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AOVANCEO BAS IC 

A •• c...,uter language, BAS IC hea been developed coneiderably elnce it .... 
born at DartMouth Coll898, New ~lihire In 1965 . The pOpUlarH~ o f BASIC 
In 11-e-..... rlng COllputer .y.t _ ..... led to • larqe nuabe r of dl.lecta of 
the 18l'OgU-.Je , offering quita dlven. fac i Jitiea . 4dvanc.d &UIC (o r 
e",unded &!.SIC •• It is ac.eU .... called) he. In ....,y respect. grown rar 
beyond it. original objective o f providing •• l!IIPle .nd eaay-to-learn 
cOMput er longuage , and haa bfIc_ B .. a t ure and poW'll! r ful 18nguage in ita oom 
right. Advllnced BASIC Is quite cap""' l e of replacing fORTRAN Ii>Ild COOOL in 
-'y appllcatiom . Howeyer , -..he rese rORIRAN and COOOL are ' .tandard 
18I'II.JUII9f!.', controlled by ",Honal bodlea aucto a. the "-eric,,", Standard. 
In.titute ( USASi) fo r ten yean o r .ore •• e tandard for adYaoced BASIC he. 
onl y recently been poiIlhohed _ and h.s yet to take e f fect . 

Voo haye e l re.dy lear ned aufflclent BAS IC progr_ing to solve difficult 
and C'OIIIjIle){ probl ..." . If you h.ye a t udled Parta 1. 2 and ) .. Ith care and 
attention , yoo will have acquired a solid core of progr_ing .kUla , BOd 
)'OU .. ill be able to deal ~etenUy""with lIO. t of the probleMa """'Ieh yoo 
1liiy willh to solve wing a COIIP\Iter. 

Ihe further technique. Introc.1Jced In tM. p.rt of the courae ent>liIIlCe these 
baaic 5I<llla. s.o.. o f the 1 •• _ introduce feature. of BASIC """'Ich are 
c~ to IIIIny cOllOpuhr languagea _ in particulor, the leuona dealing .. ith 
."br outinea .nd i'Wlctlo:ls - you uhould study lhe.e l eeaon. carefully. other 
le.sona concern feature ..... Ich .re special to Adyanced BASIC , which are often 
not fol.nd In atandard BASIC , and which a r f! not C-.r'i practice in other 
lenguaqea .uch as rORrRA.~ and COOOL. The l .. aoro. on Itrl"V8 .nd _trice. 
rail int o thl. categor y - and yoo 1liiy opt to aklp theH les __ if yoor 
cOllputer .y.t _ doe. not pO.Ha. thea. features . 

Hnally, we hive Included a brief less on de.crlbi"9 the file_handling 
operations .... Ich are availabl. on ..,. Adyanced BASIC sys t _ . rlle_hli>lldllng 
18 essential to ~ buslflfl •• _uHr or BASIC. but, unfortunately, flle-h.ondling 
facilitiea .nd instruction. v.ry widely bet-...eo co..,u t er .~ ,.t_. TIlia la.t 
lenon in the couree i •• i!IIPly an Introduction to s subject which -erits s 
book in ita own right. 

' '''--
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SUB ROU T INES 

A subroutine j~ a $at of pr ogUII sea e_ nta ,,!dch .... ~ ba u'I!d sever a l ti...,s 
in .. pr09rillll but .,hich ne...t be ... d te .. " only once . 

Bil.SIC pr ogr ams a r e lists o f s t atement s , !lach statement bei ng I!Mecuted in 
turn. You have lea rnt how t o a lte .. and di rec t t he " ,,!!culion o f the progr llolll 
using conditional and uncondit iona l j~ s tatements _ I r , .. l l£N and GO TO . 

Oftom we find t hat the 881M! calculating p rocfl'dure is requi red nIO t l! than 
once in diffe rent pnts of 8 proqr_. uod, wi t h your curren t knowledge o f 
BASIC progrllllWlling, you WO\.Ild have no choice but t o rle'PeBt sections of code 
which s re functionally sillilar to other parts of the progrlillll . This Is not 
only inconvenient, it is poor programing slyle . 

BASIC provides. fealure whereby !Je(:tions of the program called 8OJbroutinea 
can be called up 89 and ..tIen required in the progn ... iIlen a mbroutine is 
called. the progr8ll1 executioo is directed to the start of the so..t>routine. 
But when the subroutine is c~letl!d, progrllnl uecution return .. to the place 
in the l118in progrllnl where the subroutine .. aa originally celled . 

Below we show a progrllOl to calculate the f .. dori .. l of a nunt>er U9U".l a 
subroutine for the cslculation . 

I 
The factorial of N is written as N! and, is equal t o : I 
H' - N x (I..,) x (H-2) .... K 2 • 

Henc~ . ~ ! : ~ X 4 • 3 x 2 xl: 120 

Ll S T 

"I1EM PROGRAI.! TO CALCULATE FAC TORI AL OF N 
21' PR I NT " INPUT NUMBER (NEGATIVE NU MBERS TERMINATE 
311 INPU T N 
4 ' I F N>' THEN 6 ' 
,H STOP 
6lI GOSUB "!III 
7f PRINT "FACTORIAL"; N; " IS · ;F 
8i1 GO TO U 'f" LE T Fz ' 
' ''' FOR X,. l TO N 
111 211 LET Fz X' F 
111311 NEXT X 
111411 RET URN 
I ' SIl ENO 
REAOY 

} This is t he subroutine 

PROG RAM) · ; 



RUN 

INPUT NU WBER (NEGAT IVE NU Ioi BERS TE lh ll NATE PROGRAW) .5 
FACTORIAL S IS tU 
INPU T NU t.l BER (NEGAT IVE NU t.i BEliS TER MI NA TE PROG I1 A .... ) 
FAC TORIAL 8 I S " H i! 
I NPUT NU J.j BER (N EGA TI VE NU .... BERS TERIoi I NA TE PI1OGRA I.I ) -, 

STOP AT LINE sl! 
REAOY 

Tha aubroutlne it ro~ ftc. .ht~tt l i1i1'lJ to 11'411 which afll celled f re:
the uin progr .. by the .t.t_o1 GOSt.8 1i1i!~. "'en the Sl.tlroutioe haa been 
tlxlII'Cul&d t he cOIIIputer re t urn .. to the .. in progr ... ulling t he R(H.IlN stat""",nt. 
execution o f the .. in pr ogr llo'l continues fro- t he alllteooenl 1~18te l y 
fo ll0..1ng t he COSIS atat_nl. It"" a.mroutlne uBeI the ._ vnlablea as 
the .. in progr _ IKI that N h lIul outieal1y IIvdlable for u" in lIne 1011~ . 
Cue _t be t.ken not to corrupt v8ril,bl" In the _in pfogr_ by ulling the 
_ variabl e inadvertently for another purpoae In the aubroutine. 

Note that the [M) shl-'l I. 0 1"0),1 the I •• t ahte-ent In II BASIC progr_. 

You .lIy be thinking 'B19 deal, the progr .. would be aharhr without the 
GOSLll TIl)!1l and R(Tl!RN .tate-enta!' . True , twt thla fac t o r ial routine con 
be called IaIIny ti .. a by the .. i.n progr ... 

ThIa h illustrated In the dh'l r _ on the next page. 



THIS IS THE 
SUBROu TINE 

" 

" 'OSUB 

~"'iI 
Itn 

LET F 1 

~'lftll LET F 1 

Iiiiii' GOSUB l'lU I 
~~PRETUR'l 
1 _____ "t' LET F 1 

'" GOSO' ""~ l 
111.' RETURN 

STOP 

{ 
HlU LET F ~ l 

UHl FOR x:, TO N 
uu LET FwX · F 
111 111 NEXT X 
1 , .. , RETURN 
'fH '"0 

In ",HKt the .wto<.lIne fr_ leilil to li1-'li! ia il'lSl!!rted withi" the progr _ 
'oIII\ere~er GQSl.f\ 101M 11 enc:OIIItered. 



One subroutine can call another aubroutine and so on, giviroq rise to lien ..... 
• ubroutine.. The power of the aubroutine lies in its ability to return to 
the poInt in the progr_ whence it was called , as illustrated below. 

WAIN 
PRO(;RAW 

caSUB 

/'''' " .. 
, ... / GOSUB ",,/ I 

~TURN 
RE TURN 

211 111 

COSUB " .. ~ j 
STOP 

,.u 
RETURN 

RE TURN ----

SUB HU 
ROUTiNES 

RE TURN 

END 

Apart frc. eU_lneting repetitive aec: tiona of code in s p rogr_ , subroutine. 
e l so per.it the progr_ t o be coded snd te" ted in """,Uons fortOed by the 
aubrouUnea tt-elve. - ve ry .ucl> reduciroq the devel~t ti ... and cost 
o f s cOllip licated .uHe of progr_ . for e~lMIPle , the hctorial subrouti ne 
in our n~le could be used in gny ot he r progrlllu _ t he progr_ r knowiroq 
that the routine i s functional and has belffi properl y te9ted. 



IJllnq s.mroutlnes In 8~SIC IS strai<fltror .. ard, and very -.,ch to be ~ 
II It II 'Iood proqr-.!nq style. Howeyer . ... y progr_rl perlutentiy 
fell Int~ ~ traps when uslnq Mlbtoutines. 80 it III worlhootlile .... lnq the 
'OU.,..lng ~klut. 

1. Ihe urlllble-1\ilIIIe8 In the .. In proqr .. and in the subroutines 
ar" c_n In BASIC (unlik" other progr_lnq languaqes luc:n as 
rORTR~' 1 hay" you created a Y8riabhl-~ In a swroutine which 
Ilters th" ylllue of Ii yarlabie-narr.e In the ... in prograno . or yice yersa'> 

It is c..-n p ractice to code the swroutines .t the end 0' the ... In 
prOQr", HIIi~e you ircluded • SHIP Itltetll!f'lt in the Min p t OQr!IM before 
the .ubrol,ltlne1 If not the s.mroutinn .. ill be incorrectly ni!Cl,Ited 
.rter tl\(o .. in proqr!IM eK(lCutlOl'l II ~l"t" • ...nich IS not ...... t you 
... nt. 

". )on'l forqet th.at tile I.st sllte.-nt lnoll BASIC prOQr_ IS the [..0 
at.t_nL 
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PE IHWTATI ONS AND COMBI NA TIONS 

You pr lJcti.ce ""jng .ubroutlne ... . 

Cambling is based on the probability that certain specific event ~ wHI or 
.. ill not occur ou t o f a range of posllible events. Thus poke r p18yers a r e 
betting that their hands have 8 highe r value than thos" of their ( ,,11000 
pl9yers. Similar ly, a backq"...,n player is conceroed with the odds thot 
certain COIObinations of dice .dIl be thrown _ and 90 on for a ll games 
involving chance . 

We can "alcuIate t he p robability that certain events ,.i ll o«ur, by laking 
ItCcount of t he t otal numbe r of "vents which could occur . III!! need to calculate 
the permutations 000 cC/llbi.naelOl>" of !!vent! .... ieh elln occur . 

In thf! lJ(, .illions of people each week ('punt ertl ' ) gamle on the footba ll 
pooh. The idea behind 8 football pool 18 s illPle _ II coupon i s provided 
listing IIppro~i'""'tely )5 football .... t <:he8 whIch are played each week on 
Saturday afternoon. The p..,ter has to guess which 8 games will result in a 
"score draw" ss opposed to a "9<>al-Ie811 draw" . Dependent l4lOn the football 
pool, the punter will ae l ec t HI,11, Dr 12 fIIII tches per bet . The p..,ter ' s 
hope is that there "ill be at least 8 score draws in the list of lIIa tCheS 
she or he hns picked. 

The number of co.binstions of n ma t ches taken r Ht a time (e .g. HI matches 
laken 8 gt a ti_ ) ia given by the e~pression , 

Thus the number of chnnces of picking B correct IIIIItches fro- a selection of 1" Mtches is: 

~ 
B! x(2~l) 

A selection of lil .ntches on the coupon is eq.>i~alent to 4~ different 
selections of 8 matches. Ho .. e~er, the probl"", Df which 111 II'IBtches tD select 
fr"," th .. list of ~~ ia SOIIII!!what IIOCIre f Drllidabie. 
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Nutl! II progr_ USIng the factorial IIIAlroutine given in the l •• t ".MOpI .. 
to calculate nCr' Or ... three Howehllrh for the _in progr_. II 

subrg.utine for nCr' and \I subrout i ne ror n: In your r!owcharl either of 

the 'pre-d"rined process' syMbols given below _y be U88d to repreeent 
II subrouti ...... , 

o D 
u.. II '"oe98the l'"4'Ut nue.er to stop the progr .... 

Tut )our progr ...... Uh inputs Iii and 8 , 12 and 8 , and -9. 



SOLU T ION 

lAoln P r ogro. Sub r ou t lne t o colculot. nCr 

Sub r ou tl ne to colculoh n! 
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SOlUl ION 

LI Sf 

11 IIEW CALCULA TI ON OF COt..l BINA T1 ONS R. DALE Jl - WAY-" 
20 PRI N T ·PROGRA'A TO CALCULATE COI.IBINATlONS 
Jf PRINT "NEG. NUMBER STOPS PROGRAI.I " 
3' PRINT 
4 0 PIII Nl ",NPU t NUtJBER Of iTE WS ", 
, . INPUT N 
61 IF N>' THEN 8 ' 
7' SlOP 
80 PRINT "'NPUT HUWSER TO BE SELEC TED 
911 INPUt II 
" REW CHECr. DATA I S VALID 
'2 IF N>R THEN lO G! 
'3 PRINT " wUS T BE lESS THAN NO. Of IlEWS · 
'''GO TO" 
l Ui caSUB IOU 
, HI PR INT 
1211 PRINT "HUt.l BER OF COWBIHATIOtIS I S";e 
1311 PRINT 
140 GO TO 40 
leU liE'" SUBROU TiNE TO COI.IPUTE COMB INATIONS 
HIlt liE'" NUt.lBER Of iTEWS IS N, CROUP IS F, COWS INATI ON I S C 
11521 LET paN 
Ie4\'! GOSUB 2.,.,0 
If" LET e· F 
116' LET P. II 
1f7t GOSUS 2U. 
1188 LE T c-e/f 
1f91 LET P_N_II 
!,,,, casus 2Ul1 
11111 LET C· C/f 
11 U RETURN 
2U I IIEI.I SUBROUT IN E TO CALCULATE FACTORIAL 
2IfU IInl NUI.IBEII ,. P FACT Oll14L • F 
au LE T F. ' 
2G H FOil X.I TO P 
21" ~ LE T F~F · X 
use NEX T x 
211611 RETURN 
3UII END 
READY 
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RUN 
PIIOGRAI.4 TO CALCULATE C0L4BINATIONS :NEG. NUI.I9E11 STOPS PROGRAIot 

INPUT HUWSER OF ilEIoIS 1 11 
INPUT NUMBER TO BE SELECTED ? 8 

NUI.IBER OF COI.IBINATIONS IS .5 

INPUT NUIoISEI! Of IlEWS 1 12 
INPUT NUMBER TO BE SELECTED 

HUWSER OF COl.tBINATIONS IS .95 

INPUT HUIolSER OF ITEWS ? -9 

STOP AT LINE 7tI 
READY 

Nate that the first atat_t In the albl"Ol.ltine c." be • R04 alat_t -
which is no ....... ecutable and hi useful for labellifl9 the f\rOCtioo of the 
alAlroutine and the variables UIIIed by the subroutine . 

Returning to our p..,ter. (he week there UO! 12 -earl! draw. out of 55 .etches. 
Ihe plIItef h •• bel on I airo;jla 8 out of l,i1 selection. Itlat ne the odds tl'lllt 
he hgs .... imlng line? 

1. There ara ssee .. aya of selecting B .. tchea fra- 55 _tchea. 

2. 12e8 of the6e c:a-obll\llUone are .. Inning line • . 

