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Midterm Exam

Name (Last, First): So/uten
Student Id #:

Student to Left:

Student to Right:

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

Prof. Xiang ‘Anthony’ Chen

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

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

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 following Karnaugh Map for the Boolean function, Y. A blank truth table is provided
for your convenience.

AB
“OO” T!Oni it ‘”’i r!" ”1 O”‘
00" | o | o [\1 | /7Y
o | o 1) %Yo [\
cD .
ar ] o )] o | o
ii107’ \'}L‘ 1 1 ; “
A B C D
4] 0 0 0
0 0 0 1
0 0 1 o |
0 0 1 1
0 1 0 0
0 3 0 1
0 3 1 0
0 1 1 1 .
1 0 0 0
1 0 g 1
1 0 1 0
1 ] 1 1
1 1 0 0
1 1 0 1
1 1 1 0
1 1 1 1

(a) Circle the prime implicants on the map. (5 pts)
How many prime implicants are there?
(b) Write the Boolean (sum-of-product) expression of the essential prime implicants of (b) (if

any). (5 pts) D+ ,2}’[3/\ * ,45*’/ /}EL,_

EssentialPrimelmplicants =

R
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(¢) Express as a minimal sum of product, =Y. (5 pis)
The K-map is provided for your convenience.

AB
"00" | 01" | "11* | "10" @ ’4“’”\0__
00" |90 | QY 1 1 G A+b6+D
an |7 = . e o e
ep O LKOAL 1 POV 1] ® A«E+D
117 , Qr(.f(: 1 W LQJ,’ @ E“r;
a0 |1 |1 |k | x4

(r)

= (htCe0)(H18eD) (A B +D)(A+T)
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Question #2 (25 pts)

Frof. Xiang ‘Anthony’ Chen

(a) Is DeMorgan’s theorem still true with more than two variables? If so, prove it in the case of
three variables x, y and z. (S pts)  j,¢ Maltpic ways b prvt N (Hruh ol | Veon ,ﬁy,ﬂm/

9 pessible  cases
@ A IVz
CEDLE
XVyAZ

u&lnj 0@, /)71(‘/]‘4.4{5 Fheoein wifi. 2 unriables .

p L= D XA
(}(/’)y) V2
XVy VZ

XVy Vz
xvgy AZ

;A;AZ

2 varlabie De /M«.rj an’s TM/M)

@ «vpt=
(xvy) vz
RAFVE

= A/ @f)zer Combin mévm r)"é‘ X/ v, Z Wk é;e cense uj[? Hhe Commintatie /0/‘0/05/7[/‘?’:
(b) Rewrite the following Boolean equation in (Disjunctive) Normal form. (6 pis)

f= A®GB +B&C

where @ means XOR operation, i.e., A®B = AB + AB
£= (AB + AB) + (8C + Zc)

(A+g)(AtB) + (B+)(g+C)

Answer:

3]

O+ AB+4h8+ 0+ 8C +BL T

[}

(AA~ AB+ 48 +8E)+ (36 + B+ Be + L)

-3}6 ‘,4/9[_5; ,t:uf@ 54’/5\_}!4@ ai&vy
Vi
f)(}’/’?@ﬂki ']Z:/w’h wnd
m."on [1(,6{ éxj ;‘
Credff il be given
far dny G i
14
C/JS}-WH 2/7(?"’(/' A\fm

\

AB + 48+ BC + B¢
<(AEc « ABRC) *(ABC + ABE) +(ABC+ BBL) ¥ (ABL 7 ABc)
e :7\\\ - I /,!

— % e g

f= ABC +ABC + ABL + ART+ ABC + ApC

(¢} Simplify ffrom (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) it
e — 5 . ) - 2 ) ) - ‘ l.mp A
' (combintns)
Q_ Xy+xy=X

C
AB\{?Q__L__

A5+ AG+ BC *BC

if

AB+ AB(c+T) +(ArE)BC BC —» X+X =1

1N

= AR F % ARC + ABC+ ABe + BC st :

AB r ABC ARG T AfeT fhe v £C b distibatve i (’V””,TD
. T (7 1o
(AE«FEC) « (ABLRLY+(WTE+ 4TG)— Crmihy e

4g 2 oty 0 v
TAB + BC+ AL C:J‘mé;f'n-‘"jj and ﬂéb}?{p/ﬁn ‘__\__:{:I%‘

1

RIS NAY)
ﬂ » [0 \(Jj 0
(cold ako 53/) Q =

Shonld be 3 terms !

