LAB2	(DE1 version)	

Associated Files: DE1.qsf, CH3_DE1.qar and sevenseg.vhd in CH4_DE1.qar	

Pre-lab: 
Create a new directory called “lab02” under the course directory. All the project directories created for this lab will be under “lab02”. This procedure should be repeated for the rest of the laboratory exercises and will not be mentioned again.

Exercise #1 (Add/Sub circuit design)
· Refer to textbook Chapter 3.1.3.
· Restore CH3_DE1.qar and CH4_DE1.qar so all the VHDL source codes are accessible in the restored directory.
· Create a new project called “ADD_SUB” under “lab02”.
· Copy “sevenseg.vhd” from “CH4_DE1_restored”. Remember to make a physical copy of the file in the current project directory. If the “Project Navigator” lists the file names with directory, e.g. “../lab01/sevenseg.vhd”, then the file “sevenseg.vhd” is not in the current project directory. 
· Create a new VHDL file called “ADD_SUB.vhd”. Refer to “Add_sub_STD_4b.vhd” from the CH3_DE1_restored and use the third design that utilized the ‘+’ and ‘-‘ functions from the “numeric_std” package. Remember to add the “use” clause to include the “numeric_std” package for the modified RCA design. Add HEX1 to the design to display the result from the second add/sub circuit. The complete listing of ADD_SUB.vhd should look like:

library IEEE;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

entity ADD_SUB is
	port (
		SW:	in std_logic_vector(8 downto 0);
		HEX0: out std_logic_vector(6 downto 0)
		);
end entity;

architecture lab02 of ADD_SUB is
	signal S : std_logic_vector(3 downto 0);
begin

	display0: entity work.sevenseg port map (S, HEX0);

	S <=	std_logic_vector(signed(SW(7 downto 4)) + 
signed(SW(3 downto 0))) when SW(8) ='0' else
		std_logic_vector(signed(SW(7 downto 4)) – 
signed(SW(3 downto 0)));
end architecture lab02;

· Import DE1.qsf, the pin assignment file. Compile and program the DE1 board.
· The first operand is SW(7:4) and the second operand is SW(3:0). SW(8) controls the add/sub selection: 0 for addition and 1 for subtraction. Verify the circuit and write down the results in the lab report. Note that some input combinations exceed the capacity of the 4-bit add/sub.
· Record the hardware usage and print out the RTL view to be included in the lab report.

Exercise #2 (Multiplier with  “*” function/operator)
· Refer to textbook Chapter 3.1.4 for this exercise.
· Create a new project called “multiplier” under “lab02”. Add “sevenseg.vhd” to this project.
· Create a new VHDL file named “multiplier.vhd” and copy the content of “Mul_STD_8b.vhd” from the CH3_DE1_restored directory. Alternatively, you may simply copy the file to the current project directory and rename the file and add the file to the project.
· Since DE1 board only has 10 toggle switches, the 8-bit multiplier will be reduced to a 4-bit multiplier. Modify the multiplier.vhd as follows:

library IEEE;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

entity multiplier is
	port (
		SW:	in std_logic_vector(7 downto 0);
		HEX0, HEX1, HEX2, HEX3: out std_logic_vector(6 downto 0)
		);
end entity;

architecture lab02 of multiplier is
	signal P, Q: std_logic_vector(7 downto 0);
begin
display0: entity work.sevenseg port map (P(3 downto 0), HEX0);
display1: entity work.sevenseg port map (P(7 downto 4), HEX1);
display2: entity work.sevenseg port map (Q(3 downto 0), HEX2);
display3: entity work.sevenseg port map (Q(7 downto 4), HEX3);
	P <= 	std_logic_vector(unsigned(SW(7 downto 4)) 
* unsigned(SW(3 downto 0)));
	Q <=	std_logic_vector(signed(SW(7 downto 4))
* signed(SW(3 downto 0)));
end architecture lab02;

· Remember to import the pin assignment file “DE1.qsf” since this is a new project.
· Compile and program the DE1 board to verify the design. When “X” and “Y” are both within the range of 0-7, “P” = “Q”, since at this range the unsigned and signed number representations are identical. For numbers in the range of 8-15, the unsigned multiplier will treat them as positive numbers but the signed multiplier will treat them as negative numbers. Note that the product of the signed multiplier is also in the 2’s complement format. Fill in the values of “P” and “Q” for the selected input combinations in the lab report.
· Print out the RTL view to be included in the lab report. Also, record the hardware numbers from the compilation report.



