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o Please use a pen or heavy pencil to ensure legibility.

e Please answer questions in the spaces provided; if space is insufficient, please
use the back of the pages.

o Where appropriate, marks will be awarded for proper and well-reasoned expla-
nations.
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Student ldentification

Each candidate must sign the Seating List confirming presence at the examination. All
candidates for final examinations are required to place their University of Calgary I.D.
cards on their desks for the duration of the examination. (Students writing mid-term tests
can also be asked to provide identity proof.) Students without an I.D. card who can produce
an acceptable alternative I.D., e.g., one with a printed name and photograph, are allowed
to write the examination.

A student without acceptable I.D. will be required to complete an Identification Form. The
form indicates that there is no guarantee that the examination paper will be graded if any
discrepancies in identification are discovered after verification with the student’s file. A
student who refuses to produce identification or who refuses to complete and
sign the Identification Form is not permitted to write the examination.

Examination Rules

(1) Students late in arriving will not normally be admitted after one-half hour of
the examination time has passed.

(2} No candidate will be permitted to leave the examination room until one-half
hour has elapsed after the opening of the examination, nor during the last
15 minutes of the examination. All candidates remaining during the last 15
minutes of the examination period must remain at their desks until their papers
have been collected by an invigilator.

(3) All inquiries and requests must be addressed to supervisors only.

(4) The following is strictly prohibited:

(a) speaking to other candidates or communicating with them under
any circumstances whatsoever;

(b) bringing into the examination room any textbook, notebook or doc-
ument not authorized by the examiner;

(c) making use of calculators, cameras, cell-phones, computers, head-
sets, pagers, PDA's, or any device not authorized by the examiner;

(d) leaving examination papers exposed to view;

(e) attempting to read other student’s examination papers.

The penalty for violation of these rules is suspension or expulsion or such other
penalty as may be determined.

(5) Candidates are requested to write on both sides of the page, unless the examiner
has asked that the left hand page be reserved for rough drafts or calculations.

(6) Discarded matter is to be struck out and not removed by mutilation of the
examination answer book.

(7) Candidates are cautioned against writing on their examination paper any mat-
ter extraneous to the actual answering of the question set.

{(8) The candidate is to write his/her name on each answer book as directed and is
to number each book.

(9) During the examination a candidate must report to a supervisor before leaving
the examination room.

(10) Candidates must stop writing when the signal is given. Answer books must
be handed to the supervisor-in-charge promptly. Failure to comply with this
regulation will be cause for rejection of an answer paper.

(11) If during the course of an examination a student becomes ill or receives word
of a domestic affliction, the student should report at once to the supervisor,
hand in the unfinished paper and request that it be cancelled. If physical
and/or emotional ill health is the cause, the student must report at once to
a physican/counsellor so that subsequent application for a deferred examina-
tion is supported by a completed Physician/Counsellor Statement form. Stu-
dents can consult professionals at University Health Services or Counselling
and Student Development Centre during normal working hours or consult their
physician/counsellor in the community. Once an examination has been
handed in for marking a student cannot request that the examina-
tion be cancelled for whatever reason. Such a request will be denied.
Retroactive withdrawals will also not be considered.
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1. [14 marks total.] Numbers, codes and binary addition.
(a) [1 mark.] Interpreted as an unsigned binary integer, what decimal number

does 1000101 represent?
Unsignal 3 26+ 2\?'+ 20 : bé4+4 4+ = 69

(b} [1 mark.] Interpreted as a sign/magnitude integer, what decimal number
does 1000101 represent?

Signz1 (egdved, Wogtlde < 000101, turbar s -5,
(c) [2 marks.] Interpreted as a two’s complement integer, what decimal num-

e

ber does 1000101 represent? I s R
Nega}fve nuMLeh Delerm\]\e s m“ﬂﬂ:'}‘dc ¥+ 3 |I
Nober s —(2°+2t 323 4274 2°) = -59 et

(d) [3 marks.] Convert the octal number 65725 to each of the formats given
below. Show how you obtained your answers.

