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I am MiCrO —Pfo;ces;ér

MPF =I. HOW Qre jOU? g

WELCOME

The MPF-II (Micro-Professor II) is a low-cost R6502
based microcomputer system which provides an interesting
and inexpensive way to enter into the computer world. 1Its
built-in BASIC language makes it easy to create user pro-
grams. The color and sound capabilities help keep the
user interested in programming.

This manual is designed for people who want to learn
to program in MPF-II BASIC. With this manual, and a MPF-II

computer, and a bit of your time and attention, you will
find that there is nothing difficult about learning how to

program a computer,
here s

nothing  diffieult

(@2
( w

At first, as with anything new, programming will be
unfamiliar, but this manual was designed to alleviate
any apprehension you might have. First of all, there
are no hidden secrets that you have to know before you
can read this manual. Everything is revealed, and only
one thing at a time is explained. 1If you start at the
beginning, try everything as it comes along, and make up
your mind to take your time, it is pretty much guaranteed
that you will learn how to program.

Learning bj doing




The real secret is taking your time and trying every-
thing. You cannot learn programming by merely reading
this or any other book. Like learning to ride a bicycle
or play the fiddle, you must learn by doing. You must
make mistakes and torrect them, and not feel too bad when

you do make mistakes.,.

R

A/ IF You make mistakes do not feel
\ too bad, just correct them

If you already know how to program, a quick run through
this book will make you familiar with the features of MPF-II
BASIC. We suspect that you will be quite impressed with
the ease of doing high resolution graphics and using the
other features that make the MPF-II a fine computer for a
wide variety of applications.

This book is a tutorial manual. We hope you enjoy
using this manual as much as we have enjoyed writing it.



INTRODUCTION

The Installation Manual will show you how to plug in
your MPF-II (easy) and will be a guide as you learn to
program it (also easy). If you are an 0ld Hand at pro-
gramming, you will find some new features and conveniences
in MPF-II BASIC that make programming a lot more enjoyable.
If you are a Newcomer to programming, you will find many
features and conveniences in MPF-II BASIC that make pro-
graming a lot of fun. But, if you are a Newcomer, be
warned that programming, though not difficult, can only
be learned by doing. More will be said on this topic
later, but remember--this is a book to be used, not mere-
ly perused.

This manual will help you learn to program even if
you have never touched a computer before. It describes the
MPF-II itself and then covers the common peripheral devices.

What is an MPF-II? How do you make it work? The first
two chapters of this book answer those questions. You have
probably noticed that the MPF-II system is made up of several
pieces of equipment all connected together with wires and
cables. The first chapter tells you what all the pieces are
and what they are used for. The second chapter tells you
how to operate each computer part. With this knowledge you
are ready to use any of the ready-to-run programs that are
widely available for word processing, financial analysis,
bookkeeping, computer—aided instruction, and entertainment.

The next two chapters of the book teach you how to
write your own BASIC programs on the MPF-II. Chapter 3
introduces MPF-II as a powerful calculator. Chapter 4
starts things off with a tutorial approach to the fund-
amentals of BASIC that are available on the MPF-II.

The rest of the chapters continue with a coverage of
advanced programming topics and BASIC features.
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1.1 Computer

A modern computer is composed of electronic circuits.
When we mention computer, we should first think about the

word "computation".

electronic /
caleulator

Since the beginning of human civilization, "computa-
tion" has become a kind of brain-racking and inevitable
business. Therefore, mankind is striving for all kinds of
computing devices to help solve the complicated tasks of
computation. Yet, the Chinese abacus, which was invented
three thousand years ago, can be regarded as the earliest
ancestor in the history of computer.

s
chines® o

The development of computer parallels technological
advances. Computer technology made little progress until
in 17th century. In 1642, the French scientist Blaise
Pascal invented the decimal cogwheeled mechanical calculator.
The computer was then transferred from a manual device to
mechanical one. Even so, the importance of abacus was

still not down graded.

Pasca|€ ten — cogwheeled
calevlator




The real breakthrough of computer science should be
attributed to the progress of elctronic technology. In 1945,
the University of Pennsylvania produced the first compuer
equipped with vacuum tube to solve complex computation.

This is the first generation computer, which was called ENIAC,

the acronym stands for Electronic Numerical Integrator and
Calculator.

Aided by advancement in electronic technology, elec-
tronic elements developed from vacuum tubes to transistors,
and then to integrated circuits (IC). As a result, comput-
er science also advanced.

In 1950's, the second generation computers came to
the world. They were equipped with transistors, each one
able to replace a vacuum tube, but the size of transisitor
is much smaller.

In 1960's, the third generation computers came into
existance. They used integrated circuits (ICs). The size
of each integrated circuit is. about the size of a thumb.
Each IC equals tens up. to hundreds of transistors. Thus,
the size of computer decreases, the speed increases, and
the consumption of electricity lessens.

In 19708's, IBM company produced the IBM 378 computer
which can only be regarded as a three-and-a-half gener-
ation computer, but not the fourth generation. The fourth
generation refers to the microprocessor-centered micro-
computers. Microprocessor, as are large as a thumb, con-
sists of thousands of transistors (or more). Consequently,
the size of microcomputer decreases, the consumption of elec-

tricity lessens, the power increases and the computer costs
less.



"Even @ match head
is bigger than an

Since the microprocessor came to the world, it de-

creases immensely the size and cost of computer, quickens
the introduction and application of computer to the daily
lives, and enlarges the opportunities of learning about com-
puters.

@ RN
L am micro computer, nice
to meet
you/

A computer is an essential device for processing in-
formation, and we usually associate the term "information"
with "computer". Although the term computer does not
necessarily mean information, after a computer processes
data, we can then comprehend the meaning of the infor-
mation.



1.2 Human Brain Vs Electronic Brain

Now, we would like to explain why computer is also
referred to as "electronic brain".

In addition to computation, we are frequently required
to judge, to analyze and to compare in our routine lives.
When we are performing these tasks, we need lots of data
as input. In order to acquire this data, we have to collect,
compute and classify it first. Yet, in all these tasks,
the human brain plays the control part.

As a matter of fact, the computer can perform not
only computing, but also judging, comparing and analyzing.
And because it can help our brains work by being an
"artificial brain", we may call it "electronic brain" as
well.

Now that "electronic brain" is a machine to help human
brain work, so an understanding of the workings/of a human
brain can be the basis of the understanding of computer.

A computer TS

Similar to a

hvman brain

Mankind is the master of all the creatures in the
world, because mankind knows how to think. From the ancient
times, human beings have been thinking how to improve their
lives, this has resulted in various efforts.

Mankind knows how to think, and computer is the mechan-
ical device to aid mankind's thinking.

"\ THINK

e

different TS our POWSr  THm g

to Hhink . @6\%

ans THIMK

What makes mankind

- 10 -



We have known that the brain power enables human beings
to invent tools and machinery and thus makes human beings
more versatile., Because the computer was invented, human
beings have accelerated the pace of life.

Since computers were invented to help human brains,
once we understand the thinking process of human brains,
it will be easier for us to understand the theory of com-
puters.

Since the computer is the machine which helps human
beings think, we must discuss further the detailed process
of how men think. First, let's review how we think:

For example, if one day you overslept, when you woke up,
your first reaction must be: "Augh, it is too late for the
school!" Suppose you did everything step by step as usual,
you would certainly be late. Therefore, you would probably
give up brushing your teeth, washing your face, or even
your breakfast, and go out in a hurry.

Perhaps, after thinking, you realized that there was
still time to wash face. You would probably wash your face
first and then go out, although you didn't have time for
breakfast.

Perhaps, after thinking, you thought you could afford
to take a taxi to reach school on time, thus to save time
for you to wash your face, to brush your teeth and to have
breakfast.

- 11 -



Facing the above situation, you should first think
about "Can I go to school on time?", and then come to a
certain conclusion, for example, "I will skip everything.",
"I will still wash my face", or "I'll go by taxi", etc.
But, how are these conclusions reached? Of course, it is
not without resources. These conclusions arrived by think-
ing would probably be the product of using the "memory"
area of your brainw

You were late for school, because one day you overslept,
but you still had.your breakfast and washed your face as usual.
Or perhaps, you yourself didn't have such an experience, but
you did see that your classmate was reprimanded for being late,
so this fact was rooted in your memory. Of course, in order
to arrive at a similar conclusion mentioned above, you not
only have to have a memory as a source, but also apply judgement.
For example, you overslept last time and went to school without
washing your face and brushing your teeth, and you were stared
at.by your classmates. This time, in order not to be involved
in the same situation, you choose to go by taxi. So, we know
that these conditions must be judged each time according to
your memory patterns:

From the above, we realize that human thinking is com-
posed of "memory" and "judgement". “Our various daily think-
ing activities call all be regarded’as the judgements made
according to our memory. Therefore, we have to study
"memory" and "judgement" in order to research the human
thinking preeess. .

To research hu;nan thinking , we have to

S‘tu?y “memory” and " J“ucljement"

- 12 -



"Memory" is produced by experience. . And so-called
experience can be regarded as the external things gained
by our sense organs.

The sense organs refer to the five senses, the eyes,
ears, nose, tongue and skin. We see with eyes, hear with
ears, smell with nose, taste with tongue, and feel with
.skin. Even thougn human beings have intelligent brains,
if without the five senses to feel the external things,
there is no way to accumulate experience. That is, with-
out the five senses, human beings can't receive the external
stimula.

The so-called external stimula here means input. All
the stimula received by five senses are referred to as
input.

Our thinking capability starts from input. The five
senses first receive some external stimula and then transfer
them to the central nervous system where the stimula are
processed by judging and memorizing to reach a conclusion,
finally this conclusion is expressed by means of mouth, face,
hands, feet and body. The reaction of such expression is
output.

ouTteut



In order to comprehend human behavior, please look at
the following picture. This picture is the first step in
studying computers.

SKIN

We shall first focus on "memory". When we are thinking
we have to revive past input from memory and then apply it.

Although the above thinking process is interesting, it

is still a little difficult to apply this to explain a
computer. Let's now have another simple example:

5'/‘2:?

- 14 -



As shown in the picture, when a pupil is performing a
mathematical addition: he first sees the computing pattern
5 + 2 in his memory, therefore he loads this pattern into
the processing area of his brain; and then the pattern
5 4+ 2 = 7 comes into his mind, therefore he concludes that
the answer for this computation is 7. Then, the central
nervous system commands the hands to produce the answer.

From above example, we see that computer has also
an input section. This input section transfers messages
into the core of computer which has already had prior
information memory as means of judgement, and then it
transfers a result to the outer world through an output

section.

The more memory copability,
the more power.

»
) ’>$>>
A.k ).;Alk \aN

We have mentioned over and over that our daily thinking
activities are altered by what is in our "memory". There-
fore, good thinking must have an abundant memory as its
source. Certainly, a man with a large memory cannot neces-
sarily make a good judgement; but we can be assure that,
without "memory" as source of judgement, there must be lots
of mistakes. These mistakes are what we usually call mere
conjecture,

Make jodgement according o memory

In fact, the capacity of computer is determined by
the amount of its memory, thus the capacity of a computer
is in varies with the size of its memory. The more larger
memory a computer has, the more capacity it can afford.

- 15 -~



1.3 Hardware
There are two important terms in computer terminology:
hardware and software.

Mardware ?

Software ?

Computer hardware refers to the parts which can be
seen and touched, and is composed of electronic circuits.

Oh! .
dort Wit it,

be kind to it/

In last section we have learned that human activities
involve memorizing and judging, and that memory is an
essential part in computer. The Central Processing Unit
(CPU) is responsible for the tasks of controlling and
judging in computer. Just as human beings do, a computer
needs input and output too. Card reader has been the main
device for input. Printers are still one of the main
devices for output.

Now we will explain the three hardware parts shown
below individually:

MEMORY

PRINTER

CARD READER

- 16 -~



1. Central processing unit (CPU)

The CPU is the headquarters of a computer, it deals
with all kinds of compdting and processing. The letters CPU
is the acronym for Central Processing Unit.

headguarters
of computer CPVU iS centra|
Pr‘OCQSSing unit,
a /rtt/e I)m,‘n
2. Memory

The existance of a memory is the reason why a computer
possesses the capability of memorizing recording infor-
mation. All the data waiting to be progessed exists in
this area. The arrangement of a memory is just like the
picture shown below, which has each location numbered.
These numbered loyations are called addresses in computer
terminology. o

3. Input and output

The input and output are the media by which the com-
puter communicates with the outer world. The Card reader
with reads in the data is the input device. The printer
which recordes on paper the results is the output device.
In addition, a keyboard is a very important input device,
and screen an important output device.

Screen

- 17 -



The main function of a system program is to make it
easier for you to use the computer. Two classes of system
programs that are particularly usefull are: translators and
computer operating systems.

ndustrial

desig n

G o

oypﬁcatrbn
Prearm Software

inventory

ComputTng System Program

account
Processing

A translator helps us to write application program,
which on operating system helps us operate a computer.
These programs are provided by computer manufacturers and

specialists, thus we only have to comprehend the functions
of these programs.

Systen  program
is difficult /

1 will master
System  program

Sooner or Jater

- 18 -



1.4 Computer Language
In using the computer to solve problems, we must use
a computer language to communicate with computer.

A computer language can be called a machine language to
distinguish it from natural languages such as English, Chinese,
Japanese, etc.

Software refers to the program which operates the computer.
In writing programs, we have to use a machine language accept-
able by computer. Also, data have to be loaded into the compu-
ter in a way which is understandable by the computer.

CD Computer )anguage 78 to communicate

B) D with ~ Computer.

A modern computer understands only two digits: @ and 1.
This simple number system (binary) uses binary numbers. That
is, a modern computer understands and processes only binary
numbers,

Obviously, it is impractical to communicate with
computer in binary machine language. It is also rather

difficult and time-consuming for programmers to write programs
in binary language.

Computer can onl ly

process binary number

tooo [y ((o00lol~

Oh, the binmy machine.

- 19 -



The first step in simplifying programming is to use
more easily understandable symbols to represent the binary
language which is meant to communicate with computer. As
a result, symbolic language which is similar to English
came into existance.

(/ Symbohc
A Language
T &) 5 e

A symbolic language makes it easier for us to write
programs, but we have to add a translator program in the
computer. Translators are provided by manufacturers and
computer specialists. A translator makes it easier for
us to communicate with computer. 1In a computer system,
a symbolic language is translated by translator into a
machine language understandable to computer. Therefore,
in this way computer is able to work for us.

—
machine )

A symbolic language is still quite different from
the way we express ourselves, even though symbolic language
makes it easier to use a computer, thus, some languages more
similar to English have been produced.

FORTRAN and BASIC are the examples of these language.
Machine language and symbolic language which bear a re-
semblance to computer language are referred to as low-level
language. While FORTRAN and BASIC which bear a resemblance
to human language are referred to as higher-level language.



%s! T underctand
h@%eﬁ—kwd AW%@fe

Oh? o

w-leve/ /a"jl)ﬂj

{ cant undergtand ;¢ /

The main purpose of this manual is to instruct you how
to use the computer, therefore, we will use a higher-level
language to communicate with computer. How a higher-level
language is translated into machine language will not be
discussed here.

Now, let us discuss some advantages of applying a higher-
level language:

1. The computation pattern used by higher-level lan-
guage is rather similar to the computation pattern
used in mathematics, so it is easy for us to learn
higher-level language.

2. The user does not need to know the actual memory
locations used by the program in the computer. We
only need to know the rules of a higher-level lan-
guage, and use some variables as lakc. :. then compu-
ter itself will arrange it for us.

3. A Program is composed of some English s. .tences which
are simpler than actual English sentences, so it is
easier for us to use higher-level language.

Of course, there are many other higher-level languages,
we can surely learn more as time and interest permit. But
in reality, if we master one, it is quite simple for us to
learn another.

This manual uses the easy and simple BASIC language to

instruct the beginners. BASIC is the acronym of Beginner's
All-purpose Symbolic Instruction Code.

- 21 -



BEGINNER'S ~PURPOSE
Ali=F SYMBOLIC INSTRUCTION CODE

Jesus ! Tt
too Ionj

The advantages of BASIC are the following:
1. Easy to learn and with powerful functions.
2. Most inexpensive and popular microcomputers use

BASIC language, thus your knowledge of BASIC can
we used just about everywhere.

For next chapter

- 22 -
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~ MICRO-COMPUTER
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2.1 The Learning of Microcomputer

Before microcomputers came into existance, computers
were quite expensive. Even if I were presented with a compu-
ter as a gift. I would be troubled as to whether I had
enough room in my study to for it. But this condition
changed greatlyr since microcomputers came into the world.
Nowadays the situation becomes that almost everybody can
buy a set of a microcomputer to use at home. And.the young-
sters are even more interested in assembling sets of micro-
computer by themselves. If you have the chance to drive around,
stores selling microcomputers are everywhere. You surely can
sense that the era of microcomputer is on its way.

This is a good chance for those who are interested in

computing to learn with the microcomputer as an learning aid
instead of starting with a mini-computer at school.

Hey! Glad to meet you!
We oare micro—
COmFUte)'S.

As for the learning of computer, there are two different
ways that should be noted:

1. One of them is to use a home computer or personal
computer as the learning aids. Those microcomputer
that are available worldwide including MPF-II, PET,
TRS-80, APPLE-II etc.

2. Another one is the using of microcomputer learning
machine as the learning aids, MPF-I etc.

- 25 ~



Use mTcrocomputer
to learn hardware
and system program

Microcomputer

Jearning machine

This book emphasizes the learning computing using a
home computer and personal computer. And the main emphasis
is put on the learning of application programs by using the
BASIC as the higher-level language. This is an easy approach
for everybody to learn computing.

The Microcomputer learning machine lays more stress on
the hardware and system programs by using a low-level lan-
guage, which is closely connected with machines, such as
symbol language and machine language. For those who want to
go more deeply into hardware - how a computer works - a
microcomputer learning machine such as the MPF-I can help
you reach your goal. )

This manual introduces you briefly to microcomputer
application programs by using the BASIC language.

- 26 -



2.2 Binary Number System

.Let's imagine that there is meter whose wheel only
consists of two digits, # and 1. When turning the wheel,
¢ appears first and then 1 and then 0§ appears agian. Since
the meter has only binary digits, this meter is called a binary
meter. In order to get a concrete idea of the binary meter
let's look at a distance meter first (odometer). !

The meter shown below consists of six drum gears. When
tbe first gear turns to 9, if you turn a little bit more, it
w1}l then turn back to #, and at the same time advance the
neighboring gear on the left side to 1.

0.9 KM Recorder Processing after forward one KM

ten one

ten thousand hondred
*Tt dgm dgm

digit digit

The concept of return-to-zero and advance the higher
wheel can be applied to the binary meter. When 1 turns back
to @, the next higher digit unit place will advance.

The phenomena of the calculating of a binary speed-meter
on an automobile is shown below. In a new automobile, all
the digits on the binary speedmeter are all @.

00000
After driving for one mile, the scale will be
geool (1)

After driving for one mile more, the digit on the first unit
place will return to @ and advance the next position. The

scale will be
goa1e  (2)

After driving for three miles, the scale will be
pgap1l  (3)

- 27 -



After driving for four miles, what will the condition be? The
first gear returns to @ and advances the next digits; the
second gear returns to @ and advances the next digit; the
third digit is 1. It will be

goleo (4)

After driving for more miles, the scale will be

gg181 (5)
g0119  (6)
ge111  (7)

After driving for eight miles, the first gear returns to
@ and advances the next digit. The same with the second
and the third one. And the fourth gear-becomes 1. The
result will be '

21000 (8)
After nine miles, it will be
21991 (9)
After ten, it will be
01010 (10)
(Do the following by yourself.)

Now you form the concept that each mile adds 1 to the
first gear. After revolving for one circle, the digit will
return to @ and advance the next gear (digit). Similarly,
if the second gear revolves a circle, it will return to 0
and advance the next gear, and so will the others.

A binary speedmeter can show the binary number con-
sisting of a set of digits, 1 and @#. 000P1l represents 1;
P0010 represents 2; @PPll represents 3 and so forth.

When dealing with great numbers, it is inconvenient to
use binary numbers. For example, 01000 represents 8, 01001
represents 9; 01010 represents 1¢. Therefore when it is not
really necessary, we will not use a binary number. But
when analyzing the performance of computer, it is frequently
necessary to use binary numbers. Why? Just as with the
limitations of a binary speedmeter, a computer circuit can
only handle binary numbers.
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The last thing to mention is that when the display of
the decimal speedmeter is @@314, the two zeroes can be
omitted and read as 314. Similarly, when the display of
a binary meter is @@111, zeroes can also be omitted and
read as 111. Omitting the zero, binary counting will be
9, 1, 10, 11, 100, 101, ccccccccece

From what is mentioned above, we know that any numbers
that are used in the binary system can be expressed only by
a combination of zeroes and ones.

Binary System (0 and 1)

can represent any numbey,

As a matter of fact, it is frequently more convenient
to use the binary system instead of decimal system. We can
see from the following example:

Suppose there are ten bulbs put side by side and we
hope to make use of the ons and offs to represent a certain
number.

1. When, in the decimal system, 10 lighted bulbs re-
present a certain number 10; 6 bulbs represent 6;
3 bulbs represent 3. This means that only eleven -
numbers, from @ to 10, gan be shown.

2. When we apply the binary system, 1 means lighting
up and 8 means turning off. When all the bulbs are
lighted up, it will represent 1111111111 (binary)
which means number 1023 (decimal) after some calcu-
lation. There are 1024 numbers from zero to 1¢23,
Number 9 in the decimal system can be represented as
pP000P10P1l in a binary system.
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\O Q \OQ CID C O O OO =777 <decimal System>

OO OQOOQ 000 =g < binary system>
<:> <:> <:> <:> ',\\/_ti> (ij\zfj iij
5(2+256+l28+ba+3z+(6+8+4+2+1=(oi3 <binary system)

So; you can make a conclusion:

A bit can represent ¢ and 1, only two value: in.
Two bits can represent 4 values, that 1s, 2% =
Three bits can represent 8 values, that is, 2?
Four bits can represent 16 values, that is, 2¢

s

8 bits can represent 256 values, that is, 2’ =w256

16 bits can represent 65536 values, that is, 2 = 65536

From above example, we know that the CPU of a 6502 has
only the data’ of 8-bits which can only show 256 different
numbers. It means that only the numbers from @ to 255 can
be shown.

The 6502 uses 16-bit addresses so that there are 65536
digits from @ to 65535 which can be used as addresses.

FOR CpU 6502
Data O~ 285 (2%)
Sdelress ;065535 ( 2")
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2.3 Memory
There are two kinds of memories that are used in a
computer:

a. Magnetic memory: it includes magnetic tapes and
magnetic disks. They store data using magnetic
recording theory.

b. Semi-conductor memory: data is stored using solid
state characteristics (semi-conductor theory).

-mqgnefft

mqgneﬁc
disk

Owing to the progress that the semi-conductor techno-
logy has made, the semi-conductor memories have become the )
main memory in a computer while the magnetic tape and magnetic
disk function as the peripheral memories. 1In this section,
only semi-conductor memory will be discussed.

