UCLA

Department of Electrical Engineering
EEM16 - Fall 2012

Final Exam Solution

December 10, 2012

(The final contains 7 problems)

1. Exam is closed book. You are allowed two 8 % x 11” double-sided cheat
sheets.

Calculators are allowed.

Show the intermediate steps leading to your final solution for each problem.
4. You can use both sides of the sheets to answer questions.
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Problem 1 (10 points)

State Minimization: Given the state diagram in the figure below, determine which
states should be combined to determine the reduced state diagram.

Reset

%0 |9l,0 <40
s |83,0 SLO
i l'S(,o Sé/o
S22 | 5,0 S22, 0
g
g4 ji SS-,O Sﬂrlo
3¢ |@e So
S6 ligx_,o @:,\l
NS, 2



c ! GO
P1 [ (SoSiSaSsea 51) - (S¢)

R TN
‘

B e s e TR \

G | G
By | (goqssgasg)@) lceg)

O ,_’]( /_1\(
(‘q( l‘ | |

" G\ Gt
™ @g 8‘4)(@8@ <S>)f6€é>
| Wi Wl e g
=>
SEES

Rechucedt SCoARL O(M\ﬁmuh :

PS | xeo %=

Do | Gy Se,o
S S e S .o
< [Sl,o S6.0
' S0 Se; |




Problem 2 (15 points)

For the canonical sequential network shown below, determine the following timing
factors:

- network setup times: t%, (net), 'y, (net)
- network hold time: t, (net)

- network propagation delay: t, (net)

- minimal period: Tyn

- maximal clock frequency: fiax

for: ti, = 2.0ns, to,: = 2.5ns, ty(gate) = 0.5ns, ty, (cell) = 1ns, ty(cell) = 3.0ns and t,
(cell) = 0.5ns.
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Using the notation given on Figure 8.15 of the textbook we obtain the following network pa-
rameters:
Combinational Networks’ delays:

dl, = dl, =4xty(gate) = 2ns
d2 = 1x1,(gate) = 0.5ns

Network set-up time:
17, (net) = t¥,(net) = tgy(cell) + dl, =1+ 2 = 3ns

Network hold time:
th(net) = tp(cell) = 0.5ns

Network propagation delay:
tp(net) = ty(cell) + d2 = 3+ 0.5 = 3.5ns
Minimal period:
Tipin = max((t, +1t;,(net)), (t2,(net) +£,(cell)), t, (net +t,,,)] = max[2+3,3+3,3.5+2.5] = 6.0ns
Maximal frequency:

1 1

Jmax = = — ~ 167TMHz
Tipin 6.0 x 1079




Problem 3 (15 points)

Design a pattern recognizer that outputs 1 if the last 4 bits are 1-00, otherwise it
outputs 0. Implement it using SR flip-flops and NOR gates.

So:- Init
Si: 1
<2: 140
33: 1+7
a4 : I+O+0
ST = 141+ 0
Stode. [able |
PS X=o K=
<o So,0 S\ o
<1 <V,0 SR,0
<D k0 <|,0
<=2 s, 0o 92 ,@
<Ga W0, | ={ )
>y 3,\ 3\,0
NS, 2
Possible Stplilrcotion
Grl G2
|| (S0 s> 23)[(¢ ST)
o | | 2 =2 L4 2
I [= Shasst ==t
; -]
Py | (SOCSt)|(©&§%)|($23|C&§
o ] I 2 l 2 4] ‘
' h T2 o < TCoONThy
P23 (80)(BNE8»(8S) ((HL) = Negohad



SR Fle Flop.

i P2 Qo
. N
dz,ﬁo\&( oo el (I (© 050,

oo

@\
I
Lo

SR X8 o

PS oo €1 Lo (| RN h

©jo o | - o | 0- lo

| s
= zgl. b 1800 -0
Traeh Table
Q) Qket)

