| NTRODUCTI ON TO THE FI RST EDI T1 ON

This book was witten to satisfy the need for a suitable
volune to acconpany a twenty-six week Evening Centre course
in Basic Conputer Progranmng and the information contained
herein is based on the author's tutorial notes and deals in
detail with the essentials of standard core BASIC

Short denonstration progranms known as "lists" are used during
tutorials to illustrate and explain the current topic under
di scussi on. In a few instances, these denonstrations are
“run" on a conputer during the tutorial session. If this is
not the case, the prograns are discussed in detail during the
tutorial and students are then advised to type in and run the
prograns at the end of each tutorial session to help with an
under st andi ng of the new topic.

Each topic is dealt with by a separate chapter within the
book and associated with each chapter there are generally a
nunber of "set" projects. Practical periods follow each
tutorial and these projects are designed to encourage the use
and provide a better understanding of the newly introduced

subj ect material. The practical periods may occupy one, two
or three weeks depending upon the topic and the nunber of
projects to be dealt wth. Students are encouraged to

conplete as many of these projects as possible, either at
home on their own conputers if available, or at the Evening
Centre during the practical sessions. Many of the projects
will be dealt with in detail by the tutor to ensure that
i nportant aspects are fully expl ai ned.

| NTRODUCTI ON TO THE SECOND EDI TI ON

Subtl e changes in the course, and new advances in technol ogy
have highlighted the need for a new revised edition

Al though the book still deals with a "core" BASIC, the
di al ect for the course has been standardi sed on BBCBasic as |
find nost students who have a home conputer either have, or
can easily acquire, a BBCBasic Interpreter (and it is ny
personal favouritel!).

The demand for the course is such that it now takes place at
nore than one centre, and not only in the evenings. The
course will not necessarily cover every topic in the book, as
many people do not have access to a honme conputer and val ue
all the practical time they can get at the centres. However,
for those who wish to take progranm ng further, a comnpanion
Wor kshop has been started.

BAS| C

The BASI C | anguage was introduced at Dartnouth College, New
Hanpshire, USA in 1964. It was originally designed as a
sinple "high level"™ conputer |anguage intended for the use of
absolute beginners and contains nany easily understood
English words such as "PRINT" and "END'. It proved so
popul ar that where a programm ng | anguage is supplied with a
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conputer it is alnost always a "dialect”™ of BASIC, which
stands for "Beginners All-purpose Synbolic Instruction Code".
It has been nuch nodified, and now incorporates many nore
instructions than the original. At one tinme of day every
different make of hone conputer had its own version, or
di al ect, of Basic, and the nethods of |[|oading and saving
prograns al so varied which neant that prograns witten on one
conput er coul d not be used on anot her.
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In recent years, nuch inproved versions of the |anguage,
addressing and overcomng many of the limtations of the
original, have been issued. Prograns witten in these can now
be conpiled, giving a "stand-al one” program which can be used
wi t hout ever revealing the language the program is witten
in.

There are now two dialects of BASIC that predom nate:
M crosoft Basic, mainly intended for the IBM PC famly of
conputers and their conpatibles, and BBCBasic as used by
Acorn in all their machines, and w dely used in schools.
Both versions can be obtained in forns which can be used on
conputers other that for which they were witten, but the
version concentrated on in the course and this book is
BBCBasi c, since Acorn conputers are used where it is taught.
One area in which there are major differences in syntax is in
the field of graphics, and thus no attenpt is made to
i ntroduce the subject in this book.

What ever version of BASIC be used, there are very fornal

rules of syntax (grammar), and a conputer will not understand
a particular command or statenent unless it be entered in the
correct nanner. A sinple spelling mstake will cause the
conputer to stop execution of a program and supply an error
nmessage indicating what is wong and at which Iine. An
exanple of this is the PRI NTTAB statenent. Some conputers
insist on PRINT TAB, whilst others wll only recognise
PRI NTTAB!

All BASICs can handle words, synbols, and nunbers, and
generally have a built-in ability to carry out "Library
Functi ons", whi ch i ncl ude standard mat hemat i cal and
trigononmetric functions and text handli ng.

No computing course can be non-mathematical, but as far as
possible only a sinple everyday maths ability is required in
order to be able to benefit from and handle effectively, the
requi renents presented by this book and course. Were a
particular fornmula be required, it is given and students are
only expected to know how apply and express it in BASIC. The
normal rules of mathematics are in any case discussed and
revised at an early stage.

The need for program planning cannot be over-enphasised.

This is dealt with in detail in one of the early chapters,
but suffice to say at the nonment that students should have a
supply of quarter-inch squared paper. This will be used to

pl an displays, and to assist in witing prograns, and may be
i kened to the coding fornms used by professional progranmers.

A general word about conputer | anguages. The | anguage used
by the conputer itself (machine code) is a "low level™
| anguage and very fast. Conputers can be directly programred
in machi ne code, or via an assenbler, but it is difficult and
prone to errors. BASICis a "H gh level"” interpreted |anguage
which permts the witing of prograns in an al nost
English-l1ike style. When a BASIC program is run or executed
by the conmputer, each program line is first converted to
machi ne code and then executed. This has to happen every
time the program is run, and thus results in interpreted
BASI C being noticeably slower that nany other |anguages. At
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the I evel of progranm ng taught in this book this will not be
very noti ceabl e.

Were speed of operation is inportant, either a conpileable
BASI C or another |anguage is usually used. Prograns witten

in these are witten to produce a source code, which will not
be run "as is", but will be converted, or "conpiled" to an
obj ect code which will run directly on the conputer.

BASIC is still the single nost w dely-used conmputer | anguage,
and many programmers use nothing el se. It provides a good
grounding for those who may wish to go on to other nore
speci al i sed | anguages. The nodern conpiled versions have
ensured its progression and adaption to the new generation
conputers, and it wll continue to be the first choice for
many  progranmers, both serious and amateur, for the

f oreseeabl e future.

Copyright 1988, 1991, Bill Hayles
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CHAPTER |
A BRI EF H STORY OF COWPUTI NG

Computing really began a little over three hundred years ago
with the introduction in 1642 of the first nechanical
addi ti on/ subtraction machine. The designer and maker of this
machi ne was Blaise Pascal, after whom a nodern conputing
| anguage has been naned. |In 1843, Charles Babbage introduced
the 'Anal ytical Engine', a conplex mechanical system which in
it's design anticipated every section of the nodern digita

conput er. The first electronic computer was introduced in
1941 by Konrad Zuse and in 1944, the IBM M |
el ectromechani cal conputer appeared on the narket. Thi s

conputer was a mass of gears and electronic relays, was slow
in operation, neasured 51 feet long, 8 feet wi de and wei ghed
5 tons!

In 1945, the first fully electronic conputer arrived. Thi s
was known as ENAC (Electronic Nunerical Integrator And
Computer) and it was contained in a roomthe size of a small
house. It used literally hundreds of control sw tches, had
nore than 18,000 electronic valves and wei ghed 30 tons! In
1952 alone this machine suffered 19,000 valve failures. The
power requirement was 200,000 watts (200 Kw) and the nachi ne
was finally retired in 1958.

The arrival of transistors changed the situation considerably
as far as conputers were concerned. These replaced val ves

were nmuch smaller in size, offered greater reliability with a
smal | er power requirenent and were cheaper. The early 1960's
saw the arrival of integrated circuits (1.C.'"s). These were
small and contained the equivalent of a dozen or so
transi stors etched on the surface of a small chip of silicon.
(Today's equivalent to these early 'chips' contain hundreds
of transistor equivalents and are nulti-Ilayered.)

The first "Mni' conputer was produced in 1965 by the Digital
Equi prrent Cor porati on and was known as the PDP-8. It was the
size of a small filing cabinet and cost about £10, 000. Many
nore mni's followed this machine.

1971 saw the discovery and introduction of the first
m croprocessor. The mcroprocessor is the conplete operating
system for a mcroconputer on a silicon chip much snmaller
than the key of a pocket calculator. The m croprocessor was,

in fact, invented for calculator use. The Intel Corporation
were trying to design a single 1.C. that would add, subtract,
multiply and divide. They cane up wth sonething
consi derably nor e versatil e, t he nm cr opr ocessor.

M croprocessors can be pr ogr ammed to function as
calculators, to control traffic lights, time ovens and nany
ot her useful functions. |If the mcroprocessor is used as the
central operating system and if a nenory capability is
incorporated with the mcroprocessor then we have the basis
of the m croconputer. M croprocessors originally cost several
hundred pounds each, now they nmay be bought for less than ten
pounds. They are small, versatile and were first used in
m croconputers in 1975.

The story today is different from that of ten years ago.
Computing is advancing at a startling rate and each year sees
the introduction of new ideas and equi pnent. The range of
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personal conmputers and the uses to which they are put is now
very extensive and their price bears no relation to that of
even a few years ago. For home conputing there are many
cheap and very efficient systens available and in business

the I1BM PC system has set an industry standard which should
sustain for sonme tine yet, as well as beconming the choice for
many as their home machine. The INTEL 80386 and 80486 chips
which offer multitasking facilities will probably becone the
st andar d. Operating speed appears to be the factor which
nost manufacturers are concerned with and faster processors
have changed the face of personal conputing to the extent
that many people now own hone conputer systens nuch nore
powerful than the early mniconputers.

BCP Page



HI STORY & M CROCOVPUTERS
Chapter |

The followi ng are the mains conponents of a m cro-conputer

The CPU or Central Processing Unit - The circuitry in this
section accesses data from nenory, works on it and transfers
it back to nenory again. It also controls all other system
conponents including input-output and nmass-storage. The
heart of the CPUis a mcroprocessor 'chip', sonetines called
a mcroprocessor unit or MPU. Sonme well known chips are the
Intel 8080, 80286 and 80386, and the Mdtorola 6502 as used in
BBC machi nes.

RAM or Random Access Menory - This is where the prograns and

data which we feed the conputer are stored. All information
is stored in a binary form a series of 0's and 1's. Each O
or 1 is known as a 'BIT. Inside the mcroconputer the
bi nary bits of information are usually organised in groups of
ei ght bits. Eight bits is known as 1 'BYTE'. RAM menory
size varies from one conputer to another and it 1is not
uncommon to have RAM nenories of 640K, 1024K or 4096K. 'K

represents 1024 bytes therefore a RAM nenory of 640K wll
provi de storage for 655,360 bytes (5,242,880 bits).

In order to picture what 655,630 bytes neans, assune that
each character stored, for exanple the letter A requires one
byt e. This is not strictly true particularly for nunber
storage range but it does provide sone guide as to nenory
capacity.

Random Access Menory is ternmed as such because of the
conputer's ability to go directly to any byte or position in
this nmenory to either 'read" its contents or to "wite' or
store new information at that point. The conputer can
rapidly access bytes of information at random there is no
need to start at the beginning of the nenory and to
sequentially search all the way through for some item of
informati on or | ocation.

RAM is generally ‘'volatile', this neans that when the
conputer is switched off the contents of nmenory are lost. It
is also erasable: nenory content can be wi ped out to enable
new prograns or data to be stored. Together with this, the
contents of nenory can also be nodified or overwitten as
required. Sonme nore recent conputer systens provide battery
"back-up’ of RAM thus avoiding the loss of information
stored when the conputer is turned off.

ROM or Read Only Menory - Individual bytes of data in this
section of conputer nenory nmay be 'read’ but no 'witing is
permtted. ROM is used to store prograns or data that wll

never be changed. It is 'non-volatile', neaning that the
information stored therein is permanent and will not be |ost
on power - down. ROM is used in conputers to store prograns

used by the CPU to control system conponents and in conputers
with a resident BASIC |anguage, this is where the BASIC
interpreter resides. You will recall from the introduction
that this interpreter is used by the system to convert the
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BASIC instruction into machine |anguage, the |owlevel
| anguage used by the conputer itself.

Sonme ROMs can be erased and these are known as EPROM s,

Erasabl e Programable Read Only Menory. EPROM s can be
erased by wultraviolet light and then reprogrammed as
necessary. An EPROM in a conputer system wll allow a

special program or set of progranms to be utilised by the
system these generally being intended for very specific
operations such as equipnent control or data |ogging. In
everyday |life EPROW are used to control traffic I|ights,
ovens and vehicle electrical systens anobngst numerous other
appl i cati ons.

Sonme conputers have no resident |anguage and BASIC, for
exanpl e, nust be 'loaded" each tinme the system is used. In
this instance, the BASIC interpreter usually occupies an area
of RAM nmenory which is protected against erasure while the
conmputer is on

ROVWPACKS are another way in which prograns nay be nmade
avai lable to the conputer. In many cases, these are sinply
plugged in to a socket provided
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HI STORY & M CROCOVPUTERS
Chapter |

and are imedi ately operative without the need to 'load the
prograns concer ned. The BBC system utilises this option,
which is | ess used these days.

VDM or Video Display Mdule - This converts the electronic
signals from the conputer into 'dot patterns' which show up
on the VDU or Video Display Unit. These dot patterns form
letters, nunbers, synbols or graphic shapes. ©Mny conputers
have dedicated VDU s supplied with the conputer systemitself
but hone conputers are often supplied with a VDM which permt
the use of a television to display information. CGeneral ly,
the resolution obtained froma TV display is not as good as
that produced by a dedicated VDU. Hi gh resol ution versions
of dedicated VDU s provide an extrenely readable display
which is often required when graphic work is being
undert aken. In the past, the conputer system and VDM were
only capable of providing a nonochrone display but many
noder n- day conput er systens of fer col our and hi gh
resol utions.

| NPUT- QUTPUT COMPONENTS

These are often called input-output devices. An input device
is used to transmt both progranms and data to be mani pul at ed
by such progranms, into the conputer

The nobst common m croconputer device is the keyboard. Thi s
| ooks very much like a typewiter keyboard but generally has
a | arger nunber of keys, sone with special functions so that
synbols, graphics and maths fornulas can be typed. The
equivalent to the carriage return on a typewiter is provided
by a key generally marked ' RETURN or "ENTER . A TAB is also
provided and this works in very nuch the sane way as the
conventional typewiter TAB. Sone keyboards have a set of
cursor control keys, these being used to position the cursor
correctly on the screen and in sone cases in conjunction with
other control keys for the purposes of editing text on the
screen.

When a key is depressed on the keyboard, a unique binary code
is generated. For exanple, when you press the A key, the code
01000001 is sent to the conputer. This code can be sent in
ei ther of two ways dependi ng upon the system |If each bit is
sent sinmultaneously on a separate wire then the connection or
transfer is known as parallel and when the bits are sent
sequentially one after the other on a single wire the
connection or transfer is known as serial.

Conmputer peripherals such as printers and plotters are also
designed for use with either serial or parallel connection
and this has to be consi dered when purchasing accessories for
your conputer. There are two standards commonly in use, for
serial connection the standard is known as RS232 and for
paral lel, Centronics.

In a conputer, bits are represented by two different
voltages, usually called "high' for a 1 bit or '"low for the
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O bit. The 1 and the O are also referred to as 'bit on' and
"bit off'. One bit gives only two possible codes, 1 and O
(2"1). Wth eight bits, there are 278 or 256 different
possi bl e codes. A nunber of these codes are used to account
for the alphabet (lower and UPPER case), nunbers, specia
synbols and the codes required for control functions such as
carriage return and cursor novenent.

Most manufacturers wuse the sane basic codes as far as
al phanunerics and standard control functions are concerned.
However, different nmanufacturers often utilise the remaining
codes in different ways to provide for exanple, graphic
characters, reverse field characters and various other
functions.

The standard code system is known as the Anerican Standard
Code for Information Interchange (ASCI1) and on the next page
is a table of sone of the codes for the upper case al phabet
showng the binary code, the character represented or
produced and the deci mal equivalent to the binary code.

BCP Page



HI STORY & M CROCOVPUTERS
Chapter |

Bl NARY CODE CHARACTER DECI VAL
VALUE
01000001 A 65
01000010 B 66
01000011 C 67
01000100 D 68
01000101 E 69
01011010 z 90
00100000 SPACE 32
00001101 RETURN ( CR) 13
For the purposes of programmng in BASIC, you will not need

to know anything about binary codes as this is taken care of
by the electronic circuitry and conponents which conprise the
conputer system It is sonmetines useful to know the deci mal
value for different characters as there are statenments in
BASI C which can utilise this information. The decinmal val ue
for any character can be found from the ASCI| table usually
supplied in the conputer systens' nanual

Conversion of binary to decimal is quite sinple and sone
exanpl es are shown below for an 8 bit code: -

128 64 32 16 8 4 2 1

0 0 0 0 1 0 0 0 = 8 deci mal
Sinply add together

1 0 0 0 0 0 1 0 = 130 deci mal t he
nunbers at the

0 1 0 0 0 0 0 1 = 65 deci mal head
of each col um

1 0 1 1 0 0 0 0 = 176 deci nal

containing a '1'.
1 1 1 1 1 1 1 1 = 255 decima

O her input devices are the nouse, joystick, light pen and
scanner. The nouse, a hand hel d device whose novenents on a
flat surface are echoed to the screen, Is becom ng

increasingly used both as a sinple to understand tool by
newconers to conputers and as an aid to CAD, or Conputer
Ai ded Desi gn. The joystick is nmuch used by conputer ganes
pl ayers. The nmain use of |ight-pen technology is nowadays
confined to use in connection with bar codes and conputerised
retailing and stock control, its use with personal conputers
having largely replaced by the nobuse and the scanner. The
scanner is run over a picture, or sone text, which it wll
convert into a screen imge and conputer file, which can then
be nodified or inported into a docunent wusing a desktop
publ i shing program In the case of text, special prograns
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can perform Optical Character Recognition, and convert the
image into an ASCII text file.

Printers and plotters are both output devices and the
necessary code conversion circuitry needed to convert the
el ectronic signals from the conputer system is built in to
both of these devices. As previously nentioned, these nay be
connected to the conputer via either a parallel or serial
interface. Printers, or 'line printers' as they are
soneti mes known provide 'hard-copy’ or printed output from
the conmputer, this output mght be a copy of a resident
program (listing) or data or information produced by running
such a program The quality of the output varies from one
printer to another, apart from 'draft quality' some provide
what is known as 'near letter quality' (NLQ output and
others 'letter quality' (LQ. This particularly applies to
dot-matrix printers where the characters printed are produced
by a nulti-wire print head. This head prints characters and
shapes made up of a series of dots, these characters being of
hi gher quality, clearer and easier to read the nore wires the
print head uses. Dot-matrix printers are quite capable of
produci ng good quality
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HI STORY & M CROCOVPUTERS
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graphi c output and because of the vast nunber of characters
that can be fornmed with a multi-wre print head, are very
useful when using software such as a Desk Top Publisher (DTP)
or graph draw ng software.

Dai sy wheel printers produce high quality text output but
cannot be wused for graphic output of any sort and are
therefore becomng less frequently used. They are only good
where the main use of the conputer systemis Wrd Processing
(WP) and different varieties of print wheel can be obtained
and wused to provide different output styles. Thei r
di sadvantage is speed and the noise produced during printing,
al though the latter can be overconme by enclosing the printer
in a sound-proof enclosure. Such enclosures can al so be used
for dot-matrix printers which can also produce a noise
pr obl em

Ink Jet printers form characters in a different way to both
of the above as do Laser printers and both of these are
al nost silent in operation. The quality of the output froma
| aser printer is extrenely high and this type of printer is
gradual ly replacing the others in many situations.

Plotters are used for very high quality graphic output, often
enploying nmulticoloured pens to provide attractive and clear
present ati ons. H gh resolution work is possible with the
better quality plotters and many are capable of directly
produci ng transparencies for overhead projection.

A 'nodeni or nodul at or-denodul at or nay be used to transfer to
or receive data as a serial transfer from another conputer by
means of the public tel ephone system The nodem generally
contains the necessary circuitry to convert the signals from
the sending conputer into audible tones which can be sent
dowmn the telephone Iline and conversely, to convert the
i ncom ng audi bl e tones received from another conputer systens
into signals which wll be wunderstood by the receiving
conput er. Modern nodens plug directly into the standard
tel ephone socket and then to the conputer, leaving the
tel ephone still available for normal use.

Net wor ks are another way of connecting conputer systens. A
| ocal area network (LAN) can be used to connect a series of
systens so that software, data and peripheral equipnment can
be shared. For exanple, the BBC m croconputer system may be
networked and this is often found in schools so that hardware
costs can be reduced and teaching material nmade available to
all wusers. The BBC network system is known as ECONET and
gives the tutor the ability to look at the work being done on
any termnal and if necessary to send nessages down to the
term nal concer ned.

MASS STORAGE COVMPONENTS

Anot her nanme for this is OFF-LINE storage. Any prograns or
data in RAM nenory will be |ost when the conputer is turned
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of f, unless the system has a built-in battery back-up. Mass
storage avoids such a loss and the need to retype a program
when next required or to recreate any data |ost on power-down
by providing a nmedium on which such prograns or data nay be
saved or stored for |ater use. The two nost popul ar fornms of
mass storage are hard disk and floppy disk systens. Bot h
enpl oy magnetic recording techniques such as that used for
audi o recordings of nusic and speech and utilise an interface
whi ch converts the bit-signals from the conputer into audio
tones which are recorded on the disk. Conversely, when
rel oading prograns or data, the same interface converts the
audio tones received from the disk and converts them back
into bit-signals which can be understood by the conputer.
Fl oppy disk systenms are commonly wused for honme conputers
since they offer a cheap and readily obtainable way of
providing this storage facility. Standard disks are now
cheaply avail abl e. FIl oppy di sk storage has taken over from
cassette storage. The transfer speed when | oading or saving
afileis nmuch faster, for exanple a program file which takes
one mnute to load fromtape my well load from disk in just
a few seconds. Part of the reason for this is due to the
actual data transfer speed but it can also be attributed to
the way in which files are
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saved to and | oaded from a fl oppy disk. On each disk there
is a 'directory track' which is used to catalogue the files
stored on that disk together with their |ocations. Each file
has a nane as with cassette systens and when that nanme is
used to request a load from disk, the system |looks in the
directory to find the location of the program proceeds
directly to that location and imediately |oads the program
| f a program nane which does not exist is entered, the system
informs the user that the file is not avail abl e.

Fl oppy disks as purchased have to be prepared before use.
During this operation which is known as 'formatting', a
series of invisible circular tracks where files wll be
stored are witten on the disk and a directory is prepared at
the sanme tinme. Depending upon the conputer system there may
be 40 tracks or 80 tracks, each being divided into sectors,
and either one or both sides of the disk nmay be used.
Together with this, storage on the disk may be in either
single or double density, this neaning that twi ce as nuch may
be stored in the sane space. An 80 track disk, double-sided

and double-density wll store 720 Kbytes and quad-density
di sk, which are available for sone systens, wll store 1.2
Moytes (mllion bytes) of data or information. Program and

data files may be stored on disk as one contiguous unit or
may be split into several parts if the space situation

requires it. This situation is totally invisible to the
operator and is dealt wth by the disk operating system
( DCS)

Fl oppy disks are loaded into a disk drive when required and
renroved at the end of the operating session before the
conputer is switched off. They conprise a protective casing
inside which the disk itself is free to rotate, this being
driven by the disk drive notor at about 300 revolutions per
mnute. A drive spindle clanps onto the central hole in the
disk and the 'read-wite' head contacts the disk surface
through a slot in the casing. This head actually rests on
the surface of the disk and may be |ikened to the pick-up of
a record player, the disk is rotating and the head can nove
from the inside track to the outside track of the disk so
that any particular area of the disk can be covered. The
directory normally occupies the central track and all other
tracks are used for data storage. Because of the fact that
fl oppy disks are renovable from the disk drive, they can be
damaged easily and nust therefore be treated with care.
Bendi ng, leaving near a magnetic field or allowng dirt or
liquids onto the disk surface can cause data |oss and they
should always be stored carefully in sturdy storage boxes

Together with this, the fact that the read-wite head
actually contacts the disk surface neans that they wll
eventual |y wear out and copies (backups) should be frequently
made so that duplicate files are always avail able when the
i nevi tabl e happens. Fl oppy disks cone in two common sizes,
5.75" and 3.5".
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Hard disks are a pernmanent part of the conmputer system and
are nounted in a dustproof enclosure. Their capacity is
greater than that of a floppy disk, a conmon capacity being
20 Moyte, although capacities of 100nb or nore are becon ng
i ncreasingly conmon. The read-wite head floats on a cushion
of air just above the disk surface and they are therefore
much nore reliable than floppy disks. Access and transfer
speeds are nmuch faster than for floppy disk systens and they
are alnost essential for business applications where the
prograns and data to be stored are extensive. Li ke all
el ectronic systens, they can fail and data stored on these
di sks should also be periodically backed up. A device known
as a tape streanmer is often used for such an operati on.

A hard disk system generally conprises two or nore disks
nmount ed one above the other on a comon drive spindle and
there are multiple read-wite heads. The nore disks used to
make up the system the greater the overall capacity of the
system as a whol e.
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CHAPTER | |

COMPUTER ARI THVETI C

Three types of nuneric constants or nunbers are allowed in
BASI C.

TYPE EXAMPLES

| nt eger 34, 1, -16, 0, 3752
Deci nal 34.67, -16.016, 100.56
Exponent i al 21E+05, 2.54E-02

| nt eger constants are whol e nunbers, or nunbers which do not
contain a deci mal point.

Deci mal constants are nunbers which contain decinal points.
Exponential constants are the BASIC way of expressing nunbers
ina 'scientific notation', a way to display or store nunbers
in a small space. Please note that the conputer denotes powers
by the carat (") sign, i.e. 42 is shown as 472 and this is how
we shall show it in the book.

E.g. 21E+05 is the sanme as 21 X 1075 which equals 2,100, 000.
Conversion with a positive exponent is achieved by
nmovi ng t he
decimal point, in this exanple, five placed to the
Rl GHT.
and 2.54E-02 is the sane as 2.54 X 107-2 which equal s 0. 0254.
Conversion with a negative exponent is achieved by
nmovi ng t he
decimal point, in this exanple, two places to the LEFT.

It is inportant to be able to recognise the val ues of
exponential constants as the conmputer will occasionally
display results in this form The point at which different
conputers resort to exponential nunber displays depends on the
make of the conputer, but generally very snmall or very |arge
nunbers will be displayed in this form Together with this,

di fferent conputers sonetines display exponential constants in
di fferent ways. For exanple, on sone conputers 2,100, 000 woul d
be displayed as 21E+05, on others it woul d be di splayed as
21ES5.

We use commas to nake | arge nunbers easier to read: in the
exanpl e above we have witten 2,100,000 using comas to
separate the mllions and thousands. Since BASI C does not
all ow the use of commas for this purpose, this nunber would be
entered as 2100000!

ARI THVETI C OPERATORS & EXPRESSI ONS

OPERATCR MATHS SYMBOL BASI C SYMBOL
Exanpl es
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Addi tion + + 5 +

7

Subtraction - - 27.5
- 6.4

Mul tiplication X * 15 *
8.35

D vi si on / 2/ 3

Not e: The _ sign on the BBC conputer cannot be used as the

di vi si on sign!
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COMPUTER ARI THVETI C

Chapter 11

COVPARATI VE OPERATORS
OPERATOR MATHS SYMBOL BASI C
SYMBOL
G eater than > >
Less than < <
G eater than or equal to _ >=
Less than or equal to _ <=
Not equal to _ <>
Note: 'Note equal to' may also be read as 'not the sane as'.

