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U:SSU'I18 

HIGH-LEVEL ANO LOW- LE VEL COMPUTER LANGUAGES 

High-level Jang",age" • .. "ch ..... BASIC, lice ... sy to l"arn. LOw-l.""l langua"e,. 
ace .uch IIIOre I i./ce ~ CO<r>pIlee"' ..... ,,/line-code. 

In Port 1 you learnt D few BASIC stat_nle, how to .. dle SOfIW! 8i~le BAS IC 
progr_ . and how to !!flter theae progr_ into the COIIIIPuter and e Mecute thetJl . 

The progr8romer c~ic8te8 .. itll the c.....,uter using .. la.nguage ...--denhndable 
both to hi. and his ID8chine . BASIC is only one of -any conoputer languages. 
In this leason we describe the various types of c.....,uter language you are 
bound to _t if you becOllle .. progr_r . 

We alarl with l.,.....Jevel languages. 

The operation of III COIIIPut"c is controlled by progrllOlS stored in it, ..... ich are 
indialinguiahable fro. any other data Or inforMation elDred in it. Programs, 
dala. and other inforaotion Dre stored and lIIVIipulaled in binu!i code , that is 
one cOOIIpOaed of Is and i!Is only. A bJ.nuy digit U Or 1) ill called a bit , and 
a group of bits (usually 8) is cslled a b~t". (Worda in italica are defined 
in the glossary) . 

It'\en COIIIPuters wer" firat dIlveloped in t he early 19)1)~ , all p rogralllS were 
.. ritten using n ...... r1c cod"s , slX:h c~uter progr llllls are said to be in 
.. chine- code , Progranming in aaeh ine-eode is tedious and difficult, ae it 
ne"da great attention to detail , and , not surp ri singly , the uc:h ine-code 
progr_r i a very ....,h prone to error. 'otly1 Because uchine-code is 
unfaMiliar, and therefore ha rd to r ............ rj e~act1y the opposite of ..nat i s 
wanted in a bogus'le. 

An inoprov",""nt upon lIIIH:tline-codf! is one which allod a p rogra ...... r to write 
his progr_ using ... aningfu l abbreviations and aynbola . The c~uter itself 
is arranged so that it will translate thb ayonbolic langusge into its ... ehine
code . Abbreviations, wlhen used to represent the action required of the 
cOlllputer, a re called in6truction .,.,e.oniC6 . 

Sylllbois and .-....onics are eaay to remetiber, which _kes the task of progr_ing 
.....:h les9 p rone to error, let us R'W"se, for ex~le, thst to add two 
nuoobers the progr_r .. rites ADO. let uS also suppose that the locations 
""",,,fe those nunobera are atored In our cOlllputer _ry, have synbolic names 
auch as CAT, or fRED. 

In our syllbolic language we .. rite: 

ADO CAl, rRED 

lllesning 'add the no.ber s t ored in the Me*lry location called 'CAT' to thnt in 
the MemO r y location called 'FRED '. 

Now the COIIIPuter .. UI have to turn this instrlX:tion into its binsr y _chine
code , perhaps as follows: 



, 

AOO l il l ililil l 1l1 

CAl 11!1 1111 

fRCD l l1mlil 

It perfot . thi s lnna8Ction by ooe ..... of ....... ae.ble r , a proqr .. buill in t o 

the computer by the .. nufacturer . Ou r alllllple sylllbolic longuags h called an 

... _b1V 18n1U89'''' A distinguishing future of .'."""ly lanqu~e. h that 

each ayllboli c: Instruction corresponds . uc:ept In spec i a l case. , to. s ingle 

IIIDchlne_coded Ins truction w!thin tho:! eoooputer . 

Different COIIPutera have COIIP l e t ely different •• aee, l y 18I"I<}U"ges . and 

proqr_lng In such II language needs a full IXldfl ra t9nding of the imer 

>IOrking. o f • cCIq)ute r . Ibwever, a techni que known aa aJcr opr09r.-ing 

can _1<8 one COIJC)Utat ~rstand ....,ther ca-puler'. aase-bly language . 

,. •• etllb lY-! lIng...-ge p rog r_ing I" the province o f the profe811ionol prOOf_no 

"""" receive traini ng In t he language of spec ific coq>uLer sys t eMs . As&e<llb Jy 

langUiif}tl doe. have the advlK'lta<)e thflt greal e fficienc y ClIon be achieved , 

smce all the ~ler operations Ull under the direct control of the 

p r og r _ r. 

QUES TI ONS 

1) 'It>lIl I . the dlatinctlon between . aehlne·"ode and ant!nlb ly lanquage? 

ANSWERS 

1) Ha"hine·"ode II the I'IUIIIe rl " "ode in wh i "h the il"tlltruclions and da t a 

are s t ored within the c~ute r. 

Aaseoob l y l..-g..-ge i. a set of ....."..i"", and a)'lOboI • • .eaningful and 

unde rstandab le to a ~ operator. which can be tr_lated into 

.."nine-code by the ,,~uter. 

2l An ssaetobler Is a progr .... . lupp lied by the c"",,uter --.!facturer . 

which, when ne<:;u t ed by the cOIIIPuter ... ill tunshte an Slse<llbly 

iangUitge progr .. into -.chlne·code . 

The ler .. tlser-prOllTS, .. and a~at"'·prOllra.a a re of t en used t o diltingulst. 

between the progr_ qenerated by progr_ra (usera) for lilPec;1fic applications. 

and progr_ Cluch aa the asse-bler) aupplied by the coapoter --.....fac l urer . 

aa pa rt of the eOlllPuler syatMl. 

So l"",·llrvel l&nC)Uagea a re c"",,uter languagea whe re there l a a one·to·one 

relation be t ween the proqr&oo Instructions and the operations perfoMled by the 

cOIIIPuter. A high· l evel language auch 6a ilASIC hSl 6 one-to·Ol8ny rel ation • 

I single instruction .. y generate aa ...,y aa 20 o r -are operations. (ily 

"operation" I .an. fo r e.aap le . ADO 'a' t o 'b ' • u rletly this _y requi re 

lever'" steps wi t hin the c"",,uler. ) 



As a qeoeral , though oot rigid, rule , ''J.t_l'f09r~ ( those affecting the 
workings of the ~uter ) are written in assenobJy-leve l or low-level 
I_Jutoges, and ,uer- I'roqr". are written In high_lev..! languaqes . 

In.,.,. high-level 18l'"lgUll9H . the r8A)ll of 8y.boh and .ne-onh::8 la extended 
.0 -...ch that the progr811 Is , Iallar to, and a l."t 88 readable aa, the 
[nglish laf19Usge itN lf. An illlPOrtant cha racteristic which distlnguiahes 
high-level languagee frOll low_level langutoge!l ia tha t the forMr are 
qeoe rally offered by aeverel co-pot er --..faclurers , and ne not II-.iled t o a 
single type o f co-poter SySt M as a re the latte r. 

We can ~alae thMe point. by e"8IIining a _ II p rogr811 in • high-level 
llIf"II}Ul'ge . Slwoae we want to e valuate the l!J<jlres8ton ",X/Q.B and call t he 
value Y. p rinting out this va lue . 

PROB lE ... 

lIr-ite out a MSI[ progr_ to evaluat e Y : AX/II+8 

ANSWER 

It INPUT A,B,C 2' LET h A· X/·<l.+ 8 
3 ' PR INT Y 
• • ENO 

Now, whiht thia _11 p rogr .. repl ace. pl!rhap. 100 .achil'll! inatrvctiontl , 
its constructign is stOlfl ll!, and , what 18 MOre illlportant, it hi essy to 
unde rstand . High-leval lanqutogas such 88 MS IC are _ tiMS called l'f1Jbl..
orJanted' 18I19U8!i1!" because they a re designed to al""IHy the p roceaa o f 
progr-.ing for specific typea of probl_i this ex.".:.le ahow1I .... nithMtic 
prob lM . Scores of probl __ o ri.ented l anguagel have been dev..!oped over the 
last t wo decadeo , but onl y \I few have 8chieved wide accep t ance . Proble<ll
oriented language8 in c.-ro .. a are BASIC , fORTRAN, APL , end , to a l esBer 
e"tent ALCQ. for lICientific probl_. COOOL iB used for bulines. p rogr_ , 
and PL/l (ca lled ' P. L. one ' ) for both bueiness and scientific probi_. MSIC 
18 one of the .,st widely uaed hi<j'l-level languages . It 18 aho the high
lev..! lanquBQe which la uaed by d.,st all low-cost ~ters _ the kind the 
.n-In-the- street can buy. 

Cive three distinctions between aslM!llbly l.-.gueges and hi.gh-Iav..! l..-.gu.aqel. 



B 

ANSWER 

1) A stateMent in high-level Jarq.Mge _y generate .... y -..chIne-code 

instructions ..nan If_Iated , whe reas there is usuolly a _-to-one 

relationship between an a8~ly-lBllljjU"'}e s tatelllf!flt and a cOQIfIuler's 

MBChlne-code . 

2) A high-h,vel l anguage is genf!rally available on -any different cOIIpul e,. 

8YSt __ ..ner,," an •• Hlllbly l WOgUaqe i. ~Hic to one type of 

cOIIpule r aya t e.. 

)J A high-l.",.l language 18 eIIaler to learn and under.tand. 

A (trw 80re potnu on bn!il'uages. IIhen you are Pl"09r~ng. \faflOUI features 

of the co-put er .eke 1,-,,1""8 -are 'PP8rent ..nen 8aSf!!lbly language I.s 

used lhM'l if high-level languages are used. Physical conelralnh, such .s 

the aize of the -.or)' available , ..... t~eh.,. evident. 

Although ."y high-level i8OC}uaqea UII good . they ut! not as yet lUll efficient 

sa. good "'-' nHlltlly-lanljllH09. p1'09r_1'. for this re.~ good 

•• se-mly-hnguage progr_ are "",re efficient than high-level progr_. 

However, the coat in tiM of preparing asae-bly-18nguage p rogra ... hi greater 

tt..., 1"-1 involved In hlgh_l.".l progr-.ltll}. for progr_ .... ic:h are used 

over and over again (.y.t_-progr_l, .a...,ly IIIfl9U898 i. orten be.t , 

all .a. i_ efficiency III obtoioed whilat running lhe progr8lll, in let ... of 

IIlota<}ll-1IP1tC'I! and e.ec: ... tion-U... . lhh will Drten offsfll thI! extra tiM 

fDr prllp8ration . 

11._ R-EO 

1ooItER&-~"'" AQ.T 

"n1ou ~.,.? 
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LESSON III 

BASIC AND COt.lPUTER PROGRAMMING 

BASIC is a high-le~el co-IPuter langu"'}e which ill widely available on .adern 
coooputer eys t _s . It reseMbles other COIIIPuler languages in aIIny reBPect" 
but hils blten designed specifically to be e i"""ler and eBsier to use . BAS IC 
(.!!,eginners ~ll Purp<>8" ~lic Instruction fade ) "88 developed at OartlllOuth 
Co11"98, New Ho..,sni re, USA in 1~65 under the direction of J . Ke.eny and 
1. Kurtz. It is 8 sill'Jl1e language to learn, bot it i s neve rtheless IKIwerful, 
and it also serves 88 II good slepplr'M]-" lOOl! for s tudents ..no .. i Btl to ustsr 
other longuagfl!l such 88 rORTRA!>I or COBOl. 

In 1I08t high-level langtlagea . you _t learn a lot before you eM start to 
write al"""le progr_. x-e pe-ople find this quite difficult. But once t he 
language has been fMstered suffichmtly to write even II sillipie progr _, 
relatively little uln knowledge is require d to ..aster the language cooopleteiy . 
With BASIC this is not 80; a wide variety of programa can be written llsing 
but a few "illple inst ructions . Hany eoq>ll t er IIyatems offer an advanced 
~ersioo of BAS IC called extended Ab le ..toich has the power required for very 
sopnioticated applicst i Ollo. Manufacturers of lIini_ and lIicro-COlllplltera 
often provide a lia ited version of BASIC, which l18y 90 ooder a trade-n_ 
such as " TI NY_BASIC". In thia course , we introduce the whole rsnge of 
BASIC - frOll the OIOst elementary statenoents, to the advanced instructiOlla 
svailsble in extended BASIC . 

QUESTI ON 

'Itly wao the BASIC langll8ge developed? 

ANS .... ER 

To pro~ide 0 sillllple and easy-to-learn (tho..qo. nevertheless powerful) cOllllputer 
18nguego, and to for .. s stowing-stone for students wishing to "",ster other 
languages such ss r(JITRAN or COBOL. 

You have slresdy started to use BASIC liS a progr ...... ing 18ngllege. However , 
the programming language or code is only one ell!fOent in the programming 
p rocesa. 

There are five ateps in coq>llter progr anning , n8lD8lYI 

1) systll!'ll8ticslly defining the probl". (you did this in sn unsystematic 
way with the coq1uter ' e eslill8 t es for .... king boxes in Port 1). 

Z) drawing a fl owchart (which YOll have no t yet needed) . 

') coding the p rogn .. , i . e. writing the BASIC progratO (yOll hove a terted 
to do thi s). 



4) testing and corr ecting the proqr" (..nich yoo have barely needed) . 

~) doc~ting the progr_ ( ..nich yoo have not ye t done) . 

The de~JnitJon of the pr obJ_ .... st be c .... leted before yoo think .. bout 

writing the proqr.. . The e i Mefl ta of t he proble. aod the obj ective. 

of aolving i t _t be clearly defined . t thi •• tege. foor .spech of the 

prob l e. Bhould be considered , 

t he source wid fOHl of the data i~ut 

the type aod fOHl of the data output 

the Naos of p rogr .. control 

The roe.t . tep is t o draw a flowchart. A flCNChlitt i •• dhogr_ coroatructed 

of staodard sylllbob .... ich shows the logic. I . tructu re of the progr_. 

Ch;:e the progr_ ha. bM'f'I defined . and a flowchert dra"" . codln9 t.hot "rog-r .. 

is atraiqhtfor'Ward and consi 8oh of transbting the fl owchart into a fOHl 

..nlch C8fl be urdentood by the ~ter . 

flo progr .. s"'lOat inevitably cootaio. errore, .a it MUs t be t es t ed lind 

corrected, or debu99~. Many of the error ... ill be trivial 18l'OqUage e rron 

(auch as the incorrect use or verb. , or _iasion of e • .."Ual pl.nClIHIUon). 