1. The pU"Iter haa selected life C<.lIIIblnationa of 8 .. tchea. 

Ihe odds against & .. in lire, 

12ee 
/ 

the maber o~ .,inning 1 ine!l' 

". 

.1', 
........ 

)4669.6 

the nwaller or HlIsa of , the PUllt" ... ha . 
ch"""n 

If you IIrI! • regular punter . you .ight like ta .. rit .. your awn pragt_ to 
calcuhh the adds ageinst "inning 1 
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fUNC T IONS 

We introduc:ed the 1IJ aUndard BASIC functions in Pert 2. aod in Part' we 
added to the Hat .. ith the R~ (...-etlon .00 the TAB f.n;tlon. You C.., 
dllO define your own functions in BASIC .,.ing the ocr .t.t~t. 

Hllre ia • silliple e.~le' 

HI rm .. CONVERSION OF DOLLARS TO STERLING 
ZiI OEF FNII(X)_INT( 1I111 · X-+' . .5)/IU 
H PlUtH 
•• PRINT -INPUT CONVEIISION IIATE, 1 DOLLAR. C POUNDS"; 
S' INPUT C 
" PRINT 
7' PRINT 'OOLLAIIS'; 
811 INPUT 0 
85 If 0<' THEN 1211 
9' LET P"D ' C 
In PfIlNT "EQUALS POUNDS STEIILlNG";FNII(P) 
1 U GO TO U 
lZi1 END 

QUESTION 

ANS\lfEIi 

In the ocr ahtMll!flt we define a function rNfl ..tIleh ta llUbaequently caUed 
'4' in the PRINT allteooenl at line lilll. (Nil II the rounding function, which 
was introduced In Parl J; the effect belflQ to round P to the "., .. rnt p!!my. 

A defined fo.roction .y be called '4l .... y ti._ duril'lQ • ptogr... The defined 
function h Qiv .... tl'le n-e rN followed by • 81ngle letter fr_ A to Z. Thu. 
26 defined functions era per-Hted. In the •• -.ple abo~ .... .elected r~, the 
R r_inding ua that 1t la the RoIn:Ilng r..-.c:Uon . 

£Itch defined f..-.c:tion require. an arg~t ""'ich 18 enclo.ed in parenthe .... 
a. do the ten Itllndard BASIC f..-.c:tions. 

The ocr stat_nt ..... t occur before the d.fined function i. c.ll.d within 
the progr_. 

Sc.e di.lecta of advanced BASIC per.1t defined f..-.ctiON with .... ltiple .1'9~t • 
• a In rM:(x . ~) or .... lt1ple line der!nlU_ of (..-.c:U_ using s speciel 
at.teeent. fN£N), to close the definition. Iboever . ""'Uat these added 
'scUili • • are useful in certain applic.tions, -=o re COOlIplell defined f..-.cHons 
un be progr-o using BAS IC "l..brouU nel . 
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There 1a 8n illlpOrtant diatlnctlon between function • .00 el.Croutinea in 
BAS IC; thei r Vie of va r i9bl".n_e . Variable·n_. are ,hared belween 
aubroutines and the .. in p rogr_ . and ..,.. cue .uat be ".ereh&!! in 
progr~ng .. ith 8tC1roul inea to _ure that vnhble·~. used 1n 
alAl routinea do not corrupt the value. of ... arhbla-_. in the .. in progr .. . 

The defined function . on the other hlond, can be ..,y ... aritblo-_ •• "ill 
be aeen fro. the 8Kllllpie IIbove. The ocr .tat~t ueea t he vulebla-nMe X 
- thil 1a a dw.y varlable-II_ 'ince it h .. no vae in the progr" preper. 
The defined fll'Ction, rNR, hUlled In line ,,,,,. and the variable-name in 
parentheses h P. the e...,uter tak". the ... 81...., of P, and evaluate. the 
defined f...-.cUon "ith X replaced by the value of P. The ... arlablll_nMe X h 
not .. de equal to P, and It My be used elsellhere in the progr ... I<bte that 
I1ne HIS eould equ.lllly be, 

lie PR INT ' EQUALS POUNDS STEIILIHG";FNR(D ' C) 

where r~ h evalu8ted "i t h the value DoC in the expression 1n the ocr 
ltete .. mt. 
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CQt.lPUTER GAIoiES III 

Here 11 II g_ (or you to progr ... it 11 delhr to tne popular boardr,j_ 
HIIater.und, wtllch we. orighl811y played in ancient egypt, but our '01_ uses 
......tIer • ...net ...... ter.ind ..... colours . 

PROBLEIoI 

Write II proqr8111 to alit up and play II 9- to the following rulu, 

The ~tllr telecU (our I'>UIIben In the ranqe 1 to 6 ard 
place. t'- In II row, fot IIKMple 1122. '*-ben "1 be repeated. 

h The player tries to que .. the I'>UIIben In the ro.. . If one of lne 
four nuoben ia correctly g~1I8ed and pll1Ced, the ca..,u t et responde 
with II 'Y', If II I1UIIt>lIt ia correctly gue8lled but In the wrong 
po_ilion the cO-c>uter responde "itll an 'A' ror , l l1Olt ; i r II flUIIbu 
ia inc:orrft(:t the cooopuhr doe. not rellPO"d. !hue II typicll reeponse 
.1<1>1 be Y " A indicating one ou.ber correctly queesed and p i Ked . 
and two correctly que"ed but ineorre<:Uy piKed. 

iii the p l ayer 11 allowed Ih gUH81111 at the row of nUlllben before the 
co.oputer .una the 9-. 

Suppollf! the c:a.putet hq Rlected the nUlber )122. 

J122 I£RE: If IS AGA IN f(Jl (A5Y R(r(R(NC(, 

If the gues. 11 

.. 50 

1111 

16 11 

" 66 
2222 

2262 

220 

Tl)eo the cOIIIputer .. ye 

The 1 ie correct wid in lht! tight pbce 

No t e only one ~r 1 b .cored correct 

No t e thet onl y one r1UIIIber 1 is aco red 'BltllOst' 

IIA 80t h the 2a Kafe '.I_at · 

VY The t wo b in the end Kare • Ye.·: eo the 
one. st the etart do root Kare , 

YA Il'>ly one o f the 2s .t the . t.tt Kar .. 
, e l O1Ost' , and t he final 2 aco t ell a ' Yea ', 

AAAA AU four flUIIbeu .re '.IOIOlIt', bu t e ll in 
the .. rang place. 

There li fe no gtleese. right. 

VYIIA The cOIIIputer .l .... !i. prints the ' Y'a before 
the 'A'. 80 there Is 1'10 clue that In rect 
the firat t"", guesse. a re 'A'. and the I.st 
t"", 9ue ..... re 'Y' •• 



I+---,OO"'-<'iT( IJ -:; (lJ 

l' J •• 
t.,.,pc>e.ey 
s.t c>t tour 
",,,,,l' .. e • ..,lli,1l 

,---"-= c....., .e~":t ~~!~~~.J 
c- toue 
l)~e ... of 

---'!=;r--" " 

Subroutine to c"""are reaui ta 



QUES Tl ON 

I*ly do '"' se t I ( II to ·2 when we find 

that I( t) : 1;( t) and .... en 

1( 1) : 1;00 ., 

H)fH 

If ) 1 7 7 ia c:orrec t and 1 1 1 1 I. t.he guess, wha t would happen 
if '"' do ~Ol c:hWoge ) I 7 7 to , .2 7 n 



" 
ANSWER 

LIS T 

l' REt.! PRQCRAt.I TO PLAY SIMPLE NUt.4BERS GAI.IE 
211 REI.I I .W l lLlAI.ISON 31-t.tAV-19 
Je PR I NT -HELLO. INPUT A NEGAT IVE NUWBER IF YOU NEED THE RULES w 

411 PRINT "EXPLAINEO"; 
5' INPUT ... 
" PRIN T 
7. IF l.Iu ' THEN IU 
Sf REIA SUBROUTINE TO PRINT RULES 
,. caSUB I OU 
IU IIEW SUBROUT I NE TO SET UP NUI.IBERS 
11 , COSUS 2000 
1211 FOR J ,. 1 TO 6 _ J h .. counter "lIielt ullJ.,. the nu.'.be .. or eJ ..... 
IH LET Y: i1 til. pl"V"" h .. 9" ..... .., 
lH LET A_ II 
U8 IIEW SUBROU TINE TO FETCH PLAYER'S IKlVE 
"'I caSUB UII'I 
1711 liE ... SUBROUTINE TO C()l,II'AIlE RES ULTS 
181 cosus .... 
". lie ... SUBROU TINE TO PII INT RESULTS 
2111 casus slIU 
2'0 NEXT J 
215 PRIN T 
221 PRINT "THE COMPUTER WI NS AFTER 6 tJOVES - THE CORRECT NUMBERS" 
2H PRINT "ARE AS FOLLOWS· 
24\1 PIIINT 
25' PRIN T "i"A 8 C O· 
261 PRIN T ";N(I);N(2);N());N( '" 
2H cosue 6~U 
21' STOP 
un PRIN T "THE COt.lPUTER SETS UP FOUR NUIo4BERS FROU 1 TO 6 IN" 
Hilt PR INT -POSI TI ONS .... B.C "'1'40 O.M 
UU PR INT MyOU ... RE ... SKEO TO GU ESS THE NUIABERS. · 
11'30 PRINT -IF YOU H ... VE THE CORRECT NUIo4 BER IN THE CORRECT· 
1t-4~ PRINT MLOC"'Tl ON. THE COIAPU TER PRINTS 'Y' FOR YES;· 
111 5~ PRIN T -IF YOU H ... VE ... CORREC T NUIo4BER IN THE WRONG LOCATION" 
Hi6' PRIN T · THE CQI.IPUTER PRINTS ..... FOR "'UIOST-
U711 PR INT My OU H ... VE SIX WOVES TO WIN ..• GOOD LUCK !· 
HlBII RETURN 
l OU REW SUBROU TINE TO SE T UP NUWBERS 
ZlU RANDOLIIZE 
Zl2if FOR 1_1 TO -4 
Zi1n LET N(I) · IHT(6·RNO(O)+1) 
211-4. NEXT [ 
21511 RETURN 
JUt REW SUBROUTIHE TO FETCH PLAYER'S l.tOVE 
]fit PR I NT 

~:~ : :::~~ :l.tOVE:;J;· .... B, C,O· 

U-411 INPU T G(1).G{2).G{J).G(-4) T1HI ..... e queue. - aultJple 
JII6 ' RETURN Jnput •• re .ep.,.ted bV ~. 



4 ,00 REt.t SUBROUTINE TO COLIPARE RESULTS 
4 '1 0 FOR IC_\ TO 4 
4'20 LE T T(IC)-N(IC) 
4.lf NEXT IC 
4114 . FOR I _ I TO 4 
411 "~ IF C( l )o T( 1) THEN 4090 
411 6111 LET Y_hl .'7, LET G( I )-· I ."SO LET T( 1 ) - ·2 
411911 NEXT I 
4 100 I F Yo4 THEN .14 0 
. 12 11 P RI NT "YOU WI N IN ONLY";J;" IAOVES " 
4 12S COSUB 6II til 
413 . S TOP .,-41 FOR 1_ \ TO 4 
41S' FOR IC_\ TO 4 
41611 IF T(1)<>G(IC) THEN 4200 
417 . LET A_A+l 
41U LET G(IC) __ I 
419, LET T(1)"-2 
42.. NEXT IC 
42111 NEXT I 
4221 RETURN 
~:~: ~~~N~U~ROUT!NE TO PRINT RESULT~ 

SI12' IF Y,,' THEN 5.6111 
05'3' FOR I _I TO Y 
".. PRINT· Y ., 
0505. NEXT I 
5'68 IF Adl THEN SUI! 
5178 FOR , _I TO A 
05'811 PRINT" A " 
S'U NEXT I 
5UII PRINT 
51111 RETURN 
611U PRINT "ANOTHER CAUE? INPUT 1 FOR 'YES',II FOR 'NO'; 
ua INPUT a 
611 211 I F a", THEN a. 
61 311 RETURN 
61141 END 
READY 
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Here Ie I •• ~l~ run rrOlll thh progr ... . showing how th(' cooopuler appean to 
'talk' . 

'" 
HELLO. I NPUT A NE-';ATIVe HU YSER If YOU NEEO THE RULES 
EXPLAINEO ? -9 

THE COIAPU TER SETS UP fOUl! HUWSEIIS FROM 1 TO (, IN 
POS iTI ONS A,B, C AND D. 
YOU ARE ASI(ED TO CUESS THE NUWBERS. 
IF YOU NAVE THE CORRECT NUI.IBER IN THE CORRECT 
lOCATI~, THE COI.IPUTER PRINTS ' Y' FOR YES ; 
IF YOU HAVE A CORRECT NUt.t BER IN THE WRQHC LOCATION 
THE COI.IPUlER PR INTS 'A' FOR ALIofOS T 
YOU HAVE SIX IofOVES TO WIN ••• COOO L UCK! 

.• ,,' A,8,C,0 
J,.t, '. 6 , 

""V, "',8,C,O 
1.2,3, J 

Y , , 
""V, A,a,C,D 

2,1,3,2 

""ve • "',S,C,D 
2. 1,3,1 

""ve "',S,C,D 
2,1,2,2 

""V, A, a,C,D 
I , 1,3, 2 

THE COiAPUTER WI NS AFTER IofOVES - THE CORRECT NU14SERS 
AilE AS FOLLOWS 

, , 
2 ) 

ANOTHER GAl.ln 

END AT 27 e 
READY 

C 0 
) 2 
INPUT 1 FOR 'Y ES ', f FOR 'NO'? e 

Notl! the extendve UBI of aubroutinn In thia proqr .. - elOCh subroutine 
representing I separate procell8ing fl.rlCtion in the overall probl_ . Prope r 
and car",ruJ ""II or . o.t>toutines i. the key to large lind co-plicat ed progra_ . 
(ach of the . o.t>routine. veed above can be teated apar t rrOli the Min progra.. 
it.elf. 



U :SSON S,", 

STRING VAR IAB LES 

String vllrlable" are u"ed to hancU., "",ra" lind leet.,r" in tile pr egrut. jUllt 
a" n"",erica1 daU J" pr ocelliled .. itll BASIC vllrlllblell. 

In the main , OUr interface .. Uh the c~uter i ll by way of II tel"lllinal conaisting 
of a "typewr i ter- like" keyboard, and a visual display .... it Or printer. At 
the terJllinal ..... cOlOlllUllicate with the cOOlPuter ulling English-like c_nds and 
slate<Oenla and IllUCh of OIJr p roqra .... ing ill direc t ed to..ards easing the 
c~ication between t he coooputer and ouraelve8 _ for exalllple, by en,uring 
thot print_oula are p roperly labelled and eelf-explarnltory . 

The manipulation and processing o f alphabetic information has an illlpOrtant 
role in coooputer proqraJlllling. 

Within the c~uter, alphsbetic characters are represented by • n~rical code 
and they can therefore be pr<>eeased in " ""'nner lI iJllilar to that used fo r 
nl.OIIerical inforlllltion for ""'ich the c~uter ie deaigned . Ihe IIOst cCltlWMln 
code for slphabetic characters ia referred to os ASCII [pronounced '8skey') ; 
AMerican Standard Code for Inforllllltion interchange, and the cOllllpiete code ie 
given in the table overleaf. ASCII code is uinly used by the ca-puter t o 
corrrnunicete with peripheral devicell lIuch BS teletype te rminala , VDUa and 
paper tape reoderll ond pt..neheo. Hilny cOlllPuter e alao use ASCII t o procesa 
infor .... tion internally . 

