ECE 110

Professors Brunet and Loui November 16, 2009

HOUR EXAMINATION #3

1) Write your official (not a nickname): |, . \
Last Name (use capital letters): X Lutbmg ( &V@S‘Ons Y,
First Name (use capital letters): Trom mc“\\om?’@&m‘>
Signature: )

2) Write your name and section at the back of the test.

DO NOT TURN THIS PAGE UNTIL YOU ARE TOLD

Make sure to write your name AGAIN at the top of every page of your
exam.

A. Write or print clearly. Answer each problem on the exam itself. If you
need extra paper, there is an extra sheet at the end of this exam. Clearly
identify the problem number on any additional pages. The decimal/ binary/
hexadecimal table, the Flip-flop characteristic tables, the ASCII Code, the
Morse Code alphabet, the USPS Code, and numbers and properties for log
base 2 are also attached to the exam.

B. In order to receive partial or full credit, you must show all your work,
e.g., your solution process, the equation(s) that you use, the values of the
variables used in the equation(s), etc. You must also include the unit of
measurement in each answer.

Students caught cheating on this exam will earn a grade of F for the
entire course. Other penalties may include suspension and/or dismissal
from the university.
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Problem 1 (25 points)
Consider five symbols with given relative frequencies. Two different codes were designed to
achieve compression over a fixed length code.

Cods 2
Symbol A B C D E | O
Frequency 3/15  2/15 3/15 6/15 1/15 P
Codel 00 0101 011 -1 0100 (Ap\ O

Code2 010 001 011 1 000

(a) (5 pts) Show that the average code word length for Code lis2.2 blts/symbol

AV‘*‘“‘?W ‘5(3743 “'2%4 4’3743 + é,c =l %‘D
= 2.2- 6(‘3/4«34“&@

(b) (5 pts) Terry, Kris and Sam computed the Entropy. Without computing it yourself, check
which result(s) might be correct. (check all that apply). Justify your answer.

VE, =205 0 E, =232 VE

Terry Sam

Justify:
The eatropy, i lessthonThe Lon coda,
%“64‘4;82M Ecpu< A ;&?Ué a;gu>2;z

(¢) (5 pts) What is the compression ratio for Code 1 as compared with a fixed length code?

(1070 (] 073 136 (1142 [T other

A #;@J,@'\Xw C@&Qﬁw é«lz Mue't um(d‘ﬁmﬁﬁ 3 bty
AanCe 2 4 < g« Pa/t(&\ = (.36

(d) (5 pts) Which of Code 1 or Code 2 is preﬁx-free?

=1.98

[ Neither [] Only Code 1 [] Only Code 2 [UBoth

Son coda theoy aboue.

(e) (5 pts) For data compression purposes, which of Code 1 or Code 2 is preferable, and why?
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Problem 1 (25 points)

Consider five symbols with given relative frequencies. Two different codes were designed to
achieve compression over a fixed length code.

Symbol A B C D E
Frequency  3/15  2/15  3/15  6/15 1/15

Code 1 00 0101 011 1 0100
Code2 010 001 011 1 000

(a) (5 pts) Show that the average code word length for Code 1 is 2.2 bits/symbol.
Lasers 2,94 2 + 2.3 rexl +Lx
Ca A A CAIT
= 6+€4+9+6+4_ 33 _ 9.9
S is

(b) (5 pts) Terry, Kris and Sam computed the Entropy. Without computing it yourself, check
which result(s) might be correct. (check all that apply). Justify your answer.

L

Terry

Justify: D,Csz_lk\@/('
Yh tha mmm&m—, 50 X0
e ey o e o a g am(g{

=2.05 U E,, =232 Eg, =198

Sam

(¢) (5 pts) What is the compression ratio for Code 1 as compared with a fixed length code?