If such ao error Is detected by the ~uter . it IIII"..s an tu ror dl19noltJc 

...... i' • ..nich t ell . the progr_r ..... at wid ..nere the error ia. However, 

there l118y be erron either in the logic.l structure of the pr09r_ . or 

in the co-putaUonsl proc:eas applied . In LesllOf'l l~ .. e distif'IC)Ulshed 

bel ... ero .yntax errors - ..nich .re usually trivial _ and roo-U., errOff 

which are IIOre serlous. Although they cause the progr8111 to fl.nCtion 

incorrectly , they calVlllt be de t ected by the e .... ut er . and . re therefore 

difficult to find . 

'IIhen a progr .. he. beero proven ut.i.afae t oty , the next s t ep I. ita dOClaent.tJoo 

to a 8otarodard >there it Carl be readily urderatood later. The quali t y of 

p rogrBl'l doco.aentation varin according t o the purpose of the progr .. . 

(he of the .. rks of p rofelllional prQ9r_rs la the s t9l'ldard o f tho!ir 

doc:..entation • ..nich i . such tha t any otho!r c .... etent proqr_r can s tep 

i n, update, and .:KI lfy t he progr _ . with a . iol_ of learoing tiee . 

On t he ot her hand , peopl e who produce a progr_ for thei r OWI'I use need 

not doc.-ent to full professional a tBOdBrd. Nsverthelesa there is •• ln1_ 

level of doc .... otation , even ...nen a progra ia for OIlfl ' S own eyes oroly. and 

it pay. In the long run to 1111_ . t • high .t~rd of doc!..-entation . 

In the nex t le8oeon we 8onow how to drllW flowchart . ; we have already 

taught yoo how to code si..,le probl _ in BASIC. Later yoo will learn how 

to define the.. 

I~ver . we can Oflly &how yoo by uMple how to doc~t the prograM. 

and how to telt aod debug it. You .. I ll bea t learn these aspects of progr_ing 

by experience. 



EQUoll~ difficult to teacn , even in a programed learning course , is the 
process of probleoa-definition , and how to become 8 good progr_r. 
But it i s the ""aUty of your p roble_definit.ion which .. ill deler.ine how 
900d 8 progr_r you "ill eventually becO«le. Reme.ber thi8 aspect of 
COIIiPuter progr a ... ing when you "" .... ine the " xanoplea discuss ed in the 
\"e<OUinde r o f this course. 

first, we introduce the ter..a and symbola uaed i n program flowcharting. 

QUES lION 

'rfly i s program docuooent&tion i~ort8nt'? 

ANSWER 

Because 8 well documented p rogrM cEifl easily be understood by another 
progr_r . or by you if you cOW! back to work "ith the progra. lUI'Iy 
...... ths later . 

" 
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!.ESSON 20 

WHA T I S A FLOWCHART ? 

rl""",/I.I t U .re iHltp-bir"'tltp d'.gt_ t/I.t 1 .. <1' eo '" .oJueJon b'l .eM. of 
'lelt-no que.tlon •. 

A co.puter co.ea into its owo ..neo It is applied to cOlIplex , repetitive 
o r tediOUfl processing pro01".. . I*'olhl it it po"lble to translate. 
~Ie. procesling-probies into I cOIIIpOter progr .. di rectly, the prO(:e9s hi 
very -..en prone to error , and ia avoided by good progr_ra. An II!l8ential 
inter.ediate .t89'" is • progr_ flowchart Mlhich oulll ....... the prCJCedure for 
solvirq the problllll step-by-step. A diagr_ showing the logk'll now 
of the prob i ewo he l ps you t o define the ~utatiOllllI techniques required. 
and to code the progr... It is also IIfl irwaluab le aid to debugqiog . In 
.,.IIUon, the progr_ f10wch8rt ia ... essenU.l pnl of the progr.'. 
doc __ tation . Below is • flowch.rl .oo ... ng the .olution of • ahlple, 
everyday problell. The c~ter ia to erosl 8 DOe.way street, with traffic 
approaching rrOll the right. Think Ibout this probleoo before eXlMlinlng 
the flowctlart. 

QUES TI ON 

How ooouid you draw. flowel'lart ..niell .now. how to cross. one-... y street 
.. ith trafrlc epproloching fro. t he r igtl t ? 

ANSWER 

( S,-,,' ) 

I=~ l 

I ~t ! 

~ """ clear ? 

'" 
Walk bciskly 

~~ "" " ... 
( S"" ) 



The logical sequence of the flo .. chart shoul d be clesr; but the "ylllbois lIIGy 
need BOWl e.planation . 

QUeSTION S 

Look ot this flowchart . Illich shape o f 00_ Is used: 

1) ss a teraln.l synobol (i.e . to begin and end thf! flowchart)? 
2 ) ss an oper.elon (Le . telling t he penon to do something)'? 
J) as a dedsion-point ( L e . when a yes-or- no ques tion is asked)? 

ANSWER S 

,. 
rosd clear 

v .. 

Ihis is the ter.ln.l symbol, ...tlich 
repreaenh the begiming or end of 
a p rocedur e or p rogr lMl. 

This indicat u an oper.otjon , which 
is specified in t he 00_. 

Thh is a deoel.ion - polnt . A 
test i s per for_d snd the progr_ 
flOll continuea on one o f the out
going PSth9 . Note that i n the 
road-crossing uBMple the ' no' 
path loopo back. Thus the user 
continues to as'< t he question 'Is 
t he rosd c lear ? ' until the road 18 
c l ear. frequentl y the d&c i aion 
point has only tllO outgOing 
paths which correspond to the true 
BOd false answe rs to the t est. 
Howeve r, three or I'IOre out gOing 
path, sre ,00000ti_S used, for 
e _9tnple; greater than (» , eqlNll 
t o ( : ) , l ess thsn «) . 

Using these syft.>oh , draw a flowchart to describe t he actions required 
t o ascend in on aut a-<ltic elevotor f rOlll the g roond fl oor to the s1.th 
fl oor . AssUlllO'l that the elevator i s working properl y. 



" 
ANS WEIl 

,,, -. q)en? 

Press ~asoend· 
(0(" '",,' J 
button to call 
elevator 

". 

Finilh 

Iohen yOll have p roduced your flowcha rt , l ook care fully for redundal"oCiee _ 

repeated quesU_ and t he lile. . IIlen you ~ t o code the progr _ you 

.. ill find it -..eh . ioople r. 



VOUf flowcl\(lrt _y igok .Ilghtly dHferent frotl this; COMpBfl! the two and 
.. It II' .... re that youu e.preasl!8 a logical sequence .... ,ich works. 

In both these 1!)(8IIIp1H , we see that p rQbl _ which Btl! apparently easy 

" 

fo r rn.aoe can be quile COMp lex for cx:.putefS . rOt eX8lllple , !Of! afe c rossl..." 
a road on foot. Tnt! question 'Is the road eleor?' appear .. ah'p le Bince we 
8re sware of the crite r h fo r judging whether or not 8 road Ie clesf . Ihe 
co-puter I. not _are of these crlter li , it _t be painsta&Clngly lold of 
each decision process. 

PROB LEIo4 

Dr aw 8 flowchar t to i llus tra t e the s t eps needed to decide the queat l on '1 8 
the road clear? ' 

HINTS 

1) R~r that fsa t • .,ving ~enlc:1l!s. even a t 8 dis t ance, _an t hat the 
road Is not char. 

ANSWER 

Start 

, 
h~l!w~thl~~···'C-----------------, 

30 m? 
No No 111 it 
~~------------~~I~ ~~ .. you, 

ta it 

f------~"""<211OY'~ 1~~~"'5>~"~''---i 
? 

Finish 
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Thia problN ia not eaay to define . In t hinking &bout H , aod s t udying 
the above solution you wi ll h llve apprechted ~ of the difficulties 
experienc&d in dflfinlng I preble. in the pedantic detall needftd by a I:OMPuter. 

You My hoIIva decided on • different IPI)ro.ch to lhh probl.,.. One Cp.IUtion 
you eight ask h "coul d the .,ving vehh:le pass _ wHhin ten .f!oCondtI .... 
If the _newer ia .. y .... then do not cross. You Ililtot even coneider oohethet 
the venlcle ia travelling on the 11_ aide of the toad •• you are standing . 
lhera I. no "correct" 8nawer to the dn .. lng of thla fiowchlft. You .. IQIlt 
even have considered a dozen olher alternatives, using. IWbwHY or bridge, 
tUlVling .croas, croaslrlQ lane-by-l_ . ate . 

'*'en wriUng 8 progr_. it ia natural to .rite it cw.ldering only one ae l of 
circ~hnces. You MY ignore Vlttau' things which .. Ill occur when the 
progr_ h ....,...:1 by otllen later. It h dway •• good idea to gat other 
people to teat your progr_. aa they .111 have a different outlook .nd • 
different appro.ch to the p rogr .... , Typist. "ill often overlook their own 
t)'lllng erron , whilet o",tdden will 'Pot th~ i-.dieteiy , BOd the ._ 
goe. for progr-.ing. 
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It"~' 21 

IJOIi!:. !C~H FL :' .... CHARTINC 

Of course cOIIPulen don't eros" roada as y"t, "1thoU')h they do..,y olher 
lhlnqa. So what haa rJOWI"hartinq to do with effiehfll e""'Puler progr_ing? 

tel ... look at " 81'"(11" datlil-proce!l!linq probleoo. 

QU ES T ION 

How would you a rrange any three ~ra Into aacending orde r • ....• ~ 

HINT 

You .. y onl y cOIIpara two nueben at 8 ti • • 

ANSW ER 

CoMpare the firat two nuoober ; I f the nut I'IUIIt>er is grubr 
than the second , InterC'hangt 0-. 

Compare the second and third n.-ben; if the second it 
greate r than the th i rd , inte rchange t hem . 

rinall y , roIIIpure the new first I!tIld ,econd I1ol.IIbers ; and If t.ha 
firsl ia gr"atu than the second , Int erchaflCjl! tne-. 

Thi, procPdure is ill.."lrat"d _rical1y below. 

Ini tial data Here la the Here l a the He re it t he 
sequence aner sequence aft e r rind da t a 
fi ra t atcp second atep 

A, 121 COIIpa r e , ' ICOOllpsre , 
8 , 7 intcrchange 121 ~are, 

10 no change 

" 
C, ,. 1" Interchange " " 
for convenierce , we cali the top I1ol.IIber ' A', the neKt '8' , and the lowes t one 
In the I1st 'C'. Iflen we write a COIlIPuler p rograM to leck i e LhJa probl", 
A, B, and C will refe r to the locations In the cOlllpUter IIII!WIry in wIllch the 
no.ft>ers a re ato red . 'hue , In !.hh eKWlple , the iaf9cat I'IUIIt>er alwaya enda up 
In location C. 

PROB lEW 

lJIIlng the syllbo1a you hav" learnt 1M) far , and the addi tional ay.bols 
Introduced on the next page, d raw a fi OW'CharL ahowing tha at epe which t he 
c~ter foll ows in printi r..! three """""n In ascending order. Aa~ 
the rlUIIIIbera are typed into the COIIIpU t e r on 8 keyboa r d. 
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Three additional flowcharting .~111 are useful for indicating Input lind 
output _ the nut I" geoenl, the second and third IIhow particular if"CKIt 
and output Meana . 

o 

D 

Ceneral If1Iut/output a)'fllbol: indicate. ... y 
operation of r .. dlf19 and ... r1tin'jl'. and ao 
My be uSlld for lin)' Input or output flrlCtion. 
Input: Infor.allon for p roc ••• lng: 
Output: recording of proce ... d infortMtion 

_ Indicates date input fro- " lIeWbo.l r d' 

Indicate. i~t fro. or output to " document. 
An input doc~t Bignt be " paper tape. 
An "xlllllpill of an Input doc ...... nt Is t yped 
text which ia IIClOI'InIId by ..., ~tic81 
O>araeter Reader (OCR) HIK:tllne . Ooct.er1 t 
i~t • .re f r equently used 10 the printing 
Industry for ~ter typesetting of new.papen 
and .. gazlnes . 
l)x!Wlllnt output Indica tes output to the 
let.inal p r inter or line printer (whien 
e .. print" whole line III once) . 

Now dra .. the fJ o,.ochll"l to 80rt three IlUllbera. -..hooe vlliues are a tored .t 
A,8, and C, into .:.cendlng order . A,B , and C 1Ihou1d be considered as ,,101'198 
location.. If you Interct1af"11}e A and B it _ans asaigning the old ccntenl8 of 
B to the location A, and vice varsa. 

Thi a My be expreased in another "ay: "e aui9l1 the rotJllll!r values of variable· 
"- B to variable·_ A and vice versa. 

J .' 



" 
ANS,,"'ER 

i!c.,>---""-----, 

In a later le980n we .0111 code this progr aM in BASIC, but tm, flowchart abov!! 
fo rM a cOllCl lete definition of the logi cal struct ure o f our progr .... . 

In Supplementary LeHson II on page 718 a ~lete aet of s tandard riow.;:hart 
nyoobols i e gi.ven . You should read this lesson to familiarise yourself with 
t he cotman fl l>W'Chart syoobols before going on to Lesson 21. 

PrDbl flllls in Part) reQUire co-p l e~ flow.;:ha r ts . If you fi.nd flowcha rts 
difficult , then read another tnt by thin p<t>lisher _ The AlfJorJefw lI'de'u· ... 
Gulde by Doris hatley and Alan thwin . 



20 

LESSON 11 

US ING WHA T YOU KNOW 

rou ster!: CQ d"1'1,,. II.1"09 r _. du" f loo.och" ,. t • • .and l'Tog .... ,dth MSIC - thr R 
01' th" 1'1" StepS in '''''9.1".-.-1/19. 

So.4IPoae you .ant t o wrile " sijJpl a progr .. to eOfwer t the fo llowing 
temperature. (rOlll deg ree!! Centigrade t o degr &ea rllh re.-neit . 

To convert Centigradlt (Cel sius) t o Fahremeit , you eM use the for-ub below: 

r:9· C/S .)2 

C : dll9r.8" Centigrade 

nut you should write .. ~probl_ definiUoo" and decide ho .. you .1.11 p reaanl 
the result •• 

Thls i s what. probl_ definition look, u ... fOt " prOQ r .. which COIIIPutn the 
aver ag" pr ice of " tin of beans (rOIl five different shop •• 

INPUT: 
PROCeSS : 
OUTPUT: 

f he pric •• lOp, 12p , np, 13p, 15p 
find everag" using (Oralia A~(St.. of p r icn)/5 
the averag" labelled 'AV[RAC( PRIC( rT BtANS ' 

Second , prepare a proqr .. flowch-llrt. 

n~l1y, code the prOQr .. in BASIC. 

PROBL El.I 

ND>I try the C"nHgude to r.,ra.-neH prOOl _ (or yourself with probltlll 
definition , ro11_d by flowennt , followed by t he ptogrM . 

