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U :SSON 3S 

COIroI P I LE RS AND INTE RPRETERS 

wr.en !fOil . r e IIrltlJ)g pr09uu, it 18 .. good ide. t o know how CM co.puter 
.-orl<. ,,,,,ide. 80 tlwt IfOII cUi II." 1t to full ad ... nt8qe. 11Ils 1.,..."., tell. 
'JOI/ abQ.1t so-e oC t~ lnter n.al OIOrlr.inqs of cc.put"rs . 

In Part 2 your ondeutltl'ldlng of coaoputet progr_lng and the BASIC language 
.. as developed eonsidenbly. Bu t BASIC I. only one cOIIIPOler language. sod 
t hia course Is .a -..ct> concerned "ith ~uler proqr_i ng . 88 with the 
-.::han lclI of codir.j In a opeclflc 18O<] .... J". In lhh book. the eooph.,h ia 
on dovdopinq your p roqr_irq at yl!!, and ",,, t ending the r ang" of p robieroa 
you ClWI tackle success fully . 

In desc rabing BAS IC progrsras we tend to 88y that the ca-pute r otdda A to B 
lind MUitipl11!1I the result by C, and ItO on . $Q It does , bu t the MltCh l ...... IMlllt 
first be hid "'<lK"lly ho>o t o add A to B And .... Itiply the resul t by C in th" 
-.chine-code .... ich it CWI "'<Kute. The t r_htlon of OIlf .t .. t_t 
l[J h(A+8) . C Is duIlfl by .. p rogrM. J .. t hlee our BASIC progr_ • ..nictl i .. 
e~ecuted by t he cOOllputer . 

So it Ie prOllr_. nor.a lly supp l ied by t he c:o-pu t e r -.anufecturer . IOhlch 
tr_ late our high· level l angutqe p r OC} r_ (such n BAS IC and HlRIRAN) Into 
the aachine·code o f t he aya t ... 

Hlgh· l e vet I~a are trans lated either with a IXJIlpila r o r an lntarpr etar, 
depending on t he l anguage , and its appl ieation . 

A c~il"r translates the who le of a high.leve l language prOC} r a. Into IlfIchlne. 
code before any P9f t of the prOC} r 9!l 11 uecuted , [t t rans l a t es the high· 
level langutqe in!ltructiDn!ll into t he app ropriate sela o f IIItChine·C'ode 
uWltructions .,.ec ific to that COIlIpUter ays t .. . [ach cDMJlIler Mtchea the 
Individual ch.D raderi aUcs of Ita COIOPu t er, eo t hnt the hiqh·level I~e 
Is said to be tu""portable : t hat i s to say it cnn be used on a nunt>er of 
dIfferent COIIPute rs with little .ooHlcation. Apar t fr_ generating instructi on 
In i8&c:h1",, ·code, the co-piler a88igna a reas In the ....,ry to the prOC}ra. and 
data . lhe prOqr_r need never know the detaU, of the IlY>er worklno:ja of 
the COIIJIuter. 

An Jnterpr",.r diffen frc. a coaop ller In that it tr_lates the high-level 
languaqe instruc tions into aachine-code one by one, and C8USf!'S the c~ler 
to execute theM I_dlalely. The high_level h"'guage ie therefore executed 
IIne-by-line . for...all calculatiOlWl thle 11 an effective technique, becaust' 
in thlll .ode tha COIOPuter reseablea a powerful proqr~le calculator. fo r 
larger coaopulatlons . .... ing an interpreter _y relMJit In the execution li_ 
being l ong, '''If!fl cOOllpared with that needed for It prOqraoo which hlle been 
c~lled . Consider a p rogram which ..... ,t be executed three tillie', each ti"" 
with f re"", lI'.,ul data. A ca-piler would tr_late the prOqra. only once , .. '" 
the reeulting MChine·code would be e .. ""ute<! lhree U...,s by the COIOPu t er. Ar 
interpreter would lr_lIote the progra. frOll ecrll t ct1 during each execution 
three t ransilltions and three exC(:utiona . 

eo.pile ra and interpretera .ho differ In their utlP of c~uter _ry. Thfo 
Interpreter progn_ la re.ident in the cOOllpule r ...ar~ along .nth the high. 
level language it i, pxeculing. Ibwever. becauSfl a cO,",)ller carr i es out the 



, 

cOIIJI l ete tran~19tion prior to any e~ecuti on . the cooopi l er is not req .. tired In 
the ~uter MeWlry <;luring progra. ewecution, aod 1liiy t here fore be s l ored on 
tape or disc. Thi. distinctiQfl it I"""rl .... t when the cc.puter _ r y Is 
lilllte<!, 88 In lIiniCOIIputer syet_ . 

Cooopilera afe generally used whe re progr_ are to be executed frequently. 
since ~Ilation Ie • once-only operation . 

Int erpret ers are ... seful for 11&811 progrll .... , individual calculationa, and 
progr_ which reQUire -edification. The BASIC hll'9Ja<)8 I. often tranl!ated 
... slr." an Interpreter. lihethtl! r the t rooshtian of a hict"o-level 18fl9U81)8 Is 
by • cooopile r or by an interpreter , the .adline-code which i s generated "ill 
not be either aI cooopact o r aI efficient as that p roduced by D good HIS8eri>ly
la~ progr_r. 'hit h currenth inevitable , since the on l y .. oy t o 
uka full vee of the coooputer facilities it t o progr _ the co.puter in 
IOIIchine-code or its 88se.bly-lal1guage equivalent. In addition . cOIIIPUeu 
and interpreteu :Introduce ea-e unavoidable redundancy Into a aaehlne-eodll, 
t oo. reduelng the ef!ldenc:y of the trenshtion . 

The rflllltive efflc1erciell of e~llera lind interpreters i s II topi.: of eonslMlling 
interest to eOllC>uter sdentitltB _ IIOd of little relevance to ec.put e r users 
eKeept where e~uter .-ory is st rietl y li.ited. A .. jot .:ost in u$lng II 

eOllPutet Is the devel~t lind _lnten&nCe o f its pt09t_. ofte<l II -are 
siQnlfieant element thlln t he eos t of eoq>uter ti lllll for pt09r_ ueeuUon. 
Pt09t_ .. tltten in hlQh_Ievel I IlflgU'ges generally eost less t o develop sod 
.. Int.in thw> those .. titten in IIs,..,ly langulll}e. This is beelMlse a high-
l e~el language pr09 ra. is suedrct lind relld8ble , ""'etellS sS8e'llQly-JangUlll)e 
progn .. s lire often lengthy, diff1eult t o undentand , lind dependen t ~on the 
idi osyrctasies of the i ndividua l pt09ra_r. 

QU ES TI ONS 

1) htlat are ~ilera and interptetere. snd ""st Is t he difference betooeen "_, 
21 htly are high- l evel languages preferable to suembly lllnguages for 

..,y ~uter appliestlons1 

ANSWERS 

I) CoIIpilet8 and Interpreters lire both ptogt_ , s'4'Plied by the ea.putet 
IIOOUf8CtUtet, 'OIih idl tr_lste hlQh-levfll hngUlll)e. Inlo uc:hine_eode 
for eKeeution by the eOlllputet. A eOlllP ller ttanahtea lhe oohole of 
the high_level hng...-ge progrelll into I18dline_eodI! : the program is 
then ueeuted by the ea.puter. 
An interpreter tr_latea the high-Ie~el language prognw s line st 
• ti. , lind uuan the eOllPuter t o ueeute the re llulting aaehine_eode 
sa It 105 fed to it. 

2 ) Iitllht high-l evel IsngU8Cjes life lellS effide<lt u..n sllSl!IIIIbly language. 
In te rn o f eOlllPuter e_eeutlon tilll!! , high-level l anguage prOQr _ .:ot t 
leu to develop lind .. inhin, beeaute they Ire suc:circt , reildllble, and 
usy to undentsnd. 
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LOOPS "NO THE FOR NEXT STATElotEHT 

""' .. n ,/OU haVot .an,/ .r .. petJtJ .... calculottJon. to pe.rfo.rlfl in .. p r 09 r .. , thot 
roil . IIBKT "tott_nt ... Jll e"able 'IOU to do thb ... "Jl" .nd ef{JcJe"t1'l' 

In the day. before ever~ ahop and hcae could afford a pocket calculat or , and 
before eled ronic cash regiaten bee_ the 00"' , .any shop a •• I.t .... t . used 
ready reckoners t o c. l cul a t e t he cos t of large purehese. of _ 11 I t _ like 
ball. o f wool , or eerew. and fhings . 

You .ay oot even hIIve aeen • re8dy reckone r ! Here Is ItII u.a.p]e of a 
page of a r eady reckoner for calculating the coat of ~ t o 5-U iteM "ith 
II unit cos t of 2 pence . 

p~" 1 Lni l Cosl : 2 pence 

,~ • " " " " lhlh 

• • " " .. " , 2 22 " 62 B2 

2 • " .. " " , 6 " 46 66 86 

• 8 28 .. 68 88 , 
" " " " " 6 " " " 72 " 7 " " " " " 8 " " 

,. 76 " , 
" " 

,. 78 " 
"bot . .. lth your current knowledge o f BASIC , you eould .. rlt ... pr09r_ t o produce 
a ready reckoner PII9" like thi s one • in feet your biggest difficulty would 
be the print·ou t .inc. the ready reckoner abo~e hila .i. zones Krosa the page • 
-are thlln the fhe zone. provided by the PRINT .lat..-nt. To ... se thla 
problflll ou r progr .. calc.J l a l es the vll l ue o f II t o 39 it .... . i.e . we will 
OOIit the right hand col...... . We would aho have t o rule the vertica l lines 
on t he table , of course. 

QUES TI ON 

On lhe ne~t page we give ~ou a parUally .. rltl"" BASIC progr ... : try and 
cOlllPlete lhe _Iddle section for yourself . 
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IiII RE ... READY RECtr::ONER PROGR" .... FOR if TO 19 ITEWS 
211 liE'" I . WILLlAt.iSON 31·UAY-9? 
HI REI.4 PROGRAt.t I S INCOMPLETE 
4' READ C 
5 1 PR INT ~COS T OF ITEW- ;C 
6 ~ PRI NT 
7 ~ PR INT • ,. • 1~· • 2_- • 10 · 
8' liE'" IN SER T YOUR FOUR STATEIAENTS HERE 
U liE'" 
1 DII liEU 
11, liE'" 
lH DATA 
13 11 END 

HINT 
.. is the ' uru t s co l..-. ' lind _ t take on a ll values fra- II t o 9 . You 
.. hoI.J ld thu1i< ou t how to .. rite t he p rogr _ In on l ~ four lanes . 