There are two kinds of semi-conductor memories: ROM
and RAM.. ROM is the acronym for Read Only Memory. The
data or commands stored in it will not disappear when power
is removed, but ROM can not be altered (corrected).

RAM is the acronym for Random Access Memory. The data
and commands in a RAM can be corrected at random, but when
the machine is switched off, the RAM contents are lost.

ROM 1ts content AN
( Its Contents " RAM works as long s

never change \\>
the power remainS on

&




When the switch is on, the computer is ready for you
to give it commands. The computer already contains a super-
visory program and a translator program in ROM. Turn off
the computer and these programs are still there. Because
the translating program is always there you can program
in BASIC at any time.

7 N
T hae a |
Supervisory
program to
Eontyol;omFuter

.

I have also tranSlokor
to translate BASIC

L Janguage

RAM is the memory that can be read and written at
random. It is available to the user. The user puts the
written program the input data, into the RAM. The larger
the RAM memory, the more memory space available to the user.

We have used the binary number system and the smallest unit
in the system is a bit. Because the bit unit is too small,
we are in need of a larger unit. You may know that most CPUs
can process 8 bits at a time, so 8 bits are combined into a
larger unit. This unit is called a byte.

g bit is I byte
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But byte is still too small to describe the capacity
of a computer memory. We need a much larger unit. In decimal
number system, we use thousand as multiple and represent
it by K. In a computer, we can also use K. The K of.a
computer memory does not represent 1000, but 1024. Because
2'% = 1924 and it is close to 1@0@, we can use it as unit.

M 1024 in computer

2

1K BYTES = 1 X /024 BYTES = /o024 BYTES
4K BYTES = 4 X /024 BYTES 40496 BYTES
8K BYTES = 8 Xx /024 BYTES = 8/92 BYTES
[6K BYTES = /6 X (024 BYTES =/6384% BYTES

Now we know that a computer with 64K byte memory can
store 1024 x 64 = 65536 bytes.

I

If you want to buy a microcomputer, you have to pay
heed to the amount of ROM and RAM, and you should know that
the programs put in a ROM are either supervisory programs
or translating programs; RAM is availible for you to use.

MPF —L-RoM : /6K Byies
‘@% RAM: [ 6K Bytes
NS 64K Bytes

The picture below can give you a synthesis explanation:
Memory can be divided into ROM and RAM. Those put in the
ROM are supervisory programs and translating programs; RAM
is the area for you to use. Each address in ROM or RAM
is a byte consisting of 8 bits.

Eoach address has 8 bit
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For general family computing, 16K RAM is sufficient.
But in consideration of the needs of future expansion,
a model with 64K RAM is provided. Users can choose the
model that best suits a user's needs.

Up to now, let's have a review:
The main board in MPF-II consists of three parts:

« CPU: 6502

. Memory: ROM 16K bytes
RAM 16K bytes

. Keyboard

* CPU & 6502
°f4enqoty: - ﬁ2()P1 16K Eiytes

RAM : 16 K Bytes

64K Bytes
. Key ke)/board <
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PRESENTING THE MPF-Ii



_36_.



MPF-II (Micro-Professor II) is a low-cost R6502
based microcomputer system., Its built-in BASIC language
makes it easy to create user programs. The color and
sound capabilities help keep the user interested in program-
ming.

MPF-II Application Fields:

1. Learning computer languages such as BASIC,
PASCAL, and FORTH.

2. Games

3. Education: such as spelling, music, Chinese,
mathematics, bridge,...etc.

4, Home and business management.

computer-anguaqe
Learning
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Figure 3-1 is a figure of a typical MPF-II computer
system. Notice that it takes several separate pieces of
equipment to make up a complete system,

Monitor

Remote Control Box ©
A (o Cassette
)

Software

Cartridge Printer

Figure 3-1
Typical MPF-II system
Switching  Power Supply
Your system may not look exactly like the one pictured
in Figure 3-1. Many system components come from a list of
optional -equipment. But there are three components that
every system has in common:

MPF-II itself, the built-in keyboard, and a television.
Let's take a closer look at each of these and at some of
the more common pieces of optional equipment. We will also
describe how to hook up these components to the MPF-II.

a>MPF—L SYSTEM COMPONENTS

€y How TO Hook. UP @

3.1 MPF-Il Main Board

The MPF-II Main Board provides the major functions
of the system and provides interfaces to the peripherals.
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The keyboard and TV screen allow the user to com-
aunicate with the MPF-II. A standard typewrltey—style .
keyboard comes with the MPF-II. It transfers instructilons
from your fingertips into the MPF-II.

3.2 Video Display

The display screen can either be an ordinary color
television set or a color television monitor. A black-
and-white TV works fine too, but of course color displays
will show up in black-and-white. The screen not only

echoes everything you type so that you can visually verify

its accuracy,
to your instructions.

it also displays the reactions of the MPF-II
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The standard display screen has three different
modes of operation. One is for black-and-white text charac-
ters only and the other two are chiefly for graphics. In
the text mode, the standard screen is divided into 24 lines
of 49 characters each. The graphics modes deal with points
and lines, not characters, and subdivide the screen more
finely (graphics are discussed further in Chapter 8.)

|— 40 cHaRacTERS —-]

T

o de, the
];rzy:;:x'%s ":i?vided into ¢ o

24 lineg of 40 B I ) LINES

characters &
\
a\) N

An MPF-II user may use a television set for his display
screen either because he has one or because it's a good
excuse to get one. The televison monitor produces a shar-
per picture than a TV set in the computer environment,
but. you can't use it to watch Sea Hunt, Highway Patrol,
or the 6 o'clock News.

¢

| Moniter cant be used
to watch Tv program

3.3 Power Supply

The power supply provides the power used in MPF-II,
external memory, and I/0 expansion.
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3.4 Cassette

A cassette provides the auxiliary storage for saving
information. The MPF-II can save program on audio cassette
tape and read it back again.

SIS

ko

3.5 Printer

A printer with a Centronics interface may be con-
nected to the MPF-II. The printer provides the capabil-
ity of listing programs, memory contents and makes hard
copy of the video display.

3.6 Remote Control Box

Two Remote Control Boxes may be connected to the
MPF-II for game applications.

3.7 Software Cartridge
The cartridge provides the capacity for the user to

enter special programs in BASIC or ASSEMBLY language to
the MPF-II. Such as Games, Assembler,....etc.
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38 Inside the MPF-II

. The MPF-II itself houses the part of the computer

that controls the rest of the system == under your guid-
ance, of course! Lurking behind the keyboard are the

main MPF-II memory banks, the microprocessor, the connection
points for all the accessory components, and much more.
Figure 1-7 discloses the true identity of these undercover
items.

The inside of your MPF-II may look a bit different
from the one in Figure 1-7.

inside the MPF-I

3.9 Memory

Computer memory size is typically measured in units
called bytes. Each byte of memory can hold one character.
Depending on the number of chips, your MPF-II computer
has anywhere from 16,384 to 65,536 bytes of memory. This
is usually stated 16K to 64K, where K represents 1,024
bytes. The amount of memory available determines how
much the MPF=II can do, as we will see later.

1K BYTES = 1024 BYTES
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The MPF-II actually has two kinds of memory. One is
called read-only memory (ROM); its contents never change,
even when you turn the power off. ROM contains the pro-
grams which give the MPF-II its unique identity and enable
it to understand and respond appropriately to the commands
you type in at the keyboard. The other kind of memory is
calld read/write memory (also called random-access memory
or RAM); its contents do change. In fact, the program in
read/write memory determines what task the MPF-II is cur-
rently executing.

Read/write memory works only as long as the power

remains on. As soon as you turn the MPF-II off, every-
thing disappears from read/write memory.

contents of it
never change

ROM

RAM works os longas
the power remaing on
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THE MPF-Ii
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Any computer system can be a bit intimidating when
you first sit down in front of it, even if it's all hooked
up, as your MPF-II system must be before you go any further.
This chapter will make you feel more comfortable when using
the MPF-II by explaining how to use it.

4.1 Power On

This first thing to do, now that all the
connections have been made, is to turn on the MPF-II.
First, find the switch on the switching power supply,
which is a box about 5.51 inches 1long, 3.14 inches
wide, and 1.49 inches tall (14 x 8 x 3.8 cm). Turn the
switch on. You should hear a beep from inside the MPF-
II. The beep tells you the MPF~II is ready. The power
lamp on the wupper right corner of MPF-II main board
will be on now.

The. title "MPF-~II" should also appear on the top
of the screen along with a ">" and a sequare " " called
the "cursor" to the far left.

Ah!
o > and-opPear

s our turn!




4. 2> Study the Keyboard

If you are familiar with standard typewriters, you
will find a few differences between the MPF-II keyboard
and a typewriter keyboard. First, there are no lower
case letters. You can get only capital letters on the
MPF-II. This is all you need for programming in MPF-II
BASIC,

I RESET

! v o 8 9 & > %
1 R2B3 4N NoR 7R Mool |
, +
[P |

mmﬂmumiz
(ABSEOoRFEGEHN) B K]
BEEHEUDD WD

O I = OO =

SHIF T-Key

Using the diagram, locate the SHIFT keys on the
keyboard. The reason the keyboard has the SHIFT keys
is to allow for nearly twice as many characters with
the same number of keys. A keyboard with a separate
key for each character would be very large, making it
hard to find any desired key.

PN BHEOEN0 DD
ey O D = GO0 @ =R

If you only press a key which has two symbols on
it, the lower symbol will appear on the screen. If
you press the same key while also holding down the SHIFT
keys, the upper symbol will appear on the screen. You
will find that the SHIFTed comma and the SHIFTed period
are "<" and ">" respectively. You will also find other
symbols on the MPF-II keyboard that are not on a standard
typewriter, Feel free to try operating any of these keys.



If there is no upper symbol on a key, then holding
down the SHIFT while the key is pressed has no effect,
except the G.

The G key has the word "BELL" above the "G". But
SIFT G does not put a bell on the screen, it just puts
a "G" there. The meaning of the word "BELL" on the G
key will be explained later.

An important difference between usiny MPF-II key-
board and most typewriters is that you cannot eaploy a
lower case "L" for the number "1". Of course, there is
no lower case "L" on the MPF-II, but some typists will
have to break the habit of reachiny for the letter "L"
when they are the number "1",



When the Hindu mathematicians invented the open
circle for the numeral zero, they didn't use the Roman
alphabet. So they chose a symbol that, while not con-
flicting with their alphabet, looks just like our. letter
"g". The computer (and any straight-thinging individual)
will want to keep zeros and oh's distinct. The usual method
for doing this, on the MPF-II and many other computers,
is to put a slash through the zero. Now you can tell them
apart. The keyboard and the TV display both make the dis-
tinction clear. Try them.

; S e % Q ond Oare
s, % <
: I[l' l!l .3' I:’ I!il lEl 7 | not the same

BELL
(ANSEPRFRGE:HN)

s i1 llcourmol | l.Eln

(The Reset Key J

Reset is a very special key on the MPF-II keyboard.
When Reset is pressed, everything stops. No matter what
the MPF-II 'is doing when Reset is pressed, control of
the MPF-II returns to the keyboard. Reset will cause
MPF-II prompt to appear.

IO E aanm
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The Return Key J

As you type along, the characters you type show up
on the display screen. In addition, the MPF-II saves
everything you type in its memory but does not try to
interpret what you type as an instruction until you press
the Return key.

Even if the
MPF-IL Show up
and saves, it

.does not
jnterpret untif
You PresSS the

RETURN key

O = QoD =

The Return key signals the MPF-II that you have
finished the line you have been typing. When you press
Return, the MPF-II erases any stray characters that might
be to the right of the cursor. Then it examines every-
thing on the line that you just typed in. If those charac-
ters make up an instruction that the MPF-II can understand,
it will take the appropriate action. Otherwise you will
hear a beep and see the message.

SYNTAN
ERREOR

T do not understand
what you mean )

NN

The MPF-II is letting you know that it did not
understand what you meant by the characters you typed
before you pressed Return. You must retype the line
(without the error that trippd up the MPF-II). °

&

[ The Control Key J

The control key is always used together with another
key in the same manner as the SHIFT key. You hold the
Control key down while you press and release another key.
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cance| [line bemg

halt program or Listing typed Currentl)/

I The + and — Keys l

The two arrow keys are called left-arrow and right-
arrow. You will find the «— and ——> keys very useful
because they allow you to correct any typing mistakes
you might make, and allow you to change information you
have already entered. The «<—key works like the back-
space key on a typewriter.

Each time you press it, the character under the
cursor is erased from the MPF-II memory and the cursor
backs up on space. Try it right now. Type in any
word (try PRINT). Press the «<—key several times and
watch the cursor back up along the word you just typed
in. Notice that the characters you back over do not -
disappear from the display screen. You can rest assured
the MFP-II has put them out of its memory. Try backing
the cursor all the way to the left edge of the screen.
When you get to the edge and press the «<—key again,
the cursor jumps down one line and a new prompt character
appears.
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As you might suspect, the —skey moves the cursor
to the right along the display line. As the cusor moves
forward along the line, every character it passes over
gets copied into the MPF-II memory exactly as though
you had pressed the key to generate that character. To
see the—key in action, type in another word and back
the cursor up a few spaces using the-—skey. Now press
the key a few times. Each time you press this key,
the character the cursor passes over gets put back
into the MPF-II memory exactly the same as if you had
retyped it.

oo g Sicign &
IIE]-E

I The Other Keys J

The other keys on the MPF-II keyboard are no doubt
familiar to you. These are thé letters of the alphabet,
the numbers zero through nine, and a standard set of
symbols,

Many typists do not distinguish between the number
zero and the letter @ or the number 1 and the lower-case
lette 1. The MPF-II can't cope with this ambiguity. -
must be very careful to type a numeral when you mean &
numeral. To help you remember, the MPF-II keyboard sh¢
the zero with a slash through it, and zeros are display.
on the screen with that slash, too.

7 23 be carefu] |
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4 .3 The Cassette Recorder

If your MPF-II system includes a cassette recorder,
you can load programs from cassette tapes. Some program
tapes come with the MPF-II, you can buy others, and you
can make your own as well,

Handling Cassettes

You should exercise care with the cassettes them-
selves. They are very easily damaged, and not easily
replaced.

Be very careful not to touch the .surface of the
tape in the cassette. No matter how clean your skin is,
natural oils will contaminate the tape. Make sure you
put tapes back in their cases when they are not being
used. Never store them in hot areas, direct sunlight, or
near magnetic fields (like those found near electric
motors) .

Label Every Cassette

You should label every cassette with information
about the programs it contains. This avoids the headache
of searching through cassette after cassette for the pro-
gram. you need.

Write-Protecting Cassettes

Each cassette has two notches in the rear edge.
Most cassette recorders can sense the notches and will
not record when they are present. Blank cassettes have
tabs covering the notches so the tape may be recorded
over. You can protect important programs by removing
the correct tab and exposing the notch.

To determine which tab is correct, hold the cassette
so that the exposed tape is away from you and the side
you wish to protect is facing up. Remove the tab on
the right side to prevent recording over the side facing
up (see Figure 2-2). Covering a notch with adhesive tape
will allow recording over a cassette that has been
protected.

write protect
notches
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Setting the Tape Recorder

(If you are not using a cassette recorder, skip
this section.) Now press the RETURN key. The prompt
‘and the cursor that show on the screen's left edge to
let you know that this is your turn. Now you are ready
to set the volume control on the tape recorder.

>4 '
/’Ihﬁis i5
r dornt

(Lor v J” S

When you play a tape recorder, it is usually with
the intent of making sounds that you can hear. If it is
too soft, you miss some of the words or music. If it
is too loud, it is annoying.

When you play the tape recorder into the MPF-II,
it is with the intent of putting the tape's informatio
into the computer. If the volume setting is too soft,
the MPF-II will miss some of the information, and it
will complain by giving an error message. If the volume
setting is too loud, the MPF-II will also complain.

To find the right volume setting, you will use a
trial-and-error method. You will play a MPF-II tape
softly to the computer and see if the information got
in OK. If it doesn't work, you will try the tape again,
a little louder this time. If that doesn't work, you
will make it a little lounder still, Eventually the
volume will be just right for the MPF-II, and it will
say so with a beep.



4 -4 Loading

The MPF-II can be loaded with two types of cas-~
sette tapes: 1) tapes of MPF~II format, and 2) some
tapes compatible to Apple II format. (Note that not
all tapes of Apple II format can be loaded into the
MPF~II. For those of you possesses Apple II cassettes,
you may use the try-and-error method to find out those
tapes of Apple II format which can be loaded into the
MPF~II.)

The, MPF-II receives filenames of from zero to six
alphanumeric characters. But when your cassette only
contains one file, it is not necessarily to enter the
filename.

Two commands--"LOADT" and "LOADA"--may be uSed to
load your program data into the MPF-II. LOADT is used
when loading cassettes of MPF~II format into your MPF=-
II, while LOADA is entered when loading cassettes of
Apple II format into the Micro-Professor II.

One advantage of wusing the LOADT command when
loading a program into the MPF-II is that the wvideo
display will show the number of file records and a down
counter wused to count whether a program has been read
completely. If the program is read without error, the
display will show OK. Otherwise, the display will show
error messages.

Now try the following steps to 1load the self-
diagnosis cassette "Micro~Nurse" into your MPF-II. For
each position of the volume control, you are suggested
to do the following:

1. Rewind the tape to the beginning.
2, Type: L O A D T "filename" <(==-=
3. Press the Play button on your tape recorder.

After you have finished the three steps, the
cursor will disappear. It may take up to 15 seconds
before the video display shows

NURSE 1 14 490 WAIT

Filename (@ to 6 alphanumeric
characters)

The number of file records

The down counter that counts down
from 40 through ¢0.

A reminder

If the video display shows
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NURSE1 14 14 WAIT OK
>

Then vyour program has been read by the MPF~II without
error. If the display shows

? SYNTAX ERROR

Then, it is telling you that you have typed the LOADT
command incorrectly. If the display shows

ERROR

Then, your MPF-II has been loaded with incorrect data.

In summary, the following possibilities may happen:

a. The message? SYNTAX ERROR appears.

b. Nothing at all happens.

c. The message ERR or ERROR appears (with or without a
beep) .

d. The computer goes "beep" and nothing appears.

In case a, do not reset the volume control, but go
back to step 1 where you rewind the tape.

O SYNTAX ERROR 2 8N0%0f Rewind the tope

<~

In cases b and c, make sure you waited for 15 seconds
before giving up. If there is no prompt characte or cursor,
and the MPF-II does not respond to its keyboard, press
RESET, set the volume control a bit higher and go back to
step 1. Once in a great while the LOADT command may not
work properly, and the cursor will appear on the screen
immediately without waiting for the tape to be LOADed.

If this happens just turn your MPF-II off and then on again
with the power switch on the switching power supply, and
then try LOADing the tap€ again.

The use of the LOADA command is very similar to
that of the LOADT command. After you have entered the
LOADA command, filename, and pressed the PLAY button
on your tape recorder, the three possibilities men=-
tioned previously may occur. If any one of those
phenomenon happens, you can solve the problem following
the procedures mentioned above.
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If the MPF-~II goes "beep" and the display shows
the prompt character ">" and square cursor, then vyou
are on the right track. When you hear the beep, wait
another fifteen seconds. Either you will get an error
message (case c), or the prompt character (>) and the
blinking cursor will reappear. If they do reappear,
stop and rewind the tape. Mark the position of the
recoder's volumn control, so that you can use this
setting each time you LOAD a tape .in the future. Then

type

The Usual Procedure for Loading Tapes
(once the recorder's volume control has been set

correctly)

1. Rewind the tape.
2., Start the tape playing.
3. Type LOADT.

After you press RETURN the cursor will disappear.
Nothing happens from 5 to 20 seconds, and then the MPF-II
beeps. This means that the tape's information has
started to go into the computer. After some more time
(depending on how much information was on the tape, but
usually less than a few minutes) the MPF-II beeps again
and the prompt character and the cursor reappear.

. 4. Stop the tape recorder and rewind the tape. The infor-
mation has been transferred, and you are finished with
the tape recorder for the time being.

5. Type RUN and press RETURN, and your program will begin
to execute.,

1.Rewind the tape
2 Stwrt the tape playing
3.Type LOADT
4. Stop and rewind

5. Type RUN and press
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Computerniks use many different words to describe
the process of taking information from a tape and putting
the information into the computer. The computer is said
to "read" (pronounced "read") the tape. The information
on the tape is said to be "entered" or "read" (pronounced
"red") into the computer. The act of reading a tape is
also called "loading"™ a tape into the computer and the
information on the tape is said to be "loaded into" the
computer. All these expressions are ways of saying the
same thing.

A Helpful Hint

What is it that the computer finds so interesting
about these tapes? Listen to one of them. 1It's not music
to your ears. Yet you can recognize some of the sounds
the computer listens for. The information starts with a
steady tone. The tone is at 1000 cycles per second. This
pitch is just below the C two octaves above middle C. After
the tone comes a burst of sound rather reminiscent of a
rainstorm.

When you are used to the sound of a good tape, you
can quickly check a tape by ear to see if it is a computer
tape or not. If you can tell what the tape contains by
listening to it, you are a mutant, and will go far in the
computer world.

Hearing! the fone is

L ot iooon,
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4.5 A First Look at the Print Statement

When you power on the MPF-II, the prompt character
(>), followed by the blinking cursor, will appear at the
left edge of the screen each time you press RETURN.

= o ccorsor]

Now that you have the prompt character (>) and the
blinking cursor on the screen, you are ready to begin
using the MPF-II BASIC language.

Type
PRINT "HELLO"
and the computer will print the word

HELLO

on the next line, If it didn't, ask yourself this ques-
tion: "Did I forget the RETURN?" If you misspell the
word "PRINT", you will get this error message:

?SYNTAX ERROR

Auvgh!
Iin  misspelled
“ PRINT”

If you forget either the first quote or both quotes,
the computer will print a zero (you can tell it's a zero
by the slash):

If the final quote is the last character before the
RETURN, you don't have to type it: the word "HELLO" will
be printed with or without it. 1It's a good idea to put
the end quote in anyway, though. The habit of putting
in the final quote will become important later. This
manual will assume that you use the final quote.
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The statement PRINT "HELLO" is an instruction to
the computer telling it to display on the screen all
the characters between the quotes, in this case a word
of dreeting. You can use the PRINT statement to tell
the computer to display any message you wish. However,
if you type much beyond 240 characters, the computer
will start to beep, then it will give you a backward
slash and let you start over again.

4 .6 Abbreviated Print Statement

MPF-II BASIC allows you to abbreviate the PRINT
statement with a question mark (?). Here are some
examples you can trys

For example

2 3x2 and PRINT 3¥2 s thesame
2 saR) and PRINT SQR(2) is the same

~~
? is PRINT
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This chapter teaches you how to use your MPF-II as
a calculator.

