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'rhrs book !as develop€d lor use by individuals takinq their fjrst
proqramning. No prior knooledqe of anv proqranming

Lanquaqe is reauired, rhe obj€ctiv€ of Lhe book is to teach RAslc in
of busrness apptications. rhe sample programs lhat appear

throushout this book were developed Digitar Equipnent
corForalion Model PDP/rl computer with the RSTS/E operatins svstenr
bur they vi1l uork on nost conputers that support BAslc uith onlv
ninor cha.ses. The enphasis in the book is on proqranminq principlee'
not on any lartlcular type of conpucer hardwa.e.

T'o e:rse.tial types ot conputer systems appear in the business
comunity today: a nulti lser €nvironnent/ 'here nany people are
serwed by the a sinqle-use! environhenL'
in which lhe processor and ils input/output units serte onlv one
lerso., uicroconpuiers are the drivinq force behind sing1€-user

oi these environnedts are covered in this book.

cn.p.L o-.-' o-i r. L-po.!c' o - o 'onp. re . ' 'nF b.r'nPs.
4o, o ald .ou,ru,"" o-..q. ihrough -v.6n
comands. chapters 2 and 3 erplain are conposed
and hou special synbols are used to process data values. Chapter 4

presents a slstenatic approach to Froqran develophent. Chapter 5

describes various nerhods of input and output and chapter 6 desc.ibes
ho! a proglan is used to facil!!a!e decision makinq chaPters 7-9
desc!ibe several features oF the BAsIc language (1oo!s, arrays, and
subroutines) lhai can save the user a considetable amount of tine
ohen io.q repetitive procedures have to be programmed. Chapter 10
dears with plocessing data that is stored in disk files. chapte! rr
presents various iechniques for sorting and searching. chapter 12
describes sone special funclions built into the BAsrc lanquage vhich
enabLe ihe user to easiLy deriwe various nathematicar quantities and
manipurate data lhat appears as text.
lle voutd like to express our thanks to Dr. David c. shitnev of san
Francisco state university for his encouragenent a.d support. we are
also sraterul to Mr. Richard N. Thutes for his assistance in the
publlcation of this book.



conputer systens and the Busine3s orqanizalion

The qeneral proceiture lhat a cohputer fo11o{s can be sumaiized in
a qraphicat mnne. by what is often carteat $ie Oniversal Florchart

Each lart of this diasiam lepresents both a l!!9!!9! beinq
perforned and a specific piece of eolipnent that pelfolms the
function. Tbe PRoCESS function takes data fron the rNPUT function
t.aosforms it tn some say and delivers it to tbe OUTPUT function.

the input data are business transactions. These are
processed in rays chat eill produce informeion to be used both
internally (by nanagement) and externally (by customeis.
credito.s, suppliers. governnenlr etc). !|ose transactions require
access to some previously storeat daia rhlch nust be updated or
referenced in some way. so tbe SToRAGE function is added to the
diagram. The equipment that perfolms tbe data plocessing function
is collectively called hardrare, anat a separate hardrare iten ls



SYSfE'1 lNIORI1AIION AIID COI1MANDS

t|pe of devi.e used For each fuoction is Listed

conpurer terminar keyboa!d

cenrral Pro.essi.g unit lcprJ )

Pri. ier or terminal screen

r,laqneLic Disk, r'4aqneLic lape

It nusr be noted that the functions can be acco{plished i. severar
ways. ror irstance, INpUf may be acconpLished by enLerinq data on
a te.ninal keyboard or by recrieving data that has been previously
sLored, or by both. The oUTPUT functlon may mea. printinq
sonething on paper, placinq dara back into th€ storase area, or
serding i! lo another conputer system. Therefore the list above
shovs o.ly the prinary use or each device,

rhe funcLion of cor{IlUNIcaTrONs involves gettinq dara from one p6i.t
in the sysiem to another. The UniversaMo{cha.r shovs lhe conmu-
nications function by simple lines connectins the systen conponents
The diaqram does not indicate the physical distance b€tween each
conpon€nt. In reaLity this distance can be across a room or halfray
around the world. The hardNare devices use,l For comnuncations are
various types or sophisticated electronic equipnent. the commoo
Lerm "channeI" is used for Lhe collection of equipment Lhat carries
lhat data, and iL nay include 'ire cable, a microwave cransmitter,
a Fiber optic cable, satellites, or other devices.

we have described !!3! a computer system can do, but not ip! it is
do -. 'e d'dL"Lc 16 ldo/ apdorli i6 o. d -o ere ci-- enr
of them uithout instruction From a human being. An analoqy can be
draqn ro the autonobiLe. rt is a 1ar9e piece or equlpnent
thardrar€) lhat has the capability of novinq peopre and calgo
while traveling ar great speeds. Also it.an nove in nany direc
tions. But it fiLl not perforn any of lhese "funcrions, unless a
hunan beinq nakes a decision on oho is to ride, what cargo is to
be carried, and which direction is to be taken.
is in hotion performing these funcaions, it must be under co.stant
contlol of the hrnan beinq. So it is rith lhe conputer -- it has
nany capabiliries but will .ot use any of rhen u.ress a hunan
being "comands" that soneLhing be done. A bu.iness function tuy
involve hany steps and incrude many calculations, and the order in
rhich chese steps are taken is important, A conpuler progran is
the means that a lrunan being uses to direct the conputer in
performins sone function. The coLlective nane for conputer
programs is soft*are. rhe harduare devices that input and stor€
data also input and store prdqrans. A Etored plogran can be ca11ed
on again and aqain !o process nev input data.



SYSTEIl INFOR[lATION AND COI,II,IANDS

A conputer plogram !s a seL of instructions which musL be carried
out in a very specific order to acconplish sore task or solve sone
probren. The generar term for such a formal procedlre is an
aloorithn. A program is a. alqorithn whose sreps have been
automated. A conputer language is compos€d of a set oF characters
and a .umber of rules on hor those characters can be plt rogether
to form computer prosram instructions.
Many.omputer lanquages have been creat€dr each Hitb its o{n set
of characters and ruLes. some Lanquas€s are
specific applications and sone are Tbe Language
that is easiest for the beginning srudenr is BAsrc_ rts name is an
acronym ehat proclains that Eact: Eeginners' A1l-purpose qynbolic

rhe conpu!er user Environnent

ThroDqh the 1970s most conpulels were servins people in a
muitr-user environne.t, The capabiliry of mulriproqraming(storinq nore lhan one proqran in the processor at once) created
the tinesharing. siluarion, where many users are served ar rh€
same tlme, Actuatly, is concerned with only one
progran at any instant, but it can switch bact and forth betreen

extremely fa€t speeds, qividq each user the impression
that the computer is dedicared to him or her alone. A typical
multi-user conputinq environf,ent nigh! be diaqrammed as follows.

rhe enphasis hele !s on sbared resources. Each user sbares the
ce.tral processing uni! (cPU), disk storase and outpur devices
rilb other users in the systen. In this environnent mnaqenent can

accounting records on hoq nuch of the conputins
used by individuals and departnents. They can also

conlrol ihe number of users and the Lype of plograms
The disadvaneage oF the multi-user systen is that equipment nal-
functions affect all users and waluable time ca! be rasted bv
vaiLi-q o o he' D 09 drs or hrqher orioriLy o oe conpL-Eci.



rhe 1930s brought rhe nicroprocessor into general use. Thts
conputer-on a cbipr made conpuling devices relatrrely inexpensiveqhile reraining much ol lhe processing powe! .f larger conputers.

rndividuars alone sithout havinq ro share resources
vith others. 'rhe diaqram of a typi.al stand-atone conpDti.s e.vi-

rhe capability of user-independence {as received vith q.eat
enthusiasm by lhe business connunity, and nicrocomputers beqa^ to
Oour into the orrice. Rut rhe advantage ol "personal" computers
qas 4roded by other lactors. Thera is very littre data processed
in Lhe ollice by one individual that is not
in the corpany, Inira and inter-departnenlal conmunicatiod is
ess.ntiat fo. an onqoing business. A comnon dala bank avoids the
tremendous dupLication of storage Lhal individual conpuLers can

to n--ntion the proriferaiion of storaqe medla and
devices. Mtcrocomputers nade by different
preseor a nightnare of hard{are compatibiLity

in regard Lo sacurity matters tecomes udwieldy,

'rhe currenl tre.d in business is to iniegrate thesc various orfice
technologies. r4icroconputers cad be used as individuat rork
statiods, rith rimired processiog and storase capabiLities. At the
sana Lime r-hey can be tied to a 1a!9e ,,hosl" conputer

a comnu.icacion neLHork. Tbus conpany data resources
by i.dividuaL users. Beinq that these stand alone

compuLers are tieil toqether into ,ha! is virLuaLLy a multi-user
sysrem/ both user environnedts ar: nentioned in this book, The
prosramnins exanples given in the chapters were deveLoped on a
tinesharids system, bur mosr of lhe BAsrc srarerenrs appLy ro
nicroconputers as trelI. appendia 1I gives a sumary of the
important BAsrc sytem comnands as impLemented on the leading



ANO COIIuANDS

STGNTNG ON {O IdE SYSTEM

!1urti uset nnri.on(enL

since the nulti-user .onmot slorage ar€a, lhere must
be 6one way or lelring one use. f.dm anothe., somelhing as sinple
as a difEerenL EiLe name voDld not serve this purpose because cny
users nay rish to use the same fiLe names:o seore prog.ans end
data. rbe aspect of security is aLso imporlant, hat can be done
to a.sure Lhal a certain fiLe is no! accessed br an unauthorized
user? rhe nos! common approach to this situarion i5 to inpLenent
an accounring scheme sinilar by banks. Each trans-
action in a bank requires supply two thi.qs, his
account nufrber and siqnature. The account nunber allors the bank
t. keep an accurate history of transactions and the currenL
baLance €or each cus:omer, The signarure adds a cerLai. LeveL of
security Lo che operaLion, because now an unauthorizea cusL.mer
wouLd have to obtain soneo.e'is ac.oudt number and rorqe his
siqnature in order to mak. a tra.saction. 'rhis procedure is noL
Eootproof, but works io mos! cases. rhe a.count numbei tdd
"passrord" reqrired to enter a multi system ninic
the Lao itens r,aquired For the badkids transactiod. The accoun!
nuober can ihen to all fiLes that the user stores and
rhe password gersonat item, a "siqnature" lhat is
kno{n onLy by the user io ehich !E {as issued. This schene, jost
like the bank's, is not Eootproof. The uLtimate responsibility of
syslen seculity ries {ith humn beinss, ir this case Lhe conpany
mnaqenent and tbe individual users.
The terns loqqinq on or siqninq on refe. Lo the procedure ol
properly hookinq up a terminal to the processor and being accepled
by the syste( as an authorized user, rhe steps in Lhe procedure
{ilL vary in nunber, Lype and order, Id qener:1 they ti11 include:

l) Porer up. lo nost tinesharinq syslens a1L ternioals rre lert
with their poaer on as long as the systen is operatinq, so users
usuaLLy need no! be concerned with this step.

2) Comunications Iink, A signaL nusl be transmitted
nunications system ro indicate {ants to siqn on.
This ray be as simple as pressing one ol Lhe keys on the conpuler
terninar. Some data my have to be enLered phich describes such
thinqs as transmission speed and choice ol computer (if more than
one processor is availabre), often there are nore terninals than
pn/s'cdl i k. rr a d r'. tc.r
from the communication system lhat he or she must qait. The user's

is lhen placed in a queue (a {aiLinq line).



SYSfEM 1N FORI,AT TON

3J Enter account nunb€r and passrord. after a comunicarion line
is established, a set ol compute. proqrans collecrively ca11ed the
operatinq svsten lakes control of tbe conputer session. The user
is now considered to be in tbe systen node. The operating sysren
pronpls the user for an account number and passvord and cbecks the
data enLered against an oflicial rist that is scored in the data

is a match the user is considered isigned on.,,

4) spe.iry computinq mode is tbe .tartidq point
for enterinq a ndnber of different computi.g nodes. The user may

a proqram in a certain ranguage (tike BASrc), edit
Fires, delete tiLes, or other tasks. The user nus! specify vhich
node is desireit, Many limesharing computers are set up to go di-
rectly into th€ BAsIc node, nakinq rhis step automatic for the
user. once the Dser is in the proper node (in our case aAsrc) be
or she can vrite ner programs, chanqe ord programs,

data lor some application.

si.qte user Environnenr

A stand-alone, or self contained, computer serves only one user,
All the hardvare conpon€nts (terminaL, CPU, prin!er, storage
device) are "dedtcated' to the user of the system. The singLe user
sysLem {e will dis.uss is the nicroconputer, or,,personal'
conputer, te eill assune that the type of storage nediun used is a
small frexible ("ftoppy') disk. The adninistrative
be perEoimed in order !o use a microcomputer are not as involved
as a tine.harinq systen, Since there is only
structure is really not needed, Al1 files are accessible by trre
person that logs on tbe.ysten, Security in lhis case is usually
reft entirely up to the orner of the microconputer, Ir a nunber or
tbese conputers are owned by a conpany, then mnaqement must take
special care that only autlrorized personnel have access to them.
rhe log on and Io9 off proc€dures are quite sinple.

1) Power up. Ibe porer nus!
sesslon. Leavins the poser
the conpuler is not in use

2) road op€ratinq system. A 'isyslen disk,, containing rhe operating
be inserted into one of the disk drive units. rhis

disk cones rith the computer rhen it is purchased. A speciar key
on Lhe terninal is pressed {hich loaits the operating systen into

This is called "bootins the systen.i An oper-
ating system pronpts ihe user for the date and time,

3) Specify conputer mode. Tbe user speciries the conpute! mode as
described earlier (BAsIc proqranming, tert editer, etc). The
operatids system nay have !o load other proqrams in frofr storage'o b.inq 'ha ,sFr i4ro \-

be turned on at tbe b€sinnidq of each
on ror exlended periods of time shen
is considered an i.efficient trs..f ihc



TNIERACTtNG

Tdporary and

t4ost people usinE a conputer ror lhe first Line neeL a roadblock
afrer Lhey have ioqged on lo lhe system, Enterinq the account
number and passqoxd is done by rollowinq very specific instruc-
tions, but aller rbese ar. conpleted the question "llJhere ilo t 90
fron her,-? usually arises- The beqihner is orten confDsed as to
whelher he o. she shouLd initiate some a.tion or il the conputer
is qoins to do sonethinq instead, As nentioned previously, the
comput€r has the capabllity to do naDy thinqs, but 'ir1 noL take
any action unless dlrecled !o do so by a humn being.

ro understand {hat should be done afLer loqging onr we nus! First
take a closer took at th€ processor neno.y, The user's account
nunber ras nccepted and verilied by r:he operatinq system, the set
of computer progrrms that controL and coordinat,c aLL internal
.onpuler activity. The operatinq systen has no{ r.scrved a part ol
the processor nemory caLled a work area for exctusive use by the
person siLcinq at che i:erminal and has ideniiEied this nenory area
,ith the accounl nunber e.tered. Only a part oE tbe pro.essor
nenory is assigned because, in a tinesharinq system, the nenory
must be divided amonq many users. rhe individuaL user, however, is
noL directLy affected by the olher users and for all practical
purposes can this part of nenory is !b9 processor
nenory, ro visuarize this we riLL dras the tioesharinq sysLeLn
diagian asain as it would appear righ! afler someone has loqqed
on. For the example let us say lhat Lhe user's account nunber is
10t,22.

The vork area i" u !Cg!g!e!r 9!9!e area. As its name implies, it
is ihe place are worked on'i, that is, created,
changed and produce output. when Lhe user Logs off,
the sork area rill be cleared and given to another user. Therefore
some place is needed ro store shen the dser is
not on-line. The disk acts
can be drawn to a manual data processing system (one without
conputers) - A person renoves docuoenrs Fron a file cabinet, 'orkson them Hhile sitling at a desk/ then returns then to Lbe file
cabinet. rhe desk top, in this case, is a tenporary storage area
and the rile cabinet a Permanent

( 101,2 2 )

( 101,22 )



2. system comands

^1r 
of tlre systen comnanLls in sone ky deal qilh the rork area.

created in the rork area, a.e saved by moling rhem
tron the {ork diskr and are rerriev€d by noving Lhen
from rhe disk back into the Nork area. conmands are not lart of a
conputer progran, They are directives to the operatinq system to
take sone specific action rith a proqran. Comands are alqays
execuLed immediateLy by the operaring system. The erds conpurer"
a.d "operalinq systehri are often used interchangably, for
instance, lithe conputer executed a coma.d.ii

The li.es of a conputer progran, called statenents or
]jlll!aj-19!€, vrll 06 06.c :oeo cndpl* 2..d I s

conplete th€ first three chapters or !hts book in
order to fulLy understand lhe interactio. bet{een sysren connands
and progran most inportant system cdmands are
explained beLor in the order tbat a beginning programn€r {ou1d be
nost likely !o use tbem.

a) Naminq and savinq Prodrams

Before entering the NEW camand is given. This
crears the work a(ea of any proqram lines that nay be oresent and
d5c;qrs . an id-nr I n9 Id.ct.

qhere "nane is a set of alphanumeric characters (letters o!
nunbers). The first character nust be a letter. The nane ruv con-gF-x" 1p-.s:

NEW XYZI

!q!9: It tri11 be imptied that at the enit of glejI line typed od
Lhe terminal the carriage return k€y must be pressed, Thls key !s
usually mrked: RETURN.

rf tbe coma.d entered, rbe work area Hould be nafred
rRoG add it would be enply. This is like puting a labe1 on an
€npty file draw€r. Naming the eork area in rhis way iE significanr
because Laler, after computer progran srarements hawe been

conLents of the work area witt be saved on the disk,
and the the nane of the aolk area will become lhe disk fite nane.
rhe conputer always responds ro a comand, so after NEr{ pRoG is
entered the word Readv appears on lhe video 6creen, siqnifyinq
that the comand has been performed.



At this point the user dould start e^Lering lines
proqran. Since only comma.ds are bei.q described
re 'ill lndicate a BAsIc proqram by the synboL:

When all proqram tines are entered,
these Lines on the disk so that they My be retrieved and used
aqain rater. The sAvE conmand will accoflplish this task. Only the
{ord sAvE has to be entered since che fiLe thar is saved on rhe
disk witl hawe the same nam€

l,le rill sumarize the discussiod above by listinq lhe connands and
computer responses in lheir proper sequence. l,et's
has logqed on under accounL 101/22 and rishes

Ready

It is imporlant to note that shen the
lpga of the progran in the rork a.ea
Therefore Lhe progran is srill in rh€

But how does one retrieve a
us€r loqs off the systen and
to a Proqram, the disk file
this is acco(pLished by tb€

work area is named
conputer response

proqran lines are enlered

progran is saved od Cisk
co'iputer response

SAVE conmand is given, a
is moved to ihe disk,

progran "fiLename" from
nane will then be the

very rarely will a proqram produce correci ansrers lhe first tine
so changes eill have to bo made to proqran lines. The rules lor
naki.q such changes (caILed editing) are discussed in the neit
.hapter. When cha.qes have bee. nade the user rill sadt to stoie
lhe new velsion of the proqrah on the disk and delete Lhe o1d
version, rhis can be done with the R€PLACE connand. rhis conmand
is qiven when to take the proqram in the eork area
and store it on the disk un{ier a file nane {hich already eaists.

proqran that has been srored? rf rhe
returns the next dav to hake chandes

'rhr .o1p.,c, q_ \-l ,o/-
the disk into the 'ork area, and th€ file
name ot the vork area.



Sone qenelal ruLes can no' be listed for storing and retrieving

Nane the work area sith NE(1r name
- Enter Lhe

Store the program on the disk with SAVE

for a progran qhich is arready st.red on lhe disk:
- !1ove a copy into lhe Hork area with oLD nane
- Edit the progran lines

store the ner versioo of ihe prosram on the disk with REPf,ACE

'rhe RENAME conmadd is not Dsed very olren but it is renLioned here
because it.an be helpful in sone cases. The qeneral forn is:

RENAME f!Lename

rhe co,nnadd will change tlre nane or the {ork area to "file.ane.
If r user want€d to save both version of a progran and
an updated rersion, be used. Tbe complete procedure

Bring the progxan inro the vork area From the disk
- Renarne the rolk area

Make necessary chanqes to produce new rersion
save the {ork area on the disk

As an exampLe, say a file carted PRoG existed on the disk and a
user Cesired to the proqran and save the .ew
version under the nane FRoGl.'rhe tollo'inq seqle4ce of commands

Retrieve current version

xdit proqran lines

Note rhat the sAvE conmand was used, not REPLACE. It€ are savinq
the work area under a nane that did not exist before, thus it is a
netr entry in the disk calaloq and SAVE is proper.
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b) Listlnq and Executinq Proorans

A. importa.t distinction mDst be mde becreen the work area and
the video screen on the computer terni.aL, They are nol the sane
thing! rhe anoun! of data lhat can be slored in the work area is
ry!! larqer rhan rhat ,i11 fit on rhe screen. I,le,irr define a
Line typed by the user (a command, program statement, etc) as an
"entry". and any infornation delivered by the processor to the

"respo.se." The video screen is only a moving "1oq" oE
transaclions, rhar is, !! sho's only the latest seL of enLries and
responses ihat have occurred,oui!: orten a use!,iLl e.ter a
proqram rine and later discover lhat there is an error in r:he
statenenL. If the line is re-entered then the screen {iLL shot
borh old and ner 1ines. but only one of then (the latesL ooe) FtLl
xenain in !he rork area. ',Jhen the screen fiLls up, iL looks as if
the lines disappear off the top. rhis does oot nean that the work
area is fu1l, onty that the €ke roon for the next
transacrion to be displayed,

Aftei a nufrber of proqran lines and varioDs
been nade, ho{ what is acLuaLLy in the

sork area? This is the purpose of the LIST comand, It brinqs a
99pI of the proqran in Lhe vork area to the video screen, ln this
case Lhe screen the ,o!k area, rf the

more lides than ?i1L fit on
Line will be displayed at the bollom of Lhe screen a.d one line
will nove ort the top. But this d999_4qq nean that the proqram has
been altered in any qay. Beginning users ale oflen learrul that
lrsTinq a proqran eill cause it to leave the work aiea. Remehber,
the r,IsT conmand only bri.ss a copy of the proqram in the {drk

There are several options thac cone {ith the tIST comand
are presented in a qeneral forn as:

the enlrre proqran

w!11 '1ist wich no heading (NIr)i. This is an option
desiqned to save lhe user sone !ine, when lhe comand r,rsr
is enlered, the cohpuler will display tbe
qran, the date and th€ tin€ beFore startins to list the
proqran lines. The LISTNH causes the conputer to onit this
heading infornation. It does not affect the work area ir
an)' way. The LIST comand is usually used rith this option
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LISTNH n n eill rist only a speciric range ol Line nunbers, begin-
nins {ith line n" and eddinq {ith line m . For exanpre:

This command will displa? prosran lide numbers 100 throush 500
The headinq information {i11 not ap9ear on the screen.

copyi5q proqrah lines or
does one set a

o. a pie.e of paper? This
nter being used and how

Since lhe composition of conpuler slatemenrs qiLl be discussed in
the next cbapier re wirt not nention anything nore about then

a proper u.derstandinq oF hoN system
computer progra'n statenents interact cannot be achieved untiL a1l
th€ information in chaplers L-3 has been presented, so the reader
is encouraged Lo study lhese chapLers as ane unie.

The tines of a progran can be entered an,l saved, but eventuaLLy
users will radt th€ prosram to do sohethinq. This is caLled
executing th€ proqram, The command that starts execDlion is RUN,
This {ilI display lhe acLual outpu! of the program. Enteri.q and
listing progran rines is similiar to writinq down the various
sLeps lhat go into the recipe for nakinq a cake. sinply rriting
down the instructions does dot produce a cake! After obtaining the
recipe, one must actuaLLy perfoln (or execute) each inslruciion,
The LIST connand only displays tbe progran star:enents. RUN uill
display the program output (the results of calcuLations, report
headinqs, list of data itens, etc). The.ommand also has r:he
no headins option (RUNNH). Tbis tine since Lhe
prosram name, date and line {ou1d be display4d il onLy RUN vere
entered. R0NNH 'iLL be used 'ith all the exanples id tlris book.

Note on sardcolv output
We have used the 'ord "disp1ay" to mean
output rrom the eork area to Ehe video
"hardcopy" ristins, tbat is, a listins
aepends on the type of terminal and pri
th€v are connected lo Lhe pracessor.

ln a nulti-user e.vironment, the printing devices are usually
shared by nady users. since only a few users {tLL be printing
(hardcopy odtput) at any given tine, a gloup, or cruster, oE ter_
minaLs nay be a sinqle printer. A printer switch will
be placed od each termi.aL. when this sritch is !n the "on'position the terni.al is conne.ted to the printer, and a.yrhing dis
played on che termindl screen is simultaneously printed on paper,
This includes both the progran listing (fron Lhe LIST.omnand) and
progran output (from the RUN command). when the printout is
finished the user turns lhe printer switch to Lhe ofl" position,
disconnecting the lerminat lrom the printer. Obviousty only one
person at a time can use the printer. There is often a pilot light

printer swith. If this Liqht comes on when lhe sqilch
is turned on, then the user knoqs that Lhe printer is available.
If not, the user nust vai! until the printer is free,
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1n a single user environment lhere i5 usualLy a printinq device
connected dire.tLy Lo ihe processorr so no printer switch is
needed. uardcopy listing ol program produced with a
sinsle comma.d. on most microconputers this conmand is:

rhis {iLL printout the statements of the prosram in the processor
nenory- Gelting a hardcopy ristinq of proqram odtput is usuaLly
accomplished 'irh a special in tbe BAsIc program.
see chaprer 5 for details.

c) peletinq ilnes and Proqrans

An entire group oE computer be deleted fron a
proqram by tbe DEI]ETE comand. Tbe qenerat form is:

which deletes aLL lines Fron line n throuqh line n, For exanple.

DELE!E 100-500

rill delete all lines Eron line 100 throuqh line 500,

MaLing chanses {ithin an e{isting program statenent is called
editinq the proqran text. rhere are various methods of ediiingl
some ol vhich are discussed in ahapter 2 (see Fixing Mistakes),

Deretinq and editinq conpute. to do {ith proqrans
that a.e in the vork area, How does one delete a proqlan chat is
stored in the disk catalog? Even iE the user brought the proglan
inro rhe work area and deleted aIL the tinesr the filel@ would
stilL e*ist in the cacaLog, This deletion task ca. be accomplished
,i'h Lq. u\sAVL 9e - d _o-n iq:

UNSAvE filenane

The work area is u.arrected by the.omnand. No transfer of program
data is nade betreen the processor and the disk. Tbe

file "firename'is sinply deleled fron the disk and fron the
user I s .ataloq listinq,



pisk Cataloq

The user triLl naturarry save various prograns on rhe disk, and
afrer arhile it nay lre difficuLt to iecall specific file names,
The CAT comand rlll dtsplay a lisr of fite nanes lhar are on rhedisk under the rorn of the conmald is

'rhe commadd does not arfect the work area so it.an be
L 1e, varior. dd d d,6 | sr-d 09. ,rh- ri." .an- i. '
shotn as part of a complete ,,fiLe specification , rhich has rbe
general form filenane.extension., rhe exrension is a set of !hree
cbaracLers that can be used by the proqranmer as a second Level ofiden!ilica!ion. Each BASIc proqram fiLe vi11 risr in rh€ cararogwith Lhe extension "BAs.! For exanple it the user had saved a
prosrah called PRoG it rould list in rhe caralos as pRoc.RAs. The
user do€s dot have to be concerded,irh rhe exrensiod in anv or
''e oniand. .ha hav6 od- dc".-ibad co d., s n-F rnFy att o-.{ith program files. The ektension eitl be discussed io nore detaitin cbapter t0 (ust.g Dara Fires),

controL keys like comnands, but rhey do not cause
dala to nove in or out of lhe work area. rt is ofLen desired ro
stop a progran that is listing or eiecurinq before rhe comand is
conpleted. For exanple il the LtsT comand were e.tered and rhere
rere nany proqram 1ines, ir may take a Lonq time before rhe enlire
p og dn i. dLsplay6o o p inEco. . rr- u.; oe- d-d dfLA- r'e
comnand had been given rhat he or she did.ot rant to see rheentire proqran,lisplayed there would nornatly be.o uay of srop-ing tbe process. rn anorher sirutarion the RUN comnand nay be
entered and lhe user sees fron lhe first fe{ lines of output ttrat
there are errors in the proqran. rhere shoutd be some 'ay of
avoiding the lons rait unliL all oF the ourpur has been displayed,

The contror keys are Dsefur in these situations. rhe coNTRo!-c
*rI! 1a11. o og di tnd- i6 .. 9 or e{4. rLrno, dnd hF ope.-d n9 s.,c--n uitt s.np / comend, a .o\.ao. a s
entered by holdinq dM the key narked coNTRorr and pressinq theletter c. The contiol does nor affecr rhe eork area, so it is safeto use at any time.

Tbe user my wish to start a listinq or run, hatr it for awhite,
th€n resune the plocess. This ca! be accomplished vilh rhe contror
keys coNTRoL-s and coNTRoL-Q. The first rill stop the dispLay ofprogran li.es rhar was started rith the lrsT command
and the latter rill resune lhe lisrinq where i! teft off. The
format is the same, hotd the coNTRor key do*n and press s or O.
The sane applies to proqrah output (arrer rhe RUN comand has beenentered). when a.o.tro1 key is pressed, ir Fi1l appear on the



5IGNINC OFF THE SYSIEM

r'{ulti-User SysLen

'. 
SYSTEM COMMAND SOMITCRY

The comnands described so far are tisted
show whi.h hardrare devices are aFfected

Afler a1r work is finished is ready to relinqdish the
terninal, a message nust be sent to the operating Eystem that lhe
computer session is to end. This process is called loddinq off or
siqninq qi!. Il is usually done wiEh a simple command (such as
BYE) typed on the terminaL. The operaling systen {i11 display sone
accounrlng infornation, such as tbe toiar erapsed time and total
processor time, place the useris account number on an inactive
status, and to the communications systen {hich
raiLs for anolher user.

single user systen

After aLL 'ork is finished tbe user logs ofF by sinply renoving
the disks from the disk units and sbuttinq off the tove!.

the system diagran !o

svitch is dn, LIST
i.:dditi.n to the

and RUN will produce
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SYSfEM COIII4AND sUMMARY

Naninq and savinq ?roqra8s

^ssigns 
a rabel of ii.ameii Lo rhe rcrk

DeleLes a.y progran lines currenrly in
a copi of the program in rhe sork area
on the disk calalog.

