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[bookmark: _Toc68614973]Introduction 
As part of L6 electrical and Electronic Engineering in UWTS, I am required to do 2 tasks.
Task 1 requires designing, simulate and synthesise e a 12-bit x 4-bit unsigned number multiplier based on a simple parallel Braun multiplier. In this task the e Xilinx design software going to be used in order to do the designing and achieve the requirements.
Furthermore, in task one there will be research for different digital multiplier methods and explanation about it. Also, there will be captures for the multiplier that been designed using Xilinx and give a brief description about it.
In task 2, I need to design, simulate and synthesise the FSM for the diagram that I am given.  The task 2 is going to be sent to the lecturer by email.



















[bookmark: _Toc68614974]Digital Multiplier 
In modern digital architecture, the multiplier is one of the most commonly used arithmetic data path operations. They are used in a variety of applications including optical signal processing. Many studies have focused on design considerations for improved results as a result of advances in modern technology. Fast speed, precision, low power consumption, layout consistency, and a less area are only a few of the design goals. 
The speed at which multipliers are executed is determined by two factors: semiconductor technology and multiplier design. Adders are the fundamental building blocks of digital multiplexers. When executing a sequence of repetitive adds, the adder's processing speed must be increased to speed up the multiplier operation.
There is different type of multiplier with different speed, area, and conﬁgurations.



















[bookmark: _Toc68614975]Array Multiplier 
it 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 add the different component words concerned in a near-simultaneous manner. Before the Adder array, an array of AND gates are used to shape the different product names.

Checking the multiplier's bits one by one and generating partial products is a sequential process that necessitates a series of ads and change micro-operations. A combinational circuit that shapes the component bits all at once can be used to multiply two binary numbers in a single micro-operation. [2]
	Advantages 
	Disadvantages 

	Less complexity 
	High power consumption

	Easy to scale 
	More digital gates resulting in large chip area  

	Easily pipelined 
	

	Regular shape, easily to place, route 
	


[bookmark: _Toc68186619]Table 1
Table1 shows the advantages and disadvantages of the Array Multiplier. This information was taken from [3]















[bookmark: _Toc68614976]Booth multiplier 
The booth multiplier has the purpose of multiplying two signed binary numbers expressed in 2's complement type. The benefits of booth multipliers are as follows: it helps to do the multiplication fastest and it is less complicated. The disadvantages of booth multipliers are as follows: The amount of energy consumed is considerable.  [6]
























[bookmark: _Toc68614977]Sequential multiplier
It is technique that has been using for a long time. However, it can be used for a wide range of architectures and serves as the base for several recently introduced multiplication techniques. [4]
The sequential multiplier works similar to the normal multiplication. [5]
[image: See the source image]
[bookmark: _Toc69738414]Figure 2
Figure 2 is an example for the sequential multiplier, and it was taken from [7]

[bookmark: _Toc68614978]Wallace tree Multiplier
It decreases the number of partial products and it uses carry select adder for the addition of partial products. The pros of Wallace tree multiplier that is a medium complex and it has a high speed. Whereas the cons that the layout is uneven and takes up wider area. [6]
[image: See the source image]
[bookmark: _Toc69738415]Figure 3
The figure five is an example of 4 X 4 array multiplier, and the photo it was taken from [8]
[bookmark: _Toc68614979]Combinational Multiplier
It is a multiplication of 2 unsigned binary numbers. The advantage of it is that it can easily produce intermediate products. The main disadvantage of the combinational multiplier is it takes a wider area. [6]
[image: See the source image]
[bookmark: _Toc69738416]Figure 4
Figure 4 was taken from [9]














[bookmark: _Toc68614980]Designing 
[bookmark: _Toc68614981]Half adder 
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[bookmark: _Toc69738417]Figure 5
Figure 5 showing the code that was starting with including the library that needed and transporting the important packages from them.
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[bookmark: _Toc69738418]Figure 6
Figure 6 shows the step where the input and output port were defined. For the half adder there is 2 inputs which are A and B, the outputs are SUM and CARRY. 
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[bookmark: _Toc69738419]Figure 7
The figure 7 is about coding the architecture behavioral of the half adder. 
SUM <= A Xor b;
Which means SUM is the output of A XOR B input.
CARRY <= A and B;
Means the CARRY is the output of A and B input.
Then to end the behavioral 
In conclusion figure 5, 6 and 7 is photos of the code that was made on Xilinx to design a half adder 