S¢1 Immediate Mode

When you first put the MPF-II in BASIC, it is in
immediate mode, also called direct or calculator mode.
In this mode, the computer responds immediately to any
instructions you issue it. Try typing in this example:

PRINT "385"

The computer obediently prints the number 385 on the next
line, as expected. But type

Immediote — Direct = Calculator

PRINT 385

and the computer again prints the number, without error
message about the missing quotation marks. MPF-II will
let you PRINT any number at all without error in quotes.,

Without further study, the MPF-II can be used as a

desk cglculator.
//_\/\/_m
/\\ On‘b’ to kno °

type PRINT and RETURN

5.2 Addition and Subtraction
Try -this on your MPF-II

PRINT 3 + 5
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The answer, 8, appears on the next line. The MPF-II
can do six different elementary arithmetic operations:

1. ADDITION. Indicated by the usual plus sign_(+).
2. SUBTRACTION. Uses the conventional minus sign (-).

Try again @ AvpprTioN
PRINT 8 - 3 RETURN ) SUBTQACT/OA/

PRINT 38 + 56 RETU
PRINT 79 + 63 - 54 RETURN

5.3 Multiplication and Division
3. MULTIPLICATIQN. Many people use an "X" to re-
present multiplication. .This could be confused with the
letter "X". Some people use a dot (.), but this could be
confused with a period or a decimal point. So the MPF-II
uses an asterisk (*). To find 7 times 8 (in case you don't
remember the answer), just type

'INT 7 * 8
and have your memory jogged.

4, DIVISION., As is customary, use a slash (/). To
divide 63 by 7, type

PRINT 63/7
1 the correct answer will appear.

Try dividing 3 by 2. The answer is one and one half.
The MPF-II gives the answer to you in the decimal form: 1.5.

Multnplnca-hon C¥)

The alphabet — <XJ ﬁ‘"/ﬁ : “73 Is

Division </> y
I
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One thing we should point out here is that you can
do more than ohe arithmetic operation in the same instruc-
tion. For example, it is legal to say

PRINT 3 * 5 * 9 * 4

The exact rules governing such usage will be given
later, but you can experiment with it now if you wish,

< Firgt multiplication

and di -
C@ and  then pqy; viston

4
N ond substmction

I a

S+ 4 Exponentation

5. EXPONETIATION. It is often handy to multiply a
number by itself a given number of times. Instead of
bothering to write

PRINT 4 * 4 * 4 * 4 * 4

you can substitute the shorthand ///‘Vf\w\/—\\\

PRINT 44 5 ' ﬂhvl 512 and 578
Just the same
N~
5t2=4" 312=3

The upward pointing arrow is typed: |SHIF ]ﬁg

There is nothing special about exponentiation. It
is just an abbreviation for repeated multiplication! 1In
non computer-notation, this would be written with a super-
script five, like this: 4

First A
and them % and /

finally + and —




55 Math Function

The MPF-II has many math functions. Here is just a
brief description of the "SQR" function.

Try this on your MPF-II:

PRINT SOR  (2)
The answer, 1.41424, appears on the next line.
SQR computes a positive square root. This is a

special implementation that executes more quickly than
4\.5 .

5.6 MPF-II's Format for Numbers
Type

PRINT 45,340
Your computer responded with

45,34

and didn't PRINT the trailing zero. The MPF-II does not
PRINT leading or trailing zeros, that is, zeros that are

at the beginning of a number and to the left of the decimal,
or zeros that are at the end of a number and to the right
of the decimal.

It doesnt print
the ‘tmiling ZERO

- 68 —~



Very, very small numbers (between about .000000000
00000000000000000000000003 and -.0000000000000000000000
000000000003) will be converted to zero by the MPF-II.
(We hope that was the right number of zeros.) An easier
way to write these numbers is 3 * 10f- 39 and -3 * 10 4
- 39. Don't take our word for it. Try it yourself.

Very , Very small numbers

will  be converted to zero

5 96.9693
Now type
PRINT 985788.6898

Surprise! The last two digits are lost, and the
number left behind is the closest approximation the compu-
ter can think of. This process is called "rounding". Try
typing
PRINT 788.6898

Your computer did not round the number, but PRINTed
it just the way you typed it. Madness you say? Ah, but
there is a method to this seeming madness. Numbers are
rounded only if they have more than nine digits. Any number
that has fewer than ten digits will not be rounded. The
computer does the best it can, but it only has nine digits
to work with.

If you type a PRINT statement with a long number like
1234567890
the MPF-II responds with

1.23456789E+09

GQcientific  notation
e
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The numbers 1234567890 and 1.23456789+09 have the
same value. Really, the number PRINTed by your computer
is in "scientific notation". If you need numbers like this
you probably know how to read them.

Try some more numbers. How many digits can a number
without a decimal point have before the MPF-II changes it
to scientific notation? 1If scientific notation seems com-
plicated, don't worry. You probably won't be wanting to
use number that require it for some time yet. Remember
that any number will be PRINTed just the way you type
it if the number is surrounded by quotes. However, the
MPF-II can't use numbers in quotes for some time yet.

;{5!6@@@¢aaa *

- 70 -



=

ELEMENTARY
PROGRAMMING






This chapter teaches you how to start writing your
own BASIC programs on the MPF-II.

BASIC is a programming language. Like any pro-
gramming language, it consists of a set of statements,
which you combine to create programs. A program defines
the task you want the computer to perform.

You onl)/ need to know
LET . INPUT . GOTO
PRINT . NEW . LIST. RUN.

then you can write your
Program

6.1 Statements

A program consists of one or more statements which
provide the MPF-II with an exact and complete definition
of the task which it is to perform. If the task is short
and simple, the program can be short and simple as well.
The immediate mode instructions we have experimented with
so far are each small, simple programs. Each one has
just one statement - one instruction to the MPF-II.

These are trivial cases. Most programs have at least
19 statements, and some have move than 1000, or even
more statements. Consider the following statements:

PRINT "MICRO"
MICRO

PRINT "MICRO PROCESSOR"
MICRO PROCESSOR
PRINT "MPF-II"
MPF-II

PRINT "HELLO MPF-II"
HELLO MPF-II

. Each of these immediate mode programs prints a
line of text on the display screen. Each program
has exactly one statement and exactly one line.
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MPF-II allows you to put more than one state-
ment on a line. You can separate multiple statements
on the same line with a colon (:). Compare this
immediate mode program with the example above:

PRINT "MICRO": PRINT "MICRO PROCESSOR"
: PRINT "MPF-II"

MICRO

MICRO PROCESSOR

MPF-II

This three-statement, one-line program prints
the same three lines of text as the previous three
one-statement programs.

PRINTMICRO (o . ’ , )
| o | PRINT MICRO PROCESSOR Sy PRINT MPF T

R //\/“f\/l ? £
=

( Separating ""”'\t

o colom ¢

There is no specific limit to the number of
statements on one MPF-II BASIC program line.
Remember that a line cannot be longer than 255
characters, though. If you are typing a long line,
the computer will start beeping when you type the

248th character to warn you T\
(f Its 248th Chamctery

f? \/\-/\

20 R/\hﬂ

are approaching the limit., If you exceed the limit,
it automatically delete the line, just as if you had
typed CTRL-X, and you must start over. It does not
perform any of the instructions you typed on the too-
long line. So there is a limit as to how much you
can do with a one-line immediate mode program.
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More thon 255 Character/

W

T ot

6 - 2 Programmed Mode

The programming we have done so far is educa-
tional and, hopefully, interesting, but there is
only so much you can do in immediate mode.

Another problem with immediate mode programs
is that you have to retype the program each time
you want to use it. There are some advanced
editing techniques which we will discuss shortly
that will allow you to reuse the program as long
as it still appears on the display screen, but
this is still a limitation.

What you need is a way to enter several program
lines and to hold off using those lines. That way
you can write programs to do tasks that are too complex
for one-line programs.

There is a way to get around the problems of immedi-
ate mode, and that is to write programs in programmed mode,
also called deferred or indirect mode. In programmed mode,
the computer accepts and stores the program in its memory,
but does not perform any of the operations specified by
the program until you tell it to do so. You can enter as
many program lines as you want. Then, when you enter the
appropriate command, the computer performs the operations
specified by the programmed mode program.

We say the computer executes or runs a program when
it performs the operations which the program specifies.

In immediate mode a program is executed as soon as
you press the RETURN key.
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//*\\/’V////,Q\\

/' No Line number it executed

v | immediately as soon as
. You press RETURN ke)/

Immed;ate
mocle-

In programmed mode you must issue the RUN command
to execute a program. Each time you do so, the program
runs all over again.

—

with o Line numbers
you must iSSUe RUN

A A~

2
(2

han P L7757

P“%NBmmed mode.
6 - 3 Line Numbers

To tell the computer to store a statement, just
type a number before typing the statement. For example,
if you type
190 PRINT 3 + 4

nothing seems to happen, when you press RETURN. The
MPF-II has stored the statement.

e number‘

Imme#/iate i/Zin

Dirle;ct Defen;e o i
%." 22 D ’
Calculator r@”‘?mmeo’ [0)
| o)
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PRINT 3 x4~ IO PRINT 3 x4

B >

4.& z.~
Line numbers make programmed mode possible. A line

number is simply a one, two, three, four, or five=digit
number entered at the beginning of a program line. The
line number is the only difference between a programmed
mode program line and an immediate mode program line.
There are some instructions that can be used only in
immediate mode and others that can be used only in
programmed mode; we will discuss them later.

Try this sample programmed mode program:
IS PRINT 213

20 PRINT 2¥3 (> _ = {
20 STop \.g >

Thats Zhe
Program !

““

Each line number must be unique. No two program
lines can have the same number. If you use the same line
number more than once, the computer only remembers the
last program line you used it with. To see how this
works, type in these program lines:

Remem ber
only the LAST Lme
you used it with

- 77 -



Line numbers determine the sequence of program
lines in a BASIC program. The first line must have
the smallest line number, while the last line must
have the largest line number. Even if you type in
the lines out of order, the MPF-II will internally
rearrange them in the proper sequence by line number.
Consider this program, with line numbers out of order:

>30 PRINT "cuT” Y& xm
>10 PRINT “FISH’ 4= ] @ > mfﬁn\gﬁ
>20 PRINT “OR” ¢
>40 PRINT “BAIT’
>50 END
> RUN

FISH

OR
cuT
BAIT

To .prove that the MPF-II does not forget pro-
grammed mode in programs, run the program again.

It is a simple matter to add program lines to a
program that is currently in the computer's memory.
You can add a line to the beginning, the end, or
anywhere in the middle of a program by typing the
line with a line number that will position it where
you want it,
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Suppose you wanted to add a line to the begin-
ning of the last example program. As long as you
have not typed the command NEW, the program will
still be in the MPF-II's memory. Since the lowest
line number currently in that program is 10, any
program line you type in now with a line number
less than 109 will be placed at the beginning of the
program. Try this:

>5 PRINT "EITHER"
>RUN

EITHER

FISH

OR

CuT

BAIT

It's a good thing the original program started
with line 10 rather than line @#l., 1It's always a
good practice when assigning line numbers to start
your program with a fairly high line number and leave
plenty of room between line numbers so you can add
program lines later on.

You can put more than one statement on a single
program line. The first statement follows the line
number. The second statement follows the first, with
a colon (:) in between. Colons separate the statements
on a multiple-statement line.

Multiple-statement program lines are allowed in
MPF-II BASIC in both programmed and immediate modes.
In both cases, the line length limit is 255 characters,
as we described earlier.

.)
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6+ 4 New, List, End and Home

Clearing Out Old Programs

Because the MPF-II stores programmed mode pro-
grams in its memory, you must specifically instruct
it to erase an old program before you type in a new
program. Do this by typing the command NEW. If you
forget to type NEW, your new program will be mixed
in with your old program. R <=

N/ NEW clet;r‘
the program

A

P2

Listing Program Lines '

Progran1
You can see what program lines the computer has
stored in its memory at any time by typing the command
LIST. Try it right now. If you have not typed NEW,
since you tried the last example, you should see the
last program lines displayed on the screen:

o

key you can

List ﬂ;mjmn\

Endihg Programs Properly

The end of an immediate mode program is obvious.
Not so with programmed mode, as we shall see. The END
statement tells BASIC to stop executing your program.




Example

To make sure that the computer's memory is cleared
of any previous programs, type

NEW

Like almost everything else you have seen, NEW has
to be followed by a RETURN. To tell the computer to
store a statement, just type a number before typing
the statement. For example, if you type
100 PRINT 3 + 4

nothing seems to happen, even if you press RETURN. The
MPF-II has stored the statement. To see that it has
stored the statement, you type the instruction

LIST

Try it. Unless you mistyped something (and probably
got a

?SYNTAX ERROR

for your effort),

100 PRINT 3 + 4

appears on the screen. . Now type the statement
RUN

and the answer

7

appears on the screen.

Typing RUN caused your stored statement to be
executed, but the computer has not forgotten the state-
ment. You can RUN the same statement as many times as
you like. Try it.

What's more, the computer does not forget the stored
statement when you clear the screen. Here's a new way to

clear the screen: -
clear the screen

and put cursor
at top
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HOME

The HOME command clears the screen and puts cursor
at top.

The HOME command can be used in deferred execution
as well as immediate execution. To try this out, type

1¢9@ HOME
Now when you type
RUN

the computer faithfully executes the stored statement
and clears the screen. Type

NEW
and then
LIST

and see what happens. Typing NEW has caused the
stored statement to be lost permanently. Type

RUN

and nothing appears on your screen. That is because your
old statement has been erased by the NEW command.

It is possible to store many statements by giving
each of tiiea a different number. Try typing this:

1 PRINT "HELLO"

2 PRINT 415

3 PRINT 67/12

Nothing :uch has happened so far. But now type
RUN

and watch the answers appear.
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6 -5 More Basic Statements

This section introduces more of the frequently
used statements when programming your MPF-II. From
here on, we can begin to write interesting programs
for home, school, and personal use.

Now you will learn what the following statements
and commands mean, how they work, and how to use them.

LET, INPUT, GO TO, SAVET
CONTROL C,RESET, CONT, DEL,
REM, cONTROL A

We will emphasize having fun while learning things
that can be used for both fun and serious use of the
computer.

Now, we are ready to enter a program in the memory
of the MPF-II, our program causes the MPF-II to PUT
John's name on every line of the screen. Here is the
program.,

10 HoME
20 PRINT “JoHN"
30 &o T 1O

N

The above program consists of three statements.

l. The statement

/0 HoMeEe

tells the computer to clear the screen.
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2. The statement
2@ PRINT "JOHN"

tells the computer to print the word JOHN on the
screen.

3. The statement:
3¢ GOTO 20
tells the computer to go to line 20 and continue.
When we type RUN and press RETURN, the computer

begins the program, beginning with the smallest line
number. The computer executes line 10, then 2@, then

line 3¢, then line 20, then line 30, and so on == until
you press the CONTROL C, which stops the computer.
RUN

A &
A

20 Pr(NT* "
TOHN
A

Here is a slightly different program. Draw arrows
to show the order in which things are done.

RUN PgN
Jo HOME 1O HoME -'-o

20 PRINT'SOHV" o
3060 T 10

This program causes JOHN's name to blink rapidly
in the upper left corner of the TV screen. Why?
Because HOME clears the screen and also moves the cursor
to its "HOME" position in the upper left corner of the
screen, Difficult to explain, but easy to see when you
RUN this program on your MPF-II!
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Now, we want to change line 2@, but only line 20,
we do not type NEW. Instead, we do this:

We type: 20 PRINT “JOHN"; .e—( Semicolon at the end)
We type: LIST :

1t prints: 10 HOME <«———OLD Line 10
20 PRINT “JOHUN"; <«————NEW Line 20
30 GO TO 20 <«——OLD Line 80

Our new line 20, with a semicolon on the right
end, replaces the o0ld line 20 which did not- have a
semicolon.

What does the semicolon do? As usual with

computers, the best way to find out is to experiment
-= try it and see what happens.

/ e
<
PN

. So, type RUN and press the RETURN k:z

.

SEMICOLON (3)
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6 -6 Data

The main business &f computer programs is to input,
manipulate, and output data. So the'way a programming
language handles data, whether it be numbers or text, is
very important indeed. We will now describe the types
of data you may encounter in an MPF-II BASIC program.

o e ay
%%
)
%,

| @ @ W 7
TS e
(&N

g

Strings

A string is any character or sequence of characters
enclosed in quotation marks. We have already used strings
with the PRINT statement as messages to be displayed on
the screen. Here are some more examples of strings:

“"BYTE , BIT’

"MPF-L BASIC”

"Res502 CPU”
"MICRO—PROCESSOR "
"BUILT IN BASIC LANGUAGE”

enclosed in guotation marks
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With just a few exceptions, a string can contain
any character you can produce at the keyboard using
the normal alphabetic and numeric keys, with or with-
out the CONTROL or SHIFT keys. The exceptions are
{=—, —>, RETURN and CONTROL-X. These exceptions
either move the cursor around or end the line you're
working on, or both.

Strings can be any length from @ to 255 characters.
A string with no characters in it is called the null
string.

We will describe "string" further in chapter 7.

a String can
contain any character
except <=, =>, RETURN,
and CONTROL—X

Numbers

There are two kinds of numbers that can be stored
in the MPF-II: integers, which are numbers without
any fractional part, and real numbers (also called
floating point numbers), which can have fractional
parts.

You must express all numbers without commas. For
example, you must use 32000, not 32,000.
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1. Integers

An integer 'is a number that has no fractional
portion or decimal point. The number can be negative
(=) or positive”(+). An unsigned number is assumed
to be positive. - Integer numbers must have values in
the range =32767 to 32767. The following are examples
of integers: :

@]

|
326Qq
—1 é;
2. Real Numbers
A real number can be a whole number, a whole number
with a decimal fraction, or just a decimal fraction.

The number can be negative (-) or positive (+). 1If
the number has no sign it is assumed to be positive:

The smallest (most negative) real numbers is :
=1 0 0 0000000OO0CEEOOCOOOTEOOVOOTOBCOOG

and the lau:gest 18 :
| 0OOO00000D OO0 OO0 OOV OO OOOO OOCOHE

Here are some examples of real numbers:
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0
00162432
—0.00000009
.6
240065
-642

When the value of any fractional number gets closer
to zero than about 0000000000000 0000000000000AR0000003,
it will be converted to zero.

o

3. Scientific Notation

Very large and very small real numbers are
represented in MPF-II using scientific notation. Any
number that has more than nine digits in front of the
decimal point will be expressed in scientific notation.
Any fractional number closer to zero than +o Pl will be
expressed in scientific notation.

A number in scientific notation has the form:
number € tee

where: number is an integer, fraction, or combination,

as illustrated above. The number portion contains the
number's significant digits; it is called the coefficient.
If no decimal point appears, it is assumed to be to the
right of the coefficient.

E 1is always the letter E. It stands for the word
exponent.

+ 1is an optional plus sign or minus sign.

ee is a one-digit or two-digit exponent. The exponent
specifies the magnitude of the number, that is, the
number of places to the right (positive exponent)
or to the left (negative exponent) that the decimal
point must be moved to give the true decimal point
location.
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Here are some examples of scientific notation:

Standard Notation "Scientific  Notation
loooo0000000 IE + 09
000000000/ IE - 09

200 2E + 02
~].23456789 -1.23456789+ 09
—-0.00000/23456789 -1.23456789- 06

As you can see, scientific notation is a convenient
way of expressing very large and very small numbers. The
maximum and minimum values for real numbers, which we
just expressed with lots of zeros, can also be expressed
as 1E + 38, respectively (much more compact). Similarly,
the closest a number can get to zero is 3E-38.

maximvm ——s [E 138

minimvm —> -/E 138

Closest to zero —> 3E-38
4. Roundoff

We mentioned earlier in this chapter that real

numbers can have as many as nine digits of precision.
For a number greater than 1 or less than -1, this
means only the leftmost nine digits can be nonzero.
The MPF-II rounds off any digits in excess of nine.

ﬁere are some examples (note that large numbers print
in scientific notation):

> PRINT 123456789/
/.23456789E + 09

> 9 -123456789/23456789
- =].23446789E tI7

> ?-/50000475.75

—15 0000 476

> ? 9oooooo0 . 7558
900000008
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Fractional numbers (those between 1 and -1) are
subject to the same limitation. In this case, though,
the nine digits of precision start with the first
nonzero digit to the right of the decimal point. Here
are some examples:

> PRINT 123456789/
123456789

> T /23454789 123446789
—-/.23456789E 117

67 Let and Variables
Variables

Thus far in our discussions of data we have only
considered constant values. It is often handier to
refer to data items by name rather than value. That
is what variables are all about.

If you have studied elementary algebra, you will
have no trouble understanding the concept of variables
and variable names. If you have never studied algebra,
then think of a variable name as a name which is assigned
to a letter box. Anything which is placed in the letter
box becomes the value associated with the letter box name,
until something new is placed in the letter box. In
computer jargon we say a value is stored in a variable.
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A variable does not always have to refer to the
same value. That is its real power -- it can represent
any legal value. You can change its value during the
course of a program. BASIC has a number of statements
to do this; we will describe them later.

Varlables Names in MPF-I BASIC

A variable name can have one, two, or three cha-
racters in MPF-II BASIC. The following rules apply:

' % JAST CHARACTER
¢ for string variable
% for integer variable
veal voriable otherwige
SECOND ' CHARACTER ( OPTIONAL) CAN BE

ANY LETTER OR DIGIT
FIRST CHARACTER MUST BE A LETTER

Thus the last character of the variable name tells MPF-II
BASIC which type of data the variable represents.

String Varlables? " -
A string variable in MPF-II can store a string
value of any length from @ to 255 characters. Here

are some examples of string variable name, both
legal and illegal:

LEGAL ILLEGAL

RE

We can imagine that, a string variable is a
box placed in the computer's memory in which we
can store information.

- 92 -



We can give a box a name consisting of a letter
followed by a dollar sign ($). For example, below
are boxes called AS$, B$, N$, X$, and z$.

A$ | ]

8% | i

v ]

X% | ]
z$ [ ]

Into any box, we can put a string. A string is
simply any bunch of keyboard characters, typed one
after the other. For example:

A string can be a name: JOHN
A string can be a number: 123456789
A string can be gibberish: AB#$%JFDZ?*

Almost any keyboard character can be part of a
string. One improtant exception is the double gquota=-"
tion mark ("). It can't be part of a string. Instead,
quotation marks are sometimes used to enclose a string,
as follows.

" TOoHN'

The string JOHN is enclosed in quotation marks.

Below are some boxes. We have already stored
_strings in some of these boxes. For example, JOHN
"is in box A$ and 415 323 6117 is in box BS,

45 (3omi | 6¢ [ais 35 dir | c# [Ac ]
vy [wweers: 23] g4 [3583%85 ] F¢ [ew sriram o]
S ] ) —

734 [Tor1oRROW 15 YOUR MoTHERS BIRTAPAY |
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A box will be as short or as long as necessary to
hold the string we want to put into it. Actually, .
there is a limit on string length. You may use strings
with up 255 characters. Here is how we stuff a string
into a box, deep down inside the computer. To tell the
computer to put JOHN into box A$, we use a LET statement,
without a line number, like this:

We type: LET ASK"—‘?‘oHN”

It prints: >___

The MPF-II has put the string JOHN into box A$.
Note how we told the computer to do this.