[10.70 (1073 G136 (1142 ‘ [ other
Fixed \Qns&e) wde 4 6%1&\\@1& (A=E) = 3 bofe Sceadh

(ompression = % _ .36

(d) (5 pts) Which of Code 1 or Code 2 is prefix-free? _
[ ] Neither [] Only Code 1 [] Only Code 2 U Bots

-Awd@_ﬁ&o&n&ﬁ&enmfrd o b -

(e) (5 pts) For data compression purposes, which of Code 1 or Code 2 is preferable, and why?

L&%(&s& ) = xg* mxg—y 3.,.3:54) +§\—X3 ?>‘-?> -Jd.a
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Problem 2 (10 points)
A DVD has a capacity of 4.7 GB. A DVD can be used for CD-quality music, sampled at 44.1
kHz, with 16 bits of data per sample (for stereo), and 8 bits per byte.

(a) (6 pts) Calculate the maximum number of hours of music that can be recorded in this format
on one DVD, with no data compression.

4.7y 2*° 697@0
(44.| x !Oaww«df@ (=) (2 %ﬁoﬂoowdﬂo‘) (3600 e [hed

= |5.89 hy

(b) (4 pts) Suppose a Cyclic Redundancy Check (CRC) code is used to correct single-bit errors,
as follows. For every run of fifteen consecutive data bytes, the code introduces 24 additional
bits: one parity bit for each data byte, and then nine more parity bits, one for each bit
position. (An actual CD uses a different error-correcting code.) Using the result of part (a),
calculate the maximum number of hours of music that can be recorded with the CRC code on
one DVD.

For avery IS dato )'C&%aam 3 acdtimed 6
'{7[& 6 erorcafégﬁzz&ném Soeao& 6%9&6222‘;
Aot 6%&4 &cm&)@a (R 6?&% onthe. DVD,

Tetal caﬂ)a-dgm (S84 xw—=—= 13.24hr

Problem 3 (10 points)
Let u(f) = cos(6 7 ¢) and v(¢) = cos(16 = ), where ¢ is in seconds.

(a) (5 pts) Find a sampling frequency f;; between the frequencies if u and v such that v(¢) aliases

to u(z‘) Show your work. /16 T H.
wu w and Yore 70’ 27 3H}> 3CV =€ &

gz wkuvwc f«zawfa%c'gf{?p

Wi an alios 44 nCe ocu
(b) (5 pts) Determine the maximum sampling frequency f 2 such that v(¢) aliases to u(¢). Explain

your reasoning.

o AQias (lovom ca&m‘ﬁ‘uw&%# t
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Problem 2 (10 points) Va 44, loofiz

A DVD has a capacity of 4.7 GB. A DVD can be used for CD-quality music, sampled at 44. 1
kHz, with,16 bits of data per sample (for stereo), and 8 bits per byte.

X 28
(a) (6 pts) Calculate the maximum number @f music that can be recorded in this format
on one DVD, with no data compression

<44/f90 W%/M) (& B&\‘&:/s&mP\Q) x@éo& &C/waf‘)

(b) (4 pts) Suppose a Cyclic Redundancy Check (CRC) code is used to correct single-bit etrors,
as follows. For every run of fifteen consecutive data bytes, the code introduces 24 additional
bits: one parity bit for each data byte, and then nine more parity bits, one for each bit
position. (An actual CD uses a different error-correcting code.) Using the result of part (a),
calculate the maximum number of hours of music that can be recorded with the CRC code on

e YR Hore bits oce sused foc ce\’fe,étig’f\ C \esa
e e music ,ﬁs@j%) fowesr rauroe o€
hours than () by 2 wls-:

1B - 15«8 :q_(__;:ggggc’/g
\SB+34  1Sk&434 18 |
=4 houss = €3 23% (15.89)= \3.24 houes

Problem 3 (10 points)
Let u(f) = cos(6 = £) and v(f) = cos(16 = ), where ¢ is in seconds.