Assignment: (MAF unit for a ± b × c)
· Refer to textbook Chapter 3.2.2 or “register_demo.vhd” in CH3_DE1_restored for register design. Refer to textbook Chapter 3.2.4, Figure 3.26 or “counter.vhd” in CH3_DE1_restored for adding “enable” to a register.
· Multiply-Add-Fused (MAF) is a special arithmetic circuit that performs “a ± b × c” directly. This is particularly useful for convolutions and many other signal processing functions. This assignment is to implement one such circuit as shown in the functional block diagram below.
· Since DE1 board only has 10 toggle switches, we will use only four switches to input the 4-bit ‘a’, ‘b’ and ‘c’ at different time. These three signed numbers will be loaded separately into three 4-bit registers: Ra, Rb and Rc. The pushbuttons KEY(3), KEY(2), and KEY(1) are used as the enable signal for the three registers, respectively. To operate the circuit, user set SW(3 downto 0) to the number for ‘a’ and the push KEY(3) to load it to Ra. Similar procedure is required for loading Rb and Rc.
· The product of Rb × Rc is an 8-bit signed number ‘Pd’. Sign-extension is performed on 4-bit signed Ra to make it an 8-bit signed number. This is accomplished by the concatenation function such that “(7 downto 4 => Ra(3)) & Ra”.
· The ADD/SUB circuit is controlled by SW(8) as before. The output of the ADD/SUB, “MA”, will be displayed on hex1 and hex0. The contents of Rb and Rc will be displayed on hex3 and hex2, respectively. Since DE1 board only has four 7-segment displays, we will use LEDR(3 downto 0) to display the content of Ra. 
· Fill in the test vectors table in the lab report. Use these numbers later to verify the design.
· Create a new project called “MAF” under “lab02”. The top-level entity is “MAF” in the “MAF.vhd” files.
· Remember to import pin assignments. Compile and program the DE1 board. Use switches and pushbuttons to input the 2’s complement numbers for ‘a’, ‘b’ and ‘c’ as described above. Verify that the results are correct according to the test vector table you have filled in earlier.
· Print out the VHDL code of MAF.vhd and the RTL view to be included in the lab report.
· Record the hardware usage numbers in the lab report.


LAB2 Report						Name: ________________
																					Name: ________________

From Exercise#1
1. Fill in the ADD/SUB results in the table below: (as shown on HEX0 (hexadecimal) and the integer value (in decimal) as a 4-bit signed number). Overflow occurs on the rows marked “*”. When an overflow occurs the result is incorrect due to the word length limitation, i.e. the range of a 4-bit signed number is -8 to +7.

	X = SW(7:4)
	Y = SW(3:0)
	SW(8)
	HEX0 in
hexadecimal
	HEX0 in
decimal
	S = X+Y or
S = X-Y

	0101 (+5)
	0011 (+3)
	0
	
	
	+8*

	0101 (+5)
	0011 (+3)
	1
	
	
	+2

	0101 (+5)
	1010 (-6)
	0
	
	
	-1

	0101 (+5)
	1010 (-6)
	1
	
	
	+11*

	1001 (-7)
	1010 (-6)
	0
	
	
	-13*

	1001 (-7)
	1010 (-6)
	1
	
	
	-1




2. What were the hardware numbers on the compilation report summary?
		Total logic elements				___________ / 18,752  (_______ %)
			Total combinational functions	___________ / 18,752  (_______ %)
			Dedicated logic registers		___________ / 18,752  (_______ %)

3. Attached the RTL view print out and mark it as “exercise#1”.



From Exercise#2
1. Fill in the P and Q results in the tables below: (in hexadecimal and decimal)
	X = SW(7:4)
	Y = SW(3:0)
	P = HEX1&HEX0
	P in decimal
	Actual P= X*Y

	0101 (5)
	0011 (3)
	
	
	

	0101 (5)
	1010 (10)
	
	
	

	1001 (9)
	1010 (10)
	
	
	

	1001 (9)
	0011 (3)
	
	
	


*”P” is the product from the unsigned multiplier so its result should be interpreted as an unsigned number as well. 

	X = SW(7:4)
	Y = SW(3:0)
	Q = HEX3&HEX2
	Q in decimal
	Actual Q=X*Y

	0101 (+5)
	0011 (+3)
	
	
	

	0101 (+5)
	1010 (-6)
	
	
	

	1001 (-7)
	1010 (-6)
	
	
	

	1001 (-7)
	0011 (+3)
	
	
	


* “Q” is the product from the signed multiplier so the product is an 8-bit signed number; use 2’s complement to determine its decimal value.


2. What were the hardware numbers on the compilation report summary?
		Total logic elements				___________ / 18,752  (_______ %)
			Total combinational functions	___________ / 18,752  (_______ %)
			Dedicated logic registers		___________ / 18,752  (_______ %)


3. Attached the RTL view print out and mark it as “exercise#2”.



From Assignment:
1. Fill in the test vectors table below: (in hexadecimal and decimal)
All numbers are signed numbers.
	a = LEDR(3:0)
	b = HEX3
	c = HEX2
	SW(8)
	MA = HEX1&HEX0

	0101 (+5)
	0011 (+3)
	0011 (+3)
	0
	

	0101 (+5)
	0011 (+3)
	0011 (+3)
	1
	

	0101 (+5)
	1010 (-6)
	0111 (+7)
	0
	

	0101 (+5)
	1010 (-6)
	0111 (+7)
	1
	

	1001 (-7)
	1010 (-6)
	1111 (-1)
	0
	

	1001 (-7)
	1010 (-6)
	1111 (-1)
	1
	




2. What were the hardware numbers on the compilation report summary?
		Total logic elements				___________ / 18,752  (_______ %)
			Total combinational functions	___________ / 18,752  (_______ %)
			Dedicated logic registers		___________ / 18,752  (_______ %)

3. Attached the RTL view print out and mark it as “assignment”.
4. Attached the MAF.vhd.
5. Why this design did not require “debounce” for pushbuttons KEY(3:1)?






Grade: _____________



Assignment Verified by: ____________________________________
4