An orbi t rary codlirnltion of alphabetic and nUlle r ic characters , ""'iet. lIIIIy be 
a sing l e l e tter , word or aentence , ia referred to ao a nri.ng. A good 
exalliple of II string i e the f.Iliar tut label used in the PRINT olatement . 

for ex~le, the IItatement _ 

PRINT " THIS I S A STR ING" 

THIS IS A S TRI HG . 

Now "ithin the cOllllputer, the characte rs bet"een the quotation fIIIrka are 
s t o red in the ASCII code . 

QUES TI ON 

In ASC ll "",al numeric codl! represent! ~rHIS IS A STRING"'? 



ASCII ,~, ASCII Papar 
Co'" o.arlkler T~' C_ Charactar T~, 

T Spel;aal 0""0--0 " 
, 0;;--0 

2 SpPc:ial • o' 
,. · • o • , Spo,elal oOC " · 00 000 

" Special • o' 
,. S • o' , Special 000 " 

, 00 o' J 

• Special 000 " , 00 000 , Spedal • 0000 " • ""00 

• Spacial • Do " ( .Do , Special Do • " 00 Do • 
TO Special Do' " (] 0 00 (] 

" Spacial Do 00 " · • Do 00 
T2 SpPc:lal Do. " (] 0 000 

TJ Special • "" . " - · "" . 
" Speclill 0 DoOO .. o DoOO 

" Spechl 110000 " I o 0 00000 

" Spacial • " 0 
.. , 000 

n Special 
• 0 

0 .. T '000 0 

T8 Special o 0 0 " 2 o 00 0 0 

" Special • • 0 00 " J 00000 

20 Special '''" " • 000 ",J 

2T Special • o 00 0 " 
, 00 00 0 

" Spedal • , 000 " 6 00,)0 

" SpecIal 
• 0000 " 

, o 00 oloo 

" Special 000 
,. • o ;]000 

" Special 0 000 0 " 
, 00D0 • ,., Speeial • 000 0 ,. 00D0 0 

" Special 000 00 " , D]OOo 00 

2B SpecIal 0 0000 .. < 
_ . 

" Special 00000 6T (] 00000 0 

TO Special 0D000 " · o 000000 

J1 Special 0 0D0000 " 
, 00D0000 

J2 SPAC[ 00 0 " • 00 0 
I.-------- f-----

~ 
a Thia hole II cut for In ASCII code "Ith parity. 

It il there ao that there ia al .. aYI an even l"M.II!t>er of hole •. 



" 
ASC II Paper ASCII ''''' , .... Character I." ,- Character I"" 

------ ---------" 
, 0 0 0 97 • OOJJ 0 0 

66 B 0 o 0 " b JJOO 00 

" 
, l1li 000 " 0 l1li 0l1li 

" 0 0 00 1l1li , JJOO 00 

" 
, l1li 000 lOT • 00 000 

" r l1li 000 102 r l1li 0l1li 

" G 0 oOJJJJ 10} g OJJJJ oOJJJJ 

72 " 0 110 TI" " OJJJJ 110 

H I l1li 110 0 10> I l1li110 0 

" J l1li 1100 I .. j l1li 110 0 

" 
, 0 110l1li 107 , OOJJ 110 l1li 

76 l l1li 1100 TI' I l1li 000 

77 " 0 11000 10' 0 000 000 0 

78 , 0 110l1li 770 " OOJJ 11000 

" 0 l1li 1Io0lllJ 771 0 l1li IIoOJJJJ 

80 , 00 • ", p OOJJJJ • 

B1 0 l1li 0 • 0 '" , 0IIII • 0 

B2 R 00 0 0 0 ,,, , OIIIJ • 0 

" 5 o 0 0 00 ,,, • OOJJJJ • 00 

" 
, 00 0 00 776 , 0IIII .0 

85 U o 0 00 0 JJ7 , 0000 00 a 

" 
, o a 000 ,IB · OOJJJJ .l1li 

87 , 00 0 0000 77' 0 0IIII .JJOO 

" 
, l1li liiio 120 , """"" 

" 7 o liiio 0 121 7 JJJJOJJJJo 0 .. 2 o liiio 0 J22 , JJJJOJJJJo 0 

" I 00 000 l1li 127 Spec ial l1liliii0 00 

" \ o 0lI00 12' Special 0IIIJ0000 

" I 00 OCloO 0 ", Spechl """""0 0 

" · l1li liii0l1li 126 Special 0IIIJJJ0IIII 

" · o IIIIoOlllJ J21 Special JJJJOJJJJoOIIIJ 

" · ~. 
,,, Special 

~ 



ANSWER 

84 72 73 83 32 73 83 32 45 32 83 8-4 82 7J 78 71 
THI S I S A STRINC 

" 

The lubel "THIS IS A STRI~" i!l called. stting constant. In BASIC .. & can 
also h.IIVI! string variable. •• a in the following progr ... IIKlIIIJIle. 

LIS T 

1, LET XS "· ' HIS I S A STRING" 
2, LET n .. " OK1" 
3t PR INT XS, YS 

" " END 
READY 

'" 
THIS IS A STRING 

ENO AT .. , 
READY 

0<1 

~ atring .. ariable HI diaUnquishe<l by the S 819'1 after the ~ariabI8-_. 
There b great ... rlation In the way different 8A<;IC .yat_ treat stung 
\ts r lables. SoIWI BASIC ay. t _ do not pareit string v8uablsal All BASIC 
ayat_ liIRit the nUllbef of character. in the str i ng vadllbh . At 8 .. lm_. 
(if a lrlng .. uiahl .... ate included In the ,yosteoo) the atrlng va r ilbla .. ) 
be li_lled to 18 cheradan. At the other utr __ hrC}'l BASIC .~.t_ 
pel"lllit 4996 ct..racters in a 8ingh atrlng ... rlable . If you Ieee'!' to 18 
character! per n rlng vari.ole. your progr_ can be run on any S"SIC ays t ... 
which permits string varillb!es . 

How ...,y at ring wuiabl e. are allowed? Aqain, there ue va riation. In the 

:~!~~~:~ :~~f:$~~. ~~~~ .• ~:ta.' ~! :~:~= ::!:: :~ ~~ng~~r:~~, 2!2;t~~~ 
A9' etc ., and IIOIIIf! syste. perron st r ing varh.ble array. and t obi n "S(Nl. 
BS(H,N) ••• e t c . 

St r ing variable. c.., cor...- a l ot of eootputer ~ry , and no.den using _II 
eootput e r .yate_ uy find that the nullber of a tr ing variablea iI Ii_ned by 
tha c~uter _ry. 

String variablea can al.., be ul'ed in INPUT and R£AD .. , .DAIA stat~t. , aa 
In the two progr_ shown below , {Note tha t the c_ IMParate. the at r inga 
in the data , and ia not included In the s tring variabln, l 
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10 READ XL V$ 
2D PRINT XS, VS 

HI INP UT XS, vs 
2 G PR I NT XS, V5 
3D END 30 OATA · CATS","OOGS· 

41f END 

'"" 
? CA TS, DOG S 

CATS 

END AT Je 
REAOt 

DOGS 

'"" 
CATS DOGS 

ENO AT 4P: 
READY 

String variables con also be cOIIPsred us i ng the If ... H£N .. statelDl!fl t. 

Ir AS : as TI£'IJ . . testa true if strings A and B Ue ident~cal . 

Ir A'<BS H£.... tests true if alring II is 8lphllbetically before 
string 6 , and vice verss for 11$>85. 

QUESTION 

In thi' section of p rogr_ , ..nat print-out will be produced by the 
comput er. and why? 

U READ AS, as 
2~ DATA "BEA T" "BATE" 
311 IF AS<BS THEN U 
411i PRINT as,AS 
5' GO TO H 
611 PRINT ALBS 
7P: END 

HIN T 

If you find the to:08t AS<BS difficult, then try converting each l e tter t o 
ito numeric ASCII value 000 COIIfIBTe firet lettf!rs, BeCOnd l e tters Bnd so 
on until the tut AS<BS passes or foils. 

ANSWE R 

AS "BEAT" 66 69 65 84 

as "BA TE " 66 65 84 69 

Step 1, 66 < 661 Equal, the refore no decis ion. 

Stl!ll 2, 69 < 6Yl' No . therefore test fails. 

Alphabetically . OCAT follo"8 BAT L Therefore, AS h not less than es. 
lind the print-out i s ' 

BA TE BEA T 
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l.f.SSO,'I,I 5S 

PROGRAI.I eXAI.IPL E • TALiUNG TO THE COI.IPU TER 

Uslng """rds .. _ther thoR" n!abe ... 111 IIiPUTS .,8" _11:8 !«lll" ""'put ... PrD9r ... 
• _ • ..,h ..... In ... ". 

(qui~t II ,vail .. l .. to t ,lIc to the ca-puter • It', .,_Iled voice 
rec09"i tion equlp11eOt. And the coq:Jute r .. ill ta lk to ~ou if it nBS • vo i ce 
8ynlhesi ser. Ou t that' . no t what t h h l e'son Ie lObout ! 

In for.a tt inq the print-out , we 90 to great lenr,J l n. t o ensure t ha t t he 
r esult. a re presented in en undent,ndablll for.. 51_iIarI)' . wi.th IrowtJT dat. , 
we don' t present the us .. r .. Ith • bare? - the data t o be II!fl t ered b l abeUed 
In. re l evant II>d in fo .... tivll __ r. 

lJIIinq s tring va rhbles , we can no .. enter .. rltten c_nda int o th" p roqr • • 
and , 8 8 II re8ult , t he .:.:..,.:oute r eon be tll8de JiOOfe accep t ab l e t o the .... s kill .. d 
user. 

A qood ",....,1 .. I, the ~utcr 9- desc r ibed in les\lOl'l !I}. 

Here a re the n ut t en linea o f t he progr .. , 

" liE ... PROG RA IoI TO PLA Y S II.IPLE NU l.laEIIS G"'l.Ie 
U liE'" I.WILLlAIoI SON 11 - U"Y- 99 
lit PR INT "HELLO. IN PUT A NEGATIVE NUWSER IF YOU NEEO THE RULES · 
"" PRI NT " EXPLAINED"; 
.5IJ INPUt W 
" PR INT 
7 ' IF W ~ .. ' THEN lfi1 
a l RE W SUBROUTINE TO PR INT RULES 
91 GOSUB lU, 
lU REW SUBROUTINE TO SET UP NU WBERS 

And t he f H ultinq fiut three llne. of print·oul are' 

RUN 

HELLO. IN PU T A NE GA TI VE NUWBER IF YOU NEEO THE RULES 
EXPLA INED ? ·9 

The progr .. would lIppear -..ch ..,re ' h..-n' If the fiut three line. bec_ ' 

RUN 

HELLO. 00 YOU NEED THE RUL ES EXPLAiNED ? YES 
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PIiOBLEtot 

Hgdlfy t~ hut ten 1I~. of tn. progr .. on the pr"'~ioua paqe . and the 
atAlrouline at hne HmO!. so that the progr .. Itf:epts • ·~(S· or ''10' 
answer to the question ~OO mu >,([0 Ttt: RIL[S E~PlAI'£Oft. 

SOLUTION 

U REM PIIOGIIAt.I to 

;; :~~N~~~~~~g. 
PLAY SllotPLf NUMBERS GAt.tE 
I, WI LLIAIotSON 31-I.IAY·99 
DO YOU NEED THE RULES EXPLAINED"; 

., IN PU T t.4S 
511 IF IotS .. "NO· THEN 1011 
t.II IF "'S·-YES· THEN ' 0 
7 e PRINT ·SORRY - YOl) IotUST ANSWER 'YES' 011 'NO'·, 
80 GO TO .0 
8' REI.! SUBROUTINE TO SET UP THE RULES 
,. casus lUO 
161 IIEW SUBROUTINE TO SET UP NUMBERS 
I" GOSUS 2UIl 

'"" HELLO. DO YOU NEED THE RULES EXPLAINED? CERTAINLY 

SORRY YOU MUST ANSWER 'YES' OR 'NO' ? YES 

THE COMPUTER SETS UP FOUl! HUI.ISEIIS FRQt.I I TO IN 
POSITIONS A,B,C AND D. 
YOU AilE ASKED TO GUESS THE HUI.IBERS. 
IF YOU HAVE THE COIiREel NUWSER H' THE CORRECT 
LOCATION, THE COt.lPUTEIi PRINTS 'Y' FCR YES; 
I F YOU HAVE A CORRECT NUIASER IN tHE 'fI'RONC LOCATION 
tHE COWPUTER PRINTS' A' FOR ALIAOST 
YOU HAVE SIX IAOVES TO WIN .• COOO LUCK! 

., 
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PROGRAM EXAMPLE - A lELEP HONE DIREC TORY 

Peact;"" ... ith serings. 

In Lesson 45 .. e int roduced bubble-sorting, and showed you how to sort 2j 
i1UIIbers ",rnciently into descending order. 

" 

Using string Variables, 8 list of nameS and 1188O<:illt,,0:1 ",.nbere can"" sorted 
into alphabetic order using exactly the same principle of bo.tlble-sorllng. 

PROBlE '" 

Here is s list of names end telephone nunbers. Write .. BASIC program 
to 80rt the 1'l8IDe8 into alphabetic order snd print the ordered lis t at the 
terllinal . 

JONES N, t.52'~ ; DALE R, 23212; S'Iof'SON 0, 7J)l126; 
CLARK J, 36P'92; SINCLAIR C, 7e:1S6; TAYLOfl A, 39761; 
A~RSON D, 76581; VALE R, )9871; STRl£IE H, 59872; 
OOlNKWA1ER L, 3n'667; (DC( C, 1P991; SOUTHWARD 0, 5U3a6; 
GIST H, 47921; SOUTHW[LL C, 59871; STOKES H, 21213; 
WRIGHT R, 39177; GIIOSS J, 77 122; GARDEN A, 4JO~; 
BRAITHWAITE C, 62.1J}1; IU~ H, 37712. 



32 

SOLUT I ON 

..... 
NS(I) ,X(I) 

Interchll~: 
N$(J+l) and 
NS(J). X(J+l ) 
and X(J) 



SOlUl ION 

LIS T 

111 RE~ PI/OCRAI,( TO son 20 STRINGS INTO ASCENDiNG ORDER 
HI REt.I US I NG A BUBBLE SORT 
Jl\ IIEIA I.W!LLI""'SON 31-IoIAV-99 
.. OIlA NS( HI ),XS( 2J ) 
5 ~ FOR I _ I TO 2 0 
'" READ N5(I),XS(1) 
H NEXT I 
at FOR X·19 TO 1 STEP -, 
91 FOR Jo, TO X 
, ,. I F NS(J+l»NS{J} THEN 170 
1 '" lET UzNS{J) 
120 LET KS·XS{J) 
1)6 LE T NS(J)zNS(J+1) 
U O LET XS(J):)(S(J-+1) 
15' LET NS{J ... ,) - n 
16 0 lET XS{J+I)-K$ 
170 NEXT J 
18 ~ NEXT X 
H' e PR I NT "NAME".,. " TE LEPHONE" 
UO FOR ' _ I TO 2f 
2 U PR INT NS(l),TAB( 45);XS(1) 
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22 _ NEX T I 
2J~ DATA "JONES N", ·.S2U","CALE R","23212", ·SIt.iPSON 0","7 042'" 

~~ : g:~: :;~~~~S~· ~~~ !;!;B ~!~~~~~~ II R~: ~;~:;~~: ~;~:~~~I! W~: ~;~:~~!i 
26 11 DATA "DRINKWATER L" ,"3U'P,"EOGE C","7 ,89 1","SOUTHWARO 0","51386 " 

~~: g: ~: :e~ ~~H~· R : ~ !;;;;,: ~~~~~~~L~. ~:7; ~~~! ~ :6:~6~~E! . ~:.j ;i: ~! 3· 
29 , DATA ·BRA I THWAI TE c·. ·,n'!iI· ... HINOE H· ... 17712· 
!iU END 

READY 



,. 