[bookmark: _Toc68614982]Test bench 
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[bookmark: _Toc69738420]Figure 8
Figure 8 is the stimulus process which is to set the input to change its value in specific time.
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[bookmark: _Toc68614983]Full adder 
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[bookmark: _Toc69738422]Figure 10
The figure above is full adder diagram which was taken from [10]
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[bookmark: _Toc69738423]Figure 11
The above figure is the program that was typing for the full adder logic, fist is to identify the inputs and output to the program. The full adder is containing inputs which are the A, B & C and 2 outputs which are the SUM and CARRY. 





[bookmark: _Toc68614984]Full adder test bench 
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[bookmark: _Toc69738424]Figure 12
The figure is showing that the entity was included. And then in the architecture, the components were added because they are devises under test.
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[bookmark: _Toc69738425]Figure 13
The inputs and outputs signals are added to the architecture because again it is under test.
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[bookmark: _Toc69738426]Figure 14
The uut: full adder PORT MAP is to port the signals and port of the devices under test in order to allow the test bench to inter the inputs to the devises under test and read its output.  [10]
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[bookmark: _Toc68614985]12 X 4 line0 
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[bookmark: _Toc69738430]Figure 18
The figure above is showing the 12 inputs and outputs that were identified to the program for line0. 
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[bookmark: _Toc69738431]Figure 19
This figure shows that the inputs from A1- 12 are multiplied by B1. However, the output is Q and it is going to be from Q1 to Q12 















[image: ]Line0 testbench [bookmark: _Toc69738432]Figure 20
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[image: ][image: ]Figure 23[bookmark: _Toc69738434]Figure 21
[bookmark: _Toc69738435]Figure 22











The figures above show the signals and devices under test that was identified to the architecture to enable the testbench to enter the input to the under-test devices get the output.
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The figure above is about telling the value of input will change every 20NS from 0 to 1. And this will help with the ability to see the output.
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[bookmark: _Toc69738437]Figure 25
This is figure is showing when B1 that is going to be divided with the 12 inputs I zero, therefore, all the outputs going to be zero. 
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[bookmark: _Toc69738438]Figure 26
When B1 = 1 the output going to be same as the input, in another word the Qs going to be same values as the as the input.












[bookmark: _Toc68614987]LineX
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[bookmark: _Toc69738439]Figure 27
The figures are showing the inputs and outputs of the LineX.
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[bookmark: _Toc69738440]Figure 28
S is output of A’s multiplied by B. which means the input A multiply by B equals s, same procedure for 12 times because there is 12 input.
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[bookmark: _Toc69738441]Figure 29
Because the multiplier is 12 X4, so there will be 12 port maps. The first port because it is half adder, so it has only 2 inputs which are S1, P1 and 2 outputs which are Q1 and C1. The other ports are full adder that means it has 3 inputs and 2 output. The inputs are S’s, P’s and C’s and the output is Q’s and C’s. for example, FA1 the inputs are S2, P2 & C1 and the outputs are Q2, C2.







[bookmark: _Toc68614988]Testbench 
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[bookmark: _Toc69738442]Figure 30

As the above testbenches, there will be identification for the inputs, outputs and the signals.
[image: ][image: ]
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[bookmark: _Toc69738443]Figure 31
The stimulus process will keep going for 25 times and that because the input are from A1- A12 and P1- P12 by doubling the nS each time. The nS means that the input going to flip into from 0 to 1 or 1 to 0 on that period of time.
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[image: ]Figure 33[bookmark: _Toc69738445]Figure 32







In line 29 
The figure 30 is showing the simulation of line x when B is 0. The multiplication of the inputs A and P and the values of it are 0 and the output Q is again 0.
[image: ]





[bookmark: _Toc69738446]Figure 34
Again, this is the simulation of line x when the value of P’s value is different. 





