 60
X <=0
wait for 20
X <=1
wait for 40
X <=0
wait for 20
X <=1
wait for 20
X <=0
wait for 20
1
wait for 20
X <=0
wait for 20
X <=1

wait for 20
X <= ror;

wait for 60
X <= v
wait for 20
X <= ror;
wait for 20
X <=1
wait for 20
X <=0
wait for 40

end process;

nold reset state for 100 ns.
—- outlines z

nold reset state for 100 ns.
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