EXPRESSI ONS

An expression is a sequence of nunbers separated by arithnetic
operators.

For exanple:- 3.715 - 2.6135 * 2775

Note: There is no INFERRED nmultiplication in BASIC as there
is in al gebra:-

7ab is inferred nultiplication. This really neans 7 x a

X b
The equi val ent BASI C expression is: 7 * a* b
Anot her exanple: 2(a + b). In BASIC we nust use 2 * (a + b).
RANGE OF NUMBERS
No m croconmputer will normally refuse to handl e nunbers in the

range +10”38.

+10738
-10"38

100000000000000000000000000000000000000
. 00000000000000000000000000000000000001

PRECI SI ON

Many conputers are limted to six or seven significant digits.
For exanple, if we type in 23.156742, the conputer will 'see
it as 23.15674, the first seven digits. The last digit, 2, is
renoved

Most conputers also round the last digit. Consequently, if we
type 23.156748 using a conputer which is limted to seven
significant digits, the conputer wll '"see' it as 23.15675;
the last two digits '48 wll be rounded to 5.
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Note: Precision varies sonewhat with different nakes of
conputer. Sone permt double precision, that is sixteen
significant digits.

Computers can be forced to round results by use of a specific
formula or by a statenent provided in sone varieties of the
BASI C | anguage. One use of this is to enable cash transactions
to be presented to two decimal places (for exanple £23.67).
Forced rounding may al so be used where the precision of the
figures presented is too great and where such precision is not
necessary. Figures may be force-rounded to the nunber of

deci mal pl aces required.
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Chapter 11

ORDER OF OPERATI ONS
The accepted rules are: -

1. | f an expression contains parenthesis (brackets), then
t he operation
within the brackets is performed first.

For exanple: (2 +6) * 2 =8 * 2 =16

2. Then, any EXPONENTI ATION is carried out.
3. This is followed by DI VISION AND MULTI PLI CATI ON
4 Finally, ADD TI ON & SUBTRACTION are carried out.

This order can be renenbered by the word BEDVAS
Brackets, Exponentials, D vision, Miltiplication, Addition,
Subt racti on

For exanple: 8/2 + 6 * 273 -1
= 8/2+6*8-1

= 4+ 48 - 1
= 52 -1
= 51

| f two adj acent operations have the sanme 'priority', then the
operations are perforned fromleft to right:

For exanple: 3 * 4/2 =6

Find the value of the follow ng expressions:

a) 3+ 4* 2 b) 3 + 4 *272 c) (3
+4) * 2
d) 8/4/2 e) (2°3 -5 * 3 -9

Not e:

Nunbers are stored in the conmputer nenory in an exponenti al
format. This can cause problens at tinmes particularly when the
nunbers have been produced by an exponential cal culation. For
exanple 922 will, in sone conputers, produce a result like

81. 000001 rather than the correct value of 81. If the result
had been derived by 9 * 9, it would be 81! This anonmaly will
be dealt with at a relevant point later in this book.
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CHAPTER | 1|
PROGRAM PLANNI NG

As has been nentioned in the introduction to this book, the

i mportance of careful program planni ng cannot be

over - enphasi sed. Just as the creator of any object, be it
artist, architect or carpenter, will make a sketch of the
product before working on the details of the construction, so
shoul d the conputer programer take this approach. Refinenents
can be added at |ater stages but the initial planning is

i nportant because this is the basis on which the renainder
rests.

The primary aimof a conputer programis to produce neani ngful
information in an easily read and understandable form the way
in which this information i s produced being just one of the
factors to be considered. The key point to be renenbered is

t hat good progranms are rarely produced at the conputer
keyboard; they should be planned and witten away fromthe
conputer, only being typed in and tested when you are
satisfied that all the requirenents have been net.

Pr of essi onal conputing often invol ves several stages, each
stage perhaps being carried out by different individuals or
groups. For exanple, displays and graphics output is generally
the concern of a specific group. The final stage is the com ng
t oget her of each part in the formof the programwhich is then
typed into the conputer systemand tested. Systenms Analysis is
one of the early stages in this planning procedure, the
programming formng the final stage and both of these stages
are often dealt with by different individuals or groups.

Most buddi ng programmers find that it is not the conversion of
the plan into BASIC i nstructions which gives them nost
problens, it is the plan itself which requires nost thought.

It is for this reason that you should take an approach simlar
to that nentioned above and also to carefully retain any
witten work produced during the planning stage. This work is
known as 'docunentation' and can be extrenely useful at a
|ater date if a programneeds to be nodified, particularly if
t he program concerned was witten sone tine ago and you have
forgotten what was done to produce it.

Let us exam ne the planning of a programwhich will result in
a display sonething Iike D SPLAY 1 showi ng the conversion of a
tenperature in degrees Centigrade into the equival ent
Fahrenheit tenperature. Quite often, deciding upon the |ayout
for the final display will give you a very good idea of what
you want the programto do and how to achi eve that aim
Together with this, if you are able to sit down with a penci
and paper and cal cul ate or work out what you want then you

al ready know what the program shoul d do!

DI SPLAY 1
TEMPERATURE CONVERSI ON

CENTI GRADE TO FAHRENHEI T

TYPE THE CENTI GRADE TEMPERATURE? 35
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CENTI GRADE FAHRENHEI T

35 95

How shoul d be plan such a display to determ ne the idea

| ocations on the screen for each of the itens conprising this
di spl ay?

I n professional conputing, specially designed forns are
avai l abl e for both display design and programinstruction
witing. These are known generally as coding forns and make
the job easier in many respects. For display design in
particular, it is inportant to use some such guide and for
this purpose we shall use squared paper of the variety that is
found in school mathematics books.
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PROGRAM PLANNI NG
Chapter I11

When considering a display, it is essential to know the VDU or
screen dinensions, this being the nunber of characters that
will fit across the screen and the nunber that will fit down
the screen. Many hone conputers have a standard screen w dth
of 40 characters and a depth of 25 and in sone cases this can
be varied to suit certain circunstances. The BBC m croconputer
has a MODE command which will change the screen di nensions as
required. 1BM PCs and conpati bl es generally offer a screen

wi dth of 80 characters as do many ot her business systens, this
bei ng nost suited to Wrd Processing, Spreadsheet and Dat abase
appl i cations.

For the purpose of this exercise we have a screen with

di mensi ons of 40 x 25 characters. Using squared paper ruled
off to the screen wdth we can determ ne at what | ocations
different itens should be placed to obtain the required

di spl ay:

O
0 N
(S
SIS

(@)
(@3 N Iy
Py I S
<

-
>
T
Py

—
<! [ |
S

m

T

IS N N N G - N .0 N 3 I

T

I = I I I O ) 1

It is clear that using this nethod for screen display design,
particul arly where tabul ar di splays are concerned, does nake
it easier to envisage what the final output will be |like and
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to find the screen |ocations for those itenms conprising the

di splay. To locate the position for an itemso that it is
centred within the width of the screen, we sinply count the
nunber of characters conprising that item subtract this
figure from40, divide the result by 2 and use this value to

| ocate the item across the screen. For the phrase ' TEMPERATURE
CONVERSI ON', this conprises 22 characters including the space
bet ween the two words. Subtract from 40 | eaves 18, divide by 2

gives a value of 9. You will note that this is the TAB
position used in the programon the next page to place this
phrase centrally on the display. The TAB statenment will be

dealt with fully in a later chapter and is only one way of
positioning itens to begin in a specific colum or |ocation
across the screen.

Consi dering the tabul ar display above it is clear that the
foll owi ng stages are required in the final program

1. W firstly need the programto 'clear' the VDU of any
i rrel evant

i nformation remai ning from previous operations. A clean,
cl ear

di splay is a nust!

2. We next want to print a title to indicate what the
pr ogr am does.
Al ways work on the assunption that any programyou wite
will be
used by others as well as yourself. Displays should
t herefore
clearly indicate the purpose of the program

3. Thirdly, we want the conputer to ask the operator for
t he centi grade
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t enperat ure whi ch needs to be convert ed.

4. We now need to print the 'headers', these being the
colum titles.

5. The conmputer should now cal cul ate the Fahrenheit
equi valent to the

centigrade tenperature supplied at stage 3. It is fairly
sinple to

go to a book and to find the fornmula necessary for this
conver si on.

(I'n this course, any formulae required for project work
are

supplied.)

6. W want the conputer to then display both the centigrade
t emperat ure

and the associ ated Fahrenheit equivalent in the colums
on the

di spl ay.

7. Lastly, we want the conputer to stop operation
(execution).

Havi ng pl anned the di splay, we now actually know what we want
the programto do and how this is to be done. Al of this by
sinply | ooking at and thinking about the final display! Al ways
consider the final product before going forward with the

pl anni ng and construction of a conputer program

What we have produced here is an ALGORI THM a defined process
or set of rules for solving a given problem Conversion of
this algorithmto BASIC programinstructions woul d now be easy
and these programinstructions or LINES are shown bel ow,

10  CLS

20 PRI NTTAB(9) ;" TEMPERATURE CONVERS| ON': PRI NT

25 PRI NTTAB(8) ;" CENTI GRADE TO FAHRENHEI T": PRI NT

30  PRINTTAB(4);:|NPUT "TYPE THE CENTI GRADE TEMPERATURE "; C
40 PRI NTTAB(7):" CENTI GRADE" ; TAB( 23) ; " FAHRENHEI T"

45  PRINTTAB(7);"---------- " TAB(23) " e e e " PRI NT

50  LET F=(C*9/5)+32

60 PRI NTTAB(10); C TAB(27):F

70  END

At this stage we have not covered any BASIC statenents but it
is relatively easy to relate the instructions above to the
witten stages produced during planning. Each of the |ines
begins with a nunber. Line 10 containing the BASIC statenent
CLS, this being the instruction understood by the conputer as
meani ng 'clear the screen'. Lines 20 to 45 and line 60 al
have PRI NT and TAB statenents and these relate to the

requi renent to display certain information at a particul ar
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position on the screen. Line 30 al so contains the | NPUT
statenent and you m ght guess correctly that this statenment is
the one used to request information (input) fromthe operator,
via the keyboard. Line 70, END needs no expl anati on.

I n conclusion, always plan your programcarefully, renmenber

t hat di splays often give many clues as to what the program
shoul d do. Use squared paper to plan these displays and do not
approach the conputer until you have a fully witten set of
docunent ati on and a di splay design or designs. Desk check your
witten program by playing the part of the conmputer in an

endeavour to see what will result when your programis
executed. If you adopt this nmethod of programwiting it
cannot be guaranteed that your programs will be error free,

but they should contain far fewer errors than if you conpose
themdirectly at the keyboard. Certainly your displays should
be far cleaner, clearer and attractive having been given nore
forethought. It is always perm ssible to nake nodifications
afterwards to give a final polish to the prograns and this may
be done at the keyboard, but only after typing in and testing
the original plan.
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SCREEN QUTPUT

It has been already noted that many honme conputers have a
standard screen width of 40 characters. This screen is also
divided into four (invisible) 'zones' or 'fields', each being
10 characters wide and in a few conputers this zone w dth may
be changed to suit a particular circunstance. Zones are useful
for multi-colum tabul ar displays and there is a specific
BASI C i nstruction used in conjunction with the PRINT statenent
to force the printing of text and nunmbers in zones. W have

al ready seen that the TAB statenment nay al so be used to | ocate
an itemat a particular position across the screen and both of
t hese nethods for controlling screen output will be dealt with
at greater length in a foll ow ng chapter.

I n most conputers the use of the zoning instruction with both
text and nunbers will produce the follow ng effect. For
exanpl e, suppose we wish to print a table of four colum, each
colum having a header and associated with each header, a
nunber:

TEST 1 TEST 2 TEST 3 AVERAGE

65 50 a7 54

This woul d be how nost conputers woul d display such a

requi renment using the zoning instruction in BASIC. Each item
woul d be printed starting at the beginning of each zone, that
is colums 1,11,21 and 31.

The BBC mi croconputer and ot hers when usi ng BBCBASI C however,
use a different nethod to zone text fromthat which is used
for nunbers. The sane display on the BBC would be as foll ows:

TEST 1 TEST 2 TEST 3 AVERAGE

The text zoning instruction will position each text item
starting at the beginning of the zone, nunbers being placed at
the end of each zone and wor ki ng backwar ds!

This problem may be easily overcone by ignoring the zoning
instruction and using the TAB statenment to position all itens
exactly where you want them

LI NE PRI NTER QUTPUT

Most printers have a paper width of 80 characters; the sane
width as is standard on nmany conputer systens or can be

sel ected on the BBC m croconputer. The zone widths are stil
10 characters. Therefore on a printer there are eight
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avai | abl e zones under normal circunstances. Again, the TAB
statenent may be used to position itenms at the required

| ocation across the paper and this is the nethod that is

r ecomrended.

W will deal with using printers, "hard copy" at a |l ater
st age.
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CHAPTER | V
COVMVANDS & STATEMENTS

There are two ways of giving instructions to the conmputer. The
first is to give it COMWANDS which it will act on i mediately,
the second is to give it a series of nunbered instructions or
STATEMENTS which it will store in nenory and carry out in
sequence when told to do so. Such a stored series of
instructions is called a PROGRAM and the program nay be
EXECUTED when required. Wrds used by BASIC to describe a
desired operation are known as KEYWORDS or RESERVED WORDS.
Many of the keywords in BASIC can be used as both commands and
as statenents in a program Wen a conputer is being used to
enter and i medi ately carry out conmmands, this is known and

t he COVMAND or DI RECT MODE. Conversely, when a series of
statenents are entered, to be executed at a | ater stage, the
node in use is known as the PROGRAM MODE

COMVAND or DI RECT MODE

The keyword 'PRINT' is used to instruct the conputer to print
sonet hing on the screen. For exanple, if you type the
followng |ines and press RETURN at the end of each |ine, the
result obtained will be as shown on the right:

TYPE TH' S & ' RETURN RESULT

PRI NT 35 *2 70

PRINT 6 * 2 - 7 5

PRINT 3 + (9 * 8) 75

PRI NT "HELLO' HELLO

PRI NT "PLEASED TO MEET YOU' PLEASED TO MEET YOU

The conputer in the first three exanples is acting very nuch
like a calculator and can in fact be used as such to do sinple
or conplex calculations. The |ast two exanples show t he
conputers ability to handl e words or phrases (text). The
keyword PRI NT can al so be used as a program node statenent as
will be shown |ater. Some other inportant commands and their
use are listed bel ow

RUN - instruct the conputer to execute or run the
resi dent program

LIST - displays on the screen the 'list' of program
statenments which
go to to nmake up the resident program

NEW - clears nenory and erases the resident program so
that a new

program can be entered. This command shoul d al ways
be used

before starting on a new program

The RETURN key nust always be pressed at the end of each line.
Until this is done, the conmand will not be executed.

PROGRAM MODE
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I f the keyword and associated information is preceded by a
nunber the conmputer assumes that you are entering a program
line and therefore does not act upon it imediately. It sinply
stores that line in menory for later use and will act upon it
when told to do so by neans of the RUN command. |If several
lines which forma programare stored in nmenory then these

will operate in line nunber order when the programis
executed. For exanple, if you type the follow ng, the program
so formed will be stored until you decide to execute or 'run'

it:
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10 CLS
20 PRI NT "HELLO'
30 PRI NT "PLEASED TO MEET YOU

40 PRI NT
50 PRI NT "MY NAME | S FRED!H "
60 END

Remenber to press RETURN at the end of each |ine but before
you do this, check that the line is correct and that you have
made no typing errors. |If you have, use the DELETE key to rub
out the line and retype it. If you discover a m stake in you
line after you have pressed RETURN then retype the |ine
conpletely. The new line that you type will automatically
replace the old one. To verify this, type LIST [RETURN to
list the |atest version of the program (The editing
facilities on nost conputers nmake it relatively easy to edit
or correct lines which contain a m stake wi thout the need to
retype the line in full.)

When ready type RUN [ RETURN] and the programw || execute.
LI NE NUMBERS

These serve two purposes. Firstly, they serve as labels, as a
particul ar statenent may be referred to by it's |ine nunber.
Secondly, and nore inportant, the |line nunber tells the
conputer in which order to execute the statenents.

It is good practice to nunber lines in increnents of 10 or
nore, for exanmple 10, 20, 30, 40 and so on. This allows extra
lines to be inserted into the programlater if so required.
Consi der the part-program bel ow.

TYPED IN TH' S ORDER

10 LET A=5

20 LET B = 6 If we then type 25 LET D= A + B

[ RETURN]

30 LET C =7 and LI ST the result:

40 PRINT A+ B + C

10 LET A=5

20 LET B = 6 This will be displayed showi ng that
we can insert

25 LET D=A+B extra lines by using a |ine nunber in
bet ween

30 LET C =7 exi sting lines.

40 PRINT A+ B + C

If you wish to renove a |line conpletely, this can be done by
typing the relevant |ine nunber only foll owed by RETURN. For
exanple, 25 [ RETURN] would renove |ine 25 fromthe program and
you will be back to the first version typed.
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The standard format for a programline is therefore: LINE
NUMBER st at enent
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CHAPTER V
NUVERI C VARI ABLES & THE LET STATEMENT

The term "nuneric variable" is used to sinply describe an area
in conputer nmenory where a nunber can be stored. It is called
"variabl e" since the content of that area in nenory can be
changed or varied, and nay be pictured as a "box" in which the
nunber resides. This "box" is |abelled with a nane so that
data nmay be stored and retrieved fromit by referring to that
name. Most BASICs permt |engthy variable names such as
"TOTAL" and "ADDRESS" to be used, known as "descriptive

vari abl e names", but since sonme words are invalid in BBCBASIC
when used in upper case, and to reduce the anount of typing we
have to do, we shall normally limt ourselves to small, sinple
| abel s. These will usually be one or two letters of the

al phabet, or a letter of the al phabet followed by one digit.
The letters | and O are best avoided as nuneric vari abl es
because of possible confusion with the figures 1 and O.

The followi ng are all exanpl es of sensible sinple variable
nanes: A, B, C F, Q Z, AG B2.

A few two-letter conbinati ons cannot be used because they
clash with keywords (e.g. IF, ON)

Nunbers or val ues can be stored in nuneric variables by neans
of the LET statenent. Consider the two program|ines bel ow

100 LET P = 25 When executed, 25 will be stored in nuneric
variable P
110 LET X
vari abl e X

5 VWhen executed, 5 will be stored in nuneric

Now consider this line; 120 LET X =P + X If this were
associated with the two |ines above, then when executed, the
val ues stored in P and X woul d be added and the result stored
in nuneric Z. The values in both P and X would still be there;
t hey woul d not have been altered by the operation in line 120.
Wth all expressions such as that on line 120, the operation
on the right of the equals signis first done and then the
result is stored in the variable on the |eft of the equals

si gn.

We shall in the future be neeting what at first sight seens to
be a rather odd situation and this is shown bel ow

200 LET W= W+ 1.

Applying the rule given above concerning expressions, when
this line is executed we would first add 1 to the current

val ue stored in Wand then store the result of this back in W
For exanple, if Wcontained the value 7 before line 200 was
executed then we would add 1 to 7 and store the result 8 back
in W Therefore after line 200 had been executed, Wwould be
equal to 8. This particular use of a nuneric variable is quite
often found when a requirenent to count itens is concerned,
for exanple, we mght use it to permt the conputer to count
the nunber of times a particular action had taken place, such
as the wong answer being given to a question supplied by the
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conputer to the operator. Such a situation mght arise in a
qui z program
Another way to picture this situation is:

NEW VALUE OF W= OLD VALUE OF W+ 1

Renenber that although we have used Wfor this exanple, we

m ght equal ly have used any other valid nuneric variable and
the |ine,

250 LET 2z = Z - 1 would work in exactly the sanme way. Lines
such as 300 LET Z = Z - 1 wll also be encountered. Variabl es
must have an initial value given to them or "initialised".

Li ne 200 above woul d be nonsense if the conputer did not

al ready hold a value form
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You wi || probably have noted that each itemon a programline
has been typed with an intervening space, for exanple 200 LET
W= W+ 1. Many conputers take no notice of such spaces and
woul d under stand 200 LETWW1

as neaning the sanme thing. It is much easier however for you
to read programlines if you use spaces and you are encouraged
to do so. In any case, on some conputer systens certain
program statements require intervening spaces otherw se the
conputer will not understand the statenent and will halt
execution of any programcontaining the incorrect statenent.

It is wise to nane nuneric variables in a way which indicates
t he purpose for which that variable is being used. For
exanple, if a nuneric variable is to be used to hold a
tenperature val ue then perhaps T should be the nanme of that
variable; simlarly, if a figure representing VAT nust be
stored, V could be used.

THE LET STATEMENT

The LET statenent is known as an assignnent statenment. It
assigns values to numeric variables and we shall neet it again
when we deal with STRING VARI ABLES, these being used to store
textual items such as nanes and addresses.

In nmost BASICs, the LET statenent is optional. The conputer
will understand 100 L = 3.987 equally as well as 100 LET L =
3. 987.

The full format for the LET statenent is:

LI NE NUMBER LET NUVERI C VARI ABLE = VALUE OR
EXPRESSI| ON

PROGRAM TRACI NG

This is a technique which is used to 'desk-check' a program
before inplenmenting it on a conputer. The programer nust play
the part of the conmputer and 'run' the program checking the
result of each operation by hand and recording it. In this

way, errors and m stakes can often be found before the program
is typed on the conputer. A sinple exanple follows to indicate
how this desk-check is carried out:

A B C
10 LET A= 6 6
20 LET B = 9 9
30 LETC=A* B 54
40 PRI NT; C Val ue 54 printed
50 END End executi on

The nuneric variables used in the programare |listed and when
their content changes, the new value is witten under the
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vari abl e nane. Comments such as those shown for |ines 40 and
50 are sel f-explanatory.

Vari abl es must have an initial value given to them or be
“initialised". 200 LET W= W+ 1

woul d be nonesense if the conputer did not already hold a
value for W

BCP Page



CHAPTER VI
THE PRI NT & PRI NTTAB STATEMENTS

The ai m of nobst conputer prograns is to present the result of
a particular operation as a display (screen output) or hard
copy (printer output) in a formthat can be easily read and
understood by any operator executing those prograns. Prograns
shoul d al ways be witten on the assunption that other people

will use them Consequently careful thought nust be given to
the style and format of any outputs produced by the program so
that there will be no confusion over what is being presented.

THE PRI NT STATEMENT

This statenent is used to present such results and to display
on the screen textual and nuneric information, both of these
al so being known as data. In the vast mgjority of cases a

PRI NT statenent will produce the sane, if not a very simlar
output in different versions of BASIC. BBCBasic, however,
produces a non-standard out put when printing nuneric
information (nunbers). This has already been referred to in
connection wth screen zones in an earlier chapter.

Wth some BASICs, when a nunber is printed on the screen it
will be printed with both a | eading space and a trailing
space. The | eading space is used for the 'sign' of the nunber,
if that nunber is positive a | eading space will be printed, if
negative, a mnus sign would replace the | eading space before
t he nunber. BBCBasic does not use a leading or trailing space
at all with nunbers but wll, of course, print a mnus sign in
front of a nunber if it is negative.

Together with this, whereas nost conputers print nunbers from
the left of a display zone, BBCBasic places themat the end of
the zone. This is best illustrated by the sinple program bel ow
and the resulting displays:

10 CLS Cl ear the screen

20 LET A= 3 Store the value 3 in nuneric variable A

30 PRINT A Print the value stored in nuneric variable A
40 END Term nat e program execution

| 3 . . . | DI SPLAY 1

| > : : : | <- The display produced with
| : : : | nost BASI Cs

| 3 . . | DI SPLAY 2

| > : : : | <- The di spl ay produced

usi ng

| : : : | BBCBasi c

The dots down each of the above displays indicate the four

i nvisible screen zones. Note the | eadi ng space before the
nunber 3 on DI SPLAY 1 and the way in which the BBC pl aces the
nunber at the end of zone 1 as shown in D SPLAY 2.
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Denonstration prograns used throughout this book are witten
mai nly for use with BBCBasi c.

For the program above, line 30 for the BBCBasic should be: 30
PRI NT; A. Substituting this line would produce a displ ay
simlar to that shown in D SPLAY 2 but with no | eadi ng space
before the nunber. The '>' synbol on each of the displays is

called the "pronpt', it indicates that the conputer is ready
for use and awaiting the next action. The ' ' is the cursor,

or position where the next character will be printed. From now
on, we will assune that we are using BBCBasic when formatting

screen out put.
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We have seen that the PRINT or PRINTTAB statenents nmay be used
to print the value stored in a nuneric variable. W can al so
use either of these statenents to print words or a sequence of
keyboard characters. These are called 'character strings' and
an exanple line foll ows:

230 PRI NT " AREA" This line prints the word AREA

The conmputer prints all of the characters between the quote
mar ks which serve only to indicate the beginning and the end
of the string. The string on line 230 is AREA. Here are sone
further exanples of PRINT statenments with strings:

60 PRINT "**%xxskxssxn 70 PRI NT
o o ;
80 PRI NT "ABC DEF GH " 90 PRI NT

" A1B2C3DAE5F6GrH81 930"

Note that on line 80, there are spaces between the groups of

| etters. Spaces are 'characters' and nmay be used within
strings. Consequently, we may print a persons name by using a
PRI NT st at enent ;

100 PRI NT "W LLI AM BROMN' Prints the string WLLIAM
BROWN

Also, on line 90, there is a mxture of letters and nunbers.
When nunbers are encl osed by quote marks, they are
‘characters' and are no | onger true values. Maths cannot be
done directly on string nunbers.

Consi der the follow ng program

TRACE L w A

90 CLS Cl ear the screen

100 LET L = 20 20

110 LET W= 8 8
List 1 120 LET A=L * W 160

130 PRI NT " AREA" Print the string AREA

140 PRI NT; A PRI NT the val ue of nuneric
variable A

999 END Term nat e program execution

When this programis executed, the follow ng display would
ensue:

| AREA | <- The string AREA printed
hard-| eft

I I

| 160 | <- BBCBasi c output. No

| eadi ng space.
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Now consi der this program

TRACE S B P

90 CLS Cl ear the screen

100 LET S = 300 300

110 LET B = 450 450
List 2 120 LET P=S - B - 150

130 PRI NT "PRCFI T" Print the string PROFIT

140 PRI NT; P Print the value of nuneric
variable P

150 END Term nat e program execution
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Execution of program List 2 would produce the foll ow ng
di spl ay:

| PROFI T | The m nus sign indicating
a negative

| -150 | <- value is printed before

t he nunber.

| >- | Both itenms are printed
hard-1left.

THE PRI NTTAB STATEMENT

The keyword PRI NT used with the keyword TAB form the PRI NTTAB
statenent. This works in very nmuch the same way as the tabs on
a typewiter. The following line would print *** starting in
colum 21 across the screen:

120 PRI NTTAB(20);"***"

This line instructs the conputer to skip (or to nove the
cursor) 20 colums fromthe left and to begin printing in the
next column. The general format for a sinple PRI NTTAB
statenment such as this is:

LI NE NUVBER PRI NTTAB(X);"***" This tells the conputer to
skip X colums fromthe left and to begin printing in colum X
+ 1.

