Problem 1 (3 points) Design a sequentizl network that moplements a finfte-stats
machine with states A B C D, ionpan X, l~bnuutput,and1hefullumngtrmhuntabh,

Use ordy D flip-flops (DFFs) and NAND gates.
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FProblem 2 {4 points} Implement the following fonction:
flZ,¥,8)=X'"¥+¥ " Z+XY¥E"'

uzing only BILL gates, where a BELL gate is defined by the following wruth table:

Adopt an abrtary masoneble symbol for the BILL gate.  You we allowed to use
constants O and 1 a8 inputs to yonr pates as needed

F(x,g,i)=(x'g+3’;}”+ xgz?j:(f,x'gj'. (Q:E)r)‘+ K(?E::
(x'g)'-{éj'z)'- (xyz!)!
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Problem 3 (5 points tetal) Design an Iierative Fibonacc Number Commter. Tt 35 a 4-bit
conpter thal sounts iteraﬁve];ﬁ'-omﬂtu A=fib{i}, i=]....7, where for every iteration i the
“coumter deadline” A ig the i Fibonacci mumber fibfi). (Recal) that fibdi=fibi-1 H-fibfi-
2}, with fib{1)=fib{2)=1) Reset the counter deadline A back to fik{1) after connting from
0 to H(7=13. In other words, your counter should produce the following sequence of
Cmtpats:
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You are allowed to wse a Modnlo-16 covnter (i, a 4-hit binary count=r) with a reset
signal. Follow these toce steps:

ay {1 polnf) Diesipn a 4-bit comnter that counts from Zero to a predetermined vaue X,
Where X is a 4-bit input to the Jogic and (X<15.
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b} {2 poinis} Design an FSM that loops throngh the first 7 Fibonasei numbers.
The first seven Fibonacci oumbers are: 1 12358 13,
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) (2 points) Design the final product, the herative Fibonacci Nmnht.rﬂmmter by
. combining the circuitoy from snb-problems a} and b).

Gt Pk Ot X

o
N L
=
|
<D

Clock



Problem 4 (7 poinis) Imagine that yomur investment portfolio is pot doing that great,
thus yeu ape fairly depressed. However one night in your dreams your poardian angel
pops up and teils you that if the Teast significant bit of the price of stock A eguals 101
during three consecutive price ticks {t1,t2,43) respectively, and the least significant bit of
the price of stock B equals (10 in three congacutive price ticks stacting either at (2 of 13
{s0 B{£2,0. 4010 or B{13, 14 15)=010), you should tuy call aptons of compeny U which
is the first company after tme t5 & mnoue pews. Thiz shonld make you as of
womormrow a devastatingly wealthy person. Make the money (generate the detection signal
that will trigger you to seek for news on any company) using a monimal mumber of flip
flops. Youwr guardizan angel is oot an insider to companies ABC por is it affiliated with
them in @y other way,

Agsumption® vou have a clock signal that ticks ar times 1], 12, ... when prive siends for
compary A and B are arriving.
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Problem 5 {4 polnts) Desion o addsr chat takes as input seven I-bit corobers
ABCDEFG and produces a 3-bit count of 1s moong the inputs, m other wonds,
S=mumiA BLCDEFG) Uze FOUR one-hit foll adders. What is the pate delay of this
adder? Assume all gates have the same delay. Use only 2-input gates.
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Pruh}emﬁ (4 polnts) Demenstzate on n example how an implementation of a Boolean
function (X, Y.Z} can bave draraatically different critical paths for the following two
CARER:

» when all possible values for X Y Z are allowed, and

+ when the case X xor Y = 1 is not atlowed 2s an input combination.
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Problesa 7 (7 points) Three I-bit 1nprats P, C, and R are given, Using ax few ar possibie
Z=1 muhiplexers, create a combinational circnit that creates ouipint ABC 26 one of the 6
possible permutations of PQR hased on a 3-bit selection input XYZ, For example, if
KYE:CW,pﬁAB{::PQR;ifMLPickAB&PRQ,mUmaw(m
copvement) encoding XY 2Z for a particnlar pernmutation, a8 kmg as all 6 permutations are
raplemented.

Groding note: a full credit solution uses seven 2-J wudtiplexers.
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