(a) (3 pts) Find a sampling frequency f;; he frequencies if  and v such that v(¢) aliases

to u(f). Show your work.

- ;2 3 D ;}(_8 U \& C)(;Q\EQ\SQJB>
(Jg%gb f() f =St

(b) (5 pts) Determine the maximum samphng frequency fsz such that v(t) aliases to u(f). Explain
your reasoning.
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Problem 4 (15 points)
1— 2 R0 <E F=1 wla A<B
0— Register | A; I}A | =
—1>C Load 2-bit 6 = hf{kl—v\ A”’B
T comparator = G H = @ 69_(/\ A >B
Y—0
X I}B >-H
QD
Cc]
clock
Fill out the table below for consecutive clock pulses.
Pulse | A; Ag X Y F G H
0 0 0 0 1 ‘ o O 00<0\
'—\\__/’
1 0 —
|0 |0 ol O 00 =00
‘ e
2 | 0 (O
O LC; AL | O O |00%
3T 0|V O 0 o O | OoL> 00
4 1o || o ! O o Ot =0l
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Problem 4 (15 points)
. Ay
N : / m
Register |- A }A < \/

00— 1

—>C Load 2-bit - (ot W f]n fo / X ‘{

comparator =

Y—0
%

X 1 > p—

X QD G
c<

| Ke o o registec!
X=0 3 AN = AAs
X‘:\‘:.; AjA?;:@\

(4

clock

Fill out the table below for consecutive clock pulses.

Puse| Ay | Ao | X | Y |F G H
0 0 0 & 0 1 __‘\/O O
L) 0] 0F049 9|0 ,\ O
2|1 0| O L1 ZE | O O
3 O | > Oéﬁ 00 |
4 O | ::Oé/l O | O
m X6
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Problem 5 (20 points)

This sequential circuit has positive-edge-triggered D and JK flip-flops. Variable ¢, is the state of
a flip-flop that is not shown, but connected to the same clock signal. The combinational circuit
implements d as a Boolean function of ¢,, ¢, and go.

>~ F > C > C
g2~ 92 —K
clock

clock |—| -—I _]
| 2
i | o) 77

g .\ [ o o)
| )
9o - S
Time (ms) 10 JK=1020 Jk=o30
so §F =1\ 4oy =0

(a) (16 pts.) Part of the timing diagram is given. Determine the entife waveform for d, and the
remainder of the waveforms for ¢,, g1, and go. Assume that the delay in F is negligible. If
there is insufficient information to determine a value, write “??” in the appropriate space.

(b) (4 pts.) Explain your reasoning for your answers for the values of ¢, and g; before time 1.0.
Be sure to explain why alternative values are invalid.

Bocarnae Eo;o %{ﬁg(ﬂ) \.6 6'6” =Jd kK=

OO ton 4 =fo= 07 Tneonarlank wﬂt&,:( om (.0 2.0ms

o) =0 ) '

( O\ :;)F = | CompiGak Wil 7‘,;! émm (.06 20ms
\ +

a :'8-0: \

M,/fo«ﬂ) @fﬂ"f‘ [ Ows, 6,:Iaml §2=0or (.
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Problem 5 (20 points)

This sequential circuit has positive-edge-triggered D and JK flip-flops. Variable ¢, is the state of
a flip-flop that is not shown, but connected to the same clock signal. The combinational circuit F
implements d as a Boolean function of ¢, ¢, and qo.

l_, d DQqI 7 qo0

Q
L F e e

+
g —> J @ —x TV (?o AQQJ\&S on
clock :ﬂ,( :q | @62_
clock -_I _l -I
\/ :

g\_a\, . \ O ~ O;??