3
hexadecimal:  Regrop bite decimal:  6x® + Sx® + Fx8' + 2x8°
o fo1 tEl Qio = 3450,
3 F A = DR,

(e) [1 mark.] The ten-bit Gray code for 3530 is 0111010001. Explain briefly
but precisely why it cannot possibly be true that 0111010100 is the ten-bit

Gray code for 354,. Gray ode enses that an \erease by L o He
biwy code cavses only L bt fo chnge wm the Guoy code. 2 bils chame her.

(f) [2 marks.] An example 8-bit adder is shown to the o
right. Recall that signed overflow is a condition that aro
may occur when using an /N-bit adder to add two’s- _ | brg
complement integers.
Write an SOP expression involving bits of a, b, and s that is true if and
only if signed overflow has occurred, and write a one-sentence explanation
of why your expression is correct. (Do not include carry signals in your
expression.) v

S0+

= azh3F, + Wpba sy $ign bk @z b,y s,

The will ke tue if addhg two numhers of the same sign poduces
a Sum with the oppdile sign.
(g) [4 marks.] Consider building a 2-bit integer adder, with a, sy -

inputs and outputs as shown to the right. 81,0 is the 2- ag sy -
bit sum of a1.9 and by¢, C is true to indicate unsigned b, cl
overflow, and V is true to indicate signed overflow. by v

Use dot notation on the given ROM circuit to show how to implement the
adder as a ROM. (Hint: The given truth table will be very helpful.)

4:16 decoder

ar ap | b1 bo||cout |51 So| CV 1111

0 0|0 ol oo oO0|oo 1110

0o 0lo 1l o]o 1|00 1101

0 o|l1 ol o1 o|ooO 1100

0o o1 101 1|00

0 1]0 0] 00 1]oo igi;

0 10 1o 1 0fol ol

0 1|l1 of] otl1 1|00

o 1]l1 1] 11]0 oy o @—A 1000

1 0]0 ol o1 0|oo by441 om

1 0|0 1 0 1 1(04a bo — Ag 0110

1 o1 of 1|0 of 0101 |—4

1 o1 1 1 ]0 1 (¢t 0100

1 10 offo|1 1]e0 Tyoo ~

1 1lo 1 1]lo ofre LR

1 1|1 of 1o 1] 0010

1 1|1 1] 1[|1 0o ooo1
0000

Note reveise ocder of thput s1 80 C V

onbhatons behocan table and  decogder.
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2. [14 marks total.] Boolean algebra and multiplezers.

(a) [2 marks.] The XOR operator has a number of its own important basic
properties. In the table below, determine the result of each XOR operation.

Operation | Result ADA - RA+ AR = ©
Ad A o A1 : AO+ Arl > B
a i A A®E <« RE+AR - A®B
AeB ADR

(b) [5 marks.] In the circuit shown below, algebraically prove or disprove that
Y = A® B. Do not use a truth table or K-map.

é X {>C [‘B@)c
e v
1>/

By e pechon,

—_ / B Y= (RO OBE) + (ABc)(BGC)
R@c }3@('—
et w= A®C Then, Y= WX + WX = WD X
X = B@C

'ﬂr\erefomj Y: C®e®c
= AGBRLOL
“ frow pard (@, c@c = O

Y= @8

(c) [3 marks.] Use bubble-pushing and/or algebra to find a SOP expression
for Y. If you use bubble-pushing, draw your equivalent circuit to the right
of the given circuit. Hint for bubble-pushing with OR gates: A 4+ B =

@+ 5) = (A6). -

A 8 ‘——(}D—L_ f
B_DD—LDD—I' 3
o) T

E C
= EQ+ED+EL+ED*EFC

(d) [4 marks.] Draw a schematic to show how the function Y = AB + BC +

AC can be implemented with a 2:1 multiplexer, one inverter, and one
two-input AND gate.