RUN 

N"toIE 
ANDERSON 0 
BRAITHWAiTE C 
CLARK J 
DALE II 
DRINKWATER 
EDGE C 
GA RDEN A 
GI Sf t.I 
GROSS J 
HINDE H 
JONES N 
SII.IPSON 0 
S INCLA IR C 
SOUTHWARD 0 
SOU THWELL C 
5 TOKES lot 
S TR UDE ... 
TAnOl! A 
VALE R 
WRI GH T 

END AT 'Ie 

READY 

,. 

TELEPHOHE 
16581 
6211$1 
361192 
23212 
HI,,7 
71891 
411312 
.t7921 
17122 
377 12 
452111 
H" u 
HI '" 
S')86 
59871 
21213 
59872 
3111 76 1 
He11 
3111777 
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OTHER ADVANCED BASIC FEA TURES - lic t t i".s, ",~l t ip l . b r anc:h! n ll . 
p r in t fo r ao tt i ng 

J5 

In till. 1 •• ..", ... brien", introduce _ o~r t .. ture. at' .dv.~ MSIC 
IIhich '1001 "W tlnd "" .. ful in lIOur oom COOOJ)utet pr09t~ng. In " .. ding tilt. 
I ••• on, ... _bet dlolt the fHtIlC •• d •• cdbH III'. not IIv.lhbl. on ell 
.dvencfNI &ASIC "'1"t_ •. 

HltTil< ~er.tions 

lilt. and tab I •• .rll the equivalent of \lecton and _trice. . In certain 
di.clpllnes _at processing 18 •• pre.1ied in" ~l!Clor or ... trh notation, 
.00 thererore advanced BASIC provides. convenIent aet of inelructions 
.,pedflc811y for utrh operations. 

A _trlx is dftfined using the DIH atate-e<lt • ..nlch Is interpreted a. folio ... : 

111 DIM X(2.4) 

defines a .. trix, 

HI DIM YO) tiT DIH r(" 1) 

defines " c:ol~ vector: I Y(l) I 
Y(Z) 
VO) 

and 11' 01H 1(1,') 

X(1,2) 
X(2,2) 

derlne.8 row vector: I Z(I,1) 1(1,2) Z(1,'J I 

Ad~...-.ced BASIC provide. thr~ Instruction. for I~utting and outputting 
.tricaa; ~T R[Afl, ~T I~PUT, and ~T I'tII~T. A nuaber of ap8Clal instruction. 
are UlIed to ~lpubte _tricH .. Ithln the proqr... for e"Mph" 

HAT(X):Y .. Z 

causes the addition of !l8tricea V and Z • 

.. trices of aU zeros, aU one" or .... identity .trh (. dlafJO"l'l 001.-"1 of 
la) cen be defined U8ing HAT ZER, ..... T CON , and HAT I£:N, reapectiyely. 

These I18t r iK inatructions are a diltinguishlng character istic of advanced 
BASIC and represent a powerful facility not available in ,,"n~ other high. 
l evel languagu . for ... ~le , whilst fORTRA"I .. HI .wIipu late one· and t"l)· 
di-enaiond Ir raya, .tr iK operations euch aa addition and ... Itlpliclltion 
haye to be apeclfied .. ith ..... y inatructlona aa opposed t o the eingle HAT 
Instruction In BASIC. 



QI the other hand, lhel scope for progr_ing e rrors when UIIlng thel HAl 
inst ructiontl Ie cOl1slderable , and you should satisfy youreelf that you arl! 
fully able to unde retend the nIIItrix dimensioning lind redimensioning I' rocellgee 
before using thne instructions. 

!+..olliple 6uroches, the IN ••• CO 10. . ata tf!Qll!fll, 

". we have Hen, the Ir ... 11£ ••• atat-'1t ia UIIed to .. ke conditional 
JUllPS within the Pl"09r ... A condlUonel juap causee a brench in the 
progrliOll flo.. - that la. the praceaaing .. Ill cooUoue 011 one of tlOO paths 
dependent upon thel procea!lf!d data. 

BAS IC abo provldea a ..... Hiple branch flicllity which iI useful In IIOIIII! 

applicatiOl1s. The segment of e progrlllll belo.. illustrates one application 
of the (N ••• CO TO ••• stal_nt. ""en the O~ •••• CO 10 •.• etat_nt ie 
encountered, the conoputer takes the value of the vnlabJe ~, and trl,lflCat ... 
it to an jnteqer. It then jUIIPs to the appropriate line nuaber , for e~.-ple , 

In the Pl"09r ... belo... If .. : II the ~ut"r J"""e to line ISst. 

It REI.4 EVALUATION OF SEI.4 1CONDUCTOR DEV ICE RELIABILITY 
2IJ REI.4 T.EILOAR T 31-IoIAY-" 
U PRINT "WHICH DEV ICE TECHNOLOCV IS TO BE USED?" 
.\1 PRINT I BIPOLAR" n,."" Bra Idn~s of s"",jcon~u<'t"r. 
SI PRINT 2 Nl.IOS" UR in COIOJlut ...... n~ Ot.MZ .1K'u=lc 
61f PR INT 3 PWOS" equtp.ent. nile .. sez of tI,a ptoqUJ!! 
71 PRINT • CWOS" II .. to sp..:1f,/ tile kin~ that J. to be used. 
U PR INT 5 STOP" 
91 INPU T N 
lilt ON N GO TO 'HI, 130, 130, 151, lee 
1 U GOSUB IUIJ 
12\1 GO TO IHI 
130 GOSUB 2\JIJG 
I'" GO TO 16 ' 
15" GOSUB 3II\1IJ 
16 0 PRINT " FAI LU RE RATE I S";f; "PERCEN T PER 1I1U HOURS" 
16S PRINT 17 ' GO TO 30 
18 . END 

READY 

The u routinea are _iUed as they a re irrelevant hel re. Thie Ie an extract 
fro- a real pr"llr .. ..-od IK*I! r eaders .. y fHI diaturbed if t hey twove not 
previouel y heard of 'Bipolar' o r ' CMOS ' etc . It>wever, aa a c.,..:.u t e r 
pt ogr_r. you .. y be re""inl'd to deal with p rogr_ like thie that you 
do not full y understand . It Ie iooport."t to l earn to take auch proqr_ 
In your e tr lde . 



'" 
WH I CH OEVICE TECHNOLOGY I S TO BE USED? 

B IPOLA I! 

""'" p",,, 
" CLADS 
5 STOP 
? 3 

fAILURE RATE IS ".56721 PERCEN T PEl! au HOURS 

WH ICH OEVICE TECHNOLOGY I S TO BE USED? 
1 BI POLAR 
2 "''''05 
) PI40S 

C""S 
STOP 

END AT lU 
RE ADY 

J7 

If , in t his IIK...,le, the UHr had typed a nUllber greater thlll'l ) , then t he 
cc.put ef would have CQntirwed .. Uh line lHI . I f requhed , you ean uS!! this 
fllllture to pr int out an e r ror ."9gI!. You would inserl linea .ucn 8a ' 

US PR INT -PLEASE TYPE OU T A HUUSER FROt.i 1 TO S
U7 GO TO 311 

Ihe ON ... GO rD ...• tel-,l in conjunction "i th the INPUT a t a t emeol i. 
particularly useful where •• ..ttlple option, ne available· " in the progr .... 
elIa-ple shown !!bovs . 

QUeS TI ON 

ANSWER 

By typing In ). 

Prin t fOlWlt _ t he PfUNT US It«: .t.t-'1t. 

A welikneae of ahndard BAS IC, ""eo co.opar&d .. ith languages _uen 88 HlRlRAN 
and COOOL , is the liaited control of the print_out for-at avallllble . In 
_ veraior. of advenced BASIC, this derlelency is eorreeted by the PRINT 
USING stete.ent. The flCll1t1es offered by the PRINT USI'IC . t.t_nt ver y 
"ldely , dependent ...,on the dedQn of the sdvanced BASIC s~et_. Aceordingly. 
"e Mve 11.1ted our eoversqe in this eourse to .. introduction of the 
principle .....oerl~ing the PR INT USING stst~t. 



" 

llere Is II l illp!" pn>graoo. 

1I S 1 

11 REM EXA:"PlE OF A PR I NT US I NG STATEMENT 
HI READ X, Y 
If PRINT USING 40,X,V 
')I: VALUE OF X IS IU.1f AND Y IS 11'.'" 
.50 DA TA 4.212,-.5.3131J 
4 ~ END 

READY 

'" 
VALue OF x IS ".21 AND Y IS - .5.313 

END AT 411 

READ!' 

Line '" il interpreted 81 PRI'" ~.rlabln ~ ~ Y -ccording to the ~iflclltion 
c:ontalnfl>d In hne 4e. am indicate-!! by tile colon, and is GO e_acl description of 
the fOflllllt for the print-out. Line 40 I. referred to n an 1-:111 ,tat_nt. 
L.bela and olphan..-ric data In the i-:)II 8t8t_nt are printed directly. The 
values of the variahlea ~ and Y ar" printed In the fielda derined by U,." 
and 'fI,'" respectively . 

the aylilbol •• ndi<;:at"8 that II n"""'r OlDy be plIKed at that point In the prlnt_ 
oul . the • indicate. that the ded .. 1 point _t be placed at that point. Thus. 
the value of"( is printed.a 6.21, with only two deci .. l place_ printed . 
Si.Harty , Y u printed .s • !I.lO with three deo;;l.al pl8C" end the negative 
sign pllOCed st the etnt of u.. print Held. 

lhe PRI"'I USl'oG 8tat-,t un be used to tebulete dete with the col ....... of 
dals tined ~ by the deel .. 1 pointe: tMe Cllf'l be very useful. Aho , .. ith 
the PRINT USI"; "l8t_nt .. e .re no longer ti.ited to the five print ~onell 
of stend.rd 8A.SIC. 

The forllllt of the print·out can be vorled uelng the i..age .. tat_nt alone. 
ror e~lIftIp l e, the 810t_t, 

.,1 : X 15 '" AND Y 15 -H' 

produce" .. print_out: 

x IS • AND Y IS -!i 

The .. bMnCII of • dec ... l point In the Il19ge field fOl'ClI1I the print ed ........oer 
to lippen ...... n integer . A negelive .. II}I"I prior to the iuge field _ves 
the I\e9stive llign in the print-out ne~t to the _t .. Ignificllf'lt digit of 
the ntalber being printed . 
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There are .wIy other variatior. on the PRINT USING abt_t; fixed point . 
floating point (exponenthl) and intll'ger forlllllts are pouible. and ao.: 
dialects of advanced !)ASIC atlow atring varisbl n to be printed by the PRINT 
USING atat~t. If ~ou ate fortunate enough to hIIv .. acc .. a. to a c08put er 
a~al_ with actv...,ed BASIC . tr~ a f .. w experiMenta with the PRINT USING 
stst_nt . You will be .ullIriaed how useful a facility it csn be! 

PR08LE IA 

Write s prograro to print twelve n....tlere in a II " } tsble (with (I 

001_ and } rows ) . AU the de-ci .. l points are to be aligned on 
the table. 
Here are the twehe ....tIera. S.04, S. 1, S.13, 9.967. 12.00 . 1S.SI, 
99,99.99, 1. 24, 211 . 9~6 , 8 .8, SMS.llillI, and they sre to be printed 
thul' .... 
12.SI1 

1.211 

HINT 

'.1 
IS. 1'1 
211.9566 

S.13 
99 .illl 
8.8S 

0 . 967 ..... ..... 

You will need a PRINI USING 11It....",t that sllONs for nurbere such ". 
12.111 to be printed and followed by 99. 

ANSWER 

111 REIA PIIOCIIAt.I TO PRIN T A REGULAR TABLE 
20 liE ... WITH DECIt.4AL PO INTS ALIGNED 
Jf REIA TI'" EILOART 31-"'U-99 
49 0' ''' v( 12) 
}IJ FOR I - I TO 12 - uad the 1 val.,.. Era. U. date block 
H READ .... O} 
711 NEXT I 
all FOR I _ I TO 12 STEP 4 
" PRINT USING IU, .... (1), '1(1.')' V(H2}, .... ( 1.3) 
11111, If." ".If I .. " I .. " 
II' NEXt I 
12' DATA '.'4,11.1, '.13, ~.967, 12. U , 111.", ", 99.", 1.24 
Df DATA 24.9586, 8 8, ._ILU~ 
141J END 

READY 

'" 
• •• .. " I. II , 97 

12 .. ". " ... .. .. .. 
1. ,. , .. " 

, 
" •• " END AT '" RE ADY 

I 

I 
I 

I 

I 

I 
I 
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NUIAERICAL IAETHOOS I - RECUIIS 10H 

Often, .l1th ... tn-at!c"l. .e1entJ(h:, or Ifn1inHci1>9 ...,r Jr, ... u •• n.-dc.ll 
... tho,'" elwt ".leul.t .. • n .pprOil!_elon to the . ".c t value . 

/110 tltKt on coq:.uter proqr9l!l'llOif"lC) would be cOIIIpiete without an Introduction 
to """"'rical lllethods In """,,,u t e r proqr_ifl<j . 'No.nerlcal M thod, , refen 
to the ch ••• o f t echniQlJes used t o IIYBluat" cDIIOPleK f...-.ellona using a 
c""",uter • they arl! 0I08t often applll:d by engineers ( for .... p ie in .. jor 
.tructural _lteia) , by &e ientl a t l in the analy.!" of I!~pl!ri""l. l data, 
and by buaine •• analysts and ecoroo.hts In the IIOdellinq of c~ll!. 
buslnes. 81 tuations. 

'f yau are .... 1ikeiy to need .....er icd -ethodll In your own perlll)l'lel c~utl!r 
progr_Ir-.J. then you can skip lhie 1e8son , and the nel( t, withou t 10118 of 
~rahnch"9 of the BASIC i...cJ"*le and """,,ut er ptogr_inq . 

In two IIhort l"a llOnS, _ CWV"IDt hope to cO~l! r the rall9" of n...erical _thoda 
Uled in cOIIPuler progr_II'9' There a re ... ny spec ialised te~t booka on this 
aubject packed with eX""'JIles - lION! prsctical , a.- e!l(lterlc. Instead "II 

concentrate on two fundaaoental techniques , evsluation o r ae r ies uaing 
recursive forlllU18e, and .-...mencal intl!9rsUon using 5i",,8OO ' s Rula . 

BASIC provide. the HI standard functions introduced in Lesson 211 and uaed 
-any tileS throughout this course . tbw does the COMputer calculate functions 
of thh natur,,? (he way is to evsluate the serie .. expansion o f the function. 
It"J" (~P >oOuld be cslculated ueing the series e_par.ion: 

.-: 1 +.+~+~+~+£ 
2' }I III 51 

[R--'er : II': II • } • 2 • I etel 

QU ESTI ON 

Draw s flowchart for a progr8111 to ..... the fi t e t HI ter"'" o f the 
s"rles ,,_pension eX . . 



" 

ANSWER 

~re 1, • very inefr1eient solution to the probl_ . 



~ much more efficient approach is to use a re-curr .. nce relatL"nahip. 
E ~amine t he fourth and f iFth t erms of the ae r ies ' 

Using this terminolog~, the first ter'" 'il h eQUIII to 1, snd therefore the 

terms of the series Can be COll'4'uted sequentislly froro QOI! another . 

