ELECTRICAL AND COMPUTER ENGINEERING DEPARTMENT, OAKLAND UNIVERSITY
ECE-2700: Digital Logic Design Winter 2022

Solutions - Homework 4

(Due date: March 31st @ 5:30 pm)
Presentation and clarity are very important! Show your procedure!

PROBLEM 1 (12 PTS)
= Complete the timing diagram of the following circuit. ¢ = G5G,G,G, = 1011, Q = Q50Q,0,0,
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PROBLEM 2 (21 PTS)
= Design a counter using a Finite State Machine (FSM): resetnﬁ

Counter features:. 3

v" Count: 000, 001, 011, 101, 111, 010, 100, 110, 000, 001, 011, 101, ... E—>E Q —4>

v Input E: Synchronous input that increases the count when it is set to *1’. COUNTER
v" Output z: It becomes ‘1’ when the count is 110.
v resetn: Asynchronous active-low input signal. It initializes the count to 000 .

clock—> z >

= Provide the State Diagram (any representation), State Table, and the Excitation Table of this circuit. (13 pts)
= Provide the excitation equations (simplify your circuit using K-maps or the Quine-McCluskey algorithm) (5 pts)
= Sketch the circuit. Is this a Mealy or a Moore machine? Why? (3 pts)

PRESENT NEXT
= State Diagram and State Table. =0 E STATE STATE z
resetn="0' 0 S1 S1 0
0 S2 S2 0
0 S3 53 0
0 S4 S4 0
0 S5 S5 0
0 S6 S6 0
0 S7 S7 0
0 S8 S8 1
1 S1 S2 0
1 S2 53 0
1 S3 S4 0
1 S4 S5 0
1 S5 56 0
1 S6 S7 0
Th 1 S7 S8 0
e output z only depends on the present state = Moore FSM. 1 S8 51 1
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PRESENT STATE NEXTSTATE
State Assignment and Excitation Table: r L ) 0 L )
E Q,0,0,(t) Q,0,Q,(t+1) =z
v' S1: Q=000 0 000 000 0
v S2: Q=001 0 001 001 0
v 83:Q=011 0 011 011 0
v S4: Q=101 0 101 101 0
0 111 111 0
v S5:Q=111 0 010 010 0
v 56:Q=010 0 100 100 0
v S7:Q=100 0 110 110 1
v 5$8:Q=110 1 000 001 0
1 001 011 0
1 011 101 0
1 101 111 0
1 111 010 0
1 010 100 0
1 100 110 0
1 110 000 1
Excitation equations and minimization: Q, (t+1) £O Q, (t+1) £O
2 2
_ _ _ - _ 00 01 11 10 00 01 11 10
Q2(t+ 1)« EQ; + Q,0, + EQ2Q; = EQ1Q2 + EQ10Q; Q190 ———— 0190 -
= Q;®(EQy) 00| o || 1/ 1 ‘ 0 00 0 | O |1/ o0
Qu(t +1) « EQi + EQyQ; + Q201Q0 + EQ1 Qo ‘[
= == 01 1 1 01 1 1
=EQ1+ EQ1(Q2 + Qo) + Q2010 0 ) ,/‘ 0 0 0 ) 1
Qo(t +1) « Q1Q0 + EQo + Q2Q0 + EQ; Q1 1o jf1 o0 ] 1 \ 11 \'1 Ll 1J 0
=EQ,0,Q0 +EQ; Q4
_ 10| O 1 0 ’ 1 ‘ 10 ‘ 1 10 0
z=0Q20,Q — - S
Qo (t+1) o Z 5o
00 01 11 10 00 01 11 10
QlQo — QlQO
00 0 0 0 1 00 0 0 0 0
01 [1 1)1 (1 H 01| 0| 0| 0] 0
11 ‘y 1) 0\ 1 11 0 0 0 0
10l 0] 0] 0] o0 10/ 0 |1 1J 0
Circuit Implementation.
resetn
clk
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PROBLEM 3 (20 PTS)

= Sequence detector: The machine generates z = 1 when it detects the sequence 00110101. Once the sequence is detected,
the circuit looks for a new sequence.

resetnﬁ

X ——>

—>2z x 010011010100011010011010110101

FINITE STATE

MACHINE ” |_| |_|

clock —>

v" Draw the State Diagram (any representation) of this circuit with input x and output z. (5 pts)
v" Complete the State Table and the Excitation Table. (4 pts)
v" Which type is this FSM? (Mealy) (Moore) Why?