%‘T&ﬁ? 2 o [Tl o

=) Wwovol” \ZMM*QI

Suh ol B 0)3)= \ \ A \/ o X/ 0
®) o othac W Wi

Qr=q,>He=° _
=) Ua'mf\a\' ‘me\r A‘ 4 90 . ! G
Sk ol \-( Time (ms) 1.0

2.0 3.0
/\
p e, 1ok Tealk <
(a) (16 pts.) Part of the timing dlagram is given. Determine the entire waveform for d, and the
remainder of the waveforms for ¢, g1, and go. Assume that the delay in F is negligible. If

there is insufficient information to determine a value, write “??” in the appropriate space.

(b) (4 pts.) Explain your reasoning for your answers for the values of ¢, and ¢; before time 1.0.
Be sure to explain why alternative values are invalid.

bebre \.0 Go=eo | TK must nawe foen esthac 10 (sb) o l\( A
Q&H@K \-Q Cg:\ (Qﬂb)
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Problem 6 (20 points)
You will design and analyze a mod-6 counter whose state sequence is

(92 91 90) = 000, 001, 010, 100, 101, 110, 000, ... Note that the counting sequence is not the
sequence of binary representations of 0, 1, 2, 3, 4, 5. ‘

(a) (8 pts) If the clock period is 7 ms, what are the periods of go, q1, and ¢2?

~ Period of go = ;2‘ N\S Period of g; = 2\ ms Period of g, = L,-oz ms

0 950042 : 010010 papaflh of or 2 Coeke peiods, 3777 21
| A2 T 001001 2 3.7 = 2|
62_ e2 1000 (I © G ¥7=42

b) (8 pt¥ | Shown below is a partial design that uses a 3-bit up counter and a 4x1 multiplexer.

Specify constant inputs x, xo, do, d1, da, ds, to produce the specified counting sequence.
Explain vour design.

dy 4x1
0
O d MUX
O —1
[ —%i, o
O —3
X2 q2 S1 SO
O_ X 3-bit up g l
counter
O —1 Xo do
clock —> C Load

1
To i Yo e brauaitown 010 — (00 2
10— 000, whih occur m%,goyzlo)ﬁg.
Mn%&@\ca,aﬂam Ay =\ as tha L@o.pf,aiawzﬂ)'ﬁ&

Cowder rzzfeaw(fzg, 50) wih (5;00)

(¢) (4 pts) Describe a simpler design that eliminates the multiplexer. Justify your design.

’Rzmmn’ﬂla_wﬁﬁ(f&*@f, Conract %, oQIrz-::tﬂa'{U Lood, and
. @é\,&n Jon2

~tha. J S, OV and

EPO*‘ : 6; &\WY n porteftha ‘ ®
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O X T & 018 or 10, akd Mo rort A2
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Problem 6 (20 points)

You will design and analyze a mod-6 counter whose state sequence is

(92 91 90) = 000, 001, 010, 100, 101, 110, 000, ... Note that the counting sequence is not the

sequence of binary representations of 0, 1, 2, 3, 4, 5.

(a) (8 pts) If the clock period is 7 ms, what are the periods of qq, q1, and ¢»?

Period of go = &\ m< Period of g; = &\mg Period of g, = 4&%&
G 2 = Q)CQDCXZ»FQﬁQAS (6%3)
1 k’bc&od& poriade (3a)

o
(b) (8 pts) 1 Shown below is a partial design that uses a 3-bit up counter and a 4x1 multiplexer.
Specify constant inputs x1, xo, do, d1, da, d3, to produce the specified counting sequence.

Explain vour design.
O do 0 4x1
MUX
di 1
| —%1) ]
ds
I——(>o— ) ) O 3 81 80
0 — x5, 3-bitup a |
counter
0 — x q0
clock —> C Load
+ o+
by N -
000 22 oo 248 o\0 @ whan q19=19| A1 = 00

® 94: =3,
' \3‘ P ‘@ . .
100 22000 24 j1o (Sc x\ xb:oe)
® %:d Load st
DN 1 d&:\
(M Hacs 0p0)
(c) (4 pts) Describe a simpler design that eliminates the multiplexer. Justify your design.
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