ELECTRICAL AND COMPUTER ENGINEERING DEPARTMENT, OAKLAND UNIVERSITY

ECE-378: Digital Logic and Microprocessor Design

Winter 2015

Solutions - Final Exam

(April 23t @ 7:00 pm)

Presentation and clarity are very important!

Show your procedure!

PROBLEM 1 (16 PTS)
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Complete the timing diagram of the following circuit. G =

A2

il

T

™

e
DD

resetn

™

IS

™

s

™

s

pin

X

A

E

clk

i

resetn

clk

[t
_O_
[
1o
1 o1
F--F-
120
o
[
(=
1o
o
1S
1S
1 o1
1S
=
o
(=
1 o1
[ |
r--r-
1 S
o
1S
1ol
1O
rsr
[
1o
[
[l
[
(RS
[
o~
[
[
[
[}
(IR
[
o
o~
_M_
1 1
o
1 1
[
[
1
(=
LS
[
1o
1o
o
[
ol
1O
[
[y
Lo L.
ol
1O
1 M_

1 1
—
L__L._
[ |
—
=g
—
1ot
Lo L.
[

1 M_
(=]
1S
Lo Lo
[
=g
LS
o
[
[
1O
o
1S
o
[ -
=
120
[
1ot
=
1O
1 w.
13
(=
(@]

PROBLEM 2 (16 PTS)

Complete the timing diagram of the following circuit that includes a T-type flip flop. (8 pts)
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Complete the timing diagram of the circuit shown below: (8 pts)
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Instructor: Daniel Llamocca
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Digital Logic and M

Complete the timing diagram of the following digital circuit that includes an FSM (in ASM form) and a datapath circuit.

ELECTRICAL AND COMPUTER ENGINEERING DEPARTMENT, OAKLAND UNIVERSITY
Counter: E = sclr =1 — Q = 0. Shift Register: If E = 1: s_L = 0 — shift, s_L = 1 — load.

PROBLEM 3 (20 PTS)

