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e Truth Table
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Boolean Constants and Variables

e Boolean algebra allows only two values—0 and 1

Logic 0 Logic 1
False True
Off On
LOW HIGH
No Yes
Open switch Closed switch

e The 3 basic logic operations:
» OR, AND, and NOT.
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Truth Table

e Describes the relationship between the
input and output of a logic circuit.

e # of entries corresponds to # of inputs.
» A 2-input table: 22 = 4 entries
» A 3-input table: 23 = 8 entries
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Examples of truth tables with 2, 3, and 4 inputs.

Output A B C " A B C D X
Inputs l 0 0 0 0 0 0 0 0 o}
o o 1l o 0o o 1]|]o
¢ " 0 1 of]1 o 0o 1 ollo
A BJ[[x 0 1 1|0 o 0o 1 1|1
0 o1 1 0 ol|o 0 1 0o offf1
o 1o 1 0 1]|o o 1 0o 1]|]o
1 0|1 1 1 ol|o 0o 1 1 ollo
1 1|0 11 1|1 o 1 1 1]/
1 0 o0 offo
(b) 1 0 0o 1||o
1 0 1 offo
A o—>| 10 1 1|1
BE—el T [ 1 1 0 offo
1 1 0 1||o
(a) 1 1 1 olfo
101 1 1|
(c)
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Outline

Basic Logic Operation and Gates
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OR Operation with OR Gates

e The Boolean expression for the OR operation

IS: X=A+B — Readas“XequalsAORB”

The + sign does not stand for ordinary
addition—it stands for the OR operation

e The OR operation is similar to addition, but when A=1
and B =1, the OR operation produces:

1+1=1notl+1=2

In the Boolean expressionx=1+1+1=1..
xis true (1) when A is true (1) OR B is true (1) OR Cis true (1)
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e An OR gate is a circuit with two or more inputs, whose
output is equal to the OR combination
of the inputs.

Truth table/circuit symbol for a 2 input OR gate.

OR
A B||[x=A+B
0 0 0 A x=A+B
0o 1 1
1 0 1 B
1 1 1
OR Gate
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Truth table/circuit symbol for a 3 input OR gate.

A x=A+B+C
B
C

x=A+B+C

_L_L_L_Loooo]>
- - 00 ==00|@
- 02020200

— 1 % 4
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Example of the use of an OR
gate in an alarm system.

D—» Alarm

P T T T T T =
| |
| | v
I | Temperature 5 R Ty
} transducer : | Comparator |
| | |
| |
I |
} | V1

|
| |
| | vV
‘ Pressure L=k Py
|| transducer : | Comparator
I |
| Chemical process 1l

Ver
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The OR symbol means the output
will go HIGH when
any input is HIGH.
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AND Operations with AND gates

e The AND operation is similar to multiplication:

X=A e B e (C — Readas “Xequals AAND B AND C”

The esign does not stand for ordinary
multiplication—it stands for the AND operation.

x is true (1) when A AND B AND C are true (1)

AND

A B x=A-B
0 0 0

A o——
0 1 0
10 0 EEAR
11 1 B o—

AND gate
Truth table — Gate symbol.
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Truth table/circuit symbol for a 3 input AND gate.

x = ABC

o

B e—— x = ABC

_L_L_l._LOOOO}
- - Q0 0O0O= =00
- 0O 0-=0-=0 0

- 00 000O0o
@

Introduction to Information Science and Technology (Electronics) ShanghaiTech University




SERNZESRARER

%/ School of Information Science and Technology

HIGH only

when all inputs are HIGH.

The AND symbol on a logic-circuit
diagram tells you output will go

*—

L
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e The Boolean expression for the NOT operation:

X=A

The overbar represents
the NOT operation.

_
A=A

Another indicator for
inversion is the
prime symbol (').

— Read as:

“X equals NOT A”

“X equals the inverse of A”

“X equals the complement of A”

NOT

A

Xx=A

1

]
0

NOT Truth Table
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A NOT circuit—commonly called an INVERTER.
NOT

Presence of small
circle always denotes
inversion

This circuit always has only a single input, and the output
logic level is always opposite to the logic level of this input.
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The INVERTER inverts (complements) the
input signal at all points on the waveform.

