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Midterm Exam

Name (Last, First): Zheo. L,}f,‘
Student Id #: 7«3’194&)‘7

Student to Left: VUcmg , Michael
Student to Rightw%‘i;n%chao, by

Do not start working until instructed to do so.
1. You must answer in the Space provided for answers after every question, We will

ignore answers written anywhere else in the hooklet. All pages in this booklet must be

accounted for otherwise it will not be graded.
2. You are permitted 1 page of notes 8.5x11 (front and back).
3. You may not use any electronic device.

Following table to be filled by course staff only

Mai’?ii'mum [ YourScore

: Score 1 iy,
Question 1 15

Question 2 25

Question 3 25

Question 4 35

Question 5{EC) | +5

TOTAL 100
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Question #1 (15 pts)

Consider the foltowing Karnaugh Map for the Boolea
s

for your convenience.
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"00" ll01 mn ||1 1 " lllq"
‘00" | o o Ko l/4
SIEE 1Y] 0 [\1/a
CDZ 0 \ 1
. 17 | o ] 0 0
0" | (1 8\ 1) [ x ’ XY
A 8 C D Y
0 D 1] 0
0 0 0 i
0 0 1 0
¢ 0 1 1
0 1 ] [y
0 1 0 1
0 1 1 4]
)] 1 1 1
1 0 4] 0
1 0 4] 1
1 0 1 0
1 0 i 1
1 1 0 0
1 1 0 1
1 1 1 0
i 1 1 1

(a) Circle the prime implicants on the map. (5 pts)

How many prime implicants are there?

ryunction, Y. A blank truth table is provided

{b) Write the Boolean (sum-of-product) expression of the essential prime implicants of (b) (if

any). (5 pts)

EssentialPrimelmplicants = _(—AABAD) V(C.. AT D) A (A AR AN

CAnD)
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(c) Express as a minimal|sum of product, Y. (5 pts) 2
The K-map is provided for your convenience.
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AB

“00“ 'I01 n |I1 1 n N1 0“
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Question #2 (25 pts)

{a) Is DeMorgan’s theorem still true with more than two varia
three variables x, y and z. (5 pts)

es  aongidec ”)(A*&Aix':- = —l'\C'xng)\hﬂ :ﬂ((‘l’x\ng\r 1)

=%y N 7))
(’K\Jg\l%): —\(ﬂ('xva\/\7-2.) = 7(("’3(/\153A‘1%)

:7('17(;\'13/\—:%)
S the PEMG'BN\’S +heorem St.‘“ WEYr e

{for 3 vertalhlea

(b) Rewrite the following Boolean equation in (Disjunctive) Normal form. {6 pts)

f = A&B + B&C
where @ means XOR operation, i.e., A@B = AB + A

wsver: £ = (RRAB ) +(BC+ BO)
= (A& - AB) +( 22~ BC)
= (A+B)-(A+R) + (B+O)-(8+C)
= }{+@A+A‘é+}é’+é’@+c&+ EZ’;&/
= AR+ AB+ BC +BC . _
= Ave+ARC.+ REC +ARC+ ABL* ABC +ARCHABL
f= _ABC+HARC + ABC+AEC HARCLARC
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bles? If so, prove it in the case of

(c) Simplify f from (b) to a minimum sum-of-

products. List which Boolean properties you use at
each step of the simplification. Hint: you

may use K-map to verify your answer. (6 pts)

= s Aipe +ARE + TR o]l |
Answer: ARCYARCHARC ':A%BC +B_\E‘C K_QC’OJ I é)
=JB+BCH ABCH Apc ! U]
= AB+ECHAEAR)C e
= AR+ EE+ ;C.

f= EC:—-F AB+ AC
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(d) With only 2-input NOR gates, implement f with a minimal number of gates. Draw the gate
diagram. (Note: no complemented inputs are given) (8 pts)

A

: D
: _r

BCHAB + AL
= (Broy+(3+5) + (A1 )

lo NQR a'c"e,s ane. nG’e(OPAQ
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Question #3 (25 pts)
The following 12-bit word can be used to represer{ t different numbers depending on the

encoding & 3 BR>D 1loollolion
12b1110 _0110_ 1101 Eilm

(a} If the word is is 2's complement, what is the corresponding integer? (4 pts) _— 4‘05

(b) If we convert the word (treated as unsigned) into base—4 what is the represented number?
(3 pts)
32123

(c) If we take answer in (b), extending how we define 1's complement for base-2, write the 3's

complement of the base-4 number. (4 pts)
DI2103

(d) What is this word in Hexadecimal? (3 pts) E 6 D

(e) In base-20 system, assume each digitis now 00, 01, 02, ... 09, 10, 11, ...19 (each called a

“vigit"). For example, 01 19 is 39 in decimal. Using 3 "V|g|ts" 3¥ gg‘ F220' +4
—_ doo 1a
How would one represent a base-10 integer@? (4 pts) 03,02,0f

What's the 20’s complement representation of -1246 (i.e. the 20's complement of the 1246)?