ANSWER 

80 LET N ~ II 
9 ~ PRINT N,thC, ( N+l:a: ) ' C, ( N+2IJ) · C, (N+3f) · C 
lO ll LET thN+ 1 
11 ' IF N<I\1 THEN , _ 

I 

~~~.~~~~:tc l 
~ 

( ) 



Thh $ftcllon of code is callII'd • loop , since the p rogr _ loop. round frOlll 
110 to 90 ton UMS in al l, "ith N~il.l, 2 ... •.• 988 can be seen In the 
flowchart. 

9 

There is Ii IIDflll convenient ... , of progr_ing loops in BAS IC· U!ling the 
fOR .... '-1:)(1 8Ute-nt. HIIre 18 the ._ section of code p rogr~ using 
the fOR .... t.(XT .t8t~t : 

8' fOil: N_ ' TO 9 
911 PRIN T N,N "C,{N+'_) "C.(N+2el -C,(N+)f) · C 
\ilil HEXT N 

Uke the RCAO and OATA .tale.enta , fOR end 'f:ltT C(IIIIf! together to 88t '-" II 
loop. where the PIli,,"' 8t.t ___ 1 I, e.ecuted 111 tl._ "ith N:II .I .2 •... 9. 

Hl!re is another .. oy in which the feady reckoner proge .. could have be"n 
c~ll!ted: 

811 LET Na il 
8~ PRINT N, 
", LET T. ' 
95 PRINT (NtT) · C. 
Iff LET 1- 1+111 
1115 IF lulll THEN 95 
lHI lET N_H+l 
115 If N<I' THEN 85 

aUES TlON 

HINT 

Try working throtJ9h the progrN. going round the loop •• and writing down 
the PRT'" for yourself. 

ANSWER 

'ole now have two loops - OUf original loop -ede up of linea 8il,1111 and l1S, 
and II ne .. \"""'r loop .ade ~ of lines 911. 100 and 1I1~. The "econd loop 
sl..,liries the PR I NT stst-.Jt in line 9~. since only s aingle entry is 
printed eKh lise the co-puter e><ecutes the i..-.er loop. 

The flowchart 111 no .. .a re ~lIcated - but the inner and oute r loops csn 
be picked out. 



l~' -
T< 4~ > 2"""-__ -' 

N< 1 ~ >~""'--------' 

The inner loop can s1ll0 be coded U8i nq t he .a re geners l for-. o f t he rOR 
.. . t.£Xl 9h t e-ent: 

8' FOil H_' TO , 
85 PIIIHT H, 
'" FOil ,_til TO J, STEP l' 
" P II I HT ( H+ T) · C, 
11111" HEXT T 
1'5 HEXT H 

The inne r loop i s eKecuted fout li lies with 1: 11, lil, 21!1 and }II • t he incre9se 
be inq epecifill'd by the STep . 
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Ue re are t ne rules fo r U!l i ng r OIl. .. I£X I slat_nts : 

Any a t l!p sizes My be speci fi ed in the MOfe general fOflll of the rlJl ••• N(XT 
s t stement. 

" FOR X=15 TO 17.5 STEP '. 5 

6 ' NEXT X 

This HII •. ,NOT s t atemen t causes the C,"",utl!f to step through the loop five 
tillle!! ( the Hut IItl!p follo .. ed by five U"'Il" through the loop) .. ith 
X: l~ , 1 ~ . S. 16, 16.5 , 17, and 17.5. 

ttlie"s told otherwise by " STU' , the cOIIIputer assumes that the STEP is 1, 
for exa""le, if th" STEP is _ilted in the us""l .. abovI!, the conpuler will 
I!~ecute the loop three ti-.es .. ith X:15, X:16, and X:17. 

Any BAS IC "xpression can be used to specify the initial value, the final 
value and the STEP size in the fOR ... NOT stat_nt. Ihe follo";ng statements 
are valid, 

7 ' FOR X: l +A ' B TO Ct2 STEP AlB 

9d FOR 1"1 TO INT( A' B) STEP ABS(X) 

Ihe .... pr!!ssion! Sre evaluated at the beginning of the loop, and the initial 
value , fillolll value , and atep size then r.....ain constant wtlilst the loop is 
executed . 

The atep .... y be negative, in wtlich CBse the initial vslue IllUst be greater 
than the final value, or the loop .. ill be ignored. 

If you .. r ite roo X: 18 TO 1811 STep '5 then the c~ule r will step to 45 then 
a8. then it will stop, This is just like 0 conditional j~ with K:<100 . 

QUESTIONS 

I*lich o f the HlR .. N£Xi olat_nto given below are invalid, and wtly? 

(, ) " FO' X~-1 TO " (b) " FO' T·' TO 5 S TEP 

(0 ) " FO' J:" TO " S TEP -, . 
(d) " FO' N: " TO 11 STEP 

(. ) .. FO' Z:-S TO -HI S rEP -, 
(f) 1" FOR Vz 2" TO 3 11 STEP " 
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ANSWERS 

b) final value _t eKceed initial value If tne step I s positive. 

c) final va l ue must be Lesa t han i nitia l value If the step II negative . 

d) Ze r o step no t per.itted. 

"oton f) is at:eeptable. The p rograoo "Ill evaluate V: io then. after a 
single cal C'U iation, leave the loop. 

When loops operate within loop . . .. in the ready. reckoner ""lMIP le . such l oops 
are sa id to be nested. 

It goea withQut saying (doesn 't it?) that a prog rarmer _t II\lIke aUfe that 
his loops a re truly I1elled and not crossed .a shown in the two e •• ~l"" 
below. If )0'" are In the habit of drawing a fl.-:harl. this 1IIhou1d never 
happHl to )(IU . 

[FO' 
L- ' TO " ~FO' L" TO 

, , 
FO' W. , TO , FOR W,.1 TO , 

[NEXT W NExt 
NEXT L NEX T W 

(0' tight (b) wrong 

/' X 



" 
U :SSON 37 

TWO SIJ,IPLE P ROB LEWS WiTH lOOPS 

liltr ... are two s illple p rQbI_ fo r you to progrlllll. lhe solutione shoul d 
contain. progr"'" loop o r loops. If you fiod the firs t p robll!fl very e,"sy • 
skip the second p robl .. and 90 on to Lenon )8. 

PROBLE loi 1 

Wr ite e p rogull to (lod lhe large.t nu.ber in s eel of any eiCJhl 
........tIers . Ou" a flo..etlar t before , tteoopUng the progr_ coding . 

lise the follOMing nu.aen in the MIA sbt...-nt, 111.2, J.l , 2.111, 7 . 6 , 
9 . J , .4. 6, · 22.1 , ) . 6 . 

PROBLEIot 2 

Write. progrM to tabulate the coat of four H_ in """,titiea of 
10 off, 20 off , aod JII off . 

It.,.. 1 coata ) .42 icu 
Itl!fl 2 colta J.61 icu 
It" J costa 2.)111 icu 
It .. 4 coats 1.21 icu 

The four col ..... s of your tabulatlon should be headed 'IIO~', 'I..NIT COST', 
'a~"'"IV' , 'TOTAL COSI'. 
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SOlUl ION - PROBLEIoA 1 

PROG RAIJ 

I II READ t.4 
2'ilIFORN a l'0 7 
H READ X 
.. , IF X<I.I THEN HI 
5' LET l.IaX 
6 11 NEX T N 
7' PRINT ~I.IAXIj,j U t.4 HUUSER IN SET IS · ;101 
8 111 DATA •. 2,3.1,2 <1,7.6,9,3,-4,6,-22.1,5 
' 0 END 
READY 

'"" 
WAXIW UIoI NUI.ISER IN SET I S 9.1 

END AT 'II 
READY 

FLOWCHA RT 

'''' ,)2""'-_ _ 



SOLUTION - PROB LEW 2 

FLO .... CHART 

Print item. 
trlit oo.t. 
quantity and 
toUl cost 
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SOLutiON 

" PI! IN T 
15 PRINT ·ITE~·, ·UN IT COS T" , -QUANTI TV", "TOTAL COST" 
2 ' FOR 1-' TO" 
31 READ C 
'" FOR N ~ ll1 TO HI STEP " 
5' PRINT l,e,N,H oC 
6 11 NEXT N 
65 PR INT 
71 NEXT I 
8 8 DATA 5.42,3 61,2.54,1.21 
H END 
READY 

'"" 
I TE ... UNIT COST 

1 S.H 
1 5. 42 
1 5.42 

2 3. " 2 3. " 2 3. " 
2. " 2. " 2. " 
1. 21 
1. 21 
1. 21 

END AT " READY 

QUAN T I TY TOTAL COS T 

" 
54.2 

2' 1 pa.-4 
3, 162. 6 

1 , 36. 1 

" 72.2 

" 1118.3 

" " • " 51. B 

" 76. 2 

" 
11. 

" ". 
3' " 



LESSON 33 

PROGRAW EXA t.lPLE • COIoIPOUND I NTERE ST AND AN ELABORATE FORW"" 

" prace1".1 pl'oble .. u.slng ne.sted loop. - .nd the ~<It .... !sI to dbpJ"" l oU 
of d"" •. 
Ihis p t OQr a. u~le I . about cooopound interest _ if you are pu:zz l ed by 
COIIPOund intereat read St4>Pl ellef\lary lesson ~ before attOllllpting this 
ex..,le . 

In 8 regular sav i ngs accouont payment, of between 1 and 20 unit . Bre JIIIIde 
at .. nthly Intervals . The acco .... t is opened with a deposit equal to the 
.onlt>ly p.y-.nl. In t erest is calculated on "lIOIlthl y baa i . BOd sdded 

" 

to the ""Pi l a l II ... at each ....... ivensry. Write" p1'09ra. which shows the 
grvwth of the capi tal every two ),e.ra over a t~-year perilXl , .. ith intent 
rate" between 6.5 and 111 per clint In incretnenta or ".5 per """t and IIIOIlthly 
psy-ants of e i ther 5 icu , HI icu, 15 icu, or 211 leu . 

..... ilst the cllpital r:an be calculated using II ca.piex forMlla, construct 
your progr_ .0 that It calcul ate. the pay-ent each .,.,th, n Indeed the 
c~ut"r .t u... ".vings book _t do. 

QUES Ti ON 

Proble. definition - ...... t .apect of this proble. should you in~estig.te 
and define nut' 

ANSWER 

1he probl_ requires. consider"le quantity of print_out, and , for thi s 
problee you should at.rt by defining the fo .... t of the print_out in 
detail . 

QUES TION 

So what IIhould t he print-out look 111<11' 

HINT 

~r lhllt we are t ol d t o present t he IICcla.lla tion of cap ital over a 
ten-yea r period, for four interest r.tes , and fou r .... thly ps~ts. 

ANSWER 

On the ne .. t pll9" we thaw IIlternatlve output ror •• t ll . We prefer B -
can you see ""'y1 



" 
" ) lhIlng the five ~Ofle6 of the BASIC p r lnt-oul we a re able t o present 

the 8cct.llllUiation of capilill .. itn respec t t o the four inter es t 
utes 8S fo llOMs: 

C~PIl"L SUI ,\rCUIlLAl CO OV£R 111 Y£AR P£RIOO HIR ~ l eu 'ION I Hl Y PA YKHT 

P(R I OO '''T[R[S I RAT[S 

Y[~RS 8.S 9 .1l 9 . S 111.0 

• 

'" 
In a. print -out Is repeated four tiOleS for each of the four IIDIlt"ly 
payMents. 1.". for S icu per MOnth , 10 ieu per IIICHlth, H icu per 
IIIOnt" and 211 i cu per IIIOI'1 th. 

B) Or , also using the five loneS of the BASIC print_out, ..e can 
p resent the .a:uou i ation of capital .. ith respect to the four 
.anthly payMent • • 

[APIlAt Sltl ACClH.JLAICD O\'[R HI rEAR PERIOO WIIH 8.S~ ANNUAL INTER[ST 

• 
'" 

"' 
f()NTHLV PI'oVIt:NIS 

U," U" U20 

Ao)ain, th.8 print_out is repeatfld fOUf times for each o f the fou r 
interest rates , Le . 6.5'0 , ~. 9 . 5!; , and lB!:; . 

..lUES , 10l-I 

So ..... y is 0 ) • bettf!f output (Otut'> _ 888'- that you W!tllt to use the 
fOTlllllt which requires lent cOIIIputotion , 

HIN t 

lhe BCc ..... lated capital ia directl~ proportioroai to WIfllhl~ pa~.ent at 
8 rhed inlerea t fale . 



" 
ANSW ER 

l ook ot the (jut line In p r int-out A. To calculate the capital a .... ftl!~ 
2 yea rs at 8 . 5!< Interest h II coql l lcllted and lengthy ~uhtion , but 
ai_i!8f l)' lengthy ClMIIputationa ate required at ~. 9 . S~ and Hl. mo. lhe91! 
four calculation. are for each line o f print-out. But in p r in t -out B. we 
co-pule the capital II ... lifter 2 year .. lit 8.5': interest .. Ith .. 5-.... n 
IKIflthly plly-.en t - and need only .. ltiply this va lUf! by 2 for the liJ., .... U 
-.anthly pay_nt , by J for n_\.I'lita , and by /I for 2"- ..... lt.. In each line 
of print-out In a "'" have only 0"", coavlicated calculation . and tnr .. " 
ai"'Pie -...ltiplicatlons. 

B is .. lot leaa work for the ~ut"r than A. and if yOY are paying for 
your c~uhr th'l! . 6 .. ill coa t len to I!~e-cute. TheTe lIIIIy be other 
Te880ns for preferring A to B. and you as .. progr9111118r should queati.on 
the Utlers to (trod out exaclly which will be lIIas ler for theoo to use, But 