Consi der the follow ng program

90 CLS

100 PRI NT " COLUMN NUVBERS'

110 PRI NT; "12345678901234567890"
List 3 120 PRI NT

200 LET A = 3. 14159

210 PRI NTTAB(5) ; " ANSVER"

220 PRI NTTAB(5): A

999 END

When this programis executed, the foll ow ng woul d be
di spl ayed:

| COLUVN NUMBERS <- String printed hard-|eft

I
| 12345678901234567890 | <- String printed hard-|eft
| | <- 'Blank' line printed
| ANSVEER | <- String printed starting
colum 6
| 3.14159 | <- Value printed starting
colum 6
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| >_ I

The nunber or value in brackets follow ng the PRI NTTAB
statenent is the tab position fromwhich printing wll
commence. This nunber or value may al so be a nuneric variable

or expression. The followi ng programillustrates this:
90 CLS
100 PRI NT; "12345678901234"
List 4 110 LET X = 2
120 PRI NTTAB( X); " ABCD'; TAB( X+6) ; " EFG'
999 END

Not e that we have a sonewhat nore conplex nultiple PRI NTTAB
statenent in List 4. \Wen executed, it would produce the
di spl ay on the next page:
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| 12345678901234 | <- String printed hard-Ileft
| ABCD EFG | <- X =2, therefore string
ABCD is

| > | printed starting in

colum 3 and
| | string EFG starting in
colum 9.

It may make things easier to think of the left nost colum as
colum 0. Then PRINTTAB prints at the appropriate colum
nunber .

Let us look nore carefully at Iine 120 of the above program
120 PRI NTTAB( X) ;" ABCD'; TAB( X+6) ; " EFG'

Not e: 1 The PRINT statenent occurs only once on the
program | i ne.
2 The brackets containing the TAB position.
3 The sem -colon (;) used between each part of the
st at ement
on the |ine.
4 No space between TAB and (X)

Many conputers do not always require the use of a sem -colon
on a programline such as that above. There are sone instances
however, where an error may occur if sem -col ons have not been
used. In order to avoid any confusion, it is reconmended that
sem -col ons are ALWAYS used in conjunction with PRI NTTAB

st at ement s.

Further exanples of nultiple PRINTTAB statenents:

400 PRI NT "NAME"; TAB(15); A: TAB( 25) ; B; TAB(35); C
350 PRI NT TAB(0); T1; TAB(10): T2; TAB(20); T3; TAB(30) ; T4

600 PRINT TAB(0);"NAMVE"; TAB(10);"TEST 1"; TAB(20);"TEST 2";
TAB( 30) ; " AVERAGE"

Note that the first part of Iine 400 PRINT "NAVE" and |ine 600
PRI NT TAB(O);"NAME" will in fact produce exactly the sane
output, this being the word NAME printed hard-left on the
screen.

In Chapter |11, Program Planning, we discussed the use of
squar ed paper n the planning of screen displays. It will now
be apparent that this is a sensible way to approach such a
probl em and that careful planning will make it nuch easier for
you to determ ne the nunber or value that should be used in
any particular PRINTTAB statenent. |f you exam ne the display
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foll ow ng page, you will appreciate the significance of
nmet hod!

The mai n uses of the PRI NTTAB st atenent are:

1 to create tabul ar displays

2 to "draw pictures

3 to plot rather crude graphs.

The format is: LI NE NUMBER PRI NTTAB( X) ; Dat a

For nmultiple statenents:

this

LI NE NUVBER PRI NTTAB( X) ; Dat a; TAB(Y) ; Dat a; TAB(Z) ;

Dat a

or LI NE NUVMBER PRI NT Dat a; TAB( A) ; Dat a; TAB( B) ; Dat a;

TAB( C) ; Dat a

"Data' represents STRINGS, VAR ABLES or EXPRESSI ONS.
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THE PRI NT STATEMENT AND SEM - COLONS

The effect of sem-colons in a PRINTTAB statenent is to ensure
that after noving to the TAB position indicated in brackets,
the cursor will then remain in that position and print the
next itemfromthat point. In other words, the cursor is
prevented fromdropping to the next screen line. The effect

whi ch is produced by the sem -colon may al so be used in
standard PRI NT statenents as shown belowin List 5 which is a
nodi fied version of List 1:

90 CLS
100 LET L = 20
110 LET W= 8

List 5 120 LET A=L * W
130 PRINT "AREA = "; A
999 END

The foll ow ng display woul d ensue on execution of this
program

| AREA = 160 |
| >- I

Sonme further exanples of print statenents using sem -col ons
and their outputs. Assune in each case that the variable W has
been assigned a val ue of 4:

100 PRINT "THE AREA | S"; W" SQUARE | NCHES" -> THE AREA | S 4
SQUARE | NCHES

230 PRINT "YOU GAVE"; W " VWRONG ANSVEERS" -> YOU GAVE 4
VWRONG ANSVEERS

350 PRI NT "YOUR BEST MARK WAS'; W -> YOUR BEST MARK
WAS 4

Renenber that BBCBASI C does not print a | eading space in front
of nunbers or a trailing space after them Consequently, line
100 above, for exanple, executed in BBCBasic would give:

THE AREA | S4ASQUARE | NCHES
To obtain the same out put as above in BBCBasic, these spaces
woul d have to be provided within the strings before and after
t he nuneric vari abl e:

100 PRINT "THE AREA IS "; W" SQUARE | NCHES"

THE PRI NT STATEMENT AND COWAS
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Earlier in this chapter and in the chapter on Program

Pl anning, we briefly discussed screen zones and nmentioned an

i nstruction which could be used to force the printing of itens
in these zones. Wth the standard screen wi dth of 40
characters there are four zones, each of ten characters w dth.
On systens enploying an 80 character width and on |ine
printers, there are eight zones. Sonme conputer systens permt
the standard zone width to be nodified but as this facility
does not apply in many cases we shall not consider it in this
book. These zones provide a sinple nmethod for obtaining
tabul ar di splays, providing that they do not have nore than
four colums of information. W have seen above t hat

sem -colons may be used within PRINT statenents to keep al

out put on the sane screen line. Conmas may be used in a
simlar way but these have the effect of forcing the next item
out put into the next screen zone.
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Consi der the follow ng program

90 CLS
100 PRI NT "LENGITH', "W DTH'", " AREA"
110 LET L = 10
List 6 120 LET W= 12
130 LET A=L * W
140 PRI NT; L, WA
999 END

Execution of this programwould provide the follow ng output:

| LENGTH W DTH AREA | <- Strings printed at start
of zones
| 10 12 120 | <- Values printed at start
of zones
| > | and with | eadi ng spaces,
line 140.

For sinple tabul ar displays where there are no nore than four
colums of information conma zoning may be used or string

out put, but the TAB statenent is often a better choice and
because of the BBC s anomaly in printing nunbers at the end of
each zone, it is probably the best choice if you are witing
progranms for use in BBCBasic. In any case, the TAB statenent
gives you full control over output and you can easily pl ace
itenms at any position across the screen.

Both commas and sem -col ons may be used in the same PRI NT
statenent and an exanple of this follows:

90 CLS
100 LET L = 20
110 LET W= 8

List 7 120 LET A= L * W
130 PRINT "LENGTH = ": L: "WDTH = ": W
140 PRINT "THEREFORE, AREA = "; A

On execution, the follow ng display would ensue:

| LENGTH = 20 WDTH = 8 | <- LENGTH = 20 extends
into zone 2

| THEREFORE, AREA = 160 | and therefore WDTH =
8isin

| >- | zone 3!

THE PRI NT STATEMENT AND APOSTROPHES
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An apostrophe (') in a PRINT statenment forces the cursor to

t he beginning of the next line in the same nmanner as a fresh
PRI NT statenment can do, and can therefore reduce the nunber of
PRI NT statenents necessary.

100 PRINT "JOHN SM TH' ' "32 HI CGH STREET" ' "WELLI NG'
wi |l produce the sane display as

100 PRINT "JOHN SM TH'

110 PRINT "32 H GH STREET"

120 PRI NT "WELLI NG'
shown on the next page
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| JOHN SM TH |
| 32 HI GH STREET |
| VELLI NG |
| >- |

Sem - col ons, commas and apostrophes

90 CLS
100 LET L
110 LET W
LI ST 6A 120 LET A
130 PRI NT

0

* W

2
8
L
"LENGTH', "W DTH""' " AREA" ' ; L; TAB(10); W

TAB(20) ; A
140 END

Not e t he apostrophe and sem -colon after "AREA', i.e. new |line
and first col um.

THE EXTENDED PRI NTTAB STATEMENT

The PRI NTTAB statenent can be used to print to ANY position on
the screen. It takes the general form

PRI NTTAB( A, D)

Wiere A indicates the position fromthe left (from colum 0)
and D indicates the nunber of rows down (the top rowis row
0).

100 PRI NTTAB( 20, 12);"*"
will print a star in the centre of the screen.

Any character already on the screen in the designated position
will be deleted and overwritten.

100 CLS

110 PRI NTTAB( 16, 13); " FLASHI NG'
List 6B 120 PRI NTTAB( 16, 13);" " <- 8
spaces

130 PRI NTTAB( 16, 13); " FLASHI NG'

140 PRI NTTAB( 16, 13);" "

150 PRI NTTAB( 16, 13); " FLASHI NG'

etc ...
will produce a flashing display as the word "flashing" is

alternately witten and then overwitten with spaces.

Li st 6B can be changed to give a continuous flashing display
by adding the line

155 GOrO 110

which will be explained later in the course.
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PRI NTER OUTPUT

Al l of the program out puts above have been shown as displ ayed
on the VDU or screen. Qutput may of course be directed to the
printer and this has been nentioned in Chapter |V, Conmands &
Statenents. There will be instances where you wll require the
actual program output (the result produced on execution) to be
in the formof a hard copy. The statenents required for this
pur pose do however, vary sonmewhat fromBasic to Basic. In a

| ar ge nunber of cases nodification of the PRI NT keyword to

LPRINT will achieve the required result, But, BBCBasic needs
to be given
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instructions to both turn on the printer (VDU2) and to turn it
of f again after use (VDU3).

G ven below is one version of the previous denonstration
program List 3, which illustrates how VDU2 and VDU3 nmay be
used for BBCBasic progranms to direct output to the printer.

90 CLS The VDU2
statenent tells

95 VDU2 the conmputer to
provi de

100 PRI NT " COLUWN NUVBERS® both a screen
di splay and

110 PRI NT "12345678901234567890" a hard copy of
what is
Li st 3a 120 PRI NT produced when the
program

200 LET A = 3.14159 IS executed.
Every PRI NT

210 PRI NT TAB(5) ;" ANSVER' st at ement
bet ween t he VDU2

220 PRI NT TAB(5); A st at enent at
line 95 and the

230 VDU3 VDU3 st at emrent
at line 230

999 END woul d be so

af fected. PRI NT

statenents not 'inside'
a

VDU2 - VDU3 woul d
display to

t he screen only!

To obtain a printout 'hard copy' of your programlisting using
BBCBASI C, enter the foll owi ng commands:

VDU2
LI ST
VDU3

You will be told of any additional comands necessary in

conjunction with the networked printers used in the course
wor kshops.
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CHAPTER VI |
STRI NG VARI ABLES

In the last chapter we di scussed 'character strings' . Another
name for these itens is "string literals' or just sinply a
"string'. In line 230 PRINT "AREA", the word AREA is a
character string or string literal. Every tinme this line is
executed by the conputer this string would al ways be printed
literally as shown. We have introduced nuneric variables in a
previ ous chapter, these being used to store nunbers or val ues
that can change (vary) according to the programinstructions.
In a simlar way, there are areas in nenory where we can store
strings which can vary and these are referred to as STRI NG
VARI ABLES. Here, we have the ability to store nanes,
addresses, itemdescriptions and any other textual or synbol
string. BASIC requires that string variables be naned
differently fromnnuneric vari abl es.

As with numeric variables, nost BASICs permt |engthy variable
nanmes such as "TOTAL" and "ADDRESS' to be used, known as

"descriptive variable nanes', but again, since sone words are
invalid in BBCBASI C when used in upper case, and to reduce the

anount of typing we have to do, we shall limt ourselves to
small, sinple |abels. A string variable name nust end in a
dollar ($) sign. It will often be one or two letters of the

al phabet plus a $, or a letter of the al phabet foll owed by one
digit and a $.

The followi ng are all exanples of sensible sinple string
vari abl e nanes:
A$, B$, C$, F$, B, Z$, AGH, B2$.

Again, a few two-letter conbinations cannot be used because
they clash with keywords (e.g. |F$, ON3).

Fromnow on we will refer to a $ as the string sign, and A$ is
verbally called "A-string".

The nunber of characters that can be stored in a string
variable differs fromconputer to conputer. Wth sone, it is
as little as 18, quite often it is 256 and in a few cases it
can be as nmuch as 4095 or nore.

The assignnent of strings to string variables may be done in
the sane way as with nuneric variables. The LET statenent
(optional) can be used:

For exanpl e; 100 LET S$ = " COWUTER' OR 100 S$ =
" COVWPUTER"'

Not e the quotation marks surrounding the string. These sinply
i ndi cate the beginning and the end of the string and are not a

part of it.
A string variable may be used to store conplex information
such as an address and the following lines illustrate this:

120 LET A$ = "312 G PSY ROAD, WELLI NG KENT."
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340 LET T$
450 LET M
AGAI N

"0223 34452"
"THE ANSVWER THAT YOU GAVE WAS WRONG. PLEASE TRY

Consi der this program

TRACE B3 [o:

10 CLS

20 LET B$ = "HAPPY" HAPPY
List 8 30 LET C$ = "Bl RTHDAY"
Bl RTHDAY

40 PRI NT B$ Print the string in string
vari abl e B$

50 PRI NT C3$ Print the string in string
vari able C3$

60 END Term nate program
execution.
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When executed, the follow ng would displ ay:

| HAPPY | <- String printed
| Bl RTHDAY | <- String printed
| >_ I

If we now nodify line 40 to: 40 PRINT B$;C$ and renove line
50 the follow ng display woul d ensue:

| HAPPYBI RTHDAY | <- Strings printed one after
t he
| > | ot her.

By now changing the sem-colon in line 40 to a comma: 40
PRI NT B$, C$
we woul d obt ai n:

| HAPPY Bl RTHDAY | <- Strings printed in zones
by the
| > | comma i nstruction.

Further nodification by the addition of |ine 35: 35 LET S$ =
and retyping line 40 again to read: 40 PRI NT B$; S$; C$
woul d di spl ay:

| HAPPY Bl RTHDAY | <- Strings B$, S$ and C$
printed
| > | one after the other.

A change to a string assignnment in List 8 could be made by
retyping the relevant Iine or by using the editing facilities
of the conputer. On Acorn conputers, there are four editing
keys marked with arrows. These keys are used to position the
cursor at the beginning of the line to be edited. The COPY key
is then used to copy that line to the bottom of the display
and this line can be edited as required. Suppose for exanple,
that we wi shed to change Iine 30 to read: 30 LET C$ =

"CHRI STMAS'. W woul d position the cursor under the 3 at the
begi nning of the line and press COPY until the foll ow ng had
appeared at the bottom of the display:

30 LET C$ = "BI RTHDAY

Then the DELETE key would be used to 'rub out' BIRTHDAY, the
word CHRI STMAS woul d be typed foll owed by a quote mark ("),
and the RETURN key pressed. The new | ine 30 woul d now read:
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30 LET C$ = "CHRI STMAS', and since this is the |ast version of
that line typed, it would be the current version. The old |ine
30 woul d no | onger exist even though it would still show on
the screen. 'List' would show this!

The rul es which apply to nuneric variables also apply to
string variables, with one ngjor difference. You nmay carry out
mat hs operations on nuneric variables but not on string
vari abl es.

Consi der these prograns:

10 CLS 10 CLS

20 LET A= 2 20 LET A$ = "2"

30 LET B = 5 30 LET B$ = "5"
List 9 40 LET C=A + B List 10 40
LET C$ = A$ + B$

50 PRINT; C 50 PRI NT C$

60 END 60 END
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| 7 | <- List 9 would display the
val ue

| > | stored in variable C, this
bei ng

| | the result of adding A and
B

| 25 | <- List 10 would display the
result of

| >_ | "addi ng' A$ and B$. Wen
you use a

| | pl us sign between string
vari abl es

they are 'joined together.

This process of joining string variables together is known as
CONCATENATION, and it is used in Wrd Processing software
during editing and insertion of text. It is useful in BASIC in
that, for exanple, full nanmes may be constructed fromfirst
and | ast nanes. Let us assune that variable F$ has been
assigned the string ALFRED and that string variable L$ has
been assigned the string TENN SON.

The program statenment: 500 LET N = F$ + " " + L$ would
store the string ALFRED pl us one space plus TENNI SON ( ALFRED
TENNI SON) in string variable N$.

Anot her exanple: Assune that the follow ng assi gnnents have
been made:

N$ = "312" S$ = "G PSY ROAD T$ = "VELLI NG' G =
" KENT"
P$ = "DA16 1JJ"
The statements: 100 LET A1$ = N + ", " + S$ + ", " + T$ +
| 110 LET A2$ = C$ + ", "oy P$ + "

woul d store the full address in two string variables. If these
were then printed by the statenents:

200 PRI NT A1$
210 PRINT A2$ the follow ng would display:

| 312 G PSY ROAD, VELLI NG |
| KENT, DA16 1JJ |
| >_ I
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Consi der the follow ng prograns and determ ne what they would

output to t he screen:

10 CLS
20 LET T$ = "JOHN'
= "READY. . ."
30 LET S§ = " "
" STEADY. . "
List 11 40 LET U$ = "WLLI AVE"
=" "
50 PRINT T$; S$; U$
G, H$, 18
60 END
10 CLS
20 LET B$ = "UNHAPPY"
" DOG
List 13 30 LET B$ = "HAPPY"
40 PRINT " | FEEL "; B$
50 END
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10 CLS
20 LET G$

30 LET H$ =
List 12 40 LET 1$
50 PRI NT
60 END

10 CLS
20 LET A$ =

List 14 30 LET A$ =

40 PRI NT A$
50 END
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Chapter VI
10 CLS
20 LET H$ = "HELLO'
Li st 15 30 PRINT Hf + H$ + H$
40 END

MORE ABOUT EDI TI NG ON ACORN COVPUTERS

Assune that the follow ng program has been typed and that the
errors init were not noticed and corrected during typing.
These errors nmust be corrected before the programis execut ed.

10 CLS

20 LET A = 56
List 16 30 LRT B = 8 <- This line should read 30
LET B = 8

40 LET C = A/B

50 PRONT C <- This line should read 50
PRINT C

60 END

The actions to be taken are:

1 Use the "arrow edit keys to position the cursor under
the 3 of 30.
30 LRT B = 8
2 Press COPY a nunber of times until this appears at the
bottom of the
di spl ay:
30 LR
3 Press DELETE once. This will be the situation:
30 L
4 Press E once. This will now display:
30 LE
5 Press COPY until the remainder of the |line appears:
30 LET B = 8
6 Press RETURN to conplete the editing:

A simlar correction procedure may be used for |ine 50.

Simlar procedures usually apply when using a BBCBasic
interpreter on a non-Acorn conputer.
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CHAPTER VI |

THE | NPUT & GOTO STATEMENTS

The LET statenment which we hae used to assign nuneric val ues
to numeric variables and string values to string variables is
perhaps the sinplest BASIC statenent. It has a di sadvant age
however, in that each time a program containing LET statenents
is executed, the same result will be obtained unless the |lines
containing the LET statenents are nodified by retyping or
editing. Qoviously, this is not very satisfactory since there
is no guarantee that the person using the programw || know
how to do this. W need another statenent which will allow

val ues to be entered and assigned to variables as the program
executes, thus permtting that programto be used for a nunber
of different applications. The statenent which allows this is
known as the INPUT statement and it m ght be used for exanpl e,
where several different values have to be entered in order to
cal cul ate a nunber of different areas.

Consi der this sinple program which uses an | NPUT statenent:

5 CLS

10 PRINT "TELL ME YOUR NAME PLEASE'
List 17 20 I NPUT N$

30 PRINT "HELLO "; N$

40 END
Wen executed, the followi ng display will ensue:
| TELL ME YOUR NAME PLEASE | <- Line 10 string
pri nt ed.
| ?_ | <- I NPUT ' pronpt",
line 20.

At line 20, the conputer waites for a nane to be typed
(entered) fromthe keyboard. Until this is done, no further
action will be taken. The question mark is known as the | NPUT
pronpt and is asking for sonething to be entered fromthe
keyboard. If we now type FRED [RETURN], the string FRED wil |

be assigned to variable N$ and the following will then

di spl ay:

| TELL ME YOUR NAME PLEASE | <- FRED entered in
response to pronpt

| ?FRED | <- QUTPUT fromline 30.
| HELLO FRED |

| >_ I

Qobviously, every time we run this program we can if we so
wi sh enter a different name. The nane entered is assigned by
the conputer to the variable associated with the | NPUT
statenment, in the case above, N$. This method of conputing
where the operator supplies information during program
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executi on and where that

i mmedi ate result

Anot her exanpl e,

vari abl e:

List 18
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90

100
110
120
130
140

information is used to supply an

is known as | NTERACTI VE COVPUTI NG

CLS
LET A$ =
PRI NT A$
| NPUT N$
PRI NT "
END

where the 'question' is stored in a string

"NAVE PLEASE"

PLEASED TO MEET YOQU "; N$



THE | NPUT & GOTO STATEMENTS
Chapter VIII

Execution of List 18 would first display the foll ow ng:

| NAME PLEASE | <- Line 110 string
vari able printed

| ?_ | <- I NPUT pronpt, line
120.

Entering a nane (say, JOHN) followed by [ RETURN] assigns that
nane to N$ and would result in:

| NAME PLEASE |

| ?JOHN | <- JOHN entered in
response to pronpt

| PLEASED TO MEET YOU JOHN | <- Qutput fromline 130.
| >_ I

There is no limt to the nunber of |INPUT statenents which you
can use in a conputer program Here is an exanple which uses
two such INPUTs to get the information required so that the
area of a carpet can be cal cul at ed:

10 CLS

20 PRI NT "WHAT |'S THE LENGTH OF THE CARPET
( YARDS) "

30 I NPUT L
List 19 40 PRI NT "WHAT |'S THE W DTH OF THE CARPET
( YARDS) "

50 | NPUT W

60 LET A=L * W
70 PRINT "THAT WLL BE "; A, " SQUARE YARDS'
80 END

After both pieces of information (say, 5 at line 30 and 4 at
Iine 50) have been entered and the conputer has cal cul ated the
area at line 60, the follow ng woul d be di spl ayed:

| WHAT 1S THE LENGTH OF THE CARPET (YARDS)| <- Line 20 string
printed

| 25 I
to pronpt

| WHAT IS THE WDTH OF THE CARPET (YARDS) | <
printed

| 74 | <- 4, in response
to pronpt

| THAT WLL BE 20 SQUARE YARDS | <
line 70

| >_ I

N

- 5, 1in response

Li ne 40 string

Qut put from
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The advantage of the |INPUT statenent are obvious here. This
short program could be used to cal culate the areas of nany
di fferent pieces of carpet or by a sinple adaptation of the
guestion asked, to calculate the carpet requirenents for any
room or area.

This program | acks sone detail however. For exanple, it does
not have a title, and the screen display is not altogther
attractive and clear. W have nentioned before that al
prograns should be witten so that other operators will be
able to use themeasily and with no fear of a m sunderstandi ng
occuring as to what the programis trying to achieve.

Here is a programwhich will add two nunbers and which

provi des a nmuch clearer display, less likely to be
m sunder st ood by the user:
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THE | NPUT & GOTO STATEMENTS
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70 CLS
80 PRI NTTAB(13); " ADDI NG MACHI NE"
90 PRI NTTAB(13) ;" =============="
100 PRI NT
110 PRI NT "FI RST NUVBER PLEASE"
120 I NPUT A

List 20 130 PRI NT " SECOND NUMBER PLEASE"
140 | NPUT B
145 PRI NT
150 LET T = A+ B
160 PRINT "THE SUMIS "; T
170 END

Wen executed, the conmputer will wait for an input at line 120
and then at |line 140. The result wll then be cal cul ated at
line 150 and di splayed at line 160. The display at the end of
execution will look Iike this (assumng 47 input at line 120
and 53 at |ine 140).

| ADDI NG MACHI NE | <- Line 80 strint printed
| ============== | <- Line 90 string printed
| | <- 'Blank' line printed,
[ine 100

| FI RST NUVBER PLEASE | <- Line 110 string
printed

| 247 | <- 47 entered in response
to pronpt

| SECOND NUMBER PLEASE | <- Line 130 string
printed

| ?53 | <- 53 entered in response
to pronpt

| | <- 'Blank' line printed,
[ine 145

| THE SUM IS 100 | <- Qutput fromline 160.

| >_ I

The followng is a nodified version of List 20. You will note
that a new |ine, 165, has been added and that line 170 now
contains a new statenent, GOTO 80, rather than the END

st at enent above.

70 CLS
80 PRI NT "ADDI NG MACHI NE"
90 PRI NT "=============="
100 PRI NT
110 PRI NT "FI RST NUVBER PLEASE"
120 | NPUT A
List 21 130 PRI NT "SECOND NUVBER PLEASE"
140 | NPUT B
145 PRI NT
150 LET T = A+ B
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160 PRINT "THE SUM IS "; T
165 PRINT "= mmmm o mmmm o mmee oo "
170 GOTO 80

The GOTO statenment is known as an 'unconditional transfer'.
Every time the conmputer executes line 170 in List 21, program

execution will be transferred back to line 80 and execution
will continue fromthis point. This is known as a conti nuous
or 'infinite loop' and provides a repetitive operation
facility so that the programw Il run over and over again
until it is brought to a halt by pressing the ESCAPE key. On
sonme conputers, the key which will stop such a loop is

| abel | ed BREAK or STOP. Wen using BBCBasic, you should press
ESCAPE and not BREAK!
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THE | NPUT & GOTO STATEMENTS
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Repetitive operation is a very useful facility in many
situations. Suppose for exanple that you are an enpl oyer and
you want a program which will cal cul ate your enpl oyees wages
at the end of each week. Such a program m ght be repetitive so
that you could progress through the enployee list entering the
necessary requirenments ofr each enpl oyee using | NPUT
statenents, and the program could then produce their wage
slips without the need to re-execute the programfor each

enpl oyee. There are many other simlar situations where
repetitive operation is useful, this being just one use of the
GOTO st at enent .

The di splay produced by List 21 after one conplete | oop would
be as follows with the I NPUT pronpt for the second tine

t hrough di spl ayed and the conputer awaiting an input or answer
fromthe operator via the keyboard:

| ADDI NG MACHI NE | <- Line 80 strint printed
| ============== | <- Line 90 string printed
| | <- 'Blank' line printed,
[ine 100
| FI RST NUVBER PLEASE | <- Line 110 string
printed
| 247 | <- 47 entered in response
to pronpt
| SECOND NUMBER PLEASE | <- Line 130 string
printed
| ?53 | <- 53 entered in response
to pronpt
| <- 'Blank' line printed,
i ne 145

THE SUM IS 100 <- Qutput fromline 160.

|
ADDI NG MACHI NE | <- Now back to line 80!
—————=———=——=—==—= | etc
I
I
I

FI RST NUMBER PLEASE
?

