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[bookmark: _Toc69510525]Introduction 
            The first part of this report discusses the multiplication of binary numbers and the different ways can be used to design a binary multiplier, in addition to an example design for 12 bits by 4 bits multiplier. While the second part of this report is an example of designing and simulating a finite state machine FSM with VHDL using Xilinx software and using the discrete gate solution method.
           The binary multiplier is a digital device used to multiply two binary numbers using combinational logic circuits which are used in many commercial applications such as computers, mobiles, calculators and general-purpose processors.
            The two numbers intended to multiply are known as multiplicand and the multiplier while the result is called the product as shown on the graph below.
[image: ]
            From the above graph, the partial products are generated digit by digit by using AND gate which lead to a partial product is zero when the multiplier bit is zero and the partial product is equal to the multiplicand when the multiplier bit is one, and consequently the final product is generated by adding all the partial products.
            In the same manner as in the decimal number’s multiplication, each partial product is shifted one step to the left in respect to the one following it then adding all the partial products together. [1]
           The size of the multiplicand and the multiplier varies according to the intended design while the product’s bit size is dependent on the bit size of the multiplicand and the multiplier, which is equal to the sum of bit size of the multiplier and the multiplicand.
          The process of multiplying binary numbers is the same as multiplying decimal numbers, for example the process of multiplying more than one bit binary numbers includes two steps, the first step is called the partial product which is a single bit-wise which can be achieved by using AND gates, while the second step is the addition of the partial products which can be obtained using full adders and half adders.
          The schematic design for any digital multiplier varies according to the bit size of the multiplicand and the multiplier and the design become more complex the more the bit size of the multiplicand and the multiplier gets bigger, and the graph below show a schematic design for 2*2 bits multiplier using single bit adder. [2]
[image: ]

There are different types of multipliers such as:
[bookmark: _Toc69510526]Booth multiplier
               Booth algorithm is an efficient procedure for multiplying binary integers in unsigned two’s representation, the power of Booth algorithm lies in using less number of additions and subtractions and it operates on the concept that the strings of zeros in the multiplier require shifting instead of addition and the string of ones in the multiplier from the bit weight 2^k to weight 2^m can be considered as 2^(k+1) to (2^m).
              In order to examine booth multiplier algorithm, it requires shifting of the partial product and before that, the multiplicand maybe added to the partial product, subtracted from the partial product or left unchanged which all dependant on the following rules:
· In the multiplier when encountering the first least significant 1 in a string of 1’s, then the multiplicand is subtracted from the partial product.
· In the multiplier when encountering the first least significant 0 knowing that there was a previous ‘1’, then the multiplicand is added to the partial product.
· When the multiplier bit is the same as the previous multiplier bit then the partial product does not change.
The hardware implementation of booth’s algorithm
The hardware implementation requires the register configuration shown below
[image: ]
· The registers are named A, B, Q, AC, BR and QR respectively.
· Qn assigned as the least significant bit in register QR in the multiplier.
· For double checking the multiplier, extra flip flop Qn+1 is connected to QR.

The flowchart for booth algorithm is shown below 
[image: ]
       
· Initially AC, Qn+1 is set to zero, and SC is set to a number n which is the number of bits in the multiplier.
· The bits Qn and Qn+1 is checked, if they are equal to 10 then the first 1 in a string is detected which leads to subtract the multiplicand from the partial product in Ac.
· But if the bits are equal to 01 then the first zero in a string of zeros is detected, which leads to adding the multiplicand to the partial product in Ac.
· If the bits are equal then the partial product does not change.
· There will be no multiplication overflow.
· As a result, the two numbers that added have opposite signs.
· Shift right the partial product and the multiplier.
· The counter of the sequence is decremented and the loop is repeated n times. [3]
[bookmark: _Toc69510527]The sequential multiplier 
            The sequential multiplication is one of the oldest methods of multiplying binary numbers and on its base all the resent techniques of multiplication are developed. Below is an example showing the multiplication process of two binary numbers using the sequential multiplier.
[image: ]
The multiplication process on this example is between two operands a and b which can be considered as a total b times. For example, 5*3=5+5+5=15 which means 5 is added 3 time to produce the result 15.
             Alternatively, instead of using that method, the shift and add method can be used which states if the multiplier (b) is zero then the multiplicand (a) is added to zero. An adder of the same length of the operands is used and its output is kept in a register bank which its content is shifted right after each addition, the graph below shows a 4-bit sequential multiplier.
[image: ]
         The multiplication process starts by the start signal by loading the multiplicand (a) and the multiplier (b) into different registers, also the flip flops are controlled by the control signal. When the control signal is high, the DFFs shifts the data right. 
          The latency of the multiplier is tracked by the counter, and the enable signal is generated by the PG block. The sequential multiplier simulation is shown below. [4]
[image: ]