@pts) ___1o,18,14 18,19, 19 ST

Using the first vigit as the sngn vigit, wDat is the most positive value in base—10 integer that
can be represented? (3 pts) L -
Catpt SIS

‘% Ullul""g
00, B 1
7 Y 9.7 1§19

o o ) o O o

—_————— ——

1 T
:szos ,7,204+17x?o Lilx2 f»l?)(Za-HT

L'
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Question #4 (35 pts)
(@) Implement a one-bit "half-subtractor” from gates. The carry-out of this subtractor is 1 when

the resultis -1. The truth table for this is shown below: (8 pts)

a b a-b “carry” o-Lb= o XoR b

0 0 0 0 -
= N

0 1 1 1 Qg = b A T

1 0 1 0

1 1 0] 0

q___;'w. Ef 1: “C“"Bh

a-b

b —

Hu]f— Subg}(&d .Td

(b) Implement a “full-subtractor” from “half-subtractor” blocks. (6 pts)

Bre3e
252

ceonry aut

0-1 | =1 =]
= Hlof o
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(¢) Implement a 3-bit “subtractor” from 1-bit “full-subtractor” blocks. {7 pts)

&[Dj _ fL r;cm{]f oot
wa—__1 FS
& :-——-——--—-L_—_"" Ouf I‘a}

C.&((Q d“t

outlrl

ol T , culey odt”
o M}: ko oat T2

inpots e ¢ ol , bl2iel

The reculic ore & 2 -bit Ou{'[\zltﬂ
[-bil  cowy-out

of‘& Y
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(d) Processors use a block called an ALU (Arithmetic Logic Unit) as part of their processing

capability. Here we will implement a very basic ALU with a total of 4 functions, selected by a
2-bit code. Using the building blocks discussed in lecture and the 3-bit subtractor block,
implement a 3-bit ALU that can add. subtract, negate one arqument. and multiply by 2. The
select codes are listed in the table below. Note that there are 3 inputs (3-bit a, 3-bit b, and
the 2-bit select code) and 2 outputs (3-bit result and a 1-bit carry). (14 pts)
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Hint: Multiplying a number is like shifting the bits to the left and using O as the lowest bit. An

example: a = 1= 3'b001 -> 2a = 2 = 4'b0010

0000
Select Code | Result (3-bits) | Carry bit il
00 a+b carry out 1900 O
01 a-b carry out
10 -a 0 Na-{ c\_,-oO,a oka.r a.:nf(l'a-v
11 2*a Product MSB
A4 |
coty —awnt L
a 3 t 9 < y
i | 2-b+ J b o+
addlec / Pr | Ceay o
I3 Wt
b 5 N o / [
f Sabyiretac |
qabﬂmd:«@x X a S—
— - D\J-tv b { 3 gu{' m4
Lenr g (resut)
3 bl
add e i :
3 out
Sdect code [ 1:0)
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Question #5 (Extra Credit - 5 pts)

Implement a 4-bit Gray code +1 incrementor using building blocks
P ray code g g

codes are shown below.
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(no gates). The 4-bit Gray

- de
Decimal @faﬂ“’
Number Gray Code ﬁt'ﬂ
0000 B g voos T T gl
? ) 8881 (—;b:{ b © ::oaf afi
a y —_ o_j)
2 °c 0011 © D ® %°'° A J ..
3 20010 h @®oe! | ol
4 o 0110 @) 0100 ; L po—
5 r 0111 3 1o} ol'o .
6 > 0101 ollo
7 7 0100 f@oli '
8 > 1100 )%JQ%T
9 1101 Y B oro
10 - 1111 ®1 0 |
11 1110 g ®
12 - 1010 3 "°°l
13 r 1011 - )%:ﬁo
14 o 1001 12
15 > 1000 IO
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