Pressing the ESCAPE key at this point would stop program
execution. If it was later found necessary to resune execution
fromthis point, this could be done by neans of the CONT
command (short for CONTINUE). Sinply type CONT [ RETURN] and
execution will re-commence fromthe point at which it was

st opped.

THE ENHANCED | NPUT STATENMENT
The above exanples have all used a PRINT statenent to indicate
what information is required and an I NPUT statenent to get

that information fromthe keyboard operator. There is however,
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a statenment which conmbi nes both of these requirenents and
which is available in nost BASI Cs.

Consi der this program

5 CLS
7 PRI NT "Cl RCULAR AREA CALCULATOR!
8 PRINT "--------ccemee e - !
9 PRI NT
List 22 10 LET P = 3. 14159
20 PRINT "WHAT | S THE RADI US"
30 INPUT R
40 LET A= P * R'2
50 PRINT "THE AREA IS "; A;" SQUARE UNI TS"
60 END

BCP Page



THE | NPUT & GOTO STATEMENTS
Chapter VIII

In List 22, the question indicating what is required is being
provided by the PRINT statenent at line 20. On initial
execution the display woul d be:

| € RCULAR AREA CALCULATOR

I
I

I I
| <- Line 20 string printed
| <- Input pronpt, |ine 30.
I

| WHAT | S THE RADI US
| 7_

Now conpare this nodified version which uses the ENHANCED
| NPUT STATEMENT:

5 CLS
7 PRI NT "Cl RCULAR AREA CALCULATOR!
8 PRINT "----mmmmm e e e oo o !
9 PRI NT

Li st 23 10 LET P = 3. 14159

20 I NPUT "WHAT | S THE RADI US"; R

40 LET A= P * R'2

50 PRINT "THE AREA IS "; A;" SQUARE UNI TS"
60 END

You will note that |line 30 has been renoved and that the
guestion and nmeans of getting the required information from
t he operator has now been conmbined in one statenent at |ine
20, the enhanced input statenent. The display foll ows:

| € RCULAR AREA CALCULATOR

| WHAT | S THE RADI US?_
st at enent produces
| | this on the display.

<- Line 20 input

The text within the quote marks on line 20 is printed and the
i nput pronpt follows that text imredi ately on the sanme screen
line. This is obviously a neater way to use the | NPUT
statement .

| NPUT STATEMENT FORMATS

SI MPLE | NPUT: LI NE NUVBER | NPUT Variable (String or
Nuneri c)

Exanpl es: 100 I NPUT R (nuneric input requested)
200 I NPUT R$ (string input requested)

NOTE: |If a statement such as that in line 100 is being used
to request a
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nunmeric input and a string is entered, the conputer
will ask for

the entry to be made again. A nessage such as ' REDO
will be

di spl ayed

Conversely, if the operator supplies a nuneric input
to a string

request such as that in line 200, it will be accepted.
Remenber

that the conputer 'sees' all input to a string request
as

‘characters' and these may be either nunbers or text
or synbol s

such as ';
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| f the response to the I NPUT request at |line 200 above
contains a

comm, the conputer will ignore the comma and all text
after it.

If the follow ng was the response: - 345, Berw ck Road,
only the

' 345" woul d be assigned to R$, the remni nder woul d be

i gnor ed.

Thi s problem can generally be overconme by encl osing
t he response

in quote marks:- "345, Berw ck Road", in which case
t he whol e

response woul d be assigned to RS.

ENHANCED | NPUT: LI NE NUMBER "1 NPUT REQUEST STRING' ; VARI ABLE
(String or

Numeri c)

Exanpl e: 350 I NPUT "WHAT IS THE LENGIH'; L
400 | NPUT "TELL ME YOUR NAME PLEASE"; N$
460 | NPUT "HOURS WORKED THI S WEEK"; HW
570 I NPUT "MARKS FOR TEST 1"; ML

The alternative version to the enhanced i nput statenent is:

LI NE NUMBER PRINT " STRING " ; : INPUT Variable (String
or Nuneric)

Exanples: 780 PRI NT "WHAT IS THE LENGTH'; : | NPUT L

840 PRINT "TELL ME YOUR NAME PLEASE";
| NPUT N$

THE GOTO STATEMENT FORVAT

The format is: LI NE NUVBER GOTO |i ne nunber

Exanpl es: 500 GOTO 650
870 GOTO 100

GOTO i s entered as one word.
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CHAPTER | X
THE DATA, READ & | F- THEN STATEMENTS

We have seen how both the INPUT and LET statenents can be used
to provide data (information) for processing by a conputer
program The interactive |INPUT statenent allows the entry of
such data while the programis running and permts the sane
programto be re-executed so that different sets of data may
be entered and processed. The major use of the LET statenent
is to provide a calculation or processing facility within the
programusing |lines such as 100 LET A= (B + C * D. W have
al so used LET to assign values to variables with |ines such as
10 LET A =6, but it is obvious that if the anount of data to
be assigned is extensive then the programw || be very | engthy
due to the | arge nunber of LET statenents that woul d be
required. In everyday conmputing, extensive anounts of data are
normal Iy stored on disk as external 'datafiles' and the
program accesses these as required. Were there is only a
noder ate anmount of data however, this can be contained within
the program and 'read’ when required. Two new statenents are
used for this type of internal data handling, these being DATA
and READ. The | NPUT, LET, DATA and READ statenents will be
often seen in use together in the sane program since they tend
to be conplenentary to one anot her.

The DATA statenent:- Provides a list or set of data itens,
each item
separated fromthe next by a conm.

The READ statement:- Tells the conputer to read an item (or
itens) from

the data list and to assign that data
itemto a

vari able (numeric or string).

Consi der the follow ng program

1990 CLS

2000 DATA 17, 45, 61, 85, 92 <- Data |ist

2010 READ F <- Read and
assign value to F
Li st 24 2020 PRI NT; F <- Print the
val ue of F

2030 GOTO 2010 <- Transfer back
to 2010 to

2040 END read and

assign the next
value to F

The followi ng is the BBCBASI C di splay on executing List 24:

| 17 | <- First data item
printed
| 45 | <- Second data item
printed
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| 61 | <- Third data item
printed

| 85 | <- Fourth data item
printed

| 92 | <- Fifth data item
printed

| Qut of DATA at |ine 2010 | <- ERROR MESSAGE

| >_ I

When this programis executed, the screen is cleared, the
conputer notes that a DATA |ine exists at |ine 2000, and then
the READ statenent is encountered for the first tine. The
first value, 17, is read and assigned to variable F and at
line 2020 this value is printed. Line 2030 transfers control
back to 2010 where the second val ue, 45, is read and assi gned
to F and at line 2020, this value is printed. This process
continues until all of the other values in the DATA list have
been read and printed, after which Iine 2030 will again
transfer control back to 2010 where the conputer wll attenpt
to read but not be able to find any further values on the DATA
line. This is recognised by the conputer as an error in the
program and the BBC, for exanple, would print the error
message shown on the display above and program executi on woul d
be halted. You will note that the END statenent on |ine 2040
is never executed in this program

THE DATA, READ AND | F- THEN STATEMENTS

Chapter 1X

When a program containing a DATA statenent or statenents is
executed, the conputer uses a 'pointer' to keep track of the
itemthat is the next to be READ on the |ist of DATA itens.
Initially, that pointer will be set to the first itemon the
first DATAline and this is illustrated bel ow

I
10 DATA 17, 45, 61, 85, 92

The 'pointer' is pointing at 17 and this will be the first
value to be assigned to F by the READ statenent on |ine 2010.
The '"pointer' will then nove to the next value on the DATA
line, the value 17 wll be printed at 2020 and |ine 2030 w ||
transfer control back to 2010 again. The situation now wl |
be:

I
10 DATA 17, 45, 61, 85, 92
The pointer is now pointing at 45 and this will be the next
value to be READ and printed. The program continues 'l ooping',
t he poi nter noving as shown bel ow

I
10 DATA 17, 45, 61, 85, 92 Next value to be read is
61

10 DATA 17, 45, 61, 85, 92 Next value to be read is
85
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10 DATA 17, 45, 61, 85, 92 Next value to be read is

92
I
10 DATA 17, 45, 61, 85, 92 NO FURTHER VALUES
AVAI LABLE
The next tinme the READ statenent at |ine 2010 executes, the
conputer will fail to find a value to read and assign to F
This will result in the error nenti oned above.

Errors such as this nust be avoi ded and one of the sinplest
ways to do this is to use a 'dumry value' (also known as a
"flag' or 'stop value') at the end of the DATA list to
indicate that the end of that |ist has been reached. These
dummy val ues are always chosen in such a way that it is
obvious that they are not real or valid values. If, for
exanple, we have a list of DATA itens as shown in List 24,
then we m ght use a dumy val ue such as -999. This value wll
not be printed by the program it is sinply there as an

i ndi cator.

The need for the conputer to be able to recogni se the
occurrence of the dummy val ue neans that we have to introduce
a new BASIC statenment, IF-THEN. This is an exceptionally
powerful statenment in that it gives the conputer a decision
maki ng capability, the nature of the decision being chosen by
t he progranmer when the programis being witten. W shal

| ook at this new statenment in sonme detail shortly but first,
consi der the program bel ow, this program being a nodification
of List 24 and incorporating the IF-THEN statenent in its
sinplest form

2000 DATA 17, 45, 61, 85, 92, -999

2010 READ F
Li st 25 2015 IF F = -999 THEN GOTO 2040 <- The
new | F- THEN

2020 PRI NT; F
st at enent

2030 G&OrT0O 2010
2040 END
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W have added the 'dummy value' (-999) at the end of the DATA
line together with a new line at 2015, the |F-THEN st atenent.
Each tinme Fis read its value is checked to see if it is -999
(l'ine 2015). If the current value of F is not equal to -999

t hen program execution continues at the next |ine (2020) and
the current value for Fis printed; in this instance control
is said to have 'dropped through' to 2020. But when the dummy
value is finally READ, F wll be equal to -999. The |IF-THEN
statenent on line 2015 then transfers control to |ine 2040
where the programis term nated. No error nessage wll ensue
in this case since we have avoi ded runni ng out of DATA itens.

A di agrammati c representation:
2000 DATA 17, 45, 61, 85, 92, - 999

|
\/

= => => => =>2010 READ F

/\ [ ]

[ ] \/
/\ 2015 IF F = -999 THEN GOTO 2040 => => => =>
[ | || |
/\ \/ FALSE \/
| | ||
/\ 2020 PRI NT: F \/

TRUE

[ | [ | [ |
/\ \/ \/
| | <= <= <= <= 2030 GOTO 2010 |
\/
2040 END <= <= <= <= <= <= <= <= <= <= <=

The I F-THEN statenent is a decision-making statenent, a
conditional transfer, the conditions being chosen by the
programmer. The result of a conparison nmade in an | F- THEN
statenent can be either true or false.

|F the statement is true, execution will transfer to the line
nunber foll owi ng THEN

|F the statenment is false, execution continues at the next
program |l i ne.

The follow ng display will ensue when List 25 is execut ed:

| 17 | <- First data item
printed
| 45 | <- Second data item
printed
| 61 | <- Third data item
printed
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| 85 | <- Fourth data item

printed

| 92 | <- Fifth data item
printed

| > | <- NO ERROR MESSAGE!

SYMBOLS WH CH MAY BE USED W TH THE | F- THEN STATEMENT

Conput er Synbol Meani ng
= is equal to or the sane as
< is less than
> is greater than
<= is less than or equal to
>= is greater than or equal to
<> is not equal to or the sane as

THE DATA, READ AND | F- THEN STATEMENTS
Chapter 1X

Exanpl es of sone sinple |IF-THEN st atenents:

100 IF A = 98 THEN 140 If the value stored in numeric
vari able A

is 98 then transfer execution to
i ne 140.

| f not, execution will continue at
t he

l[ine follow ng Iine 100.
230 |F K <> 23 THEN 500 If the value stored in
nunmeric variable K

is not 23 then transfer execution

to |line

500. If it is equal to 23, then
execution

will continue at the line
followng |ine

230.
3509 |F K > 100 THEN 240 If the value stored in

nunmeric variable F

is greater than 100 then transfer

execution to line 240. If that
value is

equal to or less than 100,
execution w |

continue at the line foll ow ng

i ne 350.
500 IF X > 1000 THEN PRI NT "TOO H GH " | f the value stored
in numeric
variable X is greater
t han
1000, TOO HGH wll be
printed. If that val ue
i s equal
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to or less than 1000,

TOO H GH

will not be printed and

execution will continue
at the

line follow ng |Iine 500.
670 |F @ <> "PARI S" THEN PRI NT "WRONG' If the string stored
in string

variable @ is not
PARI' S, WRONG
will be printed. If it

is

PARI' S, WRONG woul d not
be

printed and execution
will

continue at the line
foll ow ng

i ne 670.

Not e:  When conparing the content of a string variable with a
string:

100 IF @ <> "PARI'S" THEN PRI NT "WRONG "
I I

Quot e marks

The string nmust be enclosed in quote marks! Nuneric variabl es
shoul d not have quote marks.

Vari abl es may be conpared with | F-THEN statenments. For
exanpl e:

100 IF G = V THEN 650 230 IF A$ = @ THEN PRI NT
" CORRECT! "
430 IF X < R THEN PRI NT X 560 IF N$ = C$ THEN 1000
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THE DATA STATEMENT AND ' VALUES

The 'values' or itens in DATA statenents nust be separated by
commas:

120 DATA 8,27,-3.5,0, 2. 3E+6
350 DATA FRED, JOHN, Bl LL, ANNE, TERRY, RUTH

DATA statenments may contain integers, decinmals, exponential
nunbers, strings, but not expressions. The foll ow ng DATA
statenents are not valid:

260 DATA 75,86;0,-17.6, 83
Shoul d be a comma

560 DATA 21, -1, A+7, 26
I

Expressions not permtted except as strings

590 DATA 1,-7, 96, 85,

No comma after last item

DATA statenments may occur anywhere within a BASI C program but
as a matter of style and readability, it is suggested that
they are sited either right at the beginning or i mediately
before the END statenent. Putting DATA statenents at the

begi nni ng makes the programrun marginally faster.

TRACE L w A
90 CLS
100 PRI NT "LENGTH'; TAB(10); "W DTH"; TAB( 20) ; " AREA"
110 READ L 20
8 160
120 IF L = -999 THEN GOTO 810 17
9 153
130 READ W 45
6.5 292.5

List 26 140 LET A=L*W
150 PRI NT; L; TAB(10); W TAB(20) ; A
160 GOTO 110
800 DATA 20, 8, 17, 9, 45, 6. 5, - 999
810 END

When executed, this programwould display the follow ng:

| LENGTH W DTH AREA
| 20 8 160 |
| 17 9 153 |
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| 45 6.5 292.5 |

This programillustrates:

1 Two READ st atenments (separate).
2 The | F- THEN st at enent
3 The 'dummy val ue', -999
4 The DATA statenment at the end of the program
(before END).
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LINE 100 - prints the headers
LINE 110 - READS the first value for L fromthe DATA |ist at
| ine 800
LINE 120 - checks to see if the value just READ is the dummy
val ue
LINE 130 - READS the next value for Wfromthe DATA |ist at
| ine 800
LINE 140 - calculates the area A of the rectangle using L and
W
LINE 150 - prints the values of L, Wand A under the headers
LINE 160 - transfers execution back to |line 110 where the next
val ue for

L i s READ.

The DATA val ues are being READ in pairs using TWO separate
READ st atenents. Wien the pointer finally reaches -999 and
this value is READ for L, line 120 wll transfer execution to
line 810 where program execution will term nate, thus avoiding
an OUT OF DATA error.

Progranms of this nature are easily nodified to find other
rectangul ar areas by sinply changing the values on |ine 800 or
by addi ng further values or DATA lines to the program

More than one value at a tinme may be assigned by a READ
statenent. For exanple, the two READ statenents on |lines 110
and 130 coul d be conbined as follows, remenbering to delete
line 130:

110 READ L, W (Note the comma between L and W

If this nodification were to be made to list 26, then we would
have to add an additional 'dummy value' to the DATA |list at

i ne 800:

800 DATA 20, 8, 27,9, 45,6.5,-999, -999

As two val ues are now bei ng READ at one tine, we nust have
sufficient values on the DATA line to avoid an OUT OF DATA
error. Wien these dummy values are finally READ by the

conbi ned READ statenent at line 110, -999 will be assigned to
L and -999 to W The second dummy value (last itemin the DATA
list) may in fact be any val ue whatsoever since it is only the
first dummy value which is being used to check for the end of
the list.

Consi der anot her program

TRACE S N X
2090 CLS
2100 DATA 18,48, 73, 63, 15, 34, - 999 0 0
18
2110 LET S =0 18 1
48
2120 LET N =0 66 2
73
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2130 READ X 139 3

63
List 27 2140 IF X = -999 THEN GOTO 2180 202 4
15

2150 LET S =S + X 217 5
35

2160 LET N= N+ 1 252 6
34

2170 G&OTO 2130 286 7
-999

2180 PRI NT; S/ N; TAB(10) ; S; TAB(20) ; N
2190 END

Thi s program produces the follow ng display:

| 40. 85 286 7 | Di spl ayed are the
average of the
| > | val ues, the sum of the

val ues and
t he nunber of val ues!

At LINE 2180 - S/IN = 286/7 = 40.85 (Average of the val ues)
S = 286 (Sum of all DATA val ues, excluding the
dumy
val ue)
N = 7 (Nunber of DATA val ues READ and
processed).
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THE DATA, READ AND | F- THEN STATEMENTS
Chapter 1X

NOTE: In this program a calculation is being carried out on
a PRINT line, (2180). There is no LET statenent involved. In a
situation such as this, the conputer first calcul ates the
value of S/N and then prints the result.

For exanple, 1200 PRINT A/B + C*3. The expression is first

eval uated and then the result is printed.

List 27 could be used to determ ne the average and the sum of
any nunber of values by sinply retyping Iine 2100 to suit,
adding nore DATA lines if required and renenbering to include
the dumy value, -999, as the last itemon the |ast DATA |line:

For exanpl e: 2100 DATA 18, 48, 73, 63, 15, 35, 34
2101 DATA 67, 32,90, 78, 14, 27, 26
2102 DATA 55, 43, -999

ANALYSI S OF LINES 2110, 2120, 2150, 2160

LI NE 2110 - sets nuneric variable S to zero. This is known as
‘initialising’ a variable and is used in this case to ensure
that Sis at 0 before the programstarts sunmm ng the val ues.
THE | NI TI ALI SATI ON OF VARI ABLES IS A COMVON OPERATION. | T DCES
NOT NECESSARI LY MEAN SETTI NG A VARI ABLE TO ZERO, | T MAY BE SET
TO SOMVE OTHER STARTI NG VALUE. Many BASI Cs have a program
statenent, 'CLEAR . This has the effect of setting al

vari abl es, both nuneric and string, to zero. Setting a string
variable to 'zero' effectively clears out any string content
and | eaves the variable enpty. This is generally called a
"null string'. The statenment LET A$ = "" has the sane effect
for string variabl es as does the CLEAR statenent.

LINE 2120 - initialises nuneric variable N to O.

LINE 2150 - LET S =S + X This type of statenent should be
vi ewed as shown bel ow

LET S = S + X
| | I
NEW VAL UE OLD VALUE LAST DATA VALUE
of S of S READ

(i ncrenent)

It nust be renenbered that when the conputer encounters a
statenment such as this, it firstly calculates the value of the
expression on the right of the equals sign and then assigns
the result of this back to the variable on the |eft of the
equal s sign

First time through: S=0+ 18 Therefore Sis

now 18

Second tinme through: S = 18 + 48 Therefore S is
now 66

Third tinme through: S =66 + 73 Therefore Sis
now 139
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LINE 2160 - LET N= N+ 1. This works as above except that
each time this statenment is executed, the value of N wl|
i ncrease by only 1.

First time through: N=0+1 Therefore Nis
now 1

Second time through: N=1 + 1 Therefore Nis
now 2

Third tinme through: N=2+1 Therefore Nis
now 3

In this case, the variable Nis being used as a 'counter’' and
we shall be dealing with these in nore detail in a later
chapter.
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THE DATA, READ AND | F- THEN STATEMENTS
Chapter 1X

DATA statenent may al so be used to hold strings and READ
statenments wll read these strings provided that the correct
format is used. Consider the follow ng program

90 CLS

100 DATA FRANCE, PARI S, ENGLAND, LONDCN, | RAN
TEHRAN, END, END

110 PRI NT " COUNTRY"; TAB( 10); " CAPI TAL"

120 PRINT "------- ", TAB(10);"------- "
Li st 28 130 PRI NT

140 READ CO%, CA$

150 | F COs="END' THEN GOTO 180

160 PRI NT CCO$; TAB(10); CA$

170 GOTO 140

180 END

Execution of list 28 woul d produce:

| COUNTRY CAPI TAL | <- Print headers (110)
|------- ------- | <- Underline headers (120)
| | <- Print 'blank' line
(130)

| FRANCE PARI S | <- Read & print country &
capital city

| ENGLAND LONDON | <- ditto (l'ines 140,
160)

| I RAN TEHRAN | <- ditto

| > | <- Terminate execution

Now consi der this program and the display produced on
executi on:

100 CLS

110 DATA JOHN BETTS, 01- 303- 6605, FRED SM TH,
01- 387- 7667

120 DATA ANNE BROWKE, 0244- 67654, PAULA W LLI AVS
01- 854- 8773

130 DATA END

200 PRI NTTAB(11) ;" TELEPHONE DI RECTORY"

210 PRI NT
Li st 29 220 PRI NTTAB(5) ;" NAME": TAB( 25) ; " TEL. NO. "

225 PRI NT

230 READ N$

240 |F N$ = "END' THEN 900

250 READ T$

260 PRI NTTAB(5); N$; TAB(25) ; T$

270 GOTO 230

900 END

| TELEPHONE DI RECTORY <- Print title (200)
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| | <- Print 'blank' line

(210)

| NAVE TEL. NO. | <- Print headers
(220)

| | <- Print "blank' line
(225)

| JOHN BETTS 01- 303-6605 | <- Read & print nane
& tel.no.

| FRED SM TH 01-387-7667 | <- ditto (l'ines
230, 250

| ANNE BROWNE 0244- 67654 | <- ditto & 260)
| PAULA W LLI AMS 01-854-8773 | <- Term nate
execution

| > I

Al though in List 29 we are READING two itens, there is only
the need for one dunmy val ue since the READ statenents are
separate, lines 230 and 250. This is an alternative way to
READ nore than one itembut still use only one dumy val ue.
Conpare this with the conmbi ned READ statenent in List 28.

THE DATA, READ AND | F- THEN STATEMENTS
Chapter 1X

As wth numeric values, the strings in a DATA statenent nust
be separated by commas. This neans therefore, that we have to
be careful IF THE STRI NG | TSELF CONTAI NS COWVAS ( EMBEDDED
COMAS). If we look at the followng Iine which is supposed to
represent ONE DATA | TEM an address, we m ght normally
hand-wite such an address using commas as shown on the |line
bel ow. The conmputer however, sees this DATA |ine as containing
FOUR | TEMS, each separated by a comm!:

200 DATA 312, G PSY ROAD, VELLI NG KENT.

If we want the information contained on line 200 to be treated
as ONE DATA I TEM we nust surround that information by quote
mar ks:

200 DATA "312, G PSY ROAD, WELLING KENT."

ALVWAYS USE QUOTE MARKS VWHEN STRI NG | TEMS HAVE EMBEDDED
PUNCTUATI ONl' The followi ng |ines represent THREE DATA | TEVS:

200 DATA "312, G PSY ROAD, WELLING KENT."
210 DATA "25, BERW CK ROAD, WVELLI NG KENT."
220 DATA "THE MANOR, BEXLEY, KENT."

Each of these DATA itens could be READ by ONE STRI NG VARI ABLE
for exanpl e:

500 READ A$ 1st READ. A$
VELLI NG, KENT.

312, G PSY ROAD,

2nd READ: A$

25, BERW CK RQAD,
VELLI NG, KENT.
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DATA statenments may contain m xed string and nuneric itens:

For exanpl e: 10 DATA FRED, 43, 1. 15, ALAN, 27, 3. 86
20 DATA ANN, 21, 2. 20, JUNE, 35, 3.5
30 DATA etc ..........
40 DATA END
100 READ N$
110 IF N$ = "END' THEN 9000

120 READ A H

This set of DATA itens could well be an enpl oyees nane, age
and hourly rate of pay. W would need to READ 3 itens for each
enpl oyee usi ng READ st atenent such as those shown on |lines 100
and 120. By splitting these statenments into a single and
doubl e READ, we need to use only one dumry value and in this
exanpl e, END has been used.

Anot her exanpl e: 1000 DATA BOTHAM 78, COADREY, 196, RI CHARDS
35

1010 DATA EDRICH, 78 etc ..............
1030 DATA END, END

2000 READ PS$, S

Thi s exanpl e uses a conbi ned READ statenent and therefore
needs TWO dumry val ues. The DATA itens could be a pl ayers
nanme and his score.
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LARGEST AND SMALLEST VALUES

We can use the DATA and READ statements with a set of nunbers
to illustrate a common conputer application, the determ nation
of the largest and the smallest value in such a set. Wat her
forecasters for exanple, use this type of operation in

determ ning the hottest and col dest days; statisticians to
check the | east and npbst popul ar choices in a survey.

Consi der this sinple exanple. W wish to find the |argest
nunber in the followng list of nunbers, 3, 8 6, 9 and 2.

W need to use a tenporary storage variable (T) for this
process and nmust first initialise T to a very small val ue, say
-9999. Then we conpare each of the above values (N) with the
current value stored in T and if Nis larger we transfer it to
T. Therefore, T always contains the |argest value READ so far
and at the end of the programw |l hold the | argest overal

val ue.

The process | ook |ike this:

N T

- 9999 <- Initialise to -9999.
Val ue 1 3 <- Conpare N with T. If larger,
transfer Nto

w —

<- Tis now 3
Val ue 2 8 <- Conpare Nwith T. If larger
transfer Nto

o —i

<- Tis now 8
Val ue 3 6 <- Conpare Nwith T. If larger

transfer Nto T

8 <- Tis still 8
Val ue 4 9 <- Conpare Nwith T. If larger,
transfer Nto T

9 <- Tis now?9

Val ue 5 2 <- Conpare Nwith T. If larger
transfer Nto

© -

<- Tis still 9.

The |l argest value is now stored in T.

The follow ng short programw || achieve this aim

Li st 30

100 DATA 3,8,6,9,2,-1 <- Data list, -1 is dumy
val ue

110 LET T = -9999 <- Initialise T to -9999
(smal | val ue)

120 READ N <- Read a value for N
130 IF N =1 THEN 160 <- Term nate at dummy
vari abl e
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140 IF N> T THEN LET T = N <- Check if N greater. If so,
transfer

150 GOTO 120 <- @G0 for next nunber
160 PRI NT "LARGEST NUMBER = "; T <- Print |argest nunber
170 END <- Term nate execution

To find the small est value, only 3 changes need to be nade:

110 LET T = 9999 <- Initialise T to 9999
(large val ue)

140 IF N< T THEN LET T = N <- Check if Nsmaller. If so,
transfer

160 PRI NT "SMALLEST NUMBER = "; T <- Print snallest nunber
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STATEMENT FORMATS

The DATA st at enent

FORIVAT: LI NE NUVMBER  DATA Itenms (Val ues) separated
by conmas.

