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Micro-

PROCESSOR

PART 1. NUMBER SYSTEMS

BY FORREST M. MIMS

MICROCOURSE

A series devoted to understanding and working
with these omnipresent digital devices.

HE MICROPROCESSOR has ush-

ered in a new era of electronics.,
Just as the transistor conquered the
vacuum tube and the integrated circuit
replaced a handful of transistors, the mi-
croprocessor can replace dozens or
even a hundred or more IC’s.

The conventional digital logic circuit is
“hardwired” and its operation cannot be
easily altered after it's built. The micro-
processor, however, is 'functionally
equivalent to the central processing unit
of a digital computer. Add some memo-
ry, and the microprocessor can be pro-
grammed to function as a digital control-
ler, calculator, computer, or a dedicated
logic circuit. Merely replacing the in-
structions in the memory with new ones
will completely change the role of the mi-
Croprocessor.

Most electronics enthusiasts, from
professionals to hobbyists, are aware of
microprocessors and some of the things
they can do. Computer hobbyists are
particularly close to microprocessors
since inexpensive hobby computers
were first made possible by the Intel
8008 and 8080 microprocessors.

However, microprocessors are sO
new and different that many of those
who are interested in electronics have
not yet become familiar with their basic
operating principle, much less their pro-
gramming requirem’ents. The POPULAR
ELECTRONICS  “Microprocessor  Mi-
crocourse” is a series of articles that re-
views many of the basic operating prin-
ciples of digital logic circuits and culmi-
nates with a detailed description of the
architecture and operation of PIP-2, a
simple tutorial microprocessor.
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The simplest digital logic elements op-
erate on the basis of the presence or
absence of an electrical signal. This two-
state situation can be used to represent
numbers and implement operations in
the two-digit binary number system.
We'll learn more about the devices and
circuits that perform the functions later.
First, let's review the basics of binary
and a few other number systems.

If you learn how
microprocessors
work, you'll
understand their
role in micro-
wave ovens, CB
fransceivers,
autos and
computers.

Number Systems. The ten-digit deci-
mal number system is very easy to learn
and use. At least that's what most of us
were taught in school. But think about
decimal arithmetic for a moment. To add
any two decimal numbers, for example,
you must first have memorized 100 in-
dividual addition rules!

What are these rules? They're numer-
ical relationships like 1+ 1 =2;4 + 5=
9; 3 + 7 = 10; etc. Simple? Yes, almost
transparently so, but only because we
have already memorized them.

As you can see, the “simple” decimal
number system isn't very simple at all.
And we haven't even covered the rules
required to subtract, multiply and divide
decimal numbers. In all, there are literal-
ly hundreds of individual rules for per-
forming the various operations of deci-
mal arithmetic.

It took you five or six years to master
the rules of decimal arithmetic, but you
can master the rules of binary arithmetic
in only five or six minutes. The binary
system has only two digits or bits, 0 and
1, so only a few rules are necessary for
performing binary arithmetic.

Here, for example, are the rules for bi-
nary addition:

0+0=0
0+1=1
1+0=1

1+1=0,carry1or10
1+1+1=10+1 =11

You can use these five rules to add
any two binary numbers. There are
equally simple rules for binary subtrac-
tion. And since multiplication and’ divi-
sion can be accomplished by, respec-
tively, repeated addition and subtrac-
tion, the rules for binary arithmetic are
far simpler than those for decimal.

You can also use the binary addition
rules to count in binary. Start with 0, add
1, and continue adding 1 to consecutive
sums. This procedure is called incre-
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menting, and it allows us to quickly gen-
erate the first sixteen binary numbers:

0 100 1000 1100
1 101 1001 1101
10 110 1010 1110
11 111 1011 1111

Computer specialists frequently refer
to binary numbers like these as words or
bit patterns since they are often used to
represent computer instructions and
other nonnumerical functions. Words
having eight bits are commonly used;
they are called bytes. A word having four
bits is a nibble.