[bookmark: _Toc69510528]The combinational multiplier 
             The combinational multiplier is used to perform multiplication of two unsigned or signed binary numbers represented by X and Y and the 2n-bit product by a combinational function P = X.Y.
             The combinational multiplier uses the technique of partial product where each bit of the multiplier is multiplied against the multiplicand resulting in a product bit which associated to the position of the multiplicand and the position of the multiplier.
            All the resulting products are added together to form the final result and if the multiplier bit is 0 then the partial product is 0 but if the multiplier is 1 then the product is the multiplicand shifted. [5]

[bookmark: _Toc69510529]The array multiplier 
            The array multiplier method is similar to the traditional multiplication process which is based on the add and shift technique in the decimal number system. The multiplication process starts by multiplying the multiplier bit by bit with the multiplicand which results in partial products which will be added using an array of full adders and half adders.
           The figure below illustrates the multiplication process using 4*4 array multiplier by generating the partial products and adding them to generate the result of the multiplication.  
[image: ]
4*4 array multiplier methodology

The figure below illustrates the process of using half adders and full adders to bult the array multiplier. [6]
[image: ]
4*4 array multiplier implementation


 
























[bookmark: _Toc69510530]Task one
           Based upon a simple parallel Braun multiplier, using Xilinx a 4bit*12bit unsigned number multiplier will be designed and simulated.
           The structure of a multiplier on Braun multiplier is consists of two parts which are “line0” and “linex” which will be repeated according to the size of the multiplier which in this case is 12bit therefore “linex” will be repeated 11 times, and the structure of these lines is shown on proteus schematics below.
[image: ]

[bookmark: _Toc69510531]Line zero
[image: ]
As shown on the schematics above, line0 is the out put of the multiplication process of the multiplicand “A1, A2, A3, A4 “by the first bit of the multiplier which is B1.
            The multiplication process is achieved using AND gate between the multiplier B1 and each bit of the multiplicand individually resulting in the output “Q1, Q2, Q3,Q4“ respectively. 
            The implementation of this schematics on Xilinx using VHDL will be as follows:
[bookmark: _Toc69510532]The behavioural implementation
            This is the stage where all the inputs and outputs are defined, and the relationship between them is illustrated, as follows
[bookmark: _Toc69510533]The inputs
[image: ]
[bookmark: _Toc69510534]The outputs
 [image: ]
[bookmark: _Toc69510535]The relationship 
The output Q1 is assigned to be the result of (A1*B1) using the equation Q1 <= A1 AND B1;
The output Q2 is assigned to be the result of (A2*B1) using the equation Q2 <= A2 AND B1;
The output Q3 is assigned to be the result of (A3*B1) using the equation Q3 <= A3 AND B1;
The output Q4 is assigned to be the result of (A4*B1) using the equation Q4 <= A4 AND B1;



[bookmark: _Toc69510536]The test bench
          This is the stage where all the inputs are caused to alternate from zero to one and back to zero again in specific time sequence increases in multiples of 2 from one input to the next input as shown in the program listing below.
[image: ]


[bookmark: _Toc69510537]The simulation
The graph below shows the connection between the inputs is AND gate, whenever the input B1 is zero then the output is zero and when the input B1 is “1” then the output is the same as the input.


[image: ]
           

[bookmark: _Toc69510538]Line x
  [image: ]	
         As shown on the schematics above, linex consists of two parts, the first part is the similar to line0 which is multiplying the multiplicand by the second bit on the multiplier and this by using AND gates. The implementation process of this part in Xilinx is the same as line0 by declaring the inputs and the connection between them.
        The second part is the summation of the output of the first part with the output of line0 using half adders and full adders. The implementation of this part in Xilinx will be by implementing a half adder and a full adder separately and link them to linex by applying the mapping process.