(A+EXLCHDD

Troth {aUe
Agc | Y LIRS g
00 | | = => I c N
8]0 o i |---'-"|
P! v}
o0 1} 2
o1l !
1 O

t b
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3. [13 marks total.] K-map and multiple-output problems.

(a) [6 marks.] Consider the following two logic functions with the given
don’t-care conditions:

Function Expression Don’t-cares
F(A,B,C,D) BCD+ AB+ ABC+ ABD | ABCD, ABCD
G(A,B,C,D){ (B+D)YA+C+DYA+B+C)|ABCD, ABCD

Use the blank K-maps below to determine minimal SOP expressions for
each of F and G:

i. If there is more than one solution for either, give just one, but indicate
how many other solutions are possible;

ii. On the map for F, indicate all of the distinguished 1l-cells and the
essential prime implicants.

Zb Plae O-cels at -
hg Bh 3123 y

e ool 0l y iR /HE’(E?I) D Oo‘ o fu ﬂ,o BD, ATH, ABC
% - dighy IUM 00 _\J X p ool M m@—t
t-cé ~ ™ —_—
0l {D | BeE }W Olo &b
[REYY) IS 4L xr 1 hlol ol r—’é'——‘-- Roc
F._m{_, ‘ ICT“ I ] o -6'1 o LIt i
cp D
F = Bb+ #B + D+ Bed G = BD + PBC + AT + AAC

There oo fdo obher possible solubons, Thete Ts one ofher possible salubian

(b) [4 marks.] Use the same maps from part (a) to determine minimal POS
expressions for each of F' and G. If there are multiple solutions, give just

one.
As &b A
Co 00\01 H(o < o0 Ot 1t 10
ool (9 A2 “ X |~ fAep
B ol o B
— /
wes | | 2[IA T
U RS [
o (0 10 O/ x
_ I ™~ Fec
F= 8D +88 + AECD G:= BBC + ED + AED
so F= (EfD)(-ﬁ*g)(ﬁ*E*Cﬂ-)) - (H{—E-&E)(B-}-ﬁ)(ﬁ'-rc.-r-ﬁ)

(c) [3 marks.] The K-maps below describe a system with three inputs and
three outputs. Write equations for F, GG, and H suitable for implementa-
tion on a PLA using the smallest number of implicants. Do not draw a

PLA diagram.
AB (shared)

AB AB AB [ -
C\_00 01 11 10 C\00 0L 1110 C\ 0 o)1 mec (sharedd)
10 o[ o), [
1 1@ [l 1Y)
/ F—map AC (private) G-map AB (shared) H-map
BC (privale)

2]
)
B

F=Pb+ 0Bt be G- PR+ AB + BC H- B+ BC

There are o tofal of S weplicanty s (2 shaed, 2 Prim{’,).
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4. [12 marks total.] Questions about basic building blocks for sequential circuits.

(a) [3 marks.] An SR latch can be made from two NOT gates and two NAND
gates, as shown below. Complete the timing diagram. (Note that for the
given S and R signals, it’s possible to determine Q and QN at all times.)

R L { 1

Remﬂl’—‘ Whea S-:R-:-'I/ o NANDﬂd‘&s have @ 0 ‘“P“‘l‘; So Q:QH;"

(b) [3 marks.] The schematic below shows a D flip-flop made from two
D latches in a master-slave configuration. Complete the timing diagram.

CLKEer T

CLK CLK
m Qrr

Deg—| D @Q D Q QFF_:\ --------- feeneeeee J

Qﬁ-l\nwk-‘ BQcmsc of he NoT gadce, Gin Sollows Dee wh CL e (O

(c) [3 marks.] The set inputs to the DFF's in this circuit are synchronous.
Complete the timing diagram.

CLK

Qo o]

set

Ql/:: QI_C_Q_O
Qof = &| Qo

(d) [3 marks.] Usually all the D flip-flops in a sequential logic circuit are

connected to the same clock source. However, it’s possible to create some
interesting and useful circuits by breaking that rule.

