ELEC 379 : DESIGN OF DIGITAL AND MICROCOMPUTER SYSTEMS
1999/2000 WINTER SESSION, TERM 2

Solutionfor Assignmentl

The combinationlock canbe modelledasa state

machine. From the descriptionof its operationwe arcr;: ;s;}‘”e rtl of EClock is

canderive thefollowing (incomplete)statetransition correct, -~ correct keypress for state
diagram: new button, -- first clock for this keypress
any, -- any key is pressed
prev_any -- "any’' at previous clock
reset=1 S bit -
new=0 new=0 new=0 reset=0 ) : '
’ si gnal
correct=1 correct=1 state, -- current state
9 R S state_if_reset, -- state if reset asserted
state_if_new, -- state if new asserted
correct=0 correct=0 state_if _correct, -- state if correct asserted
So So state_next -- next state if 'right’ applied
reset=1 reset=1 reset=1 . bit_vector (3 downto 0) ;
Sg Sg Sg
si gnal
. . wrong_but t ons,
TheStatemaChmegoeSto the resetSIatevS) if the correct _buttons -- correct buttons for state
resetbuttonis pushed. The statemachinecanonly © bit_vector (9 downto 0) ;
. . . pegi
changestateon the clock cycle in which ary key is  *%'"
newly pressedlt stepghrough8 additionalstatefS; -- next-state selection
.tO SB) afterea(?hc.:o.rre(:tdlglt IS pl’eSS(.%‘Gbr g?esto Sg, with reset select state_if_reset <=
if the wrong digit is pressed.Thereis no 'correct "0000" when '1',
buttonin S or S soin thesestateghe statemachine state_if_new when others ;
alwaysgoesto S. Thelock is openedonly in state with new button select state if new <=
8. state_if_correct when '1',

We canwrite the statetransitiontableasfollows: state when others ;

with correct select state if_correct <=

— 9 state_next when '1',
CRED 8 "1001" when others ;
— O E’ (%3]
8 % o| & b - alternative using selected assignment:
— c (&) (79} c
ol o0l X S S - state_if_reset <=
"0000" when reset ='1' else
01 0 Sl SQ state when new button ='0" else
Ol1|1]S S+l -- st gge_next when correct = '1'" else
"1001" ;
1/ X[ XS S

- state register

whereSrepresentgary valid state(0 to 9), S41 rep- Er ocess(cl k)
egin

resen'_tsthe next statglf theco_rrectbuttoms pu_shed, if clk event and clk = '1' then
‘new’ is asignalthatis 1 only in thestatefollowing a state <= state_if_reset ;
end if ;

new keypressand‘correct’ is asignalthatis 1 when

the correctkey to adwanceto the next stateis being
pressed. -- detect if any keys are pressed
with button select any <=
"0’ when "0000000000",
"1 when others ;

end process ;

entity EC lock is port (

signal button : in bit_vector(9 downto 0) ; -- 'prev_any’ is ’any’ delayed by one clock
signal reset, clk : in bit ; process(cl k)
signal locked : out bit ) ; begin

end EC | ock ;
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if clk’event and clk ='1" then
prev_any <= any ;
end if ;
end process ;

- detect if a new key has been pressed
new button <= any and not prev_any ;

- next state (if correct button pushed)
with state select state_next <=
"0001" when "0000",
"0010" when "0001",
"0011" when "0010"
"0100" when "0011",
"0101" when "0100",
"0110" when "0101",
"0111" when "0110",
"1000" when "0111",
"1001" when "1000"
"1001" when others ;

- determine if the correct key is being
- pressed for current state

with state select correct_buttons <=

-- 9876543210 state
"0000000001" when "0000"
"0000000010" when "0001",
"0000000100" when "0010",
"0000001000" when "0011",
"0000010000" when "0100",
"0000100000" when "0101",
"0001000000" when "0110"
"0010000000" when "0111",
"0000000000" when others ;

wrong_buttons <= button xor correct_buttons ;

with wong_buttons select correct <=
"1 when "0000000000" ,
"0’ when others ;

- assert output except in state 8
with state select |ocked <=

"0 when "1000",

"1' when others ;

end rtl

Thecorrespondindplock diagramis shavn if Fig-
urel.

The simulationoutputfor the threetest casesis
shawn in figures2 through4.
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Figurel: Block Diagram.

Name: 1.0us 2.0us 3.0us 4.0us 5.0us 6.0us 7.0us 8.0us 9.0us  10.0us 11.0us 12.0us 130us 14.0us 150us 16.0us 17.0us 180us 19.0us 20.0us 21.0us 22.0u
[1] reset ‘
[ clk
01 buton |00 o01 ) 000 X ooz X 006 ) o0a X 000 ) 008 X oo ) 010 X o0o X 020 ) o0 X o4 ) o0o ) o0 X 006 ) om0 ) o
[B] state 0 X 1 2 3 4 X 5 6 7 9
[Ollocked
Figure2: IncorrectSequence.
Name: 2.0us 4.0us 6.0us 8.0us 10.0us 12.0us 14.0us 16.0us 18.0us 20.0us 22.0us 24.0us
1] reset
[ clk
[il button 000 X 001 X 000 X002 X 000 X 004 X 000 X 008 X 000 X 010 X 000 X 020 X 000 X' 040 000 080 000
[B] state 0 1 X 2 3 4 5 6 7 8 9
[O]locked \ [
Figure3: Correctinput.
Name: 1.0us 2.0us 3.0us 4.0us 5.0us 6.0us 7.0us 8.0us 9.0us  10.0us 11.0us 12.0us 130us 14.0us 150us 16.0us 17.0us 18.0us 19.0us 20.0us 21.0us 22.0u:
[1] reset ‘
[ clk
01 button 000 X001 X 000 X 002 X 000 X 004 X o000 X 008 X 000 X 010 )X 000 X 020 X 000 X 040 X 000 X o081 X 000
[B] state 0 X 1 2 3 X 4 5 6 7 9
[O]locked

Figure4: Two KeysatOnce.