SN
Sl

Whenever the input = 0, output = 1, and vice versa.
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Typical application of the NOT gate.

+5V

Push Logic level 1 (true) when pressed
buttor|_| (false when button is not pressed).

|

Pressed

NOT Pressed

T

Logic level 1 {true) when not pressed
(false when button is pressed).

This circuit provides an expression that
is true when the button is not pressed.
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Outline

Logic Circuits
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Boolean Operations

Summarized rules for OR, AND and NOT

OR AND NOT
0+0=0 0-0=0 0=1
0+1=1 0-1=0 1=0
1+0=1 1-0=0
1+1=1 1-1=1

These three basic Boolean operations
can describe any logic circuit.
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Describing Logic Circuits Algebraically

e If an expression contains both AND and OR
gates, the AND operation will be performed

first.
Awe ‘ A-B
B @—— x=A-B+C
c

e Unless there is a parenthesis in the expression.

A A+B

x=(A+B)-C
C o—
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e Whenever an INVERTER is present, output is
equivalent to input, with a bar over it.

— Input A through an inverter equals A.

A
B B x=A+B

(a) (b)
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e Further examples...

O mw >

A+ D x=ABC(A+D)
A+D

Introduction to Information Science and Technology (Electronics) ShanghaiTech University
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e Further examples...

x=[D+(A+B)C]-E
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Evaluating Logic Circuit Outputs

i/
Bt

e Rules for evaluating a Boolean expression:
» Perform all inversions of single terms.
» Perform all operations within parenthesis.

» Perform AND operation before an OR operation
unless parenthesis indicate otherwise.

» If an expression has a bar over it, perform
operations inside the expression, and then invert
the result.

Introduction to Information Science and Technology (Electronics) ShanghaiTech University
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e The best way to analyze a circuit made up of multiple
logic gates is to use a truth table.

» It allows you to analyze one gate or logic
combination at a time.
» It allows you to easily double-check your work.

» When you are done, you have a table of tremendous
benefit in troubleshooting the logic circuit.

A

Introduction to Information Science and Technology (Electronics) ShanghaiTech University

Step 1

e List all input combinations.
¢ Create a column in the truth table for each node.

¢ Fill the values for u.

A|B|Clus|v=|w=|x=
A | AB | BC [v+w
0jofo
0jo|1
ali1]o
EON 1 | 1
1]0]0
101
1j1]0
] 11
Node u has been filled as the complement of A }—,
Introduction to Information Science and Technology (Electronics) ShanghaiTech University
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e Fill in the values for column v.

X=
V+W
v =AB — Node v should be HIGH
when A (node u) is HIGH AND B is HIGH
Introduction to Information Science and Technology (Electronics) ShanghaiTech University
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Step 3

e Predict the values at node w which is the logical
product of BC.

This column is HIGH whenever B is HIGH AND C is HIGH }—,

Introduction to Information Science and Technology (Electronics) ShanghaiTech University
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Step 4

e Logically combine columns v and w to predict the

output x.

A|B|C|u=|[v= |w=

A |AB|BC
olofo[1]0O |0
olo|1]1] o] o
of1]{o|1 1|0
of1|1[1 1|1
1]j]o|lo|loj O | O
ijlofl1]oflo | O
1/1|ofo]l o] 0
1]11]1[ofo | 1

Since x = v + w, the x output will be HIGH when v OR w is HIGH }J

Introduction to Information Science and Technology (Electronics) ShanghaiTech University
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Evaluating Logic Circuit Outputs

e Output logic levels can be determined directly
from a circuit diagram.
» Output of each gate is noted until final output is
found.

— Technicians frequently use this method.

Introduction to Information Science and Technology (Electronics) ShanghaiTech University
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omr>

i
v

Table of logic state
at each node of the
circuit shown.