QUES TI ON 

No .. dra .. an iq>ro'ed flowchart to s ..... the fi rs t ten t erms of the 
series e ~psnsion e~ , 

ANswER 

( Start 
r lrput x l 
I~t~: I 

jFatI.''ro9 

I ~>/' I 
I ,.S>T I 
l:rJ 

( "" ) 
NmI .. rite the BAS IC p rogram , 



1\1 REI.t PROGRAM TO C~PUTE EXP(X ) USING 111 TER~S OF THE 
HI REM SERIES EXPANSION 
311 RE M I.W I LLIAMSON 3'-MAY-99 
411 PRIN T " INPU T VALUE OF X", 
5 11 I NPUT X 
&II LET To ' 
7 11 LE T Sa ' 
811 FOR I _I TO 9 9_ lET T"T 'XIi 
lU LET 5-S+T 
IU NE XT I 
1211 PR INT " EXP(",X," ) EQUALS·;S 
1)(1, END 
REAOY 

RUN 

INPUT VA LUE OF X ? •. 78 
EXP( •. 78 ) EQUALS '16.1 82 

ENO AT lH 
READY 

Rl!'Currence relationshipa are of great i~rhrce in cOIlIPuter progr_ing _ 
~ou ahould ..... ~. eK .. lna • aerl.,. c.lculation for the poeslbh edaterce 
of • recurrence relationship. 

OUEST ION 

HPre are t..., serlea e"P_Ione - can ~ou see the recurrence relati')Osflip" 
, ) 7 9 

[al 51,1_) ~ -!-. .. ~ . !.. !-. ..... 
" 51 7' 9 ' 

! -.!. .. ~-.-!.... ..... (~>1l 
2 .h' $,,' 

ANSWER 

If ~ou Ire no t fa,.llIar with aeries e~pansionl, then the que!t1on h 
rather difficult. Don't >«Irry _ here are the .... _n. 
[.J " [OJ " 

_ 1 

" 
-x' , 
" " .. )x' 

" 
(_on • • (2n. l) 

" 
, 

(2n.1) , - ~~~ 

Tn• 1 
_, .,,2·,c 
(2n. 21.(2n .. )) " 

_1)n 

12n .. ' , .~(2n.' i 

'(n.1) 20+' "'n 
(2n .. 3) . ,,2 



QUES TI ON 

look back to Le~son 51 . Can you see sn opportuoity to use a rl!l:'urrence 
relationship to i""rove the efficiency of your c~uter program? 

HINT 

Look st the formula 

ANSWER 

'I (n-r) 1 

nCr : (n-r ... 1) . nC(r_1) , where C : 1 
" 0 

As an e~ercise on your own, yoo should demonstrste thst tills rl!l:'ur9ive 
fo rm leads to a IIO re efficient COMputation of nCr' 

In evsluating EXP(Xl, .. e calcullite<l the first HI terms of the ser ies e~panaion . 
On the ninth e~ e(:ution of the fOR ••• NEXT loop , the variable T ahou l d bt! ver y, 
ve ry _11 so that the cumuiative S\.lll o f S is equsi t o e~ . Of course, fo r 
SOllIe values of ~, the series .. ill converge ""ickiy, but for o ther values of 
~ lllany IIIOre than 9 pauea through the loop l118y bt! required to p rovide an 
accurah snswe r. 

The e rror in t he find result csn bt! estiuted by subtrac ting t he resuit o f 
successive passes through the lOOp _ i n this e~ample , t he variable T i s s 
measur e of the error. A quantity ca lled the nor_Hsed error is often U'Bed 
to ,..,OSur" the accuracy of the result. 

[ : In .. 1 - In 

l (n .. 1) 

In th is e xampl e 

TIS . 

PROBLEl.1 

fobdlfy the program on th" next page t o cslculate DP(xl so that the 
CDq)utstion continues uotil [<S.Sl per cent. 



HI REW PROGRAW TO CALCULATE EXP(X) TO ACCURACY BETTER THAN 
21'1 REW ~ •• '" 
3i REW I.WILL1AI.4S0N J '-I.4AY-99 
.. ~ PRINT " INPUT VALUE OF X" 
5P INP UT X 
,. LET T,,' 
711 LET 5 .. ' 
81'1 FOR 1"\ TO U 9, LET T .. T·XI! 
11111 LET 5 .. 5+T 
'115 IF T/S <.'''' THEN 120 
IU NEXT I 
'" PRINT "AFTER U ITERATIONS T .. ";T 
IU PRIN T "EXP(";X;") EQUALS";S 
131 END 
READY 

RUN 
INPUT VALUE OF X ? 2 
EXP( 2 ) EOUALS 7.389 

END AT IH 
READY 

RUN 
INPUT VALUE OF X ? " 
AFTER U ITERATIONS T • • '.11132 
EXP( ,. ) EQUALS 21991.5 

END AT 13 1'1 
READY 

Nole that with !lrqe vdl.>el of X the IHlrie' doel not converge Q\lickl~. And 
WI IMllt prevent the cOIIIIpute r from carrying on forever and preeenUI'MjI ua 
with. _naive bUll 

OUESTION 

HINT 

Here 18 the print-out .ith different input dah 

IN PU T VALUE OF X ? 2 
EXP( 2 1 EQUALS 7.389 

END AT 1311 
READY 

RUN 
INPUT VALUE OF X 7 -2 
EXP(-2 1 EQUALS 6.UU9E-i12 

END AT 13' 
READY 
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ANSWER 

It t. cl~.r that the ptogr .. h in "'trot _ ..... ha~e pro~ed lhia b~ 
luting the progr_ .. ith data .... u:h proues known reaults . 

But the error I. not obvlO .... since ,,2 ia in hct 7.,e89'1~. To locille the 
error ...... in.ert 8 trace IlIt~t ~rou the If .tat~t and rlA"l the 
proqr .... once again, 

1112 PRINT 1,5, TIS 
RUN 
I NPUT VALUE 
-2 

2 
-1.33333 

. 666667 

OF X ? -2 -, , 
-.333333 

. JJ33lJ 
6.66&69£- 112 -.266U7 

EXP(, 2 ) EQUALS 6.66669£-'2 

ENO AT 130 
READY 

2 
2 
• 2 

-3 ""8 

';ow the ",rror 11 clear , SUlCI! the c'*Puler edts (rOIl the loop wah the 
noffllllllsed error equal to _4, The error I. In lir.e 11!~ "ttl ASS(T/51 
lIhou ld be used instead of l/S . 

We correct the error and delete the trace 8t8t--.1 , and re-rU"l the prograoo 
u • '-nal check. 

,,, 
U 5 IF ABS(T /S)<O. ~Ul THEN lHI 
RUN 
INP UT VALU E OF x ? -2 
EXP(-2 ) EQUAL S . 135))7 
ENO A T 13" 
READY 

Al war_ teat progr_ which un c0l'4l1eK .....-erical raethoda with data 
p roduci.ng known result .. . 
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NU~ER I CAL WE THOOS I I - IN TEGRAT ION 

Itllht -..en of a school aatrn.atica coune ia concerned .. ah the evaluation 
of the cierinll .. inteQuh, in llany practical 'PPlicationa lin .... aet ""Julian 
h often ledlO\.lS ..-d difficult . if not downright illpO •• ible. In auch C88n. 
_rical inte<)ration .ill ....... lly aufflo: .. , and the COMPute r ia pnticulariy 
lulled t o lllJa laale. The "inle<)ral" la the na. <.n<Ier 8 curve. If you hava 
not I'revioudy encountered SIIIIPaon ' . Rullt you _111 find it helpful to read 
Suppl..entary lHIIOfl 1 . 

Two coo-on technique. for .....erlcal integration are the tr'.p"2oJd cull! and 
stapaon ' . /lull. St,ppote we .. hn to integrate a (...-.clton Y : re X) between 
X : A and X : C. The fo.nction I. repl'1laented gnphicdly below. 

ree) I ·· ··· ·········:;; 

, 

Now an approKiaytion to the Inte<)ral I .le 
f(X).dX 11 9ive" by: 

• 

Thla 18 the trapezoid rule; ... have t-.l<en the average of rcA) and r(C) and 
evaluated the arall of the fech"91e .. Ith aide8 (rcA) and ((C» and width C .... . 

Tllil Is aquhalenl to dr_il'l9 • trapezoid .11 IIhoom belo ... 

c 
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,,,,,"""'8Ilulf' .8 .. IIIt>re ca-ple~ II(lprodlllllllon which prOl;~s 81 follows. 
aid-point, B, U t" .. 1l'fl ~t-...en ... and C, and the Inteqr.l III appf'fl" .... ted 

b~ til .. equatlo'" 

In effect, Si"'Plion'. Rule u "PPlied by fltt1nq .. porUon of .. q..oadratic 
~.l1on. In genpral. t~rerore. Si"'Paon'. Rule 18 lOOt. accurate than the 
tr .... l!'~old fule, .. ince .. at .. pH.behaved f"'CHona ar ... 1<1 r.ct _til curves 
which are localiy IIPPfO)(I_ted bt qulldratlc 8Q1H1tiona. Setufy yourself 
that ''''PIlOn'. Rule and the trapelold rule are equivllent when used to 
1nt"'lnte equations of the fOMi Y : A~ .. II. 

fbw U ~ric:.l Integration ae~lished .-1ng .. ~ut"r'> The fll\Clion 
_t first be dHlded Into .. .....oer of 1I .. 1l lieg.enta H that the \nteqntion 
rul .... can be eJ/plle.:l Without gross error. for 1!X~1 ... the area "'<]ht be 
dhlded Into ll!'n .eq~t9 li8 at.own below. 

ThIS roppf06ch ql~" US an l!'atllll8te of the Integral, bot it provides no 
information on the accuracy of lhh "BUgle. If, however. we 110'01 cooopute 
the H'legral Ullng beoty seqooeols .. e can obs~ne the change in the eatieal e 
of the integral. "tueh "ill Qi~e us _ lndlcaUon of the accuracy of tho! 
esti_te. 

Thu. I c.-.n approach to no.-rlCli1 lnteqnUon U to Itlirl "ith jun one 
sell"'l'nt , I.e. 'II: C - A, and to hlilve II at each iteration until tho! 88li .. ate 
haa reached the re",nred 8Ccura~y, or .t lea.t \filii tho! dlfference bel......" 
.ueceaalve iteutiona hu fall~ wi"", a certun le~.1 

PROBLEIoi 

Write a progr .. to integrate tho! f..-.etlon Y • eX eln ~ between X : II and 
)( • I . Uae both tho! trapezoid rule und SlaploOn's Rule, sod startlllQ "itt> 
" • 1 progre .. lvel~ helve it unUI 'II : 1/)2. 

Ihie 11 • difficult exerclae, and it 11 "ue to cOlllPere your flowchlrt "ith 
that overleaf before preaeoting your progr .. to a COinPuter . You My "ell 
find that the flo"chart a_ i~ssibh ahopie . If ao , you "Ill find it 
explained in the Suppl_tary LeoJson on ..-..-rical Intequtlon. 



o h oZ'1gl1U1111/ .et to the .,,'" 
of the I naJel end nneJ v.l"e. 
of the ordl1U1te,. 

Note th.t thI, 1001<. onll/ It th •• :;;:::r;::;~ 
nett or dJna t e, .nd ...... theoo 
r ... dl/ for the _ xt t r .pezoJ.d 
e.Jcllht:lon 

N J, the .,,'" of the ~ ordJ.n.te 
i.e. N-N· atP(Jl} .S!N(Jl} 

.. 

"'I, loop Oln."r e. t .... t 
the ._nt .,jdth 1. 
h.Jved ... ch tJ_ 1.e. 
r edllCe. to 1/Jz"rJ of 
H. oZ'1 gJIUII v.l"e In 
5 p ••• e. round the 
loop. 
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SOLUTION: PROGIIA~ 

111 RElot PIIOGIIAIA TO INTEGRATE FUNCTION EXP(X) ' SIN(xj 
2' liE'" BETWEEN LilAlTS OF X'* ' AND X~1 
It liE'" USES 5,"'''50N'5 RULE AND TRAPEZOID RULE 
.. , IIEW I.WILLIAMSON 31- WU-" 
!il PRINT ·SeG"EHTS~, - TRAPEZO I D", ·51 ... P50N' S· 
U IIEAD A,C 
7 t LET W=C-A 
8' LET o·eXP{A) - SIN(A)+EXP(C) · SI N{C) _ .HI not .. A 
,. LET N-' -.~ n"U' -

' " FOR J .. O TO S 
1111 LET 0=0+2 ' 1'1 - .HI note C 
115 LE T "'- II 
12 11 FOR X_A+W/2 TO C STE P \Ii 
l H lE T N_N+EXP(x) ' SI H( X) 
,.. , NEX T X 
1511 PRI NT 2tJ,O ' W/2,(DH'N ) ' W!6 - lee note D 
1611 LET W~W/2 
17 , NEX T J 
1811 DATA to 1 
19 ' END 
RE ADY 

'"" SEGt.l EtHS , 
1 
• 
8 
16 
J1 

END A T 19D 
RE ADY 

TIIAPEZO ID 
,. '.168 
.967' 58 
.92]7 \1 " 
., 1292 
.9 111 227 
. , " 555 

S IIAPSQN'S 
.9118185 
'119253 

· "'325 
· "933 
· 'Ill'll 
.9 U l l! 

A ThJI _t<ll' O· to the .... or the In./till Ind tJMl o~dlflllt. 
II It '''' .l ..... ". 900d pr.ctice to .n.ur. til .. ,. ".., before the fJrO<Jr ... t.Irti 

eVlln though sund.rd MSIC sets u.. v.l,,- of .Ill v.rl.bJ. n .. ..e. to • 
"'-for •• n~ fJ r O<Jr ... 

C Thl. ,<111 lne r e ••• the v.llue of ' 0 ' e"c.pt th,. fl r .t "'Mn _ 1001< .It ehe 
enclo.lng tr.pezl ... OtII~. 

D l t J Is eM nuaber of .~nts _ Ull. PflINT lnstrucUon en.ure. thet the 
rJ r .e I' r lntJlI9 of .l r N by 51 ... .....,·. flule uo..l:,. • .Iccount of the o r dln.ee 
.Ie the aM point of t he Inltl.Z u>d fJlWlI o r dl_t ••• 

In thh pr ogra. repetitivlI clliculation of ordi.,., t ell i ll unnec:e sllary sincll 
the trapelold rulll requires only haH the n..ber of ordinates used in 
Si llp900' , Rule ( for llirge J ) lind the ordinates are acc ...... h ted during e llth 
iteration. , or eHKlive ~uter progr_ing you _t alw' YII be .lert to 
t he poss ibility of a !niaidng the ~uter load, pllrticulllrly in celculsUone 
lIuch 11 11 m.ericlil integration ..... ic:h are .... tu r.lly iterative. 
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It I, clear (ro. the print-out that integntion by Siap.orl ' , Rule COI'Ivenje' 
IIO r t r apidly t o • ,hlldy-atate value than intlt{lution by the trapezoid rule. 
The e rror (:lin be eati.ated by Iwl raclinl,l the l"81ulls or avec. sahe iterations; 
• quantity E, the nor_Heed ural" , h orten .... ed u ...... re of the 8CC:YrKy 
of the I""ult . 

We c." autOMb the Integration by successiv. l y helYing h \,rOtil ( ia Ie .. 
than I fhed thresho ld. 

PROBtEloi 

Construct \I progr .. which !Iva lualea the intllJ9ul X. 