our hint asked for the l"'asl coooputation. 

So we lie" thllt the output fOl'1Mt C8n 91ao influence the cOIIIputer 
procesllng required, snd the overall cfncicnc~ of the co.opllter proqr(lll!. 

QUESTION 

The tables in lhe print·out will be enler to understand If we print the 
capitli to the oearest pem~ or one hl.ndredth of 9n Icu. The I~T function 
Cln be used to perfor- I rounding function -.cln )OU thinic how" 

HIN T 

You have alread~ learnt how to trWl..,ne IIling the I~T function . Truncllion 
gives the inteqer part of • no..ber • rounding g ives the ne..u·.e ..nole 
n...tler, e . g. 

HINT 

t runcstinq 9 . 7 gives 9 
roundinq 9.7 gives lB. 

[ __ ine the foJlowlng e>qlfe",lona and celculate the result., 

1) IN J(X); where X ~ 4 . 7 

2) HH (X.iI. !i): where X ~ a.a and a . 6 

J) INJ(X . laB.0.!i)f,.1,,; ..t>ere X = a . A7!iS and J . 12A!i . 
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ANS WE R 

1) ''''' (4 . 7): 4 

2 ) INT Cl . A .. )'I. ») : II but 1 ~ 1 ( 1I.6 .. 0, :» : INT().1) : ) 

Thus , both 4.4 and 4.6 lire rounded to the nes res t inte9f!f value. 

J) INJ(4.47) .li!~". »)/100 : 1,,1(647.S~ . 5)/l lfjJ : lNT(448.~)/ llJ11 
: 448/HIIl : 4 . 48 

INT(,.1245 . 1 0f1..0, 5)/lll~: INI ('12 .45 •• 5)/I"il: INTD 12.95)/ lilil 
: ' l2/lI-11! : ' ,1 2 

4 . 4755 and ',1245 are rounded to 2 dec! ... l pillcet I,e . they are 
correctly ro\6>ded to the nearest pemy . 

aU ESTI ON 

\ow write II progr ... to IIhooo the growth of capihl In II reqL.lhr aavings 
8CCOunt. In KIIIIf! savings account 1 the interest i s ineOTpc:lrated .",toly 
Into the capital. 48S\.IIIe that for the pllrpOS!! o f tnla e~l!rclal! th" 
in t e rest is added to capital once I yellT . 

Remember to conatruet II flowchart before cgding the prggra. . We give you 
one -are HINT below. Then you are on your own! 

HIN T 

()JT solution h .. four nested loopa. 

The innerlllOl l loop accumulates interest and capitol IWOnthly . 

The thIrd loop prints out the .ec .... l.ted savings .t 2 yearly intervah. 

The outer loop repeats the print.out II (.00..., previou.lyl rour ti..,. , with 
lnler~t rote. e . ~ .. , 9 . it:; , 9.S:\: and 1I!1.~. 



SOLU TI ON: FLOWCHAR T 

Initi~.lLee -variables 
t-j!l C-P 

________ fln t"'n .... t itlC'<)rpvrat",j 
1 'nto ::olpJul ~ul~ 

{
prJ.nt Ollt r"slI/U ole 

-- - ---- ttfO· '.IHrl", Int",rv.l. 
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1o construct a fl owchart of this ~le"ity . s hrt " i t h II central core l oop , 
in t hi s case t he MOnth ly calculation of capital and interes t , and then add 
the ouler l oops , laking cere that loop Yllriables a re p rope rly initiali sed 
and r eset i r ne-eeasory. 

Trans lating the rtowct>art into a BASIC progr. i , no .. quite s traightforward . 

HI REw 
HI IIEM 
3D REI.! 

PROG RAW to CALCULA TE CAP I TAL APPRECIATION 
IN RECULAR SAVINGS ACCOUN T OVER 1I1I -YEAII PERIOD EVERY TWO 
DATA I S MINIWUt.i IJONTHlV PAY MENT AND FOUR INTEIIE ST RATES 

• e IIEIo4 J.BLOGCS 31- .. AY-19 
511 READ P 
loll IIEw OUTER LOOP RE PEATS CALCULATI ON WITH NEW INTEREST RA TE 
7 11 FOR J . l TO • 
811 READ II 
" PRINT 
lOP PRI NT 
II' PRINT "CAP IT AL SU'" ACCUWUL ATEO OV ER l' YEAR S W ITH ·; II ; ·~ ANNUAL 
11 5 PRINT " ' NTEREST RATE " 
120 PRINT 
1311 PRINT ·P ERI OO· , · ... ONTHL Y PA YMENT " ,. /1 PRINT "Y EARS", · 5 - ... HI " , · 15"," 211 " _ Hote t~ "'a~ .... leeve 

ap.lCfl. so tfl.e the 15 1'1 LET R_R/l2 /1U 
lHI LET I · e 
171 LET Cap 

lI ... ber of !llNr. Ja 
centr.l on the colu.n. 

175 REW LOOP TO P RINT OU T RESU LT S AT TWO-Y EAR LY INTERVALS 
18 0 FOR N,.- I TO 5 
'" RE W LOOP TO ACCUWULA TE CAP ITAL AT YEA RLY INTERVALS 
20f FOR y. \ TO 2 
2 H1 RE IA LOOP TO CALCULA TE I.ION THLY INTERES T 
22 1'1 FOR 1.1 ", 1 TO 12 
21f LET I .. C · R-;.! 
2411 LET C-C+P 
25 \1 HEXT W 
2t.11 LET C·C+ I 
2H LET 1- ' 
28 11 NE XT Y 
2', LET C I _ IHT(C ·I,'+.5)/ 111'I 3" PR INT Y' N, Cl, 2 ' C I , 3'C I , 4 ' C I 31. NEXT N 
lU NEXT J 
3H DA TA 5 , 8.5 ,9,9 . 5 ,11 
3-4' END 
READY 

C .. c.pH.I .ce .... UI.tH 
C I rounded fnt ..... t (llne 19' ) 
I .. fntere.t .-..oullt (c.lculeted _thl 
J .. loop c"'''91n9 fncerut rat. 
If .. _th 
" .. IIU11ber of tlO'O - ,,"r .,.1'1od. 
p .. _thI" p.!I_nt _d" b!l 1n"".tor 
R ~ Inter".t ret. (If_ 15' 1 chAll9". 
.l1I1u,,1 pe r cellt • .,. fllter ".t r .te - (e. s 
I(ft.) to _thI!I ..,ltlpll"r (e.g. O. III 



RUN 

CAPITAL SUIo4 ACCUMULA TED OVER " YEARS WITH 8.5 II:; ANNUAL 
INTEREST RATE 

PERIOD WOtHHLY PAy t.lEHT 
YEARS , 1 , " 1].5.86 271.72 •• 17.58 

• 289.' 1 SH.B2 86'1.7] 

• 471.26 ,.2.52 '413.78 
8 6S 4 .76 1l6 '.52 U.54.28 

" 936." 1872 . 18 28'8.27 

CAPITAL SUW ACCUMULATED OVER " YEARS WITH' II:; ANN UAL 
INTEREST R .... TE 

P ERI OD t.l0N 1HLY PAYI.IEHT 
YEARS , 1 , " , 

'" 51 273.02 ... .53 

• '" 
,. 58". 52 878.28 

• '" 
., 9$6.B2 1435. " 8 '98. 97 1397." 21\196.91 

" 
,., .j, 1922. \14 28B3.,6 

CAPitAL SUM ACCUt.lULATED OVER u: YEARS WITH '.5 % ANNUAL 
INTEREST RATE 

PERIOD MONTHLY PAVWEtH 
YEARS , 1 • " , 13 7. 17 2H. " ." .51 

• 295 . 44 591.28 886.92 

• .. as. 65 971.3 '4"6.95 
8 7 13 . .. , 1426.98 2,.11'.47 
" 

986.66 l SOll. J2 2959 .98 

CAPiTAL SUW ACCUIoIULATED OVER" YEARS WlT H ' .. " ANNUAL 
INTEREST RATE 

PERI OD 
YEARS , 
• • 8 ,. 

ENO AT lH 
READY 

t.lQH THLY , 
137.82 
218.54 

493 . " 
728.32 
',Il.,4 

PAYWEN T ,. 
" 275 . .. 413 .46 

5'7. " 8'5.62 
'86. ' 2 14H.U 
1456.6 4 2184.96 
2'26. 111 8 1111'.12 

23 

'. 54J. .... 

1159. '" 
1885. 'of 
2739. , .. 
31 .... . 36 

" 546.04 
1171.0'-
,,, 1. '4 
2795.88 
38 ..... ~8 

'. 5 48 .68 
11 82.56 
1942.6 
28' ] . " 
n4'. '" 

" 551.28 
1194 .16 
1972.'4 
2'13.28 
4'52.1 6 

ro r further p rllCtice ~ou _lght like to think how you would rewrite the 
progr .. ; try .... 1"9 a single expreaaion to calcu late the new fllYlual 
capital a ... on the baaia of the laat annual clIPital a ... . the inte rnt 
rate . aod the -ont hly payllllnt • we do not provide lin IInswer tQ this (IIM'!, 



LESSON J\l 

THE RESTORE STATEMENT 

Ie 1, po,sible thl t 'Iou .... '1 ..... nt to pecfoc", ,,"n'l dJffecent opeut1ons "ith 
DJ'Ift 'et of dltl . The 115STO/I.£ st .. t_nt e11 __ 'Iou to do t hb. 

Vou have already learnt that in II batch-procelSing .y.t ... . a ll data input 
la by ... an. of the R(A{) and OAIA s tatement l . 

In an on-line .y.t ... the INP UT .tat_nt Ie a c:onvenient _1111. of entering 
dah . particularly whe r e there are onl y a feot va ri ables . lIII'Id ""ere the 
variable. and their valuea are frequently changed . However. the R[AD and 
OA TA s tat_nt . ure often used . e~en In on-line sys t .... s . for constants 
wIlere thl! value My bl! changed Infrequently. or whe re II la rge quantity of 
da t a has to be pr oceaaed . 

BASIC providea an additi(W'lal s tat_nt _ R(SI(I!£ _ ""ieh ennaneea the 
power of the R[AD and OATA stat"..."ta . 

lhe BASIC interprater ol'qaniaea the c:ontenta of the OAIA . t llte.enta into a 
dlee block . During proqrlMl e~ecution a pointer ia in affect .a~ed down the 
data bloc~ . pointing to the ne~t n....mer not )I! t ailoc.tl!d t o a variabll!. 
Ihl! RES l ORE ,tate<llftnt Gi"" ly return, the poin t er t o t he t op of the data b lock. 
Henee t he aa ...... et o f data can be proc:eesed .I!ve ral tiOlf!a ullng thl! res tore 
, t a t _n1. 

PROSLEt.I 

"" 0 diee ere thrown 2J'l time. and t.hI! v. lue of each thrOot 18 recorded. 
Write II progr _ which COIIP\Ite. the e~erage ~elue of a throw , end then 
eooot. the nullbet of throws wtlieh e _eeed 1\ t, ... " the ever"9a throw. 



ANSW ER 

RE W PIWGRA).I TO CO*jPUlE AVERAGE VALUE OF z1 THROWS OF TWO OICE 
4 RE W AND SUM THE NUWSER Of THROWS EXCEEDING 1.5 TIWES THE AVERAGE 
' RE W r. EI LOART 31·t.tAY- " 
8 REW FIRST l OOP CALCULATES AVERAGE THR OW 
HI lET S- II 
HI f OR I _I TO 211 
311 READ N 
46 lE T S- S+N 
50 NEXT I 
'" lET S- S/20 
71 lET A- S" 1.5 a, RESTORE 
tlZ REIot DATA 8lOCK NOW RESTORED. SECOND lOOP SCANS DATA AND 
84 REI.! COUN TS NU..,8ER Of THROWS EXCEEDING 1.5 • AVERAGE 
911 LET C .. ~ 
lU FOR I _ I TO 2IJ 
11' READ N 
1211 IF N<"A THEN 1411 
1311 lET C =C+l 
1411 NEXT I 
15_ PRI NT "AVERAGE VALUE OF THROW IS";S;"ANO";C;"THROWS EXCEED";A 
1,,, DATA 4,7,9,12,2, 7,4,9,10,5,1 1. ',6,2,9 ,12,3, 8, llf,5 
171'1 END 
READ Y 

'"" AVERAGE VALUE Of THROW IS 7.H AND J THROWS EXCEED 111.575 

END AT 17_ 
READY 

lhere 11 a IICIre erficient way or solvl""J thb preble- _ but it requires . 
feature of BASIC _ array. - whidl ..e introduce In lesson 112. 



" 
U :SSON 4U 

DEBUwl~ 

E>Hr'loml _I<es .I.sukes - yotl probolbJII ",111. 'Nth In.on torJb !fO'I _ of 
t ............ In ",/I1eh 'IOu can lI'et 'IOuuorlf out of trouble If you r p r Of/t •• br ea"'" 
,~. 

It \8 almost Inevitable that your nut stteooptu 8t c~uter p rogr_ing 
"ill .::ootolo er rors, indeed i t Is TIIte for even ""per ienced proqrllJl'Jnera 
to pau through the atll<]i's of prob l "", definition, rJ owcharting, lind pTogr_ 
coding without error. P,n h'porlant eielllll<lt in the p rogr_lng p rocells is 
there fore the e .... ti"'1 and deb ulI''1Inq of the coded progr ... 

In Leason IS we descr i bed two t ypes of progr_ing e rrors: .!I"c." errors 8nd 
rWl-t l_ .. ,tors . Syntu errors are tYPOCJraphicai ( typing errora) or 
gr_tlcal Cil ll..:)"l varillblee . operations. or stateMents). 

fortuna t ely the ~uter ia very good at detecti ng synta" ertor • • and, 
du r ing ,,_ecution of the progr .. it .. 111 print out II ntlIIber of dl.gnoulc 
...... ,.. •• whlen help you to locate and corr ect BOOTeea of errota . An ex ..... le 
of an erroneous progra .. and a .. oelated OW:"IK}e!l l a ghen be low. the p rogr ... 
Ia Intended to calculate h(2~.X ) . Z . 

l' PIIOC RAW CONTAINS 
2f ' REA':) X, ~ 

FIVE ERRORS, ONE IS A RUN'Ti~E ERROR 

U LET r "' 2HX 
.e READ Z 
51' LE T T.-S.Z 
6e PR INT - rOTAL _ T 7, DA TA le,2 , 
8iS END 
RfAD~ 

RU' 
ILLEGAL INSTRUCTI ON IN 111 
ILLEGAL FORMAT IN HI 
ILLEGAL FORI.IAT IN 6' 
READ~ 

QUES T ION 

(The arr ou ln thla prt>/JrM ... 111 be 
polnteIJ Oll t OVl!' r the next /fl" ~9 ••• 
See it !lOll can /fpot tIM. &ll!fV8,,1) 