[bookmark: _Toc69510539]The half adder
[image: ]
           As shown on the graph above, the half adder is a circuit which has two inputs A and B and two outputs, which are the sum and the carry.
· When A and B are 0, the sum is 0 and the carry is 0
· When either A or B is 1, the sum is 1 and the carry is 0
· When both A and B are 1, the sum is 0 and the carry is 1.

To implement this circuit on Xilinx using VHDL it will be as follows
[bookmark: _Toc69510540]The behavioural implementation 
           It is done by declaring the inputs and outputs, as follow
           [image: ]

Then illustrating the connections between the inputs and the outputs
The SUM is assigned to Axor B SUM <= A xor B;
CARRY is assigned to A and B CARRY <= A and B;


[bookmark: _Toc69510541]The test bench
        The two inputs are caused to alternate from zero to one and back to zero again in specific time sequence increases in multiples of 2 from one input to the next input as shown in the program listing below.
[image: ]
[bookmark: _Toc69510542]The simulation 
The half adder follows the truth table below which is the same as shown on the simulation
	Inputs
	outputs

	A
	B
	SUM
	CARRY

	0
	0
	0
	0

	0
	1
	1
	0

	1
	0
	1
	0

	1
	1
	0
	1



· The graph below shows A and B are 0, the sum is 0 and the carry is 0
[image: ]
· The graphs below show when either A or B is 1, the sum is 1 and the carry is 0
[image: ]
[image: ]
· The graph below shows when both A and B are 1, the sum is 0 and the carry is 1.
[image: ]


[bookmark: _Toc69510543]The full adder
[image: ]
         The full adder is a circuit which has three inputs A, B and C and two outputs the carry and the sum. To implement this circuit on Xilinx using VHDL it will be as follows
[bookmark: _Toc69510544]The behavioural implementation 
           It is done by defining the inputs and outputs, as follow
           [image: ]

Then illustrating the connections between the inputs and the outputs and the intermediate signals
AxB is and intermediate signal assigned to A xor B 
AxBnC is and intermediate signal assigned to AxB and C 
AnB is and intermediate signal assigned to A and B
The sum is an output assigned to AxBxorC 
The carry is an output assigned to AxBnC or AnB.

[bookmark: _Toc69510545]The test bench
          The inputs are caused to alternate from zero to one and back to zero again in specific time sequence increases in multiples of 2 from one input to the next input as shown in the program listing below.
[image: ]
[bookmark: _Toc69510546]The simulation
[image: ]
The graph above is an illustration of the operation of the full adder which matches the truth table of the full adder listed below.
	Inputs 
	Outputs 

	A
	B
	C-in
	SUM
	CARRY

	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



[bookmark: _Toc69510547]The behavioural implementation for line x
[image: ]
       It starts with defining the inputs which is the multiplicand A1, A2, A3, A4 and outputs Q1, Q2, Q3, Q4, Q5. In addition, the outputs of line0 will be used as inputs for the adders in linex which are P1, P2, P3, P4.
[image: ]
In addition, the intermediate signals in linex are defined which are:
· The outputs of first multiplication part S1, S2, S3, S4 which will be used as inputs to the adders.
[image: ]
· [bookmark: _Toc69510548]The intermediate signals between the adders which are carry in and carry out bits C1, C2, C3.
[image: ]
Defining the connections
The intermediate signal S1 is a result of multiplying A1 by B (S1 <= A1 AND B)
The intermediate signal S2 is a result of multiplying A2 by B (S2 <= A2 AND B)
The intermediate signal S3 is a result of multiplying A3 by B (S3 <= A3 AND B)
The intermediate signal S4 is a result of multiplying A4 by B (S4 <= A4 AND B)


[bookmark: _Toc69510549]The mapping of the adders
As the components of the half adder are 
[image: ]
And the components of the full adder are:
[image: ]

then referring to figure below the mapping will be as follows
[image: ]

· Half adder 1 port Map ( S1 , P1 , Q1 , C1);
· Full adder1 port Map ( S2 , P2 , C1 , Q2 , C2 );
· Full adder 2 port Map ( S3 , P3 , C2 , Q3 , C3 );
· Full adder 3 port Map ( S4 , P4 , C3 , Q4 , Q5 );


[bookmark: _Toc69510550]The test bench 
        The inputs are caused to alternate from zero to one and back to zero again in specific time sequence increases in multiples of 2 from one input to the next input as shown in the program listing below.
[image: ]
[bookmark: _Toc69510551]The simulation
[image: ]
[image: ]
As Q = (A*B) + P, then the simulation shows:
· As long as B is 0, then the output Q is equal to the value of the input P.
· When B is not zero, then Q equals (A*B) + P.