[bookmark: _Toc68614989]Multi12X4 full 
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[bookmark: _Toc69738447]Figure 35
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[bookmark: _Toc69738448]Figure 36
Figure 32 and 33 is the inputs and outputs of the multi 12x4 full. The inputs are from A1- A12, B1, B2, B3 and B4. The outputs are form Q1- Q16.
[image: ][image: ] [bookmark: _Toc69738449]Figure 37

[bookmark: _Toc69738450]Figure 38
[image: ][image: ] [bookmark: _Toc69738451]Figure 39

[bookmark: _Toc69738452]Figure 40
[image: ][image: ][bookmark: _Toc69738453]Figure 41

[bookmark: _Toc69738454]Figure 42


The figures are showing the components of the line 0 and line x were added to the 12X4 full.
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[bookmark: _Toc69738455]Figure 43
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[bookmark: _Toc69738456]Figure 44
Figures 40 and 41 are showing the mapping for the 4 lines, which meaning write up the inputs and outputs for each line.













Architecture of multi12X4
[image: ][image: ][bookmark: _Toc69738457]Figure 45

[image: ]Figure 47[bookmark: _Toc69738458]Figure 46
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[bookmark: _Toc69738460]Figure 48
The above figure is the inputs, input signals and the outputs of the multi12X4 full.
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[bookmark: _Toc69738462]Figure 50
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[bookmark: _Toc69738466]Figure 54








The stimulus process to allow the input to change from 0 to 1 and opposite on certain time. 
[image: ][bookmark: _Toc69738467]Figure 55
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This is the simulation multiplier for the full multiplication of 12X4.












Task 2
	
	Present      
	State 
	
	Input 
	Next 
	State 
	
	Output 

	
	A
	B
	C
	X
	A
	B
	C
	Z

	A
	0
	0
	0
	0
	1
	0
	0
	0

	A
	0
	0
	0
	1
	0
	0
	1
	1

	B
	0
	0
	1
	0
	0
	1
	1
	0

	B
	0
	0
	1
	1
	0
	1
	0
	0

	C
	0
	1
	0
	0
	1
	1
	0
	0

	C
	0
	1
	0
	1
	0
	1
	1
	0

	D
	0
	1
	1
	0
	1
	1
	0
	0

	D
	0
	1
	1
	1
	1
	0
	1
	0

	1
	1
	0
	0
	0
	1
	0
	1
	0

	E
	1
	0
	0
	1
	0
	1
	1
	1

	F
	1
	0
	1
	0
	1
	1
	1
	0

	F
	1
	0
	1
	1
	0
	1
	0
	0

	G
	1
	1
	0
	0
	1
	1
	0
	0

	G
	1
	1
	0
	1
	0
	0
	1
	0

	H
	1
	1
	1
	0
	1
	1
	0
	0

	H
	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


/C./X+ /A.B.C.+A.C./X

DB
	AB
/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



C./X + /A./B.C + /A.B./C + /C./X.B + A./B.X







DC

	AB
/C.X
	00
	01
	11
	10

	00
	0
	0
	0
	1

	01
	1
	1
	1
	1

	11
	0
	1
	0
	0

	10
	1
	0
	0
	1



/C.X +A./B./C+/B.C./X+/A.B.X
 
DZ
	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



/C.X./B
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[bookmark: _Toc69738470]Figure 58
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[bookmark: _Toc69738471]Figure 59
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[bookmark: _Toc69738472]Figure 60
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[bookmark: _Toc69738473]Figure 61







Conclusion 
In conclusion, I would like to say that I have enjoyed working on the Xilinx it has built up my knowledge and confidence. 
There report is including induction and different types of digital multipliers and its advantages and disadvantages. Also, after designing the 12X4 multiplier using Xilinx and include some captures of it in the report and give a brief about them.
The second task part 1 was solved using Xilinx and it is going to be send to the lecturer by email.  The second part is done in this report as well as using proteus.
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LIBRARY ieecfl]
pSE ieee.std logic 1164.ALL:

-- Uncomment the following library declaration if using
-- arithmetic functions with Signed or Unsigned values
--USE ieee.numeric_std.ALL;

ENTITY halfadder TB IS
END halfadder_TB;

ARCHITECTURE behavior OF halfadder TB IS
-- Component Declaration for the Unit Under Test (UUT)