Can you spot the progr_ e rrors referred to here In linea Ill. )~. and 61'11 

AN SWEll 

We correct the errors by typing in the new lines: 

111 IIEIot PROCRAW CONTA INS F IVE ERRORS, OHE IS A RUN-TIWE ERROR 
311 LET T_ 2 ' HX 
6lI PR INT -TOTAL ·-;T 
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We can now ruo Ihto progr .. aqOln: 

'" 
OU T OF 01.'1. I'" .. , 
READY 

7G DATA U',U,li 

"" 
TOTAL · 311 

END AT 8 11 
READY 

Ins,,{fJcJtm' 1.e. i.n t,'>e Co4TA 't~r_"t "'.',~_ 

W :'CHect b'J f'ipJ1t9 JII .r nttw MTA se.ru.""nt 

_ the pl09r .. t. (1" of synt.,. .lIOU u>d 
J • • "K',i(~. 

Ihe diagnostic messages given above indicate htal e rrors in the progr8lll . 
A fsul error I. one which pre~ents execution . OIJring the rl.O'l the coonputer 
.. y ~"",rate other diagnostics which do not cause it t o slop execution . An 
ulMIple of thh tYlle of dl"'9l1O.tic I. the SAD OAIA \'10 LI'f: .... RSSege 
introdueed 1" l.,.on 28. lnil class of dilll)"OsUc: -esseqe indicate. a 
non-htal error. An ",".-pIe t. -.own ""'10'" 

I NPUT THREE NUIABERS 
? 1,2, A 

BAD DATA INTO LINE HI. 
?l 
I 

ENO AT 40 
READY 

DATA. A 

TMs type of error occurs during p rogrBlII ex&cutlon , that is ot rWl-tJ_ . 
but is non-ratd since the ~uter continues to " .. ecute the program. A 
.are serious rWl-tJ_ error , _U_s re ferred to 88 8 a_tic error, 
t. 8n error in the atructure and l09ic or t hoe pr09r_. With ItUCh an error. 
t hoe proqr_ .. ill be 8CCepted by the c~uter 88 8' ll!<}sl' RO\SIC p rogr _ • 
.. ill be e~ecuted . and 8 print-out p roduced. The proqr_r _ t now test 
thoe pr09ra. to eneu,e th8t it h COIlIp l etely free f r a. e rro r8 . This lesson 
Is Minly concerned .. ith the tec:l>niquea oohlch you can apply to t est and 
debucJ your p rog raraa . 
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QUES T ION 

Turn back to t he nut progr .. in this lesson and look . t the fe-ull. 
Can you see anything wrong with the progr_' 

HINT 

What va l ue has the variable rwMOed S in line 5jl!' 

ANSWER 

The p rogr _ I. intended to ceicuhte' 

1: (2Y * x)·Z 
and line nulllbf)r 38 should be 
' 8 LET S:2.Y.). 

(ven t hough t he cOIIIpute r f!l<flCut ... the progr8111 it 11 Incorrect. There i8 
sn error In the .t.ru=t"n of the progr ... 

If' fact . this p r ogr8111 could be c&slly teatll'd since we arl! able to supp l y 
data which will generate known result.. This is a very effectiYe Hans of 
progr_ tnti",,!. 

aUES T ION 

But before '''~ 90 on to dfosc r lbe pfoqr ... tesUrv,j techniques, are ~ou SUfe 

that you understand the dl.tinction between fatal and non·fat.1 erron' 

ANSWER 

iI. fatal error "Ill prevent o r abort execution of the progrlllll • wnereas n 
non-fatal error will si"'llJy cauae a diagnostic to be printed out. 

In the d-pie e~...,II!. which we twoV!! used in the text IIQ far , the csl cu18ti0n8 
can u.UllJly be perforooed ~l1y , possibly with tne .aaiatanee of •• Ude
rule or calculato r, Selecting I npu t datil wIlleh gene ratea known reaulta doea 
not p resent any lignifieant p roblema , Ho..evl'! r", I~ clre .... 9t be e~ereised 
In 'electing ,uitlbll'! datil fo r ' hand checking'. 

Here ia , fiowc:hart we ha~e used before. It is for the probleoo of IIO rting 
three ......oors into ascending order. (See Pa rt 2, pagl'! 19) 
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JO 

oueSTI ON 

lotIat data woyid you "IIPl )' t o t hi s progra. to v"riry ite gpe1'8ti on1 

ANSWE R (., , " 1 . 8 • 2. C " 
(b) , " 2. 8 • 1 . C " 
(0) , " 1. 8 • '. C • 

(" , . 2. 8 • '. C " 1 

The slceleton -ups shown bel ow indicate the paths that the e...,.,lI!r takes 

throl.llJh the progr8ll , ualng these sets of data : 

(.) (b) (e, Cd) 

"." 
"8 "8 ", 

". No 

8>C 
No 

•• 

'" 
No 

Now theae four IM!ts of auto not only leat the progr .. , but .. ill also locale 

the process which h In error . 
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QUeS TI ON 

If the l;oqJuter genctotes the following print-out in reapoose to lhflse 
four IMlta of data , which proc .... is hully, Wld elln you deduce the e r ror ? ,.) 1 , 2, J , 

(b) 1. 2 , J, 

'd 1, 2, 2 , 

Cd) 1, 2 , 1. 

ANSW ER 

The secood interdlllnge of the value of varillble. na.ed S and C I. in error . 
The COIIIPute r ie setting the variabl e-name 6 equal to the value of varillble_ 
~ C III t his stage in the progr ltllO . llere hi the relevant ~ction of the 
pf'OI}r _ : 

I ~ORREC ' 

LtT 1 : C 

l£l8:[ 

Ltl 6 = T 

CORRECT 

L(t T =C 

ltl C = B 

l t l B : I 

You .. )' t.\IvII found t he location of this e t ,'o r difficult. 

So-eUIIlIB progr_ ne di fficult t o tnt USlnC) leat data alone, or _to! 
often , a p rogr llll hi known to be i n e r ror, but t he error proves difficu lt 
t o !OCBt" 81..,ly by supplying leet data. A t f!oC'hnique called t rllcinfj is 
used In the .. circ ... twoces . 

To lrlice II progruno, the progr_r inserta additional PRINT statelnl!f1ts which 
supply the results of inler.ediate cdculationw, providing infor .. lIon on 
the actual flo .. of the progr_ and the nature of the c.lculation . Theae 
interMe<liate re .... lt. can then be eheeked by hand to enable the pr09r_r 
to locate the soorce of an error. 

It ia often neeessary to trace the logical flow of the proqr .... and lhia ia 
"co-plished by inaerting • PRI~1 st.tewnt before or after the If ... lH("I •.• 
at.teMeflts . 

1)'1 the ne~t p&l)t! we ohow the cc.plete nulIber-sorting prO/Jr ..... u!led in thO' 
pf'09r .. tll$Ung ex~le tobo~e ; we n.~e included the incorrK"t codP also 
shown .bo~e . 
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" REI-' PROGRA'\ TO SORT THREE NUMBERS i NTO ASCENDING ORDeR 

" RE" I. WILLIAMSON 1 1·j,iAY·99 

3' READ A, S,C ., I F A cB THEN " " LE T T ~ A '. LET A_B 7, LET a _I 

8' I F B<C THEN '" 9' LET I - e 

'" LE T a-c 11 , LE t a-, 
'" I F A<B THEN '" '" LE I I _A 

'" LET A- a 

'" LE T a - I 

'" PR I NT A,8 , e 17 , DA TA 2,J,1 

18 ' '"0 
QUESTION 

Whe re IOOYld you ' .. erl trace stll t e.enh , and what would be printed out if 
the progr_ was e~ecuted .. ith da t a set (d ) ; A:2 , ad and C:P 

HINT 
We .ugqest you require the prognll to print t he vdues of t he vnhbl", 
_d A, 6 and C at cer t ain points in the progrMl. 

ANSWER 

7' PR INT " TRACE ' " ,A;B;C 
115 PR I NT " TRACe 2",";8;C 
14, PR INT -TRACE ]",A;8;C 
READY 

RUN 
TRACE 
TRACE , 
END AT 18 1! 

The trees state.eot. tell us just ...net route the cOIJPuler he. takeo lhrOUC}tl 
the progr .... end ...ne t S the error ..,sl have occurred . 

Trllcing can be 8 powerful tool for debUCJ<Jing progralllll. Indeed , it is worth
while incorporating lnee stpternenh In your initial progr8lll, p8!"tl~ul.rly 
if you Ire not conrident of the logic:.l flow of the progr8lll . But rl!l!Oellber 
that tucinq i. no replsc"""t for thorouqh progr_trstlnq .. ith dloh th.t 
yields known result~. Tutu", cheeks the tot.l progr .. ; trac:inq help. }OU 
loe.te the errors. 
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tt&ny eotIIP1ex pragr __ l be lnted and debug<Jed with en'e end a ttention, 
since relatively dllpl e erron can ".ally lead to infinit e l oop. which . t e 
vlny costly in e~ter ti • . However , 1180 )' novice pragr_n r.u into 
the trtlp of tracing before thinking. Quite often one find!, that an "Iud"" 
"'fror . which r .. 911>8 ...-ldi 8(;o~ered after an in t ensive Beuion a t the eQlJPuter 
tflrllina l, s tond, out like a sore lhUlllb when thl! p t ag r __ lis ting I" 8lU .. ined 
in the quiet of one' s "Hice or study . 

If II proqr911 Is In er ror , lind the sour ce of the e rror i s not i_d lalel)' 
appar ent , .. "" the proqr8lll, t ake. clelln I illing, 10lJ-oU the eotIIPuler and 
tetite t o eo quii'll spot and carefully inSpeCt the purpose of each s t llleaent. 

~\ / 
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COMPU TER GA.ME S 

1'hoIJgh e"",pllte ...... e .erlo,," .. el>1". •• All" pN>9 .. e_tn9 i. e .erlou. 
bu.i". ••• there i. no ..... 011 "hI} It eennot I» run e. _11. Thi. P"09" -
1. quIte co.pl .... but one. "rltten, "en be ve"I} ente .. teinIn'l. 

Enough of the ser i ous stuff; cOllllPuten can be gres t fun especbily for 
plsylng g_s. 

PIIOB LEt.I 

In t he g_ of "puba t!cks" {which 8O<ne peop l e eall "Ni.", though Ni. h 
really .ueh ..ore eOllllplieated} there are two players . Each plsyer , in 
turn. draws one , two, o r three _tehes frOll a pile. There are 17 utches 
In the pile to stnt .. ith. fhe laat plsyer to drs .. a I18lch .. I".. The 
first pla~er can ah.aya .. In. How? fry plsying the g_ "ith a friend and 
aee If you Can worl< out the .. inning atrategy. lQOlc for .. imi"ll poai tions 
when ailOOst .11 the Nltehes ha~e been drawn . 

If ~ou eannot work out the strategy then tr~ following this se ries of 
hints . At any tl_ ~ou feel ~ou are .oia you should try t o COllllPlete the 
thinlocing needed to find the .. lmi"ll strategy . 

HINT 1 

If it is the other plsyer ' a turn , and there are four _tctoes left, can I 
be aure to .. in1 ~r the last per lMlll to dra .. a I18tch ia the .. imer. 

ANSWER 

Ves . However IMny utchea .~ opponent dra .. s I can dra .. all the feat. 
If opponent takes one , I tal<e three . ete . 

HINT 2 

So I 811 sure to .. in . If it h .y lurn, and I .. ant to leave only four 
_tches, then hooo I18ny _t thera be? I could .. in If there are 5. \t\at 
other .....-:>er could I .. In frc." 

ANSWER 

I could .. in frOll 5 . 6 or 7 . lean d ra .. one ; two, or three respec t ively. 
Then I leave Ily OPPOne<lt four to dra .. fr_. Lool< blck to the firn hillt 
If ~ou are not sure wh~ I _ then eerhin to .. in . 

H I NT 3 

How ean I lalva the ot he r p laye r ., t hl t "'-' it h Ily tu .. n there are 
eer t sin to be 5 , 6 Dr 7 .. t ches? 
If he dr ... s 1 frc. 8 , I _ left .. ith 7 and I d ..... J. 
If he dr""s 2 fr_ 8 , I .. left .. ith (; and I d ..... 2. 
If he draWll) frDIII 8, I SIll left .. i th 5 and I dr aw 1. 
So . i f I leave the other player 8 to d raw f ra-. I .. ill .. in. 
Naow can you Stle the .. inning .t rltegy? 

----------------- ----- -- --- ------------------------------------ -