- Prewious version of ploqram o. disk is
by proqram in aork area.

oLD file.ame - r4owes a copy of program Fitename,if.on rhe dtskcatalog i.Lo rhe 'ork area.

Listino and Executinq p.oqrans

- D) -i rd, s "llis i q p -.no-d ,-, dld od_o me.
tIs'rNH opiion rill onir headinq inforGrion.If prinLer s(it.h is .d, hardcopy ourpur wil1 be
produced while program is being dispLayed,

D oI.yq o'09'"1ti)-s .,rroro- i. re,d .d..ro' ' or tio P_ ' '--_d.
in eork area.

and time are dlsplaye'1. RUNNH si11 onir heading
inFormaLio.. rt prinrer sritch is on, hardcopy'
output rill be produced {hile program is execurinq

petetinq Lines and Proqrahs

- Delete Lines n Lhrouqh m fron rhe work area

UNSAUE filenamE Remove lire "filename trom rhe caratog.
pisk cataloq

D o d a f enc1d. .,..e.rIy rn - s-ris oi.tc.taloq. oork area is r.aFFFcrcd

CoNrRotr-c rerninatesprogramlisring-in-progressorprogran
execution-in plogress. kork area is unaffectea.
Hatts progran listing-in-proqiess or proqrdr
execution in proqress. press coNTRorr-a to continue
Resunes listinq or execution of proqram Lhar rashalted by coNTRoL s.



chapter 1 described hou conmands rere Lhe vehtcle for movinq
prosrams ii and out of the this chapr:er re look al
hou acLuaL progran constructed. rach program

hare a Itne nunbe! or statement nunber. This is an
6ss n a d.rfd F'-- Lo! .Je' !"",js, w5r.h 0-6 d- pd o-
inmediateLy by the operatins systen. rf a 1i.e is enLered rhar
begins with a nunber, the operatinq system wiLL accept this as a
BAsrC statement and sinply pLace it in the work area. It {irr keep
accepLinq other statenents until a command is qiven to do
sonething with the statements (remember the analogy to Lhe cake
recipe in rhe last chapter). Therefore statements do not produce
any direct action by lhe conputer. all the statenents in the rork

on as a group when a connand is given (RUN, LIST,

have the general forn:

line l+ keyword or keyphrase paraheters

line S: Establ!shes inpli.it sequedce for progran execurion.
Required fo! every new program line.

keyrord or keypbrase: lstablishes the insrrucrion rype
(operation) that is to be perforned,

parameters: Data itens that are ro be invotved in the operation.

ExanDte: 100 ?RINT "ltELl,O"',,,//\
' i e. \e1^o q pcrhr-ter
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sonetines Eormed by a series ol keyrords or

Exanple: ,/,'/ __\
I5l] IE A < B TdEN GOIO ]OO

-,- \ ._/ \Line {. keyphrase keyrord

2. General categories

?ro9ran slalene.Ls rall into tso qenerar cateqories: executabte
and non executable, rhere are various starement Lypes qithin each
of these cateqories, Executable statements Nirr be reierred ro as
i.scructions, since they result in sone .lefinite acrio. on progran
daLa or che.rd€r i. {hich subsequeor instructions will be
executed. Nonexecutabl do no! affect data values or
p.ograf conrrol directly, bot must be i.cruded Lo support rh€
t'uncLion lreinq performed by certain e{ecutabte

rhe tables berow List each statenent lyper the BASrc key{ords or
k€yphrases included in that type, and the chapter nunber in this
book vhera the are exptained in derail, Th€
iables are followed by a qeneral description of the functions per-
formed by each srarenenr rype_

a) Execu!abLe Statements
chapter

Assis.nent ch 4
INPUT REAO, 1NPUTI INPUT { Ch 5,10
output J ch 5,10Decision Clr 6Tradsf:r co,ro, oN-coTo, oN-cosuB ch 6
Predefined Process ch 7,9
Progran Ternination END, sToP ch 2,5
Fire controL oPEN, CLOSE Ch 10

ceneral Description:

Assiqnnent - Assoclates a const3nt with a varlable.
usualty call€d a data valDe, can be a nunber or a sr.inq of

b" lo ar-d 
'1o! can be the resuLt of an operation (nuneric calcuLation or

character oanipulation).
Input Retrieves data varues rron an external source (the

terninal keyboard or a disk fite) and associates then wiih
pro9ram variables,

Output Moves data values from progran variables to an
external storage area (disk fite), io lhe display scree., orto the printer.
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Decision - conpares two values and takes epecific action based
on the resulis of the conparison.

Transfer - Directs lhe prografr to alter its normal seqdence of
statenent execu!ion.

Piedefined process - Atlows the user to conbine several of tbe
funcrions listed above irto one progran statenent.

File Control - allows the dala flles sto.ed on
th€ disk catalog.

b) Nonexecutable statements
chapter

9!3!C!9!.L!trC BASIC keveord or kewphrase Bclc!c!!.cspeciEication ch I
Data storaqe ch 5
Documentation ch 2

General Description

specification - Reserves processor frenory locations for
specific progran variables,

Data storaqe - Provldes an internal storage area for data
values that vi1l later be associated ,ith variables {ben
ehe ploglan is executed.

Docu(ertation Al1ovs proqramer to include, rithin the
an exlanded ilescription of the

specific function being perforned by each inst.uciio..



IOO LONC 'IO PIT ON ONE VTDEO SCREEN LINEi

2) Explicit line Feed. If the progranmer rishes to place one
proqran line od severar video lines For lhe purpose of
clarity, a line Feed nay be inserted by piessing rhe key
marked LINE L'EED (the down terminals). For

Ll]l] PRINT'THIS

A program line ends Hhen the carriase return key (usua11y
marked RETURN is pressed. when proqrams are listed in this
book, it sirr be inplied that each progran rine ends wilh a
carriaqe rcturn.

The range of line nunbers is I to 32?6?- The Dpper tinit is a
function of conputer deslgn and nay be dirrerent fiom one
system to another.

A lide number is a posiLive idteqer that nust be praced at the
start or each line. A distidction must be nade
betqe.n video terninaL Lines and proqram lines. The video line
is siniply the nunber.f characrers lhat 'ilt fit on one line of
the video screen (usualry 40,54 or 30). This is not the

I !-oq ar 'i -, iai-l ri1 "x - o o.e €\e -
video lines. A progran line is.ontinued on Lh€ next video Line
by inse.!ron of Lhe Line reed.haracler.'rhis can be
acconplished i! tro {ays:

l) Inplicit line reed. Il the prosra'nner keeps typids at the
end of Lhe video Line, the .omputer vill automatically
insert a line Feed cbaracter (not visible on lbe screen)
and contidue video line. For eranpte:



c) M!ltiPIe stalenents

severar cohputer be ptaced on the same program
line. The statenents ale separated bJ, tbe colon (:) or
backslash (\). the proqram tines

I0a=2
208=3
l0c=A+B

i0A=2:B=3:C=A+B
NoCe Lhai there is o.Ly one proglaLn line nunber. The rul€s ror
proqram line conLinuatron stiLl apply if one of the mutriFle
srarements ertends Fast the end of the video line,

d) Execution and Terminal Entry

executed in increasidg order by ploglao line
number, unless specific proqram instructions are qiven to do
otlrersise. For example:

L0a=2
30C=A+B
40 PRrNf'THE SoM 15",C
5O END

If this progran were ere.uted the folloein-q sequence vould be

The variable A is assigned a value of 2 (1ine ]0)
The variable B is assiq.ed a value ol I (Iine 20)
The values of A and B are added and the result is assiqned
to the variable c (1ine 30)
The value of c is printed (line 40)
The p.oqran ends (line 50)

The computer rork alea will autonaticalty put stalenenLs rhat
are entered in i.creasinq order by line numbe!. rhus Progran
Iines can be entered in ?!y otder. For exanple, if the ptevioug
prosran w€re entered as

50 END
4O PRINT'THE SU'.1 IS ",C30c=A+B
208=3
l0A=2

and the user tben typed ie conna.d I-ISTNIJ (vbich brings the
the vo.k area to the a.reen), lhe program rines

would 6e displayed as before, in incleasinq order.
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The increment between Line numbers is wharever rbe proqranner
desires, but it is strongly sugqested that an increnenr of at
leasr: 10 is used, sidce additional lines are oFren insarred
between existing lides. Ewen Lhough mosr conputers hare a line
renumberi.g func!ion, the user ofren desires td have speciticline numbers at differanr parrs of the progran, and a Line
renunberinq operarion rill disrupr the desired tine nunb€rinq

If the user is typing a prdqrah rine, a.d rhe carriase retur.
has not beed enrered yei, rhe cursor nay be backspaced, tust as
o. a tygepriter. rhe lasr characrer on rhe screen witL be
deleLed and a new character can be €ntered. The i(ev rhi.h
dcco pri<.-s rnc ba.k,p.c- runc, o1 /",... b.',661 -' ' n"
nanufacturers. exahples are:

rf Lbe user has aLready entered a carriage return, Lhe program
line can be chanqed in severar rars:
L) If the line is shorr, sinply rype in the line again..rhereis ooly on€ space in the wolk area for each unique line

nunber, so re-enterinq a certain line lilL overlay the
previous version of the line. lt is not necessary ro
re-enter all previous line nDmbers. ror exanpLer if rhe pro-
gram ltsted abdve had been entered and the user desired ro
make a change in line 10, he or she qould sinpLy enter rhe
new rersion of tbe line, A subseque.t ST comand riLt sho{
the new version of the rine. A sinqle line.an be detered by
by typing Lhe line number, then pressinq RETTJRN. A group ofline nunbers can be deleted with the DELETE conna.d.

For extensive line editing, a separate editing proqran musr
be used, This is usuallr Drovided as a Dtility of rhe
operatinq systen, and !s implenenred differe.rly fron ode
conputer systen to another. An editids progran acrually
perforns a word processing function, considering rhe program
lines as texl, Any cbaracter or group of cbaracters wirhin
a line can be accessed directlt and changed. consDlt the
nanufacturerrs system manual for detaits on che ediring



troqraB Ternination

effect as a coNTRoL_s comand that
is entered vhile " prdqrao i Glns ..'- rhe prosran is halted
unril the user gires tbe proper comhand to conLinue. The
difreredce lies in the nethod used to halt lhe progra)n, The user
can issue a any tim€ and ror any reason The sroP

the prosr:n to ha1! for sone logicaL
is, because of some decision nade 'ithin the progran rhe
programner.a. set up certain criLeria for deciding whether.r not
to sToP a program, tF the proqram is under ilevelopment, the

'ant to check intermediaLe relu1ts, then conLinue
vith Lhe rest of the proqran, rhe SrOP statement cao be praceit aL
stratesic polnls rn ihe proqran and it 'ill al'ays lraLi at the
same places automaticalLy. when a progran beinq executed en
counters the it {ill dispLay a message iodi.atinq
the line number where the proqran tas baLted. For example:

The program execution i. resumed by typinq the word CoNTINIjE and
lhen piessidg th€ carriaqe cad be as many SToP
statements in a proqr:n as desired.

i.dicares Lhe physical end of the progran
listing. rt is atwavs the last stat4ment in the progran and thus
alrays has lhe hiqhest line nunber. If a progran is expanded
beyond its present length, the statene.t should be
deleted, rhen re-€ntered vith a proper rine number- A missinq END

nore than one tND staienent may caDse probrems when
the proqram is executed or 'hen the Dse. is saving the ptosram on

Internal proqiam docDmentation is
mny synbols and progran logic can
ne€ds to keep lrack of the meanins
funcrion is beins accomplished by
documentation is sinilar to ootes
textbook. These are infortul notes

to tb€ reader

ve!y inportant.
qet cdnpLex, The programf,er
of €ach synboL a.d what

each p!09ran section. rroqlam
written in the borders of a
to explain the lexE in a na.ner

or to hiqhliqht ceitain Poi.ts,
Proqram documentation can be accompl
staienent and the erclanation point

in tso aays: lhe REM
b.ih or rhich are non-



PRCGRAI4 ADDS
20A=2
308=l
40a=A+B
50 PRINT'THE

microconputer systems the apos]]rophe (') is useit
instead or lhe excLanation poi.t to indicate a renark statement.

AND SYSTEM COI4MANDS

'rhe exanples qiv€n i4 this chaprer shor only BASrC sratements bur
do not show {hat rill happen if those sLalene.rs are execured.

all examples of complete prograns liLl be folLred by
the RUN command (with Lhe no-header option, RUNN|) so rhe read€r
can see the resulting output.

as an e=npte the progran listed above vlLl be execured. The
forlowing lines show every transaction (en!ry and response) tbat

afier Lhe user Loqqed on the svsrem:

rhe generat form ol the REr4 statement is:
line s REi4 cornents

The lide nunber and the word The comment can be
any characters or synboLs that the proqranner desiresr they have
no elfec! on progran erecution, rhe exclanation point.an be
placed on any progran lide forro'ing rhe BAsrc srarenenr. After
skipping at Leasr one space, press rhe I key. The resr of the line
i co ioe eo -ra.D]-, e o ! ous p.ojrar r.
revritten rith borh types of docufrenLation:

work area is naned PROG

Proqrah lines are entered

conmand to erecute prosram

conpucer response

40 PRiNT 'THE SUM ISi,C

At this point the user can rake any desired action
proqran 1ines, save the program, retrieve an old p.osran, or
thatever. rhe operatinq system wirr assist the user in conpletinq
any action that is requesled.



a distinction must be rude belqeen a data value and the context in
which that value exanple, if someone sald 'i23i you
would noL kloq whar Lhey,ere taLkinq about since thai nunber
.ourd be connected eirh mny things, But if someone said "John is
2l years old, it rould place the nunber i. a specific co.text.
The data name 1a1so known as rhe daLa field) is rhe co.Lext fo. a
da . .a -. "h- '- L'r- ;;;-va o, ,juo y .aq
oeanlng by itself. Referrinq to the exanpLe above, rhe phrase

does have a specilic eaning to us, whereas ,21, by
itself does only have to be associated wirh dara
values shen !o be processed in sone ray. To maka
lhis clear re wiLL take an expanded conrea! -- severaL data.anes
rhat are related by a mathenatical fornula:

Surery the meaning of this is clear
are necessary. But iE someone rhere to ask il]lhat is John's net
sarary?" !!q some numbers to associate {ith the
r:erms in Lhe above equation. lF Johnjs gross sarary a!11 deductions
were t200 and St50 lespec!iveLy, gilen the above
rigure out his rherefore Lhe conrext (data name) must
exis! and have a nea.ins before can be processed.



Another imporlant point about data is that given a certain
contextr Mny difterent values can be processed {ithoui chalging
tha! conrext. Given the equation above, re could also use it !o
fiqure out Frank's net salary if {e had his qross salary and
dedrc ior values, .a- ha No^ia ed ui h tul1
d. t teLenE vdILe5, ouE 9!.!-!__9!e___e!_9__!.l!9.

In programmins the data .ames (context) are called variabtes and
L\. d"Ea v"Iue, char th.r a!b asso.icrco rir " e c"lle.
gg!g!gq!e. The assiqnfrent statehent is ode Nav of accomplishinq
this association. Tbe qeneral Eorn is:

rine f tET variable = <expressiod)

the keysord t-!T is optionar in most versions of BASIC and {i1t
not be used in the exanples of this book. Therefore the state-

100LETA=20
can be MiLLen as:

100A=20

- The rules for naning a "variable" vi1l be introituced in the
following section.

- the <e*pression> is any qroup of constants, variables, nuneric
ar strinq €xpressions that are to be evaluated. rhe process of
forminq these erpressions is explai.ed below-



that are quantitative in nature are called nuneric
constants. Numbers can be represented as inteqers or decimaLs,

vbole nunbers luitlen 'ithout a decinaL point),
Exanples | 2 It

rn most computers integels are only aLLoeed in the ranqe -32763

qaj!0ta]s .r- n rbdrs uri'r-n {i'l d o-c:nd po nr.
Eiamples: 24.36 0.02 3 5142.94

A de.inaL nay also be representeit in scie.tific notation, which
has the generat form

valDe E d

wbere E n means tines l0 raise.t to the po{er ol n.' As an
eranpLe, the number 1374-12 could be represented as 1.37432Et,
which means 1.37432 x 1000, or l3?4,12-

Notes on pecinal values
The allovable range for d€cima1 numbers my vary among comput4r

conputers hare a limit as to the numb€r ol
significant digits that can be represe.ted. If more thad this
rinit is enteted, the conputer qi1l round off the nunber and
represent it in scientific notation. sone conpuLars qilt alloq
gggb.lC precision decimals, rbich erpand the raoqe and the
nlnber oF signiricant digits atlored. check tbe system manuals
proviaed by for deraits.

Qualitatiwe or descriptive data vatues are caLLed stling
constants. These are alphanunerics, any character or qroup of
characters that toqether are considered a data value. The {ord
"character" neans any letter, itigit or speciaL synbot. Srrinq

alvays enclosad in quotes.

Eianptes:

"I OO PENNSTTVANTA AVE"



As nentioned before, constants nusE be associated ,ith some
concext. variables take od values of ntrmeric or string constants.
At ady qiven tine a proqran variable has only one vaLue. vatues
are associaeed vith valiables in sevelal difterent ,ays.
(l) Reading a value fron an internal data storage area.

(2) Inputling a value fron the terminal keyboald.

'r' -nP-r'rn9 a dl<k lile.
(4) Direcl assiqnnent.

(5) Assiqnfrent as the result of a calculation.
Examples of these metbads are listed b€low for both nuneric and
string variables, The prope( use of each m€thod {i11 becone
evident as nore sanple prograns are devetoped throuqbout the book.

A ouneric variabLe is nanea by a si.gle letter, or a Ietter
folLowed br a sinqle diqit:

Eaanples: A x 83 C0 X9

Example of assiqning num€ric co.stants to nufreri. variabres in
BAsIc are qiven below:

(1) Reading fron i.terdal data storage: l0 READ A

{2) lnput rron te.minal:
(3) Input fron disk file:
(4) Di.ect assignfrent:

(5) Assiq.rent by calculation:

IG6ers never appea! with comas in conpute! plosran statefrents
le,g, 2t364 4t568'936 etc). Thus a = 2100 is never enlered
as A = 2.100. It is possible to specify that a numbe! appear
witb comas when it is output (displayed or printed). This sill
be explained in chaptei 5



A strinq va.iable is naned in the same ray as a nrmeric
variabLe/ but 4!!! be foLlowed by a dollar sign.

Exanples: AF xS B3l c0$ x9S

F\ano ac o. ds.9n '9 s rino
con.ra;,s -o ..iaq \ariabte. ia sac c ar.9 ven b6 ou:

(l) Read fron internal data srorage: l0 RIAD AS

(2) InpDt lron Lerminal:

(3) rnput Eroin data file:
(,4 ) Direct assiqnment. 1O A$ ='JOHN SMITH'

(t) Assignment bY calcuLation.
rhe onry "calcuLa!ion' alto{ed on serings is concatenation
(see secrioo D of this chapter)
Exanple: 10 AS = "JoHN" + "SdrT8'

c) subscripced variabres

when nany data itens are !o be processed and each item nust be

" i,l -a .o . s.pc-d e vd iao 4, Lhc resu L i q is of datc
'--y dirriculr in Praglcn s'd''-

nents. A conputerized list, called an arrav, i6 conposed of a
nunber of menory storaqe locations, ea.h of which can hold a
data value. The conleit (data nanes) for these values are
called a!!ay variables or subs.ripted variables. Arrays can be
cithe! numeric or string. There are special rules governing the

variables and tbey ,i11 be discussed in detail in

d) lxiended variable Nanes

r,rany conputers today allow BAsIc variable names in an extended
node, lhat is, up to 30 characters can be used Eor anv nuneric
or strinq variable nane. rhe prosram examples used in this book
use the mosL restricted mode of variable nanes so that thet
s!11 apply to canpuiers that do nol feature the exlended mode.

nafres are a110red, then BASIC stalements sucri as

100S=B+c
..uld be vritten as 100 SALARY



C. ARI'IHME'IIC OPERATIONS

L. Arithnetic operaior Synbols

svnbol

Noie: The as!erisk r*) is the only valid nultiprication synboL,
othe. notations used in algebra, such as AB, A x B, and A(B)
are not vaLid in sAsIc for this purpose.

variables my appear on the right hand side of ad equal siqn, as
shorn in tlre BASrc sGrenenLs above. rn a complete prdqran each
variable used in an €quation mus! have previously been assign€d a
value. rhe proqram that folLo$s rhis clea!:

l0A=2
208=l
30c=A+B
40 PRrNi iTHE SU14 rSi ,C
50 END

fHE SUM IS 5

Ready

10, the expression add the value of'h. .a.rab - o! B cno dsqrqn h" --.. r" rrc
variable c.' If nuneria -tiabres appeariaq on the risbt hand side
of an equal sign do not already have assigned values, most

rill assign them a default value of zero.

2. order ol operation

Nunerical expressions are eraLuated accordinq to a certainpriority of the arithnetic operators.

Parenthesis { )

Multiplicatidn and Division * /
AddiLi.n and

Nested pare.tbesis (( expression )) are evaluated rirh rhe inner
parenthesis havinq the hiqhesr priority (i_e., fron the inside our).



l1ultipLlcation and Division have the same prioritvr as do Addiiion
and subtlactio.. If tso operators with che same prioritv appea!
next to each otber, lhey aie executed fron left !o riqht.
Exanples: seweral vill be listed. rollosed bv the
individual steps taken by the conPut€t to evaluate the numerical
expressidns involved.

t00A=7+3*2'*2/3-r

100 A= l + lll' 2)'*2 / 3) - 1

'1 +3' 4 / 3-t

l1 -1

Erponentiation perforned)
Multiplication perforfred)
Divisio. pe.formed)
Adititio. perforned)
Subtraction performed)

rnner parenthesis )
Multiplication perf ormed)
Exponentiation pe!fo!ned)
Division pe!folned)
Addi!ion performed)
subEaction perforned)

listed toqether sith equiva-
use of rhe alithmetic

'1 +16'*2)/3_r

'1 +12-I
t9-t

2
3
4
5

l. Mathectical Notation

Several algebraic eqDations wiIl be
lent BAsIc statements to denonstrate

ALqebraic lquatio!
z = (a + b ' c)2 1002=(A+B*c)**2

1002=(A+B'c/2)*'2

100 A = (P i l'l((l + I)*r-N)



4. Comparing Data values

a) Rerationat cperators

Tqo numbels or striogs can be conpared to rind our their
numeric or alphabetical order. This is acconplished 'irh Eherelational operators:

For exampLer 100 Ir A < s 1HEN A: A + I
O! lOO IF NS < 'SMITH' TI]EN 2l]O

b) l-ogical Operators

A relation can be resrricted or expanded by using the toqical
operators AND and 0R.

FOt EXAMPIE, IOO IF A < B AND C < D THEN L5O

100 MS='SM11H. oR NS='JoNES" TEEN 300

see chapter 6 foi a conplete erpladation of retatio.al a.dLogical operarors.

D. STRINS OPERATIONS

The only alithnetic opetator used with slrings i6 rbe plus
siqn(+) , when rwo srrinqs rbey are brought roqerher,

to form a ^aq sc, 'ng:
Exa'nple: I0 Al = "JOITN '

20 B$ = 'SMITH'l0ct=As+B$
.40 PRtNf Cs
50 END

Ready

Blanks are only significant if rhey are dbedded ineide quotes, rftbe blank were lefr out aftei JoHN tn starenent to, the resulting
sering cS would bave the value of 'JOHNSMTTH'.

2. St!ing Functions

S€verat predefined functions exist (UID, r,ErT and RlcsT) wbicballow extlaction of characrers from virhin a. eristi.g srling.
These functions anal otber nisceltaneous string funcri;n6 are
e{plained in Chapter 12.



E. SAMPI,E PROGRAI4

The foLLorinq program gives exanples of etenentary arithmetic
plocedures, a1r rhe transactions that {ou1d take place (entering
commands and instructions, and conputer responses) are i!cluded.
Tbe PRINT instruction wiLL be explained in Chapter 5' but its use
in this exanple should be obvious.

L00x=5
1t0Y-2

160A=(x+Y)/2
I7O IRINT "TIID

190 PRINT "TTiE SUM IS",S

210 PRINT 'TIIE

230 PRIN? 'TIIE PRODOCf IS'',P

250 PRINT 'IIIE auorlENr Is"'Q

270 PRINT 'THE AVERAGE IS',A

THE VAiOES ARE 5 AND 2

THE DIFFERENCE IS 3

THE PRODUCT IS IO

THE OOOTIENT IS 2.5

THE AVERAGE IS 3.5



There are nany ways to desisn a computer prosram. one eay is for
to desiqn the proqram rhile sitting at lhe conputer

terminal. If the ploglan !s sinpler this metbod can be advan-
tageous, However, if the proqrafr is at all complex, this approach

of time. 'lhe proqrahner cannot be certain that the
desiqn is conplete or totally correct. Much tine is spent testinq
the proqlan and rewriling seclions to @ke then vork properly.
This usually takes a great deal of tine and can be very
frustratinq
Anoiher apploach is for the progranmer !o fo11oo a systenatic
"checktist" lor designing and inplenentinq a prosran. The Logic
design is done on paper, not oo tbe termi.al. This gives lhe
proqrammer a chance to 'iratk throuqh" lhe toqic and iest it for
acculacy and conpleteness. It also ensures that by the time the
programer gets to the terninal, the proqran i6 written,
pre tested, and ready to go. The obvious advantage is guaranteeing
the accuracy of lhe ploglam before it is entered in the conputer.
The apparent disadvantaqe is tlrat this structured approach nay
initially take nore time than tbe previous method. Howeverr in the
tong run, the experience gained by using this metbod nakes it the
best or all the alternatives.
This chapter focuses on Lhis systenatic approacri. The following
section presents a detailed procedure for desiqnins and
inplementinq a computer prosran. Th€ procedure is sumarized in a
convenient checklist. Finally. two programing desisn tools,
nanely flowcharts and pseudocode, are prese.ted, along with
equivarent BAsIc



r!frn. Lh€ ob-reci i!es
:i.n is ro be pr.urced by Lie p.ooran
!sed to,qeneraLe !he rnlcrnarion, a d

LisL.xrnpll:s of Lhe lroblen
rrocedure, qet a co.y of Lhe
Ln th.; l].sign of rhe proqrani
tiri s-arre Js

i. sLsp Le che mosi t portant one in Lhis enLi.E pr!.:dure.
rL rs don. correc!iv, i. urlL lEaC ro an accurate soltrtio.

D.termine eh:t informa
, {haL input data sitl b--

as it lould be solee.l rithouL

procedurc, rhis ,iLt b. used
s roqic. Arso, rhe exampl€s
,irl be used rater.

.eeded lo lranslorn Lhe input daLa
Use the procedures and exanples

o:sign an ouipu! pl.n ior ehe prosran. Thi. can be a printed
lornat, a data record layo!1, or any or9an;zoC

risr oi Lhe ouipur informarion ihat is needed,

LisL the rnptrt data lhar wilL be us€n ro produc€ the idforna-
'.ion .n thE ouipuL plan, rhis my involve indivtdual data
ilcns, .lala records, comptet€ data riles, oi portion5 of a

Deiine the lro.eesing steps
i.r. th. outpuL inlorha Lion.
rrom above to help lith this
0o ,,,, "lI s ep. ,o, rd e,
is v.ry imporlan! for many reasons. FirsL, iL becone5 a looL
to help aith the rest of the steps in this procedure. 

^r5o, 
ir

oecomes a pernanenr record of the proqraft cevetcpnent process
used in the iulure (tor program maintenanc6 and/or



2. Desiq.rnq th. Pro,lrai Lo(i.

a. ririte a JiipL. ouLli,,e I3r ti,. prd9rsr {usin9 a lrovcha.t.r
-cseraccoo.). iJ.e rhe irrcrnation tron.h,A pr.limr.ary sir9.,
Ren.nber thf,t €r.r! !irograi has inDUi, oro.eGsinq a.d outrri

b, hrrte a det.rl--d outLine ci tne proqran laqaid rith a il.tr.h3:r
.r r;eraocod-a). rhis o.tlrnc exo.odcC ver5t.,n or
the prEvious.nc. It slrouL.l Li-"t all cal. io.tt, ali Lnroraa
'.icn cutp!1, all of Lhe o..c.ssin9 s'!.Fs, pius any d:cirio..,
lransiers, Fredetid-F.1 !rc...s.s, enil mis.ellanc.us .rL.fs. IL
is this o!tIin. tl,ar '111 b. u-ecd to lrrirr lh. Dr.orar-

c. toalk rrhr.!qh the detail.d ortlin. !srrg i\e rest cace.:al. !ron
,relimln.r!, sJre ltat aLL.r lle r:c.€ssirig st..s
Nork c.rrectlt Lo pr.duc.r lhe rrqhr i.icrhation.

i. Evalua!e Lhe !rograo o!tline lor.ffecli?e.ess,.1aritv, arrj
elliciency. Does the cutlire solve the probLem etf€.Liv.lv?
rs the soluLiDn clear end easy to FolloH? Does it.ol!e tlie
probiei efticien!Ly? rhesr critefia nake ror a hi,rh !u.litr
prosran arc 5hould not 5: iodored.

aLl of lha abole sr.-ps. Aqai , this inpori:ni ste!
,i1L heL! in the rest oi ihe ster,s and/or anv luture.€f-Frc..e
Lo the Pro!raft.

r. !rirrng Llre Progra'n in BAslc

a, Deli.e the dat. variables ihat 'i11 be used in rie pr.qr:n.
rhese hay cone lron ihe input data, th€ Processing ste.s,
the outpu! int.rnation' plus any de.!sions, iransfers, or
predefined processe:. (eep a legend tlrat shovs the nane ard
neanrng of each variabte nare,

b. hriLe Lhe input section of the proqran. rf the Drosrafu i.qdLs
data rron rhe termi.al, be sure Lo !nclude FrompLs for th. !scr
Lhal .aplain qhat daLa items ar. lo be entered.

c. Nrite the processtng section. FolIo{ the .leiaire.i outLido lron
the previous steps. Be sure to arite lhe BAsrc strterenr:s in

a ' 6loqr- o rl n-,

d. l4rite the output section of the proqram, Fol1o{ the outlut 9la.
fron an earlier any necessary headinss to halp
rde.riry the idfornation boinq output. See Chapter 5 for details
on odtput formattinq,



HOli 10 DESTGN A PROCRAM

e, firr!,A lhe additional sections ot the pr.q.an as.eeded, This
rn.Lrdes the decisions, lransfers, a.d predefined processes
not cov@red in the three previcus steps. Follow the deraired
outli.e exactly in or.ier to conptete the proqran.

i, salk throush the EAslc progran usinq Lhe tesr
the preLimi.ary steps. Evaluate lhe program using the sane
criteria thar 'ere uscd lor logic design. lihen rh€
prosran passes this tesr, it is r€ady to be entered inro rhe

q. Again, do.une.i aLl of rhese sreps. r.itiarry, rhe {riLren-
riLl be .nterld ihto the computer as is.