COMPONENT halfadder

PORT (
a IN std_logic;
B : IN std_logic;
SUM : OUT std_logicy
CARRY : OUT std_logic
)i

END COMPONENT;
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entity halfadder is

Port ( A : in STD_LOGIC;

SuM
CARRY
end halfadder;

B : in STD_LOGIC;

out STD_LOGIC:

out STD_LOGIC):
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architecture Behavioral
begin
SUM <= A xor B;
CARRY <= A and B;

end Behavioral;

of halfadder
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-- Stimulus process

stim procO: process

begin
-- hold reset state for
wait for 10 ns;

A <= not A;

end process;

-- Stimulus process

stim procl: process

begin
-- hold reset state for
wait for 20 ns;

B <= not B;
end process;

END;

100 ns.

100 ns.
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entity fulladder is

Port ( A : in STD_LOGIC;
B : in STD_LOGIC:
C : in STD_LOGIC:

sum : out STD_LOGIC;
carry : out STD_LOGIC);
end fulladder;

architecture Behavioral of fulladder
signal AxB : S5TD_LOGIC;

signal AxBnC STD_LOGIC:
signal AnB : STD_LOGIC;

begin

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

sum <= AxB xor C;
carry <= AxBnC or AnB;

is
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ENTITY fulladder TB IS
END fulladder_TB;

PRCHITECTU‘RE behavior OF fulladder_TB IS

-- Component Declaration for the Unit Under Test
COMPONENT fulladder

IN std_logic;

IN std_logic;

IN std_logic;
sum : OUT std_logic;
carry : OUT std logic
)i

END COMPONENT;

(UUT)
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--Inputs

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

--Outputs

signal sum : std_logic;

signal carry : std_logic;

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

—-- Instantiate the Unit Under Test
uut: fulladder PORT MAP (

A=>1,

B => B,

c=c,

sum => sum,

carry => carry

-- Stimulus process

stim proc: process

begin
-- hold reset state for 10 ns.
wait for 10 ns;
A <= not A;

end process;

- insert stimulus here

(UUT)
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-- insert stimulus here

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

stim proc2: process

begin

hold reset state for
wait for 40 ns;
C <= not C;

end process;

END;

20 ns.

40 ns.
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entity line0 is
Port ( ALl :

A2 :

A3 :

A4 :

As :

A6 :

A7 :

Q1
Q2
Q3
Q4
Qs
Qe
Q7
Qs
Q9
Q1o
Q11

in STD_LOGIC:
in STD_LOGIL

in STD_LOGIC:

in STD_LOGIC:
in STD_LOGIC:
in STD_LOGIC:
in STD_LOGIC:

out STD_LOGIC:
out STD_LOGIC;
out STD_LOGIC;
out STD_LOGIC;
out STD_LOGIC;
out STD_LOGIC;
out STD_LOGIC;
out STD_LOGIC:
out STD_LOGIC:
out STD_LOGIC:
out STD_LOGIC;
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end line0;

-
Qs
Q9
Q1o
Q11
Q12

out

out
out
out
out

STD_LOGIC;

STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC)
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architecture

begin
Q1 <=
Q2 <=
Q3 <=
Q4 <=
Q5 <=
Q6 <=
Q7 <=
Q8 <=
Q9 <=

EERRREDRE

Behavioral of line0 is

Bl;

Q10 <= Al0 and B1;
Ql1 <= All and B1;
Q12 <= Al2 and B1;

end Behavioral;
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--Inputs

signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal

a1
a2
a3
a4
as
26
a7
a8
s
a10
a1l :
Al2

OUT std_logic;
OUT std_logi

OUT std_logic;
OUT std_logic;
OUT std_logic

std_logic
std_logic
std_logic
std_logic
std_logic
std_logic
std_logic
std_logic
std_logic
std_logic
std_logic = '0
std logic = '0
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ARCHITECTURE behavior OF line0_TB IS

-- Component Declaration for the Unit Under Test (UUT)

COMPONENT 1ine0

BORT (

std_logics
std_logics
std_logics
std_logics

std_logic;
std_logic:

std_logic;

std_logic;

std logic;
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85 Signal Al2 : std logic