HINT .. 

Look at both the previous wimifl9 etut89i es 
1 ) I win if the o ther player drawa ftOll /I 
2) t win if the o ther playe r drawa frOll B 
Can yOlJ gueu the next ~r so that I IIill II i n if the other player 
du"a (rOIl it? 

HUH S 

You .. y haye gueaaed that twill IIin i f the other player draws ( r_ 
II , 8 , 12 or 16 . 

!~~. :~~!~ .~. ~~e .. t~~ . '. ~~~l. ~~~ .I.f.!. ~r.a:'. ~:~. ~~ .~~ ~~.l~ .~~ .11: ••••• • 

HINT 6 

l-eglne dividifl9 the original heap of .. t chM i nto a .......oer of _ lIe r 
heapa. 

ANSWER 

'1I8I}1ne diyidifl9 the large heup Into he'Pa of (our. ~ver the 
opponent drltWB .atchea f r_ 0110! heap , draw the reaaining utchea ( r OIl 
t hot heap, so , 8111 bot.lfld to droOl the laat IIIIItch frOll the l llSt heap . If 
the opponent dra .. a IOIItcnea frOli -ore than one heap , then I rear r lll1<}l!l the 

~:~~ i~:O a:i~ie:::~f f::::~~ as I can , lind draw aJl t he _tchea 

aUESTlON 

Now le t 'a i-egine that the ec-puler la to "play" thi s 1,1_. 
Oral I dra ....... the a l a t ellll!fl t !l that I lfOu ld expect the cOlllputer t o 
type OlJ t: 
n ) ""en it i s .y turn to d raw 
b) Ifhen I du .. IIIOte than J utchea or len than 1 ( that i i , , cheot ) 
c) when the cOlllPuter draWl u tchea 
d) oohen the ec-pul er .. Ina 
e) ><hen the cOlllpUter II l url! to 101lfl 
f) t o Isk if I "ant lnother qaae. 

ANSWERS 

(al Itf:RE ARE NOW •••. HAICl£S. yom IlftN. lYrE Ttf: M.Ml[R YOU WAN I TO 
ORA'll , E!TIER " 2, IJt J. 

( b ) Ctf:A l : YOU HUST ORA'll " 2 OR J HAlOES. IRY ACAIN. 
(c) ORAW •.• HAICI£S. yom TlftN ( .. (a)) 
(d ) ORA'll ... HATCl£S AI() WIN . SAO LOCI(! ( .. {f») 
Ca) YlJJ ARE BCJ..NJ t o WIN. (Ttf:RE AI![ r(l.R HAICl£S LEfT) I CNHll WIN, 

SO I RESICN, W(LL DIH: ( .. ( f). 
{ n Ir YOO WANt ANOltf:R CAK. tYPE 1 OTtf: RW!SC TYPE iI. 
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Now tt) to dr aoo the rlooochart and to write the proqr __ r-.ber that the 
c~uter never dra .. s Hut. It coul d always win if it. did . 

N.B. 

fo r OUT p rogram _ print lin lI.le r hk like thi s . (or each .. ten r_ining 
..nen PRINT (a ) . 00 t he ._ in your progr9ll . lhh i ~ 100ft lik" the g_ 
in the pub. and it it Ie .. .,8Sy fot a beginner to epot the .. lmi"9 
strat~y. 





,. 
U IIEM PUSS TICI(S .EILOAR t 8. H.ASH TON 11-UAY-9'1 
21' PR I NT 
3fl PIi I NT "PU8S 1ICI(5. A GAUe OF SKILL. IF YOU WANT THE RULES" 
4 ' PR I NI ·PLEASE TYPE 1, OTHERW I SE ' "; 
5' INPU T Y 
H IF y" , THEN 121 
H PlUtH " IN THE GAME OF PUeS TlCI(S, THEilE AilE TWO PLAYERS. YOU WI LL" 
8 , PIi I NT "BE ONE, AND I , THE COIol I'U1EII, WI LL BE THE OTHEII . THEilE AilE" 

~ :/:~7~T·!~IIM~T~~~H ~~ .A ~~~ELAS~A~~1I~6NU~OO~::; !NU!~~~ ; : !~~~ 1, 2," 
I" PRI NT "YOU CAN ALWAYS WIN IF YOU PLAY WITH NO UISTAKES ," 
121 LET N ~ 17 
13 11 PRINT 
1411 PIiINT "R IGH T LET'S STAIIT!" 
15' PR INT "THEilE AilE NOW 
16 ' FOR 1 ~ 1 TO N 
11, PR I NT " 0 " ; 
1811 NEXT I 
\9 '1 PR INT " MATCHES · 
HI' PR[NT "YOUR TUIIN - TY PE THE HUUSER YOU WAN T TO DRAW -
2 H1 PRINT "EITHER 1,2, OR J"; 
2a INPUT 0 
2n IF 0 <1 THEN u ti 
2'" IF IN1(O) o O THEN 2611 
2" I F Cd THEN 28 \1 
26 8 PRI NT "CHEAt! YOU MUST DRAW 1,2,OR 3 MAtCHES. TRY AGA IN! " 
27 ' GO TO 2 111 
2B II LE T N ~N-O H' IF N~~ THEN H' 
3l1li IF Nd THEN ]90 
31 0 LET Y;N-~ . IN'(N/~ ) 
3U I F Yul THEN 36 11 33' PR INT " I DRAW";Y, "WATCHES" 34' LET N=N-Y 
35 ' GO TO T5 ' 
3U PRIN T " lORA'll OHE WATCW 
3711 LET N=N-1 
38t11 GO TO 1511 
391 IF N~I THEN ~HI 
HI PRINT "lORA'll ONE WATCH AND WIN. BAD LUCK." 
~ " GO TO H II 
~2' PRINT "' DRAW";N;"WA TCHES ANO WIN. BAD LUCK" 
~) . GO TO ~U H' PRINT "YOU AIlE BOUND TO WIN. THERE ARE FOUR WATCHES LEFT. 
45 ' PRINT "I CANNOT WIN, SO I RESIGN. WELL DONE!" H' PRINT "IF YOU WAN T ANOTHER GAI.IE, T.YPE " OTHERWISE '"; H, INPUT G 
"BIt IF G .. l THEN 128 H' PRINT 5" PR I NT "GOODBYE!" 
5 111 ENO 
READY 
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"" 
PUBSTlCtr::S. A GA ME OF SKILL. IF YOU WAN I THE RULES 
PLEASE TY PE I , OTHERWISE 0 ? 1 
IN THE GA~E OF PUBSTICKS, THERE ARE TWO PLAYERS. YOU WILL 
BE ONE, AND I , THE COMPUTER, WILL BE THE OTHER. THEilE ARE 
17 WATCHES IN A PILE. EACH OF US ORAWS IN l URN E ITHER I, 2, 
OR J IA ... TCHES. THE LAST PERSON TO 0111.'" A WATCH \IIINS. 
YOU CAN ALWAYS WIN IF YOU PLAY WITH NO MIST AKES. 

RICHT - LE T'S STAR TI 
THE ilE AilE NOW ••••• •••• •• • ••••• MA TCHES 
YOUR TUIIN - TYPE THE NUMBER YOU WAHT TO DRAW EITHER 1,2, 011 

I DRAW J MA TCHES 
THEilE ARE NOW ·· · ··.· .· · . · MAT CH ES 
YOUR I URN - TYPE THE NUMBER YOU WANT TO DRAW EITHER 1,2, 011 

I DIIA'oI ONE lolA TeH 
THEilE AilE NO'~ I.IA lCHE S 
YOUR TUIIN - TYPE THE HUWSER YOU WANT TO DRAW EllHER 1 , 2, OR ? 1 

I ollAW J WATCHES 
THERE ARE NOW t.tATCHES 
VOUR TURN - TYPE THE HUIoiSER YOU WANT TO DIIAW EITHER 1, 2, OR 
I DRAW 2 "A TCHES AND WIN. BAD LUCK 
IF YOU .,..ANT ANOTHER GA"E, TYPE " OTHERWISE G 1 

RIGH T - LE T'S START! 
THERE ARE NOW • •••• •• • • • •• •• ••• ..A TCHES 
YOUR TURN - TYPE THE NUUBER YOU WAN T TO DRAW - EITHER 1, 2, OR 

lORA'" ON E IoU. TCH 
THERE ARE NO'" •• •••• • • •• •• • • • ""' f CItES 
YOUR lURN - TYPE THE NUI.IBER YOU WAN T TO DRAW EITHER I,Z, OR 

l ORA'" ONE MA. TeH 
THERE ARE NOW ..... . . .... loll. TCItES 
YOUR TURN - TYPE litE NUI.IBER YOU ..,ANT TO ORA.., EITHER 1,2, OR 

I DRAW ONE t.lA TCH 
THERE ARE NO'" MATCHES 
YOUR TURN - TYPE THE NUI.IBER YOU ..,AN T TO ORA.., - EITHER 1,2, OR 3 ? 3 
YOU ARE BOUND TO WIN. THERE ARE FOUR IotATCHES LEfT. 
I CANNOT WIN, SO 11!ESI GN. WELL [)QtoIE! 
IF YOU WAN T ANOTHER GA I.4E, TYPE I, OTHERwiSE ~ ? • 

GOODBYE! 

END AT 51' 
REJ,OY 
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ARRAYS 

there .ra do; e ........ , .. ell of "'hJeh h ate_pted b!f;oll twJve puplb In 
,. cJ •••• H"", .. nil ... debl". "Ill !fou 1lIt<Nl' t o .tore ell the "" •• lnaclOl1 
..... ,,It.? Arrey" "elp \1011 round this probleao. elld solve other e ....... 11. 

At the end of the lIchoal year , a elan o f 12 p~il8 "it" school "".in.ati0ll8 
In si. 8ubjeclB : Hath_tics, english, r rench , Science, Hi at or y . and Art . 
[K"h .,lI-.lnetion is noooi ... Uy _rked out of 1ft!< , but "ide variations In t he 
.tandard of the question. produces "Ide variatiOOll in the .. rh scored In 
88ch subject. The clan teacner has to take the ex_!natlon rnulla and 
tnnsiale them into grades 1, 2 . j and ,. (or falll for .. .en subject . and 
Pl"Oducfl an overall da .. POSltiOO for each pupiL 

The head te9chllr reQUires that the"" calculations ,orll carried out to" 
,tandard procedure· 88 defined belo .. , 

I) for "ach subject . calculat e the ."er.age "" .. inatian .. rk of the 
12 P'4l119 . 

2 ) Derive" new .et of ' noHl8iised' (i . e. adjusted) -arka for each 
e~_ . thus: 

Multiply each e~8IIO IIIIrk . fo r a partlcuhr eXII'" such til [ng l lsh, 
by the ._ no..oober. N. (N My be • nuMber auch til 1. 23 . or 2 , 
or S.BII5, or I.wn , or I. ) ~ is chosen so that the lop .. rk Is 
no .. ISiI . or preferab l y (providing the top -erk .. ill not exceed 
11l0) so th .. t the Bversge of the ne .. set of .uk" .. Ill be 7 ~ . 

J) Crades are sllocsted accord ing to the new Mrk l II~ or belooo 
is s hll. above 1I1l" .. up to 6~ is • grade J, ebove 611"4 up to 
Bit.': is • grade 2. sod above BII:\: ia a grade 1. 

II) To calculate the cia .. positions, take the nol"Mlised u rka a. 
cl!'Jcuhted above. WId .... ltiply the -erks for Hat~tlc" and 
English by 2, rrench aod Science by lis. and IUstory and Art by 
1. Add these urks together, and an addi tiona l .... rk out of lIl r! 
for general cia". behaviour WKI attendronce, ghlf'OJ a grand_total 
urk out of l li',J06. CIa.a positions .re dete",ined ft_ this total 
.... rk. Pupils .. ith le"s than 400 are to be expelled. 

The school has ju"t taken delhery of a new aicroca.puter .. Ith a BASIC 
interpreter. The ..aths tead1er decides to .. rite a prognw to talce a .... y 
the drudgery of all this arithmetic _ ho .. is he going to do it? 
The key aspect of this probil!tl. whlch..i s ne .. t o you . ia the large quantity 
of cUlta. 12 pupils and s 1- ...... jecta giving 72 .ark. to be _nipulated into 
grades and overall positiona . That hi a lot of varlablea in BASIC. 



" 
ror e"...,le , let' . look . t the IIII rk ll for (llC}li.n, 

P'4l1l ~r ' 6 " 11 12 

U 25 ~ J5 Op 05 ~ P 4P 45 45 45 

If .. e ueiqned II verieble t o eacil ..a rk, the eection of progr .. t o COllPute 
the everage (llC}lieh .. rk .ignt look like thi s: 

I . READ A,8,C,D, E,F ,G,H, I, J , K.l 
U LET Z"' (A+8 +C+D+EH+G+H+i+JH+l )/12 

" 
.. ,. DATA 2 •• 25.3 •• 35 ..... 4 5 .5' ••• 4' .45,45.45 

We ..ou ld soon r un out o f lette ra "Ith .1. e .... - aubjel:'t s t o procesel 

aU ES TIOH 

We could use A', A2, 1.] •••.• instud of A,B ,e ..... twt can ~ou see 
the objKtion to this? 

HINT 

There Ire only' " digiti. 

ANSWER 

With 12 P'4llh ~ he~e to use 81 and 92 •• well. ().Jr progr ... now look. 
ilke thle : 

111 READ Al.A2.A3.A4,A5,A6,A7,A8.A'.A '.Bl,B2 
HI lE T z~ (A H-A2+A3+A4.A5.A6+A7.AB.AhA ~+ B I+B2) 112 ,-
411. DATA 2.,25,311.35.41,45.5,,'.4',45.45.45 

Thie progr .. would ..ork, twt cle.e" "ery in lize, and .... would certeinly 
h.~e probl..-s if ~ra were 24 or 16 Pl4uh. 

lhe best .olut.i.on to this probl.,. would one Utay,. of variable' to enter 
and proce", e~ .. inlltlon ... rks . We "ill ex ... ! .... the probl_ In e llttle 
.ore delail to see e_.['tly what array. ue Ind ho .. they IIf!' best appl1ed. 

The cOOllPlete set of e_&Minetion OI8rkl 11 ehown in tabuh.r forlll on the 
nut peqe. 



" 

P~il 

"" , 2 , • , • 7 e ,. 
" " " 

[ng l hh " " " " ., ., " , ., ., ., ., 
Hilths • " " 

, , , e , • 7 , • 
r reneh " " " " " " " 

, 
" 72 " .. 

Sehmce " " ., " e, " '" , " " " .. 
Hhtor y " e, , , 

" " 2, , 
" " " '" 

'" 2 2 2 2 2 2 2 • 2 2 2 '" 
Behaviour 

The rows of thia table define the set of ... rks related to each subject, 
..neren the eol..->3 of the tllbie define the eel of .arka for each pupil. 

The f10UIIIber of puplla .. ill vary . but t he ".8IIIination lubjects .. ill be 
constant. 80 we a.,t out arrays around each subject. Separate II r raya a re 
