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Preface 

The puzzles that are collected in thi s book first appeared in Till' 
Obst'n'f'f MaKo:il/(' in the first half of 1984. ln fact. the first appeared 
o n Janua ry 8 1984 and the others on the fo llowing 25 Sundays. They 
appeared under the titlc 'Computers' and shared the games page with 
the Azcd cross word. a bridge column by Tere nce Reese and:l chess 
co lumn by Michael Slcan. It is vcry flattering to find oncsclfin such 
exalted company. and I should like to record my apprec ia ti on and 
thank s to thc games page's editor, Anthony Ellis. not only fo r asking 
me to do the colum n but also for trea ting me with conside ration as 
one among equals at all limes, 

In appea ri ng alongside 'the world's hard es t crossword', and bridge 
and chess co lumns by experts of internat io nal renown. 'Computers' 
had to hold its own in terms of both content and standard . For this 
reason, the puzzles arc by in ten tion rather hard. But a solution for 
eac h was presented the fo llowing week. and these so lution s arc given 
here at the end of each chapte r. 

The punles arc presented in this book essentially in the form in 
which they were s ubmitted \0 111" O/)St'fI't'r. The pressures 01 
combining a t least four contributi ons each week to create a single 
games page often meant that the 'Co mputers' contribu tio ns had to be 
cut down from their submitted form and, very occa si onally. they 
were cut rather more than I would have liked. He re. I have taken the 
opportunity not o nly to restore the punles and their solutions to 
their original forms but also to expand them . 

Each punle was intended to illuminate ~ome aspect of co mputers 
and computing a nd. to j udge by the correspondence. thi s aim 
succeeded . On this basis. it see med worthwhile to expand on the 
general area from which eac h puzzle wa s drawn. as welt as on the 
puzzle it self. The extra ma terial that I ha ve added en larges and 
sometimes clarifies the puules. fi lls in their backgrounds. and 
expand s o n the techn iques in volved in their so lution s. the application 
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area rrom which Ihey are drawn, and other mailers of in terCSI. 
I hll\'c classified the punlcs inlo livc mther arbitrary groups called 

Words. Numbers. Graphics. Applications and Techniq ues. This 
helps in prcsenting the background n\llterial as several orthe punles 
share :1 com mon aspect or some kind . 

Fin:llly. I should like toemphasi1e that although I ha\'c prcsc nted a 
solution to each puz11e (and occasi onally more tha n one). it is only 
onc of many possi blc solutions. Therc is no such thing liS fhe solutio n 
10 a com puter problem in thc form of a unique com puter progr.tm. 
So. in presenting my solutions. in no way do I imply that ir your 
sol ution is different then it must be \\ rong. There arc almost certai nly 
other approaches 10 solving the punles . There arc almost ccrtainly 
beller progmms for solving them. I hope that you will write them. 

Garry Mars hall 





Chapter One 

Word Puzzles 

Most people think of the prime task of com puters as dealing wi th 
numbers. The term 'number crunching' has passed in lO the language. 
But one of the first insigh ts that a fami liarity wilh co mpulcrs brings is 
that compu ters manipulate symbol s. And although Ihese symbols 
('(III represe nt numbe rs. they ca n re present other items quile as well. 
They can rc prcscn t lcttcrs so Iha l compu ters can ha nd le text: theyea n 
re present graph ics so Ihal pictures can be produced . 

One of the advantages of programming in BAS IC is that it allows 
letters and. indeed. characters orany kind . lo be manipulated quilcas 
easily :IS numbers. For this reason. we begin with a seclion on word 
puules in wh ich word s und letters n/,."Cd to be handled in va rious 
ways. Answers to the pu nles are presented as BAS IC programs. 

The puzzles in this chapte r naturally draw quite heavily on the 
ca pabili ties of BAS IC for handling character strings. Although 
BAS [C is a much cri tic ised language, the faci li ties it provides fo r this 
a re supe rior to th ose of most o ther co mputer languages. The 
solutions to the punles make usc of such things as arrays of string 
variables. and the functio ns for manipulating strings that ex tr.lct a 
part of one a nd combine two or more into one. 