The DATA line or lines hold a list of itens to be assigned
to

vari abl es by the READ statenent of statenents in the
program

Exanpl es: 100 DATA 34, 78, 45, 23, 90
200 DATA NAI LS, SCREW5, PI NS, TACKS, HAMVERS
CHI SELS

The READ st at enent

FORIVAT: LI NE NUMBER  READ Variable (or variabl es
separ ated by
commas) .

The READ statenent finds the next avail abl e DATA item and
assigns it
to the variable nanmed in the READ statenent. Conbi ned READ
statenents will assign nore than one variable at a tine.

Exanpl es: 300 READ N
350 B$,B,C3$,C D$,D

String values (itens) cannot be assigned to numeric vari abl es
al t hough nuneric val ues can be assigned to string vari abl es!

For exanple: 280 DATA FRED, BI LL, ANN

350 READ N <- This is a nuneric
vari abl e.
The itens on the
DATA | i ne
are string itens and
are

not conpati bl e.

The | F- THEN st at enent

FORMAT: LI NE NUMBER | F condition THEN acti on
"Action' nmay be a transfer to another program
line, for
exanpl e:
120 IF X > 100 THEN 500
130 IF N$ = "JOHN' THEN 780
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"Action' nmay be a BASIC statenent, for exanple:

200 IF G =9 THEN PRI NT " CORRECT!"
300 I F A$ <> "YES" THEN PRI NT " GOODBYE! "

If the condition is FALSE, the conputer proceeds to the
next |ine

nunber following the IF statenent. If the condition is
TRUE, the

conputer will take '"action' indicated after the THEN
st at enent .
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CHAPTER X

THE REM STATEMENT, ASCI| CODES AND THE CHR$ AND ASC FUNCTI ONS

The need for program planni ng has been enphasi sed in an
earlier chapter and the docunentation produced by such a
procedure, in the formof the original witten plan and any
di splay designs, is essential if at a |ater date the program
requires nodification or updating. Such docunentation avoids
the need to go through the programline by line to rediscover
how it works, what variables are used and any ot her rel evant
facts. BASIC provides a statenment which permits the inclusion
of conmments or remarks within the programitself and these
remarks are also a useful aid when trying to determ ne the
facts about that program The new BASIC statenent is 'REM,
short for REMARK, and when the conputer 'sees' a programline
beginning with REM it ignores it and passes on to the next
line. Any information whatsoever may be typed after REM and
this can be used to provide built-in information about the
program action. The conputer will never execute anything on a
line beginning with the REM st at enent.

The followi ng programis a fully REMd version of List 27:

100 REM PROGRAM TO DETERM NE THE SUM
110 REM AVERAGE AND NUMBER OF VALUES
120 REM PROCESSED, BY ALAN W LLI AMS.
130 REM WRI TTEN 10TH JUNE, 1987.
140 REM
150 REM VARI ABLES USED: -
160 REM S - SUM OF ALL VALUES

List 31 170 REM N - NUMBER OF VALUES
180 REM X - "READ VAR ABLE
190 REM DUMWY VALUE | S -999
200 REM
2090 CLS
2100 DATA 18, 48, 73, 63, 15, 35, 34, - 999
2105 REM THE NEXT TWO LI NES I NI TI ALI SE
2106 REM S AND N (TO ZERO)

2110 LET S =0
2120 LET N= 0
2130 READ X

2140 |F X = -999 THEN GOTO 2180
2142 REM LINE 2150 SUMS THE DATA VALUES AND
2144 REM LINE 2160 COUNTS THE NUMBER OF VALUES
2150 LET S = S + X

2160 LET N= N + 1

2170 GOTO 2130

2180 PRI NT; S/ N; TAB(10); S; TAB(20) ; N

2190 END

This version would obviously be nuch easier to understand than
the original version, particularly for people other than the
actual programmer. In lengthy prograns the use of REM
statenents is al nbst mandatory. These statenents can be
inserted to descri be what each conponent part of the program
does. The 'run-time' version of such a program often has al

of the REM statenents renoved as each statenent does use sone
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of the computer nenory, although this is not a problemon a
conputer with a ot of nenory.

BCP Page



THE REM STATEMENT, ASCI|I CODES AND THE CHR$ AND ASC FUNCTI ONS
Chapter X

ASCI | CODES
When the conputer sends text to the printer, to another
conputer, or even to the screen, it does not actually send the
pattern of dots which would make up the text characters, but
rather a nunber between 0 and 255. The other device will then
convert this nunber to a character or an operation such as a
carriage feed. Handling text in this way is nmuch faster, and
requires nuch |l ess nenory than sending a dot pattern or
"bit-map'. It is therefore rather inportant for the devices to
have the sane code for the sanme character. The set of codes
al nost universally used by all mcros is known as the ASCl |
set. ASCI| stands for American Standard Code for |nformation
| nt erchange, and was agreed in 1966 for use in teleprinter and
ot her dataconmmuni cations applications. It was derived from an
earlier five-bit code, naned Baudot after its inventor, which
had been used since the last century for tickertape machines,
telexes and teleprinters. ASCII was originally defined as a
seven-bit code, allow ng 128 conbi nations (0-127). Codes 32 to
126 are defined characters, whilst 0-31 and 127 define
operations, and are called Control Codes. For m cro-conputers,
whi |l st the characters assigned to 32-127 are nore or |ess
uni versal, the same cannot be said for sone of the control
codes 0-31. The BBC in particular goes its owmn way with these
codes. The standard ASCI|I codes O to 31, with their BBC
nmeani ngs, are as foll ows:

CODE | NAME | STANDARD MEANI NG | BBC MEANI NG
I I I
I

I | I I
| O | NUL | Null or blank (i.e. nothing)| Does nothing
I
| 1 | SOH | Start of header | Send 1 character
to printer |
| 2 | STX | Start of text | Printer output
on |
| 3 | ETX | End of text | Printer output
of f
| 4 | EOT | End of transm ssion | Separate text
and graphi c cursors|
| 5 | ENQ | Enquiry | Join text and
gr aphi cs cursor |
| 6 | ACK | Acknow edge (positive) | Enabl e VDU
drivers
| 7 | BEL | Bell, buzzer or sounder | Sound ' beep
I
| 8 | BS | Backspace | Backspace
I
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| 9 | HT | Horizontal tab

I

| 10 | LF | Line feed

I

| 11 | VT | Vertical tab

I

| 12 | FF | Form feed
(printer) /CLS (screen)|

| 13 | CR | Carriage return (enter)
I

| 14 | SO | shift out

I

| 15 | SlI | Shift in

I

| 16 | DLE | Data link escape
gr aphi cs screen) |

| 17 | DCL | Device control 1
I

| 18 | DC2 | Device control 2
colour ) 1,(p) |

| 19 | DC3 | Device control 3
col our for col. no.(p)]|

| 20 | DC4 | Device control 4
actual col ours |

| 21 | NAK | Negative acknow edge
drivers |

| 22 | SYN | Synchronisation
I

| 23 | ETB | End text bl ock
user-defined character (p)|

| 24 | CAN | Cancel

wi ndow (p) |

| 25 | EM | End of nedium

I

| 26 | SUB | Substitute or end of file
w ndows |

| 27 | ESC | Escape

I

| 28 | FS | File separator

wi ndow (p) |

| 29 | GS | G oup separator
origin (p) |

| 30 | RS | Record separator
to TAB(O, 0) |

| 31 | US | Unit separator

Hori zontal tab
Li ne feed
Vertical tab
Form f eed
Carriage return
Page node on
Page node of f
CLG (d ear

Col our (p)

GCOL (graphics
New act ual
Restore defaul t
Di sabl e VDU
Mode (p)

Create

Def i ne graphics
PLOT (p)
Restore defaul t
Does not hi ng
Defi ne text
Def i ne graphics
Move text cursor

MOVE (p)

Code 127 neans backspace and del ete both as standard and on

t he BBC.

(p) nmeans that the code has to be used with paraneters.
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THE REM STATEMENT, ASCl |

Chapt er

X

CODES AND THE CHR$ AND ASC FUNCTI ONS

The codes 32 to 126 refer to actual

to nmost m cro-conputers.

characters and are common

5______
(@)

ASCIl | CHR$ | ASCII | CHR$ | ASCII | CHR$ | ASCII | CHRS |
CHR$ |
I I I I I I I I | _
I |

I | I I I I I I I I
| 32 | Space| 33 | ! | 34 | | 35 | #
36 | $ |
| 37 | % | 38 | & | 39 | |40 | (|
ar | ) |
| 42 | > | 43 | + | 44 | , | 45 | - |
46 | . |
| 47 |/ | 48 | O | 49 | 1 | 50 | 2 |
51 | 3 |
| 52 | 4 | 53 | 5 | 54 | 6 | 55 | 7 |
56 | 8 |
| 57 | 9 | 58 | | 59 | | 60 | <
61 | = |
| 62 | > | 63 | ? | 64 | @ | 65 | A |
66 | B |
| 67 | € | 68 | D | 69 | E | 70 | F |
71 | G |
| 72 | H | 73 | o | 74 | J | 75 | K |
76 | L |
| 77 | M | 78 | N | 79 | o | 8 | P |
81 | Q|
| 82 | R | 8 | S | 8 | T | 8 | U |
86 | V |
| 87 | w | 8 | X | 89 | Y | 9 | Z
°on | [ |
| 92 | v | 9 | 1 [ 9% | ~ | 9 | _ |
% | |
| 97 | a | 98 | b | 99 | ¢ | 100 | d
100 | e |
| 102 | f | 103 | g | 104 | h | 105 | i |
106 | j |
| 107 | Kk | 108 | | | 2109 | m | 110 | n |
111 | o |
| 112 | p | 113 | ¢q | 114 | r | 115 | s
116 | t |
| 117 | u | 118 | v | 119 | w | 120 | x |
121 |y |
| 122 | z | 123 | { | 124 | | | 125 | }
126 | ~ |
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Comput ers commonly use an eight-bit (1 byte) character set,
whi ch doubl es the nunmber of characters to 255. There is no
comon agreenent as to the use of these codes. On the IBMP.C
and its derivatives, 128-168 represent 'foreign' characters
(156 is the £ sign); 169 to 223 are 'graphic' characters
usable in text node; 224 to 239 are G eek al phabet characters,
and 240 to 253 are additional mathematical synbols. Mst
printers have the Epsomlitalic Set as their default setting.
This is inconpatible with the I BM set beyond nunber 127, and
this gives rise to the problens when trying to print out, for
exanpl e, the boxes obtainable using the |IBM graphic
characters. Many printers can be configured to the IBMset to
avoi d these problens. On the BBC, codes 128-255 vary in
meani ng dependi ng on the node.

You may wonder what relevance this has to our study of BASIC
BASI C supplies us with two functions, CHR$ and ASC which
enabl e us to nmake use of ASCI| codes and convert between the
character and the code and vi ce-versa.

CHR$(n) will give a one-character string corresponding to the
ASCI| code n i.e. 100 PRI NT CHR$( 65)

will print a capital A on the screen

and 100 PRI NT CHR$(49)

will print the figure 1

I n addition, the use of CHR$ will enable us to print
characters not obtainable on the keyboard:

100 PRI NT CHR$(252)
in node 7 on Acorn conputers will produce two parallel |ines.
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CHR$ can al so be used with certain control codes to produce
ef fects:
100 PRI NT CHR$(7)
w || cause al nost any conputer to 'beep' and
100 PRI NT CHR$(12)
w Il have the sanme effect as
100 CLS

One word of warning: when CHR$() is used with certain contro
codes, you will be asking the conputer to do the inpossible
and it will '"hang'. However, this will cause no damage to the
machi ne, which will have to be reset. The first time this
happens to you, call the tutor who will show you the recovery
t echni que.

ASC is the reverse of CHR$, and will give a nunber
corresponding to a character

i.e. 100 PRI NT ASC("a")

will print the figure 97.

The follow ng programw ||l give you a screen display of the
mai n character set:
100 REM LI STING TO d VE SCREEN DI SPLAY OF ASCI | SET
110 LET N=31
120 CLS
130 LET N=N+1
List 3la 140 PRINT; N;" "; CHR$(N),
150 I F N=127 THEN GOTO 170
160 GOTO 130
170 END

I f you would like the screen display to be tidier add the
following |ine:

105 @&8
amend |ine 170:

170 @#10
and add |ine 180:

180 END

For the time being don't worry how | ines 105 and 170 work.

Two final words: when using BBCBasic on a machine other than a
genui ne BBC, the character set is that for the machine

(al though as already stated in nost cases they are identical).
Secondly, a peculiarity of BBCBasic is that its VDU

statenent, which is not found in other basics, is for many

pur poses exactly the sane as PRINT CHR$, i.e. VDU65 is the
sane as PRI NT CHR$(65).
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CHAPTER XI

THE RESTORE STATEMENT & MULTI STATEMENT LI NES

Many applications in conputing require that the sanme DATA be
READ over and over again. W have seen however, that if having
READ all of the itenms in a DATA list, we try to READ agai n,
then an QUT OF DATA error will occur! This is illustrated

bel ow:

I
100 DATA 4,63,-9,0,-999

After having READ all itens and the dummy variable (-999) the
"pointer' will be pointing at the position after the -999. Any
further attenpts to READ again will result in an error. To
overcome this problemand to enable us to RE-READ t he DATA we
need sone nethod of returning the pointer to the first val ue
on the first DATA |ine. The RESTORE statenent nakes this
possi bl e

Below, is a sinple program the function of which is to

di splay the location of an itemin a store. The program al | ows
a search to be made through the DATA itens and if the item
required is found the shelf and bin nunbers are di splayed. The
DATA list entries conprise the itemnane, its shelf nunber and
the binin which it is stored:

10 DATA SCREWS, 2, 3, NAI LS, 5, 27 <- |Item nanes, shelf

nunbers &

20 DATA NUTS, 1, 14, BOLTS, 2, 14 bi n nunbers

30 DATA PI NS, 3, 7, WASHERS, 7, 23

40 DATA END, 0, 0 <- Dunmy val ues

50 CLS

60 | NPUT "WHAT | TEM "; QB <- Ask operator for
i tem nane

70 READ 1$,S,B <- READ itemand its
| ocati on
List 32 80 IF 1$ = "END' THEN 140 <- Check if |ist
end reached

90 IF I$ = @ THEN 110 <- Check if item
required

100 GOrO 70 <- Go back for next
READ

110 PRINT "SHELF ";S,"BIN "; B <- Print location if
f ound

120 RESTORE <- Set pointer back
to start

130 GOTO 60 <- o back for next
sear ch

140 PRI NT "NOT STOCKED! " <- Indicate itemis
not |isted

150 RESTORE <- Set pointer back
to start

160 GOTO 60 <- o back for next
sear ch.

Execution of this program m ght display:
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| WHAT | TEM? NUTS | <- Location of
NUTS?

| SHELF 1 BIN 14 | <- Location

di spl ayed

| WHAT | TEM? NAI LS | <- Location of
NAI LS?

| SHELF 5 BIN 27 | <- Location

di spl ayed

| WHAT | TEM? HAMVERS | <- Location of
HAMVERS?

| NOT STOCKED! | <- Not found
nessage.

| WHAT | TEM? |

This programis an infinite | oop. The ESCAPE key woul d need to
be depressed to term nate execution.
NOTE: 1. Line 40 - 3 dunmy values since at line 70, 3 itens
are bei ng READ.
2. Line 60 - The answer INPUT to this request is known as

the 'target

string'. For this to be found, it nust exist in the |ist
exactly as

typed in at line 60. For exanple, a space typed after
t he word

SCREW5S woul d result in a 'NOT STOCKED!' nmessage!. An
exact match is

required.
3. Line 80 - After each READ, we nust check to see if the
end of the

DATA |i st has been reached. This nust be done before the
conpari son
at line 90.
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4. Line 90 - Check to see if the target string (@) is the
sanme as the
item (1$) just read at line 70. If so, execution
transfers to line
110 where the shelf and bin nunbers are displ ayed.
5. Line 100 - Goes back for next READ if no match.
6. Lines 120/ 150 - Reset the DATA pointer back to the first
i tem
(SCREW5) in the DATA |ist.
7. Lines 130/160 - Goes back for the next item search.

Li st 32 contains the sinplest exanple of a search routine, the
i kes of which have any applications in both the business and
personal conputing fields and there are a nunber of different
search routines avail able which are very nuch faster than
this. For the sake of space, the DATA list in this programis
very short but it could be nmuch Ionger if required and m ght
contain for exanple, nanes and addresses, stanp collection

i nformation, tel ephone nunbers, record/conpact disc
information and so on. The DATA, READ and RESTORE st atenents
used together are a sinple and straightforward nethod for
provi di ng such a Database facility on a personal conputer
system The di sadvantage of this programis that any

nodi fications required to DATA itens nmust be done by editing
t he DATA |lines accordingly. Consequently, if, for exanple, the
| ocati on of SCREWS was changed in the store, the DATA entry
woul d have to be edited to accomodate this change. Thus the
reason for enploying external datafiles on di sk where such
nodi fi cati ons can be made and recorded while the programis
runni ng. The methods for handling external datafiles are not
covered in this book, but are covered in the conpani on second
year course.

MULTI STATEMENT LI NES

Li nes 120/ 130 and 150/160 in List 32 duplicate the sane
operation, nanely:

RESTORE
GOT10 60

We could nodify the programto avoid this duplication and the
subsequent waste of program space by making the foll ow ng
changes:

80 IF 1$ = "END' THEN PRI NT "NOT STOCKED': GOTO 120

Li nes 140, 150 and 160 rmay be del eted as they are no | onger
required. Line 80 is an exanple of a multistatenent |ine.
There are now two statements on this line, the |IF-THEN
statenent and the GOTO statenent. Note that they are separated
by a COLON. When the conputer executes line 80 the conparison
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is made to check if the end of the DATA |ist has been reached.
If so, the nessage is printed and execution transfers to line
120. If not, execution 'drops through' to line 90 and
continues fromthere.

Lines 120 and 130 may al so be conmbined to read, 120, RESTORE
GOT0 60.

The second hal f of the program would now | ook |ike this:

80 IF 1$ = "END' THE PRI NT "NOT STOCKED! ": GOTO 120
90 IF 1$ = @ THEN 110
100 G&OT1O 70

110 PRI NT "SHELF ";S,"BIN'; B
120 RESTORE: GOTO 60
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The conputer 'sees' lines 80 and 120 as each having two
separate statenents, the colon being used to separate these
statenents. Multistatenment |ines can provide a notable saving
in menory in lengthy prograns and sonetines nmake a program
nore efficient. They can however nmake a programlisting
difficult to read. It is generally obvious where sone
advantage is to be gained in a program by using nultistatenent
[ines.

Exanpl es of nultistatenent |ines:
1. 10 A=4:B=-7: C=0: D=345
2. 20 1F X =8 THE PRINT "WRONGE ": W= W+ 1: GOTO 20
3. 50 PRINT "HELLO': PRINT "NICE TO SEE YQu "
4. 90 PRI NT: PRI NT: PRI NT

1. Values are assigned to four variables using one program
I'ine.

2. If the value of X = 8 then the nessage WRONG is printed,
the value of Wis increnented by 1 and execution is
transferred to line 20. If not,

program execution would continue at the line following |ine
20.

3. This line, when executed would print: HELLO

4. Three 'blank' lines would be printed on the screen.

Sonme care nust be taken wth nultistatenent |ines. For
exanpl e, when there are two | F-THEN statenents on one

mul ti statenment programline, providing the first |T-THEN
statenent is true the second | F-THEN statenent will be
executed. If however, the first |IF-THEN statenent is false,
the second will not be 'seen' by the conputer!

STATEMENT FORNVATS
The RESTORE st at enent :
LI NE NUMBER RESTORE

Action: The conputer resets the DATA pointer to the beginning
of the DATA

list. (Note that sonme BASIC s have a RESTORE st at enent
that will

reset the pointer to any designated itemin the DATA
list, but this

is not avail able on nost systens.)

MULTI STATEMENT LI NES:
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LI NE NUMBER STATEMENT : STATEMENT : STATEMENT :

STATEMENT
Action: Permts the use of nore than one statenent on a

program | i ne.
Statenents are separated by COLONS
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CHAPTER XI |
ROUNDI NG & RANDOM NUMBERS

BASI C has a built-in set of 'Library Functions'. W have

al ready encountered CHR$ and ASC, and we shall neet nore in a
| ater chapter. Two of these functions are particularly useful
in many situations and we shall therefore deal with these two
now. It was nentioned in the chapter on Conputer Arithnetic
that m croconputers generally work to a precision of six or
seven significant digits but if, for exanple, we are witing a
program i nvol ving cash transactions we sinply require figures
presented to two deci mal places (pounds and pence). W
therefore need the ability to correctly '"round results to
this format and some conputers have their own particul ar
statenent for this purpose. In this book, we shall use a
roundi ng expression which will work in any BASIC and which
uses one of the BASIC |library functions, INT. This is short
for INTEGER and it has effect of renmoving any figures after a
deci mal point, |leaving a whole nunber result, so if we "INT
5.678, the result is 5, the deciml conponent .678 having been
removed. The effect of this statenent is to produce a whole
nunber result not greater than the original nunber! Bel ow are
sonme exanples of this statenent in use

100 LET X = I NT(98. 54532) <- 98 stored in X after
execution
230 LET Y = INT(12.1) <- 12 stored in Y after
execution
345 LET Z = INT(-5.6) <- -6 stored in Z after
executi on!
(Note: -5 is greater than
-5.6!)

The statenent to round any value stored in say X, to two

deci mal places is

LET X = (INT(X * 100 + 0.5))/100. Followi ng, is an explanation
of this statenent. Let us assune that the value stored in X is
6. 5367 and we want this value rounded to two deci mal places:
Step 1 Move the decimal point two places to the right by

mul ti plying by 100. X * 100

(653. 67)

Step 2 Add .5 to the nunber.
X * 100 + 0.5 (654. 17)

Step 3 | NTECER t hi s val ue.
I NT(X * 100 + 0.5) (654)

Step 4 Move the deci mal point back two places by dividing by
100.

(INT (X * 100 + 0.5))/100 (6.54) This is the rounded
val ue of X

To round to one decimal place use LET X = (INT(X * 10 +
0.5))/ 10.
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RANDOM NUMBERS

BASI C has the ability to produce random nunbers which nmay be
used for the purposes of simulations, ganes of change or
random tests. These nunbers are not entirely random but for
nost uses may be considered so. A few BASICS require the use
of an additional statenent before the random nunber generator,
usual |y RANDOM ZE, but this is not a general requirenent.

In BBCBasic the statement LET X=RND wi Il store a random whol e
nunber between -2147483648 and 2147483647 in the variable X
In other common BASICs to use the sane statenent woul d produce
a decimal value between 0 and 1. On its own, this is not
particularly useful, but it can be used to obtain a random
nunber between any given limts:
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ROUNDI NG & RANDOM NUMBERS
Chapter Xl

Consi dering BBCBasic only, a statenent in the formLET
X=RND(Y), where Y is a whole nunber, will give X a random
val ue between 1 and Y. Therefore, to sinmulate the throw ng of
a dice we would use the statenent;

LET X=RND( 6)

Whi ch woul d assign a value between 1 and 6 to X

One special case is RND(1), which will give a deciml random
nunber between 0 and 1.

I n other BASICs, the general formwould be LET

X=I NT(RND( 1) *Y) +1, which, although a longer formw || work
equally well in BBCBasic.

Ganmes of skill and chance are nmade consi derably nore

i nteresting when an unpredi ctabl e outcone, nade possible by
the use of RND, is built in to the program
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CHAPTER XI I
COUNTERS

Counting is a conmon operation in conputer programrng and we
can use counters to both control the nunber of tinmes an
operation is carried out, or to count the nunmber of tines an
operation is carried out. When usi ng DATA and READ st at enent s,
we have had to enploy a dunmy value to determ ne when the end
of a DATA list has been reached. W could use a counter

instead and the followi ng programillustrates this:
5 CLS
10 DATA 3,7,-6,4.5, 23 <- DATA list. No dummy
val ue!
20 LET C =0 <- Initialise counter
to zero
30 LET C=C+ 1 <- Increment counter
by 1
List 33 40 READ N <- READ value for N
50 PRI NT; N <- Print the val ue
60 IF C =5 THEN 80 <- Check if nore
val ues to READ
70 GOTO 30 <- Go for next value
90 END

Execution of this programwould result in the follow ng
di spl ay:

| 3 | <- Each value in the DATA
list is

| 7 | printed. There is no
dumy val ue,

| -6 | but the counter ensures
that only

| 4.5 | five values are READ and
t hat we

| 23 | do not end with an QUT
OF DATA

| > | error.

Line 20 initialises the value of Cto zero. Line 30 increments
this value by one each time this line is executed. Lines 40
and 50 READ a value fromthe DATA list and print it. Line 60
checks to see if the value of Cis 5. If so, program execution
is termnated; if not, control is transferred back to Iine 30
where Cis again increnented. In this program C is being used
to ensure that only five READ operations take place and to
avoi d the use of a dummy value and OUT OF DATA error. The
value 5 on line 60 represents the nunber of itens in the DATA
list. If there were 20 itens in the DATA list, line 60 would
be: 60 IF C = 20 THEN 80.

Here is a program whi ch uses a counter and which prints the
squares of a set of nunbers held in a DATA |ist:
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90 CLS TRACE c
X

100 DATA 3,9, 12, 14, 16

110 LET C = 0 0

120 LET C = C + 1 1
3
List 34 130 READ X 2
9

140 PRI NT; C, TAB(10) ; X; TAB( 20) ; X*2 3
12

150 IF C = 5 THEN 170 4
14

160 GOTO 120 5
16

170 END

The foll ow ng display woul d ensue on execution of List 34:

| 1 3 9 | <- The counter val ue, the
DATA val ue

| 2 9 81 | and the square of the
DATA val ue

| 3 12 144 | is printed for each item
on the

| 4 14 196 | DATA |ist. Execution
term nates

| 5 16 256 | after five ' READS and

" PRI NTS' .

| >_ I
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Anot her exanpl e of counter operation, in which the counter is
bei ng used as a 'val ue'.

90 CLS

100 LET C =0 <- Initialise counter (C to
zero

110 LET C=C + 1 <- Increnent counter by 1
List 34 120 PRINT; C, C2, C'3 <- Print counter, counter
squar ed, cubed

130 IF C = 10 THEN 150 <- END after 10 | oops

140 GOTO 110 <- Go for next value

150 END

Thi s program woul d provide the follow ng display:

| 1 1 1 | <- Prints counter, squared,
cubed for

| 2 4 8 | t he nunbers 1 to 10.