Q= Qi Q6 X | @ Q @0 |7 | SR LR Boro
Gy BN O WO OE | O QSDL VORI IE =i, @
I "o oo o o | |lo| O~ o©o— (0
2 oo |o] o L 0|6 O~ 0 of
k@ O Sl o, Ll @l 05 £ k@ 260
ASVET G o) ol sy ol oL HaER L ORTOHERe —
=0, e OOty A O, G| LRI
Ew o Lol oy ot O Of =0
Ve sl ol slp] ok Fenes | ORGSR, F 0, R
8 l o o ol & Sl o, Gl O yrers @
B oo " onsay el iail, 0 A9
lo. ¢ o Wil oo | )Y w0 -FeT o |
o Lo rein oo |f SO 0
e >
: (

@~ |oool It (o o) 000'“;,
cGo|lo | 3 > ool o fo O]
ol|{a T 7 6 ol L osal

1 34 ol =
1L g (1 to lo

' g oo ol (|

(O

ﬁ_._.,.--——p-’_'“ -Q/
tie|t

——

—_—

S

=

Qo
ol

("
(o

oo o | (o




Two—tauat NOR—NOR.
no-lguval OR-AND

:D""g_z =D

rom & Mop
2= Q@ X'
182 =0 )) 2l = Qo 56’0 =X
[ Ry =05 (adtx) | Bl = @ (@X) | o=@l ¥/

complemend Tnpwas ovrg cbtovined foom

lX—-"(j)r—’)a

]_M'HQMQJ}CO\A on




MIs Fall 2012 Finel
A lternate Solubion  {or Peoh, 2

Ute Sk ?laﬂwﬁuu[’-‘ to :;i-.fgrgn ser'l'af'-ir: '_Jnrﬂﬂf.{"{“{'i
Chith re g?sﬁt‘

| chifd reg icter I
XA S -
.[; EP” PO > F
[ EE_W__'! ' .' 'I
| | |
o — N L
:f}f\h_,l Foroz iiirg-,\ 3
|
i 7—’ 5\!
.
ﬁ_ﬁ ____________ ._,S
z
! ! fl 2D )
7= L 7(&-'1 K-z (‘}L +L n-2 : i; - (1;*((7%.141'1—‘5))



Problem 4 (15 points)

Implement the function f(a,b, c,d) = one — set(1,3,4,9,14,15) using

a. an eight-input multiplexer;

b. a four-input multiplexer and NOR gates (use inputs a and b as select inputs
to the multiplexer, the NOR gates for functions 1 (0,0,¢,d), f(0,1,¢,d),
f(1,0,¢,d)and f(1,1,¢,d), and connect the outputs of these networks to the
corresponding data input of the multiplexer).

f(a,b,c,d) = oneset(1,3,4,9,14,15)

| | abed | fla,b, e d) |

0 | 0000 0
1 {0001 1
2 {0010 0
3 [ 0011 1
4 1 0100 1
5 [ 0101 0
6 (0110 0
7 | 0111 0
8 | 1000 0
9 | 1001 1
10 | 1010 0
11 | 1011 0
12 | 1100 0
13 | 1101 0
14 | 1110 1
15 | 1111 1

(a) the implementation using 8-input multiplexer is presented in Figure 9.14. The expression
can be manipulated as follows:

fla,b,c,d) = a'b'dd+ a'Ved + a'bd’d + ab'd'd + abed’ + abed

fla.b,c,d) = mo(a,b, c)d + mi(a,b,c)d +ms(a,b,c)d +mq(a,b,c)d + mz(a,b,c)(d + d)
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Figure 9.14: Implementation for Exercise 9.15 (a)

(b) the implementation using 4-input multiplexer is presented in Figure 9.15. The expression
for this implementation is:

f(a,b,e,d) = mo(a,b)(d'd + cd) +mi(a,b)dd + ma(a,b)c'd +ms3(a,b)(cd + cd')

fla,b,e.d) = mg(a,b)d + mq(a,b)(c+ d) +ma(a,b)(c+d) +ms(a,b)e

d

s ) o
| 1 2
d MUX f(a,b,c,d)
T
C

Figure 9.15: Network for Exercise 9.15 (b)
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Problem 5 (15 points)

Design a network that sorts two nonnegative integers a and b. Each integer is
represented by four bits. You may use only the following modules: 4 x 2-input
multiplexers and four-bit comparators. Indicate all inputs on the modules being
used.

