IE1204 Exam 20200114 Answers

Part 1

1

A=5410=001101102= 3616
B=3110=000111112=1F1s
A+B=010101012=15516= 8510

2

C=010111012=9310=5D16

D =101000112=-9310=A316

-D=010111012=9310=5D16

C-D=101110102=BAi1s = 18610 =-7010

Calculation is correct if you realize that an overflow occurs since the result is greater than 127

3

Y=(A®B)+(C+D)+B®D-A-C=ADB-C+D+BdD-(4+C()
=(A-B+A-B)-C- D+(B D+B- D)(A+c)
=A-B-C-D+A-B-C-D+A-B-D+A-B-D+B-C-D+B-C-D

A B C D|v
0 0 0 0|1
00 0 1|0
00 1 0|1
00 1 1|0
0 1 0 0|0
01 0 1|1 |
0 1 1 0 0 Format: | Sum of products - ormat: | Product of sums!
01 1 1|1 C,D C,D
1 0 0 071 00 01 11 10 00 01 11 10
10 0 1|0

w1 oo 1
A ool o o @
P01 1| w010 @00 0 w0l 1 1@
It o0 01 “‘Tnllnn ‘{1111.
11 0 1|1

1 [0
L1 o1 ol 10 00 0
N RED+ABD+ACD+ABT (B+5)(A+B+0)(E+3)

Several simplified solutions can be made

4
Y1=A+B=

= >~ L
Y=Y1-C=A-B-C=A+B+C 3>_

Or use bubble pushing




Part 2

Qutput: | Y

ABACDABDABCD

A B cC D |Y
0 0 0 0 0
0 0 0 1 1
0 0 1 0 0
0 0 | | |
0 1 0 0 0
0 1 0 1 1
1 1 1 1 1
0 1 1 1 1
1 0 0 0 0
1 0 0 1 0
1 0 1 0 0
| 0 | | 0
1 1 0 0 1
1 1 0 1 1
1 1 1 1 1
1 1 1 1 1
6
Format: |Sum of products -
C.D
oo o1 11 10
oof=z 0 1 =
w010 @O
= 0 = '
10 0o 0

Y=A-B+A-C-D+A-B-D+A-B-C-D

=Z]o [E]= ?»
Yg

Format: | 5um of products; + Format: | Product of sums: -
C.D C,D

oo o1 11 10 oo o1 11 10

oo f 10 oofm 1 1 o

m 010 S0 0 m 010D 1 1 70

< g | Tl o111

o o o0 0 10| o0

AD+ AR (8400 (A +B)
Format:
oo (B0 %
an 01 008 1 X
1|1

AC+ABD+AD

(A +EB+C(a+Di(A+D)

SOP is better for only NAND gates, use Bubble-pushing

One point was deducted if the expression was not simplest possible. B + D should not be

included.
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Three segments of seven (A-G) for full points

Output: A o

Format:

Q1, QU
00 01 11 10

ool o 18
g oot o (@Y
Sull o a1
10 Do

QZ 00+ 03 Q1 + Q30240
+ 020l +Q3QZQL+ 0300

Qutput: B o

Format:

QL, QO
00 01 11 10
ooj1r 111

go|r @ 1 [0

g1l
mj1 1 1
(03 + 02 + Q1 + QDY (QZ + Q1

+Q0) (03 + Q1 + Q0) (93
+ Q2 + 0}

Format: |Sum of products -

QL, QO
ao o1 11 10
ao ey o e A

£, 01 n'
S 11 |1

TR B S |

0
0

Q302 Q0+ Gz Q1 Qo
+QZ0l Q0+ QZ Q100
+0Q301

Output: | A e

Format:  Product of sums! +
QL, QO

00 01 11 10

o1 o1

o111
S1101 m 1 1

w1 1 @

Q3+ 02+ 01 + Q) (03 + 02

+ 0l + QD3+ 02 + 01
+ Q0 (03 + QZ + Q1 + Q)

Format: |Sum of products -~

Q1, QO
oo o1 11 10

Q3QL+ 0300+ Q100
+Q302+0Q302

Output: |D ~

Format:

oo 1 1 1

30101'1
G111

| S A R

—_

(G3+0Q2+01 +0Q0) (93 + G

+Q1+Q0QZ+ Q1
+ Q) (03 + Q2 + Q1 + Q0)

Qutput: B e

Format:

Q1, Q0
oo o1 11 10

i
&, 01

S 11
10

0
P 0 8

Q3 G2+ 03 Q1 Q0+ Qz Q0
+ 0301 00+ 0301 Q0

Qutput: |C e

Format:

QL, Qo
00 01 11 10
001 1 1
orj1r 111

1 i@ 1 G

mir 1 1 1

(03 + Q2+ Q1 +Q0) (D3 + Q2
+Q0) (03 + Q2 + QL)

Format: |Sum of products -

Q1, QU
00 01 11 10

il o oo B

go0jo0 0 0

831111.