fOfMed for [nglish . Hathl . french , etc .; the nuoobe r of va r iables in elOCh 
array being varied according to the nuoIIbe r of pupl" In the clase. This 
ia an iq:>artant characteristic of arreys in COIIputer pr09r_lng _ arrays 
are used whe re t he nunbe r of variables I, uncer t ain , end varies according 
t o the da t a be i ng p roceued. 

Let ua now look at a p rogr811 t o read in the _ rke in [ngllsh , and cdculale 
the ave rage "'IIrk . 

Hf 0 1'" A( 12 ) 
15 LET Z" ; 
U FOR 1 .. \ TO 12 
HI READ At I ) 
•• LET Z_Z+A ( I ) 
H NEXT I 
6' PR INT -AVERAGE IS - ,Z / 12 
7; DAlA 28,25,31.3',._,." H, ',.',H,"','" 
8~ END 

We wi ll 9D t h rough t hia progr ... line b)' line . 

1, DIIoj A{ IZ) 

The DIM Bhte/llef1t reserves 'Psce in the cOIIIputer _r)' for the arfay of 
var l 8b l es . DIM a tands fOf DiMenSion , and it l19ecifl n the _d_ nUlllbe r 
of var i ab les In the a rra), . Th i s s ht_nt ss)'s t ha t there wi ll be no IIOre 
t han 1J va ti.,ts. in the a r ta)' , '-I)' ; 

A/ . ), A(1) , A(2) , AO) , A( O\ ) , A( !) , A( 6 ), A(7) , A(8) , A( 9), A(t il ) , A( l1 ) 
and A( 12) . 

In the progr _ we use vl rlab i n A( 1) t o A( 12 ) . 



15 LET Z. ' 
HI FOR I _ I TO 12 

We set '4' " rill .... N[xI loop .ith I iner_ting fl'Oll 1;1 to 1:12. 

l' READ A( I ) 

hch tilM! through the loop . an ele-eot of data 18 read fra- the OA TA 
.la1-,1 end anlgned to the v.rl~le A(l). Ihus A(1)~ZIl. A(Z).2S , 
AO)~}I!I . and .. on. 

"" LET Z-ZU ( I ) 

Z ia t he rl6Yling to t .l of the Nrkl . hch lillie th rough the rOR •••• N[xI 
l oop, another v.rh.ble I. added to the tl6Yling total. 

H NEX T I 

Ihia cOIIIpiete. the fCft •. .. N(X T lOOp. The lOOp v. r lllble [ I. Incr~ted 
until 1~12. 

,,I PRINT " AVERAGE IS',Z/12 
711 DATA 211,25, 3' ,35,411,"5,5'. 91 . "'1 , " 5,"5,45 
8;1 ENO 

The progr ... II ~Iete. The 12 OOlIIrk. for Cngl i$h li re 8t o red liS A( I } . A(2) ••. 
A( 12) • • nd the average .. rk has been calculat ed .nd pr inted out . 

In .iai lar ..-.ner ..e could enter and proce88 t he M rks for Matne.atic. aa 
8(1) to 8(12), french aa C(1) to C{l2) . and .. on . 

'*'" for the rulea and requlation8. 

In BASIC a ' subsc ripted ' va r iabl. 18 Ipecifi .d by •• ingl. I.tter followed 
by the • • ....,scrlpt · in parenthese •• Thua , '4' t o 26 .r r.y. o f . lAlscrip t ed 
variable. c.n be defined using the letters A to Z. The In t erpreter . 1Ioc.tea 
cOllPut e r I torage to the . rray. o f var iable. , and _ t therefore be told of 
the dl_naJOlI (. Ize ) o f the array. In BAS IC. dimension I. specified using 
the DIN .tatement which _ t occur be fore the artily is refer~ed . 

ror ex""",I", 

~ DI M A(I OO) 

.. i ll res"rve 11111 l ocation. for the array named A. 

In fsct the DIM atat~t 18 not required if the array cant. In. fewer than 
iiI variable., .ine. the int erpral er auta.aUc.lly alloc. t ea a torage for '4' 
to '" varh,bleo when it 1e'nc0000ters .n . r ray. Ibwever the DIM .tat_t .... y 
be used t o reduce the atorage allocat&d , e . g. 

5 DIM A(4) , X(B) . Y(6) 



.) An II Tray ia • ael of variablea givl!<I 8 lingle lette r .a a name and 
.ubscrJpted' by A nunt>er, variabh" Dr up reasion in plrent heses , Thus 

A( 158 ) 
X{N) 
Y(N .. !) 
I( l..b . J) 

are all per-itted varlabl .... In BASIC p rogr_ . 

b) II. var i able Of an e~pres.lon u,ed aa a albacTIpt la t runca t ed In t o an 
in t eqer b~ the c~uter. fo r e"a"'Ple , 

1'(5 . 21) 1'(5) 

0 ( 16 . 95) 0(16) 

c) Negative .~cr lpta are not per-it ted. 

d') If the lelter " I, used as an arra~ name , it should' not be used a, an 
ordinary variable.naooe . !hia ia bec::auiSf! il.{ 1I) .. ~ be interpreted b~ the 
cOlllputer aa the variable A, leading to e r ro r . 

e) An array 18 eaaumed to be of di .... nalon H! unleaa it Ie redilll8ns i oned 
using a DIM , t a tewmt. Note that an~ array of dillenlion 10 contalna 
11 variablea If we include the vulable of A{ i1 ) . Specifying the lize 
of an array In a DIM atat_nt doe. no t require the progr_ to uae the 
..hole of the defined arTay . 

r) The _>.1_ per-Itted ahe of an artay depends upon the c~uter ayate. 
being uaed , and In particular the ahe of the COilIPuter _ry . The 
SIIWIlle!l .. chine, _Ight typicall y slWOrt arrays of dl-enaion 10il to 
2B0. larger _achinea will a~ort arraya ten tiMa thil aize . 



IoIORE ON ARRAYS 

Havln9 INr~d (M theory of arril'J8, ...., now proceed to .. practical 
appJlculon. 

" 

We "Ill ""'" start to p«lgr .. the o:tt:hool llllOcher'. probl ... 'hi. II II long 
and COIIIple~ progr_ - there Is no need to rUlh lit It; we 0::81'\ write it in 
section. . testing and debugging each sectiOfi In turn . 

Slartlng just "ith the [ngliah -arks , wrlle II progr ...... idl nor.ali.8 tile 
e~ .. lnation .arks •• follOWl'l: 

1) Calculate the averaqt!! 1!~ .. inatIon .. rio In each ao.bjKl, for all 12 
studenta. Mel ~ all the 12 .arka to glce II total Z. The avllttll9l! 
I. Z/12. 

2) Divide the lop urk , by the 8Veteg8 I18 rk lI12. If the tl!!ault is 
Quater than 1110 then -.Jltiph all .. rka by lila/T. Here N i. 101'l/T. 

J) Otherwise .. ltiply all .. rks by 7it/(Z/12) to produce II ...... Ht of 
.. rks ...nere the 8ver89f! "ill be 711. Here N ia 7il/ll/H). 

oues T ION 

ANSWER 

Two, one loop to enter the data, caleuhte the aver-.ge and top .. rlcs, 
and one loop to I'O(Il'tItIl1se the datil. 

I 
PROBLEM 

• Now dr ... the flowehart. 



.. 

I*let il A( 1)1 

'otlat Is n 

hl does this conditional 
J"""II do1 

"*wIt i8 l/127 
lIIlat ill '1'1 

"'at don tnt. conditional 
jlMllp do? 

'flat don thin loop do? 

"ow .. rite the progr .. . 

A(l»T 

, .. 
T-A(I) 

, .. 

The itn .-ark In 
the array o f 8 L 1 
12 IIIIrlca 

l ia the c:unuiativlI 
l otal of the IIlIrk' 

, I. our top _r~ 

The conditional 
jUIIP ","sures that 
t al"aye hilI 8 
~81ue "'qual t o t he 
higheat ... rlc )8t 
~~. 

1/12 11 the 8veraqe 
u ric. ~ ia 7~ 
divided by the 
aver&9f! -.ork . 

It en.urel t"IIt no 
N rlc C80 be greater 
than 100 

Ihi, loop either 
adjust. the ave rage 
.arlc to 71'1 or ....,alu 
up a ll the -.orks 110 
the top .. rk Is ll1i! 



ANSWER 

HI 0 1101 ,,(12 ) 
ZII LET Z- ' 
H LET T=' 
•• FOR 1= 1 TO 12 
~ . READ A( I ) 
6' LET Z· Z+A( I ) 
7t I FA( I )< T THEN90 
U lET ' _A( I ) 
,. NEXT I 
HI' LET N-7 ' /(Z! 12 ) 
II, IF T· N<- U, THEN 13 6 
121 LET "1 - 16' /1 
13' FOR 1- \ TO 12 
,.. LET A( I) - A{l) ' N 
l!HI NEXT I 
Uti DA TA 2',2.5,HI,35,4e,",. , e, t ,4\1 •• } .4',"!5 

QUES T I Of-! 

How would you test this progrBIII? 

HIN T 

You need 8~ print. out. 

ANSWE R 

" 

A further lOOp b required to verify that the new IIr ray h.s bel!11 correctly 
.ooifled . We could ail.ply add the following slal_nlll to print.out the 
ar ray. 

152 FOR 1-\ TO 12 
"4 PRIN T A(I); 
"6 HEXT I 
READY 

RUN 
H SII U 7f 811 9, IU 

We hav8 flOw COIlIpleted the nut section of ..... r prO<)rlllll. The (ngliSh .. rke 
hove been entered and processed 8CCordirq to the headJuater Os rules . How 
...:M.Ild you prace .. the .. rka for Hat,-UC8 , rrench , History. Science . lind 
Art a. we ll ' 

With your curre-n l knowledge of BASIC, you OIOUld have to r~8t the section 
of code above for each st1.ljeel to be processed . x-e econo-y in coding can 
be achieved by interl eaving the p rocesslflC} using e~ sut_h like lines 
HI, lIlI, 90, O il , no, and 170; but the bulk or the code .vst be r ep4!lated for 
s rrays A(O, B(I), C(O , 0(1), [(I), and reo rep reaenting the subjects 
£nglilh , H;it,-Uc. , rrench , ltistory. Sc il!nce , and Art. 



.. 
A -..ch -ore efficilmt solution C8I'I be achieved U!!Iing 8 tabla of variables . 
Hflre Is • tab\'" of varloblea: 

' n '" 'n ' oo ' and 4 ara two Bubacr 1pt. 

'" '22 'n '" 
'" 'n Cn C" 
iI. table i. 8 lwo-di .... lonal ar ra)' . and each nUOlber In the table i. defined 
in BASIC b~ ... sing the two .... scr ipta In a subscripted va riable. 

The rulea which apply to one-dimensional nnya apply equally to two_ 
di_lonaJ array. or lablell. for u...,le , a table. I. I. assURed to have 
diM!f1.lon T(1il ,1I!1) unl"'8 otherwise desc r ibed in OIH a l8temente. 

An array HI) and a table lCl , J) hnlng the sa. array _ are not peIWitted 
in the __ program . 

lilli'll}. table A(I,J) where I is the P'4lll nUMber , and J Is the subject 
nuonber (J., rur ("'.Iii ..... 2 fo r Hat~tic • • and 80 on), you clln -odlry t hf! 
section of prograoo to p rocen the ", ... lnation .. tks quite sillp i y . 

QU ES T ION 

t-bdHy lhe p r Ol}rall given above , ut:irog iii table , t o process all o f the 
input data . 

ANSWE R 

" OIIA A( 12,&) 
15 FOR J_' TO , - thI. h CM Outer l oop "lIle/! td",..- u. (U,. 
2D l ET 2= ' one lI!lfa. aubJOfCt to the 1I.ltt 
30 LET T" e, 
o( e, FOR 100 1 TO 12 - till. l. the lnner loop vldeh .djun. the 
~~ READ A( I , J) _ r1<. 'o r .. eh .ubj • .,t 
, ~ LET Z·Z+A( I ,J) 
H IF A( I,J )c T THEN 90 
8 1 LE T r . A(I,J) 
9f NEXT I 
IU LET I'h1 11 (Z/12) 
Ilf IF T' N<- IU THEN 130 
12If LE T N"" H / T 
IJ ~ FOR 1,. 1 TO 12 
10(1 LET A(I.J) .A( I ,J) · N 15' NEXT I 
1~2 FOR 1.., 1 TO 12 
150( PR INT A( I .J); 
IS6 NEXT I 
IS8 PR INT 
14 ' NEXT J 
162 OA TA 21I ,2S.3(l ,JS,o( lI,o(s. se , ~ . 0(1l,o(S,o(S,o( S 
160( DATA o(,I',11.9.9,9,8,',o(.7.S.0( 
146 DATA 96,96,96,96.96,8 ', 8 11,' ,88,72,96,60( 
148 DATA 0(0, S' .H,7 t ,ee, 9 ' ,I " . , .U, 9" 9 11 , 9lI 
17&1 DA TA SII,U,','.2II,2',H.'.!iIf,SII,S"S' 
172 DATA 2,2,2,2,2,2,2,11,2,2,2,1'" 
186 END 



U :SSON 44 

THE TEACHER' 5 PROBtEW 

II probl_ "hlch eo..ld _alll/ .rJ.~ .. 00 ..... ~ ot aolvi"'l lt, Ildll9. 
C'*PUC8r. 

You clin now ca.pie t e the teacher ' . prohl .... 

QUES T 100 

ANSW ER 

.. 

fot each p'4>il ..., ...... t 9redea In ellCh subject. the Mark oot of 100 ror 
behaviour and attendante . and the qrand totd weighted •• dellCrlbed in 
t eo:"'0<'1 42. 

QU eSTI ON 

...... 1 rOrMt .. ill yOI.I adopt" 

HIN T 

You have only rive col~ in the print_oul. 

ANSWER 

There ta no right or wrong an_t o We auqqeat that you print out the 
result. In two PlO9"8 aa -"own below. 

'''' , 
PlI'lL "lHlCR [NGlISH "''''' fR(NCH SCIENCE 

.to 

'''' 2 

PlI'lL "Utl[R HISTORY '" 8[HAVICUI IOTAlS 