A B c D t= ABC u=A+D wv=A + D x=tv
0 o ] o ] o 1 0
5} o 0 1 a 1 0 0
e} o 1 ) 0 ] 1 0
5} 0 1 1 o 1 o 0
a 1 a 0 a 0 1 0
i} 1 0 1 a 1 o 0
o 1 1 [ 1 o 1 1
] 1 1 1 1 1 o [
1 0 0 o ()] 1 [} 0
1 (1] o 1 (¢} 1 o 0
1 o 1 [ a 1 0 0
1 0 1 1 (] 1 0 0
1 1 [e] 0 (o] 1 o 0
1 1 0 1 (] 1 0 0
1 1 1 o o 1 0 0
1 1 1 1 a 1 0 0
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Draw a Circuit From a Boolean Expression

e X=AeBe(C
» A 3-input AND gate.

0X=A+E

» A 2-input OR gate with an INVERTER on one of

the inputs.

Introduction to Information Science and Technology (Electronics)
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A circuit with output y = AC + BC + ABC
contains three terms which are ORed together.

BC y =AC + BC + ABC

...and requires a three-input OR gate.

Introduction to Information Science and Technology (Electronics) ShanghaiTech University
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e Each OR gate input is an AND product term,

» An AND gate with appropriate inputs can be
used to generate each of these terms.

Y

e N
! > ® y = AC + BC + ABC

ABC

v

Introduction to Information Science and Technology (Electronics) ShanghaiTech University
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Circuit diagram to implement x = (A + B) (B_+ C)

Ae ) A+B
Be ® :)—ox=(A+B)(B+G)

uull

Ce
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NOR Gates and NAND Gates
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NOR Gates and NAND Ga’Eés

e Combine basic AND, OR, and NOT operations.
» Simplifying the writing of Boolean expressions

e Output of NAND and NOR gates may be found
by determining the output of an AND or OR
gate, and inverting it.

» The truth tables for NOR and NAND gates show the
complement of truth tables for OR and AND gates.

Introduction to Information Science and Technology (Electronics) ShanghaiTech University
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e The NOR gate is an inverted OR gate.

-x=A+B
R OR  NOR
A a —r—— ——
B :Z>Q\_° A B||Aa+B||A+B
!Jenotles [ 0 0 0 1 ]
@ inversion 0 ] ] 0
1 0 1 0
1 1 1 0

Only if both inputs are 0, the output will be 1

Introduction to Information Science and Technology (Electronics) ShanghaiTech University
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Output waveform of a NOR gate for
the input waveforms shown here.

0 A x=A+B
I
1 | L — B
s | | |
I I
| | | I
1
X
0
Introduction to Information Science and Technology (Electronics) ShanghaiTech University
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e The NAND gate is an inverted AND gate.

- x=AB
- x = AB
AND NAND
BPe— ——
Denotes A B AB AB
inversion 0 o0 0 1
a HEE
1 0 0 1
) 1 1 1 o]
Ae—— AB AB
B &———
Introduction to Information Science and Technology (Electronics) ShanghaiTech University
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Output waveform of a NAND gate for
the input waveforms

A : ; s i — A o— x=AB
° | | B &—
\ I I \
I | | I
X
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Logic circuit with the expression x = AB + (C + D)
using only NOR and NAND gates.

C C+D O
g 1 ! AB(C + D)
D Wik +
Be—I_ |

Introduction to Information Science and Technology (Electronics) ShanghaiTech University
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Universality of NAND and NOR Gates

e NAND or NOR gates can be used to create the
three basic logic expressions.
» OR, AND, and INVERT.

— Provides flexibility—very useful in logic circuit design.

Introduction to Information Science and Technology (Electronics) ShanghaiTech University

ol

How combinations of NANDs are
used to create the three logic functions.

T 5 o

(a) INVERTER
Ae— x = AB A o—]
2 :> AB
B &—— B ¢—
AND

x=AB=A+B i
3 E:) A+B
B
OR

It is possible to implement any logic expression using only NAND
gates and no other type of gate, as shown.