[bookmark: _Toc69510552]The full 4*12 multiplier 
[bookmark: _Toc69510553]The behavioural implementation 
[bookmark: _Toc69510554]Defining the inputs and outputs
          Starts with defining the  inputs for the whole system which consists of line0 and linex repeated 11 times in order to perform the multiplication of the 12 bit multiplier (B1, B2, B3, B4, B5, B6, B7, B8, B9, B10, B11, B12) by the multiplicand (A1, A2, A3, A4), resulting in a 16 bit output which is (Q1, Q2, Q3, Q4, Q5, Q6, Q7, Q8, Q9, Q10, Q11, Q12, Q13, Q14, Q15, Q16).
           [image: ]


[bookmark: _Toc69510555]The mapping of the full multiplier
· Defining and calling the components of line0
         [image: ]

· Defining and calling the components of linex
         [image: ]


· Defining the outputs of every line of the full multiplier which are 12 lines with four outputs for each line
[bookmark: _Toc69510556]The first line mapping 
[image: ]
As shown on the graph the outputs of the first line “line0” are (Q1, L1, L2, L3), then the outputs from line0 components (Q1, Q2, Q3, Q4)will be substituted with (Q1, L1, L2, L3), and the mapping will be as follows
line1 : line0 port Map ( A1 , A2 , A3 , A4 , B1 , Q1 , L1 , L2 , L3);
[bookmark: _Toc69510557]The second line mapping
[image: ]
          As shown on the graph the outputs of the second line “linex” are (Q2, M1, M2, M3, M4), then the outputs of linx components (Q1, Q2, Q3, Q4) will substituted with (Q2, M1, M2, M3, M4).
          Also, the inputs of linx components (P1, P2, P3, P4) will be substituted with the outputs from the previous line which are (L1, L2, L3 and 0) as the last adder does not have input, so it will be assigned to zero and the mapping will be as follows
line2 : multi4x12_line_x port Map ( A1 , A2 , A3 , A4 , B2 , L1 , L2 , L3 , '0' , Q2 , M1 , M2 , M3 , M4).

[bookmark: _Toc69510558]The third line mapping
[image: ]
As shown on the graph the outputs of the third line “linex” are (Q3, N1, N2, N3, N4), then the outputs of linx components (Q1, Q2, Q3, Q4) will substituted with (Q3, N1, N2, N3, N4).
          Also, the inputs of linx components (P1, P2, P3, P4) will be substituted with the outputs from the previous line which are (M1, M2, M3, M4) and the mapping will be as follows
line3 : multi4x12_line_x port Map ( A1 , A2 , A3 , A4 , B3 , M1 , M2 , M3 , M4 , Q3 , N1 , N2 , N3 , N4).

[bookmark: _Toc69510559]The fourth line mapping
[image: ]
As shown on the graph the outputs of the fourth line “linex” are (Q4, O1, O2, O3, O4), then the outputs of linx components (Q1, Q2, Q3, Q4) will substituted with (Q4, O1, O2, O3, O4).
          Also, the inputs of linx components (P1, P2, P3, P4) will be substituted with the outputs from the previous line which are (N1, N2, N3, N4) and the mapping will be as follows
line4 : multi4x12_line_x port Map ( A1 , A2 , A3 , A4 , B4 , N1 , N2 , N3 , N4 , Q4 , O1 , O2 , O3 , O4).

[bookmark: _Toc69510560]The fifth line mapping
[image: ]
As shown on the graph the outputs of the fifth line “linex” are (Q5, Z1, Z2, Z3, Z4), then the outputs of linx components (Q1, Q2, Q3, Q4) will substituted with (Q5, Z1, Z2, Z3, Z4).
          Also, the inputs of linx components (P1, P2, P3, P4) will be substituted with the outputs from the previous line which are (O1, O2, O3, O4) and the mapping will be as follows
line5 : multi4x12_line_x port Map ( A1 , A2 , A3 , A4 , B5 , O1 , O2 , O3 , O4 , Q5 , Z1 , Z2 , Z3 , Z4).

