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Fall 2008

Homeworks 7 and 8 Problems (Updated)
Assigned 10/31/08, due 11/21/08 (revised date)
1. Write a behavioral level VHDL description for a combinational circuit having the following specifications and submit it in your report.
a. The circuit has the following inputs and corresponding data types:

i. func: bit
ii. A : signed (4 downto 0)
iii. B : signed (4 downto 0)
b. The circuit has the following outputs and corresponding data types:

i. result: signed (4 downto 0)
ii. overflow: bit 
c. The circuit performs the following function:

i. When (func = ‘0’) 
result = A + B
ii. When (func = ‘1’)
result = A – B

iii. Flag overflow condition
1. When any of the following conditions occur
· (A>”00000”) and (B>”00000”) and (func=’0’) and (result<=”00000”) or
· (A>”00000”) and (B<”00000”) and (func=’1’) and (result<=”00000”) or
· (A<”00000”) and (B<”00000”) and (func=’0’) and (result>=”00000”) or
· (A<”00000”) and (B>”00000”) and (func=’1’) and (result>=”00000”)
overflow = ‘1’

2. else 
· overflow = ‘0’
d. “signed” data type declarations are similar to “bit_vector” declarations. Instead of the keyword “bit_vector” you would use the keyword “signed”  Please note that to use the “signed” datatype, you will have to add the following lines at the top of your code:


library IEEE;

use IEEE.std_logic_1164.all;

use IEEE.numeric_std.all; 
(Then start your code here)
2. Simulate your VHDL description using the tool ModelSim. Apply and simulate following given ten test cases of input combinations and report the input-output simulation results in tabular format. The ten input combinations that you need to simulate are:

a. Input A = 0, Input B = non-zero, func = 1
b. Input A = non-zero, Input B = 0, func = 0

c. Input A = max value, Input B = max value, func = 0 

d. Input A = max value, Input B = min value, func = 0
e. Input A = min value, Input B = max value, func = 0

f. Input A = min value, Input B = min value, func = 0

g. Input A = max value, Input B = max value, func = 1
h. Input A = max value, Input B = min value, func = 1

i. Input A = min value, Input B = max value, func = 1

j. Input A = min value, Input B = min value, func = 1

Note: 

· (min value) is the minimum signed binary value that can be represented using 5 bits, which is -24 =  -16 (decimal) = 10000 (binary)
· (max value) is the maximum signed binary value that can be represented using 5 bits, which is 24 - 1 =  15 (decimal) = 01111 (binary)
· The operation (result<=”00000”) is a relational operation which means “less than or equal to” and not an assignment operation as it will occur inside an “if” or a “when” statement.
Informational Comment: Note that these ten test cases provide just a partial verification of your design and more test cases can be considered if required. The above given test cases are based on a heuristics of testing corner cases (min-max) for verification of the design.

3. Synthesize your behavioral level VHDL code using the tool Leonardo Spectrum to convert it into a structural level net-list. Synthesize the circuit using both types of optimizations; which is area optimized and delay optimized, and save the generated net-lists in Verilog format.

Submit the synthesized net-list for both types of optimizations (area and delay optimizations) 
Report the following for both area and delay optimized net-list:
i. No. of gates utilized from the area report

ii. The critical path delay from the critical path delay report


4. Simulate the synthesized netlists from task no. 3 (again both area and delay optimized) using the tool ModelSim using the same ten test cases as used in task no. 2. Report the input-output simulation results in tabular format.

5. Use the automatic test pattern generator (ATPG) tool FlexTest to generate the tests for the area and delay optimized netlists. Report the following for both netlists:

a. No. of stuck-at-faults 

b. No. of test vectors generated

c. % fault coverage

d. CPU seconds for test vector generation






