il o
QZQO+ Q100+ Q301
+ 0302




........................................

o1 B 1
£ 01

S111 1 1 1
mi1 @11

{03 + Q) (Q2 + Q1 + Q0) (03
+ 02 + Q1)

Qutput: |G o

Format:

Q1, QO
00 01 11 10

oo o 0 &
o 00 (0D o0 1
o @O0 0

10 |

QZol+Q1 Q0+ 030201
+ Q3 0Z + 03 Q0

Part 3

9

|Oms

|5 ms

Format: |Sum of products -

QL, Qo

00 01 11 10
0ol 0 o0
0

0
£, 01 1 '
& 11 0 1

CIL R L

QIQ0+Q3QzQl+ Q2 Q0
+ O3 0E + 0301

Qutput: |G w

Format:

QL, QO
00 01 11 10

oo @ 11
go1 1 @1

Sl 11
mjit 1 1 1
(Q3+02+ QU3+ 02+ 01

+ Q0 (G5 + Q2+ Q1 +Q0)

[10ms

Output: |F w

Faormat:

........................................

QL, Q0
00 01 11 10
00| 1 n'n
0101 1 1
Sl @1
wlr 1 1 1

(03 + Q2 + Q0) (03 + Q2
+ QU {03 + Q1 + Q0) (03
+0QZ + Q1 + Q0)

|15 ms |20 ms




AB= AB=
ql+ 00 01 11 10 qo+ 00 01 11 10
q1q0 q1q0
ool 1 0 0 1 ool © 0 1 1
ol 1 0 1 0 ol 1 0 0 1
1] o 1 0 1 1] 1 0 0 1
10, o 1 1 0 10 1 1 0 0
Next state
Present state|]AB=00 AB=01 AB=11 AB=10
ql q0 gl+ qO+ | g1+ O+ | ql+ qO+ | ql+ qO+
0 0 1 0 0 0 0 1 1 1
0 1 1 1 0 0 1 0 0 1
1 1 0 1 1 0 0] 0 1 1
1 0 0 1 1 1 1 0 0 0
Inputs: AB
01 10
11 R
) 01
N 10 00 A\
11 11
10 00 00 00
N v
01
01 10
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Present state |Next state Output
C b a c+ b+ a+ y Output: |y o
0 0 0 X X X X Format: |Sum of products -
0 0 1 0 1 0 0 -
o 1 oflo 1 1 1 &
0 1 1 1 0 0 1 oo o1 11 10
1 0 0 1 0 1 0 0=z 0 W 1
1 0o 1]1 1 o 1 - g
1 1 0 1 1 1 0
1 1 1 0 0 1 1 ch+rca
Output: |cp w Output: bp Output: |ap  «
Format: Sumofproducts v | Format: |Eum of products; ~ | Format: | 5Um of products:
h,a b,a h,a
00 01 11 10 00 ol 11 10 00 01 11 10
0=z 0 B0 0 0 l= 1 o 0= 0 0 [1
C C C
1 Do @ i 10 1 i o e
tbha+cb+ca BEa+hba a+ch
Present state |Next state Output
C b a | c+t b+ a+ y v ]v @
~
0 0 0 0 0 1 0
0 0 1 0 1 0 0 v
o 1 oflo 1 1 1 AV |
o 1 1|1 o o 1 110 ) N (o)
1 0 of1 o 1] o \°/ "/
1 0 1 1 1 0 1 N /
1 1 o1 1 1 0 mem
1 1 1flo o 1| 1 U\
=D
D Rt
[~ ok —>
p -
\ 5 b
Clk —> y
5 a
clk —>

(not necessary to draw the FSM)



12
qf =q."B+4A'B
45 =qo-A+A-B+q;-q

Qutput: |glp =~ Output: qﬂp w
Format: | Sum of products: - Format: | Sum of products
AR AB
oo o1 11 10 o001 11 10
I Y 1 Y R oolo L o0 0
Q00 0 0 1 g 01| 0 1
=110 @0 K =11
mio 181 i mio @ 0 0
AB+qlE AE+q0&+qgl gl

For glitch free expressions add one term each:

4f=q B+A-BH{q, A

Qs =qo-A+A-B+q-qo 1 qoB

Next state

Present state]AB=00 AB=01 AB=11 AB=10

ql q0
0 0
0 1
1 1
1 0

No forbidden states

Inputs: AB
00 01
11 01 11
_—
—
00
01
_—
10 o
11
11




Part 4

13
Add 4 1-bit full adders in each row, and add 4 rows.

In total 56 1-bit full adders and 64 AND gates.
The output will have 16 bits.

14

E=011001102= 10210

F=000100012= 1710
P=ExF=00000110110001102=6x256+12x16+6=173410=102x 17
Q=E/F=000001102=610=102/17

15
A B A B A B
N N N N "N N
S1
SO
\R
N N N Y N N N

S0 00 01 10 11 \Y%
s1 ADD c,

S2

Other solutions are also possible
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