ECE-378

i Bl sttt il it e Bl et T Bl Bl il it mieiat'n Rt Sttt il pdietis Bt Stlind i
191 o1 1 T 1 1 1 1
o g0 ©0 1 O [
o —
_O__l__O_ 1 ©a 1ot
gt or 1 g [ 1 1
1 11 11 1 1 1 1 1
(=N [ 1 I 1 1
I g1l ©O1 1 o1 1 1 1 1
Lot w1 a1 S _N_ 1M
1ottt w1 1 o1 [ [N
1ol ©O1 1 o1 1 1 ] ]
- B - B Cb o e B B I S B T [ e N T TRREPE Py B
— AR [ 1 1 1 1
1 - - 1o T 1ol 1l
= 4_\ & PO T [N 1 1
Q o — o 0
b Q < 1O g 1 1 1
m _I_I_v.d w E - [ i ||||_|w__||_|_|1A|_ |||||||||| _||_”I|| - e I _|||_ ||||||
“>l 8 X o P w 1o T ro-r -
< ! S LS 2 g [ [N
Re © LSt D S T 1 ni
=0 o o [N NN I = 1 90 1 1
QW w . - [ ) P N A Pt Y Ay Y P RPN Y Ny IS N N — T PR B
1o =Y 1 1 1 1
n o S S 1ol 1 1
1 — — o Do 1 1 1 [N
n P o Saa oh 1S [N
_1__0__H_ P 1 1
- Y Y S N U [ N Ty S (N [ TR Ny ) E Y M — TP P
_O__l__n_ 1 1 1 1
1O O 1 [l 1 1
1O O ©0 1 O _mw_u_
i o Th =N 1 1
[ [ 1 1 1 | |
e - D TAT1 I~z ~"71 -7 77 [ i R N [ R
I ' Sl [=] 1811 o G o o
1 IS I — =S|l Qo o 1 O (IS
1 = < \ o — [ N I A R 120 [N
1 ~ ~ © o 1 1 O 1 19 1 1
1 °om H “ - iy R I Il T O T I S Y Tt N DAY P [N N N R R — TS B
1 [ad] N < = of [ [ Iy ] 1 1 1
1 ] ad =) Iy [ad] [ S N T | 1ol 1 1
o e o A Nl > o —
1 B m =S & \ Lol [ ol | |
- [%) A /VOIV S 1 & e R2_ 1o St ol 1ol 2N
1 = < 1ol [ 1 [— 1 1
<5 0 at _ﬂ. T3 Hm R3“ - -t----- -F-t1--|---41--t-Fr--r-—--q--- il s e S el S e el S
1 % B =] T A _1__0__M_ [ 1 1
1 + N N 0 n . P S Th g 1o
! ' <" H _A' rorr ot 1 gl [ [N
1 O < Y 1O o511 1 1 1 1 1
1 w .~ [ [ h 1 © ] 1 1 | |
1 [ - B i i e i i R U = Ea e [ty I i I R (I i
1 5 — < “ _H__o__l_ 1 ot 1 1
1 < | L oll 91 1 1 [y [l
1 =1 2] S = \ 11l Q11 o1 [y [N
1 3 @ oW h 1ol O 1 1 1 1
1 | - Y ) S N U N (P Y N SN S I P g e np P Mgy
1 y \ L 1 o 1 1 1 1
i = . ! 1SS S = 1o
70y Tyg g€ n 1 — o n
1 fsiachachn.t \ 1o g 9 Iy 1 1
1 - \ Of [ . i 19 1 11— | |
1 [ < - - etz crro et oo r-—r-—fF-- it il st (it Bl il
1 Mo @ | (=3 ol 21 o 21 1 1 1 1
1 B | ol |8 '+ Q11 =11 ©a 1o [N
| < (=] PO o T 1o 11
AN 0 n L\
T — —x (@] _1__0__w_ 1 O | |
(o] = O ) | © - oo — oo [P I U A I (U B [T T ER e T IS IDNDRR [T JE R
1 A= (e ) | 1o [ 1 1 1 1
1 Mo N 1o~ 1 1ol 1 1
1 i @ “ _l__l__m_ [N [N
1 . . | _l__m__l_ 1o 1
1 1 oOnl 1 1 1 1 1 1
1 o W © LMM “ - -t-=]--==-F- R R i R [ et R A e R el e e e
1 1ol 1ol 1 1 1 1
3+ ! —
- S 3o _ Lo S S =, LS
w o =] ! o < %)
1 | VAVA [ N S I 1O 1 1
1 x| 1 [ [ 1 1 1 1
1 [8) ol g \ - -t---1----r- 1-----1--1-r--rq----4--- r--r--fF--—---fF-------fF--- i Tl sl
1 Ja= a| | W \ o 90 1 1 1 1
1 ol 3 < > | _M__O__w_ 1 O Lt
1 | 1 1ol 1 190 1 n!
1 H _H__O__H_ 190 1 1
1 v3 \ 0 - [ R B A L= B I S e O N Y T Y R (N R [ IR SR I e IR BRI TH PR A
1 > | It — o 1 ol [ 1 1 1 1
1 %) > o © ol rorr o I 1ol 1 1
1 avi L \ 3 n |l 1o o 3 1ol 1o
L | 1ol O 1 ol 1Ol [N
1 = | 1 O11 OO0 1 51 1 1 1 1
1 g —>| A \ -l€<—----|--- “F=tq---A-=-A4--4-r——- -] --- et S e e el R EEE TR
1 © \ 1 O11 o1 1 Ol 1 1 [
[ \ 1 O11 O1 1| O = gt
_ _ 1911 011 9O [y [ [
g'8"'g
g M IVR
58 8 4w gg o % = F 88R 5 % F ¢
o o o a Aa o S 0
o T o0 o 2T
o o b 0

Instructor: Daniel Llamocca




ELECTRICAL AND COMPUTER ENGINEERING DEPARTMENT, OAKLAND UNIVERSITY
ECE-378: Digital Logic and Microprocessor Design Winter 2015

PROBLEM 4 (16 PTS)

= Sequence detector: Draw the State Diagram (any representation) and the Excitation Table of a circuit with an input x and
output z. The machine has to generate z = 1 when it detects the sequence 01011 or 11100.

resetnﬁ)
« ; | ., x 001011111001011100101101011100
FINITE STATE
MACHINE
clock _> z |_| |_| |_| |_|

resetn =0

State Assignment:

“; g; g ; 888(1) PRESENT STATE | NEXTSTATE
. PRESENT NEXT —_— —_—
v S3:Q=0010 x STATE STATE z E 0,0,0,0, (t) 050,00, (t+1) z
v S4: Q= 0011
v ssg=ow00 0 S S oo
v S6:Q =0101 0 s3 s4 0
v S72:Q=0110 o o 2 o
v s8:Q=0111 o o a1 o
v S9:Q = 1000 o se s2 0
0 s7 s2 0
0  s8 S9 0 »
0 s9 s1 1
1 s1 S6 0
1 s2 s3 0
1 s3 s7 0
1 s4 S5 0
1 s5 s1 1
1 s6 57 0
1 57 s8 0
1 s8 s8 0
1 s9 s3 0