Introduction to Information Science and Technology (Electronics) ShanghaiTech University
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How combinations of NORs are
used to create the three logic functions.

A._EDOX:_F'A:K = A~—| SO—e A

NOR gates can be arranged to implement
any of the Boolean operations, as shown.

Introduction to Information Science and Technology (Electronics) ShanghaiTech University
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A logic circuit to generate a signal x, that will go HIGH
whenever conditions A and B exist simultaneously, or
whenever conditions C and D exist simultaneously.

[f4_[i3] [iz] [71] [io] [S] [8]

The logic expression will be Voo @J @_‘
X =AB+ CD. 741500
L0 2] 1] 4] L8] L&) [
[1a] [1a] [izgl [11] fio] [e] [8] [tal [13] [i2] [i1] [fo] [9] [®&]
74L832 74L508
ul Lzl s 1af [5] [ef 171 L 2] [ef L4l [5] (&) [F]
Introduction to Information Science and Technology (Electronics) ShanghaiTech University
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1
A()

5 (2)

(4)
Co—
(5)
D e—

741508

Possible Implementations # 1

741832

x=AB+CD

741532

g [=
=]
S|
5|
B
fe]
2|

¢
¢

¥
&

E
=
=}
=,
=
=}
=i
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Possible Implementations #2

[ERER i3 _[¥] [E]
Vg
TALS0O
Lo [2] T3] 14T &) [sT 2
(1) _74L800
A o— @)
e t?
" (9)
(10)

)

B (5)

4800

CNEND

Q

741800

TaL500

Var

E
2%3

FALSO0O

Ve

GHD
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6]
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=
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D 2] T3] 1o =1 18T 1
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Boolean Theorems
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[

3

SERNZESRARER

School of information Science and Technology

Introduction to Information Science and Technology (Electronics) ShanghaiTech University

26



v

1) EERZERHAYR
& = =

School of information Science and Technology

X
0]
(4) x-X=0
Introduction to Information Science and Technology (Electronics) ShanghaiTech University
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X
X
0
(5) x+0=x
X

6) x+1=1

Introduction to Information Science and Technology (Electronics) ShanghaiTech University

27



) EENEERASE

School of information Science and Technology

Introduction to Information Science and Technology (Electronics) ShanghaiTech University

 EEMNESHEAER

School of information Science and Technology

Multivariable Theorems

Commutative laws
(9) x+y=9 +&
(10) xpy=y-x

Associative laws

(11) x+W+2)=(x+yy)+z=x+y+z
(12)  x(yz) = (xy)z = xyz

Distributive law
(13a) x(v + 2) = xy + xz
(13b) (w+ x)(v +2) = wy + xy + wz + xz

Introduction to Information Science and Technology (Electronics) ShanghaiTech University
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Theorems (14) and (15) do not have counterparts
in ordinary algebra. Each can be proved by
trying all possible cases for x and y.

(14) x + xy = x Analfysisfble&f(act;)ring
o or Theorem (14

(15a) x+xy=x+vyu

(15b) x+ xy=x+ Yy

X y Xy X+ Xy
x+xp=x(1+y) 0 0 0 0
=x-1 [using theorem (6)]
=Xx |using theorem (2)] 0 1 0 0
1 0 0 1
1 1 1 1
Introduction to Information Science and Technology (Electronics) ShanghaiTech University
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Outline

Demorgan’s Theorems
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DeMorgan’s Theorems

(16) (x + y) = x-
(17) (x-y) = x +

v
y

Each of DeMorgan’s theorems can readily be proven by
checking for all possible combinations of x and y.
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Equivalent circuits implied by Theorem (16)

(16) (x+y)=x'y

X
X X
Xvy — X 5 X-y=X7y
y - YQ—DO—
x o—C) _
The alternative symbol X y=X+Yy
for the NOR function. Y &—)

ShanghaiTech University
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Equivalent circuits implied by Theorem (17)

(17) (x*y)=x+y

X @— X )
pyp— . X+7=1
Y @— y

X
The alternative symbol X+y=Xy

for the NAND function. y
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