_to 



tint' t',.. pro'lr3111 In four Sectlontl. lh" Tirst section enlers the .. arks In 

rl1(', IJlbJect tond nor ... h~" theto as dH.cueed In Lenon IIJ . !two i5e{'()od 

st','Uon ~ntrn th~ beha~lour .. "rks lind cOlOputes thP '1rand total. Tho! thlfd 

"",ction repleces llw- .... rlcs in each subJect for "rsdes. !hr final section 

Prints out the re!lults in two pageS. 

Draw sepllrate flowcharts for t'ach .ection of progrllll , and eXOIIioe our 

solution to eaen section before goinq on to thl! ne.t. 



" 
SOLUTI ON 

SECTION I : FLOWCHART 



52 

SECTI ON 1: PROGRAI.I 

HI REM EXAMINAT ION RESULTS I. WILLlAIoISON 
2(1 REI.! SECT I ON 1 PROCESS ES OA TA SY SUBJECT 
3\'1 Dhi A(12.6),8(12).C(12) 
H FOR J., TO " 
50 LET Z· ,I 
611 LET Za ' 
7 ' FOR 1- \ 10 12 
8\1 READ A( I, J) 
90 lE T Z_Z+A( I ,J) 
ue IF A( I ,J)< 1 THE N 12& 
1111 LET ' - A( I ,J) 
1211 NEX T I 
lHI LE T Ha 70/(lII2) 
U, IF 1°1'1 <-1 '" THEN U(I 
,,, LET N- IU/T 
1HI FOR 1_ \ TO 12 
171 LET ,,(I,JI - A( I ,J)oN 
1811 NEXT I 
191 NEXT J 
2'~ REM DATA BLOCK FOR RESUL 1 S BY SUBJECT 
21e DATA 211,B,JIl,J5,411,45,5 11 ,P,411, 45,45,45 
22i1 DATA 4,10,111,9,9,9,8. ' .4.],5,4 
230 DATA 96.96,96.96.96 ,80. 8 ~,1I. 88,72.96.64 
240 DATA 40,511.61'1,7'1,811,' " . IU ,iI,8i1,HI ,ge," 
2.5f DATA 8 11 ,8 '. '.IIi. 211. 211, U. e, 5', 5", HI, 5\'1 
26' Q"' l " 2,2,2,2,2,2,2, 11,2 ,2,2,10 11 

l\-UAY-U 



SECTION 2 : FLOWC HART 

SECT ION Z: PROGRAIot 

27 , RHI SEC TI ON 2 - CALCULATES CRANO TOTAL 
2811 FOR , _ , TO 12 

29' READ a( I } 

53 

JU LET C( I ) - a( 1 ).2 ' (A{ I, lId.( I, 211+1.S · {A( l,l }+A( I,. »+A( I, 5)+A( I ,6) 

31~ NEXT I 
3211 liE'" BEHAV IOU R MARKS OU T OF 1" 

3)~ DATA lII,2f,JtI,.e,sf.6II, 7'.O.',U.H.' ,,,, 



SEC T ION 3: FLO"lCHART 

,/\.( I,J) ~8IVJ''''---.., 

,-, 

A(I,J»6ji1 YeS 

'-J 

A(I ,J) >4~'>~'.''-_~ 

SECT ION 3, PR(x;RAM 

H_ REM SEC TI ON 3 • REPLACES IAARKS 'lt1T1"i GRADES 
35111 FOR J-1 TO' 
360 FOR 1"'1 TO 12 
37 ' LET X",1 
3U IF A( I ,J)~8" THEN "''I 3,., LET X", 2 4_' IF A( I ,J»6' THEN 44' 
411 LET X:3 
421 IF A( I ,J»4' THEN "" 
4U LE T Xz4 
"" LET A(I ,J )-X 
4HI NEXT I 46 _ NEXT J 



SECT ION" , FLOWCHART 

SECT ION " : PRQGRA IA 

41 ' REIoI SEC TI ON " - PRIN T OUT RESULTS 
"BIt PRINT H' PRIN T "PACE ,. 
$ ,. PRINT 
5 1' PR INT "PUP tL ••• ENGlI SH" • "101" THS· • ·FRENCH" •• SC I ENCE· 
$2IIi FOR I '" TO 12 
5JII PRINT 1."(I.I)."(1.2)."(I.J)'''(1. 4) 
$ '" NEXT I 55' PRIN T 
56_ PR INT ·PACE 2· 
$711 PR INT 
58' PRINT ·PUP IL ·.·H I STORy ..... ART ..... 8EH"VIOUR ... ·TOT"L· 
$911 FOR 1- ' TO 12 
6,. PR I NT 1."(I.$),"(1.6),8(I).C(1) 
"If NEXT I 
621 PR INT 
6J f END 

"" 

55 
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RUN 

PACE 

PUP i l ENGLI SH 
1 • 
2 , , , 
• 2 , 2 
6 1 
7 1 , 
• 
" 11 
12 

PAGE 

PUP i l HI STORY 
1 1 
2 1 , • • • , • 
6 • 7 , 
• 
" 11 
12 

END AT n, 

j,jA THS 

• 1 
1 
1 
1 
1 
2 , 
• 
2 , 

.or 
• • • , , 
• • • • 

fRENCH 
1 
1 
1 
1 
1 
2 
2 

BEHAV IOUR 

" " " " " 6' 
" , , 
" " ," 

SC IENCE 

TOTAL 

'" 613 

'" '" 66 ' 

'" 712 • '" ... 
695 5 
H1.S 

This is the longut progr811 you have e<lCguntered in th is course . If you are a 
IHtie confused , don't worry , but do '}O b-.ck and e.afdne the probl eM , aod 
our .alullon , and •• Uafy younelf that you ..merst and the .. jor princip lell 
unlohed in the probl.,. definition and solution. Re.oober that the coding 
of the progra. in BASIC ia the least of your probl _ _ it is good probl_ 
definition and aolutlon to the stEM)l! of the flowchart which b the ha l blsrk 
of 8 good progra_r. 
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I.ESSON45 

BUBBLE -SOlIl I NG 

" p1ctll r a5que n ..... to d •• cdN " ver I/ .... (uJ tl'Chnlqlle. "8MJ1le p t obl_ is 
gIven (o r .,,011 to try _ 

Be l ooo .. e se t a prob l811 wh ich .. ill tes t your ability to use loops ..->d .ruys . 
lhi. U-e there i s no guidance , no hints - you ere on your own . 

PROBl EIA 

Write a progr_ which bkes in 20 non-~ero , positive l'IUIItlers and p r int 
th~ out In deacendlnq order . A progra. like this cou l d be ulled to aott 
the e ~ 81!Iination results ciliculated i n LeallOn 44 into deacendinq o rder . 

SOLUTiON 
<- St"'r t ) 
FCR 1(_1 1'0 2J 

Read NIKJ 
'y 

Let T-1I I· 
I FCII: X-I 10 2J 

I PCR I.' ro 2' I--

~~ 
Yo, 

'N<I(I) I J" 

Y 

(N)J L}J 
~~)-sr I ., 

( "" 



" 
RU N 

, lie ... PROGRAIoI TO SORT 2t NUt.l 8ERS INTO DESCENDING ORDER 
7 REIoI I. Wl l LAMS OH Jl-MAY-99 
111 DIM H( 2III ) 
26 f OR I z I TO 2111 
31' READ N ( J) 
411 NEX T I 
5at LET r * " 
4iI FOR X" l TO 2 ~ 
7' f OR 1" 1 TO U 
Be IF N{ l lu T TH EN 111 
' I' LET T: N{ I ) 
l eG LET J z l 
1 1\1 NEXT I 
12\1 PRI NT N(J); 
l U LET H{J)" O lot, lET T" O 
1.5 0 NEXT x 
16 11 DA TA 2,5,8,1 3 , 2.'.].5. 4 2. 3 1,2].24 ,7, 12,1 4 , 1, 4 ',2 " ,8, 15 
17e END 
READY 

RUN 
H . , 31 24 24 23 15 H 13 12 
END AT 171 
READY 

I, your solution Hoe S_ II thh one? Probably not, but the ''Peet gf the 
solution oot>ich 18 iooportant h the I'1O.IIIber or 'c~ari--..' ( line ~r8iJ) 
re~lred. In our solution line ~r 90 h executed 00i!l tille, to &ort 
2i'l ruobt!n into descending order . If you have -=o t e than AN cOMparisons in 
your p rogrBII. then you lIhooid atteaop t to I..,rove your so l ution . 

However, a -..c:h better IWlution II availab l " . 

The pr ob l elll of so rti ng "\.IOber . In t o Iscendi ng or descending o r de r hili been 
II recurrent ufIIrll l e in thh t ".t from it, firs t i ntroducti on In t he diBcuaai on 
of riowcharting . 

Till! _ t hod of bubble- aor ting la a COIWIIOO sol ution t o this prall l .,. . ~e 
we have a lis t of """en ""' l ch we wish t o re-arcange in ascending o rde r . 
... COIIPal"e the firs t pai r of nuIlIbera, and i nte rchange t hetl if nec1I.aa r y . 
... t hen COIIPare t he second and thi r d nu.be ra , and 110 on down the lI a t. In 
this way t he la !"9"at nu.be r .il l prop.gat e down the li a t and wi ll end ~ a t 
t he bon o. (hence the __ blbbl e-lIOrti ng) . Repeati ng t he praceae " ill take 
the next laf9l11Jt down t he lia t, a lthough the l aat ca-parl .an la UlYleCeuer y 
alnce we know tha t the lar ge. t nu.be r is . t the bott_ . Thue , fOf a 11 at of 
fi ve I'>UIIIbere , we have four ca-peri lOOll on the first pasa , th ree on the second , 
t 'lfO on the third and one on the fourth and las t pasa through t he lia t. A 
bubb l e- sort i a illustrated on the next page . 
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Ori91 .... 1 li st • n et 1st pan .ner 2nd pUB after lrd pan after final pu • , 
II 

11 1 A " 6 

6 " " " 2 " " " " 
Bubble-80rtinq requires (4+h2+' ) COInPo r isona to IIO r t • l i st o f 5 nUftlbers 
In t o 8sceodirg or descending order. 

for our probl_ with 20 l'IUIbeu we hav. 

19 + 18 •••••. 

Ins t ead o f 20- 20 • IIS0 cOIIIIPa risontl in our fiut 1I01ution. 

PR08LEJ,t 

Now . rite 8 ... progr_ to IIOrt 28 nuoben Into ascending order using • 
bubble sort with 199 ~.ri$008 . 

Draw a flowchorl before codil'l9 your progr lllll . 
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SOLUTION: FL OWCHART 

Start 

FCRX_ 19TO I 

N (J+1)<N (J) >-"'''----1 



SOLUTIQH: PIlOGRA .. 

" IlE .. PIlOCIl ..... TO SOIlT U NU"BEIlS INTO DESCEND ING ORDEIl 
211 IlE .. USI~ BUBBLE-SOR T I .W ILlI ..... SQH Jl-IoiAY -99 J, DI!A N(2') 
411 FOR 1. 1 TO 211 
511 IlEAD N( I ) 
611 NEXT I 
7' FOil X .. U TO I STEP - I 8' FOR J . l TO X 
" IF N(J+ l ) <N(J) THEN ue 
1 til LET T· N(HI) 
"' LET N(J+1) . N(J ) 
1211 LET N(J) . T 
13' NEXT J 
14~ NEXT X 
1511 FOil 1. 1 TO U 
1611 PIlIN T N( I ); 
17' NEXT I 
18~ DATA 2,',8,13,2,',3,',42,3',23,24,7,12,14,',",24 ,7, 12 
19' END • 
IlEADY 

'" " .. 11 ,. ,. 2J .. 1) 11 11 8 , , 
END AT '" IlEADY 

0 

°0 0 0 
0 

" 

0 0 
0 
o~ 0 
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LfSSON46 

THE RHO FUNCT ION 

TIle gen ...... tion Q~ r and"", numbers .... " Se.! .. '" poinO ..... exercise , bile in tact 
has ... flY "" .. " . Got_" c.on be played', using the comp"t"'C ..... die or dice , 
or even a .... pack ot Cllrds . 

In Part I I we introduced 111 standa rd ma t het!laticai functions .... it" are 
availab l e in BASIC . These a re repea t ed be low . 

n.NCTIO~ 

SIN(X) 

rOS(X) 

TA~(X) 

AIN(X) 

[XP{X) 

LOG(X) 

A8S(X) 

SOR(X) 

INT(X) 

SG'I(X) 

DESCRIPIiON 

~ine ., where" i ll measur ed in radians 

cosine . , where" is measured in radians 

tangent . , wher!! " is measured in radillrl8 

arctangen t . , where the value of I\TN(X) is lin angle, 
say e , e xpressed in r ad i ans . Iflere -Tt/2<:8<:fI./2 

exponenti al function, e" 

nalu r a l logarithm of x : t he sign of " is ignored 

ab,olute value of " ( the value of " igooring the s i gn ) 

.""a re roo t of x; t he sign of " is ignored 

integer par t of x: the value of INT(X) is the larges t 
Inteqer not greater than x. fo r exa~le , INT(S.9) : S 

sign of ~; ., for ~ positive , 01 for x : II •• , for ~ nf!I)ative 

Additional fo.n:tions are availab le in 90IIIe (bu t not all) ve rsions of BASIC. 
h of the IIIOsl use ful i a the R~ fo.n: tion which generate. a random number 
between II and 1 (but no t including II and 1) . A rsndo .. n..mer generator 
selecta all l'lUI'IIber a between II and 1 at random but lOilh equal probability. 
It is li~e rolling a die with an allllOst infinite number 01 sIdes n!lllbered 
between II and 1 

The program below demonstratea the randool number gene rator . 

111 REM PROG RAM TO DEMONSTRA TE RANDOM NUM6ER GENERATOR 
15 REM I. WIL LIAMSON 31· MAY·99 
2'; FOR 1 .. 1 TO 211 
Je LET X: RND 
4\1 PR INT:O::, 
H NEXT I 
6' END 
READY 

RUN 
.21132 
.925669 
. 6lIJJ~9 
.62811 

END AT 6t 
READY 

.266 7 13 

.821691 

.219332 

. 34e135 

.541468 

.3142 .3'''16 

.91U1I7 

.911615 

.776455 

.736366 

.763'97 

.745267 
7.86916E-1J2 
.884665 
2.32996E- 1I2 
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Note that, unlike the . tllndard BASIC f....cHon. shown above, the RM> f....ction 
doeB not hB~e an a rg~nt (a variable or e~pre88ion in pBrentheBea) , Ibwe~or, 
in __ ~enlone o f BAS IC. 11M> ha. an a rgoaent ( IIM> (X)J wh ich ha. no .,anirog 