ANSWER 

1) PROOlEH DEfiNITION 

INPUT. 
PROCESS : 

OU TPUTI 

thr •• centigrade t-.peratur •• )6- , -32-, 8 1-
convlltrlign ... s if'19 for-ula 

tabuilltion of the th r ee tellipeututee in degreell 
Cent1gr llde lind de9reea rahrerY1eit with each 
colu.! labelled 1111 1IOCtl . 



Print 
headin;! 

Cbnver t to 
Fahrenhe it 
Fa C" 9 .. 32 

Print 
results 

" 

Thh ia ca lled. a t reight .Hne fl owchart sinel! the re are no b r anetlea or 
t.lons . However, the processes are oot roe<:e ... r ily Interchangeabl e; for 

~ lIOIIp l e . process} IIbovl! _ 1 precede p roce .. 5, and 2 .... 6t p rec::1Jde ~ . 
St nlght-line flowcha r t. a re use ful to defi ne lhe sequence o f p rocessing . 
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' J PRIDWI 

U READ A,B,C 
2 ' PRIIH ·CENTI GRADE"," FAHRENHE IT " 
311 LE T X=A' 9/'+l2 
~ II LET Y- 8 ' 9/5+]2 
511 LET Z- C' 915H2 
U PRINT A,X 
7 1 PRINT 8, Y 
8 ' PRIN T C, l 
9f DATA ,H,-32,ST 
U; END 

READY 
RUN 

CENT IGRADE ,. 
- J> 

81 

END AT 1II1II 
REAOY 

FAHRENHE IT 
129.2 

- B.6 
177 .8 

Thi. . prog raM lll u. trate, three iooportan t el_nls of BASIC: 

procesdng u8 i "9 the t (l . 1It_t and nu.ben. vniabln 
...-.d ro~l" 

input uslng R(A{) and OA TA st at_nls 

out put using t he PRINT e tatement (Dr labela and result • • 

I f yoo had any probl_ aolving t h i l pr obl_. Wld parUCt.llarly i f ~ou fOl.nd 
t he coding dHrtl:l.llt , lhen you wou l d find it helpful to revise l .. .or. '. ) , 6 
and 12 tQ 11 be(ote you continue with Leuon 22 . 

This i . not the .. ay t ha t such II progr aM would nor _Uy be IOtHlen , e..,echlly 
if then ...,re IOOfl than three .... lues t o be converted . You .. il l learn, OIIO t a 
sophisticat ed _thod soon, usirq I NPUT I.r.le.cl o f R(A{), 



U::SSON 2J 

INTRODUCING FUNC TIONS: SIN, COS, TAN, ARC TAN, LOG, EXP 

rou .. ~ IclXN ho<I to ',, ,, I n ' td.ogl e. tri~onc»eu-Jc" lJ l/ .tIId IIOlI to use 
n.Jt"rel l09",rftAiu. If 'i01I do not . til t . ~._ ."pl.lfl$ til ••• tuncticru 
IIhtch c.n k IMJptul in .. _ ~pJ.' • .... ck. 
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Can you underahnd the ""II! of JllD thellatica l functions such n: a ioe, cosine, 
tangent, arctangent, and logaritlMl1 Can you use arctangent and sine and 
cosine t o so lvl! arcsine and IIrcosine? If you cun , t hen skill this lesllOfl . 

Do you e ~pect to U8~ these (uncUons"> If not, read lh18 l e .. on ouicld~ ",' 
to see ..... t they _re aboul. 

If you e)(llecl to use these functions in your .... rk , but you fi nd theoo d, f· .H, 
then read thi a chlllller carefully. 'ill! hope you .. Ill then know .11 you r;e~d 
t o know for an ,,<!equate uodeutanding of the terlll8. If, however , you sre 
l Ull baffl ed , then you .. ill need to read an elemenlary textboolc about thelo -
ac rey , but t o cover these functions In grea t dehil we would need III le .. t 
ten l",seon • • 

lhes" function. ue barely ... ed in thi. book. aod where they I re ... ed , they 
Ire upJained "!lain . So we do not pose que8tiOl'ltl ()r1 the. 1n thh leason . 

B-1 t he neM t page I, • flowehul to de5f: r ibe t he adv i ce In t heae pl rag r aph • • 



"" you fully 
conversant with 

Yes line, cosinE!, Uorqent. 
arctan, Logar! t.tm am 

exporential 
(urctions7 

'" '"" expect to UBI! 

l ire , (lOIIine."'tirqent',>~'"~ ____ ~ 
arc tan, rltm and 

exponential 
Cuoctiom? 
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SlOES, COSI'-£S ... ~ TANGOHS 

In tri90~tr~ 1 alnes , eosine. and tanq&nta are all defined with t'eopect 
to right-angl ed tdo"'lios . Toke t he tria"lli e ahown below : 

~I ~ . . , I , ----

.,b,C' • • r. "1191 •• 
A.a.C. lire ct~ J .. n'ltha of 
tM .Ides OSlposlu those 
8119 11". 

The lingle c h a right-Ingle, that is 90 degrees. 
Si n,,, . cosines , and tanqeoh can be defined by the fatios of ttwl l englh l 0( 

the sidea of the tr iangle. 

for the angle . , 10hidl I , in dec}rees: 

dne; sin a , II>d • ; ncsine (A/e) , 
cosine ; cos II , ; arcoslne (8/C) , 
hngl!flt ; hn. , = ","et..., (A/a) • 
Since a ine., cosinea and tanget1h are raUotI . they heva no units such n 
.., trea , inches or kiJoqr_ . Thei r ......,d c.l values vary aecording to the 
ongl ea . 
Here are some e.a~hl.1 

"",. do '" 
,~ 

D' • , D 

". ,.> D.'" II, S77 

". g'.Ufl .If. 707 , 
". .9. 866 D. > 1. "2 ,.. , D Infinite 
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\t'Iy USe the ralloa sin , cos 000 tan? 

The MOat straio1>tfo",srd u&e of the uUotI is lhat they ..nab!" you to 

'llo lve' triangles. If you know t wo aid". o f II right-angled t ri angle you 

can c8h:uhle the ..-.gl" • • 

4 .~2. 6 
}.7 ,., 

for 8x,"""le: hon II ; )fl.7 ain b z 2. 6/4 .1 C08 C ; 4.4 / ).9 

If you can calC!Jhlfl tan 8, ,In b , and COl c, then you can read tabl es of 

'arctan', 'arcdn' . and 'arccos' to find the .... lues or .,b, and c . 

tile uS" of ain lind cos .. y be extended to 'sohe ' tr i ang l e. whicll do not 

have II right . angle. Briefly the re are bo fOMlOJia" for doing this' 

A _ .!! • c 
Sina - Sinb - Sine 

lind ,,1. El2 .. C2 _ 21lC COl. 

In e l ec t r ical engineering , alnes and cosines are used to desc r ibe t he 

.. ,vefora of alternating VOJtIl(JeIi and cur renb (At) . "sinewav!! varll!!l 

be t 1Ol!1!1l positive and nel}ative, 

. ve vol t 89" 

-'Ie voltagl'l 

v z Yo ain 211ft 

whe r e Vo. peak vol h'}8 

t • tiM in sec:ond!I 

f : f requency In Hertl ( t he correc t ~ fo r t he unit 

of eyclea per second). The hiqtle r the f requenc~ 

the -ore rllPidl~ the voltlll)fl .lternatu between 

positive and negative, 
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Host peOP:6 a ce rl\llliUBr .. ith angles IIKpreiilled in degrees. lhere a re 9Q'b 
in a righl·t1ngle, 18110 in a a_I ci rcle , and JliS- In a c.,.,.:>lelill revolution. 
liDwever, Mt.neulidans , aclenliah end enginetlra often specify .ogills in 
udl~s . A r adian ia not • whoh no..ber of ~ree •• in fee t, it I. Ibo<Jt 
S7- , There are Il (or pi) rlldl_ In lag ~rH8. So , bec .... se .. is an 
irrational ~r. we cannot IIKaclly specify t he ....-bet of deg rees in 
one r &dian. 

Angles mell~urlld In tle9rees .. nd radians 

++ +++ IJ,~O'rt/4 57°"PP; 1 91f:fll2 'Sc<':1t 27D":}J(/Z )6BO~2lt 
radians radian radlana ndlans radiana radi ans 

BAS IC provides functions which ulcuhte 81ne , codne , and tangent rrOll 
Ingles exprused In radi_ . It al,.., provlae_ a ~ial function called 
srctengent to calculate the IInIIla, ~n radiana , r rOll a known value of targent. 

fo t eKBlllple: 

" " a ln B:V " COS C: Z 

then arctangent X : " then erroalne Z : C 

lhw the srcb ngent of 1 is 45- , of IJ ia ,,0 end ao on . Ar ctangent ia 
shor tened to A TN. 

We can calculate t he arnine , lind a rcosine rrOlll the arctangent uBlng k"""", 
. thewltic&l rahtlonahips (which you need not r-.ber). 

'.md~'"'' [j,_',. 1 
~zzf 1 C : arcosine Z • "IN l Z when co. A : Y 

Re.e.be r in BAS IC the result o f the arctangent Clp&ration b in radians , 
not d~re'u. 

In the dayB bafora calculatore and cDq)Ut ere, log-table! were taught to 
g_reUona of eehool children, The principle behind logarltJw. h 
del1g.tfully ai""I& , and he. &lnady been introclueed in thi . t e~t . back i n 
PIIrt 1 in the Leuon on 'nhlng t o & power '. 
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\'ou 811~ r~r thot .....-bers could bf! ... ltlplled or divided sioop i y by 
8<;klO"9 or auiJ tracting the \.r>(liceo. ThuS l 

for this al"",l", adrHtion or SuiJtfllCtion to work, bo t h nuoobera _t be powers 
of the 11_ IlUfIIber. It ooouid not work if. different b ... nlAber we re used . 
Thus : 

• there b no nell short cut to the answet 
to this 

In fact the inde~ (the power) in the first e_empls i s the ioqsrithoo of the 
IlUfIIber to the boI •• 1 , written 109

2
" 

Ilpnce ; to c~ute 2506/8 ..., eRn 8"Y = 

23 ~ 8 

10<)28 = 

IlUt 1092 JZ : 5 ~bec_e 2) = )2) 

Thtlrefore 2:,.6/8 : )2 

LOll tables .re us .... lIy t o the bnl! 1P', so that all numbers sre ",_prened 8a 
powers of 111. tt:Jwever, .. t~tichn8 us", • type of l oguit~ called • 
natu,..l logadt""" which Ie to t he tHIS!! s. e is • number, which Ilke 11 i . 
irrational but has special prop .. rti .... I n pure and IIPPlied lilith_tics. 
e is IIPPfoxl ... tely 2.7182818284~90/1)2 " .. 

You need only r-c.er two thinga IIbout natural ioqaritt..: 

- firstly . if a = In~ where In stands for natural JOC}srillw, then 

",to ~ '" "is _ti_ referred to .11 the e"ponentilll of ., 

[

' The g raph of y ~ e Y hall a dope (y .) of 1 when y ~ 1. 2 when Y ~ 2, 2W ] 
oohen Y ~ 2W - the! yalue of e i. defined (rOIl a curye haYing such 'e"ponenti8l ' 
growth . or , in terq of the calcululI: 

If y : e" then ~: II" . 



" 
~eondly, you elln convert natural iogar1tt.. to logarit'- of lIny ou. .. , 
L • by II ~ 1""le r~llltionllh ip • 

ror bese ••• IOQUJ ~ ~ '0< In la 

rOt base 2 '''2 ,. '0 • '0 2 
ror base n '''0 . . '0 • In n , etc • 

Iohy lise log and e~p? 

You have probably heard joke • .oout breeding n.tloita: ''lie atnt .. ith two. 
in aill .,.,tha there .. ill tJ. HIlt, In II year lj1,.IUIP. and in 18 ..,tha II 
a11110n rabbit •• we're bound to be rich', Thh type o( o;Jrowth 18 called 
exponenthl. .- when II 18 the .........tIer of -onthe, .. ill give r i_ to Ii sefiU 
of (or-llae like t he growth of rabbite. 

Other thing8 roll l ogarithMically. So , if you need t o do .. the .. UcaJ 
probl _ which have .".hroc-lnl1 or declining nu.bers you In likel y t o 
n&ed eJqlOnelltiat or log (unction,. 
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I.ESSON 14 

FUNCTIONS IN BAS IC 

You l •• "n to ."pr/t •• the f<IIICUcm, trOll lA •• on 2J .... d , ... other. 1n 
aASIC prOfjt ..... 

In _ny scleotific probl_ . t ..... lgebulc expreuion to be e"aluated 
conta1 ... one or -are atandllrd ... th_tiCIIJ tW1CtJCII1' luch I. aine , cosine . 
logaritt.. and 90 on. An I""ort.nt u~le is the aine functlOl1 which 
~e8r8 In • LCT .hte-ent 811 

L[T Y : SIN (X) 

The function aine i, de rined by the three letters SIN which li f e recognhed 
by the cOIIIputer. Theae t hen geneule the tel of ucni ne instruction. 
required to • .,aluate aine . 

The ar9~t of 8 func tion can be a nu.ber, 8 variable, or • for.ula 
depending on the requir_nh of the progr.. . ThUll , the following aht_nls 
u'" ".Hd: 

l[f Y: S IN( 2 . • ) 

l[l Y: SIN(Z. S-A) 

L(T Y = S IN(Z· SIN(X)) 

In BASIC, the .rg.aent of the function SIN _ t be ,,"pressed In n.di_. 

R_.tler: there are Il r adi_ In 18,B°; Il: ) .1<111)9265 ( If you cannot r~r 
II, there i,,, w"Y to he l p you 1\11"119" wi t hou t it at the end or this Lessoo.) 

BASIC provIdes teo st8ndard _t~tic.t functio .. , and these are listed 
below : 

flHC TION 

SI"'{X) 

C05(X) 

T~N{X) 

ATN{X) 

OP(X) 

LOG(X) 

A8S(X) 

SQR(X) 

tNT(X) 

SCN(X) 

OCSCR1P Tl ON 

sine x, where ~ is -easured in radi_ 

cosine ~ , where x Is _asur &<! In radi_ 

tarv;Jent x I where " Is _a9ured in radl .... 

s rchnqent x, where the value of Al~(X) Is an angle, 
say Q, expressed in radians. ~re -!l/2<=Q<=-/2 

exponential function , eX 

natural l09arithoo of Xl the sl9" of x Is Ignored 

abeolute v.lue of x (the value of x ignorlrv;J the sign) 

equare root of Xl the aign of x Is ignored 

:~!::~ ::~\~~a:!r t~a~a!~ ~~r l:~!!!l!~ ~(~~~r:t) 
sign of '1(, .1 for x positive, il for 'I( = il, I for x negniv. 
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Usif19 these s t andard fla'lCUon. . write BAS IC ats l _nh t o e~alu.ate the 
fo llowi.ng ".pre •• ions , 

1) Y:~ 

2) z.ek .2It2 

» p hi the coaine of the variable q ..... idl it 1n unite of 
degreea . 