I .I' eX , ain X. dX 
o 

... sing Sbpaon'a Rule. Stop the iteration ..nen ( 1a )" .. than B. I per cent. 
Aclp r ollCh thla p robl_ .. ith caution •• It h particuhriy difficult. 
Re'I!rrlng to the l .. t ex..,.:.l ... ill help you to draw the flowehllrt. 

o 

• 
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SOLUT ION FLOWCHAR T 

£<'.1\ 



SOLUTION, PROGRA'-4 

HI REW PROGRAI.I TO INTEGRATE FUNCTION EXP ( X)'SIN (X) BE TWEEN 
2e REt.t L1t.tITS OF X_ , AND X_ I USING S IWPSON'S RULE 
3\f REIoI AU TOIolATICALLY ITERATES UNTIL ERROR < '.1 " 
.u REIoI I.w l LLlAIotSON 31-IoIAY-t9 
S8 REAO A,C 
" LE T W=C-A 
H LET II '" 
8' LET O" EXP(A) " S IN(A)+EXP(C) ' S IN(C) 
,. LET N=' I,. REIoI 0 IS ACCUIoIULA TED OROINAfES; N I S NEW ORD INATES 
1111 LET 0-0+2 ' 1" 
12J FOR X ~A+w/2 TO C S TEP w 
13 . LET N_N+EXP(X) ' SIN(X) 
1.(' NEXT X 
15 ' LET 12 - (0+.( · N) "w/6 U. LET E-( 12 - 1l)/!2 
17 , LET WsW/2 
18' LET 11- 12 
Itt IF ABS(E». UI THEN '" 
21111 PR INT "VALUE OF INTEGRAL I S"; 12 
2 It 0'\ f A " I 
221 END 
REAOY 

RUN 

VALUE OF iNTEGRAL i s . 9193258 

ENO AT 22 ' 
READY 

53 
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u::sso ~ 60 

F I LES 

1'11" • .ore lI_ded ... helle"er .. v"rlC1tV o( pr09r .... are u.~ ",lth • • 1ngl. 
d.H. /),I •• . 

In thl. final iHIM)I'I we have cholJf!fl to introduce filea. and the use of file 
inetruetiona in ~SIC. 

All the progr_ "".""lea in th is course have used li .. ited 8~nt. of date , 
which have been entered using slther the INPUT atat_nt , or , for long" .. da t a 
aeta, the R(AD lind DATA atateMenta . 

In the ... jorit~ of business ~ilc.tions of COIIPuten . large ~u of 
dat. ue being procnu·d. Dat" ia .1110 belrq continually ~ated. end daily, 
weekly, and .,nth l} a.-ries of traneactiona ere often .. !'quired . ror e.8lllple , 
II stock accounti ..... p-.;;kage for .. _ll business would IMlnta!n " file 
describing the current stoci, levels against the active p8rh list. This file 
would be t4X1ated with data taken fro. the Good. Received "cIles at CoodII 
Inwards , with Stock Control Sheet. fro. Pl"'(>d.oc:tion Control. with lrwoicea fra
the Pub .nd Service Group, n 110 on. The Purct..sf' Olreetor wi~s to 
reedvs Infor.atlon f rOll th .. cOIIIputer telling hi_ ..nen to re-o rJer and In 
what QU9ntit~ . The Production Oiree t or 10 Interemted In stock 1 .. ~ .. 1e 8911inst 
the current order book. The financt! Oirector , not ourprieingl~ , usually 
wi.neo to _lni_ite the otock level to reduce the cOMPany overdraft. 

Thu" into one ~tnl file, we ere I!f'Itering ~ta derived frOll a wide r..-ge 
of aourcea. frOll the 0 .... central file. we wlllh to preeenl <.tala in Nny 
different (ONllllto according to the intere.to of the penon on the receiving 
end. '<ow we could conceivabl~ write a alngle proqrllll to cope with oil the.e 
conflicting ae.ncia - but it would be enor-aua , end would be forever being 
...,dated and _olhhed to adapt to the dlan9lng buai ...... en~iror-ent. 

Accordlngl), bU.l .... aa a}.t_ peckll<Je. are usually flle-atructured, and the 
files are processed by """'y different proqr ... to produce the dealred final 
dats. Thf' data on Goods Reeehed "'oleo .. y be enlered Into a fil .. ualng 
one IJroqt.... The data on thl. file could be aorted into part no..oaOer order 
by another progr .... and )et another progr_ would teke the aorted dota fi Ie and 
use it to ...,date the .. ater fUe of atock i ..... entor). s.,parate and dietinct 
proqr_ would then operate on the lUster file to produce the ._rletO d...anded 
by the Purchase Oireetor, Production Oirecto., and so on. 

Hlea lire proce •• ed by progr_ wtuch produce Hie. as en output, tUCh output 
file t lhen senlng aa lnpUts fat proqr_ whiCh further proce •• the data . and 
so on. The .Ylt. c.., be ..,(lIned and developed 88 nee .... ty to !Wit the 
d_nda of the busi ....... PROVIOCO that the ft:lll*! of the files I. fI ... ed and 
l.OlChanged . ())ly if the fonut of the filea needs to be lIIOdified need we 
r e· t hink the basic tya t ... deal<Jll . 

filea ere usually a tored on the .agnatic . toraqe eedla of the COIIPuter • t yp i call) 
the ~netic dlec or t he ..o)netic t ape (caesette or reel.to_reel) . Hlea can 
aho be ato red on peper· t ape , punched carda or p rinted a t the te ... l nlll or 
line-p r int e r . fac ilities which a re used for back-..., a t orlage of ~alullble 
data and proqr_ flle" . 



In III ~uhr 1~lt_, the i""ut end output device. luCh II -.gnetic t~el, 
printer., lind .0 on, Ire controlleel Ind ~ed by en exoo;:utive (_th,e. 
c.lled lIOOitor) prograll ""lch control. the whole of the CMf/uhr .y.t... It 
fall"",. thllt if. BAS IC prograoo h to ICC .. S fll ... toreel on ths SYlt .. 
_ry, it _t cill for I .. istanee frOll the exoo;:uthe (you will r...oer 
fro- Ls .. on }) thlt the BASIC interpreter encI the .yst .... executivs Irs 
rel1clent in the c:o.puter -.ory ""Hst the BASIC progr_ h being run). 
l,nfort ....... tely, the fOrM of the csll to the exscutive c!ependl not only on the 
dedgn of the BASIC interpreter but II.., ....,on the dedlln of the executive Itselr. 

In tM. courlMl. therefore, we cln only ghe you general guiclllnes on the type 
of fils. )ou _y be able to KCe'" , eod the fOrM of instru:tions likely to 
be inehocled in the BASIC on your cQllCluter sy.t.. . Indeed , BASIC .... not 
conceived 8S a file-handling h'ngu",(]e, and for the business user COOOl, despite 
HI ",(]e, offer • .woy .dvllll t I9f!S. 

for the BASIC user there Irl two .. in class .. of file; 

Se""enthl_Access ASCII file 

Ra"'*--ICCi!SS file. 

A .equentisl - KCeII ASCII fUe is sillPly • stre .. of ASCII-coded charlKleu 
exactly ss typed on the ter_inal keybosrel, line-feeds snd csrriege rsturns 
inehxled. The file ill cslled lequenUII-scce .. becluse if ... wish to read 
the 1~h line we _ t '"quence through the firat 9 line. to loclte the shrt 
of the 19th line. The COIIPuter cannot loca t e the 19th line without Iterting 
at the begiming of the file. for convenience , we .. ill drop the .. quenUal
IKCel' terM Ind ull the", files 'i"",ly ASCII fUes . An ASCI I file CWl be 
listed eliroo;:t1y on the te r_inal , and if Jtne-nuobers I re included can be 
eelite<! UIIing the BASIC eelit facilitiss. A BAS IC prog r_ II s lored within 
the COIIPuhr '1 In ASCII f11e. 

~access riles .rs so cilled becluse they CII1 be r8lel rro- or .. ritten to 
at any point in the file _ I.e . at randOll. 10 the UIIer , rsndOll-KCI" filII' 
appelr to be I lerlle Ir rlY (o r lilt) of n_ers o r . trlng-vlriablel . We 
CWl read the )()th entry In I randc:.-lKcals file In proo;:iaely the _ w.y sa 
... can c.ll '4' A()f) , the )()th lI1_t of ., Irray , In • L(T sht_t. 
"'er ... , In .n ASCII file we _t reed .11 sl~t. prior to nu.ber 58, before 
rSleling nu.ber sa Ihelf. In thll retpect the ASCII file it analogoue to the 
DATA block In I BASIC p r09r .. , lind the pointer -ost be .:oveel clown the block 
PISt eldl el~t In turn. 

R~~es. fll " Ire .tored in I IIIIChlne-coded for-et end ClllW'lOt be elIrectly 
lisled It the terMina" AI. relluIt, nndo.-~ee. filea Ire -...:to .:ore 
econoIIical in their use of ~uter _ r y , .nd can store large ......,,1I o f 
m.edcII elate very efficiently. It!wever, .Ines they Cln only be gener.ted 
eod printed vb • BASIC progr_ they .re .:ore dHflcuIt t o .... e. We hive not 
included an ex-.ple of thit type o f file in thl l coor", and you stooulel reed 
the .y.t_ IIIInUII o f the cOMPuter you are UIIing for an in-depth deacription 
of randoa-accese fUes . 

In the .x-.ple on the (ol1ooolng pege, .... deacribe • progr_ .... ing an ASC II 
(ils. Sewars ' You shoo.olel ~k your c:o.puter .y.t .... ..-.oIl .. the file
hendllng Instructions dHc:ribed _y not be sVlllable on your COIIPuter .yat .... . 



In Lenon ~~ we desc r ibed a progr a .. to IJOrt 20 names allcl sssociat ed telephone 
nUlllbe rs into ascending order , and print out s dlre<;to r y. Here is t he progu", 
IIIOdified to sccept its input data frOlll en ASCII file . 

HI REM PROGRA l.4 TO CO~tPILE A TELEPHONE OI RECTORY FRO l.4 ASC II FILE 
2i1 FI LES NA l.4 ES 
3 ~ DI l.4 N$(I U ).X$(U II ) 
"'1 FOR 1,,1 TO 161 
.H INPUT .I,L,NS(I),XS(I) 
60 IF ENO .1 GO TO ge 
711 NEXT I 
8~ PRINT "FILE HAS I.IORE THAN l U ITEMS. 
U FOR X"' l-I TO I STEP -1 
Ide FOR J.l TO X 
IH1 IF N$(J+1»NS(J) THEN 18 11 
IH1 LET U " N$(J) 
13 11 LET tcS=XS(J) 
1"11 LET N$(J)"NS(J+1) 
1511 LET XS(J)"XS(J+I) 
liSe LET NS (J+1)ETS 
17 1\1 LE T XS(J+I)·tcS 
18 ~ NEXT J 
1911 NEXT X 
2" PR I NT "NA l.4 E"", "TE LEPHONE" 
21 ' FOR A:! TO I 
2 211' PRI NT NS(A). TA8( " S);XS(A) 
23 . NE XT A 
2"~ END 

READY 

Let uS 1001< at the new statements in this progrsm: 

HI FILES NAMES 

1h1l telh the c~uter that file nlllllber 1 i s an ASCII file called NAI£S. 
If the sht_nt had been rIL(S NAH[S . TELE then file nuaber 2 would be cslled 
InE, end so on. S. INPUT .1,L,NS(I),XS(I) 

Ihis staleNnt tella the COIIOputer to read the ne~t dBta line frOll file nuaber 
1. The three eleJlleflts of data on the 11ne Bre the line number (~arlable L), 
the n_ (string variable !IISOJ), allcl the telephone n....tler (stdng vadsble 
XS(I) • 

" IF END ., GO TO 911 

\ot\en we resch t he end of file nUlllber 1 we junop to line 90. 

8 ~ PRIN T " FI LE HAS I.IORE THAN l U ITEMS." 

This line iI norllllllly akipped by e~ecution of line 60 at the end of t he fU e. 
I f t he end of t he file is no t found , the werning .... ssage iI printed. 

Now having defi ned t he new e l eooent a in the progn ... , wha t doea our ASC II file 
l ook like? Here i a a t ypical seBBi on at tile t e l etype : 



OLD NAWES 

READY 
l:li.!. 
NAWES 

1 ' ,JONES;A, ~ '2 1 2 
a, PEANU T; L, 2 "" 
It, JENK IN S; P, " 212 
." HALLAT; J,' 1919 
.5 ', GLOV ER ; R. J. 62126 
H , LISTER; R, 817.56 
7 ' ,OALE ; R.71122 
U,DALES; S, .".3 
H, HOOK;CAPT, 3.5 •• 2 
"', KNIGH T; F, 233H 
II " STARK ; W, "841 n" BROWN;D, , ,'" 
1J.II,DICKINSOH;W,IUH 

READY 

...... 11 ell. ,"",""lIeer to ~"tch eM tll. IIAlfll.!J 
.lre.<ly .tor.ed In til. cCOIIp"ter 

1~~.WILlIAIolSON; 1,3'I9B· ... can """. l1ne "I'll .1aply 

REPLACE NAIolES 

READY 
OLD COIoIPLE 

READY 

'" 
COtJPLE 

NAWE 
BROWN; D 
DALE;R 
DALES; S 
DICKINSON;1ot 
GLOVER;R.J 
HALL AT ;J 
HOOK;CAPT 
JENK INS; P 
JONES; A 
KNIGHT:F 
lISTER;R 
PEANU T; L 
STARK;W 
Wll llAIol SONi I 

END AT 2" 
READY 

• R.plec .. 01<1 tll. "jell aodIn.ed ~11 • .eon" 
In t~,..r!l _ril. 

TELEPHOHE 
'19" 
71122 ,,,.3 
"'" 62126 
91919 
3.5H2 
.l1.li212 
.'212 
23JH 
89756 
21", 

"8.' 
311198 

" 
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~ lot illite elln be done .uth ~SCII fUn - for i".tllnCe . ROII'l> or R[SET " il l 

hlee the hie back to the beqimil'l9 . .. the R£STDR( a tat_t doe. wi th t he 

data block . PrOl)raaos can 81&0 generale ASC II fUn us ing II PR 1 ~T . t at etM!'n t 

of the fo r .. 

PRIN T _t ,L, NS( I ) ,XS ( I ) . 

Howt!~er , •• we he'll .. ;<:1 . the detail o f fil e '->dling i . ~ery -..en ~endent 

upon the co..,uter I)steoo you ue us ing . and )00 _t consult t he BASIC __ I 

for the l)stM you a ra u8lng . 

In tM, JPllson "II h.a~e in troduced t he two _ i n chases of Hie, ASC II and 

random-access flln . We have ~lIt rated how t he ,.SCII H i es can be d~ly 

used for both i~ut and ou t put f r Oli BAS IC p fogr_ . and how they can be 

II!'dlle<l, luted and .. veod as if they we re actually BASIC progr .... . f ra- t his 

brief Introductlon. )01.1 Irl! already In a po.il ion to develop power ful and 

useful lIulles o f c~utl!r p r oqra ... - the relit ill ~ t o you! 

AND q ET ME \1\1'. 1'"1 L£ 

~
MR. N,EWUN 

AS WeLL-

e 
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SUI' PU:MENTA MV !-ESSON 6 

SER I ES EXPANS IQHS 

A ' seri"s ', .u' ....... eJc.l1\/. is. ril9uJ.c sequenc. o~ maber . Or •• pre .... iOll •. 
A .erles o~ maber •• i9ht be 2, " 6. ' . ", ecc., or '/2, "'. U' , etc. 
A .erl"s oE a"p r e •• lons _i9h t be •• ,,2, .J, .', ,,5 . atc . 

A. a nd e we use a ser iell in order to help u. to ca lculate a ~er ...t>ose 
value can never be calculated el<actl y. for el<8IIOJIle 

e": 1 .1< .~.~ .. ~ .. ~ ••••• etc 
21 'I III ~I 

here I< is the flrat 'ter-' in the aeries , ~ i. the 2nd ter_. and so forth. 
is the' ze roth' terll. 21 

QUES TION 

Uilinq this el<pr .. alon for eX .. rite down the val ... of e itself. 

HI NT 

ANSWER 

.' . • , . .!... .!... .!... .!... .!... ", 
" " " " " 1 1 .!... ..!... ..!... ." 2 6 ,. ,,. ". 

It Might ...... that this Is no lII'Iswer to the proM ... However, we have already 
de t el'll ined e to better than one part in 3611 when we have calculated thi ll II ... 

La t er ler.a in the lIe r iu .. ill never IKkI '4> to 8S ,.yeh as 1/36i1 , ..... ich wss ou r 
last ter-. A COIIPuter can readily ca l culate auch a series , however, there 
are dwogers . 