State Assignment:
S1: Q=000
S2: Q =001
S3: Q=010
S4: Q=011
S5: Q=100
S6: Q=101
S7: Q=110
S8: Q=111

orzsene | s PRIIESEN'I: STA1:E | NEX1:STATEl
x STATE STATE z x 0,0,0, (t) 20,0, (t+1) =z
0 s1 2 0 0 000 001 0
0 s2 s3 0 0 001 010 0
0 s3 s3 0 0 010 010 0
0 sS4 s2 0 0 011 001 0
0 S5 s6 0 0 100 101 0
0 s6 s3 0 0 101 010 0
0 87 S8 0 0 110 111 0
0 s8 s3 0 » 0 111 010 0
1 sl s1 0 1 000 000 0
1 82 s1 0 1 001 000 0
1 s3 S4 0 1 010 011 0
1 s4 S5 0 1 011 100 0
1 s5 s1 0 1 100 000 0
1 s6 57 0 1 101 110 0
1 87 s1 0 1 110 000 0
1 s8 s1 1 1 111 000 1

This is a Mealy FSM. The output z depends on the input as well as the present state.

3 Instructor: Daniel Llamocca
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ECE-2700: Digital Logic Design Winter 2022
= Given the following FSM circuit. (w: input, z: resetn
output, Q,Q,: state) (10 pts) o1k
v" Provide the Excitation Table, State Table, and
the State Diagram (any representation).
v' Get the excitation equations and the Boolean .._D
equation for z. (6 pts) _LI—\ 0 . 0
o J Q 1

v" Which type is this FSM? (1 pt.)

(Mealy) (Moore) D_ .
Q:(t+1) « (@1 + Qo)w Y Y
Qo(t+1) « Q100w L—0O
2= 000, D—T_D 2 I—o
State Assignment: —]
S0: Q=00 S1: Q=01
S52: Q=10 S3:Q=11
0/0

PRESENT STATE| NEXTSTATE resetn =0

—_ —_— PRESENT NEXT
W Q,Q,(t) 0,0, (t+1) =z w  STATE STATE =z w/z
0 00 00 1 0 SO S0 1 0/1
0 10 00 0 0 sz so 0
0 11 00 1 0 S3 S0 1
1 00 01 1 » 180 sl L
1 01 11 0 1 sl s3 0
1 11 10 1 1 S3 S2 1

This is @ Moore FSM. The output z depends only on the present state.

Instructor: Daniel Llamocca
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PROBLEM 4 (15 PTS)

Provide the state diagram (in ASM form) of the FSM whose VHDL description is shown below. Is it a Mealy or a Moore FSM?

Complete the Timing Diagram. (9 pts)

library ieee; architecture behavioral of myfsm is
use ieee.std logic 1164.all; type state is (S1, S2, S3);
signal y: state;
entity myfsm is begin
port ( clk, resetn: in std logic; Transitions: process (resetn, clk, a, b)
a, b: in std logic; begin
x,w,z: out std logic); if resetn = '0' then y <= S1;
end myfsm; elsif (clk'event and clk = '1l') then
resetn=0 case y is
when S1 =>
if a = '1l' then
if b = ‘1’ then y <= S3; else y <= S1; end if;
else
y <= S2;
end if;
when S2 =>
if a = '1l'" then y <= S3; else y <= S2; end if;
when S3 =>
if b = ‘1’ then y <= S3; else y <= S1; end if;
end case;
end if;
end process;
Outputs: process (y, a, b)
begin
X <= 0'; w <= ‘0’; z <= ‘0'";
case y is
when S1 => if a = ‘1’ then x <= ‘1’; end if;
when S2 => if b = ‘1’ then w <= ‘1’; end if;
when S3 => z <= ‘1’;
end case;
end process;
end behavioral;
This is @ Mealy FSM. The outputs depend on the input as well as the present state
1
1
clk 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
resetn R | | | | | | | | | | | | | | |
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
| | | | | :| | | | :| | | | | | | |
a 1 1 1 1 + + + + 1 1 1 1
—l—| 1 1 1 |—l—| 1 1 |—l—| 1 1 1 L L L 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
b 1 1 1 1 1 1 1 1 1 1 1 I| 1 1 1 1 1
1 T T 1 T 1 T T 1 T T T 1 1 1
e e e Y e e e Y g (e
1 1 1 1 1 1 1 1 1 1 1 1
state S0 S11 S21S31 831511631 S11S21S21S21 631 S1: S31 53131511
___I____I____I T I____I___ I____I____I____I____I T I____I____I____I____I____I____I
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
X I|_| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Il—l_:
1 1 1 1 1 ; 1 1 1 1 1 1 ; 1 1 1 1
1 1 1 T T 1 T 1 1 1 1 T 1 T T T 1
aumann s S B s e B S
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
w 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
T T T T T T T T T T T T T T T 1
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PROBLEM 5 (18 PTS)