Complete the timing diagram for the given circuit. Assume that the pulses
on A are much wider than any of the DFF timing parameters, and that
Q4.0 = 000 before the first rising edge on A.

) Rema-k: The puhpab

Qo h Q- Op ea dh -D[\P—PIOP
il dncmgL v eachh
Y‘l‘Sh'\j eﬂ(@e, ot ks c(ack

‘V‘pbﬂt
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5. [11 marks total.] Constraints related to voltage levels and timing.

(a) [3 marks.] The table below on the left specifies important voltage levels
for Advanced Ultra-Low Voltage CMOS operating with Vpp = 1.8V. Fill
in the table on the right with either the most precise possible range of
output voltages, or an explanation of why the range is unknown.

gate output range or explanation Q(wuu ks

Vou 120V 118V 0 < \fo‘ul. < 0.45YV Vin —-VIH

Vi 117V
o.o5v3>7 Unknown. Ton mpuls eve

Vi 063V 0.50V
VICI;L 045V | | L%V 0K, but 10TV 13 o Porbidden 2ome

052V 0.52V S\
170V DD_ . WV = VGW+ [ g\/ L9V = \gn
(b} [3 marks.] Determine overall {,q and t.q values for the following circuit.

Show carefully how you obtained your answers.

e
B Timing parameters in ps
¢ Y gate # inputs | tpg ted
o NOT 1 30 21
NAND 2 43 32
>0 NAND 3 53 42
NOR 2 55 40
a ) NOR 3 70 54

Newdd bpd = 30 + 43 4+ 43 ¢ 70, = [[86ps]

N"T um:. NA-ND:,. Nm's

wNedd tog4 = 2z, ¢ SY = \86 »s
NANDZ- MNOR3 -__?_'l
¢) [2 marks.] In the following circuit, signals CLK1, CLK2, and CLK3 all

come from the same clock source. For all three registers, the timing pa-
rameters are tgeuy, = 50 Ps, thon = 0ps, tpeq = 40 ps, and teq = 25ps.

CLK1 CLK2 CLK3

Timing parameters in ps

element | tpq teg

El 100 41
E2 200 55
E3 280 70

Assume the input to R1 never violates timing constraints, and that there is
zero clock skew between CLK1, CLK2, and CLK3. Determine the minimum
T (clock period) for reliable operation of the circuit.

“The crited pabe T P RA L RZ Mone EA and B2
{’Pd—;lﬁ-o,t—%-o: 38'0{)5.

1. 4;%/‘,%+£P1+{'5e|,,_? = b + 230 + SO *:

(d) [3 marks.] Consider again the circuit of part (c), but now assume that
there might be some clock skew. Suppose the desired T is 460 ps. What
is the maximum value of tgew that w1ll allow reliable operation?

5&.{_'_‘*7’ Frowm (a, lrpo( — ‘3301,5 med ted i "Hps (R‘%RY— Fhrw E\)
£skon e - épc1 ~tpd "’éSe"-mP tud Z by --%% + O skaw
< %o - Yo = 390-50 bokan < Ly -—émﬂ—{:%/: 4 — 425

Eokaw € T0ps ko < 66 ps
_— Ove W ==t
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6. [10 marks total.] A sequence detection problem. Consider the design of a
Moore-type FSM that has one input A and one output Y. Y should be 1 if
the values of A at the last 5 rising edges of the clock have been 1, 1, 0, 1, 1.
Y should be 0 at all other times.

