
Micro­
PROCESSOR 

MICROCOURSE PART1.NUMBERSYSTEMS 

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

THE 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 requirements. 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. 

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 
transceivers, 
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, O 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, carry 1 or 1 O 
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 O, 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 
101 1001 1101 

10 110 1010 1110 
11 111 1011 1111 

Computer specialists frequent ly 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 
5 x 101 = 50 
3 x 100= 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 = 1 000 
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 = 	1 x 8 = 8 
O x 4 = 0 
O x 2 = 0 
1 x 1 = 	 1 

9 

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 : 

64 32 16 8 4 2 1 
1100110 

64 + 32 + 4 + 2 = 1 02 

Converting Decimal Numbers to 
Binary. A quick way to convert decimal 
numbers into their binary counterparts is 
to repeatedly divide the decimal number 
by two . The remainders of each division, 
which will always be 0 or 1, become the 
binary number. Let's convert 102 into bi­
nary using this method: 

Octal and Hexadecimal Num· 
bers. Often binary numbers are used to 
represent computer instructions and op­
erations. For example, 0111011 O 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 11 O 11 O or 166 
in octal. 

When listing numbers having different 
bases , it's customary to indicate each 
number's base with a subscript. There­
fore 1668 is an octal number. Obviously 
1668 is much easier to remember than 
011101102. And it's easy to convert 
166s back to binary by simply writing 
out the binary equivalent for each digit: 

1 = 01 
6 = 110 
6 = 110 

01 110 110 

(continued overleaf) 

102/2 = 51, remainder o ----------~ 
51 / 2 = 25, 1 -------- ­
25/2 = 12, 

12/2 = 6, 
612 = 3, 
312 = 1, 

Final 
102 = 	 0 0 1 0 
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At last, a constant readout (no buttons to push) precision 
quartz electronic watch with a built-in 24 hour alarm system 
By combining the quartz-accuracy precision of the LCD watch with miniaturized alarm t ech· 
no logy, Winthrop-Rogers introduces the first CONTINUOUS DISPLAY ALARM WATCH . 
A watch that may not be available from other sources for years, can now be yours at a price 
hund reds of dollars less than you would imagine. 

Now consider the incredible convenience of a portab le 
alarm clock handsomely adorning your wrist at al l 
t imes: 

• Never again miss an appointmen t because you lost crack 

of time. 
• Never agam miss a plane or a crain because you didn ' t 
relize how late it had become. 
• Never again forget to make chat all·imporcanr phone call. 
• Never worry about forgetting to take importan t medication 
on rime. 
• Never worry about waking up from that catnap. or at a 
hotel if your wake-up call isn't on time. 
• Always being aware of when you should be coming or 
going or doing all that your hectic schedule demands ­
without devoting your valuable time to crying to remember 
i t al/. 

THE ALARM 
The MICRO-ALA RM has a 24 
hour Alarm System, allowing you 
to set your watch to signal at 
any minute of the day or night. ~ 155AM' Once set , you need not be con · 
cerned abo ut your next ap · 

Set to Ring poin tment or train, plane or 
phone ca l l. The MICRO-A LARM at 7 :55 A.M. 
wi ll remember for you and re · 
mind you when you need to 
be rem inded . 

SNOOZE /REMIND CONTRO L 
For your convenience the MICRO-ALARM will give one short 
beep pr ior to its fu ll alarm cycle. allowing you to turn it off 
without disturbing others . If not deactivated after the first 
short beep, the alarm will then beep for 15 con t inuous seconds. 
Push the deactivate button twice and the alarm is off . However , 
should you want a further reminder. then push the deactivate 
button only once and the alarm will go 1hrough its cycle 
again in exactly 5 minutes. 

6-DIGIT LCD DISPLAY 
The MICRO-ALA.RM has a 6­
d ig11 readout showing hours. 
minutes and seconds at a glance. 
Since the readou t is by Liquid 
Crystal Display (LCD ) and not Elby Light Em itting Diode (LED i. 
no button has to be pushed ; the 12 :34 and 56 
time is continuous!~· displ ayed! Seconds 
A bui lt in night ·light functions 
al the push o f a but ton for read · 
ing in da rkness . 

CA LEND AR DISPLAY 

a Just one push of the control 
button converts the disp lay into 
a 3-function ca lendar ; displaying 
the month. date of the month . 
and day of the week . The re ­
markable memory bu ilt into the 

August 15th module knows each month and 
the number of days in that 
month and resets automatically 
on the first day of the new 
month . 

Friday 

QUARTZ ACCURACY 
Th e MICRO·ALARM is extrao rd inar ily accurate . l1s module is 
manu factured by one o f the world 's foremo st manufactu rers 
o f m1cro·elec tron ics. and is guaranteed accurate 10 within 15 
seconds per mon1h . 