Any iutlre ,ork on the Frogram aill require the variabte
legend and proqran deweropme.t notes.

4. Edterinq the Progran Into tbe conpute.

a. sign onto chapcer I fcr detaits).
b, clear the vork area and assign the proqran nane. This is

normarly done eith Nnli.ommand (see chapter 1).

c. E.ter the and renarks. Eol1cr the previous
recomendai-ions for rine numberinq incremenrs. Make rhe
program visually clear by indentinq ,,.esred, secrions and
usrng RE! sraCenents program segnenrs.

o. Get a hard.opy listinq of the progran for later reference.

of the proqram froh the rork araa to the disk
disk catalog {using thc SAVE.omand).

5. aesting and Debuqging the Proqram

a. naecut€ the proqran (usinq the ruN comand).

b. If the progran does not run, compare erlor messages to the
hardcopy risting or tho proqrah. Ctreck fo! correct spellinq
and punctuation of rhe progran statenents. Edit rhe mistakes
as necessary a.d re execute the progran.

c, use lhe test cas€ data (fron ihe prelininary st€ps) to validare
the conpleleness and ac.uracy .F the i.lormation produced by
the program. choose additional test data in order ro check a1I
Loqic paths, decisions, and transfers.

Lhe cest results for future referen.e-



6. Proqram Perforrance standaids

a. verity that the progran reets the originat obt€ctiues and
solves the problen. check to see how flexible the proqrah
is ar {iea}ing 'ith une*pectad changes in the tyDe a.d/o.
volume oI daia processed.

t.at Lhe €nd-user accepls the proqram as the
soluiion to a Problem.

follows the progrenning standz:as
tha! are beinq used.

d, If tire proqram is part of a system of programs, sake certajn
that it is compalible vich the entire systeh.

e. canpLete all of the .locune.tation fot the progranr inctuding:
1. User operatinq instructions
2. Program desiqn notes (r11 or these steps)
l. comenEs vithin lhe plografr (REr.t or l)
4. Data structure (variabtes, record layours, files)
5. Test ru. r€sults
6. sussestione for future proqram nodifications

Alt of these steps are sumarized on the following paqe. This PRoGRAM
DESIGN e IMPLEMENTATION CHECXLIST sbould be fottoved for eveiy
proqranminq lroje.t done by the reader.



I'OW TO DESIGN A PROGRAM

PROCRAM DESICN & IMPI,EIIENTATION CHICKJ,IST

1. Preliminary Steps
a. Define the objectlv€s of
b. List exanples, procadures, and tesr cases.c. Design ourput plan.
d. List the inpur dara.

pro.essinq sreps.

2, Designing the Plogran logic
a. t{rite sinpte outline.
b, tir:ire detailed outline.
c. walk throuqh detailed outline.
d. Evaluate fo! effectiveness, ctariryr and efficiercy.

3. ririting Lh. Prosran in BASrc
a. Define the variables.
b. llrire the inpur section.
c. irrite the processing s€crion.
d. {trite- the output section.
e. rr!ite additiona] eectiols (decisions. transf€rs, erc).f. walk through and evaluare.

4. Entering the Progran ilto rhe Conpurer
the syscem.

b. clear the lork area and assign the prdqran nane (NEE).
c. Ente! rhe BAsrc progran and RElrark srarenents.d, Get lrardcopy listinq of the prosran (tlsT).
e. save the proglan on the disk caraloq (sAvE).

5. resting and Debugginq the proqram
a. Execute (RUN) rhe progran.
b. check for correct syntax and edit as necessary.

case data to verify proqlan.

6. Progran Perfornance standards
a. veriay that prosran ne€rs objectives.b. verify end-use!
c- Fol]ow proqraming srandards.
d. verify 3ysten conpa!ibilit!.
e. complete all docuhe.tation.



a5is seciioo presents
naiely floHcharts and
used in the develcpn.n
The fclloeing List poi

tro tools us,Ad i. lrosran rcqic deriqn,
These are valuable technitues

L and do.une.taLio. ol .onlruter proqrans-
of the advantades of :Losch.rts

A grarhic cr rarrarlre:otu!i.n to a conolev loqlc pr.!len
: . .' i'l
aLike. Thus Flowcharts and inportant to.l:
of co ru.icaliod betree. a proqrjftmer:.i.. end-u.e..

2) iasic development is aided by lisualizinq ihe sol!ticn es a
picture or listing the processi.g steps in outline forn. Ars.,
t'lovcharts and i.depend--nt oi 1n! spEciiic
complter lanquage. This neans that they can desc.rbe tlrr llo{
or proccssing .vents for !irrually a.y daLa proces.inq systi:n
that wilr be prosranned i. viriually a.y

Florcharts a.d psaudo.ode ca. tead dire.tLy to th€ prograr
rtseli. A.ommon tecli.ique is to take ea.5 sy,iboL fror Lhe
llorcharL or each step frofr the pseudocode and Lurn iL into

i. a parLicular proqraminq lanquaqe. rhis
codLi.u€s until the fLcN.hartlpseuCocdde is conplete and the

is ryitten.

the Froqra'n deretophe.t tecb.iques di:-cusseo earlier stress.d
the imbdrtadce of docume.tatio.. Florcharts and
exceLl.nl rypes ol mLeriaL lo be rncluded in any descri.tion
a.d docunentation



Ftorchart slmbors

A florchart is a graph
folloring symbols are

ic representation ol a

seginninq and/or endinq

rnput and /o. outpur:

Process inq or data:

Predefined p.ocesses:



HOIN TO DESICN A PROGRA.iI

2. Pseudocode vocabulary

Pseudocode is a narrative representation of a procedure. It is
uitten in outline-like fo.n usinq specific words and structured
style. The fo11osing vocabulary is standard for data plocessing

Beqih.ing of a pro.edule. BEGIN

Ending of a prdcedure:

rNruT dara irem( s )

outpur: oUTPUT data item( s )

?rocessing of data:

Decisions ( conpa!isons ):

AssIcN variable : expression

Transfers (bianches ): GoTo

3. Equivalent BAsrc statehe!is

Floschart symbols and pseudocode bave equivaleot elenents in the
B.slc lan9ua9e. rhese are sho"- beLoL:

Beginning of a procedure:

Endinq of a plocedure:

Plocessing of data.

Decisions (conparisons) :

Transfers (branches ):
Piedefined processes:

READ. INPUT, INPUT s

PRINT, ?RIXT IJSING, PRTNT 1t



4. Exanple: Checking account beLance

The i.ltooins exanpte is prese.ted in order to shor hor fLor-
charls and Dseudocode can be us-ad to represent the soiution io a
loglc design problen, The Droblen ineolv.s keepins a running
rralance lor a checkinq accou.!. The account has a beginninq
baladce add is .ontinually adjusted {ith deposits or .h€.ks !nLil
the procedure is stopped. The objectile is ro conpure and.ulpul
r,he ner accoont balance after each transaction.

Ihe process beqins eith the iraut of lhe account balance, Next a
rraosa.tion cod€ is input (D t'or depositr c for check, or E to end
the procedurer. then a transa.tion anount is entered. Based on the
previou5 co'ler lhe anount is either added to the balanc€ (dEposit)
or srbtracted fron the batance (ch€ck), rhe neu balance is oulput
Ia rhe p.oqram transaction code input step, Thrs
corli.ues until the ending cod6 is entered.

'rhe pseudocode for this problem is shorn belor and the corre-
spo.ding flo?chart agpears on the version of this
progran nriLien in th€ BAsIc lanquaqe is presented in chaDrer 6.

ch.ckinq accotrnt balance Fseudocode:

2, INPUT bala.ce

:1. INPUT tradsaciion code

4, IF transaciion code = !E,

5- INPUT tra.saction anount

6, IF transac!io! code = "D"
'rdEll aSSICN bal.nce = balanc€ + transaction anount

Go'Io step 3

?. IF lransaction code ='Cr
balance = balance - tradsaction anount

d, oUTPUT balance

9- GoTO step 3



NOW fO DESIGN A PROCRAM



so far, tbis book has concentraled on the essenLial i.formalion
needed to design EAsIc prograns and begin rorkinq with a conputer'

iF fo -. ol rDori oot dsD_ r6 of
Dro"-ss_nq d" d: inp.L dld o. pu w o i cs, .h',e
;oDrd be no data to process and no lnrormation produced.

lnput consists or the data itens qiven program for
. 6 plo cs i q r< oip.F(e, Lh4 proq dn ourours

:-ror".L 6.. .onpuL-L "o,. iarier.
of sources. rr lhe anount ol dala is snal1, the termi.al kevboard
can be used to ente. it. amounts ol input data, the
BA9_C p-ogrdi n h" input
. L.r.n-nt; s.^LLon or _or ldroe q a-Li i'" o
inpu! data, external data files ate used (these are discussed in

Infornation car be oucPut to a varielv of destinarions too. The
iernidat screen is tlre nost comnon for sna1l anounts of output. A
prinrer atlached to the terninal can be used to qet hardcopv
;utput of 1arger anounls of information. atso, externaL data files
can be used as the destination for program output.

This chapler is divided inlo Four sections. First {e {ill discuss
tqo neth;ds of data inpu!: and the READ and

Then 'e {tll with a conplete
describrion statenent (and all of its optio.s).
Final1; we will obtain hardcopv ouLput

For snall anounts of input data, the BASrc languaqe provides the
This is used to input data items fron the

iermi.al keyboard at ihe time a prograi is execuled. This neans
tbat the data values can be changed each time the proqram is used



The qeneral form oF the fo! a sinqre dala value is
line f rNpuT variabre

For exampLe,

20 INPUT XS

Ihis nea.siaccepc a srriog data vatue rro,n Lhe rerminar a.d
.s!ic ( Lo h6 /d id.I- . i" qla.-,-_. sc/--u 5d, d ouest.on da'\ proipr 4. oe disp a_ed,

2. Mulriple Fields

The generaL forf, for rNpUTring nulriple dara fields is:
line f INPUT variabte,variable, ., variabte

For exampLe, this staLemenr

1l] INPUT A, R,C

is tnr"rp-- co ro '4.n 
iid-cbpL o-r c ,at r.6 f,on chere' n ndl aod 'o \d icb_rs r--pecEivoty,,

when ihis starenenr is executed, rhe conpure i11 di;play on;question nark for each f:eld (if rhe RETURN key is used a;Ler eachvalue is enLered) or accepr alt rhree values "i once, each
separated by a coma. So, the oprio.s are:

is iolerprered ro nean "accepr a nuneric dara vatue from theterninal keyboard a.d assign i! ro rhe variable A_"

when an INPrJI statemenL is erecutedr rhe cdhpurer pronprs the user{ith a quection mark, aterrinq hin or her rhat rhe progran isvai:i.q for input data. Afrer rhe user nusr oressthe RETURN key to siqnify rat Lbe input is compler conplete.Another exanple of Lhe INPUI sratemenr is:

? data value I or

? da!-a value 3

? data vatue t, data value 2, data value l

The rNPUT starement wirh mdlriple dara
and strinq ioput in one staremenr. For

40 INPUT AIN9 
' 
D'E9

neans iiaccepL four dara vatues fron thestriog, another number, and anoeher str
variabLes A, Nl, D, and El respecrlvely

Eields can also mix numeric
exanple, the statene.r

terminat: a nunber, aingr and assign then to



l. INPUT with User PronpL

The axanples of INPoT shorn thus far have only produced a question
nalk as rhe Dser prompt. The INPUT statemen! @y include a LiteraL
prdmpt to be displayed on the terninal screen prior to Lhe question
nark. Tbis qreatly assists the user in undersranding wbat the
computer is asking for. wlthout sone krnd ol speciFic prompt, the
user sees only a qd€slion mark. How does the user knd{ {hat the

The generaL form of tlris type of INPUT statenent is:
l ine S INPUT "prompt';variable

The following shovs hos this {orks:

1C INPUT 'I{HAT IS YOUR NAME'''NI
20 INPUT "sofi oLD AR YoU"rA

Notice cha! when the progran is €xecuted (using the RUNNH
comnand). Lhe pronpts are disprayed prior to tbe question narks.
In this progran, the first data iten input is assigned to ihe
variable N$ and the second lten input is assigned to the variable
a. The user prompls make i! very crear wbat input is expected by

This type of ca. take on different forms as shown
in the foLLovinq examples.

10 INPUT 'WI{AT AND AGE",NS;A

figAT TS YOIJR NAMA AND AGE?

1O INPUT 'I{IIAT IS YOUR NAME''NS;iYOUR AGE',A



For nroderate amounts of iopur dara the BASrc lanquage provides rhE
REAr and DATA this case, the READ ststemenr per-
forns Llre input operation. The stores acrual inpur
varues For lhe progran and i: a nonexecurab:Le srarement.
ie 9-.a!.t lrorrdr of 6sa d,6'6 Ls .

line { READ variabler varlable, ., variable
line ll DATA value, value, ,/ value

consider the foLlowinq exanpLe:

IO READ A, B,C
2a DAaa 2t5t3

The daLa values id Line 20 will be assigned to rhe progran
variabres in the same order that they appear in the READ srare

rhe above statements are executedr lhe rariabLes {irt
have the foLlowing values: A=2, B=5 and C=].

The sane thing couLd have been accomptished wirh Lhree assiqnne.t
statements as follovs:

But if the data had to be chanqed, lhe executable statemenrs 'ouldIrave to be changed, trhe. READ and are used, onLy
the DATA statenents are affecred when data values nust be chansed.(Note: For proqrahs requiring larqe anounts or darar exrernalfiles are used. In these cases, onty lhe e{rer.at files change;
the fiLe containing lhe program remains the sane. )

do not have to be conseculive srarements. rt is the
order of the variables and the corresponding dara values rhat is
inporLant. For exampler rhe followins triree programs prodDce the

IO READ A,3/C IO READ A,BIC LO READ A'B
20 DATA 2,5,3 20 DATA 2 20 READ C
30 END 30 DATA 5 30 DATA 2

40 DATA 3 40 DATA 5,3
50 END 50 END

IJhen a READ statenent is erecuted/ rhe conputer 'i11 find rhe neat
DAla .d .e rldr nas no .l --ddy oecn r-ad.



r0 RcAD Al ,89, cs

Notice that the dara values in the DATA statenent are ea.h
enclosed in quotation mrks- Th€se indicate string valDes and ar€
required in
erecuted, the valiables will have the folLoeins values:
AS='roNES" B9='sMlrsi, and C9=" BRowN "

Numeric and strins variables may be nixed in the same
frent. Tbe user must be careEul to natch the proper type of value
(nuneric or string) to i!s correspondins variable. Fo! exanpLe:

INPOT AND OUTPOT

striog data values can be input in the using READ and
For example:

IO READ N$,X,JI
20 DATA'Sr'lrTH" 300,'JONES'

The user nust also be careful to natch ihe nunber of variables
'ith the number of data values. rhe fotto'ing exanple shows the

fev items are included in the DATA statemant:

1O READ A,B,C,D
20 DATA 10,25,30

out of dara ar line l0

co.talns four variables, but there are only
lhree values id th€ DATA staienent, r{hen the progran is executed,
the error nessage (out of data at line 10) is displayed. This
nessaqe indicales that the computer ha6 run out of data while
trying to execute (in this case, rine 10).

The oppostte case, rhere there aie nore data values than thele are
variables does problen. The €xtra values are sinply
ignored. For erample:

IO READ A,BIC
20 DATA 1 o , 1 5 , 2 o , 2 5 , 3 0 , I 5 , 4 0

rhe first three data vatues ale assigned to tbe valiables and the
rest of the values a.e ignored (untit another READ statement).

A fi.a1 note: can appear any,lrere in a BAsIc
program (since they are nonexecutable statenents). It !s often
helptut to group then tosetber rear tbe end of the progran so as
to clearLy distinqulsh executable instructiors fron data.



Prosramminq would be Lneaningless rithout a ray to output the
inEd.matiod created, calculatedr and produced qithin a progran. In
BASlc, the PRIN3T statenent is used to output inFormation to the
tetminal screen or a printer. (A variation of the PRINT stalenent
is also used Eo output data Lo external fi1es. This is covered in

'rhe general form of rhe PRINT statenent is:
line rt FRINT list of data fields

'he.e the list or data f!e1d6 can include o.e or multipLe data
iLens of Lhe folloaing type: numeric co.stants, rariables, and
expressions, string consLantsr variables, and expressions. .rhe6e
variations are.overed in the fol1o{ing sections.

1. Constant varues

The pRINT statenent ca. be used to output constant data values,
one per 1ine, as follors:

line { PRIN? numeric constant or !!string constantii

Notice that the string constant is en.losed in quotation @rks.
The toLlowing program sbows hor si.s1e consta.t data values can be

2O PRINT'I]ELLO TIIERE "

52.1

t)



the PRINT statemenE can atso be used Lo output variabLes (aqain
o.e per li.e)r as forlows:

I ine + PRINT variable

The forn is the same for both nuneric and slring variabres as Lhe
foLLo'inq proqran sho{s:

10 N9="GotDEN
2A x-47.32
30 PRINT N$
40 IRINT X

GOI-DEN GATE BRIDCE

The PRINT sLatenent is also used to output t-he xesuL! oF a
cztcrt. -d o{pr6scion. rhe roLn r., t., :.:

10 PRtNr (10r2)/s
2O PRINT 'JOHN

line S PRINT expression

Exp.essions can involve rariables, constantsr and opeiators. For
more idformation on expressionsr revieo Chapter l. The folloqing
proqram shors hoq expressions can be us€a in PRINT statenents:



TO PRINT 'REVENUE(
20 PRINT
30 PRINT iEXFENSESi

5. Mu]tiple Fields with semicoLons

The ?RINT stateftent can also be used to outptrt nultipte dara irehs
on one 1ine, as folLovs:

A PRINT statement wilh no parameters ri1l outpu! a blank Iine as
shotn in the followinq example:

line * PRrNl field,fietd;. .r field
Note: 'rhe semicolons used to punctuate this type of
nent cause the followinq fornattinq the output line:

one blank space is printed before and after nuneric fi€lits
No blank spaces are printed around srring fieLds

The follovins program denonstrates this punctuation:

10 PRrNT 10r5r2?-1r10'2
2O PRINT iiIOHNi 

''SMITI'i30 PRrNT ',r3r ANSN€R rSi;4i*2

10 5 27.3 20

fI{E ANSWER IS 16

Notice that line 10 ras oltpuc rith blank spaces around each
numeric field, while line 20 was output eith no blank space
bet{een the two string fietds. Line 30 ras output sith one blank
soa.a b4_o16 he p i ig or rhe num.ri. "xp--s"io-.



5. Multiple Eields rith cohnas (?rint zones)

a grearer fornattinq capability exists for the PRrNr sLatement
when commas are dsed for punccuation. ln this case, data fieLds
are automatically printed !n 'zone..i a ptint zone is fourteen
characters wide as shoen in the follo-ing diaqram:

/- --------/'-'-'---------- / -------------/--- .Lc. ----/
zone I zone 2 zone 3

( 4 cndra r"' s'
The general form of this type of PRINT staten€nt is:

line S PRINT Eie1d,field,. . ., field
Note: The connas u6ed to separate the fietds cause lhe values to
be displayed automatically in their respective plint zones.

since most terminal screens dispray a na*imun of eightv characters
per liner there are fite complete print rones on each line. roi

t0 PRrNl 10,5.27.l.l0*2,15
2O PRINT "JOI]N'I'SMITH'
30 PRrNT 53. ? r'lrArN'r "SI]REET" "USA'r 93765

to 5 21.3 20 15
JOI]N
53.7 I'AIN STREET 93?55

If a particular field is lonqe! than foulteen characters, it tiLI
be printed in the next value eill be printed in lhe
following zone.

I! is possible to skip ove! print zones by using leading or
inbeatited conmas in the ?RINT statenent. For exampre,

10 PRINT .,'IIEI,I,O'

dill print HEr,r,o in p.int zo.e 3, and,

20 PRIN!] 10.,25

vilr print tbe nlnber lO i! zone 1, 6kip zone 2, and print the



Another optio. for print fornabtinq i5 the lAB function. This is
used io speci€y the exact po.ition dn a line vhere a data rieLd is
to t1e pri.ted. the genelat form is:

rine + PRINT IAB(value),fierd
there value = a numeric constant, variable, or expression used to

determine a horizontal print position
field = any daEa iLem to be printed

TO PRINT TAB( 3O);'I]EI,LO"

causes tbe conputer to print HELLo imediarely afrer horizonral
position 30 (i.e., at position 31).

It is possible to dse multiple TAB funccio.s on on€ line as lonq
as the su.cessive TAs valdes aie listed in increasi.g order.

10 PRrNT 1iAB( 10 ),A;TABi l5 ) rB;TAS( 60 ) rC

This pri.ts the value stored in variable A at posirion 11. the
value for B at position 36, and the value for c ar position 61.

Tbe TAB walde can also be a calculated exDression as sho,. i. th€
follorinq exanple:

10 PRINT TAB( 2O ) 
' 

''HEI-LO!! 
'TAB{ 

5O ); 'GOODBYEi

This prints HELLo lnmediately after position 20 and cooDByE
imediately atEer position 50.

2O PRINT TAB( TT2 ); iHEI]I]O'

Tbis statemenl performs a TAB function to horizontal position 40
(T*2=40) and thed prints HELLo.



3. PRiNT USrNG Starenent

'rhe greatest flexibility and porer over outpur fornarrinq comes
rith the PRINr uslNc stalemenr. rhe other methods for out.lr'o'nd I r9 .e.9., qanicolo-., con' d.r run..io; r.-
ofted inadequate to bandle the demanrls of specific ouiput
requirements. the user can specify the exac!
o.rpr. JoL dny si\-r li^e or 'ro!'cEio. viLh Lhe DRt{r a3lxt-
statement. rhe generaL form is:

line { PRiNT USING output fornar srrinq, list of Fields

output format string = a strinq constant or variable conLaining
various speciaL s:/nbols (shorn beLd{)
that are used to describe the,lesired
output format

list of fields = specific daca items ro be output accord
ing to the output formar srrinq

The spe.ial symbols used in rhe ourpur format stri.s are described
in the Eable below:

For Numetic Fields

9te!91 r.rean ino

* used to represent ea.h diqit in a nuneric field
* used to fill ir teading zeros in a numeric fieLd with

asterisks

replesents the decinal point positiod i. a nuneric field
'-p--senl , the ba pr:nted in c nur"r!-

$ prints a stationary dol1ar sign pleceding a ndneric value

S$ p.ints a dollar sign immeiliately preceding a num€ric
valDe (i.e.r a floaling do11ar siq.)
used imnediately after a numeric field ra indicare a
negative value (if not used, a ninus sign vould appear
im-dia'e y neqaEiue nuneri.



For strinq Fields

9I!b9l !c34!s
r used !o represent a single-characeer string field

. \ rs.d a aol ip a-.haracrdr slrrnd tlcld, ce.h' synbol s 3nd< ror ona ch.r.cre' and edch blcn{ sp€ce
betteen the sydbors stanats for one character,

Note: If the actual field exceeds the number of spaceg
atloted to princ itr exlra characters are truncateit
(not printed) on the light-hand side or the fleld,

Each of the folloaing exanples qiwe6 a sanple PRINT USING string
formatr several data values to be printed vlth that fornatr and
the results of the formattinq operation, namely hor the values
actually appear on the output line.
PRINT USING SVMbOIS

++* 5
52

521

5
52

521

2
52

5

5
5214

5214

521

521

2l

s\,27 t.2l

output

5
52

521

,52

li+.+

{,H*]t.{1r

$f+,$++.*t

{ lt lt-

5.00

5,214.21

521

527
521-

59



INPUT AND OUTPOT

Tbe fotloving proqramning examples show variors applicarions of
the PRINT USINC sratenenr:

1O PRINT IJSING'{[[.+f",A
this neans "prinr ehe vatue of rhe variable A showirs r6reedigits, a decimal point, and ttro rcre digits.!,
E*ahple: s0 pRlNl usrNc i*tt \ \ l{+.{+",N9,rs,R
This neans 'rpiint tbe values of N, TS, and R using the formr
specified id the ourpur format srring.h
Noter It is usually easie! ro define the ourpur forhat srrinq witha variab e p.ror -o i's .se as oooo-eo to Lhe s .i-9 consca;Ls
sho n il Lre tuo previo-s excrpt.€'. -hp pRINr UstNc s d'eneot

-ane, buL .he p,oqrdn r.6asie ro read.

50 PRINT OSING A$ IN'TS 'R
The output formt stiing can atso include literal nessaqes
consistinq of ebaracters without reserved neanings as f;1toDs:

The tist of fields ro be output ,irh
contain any nir of nunerics, strinos
erpressions as lonq as the orde! oi
the special synbols conrained in rhe

10 A9 = "rHE ANsrr'ER rS fl+lt.*+"
2a B = 235.1L
]O PRINT USING A$IB

lHE ANSrsEt IS 235.?f

10a9='\ \
30 Y - 1500
40 PRINT USING A$
50 PRINT USING AS
60 PRINT OSING A$

REVENUE 92 | 000.
EXPENSES 91.500.

a PRIN1 usinq stateme.t can
Variables, or

fiie tise mtches the order of
output fornat string.

t9



A final note oo PRINT UsING: prograns €requently prin! headings Lo
id€nr:ir_y coLumns of printed data. rr'ith rornatted outpu!r lhe
easiest ray to aLigd the headinqs and the data is to deline rhe
outpuc fornac innediately arLe. the headidss are printed. For

I5O PRt!T USING A5,I$,C,J'l,P

Getling a listing of proqram statements o. output on a piece of
pape. is calLed hardcopv ouLput. This r:opic ras discussed in
cbapter I for both nurti and single user environmenrs. A nulti-
user environnent rith shared output resou.ces (e.9., grinters)
.eeds some nechanism such, as a printer switch, to connect an
incividual ierminar rith Lhe printer. \,Jhen the printer is
connected, or "enqaqed' tbis {al, it will sinultaneously print
anythi.q that is displayed on th€ termidal screen- 'rhis may be a
pros.an listinq lresuLt of Lhe LIST .ommand) or progran outptrt
(resuLt of the RUN cofrmard).

In a single-user environnent, a system connand is usually alI thaL
is needed to set a program listing.,rhe conmand on most micro-
conput€rs is rrsr, For progran gglpg!, hoaever, a special PRINr
statenent is incruded in nost microconputer versions of BAslc to
direct prosram output to the system printer. rhe standard

line f r,PRrNT list of dara fields

'here "list or data rields'codtains arr of the dala itens (i.€.,
consLants, variables, and expressions) to be p.inte,l. Note the
differen.e f.or the PRINr keyword, which directs output to tbe
t€rminal screen. Quice ofted, statement !s also
available l]or speciaL formatr:ed output.



CURRE CY CONVERSTON

This sanpre proqran shows the simple input, processins, and outPut
sraLements needed to conreri u.s. do11a.s to Japanese yen, The
conversion is based on an exchange rate ol 210 yen per dollar,
Tbe eirst srep is the printins of a nessase that idenlilies ihe
proqram. Nextr ihe user is pro)npted for and inputs the nunber of
dollars Lbat are to be converted. Then, lhe progran computes the
equiratent number ol yen by nurtiplyi.g the doLLai vaLue by 230,
Fina11y. lhe program outputs the yen ahounL and the job is

There are t{o data variabtes in this progran; D is lsed For Lhe
ddLlar amoune and Y is used lor yen. 'rhe other data in this
proqran consists oF lhe riteral ressages thar: are included in the
input and output op€ralions and the numeric constant 230 used in
the conversion fornula,

ll)l) REM CURRENCY CONVERSION

I2O REI1 TH S PROGRAM CONVERTS
130 ROM JAPANESE
140 REM OF 210

I7O REM

r9O PRINT'CURRENCY

2LO INPUT "HOW MANV DOLLARS

240 PRINT 'YOU

CURRENCY CONVERSTON PROCRA!,I

How rlANY DoLr-aRS Do You HAv€? _!!!
YOU NOi{ IIAVE 23OOO YEN



Tbis nexr sample proqram shoNs a fanitiar business word and dal]a
processinq funccion -- the fiLl-in the brank form lefter. rn this
case/ lhe user inputs various cusromer dara inctuainq nane,
addressr city, state, zip code, accou.t number, a.d balance due.
'rhe proqram proceeds imnediately to rhe outpuL secrion and prinrs
the rorm letter wiih rhe inpur dara inserted ar lh€ appropriate
places in tbe letter.

data variables in this prosram, six are srrioq or
alphanuneric (used lo store retters and/or nunbers). The sidqle
nuneri. variabLe is used fo! balance dde. 1,he "processinq" in rhis
p.ogran consists of the concatenarion of rhe srrins variables and
th€ literal conteols of the form letter.
lOO RE]V FORM LETTERS PROCRAI,I 5 2

L2O REM THTS A FORI,I I,ETTER TO A COS'IOMER I'8OSE
1]l] R8M NAME, CREDIT DATA

L5O REM
160 REIU NS=NAI4E C9_CITY AIS=ACCOUNT NUI1BER
170 REM A'-ADDRESS S9=STATE
130 REM zs=zrp .oDF
21]1] PRINT "FORM IE'I'IER PROCRAI4!