- > LET A¢ = " JOHN’

Let's find out what is in box A$. To do this, we
will tell the MPF-II to print what is’ in AS.
We type: PQINT A$
It prints: JOHN
> =

To tell the computer to print the string that is
in A$, we type:

> PRINT A$

The names AS$, B$, C$, and so on, which identify
boxes, are called variables. Since these boxes can
hold strings, these variables are called string variables.

AS$ is a string variable,
B$ is a string variable,
C$ is a string variable,
and so on.
Later, you will learn about numeric variables, which

can store only numbers. We will use numeric variables
when we want to do arithmetic with numbers.
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AS$, B$, C$,..., 2Z$ are string variables., The string
in box A$ is called the value of A$; the string in box B$
is the value of BS; the string in box C$ is the value of
C$; and so on.

We use the LET statement to tell the computer to

"put a string into a box" or, more technically, "assign
a string to a string variab;e.“

we type: LET C$ = “GREEN” «——Put GREEN mto box C$

We type: PRINT C$ <«—— display the contents of
, box C$
It prints: GREEN

IMPORTANT NOTICE! The word LET is optional; it can
be omitted.

Instead of: |ET C$ = GREENI/
We can type: (_‘_$ = “"GREEN "

A box can hold one string at a time. When the
computer puts a string in a box, it first erases the
previous contents of the box.

Las+ s+ring erases
+h€i>kevfous conten—+s

Remember, a variable can have only one value at a
time. When wé assign a value to a variable, the computer
automatically erases any precious value of that variable.

Now try this program. First, type NEW to erase any

old program in the MPF-II's memory. Then, enter the
following program.
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Don’t -forget
the gemicolon

[0 HOME

20 A$="goHN"
30 PRINT P\$)
40 GO TO 30

@)

RUN the program. The screen should fill with
JOHN's name., Let's compare the following two programs.

OLD PROGRAM NEW PROGRAM
[OHOME (O HOME

20 PRINT "ToHN”;zo A$ = "ToHN"
20 GoTo 20 20 PRINT AF 5

4O "GO TO 30

In the old program, we include JOHN's name as a
string in the PRINT statement. In the new program, we
put the string in the box AS$, then tell the MPF-II
to print what is in AS.

Draw arrows to show the order in which the computer
does the statements in the new program.

RUN
H4
. HoME <\TH(S is DONE onNcE

;;O A$="TOHN, e qriis

30 PRINT A

(S DONE ONCE

‘SEQ;L' 4——w420UNE>ANE>AQOUND/QNDAQOUND

UNTIL PRESSES [CoNCRAL O]

Q-O ,GTOT_O-SO
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Numeric Variables

You already know about string variables. Now
let's talk about numeric variables. Numeric wvariables
are names of boxes that can hold only numbers. Any
letter of the alphabet can be a numeric variable.

The¢e ave numeric Variables: A, B,C = 2
These are Strinq Vaviables: A$ , 8$,<$, 2%

A string variable always ends with a dollar sign
($). A numeric variable never ends with a dollar sign.
String variables may have any string as a value. Numeric
variables may have only numbers as values. And values
of numeric variables must be typed without quotation
marks, as you will see later.

We can use the LET statement to instruct the computer

to "put a number in a box." To say it more technically,
we are assigning a numerical value to a variable.

We type: LET A= «—pT 7 into box A
We type: PR I(NT A e«—print the contents of box A

It prints: '7

In this program the variable is A and the value
assigned to-it by the LET statement is 7.

Complete the following:

(a) We type: LET X = 23 (b) We type: LET Z = -1
PRINT X PRINT Z
It prints: It prints:
(c) We type: LET A =1 (d) We type: . LET D = 7
LET A = 2 LET W =D
PRINT A PRINT W
It prints: It prints:
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‘As you read through this book, you will see less
and less of LET. If you read other books and magazines,
however, you may occasionally encounter it. In your
programs, we encourage you not to use LET.

68 Input
~ Input Statements

Now we will tell you how to put strings in boxes --
the easy way —-- by using a new statement called the

INPUT statement.

(O HOME

20 (NPUT A$ ‘\* .' Thls IS an ’
30 PRINT A$ p D> INPUT Statement.
&o GO TO 30

We stored the above program in the MPF-II, then

typed RUN. Here is what happened.
The Compoter
mark and +he
cursor )

The MPF-II is executing the INPUT statement. The
statement

20 INPUT AS
tells the MPF-II to:

(a) type a question mark;

(b) turn on the cursor;

(c) wait for someone to type a string. When
you type a string and press the RETURN
key, the MPF-II puts the string into box
A$ and goes on to the next statement in

line number sequence.
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. Let's cooperate with our ever-patient computér and
type in a string. To keep things familiar, we will type
JOHN's name and then press the RETURN key.

The following program will help you learn more
about the INPUT statement. You can use it to experiment!

Ws out Conce)

EW
N whatewer valve you type for Ng

(0 HoME

20 (NPUT N$
20 PRINT NS Qs
40 Go o 20

Draw arrows to show the order in which statements
are done by the computer.
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RON

(O HOME

20 (NPUT N$
20 pPRINT NS
40 Go To 0

In following this program, the MPF-II will always
return to the INPUT statement, print a question mark,
turn on the cursor, and wait for the next value of NS.

We stored the program in the MPF, then typed RUN
and pressed the RETURN key. Here is what happened.

The computey printed [ D ..
2 qQuestion marc-
3hd the Cursoy

We then typed the string "MR. SHIH" (including the
quotation marks).

(’ D “ MR SHIH =

Then we pressed the RETURN key.

The computer printed the string that we typed,
enclosed in quotation marks, following the question
mark. We continued entering strings in response to
question marks. When we finished experimenting,
press CONTROL C to stop the computer.
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Enhanced INPUT

The INPUT statement, as we have known it, tells
the computer to put a question mark on the screen, then
wait for the user to answer. Wouldn't it be nice if,
instead of printing just a question mark, the computer
would put some informative words on the screen, so
that the user knows what the computer wants? The
following program has an "enhanced" INPUT statement
that is more informative.

loHOM E

20 (NPUT“WHAT IS YouR NAME “; N
30 PRINT N¢

40 @0 30

CNHA NCED
“INPUT”

Let's examine the "enhanced" INPUT statement.
The statement:

20 INPUT “ WHAT (S YoUR NAME 7 ; Ng

tells the MPF-II to:

(a) print WHAT IS YOUR NAME on the screen;

(b) print a question mark; '

(c) turn on the cursor; and

(d) wait for someone to type in a string and
press the RETURN key.

Look at the statement carefully. It consists ofr

(a) a Line number,
(b) the word INPUT,
(c) quotation marks,
(d) a string,

(e) quotation marks,
(f) a semicolon,

(g) a string variable
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One more time:

<o> <b> <C> <d> <e> <f> &>

S N D T

10 INPUT  “ MICRO-PROFESSIR ” 3 Ad

The question mark is always an automatic part of
an INPUT statement. When an INPUT statement ingludes
a string, the question mark is printed at the right
end of the string. We type RUN and press RETURN.

WHAT (S YOUR NAME ? —

The Com puter prints E

If you type your name and press the RETURN key, the
computer will print it "everywhere" on the screen. If
you wish to include spaces in front of your name,
remember to use quotation marks. For example:

Now, when JOHN presses ENTER, his name will appear
everywhere on the screen, but always preceded by two
spaces.
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Input Numbered Variables

We can also use the INPUT statement to assign
a value to a numeric variable.

NEW

J0 HOME
a0 INPUT A
30 PRWT A

4 PRWT
&0 4o10 20

Aisa
numeric
vorioble

We entered the above program and ran it. Here is
what happened on the screen.

Q 258 ¢ We typed 258 with no quotation marks.
258 It printed 258, the value of A.

? -6 (m—— typed -6 with no quotation marks.
-6 It printed -6, the value of A.

2 [2.95 (e We typed 12.95 with no quotation marks.
/2.7 It printed 12.95, the value of A.

Tnp3” (e W& typed 73 with quotation marks.

; EDO It rejected our "73"

R and is waiting for our next try.

? —

When we enter a number that is to be stored as
the value of a numeric variable, we should not enclose
it in quotation marks.

However, if we should enter a number as the value
of a string variable, it is OK to enclose it in quota-
tion marks. Remember though, you can't do arithmetic
with strings.

Below is a program to compute the distance traveled
in one turn of a wheel of diameter D.
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(O HOME .
26 (NpUT “ WHEEL DIAMETER 3D

30 Pl (NT'DISTANCE (N ONE TURN IS 5 3 (4 %D
40 PR I(NT
50 Go To 20

NEW

jo HOME

20 INPUT “wHEEL DIAMETER” ;
20 PRINT 3./4 %D

40 PRINT

50 4OTO 20

RUN
WHEEL DIAMETER? 20 We typed the wheel diameter.
62.80 It printed the distance traveled.

WHEEL DIAMETER? 26 We typed the wheel diameter.
81.64 It printed the distance traveled.

WHEEL DIAMETER? 27 We typed the wheel diameter.
84.78 It printed the distance traveled.

WHEEL DIAMETER? It is waiting for more.

What happens when the computer executes line 40
in the above program? The computer prints an empty
line on the screen. This separates each example from
the previous example.

What the computer wants us to type is clearly
identified by the string WHEEL DIAMETER in the INPUT
statement. We can use the PRINT statement to identify
the answer that the computer prints. Change line 39
to the following.

3¢ PRINT “DISTAWCE U onE TURK 1S” 3.14*D

Did you make the change? Now list the program.
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Let's RUN it.

RUN
wWHEEL DIAMETER ? 2
DISTANCE IV OVE TURY /S 62 .88

WHEEL DIAMETER? 2
DISTAVCE &y ovE TORK IS 8.4

wHEsL DIAMETER 2 27
DISTANCE |/ OVE TURK (5 &Y )8

WHEEL DIAMETER ?

Apparently, the statement 3¢ PRINT "DISTANCE IN
ONE TURN IS" 3.14*D tells the MPF-II to:

(a) print the string: DISTANCE IN ONE TURN IS
(b) compute and print the value of 3.14%*D

6.9 For---- Next Loops
In this section, you will explore the power of the
FOR-NEXT loop.

The FOR-NEXT loop takes over with automatic
counting for all your repeatable tasks. You decide
where to start and where to stop -- it dces the rest.

After completing this section, you will be able to:

1. use the FOR-NEXT loop as.a time delay;

2., perform mathematical feats with the FOR-NEXT loop.

3. use the FOR-NEXT loop for repeatable parts of a
program (other than time delays and mathematical

feats).

We will describe more features of the FOR=NEXT
loop in chapter 6.

The following program will cause John's name to
blink on, off, on, off, on...., and so on, until someone
presses the CONTROL C key. Try it.
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Type NEW, enter this program and RUN it.

100 HOME

119 PRINT "JOHN"

12¢ FOR I=1 TO 500 Clear the screen
130 NEXT I Print the word JOHN
140 HOME

15¢ FOR I=1 TO 500

160 NEXT I

176 GOTO 100

TOHN oNnoff g, ©
| “ .

--Press CONTROL C to stop the computer.

--Change line 11¢ to: 11¢ PRINT" "

--RUN it again. Your name will blink on, off, on,
off, on, off,cce0o

FOR 2?2 NEXT 2?2 What do they mean? 1In response
to popular demand, we will explain what is happening in
lines 120 and 130, and again in lines 150 and 1640.
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The above FOR=NEXT loop simply tells the computer
to count from 1 to 500.

130 NEXT T

!

Stort ere

As the computer counts from 1 to 50¢, each counting
number is put, momentarily, into box I.

--First the computer puts 1 into box I.

--Then the computer erases 1 and puts 2 into box I.
--Then the computer erases 2 and puts 3 into box I.
--Then the computer erases 3 and puts 4 into box I.
--Then the computer erases 4 and puts 5 into box I.

--And so on. Eventually, the computer puts 500 into
box I (0Of course, it first erased 499.).

This all happens very quickly, in less than one:second!

Lines 15¢ and 160 do the same thing. Both FOR-NEXT loops
are simply time delays. The computer is counting silently
to itself while we see JOHN on the screen or we see a
completely blank screen. We see JOHN for a little while,
then we see a blank screen for a little while, then
we see JOHN for a little while, then we see a blank
screen for a little while, then... and so it goes.
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(a) How can we change lines 120 and 150 so that
JOHN's name blinks more rapidly?

Use a number less than 500. For example, change
line 120 to 120 FOR I = 1 TO 200 and line 150 to 150
FOR I = I TO 20¢. Now the MPF-II will count from 1
to 200, which takes less time than counting 1 to 504,

(b) How can we change lines 120 and 150 so that
JOHN's name blinks less rapidly?

Use a number larger than 500. For example, change
line 120 to 120 for I = 1 TO 1009 and line 150 to 150
FOR I = 1 TO 1006@#. Now the MPF-II will count from 1 to
1000, which takes more time than counting from 1 to 500.

FOR 1=]| ToO foo

Q

®0ceo0ec 0 0 0000000s A9y

IS0 FOR I=] 7o fov

Let's make it easier to change the name.

o0 HOME ;

110 INPUT "WHAT IS YOUR NAME ;¢

120 HOME MAME |S ON

130 PRINT VS while MPF-II

140 FoR I =1 To oo Coumts- to $00

160 VEXT I

/60 HOME P P MAME |s OFF (screem |s
0, = [ 0 h

//gg 5557;1 7o o while MPF-I1 clear)

/0 GOTO Jjao Couits to oo
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(a) Suppose we change line 140 to: 140 FOR I =

1 TO 1090@. Will the name be ON for a shorter
time or a longer time?

Longer. It takes the computer about twice as long
to count to 1,000 as it took to count to 500.

(b) Suppose we change line 170 to: 170 FOR I =

1 TO 25¢. Will the name be OFF for a shorter
time or a longer time?

Shorter. It takes the computer about half as long
to count to 250 as it took to count to 508.

5~ Ah!FOR-NEXT and time delay!

Follow the arrows to see how the program works.

RUN

<

(00 HOME )
(o INPUT” WHAT iS YOUR NAME '3 N
’ .

(20 HOME

lgo PRINT N$
IZO FoR I =[ To 500

EOR and NEXT
always work

(50 NEXT I together”
&

(60 HOME

(70 FOR 1= To 500

180 NEXT I

L

Q0 GO TO (20

- 199 -



A FOR-NEXT Loop begins with a FOR statement and
ends with a NEXT statement.

-==A numeric variable must follow the word FOR:

(40 FOR I = To 50

humeriC variaple

—-The same numeric variable follows the word NEXT:

5o NEXT T

numeyic variable
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Here is another way to say it:

‘Same numeyic
variable

Let's not overwork the variable I. Any numeric

variable may be used. =--These are OK FOR-NEXT loops:
20 FOR k=( TO3 72 FORA=1TO (O
30 NEXT k& 89 NEXTA

—-But these FOR-NEXT loops are not OK:

(@) 50FOR X = [ TO (00 (b |0 FoR Z$sl TO 200
6o NEXT Y. (20 NEXT 3%

e

= VS

Not Same
" humeric
varioble

NOT ok /

What is wrong with (a)?

The variable following NEXT is different from the
variable following FOR. These must be the same variable.

What is wrong with (b)?

Z$ is a string variable. We can use only numeric
variables in FOR and NEXT statements.

The following program features multiple statement
per line.
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[00 HOME Y
(10 PRINT " JOHN
20 FOR 1 =| TO EO
130 CLS ,
4o FOR I = ( TOBO
(G0 GOoTO (O

In the above program,
ments.

€

o0

line 120 contains two state-
Line 140 also contains two statements. 1In a

lin= that contains two statements, what symbol, or
character, is used between the statements?

A colon (:)

We usually put a space on each side of the colon.
However, this is not necessary. We could have typed
line 120, as follows:

20 FoR I = | TO8&00 i NEXT 1

In fact, we can leave out all spaces and do it
like this:

ot

[20FOR I = | TO 50O: NEXT I

o The MPF-II will understand perfectly well, but
it is hard for people to read! So, use spaces to make
programs easier for humans to read.

S Here is another
example, using multiple statements per line,
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100 HOME : INPUT “WHAT IS YOUR MAME"; A/$
|10 HOME: PRINT A/$

120 FOR I =1 To &oo : NEXT L

|30 HOME: FOR 1 =1 To 00 :A/EXT 1

/do GOTO 10O

Follow the arrows.

RUNV

t:a HOM®: INPUT “WHAT IS YOUR NAME”; /¢
|ta HOME : PRINT A$

/:lfo FOR I= | To &$00 :A&XT I

/;o HOME :FoR I = | To &S00 : ¥EXT I

/20 &o7o //o e & e &

The arrows fron line 1490 to line 114 show you
that multiple statements in a line are done from left
to right. 1In line 110, the HOME statement is done
first, then the PRINT statement. 1In line 130, the
HOME statement is done first, then the FOR-NEXT loop.

There is much about FOR-NEXT loops that we haven't
told you. So, here we go.

A FOR=-NEXT loop begins with a FOR statement and
ends with a NEXT statement. A FOR-NEXT loop may also
have one or more statements between the FOR statenent
and the NEXT statement.

(O HOME
SoEORC=(To L
30 PRINTC ="c
40 NEXT C

this FOR-N
LOOP has three
statemen‘ts
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In the above FOR-NEXT loop, what statement is
between the FOR statement and the NEXT statement?

ANS : 30 PRINT “c="c
We could have written the above program like this:

/o HOME
20 FOR C=/ TO & : PRINT "c="C:*NEXT C

In the above FOR-NEXT loop (line 24), what statment
is between the FOR statement and the NEXT statement? _

Anst PRINT “C="C

what do you think will happen if we enter the program
and RUN it? Here is what happened after we typed RUN.

Just what you might
expect, the MpPF-IT
counted to 5, using

box ¢
3(‘5\

!
2
3
&
5

EADY
>

<

<

<
<
<
R

¥

Now, you are to be the computer. Show what will
appear on the screen if we enter and RUN the following
program.
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The proqramCours)
(O HOME
20 FOR N = | 70 3 The QU”(YOUY‘S)

0 PRINT N e
40 NEXT N

50 PRINT "GO 1 *

It i5 oK with us if you omitte;i these

A FOR-NEXT loop can consist of three things.
-—--A FOR statement
—--=A NEXT statement
---Statements between the FOR statement and
the NEXT statement.
Of course, as you already know, the last item is
optional. How does the FOR-NEXT loop work? Follow
the arrows.

RUN

4

(O HOME
¢

20 FoR N=( 103
&

30 PglNr N
NEXT N

40 =

50 PRINT “Go!”

Let's Look at the FOR statement

This is the last value N

FOR N =1TO0O 3 ———

/ will have (the limit of N).
This is the FOR-NEXT This is the first
loop control variable. value N will have.
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In line 40, N is increased by one, and the computer
compares the increased value of N to the upper limit for
N indicated in the FOR statement (N < = 3 means "N
less than or equal to 3").

When N goes past 3, the computer stops executing
the loop and continues on with the rest of the program
past the FOR-NEXT loop. We call this 3 the limit of N,
or the limit of the FOR variable.

Each time the computer comes to a NEXT N statement,
it increases the value of N by one, and checks the new
value against the limit for N. 1In this case, the limit
is 3, because the FOR statment reads: FOR N = 1 TO 3.
When the value of N is greater than 3, the computer
continues the statement following the NEXT statement,
if there is one. 1If not, the computer has finished
executing the program and stopped.

It's math time: You may find the next few programs
interesting.

_The FOR statement defines a sequence of values
for its variable. "Sequence" is just a fancy math
word. It means that the values come one after another.

. Here is a table showing a FOR statement, the variable
1t uses, and the sequence of values which the variable

assumes, one after another. Read the sequence of values
from left to right.

FOR Statement \ariable Sequence of values

FOR I=1| TO § I ————— (2345
FOR k=3 T0 5 (S 3,4.5
FoR A=0 T 3 A—— 0.,:1.2,3
FoR N=1[ TO | N——!

. The following program will compute the sum of the
positive integers from 1 to N. Here is our program.
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(O HOME

INPUT N ="iN

S =0

FOR I=( TO N
S=s+1z1

NEXT I

PRINT “THE SUM IS ”;S
&Go 10 20

CIBFIE Y

The variable S (for sum) is used in lines 30, 50,
and 70. Line 30 occurs before the FOR-NEXT loop. It
sets the value of S to zero. Line 50 is inside the
FOR-NEXT loop. It is executed for I=1, I=2, I=3, and
so on, until I=N. Each time, a new value of S is
computed.

50 s=s+1 :
[\ Fecertvatue oF T Guriesy oF FRERT el
olp VALUE

Suppose the INPUT value of N is 3, then the
sequence of value for I will be 1,2,3. So, S will
become:

In Line 30 - S =0

In Line 50 + S =S+l =0+ (=]
In Line 50 : S = S+T =(+2=3
In Line 50 + §$ = S+ =3+3=6

End of the FOR-NExT Loop
“*his Value is printed by
Line 70

Let's RUN the program. Here is a possible RUN.
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N=7?3

THE SUM TS 6
N= 24

THE SUM IS (O
N=27

THE SUM 1§ =28
N =92 AND SO ON

610 Advanced Editing Techniques

In chapter 2 we looked at ways you could correct
errors in a line you are typing before you press the
RETURN key. Let's quickly review those simple editing
techniques.

The <-- key backspaces the cursor and erases
characters it passes over. Characters are erased from
the program line even though they still appear on
the display screen.

The -=> key moves the cursor forward, copying over
(retyping) characters it passes over.

CURSOR FORW ARD
AND RETYPING

The CONTROL X command cancels the line you';e
currently typing. The HOME command clears the display
screen and leaves the cursor in the upper left corner.
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[0
2 ]_CONTROLX
=2 CANCELS

= ~ CURRENTLINE

~

=

[ HomeE |
\

0 CLEAR THE SCREEN

We will now discover new ways to edit program
lines. These new methods are particularly useful
when you want to make changes to previous lines
(i.e., those with line numbers).

Deleting Program lines

To delete an entire line, type its line number
followed immediately by a RETURN. When you list
the program, you will see that the line and line

number are no longer part of the program. Here is
an example:

NEW

|00 HOME
10 FOR WN=|( TO (O

120 PRINT N, SQRCN)
(30 N=N+I

40 NEXTN
(SO END

(0O HOME

[(O FOR N =| TO (O
120 PRINT N; SQRCN)
4O NEXT N

You can use the command DEL to delete a block of
program lines. For example:
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|00 HoMEe .-
(0O END

The command DEL 110, 140 deletes all program lines
starting at line number 110 and ending with line number
149. Even though line 110 does not exist, all lines
between 110 and 140 are deleted.

Adding Program lines

You can type in new program lines in any order, at
any time. Their line numbers will determine their
positions in the program. The MPF-II will automatically
merge them into any other program lines currently in
memory. Try adding lines 120 and 118 back into the
example above.

Moving the Cursor

To move the cursor around on the screen, you can
use the following four keys: ==> <== 4 |, . Figure -4
illustrates how the four possible key sequences affect
cursor movement.

Now press --=>, <—-,¢,Lto move the cursor around on
the display screen.

