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KARNAUGH MAPS




Karnaugh Maps (K-Maps)

A Karnaugh map is an alternate truth-table layout that places output
terms such that shared variable states are adjacent. AS an example
consider the 2-variable Karnaugh map for the NAND function.
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Review: Reacg[i)ng a K-Map
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Review: Reading a K-Map
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Simplifying an Equation Using a K-Map

Y =CD + ABCD + ACD + ACD + ABCD
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Simplifying an Equation Using a K-Map
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Simplifying an Equation Using a K-Map
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Simplifying an Equation Using a K-Map
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Simplifying an Equation Using a K-Map
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Simplifying an Equation Using a K-Map
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Simplifying an Equation Using a K-Map

Y =CD + ABCD + ACD + ACD + ABCD
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Simplifying an Equation Using a K-Map
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Wire Crossing Notation

Not connected Connected

E—

Connected
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Multiple Output Circuits
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Priority Circuit

| want to design a circuit that will determine who can reserve a classroom space.
Anyone who wants to reserve the room will assert their input (set their input to 1).

The order of priority for room reservations is the chancellor, professors, TAs, and students. Assume
that only one person from each category will submit a request at a given time. The requestor with
the highest priority will get the room reservation.

4 )

The output that is 1 will tell
Az priority Y2 us who gets the room
reservation (only one output

m ——a, Circuit v, —— will be 1 at any time)
Student —C'D ( Yoa_ N 4
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Circuit Design Activity
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The schematic




Don’t Cares in the Priority Circuit

Whenever A; = 1... 0 0 0 o | o 0 0 0
* Yp=1 o o o 1| o o o 1
* Y,=0 o o 1 o]l o o 1 o
.+ Y, =0 (
c Y,=0 . :

t- /
T Don’t-cares can be used to simplify logic!
and A, are!

For input combinations that never occur, the
designer may assume either 1 or O,

We can say that | whichever is more useful to achieving a
care” about the | minimum-cost implementation.
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Don’t Cares in the Priority Circuit

Whenever A; = 1...

.« Y =1
.+ Y, =0
.+ Y, =0
+ Y,=0

It does not matter what A,, A4,
and A, are!

We can say that we “don’t
care” about the values of
A,, Ay, and A,
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Don’t Cares in the Priority Circuit

Whenever A;=0and A, =1

Y520
2 0 0 0 0 0 0 0 0
* Y, =0 0 0 0 1 0 0 0 1
* Yo=0 0 0 1 0 0 0 1 0
It does not matter what A,, and o | e | a4 | a4 | w | © | i | @

A, are 0o 1Yy oNoOo 1 0 0
0 1 0 1 0 1 0 0
0 1 1 0 0 1 0 0

We can say that we “don’t L /N1 140 1 0 0J
X X x| 1 o o o0

care” about the values of
A, and A,

—
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Don’t Cares in the Priority Circuit

Whenever A;=0and A, =1
* Y;=0

.Y, =1
. Y, =0
° YO=O

It does not matter what A;, and
A are

We can say that we “don’t
care” about the values of
A, and A,
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Don’t Cares in the Priority Circuit

Whenever A;=0,A,=0,andA; =1

- Y,=0
C Yoo Ar

© V=1
) YO =0 0 0 0 0 0 0 0 0
It does not matter what A, is vlelepa e e @] i
0 0 1 0 0 0 1 0

[ 0 0 /elw 0 0 1 0 ]
0 1 X X 0 1 0 0
1 X X X 1 0 0 0

We can say that we “don’t
care” about the value A,
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Don’t Cares in the Priority Circuit

Whenever A;=0,A,=0,andA; =1

* Y;=0
* Y,=0
Y, =1
* Yo=0 0 0 0 0 0 0 0 0
It does not matter what A, is 6 o o 1}0 0 0o 1
0 0 1 X 0 0 1 0
0 1 X X 0 1 0 0
1 X X X 1 0 0 0

We can say that we “don’t
care” about the value A,
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Boolean Equations from Don’t Cares

o) 0] 0] 0] 0] 0]

0 0 Y3:_3
0 0 0 1 0 0 0 1 Y2:A3A2
0 0 1 X 0 0 1 0 Y1=A_3A_2A1
0 1 X X 0 1 0 0 Y=A A_AA
1 X X X 1 0 0 0 0 3472471570

Transforming the inputs to don’t cares makes finding
the simplified SOP equations much easier!
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Output Values Can Also Be Don’t Care!

When Ais O and and B
Is 1, the output can be
O or 1!
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Output Values Can Also Be Don’t Care!

There are two possible
Implementations of this truth table

O O 1
O 1 X
1 O 0
1 1 0O
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Output Values Can Also Be Don’t Care!

There are two possible
Implementations of this truth table  Since the output of row1 can be either a

O or 1, let’s see what happens if we

treat the output as O.

>
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=, O B~ O
o O O k.
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Output Values Can Also Be Don’t Care!

There are two possible

implementations of this truth table
If we treat the X as a O, then we

get the following circuit:

Y = AB
A |IOF—C
‘oo O
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Output Values Can Also Be Don’t Care!