f= ARt BL*AC

E[;E BC + AZ
or
EC“’AG""Q(E’.—E / 4 of 10
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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 pis)

{:{J,"aj ]7'\,4/ inlmum Sgp f;\vm L/)
£- AB *68CvAC

=(AB)(E+TI(A+ )
* [reg) + (B+C)] (4+0)

[[[?rér @01 @ c)]
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Question #3 (25 pts)
The following 12-bit word can be used to represent different numbers depending on the

. 8 7 44 i, .0
encoding [l complement 2% complement (1) 23072 +2'42"
12b’'1110_0110_1101 — 0Qg@gCi_160CI_ 0CI0 =+ Qoo _ivol. Coll B =056+ 12§% 16+ %
(a) If the word is 2's complement, what is the corresponding integer? (4 pts) __ 703 - 384 +/9
(b) If we convert the word (treated as unsigned) into base-4, what is the represented number? = 703
(3 pts) I1o_ol

Jli0 11
0 O I R Wt [ T R
2 1 2 3

¢l
32123 ;

2
)

(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)
Qr2ig2

(d) What is this word in Hexadecimal? (3 pts) E6D

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

“vigit”). For example, 01,19 is 39 in decimal. Using 3 “vigits”: 1246 -
~ 1200 X 20 x3

How would one represent a base-10 integer 12467 (4 pts) 3.2,6 ~ qﬁ §— 20'x2
6 & 20°x ¢
What's the 20’'s complement representation of -1246 (i.e. the 20’s complement of the 1246)7?
(4 pts) Jéi, 17, 14 b= /i complement’ 6,17, 13
+] !

Using the first vigit as the sign vigit, what is the most positive value in base-10 integer that
can be represented? (3 pts) 3779

Mag vl © 9 /'C{/ /9 ( j5T Vs st has range 0’/({)

D00 + 19520 + 19

&

i

3600 + 380 *19
3991

N
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(a) Implement a one-bit *half-subtractor” from gates. The carry-out of this subtractor is 1 when

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

C’/\ Z‘/ fmfwo[ﬂn of }’7«, )lmﬁ" fudle

a b a-b “carry” 2 melrds
0 0 0 0 .

0 1 1 1 @ & Koy
1 0 1 0

1 1 0 0

D torio ab i T onfy whin @ and b are deblomi —> XOR gito
=0 and =1 —F &b

s 54 .
Corry 43 Trwe f)ﬂi’y whitn

N >_._~ o~

#” e

b H e’y

(—/Ca .
o 77
A~
}3

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

é:;a&/\ 1‘2/;4 }.4’57\ g Vw/fﬁ/

Lé ‘;S_.ﬁﬂ_’ﬁ; _QM/E‘__ a é Cin ; L < Cov\‘;"
A, b, Capyin a~& , “aprgout” o 0 0 T 0 0
o 0 | / I
o ot 0 !
D tont |
i g 0 I | 0 I
o I o 0 ! %
= a-b-c;, £ &
I 1 0 0 0
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(c) Implement a 3-bit "subltractor” from 1-bit “full-subtractor” biocks. (7 pts)

s w2 N7 A Ao A ¢ [ A A/ :A‘
Tophomarng X [2:0) = 12501 (o 205 M8, ko 0 15 £56)

- resalt [200] i ol 10 Cont

X[2] -

YLIJ SR P CouP

X e rasatt 1]

recult [CJ

) 1 . N
¥ Nslot This solubim works F pals st assumed  fo be unsiyned
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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 argument, and multiply by 2. The

Prof. Xiang ‘Anthony’ Chen

select codes are listed in the table below. Note that there are 3 inpuis (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)

Hint: Multiplying a number is like shifting the bits to the left and using 0 as the lowest bit. An

example: a = 1= 3b001 -» 2a = 2 = 4b0010

Select Code | Result (3-bits) Carry bit
00 a+b carry out
01 a-b carry out
10 -3 0
11 2*a Product MSB

* Mote

> _ A - , e y ; ;
NaVeing T)-:’S ls A m=3 ,/’Z!/"L f}g 7!1,(_, /g)—-oé/gm (im(j ‘ﬁ?'f‘j ])\1« 7 case
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- 5 pts)

Questio

ra Credit
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imptement a 4 bz‘t G}ray code +1 incrementor using building blocks (no gates). The 4-bit Gray
codes are shown below.

Decimal

Number Gray Code
0 0000
1 0001
2 0011
3 0010
4 0110
b 0111
6~ 0101
7 0100
8 1100
9 1101
10 1111
11 1110
12 1010
13 1011
14 1001
15 1000
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