86 signal Bl : std_logic :=
87

88 —--Outputs

89 signal Q1 std_logic;
@0 signal Q2 std_logic;
a1 signal Q3 std_logic;
a2 signal Q4 std_logic;
a3 signal Q5 : std_logic;

aq signal Q6 std_logic;

as signal Q7 std_logic;

96 signal Q8 std_logic;

a7 signal Q9 : std_logic;

a8 signal Q10 : std_logic;

a9 signal Q11 : std_logic;

100 signal Q12 : std logic;

101 -- No clocks detected in port list. Replace <clock> below with
102 -- appropriate port name

103

104

P
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109 uut: line0 PORT MAP (

110 a1 => a1,
1 a2 => n2,
112 23 => a3,
113 14 => B4,
114 a5 => a5,
115 16 => B6,
116 a7 => a7,
117 a8 => a8,
118 s => a9,
119 a10 => Alo,
120 a1l => 11,
121 12 => n12,|
122 Bl => B,
123 Q1 => o1,
124 Q2 => Q2,
125 Q3 => 03,
126 Q4 => 04,
127 Qs => s,
128 Q6 => Q6,
129 Q7 => 07,
130 Q8 => s,
131 Qs => Qg,
132 Q10 => Q10,

133 Q11 => Q11,
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-- Stimulus process

stim proc4: process

begin
-- hold reset state for
wait for 80 ns;
A4 <= not A4;

end process;

-- Stimulus process

stim proc5: process

begin
-- hold reset state for
wait for 160 ns;
AS <= not AS;

end process;

-- Stimulus process

stim procé: process

begin
-- hold reset state for
wait for 320 ns;
A6 <= not A6;

end process;

80 ns.

160 ns.

320 ns.
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-- Stimulus process

stim proc: process

begin
-- hold reset state for
wait for 10 ns;
Al <= not Al;

end process;

-- Stimulus process

stim proc2: process

begin
-- hold reset state for
wait for 20 ns;
A2 <= not A2;

end process;

-- Stimulus process

stim proc3: process

begin
-- hold reset state for
wait for 40 ns;
A3 <= not A3;

10 ns.

20 ns.

40 ns.
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-- Stimulus process

stim proc7: process

begin
-- hold reset state for 640 ns.
wait for €40 ns;
A7 <= not A7;

end process;

-- Stimulus process

stim proc8: process

begin
-- hold reset state for 1280 ns.
wait for 1280 ns;
A8 <= not A8;

end process;

-- Stimulus process

stim proc9: process

begin
-- hold reset state for 2560 ns.
wait for 2560 ns;
A9 <= not AY;

end process;
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== Stimulus process
stim proclO: process
begin
-- hold reset state for
wait for 5120 ns;
Al0 <= not Al0;
end process;

-- Stimulus process
stim procll: process
begin
-- hold reset state for
wait for 10240 ns;
All <= not All;
end process;

-- Stimulus process
stim procl2: process
begin
-- hold reset state for
wait for 20480 ns;
Al2 <= not Al2;
end process;

5120 ns.

10240 ns.

20480 ns.
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-- Stimulus process
stim procl2: process
begin
-- hold reset state for
wait for 20480 ns;
Al2 <= not Al2;
end process;

-- Stimulus process
stim procl3: process
begin
-- hold reset state for
wait for 40960 ns;
Bl <= not Bl;
end process;

END;

20480 ns.

40960 ns.
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32 entity multil2x4 line x is

33 Port ( Al : in STD_LOGIC;
34 A2 : in STD_LOGIC:
35 A3 : in STD_LOGIC:
36 A4 : in STD_LOGIC:
37 AS : in STD_LOGIC;
38 A6 : in STD_LOGIC;
39 A7 : in STD_LOGIC:
40 A8 : in STD_LOGIC:
41 A9 : in STD_LOGIC:
42 Al0 : in STD_LOGIC;
43 All : in STD_LOGIC;
44 Al2 : in STD_LOGIC;
45 B : in STD_LOGIC:
46 Pl : in STD_LOGIC;
47 P2 : in STD_LOGIC;
48 P3 : in STD_LOGIC;
49 P4 : in STD_LOGIC;
50 PS5 : in STD_LOGIC;
51 Pé : in STD_LOGIC;
52 P7 : in STD_LOGIC;
53 P8 : in STD_LOGIC;
54 P9 : in STD_LOGIC;
55 P10 in STD_LOGIC;