Changing Characters
Replacing one character with the other is simplicity
itself. Merely position the cursor on the offending
character and type the replacement right over it. For
example, with the cursor as shown:
19@ PRINT "ESTIMATED TIME OF ARRIVAL"
You can type the word DEPARTURE and get this:
19¢ PRINT "ESTIMATED TIME OF DEPARTURE"
Press RETURN to effect the change.
Deleting Characters
You can effectively delete individual characters
by typing over them with blank spaces. Remember that

in BASIC extra blank spaces do not affect anything
unless they are inside of quotation marks.
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6+11 Remarks

Remark statements have line numbers, like any other
statement. A remark statement's line number can be
used like that of any other statement's.

If the first three characters of a BASIC statement
are REM, then the computer ignores the statement entirely.
So why include such a statement? The answer is that
remarks make your program easier to read.

REM the computer ignores the statement entirely

If you write a short program with f£ive or ten
statements, you will probably have little trouble
remembering what the program does === unless you leave
it around for six months and then try to use it again.
If you write a longer program with 100 or 20¢ statements,
then you are quite likely to forget something very
important about the program the very next time you use
it. After you have written dozens of programs, you will
stand no chance of remembering each program in detail,
The solution to this problem is to document your program
by including remarks that describe what is going on.

Good programmers use plenty of remarks in all of
their programs. In all of this chapter's program
examples we will include remarks that describe what
is going on, simply to get you into the habit of doing
the same thing yourself.

Qo REM INITTALIZE YARIABLE X
|00 LeET X=8
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6 - 12 Plotting and Developing in Color

MPF-II has the function of plotting and developing
in color. But, of course, if you want it to be developed
in color, the screen or TV set you use must be a color one.

REM ignores the statement entirely

These are some of the instructions that are used
when writing plotting or color programs.

HOME , CoLOR , PLOT j

Let's explain them with some example programs:

1. Home

HOME is the instruction which calls prompt and cursor

back home -~ the starting point, and at the same time,
clears the screen. After we press PRINT HOME and RETURN,
the screen will be cleared. After you examine the following

programs you will understand.

10 HoMe
a0 PRINT“MR SHIH"
30 GoTo |o |
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Because it returns from line 10 to line 30, MR. SHIH,
which appears on the screen, flashes. Let us remind you
that if you want to stop performing this program, you
have to press CONTROL C or RESET.

Try the following example: The new program on
the left shows little difference from the previous
one and yet the results of its performances are quite
different.

[0 HOME [0 HoM&
20 PRINT "MR. SHIH" 20 PRINT “MR. SHIH"
30 G070 20 "~ 30 GqoTo /0

MR sH(H:
MRSHIH

The program on the right hand side is the original
one, and line 3¢ is GOTO 1@; the program on the left
hand side is the new one and line 3¢ is GOTO 20. Be-
cause the line 30 of the original program is GOTO 14,
MR. SHIH which is just printed is cleared out. The
result of the printing and clearing makes the screen
flash. But the line 30 of the left hand side program
is GOTO 20 which indicates the program to keep on
printing. 1In order to give you a good understanding
of the way to use HOME, let's combine HOME and FOR....
NEXT. After examining the following program, put
it in the computer and let it run.
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[ o HOME ”
20 PRIMNT 'MR,SHIH
20 Fo/aI 1 7o &oo

g0 HoMe
&& ror 1= 1 To $vo

60 yexT L
70 goTo (O

fmx

F

Stateme"t efze to
prolong the
process

+the yesy lt

Now, you know that FORe......NEXT can be used to
prolong the duration. Take the above example for

If you want to change the time duration,

example,
« o NEXT.

you only have to change the number of FOR...

/30 FOR I=1 7o &S00
188 FOR I =1 70 00

2. Color

In MPF-II, there is a color instruction. The
instruction COLOR directs the computer to ‘perform
color functions. (If your TV set or screen is black-
and-white, this instruction will be useless.)

COLOR

r Perfvf"""ﬂ color
7o in screen

- 124 -



e - -, @
0 BlacK % Grreen 8 szp/e 12 While
I Green & ), e O Greem 13 Of-amie
2 ?Ukp/e é B/lye /o Pw../;/e 14 Blve

s 3 White 1 White o white 15 While @

When using a microcomputer for color graphics, only in rare

occasions a user needs to use more than 10 colors.

Thus, the MPF=-II is so designed that a maximum of six

colors can be used for color graphics. The numbers given
in the chart below is used to identify different colors.

But the color instruction should be used with
PLOT instructions. Let's proceed.

3. Plot

Using the MPF-II for plotting means the assignment
of horizontal and vertical coordinates and then placing
a dot at the coordinates. The MPF-II divides the screen
up into 4¢ lines (vertical coordinate) and 40 columns
(horizontal coordinate). Coordinates are numbered from ¢
to 39. Plot must be followed by two arguments separated
by a comma. For example:

comma

!

JPLOT 5520

I

horizontal  vertical
coordinate  Coordinate




The left number shows its horizontal coordinate;
the right number shows its vertical coordinate. When
performing PLOT 5,20, as shown in the picture, there
will be a coordinate dot which appears on the screen.,

All right! ©Now let's put together the three
instructions: HOME, COLOR and PLOT.

|0 HOME o~
&R /

Qg LOR =& Where is Hhose ,

30 cCo = point

d0 PpLOT &.20
&0 pLOT 30,39

What's the
‘ color ?

In the following two programs, we can draw a hori-
zontal line to the left hand side program; a vertical
line to the right hand side program.

|0 HoME /0 HoM&

20 GR ' P GR

30 colLok=3 30 CoLOR=/¥%

4o FOR 1=0 70 39 40 FOR 1=¢9 70 39
80 pLOT 0, I S0 PLOT 1,20
60 AEXT T 60 VEXT I

20

- 126 -~



There are still two instructions which can be used
when the MPF-II draws a line. They are: HLIN and VLIN,
H is the abbreviation of horizontal; V vertical; and LIN
line,

Now, let's have the following example.

4, HLIN and VLIN

a. The results of the two programs are the same.
Please compare them.

© HeMe lo HoMe

20 &R 20 §R

30 CoLoR=I¢ 30 ColLOR =¥

¢o FOR 1=0 To3f ¢o HLIN 0, 2§ AT &0
o PLOT 1,20

60 NEXT 1

HLIN @,39 AT 20 tells the MPF-II to draw a hori-
zontal line from # to 39 at vertical coordinate 24.

b. The results of the following two programs are
also the same. They are all used to draw ver-
tical lines. Please compare them.
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6 - 13 Handling String
1. String

The computer's major function is to handle data.
The two classes of data are numeral and character. We
have discussed numeral data. Now let's proceed to talk
about alphabetical data handling.

We have to combine a series of letters (characters)
together to make them meaningful. This combining process
is called stringing, or more soundly we refer to combined
characters as a string.

When using BASIC and many other computers, the string
needs to be set off with quotes. For example:

i —
IPRINT"MR. SHIH" the ghrings need 1o be gwote.d

Mr. SHIH in the quotation marks is a string. As with
a numerical variable, a string can be assigned with to a
variable., But we must add an "$" after each string variable.

A A¢

number strin &

10 A% .= "MICRO PROFESSOR"
20 PRINT A%
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When computer runs the program, it will print:

This is the string in the

In this example, MICRO PROFESSOR is put in the AS
location in memory.

2.LEN

How many characters are there in a string? You will
need a method of computing the length of a string. So in
the BASIC language, there is an instruction LEN to solve
this problem. LEN is an abbreviation for length.

IPRINT LEN("YES™)

3 P

1A$="MPF-2"

The /engih of string 18 8

IPRINT LEN(A%)
54 The length of string is &

Try the following program:

10 A$ = "MPF-II" .
20 PRINT LEN (A#) 4——— Computer will print ot 6.
30 PRINT LEN ("MPF-II")4— Computer will print out 6,

RS/ > LEN [S /length
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In line 10, MPF-II is put in AS$.

In line 2@, the length of A$ is printed out (it is
6 in this example).

In line 3¢, the length of MPF-II is also 6.

Note the differences between line 20 and line 30.

3.LEFTS, RIGHTS, and MIDS

Suppose we only want to use some parts in a string,
we can use these instructions:

a. LEFT$
For example:
JA%="HOW ARE YOU"

Suppose we only want to print the front three
characters in A$, we can put in:

IPRINT LEFT$ (A%, 3)

The computer will print:

LEFTL(4%.3)
] .f,
L

The instruction LEFTS$(A$, 3) tells the computer to
print three characters on the left side in string AS.
Don't forget that there iz a "$" after LEFT.

All right! Let's run the following program:

S5 HOME 4— clear the Screen

10, A$ '= "HOW AR Yeu "

20 FOR I = 1 TO LEN (A$) 4 rgfom 1 ,f:";’}l
I0 PRINT LEFT$ (A%,I) of A% J
40  NEXT I t print  the left

s alphabets
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The following is the result of the execution. Study
the results and the explanation below:

HO

HOW
How
HOW
HOW
HOW
How
HOW
HOW
HOW

AR
ARE
ARE
ARE
ARE
ARE

YO
YOu

a. There are altogether eleven characters in the string
"HOW ARE YOU", including the space.
b. First, print the first character "H" on the left

side,

c. Second, print the second character "O" on the
left side.

d. Third, print the third character "W" on the left
side.

Print all the eleven characters.

b. RIGHTS

RIGHTS
characters on the right in string A$. Don't forget that
there is a "$" after RIGHT. The following program, only
differs from the previous program line 30.

(A$, 3) tells the computer to print the three
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5 HOME

10 A% = HOW ARE YOU

20 FOR I =1 TO LEN (A%)
IO PRINT RIBHT® (As,I)
40 NEXT I

%

= -
| RIGHT$(A4,3)
7
/ Print the right most
3 character

The following is the result of the execution.

ARE YoU
ARE You

W ARE YOU

ow ARE You

How ARE You

[
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Explanation:

a. There are altogether eleven characters in the string
"HOW ARE YOU", including the space.

b. First, print the first character "U" on the right side.

c. Secondly, print the second character "O" on the right
side of "u".

Finally print all the eleven characters.
c. MIDS

MID is the abbreviation of middle. MID$ means that
we print out some characters in the middle part. For ex-

ample: MID$ (A$3, 5) tells the computer to print out
five characters in serial starting at the third character.

IPRINT MID$ (" How",2,2)

Press‘, the computer will print out two characters.

OW «<— Printin3

Let's try the follpwing progrém and see its result:

5 HOME
10 A$ = " HOW ARE YOU
20 FOR I = I TO LEN (A$) — 4 4= This statement

39 PRINT MID$ (A%,.5,1) is the Same

40 NEXT I with )
T T "FOR 1=1707

JRUN
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5
10
20
0
40
S0
60

All right!

LEN (A$)—% @mwf
\

)

Let's try the following example and
after this, it will be the end of this section.

PROGRAM
HOME
A$ = "MICRQO PROFESSOR"
PRINT A% — N
PRINT LEN (A$) <— .
PRINT LEFT$ (A%,3) &&———>
PRINT RIGHT$ (A$,3) +—b
PRINT MID% (A%$,3,6) 4o &
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IRUN
MICRD PROFESSOR
1S

MIC

SOR

CRO PR



614 Random
In BASIC language, there is a RND function. RND

is the abbreviation of random. In BASIC language, RND
means applying RND.

LND
7 o
. @HW
)
O TS

1. RND

a. In MPF-II, RND(1) means that the computer chooses
for you a random number where @ XL number < 1. Put
the following program in the computer and run 1t.

t the mndom

RND (1) L Do

%ﬁernmmeris
between Q and 7

5 HOME

10 FOR I =1 TO 10
20 PRINT RND (1),
30 NEXT I

The following is the result of running the program.
Please note that if you keep on running for several
times, the results will be different. You can test
whether these numbers are in the range of # < number

< 1.

JRUN

131137465 . 80924873

-B8446447204 841536558

. 091965711 «26B800113
. 419217095 .878831482

. 268373372 . 123235316
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b. If you want a number where number is @ < number
< 10, you can have the number by multipling by 18.
That is, change line 20.

120 PRINT RND(1),

120 PRINT 10%RND (1),

- ok RND (1)

ENLARGE 10 TIMES
The following is the result of the change. GET THE ANUMBER
BETWEEN /0 AND O,

S HOME

10 FOR I =1 TO 10

20 PRINT 10 % RND (1),
30 NEXT I

The following are the results of a sample execution.
You've known that the result of each execution will not
be the same. You can execute the program again to see
whether the results are in the reange of 0 < number < 10.

IRUN
2.80111178 8. 36128912
1. 15622079 B. 15110127
5, 73253765 8. B9PIG b5
4, 27020051 C 2RHP42046'
1. 235902462 ?.8134051

Will the result of 6 * RND(1l) be in the range of 0 <
number < 1¢? Try the following program:

S  HOME

10 FOR I = 1 TO 10 9et the

20 PRINT & X RND (i) &— random number
30 NEXT I

enlarge six times
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2. INT

As a matter of fact, we often want to generate
random integers. When casting dice, we want an integer
from 1 to 6 and sometimes we want to get an integer in
the range from 1 to 14.

a. INT is the abbreviation of integer.

INT @1?
inffﬁi;z *9
;(@.

!

\
9O

For example:

PRINT INT (1.896) ===>1
PRINT INT (3.254) --=> 3
PRINT INT (@0.999) --=> 0

All right! Let's try the following program.

5 HOME

10 FOR I = 1 TO 10

20 PRINT INT (10 %X RND (1)),
J0 NEXT I

The following is one of the results. Of course,

the result of each execution will not to be the same,
but the answer is always between @ and 9.
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Ndp 0
Do N
4 <Q 0

b. If you want to get a number from § to 10, please
try the following program:

S HOME
10 FOR I =1 TO 10 v
20 PRINT INT (10 ¥ RND (1)) +

The results of the following executions are always
between 1 and 14.

"JRUN

N O ON
[8)
NS

The joining together of RND and INT is very useful,
you should make good use of it.
RNDc¢ )
INTC )
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615 Array DIM

We can regard variables as the memory for storing
data, but a variable can only store one special data.
An array is the variable that can store many data, but
this variable should be additionally marked. When using
the array, you have to use DIM instruction first.

DIM is the abbreviation of dimension. The size of
an error is indicated by a subscript. A subscript is the
number associated with a particular character. For ex-
ample, in A(2). "2" is the subscript of A. Let's look
at the following picture and then you will be able to
understand array, DIM and subscript.

DIM A &
4

declare the Variable

variable as Wt
ony ar arks
v angy Cfrom o tos
containing
6 elements)

Mark it from ®

. The instruction DIM A(5) indicates that the variable A
1s not an ordinary variable but an array. The array con-
sists of 6 memory boxes, A(g), A(l), A(2), A(3), A(4),
A(5). 1In general, a microcomputer starts numbering from

#. ©So, DIM B(1l5) tells B is an array, and there are

16 memory boxes(location), the subscript is from ¢ to 15.
There are altogether 16 subscripts ones. Distinguish the
following ordinary variables from arrays.

9enéral
Ao ey

A3 C (20

Fereral
Wakiable
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All right! Let's try a simple program to see if
you can understand it.

5. HOME D

eclore A as anarma y in
10 DIM A(12) 4 the range ® TO ,ﬁv
20 FOR I = O TO 10/STEP 2 ( containing /3 marks)

J0 ACE) = 3 x I <«
40 PRINT "A("I")="jAlD),
50 NEXT I Print the contain of A)

A the result of 3#I into
put the f "3

The following are the results of the execution. Do you
understand the results?

JRUN
A(Q) =0 A(2) =6 A(4)=12
Al6)Y=18 A(B) =24 A(10)=30Q

A A®)| A@)| Aw)| Ad)|AGY)

The following is another program and its result.
Are the results meaningful?

5  HOME

10 DIM A1)

20 FOR.I = Q TO 12
IO A(I) =1 % 2

40 NEXT I

S0 FOR I = O TO 12
60 PRINT A(D),

70 NEXT I

- 141 -



JRUN

0 2 4
& 8 10
12 14 16
18 20 22
24

In

BASIC language, there are two-dimensional

arrays and three-dimensional arrays. They are shown"
below.

f— column ——

T dimerlional arkay. Thlree dmentional array.

We will discuss DIM later. This is the end of
Chapter 6. Starting from the next chapter, there
will be a detailed and systematic introduction to

DIMs.
Next chapter
instructions
related
to system
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7 - 1 Instruction Analysis Related to System

Every computer needs some instructions to tell the

computer what to do. If we analyze instructions system-
atically, we may generally divide them into three groups:

1.

Instructions related to execution: For example, to tell

computer to RUN, to STOP, or to erase a program

2.

(NEW) etc.

RUN NEW STOP--etc.

Instructions related to editing and formatting: Editing
refers to the process by which we put the program into
the computer through keyboard. In editing, perhaps we
want to omit some unnecessary statements, then we may
use instruction DEL. DEL means to delete, or eliminate,
this is one of the editing instructions. Sometimes, we
have to clear the screen before we write another program,
then we may use instruction HOME. Of course, there are
many other instructions, such as LIST etc., which will

be discussed later in this chapter.

‘)EEL. }1()lW£E l~l:;7"
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Instructions related to the communications with devices:
For example, to tell computer to print data or output
through the printer etc. PRTON and PRTOFF are such kind

of instructions.

3.

PRTON , PRTOFF
PRTECOPN --ovmve
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7 - 2 Instructions Related to Execution

Seven instructional groups are introduced to you
in this section:

1. LOAD and SAVE

These two instructions are useful only when the computer
is equipped with a tape recorder.

Cassette commands into cassette tapes. For commands
are used when storing data or program on cassette tape
or when loading program from cassette recorder onto a
microcomputer.

a. LOADT : Load a file whose filename is ABC
from cassette to the MPF-II.

b. LOADA : Load programs from cassette tape of
Apple II cassette format onto the MPF-ITI.

c. SAVET : Store the file whose filename is ABC
from the MPF-II to cassette tape.

de BEVER : Store program or data on cassette

tape of Apple II format.

SAVET
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2. NEW

Suppose you want to clear out completely all the

BASIC programs and variables in the computer, you have to
use NEW.

3. RUN

a. RUN means to run programs, but in MPF-II, you may
start from any line number while you are running
programs.

5 HOME

10 FOR I =1 TO 10

20  PRINT Ij

IO NEXT I

40 FOR I = 1 TO 10 STEP 2
S0 PRINT. I,

40 NEXT I FROM LINE AUMBER
2 40 TO RUN' ONLY

IRUN 40 § - EXECUTE FROM

1 3 < 4p TO 60, PRINT

7 9 , ouT /.3,5,7.9

Hello, T om MPF-I;
AND T can hHurne FRom
+the middle of the
’Pbog?‘a m.
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b. If the line number you gave to start execution
(RUN) does not exist in the program, the computer
will tell you that you are wronj and that there is no
such a line number (?UNDEF'D STATEMENT ERROR).
The symbol ? means that the computer does not under-
stand, UNDEF'D STATEMENT = undefined statement. 1In
the above example, if you run 45, and there is no
line number 45 in the above program, the computer
will tell you that you are wrong.

IJRUN 43

TUNDEF®D STATEMENT ERROR

4. STOP, END and CONT

a. We have known that both STOP and END can interrupt
the program which is under execution. But, STOP
is not necessarily placed at the end, there can be
several STOPs in one program, if necessary. When
the computer execute a STOP, it will display the
signal BREAK IN XX. Let's take a look at the next
example, in this program, there is a STOP in line
number 4¢, so there is the signal BREAK IN 4g.

10 FOR I = 1 TO 10
20 PRINT I;

30 NEXT I

40  STOP

JRUN
2345678910
EREAK IN 4Q

- 149 -



b. Suppose program is interrupted by a STOP command, we
can go on executing with CONT. CONT is the abbrevi-
§tion of continue. Let's take a look at the follow-
ing program.
io0 FOR I =1 TO 2
20 PRINT I3
I0 NEXT I
S0 FOR I =1 TO 5
40 PRINT Iy
70 NEXT I

While first executing the program, we run until
statement 4¢. The computer stops and prints out
BREAK IN 40, because there is a STOP.

IRUN
12

BREAK IN 40 ———— STOP AT LINE 40

When we press CONT, the program will go on ex-
ecuting statement 50-70.

1CONT €= USING "CONT"”, NOT "RUN"

12345 Q

c. If a program uses END, the computer will not give
any signal,
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16 FOR I =1 TO 10
20 FPRINT Ij

30 NEXT I

40 END

IRUN

123456768910

But, after END we can also use CONT to go on, please

try the following example:
10 FOR_I =1 TO 10
20 FRINT I1g
JQ NEXT I
40 END
S0 FOR I =1 7O 10
650  PRINT I,
70  NEXT I
JRUN
2345578910
JCONT
1 2
4 5
7 8
10

5. CONTROL C and RESET

0o U

a. The action of CONTROL C and STOP is the same,
but CONTROL C is entered by the operator to

stop the program execution at any point.

instance, when we are performing
program, the computer will go on
SHIH. 1If we want to stop it, we
CONTROL C, but the computer will
out BREAK.
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10 PRINT “MR.SHLH”
20 GoTOo 10

JRUN

MR - SHIH
MR- SHIH
MR:SHIH
MR- SHIH
MR- SHIH

BREAK IN 10 <—BREAK

b. When we press RESET, we can also interrupt the
execution of the program. But the program
will not disappear, and there will not be
the signal BREAK.

c. Suppose we use CONTROL C to interrupt the pro-
gram, we may use CONT to go on. While we use
RESET, we have to run from the beginning.

CONTROL C o interrypt the program. CONT to g0 on.
If you use control C to

interrupt  the Pprogram

RESET iS
use to interrupt,
have to start again,

RESET to interrupt, RUN to execute a9ain.

6. TRACE and NOTRACE

a. If you want to follow the process of execution of
a program, you may use TRACE. Before you run, you
first press TRACE and RETURN. Consequently, when
the program is executing, the computer will show
you the line number of each statement as it is
executed. Here is an example:
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10 FOR I =1 TO 2
20 PRINT Iy

30 NEXT I ,
FIRST TYPE TRACE

ITRACE €
< THEN TYPE RUN

JRUN
#10 #20 1#30 #20 2#30

T T

LINE No, LINENO-PRINT [sNE No, .zne PRINT V) ne wo,
L) 20 1 30 w020 2 30

b. The main function of TRACE is to help a programmer
debug, TRACE functions as an aid which helps correct

any errors in a computer program.

TRACE D . help us to
O @ nelpxes \ @ W' uurepstand -the
~+o debug. execution
Procedure .

c. NOTRACE is just contrary to TRACE. When you don't
want to use TRACE, you may press NOTRACE, the
activity of TRACE will be ended then.

d. Once machine has been put in the TRACE mode, only
NOTRACE can end the activity of TRACE, while NEW

and RESET cannot.

NOTRACE —To CLOSE TFHE TRACE command.
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7. POKE and PEEK

ae

POKE and PEEK are the two instructions which re-
quire more background to use than other BASIC
statements. Suppose you want to use these two
instructions efficiently, you have to understand
the memory assignments of RAM and ROM in computer,
therefore, we suggest that you comprehend the
hardware structure of microcomputer first before
you use POKE or PEEK.