Pr ogram

| 3 9 27 | execution term nates at
10. If line

| 4 16 64 | 130 was IF C = 100 THEN
150, then

|etc ......... | t he program woul d produce
a table

| 10 100 1000 | for the nunbers from1l to
100.

| >_ I

Consi der these lines: 120 PRI NT; C, (C*9/5) +32

130 I|F C = 100 THEN 150

Substitution of these two lines in the above program woul d
provi de a di splay showi ng the Fahrenheit equivalents for the
Centigrade tenperatures from1l to 100°C

A further exanple of the use of a counter as a 'value' in the
program

5 CLS

10 LET C =0 <- Initialise counter to
Zero

20 I NPUT "YOUR NUMBER "; N <- Request nunber from
keyboard
List 36 30 LET C=C + 1 <- | ncrenment counter
by 1

40 PRINT: C," MJULTIPLIED BY ";N" = ":C*N <- Print result

50 IF C =12 THEN 70 <- END when counter = 12

60 GOTO 30 <- Go for next value of C

70 END
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This programis a '"Miltiplication Table' program and when
execut ed woul d provide the display below The range of the
tabl e could be nodified by changing the value (12) in line 50
to any desired val ue.

| YOUR NUMBER? 2 | <- Assune that 2 is input
here

|1 MULTIPLIED BY 2 = 2 | <- Line 40 output 1st tine
t hr ough

|2 MULTIPLIED BY 2 = 4 | <- Line 40 output 2nd tine
t hr ough

| 3 MULTIPLIED BY 2 = 6 | <- Line 40 output 3rd tine
t hr ough

|etc .......... |

| 12 MULTIPLIED BY 2 = 24 | <- Line 40 output 12th

ti me through

| >_ I

The precedi ng exanpl es have used a counter to control the
nunber of times an operation is carried out (and as a 'val ue
within the progran). There is in fact a nore efficient way of
controlling program operation known as the FOR- NEXT st at enment
and we shall be dealing with this in the next chapter.

The next exanples deal with the use of a counter to count the
nunber of tinmes that sonething happens; for exanple, the
nunber of times a wwong answer is given to a question or

per haps the nunber of tines the answer
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to a question is 'Yes'. There are many uses of the counter in
this form A college registrar mght use it to count the
nunber of students admtted, an inventory clerk to count the
nunber of items in stock or an enployer to find how many

enpl oyees have worked overti ne.

Let us assune that a survey has been taken in the locality to

determ ne the nunber of people froma representative group who
snoke and drink. Sone other characteristics of the respondees

were al so consi dered, nanely age and sex. W want the program
when executed to provide a display simlar to the foll ow ng:

QUESTI ONNAI RE RESPONSE

SEX AGE SMCKE DRI NK
F 32 N Y
M 24 Y Y
F 55 Y N
F 30 N N
M 65 N Y

NUVBER OF RESPONDEES: 5
NUMBER OF SMCOKERS L2

On this display, F and Mrepresent Fenale and Male, Y and N
represent the answers (Yes and No) to the questions 'Do you
snoke?' and 'Do you drink? . The nunber of respondees is the
total nunber of people questioned during the survey.

We shall use the variable Nin the programto count the nunber
of respondees and the variable S to count the nunber of
snokers.

We have to renenber that all counters nust be set to zero
(initialised) before the counting process begins and each tine
we find a snoker we nust increment the variable S by 1, that
is LET S =S + 1.

To avoid conplications with too many counters, we shall use
dumy values to indicate the end of the DATA |list and each
DATA itemw || consist of four parts, the sex of the person,
their age, whether they snoke and whether they drink.

An exanple of this is:

Li st 37

10 DATA F,32,N,Y,M 24,Y,Y
20 DATA F,55,Y, N F, 30, N, N
30 DATA M 65, N, Y, END, 0, 0,0

90 CLS

100 PRI NTTAB(9) ;" QUESTI ONNAI RE RESPONSE": PRI NT <- Print
title

200 LET N=0:LET S =0 <-
Initialise

210 PRI NT "SEX", " AGE", " SMOKE", "DRI NK": PRI NT <- Print
header s
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300 READ S$, A Q1$, Q2%

dat a

310 | F S$
for END
320 LET N
| ncr enent

N

" END'

N +

1

THEN PRI NT: GOTO 1000

330 IF Q1$ = "Y' THEN LET S=S + 1

| ncr enent

400 PRI NTTAB(1); S$; TAB(10) ; A TAB(22) ; QL$; TAB(32) ; Q@$

result

410 GOTO 300

next

S

1000 PRI NT "NUMBER OF RESPONDEES: "; N

t ot al

1010 PRI NT "NUMBER OF SMOKERS : "; S

snoker s
1020 END
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The actual display produced by this programis:

| QUESTI ONNAI RE RESPONSE | <- Title centred on
screen (line 100)

| | <- "Blank' line
printed (end Iine 100)

| SEX AGE SMOKE DRI NK | <- Headers printed in
zones (line 210)

| | <- "Blank' line
printed (end Iine 210)

| F 32 N Y | <- DATA itenms printed
nunber headers

| M 24 Y Y | (l'ine 400 operates
5 tines)

| F 55 Y N |

i..# ....... P SRR N |

i..M ...... AR SRR y |

i .......................... < Blank line
printed (md |Iine 310)

| NUMBER OF RESPONDEES: 5 | <- Line 1000 out put

| NUMBER OF SMOKERS : 2 | <- Line 1010 out put

| >_ I

One further exanple programillustrating the use of a counter
to check the nunber of wong answers given in a sinple maths
test:

5 CLS
10 DATA 15,7, 8, 14,13, 19, 21, 29, 99, 89, -999, 0
20 LET W= 0

30 READ A /B
40 IF A = -999 THEN 500
50 PRINT "WHAT IS "; A" + ";B" ";INPUT Z
List 38 60 IF Z <> A+ B THEN PRI NT "WRONG ": LET W= W+

1: GOTO 50
70 PRI NT " CORRECT! ": PRI NT
80 GOTO 30
500 PRINT "YOQU GAVE "; W" WRONG ANSVER';
510 IF W<> 1 THEN PRINT "S"
520 PRI NT
530 END

The display fromList 38:

| WHAT 1S 15 + 7? 22 | <- Question, and the
answer given
| CORRECT! | <- Answer is right!
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| WHAT 1S 8 + 147 22 |

|WHAT 1S 13 + 197 33 |

| WVRONG | <- Incorrect answer!
| WHAT 1S 13 + 197 | <- Question repeated
|etc ............. |

| YOU GAVE 1 WWRONG ANSVEER | <- Final nessage

| >_ I

The nunbers for the test are held in the DATA list as five
pairs; and dummy val ues are used to indicate the end of the
list. The counter (W which is to be used to record the nunber
of wong answers given is initialised to zero at |ine 20. The
first two values to be added are READ at |ine 30 and the end
of list check is made at |ine 40. The question using the two
READ val ues is asked at Iine 50 and the answer checked at |ine
60. If incorrect, the nessage WRONG is printed, and wong
answer counter Wis increnented by 1 and control is
transferred back at line 50 where the question is asked agai n!
|f correct, execution proceeds to line 70 where the nessage
CORRECT! is printed and then control returns to line 30 for

t he next questi on.
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When the end of the DATA list is reached, line 40 transfers
execution down to line 500 where a nessage is displayed
showi ng the nunber of wong answers given. Note that |ine 500
ends with a sem -colon and therefore the cursor will remain at
the end of the nessage YOU GAVE X WRONG ANSWER_until |ine 510
has been executed. If the nunber of wong answers given is
anything other than 1, then an 'S w | be added to the
message. If only 1 wong answer was given then an 'S w Il not
be added! Consequently, the output produced by |ines 500/510
wll be either of:

YOU GAVE 1 WRONG ANSWER  or YOU GAVE X WRONG ANSVEERS

The program could be easily nodified to show the correct
answer when a wong answer is given and then proceed to the
next question. Together with this, a random nunber generat or
coul d be used so that the questions asked are different each
tinme!

STATEMENT FORMAT
LI NE NUVBER LET VAR ABLE = VARI ABLE + VALUE
Action: Each tinme this line is executed the value stored in
the vari abl e
wll be increnmented by VALUE
For exanpl e: 100 LET P =P + 2
The val ue of nuneric variable P will be increased

by 2 each
time this line i s executed.

O her exanpl es: 200 LET R=R * 2
300 LET O= 0+ W
400 LET Q=0Q- 1

Al counters nust be initialised before use, either to zero or
to a chosen starting val ue.
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CHAPTER XI'V
LOOPS AND THE FOR- NEXT STATEMENT

One area in which conmputers excel is that of repetitive
operations. In many cases these operations are contained in a
"loop', the statenments in such a | oop being executed a certain
nunber of times and in the chapter on DATA and READ we used a
counter to control the nunber of tinmes that a | oop was
executed. The two new statenents, FOR and NEXT nake | oop
operation nuch easier and these two statenents, |ike DATA and
READ, are al ways used together. The two prograns which foll ow
show both a counter and the FOR- NEXT statements used to

achi eve the same result:

Li st 39 Li st 40
5 CLS 5 CLS
10 PRI NT " DEAR JCE" 10 PRI NT "DEAR
JOE"
20 PRI NT 20 PRI NT
30 LET C =0 = => 30 FORC =1 T0O
5
=>=> 40LETC=C+1 I\ 40 PRI NT " HAPPY
Bl RTHDAY"
I\ 50 PRI NT "HAPPY BI RTHDAY" [] <= 50 NEXT C
| ] 60 |lF C =5 THEN 80 60 PRI NT
<= <= 70 GOTO 40 70 PRI NT
"SI NCERELY, FRED"
80 PRI NT 999 END
90 PRI NT "SI NCERELY, FRED'
999 END

In List 39, the | oop occupies lines 40 - 70 and when C attains
a value of 5, execution transfers fromline 60 to |ine 80.
Li st 40 has a | oop which occupies lines 30 - 50 and when C
equal s 6, execution drops through to |ine 60.

The FOR- NEXT statenment shortens the program sonewhat and this
can be a useful attribute in I engthy prograns where nenory
availability is at a premum The FOR statenent defines the
start of the |oop, the NEXT statenment the end. Statenents in
bet ween FOR and NEXT are said to occupy the 'body of the

| oop', in List 40 the body of the loop is only one line, |ine
40, but it could be many programlines. FOR and NEXT nust be
used together; for each FOR statenent there nust be an

equi val ent NEXT statenent. Let us consider List 40 in nore
detail, particularly the action of lines 30 to 50:

1 Variable Con line 30 is first set to 1 by the FOR

st at enent .

2 The body of the loop (line 40) is executed.

3 Line 50 tells the conmputer to determne the 'next' value for
C and unl ess otherwi se indicated, this will be one nore than
its previous val ue.

Consequently, the value of Cis now 2.

4 |f the value of Cis 5 or |less, the conputer executes the
body of the
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| oop again and 1 is again added to the value of C when the
NEXT st at enment

is encountered for the second tine.

5 This process continues until the value of C becones greater
than 5 and at that point, the conputer exits fromthe loop to
conti nue execution at

i ne 60.

20 ... ... TRACE c 1 2 3 4 5 6

30 FORC=1TO5
40 PRI NT "HAPPY Bl RTHDAY" TIMES printed

50 NEXT C
60 ....... The value of Cis 6 at the end of
t he | oop!
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Chapter XV

Both Lists 39 and 40 woul d provide the foll ow ng display:

| DEAR JCE

line 10

I

20

| HAPPY BI RTHDAY
ti mes by

| HAPPY BI RTHDAY
| HAPPY BI RTHDAY
| HAPPY BI RTHDAY
| HAPPY BI RTHDAY
I

printed

| SI NCERELY, FRED
printed

| >_

<

<-

<

<-

"Bl ank |ine',

' DEAR JOE' nessage,

i ne

Message printed 5

"Bl ank |ine'

message

Here are two further exanples using FOR-NEXT | oops where the

val ue of the | oop variable is being

woul d be output by these prograns?

used in the output.

VWhat

5 CLS 90 CLS

10 FOR K =1 TO 25 100 FOR T =1 TO
5
List 41 20 PRI NT; K; List 42 110 PRI NT; T,
™2, T3

30 NEXT K 120 NEXT T

40 END 130 END
FOR- NEXT | oop normally count in steps of 1 unless otherw se
i nstruct ed:
LOOP LOOP VARI ABLE SEQUENCE
FORN=3 TO 8 N 3, 4, 5, 6
7, 8
FORQ=0TO 4 Q 0, 1, 2, 3,
4
FOR W= -1 TO 2 W -1, 0, 1, 2

The sequence can be changed by specifying a STEP size or can
be forced to count backwards:

LOOP

FOR S =1 TO 10 STEP 2

9 *

FOR |1 = 0 TO 1000 STEP 20
60, ... 1000

FOR C =10 TOO STEP -1
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LOOP VARI ABLE

S

C

SEQUENCE
1, 3, 5, 7,
0, 20, 40,

10, 9, 8, 7,



FOR Z = 50 TO 20 STEP -5 Z 50, 45, 40,
........ 20

| never exceed the limt; 9 is the | ast

* The | oop variable wl
|f a STEP size is not shown, the step wll

val ue di spl ayed.
default to 1.

A further two progranms. \Wat woul d be output?

5 CLS 5 CLS
10 FOR Y = 0 TO 40 STEP 5 10 FOR X =1 TO
2 STEP . 25
Li st 43 20 PRI NT;Y; Li st 44 20 PRI NT; X,
30 NEXT Y 30 NEXT X
40 END 40 END

Vari abl es may be used to specify | oop paraneters
(i) FOR F=NTO S
(ii) FOR G=H TO U STEP V

In (i), if, say, N=7 and S=20, the sequence of values for F
woul d be

7,8,9,10, ....... 20.

In (ii), let us assume H=10, U=20 and V=2. The sequence woul d
t hen be

10, 12, 14, 16, 18, 20.
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The FOR vari able MJUST be the sane as the NEXT vari abl e:
250 FOR P=1 TO 500
I

I
500 NEXT S

is not valid, and will produce an error nessage such as NEXT
w t hout FOR

It is permssible, and often desirable to "nest"” FOR - NEXT
| oops, i.e. for one loop to be inside another.

50 CLS

100 FOR F=5 TO 100

110 FOR G=1 TO 100 e fentemfentententenlententasjantantenten)

|
Li st 45 120 PRI NT; F; TAB(10) ; G TAB(20); F*G Loop 2

Loop 1
| |
130 NEXT G —=——=—==—=—======
|
|
140 NEXT F
150 END
TRACE F G F* G
5 1 5
5 2 10
|
5 100 500
6 1 6
|
100 100 10000

Many BASI Cs all ow 24 nested | oops!! They are very useful when
used in conjunction with nulti-di nmensioned arrays, which wll
be dealt with in a later chapter.

Sonme BASI Cs, including BBCBasic, permt the om ssion of the
vari able on the NEXT line. For exanple, a |loop may start with
FOR F=1 TO 100 and end wth just NEXT. The conputer will not
get confused as to which variable the NEXT statenent refers
to, but you mght, so you are advised to continue to specify a
vari abl e after NEXT, particularly when nesting | oops.

The FOR- NEXT statenent nay be used to READ itens from a DATA
line. This is a far better nmethod than using a counter or
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dummy value and sinply requires that the upper Iimt of the
| oop is the sane as the nunber of DATA itens:

5 CLS TRACE D
A

10 DATA 7,8, -5,6. 23,28 <- 5 itens to READ 1
7
List 46 20 FORD =1 TO5 <- Loop set to 5
2 8

30 READ A: PRI NT; A <- READ & PRINT item 3
-5

40 NEXT D <- End of | oop 4
6. 23

50 END 5
28

Line 20 could equally be: 20 FORD =0 TO 4 (0,1,2,3,4 =5
oper ations).
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LOOPS AND THE FOR- NEXT STATEMENT
Chapter XV

Consi der the follow ng programwhich may be used to performa
conputation a fixed nunber of tines. This programwl|
determ ne the cost of say, a new car, in a nunber of years
time assumng an inflation rate (fixed) of R

190 CLS

200 | NPUT "CURRENT RATE OF I NFLATION (% ";R

210 I NPUT "CURRENT COST OF NEWCAR (£) "; K

220 | NPUT "NUMBER OF YEARS HENCE "; N

240 FOR Y =1 TON <-
Note the use List 47 250 LET K = K + (K *R/100)
of variable

260 NEXT Y N
as the

270 PRINT: PRINT "COST OF CAR IN "; N;" YEARS = £"; K
upper limt

280 END for
the FOR -

NEXT | oop!

Execution of this programwould provide a display simlar to
t his:

| CURRENT RATE OF | NFLATION (%9 ? 10 | <- QOperator types
inflation rate

| CURRENT COST OF NEWCAR (£) ? 5000 | <- The current val ue
is typed in

| NUMBER OF YEARS HENCE ? 5 | <- And the nunber of

years hence
I I

| COST OF CAR IN 5 YEARS TIME = £ ....| <- The conputer
cal cul ates and | >_ |
prints the final nessage

The cal culation at |ine 250 needs explanation. Variable Kis
being used to store the cost of the car; initially its current
cost but also its future cost.

250 LET K = K + (K *R/ 100)
I I I A
New ad | ncr ease
Val ue Val ue due to
of K of K inflation

Each tinme line 250 is executed, the new cost of the car after
each year is calculated by adding the increase due to
inflation to the old or previous value. This line, for the
above sanpl e display, would have been executed five tines
(five years). The R/ 100 part of the expression converts the
value input for the inflation rate into a decimal val ue for
cal cul ati on purposes. Consequently, as 10% was i ndi cated by
the operator, the new cost of the car after the first year
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woul d be 5000 + (5000 * .1) or £5,500. This new val ue woul d
now be used for the second year cal cul ation, 5500 + (5500 *
.1) and the process would continue a further three tinmes to
arrive at the final result. The variable N in the FOR NEXT
statenent allows this programto be used for any val ue entered
for the nunber of years.

I n many prograns, the value of the |oop variable may be used
in calculations carried out in the body of the |oop. The
following programillustrates this and provides a tabul ar

di splay of tenperature conversion from Centigrade to

Fahr enhei t:
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190 CLS

200 PRI NTTAB(9); " TEMPERATURE CONVERSI ON'

210 PRI NTTAB(7);" CENTI GRADE TO FAHRENHEI T": PRI NT
230 PRI NTTAB(7);"CENTI GRADE"; TAB(22) ; " FAHRENHEI T"

Li st 48 240 PRINTTAB(7):"----------- "sTAB(22) ;" ---- - - - - - "
250 FOR C =1 TO 100 <-
Loop 1 to 100
260 LET F = (C* 9/5) + 32 <-

Convert Cto F
270 PRI NTTAB(10); C, TAB(26); F
280 NEXT C
290 END

The programwi || provide a tabul ar display of the Fahrenheit
equi valents for Centigrade tenperatures from1l to 100 and
woul d be easily nodifiable to do this for any Centigrade

t enperature range chosen by the keyboard operator by

i ncorporating the necessary input statenents to obtain the

| oner and upper limts of the FOR-NEXT | oop.

These limts would of course be signified on line 250 by two
numeric variables replacing the correct values 1 and 100.

Consi der the follow ng program and determ ne what woul d be
di spl ayed on executi on:

90 CLS

200 LET S =0 <- Initialise
variable S to zero

210 PRI NT " NUMBERS" <- Print header

220 FOR X =1 TO 7 <- Loop froml to 7
List 49 230 LET S =S + X <- Increnent S by the
val ue of X

240 PRI NT; X <- Display X

250 NEXT X: PRI NT <- End of | oop

300 PRINT "THE SUM IS "; S <- Print result

310 END

A final exanple of FOR- NEXT action illustrates BREAK- EVEN
ANALYSI S. The situation sonetinmes arises in real life where we
have to make a deci sion whether to buy an itemwhich wll
permt us to make sonething normally bought ready for use.
Such a product m ght be yoghurt and we need to know that if we
buy a Yoghurt Maker, the cost of that itemw ||l be recouped by
maki ng the yoghurt at home with relatively cheap and easily
obtained starting materials. W shall assume that the Yoghurt
Maker costs £12.95 and the ingredients for each batch of

home- made product, 8 pence. Set against this, yoghurt

pur chased ready-nmade fromthe shops costs 40 pence for an

equi val ent batch. It is not easy to determ ne when the

' break-even' point wll arise so we shall arrange for our
programto run for three years on the assunption that it wll
occur within this period. What we need the programto do is to
provi de a tabul ar di splay showi ng the week nunber, equival ent
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home and shop costs for that week, and the savings nade if

any. Initially, the savings made will be negative but at sone
poi nt, savings will becone positive, and when this first
occurs this will be the break-even point. The first week's

"Honme Cost' displayed by the programw || represent the
initial cost of the Yoghurt Maker plus the cost of one | ot of
i ngredi ents. The second week's 'Home Cost' will be the cost of
t he Yoghurt Maker plus two lots of ingredients and so on. The
"*Shop Cost' is sinply the running total assum ng the purchase
of one pot per week. Savings represent the difference between
shop and hone costs.
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90 CLS

100 PRI NT "BREAK- EVEN ANALYSI S": PRI NT
120 PRI NT "WEEK", "HOVE", " SHOP", " SAVED"
125 PRINT " NO ", " COsT", " COST"

130 FOR W= 1 TO 156 <- o
for 156 weeks
List 50 140 LET H= 12.95 + .08 * W <-
Fi nd home cost

150 LET S = .40 * W <- Find
shop cost

160 LET V=S - H <- Find
savi ngs

162 LET H = I NT(100*H+. 5)/ 100 <-
Round H

164 LET S = I NT(100*S+.5)/100 <-
Round S

166 LET V = I NT(100*V+.5)/100 <-
Round V

170 PRI NTTAB(O); W TAB(10); H, TAB(20); S; TAB(30);V <-
Qut put result

180 NEXT W <- o
for next week

190 END

The di splay produced on executi on.

W

REAK- EVEN ANALYSI S <- Programtitle

<- "Blank line'

| |

| WEEK HOVE SHOP SAVED | <- Headers

| NO COSsT COsT |

| 1 13. 03 .40 -12.63 | <- Week 1 out put
| 2 13. 11 . 80 -12.31 | <- Week 2 output
| 3 13.18 1.2 -11.98 | <- Week 3 out put
| o |

[ o etc |

This programwi |l run for 156 weeks regardl ess of when the

br eak- even point occurs. An extra programline could be added
so that program execution term nates when the break-even point
has been reached:

175 I F V>=0 THEN PRI NT "BREAK- EVEN AT ";W" WEEKS": END

Line 175 above, forces the programto 'junp out' of the
FOR-NEXT | oop at a certain point. This is usually quite

perm ssible and you will find exanples of it in many conputer
prograns. However, please note that a value for the | oop
variable, in this case W is still held in the conputer
"stack'. If you junp out of too many | oops, the stack w |
eventual |y becone full and you will get an error nessage such
as 'Too many FOR s'. If you want to be the paragon of
perfection you would anend the |ine above to read:
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175 I'F V>=0 THEN PRI NT "BREAK- EVEN AT ";W" WEEKS": LET
WEL157

This woul d produce exactly the sanme result, but would end the
| oop by setting the |oop variable to greater than the maxi mum
specified by the FOR statenent. That is, when line 180 was
executed, Wwoul d have a value of 157 which woul d cause
execution to drop to line 190. Although not strictly necessary
at the level of this course, this is the correct way to drop
out of a | oop.

Junping INTO a loop is NOT permtted:

100 F=0: G=0

110 F=F+1

120 I F F=4 THEN 150
List 50a 130 GOTO 120

140 FOR G=1 TO 7

150 PRI NT; F*G

160 NEXT G
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If this programwere to be executed, the nessage

Can't match FOR at |ine 160

woul d produced.

OTHER LOOPS

Most other BASICs will allow the use of other |oops, such as

VH LE - WEND. I n BBCBasic, there is a REPEAT - UNTIL statement
whi ch you may wi sh to investigate and use.

STATEMENT FORMATS

LI NE NUMBER FOR Variable = Value/Variable TO Val ue/ Vari abl e
STEPVal ue/ Vari abl e

STEP is only required if a value other than 1 is to be used.

Exanpl es: 120 FOR W= 1 TO 90 350 FOR X =1
TO 10 STEP .1

230 FORE =1 TOK 670 FOR G= N TO B
STEP -2

340 FOR M=V TO Q 890 FOR Z = F TO
100 STEP 2
LI NE NUMBER NEXT Vari abl e
Exanpl es: 560 NEXT W 1200 NEXT X: NEXT Y

(mul tistatenment |ine!)

At this point in the course we cone to a watershed. Until now,
we have covered only main elenments of BASIC, i.e. the nost
essential parts. The Adult Education courses will not proceed
beyond this point until the majority of students are happy

t hey understand what has gone before, and there is sufficient
time.
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CHAPTER XV

ARRAYS & ARRAY VARI ABLES

Until now, we have been using 'sinple" numeric and string

vari ables to store nunbers and text strings and there are a

| arge nunber of this type of variables available. W shall now
di scuss subscripted vari abl es which for certain operations
provide facilities not available with sinple variables. The
foll owi ng are exanpl es of subscripted vari abl es:

A(7) MB( 55) book( 250)
I I I

subscri pt subscri pt subscri pt

book$( 250)

subscri pt

Subscripted variabl es consi st of a variable name, either
nuneri c such as book, or string such as book$, followed by a
nunber in brackets. Mst BASICs, including BBCBasic allowthe
use of descriptive variable nanmes such as above, but very
often we still use single letters.

A set or list of subscripted variables is called an ARRAY, and
subscripted variables are al so known as ARRAY VARI ABLES. An
array used for storing nunbers is a nuneric array, for strings
a string array. Values may be assigned to subscripted
variables in exactly the same way as with variables, that is
by using the LET, I NPUT and READ st at enents.

ARRAYS

One way to picture an array is to think of it as a set of
| abel | ed pi geon hol es:

| A(0) | I | _A$(0) I

L

| A(1) | I | A$(1) I

L

| A(2) | I | A$(2) I
HELLO |

| A(3) | I | A$(3) I

L

| A(4) | I

| A(5) | 16 |

| A(6) I | The array on the left is a
numeric array naned

| A7) | | A and has 12 conpartnents
(0-11). The array

| A(8) | I above is a string array naned
A$ and has four

| A(9) | I conpartnents. Conpartnent 5 of
the nuneric

| A(10) | I array is being used to store

t he val ue 16 and
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| _A(11) I conpartnment 2 of the string
array, HELLO

Array conpartnents generally start from zero, although this
particul ar conpartnent is not often used in array processing
routines. An array is named by the variable used and
conpartnments are referenced by the nunber (subscript) in
brackets followi ng the array nane. Both of the above are
exanpl es of single-dinension arrays and these are the type we
shall mainly be using in this book. Milti-dinmension arrays are
al so avail abl e and an exanpl e nanmed X foll ows:

1 2
| X(0, | | |
| X(1, | 27 | |
| X(2, | | L
| X(3, | | 4 |
| X(4, | | |
| X(5, | 105 | |

In this two-di mensional array named X, the value 27 is stored
in X(1,1), the value 4 in X(3,2) and 105 in X(5,1).