A seri ... iqtll not ' c:onveI"C}e' to a finite II". The ter. of auch a series add 
'4> to an inrtnitely iaI"C}e nlJlllber if you tal<e enough o f t.r- 4 the aerie" ill 
.. ld t o be divergent. s.:... aeries are obvioualy diveI"C}ent 4 but IIc.e series 
e re QUite deceptive. 
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QUESTI ON 

Three or t he four ."t ln below are divergent - can you spot lh .... ? 

. J , 2 • . , . , 
bl , , · , - , , - , 
oJ , .1 · 1 1 1 

2 , 
" 

, .1 · 1 . 1 . 1 
2 6 " 

ATlSWER 

.: This IJeTIU I, obviously dhergllml. 

b : The seriea .ckl. up to 1 o r II dependltlC} how .. ny to!"",,, Ire couonted _ 
it is "acUhtlng .. d ne~l!r converges to • single ..... A divergent 
lIeries need not dnel'98 to infinity • 

.:) Surprising l y. this aeries h alto divergent. AlthoU'iJh the terlll8 get 
progressively _Het. the ..... o r the aeries tend. to Infinit y 88 
IIIO re and .are tet_ are a~. 

d ) The s.,tln converges to .... o r 2 . 



" 
SUPPU :MENTARY LESSON 1 

NUI.4ERICAL INTEGRATI ON 

'this Is .. • "bj.ct ",hie/l V"" -V Eind di~fjc"le to u"der,stand Jf you cannot 
do inteqral c.lculus. However, Ie can IHI ""plained .oven t o people vho have 
never heard of calcu1,,& • 

..... lIt is 'inte<!ration'") In thia lesson 'inteqration' si"'Ply .... ana 'finding 
the area londer II curve'. '~rical integration' means 'dividing the area 
into tiny parallel segments, finding the appro"imate Brea of each 8egoM!flt 
and adding the aress of all the segments' . Thie .. ill only give U8 the 
approxi.ate area, but II COIIIPuter .. ill very quickly find Buch an area to 
one part in a thousand, or ten thousand , or even one lI illion, which .. ill be 
accurate enough for every practical use . 

Why bother _ who needs such areas? The area eay be needed literally , for 
""""'P Ie . to deterllll'le the ~unt of steel pillte in an e llipse. Hore often 
the a"es of the graph .. ill represent, for e~Bq>le, speed and th.e, and the 
srea .. ill then represent distance travelled . 

Speed 

Time 

It'Ist is the JDesning of r(~) ! 

Area: dis t snce 
travelled 

y : r(~) mesns thst y varies ss ~ vsriell. The ... tl\ellllth::sl .. ay of sayi.ng 
it ia 'y ia II f.n:tion of ~'. 

rcA) is the value of y >then ~ is A. 
f(B) is the vslue of y ..nen ~ is B. 

!!hat is the trapezoid rule? 

I : [f(A) + ree)] • (e • A) 12 _ans, 
, I' the IIrea lftlder the curve 

Arell of trspezio..- : 
[rcA) + r(C)] • (e _ A) 

ill IIss.-d to be equal to the "rell of the trapeli .... PURS . We can easily see 
thllt this ill not 110 for lIuch s .. ide trapezi... But if we look st the left 
hand edge only it ill now h'possible to aee the difference .. ith the naked eye 
between the srea under the curve, Pl, lind the trapeziuoro, PlUS. 
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It)w abOut S'''''!k)fl''' 'I' \0 ... ,,, .. t.-ad of as_ing that II aerin of aide
b)-stde tr"f'IH .... S i ~ 'I'X'" fi t to the curvI! . _ • ."..., that it is 
itllelf c.,.,sed ot Mil,,) C'unea , [actl ~l '" II part of II ah.p l8 putbola 
wIlien flt a tne two "nd poin t s P and R and the aid point Q. 

, 
No .. the ,,~act IIrn of a .'lJIIII!nt of 
It' II II parabola i s 
[r(~' • r(C) • /I·qB)) • It 

Ihlill can be pro:",ed but to do H now I. no t essential. 

Ho .. can a co liter best do!ai "Ith thia 1. e of Int ration? 
" u"., t atlon '11th a c:oooputer II. to VI II curve Into, "Y . II .illion tiny 

pafallel .egroentl . OfOr~ out tha I Tea o f each 8"'1""'"t. then IIdd ~ all these 
areas, and then print the result. 

QUESt i ON 

Ihla approach ha" fOUT dlaadvanlages. Can you think o f any or theol ? 

HINT 

Ihl'* about' 8tDr~ locationa , ti_ for eoIIpuhtion, the use of Uny 
"....,aet s , Mld how you .. ill JudI}e the Kcuracy of your resulta. 

ANSWER 

.) A .. lIlion _ry locations could be needed, one for the Brei of each 
IlI9"'If!nt. fbwever , ..., cQU ld 'Jet round this snag by keeping a running
total, to which .. e add tr.e area of eacr. ne .. sl!<jooent a8 .. e rind It. 

b ) The ca l culation .. Ill toke a 101'>\1 tllIe. Even H each atea can be 
cdculated in 1110 . icroaeconda it "I ll ltill need 2 . Iootea to COOllPute 
a . illion a r eaa . T1 .... costl -aney on ca.lputeu . 

[ach o f the areas ia itutr tiny. There .. y be diHlculty in 
COlllPuting nuClera lucn !II .00001100111182. So the accuracy .. y prove 
to be l ower thao ~ou . lght e~e<:t. 

d) You " ill have no idea how accunte )our cl lculation la. You could 
$pend another .Inut .... calculating the a rea "ith ~1Ii!.0"" s~ts . The 
difference in the two areaa wou ld tell you roughly the order of 
accuracy that ~ou had achieved . 10 be pedantic the Inaccuracy of your 
ans .. er dll probably be the a_ order of I189nitude al tilt! dlffer...,..,e 
be t .. een the two anbera . 

J 
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QUESTION 

Can you think of a better approach to thi" problem, by which you could 
cn1~ulatc the area ..,rlder e curve ~ 

,,) "ith increasing occurecy at each att~t 
b) in a reasonable amount of I:O"l'uting time 
c) without tiny segment_widths requiring that your c~uter worlc~ to 

taany declrll.al places 
d) which will give you an idea of how inaccurate your esti .. ~te might be? 

HINT 
Think of finer and finer subdivision. 

ANSWER 

You can uSe narrower and narrower trapeziuns to estimate the area under a 
curve as shown in th", diagram. 

1st approxima- 2nd approxima_ Jrd approxima-
tion to area. tion to area. Hon to area. 
Trapezi ..... within 2 trapezi ..... a 4 trapezi ..... s 
the outer bouod_ defined by defined by 
ary posta. halfway post linking 
Clearly ~ery and boundary quarter posts 
poor, "ith B big posts.Already to previous 
error. far more boundary 

accuratp. pOints. It is 
r>ow hard to 
aee the errOr. 

4th approxima
tion to ares. 
e trape~iuns 
derined by 
hllking eighth 
poats to 
prevlous 
boundary point 
By now it is 
i"posaible to 
,pe any error 
on a sm~ll-

ale diagram. 

(aeh approximation is tlmrl! al:"urat< th-, the hat. A cOIIfluter ,n work 
out ea<:h approximation by adding th .. I ,i'lht Jf the n"· .... pod" to t"''' height 
of the posts alreAdy ne1lsured. 
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QUES TION 

Sho .. how each "Ppro~imation is iliad" up of preYioualy known post_heights 
plus the latest posh to be conllidered . (N.B . We us" tne word 'post' 
whiet. is 8elf-,,~pI8natory in preference to the correct ,"ath~atical 
tl!rm 'ordinate' . ) 

",",SliER 

1) Area of 1s t Iraped ... : (p,.J) . W/2 : P, .w/2 
Where P, , sum of outer boundary pos t s . 

2) Area of 2nd Icopedum : {A .. E) . W/II 
Area of 'Td Trapez ium" (£ .. J) . \I/4 
So 2nd apprDdnIDtion "areas of 2nd and lrd Trapedunos 

, (A. [j . W/4 .. (E .. J) . W!4 
, (A .. J .2(} · W/4 
" (P, <-2() . W/4 

So , in c~ut ing t erlll8, .. e cou ld add twice the heigh t of the half. 
way post to the s .... of the boundary posts in order t o r each our 
second approxiJlOation . And P, .. 2( can be colled P2 ' 

3 ) Area of 4th Trapezium: {A+C) - W/e 
Area of 5th IrapeziU!l'l , (c..(} · w/e 
Area of 6 th Trapezh .. , ( £+G )"\I/8 
Area of 7th Irapez!" , (c:. J ) ' W/B 
So Jrd app roximation : area o f 4t h , 5th, 6th and 7th Trapezlt.a19 

: (A .. ZC .. 2( .. ZG .. J) . W/B 
: [PZ .. 2(C .. G)] · W/B 

here C .. G is t he aun of the height of the quarter pouta . 
Again , in CO/llPuting tef", we could .. dd t wice the aun of the height 
o f t he quar t e r poa t u to P2 , which we have already s t ored. \lie can 
now cail the new aun p) . 

So the general rule for the ne~t approximation is t o add t o the prev loua 
'poat a .... ' twice the s ... of the heights o f the nex t series of dividing 
poats and to multiply t he n .... SUIII by half the width between the posts. 

With Siqlson's Rule th" approach is alightl y MO re c"",,,lica t ed , bu t the a""", 
princip l e applies . We lake the s .... of t he previous posts (ordina t es) and 
add four ti"",s the new SUIII of posts ( the !lid-point of each Integration area ) 
and multiply the whole lot by the or ea wid t h divided by twelve . 
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Iht. 'llgnar~ of ~uter ter ... is not fully cOII'Ipreheneiv8 _ it would reQUire 
a whole book to be that - but it IIste out to define intelligibly .any of the 
hr .. yc>u aro. Ilkely to c_ aero". whil8t using this course, and whilst 
working with cOMPuters. 

"JpMn..-rlc c","r."ten' the cooopi<!te C'hIirlCtef 8"t, no..-bers, "'1"<'" and 
ayooboh. 

"ppUc.tlan. 80ftWU8 - proqr_ developed ror lIIIPeclfic t .... k. or applications' 
payroll Iy"te-s, ... th_tical routines, graph-plotting, etc . 

ArgLI",.mt - • variable upon whose value the v.Jue of • function depends (e.g. 
the ng..-ent of Sl~(.) i •• ). 

AXlI - prOllOU"lCed' aekey'. Standtl for _ric ... Standard Code for 
Infor.tion Interchenqe. The code by .... irt'l slph __ rlc dlerKters srI! 
lIJI'"CoOed (or 1r..-I •• 100 In cOIIputet ayst_, by telephone lIne. ptoper hpe, 
or -.qnetic-llllll! . 

"'nMbler - progr811 ""let> tr ..... latea Iymollc Instructions Into tn. -.chine 
code required by the cOIIIIpuler. 

"' •• abll/ lolJlg"8g8 - _Uo.es also called .. se-bler. A sillpie languaqe, 
..... Ien ls used to encode Into .achine code. Orten there 18 • one-to-one 
relationllhip between Instructions in .aBMbly l.ng~ .....:I Inatructions In 
.actoine code . AaSNbly i..-.gu.qe Includea _Ica to help the UHr (e.'}. 
the three-enaracter ,}rooJP ,,;,Ien adds t'OOO varl.tliu My be AOO). 

&Itch - has .any _anlng.. Ullually used to differentiate between on_line 
working and off-line working. In ba t ch processing the c""",ut.n procenes 
the Jobs in strict lMIquence , dedicating Ita full facilities to each batch 
Job In turn. All Instructio .... , pl'Ol}ra ... and data for each job are pre_ 
loltd&d onto the cOIIIputer and atorl!'!! on tape, dl&c, or punched carda. 

8lfIBtlj code - the _thod uaed by digital COIIputera for encodll'OjJ nuobera . 
At its si~iest level. the dlqita B-9 ... y be repruentl!'!! thua in binllty 
",,", 

• ..... .. " .. " ilil" 
illilil 

> , 
7 
8 , 

illBI 
ill1il 
1'1111 
Il'IiIiI 
lilill 

8lt - thls ia a il or a 1 In binary code. lhe wo rd ia derivl!'!! fr_ !!nary dig!l. 

UMlCh - a departure fro. the IItraight dolOfl-lhe-paqe se~e In the 
uecution of II progr. . 9ranchlngs c.n be divided Into t'OOO aor t a _ 
conditional .nd uncondltionliL In BASIC, tn:Ondltionsl branching la 
repreaentl!'!! by CO TO atate_mt • .....:I the II;(XT of a rOIl ... NEXT loop. fhe 
cOlllputer has no alternative but to foll ow theae inltructions, ","len hllve 
no conditions attached to lhetol. Tn conditional branching, the branching 
i a dependent upon t he Ya l"", of SOllie Yarlable, t .. ~les of thla In BASIC 
being If ... H£N and 0"1 ..• cn 10. 
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Bur" .. " • a co~uter bur"e" is .. COII1)II"Y which leases cOII1)u ter time to c lients , 
d t her on a U .... ·sharing b ... is, by .... an. of t e lephone_ linked t e rminals 
installed in the client's place of buadness, or else by the balch method, 
where progrBms afe coded ont o tope or ca rds , and fl!'d into the c~utl!r in 
sequence . Often compute r bureau ... ill cMObine the t wo _ using a time-.haring 
syetell du r ing the day . and a t night , when the de.nd for ti .... -sharing i9 not 
so great , s .. itch to batc:h working . 

Byte - .. set of bits consido!red 88 a unit , usually (but no t ol".ye) B. Ihl! 
meno:;lfY o f a computer i s .... aau red by the nurrtler of byt es it can s t ore . 

Central processing u"it - in 60IIIe senses , th" 'heart' of the computer. It 
co-ordin.ates the scti.vities of the I:o""",t .. r' . unih , lind perror," t he 
uHhmetical and logical operations on data. 

eo-.ond - can be synonymous "ith instruction, but not always so. In the 
aense we have been using. this word refers to those wo rds typed by the use r 
which are not part of the prog ra .. , but neverthe less affec t the coqluter ' s 
working , e .g. LIST , RLN, and SA Y(, 

eo..o;Jler - a program within the c"",,uter, usually s'4lp lied by the 
manufactur ers , which 'tunslates ' operating instructions (e . g . the BASIC 
instructions) into (lachine_code . and call i any library routine (applications 
soft .... are) which are required by the progre.,. . In t his , it is s i mila r t o the 
asserrtller, but i s di fferent in thst an asserrtller usually (but not always) 
produces one Jllact> ine_code instruct ion for eact> source ins truction , whilst a 
compiler 19 more soph i s ticated, snd can generate ftlBny IIIO re ftlBchine-code 
instructions per source ins truction . Ihe c~iler translatea an entire 
prograM at one fell swoop . 
CendUJom.1 bunc/: - also known as conditional trans fe r o r conditional jUft\:l . 
A branch whict> Occurs if, and only if, SO/lll! specified coneHUon i l me t, 

Cent r ol ststement - synonymous wi th cOllWllBnd . 

Dolts - a.ll va luea , conditions or s tales operated on by a program but not 
forming part of t he program itaelf. 

De-bug - the procesa snd te<;hnique of de te<;ting . diagnosing and eliminating 
errora in progr .... a or sys t ems (soft"!lr e or hardware ) . 

Dis'1t1OstJcs - the result of a di"'9l"1Ostic routir~ (usually psrt o f the 
so ftware a'4'plied with the colIIPuter ) , des igned t o t race (or diagnose ) fault s 
in .. prograM or ays t ..... . for instance, a aa""le diagnos tic following the 
entry 111 tCT C.M might run: (RROR !il2 - SYN TAX - thus giving the uaer B clue 
as t o the natu re o f the error. 