Is TgE cosTollER|s NAME';N9
2r0 INPUT "ADDRESS;Ai
240 rNPOr icrTYi rc$
250 INPUT ISTATEi; S$
260 INFUT "ZIP CODEi; Z9
270 INPUT iACCOUNT NUMBERi;ATS
230 INPUT iHOW MUCH IS CURRtrNI]IIY DUEi,D

]OO PRINT iAILAS
ll0 PRINT i 1934
320 PRINT "SAN FRANCISCO, CA 94ITO'

360 PRINT CS;., ,,;s$;","2F

330 PRINT ''ATTENTION. ..;NS

4OO PRINT "OUR TqAT YOUR CITARGE ACCOUNT,!
410 PRIN,I iNUMBER '',A1$'... ITAS A cURRENT BALANCE oF 9ijD;!j.i!.120 PRINT iPLEASE coNvENrENCE. i

440 PRIN iSINCEREI,Yi

460 FRINT iCREDIT MANAGER, ATIJAS FINANCE CO.i



INPUT AND OOTPUf

FOR! I,'TTER PROCRAM

CUSTOI4ERIS NAI'IE? JOHN DOE
ADORESS? 1OO MAiKET SI]REET

STATE?_.Ni]iORIIA
ZIP CODE? 944.l
AccouNr NUfrBER? l!99

cuRRoNrtY DUE? ?!l:-!9
ATI,AS FINANCD COMPANY

SAN FRANCISCO, CA 94110

1OO MARKDT STREET
CENTERVI],I,E I CAI'IFORNIA 94444

ATTENTION: JOttN DOE

OIJR RECORDS YOUR CTIARGE ACCOUNT
NOI'IBER I59O HAS A CURRENT BALANCE OF S 257.39.
PLEASE PAY TIIIS AT YOUR EARIIEST CONVENIENCE

ATIAS FINANC' CO.



'riris prosrah compu[es a ]oan baset o. any prin-
cipal, int€.est Th. D.er is pronpted ror and
idputs Lhe three de.essary data items: tbe roan principal (the
anount borrow€d ), the interest rate per period (!n d€ciha1 rorn),
add the.umber.r paynents ro be made on rhe toan (!he term).

lJexi-, the loan payment is computed using rh€ foIIowing Fornula:

Pa meni = Principal x

I rr + rnreiest Rate) N

vlre:e N = number oa paynents

Finally the progran ouLputs the roan paynent value.

There are tour variabLes used i5 rhis prosrad: p represenrs Lhe
load principal, I is the interest ror lhe number oF
paymenLs, and A is lhe aoount of the loan paymenr_

IOO REI4 LOAN PAYMENT PROGRAM 5-3

PROGRAI{ COMPUTES
130 REX ITOR

150 REr4
I6O RETI P=PRINCIPAL AMOUNT N=NUT1BER OF PAYMEN'TS (.IERM)
L?O REM I=I{TEREST RATtr

I9O PRIN'I "LOAN PAYiI4ENT PROGRA! I

2tO TNPUT'III]AT IS THE LOAN PRINCIPAL';P
220 TNPUT "INTEREST RATE (IN DECII4AI,)i;T
230 TNPUT " HOK
240 A=Parl(L-(t+r)^ N)

260 PRINT'LOAN PAYIENT EAUALS I",A

I,OAN FAYMENT PROGRA'1

LOAN PRINCTPAL? L OOO. OO
(IN DECIMAL)?.03

IiOW @NY IOAN PAYI{ENIS? 5 
-

LOAN PAYMENT EOUAf,S S 250.46



The "break-even point' is defided as the nunber of units lhat nust
be soLd to nake ievenue equal expenses (producidg no profitr.
Rewenue lfor a conpany seLlinq l product) is equat to Lhe number
of unils sord iines the serring price per unit, Expenses are mde
up of two major itens: fiaed expe.ses a.d variabl€ expenses. Iixed
€xpenses (overhead) do not chanqe qith chanqes in production
wolume. variable expenses do and are eqDal to th€ nunber of units
sold times the unit.ost. This sampLe proqran computes the break-
even point ror a singla product, The break even poini is
deternined by

(!nit sel1in9 price - unit cost)

The seltinq price, unit cost and fiied are .ead fron a
The break eve. point is conputed, aLonq {ith the

dr or6ak--\ 6 r.

LOO REM BREAK-EVEN ANALYSIS PROGRAM 5 4
IIO REI'I COMPUTE IJNIT AND FIXED COSTS
I3O REM

150 REM c=oNIT cosl
160 REM F:FIXED COST
I]O READ P,C,F UNIT COSTI FIXED COST

190 R=P'B
200 E-(ciB)+F
2LO PRINT 'BREAK-EVEN

240 PRINT 'UN]T COSTi IC
250 PRINT 'FIXED COSTi;F

2]O PRINT 'BREAK
230 PiINT "REVENUE
290 PRINT'EXFENSE
300 DATA 5.00. 3.50, 1500

BREAK-EVEN ANALYSIS PROGRAM

BREA(_EVEN POINT lOOO
REVENUE AT BREAK-EVEN POINT 5OOO
EXPENSE AT BREAK EVEN POINT 5OOO

Break-even point =



rhis program prints a simple income srarenenr tor a conpanyselling one producr. The input dala (inpur usinq the READ and DA.|A
statements) consises of unit seltinq price, unir.ost, fi*ed cosr,
and nDmber of units sold. .rhe progran compures rhe rncone state-
' 

i dl .. Lqin 'h- lo o" 19 !o.' rlas:

= Unit sellinq pxice x Nuhbel of u.its sotd
Cost or sales = unit sellins price x unlr cosr
Gross profir cosr oF sales
Net proril = cross proFi! - Fixed co6t

Finallyr the proqram outputs !he incone statement, Norice that the
outpur appears in 2 corumns as a resuLt ol using rhe comma ropridt data i. prinl zones l and 2. The nume.ic dara id prior zone
2 rs Left-jusLiEiedr thai is, ir does not tine up Lhe values on
the decinal poinc.

1Ol] RE}4 INCOME S'IAIEMENI

I]O RDJ,4 COST OF SALES, GROSS
140 REi4
I5O REM P=UNIT SELLTNG PRICE R=REVENO€
T60 REM C-UNIT COSI S=COST OF SALES
I]O RCI.1 F=FIXED COST C-GROSS PROFIT
I3O REI4 N=NUMBER OF UNITS SOLD
3OO READ P,C,F,N
]TO R=PTN ! COXPUTE REVINU!
320 S=C*N I COMPTJTE COST OF SAT,ES
130 c-R-s
140 x=G-F
.1OO PRINT !INCOIIE

420 PRINT iREVENUE",R
4]l] PRINT "COST
440 PRINT iCROSS PROFIT",G
450 PRINT "FIXED COST' 

' 
F

460 PRINT "NET PROFlT';X
470 DATA 5.00, 3.50, 1500,2500

REV'NUE 12500
cosT oF sAr,Es 3?5 0
CROS5 PROFIT ]750
FIXED COST I5l]O
NET PROFIT 22'A



PROCRAM 5.6 I{ITH FORI.IATTED OOTPOT

This progran is the sane as 5-5, except tha! lhe output appears in
a specific Eormat designed by tbe proqrammer (and nol the usual
print zones). rhe data variabre A$ is used to represe.t output

first teo characters in A$, th€ back slashes, shor lhe
startins and ending plint positions of the string values !o be
prinled (e.9,, REVENUE, COS1 OF SALeS). The next coLlection of
characters shous the print position of the numeric valDes. The SS
stands For a "floatinq dollar siq., tbe +'s represent diqits of
the nuneric fieLd, and the coma and the decinal point shot {here
those ril1 be printed in the

statement is Dsed to output tbe formatted lines,
The statenent fornat, PFINT USING Al folldred by the tvo data
items to b€ printed on th€ line, is used for all five lines of the

LOl] REM INCO1IE FORIIATTED OUTPUT PROGRAM 5'6

L2O REM A SIMPI,E INCOI1E STATEI'1EN'I TI]AT SIIOWS REVENUE, COST OF
130 REM SALES, GROSS PROFIT, FIXED COS1 AND NET IROFIT
140 REM
150 REM P=UNII
160 REM C=UNIT COSI S=COSI OF SAI,ES
1?0 REM F=IIXED cosT
130 REM N=NUMBER
I9O REM AS-ODTPUT
3OO READ F,C,F,N
310 R=P*N
320 s=crN I coMPurE cOSr OF sALEs
310 c=R-s I CoMPoTE CROSS PROFIT
340 x=c F
3s0 As='\ \ s$++,tt++.sli.
4OO PRINT "INCOIIE STATEMEN1 PROGRAM'

420 PRINT USING A$, 'RIVINUE"IR
430 PRINT ISING AS. 'COST OF SALES"S
440 PRINT USING AS, "GROSS IROFIT',G
450 PRINT USING AS. 'FIXED COST',F
460 PRINT USING A9, 'N'1 ?ROFIT"X
4',70 DATA s.00, 3.50, 1500,2500

INCOME SfATEM!N!] PROGRAM

$12,500,00
cosT oF sArEs $3,750.00
cRoss PRoFTT s1,750.00
rrxED cosT $1,500.00

$2,250.00



DECISIONS AND TRANSIERS

conparirg Data vatue6

A conparison betseen dara irens is accomolished ,irh ihc rFstafnenc. r'p Lters corpa-60 ccn o4 nr;-i. q_oori, ies orrhe case or srrtnqs, Ehe -orpdrisor !r oererrine chedlp'rob-r iccr o-dF o- ,he sLrLno,, A.o,pdrrson ^ _I sho* .ou onei< equdl Lo rhe oLner, 9r6d e! LLa-
ll: :11.1r.9,.'. ro.ccoipri t1L. rdsk i. " proq:.; ,.a.-re.L,
:T_"::::l: or .ynbors, ccrL-d ,eLd_io_dr n-d o;i.a.op-ra.o i,

a) Relatiodat opera!ors

Svmbol

b) Logical operators

seveLdl rptdEton6 cz. b6 inc_ud-drslno he I'cicar and op. i; s.ir"i_-iii ' ''
programn€r to resr more lhan one characteristic oF a dara valueor to Eest several sets of data values at the same rimc
Stnbol safro1e relarion

x less bban or equar eo

x gleater than or equal

A less than B and x grearer than Y
A<B0Rx>y A less rhan B or x grearer thad y



DECISIOIIS AND TRANSFERS

.ha 9616-.1 orh

1i.e 1i IF relation THEN i.struction ELSE insrrucrion
or tra.sfer

The keywords IF and THEN are al{ays part of the srarenent, Th€
''relatio. and instruction or transfer, oilt chanse according ro
lhe criterta used lor tbe conparison- rhe last part ol ch€

instruction is oplional.
Fcr exanple, take two nuneric quantities, A and B. A typical
conparison and resulttnq actton niqht be stated as ,iIr the vaLue(quantity) ol A is Less than th€ value of a, then print the vaLue
of A. 'l'his could be acconplrsh€d in sAslc by the statement:

rhe relation is A < D and the resultinq a.rioD (insrruccio.) is
PRrNr A. Notice, however, rhat rhe acLion is taken q!!a ir lhe
relatiod is true. 1f it i5 lalse, no action is rake., in rhis case
the conputer proqrai ro!1d sinpry nove to the next etatement.
The folloqing progran aill lisred abowe in

ol a decisio. makinc Drocess:

20 DATA 2,1
]S LESS TSAN B!

By changinq the nunbers in srarenenr 20, any rko values can be
cohpared by the sane program,

Usinq the ELS! option the us€r can specify, in ihe same starene.r,
,hat is to be done if ihe relarion is false_ The fo11owin9 progran
HiLl conpare the two wariabres A and 3. tf rhe ra1De of A is less
than the laLue of B, then th€ ril1 be printed,
dther{ise the nessaqe EQUAT oR BIGGER si1l be prinred.

]O IF A < B THEN PRIN'I iSMALLERi NrcE PR1NT "EOUAL OR BIGCER

the staled relat;on (A < E), the progran logic is:
1f lhe relarion is tru€, sMArrER is printed.
rf the reraiion is faIse, EQUAI, oR BrccER is printed.



can be e*tended so that sereraL ie,,el: ol

cpecilicarly if A is equal to or bloqer lry exL.r.linn
the decision process in statement l0 the speciaic relarion ca. b.

]OIFA<B
EI,SE PRINT "ECUAL"

Ihe LoglcaL restri.t or erDand Lhe crjleria used L.
conpare daLa values. Th€ allows the Progr.nner to
restrict (becone nore selec!ive abouL) a co'iparisod- rh. !cnerai
torn ior its usag€ !5:

reraiionL aND relation2

The resulL of the operation {ill be co.sider€li lrne onrt il !q!
relattonl and relation2 are Lrue.

For example, Let us say that a ligL of perso.del re..rds is tc be
searched for aIL enpLoyees uho are saLaried anll have an incone
over 9:100 per .odtains ihree iiems: n.nr, pay
type (SaLARIED and regular {e,ak1y incon.. Ir lh.s.
rhree varues are read inlo the variabres NS, TS and l respec
tivety, the iollowlnq sraiement cad be used

I > 3l]l]'IH9N PRINT N5

100 rF rl = r > 300 rsEN PR1N1 Ns

This can be read as "If ihe pay iype is sataried 4!q th. Ln.ome i5
greater tha. 100 then pritrt the nane. '

The oR olrerator altors an expan.ion ol .riteria i.volved rn a
'o pc . 4 "c- i

relationl oR relrtio.2
rheresu1tolth€opcYationwillbeco.sidered
relationl 9! relation2 ts is at:o true ir both
relalionl and relation2 are true.

TaLing tbe sane personner records, if it tere desirei to pri.t the
nanes of all enpLoyees who are either salariec
incone over $300 per {eek (thich now fray i.clude sone hdurLy
enployees) the folloqinq stacement could be used:



DECISIONS AND RANSFERS

B. TRANSFERS (ERANCUTNG)

L. Unco.ditionar Branching

tt is possible to bypass the norfal order or sLaLeoent execution
(sequentiarrl' by Iine number) oith the GoTo s!aiene.!. This
statement provides a ray or tra.sFerrinq to anorher porrion of rhe
proqran. Tbis actiod is also relerred to as branchinq. The qenerat

rioe * co.ro Line.unbe.
here iline nunber" is any BASIC sraremen! line nunber in Lhe

p.osran, For exanple:

200 coTo 500

Upon executid. of this statenent the proqra'n Nitl 'branch ro"
statehent 500, that is, all 200 and 500 rill be
skipped. In 500 is the.exr srarenenr execured

200. This type of branching is.alled
unconditionalr stnce there are no decisions nade within the

'leternine it the branch will oc.u. or .ot. lt sinpLv
branches "sithout condition.'i The followinq example is an

h- o--.:o p 09 di. L.L
of number Dairs can be comDared:

IO READ A, B
20 DA'-tA 2tlt5t5.1t6
30IFA<B

TITEN PRIN'T A, ''EOUALS'"8
50IFA>B

2 LESS THAN 3
s EouALs 5

i'hen lro values are compared, one nust obviously be Less Lhan,
equal to or rhe other, one ol tbe rhree(30, 40 or s0) wilt have a relarion !ha! ts ]]rue and the orher rwo
will be false. The relatiod that is L.ue eil1 cause Lhe message

to be printed. then direcrs rhe conpurer
to bran.h to statemedt 10 and read r'o nore valu€s. (Remember, rhe

always takes the nex! availabLe
have noL been read). The actual sequence of operatiods perforned
by the program (usiog che DATA raiu€s id statenenr 20) is:



DECISIONS ANO fCANSFERS

Resultinq Acrion

10 values .ead into variabres (A-2, B:3).
l0 Relation true. Messaqe'2 LEss |HAN l" printed,
40 Relation farse. Progran
50 Relatioo false. progran
60 Pr.sram conLior transrerred io statenedt 10.
L0 values .ead inco variabLes (A=5, B=5).
30 Retation farse. Program
40 Relarion rrue. Message "5 EQUA]S 5" prinred.
50 RelaLion faLse. ?.oqram
60 Proqram conLroL transEerred to statenent 10.
I0 values read into vaiiables (A=?, 8=6 ) .
l0 Relarion raLse, Proqram
40 ielation False, Proqrar
50 Relation 6 piinted.
60 Proqra codtrol transferred Lo sLaLemcnrr 10.
l0 Progran arrempts ro eeL ot va1ue.

inro rhe var:ables A and B. since rhere is no
more data in
is pri.!ed and Orosran erecution is hatred.

2. condttional Branchinq

Note tha! Lhe p.osrarn ab.ve ended 'irh an error message. tn this
uas donc .in.e all of the data had already beed

processed. But ending the prosran this ray is rererred to as a
"hard exit , that is, forcing th. proqran to srop by crea!ing an
erro! conditiod. A sofL exit,r or dormaL edding .a. be
accompLished by usins another An extra set oF dara
values can be appended to oAaA scareme.t. The only
purpose !E these values ls to signaL the p.oqran that therc is no

2A DNA 2ti,5,5,7,6tAtA
25 IFA=OTHENTO
30IFA<B
4O tF A - B'IHEN PRINT A,''EOUALS!J;B
50IFA>B



rhe relation in sratement 25 (A = 0) was false for che first rhree
pairs of values, but o. the rourth pair (A=0, B=0) this relation
,as true anit transferred to the END statement, accom-
plishing a soEt endinq to the progran, This type of transfer is
carred a conditional branch, since it occurs only "on the
condition thali a previous relation is true. Tbe general forn of

Eor a condition transfer can be uiLten as:

line * IF relation TSEN lile ounber

where "line nunber" is the nunber to rhich the
program wirr branch when the relation is true. Note that in the
conditional branch the keyrord Goro itoes not appear. The "GoTorr
function is implied vhen the line nunber appears in the statement
afcer Lhe key'ord rEEN,

The last teo data values in ihe program above (0,0) were not
processed :n the sane 'ay sets of values. 'rheir
purpose, again, was to provide a normal exit for lhe p.ogran.

used in this way are ca1led sentineL values. The
i-n. n- "" .- -c *

ploglanmer, but of course one wculd want to choose a nunber
that is never a lesitimate data value. slrings can also be used

Note that at the end ot the DATA statement the sentinel value
{A=0) ras followed by another value (also zero). This qas onLy
a dumy ralue for B si.ce the READ statenent frus! be satislied
- ",9. a"r a r .sr b. provid.d o- "l I rnc v-Lia-es is ed ' o'

else the progran siLL not conrinue. rither A or B could have
been used to test a senti.el ndst be provided

b) Mutti-branch operations

A nulti 'ay branch can be set up i. one statement so Lhat a
progran can GOTO one of a list of specified lines based on the
resdlt of an elpression. This is acconplished with the oN G0T0

conditional branch statement khich has tbe general

rine * oN variabre GoTo rist of rine numbers

It is assuoed Lha! lhe ralue oF ihe variable has already been
determined in a previous calculation. The variable nust be an
inteqer. If it is not, the 'ill truncate it
before naking the branch decision. Based on the value of lhe
va!iabLe, the prograi branches to one of the "1ist of line
nunbe.s.' The li.e number transferred to is the one in the sane
sequentiaL Dositlon as the vaLue of the variable.



r0 oN K Goro 100,150,200

Ihis is interp.eted as:
If the value ot X is 1. tben branch to line t00
II the value of X is 2, tben branch to line 150
If the value of t is 3, tbe. bianch to line 200

If the value of the variable is <= 0 or Sreater tha. the numb€r
of line numbels in the 1ist, an error will result.
The progran dn elementa.y arithnetic operations, listea at the
end of chapter 3, vi11 be re-uitten to demonstrate the oN-GoTo
statenent. Tbe user witl be pronpted to input two data values
rhich Fill be assigned to Ehe va.iables x and Y. The user is
then asked to enter an loperatiod key", a value ehich is
assigneit ro the variabte K. Based on the value of iis number
the followi.g action ai11 be taken:

lf tbe value of { is the p.oqran rifl cafculate
I the sun of x and Y
2 the difference x minus Y
3 the product of x tines Y
4 the quotient x divided by Y
5 the average of x and Y

10O REM ARITtsI4trTIC OPERAfION CgOICE
1IO INPUT 'ENTER
120 INPUT 'ENTER

140 oN K GOTO 150rt?0r190,210,230
150 PRINT 'TIIE S0M Is"rxlY
160 COTO 999
]70 PRINT ''IHE
135 cO10 999
190 PRINT '1HE PRODUCI IS" tX*1
200 coro 999
210 PRIN?'1HE OUOIIENT IS '':X/Y
220 COTO 999
230 PRINT 'TttE AVIRAGE ISi'(X+Y)/2

ENTER rl,tlo NU BERS? !2
ENTDR oPERATIoN I(BY? 3

TIIE PRODOCT IS IO

71



DlClSIONS AND TRANSFERS

conouLirq the total add average of a list ol nunbers is 3
!.ocedure thai is conmon ro
iotal nanuarry they actualtv add tea nunb-Ers al a time a.d
a.cunulate the lotal aite. ea.h addition. For exampLe, to !otd1
the nusbers L + 3 + 4, {e lould say "1 plus eiqht €qual 9, plus 4

lduaLs ll,rr Automati.q this process !n a conputer program result.
r; the same tyae or operation. To obtain an averager one needs a
c.unt or hor uere in the lisl (5av N). The averaqe,
or arithmetic nea., is then simply lhe total .livided bv N,

rhe tollowinq prosr:n denonstrates the lechnique ol totaling and
alerag1nq. The dala consists of a nunber or recolds, each con-
tatnins a.ame ol a colleqe a.d an enrorlnent tiqure. The purpose

is to fi.d the averaqe .umber of students in larqe
cotleqe;,;here Large" i5 defined to be rooo0
Thu;: selecLion process is reeCed. Each record nust be read a.d
lhe enroLLmenl figure corpared !o r0000. 1f the enrollnent is
l0ooo or nore then lhe lisure is added to a. accrnulatinq lotal
and a coudt is kept of how many su.h col.Leges were e.counrered.
rhe parlicular colleqe and enroLLnent are then prinled. A string

na^ea 'zzzr) is used as the santinel record. hen
this nane is eicountere,l it wilr be assuned Lhat there is no
rore data 3nd thaL lhe averaqe can be conpuied and pri.ted.

IOO REM TO'IA',ING AND AVERAGIITG PROGRAII 6-T
l10N=0
120T=0
I3O READ C$,S
140 rF cS =

IOOOO THEN T]O ! 5KIP IF ENROLLMENT < 1OOOO

couNT No. oF col,l,EcEs
L?OT=T+ ACCUI4U',ATETOTALENRO',LMENT
L3O PRIN'I CI,S 1 PRIN'T COLLEGT
r9O GO'IO 130 I REPEA PROCEDURE
20aa--t/
210 PRINT "THE AVERAGE ENROLLT1!]NT oF';N;"COLLEGES =";A
220 oATA .UCr,A",2iu00, CENTRAL'/9300,"SfANFORD"24000
230 DArA .HARVARD" 23000,'LOCAf, Vr[1,8", 3500, "frOTRE DA|4E" 22000

ucLA 25000
24AaA
21000

NOTR8 DAIIE 22OOO

ENROILMEN'T OF 4



DECISIONS AND TRANSTERS

PROGRAI1 6-2

Quite often a nulti-branch decision is based on a number which is
too biq to use convenientty variable- In this
situation a scarins factor can be used to convert the nunber t. a
snall integer (1, 2, 3 etc). For example, let's say that Lhe
amount of tax taken fron an employeeis gross pay depends dn th€

sararv Ranqe Tax Ap.tied
0- 99 0i

100-i9 9 Lol
200 299 25X
300-399 40r
400-499 50?

A nuhber of could be used to conpale a qiven salary
to each salary lange and find the proper tax. Blt considerinq that
rhe oN coTo variable is truncated to an inteqer, re.a. divide the
saLary by 100 and use the resulting number (from 1-5) as the
decision variable. Tbe folroqinq p.oqran demonstrates this method:

LO() REM TAX ENGES

120 REl,1 VARIABfiTS: S=SA'ARY
!30 PRTNT,""Ax M GEs :PRINT

215rFS<0THEN999
220 IF S >= 5OO 1HEN PRINT OF RANGE':COTO 210

240 IFX<OTHEN3l]O
250 ON X GO'IO 264,210,24Ot29O

.10 : coTo 100

.25 : coTo 300

.40 : coTo 300
290T=s*.50:GoTo300
100 ?RINT'sAl,ARY =i S,'1tAx =",7
400 DATA 1s0 | 7s,430,350, -1

TAX RANGES

SALARY = 150 TAx = 15
SALARY = 75 TAX = O

SALARY = 430 TAx = 215
SALARY = 350 TAx = 140



r'his Drogram shows hos decisio.s and transfers can be conbined toperForn a uselur f!ncr:ion -- rhe bate.ci.a of a checkb..k.

ol the checkinq accotrnt. This is inpur i.to the variable B. Nexr,tbe proqran tellinq rhe
action code. rhe three codes are,C ror che.k, ,'D' for depasir,and ! to end the proqram. rhe cod€ is input inro rhe varlable

1he progran ch€cks to see if TS equars the code 'E r ii so, rheproqran iransters tc rhe ending Lines. tf a code other tha. "E, !senccred, the progran co.ti.ues iis normal sequence. The user is
next pronpted for a !.ansactio. amount, 'bich is i.p!t inro rh€

Nok the progran us€s decisions to adjust rhe account batance. lf
rhe transactidn code is aiic,,(meaninq check), rhe transecrion
anount is subtracted from rhe balance to ei€Id tbe

on od- .. " o-;osr. , r- -L oaLdn 6
eqDals the old bala.ce prus lhe transacrion anounr. Any othertransaction code 'iLL not affecr the balance.

rhe ner balance ts outpur and the proqran rlansfers back ro rh€slep pronptinq for a transacrio. code. This reDetiiio. cdntinues
''iL in, JqF' d..4! -ira' pon(,

ortputs the final accounr batance a.d e.ds.
100 REM CflEC(rNC ACCOUNT IROGRAM 6_3

r2O REM TI]IS
I]O REM BALANCE OF A CHEC(INC ACCOUNT.
140 Rn14
I5O REI'4 B=CSEC(INC ACCOUNT BALANCE
T6O REM TS=IRANSACIIION CODE (C=CHECI(, D=DEPOSIT, E=END)
170 ]t€M A_TRANSACTION AIIOUNT
20l] FRIN'] "CEECKINC ACCOUN1 PROCRAM"

220 INPUf iKT]lAT IS TI]E STARTINC BALANCE':B

TRANSACTlON CODEi
250 INPUT 'C=CHEC(, D:DEPOSITI E=ENOi;TS
260 rF rS=.E' fHFN r20

TRANSACTION AMOIJNTi,A
230 ra T5=ic'
290 IF T$=.D' TEEN B=E+A
3l]l] FRINT'138 IiEI,I BALANCE ISi;B

330 PRINT "TEE



DECISIONS AND TRANSFERS

CITECKINC ACCOUN'I PROGRAI4

STAllTING BALANCE? IOOO

ENTER TRANSACfION CODE
C=CnEc(, D=DEPoSIT, E=END? q

AMOUNT? TOO
TI]E NE'{ BA],ANCE IS 9OO

C=CHEC(, D=DEPosIT, E=END? 9
al/ourir? ?!!

THE NEW BAI,ANCE 15 TIOO

ENTIR TRANSACTION CODE
C=CHICK, D=DEPosIT, E=END? q
ENrER lrRANsAcrroN Ar4ooNr? !!!
TI'E NEW BAIANCE IS 3OO

ENTER TRANSACTION CODE
C=CIIECK, D=DEPOSIT, E=END? !
TI]E FINA]- BALANCE IS 3OO
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f.is lrogran combines input, processinq, decisions, and output to
dDnonslrate a simplitied tay l;ability corntutati04. Th€ pr.q.an

i.come, dependeot allorance, and adjusted in.one.
1..n it conputes a.:ajrsrnent to income ai the q.eater of the tro
vatje. d.du.Lible expedses o. r0s ol adjusted incom!. rhe iax
liahiiity js eqlal:o 20i.1 the second adjust.d incche vr1De.

rae Eorl.Ninq(into lariable s), aiscerraneous incone {r,4),.unber ol dependencs(N), and deducLible ekgedses (D).

Ihe processinq section beqins with i-he conpullnq of Lotal income(variatite r) equal to sarary DIus hiscEllaneous incone. rhe Firsr
rdjustrent to incone 1Al) represents the dependent allorance and
rs equal tc the.unber of dcpendenLs Lin€s i000. Adjustec incom-- I(rt) e9uals Lotar i.cone ninus the iirst rdjustnenL, rhe variabr.
P equaLG lt)x ol the adidsted inco e riqure.'Ihis l0r is conpared
!o Lhe deductible cxpenses and rhe qreater ol lhe c{. is assjgned
ro Lhe variable A2 repres:ntinq adjustnent 2. 

^djDstnent, 
is

s!btract€d iron .djusted incone I ]iieldins adjusted income 2
(varrable I2), Finally, tte tax Liabiltty (1) is conputed as 20e
ot aclustec jncoLie 2.

'rhe trogram ends by ouLputtinq ihe io11owin9 inlornation: totaL
incone, depende.t allo{ance, adjustment ior deductibre
L0t, adt!sted in.ooe, and tax Liabilitr.



