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Question 1 [5pt]. Calculate the binary equivalent of (9/7);0 out to 8 places. Then convert the result to
hexadecimal. ‘

Question 2 [5pt]. Perform subtraction on the following unsigned binary numbers using the
2’-complement of the subtrahend.
(a) 110100 — 10101

- (b)101010 - 101101

Question 3 [5pt]. Simplify the complement of the Boolean function F= (x4 )X+ ¥’ +2")( x+ ¥'z) in sum of
minterms, and draw its logic diagram.

| Question 4 [5pt]. Simplify the Boolean function F(w, x, y, 2) =£ (1, 4, 5, 6, 7, 12, 13, 14, 15) in product of

sums using four-variable Karnau gh maps.

Question 5 [Spt]. Simplify the following Boolean expressions to a minimum number of literals:
(a) (x+y) (X’ +y’) (x+y°)
(b) xyz + X’y + ¥’z + xy2’

Question 6 [5pt]. Convert this circuit to an implementation with minimum number of 2-input NAND
gates and NOT gates. How many NOT gates are needed in this implementation? Note that the
implementation should use the same inputs and outputs,
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Question 7 [5pt]. How many NAND gates are needed to implement a minimum two-level,
multiple-output NAND-NAND circuit that realizes the following two functions?
f1=2m(0,2,4,6,7,10, 14) and f, = Zm(0, 1, 4, 5, 7, 10, 14)

Question 8 [5pt]. Use one 4-to-1 multiplexer to realize the function f(a,b,c,d) =
2m(1,5,6,8,9,12+ ¥'d(13,14). Please specify the signal to each input of the 4-to-1
multiplexer, following the order (0, 1, 2, 3, 4, 3).

Question 9 [5pt]. The function F= CD’E + CDE + A'D’E + A’B’DE’ + BCD is implemented in an FPGA
with F=B’C’ (Fo) +B’C(F;) + BC’(F3) + BC(F,). Please write down the minterm expressions of the
three-variable functions Fy(A,D,E), F1(A,D,E), F2{A,D,E), and F4(A,D,E).

Question 10 [5pt]. Implement the function F=CD'E + CDE + AD'E + A’B’DE’ + BCD using 3-variable
lookup tables. Please fill the missing entries in the truth table.
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Question 11 [Spt]. A new-type AB latch operates as follows: If 4 = 0 and B = 0, the latch state is
(= 0; if either 4 = 1 or B = 1 (but not both), the latch output does not change; and when both A = 1 and

B =1, the latch state is O = 1. Derive the characteristic equation for this 48 latch.
0= + +

Question 12 [Spt]. For the latch circuit below, derive the next-state equation for this circuit using Q as
the state variable and P as an output. ”
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Question 13 [Spt]. The first D flip-flop C in the state graph below can be used to generate the sequence 0,

0, 1,0, 1, 1 and repeat. Derive the characteristic equation for the first flip-flop. Do not duplicate states and
use the fewest number of gates.

Ch= +

P

Question 14 [Spt]. A 3-bit counter that counts in the sequence: 001, 011, 010, 110, 111, 101, 100, (repeat)
001, ... is realized by D flip-flops. What is the next state if the counter is started in state 0002

Question 15 [5pt]. For the circuit below, Hst the output values produced by an input sequence

X = 10111. (Assume that initially ) = 0, = 0 and that X changes midway between the rising and falling
clock edges.)
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Question 16 [5pt]. Following shows the state graph of the targeted circuit, which contains two inputs
(denoted as X and Y), two outputs (denoted as P and S) and three D flip-flops (denoted as Q,, Q. and
Qy)- A one-hot assignment is used here to implement the circuit, where SO(QZQ1 Qo) = 001,

Sq (QleQo) = 010, and S, (QleQO) = 100. Please write down the next-state equation of Q,
(denoted as Q™).

XyY/p

Question 17 [5pt]. Reduce the following state table to the minimum number of states. Please list all the
equivalent states in the original state table. (For example, i=j=k, I=m.)

Present State Next State Present Output
X=0 | X=1
a d c 0
b f . h 0
c e d 1
d a e 0
e c a 1
f f b 1
g b h 0
h c g 1
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Question 18 [5pt]. The targeted sequential circuit has one input X and one output Z. The values of Z at

the first three clock cycles are all 1s. The later value of output Z is determined by the values of input X at
~ three cycles before (denoted as P), two cycles before (denoted as Q) and one cycle before (denoted as R).

If P+ QR = 1, then the value of output Z is 1. Otherwise, the value of output Z is 0. The foliowing table
~ shows an exemplary input/output sequence of the targeted sequential circuit.

Cycle 1 P 3 4 S 6 7 8 2 10 | 11 | 12 ; 13 | 14 | 15

x o | o[ i ofa|afo|o|r]|1|d o a 1

Fid 1 1 1 0 1 0 1 1 1 1 o] 1 1 1 1

The corresponding state table of the targeted sequential circuit is given in the following. Please list the
missing slots (a), (d), and (f) in the state transition table, respectively.