56 P11l in STD LOGIC;
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€0
61
62
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64
€5
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€7
€8
€9
70
71
72

Q3
Q4
Qs
Qe
Q7

out
out
out
out
out
Q8 : out
Q9 : out
Q10 : out
Ql1 : out
Q12 : out
Q13 : out
end multil2x4 line_x;

STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC) ;
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-- and gate sequence.
<= and B;

59 <= A9 and B;

510 <= Al0 and B;
511 <= All and B;
512 <= Al2 and B;
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159
1E0

HAl : halfadder
port Map
(s1,pl1,QL, Cl):

FAl : fulladder
port Map
(s2,p2,cC1, Q,

FA2 : fulladder
port Map
(ss, p3,cC2, 0,

FA3 : fulladder
port Map
(s4, P4, C3, 04,

FA4 : fulladder
port Map
(ss,pP5,cC4, Q5,

FAS : fulladder
port Map
(sé, P6 , C5, Q6 ,

c3);

Ce )

Cs )

Ceé )
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FA6 : fulladder
port Map
(s7, Pp7,Cé6, Q7 , C7):

FA7 : fulladder
port Map
(ss, p8,C7, Q8 , C8);

FAS : fulladder
port Map
(ss, P9 ,C8, Q9 , C9):

FA9 : fulladder
port Map
(s, PO, C9, Q0 , Cl0 );

FAl10 : fulladder
port Map
(si1, P11, Cl0, Q11 , C11);

FAll : fulladder
port Map
(si2, P12, Cl1, Q12 , Q13 );
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ARCHITECTURE behavior OF multil2x4 line_x TB IS

-- Component Declaration for the Unit Under Test (UUT)

COMPONENT multil2x4_line_x

PORT (

IN std_logic;
IN std_logic
IN std_logic
IN std_logic
IN std_logic
IN std_logic
IN std_logic
IN std_logic
IN std_logic
: IN std_logic;
: IN std_logic;
: IN std_logic;
IN std_logic;

IN std_logic;
IN std_logic;
IN std_logic;
IN std_logic;
IN std_logic;
IN std logic;
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P7

P9

P10 IN
P11 IN
P12 : IN
Q1 : ouT
Q2 : ouT
Q3 : ouT
Q4 : OUT
Q5 : oUT
Q6 : OUT
Q7 : OUT
Q8 : oUT
Q9 : OUT
Qlo ouT
Qi1 ouT
Q12 : OUT
Q13 : ouT

)i
END COMPONENT;

: IN std_logic;
P8 : IN std_logi
: IN std_logic;

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic
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110 signal P11 : std_logic := '0';

1 signal P12 : std_logic i= '0';
12

13

114 std_logic:

1us std_logic:

116 std_logic

17 std_logic;

1s std_logic

e std_logic

120 std_logic

121 std_logic;

122 std_logic:

123 : std_logics

124 : std_logics

125 : std_logics

126 : std_logics

127 No clocks detected in port list. Replace <clock> below with
128

129
an
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86 —--Inputs

87 signal Al : std_logic

88 signal A2 : std_logic

89 signal A3 : std_logic

@0 signal A4 : std_logic

a1 signal AS : std_logic

a2 signal A6 : std_logic

a3 signal A7 : std_logic

aq signal A8 : std_logic

as signal A9 : std_logic

= signal Al0 : std_logic

97 signal All : std_logic

a8 signal Al2 : std_logic

ag signal B : std_logic := '0'
100 signal P1 : std_logic := '0';
101 signal P2 : std_logic := '0';
102 signal P3 : std_logic := '0';
103 signal P4 : std_logic := '0';
104 signal PS5 : std_logic := '0';
105 signal Pé : std_logic := '0';
106 signal P7 : std_logic := '0';
107 signal P8 : std_logic := '0';
108 signal P9 : std_logic := '0';
109 signal P10 std_logic := '0';

110 signal P11 std_logic := '0';
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== Stimulus process

stim proc: process

begin
-- hold reset state for
wait for 10 ns;
Al <= not Al;

end process;

-- Stimulus process
stim proc2: process
begin
-- hold reset state for
wait for 20 ns;
A2 <= not A2;
end process;

-- Stimulus process

stim proc3: process

begin
-- hold reset state for
wait for 40 ns;
A3 <= not A3;

end process;

10 ns.