IO'] REM TAX T,IAtsLI I,]TY

I2O RE THTS BASED CN SALARY, NISC.
1]O REM INCOM',
i4O REI4 THE FIRST FOR fHE DEFENDEN'I
r5O REM ALLOhANCE (SlOOO PER). THEN lOi OF THE ADJUSTED INCOM!i 1S
T60 REM COMPAREIJ THE CREAfER BECOMES
17C iEM Ti]E TO INCOIIT. FINALLY, THE NEIiLY
130 R!I! ADJIJSTED INCOM' IS USED OF A 2OI TAX
240 Re&

A1=ADJUSTMENI I
260 REI4 M=MISC I\'COMF II=ADJUST'D ]NCOME I
2?0 REM N=No. oF DEDUCTIoNS P=loioF aDJUSTED INcol,lE I
230 REM D-DEDUCTTBLE axF€NsEs A2=ADJUSTMCNT 2

I2=ADJUSTED lNcoME 2
]OO PqI\ " IFX
li0 rNPUr'ilrHAT
320 INPUT i!I5C. INCOMEiJM

]40 TNFUT'DEDUCIIsLFJ
400 T=s+u ! coMPrrTE roTAr, INcotlE
4lLl Al=N*1000 | coMPUrE DEPEr$DENT al,lot\rANcE
42C II=T-A1 ! COMPUTE ADJUSTED INCOME 1
410 P=.IiII I CoMPUTE 10x oF ADJUSTED INcoME I
440 RETI DEIERXINE ADJUSTMEN'I 2
450 IF P>D THEN
460 l2=It-A2
414 L= .2* L2

520 PRTNl'DEPENDNNT ALLOWANCE'';AL
510 PRrNr "ADJUsl€D lNcor4t i I1
5.r0 PRINT "aDJUSTMENT EXFENSES oR 10*i;A2
550 PRINT ''ADJUSTED lNcoME''; I2
560 PRINT iTAX

SALART? 25 000
Mrsc. rNcoME? !!j!
NUMBER OF DEPENDENTS? 2

TOTAI INCOME 26000
DEPENOTNT AI,LONANCE 2OOO
ADJUS ED 1NCOI4E 24OOl]

oi l0x 10000
ADJUSTED INCOME 14OOO
TAX lIABlLifY 23OO



thi: proqran coflpules and prin!s basic payroll infornation
incrudinq straight Fay, overtine pay (if it appries) and qross
!,ay. 1he conputatio.s dre based on the enployee's pa]l type (hourly
or .alaried) and the nunber of hours worked durins a qiten seek.

'rie prcaraft starLs by prinlinq a heacing above all the colunns of
infornation and by defininq a variable (BS) as the output fotmat
Lo be used to Frint the informarion,

The nain processing besirs by reading, fron DATA staLehents, pay
type 1TS, valid values H=hourLy, s=saLaried), hours woiked lH),
and rate of par (R). The proqran then checks for sentinel value
l{hen NS equals !!^ST RECORD") siqnallinq the end of l]he data,
NExt, the pay type vaLues are varidated
the prosram further processing sections. If both pay
type validations faiL, a nassaqe is printed tellins the user that
there is an invaiid pay type code for a particular enployee.

Ior salaried enFlovees:
srraigh! pay = 40 x rate of pay
oveitihe = 0
cross pay - straight pay

For bourtv enplovees (up to 40 hours per reek):
Srraisht pay = .umber or hours x raie of pay
oYertime = 0
cross pay = straight pay

For hourlv emplovees (over 40 hours per tee):
Straiqht PaY = 40 x rate of PaYovertime - (nunber of hours - 40) x rate of pay x 1.5
Gross pay = siraisht pay + overtine

ontput is acconplished wirh a PRINT USING Bs state-
ment. output includes enployee nane' pay type, nunber of hours
{orked, rate of pay, straight pay, owertine, and qross pay, The
ploqlan then transfers back to read the nex! data record, rhis
repetiiion continues Dntit all of the data is used.

TOl] RE.U PAYROLi PROCiAM 6-5

120 RET1 PAYRO'L INCLUDINC STRAIGII, OVERTIME,
1]l] REM AND IIIPI,OYEES DO NOT OUALIFY FOR OVER-
L4O REE TIME MORE TI]AN 40 HOURS ARI
I5O REM PAID I.5 THEIR REGULAR HOURS BEYOND 40

200 REM H=HoURS HORftID G=cRosS PAY
210 RE}l R=RATE oF PAY BS-OUTFUT FoRl{AT STRING



DECISIONS AND TRANSFER5

220 PRrNf'

STRAICHT OVERTIME GROSS'
250 PRINT'NAIIE

270 BS = '\ \ I 1t]r f4.S+ 9ri++.#1l S*+{,{{ 9{*{_ti*'
]l)l) READ IiS,T5 , H, R
rr0 r! Ns="r,Asr REcoRDi ,|HEN 999
]20 IT T9='H'TIIEN 5OO ! BRANCH TO gOUFLY ROUTINEll0 IF Tt='S. TEEN 400 ! ERANCH
340 

'RINT 'TNVAI,ID PAY TYPE CODE (";'I9,'') FOR '',NS
350 COTO 100
400 s=40 r R
410 x=0
420 c=s

5OO IF H>40 THEN 600
510 S=!rR ! HouRr,yl4o ):
520 x=0

600 s=40*R I HOURLY(>4o):
610 x=(ts 40 ) iR* r.5
620 G=s+x
630 PRINT USING B$,N$,T9,H,R,S,X,G

700 DATA "Sr1iTHi, i H(,35 ,6 .25
710 DATA "JoNESi, iHi,44,7.00
720 DATA 'JOENSONi / iSi,40,5.95
7r0 DA']A'XrLLER".H..45,11.50
740 DATA i'ANDERSONi, is! 

r 41,3.50
750 DATA ! Oi&\LLEYi,"ts",33,7.50
r60 DATA irlrEST', 'Si,35,4.3s
'70 

DATA iLAST RECORD","Oi,O,O

PAYROiL PROGRAM

EMPLOYEE PAY I]OUiS PAY STRAIGHT OVERTIUE

H 35 6.25 92IA-15 $ 0.00 S213.75H 44 r.00 9230.00 g 42,00 9322.0040 5.95 5213.00 S 0.00 s233,00
H 45 11.50 9460.00 $ 86.25 9546.2541 3.s0 S140.00 s 0.00 st4o.oor3 7.50 9235.00 S 0.00 s23s.o0s 35 4.35 9194.00 S 0.00 s194.00



Many prosranmino problens i.voLve a sel: of instruclio.s rhtch 
'nu';tbe repeated sev€ra1 iimes. This tyDe of procedure i5 conmo!1Y

called a loo!,. Each pass throdqh the loop lffec! ooe or nore cf
ahe vatiables in the loop. A good exanple is a sinFle totaiing
procedure. the folLoring progran 'irl add any rive n!nberc that
are put in the DATA lis!:

i00N=0 I TNTTIAL]ZE COTINInR
Il0 T= 0 I INITTaLIZE
I20N=N+ TNCREMENT CoONTER
T3O IF N > 5 TqEN I7O I EX]T AF1'NR 5'Ib NTTIBIP

150T=T+ ACCUIUDTE rOtAI.
160 aoTo 120 ! RETEA] j,OCF

170 PRINT !AHE 1OTAI, =i:T
130 OATA 12,5,2,14,3

'raE Tolal = 16

the variabte N as used in statenent 120 is ca!1ed a
has th€ puipose of keeping track ol bd! nany times the l.op has
been repeated. The loop can be co.sidered to be bet'een st3tements
120 and 160. These sratenents are repeated until N has exceeced
the value or 5 (stateh€nt 130). Note that 9AlL1 nunbers ele read,
@hen N reaches a value of 6 the relatton r30 will be
true and progra'n conirol wiLL be tlansferred to statene.t 170,
where a total {i11 be plinted.



I1]OPING

To accomplish the loop procedurer several thlngs
- a variable
- the counter is initiarized to sone startinq vaLue (stnt 100)

the counrer is incremented each rine through rhe loop (srnr 120)
- a check to derernine if more r€peririons are needed (srnr 130)
- an instruction ro return ro Lhe srarr of the rooD (stnr 150)

essentiaL scatenent types are present: an assign-
ment lstmt 120) a decision (slmc 130) and a transfer (srn! 150).
r, " - "1 lorla
r,ooping procedures in proqranming that a speciatpair of statenents is included in the BAsrc language to nake ir
easier to vrile a loop. The FoR NEXT process has the general forh:

Iine { FoR Value To End value SrEp rnclenenr
(EASIC statenents )

I lne S NEXT Index

The keyvords of this process have the follovinq meaninq:

!9E l.landatory vord. rt indicat€s rhe starr df rhe roop.

A nuneric variable rhich will be in.r--menrad c:eh
time lhrough the loop

= uandatory character.
start value Tbe starting vaLue of rhe rnd€x. This can be a

variable. rF lr !s rhe Latter its vaLue
must be established in a previous sraremenr.

End value The upper lifrit of the 1oop. This ca. be a co.stant
or variable. I4hen the rndex exceeds rhis walu€, rhe
roop !i11 not repeat again.

when the rndex is ro be increnenred with
a value other than r,

NEXT Index A indicares rhe end of the ser oF
statem€nts that are ro be repeared. The t.dex variabte
nust be th€ one in rhe FoR srarenent.

one "pass" through tbe loop i.cludes the executlon of the BAsIc
statenenis berueen lhe FoR srarement
within these statenents lhe ordtnary order of execution appliesr
along vith any transfers (coros) rhar may apply. Each tine the
loop is repeate'l tbe Ind€x ie idcremenred. rf the sTEp oprion is
onitted, the increnent valu€ {i11 be considered l. when the Index
exc€eds tbe upper lini!r rhe progran si11 continue wirh the
s!atenent follofinq the NExr rndex srar€menr_



progran for co!a1ing five nunbers, givc. abo'e, oi11
be rewritt.n using a FoR r"ExT looe,

ll0FoRr=lTo5
120 READ X
L30 r=T+1
T4O N€XT I
L5l] PRlNT iTHE TO'IAI =",1
160 DATA 12,i,2,14,1

l. this cas€ the three run.tions ot dssiqnh€nt, deci.ion ana
transfer needed loop are alL done autciaticallt l.

the Index variabl€ I is qiven a srar:inq lalue oI I
and ao upper limit of 5. option is onittad, lhe
increnen! is 1. ThiE means that the statencnts bet'een rcR ane
NExr (in this 120 and 130) {ill be repeated 5

tines, sin.e lhe variable r qi1l be increhenLe.i that nany l!r..,
Not€ the lnCex !n lhe NExl' -:;_". 

" 
o ir

rheir roiar is accumulated lslnt l.l0), Nhe. the loop rep.Litions
a.e conplete, progran control is tiansferred to tbe srarem-ADr
after NEXT I, and tne totaL is pri.t.d. unlike the orevious
progran, rhe nol have to i..rehentino

and checki.g it any nore repetitions are needed-

EXAMPj,E. The progran can be nade nore versatile by mkin-o Lhe end
value of Lhe roop a variable rhose valDe is reed as a data iteh:

1OO READ N
110T=0
120EORr=lfON
1]O READ X
140T=T+x
T5O NEXT I
160 PRINT "TtsN TOTAL=i 

'TT7O DATA 5
130 DATA 12,5,2,14,3

TEE TOTAL = 36

Nou by sinply changing lhe the proqran rtll loral
any set of numbers, No eaecutabte statenents have to be modilied.



USINC TgE I,OOP IND'X

'rhe Index as a value

tn the above FOR NEXT exahpte, the r.dex had onty one purpose, tocou.t the number of times throush the loop. rhe variabie i did not
app€ar inside the loop. since rhe lndex is a legitinate variabteits value can be used inside the loop tike any;ther variabte.Note that irs value can be sed but;'or chano;d inside rhe roap.rha! i6 to say, rhe r.dex v;;j;bre c.nor appar on lhe reft sideol - cqual i9-. ta chan.a iLs

rra! !he t-de^ rcriaoteL. .ld reo, ine n6z r{o axaroles wirL pur '.e r-ocy vat,e ro .se

DXAMTLC, A program thar flnds the sum of all lhe inteqers betreen

100S=0
IIOFORN=LTOLO
120S=S+N
130 NEXf N
140 PRrNT "THE SUt4 = i,s

'IIJE SUII = 55

The accunularinq roral procedure is rhe sahe, bur here rhe datavalues used are beinq produced by rhe changinq vatue of the rrdexas it repeats the loop ten rines. Norice rhere is no DATAstatenent, since the dara is qenerated inte!nalLy by program

EXAMPIE. Using the sTEp oFtion/ rhe.ufr cf a1l tbe even numbers
between 2 and tUo can be r.und-

l00s=0
II(, FOR N = 2 TO 1OO STEP 2120S=S+N
I3O NEXT N
140 PRrNT i'TnE S0r1 = irs

TIIE SUM = 255 ()

The loop will be rep€ated 50 tines. rhe flrst tine the t.der N$tl. eoual 2, Lae s..ond ne ! urtt eqrcL 4, o'c, sraten.nL tz0qll . dccunrlaLa r ae srn of .r I rn- pv6; intesers-
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LOCPING

2. !ractional and N€qative lndexes

the lnde* can c6. be : de.imal o.
nesative value. The ne*t tso exaFples {iLl deno.strate

nxcMFl,E. rhis aroqran {i11 convert a series of nrrber. {hich
reDrese.! length i. i.ches to rtreir equilal.en! value in..nLi-
neters (t i! = 2.54 cm), lhe le.qths are 9iv--n i. one half ix.h
ln.tenen!s fron I to r inches.

i00FoR1:lTO3STEP.5
1l0C=Ir2.54
I20 ?RINT I " INCTIES=" rC r 'CENTrME.rERs '
I3O NEXT I

I JNCHES = 2.54 CINTIMSTERS
].5 INCHSS = 3.31 CENTIMATERS
2 1NCIIES = 5.03 CENTIMETERS
2.' INCdES = 6.35 CENTI}.lETtrRS
3 INCEES = ?.62 CENTItlulERS

rxAuPrE. a n€gative !.crement is wali.l, arthouqh ro! used verv
or'6 . -r- p,i9,r" ,.o\c w i.h aorF, .tt ra! i-, '."be b"r:.- ": and 100 can be writtan as:

110 FOR N - 100 TO 2 STEP -2

L4l) PRINTiITflE SUM = '''S



Nornally a loop will be repeated untir the Inder reaches the
indicated uppe! limit. It is possible to exi! fron a Loop before
this tine by simply transferrirg outside the range of tbe loop.
rhe proqram however 9i!!9g junp back into the loop and conlinue.
Fo! example, the follosing prografr ei11 normlly read and totat 10
nunbers. If one of tbe numbers i3 zero, hotever, it will print out
the total up to tbat point and conlinue on viih the next instruc-
tion after the loop.

110FoRI=lTot0

140 rE X <> 0 THEN 170
I5O PRINT "TAE SIIM OF!I,I;''NUMBERS =i,S

130 DATA 23,6,14,3,2,3,0,34,15,4
I9O PRINT 'THE SgM =i,S

TIIE SOM OF 6 NUMBERS IS 55



procedure rhich forns
in iLs statenenis. rhe.
said to be dested. o.e
, horever. Take the lol

a toop can h.we anoiher loop
one loop is inside anorher

nust be careful
lowi.q proqram seone.t:

L00FoRr=if05
150FORJ=1TO3

rhe loop with ind€a J is cospl€tely contained {ithin tbe roop trith
index I. rhis means that the inner roop nusr hav,- boLh its FoR and

uithin th€ oute. roopis roR a.d
b--n ordun by h .r-- o -,r"" " c";.ec ,e

the respeciive FoR and NEXT If the loops are nested
properly, lhese lines will not crose. Also, a dirferent index
variable must be used for ea.h roo9. rhe progran segn nt belo{
shors incorrec!ly nest€d loops:

260 NExr r

Thts !il1 produce unpredictable results because statenent 200 {i11
instruct the repeat the ourer loop (r) before the
inner loop is compLete.

tshen Loops ar€ nested the inde, loop riLL be
ilcrenented and suc.eeding statenents {iLL be executed i. order
until the inner loop is reached. The inner loop
precedence , that is, the compur:e! rilL conplete the i..er loop
berore it r€tur.s to tbe outer 1oop. khire it is perforning the
inner loopr the conputer stores the value of the outer loop ildea
and nust retrieve that same value if the loop is to be perforned
properly. Thus it is imporrant !9! to change rhe !aLues of rhe
indexes anyrhere ac.ept i. tbe lrlR statenent.

1t



€xa14Pre. j\.sred toops,

IOO PRIN'T ' LOOP ]NDEX VALUES'
110 PRINf "OUTER IOOP INNER LOOP'
120FORr=1T02
130FORJ=1103

rNOP TNDEX VAf,UES

I
13
2l
2

The out.r loop is belreen FoR I and NExr r (statenents 120 160)
an.r tb€ inner loop is betoeen FoR J and NEXT J (statenents
130-i50). The first tine through the outar Loop tbe index r is set
Lo 1. At staLenent i30 the inner Loop is started and the index J
is set to 1, Statenents 130-150 are repeated three timesr rith I
renaini.a at l and the value of J chanoino fron I to 3. the outer
roor Lh 1 co.rir.es oo ":ici dn. e'. .o1. ol odcL

120. The index I i6 set equal to 2 and the process
: begins again. Ehen the outer Loop is .omptete th€ progran

cootinues {ith tlre lett statement after NEI{T I, which happens to
be the END statement in this case. Any nunber oF staienents could
have appeared batreen the FoR I and FoR J statements as qell as
betuee. the NEIT,t and NEXT I, as Long as the loops rere nested



n siiple nest€d Loop si-ructure is used to accuoulate Ac.oDdts/
R€.eivab]e (A/R) iiqures for tto branch offices ol a retail qoods
companj. The outer ioop, berseen s!arements 210 150 i3 repeated
lor each bran.h oltice. ahe inner loop, betre€i si:arenents 240 120
adds dp che A./R riqures Eor thre. proouct cateqories' Each produ.L
and A/R iigure is printed as reli as ihe A/R subtoLal for ea.h
conpany branch ald a grand total fo. the conpany.
Ll]I] RE ANANCH OFFICF SUBTOTALS PROCRAM 7 I
110 R!$ BS=8RANCH A= A/R IoR EAcll L1NE OF GoODs
120 REM NS=LINE oF GOODS DESCR T= BRANCF suRroral,
2OO PRTNT'ERANCs

2l0FoR3=Lro2
24OT=O 1 INITiAIIZR TOTAi
25! REAO BS

270 PRINT 'BRANclr OFIICE: r0S
230 FOR r, = I rO r I rOR EACH LINE 0a GOODS
290 READ NI,A ] RFAD DESCRIPTTON AND A/R

3I0'f - r +

rl0 PRINr 'rorAl- A/R FoR BRANct = rr

:]70 PRiNT "GRAND TOTAL FOR ACCOUN1S
500 DA1A'NEW YORK"'Ci,OTnlNG" 400, HoUSEHOLD" 100 /'CARDEN", 150
510 DATA'CHTCAGO"'CiOftsINC",500,'HOUSEHOTD'/,!00,"GARD€N",I00

BRANCI{ OFFICE

clolHrNc 400
Hor.rsesor,D 100
GAROEN L5O
ToTAL A/R FoR BRANCH = 350

BRANCH oFFIcE: cHlcAco
cioTHrNc 500

400
t00

roaAl A,/R FoR BRANCH = 1000

ACCOUNIS RECEIVABIE = 1350



AI1ORIIZATION SCIEDULE

An anortizaLron schedule sboas the fulL history of a lorn
each paynenc nade on the load, the schedule prints

the paynent the anount ot interest
paid, the amount of prin.ipat paid, and the renaininq baLance,
rhis repetltlve operation ts r perfect appricatio. for the

where the loop paraneters d6termine the
numbei oi lines printed ir rh. aftortizatio. scledute.
rhis progran starls by prinLing.otunn hea.jinqs and by definin., an
output Fornat (FF) for the schedule, The loan parareters a.e
.onst:.ls for the sakE of sinplicity (B=baLance, N=nunber or pay-

this progran vould input lhe parameters a.d calculate
anount (see exanple 5 3) beFore printinq the amdrtization schedule,
The nain proceesing section of this piogran is the aoR NExr loop.
rhe variabLe r is used as the loop index, rtth valid values I
through N. Ntthin the loop, four thinqs occur, Firsr, the inrerest
paid (I) is conpuied, Next, lhe princlpaI paid (P) is calculared.
Third, the renaining balance (B) is aajusred by
principal paid, Fioally, rhe infornation is output witb rhe pRrNT
0sINc Fs statemedt. rhese Eour ihings happen repeatedly untit rhe
loop conclldes and the Loan is conpietely reFaid.

li]l] REM AMORIIZATION SCHEDULE PROCRAM ? 2

L2O REI'! TI!IS IROGRAII FRINTS

160 REfi
170 REU B=j,oAN eAiaNCE
L8O REM N=NUMBER OF PAYMENTS
i9O REI1 P=PRINCIPA], IAIO FS=OUTPUT FORMAT STRING

2]O PRINT iPAYIJEN'T FAYI4ENT INIEREST

250 FS= " fl{1r }/Cltf.{f S,{++.}f *,*t+{.1+1i {,*1t1t,f1l'
100 B=1000
3IO N=10 ! NUMBER OF PAYMENTS
r20 a 40.0t
330 R=.03

]50 I.BiR I COMPUTE INTEREST PAID
360 P=A-I ! COMPUTI PRINCIPAI, PAID

! COMPITE NEW BALANCE
]30 PRINT USINC FS,X,A,1.P,B



9RINCIPAI, REMAININC

I
2
3
4

6

3

10

149.03
149.03
f49.03

f49.03
149.03
t49.03
149.03

60.00

63.51

55.t2
47.60
39 -49
30.12
2t.26
11.04

14,55
30.52

93.91
r01.43
109.s4
r13.31

456-42

608.94
595.03

265.15
137.98
-0.01



The proqrans lar have used rclativeLy
fe! vaiiabl€ nosL busi.ess appltcations invoLve a
jreat number ai daca values, each ol 'hich nus! be stored i. a
s4parate variable. The nethod of nani.s variables that was intro-
duced in chapter I becones impractical in these si!uations. E.r
exanple, il we rish€d to read five numeric values into s.parate

1II READ A,g,C,D,E

iropever, ir there rere one hundred data values to process, 'esould .eed one hDndr€d variables|rhere are enough variables names
available (A1, A2.,,81, etc) but nanipulatinq arl these rariables
scparately becones unmanaqeable. there is no question that a sepa-
rate variable nane is needed for each value, bu! some nethod nust
b€ dsed to avoid 'rjting lhese tong lists of variables one by one.

'rhe solution comes in tbe fact that whenever there is a great
quantity of data, it can usually be thouqht of as a list of ilems
',."- "v- o'^ o"on cn"," r-,.s"c, -:F or p"
nunbers, emproyees, autonobile licence

nuclr concerned {ith si'ins a uniqtre context to each
entry i. the list as re are wlth processinq the list as a rhole.
luite ofte. each entry in a list has several cbaracteristics Lhar
are related in sone lay, yet maintain an overall conteit 'ith the
other e.tries. ln this case list a table.
a personal in.one tax tabte nay have a different row for each
satary ra.ge, and a different colunn for each erenption caleqory.
Each data value in rhe tabte is unique and wourd need a separate
variable nane, in a conv€nient tay
to a specific satary and exemption. Data that can b€ put into a
list or tabte i6 represented in BAsrc by subscript€d variables.



rhe.onpui.rlzed r ist
FaLhernatics, the ser.
co:nn.. .haracrerisric.

rhe subscrirr.

DIMENSION SPECTFICATION
rhe BAsrc la.quage atto's

reqular varia
appea. in a proqram b€foreis the Dru srarenent-rrF

-d b- -ro di. eo
or oote.rs , . a-e eA set is represenLed i. a ge.eraL aay bv

subscripted variables to be lut to rhcbles, but a speciar staremeni nrsr
any sDbscripLed varlables appear. This

= ( /r
a'.ol h- .r

""""-6 o ecr -rel s."I-oro 6y,role r .ub -,,. nn -,,I!h-rd d 5 n -..:.-. i. rne -e,.
This rype oi.orarion cannor be entered direcrty on the keyboardsifce there

ib -io , .his or d-tor ,q -h" uls.r oL L.d od 5.-h-s-s, o- id- ,n- \a.Laoie oame:

x(l) xt2l x(3) .etc

d a ea 
'bar o varr6bta r.,es

. .h- q6_e. c I , e. lor doio r-,- -d li " lle, I' I, co td oe
' b-- ". :./-:.ory t,s,'o o lnl dJ Ljo dl v.- rad- ,nLo "F*. iDtb: . .o

'o tLb .d, cbtr .,l,-cL.pr s 
=;-- t60e.t batongs.o dnd a.econd

coL,n.. .o. .xdiple i, etbna. rror ..e
o\ ab - ,ld ^ei n6n, on,d, atL o- "ssor:"1-o Hi.l I - .;;_ -

F \.2,,,, tL . Lo.ld 10r.1,e
exemotrons (colunn l)

rine * DrM tist of arrays
The 'Lisr of arraysi is a lisrinq of each array.ane used in the
ryg::"]. " f.b-, is o a 6d o-"id-,.- a-.", nan-

Ln ,e ".,di.
100 DrM x(5),8( l)

rh-.olpuL.r .o crba,e i\- _eparare

cubsc.ip rhb D-/ 5EaLaien. i. qui.- d rf-.entd uhpn idrvlord .p-.irieo _. ,.; _."i,;;;;_-the pr09ram.



I,ISTS AND TAB]-AS

a short progran wiLt denonstrate the use of subscriprs and rhe DrM
statenent. The proqlam below creates a five-elenent array (x) then
reads a number into each one of the elements. statehent I30
displays the values tha! have been read:

100 DrM x(s)
I10 RIAD X(1).X(2).X(3).X(4),X(5)
r20 DATA 1t2.6t8,4
110 pRrNT x( 1);x{ 2 ) rx( 3 ) rx( 4 );x( 5 )

12644

To demonstrate a tvo-dimension subscript, a table (@trix) of
.umbels is nanually w!itten betow:

r6253

Tbe follosi.g prog.an will create a table alray and reserve memory
storaqe locations for gix variables: three rows and two columns.
An individual value rill lhen be read into each variabte so that
its subscript r€flects the table above.

110 READ X(1,1)rX(1,2
120 READ X(2,1),X(2,2
t30 READ X(3,1),X(3,2
140 DATA 62,53,?1,24,31,39

1,1)rx(1,2
2,Ll rx\2,2
3r1);Xrl,2

62 53

3t 39



ProYrling encugn variahles
.jiiticulr ?hen subscr iPled
!r.blen reLEins. Iio, ri. ue
!ar iab 1es ? Relerring back
i-he five numbers 'e.e put

for runy lat: values is do Lonqe.
va/iables 3re
avcid ?ririnq out aLL tl€ in:ji'idual

t. rhe firsL exaitre in th. chapter,
into an airay, we coul{i {irte

\r 1), x 2r,\1rr,\ 4),vLi)

nunbers, eould it be Practical
!his manoe.?

Tne soluti.n comes frotr lhe most poserlul reature of su5scriFLed
!ariables th€ fact lhat the sobscrip! ca. be a variable itself
x(J) can refe. to lhe Jth €Lemenl in the array. ol course the

have a value trerorehand. T he probLen or tritiig
nany variables ca. oe be eliminated by combininq the variable
suoscriDr fea!ure add the FoR NExl Loop. rhe followiao prograns
rre puc side by sid. ior cohparison.'rhev both read lite varues
inlo array -"lemenLs:

(2),X(3),x14),X15)
2,3

acconplish 9l99!lia Lbe sane thinq, so {hat is lhe
diriereoca? rhe bEnefit oi E;lable subscriois becomes evident if
,e had t-o re-write both piosrans hundr.d variables. rn
.ha prograf, on tbe left, statenent Llo touLd hale to be cha.qe.i so
that ode hurdred array elenents 'ere listed, ehereas in the
progran o. rhe riqht, stalenenL 115 sould onLf hawe to be chanqed

= t To 100.

Bur uhat abour lhe data ralues? rf one hundred values rere to be
read, lhen lhe nust be expanded to include lhe
hundred nunbers. Thele is no {ay te can get ardund thls situation,
but ve have convenientry etiminated the need io vrite 1o.q list of
rariable nanes. rhe topic of !99!€1i44 jqqg!4L19! deals aith
methods being developed in business a.d industrv to aid the hunan
be!ng in vritinq down individuat data values. This involves the
use or specialized equipne.t 'hich can se.se the occurance of
certain events and automaLrcally record aLL relevent data.
Eianpres of su.h devices are supermarke! bar code readers and
atrr.nati. telter machines.



PRCCRAII 6'L S'JATOTAI,S IJ5IN' AIRAYS

I (ac.ounls/r.ceirEb1.) th-- sare vrriahL.s,art use,l
Ior each branch orlice, th!s say ci a,roccssing the
data !nor. rhan on.e. If anoLher repor! 'ere requireC, say r-.lals
by product Lype, tbe data uonld ha'. to l)€ raad a9ai.. risi.d
arrays rtininates tle n.ed ro read dat. tqice std.e each v.Luc is
5L.red rn a s.parat,a variable. The follo{in9 progtan cerro r. th.
saie fDncrion l except Lhat ar.aY lariairres -rre uriEd.

100 Rij! -eRANjlt pRocRAri. 9-l
r20 RE14 35 lI )=BrtANcH NS(I,J)=LINE
140 REh A( l,J )=A/i AMo!N1 r(a)=BtsAi\arl
2OC PRINI 'BitANCF OFFICE S!STC:TALS PROCRA!'