= Complete the timing diagram of the following digital system that includes an FSM (in ASM form) and a datapath circuit.
Generic components: counter, parallel access shift registers, register. See Lecture Notes — Unit 6 for their behavior.

iresetnzo
6} 4l S1
5 [ Y 1 SCIrR «— 1, ER« 1
! l ! EC «1, scIrC «1
! s L E 1
1 — LEFT SHIFT \
: REGISTER [ REGISTER :
1 o < 1
| 3 A ;! !
1
: /(—0 :
Al Al 1
: EC , Y 51 '0'&B :
' sclrC E Q = !
' sclr < !
| S T ! ER< 1, EA<1
1 I > o | 1, <«
| cout zm cout + cin 1 !
| counter b |
| Oto5 ~ 5} T,T53T,T, Ty | cout L LR« 1
1 1
1 1
| A/t T3T,Ti T | 0
I 1
resetn—+ SR sclr !
| FSM LR s LEFT SHIFT as ! C=5? 0
clock—+ b ER E REGISTER " ! <C EC«1
1 1
1 1 1
1 T 5L 4
! zC ’ 4 i S3
| as R3R,RR, 1 | done « 1 |<—
G T T T .. .
1 4 0,///i\\\ 1
S
done Q R
N | N | A | A | A | A | A | A | A | N |
clock

1 1
resetn | |
1

R I

X 01d:100 Xj

1
pA 000000 Y 012011 ) /000000
DB 0000 Y 1001 X ' 0000 ! ! ! ! © X omr
1 1 1 1 1 1 1 1 1 1 1
0=A 000000! 00000 1 0110111 110110 | 101100 | 011000 1 110000 1100001 | 000011 | 000011 | 010100 |
—_———rm————— R e kel e it e R el R et
N | - LA ___ - Ll ___4 | L
R 0000, 0000 , 0000 , 0000 , 0001 , 0011 , 0110 , 0100 , 0000 , 0000 , 0000
=== r--=-=-=-- T=-=~===- b D | T=-====- qT--=-==== [ r=====-= T=====-= b D r
iy [ A R P . [ S N | | S 6 N R [ L
1 1
1 1

1 1 1 1 1 1 | 1 1
1 1 1 1 1 1 | 1 1
1 1 1 1 1 1 1 1 1 1
EC | | | | | | ] i | |
1 1 1 1 1 1 1 1 1 1
————r—————— +————— H—————— ——————- Fm———— 4 ——————- F—————- +————— —_—————— 3
QC 000 ' 000 000 ! 001 ' 010 ' 011 100 ' 101 101 ' 101 000 !
o ——L_ZZZ__ 1__Z-C_ I P [ L_ oo Ao __ __ 2 Lo - 1_-Z2_ a__Z__ L
1 1 1 1 1 1 1 1 | | 1
zC | | | | | | | | | : |

T T T T T T T 1 1 )
1 1 1 1 1 1 1 1 1
cout : : : : : | : 1 : : :
1 1 [ [ [ [ 1 1 [ [ 1
iR : : : : : :| : q : : :
1 1 1 1 1 1 : 1 1 1 1
ER | | | | | | | { ) | |
S S O S I— S I e S :
state s1 S1 1 52 1 S2 1 52 1 52 1 S2 1 S2 1 S3 1 S1 1 S2 1
ek m === A, e, —————— F———— e —— Im———_— Fe——_—— m——— e, s
1 1 1 1 1 1 1 1 1 1 1
done i i i i i i i : | i i
1 1 1 1 1 1 1 1 h 1 1

PROBLEM 6 (14 PTS)

= Attach a printout of your Project Status Report (no more than 3 pages, single-spaced, 2 columns). This report should contain
the current status of the project, including more details about the design and its components. You MUST use the provided
template (Final Project — Report Template.docx).

6 Instructor: Daniel Llamocca
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