POKE means to put data directly into the computer's
memory; mind you, you can only poke data into RAM,
but not ROM, because the data in ROM cannot be
changed. When you poke, you have to indicate two
things:

1, What to POKE.
2, The address in RAM at which to poke the value.
REMEMBER,

POKE cow poke
data jrto RAM

F’C)k:ii lSi:?3, %:i

ADDRESS DATA
dectmal) (decimald

POKE 15000,56 means to put 56 at address 15000.
Here, in order to make it easy for us to use the
computer, both 56 and 15000 are decimal numbers.
But the decimal numbers will be changed into bi-
nary numbers in computer in order to store the
data.

The data of microcomputer is stored in a byte

(8 bits), so the data you put into must be a
number between ¢ and 255. If you try to POKE

a number outside the range @ to 255, the computer
will tell you:

ILLEGAL QUANTITY ERROR. Here is an example:
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10 POKE 15000, 259
dota exceed 255

JRUN

2ILLEGAL QUANTITY ERROR IN 10
— ~ - JL—W_'JLW_J

d. The address of POKE must be a RAM address, the
maximum address of the MPF-II is 65535. If you
go beyond this number, the computer will also
tell you: ILLEGAL QUANTITY ERROR, but this time
address is wrong.

oddress exceed 65535

10 POKE 70000,235

IRUN
QILLEGAL QUANTITY ERROR IN 10—

e. Suppose you want to access the data at a particular
address directly, you may use the instruction PEEK,
and you only have to give the computer the address.
For example,

- PEEK - data of address 120
10 A = PEEK (120) G Put Jfbf—.a o

20 PRINT A &= PRINT out. A

Peek (120
z3
%iﬁn PATA

=&
a7 LA IE

3I>W
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30 FRINT A,

40 NEXT I

IRLN

76 212

76 56

elwiv] Vidwie1

2595 716
Dato Stored §ata Stored Data in
in address ® 1M 09d"€SS G ,dgress 70

Result

data 1n
address &

Now, let's try the combined function of PEEK and POKE.

Try this:

56 to the address /5000

¢=— Move the data in /5000 to

A

— o Print Vaelve of A

10 POKE 15000,56 4= Poke

20 A = PEEK (15000) .

30 PRINT A ¢ variable
TRUN

il G Result

10 K =0 (‘

Poke the data ®~5 to
the address /5000~ /5005

PEEK the data in address

15000 ~ /5004 to the
array ACK)

Print out the Fesult

20 FOR I = 15000 TO 15005
30 POKE I,K

40 K = K + 1

50 NEXT I &

O K = () G

70 FOR I = 15000 TO 1500%
BO A(K) = PEEK (I)

0 K = K + 1

100 NEXT 14

110 FOR I = 0 T0 5
120 PRINT "A("IM")="3;A(I),
130 NEXT I &
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7 - 3 Instructions Related to Editing and Format

Nine instrustional groups are introduced ko you in
this section:

1. LIST

LIST as explained earlier means to list all parts of
a program. But, MPF-II may also list part of a program.
For instance, suppose we want to list part of a program,
We may use:

LIST 20 ~ 50

STARTING Ao, ENDING A,

LSt the
Program From
the No. zo
to so.

S DIM ACR0) -
10 FOR I =1 TO 2
20 ACI) = 1 % 3

IO NEXT I

40 FOR I = 1 TO 20
aQ@ PRINT AC(IL),

A0 NEXT I

IN.IGT 20-40 Gmmmmee . Print out from line No. 20 to 40

20 ACI) = 1 K5 + 8 &
30 NEXT 1 J Onl)/ 20 ~40
40 FOR I = 1 TO 20

0
+ 8
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2.DEL

DEL is the abbreviation of delete. DEL means to remove
_or eliminate, e.g. to remove a record from a master file,
Suppose you want to remove line number 3¢, you may use:

10 FOR I=1To 20
20 PRINT ACT)

PEL 30

\(DELETE LINE 30)

Suppose you want to remove line number, 50 to 80, you may use:

DEL 50, &
o e

STARTING  ENDING
LINE LINE

3. REM

REM is the abbreviation of remark. When the computer finds
a statement REM, it will ingore it and not perform it. REM is
needed to let others read easily the program or for documentation
(reference) purposes. When a program is complicated, REM becomes
rather important.

10 REM PROGRAM 1 &= means this 15 program /
20 DIM A(20)

30 REM ASSIGN A(I)&—

40 FOR I = 1 TO 20

S50 A(IY = 5 % I + 2 Assign the

4O NEXT I G valve of ACI) REM s
70 REM PRINT A(I) ==pant out

BO FOR I = 1 TO 20 ACT only for
0 PRINT A(I), comments

100 NEXT I
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4. TAB, SPC and POC

a. The TAB command is used to set the cursor horizontally,
TAB can be used to start the printing of data at any
required column. TAB is usually associated with PRINT,

IN NEXT EXAMPLE, PRINT OUT DATA 5 AT /oth posiTioN

PRINT TABUo> ;5
S -

Print. A from the

10 READ A,B < joth position
20 PRINT  TABC 10) 1A, TABC 20) 4B
Fﬁwnt 15
TO O DATA 24,234 L— From the 20th
Pos;t:or‘l
TRUN
24 234
zo

UN
& o3
INPUT 24 THE 20th
FROM THE PoSITION
loth POSITION  IN A LINE
IN A LINE

b. SPC is the abbreviation of space. SPC (20) means to move
the cursor over 20 spaces horizontally. Let's study the
following example and compare the differences between SPC
and TAB.
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15th
10 PRINT “AQAA“; TAB( 15);"AAAQA -ééié;:&}

All
20 PRINT "BBBB"; SPC( 15)y"BBBER ( TAjB}\(IS)
B /5 blanks,
k
The. 15 position {5 BIonkS = ’60
N
AAAAAA o Spe CI5)
BREBER

EREB
I(— /5 Blanks —>|

¢, POS is the abbreviation of position. POS reports the

position of the cursor. Usually, we have to add brackets
behind POS, and the number in the brackets makes no
dlfference, for example, POS (@) and POS (15) bear the
same meanlng. Let's try the following example, we may
understand better the implication of POS (4).

10 PRINT "ARA"; POS (0) 4=
20 PRINT "EBBB"j3 POS (12)é—

JRUN 3
ARAZ h POSltIOH
BHEBB) guem= Position 4

?Os\t‘ON Lo

o cro) is the same
Pos (‘)W\d POS’

meanless of this number
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Now, let's apply the combined function of TAB, SPC and
POS. Try the following two programs.

J10 PRINT

120 PRINT

IRUN

10 PRINT
POS

20  PRINT
POS

TRUN

ANA

BRE

‘"TARA23) s POS(Q)

gPC(23) g FOB(Q)

N — from 23th position

2

RN
f

from 23th position

"OAA"Y TABC 10) 31 "AAAA"; —hinke about Tt
(Q)

"RER" 3 SPC( 10) 3 "BRBR"§ <4h
oy QPO

From 13th position

£
AAAALT - </

BREBR17
From the 17th position

5. HOME, NEW and CLEAR

a. HOME

Instruction HOME tells the computer to clear the screen
and to remove the cursor to the beginning of the screen.
Remember, although screen is cleared, the program within
the memory is still there.

b. NEW

When you press NEW, the screen is not cleared, but the
program within the memory disappears. The actions of
HOME are just contrary to the actions of NEW.

c. CLEAR

CLEAR can clear out some variables or array in the computer.
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6. FRE(9)

This instruction tells you that how many memory
addresses there are to be used, it uses byte as unit. It
is to be used with PRINT, the usage:

wo ‘ﬂgw Wﬁhy
PRINT FRE(B) /@) ( Z5us

lest?

7. INVERSE and NORMAL

When you press INVERSE, the characters on the screen
and the background will reverse colors. For example, if
a character is white with blue background, it will turn into
blue character with white background. NORMAL is to be used
to put the screen into original condition.

INVERSE
>

e———
NoeMAL

8. SPEED

We may assume the speed at which the screen displays
the characters, when SPEED=@, it is the lowest speed and

when SPEED=255, the highest speed. An attempt to use a mumber

larger than 255 will result in the error: ILLEGAL QUANTITY
ERROR.

ISPEED=30Q

?ILLEGAL GQUANTITY ERROR ¢=—== Something wrong , its
i/legal valve
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Now, try the following proram and note the change of
display rates.

10 SPEEDm 1 &= Slow
20 FOR I = { TO 100

30 FRINT Iy

40 NEXT I

50 SPEEDm 255 &— Tast
60 FOR I = 1 TO 100

70 PRINT I

B0  NEXT I

9. CONTROL X

CONTROL X tells MPF-II to omit the statement on the
correct line. There will be the sign "\ " at the end.

110 FOR I=1 TO 10\

t———- S)/mbol affer contro|
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7 « 4 Control Instructions of Pﬁnfer

In MPF-II, there are three instructions to control
the printer: PRTON, PRTOFF and HC, Control - P.

1. PRTON is the abbreviation of PRINT ON. It can deliver
the data shown in the screen to the printer to be printed out.
But it can not print out data with pictures.

2. PRTOFF is the abbreviation of PRINT OFF. It can clear
out the activity of PRTON,

3. To print out a hard copy of what is on the video
display, press the H and C keys at the same time or press
the Control and P keys simultaneously.
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In computer programs, we can use a variable to re-
present the address of a memory. The function of each
variable is the same with that of the memory in a computer.

In computer, variables can be divided into several
categories:

1. Value variables, such as A, B.
2. String variables, such as AS$, BS.

3. Array variables, such as A(10), A(3,5), A(4,5,8).

ANUMBER STRING

Computer operators can be divided into three cate-
gories:

l. Numeric operators, such as +, -, *, /.
2. Comparative operators, such as >, <.

3. Logic operators, such as NOT, AND, OR.
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8.1 Value Variable and its Operation

In MPF-II, variables are divided into two groups:
Integer: We have to add "$" after integer variables.

Real Number: MPF-II assumes a real number if the variable
not specially assigned.

1. integer:

In MPF-II, each integer in computer memory occupies
two bytes; that is, 16 bits. Integers are limited values
between -32767 and 32767. If we want to change a real
number into an integer, we can specify an integer on the
left side of an equal sign. Try the following program,
and then you will be able to understand how to convert
a real number into an integer.

10 FOR I =1 TO &

20 A = RND (1) % & + 1
30 A% = A

40 PRINT A,A%

50 NEXT I

JRUN
6.82882197
1.61870576
1.106289
5.67606013
4.31100663
4.70451467

Ao RANGE * '
~ 32767
/O -32767 w

| NTEGER q !b 2

b=

L

REMEMBER THE
MARK \\% w
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The following program points out clearly that A and
A% are two different variables =- the former is a real
variable, the later is an integer variable, and both can
coexist. :

10 FOR I = 1 TO 15 :
20 A= 1 / 36————— Real

30 AL = A & Change to nteger
40  PRINT A,A%
S50 NEXT I

integetl
IRUM J: J

AT
PR AN

«bLLLLL6667
1

1.333F3333
1.66666667

. BEBZEBE!

2
2 3333
2.b66666667
3

3.33333333
Z.66666667
4
4, ITIIIZIZ4
4. hbELALAT
o]

ZD2DPWWHANNN®= =IO

When applying integers, please don't use ",". You
can not write the number 32000 as 32,000.

2. Real number:
In MPF-II, the range of real numbers is between

+?.99999999E+37, and the effective number of digits is
nine. Therefore, at most we can have nine digits.
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A RANGE B

)N 1494999999 c+37
PEAL —_——

AIUMIER. @ DgITS

In printing a number, if you want to predict its
format, you.can follow the following rules:

a. Suppose it is a negative number, the negative sign
will always be printed out. For example:

5 Negative number

IPRINT 132%—12
~1584
L Print negative sigrz

b. Suppose the absolute value falls between @ and 99999999,
it will be printed out as an integer. For example:

IPRINT 111111111%9
979999999 €———-—=— Print out the integer

c. Suppose the absolute value of the number is equal to
or is more than @.f1 and besides less than 99999999.2,
it will be printed out in fixed point representation
and without exponents. For example:

IPRINT 0.01 € > o0.01
.01

IPRINT 999999999, 199€6— < 999999999.2
999999999
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d. Suppoée the limitation of the number is not included
in items ‘b and ¢, it will be printed in scien-
tific representation.

FOR EXAMPLE:

IPRINT 111111112%9
1.00000001E+09

[ITE;_Q orie
POSItnve ornegatnve signs

Note .
. exponent

IPRINT 999999999, 21
1E+09 |

If the real number is printed out in scientific re-
presentation, before the decimal point, there must be an
non-zero number, and after the decimal point there should
be 8 places at most. E stands for exponent which is
followed by either a negative or a positive sign and two
places for exponents. Any leading zeroes are not printed.
Trailing zeroes are also not printed. If all digits
after a decimal point are all zeros, then the decimal
point together with those zeros are all omitted,

0. 002 0. oo460
4 &
002 - 0046
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When an exponent is present, the negative and positive
signs will be printed. A "+" is printed when the exponent
is a positive integer, and a "-" is printed while the ex-
ponent ‘is negative; print the exponents of two digits (the
first digits is always 0, because the effective number of
digits is nine.) We can now make use of the chart below,
to study scientific representations:

&eneral notation scientific  notation

1000000000 = 1E+09
® C’OOC’C)OOC’I\ (——a’ 1E-09 REMEMBER TWO
—123456789 o> —123454789E+08

. e KINDS OF
-, 001234546789 é&=—> —1.23454789E~-03 REPRESENTATLON
% METHODS

D

1\

3. The operation of MPF-II
MPF-II operators can be divided into three groups:

a. Numerical Operators: shown below.

T K=

b. Relative Operators: shown below.
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—
< LESS THAN
> GREATER THAN
= :  EQUAL
<> : NOT EQUAL ,
— . GREATER THAN OR EQUAL
<= [ESS THAN OR EQUAL

These operation symbols are used to compare the re-

lationship of two numbers. In MPF-II, if the comparison
is true, the computer will retdrn a 1; if not, it will return

a g,

pay close attention to the following program and its
results.

"~ 10 PRINT &>¢ >
20 PRINT 4=&—|—— |
30 PRINT /Q=3X4— |
40 PRWT Z=ja/s———— O
%2 RIT 3-854 0
70 PRINT j2 > =36— ¢ >0
gg ;ﬁ%TT 3¢§ >ga=§ — 0

¢ =34+2——— 5 0
0 PRIWT 34 >/a3¢ ———3 0
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c. Logic Operators

In MPF-II, there are three logic operators :
AND, OR, NOT

I1f you want to get a1 from an AND operation, the number
on each side of the AND must be a 1. This is shown below.

1 AND 1=1 (6\’%9”
1 AND 0=0

0 AND 1=0 N

0 AND 0=0

If you want to get a 1 from an OR operation, either one or
both of the numbers on each side of the OR must be a 1. This
is shown below. .

OR 1=1 /f %

1
CITH
1 OR 0=1 %\i:
0 OR =1
0 OR 0=0 ~Smart or

/oveiy

In a NOT operation, you get a 1 from a @, and get a 0 from a 1.
This is shown below.

NOT 1=0
ANOT' 0=1
Here are some examples: Not /ovﬁly

N

IFRINT (5»4) AND (32
1
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Because both 5 > 4 and 3 > 2 are true, the result will be 1.

IFRINT (3<2) OR (1<0Q)
(8]

Because 3<2 and 1<@, are false, the result will be 4.

JIPRINT NOT(5>4)
0

Because it is true that 5 > 4, but operated on by NOT, the
result is 0.

The following program demonstrates logic operations.

. IRUM
10 PRINT NOT ((3 + 4) » = 4) 0
20 PRINT (9 = 8) OR (4 % & > 3 %

4) 1
ZO - PRINT (9 » ) AND (% > X) , 1
40 PRIMT (9 % 2 > 3 % 5) AND (2 %

Ty 54 % 2) o
50 PRINT NOT (3 = 2) 1

60 PRINT (2 = 3) OR (21 = 7 % 3) 1
7O PRINT 12 » wm X% -~ 4 0
BO PRINT 34 < > 42 = 8 o}
90 PRINT 54 ¢ = 34 + 2 0
100 PRINT 34 % 12 > 1234 0
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8.2 String

A "$" must be added to string variables. The string
instructions that are used by MPF-II are shown below.

LEN(A$)  STRS$(X) VAL (AS$)
CHRS$ (X) ASC(AS) LEFTS$(AS,X)
RIGHTS (A$,X) MIDS$ (AS$,.X,Y) +

We have learned the following string operators in chapter 5,

If you don't remember, please review these operations.

LEN CA$)D LEFT$ (A%$.X)
RIGHT $ (A$.X> MID$CA$. %Y

There are five remaining string operators that we have
not learned yet. They will now be introduced one by one.

STR$ (XD, VAL (A$) CHR$CO ASCA$) ‘

1.STR $(X) and “+”
" STR is the abbreviation of string. STR$ indicates that

we should convert the value of X in the brackets, which must
be a number, into a string.

STR$ OO ' 2345¢

INVERSE THE

VALUE OF X TO e
Qa STRING
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In the following programs, you can separate the seven-digit
telephone number into two parts by using a "-" for the separa-
tion. For example:

70/47733 changes to  70/—4733
32/9742 changes to  32[-97%42
7627535 changes to  762-7535

10 INPUT "TEL NUMDER " A
20 B$ = BTRE (A) €= Change' the number to a string
0 Cé = LEFTS (B$.3)€“—\ Get the left most three characters

40 D% = RIGHTS (BE%, 4)(\1. From string B$
50 PRINT C$ + "-" + D% Get the right most four characters
60 GOTO 10 t t———\.' from ~string B$

Combine  +two with =" Strings
JRUN

TEL NUMEER 3219742 //4///*‘722\\\\_‘\\
321-9742 ' ,kuo/do// Seudy

TEL NUMBER 7014733
701-4733 Computer o
TEL NUMEER 7627535
7627535

TEL NUMEER 7082273
708-2273

TEL NUMEER 3810653
3B1-0653 .
TEL NUMEER

BREAK IN 10
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2. VAL (AS)

VAL is the abbreviation of value. The function of
VAL (AS$) is the reverse of STR$(A). Try the following pro-
gram and then you will see how VAL$ works.

10 A% = "S53 _ o
20 B$ = "i12" . Convert the combine
%0 PRINT VAL (A$ + B$) & string Tnto the number

JRUN

3312

10 Ak w v2ge
20 B = "120

30 X = VAL (A%)

40 Y = VAL (R$)

50 7 m VAL (A% + D)
60 PRINT X,Y,2

100 END

RUN |
2] 12 2202
. s

7 Tex To GET THE
;;, ANS WER.:

10 A% = "12"

20 B = "13"

TO X = VAL (A$) + VAL (B$) A4 the vale converted from the strings

40 Y = VAL (A$) k¥ VAL (E$)Mukiple the valve converted from the strings |

S50 Z = VAL (A%) - VAL (B% )SuLgtmct the valve converted from the siﬁgs
R

60 PRINT X,Y,Z
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JRUN
25 156 -1

& T T

(12+13) (2x13) (j2-13)

3. What is ASCII? (It stands for American standard Code
for Information Interchange)

1s only with
- have known that the computeg dea _on t
2 g?nary digits. We call this binary digit a binary code.

h as A, B, cl----)r
. In other words the ch§racters (suc -
® digits (@,1,2,:...), signs (+, =/ *, /) used by com
puters are all represented by binary codes.

c. If we don't have a standard binary code, it zogl?tbe
very inconvenient. But now we have algeadg : ok
standarized, and the most ?opular one is the C?I)
Standard Code for Information Interchange (AS .

Americon Standard Code for Information Interchange

ASCII

d. The A in the ASCII is represented by 019000081 binary
which 65 in decimal system. The L in the ASCII is
is P1901190 binary which is 78 in decimal system.
Each character, digit, and sign can all be represented
by a specific ASCII code and in order to be easily
recognized each has an equivalent decimal number.
The following table lists the alphabetic decimal
ASCII codes. Because a byte is equal to 8 bits
and is equal to 256, the digits represented by
decimal ASCII codes are between ¢ and 255.
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CHRACTER

APNLSXELCCHNIIQUTIOCZIIrR=ITTMOoOO@D

65
b6
&7
68
69

70

71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
Q0
?1

_DECIMAL ASCII
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4. ASC (AS)

a. In BASIC language, there are two instructions to
handle ASCII and string conversions. One of them
is the instruction to change a string into an
ASCIT code. The instruction is ASC which is the
abbreviation of ASCII. For example:

PRINT ASC (A")
65

The computer prints 65. From the above gxample, we
realize that what is printed by the computer 1s not the
real ASCII code represented by 1's and g's, but the
ASCII code represented by the decimal system.

PRINT ASC ¢’ At B:l) only print the first

6 <« character

In the brackets, there are two characters, A ar 3,
but the computer only prints 65. From the above exan_ie,
we realize that the ASC instruction only changes the
first character in a string into decimal ASCII codes.

b. The brackets after ASC can also be used with other
string operations. See the following example:

The results of the two programs are the same. The

two statements of the first program lines 20, 30 are equal
to those of .the second program line 20.
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10 As = “MICRO"
20 B = MID® (AN,3,1)
30 PRINT B$"=" ASC (B$%)

10 A% = "MICRO"

20 PRINT MID$ (A%,3,1)"=" A3C

(MID$ (A$,3,1))
IO END

In the examples above, because A$
MICRO, we get the third character from
the result of the printing is 67 which
ASCII code of C.

c. Here is another example for your

10 As = "MICRO"

20 B = LEN (A%)

0 FOR I =1 TO B

40 PRINT MID$ (A$,I,.1),
(As,1I,1))

S50 NEXT I

assigns the string
MIDS$ (AS$, 3, 1),
is the decimal

understanding:

ASC ( MIDS$

You will certainly realize the answers that are printed.
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JRUN

‘CHA NECTIT
M 77
I 73
C 67
R 82
0 79

5. CHR $(X)

a., CHR is the abbreviation for character. CHRS
which is used to change decimal ASCII code into character

or sign is ASC's. For example:

PRINT  CHR$(65) CHR$ X
CHANGE ASCII CODE
A< 70 A CHARACTER

- oR IT§ SYMBok

b. To build a table of decimal values and their ASCII
equivalents, you can run the following program. This
program starts with the decimal value 32, before 32
there are some display control codes which might in-
fluence the computer operation. Line 32 is empty,
because decimal .32 is a space in ASCII codes.

ILIST
10 HOME

20 FOR I = 32 T2 9§

0 PRINT I3 "1 CHR® (I),
40 FOR K = 1 TO 500: NEXT K
S50 NEXT I
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The following diagram is a

screen.

IRUN
32
15
g
41
44
47
50
53
56
59
62
65
68
71
74
77
80
83
86
89
92

95

#
&

AL CUTVTIECHODNVY WDUNN>

part of the result shown on the

| 3¢ = & -=

UNEHQZAIMT@TIAISGUD
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X7
40
43
44
49

o2

55
58
61
64
67
70
73
76
79
82
8S
88
91
94
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83 Armray
1. Array variable

The variables used in section 1 are called simple
variables, because each variable can only represents a
digit or a string. -But in mathematics, we often need a
variable to represent a series of digits. Similarly, in
a class, we have so many names, so we often need a variable
to represent a series of strings.