220FoRa=iTo2
2r0 RraD ss(B) | gRANCT NAxn
240 loR L = I To MOR EAair ProDUc'I LINE
250 READ NS(S,L),A19,L) I PRODUCf TYPE, A/R AM']!tiT

l00c=0 IACCUUULAIETo'|ALS
lLl]FoRP=lTo2
320 PRrN! "BRANCH 0F0ICE: ,BS(B)
]30 FOR L = L TO ] ! FOR T]ACI] PRODICI LINE

NS(9,1),A(B/L)
la0 Tle)='r(E)+A(B,L) ! AccUMULATD eRANcts A/F

]60 PRINT "TO'IAL A/R FOR RRANCH ="'T(9)
l70c=c+T(B) I ACCUIIULATE

4OO PRIN'I 'I]RAND 'IOTAL FOR ACCOUNTS
500 DAra'NEr{ YORKi,iCLOrHING,400,!'HOUSErrOLD"300,'5ARDnN",lt0
510 DArA CHTCAGo","CLOTHTNG'r500r'sOUSrHoLD",400,'CARDnN"l00

SUsTO'IAiS PROCRAX

BRANCH OFFICS: NE{ VORK
400

HOUSEtsOLD ]OO
150

ToTA! A,/R FoR BRANca = 350

BRANCH OFFTCE: CHTCACO
500

HOUS€sOLD 400
CARDEN
TorAL A,/R FoR BRANcts = 1000

ACC0UNTS R!cEIvABLE = 1350



A comon prcgrammi.g application is rhe calculation of statisti.s.
This prosram averase, variance and standard deviatron
of a list ol numbers, in chis case stud€nt
variable (s) is used for rirst, the variable is
'dimensioned." Then, separate values are idput to each elenent of
the array (eith REA0 and DATA The awerase value is

total of all divided by the nunber oF
rariable T ts used to totaL the s.ores and the

variatLte a r€prese.ts the average score.

rhe variance is a nersurenent of the dispersion ol lhe test scores
around the averase. It is equar ol lhe square of
th€ differedce bet$een the conputed averaqe score and each indiv
iduaL score. fiathenaricaLly. it is represented as:

lunber of scores

'lhe staddard deviation is square roo! of the
varia..e. The square ioot of a varue is the same as the value
rarseil Lo the one-half pouer. 'rhe latter nethod is used in ibis
proqran. Tbe prosran concludes by printing lhe averaqe, variance,
and standard dewiation of

IOO REM AVERAGE AND STANDARD DEVIATION PROGRAM 3-2

1]O REtl DEVIA1ION

150 REM VARIABI-ES
160 REM S=ARRAY A=AVERAGE TEST SCORE

130 REM I=LOoP INDIX
D=STANDARD DEVIATION

210 D1M s( 50 )
220 PRINT "AVERAG!

?CO PRINT 'TEST SCORES:i

260 READ N ! READ NUMBER OF SCORES

230 READ S( I)



! INITIAI,IZE IOTA]-

330 T=T+si I )

350 a=r/N
360 x=0

r30 x=x+(s(r)-A)^2

COI1PU1E AVERAGE SCORE

IOTAI SOUAIES OF TIIE VARIANCES

400 v=x/N
410 D=v^.5

430 PRINT 'AVIRAGE T'ST SCORE',A
440 PRINT dVARIANCE OF SCORES"V
450 IRINT "STANDARD DEVIATIONi rD

470 DATA 96,90,76r32r3A,6A t99,a4,a6
430 DATA 35t63,30,74|?2, 1r t 4A,42, 19

,56

AVERAGE AND STANDARD DEVIATION PROGRAd

33
6a

35

14
'72

77

79

AVERAG! TEST SCORE 74.55
VaRIANCE OF SCORES 214.243
STANDARD DEVIATION f4.6406

103



'rhis proqram prints the dai1y, .ateqory and qra..l
toLals for a weekly erpense report matrix. rh.A tro dine.sionrl
nalrix (variable E) consists of seven cotunns by five rotrs.!
daia. The sev.. colunns represert days or the ucek. rhe rive .ous

.ategories (e.9. food, rodqing, lransporcalion).
a one dinensional array (c ) | conLaining seven elenents, is used
for Lhe colunn 1{iairy) totals, A five elenent, o.-a dimensional
nrra! (R) is us.d For the ror (cat€qory) totals. A simpre variabre
(G) is !scd lor the 9rand toLaL. Folr-NExl loop.
iniiialize aLL o: lhe lo[.15, A nasted loop is used to read the
expense matrix and sinple tooos are useii to read lhe aays of the
seek arra! (Dl) (cs). A tqo-ler.L
ie.ted Loop is use.i to conpur:e a.d qrand toiaLs.
The lirst part of the outpuL section prints the days of the ue.k
afd calumn totals arrays. The n€xt part Drints the expense
caiegory and ro' ro!a1 arrays, The trnaL outpur is the graid totaL
ot the exp€nse natr ix.
lO(] RFJI CXPENSE REPORT FROGRA'4 3 3

I2O REI'1 THTS PROCRAI1 COMFIJTES DATLY AND CAAICORY
1:l0 REI1 0xPEris0
i4(] RE! VARIABLES
L5O RE! E=EXPENSE IIITRIX 7I5 DS=DAYS OF TflE WEEK ARRAY
160 REU C=COLUMN CS=FJ:{PENSO CA'IECORY ARRAY
170 ROIiI R=RON TOIAL ARRAY
i3O PRINT 'EXPENSO REPOR1 PRCCTA|1"
190 Dr! E(?,5), R(5J, DS{7), CS(5)

210 C(r)=0

240 R( 1)=0

260 G=(J J GRAND TOTAL
t00 roR J=I T0 5
]IO IOR I=L TO ]
]20 READ E( I,J)

360 READ DS(I)

390 R|AD CS(r)



500 FoR J-1 TO 5
5r0 FoR r=1 ro 7

530

25
23

I5

35

R(J)=R1J)+E(T,J) ! COJ.{PUTE RON TOTATS
C( I)=C( I)+E( I,J) ! COTIPUrE coLUxN ToIAts
G=G+E( I,J )

630 PRrN'r DS(r),C(r)

6€0 PRrNT C$(r),F(r)

710 PRINT'GRAND TOTA!',C
3il0 DATA 5 ,2,4.5.1,6,5
3I0 DATA 3,6,5,4.3,4,5
320 DA!:A 1,5,4,5,6,7r0
330 DATA 5 ,4,6,7,3,5, 4
340 DATA 7r5,5,4,1,2.1
350 DATA iMONDAYi, iTUE

370 DATA iFOOD" | 'I,ODG1

** orJfPU.r RESULTc *1

, iITIIURSDAY! I 'IRIDAYi

CRAND 'IOTAL 161



LTSTS AND TAEI,ES

IlONTHI,Y FROFI'I REPORT

This program uses a nrntLer of array variables to produce a monthlv
profil and averaqe daily profit report. A1L of

the arrays contarn twerve elements leFresentinq tteLve mo.ths or
the year. 'rhe feur input arrays, M$ For mo.th nanes, D for nunber
of days per month, R for and E for nonthly

read trom DATA statene.ls usinq a FoR NEXT Loop.

The Orocessi.q section starts by calculaiinq the grofit arrav F
(revenue ni.us expenses) a.d the averaqe daily profit arrav A
(profit divided by nunber or days i. the month).
Next, rhe progran conputes yearly tolals For rewenue (variabre x),
expenses (Y) and prolit (z).
rhe output section first prints column headinqs in the five
siandard print zones. Then, the fclloaing arrays are printed.

Prof!! and averase datL!' Prorit.
Fi.ally, the proqran oDtputs the yearly totals.

PROFIT REPOR1 PROCRAI1 3 4

120 REJi{ THIS I'1ONIIJIY PROfIf
I]O REM PROFIT EXPENSE DATA.

THE frONTI]1Y PROFIT DIVIDED
I5O REI4 BY fHE IN THE MONTIT

2OO REM VARIABLES M$=.qONTIJ NAIiIES ARRAY
2IO REM D=NU}IBER

210 REU E=EXPENSE aRRAY
235 REII P=?RO!IT ARRAY
240 REM A=AVERAGE
250 REM l=l,ooP INDEx
260 RE! X=TOTAI RIVENUE FOR fHE YEAR
270 REE Y=TOTAL
230 REM Z=TOIAL

3OO PRINT ,'
110 Drt4 Ms(12),D(12),R(12),E(12),P(12),A112) ! DTMENSToNS
320 FOR r=1 TO 12
330 READ r1S ( r),Dl1),R( 1),E( r)

]50 REI4 PROCESSTNG SEC'IION
360 FoR r=1 To 12
3r0 P(I)=R{I)-E(I) I CoMPUIE PROFIT ARRAY
130 A(I)=P{I)/D(1) I CoMPUTE AvG DLY PRoFIT



I.{ONTHI,Y PROFIT R€PORT

REVENUE EXPENSES

430 RET1 OOTPOT SECTION
490 PRINT'MONTA', "REVENUEi, IEXPINSESi, iPROFIAi,'AVC DAILY PROFITi

500 roR r=1 To 12
510 pRrNT us ( r ),R( I ),E( I ) rp( r ).A ( r )

540 PRINT'TOTALS',X,Y,Z
600 DATA'JANUARY"3t/10000r3000
610 DATA'FEBRIJARY"23,73OOI6OOO
620 DATA'MARCH"11,9500.3000
630 DATA'APRrL",30,3300,4000
640 DA1A'MA!..31,9000.6000
650 DATA',rrJNE. r30,3000.6700
660 DATA'JIJr,Yi,31,12000,3000
6?0 DATA'AUGUST",31,14000.t2000
630 DATA'sEprEMBER",30,10000.5000
690 DATA'OCTOB8R",31,9000,6700
700 DATA iNoVEMBARtr 

r 30,3000,5000
710 DATA 'DECEMBERi r 31, r000,4000

100000

12000
12000

13 00

3000
1300 43.3333

64,5161
133.33310000

111100



Br this point, you are re11 arare of the nany conpLex possi
bilities of prograns tn lhe BAsrc 1a.guage. Eve! with a relaLively
snall exanple, ii is possibre to set lost in the 1o9i. ol a

by exanpLe, various rays to keep a progran
orqanized so that najor sections find, i.dividual

easy Lo !ead, senerally is easy to
EolLor and u.dersiand- rhis .hapter presents an additio.al
progrannins tooL to help lhe reader inprove lhe or anization oF
his or her proqrans.

As prograns increase in size, they usuatly increase in complexity.
rhis increase is Likety td be eapo.ential 3o that large prograns
are nany tihes nore conplicated than smaller ones. an objectiva of
prosrami.g then should be to keep proqrans as small as possibLe.
ot course/ !his is practically impossible, so the next best thinq
is ro divids prograns into are eastly nanaged. These
nodules should d€a1 uith a linited number of processes and ha!.
very specific tasks to perrorm. When atl the noduLes ale comprere,
they ca. be assenbled into the conplete progran. An anarogy is the
co.strucLion of an autonobire. The enqine, the drive train, the
body, and other modules are bDilt individually and then assemblcd
to lorm a compl€t€ autonobile. The 'buildinq bLocks" of conputer
prog!ams are ca11ed subroutines.

subroutines are us€fut fdr proqran developnent and naintenance.
nven the nosl slnple of ploglams could contain three subrolLines;
one for data inpur, a.other For proccessing, and a third Eor
output. as a proqran grovs in function and size, this modularity
heLps the proqrammer manaqe the conplexity in a sinpte and
organized manner,



In iacc, very large proqrammin9 projects oft€n erceed the ability
oF a si.gle progranner. of progranners is used. rhe
project is brolen i.to noduLes and each team m€mber is responsibl--
fol kritinq and testinq noduLes. They work in paralt€t
ro cooplere at1 of the pieces. The team leader is in charge of
assenbling ari of lhe modules inlo the complete pro ran.
Aiter a 1ar9e p.oqran is inplenenled, it sonetines.eeds to b€
updated or i@intained." An exanple is a payroll prograh that

in oroe! !o refLecl changes in tax laws. when such
a proqrar needs just the nodule or modules tnlolved
sith the ner proc€dures deed to be cha.qed 'iihour affecrinq Lhe
rest ol lhe proqram. This is an important point since grogram
LEiotenance represents the sin91e larqest portion of typical data
pro.€ssinq budqets, Efficie.t proqran naintenance can lo{er this
cost subshantially.
In addition !o lhe progran development and naintenance advanrages
gained with proqram modularity, strbroutines can arso de.rease the
size of complier programs. A subroullne is a section of proqram
tines that can b€ used many tines within a progran. Thus, if a
cartain functi6n is to be performed multipLe timesr rl nakes sense
!o vrite it as a subroutine and sinply .efer
each lime i! is needed. This results in a smalLer proqram tha.
{ourd exist if the progran rines sere repeated €ach time the
tunction was perforned.
An extensio. to this is th€ developmenr of subrou!ine "Iibrar!es-,,certain progranmtng fun.tions my appear throuqhout a system of
programs, Fo! exanple, the sortins of data (into alehaberical or
rurerical order) nay need to be perforr€d many tines in a qiven
applicatio.. rewrite the sorting progran ltnes each
cime they are needed, a qeneral-purpose sort subroutine could be
vritten and reEerred to in all of the proqrans that require it,
(For more int'ornation on sortingr see chapter 11.)
The proqraminq examples in this chapter denonslrate subroutines
as they are prograns rcdular, Examples in follorins
chapters sho{ hoe subroutines can be used to decrease the size and
compleiity of lalger programs.

RNTURN STAIEMEN1S

In BASIC, a subroutine is defined as any group of lines that begin
at a certai. point and end vith a RET0RN statement. The subroutine
is referenced with the followinq statenent:

line ]t coSUB subroutine rine *
rhicb n€a.e "transfer control to ihe subroutine line +." In a way,
the GosuB statenent is sinilar to tlre coTo statenenr discussed
eallier. There is an important difference, hotrever. rhe coro
statenent transrerled to another line nuch tbe same eay rat a

transfers to another line. But, vith a cosuB
statenent, ii is easy to return to the point in tbe progran
imediately folrowing tbe



rh€ subroutine ends with a lhich meansitransfer back ro rhe line imediately follorinq rhe GosuB
statenent rhat transfer conlro1 to this subioutine.'
This way, a subrouti.e .an be "called' Fron anr{here in the
p!o9ran and, after it is used, the subroutine {i11 transfer
controL tLack to the correct place in tb€ proqram.

-a- oe e dt forr of rlo ot a q\ . 6,-'-f i!:

] ine * RETIIRN

is the final line in a subroutine. wben the
RETURN is executed, control is transrerred to the line followi.g
the Gosue statement which was used to transfer t. the subrouti.e
in the first place. rhe folloti.s examplc shows this:

110 coSUB 500 | Branch to subloutine
r2a ...,..
130 cosUB t00 | Branch to subroutine'i'""
560 ......
524 ......
530 RETURN I Return to nain proqran

The proqran starts at line 100. At rine 110, tbe progran transfers
ro the subroDtine startinq at line 500. l,ines 100 throuqh 520 are
executed and the REr!RN at lin€ t30 transfers conirol back to th€
"nain" routine, tine 120. Aft€r l!ne 120 is executed, line Il0
calIs subroutine 500 again, The subroutine is executed and controL
is return€d to the nain progran' rine 140.

In qeneral, prograns that use sDbroutlnes aiLL be divided into tso
mjor sections: the "main" routine and the subroutines. The nain
routire frequently do€s 1it!le no!e lhan call the sDbroutines
and co.trol the overalL processinq.

subroutines are usually placed near lhe end of a proqran followinq
any DATA statehents and preceding che END statefrent. A subroutine
can have nultiple entry points (li.e nunbers) and nlltip1e exits
(RETURN statenents) as lonq as the corlect Loqic flor is



Cde o: the r.aeons for usinq slbrortineF is to reduce the ovEratr
siz: 3.d conplexity or a 9rogran. il a subrouLineqe.s ia.ge ard complex? aan a subroutin. use othe. subroDLines?

yes a.d, i. fa.t, these tyFes of subro!rinee areqr!.n a sp.icial naner !s!19! slbrouiides.
rhe L.in? !..€nember here is that Lhe subroucines a.c on
diirerent leve1s," The nain proqram is the top lele1, If it caLls
a sdbr.!tine, tlrat is co.sidered oie levet 1orer. ri rhar
rubroutine, in turn, calls another subrouline lthe nested one)r iris consider.d to be tro leveis berow the lop. rr,s as if re w.are
LaLking about an underqround parki.g garaqe. The srreer is rhe rdp
relel a.d the tloors beLo! str3et tevel

ro Leve- :, r
elc, unLil re:ind a rlace to park. when itis time to teale rheqaraqe,,e drive back up past the dirreren! Ievals and edd u! brck

iiesr:e{i subrcoLines vork the srn,A {ay, The proqram qets ro a
cerrain nesLinq Levet rith multipLe GoSoB sratements. Each sub-ro!rine e.ds rith a RETURN statenent !hich transfers co.rrot ro
ihe .exi high.. Lev€l until relurns to the top.

For exa,iple, stidy the rclloeing program seqne.L:

t0 GoSUB 100 ! Branch io first subroutine

l0 Goro 999 | Branch to end oF program

! Branch to second subroutine

r Return to main proqram

In this exanpte, the main ploglan consists of tines 10 90. rherirs! level subroutine is lines 100-130. The nested subrourine



The proqram executes as follovs:
1. Iine L0 transfers control to sublou!ine 100.

2. stat€ment 100 is executed (tvo numeric variablesr A and Br are

l. Line 110 tlansfers controL to lhe nested subroutine 200.

4. statenert 200 is execut€d (tbe teo variatLtes are added rogether
and ahe result is placed tn variable C).

5. Line 2I0 retulns control to the first subroltine, line 120.

6. line 120 is executed (the variable c is ourpur).

7. line 130 transfers control back to the nain prosran, Iine 20,

3. line 20 is executed (tbe message,'DoNE'i is p!inred).
9. slalenen! 30 tlansfers conlrol to tbe end of the progran, lire

Subroutines can be nesled to any depth ne.essary. The naximun
tevel depends on the program size and the anounr of nenory

a nulti-branch subroutine can be set up in one statenent 3o that a
proqran can catl one of a list of specified subrouti.es based on
the resuLt of an explession. This is acconplished with the
oN GOSUB statenent, rhich has the general form:

Iine { oN variable cosoB li5t of line nunbers

This stalenent is sinila! in function to tbe 0N GOro sraten€nr
described in clrapte! 6.

For exanpler these five statehents:

10 rF I = 1 fAEN COSUB 100
2A IF X = 2 TtsEN GOSUB 2OO
30 IF x = 3 TITEN cosuB 300

TIIEN COSUB 4OO
50 IF X = 5 TIEN GOSUB 5OO

could be rritten in only one statement as follors:
10 0N x cosuB 100,200,300,400,s00



A modular proqranmi.q approach is used to find the iDtDr€ value of
conlound interest. lhree subroDtines are used for

1.r!t, calculation and output modules. The main progran 'ca11s'
thc tli.ee subroutines and then transfers to th€ e.6.
rae i.put subroutine lsrarting at line 1000) prints
tiLLer inputs the prtncipal (P), interest rate (l), a.d number of
compounding periods lN) r to the nain progran.
the.arcuration subroutine (startinq at 2000) conputes the future
r:l!! (Fr usinq the rollowinq fornula.

. t I in, "r"", .,. ",\
riter the .ilculation, tbe subroutine mai. program.
'rhe cuLput subroutine (starling at 3000) prinis
add r€turns lo Lhe nain progran.

PROCRAM 9-1

I2II R]]M TiIS OF AN AMOUN1 USINC
I]l) REII THE INTERES'I FOR'1ULA.
LlO R'M

2OO REI'I JlAI N ROUTINE
2ii] COSUB iOOO I CALI TgE INPU1 SIJBROUTIN'
220 GOSUB 2OOO 1 CAI,I, THE PROCESSINC SUBROUTINE
2t0 cosuB 1000
2.10 GoTo 9999
1000 PRINT'cor4PoUND INTEREST PRoGRAU":PRINT ! INPUT STJBRoUTINE
1O]O INPUT iSIIAT IS TAE sTARTING

10'O INPUT 'IJO' I4,ANI COMPOUNDING PERTODS";N

2000 REU
2010 F=P* ( t+I )^ N

1000 FRIN'|:PRTNT vAl-Lrt IS $ t! I OUTPUT SUBROOTINE

COMPOUND ltiTEREST PROCRAI4

STARTING PRINCIPAL? ]!!!
PER PERIoD? :!f

PrRloDS? ?1



PROGRAM 9 2 SCg'DULE PROGRAM

rhis is the ?-2, excepr that rhe catculations of
interest paid, principal paid, a.d renaining balance are done in a
subroutine ( startin at rine 400 ) .

LOO RI]I1 AI1ORTIZATION PROCRAM 9 2

120 RE.! 'THIS SCHEDULE FOR A LOAN.
140 REII THE SCHEDULE SHOWS
]50 RE& PAI D,
I6O REU
T7O REP1 B=I,OAN BALANCE
130 REll li=NUT4BER
190 REM P=PRINCIFAL PAID TS=OIITPUT IORMAT STRINC

220 PRINT, " 
'I1OR'II 

ZAT I O
230 PRTNT 'PAYIIENT PAYXENT INTEREST
240 PRINT 'NU}4BER AfiOUNT
2s0 F9= i {ss g,*s+.}f f.+{s.+* f,f1*.]i* 1i,pIl*.1in'
100 B=1000
310 N=Io
320 A=149.03 1 PAYMENT MOUNT
ll0 R=,03

350 COSUB 4l]O ! CALL THE PROCESSING SUSROOTINE
160 F5,X,A,r,P,B

]30 COTO 5OO ! GOTO END OF PROGRAII
4OO REI4 PROCESSING SUBROUTINE

1 COMPUTE INTERES1 PATD

430 B=B P

INIEREST PRlNCIPAI, RNMAININC

1 149.03 30.00 930.9?
2 149.03 14.44 14.t5 356.42
r 149.01 63.51 30.52 115.9A
4 149.01 36.96 63 3 .94
5 149.03 51.12 9r.91 s95.03
6 149.03 41.64 101.43 493.60
? 149.01 39.49 109.54 134.06
3 149.01 3A.12 ll3.3t 265.15
9 149.03 2r.26 r21,17 13?.93

10 149.03 11.04 731,99 0.01

r11



!rLe rrc.essrng ?ou.r ct Ln. c6npuLe.,ou]. b. s.v.r.lv r.sLricr!.i
rilhou!. {ay to stor4 and ret.ie\i4 cara in a conveii.nr Fnnnrr.

!suaily affecl dsra Lh.t has LJeen rr::vi.rrl..
pro.esseo, tor exan.ler !nvenL..Y rccorc! mlst
str.k itehs or s.ld; payroLl records ndst b! .h.reed
{hen an ehployea's.alar! chanqes; credli records musI be.rL.n!!r

char9e iLeos or pay l,iLl6- It sourd be Di.-a to
store atl th€ in rhe r.ocessor

ir relatively snall com€.c.i Lo Lhe dflounr oi aarr
availabra and usrng rL lor sroraqc is re'lativdll exo.rdsiv€
'orp.r'i o io-i .- "1 r- -.

.ither proqr3ns or daia, the r.dia ur..j to st,rr2
outstd! the nagnetrc Lepes and ragn.tic.l:.ke.
,ill limtl our discussio. to dlsk file: since
means ot erternal sLorage id todayrs conp!ter systems. rneir
advanr:ge over rapes is the speed ot data accers that thel

less expens:ve per uiit.r Cara
st.red ard are very uselut lor purposes oi backup a.d archr!a

The llles that have bee. discussed so lar aLi conta!r coinDut.r
prograns. The systen conna.ds ne.tioned in Chapter i (savt, oL.,

enable the progranner to tra.sfei
betpeen th€ disk a.d the area, Thc da(a lsed b! the
prograns ras eirher entereri int.ractivery b]; rhe TNPiJT starcr:ent
or uas obtained (ron DArA statenrents used i..o.junc.ion wir:lr i:he

These neLhods are satisfactorv for soall
apptications, but becohe quite inpractical ohen large nnounls o:
data are Lo be oroc€ssed. The lNPrlT siatencnL make. dat! in!!r
very s1ow, and data conLained jn DATA staL4nents are difficur! i.
chanqe since actual prcqran be alt€red-

rne iile rs ihe mai! unit oi external stcrao€. fir's.ri..nt:i



Quick and eiricrent access to data can be obtained br storinq it
separately lrom th. p.ogram disk files. hhen the
proqran is executed it !;ll specify, by means .r a spacial stale-
F€nt, Hhich file in the disk cataloo contai.s th€ data lo be
processed. Each subsequent input operation will then retrieve one
data record irom the disk fil€ and the earious data lalues in th.
re.ord "ill be a3saciat€d Hith applopriate proqran variables. This
enables the prosram to read i. o.ry as nuch dsta as is neede{i,

accesses data in a file depe.as o. hov th. file
rs srructured. The tuo mai. file structures are sequential a.d
direct. Each sLructure is best s!it.d to a particular tvpe of
application. are jusl be,qinni.g to Lear. proqranning
{iti usa a relatively small a ount oi dala and, For this pDrpose,
scq!ential files are nost con!.nient. Thus !e {itl linit our
dis.ussio. to this type oi fire.

Recoras contai.ed in sequential riles appear as ona continuous
strean of daia. are rclrieved in a nanner similar to
Lhe ReAD and Each lime a
erecuted, the !q! values not yet read are taken fron the DATA
lisL. Thus data is ret.ieved from the DA'|A 'storaqe ar€a" in a
sequenriar mannar, startinq 'ith the first value and proce€ding
iorrard throush the Iasl valu..
rire {iata in a sequentiaL file is essenliarly one lonq re.ord, but
the proqrame. {ants to proc.ss only prris of that re.ord
separarely. the entirc record in ihe lire is.alled a physicrl
rec.rd and the 'parts are called logical records. .or exahpte th€
rolloring lrst records in a personnel file. Each

items, an enplotee .umber a.d a .ame:

OMPLOYtr]] } EMP],OYEE NAME
124)
64.r2
1J2I

If these records Hare placed i. a seque.tial ille, the resultinq
physical reco.d might rook like this:

12!3Surrs6452LEEl72lJACI(SON
rhis rs a very conpac! sioraqe scheme, but it is dirlicult to
determine rhe!e o!e loqicaL record (an enployee
ends and the next begins. Ir all the nanes sere of the sane ]ength

tould know that loqicar records are found at
specitic characcer positions eithin the physicai record. But this
is not usualLy the case since Fost alphanuneric data (names,
addresses, eic) vary in Length. one 'ay !o overcofre this
dtlftculiy is to forc€ each logical record to be a spec!tic length
by addinq a.uhber of blanks to certain data it€ns. Thus the
ohysic:l record above niqht be chansed to:

TT2lJACKSON



is exactly eleven characters to.g. lh. lcnqti,
chosen is thal needed by the lonqesl nane. shorter naLi.. ar.
''b1ank fiLIed" a! the end, The reLa!ive s!arrinq poin! ol each
IogicaL record can nor be calculated. iteme rithi.
each record stil1 cannot be disLinquished, and noe r:luab1. fil.
space is beinq sasted by the added bLanks.

A second arproach is to separrte each item niih: speciar char
acter, for instan.e:

L24liSlrrrll*6452irEail72laJACKSOrl

An asierisk (i) is beiiq usec as a d€li iter. rt siq.a1: ra. E.d
of each data iten. Thus k.dei.g th6 rumber of iLeos in a r..crl
ana their proper order, each iteo ca. be reaC intc e..ppropriai.
p!oqran variable.
There is still one problem lhal has nol been addressed. HoH do.s
the programer actually break aparL the physical record i.to
LoqicaL records? lrxtracti.s a qrouF oi characLers or sear.hi.! lor
a spec;iic.haract€r (rhe deltotter) boch jfvolvc tha use of t.xr
processing lunclians (chapler 12) and can be very tio,a con:!mtrq,
ro aid the Droqranner in tlris naiter EAsIc provides t{o slecial
delimiters ior s€paratinq data itens and Loqical records. usi.q
these delimiters makes scorinq and retriering aaLa lron :br disk
iiLe an easy to seciion D of this chapier lor d,-iarls.

since many files ca. exist i. a disk catalog, the proqranh.r nnst
have sone ray ol specilying phtch lile or fiLes arc lo be used in
a particular program. This is accomprished by the oPEN statenenL,
rhe same siatenent i5 used to crerie a new lile. rhe general torn

statenent is:

The aolds in capila]s do not chaiqe. The orher fieLds are:

''filespec A BAsIC fite specificatio.. rhis .onsists or Lvo
gloups or arphanumeric characters separaled by a period, The lrrsr
group is called the filenane and the secord group is caLled lhe
file extension. lhe filenan€.an be up to six characters lons and
the extension up to tbree chara.ters 1o.9. Nunbers may be
included, but both th€ filename and exte.sion nust start trith an
aLphabetic character. si.ce these files contain deta, connon
extention names Txl. One e*anple proqran i. this
chapter contains credit account data, so a filespec of cREDI'r.DAT
ras chosen. Note tbat the period separating the fiL€nana and
extensio! is part of the conplete fiLe speciFication, The file
.pec i icd io

i-- s oo,\ r,,6sp6 i oo{"Jl',1, ,,



IJSING DA'TA FTL!]3

alther the wcrd INPUr oi the wcrd oulPUl is entered. Thrs
::igniit€s thaL the fiLe is to be read from, or rritLen tc,

tilenumber - A positi'e integer used in the program statenents
lhich perform the aclual readinq and writing- This nunber is also
referred to as the idternal or relatir€ fi1€ number, or as rhe
channeL nunber. There nust b€ a separat€ file.unber tor each rile
beinq ured in the proglam. An eienple o€ oPENing a file for input

IOO OFEN "CREDIT.DAT' FOR CUTPUT ,'IS EILE f1

Ir Lhe lrle naned in the do--s not exist i. the
caralogr a ner fi1e,rll be c.eated by the operating system, In
nosr versions of BAsIc, oPENinq a file for s.queorial output tri1l
eras€ any records previously .!ored in the lire. scrde yersions
slll ailo! records to be added on the the end of ad existi.q fiie,
lhus saving all prewious records.

r,rhen the usei is frnished reading tron or rriting to a lile, the
liLe should be closed. Th;s is acconplished by the statene.t:

IOO OPEN 'CREOIT.DAT' FOR INPUT AS ET',E {T

rhis srarenenr the file "cftEDrT.DAT" aLready elisls.
oPlNinq a lile for outpu! 'ould be:

line C CLOSE { file.unber

lheie fiLenunber is the same filenunbe! used i. the oPEN state
nent. cLosing the file nentioned above could be done by:



D- S1ORING AND

i. Nriting lrara to a !iLe
sin.e a fire musr obfiously be creaLed bctore il can ri. r.ajr
storing Cata in iiles is dis.uss€.i lirsr.,rirc.otrrLo. Fhrase thd:i.dicates data b€ins place.r in a riie is "6ririn!j t.' !.h. tite.
This is accod,lrrished in FAsrc by
9eneraL iorm oi rhe s!arcn€nt i::

rrre { pRrNr r iilenunber, Iist.t !2:iarrt.ir
frlenuob!r ihe same iilc nuiiber spec!tirid irlrst ol variables - A I isr of rhnr rr: .. besritle,L !o the fire as o.e looical record,
'rhe cellnitezs mentioned €arlier datr ii:enr and
records can ror be introduce.l. T\e conma (,) 3epa.at.s d;ra ir.rs
and nust be .xp)icitiy ftitLen !o rh. tite
betseen quoLes. For example:

t5lr PRrNl tL,N5', A

This statena.L praces Ltre dat: vatues of rrS and r i.ro ajt.. {t_
rhe actual nane.i IiL. {1 is knosn by rhe sysreir beceusr of therI fiLe t1 ras "CREDrr.DATi th€. thes.a d.ia ii_-Ansrould be rrilten to that fire. PRtN,rino to a lire thai ic nor npFN

lip ".d o ..o.. onli..'-.
autonaLicallv vrirren ro rhe fiLe after the FRrnr c sratenent is
executed. Thls the progranner does nor have ro be co.cerned lith
incruding ehis in the PFrNr i statefte.t. Leiis indicare an
end-oi-recdrd char:cter rith the symboL <Eots>. The foLlournq

" i - ro ,. -o.;-
Il]O OPEN iACCT.DAT" FOR OUTPUT AS FTL[{ L
1i0 as = 'surTHi I PUl vAl,UES
IzrJ X = \2.32
130 B5 = "JoNES"
t4a \ = 21.21
150 PRlNT +I, A9",'x
160 PRrNa {1, Bs i, "Y
L7o CtOSa *t

The pbysical record in the rile iAcc.r.DAT"

sMrT8, 12,32<EOR>J0NES,27.23<EOR>

Note rha! Lhere is no ourput displayed on rhe screen. Tlre'ourpur"in this case is this disk fire.