Present Next State ~ Output (Z)
State X=0 X=1 X=0 X=1

So(Reset) S, So 1 1
S, Se S, 1

5, S, S, 1 1

S, (a) (b) 0 0

S. {c) (d) 0 0

Ss S S 0 0

S¢ 53 Ss (e) (f)

Question 19 [5pt]. Following first shows the state transition table of a circuit, which converts a serial
excess-3 code at input X to the corresponding BCD code at output Z with the last significant bit first. We
use a PLA and three D flip-flops to implement the circuit. The PLA table is shown below the transtion
table. Please list the missing slots (a), (b), (¢), and (d) in the PLA table.

Transition table
Present states Next states Q,*Q,*Q,* Output Z
Q,Q;0Q4 X=0 X=1 X=0 X=1
000(Reset) 111 101 1 0
001 100 110 1 0
011 110 110 0 1
010 XXX XXX b X
100 XXX 000 X 0
101 001 011 1 0
111 001 001 0 1
110 000 000 0 1
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PLA table
':;_ Product : Inputs Outputs
Py ‘ ferm XQ,0,0, T z000,q,
X'0,'qy’ 00—0 0010
X'Q,’ 0-0— 1000
Q,'Q,’ —-0—-0" 0001
Q,’ -0 (a)
Q,'Q, —01- 0010
Q,Q; -1-1 (b)
XQ,'Q, 1-01 (c)
XQ, 1—1- (d)
AND plane OR plane

Question 20 [5pt]. The specification of an iterative circuit called the “subtractor” is described as follows.
I. - The inputs include two n-bit unsigned binary values X = x,,x,,_; ... X,xy and Y=
¥n¥n—1 Y2 V1
Il. The outputs include a 1 bit value O and an n-bit unsigned binary value Zn Ly
K X=Y,then O =0 and Z, ..Z, represents the result of X ~Y
If X<Y,then 0 =1 and Z,...Z; represents the result of Xnew — Ynew where X, =
1% %Xp_q o X2%; and Ynew = 0¥n¥n—1 . ¥2y1 (both of them are n+1 bit unsigned binary value)
Please choose a circuit which can meet the specification of the iterative circuit from (a) to (f).
(a) A circuit which has the following circuit diagram with a, = 0, by =0,and 0 =a,;,bh,44

P T
Output | Fn+1 a Qiyq a; a3 a; 1
PUIET Cofl [« < Cell e < coft 2] con bt
0€~ Net- ton , "o e
k [€ T le— et ] f— “— 2 |l 7 le—
oK 1p b | b b b
n+1 ‘l’ n 1+ \l' 1 3 ‘L b, r 1
Z, Z; Z; Z
Celli calculates a;.4, b;,q, and Z; by the following equations for i = 1~n.
Qi1 = %;'Vi'by + ;b + %05 and byyq = x;'a; + yiby + x;v;'b;
Zi =y + x'yia;h + x;b;
{(b) A circuit which has the same circuit diagram as (a) with @, = 1, b; = 0, and 0=

Qn+1bniq + ania'boyy’

Celli calculates @;44, byyq, and Z; by the following equations for i = 1~n.
Qi1 = Xi@iby +x;'yi0'b; + yiai' + xy; and by = x'y'b; + x,'yia:b; + b
Zi = xy; + %'y + %0,
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(©) A circuit which has the following circuit diagram with a; =0 and 0 = a,,,

Xn ¥n X; Vi X> Y2 Xz Vi
¥ . \ 2 2 v i
a a a; a a a
Olcen|dn Gwfcen|d 95 ce 22| cen | 9
n / z 7
\2 v ¥ v
z, zZ, Z, z,

Cell i calculates a;y; and Z; by the following equations for { = 1~n.
A1 = X{ + i +xy; and Z; = xi'a; + 5y’ + yiayf
(d) A circuit which has the same circuit diagram as (c) with a; =0 and 0 = a,
Cell i calculates a;,; and Z; by the following equations for i = 1~n.
@iv1 = %i'a; +y;0; + x;'y; and Z; = x;ya; + x'yi'a + x 'y + gyl

!

(e) A circuit which has the following circuit diagram with Z, = ab; +a;'b;’ and 0 = a;’'b;

X, ¥n X; ¥; XY, X Vi

R IR R

a Tyy a; a a, a, o
cell [ =3 Cell = —3 ceil 3] cen > Qutput)
n > — = = 2 ] 7 | work >
b, b;, J b; bs 1 b, 7 by Z,
zi-l-l 23 ‘ZZ

Celli calculates a;, b, and Z;,, by the following equations for i =1 ~n — 1.
a; = %'Vi'biyr’ + X Y11 by + % Va5 1brq

b; = x"yi + V' b + x;yia004

Zivy = XiQig1" + Y04 by + 17 a1 'big

Cell n calculates a, and b, by the following equations.
Ay = XYy

b, = Xn ’yn

(f)- A circuit which has the same circuit diagram as (e) with Zy =ay'by + aiby’ and 0 = ab,’
Celli calculates a;, by, and Z;,, by the following equations fori = 1 ~n — 1,
= %; Yi@ip1biyy + i@ bigy + xbyy
bi = Y{@pen + %' Quya ' bisg + X304 1byyy

—_— ! f
Ziv1 = Yi@a by + x;v; 1 bin

Cell n calculates a,, and b, by the following equations.
An = X'y

bn = xp¥y