Mul ti -di mensi oned arrays may be nore difficult to visualise
and handl e, but suit situations where several related itens
need to be processed.
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Consi der the follow ng program which has no real use but does
illustrate the processing of array vari abl es:

90 DATA 36, - 90, BOCK, SCOTCH <- M xed DATA li st

100 DIM Y(4), HB(3) <- Array declaration
110 LET Y(3) = 47 <- Assignment with LET
120 LET H$(2) = "CHAIR" <- Assignment with LET
130 READ Y(1), Y(2), H5(1) <- Assignnment wth

READ
140 I F H$(1) = "BOOK" THEN 200 <- Decision with array
vari abl e

Li st 51 150 I NPUT Y(O0) <- Assignment with
| NPUT

200 LET P = 3 <- Sinple variable
assi gnnent

210 READ H$( P) <- READ with variable
subscri pt

220 LET Y(P+1) = Y(1) + Y(P <- Adding array
vari abl es

230 FOR K =1 TO 3 <- Loop fromlto 3

240 PRI NT; Y(K); TAB(10) ; H5( K) <- Qutput array
vari abl es

250 NEXT K <- End of | oop

260 END

LI NE 90 DATA 36, - 90, BOOK, SCOTCH - Contains the DATA itens
which will be processed by the program

LINE 100 DI M Y(4),H$(3) - Wenever an array is to be used in a
program the programnust tell the conputer (declare) the nane
of the array and how many conpartments are required, by using
the DIMstatenent. DIMis short for DI MENSION, thus the

di mrension or size of array Y in the above programis four
(actually five because of the zero conpartnent which nost

BASI Cs set aside). Simlarly, array H$ has four conpartnents.
As has been nentioned previously, many array processing
routines do not utilise conpartnment 0. When line 100 is
executed, the conputer reserves space in nenory sufficient for
the array storage. Some BASICs autonatically allow the us of
arrays up to 10 conpartnents w thout the need for a DM
statenment but you are advised to use it whenever an array is
necessary. (The maxi mum array size which may be reserved by a
Dl M st at enent depends very nmuch on the anount of conputer
menory avail able.) This particular |ine when executed would
‘set up' the following in nmenory:

|_Y(0) I | | H$(0) |
L
| Y(1) I | | HS(1) |
L
| Y(2) I | | H$(2) |
L



| Y(3) | | | H$(3)

L
| Y(4) | |

LINE 110 LET Y(3) = 47 - Tells the conputer to assign the
value 47 to conpartnment 3 in nuneric array Y.

LINE 120 LET H$(2) = "CHAIR' - Tells the conputer to assign
the string CHAIR to conpartnent 2 in string array HS.

LI NE 130 READ Y(1),Y(2),H$(1) - Tells the conmputer to READ
fromthe DATA |ist and assign the 'values' read to Y(1), Y(2)
and H$(1).

The situati on woul d now be:

}_ Y(0) I | | H$(0) |
| Y(1) I 36 I | HS(1) |
BOOX |

| Y(2) | -90 I | H$(2) |
CHAIR |

| Y(3) I 47 I | H$(3) |
L

| Y(4) I |

LINE 140 IF H$(1l) = "BOOK" THEN 200 - Since the string stored
in conpartnment 1 of the string array H$ is BOOK, execution
woul d now transfer to line 200. Note that in this program

[ ine 150 woul d not be ARRAYS &
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execut ed!

In the program|ines which we have covered so far, the
subscripts (conpartnent nunbers) have been constants (nunbers)
but one aspect of arrays which nakes themextrenely useful is
t hat subscripts may al so be variabl es or expressions. The next
lines illustrate this.

LINE 200 P = 3 - Sinple variable P assigned a value of 3.

LI NE 210 READ H$(P) - Substituting the current value for P
this really means READ H$(3), thus the DATA item SCOTCH is
read and assigned to conpartnent 3 of the string array H$>

LI NE 220 LET Y(P+1) = Y(1) + Y(P) - Simlarly, this line may
be read as

LET Y(4) = Y(1) + Y(3). Adding Y(1) and Y(3) gives 83 and this
value is stored in conmpartnent 4 of nuneric array Y.

The situati on woul d now be:

| Y(0) | | | H$(0) |

L

| Y(1) | 36 | | H$(1) |
BOOX |

| Y(2) | -90 | | H$(2) |
CHAIR |

| Y(3) | 47 | | H$(3) |
SCOTCH

| Y(4) | 83 |

LI NES 230, 240 AND 250 - Use a FOR-NEXT | oop to display the
contents of the two arrays as below. Note that Y(4) is not
di spl ayed by these |ines!

| 36 BOCK | <- Y(1) &
H$(1) printed
| -90 CHAI R | <- Y(2) &
H$(2) printed
| 47 SCOTCH | <- Y(3) &
H$(3) printed
|>_ |
STATEMENT FORVATS
LI NE NUVBER DIM  Vari abl e( Subscri pt)
Exanpl es:

100 DI M F$( 20)

10 DI M J(1000)

200 DIM A(10), B(20), X$(100), Y$( 25) <~ Miltiple DM
st at ement
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DI M statenents are invariably placed at the beginning of a
program si nce they nust have been 'seen' (executed) before any
associ ated arrays are used! Note that the subscript in a DIM
statenent may also be a variable. If this is the case, the
vari abl e nust have been defined before the DIM statenment is
execut ed:

Exanpl e 10 I NPUT "ARRAY SIZE "; S
20 DI M A$(S)

Specific conmpartnents or locations in an array are referenced
or referred to by a subscript and this subscript nmay be a
constant, variable or expression. If the sinple variable Q has
a value of 7 then X(Q = X(7), X(Q4) = X(28) and X(Q+4) =
X(11). The conputer first evaluates the subscript in order to
know precisely which conpartnment to refer to. If the subscript
when evaluated is less than O or nore than the nmaxi mum
declared in the DOMstatenent, an error will ensue! |If the

val ue is not a whole nunber, say 3.4, the |INTEGER of that
nunber is the value generally used, in this case 3.
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COVMON ARRAY PROCESSI NG ROUTI NES

Many array processing techniques nake use of the fact that the

subscri pt
S,

can be a vari abl e.

I f for exanpl e,
then | ocation A(S) actually refers to the fifth conpart nment

the value of Sis

of array A. A nunber of standard routines follow and each is

witten in two forns,

the 'l ong way'

and the 'short way'.

The

short way invariably uses a FOR- NEXT | oop.
ROUTINE 1 - Initialising all array conmpartnents to zero:
100 LET A(0) =0 100 FOR K = 0 TO
8
110 LET A(1) =0 110 LET A(K) = 0
120 LET A(2) =0 120 NEXT K
130 LET A(3) =0
| |
\/
180 LET A (8) =0
ROUTINE 2 - Reading DATA into an array:
100 READ A(1),A(2), A(3) 100 FOR K = 1
TO 8
110 READ A(4) ....... 110 READ A(K)
| ] 120 NEXT K
\/
ROUTINE 3 - Inputting data into an array:
100 I NPUT A(1) 100 FOR K =1 TO 8
110 I NPUT A(2) 110 I NPUT A(K)
120 I NPUT A(3) 120 NEXT K
ROUTINE 4 - Printing the array contents:
100 PRI NT; A(1) 100 FOR K =1 TO 8
110 PRI NT; A(2) 110 PRI NT; A(K)
120 PRI NT; A(3) 120 NEXT K
| |
\/
ROUTINE 5 - Summ ng the contents of an array:
100 LET S =0 100 LET S =0
110 LET S = S + A(1) 110 FOR K = 1
TO 8
120 LET S = S + A(2) 120 LET S = S
+ A(K)
130 LET S = S + A(3) 130 NEXT K
| |
\/
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ROUTINE 6 - Copying fromone array to anot her:

100 LET B(1) = A(1) 100 FOR K = 1
TO 8

110 LET B(2) = A(2) 110 LET B(K) =
A(K)

120 LET B(3) = A(3) 120 NEXT K

| |

\/
The FOR- NEXT statement reduces the nunber of statenents which
have to be used. To adapt these routines to handle say, 50
conpartnments, would only require that the upper value of the

FOR- NEXT | oop be changed to 50. The 'long way' woul d be
difficult!
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ARRAY USAGE

The follow ng three prograns are exanples of how arrays nay be
used.

PROGRAM 1 - TABLE LOOK- UP

This programw |l permt a Sal es Manager to determ ne the
conmi ssion payable to each of his sales representatives based
upon their nonthly sales. The comm ssion paynents w || be nmade
as follows:

SALES COWM SSI ON
Up to £2000 £ O
£2000- £4000 £100
£4000- £6000 £300
£6000- £8000 £500
£8000 upwar ds £800

At the beginning of the programwe need to set up two arrays,
sal es and conmm ssion, with the appropriate figures. W w ||
not need conpartnent (0).

| sales(1) | 2000 | | commi ssion(1l) | 0 |
| sales(2) | 4000 | | coimmission(2) | 100 |
| sales(3) | 6000 | | coomission(3) | 300 |
| sales(4) | 8000 | | commission(4) | 500 |

Sal es over £8000 earn a set £800 conmmission. This is a
suggested program

List 52

10 REM LI ST 52

20 DATA 2000, 0

30 DATA 4000, 100

40 DATA 6000, 300

50 DATA 8000, 500

60 DI M sal es(4), comm ssi on(4)

80 CLS

100 PRI NT "SALES AND COWM SSI ON': PRI NT

120 FOR F=1 TO 4

130 READ sal es(F), comm ssi on(F)

140 NEXT F

150 I NPUT "NAVE OF SALESMAN: "; nane$

160 | NPUT "TOTAL SALES FOR MONTH: ";tota

170 FOR F=1 TO 4

180 IF total < sales(F) THEN comm ssi on=conm ssi on(F):
GOTO 210

190 NEXT F

200 comm ssi on=800
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210 PRI NT "NAME"; TAB(16); " SALES"; TAB(24) ;" COW SSI ON":
PRI NT

230 PRI NT nane$, t otal , conmni ssi on

250 END

Not es:

LINE 60 - Declares two arrays, sales and conmmi ssion, each with
five conpartnents.

LI NES 120, 130 and 140 - Read sal es and conm ssion figures
fromthe DATA list into the appropriate conpartnment in arrays
sal es and conmi ssi on.

LI NES 150 and 160 - Ask for the nanme of the salesman and their
total sales for the nonth and store them as nane$ and total.
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LI NES 170, 180 and 190 - Search through the sales array. If
total is less than the figure in sales, commssion is set to
the corresponding entry in the comm ssion array. Note that the
sinpl e vari abl e comm ssion and the array conm ssion() are
conpl etely separate and i ndependent. For exanple, if our

sal esman's total sales are greater than £2000 but |ess than
£4000, then comm ssion would be set to the figure in

comm ssion(2), i.e. £100, and the program woul dj unp out of the
| oop and GOTO |ine 210. If however, we have a top notch
salesman with a total sales of £10000 then the FOR- NEXT | oop
will termnate and "drop through' to |ine 200 where the
default value of £800 will be awarded as comm ssi on!

PROGRAM 2 - EDI TI NG | NPUT DATA

In this programwe shall use an array to store val ues entered
fromthe keyboard. After all the values have been entered the
programwi ||l print the current list of entries and ask if
there are any nodifications to be nmade. Follow ng any
necessary corrections, the programw | provide the sum and
average of all val ues entered.

Li st 53
90 CLS 440 NEXT |
100 DI M A(200) 450 PRI NT
105 CLS 500 PRI NT "ANY CHANGES
(YIN ";
110 PRI NT " CALCULATOR W TH MEMORY™ 520 | NPUT b
120 PRI NT 530 IF @ = "N' THEN 600
130 PRI NT "TYPE O TO END ENTRI ES" 540 PRI NT "WH CH ENTRY
140 PRI NT 550 | NPUT |
300 FORI =1 TO 200 560 PRI NT " NEW ENTRY ";
320 PRI NT "ENTRY NO ":| 570 I NPUT A(l)
330 I NPUT A(l) 580 GOTO 400
340 IF A(l) = 0 THEN 370 600 LET S =0
350 NEXT | 620 FOR | =1 TOK
360 PRI NT "NO MORE SPACE! " 630 LET S = S +
A(l)
370 LET K =1 - 1 640 NEXT |
400 PRI NT 660 PRINT "THE SUMIS ": S
410 PRI NT "CURRENT LI ST" 670 PRI NT "THE
AVERAGE | S "; S/ K
420 FOR1 =1 TO K 680 END
430 PRI NT "ENTRY"; ;" "; A(l)
Not es:

LI NE 100 - Declares the array named A with 200 (201)

conpartnments.
LINE 130 - Tells the operator to termnate his entries with a

zer ol
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LINES 300 to 360 - A loop which will allow up to 200 entries
to be made. First tinme through, |ine 320 pronpts the operator
with the nessage 'ENTRY NO 1 ?' and the nunber entered in
response to line 330 is assigned to A(1). Line 340 checks to
see if the termnator (zero) has been entered, if so,
execution transfers to line 370, if not the next entry is
requested. Should a full 200 nunbers be entered, execution
will drop through to Iine 360 where a nessage will be printed.
LINE 370 - the variable |I contains the nunber of entries PLUS
1, so 1 is subtracted and the result stored in K

LI NES 410 to 440 - Print the current list of entries.

LINE 500 - Asks if any entries are to be changed. If the
answer is no (N) then execution transfers to line 600. If yes
(Y or any entry other than N) then |ine 540 asks for the entry
nunber. The entry nunber (1) is input at |line 550 and the new
entry at line 570.

LINE 580 - Transfers back to line 400 to see if any other
changes need to be made!
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LI NES 600 to 640 - Sumthe array contents and |lines 660 and
670 prints the results of the cal cul ati ons.

This program sinul ates the operation of a Calculator with
nmenory.

PROGRAM 3 - SORTI NG DATA

Sorting or 'ordering' means arranging information or data in
al phabetic or nuneric order. The main reason for this

requi renent as far as string information is concerned is that
it enables lists of such information to be searched nmuch nore
qui ckly than by using a 'sequential search' system where a
conparison is made on each time in the list starting at the
first and working through to the last. Wth a sequenti al
search, if you are searching a |list of say 1000 itens and the
itemyou want is the last on the list, then it will take 1000
conparisons to find that item Wth an ordered |ist and using
for exanple, a search system known as the 'Binary Search', an
absol ute maxi mum of only 10 conparisons are needed to find any
itemin a list of 1000 itens!

Textual (string) information such as a nane and address |i st
does in fact | ook nore sensible when presented in an ordered
state and the sort routine could be used to achieve this
somewhat nore basic requirenment. The ordering of nunmeric
information is generally required for different purposes, it
m ght be to determ ne highest and | owest values and to present
the results of the sort as a printed list. An exanple of this
m ght be to output a list of exam nation results in either
ascendi ng or descendi ng order.

Wiile there are a large variety of sort routines available, we
shal | consider the sinplest of these, the 'Bubble Sort'. This
sort routine is used for already established |lists of data
such as a randomlist stored in an external datafile or itens
on a DATA line within a program An alternative routine, the
"Insertion Sort', maintains a permanently ordered list. It
inserts newitens in the correct place within the list and is
generally used only for external datafiles stored on disc or
cassette. The Bubble Sort is in fact a very slow routine but
is useful for short lists of itenms. If large lists are

envi saged then a faster alternative nust be consi dered.

The followng programlines illustrate the bubble sort routine
used to sort five nuneric itens in an array named A. Optional
LET statenents have been omtted:

100 S=0 <- Set 'swap flag' to zero
110 FOR K=-1 TO 4 <- Loop from1l to 1 less
than itens

120 I F A(K) <- A(K+1) THEN 140 <- Conpare adjacent itens
in array

130 T=A(K): A(K) =A(K+1): A(K+1) =T: S=1 <- Swap and set 'swap
flag' to 1
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140 NEXT K <- Go for next conparison

150 I'F S=1 THEN 100 <- If swapped, repeat
process

160 ............ (if not, drop through
to |.160).

Sinple variable S is used as an indicator to check if a swap
has occurred.
Sinple variable T is used for tenporary storage during a swap.

LINE 100 - The swap flag is initialised to zero.
LINE 110 - Sets up a FOR-NEXT loop of 1 to 4, that is 1 |less
than the nunber of itenms in the array to be sorted.
LINE 120 - Conpares the value of each array variable with the
next array vari abl e:
When: K = 1 the conparison is between A(1l) and A(2)

K =2 the conparison is between A(2) and A(3) etc ......
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Let us consider the first pass through the loop with K equal
to 1.

If A(1l) is less than or equal to A(2) then execution sinply
transfers to

line 140 where K becones 2 and the next conparison is nade.
| f however, A(1l) is greater than A(2), line 130 executes.
Variable T is

used to store the value of A(1l), A(1l) is given the val ue of
A(2), and

A(2) the value of T. The val ues have been 'swapped' between
A(1l) and

A(2). To record this, the swap flag Sis set to 1

ORI 3 NAL AFTER EXECUTI ON OF
ARRAY LINE 130 WTH K EQUAL TO 1
| A(1) I 9 I | A(1) | 7 | <- The val ues
stored in A(1)
| A(2) I 7 | | A(2) I 9 | <- and A(2) have
been swapped.
| A(3) I 2 I | A(3) I 2 I
| A(4) I 6 I | A(4) I 6 I
| A(5) I 4 I | A(5) I 4 I

AFTER 1ST COWMPLETE
PASS THROUGH F-N LOCP

| A(C1) | 7 | The hi ghest val ue has now 'sunk' to the
bott om of

| A(2) | 2 | the list after one conpl ete pass through
t he

[ AC3) | 6 | FOR- NEXT | oop. Lower val ues are
beginning to

| AC4) | 4 | "bubbl e" to the top of the list. The
whol e routine | A(5) | 9 | IS now repeat ed because

the swap flag will have
been set to 1.

AFTER 2ND COMPLETE AFTER 3RD COWMPLETE
PASS THROUGH LOOP PASS THROUGH LOOP

The process

conti nues and after

| A(1) I 2 I | A(1) I 2 | the third conplete
pass, the

| A(2) I 6 I | A(2) I 4 | array has been
sorted. The third

| A(3) I 4 I | A(3) I 6 | pass will have set

the swap fl ag

BCP Page



| A(4) | 7 | | A(4) | 7 | to 1, so further

pass will take
| _A(5) I 9 I | _A(5) I 9 | place. No swap will
occur and

t herefore execution wll
drop

through to line 160.

Following are two prograns, the first of which is the program
represented above and the second, containing an equival ent
string sorting routine:

Li st 54 Li st 55

5 CLS: N=5 5 CLS: N=5

10 DATA 9,7,2,6,4 10 DATA PETER, SI D, ANNE, JOHN, ANN
20 FOR K = 1 TO N:. READ A: NEXT K 20 FOR K = 1 TO N. READ
A3$: NEXT K

100 S=0 100 S=0

110 FOR K =1 TON1 110 FOR K =1 TON1

120 | F A(K) <= A(K+1) THEN 140 120 | F A$(K) <= A$(K+1)
THEN 140

130 T=A(K): A(K) =A(K+1) : A(K+1) =T 130 T$=A$(K):

AS(K) =A$( K+1) : A$( K+1) =T$

140 NEXT K 140 NEXT K

150 I F S=1 THEN 100 150 I F S=1 THEN 150

160 FOR K=1 TO N: PRI NT A(K): NEXT 160 FOR K=1 TO N:

PRI NTA$( K) : NEXT K

170 END 170 END
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String sorts are based on the ASCI|I values of the characters
formng the strings. Letter A has an ASCI|I value of 65, Bis
66, Cis 67. Consequently, B is considered by the conputer to
be greater than A, and Z to be greater than all other letters
in the al phabet. The string sort shown in List 55 wll also
differentiate between say, BROM and BROMNE, or SM TH and

SM THSON and w I | order these correctly!

To sort a list into DESCENDI NG order, the conparators in |line
120 are sinply changed from <= (less or equal to) to >=
(greater than or equal to).
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LOG CAL OPERATORS & THE EXTENDED | F- THEN STATEMENT

BASI C provides two | ogical operators, AND and OR. The use of

t hese operators extends the way in which the |IF-THEN st at enent
can be used and in many cases, nakes conpari sons and deci si ons
easier to nmake. Wien AND or OR are used with I F-THEN, the
statenent so produced is said to be a conpound condition
meani ng that the outcone depends upon nore than one sinple
factor being either true or false. Here are two inmaginary
exanpl es:

IF S$ = "F' AND A>65

A possible interpretation of this condition m ght be:

"if the sex of the person is female AND the age is over 65"
|F A>= 90 OR A$ = "ATHLETE" Thi s m ght be:

"if the average mark is greater than or equal to 90 OR the
person is an athlete"!

Logi cal operators are frequently used in |IF-THEN statenents.
Whet her or not the statenent follow ng THEN i s executed
depends on the TRUTH of the condition between |IF and THEN such
as:

| F A=7 THEN LET B=2

If A has the value 7 then A=7 is TRUE, therefore LET B=2 is
execut ed.

|f A does not have the value 7 then A=7 is FALSE, therefore
LET B=2 is NOT execut ed.

Looking at I F-THEN statenents in this way appears to be a way
of conplicating the obvious, but its use becones nore apparent
when dealing with COVPOUND CONDI TI ONS formed using | ogical
operators, and at a later stage in conjunction with the TRUE
and FALSE operators and Bool ean | ogi c.

Logi cal Operator rul es

RULE 1 - A conpound condition which is conposed of two sinple
conditions joined by the AND operator is TRUE if and only if
BOTH sinple conditions are true. If only one or neither of the
conditions is true, then the conpound condition is fal se.

For exanple: IF S$ ="M AND H> 72
N N

S$ H Si npl e Si npl e

TRUTH val ue of

I I Condi tion Condi ti on

Conpound Condi ti on

M 74 _ _

M 67 B X

X

F 75 X _

X
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F 65 X X
X

RULE 2 - A conpound condition which is conposed of two sinple
conditions joined by the OR operator is FALSE if and only if
BOTH sinple conditions are false. If only the one or both of
the conditions are true, the conpound condition is true.
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For exanple: IF S$ ="M R H> 72
N N

S$ H Si npl e Si npl e

TRUTH val ue of

| | Condi ti on Condi ti on

Conpound Condi tion

M 74 _ —_

M 67 3 X

F 75 X _

F 65 X X

X

The program which foll ows determ nes car insurance prem uns.
It uses only two factors to determ ne the premumand i s not
therefore very realistic, but it does illustrate the use of
the AND operator to apply a conpound condition based upon
whi ch a decision is made about the prem um cost. The two
sinple conditions are that if the driver is under 25 the
premumw ||l be higher, and if the car is a 'sports' version
rather than a 'standard' version the premumw || be higher.
The AND operator allows us to use various conbi nations of
these conditions to determ ne the prem um payabl e.

10 REM CAR | NSURANCE CALCULATOR
90 CLS
91 DATA JOE, 23, SPORTS, ANN, 18, STANDARD
92 DATA JI M 45, SPORTS, CAROL, 35, STANDARD
93 DATA FRED, 101, SPORTS
100 PRI NT "NAME", " AGE", " CAR', "PREM UM': PRI NT
120 FOR K = 1 TO 5: READ N$, A, T$
List 56 200 | F A<25 AND T$ = "SPORTS' THEN P=400: GOTO 300
210 | F A<25 AND T$ = "STANDARD' THEN P=300: GOTO 300
220 | F A>25 AND T$ = "SPORTS' THEN P=250: GOTO 300
230 P=200: REM - S| EVE
300 PRI NT N$; TAB(10): A; TAB(20); T$; TAB(31): P

310 NEXT K

320 END
| NAME AGE CAR PREM UM | <-Headers printed,
.100
| | <-'"Blank' Iine
printed, |.100
| ICE 23 SPORTS 400 | <-First data set
print, |.300
| ANN 18 STANDARD 300 | <-Second data set
print, |.300
| IIM 45 SPORTS 250 | <-Third data set
print, |.300
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| CAROL 35 STANDARD 200 | <-Fourth data set

print, |.300

| FRED 101 SPORTS 250 | <-Fifth data set
print, |.300

| >_ I

The first pass through the FOR-NEXT | oop reads JOE, 23,
SPORTS. Line 200 check to see if both of the sinple
conditions, A< 25 and T$ = "SPORTS" are true and as in this
instance they are, a prem um of £400 is assigned by this |ine,
and execution transfers to |ine 300 where the screen out put
occurs. Line 310 returns of the next DATA read.

| f, for exanple, we now consider the fourth DATA read, CARCL
35, STANDARD, it can be seen that the conditions on |ine 200
are not nmet, neither are the conditions on |lines 210 and 220.
In this instance execution will drop through each of these
lines and the default prem umof £200 will be awarded at |ine
200.

The AND and OR statenents allow us to programthe conputer to
make much nore conpl ex decisions than with the sinple | F-THEN
st at enent .
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STATEMENT FORMATS

LI NE NUVBER | F condition 1 AND condition 2 THEN
i nstruction(s)

Action: |If BOTH conditions are TRUE the instruction(s) after
the THEN statenment will be carried out. If NOTI TRUE, execution
will drop through to the next programline.

LI NE NUVBER | F condition 1 OoR condition 2 THEN
i nstruction(s)

Action: If EITHER of the conditions are TRUE the
instruction(s) after the THEN statement will be carried out.
| f NEI THER are TRUE, execution will drop through to the next
program | i ne.

EXAMPLES: 500 IF S$ = "M AND A>=65 THEN PRI NT "MALE SENI OR
Cl TI ZEN'
640 |IF A =3 AND C > 10 THEN 670
700 IF V<1 ORYV>50 THEN PRI NT "OUT OF RANGE!"
870 IF N$ = "FRED" OR N$ = "JIM THEN 1000
| F- THEN- ELSE

In addition to the sinple I F-THEN statenent, nost BASICs all ow
the use of ELSE to give instructions if an IF condition is
FALSE.

10 |F A=7 THEN LET B=6 ELSE LET B=5

wi |l have exactly the sane effect, and is neater than
10 | F A=7 THEN LET B=6: GOTO 30

20 LET B=5

30 ---------

Mul tiple ELSEs are all owed:

10 | F A=7 THEN LET B=5: GOTO 40

20 | F A=6 THEN LET B=7: GOTO 40

30 LET B=8

40 ----------

can be replaced by one |ine:

10 | F A=7 THEN LET B=5 ELSE |F A=6 THEN LET B=7 ELSE LET B=8
/10 Q.
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MULTI PLE CONDI TI ONS

When using multiple conditions, use brackets to determ ne the

order of testing. Do not be afraid to use brackets even if
think they may be unnecessary as they can nmeke it clear
exactly what is to be tested.