2. Readinq Data fron a File

Dala is retrieved fron, or "!ead from" a sequential file bI the
INPUT f statenent, Ihe general form of this statement is.

lide{ INPIT 1l filenumber' list of variables

The file number and list of variables have the same meaninq as
before. The special delimitets wrltten to the file in the PRINT S

nake the tetriewal of individual itens an easv
(not in quotes) separates each variable in the

list. For example:

20() INPUT II ], N9I A

Thi6 sratenent reads tro data itens from file +r, The values of
these items ale assiqned to the variables Ni and A respeciivelv.
of course the nufrber and tvpe of taliables in the INPUT + stale-
nent nust mtch those that wele used in the PRINT I statement trhen
rhe rs-rd was written to the fi1e. rf this rule is not folloved'
then unpredictable results sirl occur. The following proqran til1
read and plint the data lhat eas stored i. file "ACCT.DAT" bv the
previous pioqran:

IOO OPEN "ACCT.DAT" FOR INPUT AS FII,E fT
110 INPUT +I,AI,X I READ lST RECORD
120 INPUT fI,BS,Y ! READ 2ND RECORD
130 PRINT AI,X
140 PRINT 89,Y
150 closE +1
160 END

\2.32
iroNEs 27 .23



DATA FILE/CREATION

ousiness transactions ritt nornarly stored in exisLing
fiLes. Eristinq records can be chanqed or deLered, or ne' records
ca. be add€d. But hoe .lo 'existinq records qlt into ihe file?
There rs usuaLLy an initialization prosram, su.h as this dne,
rhich creates a new lile and rrites a te{ records co cha file.
subsequent transaction changls ) can
the existids i i1e.
rhis proqran is rln only the €i1e cREorT.DAr and
{rites credit {hich it has obtained rron DArA
stalements. Each record contains an accolnl nuober,
credit linit and begi.ning batance due. Since this is a sequential
file, a delinite. (the coma) mus! be rrillen !o Lhe rile after
each data iten that is writien (see srarement 240).

1n data processinq, perforhinq business transa.tions is calred
!ql4ll!g a tiie. Proqram 10-lB wiLl perforh updates (add, dereie,
change) to rhe.ecolds in CREDIT.DAT. proqran 10-lc ri11 iead and
print out the records i. a repor!.

Note that this progran has is disprayed. rts
"output" is sent to the data file. Ihe record {ith account nDnber

is a senti.el that is Mitie! to lhe riLc and used
by the ne*t to siqnar rhe end of dara.

1OO REM CREDIT FTLE/CREATION PROGRAM TO TN

120 REM CREDIT
1]O REM T']EN hIRITTEN TO A FILE CAI,I,ED
I4O REM
i4O REM AS:ACCOUNT NUURER
T60 REII NS=CUgIOMER NAMX

2LO OPEN 'CREDIT.DAT' FOR OUTFOT AS FILE +1
220 READ A$ / NS,I,, B
2]O IF AS="END' fHEN 260 I CHFCK
240 PRrNT S1,ASi,"N$,"r,","B

260 CLOSE 1+r
300 DATA "A 100","SM1rtsi,500.250
110 DATA G 100 ", "JONES",500,125
320 DI\TA' D-325" iMrr,18R..600,257
:lr 0 DATA "D 199","kESr",750,125
140 DATA 'R 341","O'r4Ar,r,EY ,650,r00
350 DATA'r,As',r RECORD"'2" 0,0
160 DArA END"'00000. / 0,0



?i!CRA!I LO-iB DAIA FILd/I,'PDATE

rne recards !n lhe crecit account fil. lhai w-are.ieated in
Froqra( L0-rA Fill have to be cbanq.d uhenever a customer nakes a
purcliasc. Also, r!lt ha'e to be acded to tle file
a.. i.actire be deleled. ahe Eotloui^g prograr c:n
tr. lsed ror tbosc upnare functions.

rsiateme.ts 120- 190l

read frof rire cREDTT.oAT alter it is opENec fo.
input. Ti)e sencincl or 'I,AST RrcORD .
rha.iaLa it.ms tn each record are read inio:ppropriate arrays. A
.ou.ter is incr:n:nLea arter each lIPUT staten-A.t. Th. counter
becones Lhc subscript oI lh. next a.ray eLerenL to be t!Lled. nrhen

record is encou.iered, the prevjous value ar the
subscript ie iany .ecords are if th,- lile. The tile
is LhEn cLoSad

2!!1,!! !!!!lal (sLaren€!is 400 1r?0)

ri nenr.r choi.es is presented Lo ch. user: Add (a), changa (c)l
Delele (D), or and Lhe proqram (E). rhe folto{ins actions are
taken for €aclr choice:

;-;;..k is rdd€ the fiLe sl]ill has roon fcr mor€
recor.is. sincc the data arrays have been DlMensioned to 100, Lhis
rs the rnaxinum lumber ol re.ords {hich ca. be processed by the
?ro9ran. rhis linit eas arbrtrariLy set For this €xanpLe, Most
nrocessors {itI have e.orgh nenory ro allou a nuch qreate. nunber

pronpts lor number and coRpares iL to
Iisr of accoudts. The a.count .unber z 999 is not

al Lo'e{j since this is used i. the record.leletiod process (see
n.Letinq iecords). Ir rhe.umber entered is alrcadt on fite, a
nessaq. notif:es rhe user oF this fa.t and the progran returds to
tlie updale menu. 1f.o duplicate account number exists tb€ user is
Frompred io. credii I imii and begtnning balance.
1he variable N. whi.h stores a count ot the nunbe! or records in
the rilc, is increme.iea by one and the new value is usea as lhe
subscriFt oi the array €Lenenls 'hich re.ei'e the neu data,

Cha.ridq R€co.ds
The lser is Frcnpted lor account lumber and a check is Fade thai

is oo rile. rr not, a nessage is displayed that the
ac.ou.t does no! exisr and retDrns to Lhe

number is va1id, th€ cu!rrenr credit linit and
are displayed and the user is pronpted to input



US]NG DA1A I'ILf,S

o€tetinq Records
The user is is mdE Liat

is.n file. ra oanE,.redit lirit and
cLrr.dt baian.e ar..lisplated anC the user is prcnot.d to verlry
(Y/N) that i-hi. is the accornt ro be aeLeteri, Il rhe rran.acLion
rr verified, nuober is.ha.qed Lo z 999, a speciai

used to siqnal the output portion of the prolran
that Lhe record is noc to be writlen to thc outo\t frle,

sequenLial .utput. 
^ 

roop is sta.t.d
data in the delete rlaq is

(account z 999) rh€ recorl i:
sentin€1 re.ord ir reache.i ir is outprt t. th€ tiLe, cREDTT,DAT is
rlren closEd and the program ends.

FTLE/UPDA'IE PROCAAI{ ]O-IB

OF CREDII ACCOUNA DATA CONTATNTD
rI]3 NE! CRtrDTT.DAT. ADDS, CSANCIS,
I4O REU SEQUENTIAI,

i7O REX A9(I)=ACCOUNT }{UMBER TS=TRANSACTION CODE (A,C,D)
130 REJ N91r)=cusro{Er NA}4E N={ REcoRDs IN FILE
190 RE r{r)=cRED|f Lr{rT T={ RECORDS
2OO RE! B( 

' 
)=CURRENT BALAi'CE

220 DrM AS ( r00 ), NS ( i00 ),r( t00 ),B( 100 )
230 PRTN'I'CREDIf
3OO REM

]20 OF!]N 'CREDIT.DAT" F'OR INFIIl AS FTI,E fI
]40 INPUf 111,AS (T ), NS ( I ), L( I ) .B( I )
150 IF A9(I)="IAST REcoRD" TdEN l?0
360r=r+1:GOTO140
l70N=I 1: CLoSE *t
]30 PRINT 'TIIERO ,N,'RECORDS IN
400 REr'4 --------------
500PRN:PRr\r

(A), CAANGE (C), DELXTE (D), END (E)"IT9

560 IF TS= D ItsEN 300
5?0 PRINT 'Il,LEcAl, coDE. TRY AGAIN": coTo t00



(jL]0PRINT:PRINT
6C5 ra N = i00 FULI,. ": cofo 500
6LO T\PNT "liEli ACCOUN'I NUTI6ERi 

'A1962U r!' ais= Z-999 ACCCUNT NUfloER':GO',rO 500

640 TF AI;=A5(]) ''JAIiJ" ALREAL'Y ON FILE'':

67C TNPUI'CUSTOMER NAIIE';N9 ( N )
6h0 rNPUT cREDIa LrMIT';L(N)
690 TNPIJI' BtrcTINIiG BAI,ANCE",B(N)

t00 PRINT: PRr!T
7]O TNPUT ACCOUT\'T NUMEAR";ATI
715 rF A1S= z NU[:BER": coTo 100
720FoeI=LToN
725 IF AL$ -,19(I) TJIeN ?40

7lt PRrNT "ACCoUNT ,Al5r" NoT oN FIf,E': GoTo 500

'40 
PRIi'IT'CUSTOI4ER NAI1E: i,X$(I)

745 PRIti'I 'clrRRENT cREDrr LrMrT: r;l(I)
750 PFT\T ICURRENT ACCOUNT BALANCE:":B(I)
755 INPI]T 'CdANGE CREDIT I,IlilT {Y//N)i 

'XS760 lF x9-'N" TI1EN 730 EL5E IF r$ <> 'Yr rFEN r55

730 lNPUl " NEri

300 PRINr: PRINr R0CoRD" j --_----------- Delete
3Li) ]NPUT 'ACCOUNT NU.iIBERi,AIS
315 IF AIS="2-999 ' AccoUNT NUT4BER': coTo 500

325 rF Ar9 = A9{r) rHEN 340

315 PRINT "ACCoUNT raISr" NoT rN FII,E: GoTo 500
NAME: tr:NS(I)

315 PRINT 'CREDIT I,TMIT: ';L(I)
350 PRINT "CIRRENT BALANCI:",8(1)

VERIFY FOR DE],ETION (Y/N).''XS
360 II X$ = 'Yi TIIEN A9(I) = "2-999": coTo 500

OOTPIJf
9IO O?!N "CRIOIT.DA'I" FOR OU1PLIT AS FII-E {1
920FoRI=tToN

= "z 999" THE 960
940 PRrNT fl, ASrr).,'NS(r)',"r,(r)",.B(r)

970 PRINT 1i 1,
930 PRIN.1 T,'ACCOUNT RECORDS NRII]TEN fO FI1E "



IJSINC DATA FII,ES

CREDIT ACCOUNT FTiE UPDATE PROGRAM

5 RECORDS IN

ENTER TRANSACTION CODE:
ADD (A) I CI]ANGE (C) ' DE]'ETE (D), END (E)? 4

ADD NEI4 CREDIT CUs?OMER
NEw ACcouN? NU'4BER? 9:l!!
cusroMsR NAME? J!!!Eg!
cREDr! trMrr? !!q
BECIIININC BAI,ANCE? 2!q
ENTER IRANSACTION CODE:
ADD (A), CI]ANGE (C), DEIETE (D)' END (E)? q

CITANGE CREDIT RECORD
ACCOUNT NUI4BIR? G_3OO
cUs?Or4lR NAME: JONES
CIJRRINT CREDI LtIltT: 5OO

CIIRRENT AccoUNT BALANCT: 125
CI{ANGE CREDIT ]-IMI1 (Y/N)? !
NEli ACcouNf BALANCE? l!!
{NTER TRANSACTION CODE:
ADD (A), CHANGE (C), DEI,E1E (D)I IND (E)? !

D!I,'TE CREDIT RECORD
ACCOUNT NOMBER? A-1OO
CUSToMER NAME: SMITH
CREDIT I-IMIT. s00
CURRENT BAIANCE: 250
?',EASE VERIIY FOR DII,ETION (Y/N)? I

ENTER TRANSACTION CODE:
ADD (A), CHANCE (C), DE'!T' (D), END (E)? E

5 ACCOINT6 'IIRITTEN TO FIIE



PROCRAI4 Lil-I' 
'RI]DI'I 

ACCOUNT DAIA FITE/REPORT

rbe cteriir: account re.ords {hich {ere created by Prosran 10-1A and
rpddrea by Proqran Il)-I3.ra inpur and printe'l tn a rerort format.

starts by pri.Lins colunn lieadi.qs- The data file
crEDrr.DAT is th!n oPENen lor i.p!t.

are rea'l one ai a r:ine (statenent 260) and ihe da!a
itens are !,rinreri derair rine- Before the prinr srare
ment, a check is nade to see if the s€ntinel accoDnt IILAST RECoRD"
has beeo .n.ounrcrod rstarenent 2?0). Ii so, th€ data File is
closEd and lhe proqram ends.

EII,E/REPORT IROGJTAM IO-LC

110 REJl .CAIDrr. DAT"

150 RE! V4RTAELES AS=^CCOUNT NUMBER
50 r.lv i.,- -cucT vi NA/r

i7u R011
1S0 RE!

Ill] PRlNT'

210 PRlNT 
^CCOUNri, 

iC
210 PRIN'I N!MRIJRi, iNA
2'O OPIN "CREDTT.DAT" FOR INP!T AS FTLE *1 ! OPEN THE FILE
260 INPUT fIIAS'NS'I'B J INFU1 DATA RECORD
270 II. AS=. ,AST RECCRD'THEN 3OO
230 PRrNr 

^$, 
N$, B,r

3OO CLOSE {L

650



USING DATA FIIES

PROGRAI,I ]O-2A FILE/CREA'IION

A sequentiat fiLe calted PAVROI-,DAT is created by this prosran. It
{irL be ueed as an inpDt file for the next sanple proqran (10-28).
Tbe data used is the same as the previous payroll exanple lProgram
6-4). Each lecord contains an enployee nane, pay lype (hoully or
sararied)r nunber of h6urs eorked, and rate of pa9.

LOO REI,I PAYROLI, DA'TA FII,E/CREATION PROCRAM 1O-2A

L2O R!I1 PAYROI,I FROI4 DATA SIATEI4EN'TS AND THEN
L3O REM 

'{RITTEN
NS=EMFtoYtE NA.{E

160 REM TS=PAY TYPE (H=doURLY S=SALARI'D)
1?0 RErl
130 !€M

2OO OPEN '?AYROI,.DAT' FOR OUI]PUT AS FIIE #1
210 READ N9,A9,!,R
220 IF NS='END TIIEN 250
2]O PRINT }1.

300 DA?A "S.1rrH", rs" 15,6.25
110 DATA'JONES""E"44,7.00
320 DATA'JOHNSON","S"40,5.95
330 DATA'MrLIER""S",45,11.50
340 DA?A'ANDERSON","S"4I,3,50
350 DATA'O'@r,rAY"r"n"r33,7.50
160 DATA "lrEST" iSi,35,4.35
l?0 DATA 'r,AST RECORD"'2" 0,0
330 DATA'END"r.0"0,0



FTLE/REPORT

5 except that the inpui data c.mes
rr.nL a .lata file rarher than fron DATA statenents.

ts.PeneC Prior to input. Th€
proqrar i.prts the data r€cord. (one at a tine), checks for the
se.Liner of and performs the paYroll calculation.
ihe. tne Last record is input, transrers to a section

file and ends,

PROGRAI4 1O-28

I2O R!]It ThIS PROGRAM COUPUT€S AND GROSS PAY
I]O REM FOR SALARIED EMPLOYEES DO I]OT
r4O REM OUALIF EUPI,OY€ES WOR(INC IIORE

4l] IJOURS AI]E
T60 REM THE 40. T8E DATA
I71] REM FROM CAI,LED 'PAYROL. DAT'.

N9=NAME rS=PAY TYP€ (8=HorRl,Y, S-SAIARIED)
210 REI4 H-HOURS trORXED S=STRAICHT PAY
220 REM R=RA1E O' PAY
2]O REM G=GROSS PAY 9S=OUTPUT FORSAT STRING

250 PRTN'I ' PAYROLL PROCRAM'

2]O PRT T 'ETI?IOYEE S1RAIGAT OVTRTIME CROSS"

290 39 = '\ \ r 1i{ 1r*,#* 9f+*.ri{ s+{}.f+ 9{sf.}{'
3OO OPEN 'PAYROL.DAT" FOR INPUT AS IILE fl
]10 INPUT *l,NS,TS,H,R ! INPUT DATA RECORD

110 rr as='s. TtsEN 500
140 lF TS= s TflEN 400 I BRANCH 10 SALARIED RoUTINE
]50 PRlNT 'INVALTD PAY TYPE CODE (",TS''') TOR '''NS
360 coro 310

1t0



4OO REU SALARIED EMPIIOYEE
410 S=40tR I COII4P0IE STRAIGHT PAY
424 x=L
430 C=S ! COMPUTE GROSS PAY

5OO REM HOURLY EMPIOTEE
5]O IF A>40 THEN 530 I BRANCH TO
520 REM NO OV€RTIME
530 S=H*R ! COI1PUTE STRAIGHT PAY
540 x=0
550 G=S ! COMPOTE GROSS PAY

580 S=Al]iR I COMPIJTE SfRAICHT PAY
590 x=(ts 40)rRa1.5 ! COMPUTE oVERTIME PAY
600 G=S+X ! COMPUTE GROSS PAY
6Il] PRINT USING B9,N$,T9,H,R, S IX'C

PAYROLL PROGRAI4

HOURS PAY STRAIGI]T OVERTIME

silrTa H 35 5.25 S213.75 I 0.00 921S.?5JONES 7.00 S230.00 S 42.00 S322,00
!0 5.95 1233.00 S 0.00 s233.00

H 45 11.50 S460,00 I 35.25 5545.25
ANDERSON S 4t 3.50 St40.00 I 0,00 9140.00
o,xar,r,EY $ 39 7.50 $235.00 I 0.00 1235.00s 35 4.45 S194.00 S 0.00 S194.00



SOFTING AND SEARCHING

re have co!.re.r nany qays r:o nanlruLarE and
clapt.rr {e show rr.u thc Freviously discuss.d
arra.ged to lroc.ss;nq runclio.s
sorLinq and searchinq,
sortinq is Lhe pro.ess ol ar!a.q
predetitred sequence (e.9,, aLoha
cendinq nuner1.al ord€r). A reia
r.itten to perforf sorrins oFefa

d:ta items ini. r.n.l
/ .s..ndinl or l!:s

herre a1r accu.Lom.d ro rsinq r rhon!: b.ok, Th. illcrmarion ia
arran9.d (sorted) i. aLpha5ericar order by lasr

applicarion (i.--,/ tookinc
pho.e nunber) this o.der is alrropriate. Eur s!prrose y.r uere
analyzi.o your lonq-dista.ce rb.n. bill and coutco,t rcnert-a ho
you had.arred. Y.u uculd ranL the Dhone took ro be soried bv

' a .,16 r'o. yo.- 
'nanes in the phone book). or, su.lose you 13.red to kno* rhe nar.sof rhe people livinq on your streer. rn rhis case, you {ouLd {ant

rhe phone book to be sorred by address, (Nole: borh rypes of
''reverse!! phon4 books do existr b!t ar. avaitable only l.y

s€arching is th. plocess oi 1.okin9 rh..ush a tisr ct daLa unrir. a
speciFi. val!e is fou.d. anere are dilte.edt $ays to Look throuqlr. data lisi, jusr rike rhere are differenr says to took !p names
and nunbers in a phone book. The nethod used depends dn ho' much
data exis!s and ho{ ihe caLa items ar'- sorred. !..r exanpte, ii rbe
phone book .ontained it would be very easy rd fi.d
any specific nane, add.€ss, or phone nunber reqardress of hor rtjelistinss qere sorred, rn contrast, a phone bdok containing 50,000
.anes eoutd have to be pre-arra.qed and searchad rhrouqh 'irh aprecise method (to hinini,e rh..veraLl search rine).
This sook presenrs r,o comon progranriig n€rhods for sorLind andq6.-. i.o, ,.F co0p.b o-oo.d, o-;on. ra " h- - 1.",r , . :
data described in previous chapiers.



B, SORrrric IIETHODS

In order lo sorc a tis! of datar ee couple of thi.ss.
.irst, how many items are lo be sorted? In what order is the
current list? rnto {ha! predelined sequence nust the list be

For eranpLe, the follo{inq rist conLains ten nunbers i. rrndon

a1 rs 12 4t 56 2a )1 64 9l 14

rr is an ea.y task to sort the 1is! inro increasinq order. Look
ior the snallest nunb.r (13 i! this case), the next smallest {21),
etc i. ordar seco.d (sorted) list, as follows:

41 s6 64 ?2 3? 91

A BASrC proqram could be Mitten to perform this type of sortinq
without loo much difficulty. The proqram touLd require tro itata
lists: the DnsorLed one and lhe

Le!'s consider another approach, this time with a sinqle data list.

a] rB 12 4t 56 25 33 64 91 34

If toe conpare adjacent values (e,q,, 3r and 13) and exchange lhen
if Lh€ iirst one is larger than the secdnd one, and repeat this
procedure enough rimes, ve qi1l eventually end up Pith a sorLed

To describe this method in detail, the 37 and l3 are compared a.d
exchanged. Now, 37 is the se.o.d value i. the 1ist, rt i5 compared
to the third valDe (72). They too are exchanged and the 37 becones
the third va1ue, The 37 is the! compared to the 41 and exchanqed.

The follo'ing diagran shors the fult compar€ and exchanqa process,
Each successive line of the diagran moles one dala value io the
riqht and then does the compala and exchanqe (if necessary).

3? l3 12 41 56 25 t3 64 91 r4

4L 37
56 37

25 a1
31 37

64 3r 9L



SORTINC AND SEARCHINC

sor after one pass throuqb the ris!, ir Iooks like this:
13 72 41 56 25 33 64 3? 34 91

This is stitl unsorted. but notice thar tbe targesr value (91) qor
"pushed" a1l the way to the riqbt (end) of the ii6t. Nor if ue so
back to the beginning of the list a.d do tbe compare and exchange
routine againr we get closer to tbe sorted list. lefe again are

13 72 41 56 25 33 64 a7 34 9Lra 12
4t 12

56 12
25 72

33 72
64 12 A7

34 3r 91

rhe procedure can be repeated one more time as folLors:
13 41 56 25 33 64 72 34 A1 9t
t3 41 56

25 56
33 56 64 12

34 72 A1 9-

13 dl 26 lr \6 6t Jt 1z a1 9.
l3 41

25 4r
33 41 56 64

t! 6! 12 91 9-

13 25 33 4t 56 l4 64 72 A1 9-
13 25 33 41 55

l4 56 b4 12 A1 9-

_3 ,l) rr 41 34 5tr 64 12 a7 9-
13 25 33 4t

14 4t c6 64 72 8? 9'

The sorted rist is:
13 25 33 3! 41 56 64 72 At 91



SORTTNG AND SEARCH]NG

The finar rist shols tbe vatues sorted in ascendins order. Thjs
ias lcconplished by conparing and exchanqins adjacent values in
th.- list. Eacb pass throuqh ihe data list "pushed' the next
hiqh€st data valu. to the riqht (endr of lhe list. rhis.onnon
conpare and exchanqe sorting technique has a sgecial name. Il is
calle.i the bubbLe sort" melhcrl because the tar-oesL valu.s "float'
to lhe end oi the List like undervater bubbles lLoal to the

ro wrire a bubble sorL progran, tlre data items must be contained
in a array variable. The progran i5 lhen abLe to comrrare adjacent
vaLues easiLy by Fay or the subs.ripts. If t{o values need Lo be
ex.hadsed, a tenporary variable nust be usad !o hold one of Lhe
vaLues ahile is beinq noved,

rhe ps€udocode tor lhe bubbLe sorL nethod is shotn beLo', rhe data
itens are represenled by Lhe array ITEM, uher.'IrEfr{i) is any
qiven vaLue an.l ITEM(i+r) is th€ adjacenL value. rhe variablE n i3
rsec to represent the nunber of ir-ens to be sorted.

loops in ihe alsorithm. The outer roop llrom sLeps 2

t.rough 7) controls the nunba. of times thac the
ercha.ge rouline is td be perforn.d. Fven the {orsi case of

.ou1d be sorted 'ith n reDetitions oi Ehe outer
roop. step I d€creases n by o.e for each r.petilion of the inn.r
lcop (steps 4lo 6), rhis decrease !s due !o ihe Fact th.t the
highest dar:a value i5 pushed to the end ol ihe list each tire
rhrough the inner toop (so Lhe conpare and exchanga rouline does
.o: ne€d to b. perforned arl the oay to the end ol lhe rist each
tiire). step 5 conpares a.rjacent data ralucs a.d e:changes then il

Bubble sort pseudocode:

L ASSTCN n = .unber oE data items to be sorred
2 REPEAT FOR N TTMES
3 ASSIGN n = n I

FoR n - I TTMES (i.e., For i = I to n-l)
5 IF lTErl(i) > 1T8..1(i+r)

tenporary = ITE|4( i)
AssIcN IrElii{i) - ITrfr(i+r)
AssIcN IrEM{ i+1) = terporarY

6 END REPEAT

The sample prograns ih th!s chapter use this procedure to sort
data vaiues. Notice that the algorithm sorts data i.to i.creasinq
order. If ue sanced to sori into decreasind order, ue could sihplv
chanse th€ ">" synbol to a < .



C. SEARCHING METHODS

The .asiest rhrough a lisr of dara tor sone sp.cificralue is to start ar the beginning of rhe 1isr. No! compare rheto cbe value you'r. looki.q tor (i..., rbe scarch
vaLue). It they match, you,ve found what you,re lockinq tor. tr.1F I ,, onr Ln.- | 5:,q.r,."
search throu9h che tist unrir eirher a march is foun.i or uniil ,ou

sequentiaL searcb psercocode:

= nunber of data iLens ro be searched
2 INPUT seaich value

n TreEs (i.e,, for i = I Lo d),l IF IrEuli) = search vaLue
rsEN coTo step e

5 EIID RE?EA
match found,,

7 GOTO sref 2
3 continue processing

a sequ-Antial search rs easy to undersia.d a.d ro progran. rr Forksrerl for small amounrs oi dara sithour any reqa.d ro hoN rhe itens

a disadva.!age is that sequential searching is tine con.unjnq. on
the averaqe, half or the lisr nusr bc searched to nar.h anv;ivao

d'o L or ddintoLerable. a dirferenr searching nerhod is used.
rhe nosL erfi.ient searchinq nerhod requires rhar rhe data tist be

sone predefin€d sequence {e.s., atE,habeticaL order),rhe lirst conpariso. bet,een the rist and rhe search vatue occurs
middle of rhe List. rf the search value (toesnir

natch, the renaining Ii.t iE splir in half and che nid poinr orthis list becomes rhe nerr comparison va1ue. ,rhis splitiing in
halE procedure.ontinues untiL either a march is tound.r rhee.tire 1is I is exhausted,

This is reninisce.t of rhe follosi.q nunber suessing qane:

Player L: 'I'n lhinkinq of a nunber betoeen L and tOO_
Player 2: Is ii 50?i!
Player 1: !'No. Tbaiis roo 1o{. cuess again."
Player 2: !!Hor about 75?ii
Player I: Nop€. Thatis too hi9h. Try aqai!.ii
Playe! 2: 62?
Prayer r: iNo. Too tow,'
Player 2: "63?,,
Player l: ,'Yes. You qot it in only foui 9uesses."



SORTINC AND SEARCHING

rn ihe plevious nunber guessing qaner plaver 2 splits tbe oriqinal
list in half and chooses lhe nid-poin! (50 in this case). After
finding out that the guess is too Lowr plaver 2 divides the upper
half oi the lis! in harf and chooses that mld-point (75). Tbis
process coniinues until player 2 chooses the right value.

This search nethod is ca11ed a "binary search" o! the "rethod of
biseclion." It requires tbat the data list be eotted ptior to the

search starts in the niddle df tbe List. A conparison
is @de r,etueen the search value and the nid-point va1ue. If the

the search stops (and subsequent processinq
continues). If th€ values do not natch, harf of the list (the half
..ntainino the search varue) is divided in half and the frid_point
'onpa! .o; is pro-brs is rep6ar'd untt- eir'6r a
.".". "..,rs or Ene e' ' : .a 1!st rs ex"h"sr 'd.

that the nethod of biseclion is the nost efficient
rnrouqh c lisi or dara. o rae avaraqer tne s-a-.1

ual e uirr be mEch;d (o. valu- on rn- 1i6c rn the
of steps (and t!ne), For large lists of data, this netbod is the
onry praclical solution to the searcbi.q problen

since the follovinq sanPle prograhs deal lith sna11 amounts of
dalar the sequential search is the olrt searchinq nelhod shown.