E'nte r - (of progrell) t o reed in. 5orDeti ... s used in place of l oad . 

~sc - th~ abbrev iation in this course for t he escape key on a terMinal, Soo\e 
terminal .. ""'y no t have an escape key, and the aame r eault .... y be obtained by 
pressing 'CO~TROI. and Q Bimultaneou91y , or sillUsr . The f unc t ion of thi.s is to 
ha lt the 'execution of the p r CKJ rs .. . 



8XKut.bla etote_nl: • a st.t~t In a progr_ which CIIUSIII the cOIIIPuter 
to do _thlrw;J . e . g. PRINT, R(AD, L(t (cr non_executable stalaent). 

blfC"uta - to perfor. the operation. defined by II routine. progr_ or 
t .. truetion. 
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8"..,ut1 ... pr09fu - .oft ... re built into the c~uter which controll ~.riou. 
f unctions of the ayate .. . 

t:1I.pnuion - ... t.heoutical or IOQ1cd felaUonlhip 8XPfl!Ued In .~lIIbolic 
fOHi . 

'He - an 01'98niHd collection of d8ta Of fe-corde. 1hi. definition IIPPliea, 
of coune, ." -..ch to non-c~ut.,r files •• to COIOJIuterised onea, bot ..en 
jer\jOn h.ae grown ~ around CO/IIPuteriled files. rils handling is the 
tsChnlQlHl of producing and ..anlpulat"lg files, and the fils identification 
.. the code used to identify ..-.d aoowtlooes c.lI the rile for uae. Thl! file 
label ia part of thoe rile Hself. and serus the a_ function •• does the 
ReM sht-'t in the progr_ - i.e ... non-e"OCeot'uhbl" dat .. serving .s • 
r_inder to the usef of the purpose and function of the hIe. A Ola ..
.. y be the ._ S. II file ldentiflution, and file ptoceaalnQ the a_ aa 
rUa hendling. Tooo filea _y ba _!'qed, coUated . sorted, or c~ned . 
rllaa, of courH, Bay be on tapa (-:Jnetic or p..-.c:hed) , cnda , or In the IIIIln 
,tor89" or the c~uter. 

'lowc"'rt - the .ylt_ of .yllbolle represent.lion of HquencH of e~enta . 
.. progr_ flowcnnt la the one ... ed throughout thh course, whete different 
-..ped boxea (ead! representing a different eo.puter operation), .re hoked 
by flowli,.,.,. to each other. rloweharh an ... ed to interpret the teq..oir_ts 
for II progr .. , to define the proceasea in the proqr_ing which .. Ill be 
In~olved , and to BIIke the coded proqratll IID re Intelligible to othera. The 
other forlO of flowchart which I. uaed in cOlllPuter operation" h the .yat_ 
fi0weh8rt, which detaila the o rganisational _thoda irwolved In collecting 
dale, rllWling the ~uter , end pnaentinQ the lofol'Mlllion obtalr>ed. A 
flowchart .. y aho be called • flow di8l}r_. 

H1gh-Iavel language - a ae t o f codillljj inatructior18 in wh ich "lICh Itat""",n1 
or IrI8truc t ion i n the IBngUlloljja cor responda t o .ore than one BIIchlne code 
if"lllt t ucliOl'l . They heve the advanlBl)e of beinQ u,ed 01'1 different _chine., 
Irrespectlv" of the lIlOChi"" code of diffe rent Iy.t_ . 

1~lIt devices - device. used to I""ut dale and prOC}r_ to the _ t y of 
the co.puter . hMlpiH of.uch devices are the t "I"typewr Iter .nd VDU , paper 
t ap" readara , p..-.c:hed-ca rd re.dera , " t c . 

Inlt t uction - I .ht _ t .. ithl n , p roqr llll derlnlllljj " apeciflc IICtiOl'l r equired 
frOll the ~ut"r. 

Inst r uction ~1ca - abb revhUona uaed in luably 1"'1i108\1" to define 
co-puter operatiOl'lI . for if"lllt.anee, In sUably br'll]UlIO,Ie , the -'-'ic representlnQ 
.dditiotl My be AOO. 
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lntltuctivw oood. - 8lso known •• conver_tIonal -ode , AI the ..,.;ond .
would illply , this is a _tl\Od of using Ii COIlIpUter in ..nich t he C-.wllcetlon 
between the user and the cc.put er i. t wo-way , Le . the cc.puter 111 ab l . to 
'rl!ply ' to c_anda and Inatruo;t10r-0. gh.,., i t by t he UlMlt . and the I.nJef i. 
ab l . to affect the wo rkingl of the c~uter and ob t ain i-.:liate replOf'lae 
to Input . 

Int_ ... etJVOI pr 09re", _ • ptogr"", ..nlch I. Influenced by the user as it 
progr esses by ",eons of input I'IIIeU8!1e1 and data . 

IntUpUter _ • p rogr_ .,Hhin the cOMPuter which t r ansla t ell high- l evel 
language Instructions -Into NChlne-code , one n a t1_. [very tiM the 
COMPuter nIna t hrough. ptogr ... the interpre t er t rand. t ea the In.l ructlo .... . 
(et eoolIPile r ) . 

Job _ wo rlc (one lIIit J' given t o a cOMputer . It .. y...ell con.ill of Rvanl 
n.".' Jobs g i ven to • cOIIIPu ter a re controlled by the job control ptogr .. , 
wt itten in job cont ra1 lafW,lUllQe . which enabl es the opera t o r (o r the .... r l 
to control the flow o f jobs through t he .y.t .... . 

t.ln9'Ua9'8 - the ...ethod of c~lcaUon between usen and ca-opul e rs . frc
,.",sr_ .. sningless jUl'lbles of syMbols , languages haye evolved to nea r_ English . 
The breakthrough in langua<]8 deyelepooent callll when It was reallnd th llt a 
cOlllpu t t!f could do Its 0"" 'tnnshUng' and the laborious and tilll!l-conll ... lng 
che<:klJl9 whIch constituted fIIlICh of pr<>gr_Ing could be done away with. It 
ia rlll'\jrettable t hat there la not yet a unhensl ca-oputer hngo&c;le, but 
varloua languages ate dealgned to .. e t diffe rent needs - COBOL , for instance, 
bel"'ll • b .... i,.", .. lllOlJua<)I!, whtell I. ye r y 'English' In forM , and rOR'R"~ , 
prl_r ily a ac:ientific l anguage . "langulI9II called Pl/l h •• been dealgned 
to cOyer aspects of both theM languages. and has gained BOlle populari t y . 

LI_ pdnt.r - an ootput dey ice capable of printing a c:o-plete line .t • 
ti .. (aa OfJ9O ... d to a teletypewriter, ""'iell prints one c:harllCter at aU .. ) . 

Load - t o input data Or progr_ Inat ructiona into the ~ry of a c:o-put e r. 

Local wo rkln9 - using. te r_lnal without being cornected to a cOllPuter . ThI. 
llay be fo r the purpose of producing paper-tape or si_llar data preparation . 

Lo9'1Jng on - the act of gaini ng access t o the cOlllpu t er frOll the teuinal . 
lJauall y a aecre t password i a used , to prevent access to personal flle a by 
unllu t horlsed users . 

Lo9tc: . r ror - an error in a progr_ resulting ffOll faulty logic (e ,g. 
diyidlng by I!I , or ai_liar ) . 

r.o-l .... l 181>9"'ge - a langu.qe In ""'Iell esch Instruction 1'1 .. a c:orreapondlng 
.achine-code ins truction as oppoaed to a high-Ieyel l...-.gu.qe , when .... y 
aachlne-code Instructions .. y be oeners t ed by a single i.nstruction. Sc.eU .. s 
referred t o ss 8 basic 1""JU8911 (not to be confused with ~SIC, ""Iell I. a 
high-level language). 

"'.elll .... -cod. _ the binary eode ""'Ich defines the se t o f Inatructiona av.llable 
within the COIOPut er . "very el_tary codi ng sys t .. , aho kno"" aa COIIipute r 
code , instruc tion sst , o rder code , o r inlt r uction code . 



H.gnetic di.c - I .aemor~ device , conlis t ing of I nlMlbe r of .ae t sl platel 
coated .. ith • magnetic .aedh .. (similar t o sudio tapel) . DiscI lIIay ato re 
lI illions of byte. of data which can be acceased ( rend or writ t en) rapidly . 
A floppy disc (811 opposed to a hard disc) i. a a thin plastic disc atoring 
typically a quarter of a .. ilUon bytes of data . 

Hss-netic dfutll - si!l.ilar in pri.ncipia t o lIagnetic discs but in the for!l. of 
a cylinder, coated .. ith magnet i c ",uterial , revolving paat a line of reud
.. rite heads. 

H.gnet1c upe - uSl!d for storaql!, snd similsr to audio t8pa, but \-inch 
.. ide (a 8 opposed to the usual %-inch in use on doml!9tic hpe recorden), 
and moving MUCh fastl!r ("" to 75 inchl!s pl!r second) . CSUl!ttl!- t apl! is now 
.. idely uSl!d instead of papl!r-tapl! for long-tl!r. atorage of pr<><.lr ...... and data. 

lftNflOfy - thl! intl!rnal s torage of 0 computl!r, and otrictly the term Is onl y 
applicable to tnaae Btaragl! locationa ..hich can be directly reached by the 
CPU. 

Hic f O c""'pyter - small comput er , with limi ted storage fscilities. Only 
recently availabll! , dUl! to dl!ve lopmenta in microelectronic. and rapidly 
gaining in popularity . 

Hf"i caoputef - larger than a mic rocomputl!r , and .. ith more e toragl! facilities, 
and a IIOre sophisticated CPU, allo .. ing for essier pr<><.lranning. 

Hod"", - an acrOllyoo for rnodulator/deolodulator. Ths devicl! uSl!d to tranSliit 
data over distances . With such a device it is possible to use s termi nal 
connected by an ordinary cOllllll!rcial telephone line to a cooooputer on tn.. 
other side of the world . This device has made possibls t he growth of time
sha r ing computer burea,,~ . 

lio,, -e ~ecutsble .t.t"""ent - statements in a progr ... which do not cause the 
progr ..... to do anything , e . g . R[M, OAtA [cE e~l!cutabll! stat ement) . 

an- Jine - when a part of a comput l!r sys t l!lII ( t l!rlll i nal, "",lDCI r y. I!tc . ) is 
col'V"tl!Cted and directly under t he cont r ol o f t he CPU, then I t is said t o be 
on- line . 

Ope ... tOf - cont roh the compute r' s ope rations , liS .. ell a s those of t he 
per ipheral unita . He .. ill p robably be t r ained in a speciol opera t or'a 
lang..age t o control the comput er and its wo rk ings ~E user ) . 

OUtput devi~" - means by wtl i ch hlAllns can understand coooput ero . These ..... y 
take rwany forms , but the 1I08t f .... i liar is wr iling . either by means of a 
t e l etype .. riter , line pr inter, or VOU. Other output devices inc l ude gr llphic 
di sp l ays , graph plotters, da t a transmission lines and apeech synthesisers 
(devicea t o silllulate the hlJlllan voice ) . 

P.~r t.~ or punchfN1 up. - is one of the earliest dev i ces for Inputt ing 
dat a into digital comput erB . The advan t age of paper tape is t hat it is 
cOlIIIPact , cheap and easy t o t ransport , being unaffec t ed by magnetic fieldS 
in the same .... y t ha t .... gnetic t apl! ie a ffected . Reading epl!ed is a round 
1000 characters a aecond , and pape r t ape can often be p repared aa a by
p roduct of other processe " , e . g . an accounti ng .... chine or cash r egis t e r. 
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PnJ.t'i - the 'y.t_ of chec1c1ng dllta "9.1nIl1 orillinal louree aaterl81. This 
h done b) introducing II parily bit , in "'"tctl thl! biU of .. wo rd ne .oded 
together tD dehr-lne whether they a re odd or eVe<!, and the value of the 
parit) bit dependto on 1hi. re.ult. 

1'.r J.phlul "nHI - lNJae uni l . of II cOI'Puter ayate- under c~ut"r cont rol. 
Ihl .. Include. Qulput de~icel and _ry .tores . 

PT!/)t -O~t - Dr 'hnd copy' h the paper on wnleh the ~uter h .. printed 
felUn. , listings, etc . 

PC<)9U .... - II let of computer inatructi.ona for aolvlng .. problem. 

PunclM<1 car<JI _ .. Method of representing dIIU . Each card has 80 col~ . 

wi th 12 POSlUon. In each col","", and .. card .. HI usueUy repre.ent one line 
of .. progrM. lhey are prepared on .. key pl6lCh or card p'-"Ch and then fed 
i.nto a card reider, which (or-. the link bet ..... en the c.rd. and the c:o-puter. 
Cardll ""'y also be .or ted ~h.nic811y . colhled, or Mechanically reproduced. 
ThOl.lC}h bulky and occasionally cl.aberllOlllll, puroched cardl are veraltill, in that 
da t a i l not repreaented aerillly (in order ) , .1 on hpe of any kind. for 
inahnce. if clrda are being oned to c:heck dah on .noe Hlel , all Clrdl 
referring to ladiel ' lIhoea. l UI 5. can be MeChanicllly earted , Hvlng 
cOlllPuter ti_ . 

Pun - tr.e e.ecutlon of a prQ9r8lll. Aho uaed &I a verb to describe luch an 
action. Often pr09r_ are cooobined to for- I j ob conahtlng of l everal run •. 

Shift - the ke) on a teletypewriter or \00 te,..inal which .,ifh the Ulage of 
the klYI frOM h.wer- to 'Wer-clle charactera. 

SOft ... ua - can be uaed to refer to all prQ9f1111S ua9ble on a computer Iyatllfll . 
An eX&ql le of 8Oft .. are light well be I atathtici packaqe which .. Ill convert 
dah to a set of _anlngfu! atallatica. Theae .. y well be uaable la 
I lbroulinea. The coat of de~eloping 80ftware ia high. and ia an hiportant 
conaidl!!ration In the deaign of I ~uter ayate- . 

Subroutine - I plrl of a progr. (Otlltng I loqi"l l aaction of the proqr., 
Iddreaalble by • b ranch froa the .. in atre .. of the progn_, The adventlK}l 
of a albroutine la that the inatructiona do not need to be repeated ever y 
U ... the albroutine iI calied. 

TA" - I co ... and to cont rol the poail i on of print -out . 

r.let~~cit .. r (Te letype " teleprinter) __ typewriter. like input and output 
te,..lna1. ( ' Teletype la the trldeaark of the Teletype Corporation of t he USA.) 

hit d.u - da t a prepared to te. t I progr lll, Ideall y, It IIhovld cover all 

IIIny c:ooobinationa of data , likely and unlike l y, aa polaible . 

TI_' llwcit>g • I .. thod of operating a coaputer 80 that .. ra than one uaer can 
be accc.odatad lllUlta~ly , and all uaera have the IHudon of conatant .... 
of the COlllPuter . II opposed to batch. 



" 

rradng - the technique of debugging , udl'l\l PRINT stal..-eots to print out 
i nler_di a t . value, of uriablea throughout the program , "ith a vie .. to 
loe.tiro;! the etror pteeluly . 

U&er _ Individual or gr~ llaking use of the output fr_ 8 ~uter Iyete-. 

voo _ • fo r. of tel'llinal, eon.hllng of • television-like dbpby acre"n , 
onto WItch ate projected the cOIIPuter' 8 rS1IPOflM!8 . In addition there I'll 8 
typewriter-like keyboard by __ of .... ich dloh IO'>d progr_ .. y be entered , 
or ioqui ri lll .. de to the cOIIPu t er . TheM user_entered characters ars "ItO 
di~hy.d . The advatage of 8 YOU is prllllllrily speed _ it I, ..ell falte r 
than..,y other _thod of printing. bu t do.,. not leave 8 perunenl record . 

• 

------------~~ 

- J1 
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