Array variables can be divided into three groups:

a. Integer array variables, such as A%(8,5), B%(2,4).

b. Real number array variables, such as A(9,5), D(5,9).

c. String array variables, such as A$(10,5), C$(6,8).
2.DIM

When giving the array a name, we need to include the
size of an array. DIM is the abbreviation for dimension.
There are one-dimensional, two dimensional and multi-
dimensional arrays.

& ()
b A C DY N\

put in: some humber.

a. The following diagram is a one-dimensional array.

A@|A ol a0
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o o D

b. The following diagram is a two-dimensional array. 1In
DIM A(7,3) 7 indicates the number of rows; 3 indicates

the number of columns.

7. hows

;ca/‘/fﬂhs \/

94 ¢7.3
DIM A ] *)

(PLE

c. The following diagram is a three-dimensional array.
In DIM A(7,3,6), 7 indicates row; 3

column; 6 tier.

d. The following diagram is a four-dimensional array.

—
oY

%5 &
——— r:
e |
g
DIM A (7,364

=

=




3. One-dimensional Arrays

a. DIM A(Zﬂ) is a one-dimensional array

DIM AQo0)

It shows that the name of the array is A and there
are altogether 21 variables, from A(@#) to A(20). The method
of accessing these 21 variables is the same as accessing
the common variables. Any dimension variable can be accessed.
For example: '

AS) =32+ ACO)

T A
"'ji(‘f) AB) { Al | ooee

This statement means after we add 32 to the number
in variable A(6), we put the result into A(5). 5 and 6 are
called subscripts. Subscripts are used to-access a specific
variable (element) in an array.

b. In the following program, we can return all the digits
in the array to zero.

10 DIM A(12) &— ,
20 FOR I =1 T0O 12 Return the valve of

0 A(I) = Q == 1" tp be R
40 NEXT I €

50 FOR I =1 TO 12 (-ﬁ \
60  PRINT A(I), Print A
70 NEXT I &

TRUN

0 0 o
5] 0 0
0 o %
Q (o] (o}
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c. In the following program, we can take some numbers and
sequentially put them into the array. Look at the result:

TRUN

AZ (1) =8Y AZ(2) =B
A% (3) =60 A% (4) =27
A% (S) =42 A% (6)=88
A%L(7)=37 AZ(8)=13
AZ(9)=29 AZ(10)=84
AL(LI1) =12 A%L(12)=82

d. The following program, reads 8 numbers in an array
and then prints them out.

10 DIM a(s)

20 FOR I =1 7O 8

30 READ A(I)

40 NEXT 1

45 FOR I = 1 TO 8

50 PRINT "A("I")="A(I),

60 NEXT I

70 DATA 12,13,43,21,56,78,9,102

JRUN

A(1)=12 A(2)=13 A(3)=43
A(4)=21 A(S) =56 A(6)=78
A(7)=9 A(B) =102

e. The following program, demonstrates how to use one-
dimensional digit variables and string variables.
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]

10

20°

30
40
S0
99
60
70
G0

JRUN
SHIH HAS 250 DOLLARS
LIN HAS 123 DDLLARS
HUE HAS 400 DOLLARS

DIM A$(3) , N(3)

Yé = "DOLLARS"

FOR I =1 T0 3

READ A®(I) N(I)

MEXT I

HOME

FOR I = § 7O 3

PRINT AS(I)" HAG "NCI)"™ "Y®

NEXT I

DATH  SHIM, 280, LIN, 123, HUE, 40
(W]

4. Two-dimensional Arrays

The following example demonstrates how to use a two-
dimensional array:

10 DIM A(3E,3)

20 FOR I =1 TO =

30 FOR J =1T0 3

40 A(I.J) =1 % J

S50 NEXT J

60 NEXT I

70 FOR I =1 70 3

75 FOR J =1 70 3

80 PRINT "A(I","J")="A(I,J)s"
?

-90 HEXT J

100 PRINT

110 NEXT I
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JRUN

AlL,1)=1 A(L,2)=2 A1, =3
A(2,1)=2 A(L.‘ =4 A(2,3)=6
AT, 1)=1 AT, 2)=6 A(S,3) =9

5. Three-dimensional Arrays

The following program demonstrates how to use a three-
dimensional arrays.

10 DIM A(3,3,3)

20 FOR I =1 70 &
30 FOR J =1 70 3
40 FOR K = 1 70 3

50 A(ILJ,K) =1 % J % K

60 NEXT Ki NEXT J: NEXT I

70 FOR I = 1 TOQ 3

Bo 1roR g w1 1003

90 FUK K = 1 10 2

100 PRINT "A("I®,"J","K")="A(I,Jd
) : " " :

110 NEXT K

120  PRINT

130 MNEXT J: MNEXT I

NEXT CHAPTER
INpUT , OUTPUT
AND pla‘l‘tTng

Try it now, and find the result
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INPUT AND OUTPUT
INSTRUCTION






9.1 INPUT and OUTPUT Instructions

The following instruction groups are described in
this chapter.

! 1. INPUT A, INPUT A$ INPUT "XY" 5 A A
2. READ ------ DATA ----- RESTORE
3. GET
4.PRINT "X="3 X

. 5 DEF FNA(XOD= X #X+2% X 13 )

Most of these instructions have been used in the
previous chapters, the following instructions are those
we have not described before.

GET A$ , RESTORE, DEF FNA (X)
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1. INPUT instruction

In general, input instructions can be classified

into four

groups:

a. Accept as input a simple number variables for
instance:

10 INPUT A

20 FOR I =1 TO A
308 =8 + I

40 NEXT I

50 PRINT "SUM=";8S
60 END

> RUN

210000

SUM=50005000

What we get from this program is the sum of 1 up to
the input variable A. 1In this example, we entered
10000, the sum is 50005000.

b. Accept as input a string variabl, for example:

10
20
3J0
40
SQ
60

JRUN

INFPUT
FRINT
PRINT
PRINT
PRINT
PRINT

A% i

A% — Pint the string
LEN (A%) —-».cou,.t the length of the string
LEFTS (A%, ) = Punt _the left most 2 chamcter

RIGHTS (A%, of string
MID$ (A$,4, Q) Pt the vight most 3 charucter
Print 3 characters from the 4th
one

?MICRQO FROFESSOR
MICRO FROFESSOR

13
MI
S0R
RO
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The string is input first and is then used in the program.
In this example, we first entered "MICRO PROFESSOR"
and then computed the length, the first two characters,
the last three characters, and the fourth, fifth and
sixth characters in MICRO PROFESSOR.

c. Request and accept a number variable, for example:

10  INPUT "ENTER TWO NUMEBERS ";A
«B

20 PRINT A"+"R"="O + R

30 PRINT A"-"R"="A — H

40 PRINT A"/"R"="A / R

50 PRINT A"X"B"="A % E

JRUN

ENTER TWO NUMEERS 123,343
123+343=466

123-343=-220

123/ 343, 358600583
123K343=42189

In.this program, we first put A and B in and then printed
out their sum, difference, product and quotient.

d. Request and accept number variables and string variables,
for example:

10 INPUT "ENTER YOUR NAME AND AG "
E ":N#,A € tnput the SJ'",’%;"W
20 PRINT "MR. "N$" YOU ARE "A" Y then the
EARS OLD"

30 6OTO 10

JRUN

ENTER YOUR NAME AND AGE SHIH, 43
MR. SHIHM YOU ARE 43 YEARS OLD
ENTER YOUR NAME AND AGE LIN,41
MR. LIN YOU ARE 41 YEARS 0OLD
ENTER YOUR NAME AND AGE
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2. READ:---- DATA AND RESTORE

We have used READ and DATA before, now we will comblne

them with RESTORE.

a. When you perform READ.....DATA, there must be enough

data, otherwise,

data.
10 HOME
20 READ A
30 PRINT A,
40  GOTO 20
S0  DATA
P99
JRUN
33 44
bé 7
9 80

33,44,5,66,7,88,99,80,9

S

88

the computer inform you of insufficient

9999

S0UT OF DATA ERROR IN 20 é—————doata error

b. If not all the data is used, the computer

the extra data.

For example:

will ignore

redundant data

10 HOME
20 FOR I = 1 TO X
2% READ A LG
IO PRINT AE,C
40 NEXT 1
S50  DATA 12,13,24,35,46,12,2E+05
0,123,987,999, u67
T_1
JRUN
12 13 24
35 44 12
200000 Q 123
/ wr
Too e \ )
h ) .ﬁ.'
’TkrOV’ * ijﬁ \...
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c. The following example is the reads string data the
string variable name must use the symbol $.

10 HOME

20 FOR I =1 TO 3 )

55 READ A%,E$,C# € Read Strings

30 PRINT A$,B$,C$

40 NEXT I s

50 DATA READ,DATA,FOR ,NEXT ,I,
GHIH,L.IN, FRINT, HOME

IRUN

READ DATA FOR

NEXT I SHIH

LIN PRINT. HOME

3. RESTORE

RESTORE can return the data pointer to the first
value in the data statement, thus the same data can
be manipulated again. In the following example, when
the computer first reads A (line number 30), it
references line 70 to read data (the data pointer has
advanced to 22). But at line number 50, the pointer
returns back to 11. Therefore the four reads all

access the same value 11, and we have not used 22, 33
and 44.

10 HOME

20 FOR I =1 T0 4

30 READ A

40 PRINT A" "y

50 RESTORE € RESTORE
60 NEXT I

70 DATA 11,22,33,44

TRUN

11 11 11 11 €&——— all access the same
' volve 11
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In the following program, we may use RESTORE twice
on the same data, one is weighted computation, another

unweighted computation. Study the explanation in the
diagram.

10 REM USE THE RESTORE STATEMEN
T TO READ DATA € ‘Comments of the progran
20 READ G1,(2,03,64€
40 DATA 65,78,98,87 €—
50 DATA 0.1,0.2,0.3,0.4
60 READ W1,02,W3,W4
70 A = WL % G1 + W2 % G2 + W3 % 6 |- Weighted operation
I + WA x G4
80 PRINT "WEIGHTED AVERAGE=";A
90 RESTORE
100 REM RE-READ
110 READ S1,852,53,54
120 A = (81 + 82 + S3 + §4) / 4 &—— unweighted operation
130 PRINT "UNWEIGHTED AVERABE="j;

A
140  END
IRUN
WEIGHTED AVERAGE=84,3 €= ‘result "fo“’:ﬁﬁffi
UNWEIGHTED AVERAGE=82 g result of ynweighted
operation
®?d
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4. GET instruction

a. A GET instruction inputs the result of a key press
(only one key) on the keyboard. When you press
a key, the screen does not display the pressed
key and you don't have to press RETURN.

b. The program below accepts one letter and in-
structs the computer to print the letter.

10 HOME
20 PRINT "YOU PRESSED "
IO GET A4

40  PRINT A¢
S0 GO0TO 20

IRUN

YOU PRESSED
YOU PRESSED
YOU PRESSED
YOU PRESSED
YOU PRESSED
YOU PRESSED

o0 ~=X




c. Here is another example of using GET.

10 HOME

1S PRINT *YOU FRESSED “s

20 GET E$
30 PRINT E$

40 REM IF ENTRY IS AN E, END PRO&RAM

S50 IF B% = "E" THEN 80 <=

60 GOT0 15

GET "E” then Stop

BCG PRINT "END" <

d. GET can also be used to get ‘value only and then
to compute. Here is an example:

S HOME

10 PRINT "GET A NUMBER DIGIT "

20 GET N

25 IF N = O THEN 60

30 PRINT N"A0¥@='"N % O X 8

40  BOTO 10
60  PRINT "END"

JRUN :

GET A NUMBER DIGIT
GET A NUMEER DIGIT
GET'A NUMEBER DIGIT
GET A NOMOER DIGIT

IxkEX8=120

9AS5XB=T60
BX5KB=320 i Cﬁ} 2

END - '
oAl 1‘!!;;2!
4"5.
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5. PRINT

We have used PRINT before in various places. Now

we would like to give you a general review by way of a
practical example:

1]

10 INFUT "TWO -NUMBERS ";A.R
20  PRINT AR } ’
40 PRINT A.B ]
50 PRINT TAB( 10);A. TAB( 20);3—’———*
60 PRINT SPC(.10)3A, SPC( 20);HB
70  PRINT "A=";A,"B=";H
JRUN
TWO NUMBERS 123F,45467
1234567 € :
123 4567 &
123 4567 &
123 4587 &
A=123 B=4547 <&
6. DEF FN
a. DEF FN is the acronyms of define and function. The
Instruction DEF FN enables you to define a function
and then to use the function. Try the following
program:
10 PRINT "X","FNA(X)"
20 DEF FN A(X) = X % X + 3 %x X +
1
30 FOR X = Q TO §
40  PRINT X. FN A(X)
S0 NEXT X
JRUN
X FNA (X)
0 i
1 S
2 11
3 19
4 2
5 41
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. In

.define the mathematic .
function

the above program: i. Assign the function to be
X2+ 3X + 1.
ii., Enter a‘'value for X.
iii, use the value in the functlon
iv. Print out the results.

. The following program is the extension of the above
program. The argument in line number 6@ FNA (I) is

I, it has the same effect as the X in FNA (X).
S  PRINT "X"_,"FNA(X)"
10 DEF FN A(X) = X % X + 3 % X +
1 .
20 FOR X = 1 TO 5
J0 FRINT X, FN A((X)
40 NEXT X
50 PRINT
60 PRINT "I","FNA(I)"
70 FOR I = 1 7O 3
80 PFRINT I, FN A(I) + 8
Q0 NEXT I
JRUN
X FNA (X)
1 5
2 11
3 19
4 29
S 41 4?}
I FNA(I) f >
1 13
2 19
3 27 =
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. The following program uses several functions,
namely DEF FNA and RND.

10 PRINT “X", " INT (FNA (X)) " €= Ppint out the title
‘20 DEF  FN A(X) = RND (1) % Xé—— Define function"x’
30 FOR I = 0 TO 12 STEP 3

40 A% = FN A(I)€— Get integer
50 PRINT I,A%

40 NEXT I

IRUN

X INT (FNA (X))

(»] Q

3 0

6 1

9 b

12 6
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9.2 Plotting

MPF-II possesses the capability of plotting. Its
plotting instructions can be divided into low and high
resolution categories,.

1. Low-resolution Plotting Instructions

Low-resolution refers to pictures plotted with less
details. The low-resolution capability of MPF-II
consists of 1920 blocks; that is, the screen is
divided into 1920 blocks. Horizontal coordinates are
@ to 39, and vertical coordinates are @ to 47.

=

Low resolution
40;(48:[92°C8L°Ck)
6 Colors /! )

\
v

~

47

In low-resolution mode, we may assign @ different
colors, refer to chapter 5 and the next section.

2. High-resolution Plotting Instructions

High-resolution refers to pictures plotted with greater
details. The high-resolution capability of MPF-II consists
of 53760 dots; that is, the screen is composed of 53760
dots; that is, the screen is composed of 53760 dots.

In low-resolution, we use a block mode, while in
high-resolution, we use a dot mode. 1In high-resolution,
we can only“assign six colors.

o

High resolition

279

280 x(P2= 53760 ODoT,
¢ Colors

1al

~ 204 -



9 . 3 Low-resolution Instructions

The low-resolution instructions of MPF-II are given
below.
not been mentioned before, so this section will focus on .

Among these instructions, only SCRN (X,Y) has

SCRN (X,Y) and combine the other instructions.

COLOR =X PLOT X,Y

HLIN X1,X2 AT Y

VLIN Y1,Y2 AT X
SCRN(X,Y)

1. Review of low-resolution instructions

Try the following programs and see if you can

understand the results; if not, please review chapter 5.

10
20
30
40
S0
S99
60
70
80

GR : COLOR= 13— Assign the color
FOR X = 0 TO 39
FOR Y = 0 TO 39 — X

IF Y > 19 THEN &0
PLOT X, X ¢ :

a w the 9gm nic
6OTO 70 Draw the grap
FLLOT X,Y €— the graphic
NEXT Y Draw the JTp
NEXT X

If »ov don't
yeview chopter &
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10 GR 3 COLORs 17 &= i o
20 FOR X = O TO 39 , Assign the color
I0 FOR Y = 0 TO 39 - X

35 IF X > 19 THEN 40

40 IF Y > 19 THEN 60

50 PLOT Y, X€m—

55 GOTO 70 _ Draw the 9raPhic5
60 PLOT X,Y €=

70 NEXT Y .

80 NEXT X

2. SCRN is the abbreviation of screen., SCRN (12,24)
means that the computer prints out an assigned color
at location (12,24) on the screen.

10 GR : COLOR= 10 @m0 Assign the color
20 PLOT 25,25
30 PRINT SCRN( 28, 25)&=m—— Pint ouvt the Cco'fsr f:)e

QCRN (€25, 25D
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9.4 High-resolutidn Instruction

The high-resolution instructions of MPF-II are
the following:

%:gf ‘ﬁ%ﬁh—
resolutirore
grap Ricg

1. HCOLOR

HCOLOR assigns colors in the high resolution mode;
that is, we may use HCOLOR to assign the color while
plotting in the high-resolution mode. HCOLOR can use a
value of from @ to 7 in selecting a color. Such as:

For example, when HCOLOR= 1, we assign the green color.
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2. HPLOT

HPLOT is the plotting of high-resolution, it bears the
same meaning with PLOT, but has more coordinate dots.
279 &

PLOT

47

a. For example: This program can plot four dots around
the edge as shown in the picture.

¢1y°) (219,0)

10 HGR

20  HOME ‘k\\
30 HCOLOR= &

40 HPLOT 2279.0

50 HPLOT 1,0° ' kTDd
60 HPLOT 1,159 Clusd),
70  HPLOT 279,159 o [(119.159)

b. In the following program, we can form a horizontal
line by means of dots (vertical axis is 0).

o 279

10 HGR " horizonta| line

20 HOME

30 HCOLOR= 5

40 FOR I = O TO 279
50  HPLOT I,0

60 NEXT 1
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c. In the next program we may form a vertical line by
means of dots (horizontal axis is 0).

10 HGR

20 HOME

30 HCOLOR= 5
40 FOR I = O TO 191
50 HPLOT 1,1

60 NEXT I

1a

d. In the next program, we may plot a rectangle around
the screen.

10 HGR : COLOR= 3=

20 FOR I = O TO 279 <>Draw a lire
30 HPLOT I,0 ——j
40 NEXT I

50 FOR I = O TO 191 -
60  HPLOT 2791 7 ]®vrwa me

70 NEXT I

80 FOR I = 279 T0 O STEF - 17
90  HPLOT 1,191 Draw @ e
100 NEXT I

110 FOR I = 191 TO O STEP
120 HPLOT 0,1
130 NEXT I

1.]<4¢>me a hne
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e. If a value goes beyond the assigned value, the
computer will print out a warning of errors.

10 GR : COLOR= 3
20 HOME

30 FOR I = O TO 30(»‘—---—1

40 HPLOT I,0 €— excess 279
50 NEXT I

IRUN

?ILLEGAL QUANTITY ERROR IN 40€é— illegal value
1

f. Try the following two programs by yourself.

10 HGR @ HCOLOR= &

20 HOME
J0 FOR I = O TO 279
40 FOR J = O TO 191

S0 HPLOT I,J
60 NEXT J: NEXT I

10 HGR

20 HOME

30 HCOLOR= 5 Think obovt it
40 FOR I = Q TO 191

4% FORJ = O TO 279

S0 HFPLOT J,1
55 NEXT J
60 NEXT I
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3. HPLOT Xi, Y2 To X2, Y2

In the previous examples, we have already known how to
use HPLOT. Now let's try some examples.

Example 1:

[0 HaR
20 HCOLOR

30 HPLOT &,/0 70279,
/150

10 HER

20 HColorR =3

30 HPLOT o, 0 70 ato,
O 7o X£9,/£0 7o O,
/€9 70 o0, o
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In this program, we may plot a frame.

10 HGBR |

20 HCOLOR= 3
TO.FOR 1 = 0 TO &0 STEP 10€——
40 HPLOT I,I TO 259 - I,I
S50  NEXT I @—

10 HOK

20 HCOL.OK= 3

O OFOR I = O TO &0 STEF 10

40 HPLOT I,I TO 289 - I,I TO 289
- T1,189 -1 :

50 NEXT I

10 HOK

20  HCOLOR= 3

I0 FOR I = O TO &0 STEP 10

40 HPLOT I,I TD 259 - I,I TO 259
1,159 — I TO 1,159 — I TO
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10
20
30
40

wo

HGR
HCOLOR
FOR I

-

=

O TO 150 STEP

S

y S—

HPLOT I.1 TO 259 - I,I TO 259
I,159 - I TO 1,159 - 1 TO

I,1
NEXT I
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LOOP AND ARRAY






In this chapter, we will learn the instruction about
loop control.

Those instructions we have known are as follows:

GOTO, IF ------ THEN, FOR
GOSUB ------ RETURN, POP,

ON -----. GOSUB, ONERR ------ GOTO
RESUME

There are still some new instruction to learn:

ON wovom GOTO, GOSUB---- RETURN,
ON woe - GOSUB, ONERR----- GOTO,
RESUME
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. Comparison between ON..... GOTO, IF.eecss THEN and IF...

" a. The following program computes the number of times
the numbers 1 to 6 appear when a die is rolled 600
times. .

10 FOR I = 1 TO 600

20 B% = RMD (1) % & + 1 .

30 IF B% = 1 THEN A(1) = A(l) + 7
1

40 IF B% = 2 THEN A(2) = A(2) +
1 :

50 IF BZ = 3 THEN A(3) = A(3) +
1

60 IF B%Z = 4 THEN A(4) = A(4) + }
1

70 IF BZ = 5 THEN A(5) = A(S) +
1

B0 IF BZ = & THEN A(&) = A(L) +
1

90 NEXT I

100 FOR I =1 TO é

110 PRINT "A("I")="3;A(I)

120 NEXT I

JIRUN

A(1)=87 A

A(2)=946

A(3) =102

A(4)uFl

A(D) =127

ALY Y7
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b. The following program performs the same actions

as the above one, but it uses IF...GOTO.