but ill requited to retain uni fo rai t'y with othe r BASIC functlooa, 

PROBLE IA 

!frile a p roqr ... which eati-.ate .. the rolling of a die 11m ti.,s lind which 
producea .. table 'living the nuMber of ti_. each nuoober "a .. rolled. 

HI/H 

The die ~alUII ia qenetllted by 00:INI(6. 1I"l)..1), can you aef! why? 

ANSWER 

Bnd D:INT{6 • • 9999999 .. 1) 

Ul REIA PROGRA IA TO SIIAULATE ROLLING OF A DIE IIff TIIAES 
aFOIII - IT06 J_ LET N(I) _ ' 
.. , NEKT I S. FOil )e l TO In 
6 ' LET [»oIN T(6 - IIN()t1) 7' LET N(O) " N(O)+1 
B, NEx T J 
" PIiINT ·O IE VALUE","NO.OF THIIOWS· 
"_ FOil l eI TO 6 
1111 PII IHT I,N{I) 
,211 HEXT 
1311 EHO 
IIEAOY 

RU" 
DIE VALUE , 

Z 
3 

• , 
• 

END AT 13' 
READY 

HO.OF THROWS 

" " 13 

" ,. 
Z1 



.. 
In gene rating nt.IIIbers by digihl _",a , a. In a c~uter . an identical set 
of ra~ ~rs c:a.n be generated each t1_ t he progr . is eKllcuted. ThI. 
po .. ibi1lly h avoided In BASIC wing t he RAM)(JtIl[ ate l e-efn which il'l8t rw:ta 
t he inllt rpre ter to IMtIe<: t • undooo star ting point rOt the ranOooo nunt>er 
gene rato r. The RAN004IZ( a t a l etl\efl l _ t appea r in the progra. berore the 
randooo nu.be r qenentor R~ ia UIIed . Thus the progr. "_"p Ia Iibove re~iTll!a 
an additional atale-ent l 

15 RANDOIoiI ZE 

to ensure that the die ia thrown at ra~ . 

You . ighl u k, why not ..alee the rsra. nu.ber generator ifNI) .t".ra prodo.oce 
randooo r>UIIIbera? The ..,awt!r I. that It help. in testing progr_ if the randcool 
r'IUIIIber generator produces the 111m" ~"l of nunbers each U .... the progrlllll I . 
"xecuted. Thue RA~IZ[ is OMitted ",til the progr .. has been fully tested . 

.. -
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COtAP UTER GAI.tES J I 

Uain'l tM RHD runctjOll, .... Introdu.,. ano t he ... compute ... 9ame; aJIIjIJe , bue 
ente ... talnin9· 

A d.ople co-put er 9_ , whil:h h quite enterlainil'O:j , h called HI-LO. The 
I:...,uler generate' • rendooo nuoi>et bet ...... n 1 lind l~"il; all you have to do 
18 gue" the 1'UIIber. Cue" low and the I:,..,uter printa LOW; que .. high 
and the c:,..,uter printa HIGH . 

Here are a few r ... indera to help you write the proor • . 

(I) Print out the rule, for the new uaer . 

(11) Sor t out how ~ou want the ~uter to talk to you. 

(iii) How -'y que_se, are you allowed before the c:,..,uter wina" 

0,,) How wilt you generate the nnclooo ~r between 1 and l~ilil? 

No .ore hinta - you're on your own! 



" 

Here b our prOQ r .. flowchart. doe. it ... tch yours? 

Rules? ..... ">---"'!.'~====L-__ , 

Select coW'W:k:m nurber 

,., 

", 
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" REW HI·LD PRQGR"1ot H .... SHTON 3'-j,jAY-99 
211 RANOOWI ZE 
U PRINT -liI-LO - TYPE f OR RULES, OTHERWI SE t "; 
'" INPU T T 
5' IF Ta ll THEN 9f 
6, PR INT " ' SET A NUMBER BE TWEEN 1 AND lUll . YOU GU ES S, AND" 
7 , PRINT " J TE LL YOU I F YOU ARE HIGH OR LOW. YOU HAVE S" 
U PRI NT "GU ESSES TO GE T THE RIGHT NUIA 9EIL· 
'. LET ,.. - IHT (I 'U- F!ND ( ') +1) 
,,. PR INT 
1', LET Ca l 
12' PRI NT " ' NPUT GU ESS HUWSER";C; 
13' INPU T G 
'411 IF GO N THEN 1711 
15' PR INT ·YOU WI N IN ",C;"GUESSES. WELL DONE ! " 
161 GO TO 2U 
17' IF C-7 THEN 2'" 
IS' IF C- S THEN 2711 

'" LET e"'e+1 
2', IF G<N THEN 23' 
2111 P RINT "HIGH, TRY AGA I W 
2 21 GO TO 121 
2311 PRINT "LOW, TRY AGAiN " 
HI! GO TO 1211 
25 t PR INT -'HIS I S YOUR LAST GUESS. YOUR PREVI OUS GU eSS WAS "; G 
U' CO TO 19, 
27, PR INT - YOU HAVE HAD B GUESS ES. I WIN. THE NUIoiBER WAS"; N 
28 t PIi INT " I F YOU 'ltA NT ANOT HE R GAwE. INPUT 1, OTHERWIS E ,~ ; 
2'1 11 INPU T T 
l U IF T_ 1 THEN 9_ 
l1& PRINT "GOODB YE" 
lU END 

Iiote 11_ ". the r4lldc- n~r b •• t bl/ the U,ot8lent I/tT( "" .1/ltD('J' Fl • 
.. h1ch opeute. in the •• _ .... 1/ •• the die .i.uhtor di.cllu'" in te.uon 46. 
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RUN 

HI-LO - TYPE 1 FOR RULES, OTHERWise 
I SET A HUWSER BETWEEN I AND leU . 
I TELL YOU IF YOU ARE HIGH OR LOW. 
GUESS ES TO GET THE HUWSER RI GHT. 

INPU T GU ESS NUt.lSER 5U 
LOW, TRY AGAIN 
INPU T GU ESS NUMBER 7511 
lOW, TRY AGA IN 
INPUT GUESS NUt.iSER 82S 
HIGH, TRY AGA IN 
INPU T GUESS HUWSER 4 775 
lOW, TRY AGAIN 
INPU T GU ESS NUMBER 5 a,. 
LOW, lRV AGA IN 
INPU T GU ESS NUMBER 812 
LOW, TRY AGA IN 
INPU T GU ESS NUt.ABER 7 1 818 

, 1 1 
YOU GUESS, AND 
YOU HAVE B 

THI S IS YOU R LAST GUESS. YOUR PR EVIOUS GU ESS WAS LOV, TRY AGAIN 
INPUT GUESS NUt.iI!ER B 823 
YOU HAVE HAD 8 GUESSES. I WIN. THE HUu SER WAS 821 
IF YOU WANT ANOTHER GAI.tE, INPUT I, OTHERW I SE" 1 1 

INPUT GUESS NUMBER ,,~ 
HIGH, TR Y AGAIN 
INPUT GUESS HUWSER 25' 
HIGH, TRY AGAIN 
INPUT GUESS NU .... SER lB 
LOW, TRY AGA IN 
INPUT GUESS HUUSER 4 '" 
HI GH, TRY AGAIN 
INPUT GUESS NUIo46ER 15~ 
LOW, TRY AGA IN 
I NPU T GUESS NUlA6E R 1H 
LOW, TRY AGA IN 
INPU T GUESS NUlA6ER 7 1 165 
THIS IS YOUR LAST GUESS. YOUR PREV I OUS GU ESS WAS HI GH, TRY AGAIN 
INPUT GUE SS NUIo46ER 8 1 179 
YOU WIN IN 8 GU ESSES. WELL DONE! 
IF YOU WANT ANOTHER GAIo4E, INPU T 1, OTHERWISE \I ? \I 
G0006YE 

END AT 32\1 
READY 



" 

THE TAB FUNCTION 

ThJ.s tunctJ.on. av.ll.bl. in _t ... uJ.ons of USlC. all.,..." yOll to I'dnt 
an,..,hera OIl the Hne, .... <I". It to dr • .., graph. of dne and co.ine curve •. 

Another uaeful flrCllon which I. lV.ilsbl. In _ venions of BASIC 18 the 
tAB fUletion. The lAO(N) flA"lCllOfl I. I.JOIf!d with the PRlllll .t.1 ......... t. and 
cause. the teletypewriter car riage or VOU cUr.,f to IIOve to the M.tl col~ 
of the print -out. Thh silllp le ft.nctlon allows the printer o r display to be 
U$ed to p lot g raphs onO hht ogr9llls, 

Here it 8n ., .... pie 

" REIA PROG RAI.I TO PLOT SIN(X) BETWEEN X·I 1."'0 X. Pl(l.1 4 'H) 
U REj,j INCREIAENTS OF fl. 1 RADIANS 
311 PRINT lA B(15); 
., FOil I 1 TO .511 
5 11 PRIN T " . ", 
" NEXT I 
7 11 PR INT "." 
ali FOil x. , TO 3.1. ST EP '.1 
9' PR INT X; TAB{ INT(Z5 ' 5IN(X)+' 5)+4, );" , 
lU NEXT X 
I" END 
READY 
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'UN 

• .1 
.2 
• J · . . , 
· . 
• 7 
.8 
· , 
1 
1.1 
1.2 
1. J ... 
1.5 
1.6 
1. 7 
1.8 
1.9 
2 
2 . 1 
2.2 
2.3 
2 .• 
2. , 
2 •• 
2.7 
2.8 
2. , 
3 
3.1 

ENO AT 1,. 
RE ADY 



" 

The ' AO(N) function causes the p r inter to IIIOVIII lIet088 the pege to t he col....., 
defined by the integer pnt of the IItgurlellt. The leietype"ritflt enriage 
ClIIV'IOt step backwards, and therefor e the lAB function _t al .. ay. call up 
'" col~ .... 11: ... is further dong the line than the cur rent position of the 
carriage. A print line contain. approd .. tely 75 c:haraeten . 

PROBlo,l 

Modify the plotter progrlWll glv",n above to p l ot out sin . und co. x to t he 
._ 8ea l e . UBe dHferen t .ylllbob to represent eBch (t.OCtion . 

SOlUlioo 

" IIEIA PRoc;RAt.I TO PLOT SIN(X) AND COS(X) BETWEEN X: , AND X_PI 
2' IIEW IN INCREWENTS OF '.1 RAD IANS, WARKING SIH(X) WITH II -oJ' IIEW AND COS(X) WI TH II·.· . 
.., REM !. WILLlAt.I $ON 31-tAA'f-99 
SIt PRI NT TAB( 15 ); 
'" FOR 1_ ' TO 5' 
7' PRIN T "."; 
at HEX T I 
' il PRIN T "." 
11111 FOR X .. II TO 3.1 4 STEP iL 1 
11' LET S_IN T(2S · $IN(X)+'.S)+4' 
1211 lET C- I NT{25 . COS{X) +'.S )+4i1 
1311 I F S<C THEN 16' 
' .4iI PR I NT X, ' AB(C);M+M; 'AB (5);" ' " 
15' GO TO 2" 
lU IF S- C THEN "" 
17'· PRINT X, lAB {S );" ' "; ' AB(C);"+" 
18' GO TO 2U 
19. PRIN T X, TAB(C) ;" X" 
2,. NEX T X 
2111 ENO 
READY 



" 

RUN 

, 
. 1 
.Z 
.3 .. 
· , 
· . 
. 7 
· . · , 
1 
1.1 
1.Z 
1.3 ... 
1., ... 
1.7 
1.' 
1. , 
Z 
Z. 
Z. Z 
Z . 3 

'" Z. , 
Z •• 
Z.7 
Z •• 
Z. , 
3 
3. 1 

END AT 2U 
READY 

.. 
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"U "P I.F~tt: 1'oTA R " tESSO,'IrI S 

SI MPL E AND CQUPOUND INTEREST 

If you borrow...-.ey (I'0Il. bani< , you will pay interest on the lo~. If you 
"VB fIIOney In a bank, then the bank ")I pay you Interest on t he e..,ltal saved . 

There are t-..o waya of calculating the intereat due _ siMple inter.8l and 
eooopound Interest. 

In ailllple interest, the percentage amoal interest rate is IOUIUplled by the 
Cllpitu! (the oriqinoi !tfIIOvnt), for the n....tler of yeara the cupit., h saved 
o r borro .. ed. 

rOt e>;lIIIple, if 8 capital .... of 11!Dlcu were lent for 4 yaan at an annual 
Interest rate of n;, the Interest would be: 

Interest: ~ • T whetI!' C : cllpltal. II = Intere8t "8Od 
r : period in yeafs 

28 icu. 

In eooopound jnlereat, the interest due II added at t"9ubr intervd. to the 
ceplt81 , and the next Inatalooenl of ,nlerest I. nlcul.ted on the bali, of 
the acc ...... Jated e~Jl tal and intf!rest. 

~.e In the e.~l. above , Interest is 1ICC ...... I. t ed into the capital 
annually. At the end of the first year , Inlereat of 7 i cu .. 111 be dlllll on 
the capital of li10 Icu . ror the second yea r this interest ia IICC..-.o.Jilted into 
the C8llitsl - lIIIIking II caplhl , or principal. of l i17 icu . A.t t he end of the 
second year, the Interea! doe ia 7.49 icu _ t he capital at the beginning o f 
the t hi rd year i ll therefore 114.49 Icu. At the end of four years the accumulated 
caplhl and intereat is 1)1.08 lcu . 

So to calculate co-pound Interest you need to kno .. both the lnter ... t fIIte 
and the c~l.nding Intenal _ the period aner ..nich in t erest is acc--..lated 
to the capital. 

QUESTI ON 

U.lng fOR .. . NeXT loops , .. rite a section of a BASIC progr ... which .. ill 
calculate c~oond Intereat ..ner" R 11 the a.."ua l percentage Interea t 
rate and inle reat I and capital Care 8C'e,-,hted annually . Calculate 
the final s ... after fou r years . 

HINT 

U.e the rOll . .. ~XI loops for the years. 



ANSWEII 

'" FOR T ~ 1 TO • 

"' m WE ARE CALCULAT ING INTEREST FOR FOUR YEARS 

12' LE T 1 .. (II °C{lU) 1), R" WE HAVE PREVIOUSLY SET R ANO C TO THEIR PROPER VALUES 

'" lET C"C+I ,,' RE ... THIS NOW ADOS THE INTERES T TO THE ORI GIN AL CAPITAL ", NEXT T 
17' PRINT -FINAL Al.tOUN T IS-iC ," ICU" 

The flowchnt for thh h •• fallow.: 

I I ", _ 
I 

1 C>kua<o 1 interest 

I 

1 ~ "'",,,,1 to capiu.l 

)... 

T 
Print 
result 

~ 

~ .. return to Lenon 1!!.. 
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