HE emergence of experimen-

tal digital IC projects has been so
rapid that many people tend to get lost
amid strange-sounding names like
“*‘quad 2-input positive NAND gate’ and
“BCD to 7-segment decoder/driver.”
Such terms describe the building
blocks of digital electronics. To pro-
vide an introduction to logic for begin-
ners and refresher information for
more advanced experimenters, here is
the beginning of a Digital Logic Course
series.

This first instalment describes
number systems and provides impor-
tant background information for the
next two instalments.

Number Systems. Early man was
forced to count with small pebbles or
knots on a string when he wanted to
inventory his possessions. As time
went on, and perhaps because he
found it convenient to count with his
fingers, man eventually devised a
number system with ten digits. This
provided a far more convenient and
versatile counting system since, for
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example, the number 16 could be rep-
resented with merely two digits rather
than 16 pebbles or knots.

The comparatively recent develop-
ment of electronic digital computers
has revived interest in number systems
based on something besides the deci-
mal. A system based on two digits is of
particularimportance in electronic dig-
ital computers. The reason for this is
that an electronic circuit can be made
to occupy only one of two states: on or
off (saturated or cut off). Of equal sig-
nificance is that any form of logic
statement can be reduced to contain
only true and false assertions.

Since electronic circuits required to
implement true and false logic state-
ments are very simple, a computer can
be designed based on a two-digit
number system, in which one digit cor-
responds to "true’” and the other to
“false’’. The two-digit, or base-two,
number system is called the binary sys-
temand its digits, called bits (forbinary
digits), are 1 and 0.
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The Binary System. The easiest way
to understand the binary system is to
learn to count in binary fashion. One
basic rule governs counting in any
number system: record successive dig-
its for each count until the count ex-
ceedsthe total number of available dig-
its; then start a second column to the
left of the first and resume counting.

Since the binary system has only two
digits, counting is very easy. You can
prove this to yourself by counting to
the equivalent of the decimal number
10 in binary. The binary of decimal 0 is
0. The binary of 1is 1. Here the similar-
ity ends. To express 2 in binary, you
must start a new column since both
binary, bits have been used in the first
column. Hence, the binary of 2 is 10
(read one-zero—not ten). Three is ex-
pressed as 11 (one-one) in binary,
which uses up both binary bits for the
first two columns. So, a new column
must be started for binary 4, which be-
comes 100, while 5, 6, and 7 become
101, 110, and 111. With 8, represented
by the binary 1000, we must once again
start a new column.
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Binary Arithmetic. By learning how
to countin binary, we have also derived
three basic rules for addition: (1) 0 + 0
=0;(2)0+1=1;and(3)1+1=10(1 +
1 =0, carry 1). These rules can be used
to add any two binary numbers. For
example, let us add 12 and 9 in binary:
1100
+1001
Start with the right-hand column and
add the /east significant digit. Then
continue adding each successive col-
umn, working from right to left, finish-
ing up with the most significant bit:
1100
+1001
10101
Note in the above example that the
addition of the two most significant
bits yielded a 0 with a 1 carry. A carry
can also occur within the addition as
in: 1011 + 1101 = 11000.

Converting Binary to Decimal.
Binary numbers are fundamentally
easy to work with. But how do you con-
vert a string of 1’s and 0’s to easily
recognized decimal numbers? The
process is simple, using a technique
known as “‘expansion.” Each digit col-
umn of a decimal number corresponds
to a power of the base-10 to which it
must be raised. Let us use the number
846 as an example:

102 10" 10°
8 4 6 0
b6 x 109 - 6
: |—~4 X 10} = 40 (add)
8 X 102 = 800
846

A binary number can be expanded in
the same way and converted into a dec-
imal number. For example, let us ex-
pand (10111)2. The subscript denotes
the base of the number system—in this
case, 2 or “binary’—and helps in pre-
venting confusion. The expansion is as
follows:

L1 X 2?: 1
l——>1x 2, = 2
1 X 23= 4 (add)
0X 27 = 0
1x 2% = 16
23,
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Since the position of each digit in a
binary number determines the power
of 2invoked, it is easy to convert binary
to decimal simply by assigning the dec-
imal equivalentto eachcolumn.AQina
column means that the column’s
power-of-2 decimal equivalent is not
invoked. Therefore, the decimal equiv-
alents of all columns containinga 1 are
added to find the total decimal equiva-
lent. Let us convert 10011 to decimal:

O
168 4 2 1

10 0 1 1

16+ 0 + 0 + 2 + 1=(19)10

Manual binary arithmetic involving
numbers containing more than three
or four bits is both tedious and cum-
bersome when you are accustomed to
counting in a decimal system. But an
electronic computer can perform
thousands of lengthy binary additions
in fractions of a second. This ability is
vital to the success of digital compu-
ters and calculators, since alf arithme-
tic operations can be performed by ad-
dition or its variations. Subtraction is
the inverse of addition, while multipli-
cation is simply repeated additions and
division is the inverse of multiplication.

These facts about addition are im-
portant because they mean that even
the most complicated arithmetic oper-
ations can be solved by addition. In
practice, manual arithmetic rarely in-
vokes this process. After all, you would
find it inconvenient to multiply 641 by
197 if you had to write 197 times the
number 641 and add the columns. But
an electronic computer does the
equivalent of this in only a few mil-
liseconds.

The Octal System. Sometimes bi-
nary numbers are condensed into
other number systems to further sim-
plify computer processing. Since the
binary system has only two digits, it
does not take long to accumulate a
string of seemingly endless 1'sand 0's.
A decimal number with only two digits,
for example, requires five binary bits. A
six-digit decimal number requires 19
bits.

Complicated binary numbers can be
simplified by dividing them into groups
of three or four bits and encoding the
results in other number systems. Since
the binary numbers for the decimal dig-

its 0 through 7 form groups of no more
than three binary digits each, a long
binary number can be reduced to a
third of its length by converting it to a
base-8, or octal, number system.

You can use atable of octal numbers
and their binary equivalents to con-
vert a long binary number such as
11101100001101 into octal. First, di-
vide the number into groups of three
bits each, beginning with the least sig-
nificant bit:

11 101 100 001 101.
Then assign the octal equivalent to
each three-bit group, using the octal-

Decimal Binary Octal
0 0 0
1 1 1
2 10 2
3 11 3
4 100 4
5 101 5
6 110 6
7 111 7
8 1000 10
9 1001 11

10 1010 12
11 1011 13
12 1100 14
13 1101 15
14 1110 16
15 1111 17
16 10000 20
17 10001 21
18 10010 22
19 10011 23
20 10100 24

to-binary equivalents given in the
table:

11 101 100 001 101

3 5 4 1 5
Hence, (11101100001101)2 equals
(85,415)s. It is obvious that the latter
number is easier to process than the
former.

Sometimes the base-16 (hexa-
decimal} number system is used to
further simplify long binary numbers.
The hexadecimal technique requires
that the binary number be subdivided
into groups of four bits each, again
starting with the least significant digit.
The result is a hexadecimal number
that is only a fourth the length of the
original binary number.

Next month, we will discuss logic
concepts and circuits and demonstrate
how logic circuits can be combined to
make a binary adder. <3
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