SOLUT IOHS 

1) L[T Y " SQR(X. S I'l{2 . X» 

2) L[! Z • [XP(K)..-2 . Kt2 

n L(1 p" COS(Q,'.1415962118il) 

" 

If you cannel r~r tlW! nlue of • you can use your IcnowledQe of tAneJents 
and nctangents. The tengent Dr 45- is 1. But 4S- is one quarter of 1811" 
and T8p'" is. r.di ...... So laS 8 is Il ndillils. So I"'(VA):, or _'",(1)=11 and 

, i 

So you could wr ite for Jl 

LET P " COS(Q" hAT~(1)/18111) 

., 
LET P"COS(D · ATN(1)/45). 
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I.tORE AB~U l READ AND DA TA STATEWENTS - THE DA TA BLOCK 

HOOI the BASIC pr ogr ... trNt. READ, an" DoITA sUt_nta .. hen thalli appea r 1n 
.... " ... 1 Hnes 1n the p r Of/t ... 

Now let ..,. turn to the probl_ of feeding dIIh into the COIIPUter. 
The foll owing prograno illUlltratea the use of ReAO and DATA 8ht~ts, 

!If REAO A,8,e 
2 ' LET 0 .. ... · 8 · C 
311 READ N 
. , LET F..,O/N 
5 11 PRIN T F 
U DATA 1,", ·6.2,7. 235E" 
7 II END 

line HI instructs the c~uter 1u read the firsl three <lUMbe rs In the DAIA 
a t ateOlefl t and 1I •• lgn their val<.>e8 t o the variable_n"".", A,B . and C. Tho" 
the co-put er sets the varlable._. 1.:1, 8:4 and C:6.2. In line 2i1 the 
COliPuter ... ltlpliea the v. lues •• signed to 1. , 8 , and C, and u ll . the re.ulting 
vdue D. Line ,,:I Inst ruct. the c~uter t o read the newt nu-ber I.n the OAIA 
stat_nt and Bulgn it, v"hoe to the varlaole_n_ N, .., that N:7 .2J5(1I . 
(If you UII not sure aboot [ . notatlon. look IIgBln at Lenon 11. ) The reaull, 
r, 18 t~ output of thfl progr ... 

It n i~rtant to ....ooratand the "ay in which the coaoputer rehtea var1ablea 
In the MAO atat~h to IlUlllbera in the data atate.enla . 

Any !llnber of DAU. atate..,ts are perllitted in a BASIC progr_ . and they My 
occur enywhere in the progr8lll . lhe c~uler scana the c.,...,lele progr911 and 
.rranqea the nuober~ In NoCh data atate.ent into. D!.rA block i.n their order 
of occuromce . lhe foor OAIA atale.enl. ahowo on the lert belOOl ara ar ranqed 
into the OATA block shown on the right. A DATA block i. aillip l y a grO\.Ping 
of consecutive IlUlllbers which appear in OATA atat_nta . 

UI DA TA " .2,), U17,', 12)E" 
" . DA TA ., 2,H1,2 282 I,. DAT A -'. " ." 
211 DATA B, II , .,2,-l ' 

OAIA block 

' .2 
) . 11111 
!>.12}l.J[4 
-6.2 

'" 2. 282 -, ... 
2> 
11.6112 

-" 
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PROBlE'" 

Co-plle , by hand, • OA TA block fro. the following BASIC progr _ . lind 88si gn 
values to the variable. c811ed up i n the Rt:All s t ateMen t s . 

I ' REA D Xl ,X2, Y 
U DATA 2.4,·4.7.6,2EI . 
U LET 1 1 . (XI~)(Z) · Y 

4 ' RE AD N 
5. LET 22 - "'·ZI 
U READ Ii: 
7 ' LET 22 "' Z2Ir. 
at PRINT 22 
U DATA " .6,7.2E· " 
, .. END 

ANSWER 

XI 2.4 
Xl .4.7 
Y 6 .2[11il 
N 4. 6 
I( 7.2[-11 

You will Sf!'II , fro. the .alution to t he probl eM 8bove, that ","en the COIIIpUter 
encount er. II R£AD .ht~t . it assigns the next available nuoben (re-
the DIl l ... b lock to the ""tab l es in tho READ statYeOt. The DATA block h 
.tared a •• li at of nu.bera within the eoIiPuler _('Y o and the CQ"Iluter 
reMla nuoOen fr .. thb l1at, re.eoobering . ner eldl R£AD ahleMent the 
lonUOfl of the next .v. Uable I"UIber . 'l1li un i.c}ine the eQIIPuter _vifl9 
• pointer down the OATA block , thus r-..bering how ~ of the .......t1eu have 
ao far been assigned t o "arhll)ea. 

PROBLEI.I 

He re is IIflOther BASIC progr • • ~Il • • DAI ... block , lind 15119" values to 
each of the variable. in the R(AO aht_ta, following at each atat_nt 
the .,v_t or the pointer 

, . READ 8 1, 82,83 
U READ A,C,D 
3' LET X=A ' 8H-C ' 82+D ' 83 
~ . READ 1'1 
S' LET ~·X · N 
" READ A,C,O,N 
71 LET Z=A+C+O+N 
81 LE T w~YIZ 
91 PR I NT W 
, .. DA TA I.U7, ' ."', ' S4S 
, ,. DA TA 3,2,5,1 ' 
'21 DATA 14,'2,2,'8 
' H END 
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HINT 

~r that II variPble-.- _y haye ae~enl dirrer~t valun 'Miqned 
to it duri.ng the running of II progra., . 

ANSWER 

~.2H 
~. l4 1 
'.565 
] ~ p",sition of peinter .ftet .~.igning ...... lu"" to ".,; .. /)1" -,,..,.,.. BJ , , 
" " 12 , , 

I" ." 
: 81 
: 82 

! B3 

.. c"ttio.~ o~ ,"tnter .f~et .u"lqnin:: .. vJ/!:Je till v~rl .. bJe-n_ /) 
- ?:I"itt"" of [',>inter aHer .~"Janin; .. "'.II"e to v.rS.bl~"._ y 

- pc.ieion of pointer .ftet ••• 19n1" .. ,,_ ".oIlH'. t, 
A.':.C, .>"j li 

IIEAD al,B2,B3 
- 1 .H7 
. ~. 3.' 
· ".565 

U IIEAD A,C,D , . ] 

C ., 
o ., 

6' IIEAO A,C,O,' 
A -16 
C _n 
o . , 
N . 18 

Vou"y have found thi s progr ... confusing , 88 A, C,D and N all e~ up twice . 
RellleOllber. though , that A, C, D..-.d ill are not values - they arc variable_ 
n_a, and any value we like Clifl be .. signed to tne-. If they could no t 
change their values in the Middle of II progr_. II liN! such 8a L[I N : 1\1.\ 
would not be " .. lid: bot we knooo it ia. Iohen the pointer ia faced .. ilh thto 
._ varlable-na. t"lce, it .... rely _yea down the dilta-block , .ulgning 
nf'W values to this ,,- . 

It ia ()DOd practice t o coHect the OAI" ata te-enls and grO<4l thN at the 
end of the pfogr_ Just before the end atlil te-nl. Thia ia convenient If the 
OAt" ata te.oenu need to be IOdine<! or changed - if the a_ progn.o ia 
uaed with different data- setl , especially in off-line working , ..... en the 
p rogr ... ay wdl be in the fora of punched tape or B deck of punched card ... . 
It 8180 a llo .. s the locjical flow of the R(AD ... DA TA proceas to be ch!!cked 
thoroughly . 

In SOIIIII COllllPuters , atl~tB to necute a REtW stat e.oent when th!! DATA-bl ock 
is uhauated ( I.e. the pointer h88 reached the bolt_ of the block) wi ll 
qenerate a aeu89l! auch as OUT or DATA 1\ XXX~ where _XX~ II t he line nuabe r 
of the ROD stale-ent. lhls ia called a dla'ln=t1c - it dlllQflOsea the probl .... 
to 88a1l1 the progr_r in debuqqlng lhto progra.. '00 diagroatlc .. 111 be 
printed if the nt.OBbe r of OAI" value. nceeds the ~r of R(AD atate.enta . 
I.e . thera will be ..- piecea of OAT" unused . for thla reason . it ia 
I~rtant when writing lhto progr_ to ensure t hat there 18 one _ not .ore 
and not lea8 - DAIA nu.ber for each varlable- _ in t he R[AO 8lat~ts . 
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ANOTHER PROG RAt.I eXAt.iPL E - WEICH T CONVERS ION 

Here I. a fairly difficult probln . Ensure thal you fully undentand the 
probln before duwing the fl owchart and coding the ao!LlUOfl. We hove 
given you • few hinta to hdp you along . 

PROB LEI.I 

35 

Ifrite a probiflll definition , flowenart , and. prograoo to add the wel.,;.t of 
four it_ which .... igh 

2.212 iii! 5.6211 ill! 

The total weight is required In both kllogr_. and the neneat equivalent 
in ..00le OUIIIIber 8 of pounds and OU'lCei . 

If • K . 2 . ~6223 
when If ; weight in pounds 

K : weight in Idlogr_ 

HINT 

The kay diHiculty in this probl_ b corwertil'OQ the lotli weight in kilogr_ 
to the equiv.lent .,hola "woNt of pound. and DUnCeI , JgnorJlIg ruction. of 
!Ill Dune... . SupPOHII the total wei<Jht 11 K kilogr_. The exact total weight 
In pounds I. 'II = lCoZ.tB4622J, and the whole no..bcr of pound. in thh total 18 
the INTeger pert of W. We c ... co.IPUla Lhh using the INTeger fooction INT(II) . 
The r_ining fractional parl can fl(lOI be COIWerted to ~ •• and the HUeger 
parl Ii_Uarly co-putad. So 6 Ib '.9 01 ~. 6 Ib ) oz . 

ANSWER 

IfllPUTI 

PROC(SS, 

OUTPUT: 

four ..eights , 4.8ZS Ill. 2.212 Ill, 5. 624 !oj, 4.2'12 ~ 

Add the four ..eights 

Convert the total to pounds and OUOCel. ignoring 
fnctions of en ourcll 

using, If: h2 . W4622l for converting kilogr_ 
to pounds and, 16 ounce, : 1 lb . 

Print results 

TOTAt If(ICHT IS K Kl lOCollAHS 
WHICH IS II,PPROXIHAT[LV If POlN>S 0 OlNC£S 
where K : weight In" 
and If Ib 0 01 is the ..eiqht in pounds and QtroCe.. 



" 

Take int.eqer 
~rt of W 

Clolcl.1late 0 
• 16. (decilllal 
~rt of W) 



' I Progu . 

1, REAC A,8 , C,O 
211 LET K_"+8+C+0 
311 LET '11- " ' 2.21.'22] 
4jiI LET P_ HIT(W } 
~, LET O_ )NT((W_P ) · 16) 
U PIUtU " TOTAL WEI GHT TS" , K," KILOGRAt.4S· 
711 PRINT ·OR" ,P,·POUHOS", O, "OUNCES· 
811 DATA 4.82S,2.212,S.6H,4.292 
911 END 

READY 

'" 
TOTAL WEICH T IS 
OR 37 

EHO AT ,. 
READY 

a. H) 
POUNDS 

KIL OG RAWS , 

Note l ha t onee the p rogr_ h." been .ue"""tely defined , t he coding I. 
at r.lghtforward . In this progr_ . t he IN' func tion is belng used to 
trunc.lta the t o t al weight to an integ ral rn..be r o f pounds and ounclll ! 
t he resu lt uy be up to one ounce In e rror. 

l<f'Ia t happen, h ." fall"",. : 

2j! I( ~ 4 . B25 .. 2. 212 • 5. 624 • lI. 292 ; 16.95,) ktlogr_ 

' il 'II ~ 16.953)( 2.28/1622) : )7 . )74961 pOUnd. 

Ill! P(lohola no./C)ef of~) : )7 (f raction o f pounde = 18 .)14961] 

511 D(Nhol, noMIber of ounce.) % 5 [rraction o( ounclUI = 1I.999H6] 

" 

OUNCES 

Tnl8 INlow. the li-ttation o f the c:c.puter a t 'rol.w>lHng o r r ' by this __ . 
lie return t o • .ore accurate _U>Od la t er , which would Intf!rp rf!t s.m. o r 
even 5. S1. ounces aa 6 OUI'lCflS . 

PROBlE'" 

No .. IIOdl r y t his sol ution , to provide an ou tpu t which lis t a each it .... i n 
kllog r_ . .. we ll as the tota l .. eight in both -et r i c and i..,erial units . 

HINT 

The WIPUT ahou l d now be : 

ITEW 

• 
'!tEIGHT IN K1LOC RAWS 
4.815 

• 2 . 212 
C 5.624 
o 4 . 292 

TOTAL WEI CHT IS 
OR 17 

16 . 953 
POUNOS 

KllOCRAI.IS , OUNCES 
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SOLUT ION 

• • READ A, 8,C ,D 
11 PRIN T · IT E ... ·.·WE IGH T IN KlLOCRA ... S" 

'" PR INT · A",'" 
16 PRINT S". B 
17 PRINT· C· ,C 
18 PRIN T · 0" ,0 
19 PRINT 
211 LET K" ""B+C+D J' lET 101-" ·1 .2'. '223 4' LET P~ INT (W) 
51! LE T O_ !NT ((W_P) ' I,) 

" PRINT ·'O TAL WE IGH T IS ",K, "t:::I LOGRAlotS· 

7 , PR I NT ·011",1', "POUNDS",D, ·OUNCES" 

8 ' O ... T" " .825,2.2 12, 5.62",4 .292 

" END 

READY 

'"" 
!lEt.! , 

B 
C 
D 

WEIGHT IN KI LOC RAM $ 
... S2S 
2.212 
5.62-' 
".292 

TOTAL WEIGHT I S " .953 
POUNDS OR ]7 

END AT 9. 
READY 

KllOCI/AMS , OUNCES 

/<bte that the .ooifiution ... y be ~liehed by inserting linn In the 

!laps len In the original line nullbering . SplICing line ou-ben by Ii! in 

the original progrM aUo ... up to 9 stat_nts to be inserled be t we&n 

proceun without -.odificaUon or the origioal progr • . 
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THE I1EM STATEt.4ErH FOR DOCUMENTAT I ON OF PROGRAU 

1'~L' rifth "tf'P in pr09ra"""i,,'j j, t< 1>.- sur~ !>otl> th~t 'tll"r ~pl" c~n 
und"rst<>nd ~our program, ilnd that it ",Hl bf' cl",,, .. t,· ~ou ~" .. r~ fT". n01o', 
.,h'm you 1001< at it "14.1n. n:, .. ar"~ in till!' proqr~ ... ""pIal" ",Ildt .it !.f all 
about In plajn £"911$h. 