FOR I = 1 TO 600 l

10
20 BZ = RND (1) % & + 1
30 IF B% = 1 GOTO 100

40 IF B% = 2 GOTO 110

50 IF B% = 3 GOTO 120

40 IF B% = 4 BOTO 130

70 IF B% = 5 G0TO 140

B0 A(L) = A(L) + 1

90 BGOTO 200

100 A(1) = A1) + 1: GOTO
110 A(2) = A(2) + 13 GOTO
120 A(3) = A(3) + 1: GOTO
130 A4) = A(4) + 1: GOTO
140 A(S) = A(S) + 1: GOTO
200 NEXT I

210 FOR I = 1 TO &

220 PRINT "A("I")="A(I)
230 NEXT I

IRUN

A(1)=87

A(2) =96

A3 =102

A(4)=91

A =127

A(L) =7
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c. As a matter of fact, we can also compute the same

220 PRINT

230 NEXT I

JRUN
A(1)=96
A(2)=108
A(3)=91
A(4)=102
AE) =99
AlL)=104

=1 T0 6 :]
"A("I”)':"A(I) ON

quanity ON..ooos GOTO. Try the following program:
10 FOR I = 1 TO 600
20 B%Z = .RND (1) % & + 1
=0 ON BEY% GOTO 100,110,120,130,14 ¥
0,150
100 A(L) = A1) + 1z GOTO 200
110 A(2) = A(2) + 1z BOTO 200
120 A(3) = A(X) + 1: GOTO 200 -
130 A(4) = A(4) + 1z BOTO 200 ON---
140 A5 = A% + i3 GOTO 200 GO TO
150 A(L) = A(L) + 1
200 NEXT I IF - G0 TO
210 FOR I ""G’OTO

2. IF.....THEN, IF.....THEN.....G&TO and IF

In fact, in MPF-II, the usage of IF.....THEN, IF.
eeoeeTHEN. oo oGOTO and IF.....GOTO are all the
same. For example:
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10 FOR I =1 TO 10

20 A% = RND (1) % 20 + 1

30 IF A% > = 10 THEN 50 «——0 THEN

35 PRINT A%"<10", ‘
40 GOTO 60

50 PRINT AZ"»=10",

60 NEXT I

IRUN

19>=10 6<10 11>=10
1<10 18>=10 203>=10
19>=10 8410 193>=10
2<10

Same

10 FOR I = 1 TO 10

20 A% = RND (1) % 20 + 1

30 IF A%Z > = 10 THEN GOTO S50 <— THEN GO TO
35 PRINT A%"<1Q", _j
40 GOTO &0

50 PRINT A%">=10",

60 NEXT I

JRUN

?<10 18>=10 4<10
17>=10 11>=10 11>=10
145=10 13>=10 6<10
16>=10

10 FOR I = 1 TO 10

20 A% = RND (1) % 20 + 1

30 IF A% > = 10 BOTO 50 &«— GO TO
35 PRINT AZ"<10",

40  GOTO &0

50 PRINT A%"»=10",

60 NEXT I

JRUN

125=10 17>=10 14>=10
7<10 : 3410 : 103=10
13>=10 17>=10 10>=10

17>=10
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'10-2 GOSUB and RETURN
1.GOSUB

A pair of useful instructions in BASIC are GOSUB

We are a pair of

useful nstructions

In some programs, there are tasks we have to per-
form repeatedly, under such circumstances, GOSUB and
RETURN are the most suitable instructions. 1In order to
avoid writing some similar smaller programs over and
over again in various places, we may treat those smaller
programs as subroutines. GOSUB is the acronym of GO and

SUBROUTINE

GO SUBROUTINE

y
GOSUB

2.RETURN

After the computer goes to a subroutine (GOSUB),
it has to come back to its original place to go on
completing the unfinished program. Therefore, in a
program with GOSUB's we have to use RETURN.
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3. Examples and explanation

This program can be divided into two parts:
a main program and a subroutine. Line numbers 10-70
are the main program; line numbers 100-140 are
the subroutine. The instruction GOSUB is in the main
program, while RETURN is in the subroutine.

e P

main program—G&0SUB Sub-program—~RETURN

s
10 X m Y m | ——
20 BOBUB 100
3O XK m 7yY m % . -
40 BGOSUB 100 GOSUB in main program
50 X = 41y = 5 : -
60 GOSUE 100
70 END )
100 REM SUBROUTINE —
110 FOR I = 1 TO X .
120 PRINT Yy RETURN in sub—program
130 NEXT I
140 PRINT
150 RETURN &é——— C£§:>
P

IRUN k
11111 =
ITIIIIZ : o
5555 g N\

(@)

NI

Now, let's examine the execution of this program:

a. In line number 10, assign X=5, Y=1.

b. Line number 20 GOSUB to the beginning of the
subroutine in line number 100.

c. Execute subroutine, after execution, return to line
number 3¢ and assign X=7, Y=3.

d. Line number 40 GOSUB to 100.

e. Again at line 50 assign new values to X and Y and
GOSUB to 10@¢ at line 60, line 70 end of program.



10 X = S5:¥ = 1

20 GOSUE 100 - 100 REM SUBROUTINE
IO X = 7sY = 3 110 FOR I = 1 TO X
40 GOSUBR 100 ¢ 120 PRINT Y3

50 X = 43 = 5 130 NEXT I

b0 GOSUB 100 140 PRINT

70 END 150 RETURN

4. Examples

a. The following program uses a subroutine to
activate a horse with orange legs, a white head
and a blue trunk.

5 HOME
20 BR
30 REM FIRST HORSE CENTER %) The first position £o
40 X = 123Y = IS 4—~e————-;j y ﬁN athﬁe

40 GOSUE 1000 ra

70 REM SECOND HORSE CENTERJ econd position
80 X = 33JsY = 2 The seco P

100  GOSUB 1000
200 END |
1000 REM PUT A HORSE ANYWHERE O
N THE SCREEN
1010 COLOR= 7 Draw a horse
1020 PLOT X,Y - 1
1030 HLIN X,X + 2 AT Y
1040 COLOR= 7
1050 PLOT X,Y + 1
1060 PLOT X + 2,Y + 2 N
1070 COLOR= 15 w /] ‘
1080 "PLOT X - 1,Y - 1
1090  RETURN
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b. When you are executing the above program drawing

a horse, you might make some mistakes. This is
because the beginning position assigned is too

close to the edge of the screen, thus the

coordinate values go beyond the limit of the

screen., In order to check out such a mistake in

the subroutine, we may add the following statement

in the subroutine:

J1012 IF X<1 THEN X=1
11014 IF X>37 THEN X=37
11016 IF Y<1 THEN Y=1

11018 IF Y>»38 THEN Y=38

After the addition, the total program turns out

to be:
5 HOME
20 GR .
ig XREMIZT$R2T3QDRSE CENTER:J First position to draw
60 GOSUE 1000 Q& horse
65 FOR K = 1 TO 500: NEXT K =» delay time
80 X = S3ry o g e CENTERT  gecond position
85 FOR K = 1 TO %001 NEXT K —» dela)/ 1ime
100 BOSUR 1000
200 . END
1000 REM PUT A HORSE ANYWHERE O

N THE SCREEN

1010 COLOR= 7 « )
1012 IF X ¢ 1 THEN X = 1
1014 IF X > 37 THEN. X = 37
1016 IF Y < 1 THEN Y = 1
1018 IF Y > 38 THEN Y = 38 ,
1020 PLOT X,Y - 1 Drow @«
1020 HLIN X, X + 2 AT Y
1040 COLOR= 7 horse
1050 PLOT X,Y + 1
160 PLOT X + 2,Y + 2 e
"070 COLOR= 15 .
1080 PLOT X - 1,Y - 1 4}
1090 RETURN <
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a. In this program, line numbers 65, 85 are added
to delay the movement of the horse.
b. Line numbers 1¢12-16 are to prevent the errors

in

5. Subroutine within a; subroutine

plotting.

«/‘

Sometimes it is desirable to have a subroutine within

a subroutine.

10
20
30
40
S50
2000

2010
20220
2030
2040
2030
3000
3J010
3020

3030

REM MAIN PROGRAM

DIM AC100)

GOSUB 2000

PRINT "END"
END

Try the following:

main program

——

REM FIRST LEVEL SUBROUTINE«— Subprogram

FOR I =1T0 S
ACL) = 5 % I
BOSUE 3000

CNEXT I
RETURN

—_—

REM NEXTED SUEROUTINE <——— Secondary

B(I) = A(ID)
PRINT "A("I")="3A(I),"B("I"

»="R(I)
RETURN

¥ 2+ 1 Subprogram
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P/ease study the program and write down the
result .

RN s s a N,
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103 ON-GOSUB
1. ON-GOTO and ON-GOSUB

ONeoooo GOTO bears a resemblance to ON......GOSUB.
BUT ONeoooos GOTO jumps to a certain line number, while
ONeooso GOSUB jumps to subroutine. Remember, ON.....

..GOSUB has to be used with RETURN. Now try this:

10 FOR I ='1 TO 100
20 B = RND (1) % 3 + | ==
30 ON B% GOTO 100,200,300
100 AC1) = A(1) + 1

110 GOTO 400 ‘J
200 A(2) = A(2) + 1

210 GOTO 400

300 A(3) = A3 + 1

400 NEXT I

410 FOR I = 1 TD 3 ' <=
420 PRINT "A("I")=l;A(I)
430 NEXT I

NO

Ty to rum,

everytime youll get
different result, please
make o record For it,
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10 FOR I = 1 TO

20 BZ = RND (1) % I + |

30 ON B% BOSUB 1Q0,2Q0.3Q0
40 NEXT I R
50  PRINT

60 FOR I = TO 3

70 PRINT "A(I™)=";A(I)
BO NEXT I v
90 END

100 PRINT BY%; <— ON-+--GOSUB
110 A(1) = ALY + 1

120  RETURN

200 PRINT B%; <«
210 A(2) = A2)
220 RETURN
300 PRINT BY%g
T10 A3 = A(X)
320 RETURN
400 NEXT I

o+
=

+ 4
[

IRUN

I12332311221223321 23222122312
A1) =7

A(2)=14

A3 =9

(7]

In the above program, we assign I=1, 2 or 3 by means
of RND. If I=1, then GOSUB will be 10@; I=2, GOSUB 200;
I=3, GOSUB 300. We execute them one by one up to 30 times,
then we print out the statistical figures of 1, 2, 3, etc.
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10.4 ONEER - ---GOTO and RESUME

1.ONEER-----GOTO

If there is a mistake occurs during the computer
execution, the computer will interrupt the execution
of program and print out error message. For example:

10 HOME when
20 FOR I = O TO 10 T =
5 / &

30 PRINT I I o o s
40 NEXT I D (, Can S be

. When the computer starts to run, it will stop
immediately, because I=@¢ and the computer is not
able to execute 5/0.

* JRUN

Q
?DIVISION BY ZERO ERROR IN 30

In BASIC language, the instruction ONERR.....GOTO
is the combination of ON, ERROR and GOTO. When there
is-a mistake occurs, ONERR.....GOTO can prevent
the execution of the program from being interrupted,
because this instruction will produce an unconditional
GOTO to jump to the assigned line number.

ON 'l,'ERROR GO TO
]
ONERR
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10 HOME
20 ONERR G60OTO 100 == -
30 INPUT "ENTER NUMBER "jX
40 Y = 1 / X

B0 PRINT "X="3X,"Y="3V¥

60 GOTO 30

100 PRINT "DON"T INPUT ZERO " —
110 BOTO 20

If error, go to Ioo

IRUN
ENTER NUMBER 56

X=56 Y=.0178571429

ENTER NUMBER 12

X=12 Y=, 0833333333 ]
ENTER NUMBER 0 4= -

‘DON"T INPUT ZERO

ENTER NUMBER " ONERR GOTO

If error, 90~io“”‘

10 HOME

20 ONERR GOTO 100
30 INPUT "ENTER NUMBER "3X

40 PRINT X3 SPC( 3) S@QR (X)

S50 GOTO 30

100 PRINT "IMAGINARY ROOT " SER
i « = X)

110 GoTO 30

JRUN

ENTER NUMEER Sé&

S6 7.48331478

ENTER NUMBER -7

=7 IMAGINARY ROOT 2.64575131
ENTER NUMEER -5

-5 IMAGINARY ROOT . 2.23606798
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MATHEMATICAL FUNCTIONS






In programming, we have to make use of mathematical
operations from time to time. 1In addition to basic
operations such as, +, =, *, /, 4 more advanced
operations called functions are needed.

In BASIC language, functions are generally divided
into arithmetical functions and string functions. We
have studied string functions in chapter 7. 1In this
chapter we will discuss specifically the functions whlch
have been supplied in the MPF-II BASIC language.

We have used the functions INT(X), RND(l) and SQR(X),
now we will discuss the others.

MPF-II BASIC contabns the followihg function:

& e

I SIMLX): Sine function ,
2. COS (x): cosine function
3 TAV (X): tangent function
4 ATV (XD : actangent function
S INYT X)) 0 e integer
6.RVD (1D): e random function
7 RVD (#): random function
8. RM/D ( D+ random function
- 9,86/ O Sign function
lo. ABS ¢x): absgolute function
1. SQR (X):- v Square root -functior(
/2. EXp (x):  exponentiation function

13.406 ):  logrithm function

(o
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11 .1 Trigonometric Functions

SIN(X), COS(X) and TAN(X) are rather important
trigonometric functions. This section explains only
the usage of these three functions.

1. Sine function SIN(X)
In the BASIC language used by MPF-II, the operation of
trigonometric function is based on the unit radian. Thus

the argument in the brackets must be a radian not a degree,
because 360" is equal to 6.28 radians, each radian is equal

.to 57.324804 degrees.,

Each radian i$ equal to $7.324804 degrees

SIN (180)
SIN (3.14)

oh. 1 Know
the angwer
of SIN(6,29)

“W\(w

whats
_the Yesult

k of SIN € 360D

0
>8
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meant to get the SIN(X).

Now, try the following program, this program is

From @" to 360", we first use

line number 3¢ to get the number of degrees in a radian,

and then convert the degress to radians,

number 5¢). A conversion in made for every 15 degree.

N

)

- 237 -

(I/R of line

PRINT "DEG"; TABR( 8);"RADIANS <« Print the title

e degree of each radian

DEG

Imgmﬁ

RADIANS
¢

Radiam

SIN (XD

sine value

10
s TAB( 24);"SIN(X)"
20 PRINT
I0 R = 360 / 6.28 «——— th
40 FOR I = 0 TO STEF 15 .
S50 Y = SIN (I / R)«— Convert to radian
60 PRINT I; TAE( 8)31 / R; TAR(
24)3Y
70 NEXT I
)
L__ IRUN

s DEG  RADIANS SIN(X)
Q (o] O
15 . 261666667 . 258690844
0 . 52ITAXIII . 499770103
45 .785 . 706825181
60 1.08666667 . 865759839
75 1. 30833333 . 96575386
90 1.57 . 999999683
105 1.83166667 . 966165865
120 2. 09IIIIZZ . 8665558
135 2. 355 . 707950909
150 2. 61666667 501148958
165 2. 87833334 . 260228956
180 3. 14 1.59265337E-03
195  3.40166667 -. 257152076
210 3. 66IIIIIZ . 498389979
225 3. 925 . 705697661
240 4. 18666667 . 864961682
2e5; 4. H48TEIIE . 9653EP40S
270 4.71 . 999997146
285 497166667 . 966575419
I00 5. 23IIIIII . 867349563
315 5.495 . 709074841
330 5.756b666467 —. 502526543
345 . 6.01833333 . 261766407
T60 6.28 -3, 1853027E~03

L



2. Cosine function COS(X)

The following program is computes the cosine of

X, it with the above program.

10 PRINT "DEG"j;

N

1
20 PRI
JO0 R

TAB( 8) ; "RADIANS

TAR( 24) 5 "cos(X)"

NT
J60 /7 b6.28

40 FOR I = O TO 3460 STEP 18

- 238 -

50 Y = (C0OS (I / R)
60 PRINT I; TAB( 8)3I / R: TAER(
24)3Y

70 NEXT I
JRUN
DEG RADIANS cos (X)
Q Q i
15 « 261666667 . PLE52601469
J0 L S2IFZIIIZIT .366158094
45 . 785 « 707388269
60 1.044666667 . 3004594689
73 1.30833333 259459981
90 1.57 7. 96I26206E-04
105 1.83166667 -, 257921541
120 2. 09333333 -. 49920802
135 2.355 —. 706261645
150 2.618666667 -. 865361035
165 2.87833334 —-. 2655446939
180 J.14 -. 299998732
195 2. 40166667 —-. 266370948
210 . 6LIFIZIZ -. 846952956
225 3.925 -. 708513099
240 4, 18666667 —-. 9501837209
2595 4,44833333 —. 2609977463
270 4.71 -2.,38897806E-03
289 4,97166667 . 256382449
J00 5. 233333F3 497699443
315 5.495 - 70513323 {B »
330 5.756666467 . 8645561781 *Yf
345 6.01833333 26513124

{ 3460 b6.28 . 799994927

)




3. Tangent function TAN(X)

The following program to compute the tangent of
X. The program is very similar to programs for sine
and cosine.

10 PRINT "DEG"; TAB( 8)3"RADIANS
"3 TABC( 24)"TAN(X) "

20 PRINT

30 R = 360 / 6.28

40 FOR I = O TO 360 STEP 15

S0 Y = TAN (I / R)

60 PRINT I; TAB( 8)3I / R; TAR(

24)3Y

70 NEXT I

JRUN

DEG RADIANS TAN (X)

Q 0 0

15 . 2616664667 . 267806947
30 . S2XAIIF33 . 5769964

45 . 789 . 99920399
60 1.046666867 1.72992922
75 1.30833333 J.722146884
.90 1.57 1258.76523
105 1.831666467 -3.74596809
120 2. 09333333 —-1.73630571
135 2,395 —-1.00279184
150 2.b16666467 - 5791212438
165 2., 87833334 -. 269514557
180 3.14 -1.59265539E-03
195 3. 40166647 . 266100793
210 . HLEIIIIF3 . 574875459
225 3.925 s PPB026273
240 4,186666467 1.72358777°
255 4, 44833333 X, 67865009
270 4,71 . 418.587575
285 4.97166667 3. 77005301
XO0 G, 2ATJTXXE ~1.74271757
318 S. 495 -1.00558968
JZ0 5.79666667 -, 581250008
345 6. 01833333 - 27122346734
360 6.28 —-3.18531886E-03
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11 - 2 The Plotting of Functions

1. Simple diagram

The MPF-II is able to calculate values of numbers as
well as to plot some diagrams of functions. 1In plotting
trigonometric functions we have to revolve the coordinate
axis 90" clockwise, because the number of characters is
limited in the screen and the printer. We have known
that value of the sine ranges between + 1 and - 1. The
screen of MPF-II has only 40 characters for each line,
so we have to use 20 as the medium point. Try the

following program. The key point of this program lies
in line numbers 70 and 84.

Paper  work

ANVAN
U

Rotate 90° degree on

the screen
50 FOR I = O TO 360 STEP 10
60 ¥ = SIN (I / 57.29578)
70 K% = Y % 19 + 20 (:
B0 PRINT TAEC KZ%)g"k"
90 NEXT I :)

In line number 78, Y is the sine value, and its
value is between - 1 and + 1; after Y is multiplied
by 19, its value falls between - 19 and + 19, and then
we add 20 to it, the value of K% will fall between
1 and 39, and which matches the size of the screen.
Line 80 prints out the symbol " * " at TAB (K%),
therefore we will have the following diagram.
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70 K =Y %19 +20

enlarge 19 | times
( between—19 and +19D

graphics i on the
hext Page
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20

UN

-1

il

3
X

S S
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2. Sine function diagram

After we revise the above program, we may have
the following diagram, compare the differences
between this and the previous sine plot them.

10 FOR I = 0 TO 39 nerement ™
] (1
38 ES;?TI' ot the X coordinate
40 PRINT _
50 FOR I = O TO 360 STEP 10
60 Y = SIN (I / 57.29578)
70 K% = Y % 19 + 20
B0 IF K% > 20 THEN 120
) 3" k" TAB( 20) o
70 P?ENI IﬁB( KE " e 1 Print"¥"; then
, ° N} . ”
100 GOTO 130 o
120 ?Rﬁzz TAR( 20 ;". "5 TABR( K% Pt .3 then,
a = \\*_II
130 NEXT I
JRUN ~
................... e & J
. X
X
X
X
%
X
X
X
X
%
X
. ¥
- X
- X
- X
B X
B X
X.
X -
X
X
X
X
X
X
X
X
X
%
X
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11 '3 Other Functiohs

1. Random Function

There are three kinds of random functions in MPF=-II:
RND(l), RND(#) and RND(-1). RND(l) will return a
decimal number between @ and 1.
Try the following program:

S PRINT "RND(¢1)"

10 FOR I =1 TO 3 Print

20 PRINT RND (1), €=== RND (1)
30 NEXT I

40 PRINT

45 PRINT "RND(0) -
S0 FOR I =1 T0 3  Pint
‘60 . PRINT ' RND (0), =  RND. (0)

70 NEXT I
80 . PRINT
B5 PRINT "RND(=2)" Print

50 FOR I = t 70 3 €= RND (-I)
100 PRINT RND ( - I),
110 NEXT I

IRUN

RND (1)

. 235586735 . 186784665
37278107

RND (0) Same

.37278107 . 37278107
W37278107

RND (=2) ,
2.99196472E-08 2,9920%547E-08 .
4,48217179E-08

From the above number we observe that:

a. RND(1l) will return a number between @ and 0.999999999"
b. RND(@) will repeat the previous number the RND

has generated.
c. Each RND(-X) gets a different number,: but the value

is quite small.
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2. Absolute function 1

In mathematics, there must be a methord of computing
absolute value. For instance:

10 FOR I = .= 10 TO 10 STEP S’
20 PRINT "ABS("I")=" ARS (I)
30 NEXT 1

IRUN
ABS (-10)=10
ABS(-5) =5
AES (0) =0
ABES (5) =5
ABS(10) =10

3. Anti-trigonometric function

There is only one anti-trigonometric function —-
ANT(X) -- in MPF-II. Try this:

10 FOR I = - 10 7O 10 STEP §
20 PRINT "ATN("I")=" ATN (I)
30 NEXT I

IRUN
ATN(-10)=-1.47112768
ATN(=-5)=—1.37340077 "'
ATN(Q) =0

ATN(S) =1.37340077
ATN(10)=1.47112763
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4. Sign function SGN(X)

The following program is an example of SGN(X),
if the value of X is negative, the computer prints out
=1; if the value is zero, it prints out @; if the value
is positive, it prints out 1.

{0 FOR I = '— 10 7O 10 STEP §
20 PRINT "SGN("I")="3 SGN (I)
IO NEXT I

IRUN
SBN(-10)=-1
SBN(-5) =-1
SBN(0Q)=0C
SGN(3) =1
SGN(10)=1

5. Exponential function

The use of mathematics in areas such as engineering
and physics require using natural exponents which has
e as its radix. If e to x is equal to Y, then we may
use the following formula to compute Y: e*= Y

'But in BASIC language, we can express it by Y=EXP(X),
try this: '

10 FOR I =1 TO S
20 PRINT "EXP("I")="3; EXP (I)
I0 NEXT I

JRUN
EXP(1)=2.71828183
EXF(2)=7.3820561
EXP (3)=20.08553469
EXP(4)=54,5981501
EXP(5)=148.413159
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6. Logarithm function LOG(X)

LOG(X) is logarithm function which has 10 as its
radix. In computing logarithms, X must be larger
than 8. Try the following program:

10 FOR I = 1 TO S
20 PRINT "LDB("I")=" LOGB (I)
J0 NEXT I

JRUN

LOB(1)=0
LOG(2)=.693147181
LOG(3)=1.09861229
LOB(4)=1.38629436
LOG(5)=1.60943791
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