Exercise 10.20: The network that sorts two non-negative numbers a and b is shown in Fig-
ure 10.15. The sorting order is such that z; < zp.
The output of the circuit for different conditions of ¢ and b is shown in the next table.

a b
¥ ¥ I Y \ l
A B 0 1 0 1
Comparator > MUX > MUX
A-B A=B A<B |‘
‘ SEL
Y
z1 z0

Figure 10.15: Circuit to sort two non-negative numbers

SEL | OUTPUT (21, 20) |

| Input condition

a<hb 0 (a,b)
a=>b 0 (a,b)
a>b 1 (b,a)
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Problem 6 (15 points)

Design a sequential network described by the following state/output table, using
the “one flip-flop per state” approach.

PS Input
X o= () X = I
A B.a F.,b
B Cia s ¢
C D.a B.b
D E,b . 2
E F.b D.b
F A, c e
NS, z

Exercise 8.33 Each state is represented by one flip-flop. Consider that the input of these FFs
are represented as NA, NB,NC., ND ,NE, and NF respectively. The switching expressions for
these variables are:

NA = F#' + Bz
NB = Az +Czx
NC = Bz +Cz
ND = Ci«' +Ez
NE = Di' +Fz
NF = Ei«' + Az

For the following output encoding

the switching expressions for the output are:

20 = D' +Az+Cz+E

14



7271 = Bx+Dx+F

The network that corresponds to these expressions is shown in Figure 8.38.
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Figure 8.38: Network for Exercise 8.33
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Problem 7 (15 points)

Using a modulo-16 binary counter with parallel inputs, implement
a. a4-to-11 counter,
b. a modulo-13 counter;
c. acounter with the following periodical sequence: 0,1,2,3,4,5,8,9,10,11,14,15

Exercise 11.11: Using a modulo-16 binary counter with parallel inputs
(a) 4-to-11 counter.

CNT = =z
LOAD = Q:}Ql QU:I} = T(}
I = 0100

The network is shown in Figure 11.14.

0100
clear _ICIR 1312 11 10
CNT Mod-16 Counter TC[~X
CK—P i 3a2qlq

,1C

Figure 11.14: 4-to-11 counter - Exercise 11.11(a)

(b) modulo-13 counter.

NT = =z
LOAD = Q3Qox=TC
I = 0000

The network for this counter is shown in Figure 11.15.

000O0

clear __[CIR 13 12 11 10
CNT Mod-16 Counter TC[X
CK—P1p  3q2ql q

y1C

Figure 11.15: Modulo-13 counter - Exercise 11.11(b)
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(c) The state diagram is shown in Figure 11.16, with notes associated to the transitions for
which the counter must be loaded. From the diagram we obtain the condition for loading on a
Kmap as follows:

Qo
oJoJo]o
0al-y-

0 __0022
ool
@1

that results in the minimal expression:

LOAD = (Q3Q5Q1Q0 + Q5Q2Q0)x

counter loads
the value

counter loads
the value

Figure 11.16: State diagram for Exercise 11.11(c)

We use the fact that LOAD overides CNT input to define:
CNT ==

Considering the inputs I; as d.c.s for the cases when LOAD = 0 and the appropriate next state
value for when LOAD = 1, and using Kmaps we obtain the expressions:

Iy = 1
I = L=
Iy = 0

The network for this system is shown in Figure 11.17.
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01
Q0

1 QL 0

clear —CLR I3 12 11 10
X CNT Mod-16 Counter TC[ X
CK—+ 1p q3 q2 ql q0
Q1 Qo
Q2
— 03 Q3
Q3 LOAD >0
Q2—
Qo

Figure 11.17: Network for Exercise 11.11(c)
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