[bookmark: _Toc69510561]The sixth line mapping
[image: ]
As shown on the graph the outputs of the sixth line “linex” are (Q6, R1, R2, R3, R4), then the outputs of linx components (Q1, Q2, Q3, Q4) will substituted with (Q6, R1, R2, R3, R4).
          Also, the inputs of linx components (P1, P2, P3, P4) will be substituted with the outputs from the previous line which are (Z1, Z2, Z3, Z4) and the mapping will be as follows
line6 : multi4x12_line_x port Map ( A1 , A2 , A3 , A4 , B6 , Z1 , Z2 , Z3 , Z4 , Q6 , R1 , R2 , R3 , R4).

[bookmark: _Toc69510562]The seventh line mapping
[image: ]
As shown on the graph the outputs of the sixth line “linex” are (Q7, T1, T2, T3, T4), then the outputs of linx components (Q1, Q2, Q3, Q4) will substituted with (Q7, T1, T2, T3, T4).
          Also, the inputs of linx components (P1, P2, P3, P4) will be substituted with the outputs from the previous line which are (R1, R2, R3, R4) and the mapping will be as follows
line7 : multi4x12_line_x port Map ( A1 , A2 , A3 , A4 , B7 , R1 , R2 , R3 , R4 , Q7 , T1 , T2 , T3 , T4).

[bookmark: _Toc69510563]The eighth line mapping
[image: ]
As shown on the graph the outputs of the sixth line “linex” are (Q8, U1, U2, U3, U4), then the outputs of linx components (Q1, Q2, Q3, Q4) will substituted with (Q8, U1, U2, U3, U4).
          Also, the inputs of linx components (P1, P2, P3, P4) will be substituted with the outputs from the previous line which are (T, T2, T3, T4) and the mapping will be as follows
line8 : multi4x12_line_x port Map ( A1 , A2 , A3 , A4 , B8 , T1 , T2 , T3 , T4 , Q8 , U1 , U2 , U3 , U4).

[bookmark: _Toc69510564]The nineth line mapping
[image: ]
As shown on the graph the outputs of the sixth line “linex” are (Q9, V1, V2, V3, V4), then the outputs of linx components (Q1, Q2, Q3, Q4) will substituted with (Q9, V1, V2, V3, V4).
          Also, the inputs of linx components (P1, P2, P3, P4) will be substituted with the outputs from the previous line which are (U1, U2, U3, U4) and the mapping will be as follows
line9 : multi4x12_line_x port Map ( A1 , A2 , A3 , A4 , B9 , U1 , U2 , U3 , U4 , Q9 , V1 , V2 , V3 , V4).

[bookmark: _Toc69510565]The tenth line mapping
[image: ]
As shown on the graph the outputs of the sixth line “linex” are (Q10, W1, W2, W3, W4), then the outputs of linx components (Q1, Q2, Q3, Q4) will substituted with (Q10, W1, W2, W3, W4).
          Also, the inputs of linx components (P1, P2, P3, P4) will be substituted with the outputs from the previous line which are (V1, V2, V3, V4) and the mapping will be as follows
line10 : multi4x12_line_x port Map ( A1 , A2 , A3 , A4 , B10 , V1 , V2 , V3 , V4 , Q10 , W1 , W2 , W3 , W4).

[bookmark: _Toc69510566]The eleventh line mapping
[image: ]
As shown on the graph the outputs of the sixth line “linex” are (Q11, X1, X2, X3, X4), then the outputs of linx components (Q1, Q2, Q3, Q4) will substituted with (Q11, X1, X2, X3, X4).
          Also, the inputs of linx components (P1, P2, P3, P4) will be substituted with the outputs from the previous line which are (W1, W2, W3, W4) and the mapping will be as follows
line11 : multi4x12_line_x port Map ( A1 , A2 , A3 , A4 , B11 , W1 , W2 , W3 , W4 , Q11 , X1 , X2 , X3 , X4).

[bookmark: _Toc69510567]The twelfth line mapping
[image: ]
As shown on the graph the outputs of the sixth line “linex” are (Q12, Q13, Q14, Q15, Q16), then the outputs of linx components (Q1, Q2, Q3, Q4) will substituted with (Q12, Q13, Q14, Q15, Q16).
          Also, the inputs of linx components (P1, P2, P3, P4) will be substituted with the outputs from the previous line which are (X1, X2, X3, X4) and the mapping will be as follows
line12 : multi4x12_line_x port Map ( A1 , A2 , A3 , A4 , B12 , X1 , X2 , X3 , X4 , Q12 , Q13 , Q14 , Q15 , Q16).





