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igit: 0 and 1 can be represented by logic (True or False)
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@ SOME HISTORY [1]
-

*» Boolean algebra was invented by George
Boole (1815-1864).

¢ Boolean Logic is the basis of modern digital
computer logic. Boole is regarded as one of
the founders of the field of computer
science.
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® SOME HISTORY [2]

" * Claude Shannon notices similarities between Boolean algebra and
electronic telephone switches.

% Shannon’s 1937 MIT Master’s Thesis introduces the world to binary
digital electronics.

% It took 30 years to combine Boolean algebra with electronics.

» IBM's first commercially available scientific
computer, 1953 (16,000 adds/sec)
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® SOME HISTORY [3]
-

¢ First really pocketable calculator
» Bowmar 901B, 1971
» Four functions, 8-digit LEDS
» Costs 3 weeks average wage in America

¢ First Microprocessor: Intel 4004, 1971
» 1K RAM chip and the 4004, a 4-bit microprocessor
» Clock frequency 740 kHz

» Two years later comes the 8008, an 8-bit
microprocessor

+ Pentium 4 @ 3GHz, 2005: 12x10° adds/sec
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= COMBINATIONAL CIRCUIT
.

) ¢ The outputs depend only on the current inputs of the circuits

+» Output values are expressed by the truth table of the inputs

» »
» »

: Logic
Inputs e Outputs
— | Circults P

¢ Logic level of combinational DID
circuit: maximum number of gates ED_D@l
of all paths from inputs to outputs jljj )

of the circuit
3 ) B
Q ) ), uug _J

Logic level =5
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HOW IS IT RELATED TO YOUR ROBOT?

Left sensor VD
p — . — LM Speed I
_Jlogic L. v Dir © | ®
Right sensor —— RM Speed
Sensor signal Actions Left motor Right motor
output (L293) output (L293)
Left Right Left Right Dir Speed Dir Speed
0 0 forward forward 1 1 1 1
0 1 forward reverse 1 1 0 1
1 0 reverse forward O 1 1 1
1 1 stop stop X o) X 0
(1-detect the line) (1-Dir forward)  (1-full speed)
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: COMBINATIONAL LOGIC: STANDARD FORM

4 s All Boolean equations can be written in standard forms

s Sum of Products (SOP) — OR’ing (sum) many AND (product) terms
e.g. X =A*B + BeC*D + E*F

¢ Product of Sums (POS) — AND’ing (product) many OR (sum) terms
e.g. X = (4+B)*(B+C+D)*(E+F)

* How do you change from one form to another?
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"OMBINATIONAL LOGIC AND TRUTH TABLE

" +» Build the truth table of the following circuit

F = (A4+B)(C*D)(A) + (4*B)(A+B+D)(4*C)

A

s+ Before you build the truth table,
can you simplify 7 ?

S

F = (4+B)(C*D)(A) +
(A*B)(A+B+D)(A*C)

I

=ABCD + ABCD

v

A ~ Ul®xy]

(l
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"OMBINATIONAL LOGIC AND TRUTH TABLE

A B C D ABCD+ABCD
0 0 0 0 0
< _ 0 0 0 1 0
F=(A+B)(C*D)A) + _ 0 0 i 0 0
(A*B)(A+B+D)(A*C) 0 0 : : 0
0 1 0 0 0
=ABCD + ABCD 0 I 0 1 0
0 1 1 0 0
0 1 1 1 1
1 0 0 0 1
1 0 0 1 0
1 0 1 0 0
1 0 1 1 0
1 1 0 0 0
1 1 0 1 0
1 1 1 0 0
1 1 1 1 0

l4'
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: BUILDING CIRCUIT FROM TRUTH TABLE

“ We can implement using SOP from
each 1" at the output term

I

r—‘r—‘r—‘r—‘r—ﬂoocﬁj

% Add it up together means OR'’ing all
these terms together

F = ABC+ABC+ABC+ABC+ABC

r—tr—tOOr—-ﬂ»—aOOw
— o | = | o= | O~ O He

* We need 5 AND gates, 3 NOT gates and 1 OR gate,
s Can we use fewer gates?

