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1. Introduction

The digital computer has had an amazing impact on our way of life. Starting with first computers in the
early 1940’s to the present time is less than one century. In this less than n100 year span, we have gone
from electrical mechanical marvels and vacuum tubes to electronic solid state devices with very few
moving parts that operate almost flawlessly. Where computer mean time between failures was measured
in days or even hours, a standard desk top or lap top computer is expected to run for years with no time
off for good behavior, or maybe | should call it bad behavior. My own desktop has run almost
continuously for 8 years, with the only failure being one of the output devices, the screen. It was replaced
by an out of the box, plug in replacement for less than $200. It runs on 20% of the power of the one that
burned out. So, to get on with the subject, some basic theory, let’s proceed.

2. The Binary Number System

No series on digital computers would be complete without a review of the binary number system. The
binary number system has only two digits, 1 and 0. This is very convenient because there are many
electrical devices and circuits devices that only have two states. A switch can be on or off. We can let off
be 0 and on be 1, or vice versa. A simple transistor circuit can be turned on or off. The on and off states
can be thought of as a presence of some voltage (call this 1) and zero volts (call this 0).

The first thing that we need to do is to count in binary. Look at Table # 2.1.

22 21 20 | Decimal
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7

Table 2.1 Counting in Binary

The decimal number is equal to the binary digit in the 2° place (0 or 1) times 1 (which is 2°) plus the
binary digit in the 2* place times 2 (which is 2*) plus the binary digit in the 2°place times 4 (which is 22).
The binary number needs more bits than three if we want to count higher than 7. Notice that counting to 7
is actually 8 positions, since 0 counts as part of the numbering sequence. As a matter of interest, we can
take groups of 3 binary digits, as shown, and call it an octal numbering system. Table 1.2 shows this.

The column on the left is counted as that digit times 8" (or 8). The column in the center is counted as that
digit times 8° (or 1). Since showing all of the combinations would give a table counting to 77 octal (base
8), or 63 decimal (base 10) numbers, only 27 of 64 possible numbers are given. For fun, you might want
to list all of the possible octal numbers from 00 to 77 and show their binary and decimal equivalents. One
way to do this is to count from 000 000 to 111 111 in binary. Then list the octal and decimal equivalents.
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Octal Octal Octal Octal
8 8 | Decimal 8' 8° |Decimal 8' 8° | Decimal 8' 8° | Decimal
0101 0 110 8 010 0 01 0 0
0 11 1 1 1 9 1 0 8 111 9
0] 2 2 1 2 10 2 0 16 2| 2 18
01 3] 3 113 11 310 24 31| 3 27
0| 4] 4 1 4 12 4 0 32 41| 4 36
0 5| S 1 5 13 5 0 ok 45
0] 6] 6 116 ol 54
| e XS 63
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Hexadecimal nur _.opiaced by the letters Ato F. As an example of how this notation

is used, imagine the o« vt digital number (0101 0001 1101 0111). Looking at that string of 0’s and1’s
can easily confuse most people. If we broke that 32 bit number into 4 groups of 4 bits each, and used
Hexadecimal notation, this could be read as (51D7). Check this out by referring to Chart 3.1.
Admittedly, this is still a bit cryptic, but it is definitely easier to read than 0101000111010111. The
reason for learning to think in terms of binary, octal, and hexadecimal is that most modern computers are
based on a binary system. IBM compatible machines have a memory that is based on 8 bit bytes. If we
want to look at what is in those 8 bit bytes, a single character, 0 to F is easier than a 4 bit string of 0’s and
1’s. We will now look at a special form of 4 bit groups called Binary Coded Decimal.
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