There are two possible

implementations of this truth table ;.. output of rowl can be either a

O or 1, let’s see what happens if we
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Output Values Can Also Be Don’t Care!

There are two possible

plementations of this truth table
If we treat the X as a 1, then we

get the following circuit:

0 0 1 _

0 1 1 V=4

1 0 0 A |lO—DO—O) Y
1 1 0
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Which circuit should | choose for my
design?

A [O—C




Which circuit should | choose for my
design?

A |OF—C

This circuit is better because it contains fewer
transistors
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Don’t Care Outputs

m When designing our circuits, we will treat Xasa Oora 1
depending on which decision yields the fewest number of
transistors.

m How do we know which decision is better?

In a K-map, if treating the X as a 1 yields fewer or larger
circles, then treat it as a 1.

If not, treat the X as a 0.

If there are multiple X’s in a truth table, handle them
individually

m i.e.you can treat some X'’s as 1s and some X’'s as Os
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Don’t Cares in K-Maps
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Don’t Cares in K-Maps

m There are four ways we can interpret these don’t cares. Which way
yields the design with the fewest transistors?
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Don’t Cares in K-Maps

m There are four ways we can interpret these don’t cares. Which way
yields the design with the fewest transistors?
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Don’t Cares in K-Maps

m There are four ways we can interpret these don’t cares. Which way
yields the design with the fewest transistors?
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Don’t Cares in K-Maps

m There are four ways we can interpret these don’t cares. Which way
yields the design with the fewest transistors?
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Don’t Cares in K-Maps

m There are four ways we can interpret these don’t cares. Which way
yields the design with the fewest transistors?
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MULTIPLEXERS




A Circuit for If-Statements

If (S ==0) (32—
Y=A |\ |
elseif (S == a



Implementing an if-statement

Truth Table Equation Diagram
S
0 0 0 o)
0 0 1 o
0 1 0 (
0 1 1 ,
0 0 O
1 0 1 l
1 1 0 o
1 1 1 |

|

S
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Diagram

Equation

Truth Table

mplementing an if-statement




Implementing an if-statement

Truth Table
Equation
0 0 0 0
0 0 1 0
0 1 0 1
0 1 1 1
1 o 0 | o Y =AS+BS
1 0 1 1 S 5
1 1 0 0
1 1 1 1

R~ O O [

>
R O X > |
h O r O B3

X X B O

Diagram

Ql10]10
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2.1 Multiplexer (2:1 mux)

m A circuit that chooses an output from among two inputs based on the
value of a select signal

A—O
A0l —Y
S
y B—1
B /(
S
2.1 Multiplexer Schematic 2:1 Multiplexer Symbol

(Gate Diagram) — S
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2:1 Multiplexer (2:1 mux)

These labels tell us how the multiplexer
chooses the output based on the value

of the select signal
inputs
N
| output
_@ —> WhenS=0,Y=A
- WhenS=1,Y=B

S - select signal
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2:1 Multiplexer (2:1 mux)

A—{0) A

—Y — Y
v Iy
S S
WhenS=0,Y=A WhenS=0,Y=8B
WhenS=1,Y=8B WhenS=1,Y=A

B




4:1 Multiplexer (4:1 mux)

m A circuit that chooses an output from among four inputs based on the

value of a select signal

N
A— 00
B—01
C—10 Y
D—11

22

= ===

nen S = 0b00, Y=A
nen S=0b01,Y=B
nen S =0b10,Y=C

Nnen S=0b11,Y=D
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4:1 Multiplexer (4:1 mux)

m A circuit that chooses an output from among four inputs based on the

value of a select signal

—Y

N
A—00
B—01
C—/10
D—11
A

two-bit wire

= =

nen S = 0b00, Y=A
nen S=0b01,Y=B
nen S =0b10,Y=C

Nnen S=0b11,Y=D
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Create the gate-level implementation of a 4:1 Multiplexer (4:1 mux)

1.
2.
3.

Draw the truth table
-ind the equation

Draw the schematic
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Create the gate-level implementation of a 4:1 Multiplexer (4:1 mux)
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Create the gate-level implementation of a 4:1 Multiplexer (4:1 mux)

S1/S0/A/B C D YV
O X X

O

r B O O O O
R O X X X X X X

O

1

0 _ _ _

. Y =A35,5,+B3,S,+ CS,5,+ D S5,
0

1

0

1

R B O O KL B O
X X X X X X B
X X X X B O X
X X B O X X X
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4:1 Multiplexer (4:1 mux)

Equation
Y = AS.S,+ BS,;Sy+ €SS, + D S,S,

Diagram
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4:1 Multiplexer (4:1 mux)

Equation
Y = AS.S,+ BS,;Sy+ €SS, + D S,S,

Diagram

SO |IOF— SI1 10—

e

—

|
U kgf 9
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Multiplexers N
m Create a 4:1 multiplexer out of 2:1 multiplexers. (1) (1) 2
A 1 1 D
B
C Y
D
Sy
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| S1 | S0 | Y
Multiplexers

m Create a 4:1 multiplexer out of 2:1 multiplexers.

= B O O
= O B~ O
O O W »
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