CIRCLE NO 54 ON FREE INFORMATION CARO 

Ev en if you have no consistant need for a watch wi th a 
built ·in electronic alarm, the MICRO-ALARM is a valuable 
inv estment for its watch features alone : 
1. It is the most up· to ·date fully.function ing electronic 
watch ava ilable today . 
2. It is accurate to+/. 15 seconds per mo nth, and never has 
to be wound - put it o n, and the time and date are cor rec t 
even if it has been in a drawer for a month ! 
3. It s elegant styling will com pliment any attire - and elicit 
compliments from yo ur assoc iates and friends . 
4. At this price you canno t find a better buy. 
5. One day yo u will have a critical need to be reminded o f 
a vital appointment - and then, having used the alarm func­
tio n once, you wi ll never agai n return to any other reminder 
system. 
6. Why buy an ordinary watch when you can own a 
MICRO -A LARM? 

EL EGANT ME SH BRACE LET 
Each MICRO ·ALAAM comes with a match ing, elegant , thin 
mesh bracelet . more handsome and much more practical than 
those "pull over ·snap" type bracelets. This b2nd adjusts com­
fortably and easily. eliminating cumbersome link adjus tments. 

15 DAY TR IAL 

Wear the MICRO·ALARM for 15 days to assure yourself 
that this is no ordinary wa tch. If at the end of that rime 
you are dissa tisfied for any reason you may return it for a 
prompt refund. no questions asked. 

1 YEAR LIMITED WARRANTY 

To orde r by credit card please phone our 24-hour 
toll -free number : 

800-325-6400 ask for Oper. 54 
In Missouri : 800 ·3 4 2 ·6600 ask for Operator 54 

or mail the at tached coupon with your payment 
and the M ICRO-A LARM wil l be on its way to you . 

Allow 3 ·4 We e k s For Delivery 

V5403fbiAlf,? -~ o'.6a: 
Box A69, 1135 Greenridge Rd ., Buffalo Grove, 11600go 

Pl ease send _ M ICRO-A LARMS @ $54.95 each 

plus $ 1.99 for shipping and handl ing. 

__ Sil ver ton e MICRO-A LA RM 

_ _ Goldtone MICRO-ALARM 


If I am no t comp letely satisfied I may return it 
for a full refund . To tal amount enclosed$ ___ 
check or money order . ( I l l inois residents please 
add 5% sa les tax .I No C.O.D.s please. 

Charge: 0 Maste r Ch arge MCBK # ___ _ 
0 Amer. Exp.0 Bank Amer./V isa 

Exp . 

Signature ___ ______ ______ 
Card n --------- ­

Name _____________ __~ 

Address Apt. _ 
I 

1 
I Coty Stat e __ Z• P---i 

I To exµ ed 1ate st11pp mg /Jy UPS. µlease µro vHlt.' 
I street address rather than P 0 Bo>. 1111 11 1her 

Hexadecimal numbers have sixteen 
as their base. They're commonly used to 
simplify 8-bit bytes into easily remem­
bered two-character numbers. 

The hexadecimal digits are 0, 1, 2, 3, 
4, 5, 6, 7, 8, 9, A, 8, C, D, E, and F. Don't 
let the letters A-F confuse you . There 
are more than enough decimal digits for 
the binary and octal systems, but not 
enough for all sixteen hexadecimal dig­
its. The letters A-F complete the six digit 
spaces beyond the ten digits 0-9. 

It's easy to convert a binary byte into 
hexadecimal or simply hex. First, divide 
the byte into two nibbles. Then assign 
the hex equivalent to each nibble. 1111 2 

is and 01102 is Therefore,F16 616. 

111101102 is F616. 

To convert a hex number to binary, 
just assign the binary equivalent to each 
hex digit. Thus F616 is 1111 2 and 01102 

or 111101102 . 

Incidentally, though it's correct to 
identify a hex number with a subscript 
16, it's not necessary to tag on the sub­
script if the number includes one of the 
six digits borrowed from the alphabet. 
Everyone seeing it will know it's hex. 
Also, some computer companies identi­
fy hex numbers with the$ sign. So F6E9 
is the same as $F6E9. 

Most of today's microprocessors use 
8-bit address and instruction words, so 
you'll often see programs given in octal 
or hexadecimal. While it takes time to 
become used to these new number sys ­
tems, especially hex, you 'll find them 
very handy as you become more in­
volved with microprocessors. The con­
version table given below will help you 

Hexa-

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

10 1010 12 A 
11 1011 13 B 
12 1100 14 c 
13 1101 15 D 
14 1110 16 E 
15 1111 17 F 

become more familiar with both octal 
and hexadecimal numbers. o 

(Series continues nex t month) 
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