In Lesson 19 ~ remarked upon the import8nc .. of progr_ documen18tion H' 
the progr_inq proces8. 

Ihere are two principol iteoos in the package of progr_ docUOIentution _ the 
flowchart and the listing of the progrllnl. [0 Ix> easily ..ncIerstood, the 
p rograro _t include coorrnenta describing the ill!porlant sections of this 
progr.... COIIIfIIef1ts are added to 8 BASIC progr ... u~inq a R(M stot ....... nl. 
(R(M COllIeS rrOlll ' '''''''''Tk ' . ) 

Ihe solution to the probl.,. in the 1IIst Lesson is repealed below, with the 
progrlllll proper ly doc.....mted. 

U liE'" PROGRAM TO CALCULATE THE TOTAL WE I GHT OF 
2~ REM FOU R ITEt.4 S AND PRINT TOTAL IN KlLOGRAMS AND 
30 REM NEAREST EQUIVALENT IN POUNDS AND OUNCES 
40 REM I WILLIAMSON ll-MAY-99 
50 READ A,8,C,D 
60 LET K:A+B+C+D 
70 LET W~K · 2.2046223 
80 LE T P"INT(W) 
90 LET O"IN T((W-P) ' 16) 
100 REM OUNCES ARE TRUNCATED TO NEAREST WHOLE NUIoIBER 
IU PR I NT ~TO T AL WEIGHT l S",K,"OLOGRA IoI S" 
120 PRINT " WH I CH IS APPROXIIoIATEU",P,"POUNDS",O,·OUNCES" 
130 DATA 4.a25,2.212,5.624,4.292 
140 END 

At a ",ini_. a program Ghould include the following corrments : 

II brief description of its runction - lines 111, 21' and .HI 

the author line 40 

t he dDte line 40 

- a no t e of IIny Gpecial or dirricult attributes of 
the progr9lll , as in line 101', 

R(M statements .. re very us",ful especially if you come bock to .. progr .... liner 
a r ew .onths . Ihe one in line HI0 could Save you a lot of trouble in these 
circUlllStanc",s . Put as .. any R[H slote......,ta as you think you will need in 
your progr","lI, It i s oo tt",1' to be generous with REM atateooenta than to be 
.... an . They ",ay _ke your pr09ran. longer, but they can save lots of hOle 
la t er . 
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THE INPUT STAlEWEH T 

:l'he IIlPU'f aut_nt all __ IIOU to ... dt .. proge .... .tn .. hl"h the COIput,"" •• .t. 
IIOU ~or lnCor.-lltJ.on - " .. e<l, Or advlee on the COil ..... the p cog ..... hauld Uk .. . 
.",. 1lItonutlon C.n be 1" tIN' (or. Of nu.beu Or l .. tten (alphanu.edcl . In 
thb cMpca .. IIIe ... 111 be " .. ling .ol.l~ "Jth nuaben. Im/J leur In the COIl .... _ 
w111 d .. el ",lth lett .. rs. 'the IHPU'I' aut_nt i. tae .ora ~rtlJl for on-
I1ne ""r.\: than JlUoD IUId MTA. 

So r ... , "II h.". used the READ and [)A l A IIIht-,h to enter . U data into the 
f;OIIIIpoter . ror p rogr_ ..nere w. a re entering large quantiUea of data, or 
possibly defining eons t an t , ..tlieh a re rarely changed . the READ and DATA 
atn_h .re fine. 

i!oJt BASIC offers II IJIUCh -are powerful atat_nl , the INPUT a t!lt-"l • ..nich 
.Uows U8 to wr it. progr _ which I18ke the co-puter Co.! back and ask QUCetions 
at the terllinai , whiht the proge_ is running. tiling the INPUT a tateMf!flt, 
we can fl!1ld da t a into t he COIIIPuhr aCur we half. typed ~, and a tarted to 
execute the progr .. . 

You .. 1.11 r--.er that in Put I, ... dncrlbed t..., cIaaoea of coooputer Hr~ice 
available t o the .. jotity of usera. We ealled the,e on-line and off-line 
proc:e8l1i ng . Off- line proeening, often in the for_ of II batch-proeealling 
ue t vice, requi rea that the progr _ and all dah ue prepared pdor to the 
progr_ uecution . Fo t batch-proeelilling . you c....-.ot use the INPUT IIht~t. 
unce nobody is prellent to provIde the dllh . So you _t therefore upeeiry 
all your dah using READ and OATA ela t _nllll . 

the difference bet .. een on-line and off-line proce .. "W] n _ 1O<)OUa to 
that beh.CfO<! a PolarOid c_ra and a con~entiooal 008. With II Polaroid 
CIIMra , if yg.u don't like the picture, you can rearrange it and try agllin. 
With II con~entional c_n, yg.u ha~e to .. ait for the fll. to be p roceelled , 
before )ou can judgfO )our auc:ceSl or other .. i8l!. 

Progr_ra ..no can interact .. ith their cOlllPutera are fortunate. They h."e 
Instant editing and debugging facilitiea (~debu991ng" a progr_ ia eliainating 
t he bugll frOll It _ that ia , correcting .U the _tat"'ea in it) . they" .... 
a1100 -adify the coroputer'a acti on . by .. king decillionll balled on inter-ediate 
reauilill ..... l ch it preaenlill to thlHll . In BASIC, IIUCh intfltaClion i. achieved 
through the I"IPUT aht_t. 

Ihe IM'UI Illl t_t ia directly ar'lll lOlJOUa to the READ allt_t, e~cept 
that the _rical ~aluee of the "uiable. called '4' by the INPUT I lal_nl 
_t be typed In It the coaputer terw.il\ll , and c....-.ot be read fro. a OAIA 
atllt_nt forw.ing part o f the progr _ . The li~le progr_ on the ne~t page 
Il1ultratel the uae of the INPUT atate-ent in an inte rac:tive BAS IC p rogr_ 
i.e. one which uan the INPUT IIhte.ent. 
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1IJ REIo4 CALC ULATION OF VOLUUE OF CY Li NDER 
U REW I.W ILLI AIA SON JI - W, Y- 99 
1II P lU tH " I NPU T RAD IUS OF CYLINDER" 

~: ;~~ ~ i ~ 1-'CpCUCT-C-,,:-c, CC,C,CCOCF--::CCC::-:::-; 
6 11 INPU T H 
7\1 LET V. J . 14 15 9 · 1! · I! ' H 
8 ' PR INT • .... OLUUE 15",'1 
?II END 

READY 

'" INPU T RAD IU S OF CYLI NDER 
? 1 IlE T 

INPUT HE IGHT OF CYLINDER 
~ 1 RET 

~ L..ill1! 

~ 
READY 

f'hl. line ~ " c.us~. the CQOISI uter 
t o •• .1; ror d.t •• t the t"",'nsl b!l 
prJllting .. q.,..tlon ...... 11:. The 
COIOpuee r "'Ill then .... 1t untH 'IOU 
type In the d.t. 4110' return cont r ol 
to the COIOS'uur bll I're .. l"9 eM 
c ... rl" ... e-rillturn Ir."v_ (R~J 

In ".s .. !lOtI .... confused •• to 
who types .. !wt In till. prlnt--out 
_ ,..,"'" unrJ" .. llned the d.t. t'iped 

b'l the cc:.pueer ••• OP~N to 
'1our •• 1r• 

'«.lte : We could, of rourae , use" .ore euct approdution for It. for_t 
progra"l1 },1(1)9 Ie ., .ccurole 6e we need. 

Hany ... rh.bl". c'" ~ !!'fltered with •• i~l" I!,:f>UT sllt-'t, .IS for the 
!;<IIItIlnatiOl1 of REoI.O .00 DATA stat~ts. 

In respon"" to the sht~t: 

18 INPUT A,B,t 

the coooputer "ill t)pe 8 single quHtiOl1 .. rk, lind ~ou enter the three 
nuMbers s/lP8rated by e_!l. 

? 1,2,3 
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fierI! is. program designed to ailllply PR INT threfl n""'eu: 1198in we underline 
..nat tilt! eoqlutf!r typel. 

~ IN PU T THREE NUMBE RS· 

a€ 

IN!!III IIlBfiE NUt.!BER5caI> 
! 1,2,1,".5 

1 1 
~N!2 " <. 
~ 

RU" 

l~ellI ItlBli1i """'m ? 1 , 
2 , 
) 

1 1 
liND AI <I 
Illilll 

RU" 

? ) 
! ! 

END AT H 
lliQ.! 

PROBlE ... 

the lint Iwl pto.dded too .udl 
data but the puter i'1notllt. 

! the addition .. ' Input. 

[MU A 

(N.II. ,s.,.... dlelects of BASIC 

",HI .'9n.' a,., eUor tf you 
,nput tOO .. uch dsta.) 

the c","pute t h insi.t,."t In 
8.1I.ln'1 for deta until thtH 
""",ben hive ~n t~plld In. 

'A,' b not • n_bet - thIP COOIIJ':.rter 
te8p011da ... ,VI • dl.gn<ntlc e CC2t 
_ ••• ~ .m 8"_. for n_ dete. 

UIIlnQ the INPUT stat_"l , wrHe • prognMl to convert .,tees to the 
equlvdent ret'll and Inches, ignoring fracti.ons of an Inch. You"'y 
write your own probl.,. definition u8ing " fl .... chart If you wiSh. 

n.1I _ ~ 1 inch 

HIN T 

the p roble- Is ,.1.Uar t o the con~lIr.lon of kllogr_ t o pound. and 
Ounclls In Lenon 26 . 



ANSWER 

" PRINT ·CON .... ERSION OF wETRE S TO FEET AND INCHES" 
211 REIo4 I.WIlLIAiASON J'-IoIAY-99 N:)'rg: TM u,. of PIlI," co 
311 PRIN T "LENGTH IN tJETRE S" pelnt a tHl. a t tM sUrt 
" . INPUT L of .. ch r un. This h.lps 
511 LET O_L 'lGGG/(Z5."',2) anv other p«>ple.,hg . J;rht 
611 LET F_ INT (0) .,hh to .. ~to !fOIIr I'I09r ... . 
7' LET I_ INT ({O-F) ' 12) .ond u_~ -leu Iwvin;r ' 
80 PRINT "CON .... ERTS TO",F,"FEET ",I, " INCHES· :ncludto tiel. in a 
9 11 END .p~i.l R6H nate_nco 

READY 
RUN 
CON .... ERS ION OF I.tETRE S TO FEET AND INCHES 
LENGTH IN I.tETRE S 

? 2."1 
CONVER TS TO • FEET INCHES 

END AT " READY 

RUN 
CONVERSION OF t.lETRES TO FEET ANO INCHES 
LENGTH IN iA ETRES 

? J. 12 
CONVERTS TO " FEET INCHES 

END AT " READV 

The II"UT . tat_nt add • .-.other dheo.ion to the print-out, .ince the coeputer 
is now uklng !IOU que. tions . To avoid con(ullion in interpreting the fesults 
o( your prOC)I'. , you should geoerally t r y t o g roup tOC)ether the queations and 
ans .. era lI.soclated .. Ith the INPUT I lptemenl, snd to separate theBe (,0lIl the 
results of the ~utstion state.ent. 
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'"'ORE ABour PR I NT 

You ell" al r .-dO} PRllIt' In 5 ,;one.. rOil _ l& ... n to PlltNT' .. til clO'lelv th.tn 
tMt, on " new Hne, 1"'11119 " line. or J .. ,,11>9 911~. 1n Che HM. 

Sy now, you .. ill have reHli .. d that the print-out of your reeulta i ll an 
aBSential par t of the progr .. _ and -..ch can be done to bprovII the darity 
of the result. by proper and cuerul for-atUng of the print_out. 

In thi a le.son we revhe the aspects of the PR I NT IIULe-nl -..toich were 
introduced In Leason 14 , and go on t o introduce SOM additional featurn of 
PRINT which you ,,111 find use fu1. 

Below nil two ex""", l,,. of the type of PRINT .t.t_t "",ed .., hr. 

" 12' PRI NT A, 8,C,D, E 

2 ) 

To Interpret II .dUple_itell PRINT atat_t . the CQIIPuter divide. the ,weep 
of the taiatypeowriter carrl..;J1I into fhe ~one., of 14 o r 15 apllCea e.ctl. 
( The preelae wid t h o f II zone nriea in dlffereot cCMIIputer eYllt_; in our 
eKppiea lha c~ut.r VlIea II TII-characler zone.) (8ch itMl in the PRINT 
, ht_nt I, p l 8(:ed within. new zone on the printed line. 

OUES'ION 

""'at print_out would the .boye etat_nt . produce? On lZJ A=12).II , 8:-11. 
C:.fllf"flZH, D: 1i"';!i!fl, (:-2.4S6; In ll1f! A: .il12, 8:115 . ) 

HINT 

R8III8ftIber our coqJut er un' 5 zOne8 , eaeh III-charac t e rs wide. 

ANSWER 

1 ) 

123 . " -. -Z. otS6 

2 ) 

,. . '12 ,. " 



" 

Thero! i s roo Ii_it to the nutlber of iten. in the PRl'll StlltetOlCf1t. Ih ..... ",.,u 
llewm "Ill be printed on • new Hne . Thi, J, shown In the follo .. irlf,j " . ""JIle. 

,. ,. 12 e. su ... ~ 

( It Is obvloully "e""saary to remelllber thi s chan.cteristie "hen a rrang i ng 
II for-at for one'. r .. "ults . ) 

The five zones aTe useful ..toen "" 8rt!! printu"oC} data in col'-"8, 1 iI ... th .. 
hbul.ted dah in 8 read)l TKlccner or .... t'-llc.l tables. SoIwt,.'1.·' 
coJ...,,, are I nulnl'lCe and ..... "ant to PRI'II -are closely. 5eooict>lons 
be UBI!'!! to pack data .ore closely. 

