
How much testing do I need to do?

Suppose you've built a 64-bit ALU with 4 operations

How long would it take to test it exhaustively?

(Not hypothetical, if you're Intel/AMD/ARM/NVIDIA!)

Besides exhaustive testing, how can you gain confidence it works?
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20 October 2022



Exams are graded

Median was 35 (of 41)

If you got below ~30, I'd like to chat and understand where
you're at with the course.



By the end of class today, you should be able to:

Build counters and other simple sequential circuits in VHDL

Create flip-flops using VHDL
Describe the structure of a counter or shift register



Warmup

Write a concise description of the signals (inputs/outputs)
and behavior of a D flip-flop.



Warmup 2
Draw the output of this circuit as a function of time.
Assume the output is 0 (low) at time = 0.  Ignore propagation delay.
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Definition: register
A "register" is just a bank of flip-flops.
Unless otherwise specified, we mean D flip-flops (possibly with a reset)



A counting circuit
Design a sequential circuit that counts from 0 to 9.
The count should increase by 1 every clock cycle (i.e., each rising edge)
After 9, it should restart at 0, and continue looping forever.

You can use whole blocks like an adder or register.



Process sensitivity
process (SENSITIVITY)

begin

end process;



Modeling a D flip-flop

entity dff is
port(
clk : in std_logic;
d : in std_logic;
q : out std_logic

);
end;



Modeling a D flip-flop

entity dff is
port(
clk : in std_logic;
d : in std_logic;
q : out std_logic

);
end;

architecture synth of dff is
begin

end;



Modeling a D flip-flop

entity dff is
port(
clk : in std_logic;
d : in std_logic;
q : out std_logic

);
end;

architecture synth of dff is
begin

process ???
begin

q <= d;

end process;

end;



Modeling a D flip-flop

entity dff is
port(
clk : in std_logic;
d : in std_logic;
q : out std_logic

);
end;

architecture synth of dff is
begin

process (clk)
begin
if rising_edge(clk) then
q <= d;

end if;
end process;

end;



If sensitivity includes:
all↕

clk↑

clk↑ + data↕

Nothing
Something else

Combinational logic
Flip-flop / register
Latch
Testbench (continuous evaluation)
Bad things you probably didn't want.

Process sensitivity
process (SENSITIVITY)

begin

end process;



Counter in VHDL

vhdlweb.com/problem/synth_playground



Shift register

On each clock cycle, shift the input into the lowest register



Reset signals!



1. Read the book (3.4) and complete the pre-class quiz

For Tuesday

2. Homework posted tonight/tomorrow

Submit on Gradescope by Thursday at class time (10/27)

3. Lab 6 draft posted tonight/tomorrow



Bonus material



Blocking vs non-blocking

Real hardware is always non-blocking!
So signals/outputs must be assigned with non-blocking assignments.
Intermediate variables can have blocking assignments.

process(all) is
variable ab : std_logic;
variable notbc : std_logic;

begin
ab := a and b;
notbc := (not b) and c;
y <= ab or notbc;

end



Lab 6 (next week)
Going from one digit to 2, using sequential logic