The followng two lines are very simlar, but lead to
different results:

you

100 I F (A=7 AND B=6) OR (A$="BOOK" AND B$="PAPER') THEN LET

C$="MAGAZI NE" ELSE LET C$="LEAFLET"

110 | F A=7 AND (B=6 OR A$="BOCK") AND B$="PAPER' THEN LET
C$=" MAGAZI NE"
ELSE LET C$="LEAFLET"

TRUTH TABLE

T A 7 | 4 |

6 I

II ---------------------------- [ ---------- [ ---------- | -----

I B | 6 I 6 I

7 I

II ---------------------------- [ ---------- [ ---------- | -----

| A$ | CASE | BOOK |

PAPER |

II ---------------------------- [ ---------- [ ---------- | -----

| B$ | PAPER | PAPER |

BOOK |

[ --mmmmm s | ---------- | ---------- | -----

------ I

II ---------------------------- | ---------- | ---------- | -----

| Li ne 100: | | |

I

| (1). A=7 AND B=6 | 3 | X |

X I

| (2). A$="BOOK" AND B$=" PAPER' | X | 3 |

X I

| (1) OR (2) I _ I _ I

X I

II ---------------------------- | ---------- | ---------- | -----
Ch | MAGAZI NE | MAGAZI NE |

LEAFLET |
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IX( 1). f%=7 I - I X I
| (2). B=6 OR A$="BOX" | _ | _ |
|X( 3). |B$=" PAPER" | _ | _ |
|X( 1) AND (2) AND (3) | _ | X |
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THE ON GOTO & GOSUB STATEMENTS

Menu driven progranms or prograns which offer a nmultiple choice
of actions are quite conmon in computing since they make it
possible for relatively unskilled personnel to use what can be
quite conplex software. In the personal computing field, nenus
are often used and following is a display illustrating a

si npl e exanpl e of such a use:

AREA CALCULATOR

RECTANGLE
TRI ANGLE
Cl RCLE

TERM NATE

SELECT OPTI ON REQUI RED (1-4)? _

PhONE

This display offers the choice of an area calculation or to
term nate program execution. The program segnent whi ch woul d
produce this foll ows:

100 CLS

110 PRI NT: PRI NTTAB(12); " AREA CALCULATOR': PRI NT

120 PRINTTAB(12);"1. RECTANGLE"
Li st 57 130 PRI NTTAB(12);"2. TRI ANGLE"

140 PRI NTTAB(12);"3. ClIRCLE"

150 PRI NTTAB(12);"4. TERM NATE": PRI NT

160 PRI NTTAB(5);: 1 NPUT"SELECT OPTI ON REQUI RED (1-4)";
N

At certain locations within the program there would be the
rel evant routines to deal with the three area options on the
menu. Perhaps the rectangul ar area cal cul ation routine would
be at line 1000, the triangular area routine at |line 2000 and
the circular area routine at |ine 3000. The program

term nation routine mght be at |ine 4000 for exanple. W
woul d need to incorporate programlines from 170 on, in order
to divert program execution to the relevant routine depending
on the value of Ninput at line 160. W could do this with

| F- THEN statements as foll ows:

170 IF N =1 THEN 1000 There could be problens here if the
oper at or
180 IF N = 2 THEN 2000 typed say 0 or 5. These are not
valid entries
190 IF N = 3 THEN 3000 since only four options are offered!
The
200 IF N = 4 THEN 4000 addition of a further line (165)
will deal

with this.
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165 IF N< 1 ORN > 4 THEN 160 If the value of Nis |ess
than 1
or the value of Nis greater

t han
4 go back.

If any entry other than 1, 2, 3 or 4 is input at line 160,
line 165 will repeat the request SELECT OPTI ON REQUI RED (1-4).
Line 165 is known as a 'guard against an invalid input' , or
nore colloquially a "nmugtrap”, and when using nmenus, such a
line should al ways be used so that only |egal entries can be
made! |If the above nmenu of fered 40 options, we woul d obviously
need 40 | F-THEN statenents and this woul d nake the program
very unwi el dy. There is however a new statenment which suits
t he above situation admirably and this is the ON GOTO
statenent. Lines 170 to 200 inclusive could all be replaced in
t he program above by one new line (170) which woul d achi eve
precisely the sane result as those |ines:

170 ON N GOTO 1000, 2000, 3000, 4000
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When this line is executed, if N = 1 program execution is
transferred to the first line nunber in the ON GOTO st at enent,
line 1000, if N=2 to line 2000, if N=3 to line 3000 and if
N=4to |line 4000. Consider the follow ng sanple |ine:

250 ON X G&Oro 150, 200, 340, 670, 890, 1200, 5000

a) If X=6, the next line to be executed would be the sixth
i ne nunber, 1200

b) If X =2, the next line to be executed would be the second
i ne nunber, 200.

Not e t he commas between each |ine nunmber in the ON GOTO
statenent, with no conma after the |ast |ine nunber.
Expressions may be used in the ON GOTO statenent as well as
vari abl es:

1000 ON B+1 GOTO 1200, 3490, 5670, 8970

STATEMENT FORMAT

LI NE NUVMBER ON Vari abl e or Expression &Oro line 1, line 2,
line 3 ...

Action: The conputer uses either the value of the variable
or

expression to determ ne which Iine nunber to go to
next. |f

an expression is used and the value is a decimal, say
4. 56,

nost conputers will take the integer of this and in
this case,

proceed to the fourth |ine nunber.

Al t hough included in this book for conpleteness, ONNGOTO i s
very sel dom used in nodern BASI Cs because of the follow ng
[imtations:

1. The ON variable must increase by 1 for each |line nunber in
coro

2. GOTO nust be followed by a |line nunber. This becones
difficult in BBCBasi c when using PROCedures (discussed in the
advanced class) and limting in such as Qui ckBasic which do
not even need |ine nunbers!

NOTE: It is inmportant when using nenus to ensure that invalid
inputs are not allowed and a |ine such as the exanple |line
above (165) should always be incorporated in the program
imediately after the relevant input and before any ON GOTO or
ot her statenents.

SUBRQOUTI NES
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It is often the case that the sanme set of operations (routine)
will occur a nunber of times in a program If you consider the
menu driven program above, each of the three options to
calculate an area will result in the need to output the result
of the area cal cul ation concerned. The programlines to
perform that output could be incorporated as part of each of
the three area cal culation routines and m ght take the form of
a nmessage such as THE AREA IS X. Qbviously, we would then have
a situation where the sanme programline was occurring three
times in the program a waste of nmenory space and bad program
pl anning! In a case |like this, we can use a common out put for
the nessage on a single programline, this |line to be used by
all three of the area cal culation routines. A comon routine
like this is known as a SUBROUTINE and this can be CALLED
whenever required fromany part of the program As nentioned,
BBCBasic has a facility called a PROCedure which provides a
simlar facility in a nore advanced and fl exi ble way, and nobst
nodern BASI Cs provide sonething simlar. However, all still

al l ow the use of subroutines. The 'prograns' overpage
represents the formthat the above program m ght take wi thout
a subroutine and the alternative version with a subroutine.
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100 Menu goes here

I
170 ON N GOro 1000, 2000, 3000, 4000

1000 Rectangle area routine here

I
1100 PRINT "AREA IS ": X
"standard' version

1110 I NPUT "ANOTHER RECTANGULAR AREA (Y/N)"; &
program lines 1120 IF @ = "Y" THEN 1000

1100, 2100 and 3100 do the

1130 IF @ = "N' THEN 100
(providing that

1140 GOTO 1100

area cal cul ati on

2000 Triangul ar area routine here
result in variable

I
2100 PRINT "AREA IS "; X

2110 I NPUT "ANOTHER TRI ANGULAR AREA (Y/N)"; B

i S sonmewhat

2120 IF @ = "Y" THEN 2000
only one line

2130 IF @ = "N' THEN 100
routine is

2140 GOTO 2110

However, you wil|

3000 Circul ar area goes here
si tuations which

I

wher e

3100 PRINT "AREA IS "; X
program | i nes

3110 I NPUT "ANOTHER Cl RCULAR AREA (Y/'N)"; B

routine is

3120 IF @ = "Y" THEN 3000

more than 1!

3130 IF @ = "N' THEN 100

3140 GOTO 3110

4000 PRI NT " PROGRAM TERM NATED": END

Li st 58

In this

of the

same thing
t he rel evant

store the

Thi s exanpl e

trivial since
in each area
conmon.

often find

are simlar occurring,

t he nunmber of
commpn to each

consi derably

100 Menu goes here

I

170 ON N GOrO 1000, 2000, 3000, 4000
t he

1000 Rectangle area routine here
now only 1

I

Li nes

1100 GOSUB 3500

are the sub-

1110 | NPUT "ANOTHER RECTANGULAR AREA (Y/N)"; Q&

new GOSUB
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program there is

line at 3500.
3500 and 3510

routine. The



1120 IF @ = "Y" THEN 1000 statenents on
lines 1100,

1130 IF @ = "N' THEN 100 2100 and 3100
"CALL' the

1140 GOTO 1100 subrouti ne.
When any of these

2000 Triangul ar area routine here are execut ed,

t he GOSUB 3500

| statenent transfers
contr ol

2100 GOSUB 3500 to |ine 3500,
t he subroutine

2110 | NPUT "ANOTHER TRI ANGULAR AREA (Y/N)"; Q8 has been

"CALLED . The 2120 IF @ = "Y" THEN 2000 PRI NT
statenent on |line 3500

2130 IF @ = "N' THEN 100 execut es, and
t hen t he RETURN

2140 GOTO 2110 stat enent on
line 3510 is

3000 Circul ar area goes here encount er ed.

RETURN tells the
| conputer to transfer

contr ol

3100 GOSUB 3500 back to the
i ne FOLLOW NG

3110 | NPUT "ANOTHER Cl RCULAR AREA (Y/IN)"; 8 t he rel evant
GOSUB st at enent .

3120 IF @& = "Y" THEN 3000 I f the GOSUB
on line 1100 was

3130 IF @& = "N' THEN 100 the call ed
statenent, then

3140 GOTO 3110 control would
be transferred

3500 PRINT "THE AREA IS "; X back fromthe
subroutine to

3510 RETURN line 1110.

4000 PRI NT " PROGRAM TERM NATED": END
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Li st 60
100 PRI NT "READY...."
110 GOsuB 1000
line 1000
120 PRI NT " STEADY..."
130 GOsuUB 1000
line 1000
140 PRINT "GO I'I'"
150 GOro 2000
subrouti ne

1000 FOR T = 1 TO 2000: NEXT T <-

1010 RETURN
foll ow ng
2000 END

<- Print message
<- G0 to the subroutine at

<- Print message
<- G0 to the subroutine at

<- Print message
<- Junp round the

Subrouti ne
<- Return to programline

the rel evant GOSUB cal |l .

The subroutine at |line 1000, an 'enpty' FOR-NEXT | oop, is
being used as a tine delay. The loop will count from1 to 2000
and in doing so there wll be a pause in program execution.
The |l ength of the pause may be controlled by the size of the

| oop. Aloop of 1 to 4000 would take twice as long to process
as the | oop above. The tine taken depends very nuch on the
make of conputer since sone conputers operate faster than
others (have a faster 'clock' speed). You should try different

| oops on your conputer to determ ne the necessary upper limts
to provide certain tinme delays as this facility is useful when
the need to display nessages for a certain length of tine
occurs.

NOTE: Line 150 prevents program execution 'falling' into the
subroutine. If this is allowed to happen, an error will occur

when the RETURN statement is net as without a GOSUB cal |,
there is no relevant line to return to! Subroutines are often
pl aced at the end of prograns and 'falling' into them nust be
prevent ed.

Consi der the follow ng program and determ ne what woul d happen
on executi on:

5 X=0

10 PRI NT "SUBROUTI NE CALL DEMONSTRATI ON': PRI NT
20 GOsUB 1000: GOsUB 2000: GOSUB 3000

30 GOsUB 1000: GOSUB 2000: GOSUB 3000

List 61 40 GOSUB 1000: GOsuUB 2000: GOSUB 3000

50 GOTO 9999

1000 X = X + 1: RETURN

2000 PRI NT " SUBROUTI NE 2000 - CALL NUMBER "; X;
RETURN

3000 FOR T = 1 TO 5000: NEXT: PRI NT: RETURN
9999 END
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SPAGHETTI BASI C

Wth the conplexities of programjunps using GOTO and GOSUB
mast ered, the average student now w shes to show off their
know edge. They conplicate prograns unnecessarily with many
junps, and finish with a programthat becones difficult, it
not inpossible, to unravel. GOTO and GOSUB shoul d only be used
when necessary, and certainly NEVER as a 'bodge' to insert a
section of code into a programat a point where you would

ot herwi se 'run out' of |ine nunbers.

100 REM BAD PROGRAWMM NG
110 CLS

I
150 PRINT "-------- "

152 REM WHOOPS! | need to insert a 30 |line section between
150 and 160

154 GOsuB 1000

160 PRI NT " ========"

I

I

I
999 END

1000 REM 30 line routine

|
1300 RETURN

Al BASICs have a line renunbering facility to help in
situations such as the above. In BBCBasic it takes the form

RENUMBER S, |

where S is the |ine nunber you wi sh your programto start at,
and | is the increnental factor

i .e. RENUMBER 100, 10 woul d renunber our programw th the first
l[ine set to 100 and the rest following in gaps of 10

(110, 120, 130, etc).

In the exanpl e above we could first RENUMBER (say) to 100, 100.
This would give us 100 'spare lines' between each program
line. W then have enough roomto insert our new routine. W
could then use RENUMBER again to tidy our |ine nunbers, and

hi de our m st ake!
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List 61la - Try to followit!!!

10 GOTO 100

20 TO SORT QUT

25 GOTO 80

30 QUJT

40 END

50 AND THE ORDER

55 GOTO 90

60 OF SPAGHETTI BASIC
70 GOSUB 110

75 GOTO 20

80 ANY PROBLEMs

85 GOTO 50

90 THI NGS ARE CARRI ED
95 GOTO 30

100 THHS IS AN EXAMPLE
105 GOTO 60

110 WHI CH MAKES | T VERY DI FFI CULT
120 RETURN

130 I N A PROGRAM

DON'T DO | T!
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CHAPTER XVI |

L1 BRARY FUNCTI ONS

Li brary functions are functions that are pre-programred or
built in to BASIC. Most BASICs have the functions discussed in
this chapter, but there may be sonme minor differences with
different versions of BASIC. These functions are divided into
two main sections, nuneric functions and string functions.
Nuneric functions allow seni -conpl ex nat hemati cs operations to
be done and these will be discussed first but not in great
detail. Students having a need for these mathenati cal
functions will find themrelatively easy to use. W have in
fact, already used two of them INT and RND, the statenents
used to integer nunbers and to provide random nunbers.

String functions allow strings to be mani pul ated, changed and
processed and will be dealt with somewhat nore extensively.

NUVERI C FUNCTI ONS

These are specified by a three letter nanme foll owed by the
"argunent’', that is the nunber of expression to be processed.
The nore conmmonly avail abl e functions are:

Functi on Definition Exanpl es
SQR( X) Square root of X SQR(900) = 3
SQR(16) =4
SQR(12.4) = 3.52136
ABS( X) Absol ute val ue of X ABS(45.6) =
45. 6
If X >= 0 then ABS(X) = X ABS(.01) = .01
If X < =the ABS(X) = -X ABS(-7.2) = 7.2
I NT( X) I nteger that is not greater INT(7.85) =7
t han t he argunent I NT(12.99) = 12
I NT(-5.6) = -6
SA\( X) The sign of X foll owed by SAG\(88.7) =1
al (0 for zero) SA\(-1) = -1
SGN(0) =0
EXP( X) The exponential of X EXP(3) = e”3
i.e. e™x where e = 2.71828 = 20. 0855
LOE X) The 'natural' log of the —  ........
argunent. To find log to base 10  ........
of a nunmber, LOE X)/LOZx10)/  ........
SI N( X) Trigononetric sine of X whereSIN(.5286) = .5
Xis inradians. Aradian is
3.14159/ 180 degrees.
To obtain SIN(X) when X is in
degrees use SIN(X * .017453)
COS( X) Trigononetric cosine of X where COS(1.5708) =0
X is in a radians.
To obtain COS(X) when X is in
degrees use COS(X * .017453)
TAN( X) Trigononetric tangent of X where TAN(.78539) =1

X i1s in radians.
To obtain TAN(X) when X is in
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degrees use TAN(X * 0.17453)

ATN( X) The angl e in radi ans whose tangent
is X. To obtain ATN(X) in degrees
mul tiply ATN(X) by 57.29578.
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STRI NG FUNCTI ONS

In spite of their name, conputers are much nore than machines
for perform ng mat hemati cal cal cul ati ons. Conputers can be and
are very extensively used to mani pul ate, conpare, organi se and
exam ne non-nuneric (string) information. In fact, the ability
of conputers to store and retrieve string information (using a
Dat abase) is one of the najor uses of conputers today. Wrd
processing i s another exanple of non-nuneric operations as is
Desk Top Publishing and of course, newspaper production. In
earlier chapters, we have seen how nanes and addresses can be
stored in DATA statenments and arrays, searched for, sorted and
printed. In this chapter we shall discuss sonme of the nore
sophi sticated string mani pul ations that are possible by neans
built-in library functions. W have already seen what is

possi bly the sinplest of string manipul ati ons, that of
CONCATENATI ON or the joining of strings. The foll ow ng program

illustrates:

10 CLS

20 A$ = "HOr":B$ = "DOG' <- Assign strings to
A$ and B$
List 62 30 C$ = A$ + B$ <- Join them and
store in C$

40 PRI NT A$, B$, C$ <- Print the three
strings

50 END

The foll ow ng di splay woul d ensue on executi on:

| HOT DOG HOTDOG | <- Strings
printed in zones
| >_ I

Any sequence of characters which appears in a string i s known
as a SUBSTRI NG For exanple, ABC is a substring of AYZABCDEW
| f we have a name such as FRED JONES stored in variable N$,
then FRED is a substring of N$. The four follow ng functions
permt a wide variety of string manipul ations.

STRI NG FUNCTI ON DESCRI PTI ON
LEN( Z9$) returns the nunber of characters in string
Z$.
LEFT$(Z$, N) returns the substring in Z$ that consists
of the

| eftnost N characters.
Rl GHT$(Z$, N) returns the substring in Z$ that consists
of the

ri ghtnost N characters.
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M D$(Z$, P, N returns the substring in Z$ that consists
of N

characters begi nning at character nunber P.
Exanpl es: 1. Suppose X$ = " AFGHANI STAN'

LEFT$(X$, 3) = AFG Rl GHT$( X$, 4) = STAN M D$(X$, 4,3) =
HAN

2. Suppose N$ = "JAMES'

LEFTS(N$, 5) = JAMES RI GHT$(N$, 5) = JAMES MD$(NS$, 1,5 =
JAMES <- NOTE t hese

3. Suppose W5 = " AFTERNOON"

LEFT$(W$,5) = AFTER RIGHT$(WS,4) = NOON M D$(W$,7,2) = QO
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This programillustrates how t hese statenents work:

90 CLS

100 A$ = " ABCDEFGH " <- Assign string A$

110 L = LEN(A%) <- Store length of the string L

120 PRINT "STRING "; A$ <- Print the string

130 PRINT "LENGITH: ";L <- Print the length
List 63 140 L$ = LEFT$(AS, 5) <- Put leftnost 5
characters in L$

150 PRI NT "LEFT PART: "L$ <- Print nmessage and
LES

160 R$ = RI GHT$( A3, 3) <- Put rightnost 3
characters in R$

170 PRINT "Rl GHT PART: "; R$ <- Print nmessage and R$

180 MB = M D$( A%4, 3) <- Put 3 characters
starting at

190 PRINT "M D PART: "; M character nunber 4
in M. Line 190

999 END prints it.

Execution would provide the follow ng display:

| STRING  ABCDEFGHI | <- Original string
printed

| LENGTH: 9 | <- The nunber of
characters

| LEFT PART: ABCDE | <- Leftnost 5
characters

| R GAT PART: GHI | <- R ghtnost 3
characters

| M D PART: DEF | <- 3 characters
starting at

| > | character nunber
4.

Anot her exanpl e usi ng LEFT$ only:

5 CLS
10 I NPUT "FI RST NAME: "; F$ <- Get first nane
from oper at or

20 I NPUT "LAST NAME: ":L$ <- Get last nane from
oper at or
List 64 30 I$ = LEFT$(F$, 1) <- Find first nane
initial

40 PRINT I$;". ";L$ <- Print initial,

stop, last nane

If, in answer to the question at |line 10, the nane JAMES was
input and in answer to the question at line 20, SM TH was
i nput, the programwould output J. SMTH

Consi der this program which denonstrates a text editing
facility:
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410 CLS
420 I NPUT "TEXT: "; T$:T1 = LEN(TS): PRI NT
430 I NPUT "REPLACE: "; R$: Rl = LEN(RS): PRI NT

450 FORP =1 TOT1 - R1 + 1
460 |F R$ = M D$(T$, P, Rl) THEN 500
470 NEXT P

480 PRI NT "NOT FOUND! ": PRI NT: GOTO 430
List 65 500 | NPUT "REPLACE WTH ";Ws: WL = LEN(W$): PRI NT

520 T$ = LEFT$(TS, P-1) + VW + RI GHT$(TS$, T1- P+1-R1): T1
= LEN(T$)

560 PRI NT "CORRECT TEXT: ":T$

570 | NPUT "ANT MORE CORRECTIONS (Y/N)": Q8

580 IF Qb = "Y" THEN 430
590 IF Qb = "N' THEN 700
600 GOTO 570

700 END

The variables in List 65 are used as foll ows:

T$ - Original text (and later the corrected text)

Tl - Length of original text (and later the corrected text)
R$ - The substring to be repl aced

R1 - The length of the substring to be replaced

Ws - The replacenment string

WL - The length of the replacenent string
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The easiest way to understand this programis to assune a text
entry and the trace the program Let us assune therefore that
the original text entry in response to line 420 was 'THIS IS
THH PROGRAM . W shall want to correct the mspelling '"THH to
" THE' .

T$ = TH'S 1S THH PROGRAM

T1 = 19

RS = THH

RL =3

W = THE

W = 3

PLIMT = 17 P WHEN FOUND = 9

LI NE 420 - The string T$ is assigned and its length (T1)
eval uat ed.
LINE 430 - The substring to be replaced (THH) is entered (R3)
and its

| engt h eval uat ed.
LINE 450 - The limt of the FOR- NEXT |oop is now known
(T1-R1+1), 17.

LINE 460 - 1ST TIME THRU - MD$(T$, P,Rl) = "TH' - No match
so NEXT P

2ND TI ME THRU - ditto ='HS -
ditto

3RD TI ME THRU - ditto ='l1S -
ditto

4TH TI ME THRU - ditto ='S 1" -
ditto

5TH TI ME THRU - ditto = IS ' -
ditto

6TH TI ME THRU - ditto =']lS"' -
ditto

7TH TI ME THRU - ditto ='ST -
ditto

8TH TI ME THRU - ditto =' TH -
ditto

9TH TI ME THRU - ditto ='"THH - '"THH

MATCHED!

Now execution transfers to |Iine 500

LINE 500 - W type in the replacenent substring, 'THE and
this is

assigned to Wb. Its length (W) is eval uated.
LI NE 520 - The new version of T$ is now reconstructed:

LEFT$( TS, P- 1) ='THIS IS
Vs = ' THE'
RI GHT$(TS$, T1-P+1-R1) = ' PROGRAM

LINE 560 - The new T$, 'THIS I S THE PROGRAM is printed.

Further corrections may be made if required. Note that if the
substring to be replaced, (entered at line 430) is not found
during the search within the FOR NEXT | oop, program execution
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will drop through to Iine 480 where the rel evant nessage is

di spl ayed.

The nost inportant part of this programis the SEARCH ROUTI NE
provided by lines 450 to 470. This is called an 'I NSTRI NG
search, it checks for the existence of a substring within the
mai n string. Many BASI Cs offer a statenent which provides this
search and in BBCBasic for exanple, this statenment is | NSTR
Instring searches permt itens to be found by a ' PARTI AL
MATCH , this neaning that it is not necessary to enter the
whol e of any itemto be found. For exanple, if you were
searching through a DATA |ist for an item such as ' VELLI NG
and you used the search string "WELL', all entries for WELLING
woul d be found. SO WOULD ANY ENTRI ES LI NE ' VEELLI NGTON'
STOCKVELL' and any other strings containing the substring
"WELL'!
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Even bearing this small problemin mnd, the search with

partial match is very usefu

and is generally found as a

standard option on many professional database systens. It
avoi ds the problenms of the exact match search where, say,
FRED (_ represents a space) has been typed and therefore an
exact match with FRED woul d not occur. The instring search
and a search string of FRE would find entries for FRED

Below is an alternative view of the conparisons nmade during

the execution of List 65,

above:
TH S | S THH PROGRAM
NNN
PASS 1 THH
TH S I'S THH PROGRAM
NNN
PASS 2 THH
TH S I'S THH PROGRAM
NNN
PASS 3 THH
TH S I'S THH PROGRAM
NNN
PASS 4 THH
TH S I'S THH PROGRAM
NNN
PASS 5 THH
TH S I'S THH PROGRAM
NNN
PASS 6 THH
TH S I'S THH PROGRAM
NNN
PASS 7 THH
TH S I'S THH PROGRAM
NNN
PASS 8 THH
TH S I'S THH PROGRAM
NNN
PASS 9 THH
i ne 500

The general form of the
this should work in all

assunmng the entries were nade as

NO MATCH

NO MATCH

NO MATCH

NO MATCH

NO MATCH

NO MATCH

NO MATCH

NO MATCH

MATCHED! Junp out of loop to

| NSTRING SEARCH is as follows and
BASI Cs. X$ is the string to be

searched and Y$ is the substring to be found.

1000 FOR | = 1 TO LEN(X$) - LEN(Y$) +1
1010 IF Y$ = M D$S(X$, |, LEN(Y$)) THEN ....... *
1020 NEXT |

* mght go to a PRINT subroutine to display the found

item

This routine would perm't
for a partial match:

800 I NPUT " SEARCH FOR:

alist of DATA itens to be searched

" Y$

900 FOR A=1 TO nunber of DATA itens
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910 READ X%

1000 FOR F=1 TO LEN( X$) - LEN( Y$) +1

1010 IF Y$=M D$(X$, F, LEN(Y$)) THEN drop to match found
routine

1020 NEXT F

1030 NEXT A
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Usi ng the BBCBasic | NSTR statenent, the general formfor an
Instring search would be as foll ows:

10 I NPUT "LONG STRI NG "; A$

20 | NPUT " SUBSTRI NG " B$

30 A=l NSTR(A$, B$)

40 | F A=0 THEN PRI NT "NO MATCH': END
50 PRI NT "MATCH FOUND AT POSITION ": A
60 END

If the match is found, A will have the value of the position
in the long string at which the substring was found. If not
match is found, A has the value O.

THE VAL & STR$ FUNCTI ONS

These functions convert nuneric variables into string
vari ables (STR$) and string variables into nuneric variables
(VAL).

Consi der the follow ng program

10 B
20 R$
print (12344321)
List 66 30 Q= VAL(®):P = VAL(P$) <- 'Value' strings
40 R=Q+ P:PRINT R <- Add val ues and print

"1234":P$ = "4321" <- Assign strings
@& + P$:PRINT R$ <- 'Add' strings and

(5555)
50 END

The VAL statenents on line 30 store the nuneric values of &
in Q and P$ in P. If you try to VAL a string such as "FRED'
the result will probably be zero!

Now consi der this program

10 ME1111: N=2222 <- Assign val ues

20 R= M+ NPRINT R <- Add val ues and print
(3333)
List 67 30 Mb = STR$(M:N$ = STRS(N) <- Convert to strings

40 R$ = M + N$: PRINT R$ <- '"Add' strings and
pri nt

50 END (11112222)

These two statenent were originally used in early versions of
BASIC to 'conpress' data before saving it in an external
datafile on disk or tape. The reason for this is that nuneric
data requires nore storage space than string data and such
conpressi on saves space. The data would then have to be VAL'd
after being read back fromthe datafile before any numeric
operations could be done on it. Many versions of BASIC have
speci al statenments which convert data to the required format
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and sonme software today 'conpresses' nuneric information
during program operation thus saving conputer nenory space,
but the nmuch I arger nenories currently avail able nake this
| ess necessary.

Finally, do not confuse STR$ with the simlar soundi ng STRI NG

110 A$=STRI NGH(3,"-***-")
120 PRI NT A$

When executed prints:

_kkk_ _kkk_ _kkk_
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