This proqran sorrs a List oF nanes idro arphaberic.l order u5inq
rhe bubble sorc Lechnique. rhe in a t-dimensionat
array (variable N$), are rEad and prinred in

The sor! rouLine tooos ro btace
o-l-'. rae 

' 
ojo- d- o, o

are compared. lr they are alrcady in alphabetical
order, the Froqram rh{: en.t ot rhc
rol, the nanes are exchansed. The r:eoporarr tietd (TSr is useC in
ahis exchanqe process. Aft€r the sor! rourioe,printed in alphabetical order,

PROCRAI1 SORTS A LTST OF NAXE5
r3O RTM USINC TECSN]'UE. 'IHE
L4O REX IATA STATEMEN'IS AND
L5l] REM
160 REIj NI:N^ME ARRAY

I=iOOP INDEX
130 REM TS=TEUpORARY
190 REo

3OO PRINT "ALPHABETICA

]]O DTX NS{30) I DII'IDNSiON THE NAIiI€ ARRAY
]20 READ N
330 PRINT "UNSORTED DATA:"
340 FOR I= I TO N
]50 READ N9(I)
]50 PRINT N5( I)

4OO I,=N rOR SORI ROUTITE
410 FOR r= 1 TO L
420 L=I_1 IADJUST LOOP LII,4IT
430 FOR Y=l TO L

rF NS(Y) < N9(Y+l) rsEN 430,!50 Ts=Nt(Y)
460 NS(Y)=NS1Y+1) NAME INTO lST FIELD474 NS(Y+I)=T5 FIELD INTO 2ND LI:LELD

5OO FRINT 'SORTED DATA: i
510 FOR r= 110 N

520 PRINT N91I)



SORTlNG ANO SEARCHlNC

600 DATA "SinTH",'JONE
6IO DATA "JOSNSON"'O A'JLEYi' "STMS 

" 
iIIALKERi' iBROi{N!

6-U Dp-a'SilY198"'COOPLR, CL-A'<"'DAVI ","LEF"
630 DATA "GARCIA"'PAROUCCI",'SATGO"'BOYNTO

AI,PHABETICAL SORT PROcRAM



SOR1lNG AND SCARCHTNC

rhis progran sor!s da!a records lroin lhe icREDIT,DAT data ii1E.
The user is given the choice of sorting by any of threc dala
riards rrom 

^ "nenu,displays the proqran oprions.
There are seven subrouti.es in this modular prosan. The fLr.tionai
outtine of this Frogram is sho{n beLo{.

a. pridt proqran tit le
b. call input sdbr6utine to input atr data records from €ire

e. calr aplropriate sorr and/or D.int subroutine or end

rnput subroutine ( statenent 1000)
a. open icREDII.DAT" dats file
b. read data.eco.d (checking for scntineL)
c, count number oF .ecords
d. put data into arrays
€. ci6se data f iLe
t. relurn lo nain routi.e

atL of the sort subroutines are identical wrth the exception
of one slatenent, the comparison of data fields to be erchanqed
{lhe sor! field). Each subroutine carls a nested subroDLine to
exchange the data iiems. Each subrou!ine also calls lhe print
subioutine to output the data itens.

subrouc:ne 2000 - sort by custom€r nane
Subroutine 3000 sor! by account nunber
subrortin:4000 due ( ascending )
srbroutine 5000 - sort b! balance due (descendinq)

Exchange subrouti.e (statement 6000 )
adjaceni names

b. erchans€ adjacent account .umbers in account .umber array
c. exchanqe adlacent balances in balance array

appropriate sort subroutine

Prin! subrou!ine (statenent ?000)
a. print column headings
b. print dara arrays

nain proqran or calring subroutine



iOO REII CREDII

L2O R]]fr TiJS FNOM A DATA
,rHE CHOlCE 0!.

RNCORD. A MENU PROCRAM OPTIONS.
]5LJ FE! 5IJBRO']TI'ES (EEP IHE PROGRAM dODULAR.

i7O RE! VAEIABLES.
i3O RtrM N9=IiA!1E ARRAY
1e0 an! a$-AccouNr
2OO REi4 3=BALANCE OUE ARRA!
210 REX C=lliNIr C301CE J=L00p INDEX
220 RE! T9-TEXFORARY FTEf,D FOR FXCIIANCE ROUIINE
230 REI1 T=IEMPORARY
240 REJ"I XS=TEMPORARY FIELD FO9 ACCOUNT NUMEER
250 RE!1 YS=TEMPORARY

270 ROIiI X=TE4PORARY FIELD FOR CREOI'T I,TMl'T

]OO RI]X IIAIN ROUIIINE
RECORD SORT PROCRAMi

340 COSUS 1000
]50 PRINT iPROCRAI4 OPT1ONS:'
r60 PRrNr '1-SCjRT
3?O PRINT "2

SORT ANO PRINT (ASCEND]NG)i
]90 PRTNT '4-SOqT BALANCE DUE (DESCENDINC)"
40O FRINT i5-PRINT IN CLJRRENT ORDERI
4Il] PRINT ] 6-ENDi

430 INPUT "YOUR CHOICEi,C
440 rF C<r OR C>6 THEN r50
450 rir a=6 fHEN 9999 I coTo END oF PROGRAM
460 ON C GOSUB 2000,3000,4000,5000,7000 ! cal,l, suRRouTrNE
4r0 Goro 350

iOOO REM DATA
IO2O OPEN iCREDIT.DAI" FOR INPUT AS FILE *T
l0l0 N=0
104 0 rNFUT ti1,xs,Y9,X,
1O5O IF X9='I-AST RECORDi TIIEN 1110 I CIIECI{ FOR SENTINEL
LO6O N=N+ I INCREMENT COUNTER
1070 A$(N)=Xi TO ACCT NO ARRAY
1030 NS(N)=Yt
ILJgI] B(N)=Z TO BAI,ANCE ARRAY



SOR! SUEROUTIN'

2010 FoR J= I To L-l I START oUTER l,ooP
2040 L = L-l
21]51] FOR I=1 TO L ! START INNER LOOP
2060 rF NS(r)<=NS(r+l) THEN 2030
1070 cosuB 5000

2TOO GOSUF TOOO J CALL PRTNT SUBROUTIN€

]OOO RE! ACCOUNT
1020 t=N I SEI LOOP ],MlT
]O3O FOR J=I TO L 1 I S'IART OUTER 

'OOP1040 L=1, 1
3050 FoR I=1'r050 rF Asrr)<=As(r+1) TsEN 1030
3O7O GOSUB 6000 I CA'L EXCEANGE SUBROUTINE

3r00 cosuB 7000

4OOO R€M BAI,ANCE DUE SORT (ASCENDING) SUBROUTINE
40 20 L=N
,t030 !'OR J=l To t-l I SIART oUTER l-ooP
404 0 L=1,-1
405 0 FoR I-l
4060 IF B(I)<=B(I+l) THEN 4030 ! aIREADY IN ORDER?
4O7O COSIJB 60OO I CALL EXC8ANGE SUBROIITINE

4100 cosuB 7000

5OOO REM BAI,ANCE DUE SORT (DESCENDINC) SUBROUTINE
5020 ],=N
50 30 rcr J-l
5040 l,=L-l ! ADJUSI L00P tIIllT
5O5O FOR 1=I TO 1 ! START INNER I,OOP
5060 IF B(I)>=B1I+1) THEN s030
50?o cosuB 6000

5100 cosuB 7000



SORTING AND SEARC'IING

50 OO REM EXCIIANGFJ SUBROUTINE
6020 TS-NS(I)
6030 N9(r)=NS{r+1)
6040 N$(l+1)=Ti
6060 TS:AS(I) ! MovE FtRsT ACCf NO rO TEMPoRARY IIELD
6070 A9(I)-AS(I+1) ! ItovE SECOND ACCT No TO rIRST ACCT O
6030 AS(r+1)=T$
6r0 0 T=B( r)
6110 B(I)=B(I+L) ! MOVE SECONO BALAXCE TO FIRST BALANCE
6120 B(I+1)=T I MovE TE|IP. FIELD rO SECOND BALANCE

Tl]llO REM PRINT SUBROO'IINE
?02 l] PRIN1 "ACCOUNT"'
]03 O PR]NT " NU I4BER' . 'NAItlE' / 'DU E "

7050 PRIITT a9(I),N$(I),8(I) I PRINI DATA FIELDS



SOR1INC AND SEARCIJING

I SORT AND PRINT
2'SORT AND PRINT BY ACCOUNT
3-SORT AND PRINT BY BALANCE
 -SORT AND PRINT BY BALANCE
5-PRJNT IN CURRENT ORDER

CUSIOIiIER

c-40 0 JonNsoN
G-300
D-325 MIIIIIER
R-34I OI MAI,I,EY

I-SORT AND PRINT
2-SORT AND PRINT BY ACCOUNT
] SOR1 AND PRINT BY BALANCE
4-SOR1] AND PRINT BY BAI,ANCE
s-PRINT IN CURRENT ORDER

!

I-SORT AND ?RINT BY CUBTOMER
2 SORT AND PRINT BY ACCOONT
3-SORT AND PRINT BY BAT]ANCE
4-SORT AND PRINT BY BALANCE
5'PRINT IN CURRENT ORDER

DUE {ASCENDING ORDER)

D-199

200

100
L25

DUE (ASCENDING ORDER)
DOE (DESCENDINC ORDER)

r25
100

DO! (ASCENDINC ORDER)
DUE (DESCENDING ORDER )



SORTING AND SEARCHING

PROCRAT L1-3 TNVINTORI TAOI,E SEARCH

Thrs proqran a sequeniial tabre search for inventory
iten numbers. rhree 1-dinensionar arrays are used; I9 for iten
rumbers, DS for descripLions, and P fo. prices, The proqran starts
lry readins data into these airays (lrom DArA siatenents). ri€xt,
th6 u..:r is asked to idDut a spac!fjc ilen number (i.to variable
ri$). Aiter checkinq for th€ sentinel the ltogran
pr.ceeds ro search for a natchinq iteh nunber in lhe It array
(usins a FOR-NEXT loop to scan throush the array), rl and when a
march is iodnd, lhe progran junps out of the 1oop, disprays the
description and price associaled lith the iten nunber, inputs a
.erLain quadtity, caLculates th,- and oucputs the
exLend.d cosl, r. no matchinq value is found in the iten nunt'er
array/ the prograh dispLays a nessage and transfers back to the

input secLion.

L2O REM THIS PROGRAM SEARCII]S
i](] REU IN ORDER TO MTCH AN
140 RE! AS:OCIATED AND PRTCE. NEXT, THE USER
I5O REI1 EN'IERS 'THE OUANTITY
L6l] REM PRINTS

I3O REh ]S=TTEM I=LOOP INDEX
r9O REM DS=ITEM NS=ITE}1 NUI!8ER
2Ol] REM F=FRIC' ARRAY O=OUANTITY ORDERED
210 REM N=^_UTBER oF ITEMS

3LIO PRlN "INVENTORY

Jr0 DrJ.4 r5(20),D9120),?(20)
]20 READ N I 1NPUT NO OF DATA ITEIiIS
ll0FORI=1ToN
]40 READ ISII),D9(I),P( I)

NUT4BER (oR END)":NS I INPUr SEARCa VALUE

]30 FOR I= 1 TO N I SEAUENTIAI, SEARC{I LOOP
190 rF N9 = r$(r) TEIN 500

410 PRINT 'ITEM NUMBIR NOT FOUND'

5l]l] PRINT iDESCRIPTION: ';D9(I)
5I0 PRINT "PRICE: ";P( I ) I
520 INPUr "oUANTITY ORDERED'rQ ! INPUT OSANTITY
5l0E=0*P(I) I CoMPUTE EITENDED COST
540 FRINT 'EX'TENDED cosT:i;E I OIITPUT EXTINDED cosT



SCRTING AND SEARCI'INC

610 DATA'A-100"'LIGHT BIJI,BSi,l.5O
520 DATA "A-200.,.EXTENSrON CORD",5.95
630 DATA "A 100'r.3-WAY pLAY".52
640 DATA iA.4()O",iVOIJTACE CONVERTER",13.95
650 DATA "A-500"."Dn1MER SWITCHi,5.49
660 DAIA .R-100'.'pEN & PENCrr SET',3.95
670 DATA .B 200"'STAPLER.,5_25
630 DATA'B-300","pApEB ('E]CHT.,2.95
690 DAfA iB-400" nCALCUralroR. r11.95
700 DArA "B 500tr,'CLrP BOARDi,2.75

SEARCI' PROGRA,{

(oR rND) ? A-500
DESCRIPTION: DI''1MER SIdljrcts

QUANTITY ORDERED? 2
EXTENDED cosT: 12.93

ITEI4 NUMBER (OR END)? B-4OO
DESCRIPTION: CA'CIJI,ATOR

OUANTITY ORDERED? 4
EXTENDED COST: 47.30

(oR END) ? C-l00
ITET1 NU'1EIR NOT FOUND
ITEI1 NUI4BER (OR END)? A lOO
DESCRIPT1ON: LIGH'T BULB-

QUANTITY ORDERED? 5
EXTENDED COs?: 7.50

(oR ENo)? !I!



certain D.e r.it+.€n instrrctionsr
includec as parL of the BAsrc Lanq
automaIicalIy perf orn nathematicar

hy pro.JraFners. The r-

by simpie key'ords and associated
reserveo ,ords, that is, Lhey are
laogulqe an.l ca. be used odly for
these Fords can be used for variab
libiary fun.tions is

20 PRINT "TtsE 5OUARE ROOT = 'JY

TH€ SQUARE ROoT = 3

ca1lea l ibrar i f!ncr-ic.s,
uaa.. Thds. inst.uci i.n:
and string op.rations ih.

r.cii.r5 are
Pnraiet!rs- Th. kF!r.ra.s 3
an in!rjncate pnrt ot th-
Lheir siai.ed furp.<. rl rs
Le nrn€s- rhe q4r..a; ro.n

trhere "function is o.e of r:lie r.aserred uords Lhar st.ci
operation lo be performeri a.d a.qrnenL is Lhe dera v.l.rhe i!aLue dt Lhe fun.Lic. is rhe resDlr.
operatio.. This be assig.ed to a varidble
part of a larqer mth€nati.al or stri!_q exrression. ra.i
can be a nuneric or string constant, a variable lsiih an
value), or an eipression to be ewaLuated.

rhe folLoeinq
This (unc!ion "retdrns a ratue ol
root oF the argumeot x.

EXAMPLE: A.9U ENL

3O PRINT'TH!] SQUA8E ROOT = ";Y

ihe usc of th: fun.tion sqRlx)(is evalu.ted as) rhe GquarE



10 READ A,B,C
2O DATA 2,4. L
l0Y=SQR(A*B+C)
4l) PRTNT '.THE SOUARE ROOT = .',Y

THE SoUARE ROOT = l

EXAMPLE: Function larqer expressid.

LO RtrAD A,B,C
20 DAI]A 2r4r16
30Y=AiB+SQR(C)
40 PR1NT "CALCUTATION
50 END

RESSLT = 12

Ready

1. l4athemarical Functions

Ihe nost important nathematical library fu.clions are listed in
the tabl€ below:

axaMPrE: argunent as an expiession

TangenL of 3 (

(x = ansle in radians

Alc'rngenr o anol" in radidns

le=Base of natu.at looarithns )

-I if x<0, 0 if x-0, l it x>0

Randon number between 0 and 1 (x=dumy algunent)

The trigononetric functions (SIN,CoS,TAN) require an anqle
measured in radians. one radian is appro*inately 57.3 degrees. If
an angle is knovn in desrees it f,ust be divided by 5?.3 to be
presented as a proper argunent to these functions. The ATN
function returns a vatue in radians. This nust be nultiplied by
57.3 to obtain a value in desrees.



TUNCTIONS

The follo'ing program demonstrates th€ naj.r marhenarical riirrary

IOO REM MATI]EMATTCAL

220 X=1' 1 ANCLE IN DECREES
210 R=x/57.3
240 PRINT i'THF" SINE OFi'X, !DEGREES=''SIN( R )
250 PRlNT "fHE COSTNE OF"x;'DECREES=!,COS(R)
260 PRINT "fHE
270 Y=TAN(R) :PR]NT "138 AiCTANGENT OF'';Y;''=" ;AT}i(Y)157.]'''DECFEES''

]TO PRINT 'THE E SQUARED =i'EXP(2)
320 r=EXP( 2 ): PRlN1

345FoRl=1Tol
165 pRrNT 'TtsE SlcN OFiix;irS' t370rFS<0

IF S = O THEN PR]NT "ZERO" ET.SE PRINT "POSTTIVE

4TO PRINT'TIiE SQIJARE ROOT OF 9:";SAR(9)

BETWEEN O AND L ='IRND( O)

450 PFINT 'THE ABSOLOTE VAI,IJE OF 27 = I;ABS( -27 )

4r0 PRrNr "rHE SoUARE ROO.| OF 9 =!rSoR(9)

MATHEIIATICAL

?5 DIGREiS = .965901
?5 DEGREES = .253912

oF 75 DEGREES = 3.71061
TIItr ARCTANCENT OF 3.73061 = 75 DECREES

lIIE EXPON'IITIAI, E SOUARED - 7.33906
LoGARITHM oF 7.33906 = 2

THtr SICN OF' -5 IS NEGATIVE
TfiE SIGN OF O ]S Z'RO

10 IS POSITIVE

THE SIAURE RooT OF 9 = 3

A RTNDOM NUI1BER BETtrEEN O AND 1 IS .6320]4
TrE ABSOLUT! VALUE oE -27 = 21

r51



2. stri.s Functions

The sirinq library funclions e.aLle the Droq..mmer Lo ea€iry
exiract a qroug oa characiers 1a substrinq) Fron 'ithin a larger
string or to sear.h lor certain charact.rs ei!h a strinq Just as
uith the mathemalical fun.tions, a walue is reLurned by the stri.g
function. and this varue cad be assigned !o a ner strinq tariable
'rhc no.t important strinq runctions rre risted bel0v:

The le.gth of l* of cbaraclers i.) strins xg

Ihe leftmosi from strinq x$

RJcHr(lS,n) The substrinq.f xS fron Lh. "nth" chara.ter
!o Lhe riqht-ftost .haracter

r4rD(xl,r1,n2) The substrinq of x9 LIrat besins
acter position and:s n2 characters in Lenqth

INslR(n,xS,tS) The starting chrracLer position.f substrins YS

rithin strinq xS 10 returned ir not found).

lhe folloeing progran deiE.strates lhe najor strinq funcLio.s:

1lJO REM s'IRTNG

220 PRrNT 'THE ANALYZED Is: r;rt
210 PRtNr'IHE LENGIH oF THE STRING = ,ltN(xS)t'cHARACTERS'

I,EET 4 CHARACTERS anE: ";I-EFT(x$,4)
SUESTRTNG !'ROI'!

260 PRINT'TEE SUBS'IRING STARTING AT FOSITION 3IS: "

rNs rR( 1 XS.'CArE" )

S?RlNG iTBRARY FUNCTIONS

Is: CoLDEN GATE RRIDGE
I3 CHARACTERS

FROM CSARAC,|ER 14 TO TgE END 15: RIDCE
THE  -CHARACTER SIIBSTRINC g'TARTING AT Poslll0 3 Is: GATE

HE SUBSTRING AT POSITION NUMBER 3



Programmers can define their orn lunclions f.r operalions !h.t ar.
perfomed several rimes withi. a progran and For ?hi.h no LiSr.ry
tu.ction erists. rhe funcrio. aFplies io ihe a,..qr:rin {hi.h it appears, but iL sLiLl .en save a qreat daal ol
space iD the progran and if rhe pr.ces<or nenory.

rhe DEF statem. L is us-ad io celide r rser fur.rion- rh€ q!neril

Lin€ c D0F F\a(x) = ex'r!ssi.n
lire f - BAsIc 1!n. nunb.r

reserved 'orc
= the tun.tion nane. The letters

'a' is a.y BAsIc va.iabLe nah€.

(x) in pareoihesis is carled a dumy
varial,le, rhich can bc any leqal .u.eric or strinq
!ariable nan4. This variable is used to defin-. th-
'jerpression" part of the function.

expression= any BA9IC expression, i.cludind any Leoi!inar,e
mlhemacical or scrinq operators.

seweral exampres wilL .lemonsLra!e user-Cerined lDnctions:

EIAI4PLE: Convertins from c,A.tigrade to fahrenheit deqrees

ITI O REM USER
E CONVERSIONi

1I0 DEE FNT(x) = (9/5)*x+12
120 PRINT: INPUT
110 1r'c=-9999 TrJEN 999
150 PR1NT "FASRENSEIT OEGREES = ";FNT(C). COfO 120

ENTsR CENTTGRADE DECRIES? O

FASRENH'TI DEGREES = ]2

OEGREES? 299
FASRENSETT DECREES = 392

DEGREES? !!99

trl



EXAMPLE: Converting a retaiL store cost to a sellins price tbat
iras a 20t narkup over cost.

TOO REI4 RETAIN $ARKUP
I]O PRINTI'20T MAR(UP OVER COST"
120DEFFNS2(X)=x+.2*x
1]O PRIIIT
T4O INPUT 'ENTER DOLL^R COSTi]'C
150rFc=0THFN999
160 PRINT 'SAILTNG PRIC! = S'''FNS2(C): GOTO T3O

20* I4ARKUP OVER COS'T

ENIER DoLLAR cosr? !!
SE'IINGPRTCE=S60

ENTER DOILAR COS'I? IOO
SELI-INGPTiICE=S120

ENTER DOLI,AR COSA? 9

ITXAMPLL: A social secority .umber ei11 be entered {ifhout hyphens
The user-defined s!ring function ei11 insert hyphens
betuee! the 3rd a.d 4th numbers and betveen the 5th ard

lOO REI'1 INSERT SECIIRITY NOM8ER
1IO PEINT,'STRINC INSERTlON FUNCTION'
120 DEF FNRS-'EFr(xS,l) +'' + MID(xS,5,2) + "-" +

RIGHT( XS,II )

140 IIiPUT 'ENTER SOCIAI, SECURITY NUfrEER",X9

160 PRINI "ssN wlTB HYPENS = "rFNR9(XS)

STRINC INSERTION FUNCT:ION

ENTER SOCIAi SECORITY NIJMBER? 12]456?39
sSN WITS aYPHENS = 123-45-6739

ENIER SOCIAL SECURITY NUMBTR? 2223]4444
ssN wrrH HYPHENS = 222 13 4444-

SECURITY NU|1BER? !



BAS]C STATESENT SUMItlAPY

A' IxEcUTAB!E STATEME\"1s

line { LET variable = <eapression>
Line * variable = <e'oression>

line * INIUT list of variables
line { READ list of lariables
Iine s rNPUT fn list of variabtes

tine * PRINT Iist of variabl€s
line * PRINT USING outpur fornat stringr list ot variables
lioe { PRrNT fn/ tist of variabres

line + IF relation THEN instruction ELSE instruction
or transfer

rine * coro rine nunber
rine * oN variables GoTo rist of rin€ .umbers
rine + 0N variat,les Gosoa list of line numb€r-e

line f FoR lndex = start value To €nd value

lin€ + NEXT Index

line f GoSUE subroutine line number

line 1+ OPEN firespeci FOR OUTPUT AS FII-E *filenrnber
line + CIOSE {filenumberd

ltt



APPENDIX I AASIC STATEMENT SUI1MARY

1i.e * DIU list of subscripted valiables

ltne + DATA list of conslants

Iine I REx Coment
1lne t (BAsIc state(ent) ! Coment



APPENDIX II MICROCOMPUTER SYSTEM COMI'4AND SUWARY

Naminq and savi.q Proqrans

- Assiqns a label of "nane" to the erk area.
clears work area.

SAvt filename A c6py of the progran in the uork area is saved
on the disk catalog.

IOAD filenane - Itoves a copy of ploglam "filename" fron tbe disk
catalog into the eolk alea

listinq and Executinq Piod!q49

- Displays a1l proqran lires curleltly in uo.k area.

- Displays proqrar lines n Lhro rql m.

in rork area.

peletinq Prodrahs

DEL filenane Deletes file "filenane" fron disk catatog.

pisk cataloq

- Displays all filenames clriently in the userrs
disk cataloq.

Control xevs

CoNTROL- - Terni.ates progiam listing-in progress o. ploglam
BREAK (ey eaecu tiod- in-progtes s . t,|olk alea is unaffected.

NlM !OC{ (ey - satts program listing-in-progress or progran
eaecuti6.-in-progress . Press any key to continue



iIICROCOI4PU'IE! SYSTEM CO]IIMAND SUM'{ARY

B. APPLE II COIL1PUTER

Namind and Savinq Proorars

- Assigns a label of "nane to th€ vork area-
clears eork area.

sAvE fiLename _ A copy of the proqram in the lork area is saved
on the disk catalog.

LoAD filenane - Moves a copy of program "filenane from che disk
cataloq into the Nork area

Listtnq and Eae.utina Proqrams

- DispLays aLL progran lines curre.tlv in trork area.

- Displays prosram lines n throuqh n.

in work area.

peletinq Proqrans

DELETE fiL€nane- Deletes f!1e 'fi1e.ane" fron disk cataloq.

!:4-!3!eles
- Displays all filenanes currentlv in the user's

disk catalog.

control Kevs

Co!,rTRol,-c _ Terminates proqram listing in_progress ot prografr
execuiion-in progre3s. work area is unaffected.

CONTRoL-RESE'r - Harts program listinq_in-progress or program
execution-in-Progress -



!,IICROCOIIPUTER SYSTEM COI1MAND SUYiIARV

l'RS-30 I'4ODEI, III
Nafti.a and Savrnq Ploqlams

- Assig.s a la6el of 'hame to the so.k a.ea.
cl€ars wolk area.

SAVE filename - A copy of in the vork area is saved
on the disk catalog.

toAD filenane - Moves a copy of program "filenane" from tbe disk
cataloq into the work area

!ist!nq and qxecuti.q Proqrams

- Displays a]l progran lines currently in rork area.

- Displ.ys p.ograi li,es ' .r ro.s' n.

EiecuL€s progrart in lorr .rea,
peletina Proq!an6

KIl,l- fil€nane - Deletes file "fitenafte" fron disk caLaLoq.

pisk Cataloq

- Displays all filenames curre.tly in the user's
disk cataloq.

control Kevs

Te rircEes p'ogran rrst!ng-in-proqr6ss or proqran
execution-in-progress. fiork area is unaffe.ted.

SHIFT-,6 - Halts progran listing in-progress or progran
execution-i.-proqress. to continue.



MICROCOdP(JTER

vrc 6,1 CoMP0TER

Naninq and savino ?roqrams

- Assiqns a labeL of "nane to the work area.
crears trcrk area,

- A copy of Lhe progtan in the aork area is saved
.n the disk cataIo9.

LOAD filenahe l4oves a copy ol progran 'iirenane" fron lhe disk
cataloq ioto the work area

l,!stinq 3nd Exe.utinq Proqrahs

LlSr - DispLays all program tines currentlv in tork area-

- Displavs proqram lines n Lhrough m.

- execDLes orogram in ro.k area,

petettna Proqrans

DEnEaE liienane - Deletes file "filename from C!sk cataloq.

sl-gL!-el4l es

loAD S , disk no DisDLays aII filenanes culrently in tbe

!94r.9-l-&-rC
RIJN/SToP Terminates proqrah listinq-in p.oqiess or progran

eaecucion-in area is unaffected.



Account nunber 5 .ietd 2l
Ad.litiDn 30 Fire 3, lL7
Also.ithm I File c.ntrol 1!, Ll,l
Arithnetic.pefalions synbols 42
arqum€nt 149 B, 36
Array 29, 93 Fornatred ouipui 52
Assrqnrent Lfr, 2L Fu:ciions ll9

BASjC 3, ]i COSUB star€nr.t 13, lLo
Binary search r33 coTo slalenent 13, 72

BubbLe sort 136 Hardcopy output 1:r. 60

caT command L4 lnput 2, !7, 1:r2
caialoq l4
central processinq unit 2 INPUT l+ statenent S, L2':
cf,osE star:enenr l3j 120 rnstruction 3
com€nt stateme.! 13, 24 rnreger 27
comunications 2, t lntrinsic funcLion r49

conditional branch 73 (eYwoid 17
constant 27 (eyphrase 17

conrrol-s 14 nEr state'nenr 13,26
control 0 L4 Library functio.s 49

L,ine nunber 2a
Data 2r LIs'r conma.d 1r
Dara file 117 Lisr (data) 97
DATA slaleeent t3, 50 iogarithns 150

.99 i.9 o- ..

Decision 69 Lqicai operator 69
DEF statenent 14, 153 LooP 35
DELETE CONIANd 13
Deliniter 119 Mairi! 99
DIM stat€n€nt 17, 93 fro.iular r09
Disk 2, lr7 MulLi-branch operatio.s 74
Disk calaLog 14 Multt-user s
Division 30 lruliiprication 30
Docunentation 19, ?3, 33

Nested loop ql
END srareneni La, 2l Nested subrourine r12
Ixecutable statenent 13 xEN comand s
Eapo.ential notation 27 NExr siatene.t Ia, 36
Exponentiation 30 Nonexecutable
Expression 26 Numeric 27
lxtended variable names 29
Extension (file) 14, 119



oN-aastB statencnt 13, 113
oN GCTO staten€nt 1€, 74
cPlri scarenent 13, 119
op..arin9 sysr:er 6
ou:put 2, 36, 52, l2r

Per@.e^t ;oraqe 7
Predetined process l3

PRlNT { sratehent 13, 121
PRrNl USlric statenent 57

Processinq 2, 2s
Proqrar desisd 36
PrograLn termtnatron 23

Randon number 150
RraD s.atement 13, 50

Relational operator 69
RIl! statement 19, 24
RaNAl4E .omna.d l0
REILACE comano 9
Rescrved words 149

sequential fi Le 113
sequential search 137

automation r00
specification 19,94
Square root 149, 150

sratement nunbe. 20

sToP statenent 18, 23

string functions 152
strinq operations 32

sub3criptedwariabLe 29,93

syslen comand 3

,rabte (dara ) 97,99
lenporary storage 7

uNsavE conmand 13
Uncon6iiionalbranch 72
user-derinedfunction 153

variable nanes 23, 29
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