20 ns.

40 ns.
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-- Stimulus process

stim proc4: process

begin
-- hold reset state for 80 ns.
wait for 80 ns;
A4 <= not A4;

end process;

-- Stimulus process
stim proc5: process
begin

-- hold reset st
wait for 160 ns;

AS <= not AS;
end process;

-- Stimulus process

stim procé: process

begin
-- hold reset state for 320 ns.
wait for 320 ns;
A6 <= not A6;

end process;
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—-- Stimulus process

stim proc7: process

begin
-- hold reset state for
wait for €40 ns;
A7 <= not A7;

end process;

-- Stimulus process

stim proc8: process

begin
-- hold reset state for
wait for 1280 ns;
A8 <= not A8;

end process;

-- Stimulus process
stim proc9: process
begin
-- hold reset state for
wait for 2560 ns;
A9 <= not AY;
end process;

640 ns.

1280 ns.

2560 ns.
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entity multil2x4_full is

Port ( Al
a2
A3
Ag
As
Ae
a7

in
in
in

_—
B

out
out
out
out
out
out
out
out

STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGI!
STD_LOGI!
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
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out STD_LOGIC;
out STD_LOGIC;

out
out
out
out
out
out
out

end multil2x4 full;

STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC) ;
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100 COMPONENT multilcxe line x

101 PORT (
102 Al : IN std_logic;
103 A2 : IN std_logic;
104 A3 : IN std_logicy
105 A4 : IN std_logicy
106 A5 : IN std_logicy
107 A6 : IN std_logicy
108 A7 : IN std_logic;
109 A8 : IN std_logic;
110 A9 : IN std_logic;
111 Al0 : IN std_logic;
112 All : IN std_logic;
113 Al2 : IN std_logic;
114 B : IN std_logic;
115 Pl : IN std_logic;
116 P2 : IN std_logic;
117 P3 : IN std_logic;
118 P4 : IN std_logic;
119 PS5 : IN std_logic;
120 Pé : IN std logic;
121 P7 : IN std_logic;
122 P8 : IN std_logic;
123 P9 : IN std_logic;

124 P10 : IN std logic;
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COMPONENT line0

PORT (

Al
A2
A3
Ag
As
A6
a7

Q1
Q2
Q3
Q¢
Qs
Qe
Q7
Qs
Q9
Q1o

N
IN
IN
N
N
N
IN
IN
N
N
N
N
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ouT
ouT
ouT
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ouT
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ouT
ouT
ouT

: OUT

std_logic;
std_logi
std_logi
std_logic;
std_logi
std_logi
std_logi
std_logi
std_logi
std_logi
std_logic;
std_logic;
std_logi
std_logic;
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125 P11 : IN std_logic;
126 P12 : IN std logic:
127 QL : OUT std_logici
128 Q2 : OUT std_logic;
129 Q3 : OUT std_logic;
130 Q4 : OUT std_logic:
131 QS : OUT std_logic:
132 Q6 : OUT std logics
133 Q7 : OUT std logics
134 Q8 : OUT std logi
135 Q9 : OUT std _logic;
136 Q10 : OUT std_logic:
137 Qll : OUT std logic;
138 Q12 : OUT std_logic:
139 Q13 : OUT std_logic
140 B

141 END COMPONENT;
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END COMPONENT;

std_logic;

std_logic;
std_logic;
std_logic;
std_logic
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begin

linel : line0
port Map
(Al , A2, A3, A4, AS

line2 : multil2x4 line_x
port Map
(Al , A2, A3, A4, BAS

line3 : multil2x4 line x
port Map
(Al , A2, A3, B4, AS

line4 : multil2x4 line x
port Map
(Al , a2 , A3 , B4 , AS
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--Inputs

signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal

a1
a2
A3
A4
as
ne
a7
as
a9
al0
A1l
a12
Bl
B2
B3
B4

std_logic ot
std_logic ot
std_logic ot
std_logic ror;
std_logic ot
std_logic ot
std_logic ror;
std_logic ror;

std_logic := '0';
: std_logic := '0
: std_logic := '0
: std_logic := '0
std_logic := '0';

std_logic := '0';
std_logic ror;
std_logic ror;
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38 ARCHITECTURE behavior OF multil2x4_:
39