Ihu8 

6 1\ PRINt A,8,C,0 

-13. -4 

whereaa 

6J PRINT A;8,:,O 

wi 11 prod< '8 

22.45 -13.4 

lilhen ......tIers Bra sepa rated by .811leolo ..... in the I'RI'II allltcooe<lt, 8 singl .. 
'PIce is inserted in the print_out after each n~r. If you loole close l y 
at the print-out above you will lIel! that the re ne ,,"t ra single spaces 
preceding II, 8 and 22 .11 . IhI, I, to enable the ,iqn (positive .. or negative .) 
to be pr inted before the no..ber - but the. si9ll is not printed I" BAS IC 
10 • blank apace ie l eft . Thie 1iIP~ preceding the nuoaber i, oecupled by 
the - sign ror the ou.be r ".4. 



" 
5e«.i«Jl(lt'lll .. y abu be used between labelt, and between labels and nu.bers, 
but the additi ....... l space hi not i~etted . ner label.. He re are _ eJlUlpl.a: 

Il 

,. s • • 

" 
II ' PRINT "A . ·; 
151 PRIN T ·ZERO" 

A=Z e RO 

A~ 21.2 Io4ETRE S 

nota the "". of C'CIOIIOWI' and .... 1=101>. 
hue to gi~ • very pl • ..rng layout 

- noea that thi. __ 1=1on ensur ea that 
tile M,n it_ that h print~, .~n 

though It occurs in 8noCller line In 
the prl>9tUl, .. HI b<t on tha .. "'" line. 

In standard BASIC , the ... 1=100 can be OII l t ted be t ween labels and variable
.-a t .. the ca-puter .. UI asa..- a l-.1eolon unl ... lold otne['Wiee. Ibwever, 
.,. BASIC dial~h do no t allow you to oait the .-.1colon . Here it the fiut 
of the s)(8IIIpin above with the a.ieolon a.itted . The print_out is identical 

, . 2 s- • 

'*ta t else can we do with the PRINT . tat_t? 

We con inaert bhnk linn into the pr i n t -out u8ing the aillplnt of PR I NT 
alat_nh , e.g . 

• • PRINT 

int'lerta • ainole bhmk U .... in the print-out. 



" 

AlternlOtively , •• we have aeeo , we can prevent II ~ line being .hlrled bv 
t enoinati"'l the PRINT stat-.t with II c_ or a aeaoh:olon. lhll h 
particularly useful i n conjunction .. ith tt.e iNPUt a t a t ement. Here 18 an 
e~l'WOp l " , 

•• PIiI NT "HOW LONG IS A P i£CE OF STlU /-lG"; 
5 ' INPU T l 

HOW LONG IS A P I ECE OF STRI NG? 22." 

Are ~ou confused? The cOIIJIuter types t he wor ds: flOW LCWC I S Po PI[CE ,II 
SIRI NG , and the te1etYpbriter CarrilOg8 a topa . ner the G o f S Tlll fIC . Tnll 
ne~t atate.fl t i s .., I NPU T, 80 lhe co.pul e r t ype. 7 and waih for dah . 
YOI.I type 22.4 and pre .. carrh'911 return - the teletypewriter carriage is 
returned to the Margin and II new line ia . larted. 

Of course you could NV8 carded on printing 

., PRINT "HOW LONG IS A PIECE OF STR ING Not .. the .",.lcolOll pre~nt • 
• ne ... line and .1'0 ttl" S, PRINT "I!UBBIS W ,,~ce which J. ~fN1 . ft e r 
STFlING Or "'" 'le t .. PR IN T " OK" S11lI~lJlJJISH 

"0' LONG IS , PIECE OF S HU N<; RUBBISH 
0< 

We can also contro l the hor izontal spacing o f the result. b~ t he free use of 
c_s. In the PRINT . tat~t which foll ows , eech ~ adYance. the 
tidetypewriter car riaqe t o a new zone • generating t wo blank zone. in the 
centre o f the print-out 

1', PRI NT ·".·;",·8.·;8,,·"·8· · ; ..... 8 

, .. e· e 

1" PRI NT,, ·'O TAL ·;)(1 

TOTAL 128. t2 



.s 

In! thing tha t you carnell yet do in BASIC is to align col ....... . lIllCept fro
the len . e.g. 

',,", 
' . 13 

·1.6 
H2 .1916 
2· . 11 

would IIppeRr as 

." · J .6 
1<12 . 1916 
2 • . • 

Thh My all aeeoo 8 little confualng, 50 here i s a brief a..-ry of d l 
that you need to r~r. 

aJ There are five zones In the print.out, and a c_ in the PRI~' 
atetl!l"Hlt lak ... you to the nut avaihble zone . 

b) If a PRI~T at8t_nL I, ter.inated .. ith • ~ or _Ieolon . then 
the next PR'" .. ill be on the .a. line. Other_lee the next PRI~' 
I. on • new line. 

d tllbfl19 and data can be closely plK:ked usinq sellicolona In the PRl~' 
stete<aent. A space i l inserted .fter m.mer!! , but not .fter labeh. 

d) " space is available before eloCh rumef for its s ign. With poaltive 
I'\lJrIIbers the .. is not printed, It lOIIPeDrs that such nUllbe ra have an 
utra epace before thell . 

And that's all the re hi t o Itt 

PROBlE ... 

Here Is a punt-out _ reconst ruct the progr_. aho .. i"9 the PRINT 
,ht_nh ""iet> produced It I 

RUN 

H EW 

ENO AT '4, 
REAOY 

WE IGH T 
tr::GWS 
'.2 
2.> , .. 

TOTAL WEIGHT IS 11. 7 KILOGR ... t.lS 

AVERAGE WEIGH T IS J. 9 K,ILOGRA IotS 



ANSW ER 

I~ PRIN T - l1EIAS", "WE I GH T" 
2 ~ PUN T, -KGIA S" 
H REA D A,B,C 
4~ PRIN T - ' -,A 
se PRIN T -2- , B 
6f PRINT "3- , C 
7 11 LE T T ~A-+-B+C 
86 PRINT 
ge PRINT 

" 

le~ PRINT" -TOTAL 
Ilf PRINT 

WE I GH T I SH; T; "K ILOG RM,jS " _ th~s~ $~,"icolon" •• ~ 
1M! omitted 

lH PRIN T""AVE RAGE WE I GH T 
136 DATA 4.2,2.1,5.4 

I S·; T 13; "K ILOGRAIA S" 

,.~ END 

At the end of Lenon 2ll, you .. rotl! a program to eooyer t """trea to feet nr.o;1 
inche&. Th~ print_out "II! not very neat. 

OUES T ION 

Try again , using the features of PRINT introduced in this lesson . 

ANSWER 

ttere is our solutioo; 

" PRINT "CONVERSION OF IAETR ES TO FEET AND INCHES" a REIA I.WILllAIASON 31-t.lAY-99 
30 PRINT 
4' PRIN T -LENGTH IN t.l ETRES"; 
SG INPU T L 6' LE T D=L · 'UII/ (B 4·'2) 
H LET F ~ INT(D) 8' LET 1 ~ INT(D-F) · '2) 
9, PRINT "CONVERTS TO-;F;"FEET,";I; "INCHES
lU PRINT 

'" END 

READY 

'" CONVERSION OF IAETRES TO FEET AND INCHES 

LENGTH IN t.lETRES ? 4.5 
CONVER TS TO ,. FEET, 9 INCHES 

END AT 11~ 
READY 

Your Bnawer .... y have been different to outll. IhBt is not ifl1lottant. lrI'Iat 
matte rs is that it should have looked better than the prevIous print-out, 
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IF • •• • •••• THEN • ••• . ••• A.ND GO TO 

If th~ Ir . . • • .,HBIi aut_fI t 1. used , t hen .. p r ogr u wil l j u",p t o .. nOlI

CO'U*C\ItJ ... It ... ·"uaber wll<!n .. certain cond H J.on h _t o GO 1'0 .l .,.~ • 

.. Ire. It j_p to .. non-con"'ecueJ." n tlaboer. 

In all t he progr .. u anop l es .0 far In thla eouue , we have thou<Jht out the 

probl ... In advance , rond t he COIIIPu t e r hes 8 111p ly obeyed e acto stat eMent I n 

t ur n , stepping leqoenl a ll y t o t he end o f t he progr .. . 

1'010 .tat~t. in BASIC allow t he progr_r t o cont rol t he sequence of t he 

",*"u1er'. action. depe~t upon the data .ctua ll y being proce .. ed . !!lese 

a re t he Ir . . . THO' a t atell\ef'l t, and t ile GO 10 a t at eooent: ano t he r ... y of 

describing these atate-.en t s i . aa con"itJOlIaJ and wl<:'Dllci'H1on.l J~ 

atat_ota . 

l~e GO 10 IIi! 

lhI. GO 10 . t a1_ 1 u usea the ~ter t o J"",, to the 8t8t_t at line 

nuJlllbe r 1111 . Thus the flOMlill H q..entbl proc ... of the COIIIPuler I . interrupt ed , 

and the p rogrll/ll is re t urned t o line OUIIIber lIiI. CO TO ata t e.eota a re call1td 

"unconditional " j"",, ata t _nls aince the co-puler -.ni t al"aya obey thlllll, 

regardlete o f t he data being proce,eed . CO TO " t . t ement. .re orten used to 

force t he ~uter to re_execut e lin earlie r part of the progrMl ., in thia 

e XlMIPle . or to ak!p round or avoid a IIflC tion of the p rog r8ll'l . 

Suppose you wanted to conver t a long Ii . t of ..... sure.ent. fro. _t rea to fee t 

and inches . You coul d lIOdify the pr ogr llll given a t the end or LIISIlOfl 29 8S 

shown be low. 

l' P RINT -CONVERS ION OF ... ETRES TO FEET ANO INCHES-

a REIot J.WllLlA ... SON Jl-.... U-" 
25 REIol THIS PRQGRA Iot COtHAINS A SER IOU S ERROR 

J' PRINT 
.. , PRINT " LENGTH IN "'ETRES "; 
5' INPUT L 
&If LET O· L·,UIl/(25 ... · 12) 

' . LET F_ INT (O) 
U LET 1· INT «D- F) - 12) 
' . PR INT "CONVERTS TO"; F,"FEET, "; I ;" INCHES· I" PRINT 
1 U GO TO J, _ th1 ••• nd. UH! p f QIJ r M boIet t o 11ne J,. "Mu 1t stuU 8'1dn 

lU END 

QU ESTION 

llhat i, "ront;I with thh progr_ ? 

HINT 

Tr y to see how the progr .... ends. 



" 

ANSWER 

Although the prOQr .. "a. VI ['" .tat~t , the cc.put er never ruches itl 
at line lnl it h always di rected beclc to line ~ A. The c~uter will 
never stop t ry i ng to run the prograll - and you .. ill hevI! to resort to one 
of t he atop procedure_ dese r lbed in Put 1, Suppl_nhry Leeson 2. 

In hct, to atop the p rogr .. we need • ~c:onditj_l~ j.-p s hte-enl _ where 
the .cllon o f the c:~uter is dependen t upon the dete being procened . In 
the progr8111 above . we eould vae the d.te p rovided In response to th" INPUT 
eht ___ t to deter_lne whether the progr_ should be stOWed . 

QU ESTI ON 

Iflet i,""ut date could be p rovided to etgp the c~uler') 

HINT 

R~r t h8t .. e heve to if'4lut nu.Defi in re'f)Ol'lSe to the INPUT s tet-"l , 
Of the COl'IIluter .. ill print en e rror .. SS8ge IIOd .sk fo r reput data . So 
look f or. nUlllber ,,"Ieh you wi ll never need t o convert (rOlll Blet r •• to r.e t 
end irochee . 

ANSWER 

Since the p rogr .. 18 ....,rkl"9 with distance .... utellenll, t""" eltt>er zero , 
o r possibly. ne<)sthe nu.ber could be used to te reirwlte the progr ... 

I» the next pelle 1e the cOlwllrl1on progr .. Wldlfied 110 th.t It Will flMlCt10n 
correctly. 

~ ~Joogoo 



" 
l J PRI NT ~COOVE I! S I ON OF WETIIE S TO FEET " 
1$ IIEW I.W I LLlAWSOO )l - WAY - U 
211 PRINT 
3tI PIH NT " ' NPU T ZERO TO TElhU HATE PROG !!"'" II UN" 
~ , PRINT 
~. P RINT "L ENGTH IN "HilES ·; 
" I NPU T L 
1 11 IF l "' O THEN 13 ' - /lote chn this takes ,,8 t o the end l' we Input Uro 
U LET O .. L· l 'IIII /( 25 . .. · 12 ) 
9 11 LET F_ !NT (O) 
11111 LET ' - 1N1 ((D- F j · 12 ) 
lHI PR I NT ·CONVER TS TO";F;" FEET ,"; I ; " 'NCH ES · 
1211 GO TO -HI 
IlII END 

READY 

"" CONVERSION OF IAE TIlES TO FEET AND INCH ES 

INPU T ZEIIO TO TER~INA T E PROGR ... ... RUN 

LENGTH I N WETIIES ? 2. _7 
CONVER TS TO 8 FE ET, 1 I NCH ES 

LENGTH IN WETIIES ? 1.12 
CONVERTS TO l ei fe ET , 2 INCHES 

LENGTH IN t.lE TIlES ? ... IE J 
CONVERTS TO 13779 FEET, 6 INCHES 

leNGTH IN I.IETIIES ? II 

END AT 13 11 
READY 

U IF X=' .2 THEN 16 ; 

which ealJSU t he c~lJte r to j~ to line 16e if X equala B. 2 . If X Is oat 
equal t o 1l. 2 , the next ~ t8teeent in t he p rog r lMl is " xl!eu t ed in t he IlONIWI l 
_met . Thus i n e l(ecutlng .., Ir . .• II£N IItllte-nt , the cOIIIPu t e r _kell II 
d~l.lon based ~ the data being proceased: t he result of an If •.•. H£N 
state.mt is condltl_l upon the i nput dllta . 

In t he If ... . Ht(N s t s t l!'ments , two e l(preaslDrlS a re evaluated and cDllVsred 
accofding to s ... l s t lcmal .VIllboJ. There I fe s ll( r e i l lionsl s)'llboh , one Dr 
.... i ch Is t ..... ' ~ . a ign a lready i ntroduc::ed . The f" h t1onai a~lIbo l s used in 
the 8AS IC l anguage a re tabul a t ed on the ne. t pege . 
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Relationel BYII!bol Intenlffltation ~ 

I S EQUAL TO X. Y 
I S LESS THAN X<'I' X i~ leu than l 

<:> OR H O. 
O. 