Though binary arithmetic is easy to
learn, the binary number system has a
major drawback from the human per-
spective, Binary numbers (or words) are
often long and cumbersome, difficult to
remember, prone to transpositional er-
rors, and difficult to vocalize. For exam-
ple, a decimal number that uses only a
digit or two will require from one to sev-
en bits when expressed in binary. The
decimal number 99 is easy to pronounce
and remember. Its binary counterpart is
an awkward 1100011.

Computer enthusiasts have invented
several handy shortcuts and tricks for
remembering binary numbers and con-
verting them into their decimal counter-
parts. These methods are going to be-
come almost second nature to the mi-
croprocessor generation, so let's have a
look at them.

Converting Binary to Decimal.
Converting binary numbers to their deci-
mal equivalents is easy once you know
how to expand an ordinary decimal
number into its component parts. For ex-
ample, 653 is 600 + 50 + 3.

The position of the digits in a number
like 653 determines the power of ten by
which the respective digits are multi-
plied. Thus,
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653 =6 x 102 = 600

5x10'= 50
3x100= 3
653

Binary numbers can be expanded us-
ing this same method—and in the proc-
ess converted into their decimal coun-
terparts. Since the binary system has
only two bits, the position of a bit in a bi-
nary number determines by which pow-
er of two the bit is multiplied. Thus,

1001 =1 x 23 = 1000

0 x 22 = 0000
0 x 21 = 0000
1 x 20 = 0001

1001

We can carry this expansion one step
further and convert 1001 into its decimal
equivalent. Just convert the powers of
two into their decimal values and add
the products:

1001 =1x8=28

0x4=0
0x2=0
1x1=1
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An even faster way to convert a binary
number to its decimal form is to list the
ascending powers of two over each bit in
the number beginning with the least sig-
nificant bit. Then add the powers of two
over the 1 bits and ignore those over the
0 bits. Thus, to convert 1100110 to deci-
mal:

6432168421
11 00110
64 +32+4+2=102

Converting Decimal Numbers to
Binary. A quick way to convert decimal
numbers into their binary counterparts is
to repeatedly divide the decimal number

Octal and Hexadecimal Num-
bers. Often binary numbers are used to
represent computer instructions and op-
erations. For example, 01110110 is the
binary equivalent of the decimal number
118. 01110110 is also the instruction
code selected by Intel to represent the
instruction HLT (halt) for its 8080 micro-
processor.

Binary numbers are also used to rep-
resent memory addresses inside a com-
puter. Thus 01110110 can represent the
decimal number 118, the instruction
HLT, or the 119th address in a computer
memory (the first address being
00000000).

Since binary numbers play such an
important role in microprocessors and
computers, you'll want to learn about a
couple of very handy time and space
saving shortcuts called the octal and
hexadecimal number systems.

Decimal numbers have ten as their
base; therefore the largest decimal digit
is 9. Octal numbers have eight as their
base, and that means the largest octal
digit is 7. Since the binary equivalent of
the decimal digit 7 (which is equivalent
to the octal digit 7) is 111, it's easy to
convert any binary number into its octal
counterpart by simply dividing the bits in
the number into groups of three and
converting each group into its decimal
equivalent. Thus, the binary number
01110110 becomes 01 110 110 or 166
in octal.

When listing numbers having different
bases, it's customary to indicate each
number’s base with a subscript. There-
fore 1665 is an octal number. Obviously
1664 is much easier to remember than
01110110,. And it's easy to convert
166s back to binary by simply writing
out the binary equivalent for each digit:

Il

01
110

1
6
6

110
01 110 110

by two. The remainders of each division, (continued overleaf)
which will always be 0 or 1, become the
binary number. Let's convert 102 into bi-
nary using this method:
102/2 = 51, remainder 0
51/2 = 25, % 1
25/2 =12, ¥ 1
12/2 =6, t 0
6/2 =3, i 0
3/2 =1, a 1
Final " peE====—y
102 = = 00 S0k T 1 =0
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