40 -- Component Declaration for th
41

42 COMPONENT multil2x4_full
43 PORT (

44 Al : IN std_logic;
45 A2 : IN std_logic;
46 A3 : IN std_logicy
47 A4 : IN std_logicy
48 A5 : IN std_logic;
49 A6 : IN std_logic;
50 A7 : IN std_logic;
51 A8 : IN std_logic;
52 A9 : IN std_logic;
53 IN std logic;
54 IN std logic;
55 IN std _logic;
56 Bl : IN std logic;
57 B2 : IN std_logic;
58 B3 : IN std logic;
59 B4 : IN std logic;
€0 Q1 : OUT std_logic;
€1 Q2 : OUT std_logic;
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--Outputs

signal Q1 : std_logic:
signal Q2 : std_logic;
signal 03 : std_logic:
signal Q4 : std_logic:
signal Q5 : std_logic:
signal Q6 : std_logic;
signal Q7 : std_logic
signal Q8 : std_logic:
signal Q9 : std_logic:
signal Q10 : std_logic;
signal Q11 : std_logic:
signal Q12

signal Q13

signal Q14 :

signal Q15

signal Q16

No clocks detected in port list. Replace <clock> below with
appropriate port name
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END COMPONENT;
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—-- Stimulus process

stim procé4: process

begin
-- hold reset state for 80 ns.
wait for 80 ns;
A4 <= not A4;

end process;

-- Stimulus process

stim proc5: process

begin
-- hold reset state for 160 ns.
wait for 160 ns;
A5 <= not AS;

end process;

-- Stimulus process

stim procé: process

begin
-- hold reset state for 320 ns.
wait for 320 ns;
L€ <= not A6;

end process;
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—-- Stimulus process

stim proc: process

begin
-- hold reset state for 10
wait for 10 ns;
Al <= not Al;

end process;

— Stimulus process

stim proc2: process

begin
-- hold reset state for 20
wait for 20 ns;
A2 <= not A2;

end process;

-- Stimulus process

stim proc3: process

begin
-- hold reset state for 40
wait for 40 ns;
A3 <= not A3;

ns.

ns.

ns.
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242 —-- Stimulus process

243 stim proclO: process

244 begin

245 —-- hold reset state for 5120 ns.
246 wait for 5120 ns;

247 Al0 <= not Al0;

248 end process;

249

250

251 —-- Stimulus process

252 stim procll: process

253 begin

254 -- hold reset state for 10240 ns.
255 wait for 10240 ns;

256 All <= not All;

257 end process;

258

259

260 -- Stimulus process

261 stim procl2: process

262 begin

263 -- hold reset state for 20480 ns.
264 wait for 20480 ns;

265 Al2 <= not Al2;

266 end process;
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== Stimulus process

stim proc7: process

begin
-- hold reset state for 640 ns.
wait for €40 ns;
A7 <= not A7;

end process;

-- Stimulus process
stim proc8: process
begin

-- hold reset state for 1280 ns.
wait for 1280 ns;
A8 <= not A8;

end process;

-- Stimulus process

stim proc9: process

begin
—-- hold reset state for 2560 ns.
wait for 2560 ns;
A9 <= not AS;

end process;
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- Stimulus process
stim procl3: process
begin
-- hold reset state
wait for 40960 ns;
Bl <= not Bl;
end process;

-- Stimulus process
: process

-- hold reset state
wait for 81920 ns;
B2 <= not B2;

end proces

-- Stimulus process
stim _procls: process
begin

nold reset state
wait for 163840 ns;
B3 <= not B3:;

end proces:

for 40960 ns.

for 81920 ns.

for 163840 ns.
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-- Stimulus process
stim proclé: process
begin
-- hold reset state
wait for 327680 ns;
B4 <= not B4;

end process;

ND;

for 327680 ns.
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