IS GREATER THAN X>Y 
I S NOT EQU .... L TO Xo V,X><Y 
I S LE SS THAN OR 
EQUAL TO X ( .. y , X-< Y 
IS GREATER THAN 
OR EQUAL TO X>- V,X,.> Y 

x Is g .... t8" than 
x t. not 8'1"81 to 
X 1., 1 ••• than, o r 
aqual t o . r 
X 1. g" Hta .. than , 
eq"81 t o , Y 

No t e' If you t..ve difficulty r~rJOI,I ","at :> and <; _1111 , think of he 
•• -.g'Phonea . The loWer noll. ( the hI'l)11Ir ....-ber) h at the w' ...... 

The exprHtions which a .. ", ~ned .. y "'1''1' In COIIIlledty fr_ "..,1. , 
atuightforol8rd u rillblea or f>UIIben to 181'98 (ol'alhe incl uding BASIC 
fooeti_ . 

1M the following type. of If ••• • TI£N •• ,. atat.enl a a re l egal In the 
BAS IC larll,lUIIQe • 

• , I F X+Y> I I1' THEN .!i ' 
'II I F X<> 4 . 2 · S I N(Xj THEN 22 , 

8 ' I F 501l(Z»I-'I'·3 THEN 2' 

QUESTIONS 

\ItllCh of the following If • •• II€N • • •• tat~h nO! not peraitted in BASIC, 
and ...toy? 

I, I F X· V/2 u 22!1 •• THEN 1!12. 

21 I F X >_ H 1!I THEN V_ 2 

J' I F Z _ , THEN -2 • 

• ,1 If X<>V THEN GO TO 2211 

ANSWERS 

21! II£~ y"z ia no t per-.itted: it ia not • line I'lUIIIbf!r . 

4\1 In .un<!.cc1 BASIC you c.,..-,ot cQlllblne an Ir ... fI£~ ... sht_nt wi th s 
CO TO stsl_nt , Sa-e <!ielecu gf BASIC .. y perlllH thlS, hg"sver. 



PROBLfI,l 

UBlng the CO TO .nd Ir ... TH(~ .. lltete.ente, you are now In • position to 
progr ... the nullber-lIOrtinq p robleoo dhcu.sed in Le .. on 11. 

HINl 

The n"",chart to IIOrt thrf'tl nu.tler. into .SCendlnq order i. r~ated for 
con~~m~~. Nhen you "ish to interchanq~ the ~.luell or boo .... riable
I'IoIO'IW"II )00 "til need to Ulle • third YIIrlllbl~-,- to .tor~. tl!llflPOrarily. 
the ~alue of one of the two. Juat U If you want to interchanqe the 
content!! of two p"n!l you need 8 third pan to act IS a t~"'Ilorary container. 



-.0 .. write the c~utl!r progr .... 

""',>-""=-----, 

A>B7'>_""""--__ --, 

Print 
A,B,C 

65 
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SOlUIIO" 

~ REt.I NU1tBER SORT ING PIIOCRAW 
8 liE'" I. WILLIAMSON 31·WIoY-99 
1, READ A,B,C 
2' IF B, ... THEN 6' 
311 LET TaB 
·Hf LET a-A 
50 LE T .11 _' 
H IF C>8 THEN UIJ 
7, LET I ·e 
8f LET CaB 
911 LET e., T 
1110 IF 8>A THEN Tote 
11f lET r "8 
12' LET a_A 
TH LET A~T 
1~" PR I NT A,B,C 
l!5P DA TA •• 6,7.8,6.8 
,,, E'm 

READY 

"" ... 
END AT lH1 
REAOY 

6.8 7.8 

',(Jhce the lntroduction or the variabl e I whim .. as referred to In the hint. 
Thla is e~sential for the interchange to take place . 

'Ootice .Iso that In line lBO the tes l I, Ir B>" H£"4 ... , whilst in the flo...:hart, 
the lett is the oti"lf'r way round . It i • .:Ire convenient to code the test 8S 
8>"7 So we redr ... lhe rlowehart at t hat point t hus , 

B:>A? Yes 



1Wtd ... blindl y followed the original flowchart, we ... y have coded the 
progru- in the b ••• fncillflt forti shown below: 

11' REAO A,B,C 
2'1 IF ""B THEN H 
UGOT07t 
'" LET T"8 
H LE T 8_ ... , _ LET A-T 

7' IF S>C THEN 1" 

" 

Thb progrlllll , whiht of poor progr-lng .lyle , Ulualr9l118 the un of the 
CO TO stst~t to aldp past aectione of the ptO<:l rslI which do not requ 're 
e~ecutiOfl. 

No t a the illpOrtanee of the flgwcharl In undent.nding and interpreting the 
ptogr_. Howdlerta era ellSflfltial if. progr_ conlai,... J..-pa, conditional 
or uncondi tional. 
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U :SSON J I 

THE STOP STATEMENT 

BASIC pr ogr _ will STOP if tha ['I) aht-,t i ll f llltChod , o r if un e rror i s 
detec t ed which p revents the COIIipu tllr con tinuirw,J .. ith the progr rw IIXecUtion 
(8 t'ual " r ror) . Sc-eU_. you 1liiY .. ith to s top execution at II nu.be r of 
different pointa in the progr _ - the 51(1' a t a te.eot is used for this . He re 
i s.., IIX.."Je. 

" liE ... PROGRAW TO COMPUTE THE SQUARE ROO T Of It POSiTIVE HUWBER 
2iI 1101 STOPS IF NEGATive HUWBER IS ENTERED 
3' PRIN T - INP UT HUIoI SEII M

; 

"'II INPUT N 
50 IF N~ iI THEN 8 ' 
U PRINT "E RROR NEGA TI ve NUt.lS EIl !!!. 
7 ' STOP /IIotai the cO"J",tlll" h teJl1l19 IJtN that Jt lui. eDCOUllt ... .., II S'f'Of' 
8 '11 PRINT ·SQUARE 1l00 T OF "; N;" IS ";SOIl ( N) U.n.-nt at lin. 1'. 
H PRINT 
l U GO T0 3~ 
1 1 ~ END 

READY 

'" INPU T NUt.iBER ? 56.7 
SQUARE ROO T OF 56 . 7 IS 7.52994 

INPUT HU Iol BEIl ? -65. 1 
EIIROR NEGATI VE NUt.l8ER 1!! 

STOP A T 711 
READY 



" 
U ::SSONJl 

PROGIIAIoI EXAt.lPLE: CHECK INC YOUR BANK BALANCE 

'!'hi s progt&lll enabla. !IOu to INPfJ'r the ...,WlU on the c1Htq .... .m be au ... 
that the ~jn.l b.lant;ll J . correct 

QUES TI ON 

litH. an interactive progr _ to check your bani< balence. You will need to 
supply the ~ler w1th your old baJIJI"C'e ww;j dehib of the c r edit. and 
debits In the stube of your cheq.Je book . 

HINT 

for people who na not IICCOsto.ed to reading banlc balancu , here is wtlal 
one 100'" like, and what the printing on It .e_. 

11 feb Balan!:e 
f"orvar d 

1} feb ·l=\ 14 feb 

18 feb 

:W feb 

21 feb ." .. , 
l ",. , .. 

at_ding order 

'I'h!. cclUM g!Vf!!a 
the "ata of ... ell 
t .. ...., •• cUon 

n.611-
17 .9)J ~ . 1.n 

5."" O. 7)J 

).J!j 2.'iJ 0/0 
47 . 711 \ ",.", 

2." 45.711 

f'1'>e"e .t. cMque "_"a, fer eUlI/Ple.
c~_ .5"" .... s rOt 17.9J iell on 
13 ,.ebruJrj 

T~ .. e a t a the 
...... ..... Inl,.... 
in en. ca.h 
account anet 
each ·,"",unt 1. 
p,aid t. 'C paid 
=, 

Thi. _a". 
overdr awn 



'«N "rite your o..n prOCjr .. . and COIIpar ll It "ith the sol ution 9iven at the end 
of thla Lesson. Don 't fo rge t t o dr ... II flowchart, and t o doc:.-nt your 
proqrll'" properly. ro r thi s e~lIIIIP le. """'ever . you _Igh t prefer t o "'Oric "i t h 
us lhrOUl}h the proble • • IItep_by_a tep. 

R--..er the three a""""tII of the prohl", definition which were introduced in 
Lesson 22 . 

I""ut - how to get the data in t o the C'OIJpUter . 

Proc:e811 _ what t o do "I th It. 

Ou t pu t _ how t o present the reeul tl . 

Before atarti"9, you should conalder an itopOrtant point: 'liho ie '}Oi"9 to 
use the p rOCjta.?' "prOCjra. for purel y pereonal use can be Kceptab le, even 
if it il poorly e~p la ined ltOd hurd to ule . because you , the creat o r, ne t he 
only person ..no has to .. stu ita c~ledtles . A prOCj t 8111 t o be used by 
othen -..at be better doc:\.ftII<Ited . better p relented and , .,It of all. eeay 
to Ule aod t.nderstand. 

Hos t proqta.-ra .. rite t heir pt0)9r_ .. ith other u~era in . Ind _ It ' a "", re 
challent,jI"9' Also .,re ft.rlt 

So let us as_ that our bank balel'Ce p roqr .. "ill be used by lIIIrly people . 
We IlUst , therefore , print a title end in. tructions on how to USe the p rOCj r .... 
Thia la the flrat bo~ In t he flowcha rt. 



QUES lJ ON 

Itlat 18 the input to the progr"? 

ANS'IIER 

The progr .. Is to ch«k a bank balance IIgaiflllt transactions recorded in your 
cheque book. The Hut input is the old balance· which <;oold be positi~e 
or rlegetlve. Subse .... o:nt input. define aach transadion - agllin aither positive 
or negative to indicate credit o r debit. 

QUES Tl ON 

H INT 

Thinic of a OUIIIIber which never needa to be INPUT as " tr_acUon. 

ANS'IIER 

A uro·value transaction can be used to stop the program. 

QUES lJ ON 

...... t is the 'process' in this progr_? 

ANS'IIER 

Shop le , we subtract the debih fn. the balance , ..cI add credih to the 
balMee . 

QUES T ION 

HI>w ara you \IOi"9 to present the resuita? 

ANS'IIER 

for each transaction we wllnt to print tha vlllue of the transaction , to 
indicate whether it is credit Dr debit , and to print the current balsnc:e . 
The final bali"'ce should be printed sepsrately sfter the zero lr_action 
haa been entered . 

I PROBL '" 
Try drawi"9 the ~lete nOlodl"rt now . 
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ANSWER 

Here is the nooch.rt : 

I , It J"V--"""----, 

" """'Y 
r---<~ paid Into the 

~,~ 

'um 

Pr int 
final 
,.~ 

How code the p rogr .. - you aiO}h t find the Credit and Debit PRINT a t atl!fllents 
• li ttle diffieult _ think hard abou t these before you eoooplete the codi ng . 
If rleCe8Sary , l ook at the p rint-out , at the foot of the nekl page , before 
e )( alllining the progr llll above It. 



IjI PRINT ·P IWGRAM TO CHECK BANK BALANce" 
I' REM !.WIlLI"IotSON 31 · IoI"Y- 99 
29 PRIHT 

" 

311 PR INT " INDICA TE DEBIT BY ENTERING NEGATIVE TRANSACTI ON" 
., PRINT "'" ZERO TRANSACTION WILL JERloIiHATE PROGRA ... • 
" PRINT 
6 9 PRINT 
711 PR I NT "WHAT I S OLD BALANCe "; 
89 I NPUT II 
" PR I NT 
I" PRINT · VALUE OF TRAN SAC TI ON"; 
I HI INPU T T 
121 IF 1 m' THEN 19 _ 
13' LET 8·S+T 
Uf IF Td THEN 17tJ 
1511 PR INT ·CREDI'";T;"I.C.U.S·,"SALAHce";B;"'.C.U.S· 
161 GO TO " 
17J PRINT "DE B I ' " ;ASS( ' ); "'.e. u. 5·, "BALANCe"; B; "I.e. u. s· 
18e GO TO " 
1911 PR INT 
211 PRIN T "FINAL BALANCE IS";B;"I.C . U.5· 
21 1 END 

READY 
RUN 
PROGRAM TO CHECK BALANCE 

INDICATE BALANce BY EHlERIHG NEGATIVE TIlANSACTIOH 
A ZEIIO TRANSACTION WILL lERloIlHAiE PROG!!"W 

WHAT IS OLD BALANCE 1 2H.H 

VALUE OF TRANSACT 100 " CREDIT 25 I.C.U.S BALANCE '" " .C.U 

VALUE OF TRAH SAC TI OO -1.4, II 
DEB I T .. . lI I.e.u.s BALANce 145. " .C.U 

VALUE OF TRAN SAC T ION , 
FINAL BALANCE I S 2~5. 15 I .C.U 

END AT li t 
READY 



" 
!.ESSO N JJ 

A GOOD PROGRAIo4 CAN BE A BAD SOLUT I ON TO A PROBLEI.I 

Good p Z09r_r a 1>.0_ CO J~ do •• I V n the probl _ ~ton they n.n to 
code le. You l_r n .. lItcl. abou t BuchU", .. l pro-"r .-J/t9. 

~ae t here lif e t wo MChlnes , each putting fi sh I nt o bo~es . [ach bo_ 18 
suppoaed t o have ' Ii pound. of fish i n it. Janes , t he for_n , say. t o 
Sooilh 'oIlo runa t he fIIlIch incll ~Just chectc t hfl t wo .achl. nea fo r accuracy , 
woold you'>~ 

Sooilh decide. to weigh ten boxes fro. e.m ucnl ne and t alc.s the anrage 
...,ight. Later s.ith •• ya= ~I ' VII checked out the two -.chi ..... s . ~r 
()'>e is OK. The 8veraqe 18 .xactly)p'. But N...oer h,a 18 faulty , it ave rages 
}(y. l . I think we should give i t an over haul . " 

Jones .lake to see the figu re- , and Sooith shootS the Ust. of weight. = 

~r One Machine NuoOer Two Hachlne 

-"::i'lhl of fish Meitj'lt of fitlll 

" 
,. 

" ' P 
" " I 

'" " '" ,,' ., ,; 

" ,a 
" '" " '" " " 
~ TOTAL }lfl f OTAl 

JO' Aver 8QII 311". 1 Aver~ 

" 1 aee" .. ya .lone. "and you think ~r lwo is the faulty I18chine" 
"Yes the ave r age i a '",1 ounces . Not fa r out, but we got the 8varage juat 
uactly r ight .. Hh IUnber One ." 
"llut look a t t he fi gllr llll ! M 
Host peop l ll C:W1 see thllt IUober (he Hac:hine is ve r y f aulty . It weighs out 
fi an f ro. 2P ~ t o 40' pounds . . 