PR RPRPRPRPRPRPPRPRPPRPRPPRPRPRPRPRPRPPRPOOOO0O00000000000O0O0O
PR PR RPRPRPRPO0O000000O0ORMREREPEPREPEPPEPPOOOOOOO

PRPFRPPRPOOOOFRRPRHFEPRPFPOOOORHERPPFPROOOORRREREOOO

PR OOFRRFRPROOFHRRFRPROORFOORHFHOOFRRPROORRLROORREHO

PORrROFROFHROFHORROROROFROFROFROROROROR OR O
XX HE X H XX OOOOODODODODODOOXR XN XX HUXNXOROOOOOOoOOo
XXX XXX ORRPRPORRPFPORXMXXXNXNXNXOOOOOOOoOOoOo
XXX XXX PR RPRPRPOORRPOXXXNXNXNXNXoOoOooOoOOROR OO
XX XXX XX OPFR P OOOOORXMXNXNXNXNXNXoOoRrR,rRERRERR
XYY OOOOR OOOOX XX XXX XRPROOOOOOoOoOo
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ELECTRICAL AND COMPUTER ENGINEERING DEPARTMENT, OAKLAND UNIVERSITY

ECE-378: Digital Logic and Microprocessor Design

Winter 2015

PROBLEM 5 (16 PTS)

Complete the timing diagram of the following circuit. Provide DO and Qix as hexadecimal values.
sclr: Synchronous clear. If E = sclr = 1, then the register output is cleared (set to 0).
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ELECTRICAL AND COMPUTER ENGINEERING DEPARTMENT, OAKLAND UNIVERSITY

ECE-378: Digital Logic and Microprocessor Design

Winter 2015

PROBLEM 6 (16 PTS)

= Draw the State Diagram (in ASM form) of the FSM whose VHDL description in shown below. Is it a Mealy or Moore FSM?

= Complete the Timing Diagram.

library ieee; architecture behavioral of circ is
use ieee.std logic 1164.all; type state is (S1, S2, S3);
signal y: state;
entity circ is begin
port ( clk, resetn: in std logic; Transitions: process (resetn, clk, s, b, z)
s, b, z: in std logic; begin
done, r, g: out std logic); if resetn = '0' then y <= S1;
end circ; elsif (clk'event and clk = '1l'"') then
case y is
resetn=0 when S1 =>
S1 L if s = ‘1’ then y <= S2; else y <= S1; end if;
1 |<——
9« when §2 =>
if z = '1l' then
0 y <= S3;
else
1 if b = ‘1’ then y <= S3; else y <= S2; end if;
end if;
when S3 =>
if s = '1l' then y <= S3; else y <= Sl1; end if;
end case;
end 1if;
end process;
Outputs: process (y, z, b)
begin
done <= ‘0'; g <= ‘0’; r <= ‘0';
case y 1is
when S1 => g <= ‘1';
when S2 => if z = ‘0’ then
r <= ‘1';
if b = ‘1’ then g <= ‘1’; end 1if;
—>| done « 1 |<— end if;
when S3 => done <= ‘1’;
0 1 end case;
end process;
end behavioral;
1
1
clk |
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
resetn | | | | | | | | | | | | | | | | | | |
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 1 1 1 1 1 1
s 1 1 1 1 1 I| 1 1 I| 1 1 1 I| 1 1 1 1 1 1
1 1 : 1 : : : 1 1 : : : : :
I e
b T 1 T T 1 T 1 1 1 1 T T T 1 1 1 1
_I,_I_|'| 1 1 1 I,_|'| 1 I,_I_|'| 1 1 I,_I_I—\;
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
zZ 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 1 1 1 1 1 1 1
B e e Rt it
state S1:S1 ;S1 1 S1,S2,S3 ,S1,S2 ,S3 :S3:S1 ;S1 ,S1.:S1 /S2.:S2.:S3 1S3 |S1
—_——tee e e e e ke d e ek el e d e e e ekl e e e e e e e = =
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
T i i i i | i i i i i 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 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
q 1 1 1 1 I| I| I| 1 1 I| 1 1 1 I| 1 1 1 1 1
1 1 1 1 1 Ll 1 Ll Ll Ll 1 1 1 1 Ll Ll Ll Ll 1
1 1 1 1 I,_LI 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
done 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Outputs 'r" and 'q’ depend on the current state as well as the inputs. Thus, this is a Mealy FSM.
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