(a) [7 marks.] Choose states for an FSM design, and describe them in the
table below. (If you need fewer than eight states, write “unused” beside the
names of states you don’t use.) Then make a state-transition diagram

for the FSM.

state | description
S0 | from reset, or looking for first 1 in 11011

S | lopkng dov sewnd 1w (1o

S2 | fopkay B O unbhen (101

S3 {m(qp‘(‘;\ for fund L Ao ot

sa | lrokme dv Pt L e (10

S5 59%‘«%& Mcd‘za’ Ne [k ¢”3”ﬁ edjes

s6 | whueed
ST waa.cd
\
\
0 0

ka: The dived P“:k” Fom So b SS = ta sy .
The havli part i3 dotevsnig how hev o bade wp
am “undosved bit"! anrrives .

(b) [3 marks.] Instead of going on to make tables for next-state and out-
put logic, consider a totally different method of implementation. Draw a
schematic for the sequence detector, using 5 D flip-flops in a shift register
configuration, one NOR gate with however many inputs you need, and
some inverters.

e ] [
A — |
(‘LS!)" ET‘F

wa«aﬂ le: Rewmenlpe. thek De,thiam\'s s \efs
Vo et o NIR gade ke am  AND gate.
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7. [12 marks total.]| FSM implementation in a “programmable FSM” circuit.

(a) [4 marks.] Below are a state transition diagram of an FSM and a proposed
state encoding. Write truth tables for the next-state and output logic.

state | S 1 So
50 0 0
S1 0 1
S2 1 0
S3 1 1

{(b) [3 marks.] Use the results of part {(a) to find minimal SOP expressions
for the next-state and output logic.

/ S /
S Ars Lol S0 AQ
| RV, D]

S/ = S5,Set A

(c) [6 marks.] The FSM can be implemented using a “programmable FSM”,
which combines a PLA, some D flip-flops, and some tristate buffers, as
shown below. A decision has been made to use I/O pin 1 for A and I/O
pin 0 for Y.

Fill in the table to specify and explain the correct values for E1 and EO,
then put dots in the AND and OR Arrays in the PLA to implement your
equations from part (b).

signal | 0 or 17 | reason

El 0 A musy ot eodend i b OR avvay m&pd‘.

EO | M sk be dwiyjen by OR avray W"puf
:,_.........AN_%‘J.%!@M.%. T OR Array ... \

i

f $i50
1 <3

F tEs

............................. Py ey
% NAEl N AE0
ANA & AT
So
ka Tawve ave MRrNf ek 1/0 pin 1 1/0 pin 0

Variakms ow WS Soluhion. A N



ENEL 353 FINAL EXAMINATION - FALL 2013 Pace 10 oF 10

8. [14 marks total.] Questions about FSM analysis.

(a) [8 marks.] Consider the FSM sketched below. There is one input A, and
two outputs Y] and Y. Determine the combined state and output table,
and sketch the state-transition diagram. In your tables, use 0’s and 1’s for
the states and next states, not symbols like SO, S1, etc.

515
A —
T } Y
) CLK
L a N
A Yo
] |/
Si1 7|5
i Sol |So
9 r B‘j G\SP&:J-?W\‘.
E— T , - - _
reset S‘ 3 RS,SO + s,so + ﬂ.s]
§S < A5, + RS,
Aod : Y, = A5S,
YD = ﬁS|S°
Combyd  clde and ou}‘w} bt
Correst skede | wopat  Rexk-skite  wput
5 S A SEN Y, Yo State-biansion diqgram -
0o o) o | Qo0
Q0 | [ o oD
gl 1 I B o
1O O (. o0
) | 6 0 0
i1 [ 0 I | 0 /oo

(b) [6 marks.] Below is the combined state and output table for a FSM that
has one input A, and one output Y. The state variables are Sa.9. Use this
table to complete the timing diagram.

Soo | A1 S 1Y [ S20 |A[ 8o |V
000 [ 0000 | 0 | 010 1|010] 0
000 | 10010 0110|1000
00L | O0}000|0OfO11Lfj1]|0010
001 |1]|010| 01| 100|0|000]| 0
010 [0 011 |0 [ 1001|0101

L,_,--hl._; ﬂtﬁfu’f Y lracks the vebe of
w state 100 (Mealy n‘q:hmtﬁ