“ Is there any systematic way to build a circuit from a truth table?
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= KARNAUGH MAP (K-MAP)

’ * K-map can help to convert any Boolean function or truth table into an
equivalent SOP form with fewest possible product terms

s Two-variable K-map

0 0 1 0 0 1
0 1 1 0 1 0
1 0 1 1 0 0
1 1 0 1 1 0
A 4 J L} A A
Bl 1 1 Bl 1 0
5 K-map 5
B 1 0 B 0 0
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= LOGIC MINIMIZATION USING K-MAP

’ s Begin with isolated cells that no simplification is possible.

*» Find all cells that are adjacent to only one other cell, forming two-cell
subcubes

*» Find cells that form four-cell subcubes, eight-cell subcubes, etc.
«» Collect the smallest number of maximal subcubes

44 _
— F=AB+AB F=A4
0 0 0 B 1 )
0 1 0 =
B 0 1 A A
1 0 1 _
)
1 1 1 | 5| Y
Can you do this? == (1/A
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= K-MAP WITH 3 VARIABLES

’ Adjacent label should have one
and only one variable difference 0 0 0 1
/l\. 0 0 1 0
AB AB AB AB g o ‘1)
C 0| 0 1 . 0 0 .
¢ 0O 1 | 0 ! L 1 0
1 1 0 0
1 1 1 1
Warp around
Before circling: Before circling: Before circling:
F = ABC+ABC F = ABC+ABC F = ABC+ABC+ABC+ABC
After circling: After circling: After circling:
F=BC F=BC F =BC+BC
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.

T K-MAP WITH 4 VARIABLES
-

Adjacent label should have one

and only one variable difference

Adjacent label should have one
and only one variable difference

Before circling:
F = ABCD+ABCD+ABCD+ABCD

T~—_ +ABCD+ABCD+ABCD+ABCD

AB AB AB

AB '}

First circling:

S | O | O | O

F = ABD+ABD+ABC+ABC

!

Second circling:

Juaoelpe
aJe S||92 asay |

These cells are
adjacent

F = BD+ARB

Reduce from eight 4-input-AND gates
and one 8-input-OR gate to two 2-input-
AND gate and one 2-input-OR gate

()
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% For example: 4 — door locked, B — door open, /' — you come in

*

Truth Table:

0 0 X
0 1 1
1 0 0
1 1 X

L)

*

It is iImpossible for a door to be locked and open together, and we
“don’t care” about the output in this case

L)

L)

» You may assign it to either “0” or “1” to simplify the case

L)

l4'
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« EXAMPLE IN USING DON’T CARE

AB AB AB AB

" 1 assi ABC+ A AC
gnment _ — F=ABC+ABD+ ACD+
of don’t care co (1 KLY A o _ _
AB AB AB AB CD| 0 \1} 010 BCD+ABCD
CD 1]0]o0 D o (1)
X CD| O 0 \1)) 0

CDh| 1 1 110

Ch| O | 1]0]O0

F=AC+BCD+ ABD

another assignment
of don'’t care

% By assigning different values to don’t cares, you can simplify the function
and the circuit implementation
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= LECTURE SUMMARY

.

¢ Logic minimization using K-map

>

vV V V V

Begin with isolated cells

These must be used as they are and no simplification is possible

Find all cells that are adjacent to only one other cell, forming two-cell subcubes
Find cells that form four-cell subcubes, eight-cell subcubes, etc.

Collect the smallest number of maximal subcubes

AB AB AB AB

CDI 0| 0| 0]O0
CD| o|1]|1]0
CD| 0| 1[1]0
CD| 0| 0|00
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= NEXTLECTURE

.

p % Combinational logic
s Sequential Logic with memory unit
% MCU and Arduino

)
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QUESTIONS?