S.ith " aa asked t o c:hec:k the two .ac:h i. nas for ac:c:urac:y - end hall done MI 
in a thoughtless "a y . lA'lfortunatel y , S.ith hall c:hollen a poor sol ution t o 
the p roble.. - by lookl"9 only li t thll IIvaraga wei!lht of tha packed boxes . 
It Mattera little ho .. ..c c:uutel y lIac:h bo~ of fish h "lIiQhed . s i. nell the fi nal 
r esu lts a re so _i aleadi"9 . Re.eabe r , hoooe~e r qood you r progra_ , it ean be • 
ve r y poor solution to t he probleoo. ......y ualln of coaput lln are blinded 
by t he power end ac:cur aey of the .ac:hlne , "dUng end u.i"ll p rogr _ 1Ohic:h 
p roduea aisleading r .. ul h . Don 't fa ll into thia trap - think about thll 
rIISYltll you s re l ooking fo r, end thlnk of .. aya tha t you c:ou l d be _ i aled by 
your 0 ..... p rogr • • 



AI II general , tllough r.ot rigid , ru le, .!in_-progr ..... ( those affecting t he 
WQrklngs of the ~uter ) a t e "dtt~ in IISs....aly-l evel or low-level 
18fl9U89t!e , and .... r-prQ9r ... are written In high_level languagea . 

In _ny high-leve l iongUllC}ee , the range o f lIyllObole and MneIKHliea i e eMtended 
80 -..eh t.h8 t t he p rO'lr_ Ie ei_lIar to, snd a l .,e t as reed8ble " , the 
[nglish IIIrWJU39II Iteelf . An illlPOrtan t eharlcter b tie which die tinguishea 
high- l evel I lll><]U89l!!s fra. low-le vel l anquaqee 18 t.h8t t he forwer a re 
generally offered by several cOl"l>utet u nufBcture ra , and ere r.o t H _iled to a 
a ingle t ype of COIIPU t er a ya t.,. lIa a re t he htter. 

We can ."..,nas i se the"e points by eMa-ining a _ Il prO'l r _ in a high-level 
language. ~08e we "ant to eva luate the e ~p re .. lon AX/ 4+8 and call the 
va lue Y, printing out lh18 vll l ue. 

PROB lft.l 

ANSWER 

11 I NPUT A, a, e 
211 LET Y- A- X/ . "B 
]I PRi Nt y 
• • ENO 

Now , whil et th ia _ 11 p rO'lr _ r epl acea perhapa 100 uehine i nstruc tionl , 
i t l cona t ructi on Ie aillp le , and , IIhs t Ie .,re i~rtant, I t II eaay to 
unde rs t and . /Ugh-level l &nC)Uagee aueh .e BAS IC are _ ti_e ca lled probJ_ 
or iented bng"'".1 becau$e t hey a re de.lgned t o liOlplHy t he proe .... of 
progr _lng fo r apec i fic t ypes of probl_ ; thie e_lIIIIP l e 8how'8 an a ritt.etic 
probl l!ll . Seore" of p robl_or ient ed laf19!Jaqee have been deve l oped over the 
l"t two decadH , but only' few have achieved wide eceept ance . Probl _ 
orl~ted iengu"'}H in ~ usa a re BASIC, f(JITRA~ , APL , end, to a l eaeer 
e~ ten t ALGOL for ecientlfie probl_ . COBOl h uted for busi,..,,, pnogr _ , 
and PU1 (ca lled ' P . L. one ' ) for both bueineaa and ecientific probl_ . BASIC 
ia one of t he .,et "ideh used h1gh-Ie~el lenguagea. It ia al80 the high
level l anguage which ia used by ,I.osl sll low_coat cOMpUtere - the kind t he 
... n-in- t he_at r ee t can buy . 

PROB LEW 

Give l hree distinctions between a~sell'lbly hmquliOJes and high-Ie~el Ianquages . 



, 

ANSWER 

I) A shteoleflt in high-level language .. y generate"')1 .acnine-code 

instructions ""en l r _ la l ed , where •• t he re is usu.lly II one-to-one 

rehlionship be t ween Ilrl 88seebl y-language . 1, 1_n1 and 8 COMputer ' . 

llachine-c:ode . 

2) Ai high-level l l\OC}uage I s C)f!nf!rII ll y available on -any dif fe rent cOMpute r 

8)18t_ - where •• an •• '-"I y langu~ is lIpecHie to one type of 

cOMputer ayste. . 

') A hit,il-level l anquage is eaaisr to l earn and I.W>dentand . 

A f", _u point. on languages. IIherl you are p rogr_ing . yanoul futu res 

of the cOIIIIpute r ... ke lhealselvea IIOf!! apparent when 8aseClly lang!UKJe II 

used than if high-level l anquagea are used. Physical comtrainta, such as 

the a i.ze of the ..ary a ... ailable , -.1<8 t~ehn evident. 

Although .. ny high-level languages are good, they are root 88 yet as efficient 

a8 • good h ....... 5ellbly-l..-.quage progr_r . ro r this reason good 

88seClly-lanquage progr _ afe IOOfll efficient than high_level progr _ . 

Ibwever, the cost in tiM of preparing 8sse.bly-language progr_ i. e greater 

than that Involved in hlc;to·level proo;Jr~ng. ro r progr_ ..nlch lire U9ed 

over and over again C,y.t_·progr_l , ..... ly IIlf1C)U8ge is often be.t, 

..... d_ efficiency I. obteioed oohlht running the p rogr8ll , In te l'. or 

$torQge·epace .nd e)(ecutlon· ti-e . Thh "ill often offset the e)(tra t il_ 

(or prep.ration . 

11.-... R-Eo 

WtEM!; -.,-..... "" IU" 

"ntou ~o1' 



ANSWER 

1.e .•• t the 
an, va.rl.tnee, 

te to II an" 

et N eO_I~' __ ~~~~~ In-X ... "." 

1----< _p, 

,., 

", 

" 

NOte that thi • 
• Ue branch .cop. 
the p COgCUl 1f 
'JOIl Inpllt -999 
.enight ..... V 



III REt.I PROGUt.I 
H REt.I -9" IS 
3' REt.I 
4' READ X 

TO CALCULATE STATISTiCS Of EXPERIt.lENTAL 
USED TO TER ... INATE DATA 8LOCK 
T .EILOART J !-t.lAY'" 

" IF X <~ -999 THEN a, 
U PR I NT -NO DATA, PROGRAt.I HALTED" 
7, STOP 
a~ LET A-X 
H LET a_x 
1110 REt.I A AND B ARE "'INIt.lU'" AND t.lAXI ... Ut.I VALUES OF DATA 

'" LET N_I 
12' LET T_X 
IU LET S_X · X 

DATA 

I.'" REt.I N IS NO. OF SA ... PLES, T IS SU ... , S IS SUt.I OF SQUARES 
I" REM ALL VARIABLES INITIALISEO 
171\ READ X 
18\\1 IF X _ _ 999 THEN 27~ 19' LET N_N.I 
2U LET T.f.j.X 
21. LET S:S+(X 'X ) 
221 IF Ad THEN 2.' 
uti LET A_X 
z., IF B~X THEN u; 
2''1 LET B .. X 
uti GO TO 1711 
27\1 LET R_B_A 
28\\1 LET t.I ~ T/N 
ZU LET V:(S_T ' H)/ ( N-I) 
3U" LET D"SOR(V) 
ll, PRINT ·SAt.lPLES-, ·SUt.I-, "SUt.I OF SQUARES" 
HI! PRINT N,T,S 
lJt PRINT 
3 •• PRINT -t.lEAN", ·VAR IANCE", "DEVIA TION ", "RANGE" 
l'. PRIN T t.I,V,D,B-A 
.,~ DATA ". IU, U . 4 8, 88. U. U. U, 83. U, JI . 6 1,28 .55,".82,17. 9l 
." DATA .'.21,9.8', '2. 21, Z •. 62,77 .78,.'. " , 7,. ll, 16.47 ,".81 
42iJ DATA 45.67,87.66 
''IIJ DATA -999 51' END 
READY 

RUN 

SAt.lPLES 

" t.lE AN 

'2.813' 

END AT 51' 
READY 

su. 
,,56.21 

VARIA~E 

878.91J2 

SUt.I Of SQUARES 

DEV IATION 

29.U6 

RANGE 

86.6J 



!.ESSON 34 

THE Ca"PUTEII'S LUUTATI ONS 

Conoputen have uny U .. itrlt1one • .:Iat of which ~end '4JOIl the design of 
the _chine and the lize of Its _ry. But , with BAS IC pr09r_ . the 
acc:uracy of the c~htion 18 HaitII'd. 

In a rltt_tic coooputatioos, COIIIPut..u have 0 H .. lted accuracy . and they 
vary In perforunce. lIIithin II cer tain range (dependent upon the coqluter 
sY8h. Iwt U'!Iually greater than 1 '2000) IIltegen, that I., whol ... nullbera 
.. ith no fractional parh , an treated .. ith 1Ib801uta acc:urtoey. Inl"98n 
outllde the peraitted ranqe, and ~r. such •• 5. Q and 1I.i!8Z no alored 
in non!n" poInt noutloo which ia equivalent to the e~ponenti.l 
introduced in LeSIon 11. lhe lillited 8ccuracy I. evident In the print_out 
aince oon-integer nu.ben life printed .. ith only dll or RaVen digit •. 

59 

The cOIIPuter 81ao COOIPutn to • aiailarJy Haited IOCcuracy, usually to • 
greater precision than the print_out but tardy to ...,re than 10 or 11 digIta . 

" LET 9·~ 
211 LET A-Ill 
3J LET 8-8U 
" II PR IN T 8 
5 8 I F 8_' THEN 7. 
U I F 8<2 THEN H 7' END 

READY 
RUN 
. nun 
. '''''7 I 
I. Jll3l 
1 .6"67 
2 
2.JJ33J 

END AT 7, 
READY 

Accord./"9 to H,.. 5' ~ COtOputer sl>Quld I>(}W 

end but It doesn't bees" •• tM I MVer 
e-q".11"" .... "tly f. 

The cc.puter r0U">d8 1/, dowro to B.nn". and heno;:e the third ti_ the 
c~uter testa ror line !iii Ir 8:1 II£N 7B. it finds ttwlt 8:iJ.999999 and 
the equslity at line ~ b not satbfi&d . Note thst the c~uter actually 
print, , rather than B.999999 although H s internal reco rd or 8 ia the latter. 
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SU PPI,EMENTARV LESSON 4 

f LOWCHARTING SYl-eOLS 

J\ list of many more flowchart sytlbo Ls and their meanings . 

The following fiOWChort syrrt:>ols lire i n corrrnon usage . 

TERHiNAL 

( ) 

PROCESSING 

D 
OCCISIO", 

<> 
PREOCf I/CD PROCESS 

( ) 

II II 
A"INOTATION 

-[ 
GCN£RAl INPUT/OUTPUT 

\ 7 

This syrrt:>ol represents II l el'Sinal point in the 
p rogram . A terMinal point is 8 stsrt, stop, or 
inter r uption in the logical flow. The appropriate 
descriptive wo rd should be included .. ithi n the 
sylllbol . 

A r«tsngulBr symbol represents 8 processir.] 
function. much 89 arit"-til: operation. transfer 
of data. edit or sort. A brief description of 
the taSK is included within the syMbol. 
N8: It is .. is8 to draw the sylllbol of sufficient 
size to contain the ..... cessary infoNllation. 

A dio!WJnd Is ... sed to indicate" branch in the 
progralll flow. A test condition is included within 
the sy.t>ol and the possible results of the test 
label the respective flows f r oon the symbol. Results 
_y bt! 'yes' or 'no', or '<' , ':' and '>', etc. 

This indicstes s ~er of processing steps - the 
detail of which is not relevant to the overall 
pr09raro flow. It is usually detailed in another 
flowchort. 

A corronent to chrify the flowchort is included 
within the Of1ll8 of the syoobol. 

Thia syllbol indicates an operation of reading or 
writing. It may be used for all input/output 
func:tions; the precise operation is defined wi t hin 
the eyllbol . 

However , specific syoobols a r e available for SOllIe i nput/output func:tions as 
follows ' 

OOCIJ-I(NT INPUT/OUTPUT 

c=::] 
Thi s sylllbol is used fo r printer ou tpu t . and also 
for input us ing optica l charac t e r r ec09nition 
(OCR) e quipment . 



cr~ 
HAr.N[TIC DISC 

(j 

PtNCl£D CAfIt)S 

PtKl£O TAP( 

I{(YBOARO Ilf>Ul 

cJ 

Ihl8 ay-tlo l indicates that if"4)ul/output I.s 
fro- of to 8 MCJMtlc tape. 

lhl. a)'tlbo l indicaha that i~ut/ou tpo.Jt Is 
fr_ or to II ...gnet l c disc. 

Thill ayrrbo l ind icates that fllllgnetic d r..- are 
in us., III • s tor~ toedl ..... 

Thl . aytobol indicates that punched ca rds are 
used for input/output. 

Ihl. sylllbol indicate. the use of punched tape. 

Thi . ay.tJoi indicelH the use of • keyboard 
for I...,ut of dlota. 

The flow is represented by linea drewn between ayoobols . ArtownelOds 8re 
U\lt!d to indicate the dirl!(:tion of now and for increased clari t y should 
be used liberall y In the flowchart. The nor.l direction of flow in 
preparing the rtowchart ill frOll left to right and ft .. top to botto-. 

n 

Linea representing these notlOlli directions do not need to be .. rl..ed with 
arrowhead". HooIever . in thh eOUflll! we usI! arrowheads wherever they.i!Jhl 
be helpful. It I. not written fot .. _perh wOo Dtl! accustOMed to reading 
fiooochart i . You too uy find that It helpe to uee arrowheads . rather than 
le.vllll} theoo out . Your f10wcNlrt a _y be read by people Ie ... _pert lhao 
yourself. 

LUI 10 RIGIU 

RIGHI 10 LUI 

l OP TO 
BOIH)! .. 8011(14 

TO 1(1' 



n 

5)'11t1oh _ t be of sufficient dze to Include t he nec:I!!U8f Y infor-.lion. 
The two a yGboh wIlieh follow are ued to ISsist in t he layou t of the 
flowcha r t . 

o 
o 

Tn18 h III on-page connect or - Indh:ali",} 
• reference to lIOOt.he r point in t he flowchart 
on the ._ page. ~n or letters ere 
used to label the corresponding entry and 
eMit points . Thla ayllibo l does not rep resent 
• progr .. ope ration. it can point In any 
diredion. 

This is In orr.page cOfYleCtor which II used in 
the sallie .. ay as the on-PII9I! cornector t o 
c::oronect to another part of the flowchart on 
• diffe rent -.eel. 
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