[bookmark: _Toc69510568]The test bench 
[bookmark: _Toc69510569]The inputs are caused to alternate from zero to one and back to zero again in specific time sequence increases in multiples of 2 from one input to the next input as shown in the program listing below.
[image: ]

The simulation
[image: ]
The simulation shows that the multiplication of any combination of numbers of the multiplicand and the multiplier results in a correct output for example: (13*2299= 29887).
















[bookmark: _Toc69510570]Task two
          This task is about designing and simulating a finite state machine FSM describes by the state diagram below
[image: ]
Using Xilinx software and VHDL, the design process will be as follows

[bookmark: _Toc69510571]The behavioural implementation 
[bookmark: _Toc69510572]Defining the inputs and outputs
The system has two inputs x and the clock, and two outputs z which is one bit and y which is 3bit vector takes a different value on each state.
           [image: ]


[bookmark: _Toc69510573]Defining the states
· The system has eight states (A, B, C, D, E, F, G, H), and the start of the cycle is also defined which is the present state and the next state is also defined. 
[image: ]

· All the states are described in respect to the present state to the next state in respect to the output z and y when x is zero.
[image: ]
· All the states are described in respect to the present state to the next state in respect to the output z and y when x is one.
[image: ]							when state_G => next_state <= state_B; [image: ]

[bookmark: _Toc69510574]Defining the clock pulse
The pulses are required to be sensed on every positive clock edge which when the present state of the clock is 1 and the previous state is zero. 
[image: ]

[bookmark: _Toc69510575]The test bench 
[bookmark: _Toc69510576]        The simulation starts with assigning the values of x and the clock to zero, then the value of x and the clock pulse time could be changed in order for x to follow a specific path such as this path (A, E, D, F, C, D, F, C, G, G).
[image: ]
The simulation
[image: ]
The simulation follows the required path (A, E, D, F, C, D, F, C, G, G) which (000, 100, 011, 101, 010, 011, 101, 010, 010).














[bookmark: _Toc69510577]Designing the FSM using the discrete gate method
       From the state diagram below the state table is filled with state assignments
[image: ]
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	Present
	State             
	
	INPUT
	NEXT
	STATE
	
	OUTPUT

	
	A
	B
	C
	X
	A
	B
	C
	Z

	A
	0
	0
	0
	0
	1
	0
	0
	0

	
	0
	0
	0
	1
	0
	0
	1
	1

	
	
	
	
	
	
	
	
	

	B
B
	0
	0
	1
	0
	0
	1
	1
	0

	
	0
	0
	1
	1
	0
	1
	0
	0

	
	
	
	
	
	
	
	
	

	C
C
	0
	1
	0
	0
	1
	1
	0
	0

	
	0
	1
	0
	1
	0
	1
	1
	0

	
	
	
	
	
	
	
	
	

	D
D
	0
	1
	1
	0
	1
	1
	0
	0

	
	0
	1
	1
	1
	1
	0
	1
	0

	
	
	
	
	
	
	
	
	

	E
E
	1
	0
	0
	0
	1
	0
	1
	0

	
	1
	0
	0
	1
	0
	1
	1
	1

	
	
	
	
	
	
	
	
	

	F
F
	1
	0
	1
	0
	1
	1
	1
	0

	
	1
	0
	1
	1
	0
	1
	0
	0

	
	
	
	
	
	
	
	
	

	G
G
	1
	1
	0
	0
	1
	1
	0
	0

	
	1
	1
	0
	1
	0
	0
	1
	0

	
	
	
	
	
	
	
	
	

	H
H
	1
	1
	1
	0
	1
	1
	0
	0

	
	1
	1
	1
	1
	0
	0
	0
	0



Assuming using D type flip flops, then the next state maps are filled out with the state assignments from the state table.
	                  AB
Cx                   
	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





	                  AB
Cx                   
	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



	                  AB
Cx                   
	00
	01
	11
	10

	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


	                  AB
Cx                   
	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
[bookmark: _Toc69510578]The implementation using D type flip flops
[image: ]
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begin
if (CLK ="'1") and (CLK 'last_value ='0")) then

present_state <= next_state;
end if;

end process clocked;
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