[t is wort h making the point that there is a fu ndamen tal difference 
between com puter pU lI[es and ord ina ry puzzles. With an ordinary 
pU7.1.1e, the objective is to find the a nswcr. But with a com puter pU1.7[e 
the idea is to find a way of telling a computer to find t he a nswer. In 
other word s. when solving a computer punic we arc not 
concentra tin g on the answer itself but on de velo ping a program that 
will direct the computer to fi nd the answer. One of my 
correspondents revea led a total failure to grasp this point in wri ting 
to say that he had wri ttcn a correct progr.lm to solvc a particular 
puzzle but that it did not give an answer. and could I let him know 
what the answer was. ( It would also :Ippear tha t his defi nition ofa 
'correct progra m' was fairl y loose.) 
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1 .1 

WORDS 

The first punic is to develo p a progra m to wri te the inst ruct ions fo r 
creating one word from an ot her. Its solution is a program that writes 
another program and. as such. is an eXOIm ple ofaproxrolll Kt' lIl'flllor . 

Progra m generators will be familiar. even if not under this name. A 
BAS IC inte rp ret er provide~ an instance of one. fo r when it is given a 
BASIC program it writ es a correspondi ng machi ne code program. In 
thc same way. any high ~level language translator elln be »Ccn as a 
program gc nerator. But 01 prognlm gener:llor really comes into its 
own when it all ows .'.uch things as accounting procedure.'. and .'.tock 
co ntrol method~ to be specified in Ihe kind ot terminology that 
accou ntant s and stock control expert~ usc. and then produces :, 
program in a computer language . This is a way of making computer.., 
much more readily useful. for it means that there is no need to Icarn:t 
great deal about compu ters before being:tble to make usc of one. The 
accountant. for exam pic . can usc his prot es..,ional c:q)Crtise to drive 
Ihe computer. and need know nothing of computer progra mm ing or 
of how to express the procedu res of accou nta ncy in a co mpu ter 
language. 

A progr:tm generator of this type is necessa rily applicable in a 
restricted range of applic;lIions because it de:lI.., in the opeTiltion.., Ih;ll 
arc characteristic of a specific activity. By cont ra st. a gem:r:tl 
programmi ng language is much more widely ap plicable. but require ... 
a good deal more expertise from it s use r .... 

[t i ~ not necessary \0 wri te anything like a full-blown program 
generator to solve the puz71c below. but a so lution docs reprc~ent a 
first step towards producing one . 

The puzzle 

The sort of puzzlc in which the solver mu.'. t try to find all the word ... 
thaI can be formed from the leiters of a givcn word i ... ideal tor 
computer sol ution . If we arc given the word PLEASED fora punic 
of this kind. a systematic approach is necdcd 10 guarant ee tha t the 
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words PL EA, PEDAL. SLEE P. and so on areall found. If we havea 
program that can pri nt oul all the possible leiter combinations of 
every length from one to Ihal of the origi nal word (seven in Ihiscase). 
we can select th ose that are proper words and reject the others. Better 
slill, ," e could feed the let ter strings toa dictionary program intended 
for checking the spelling in document s prod uced by a word processor 
and let if select the real words. 

Now. ,"hen the word PL EASED is stored in the: compute:r in a 
\ ariable named WORDS. the word I)LEADcan be formed fro m its 
letters by the command: 

PR INT MIDS( WO RDS.1.4) + MIDS( WORDS.7.J) 

In this pun Ie. howe\'er. we rc\'erse the situat ion. We ha\'ea BAS IC 
program that begins by storing o ne word in WORDS and a not her. 
which can be formed by usi ng the letters of the first word. in 
SUBWORDS. The problem is to com plete this program in such a 
way that it automa tically generates a command of the kind just give n 
for producing the second word from the fi rst. 

To illustra te wha t is requ ired, if the program is gi ven the word 
BAS IC to store under WORDS and AS to store under SU BWORDS, 
so that it is to produce the command necessary to e:< tract AS from 
BA SIC. an acce ptable ou tput would be: 

I)R INT MI DS( WO RDS.2.2) 

But this is not the only acceptable out pu!. The fo llowing command 
would do j ust as well: 

PR INT MIDS(WO RDS,2,1) + MIDS( WORDS,). I) 

As a second illustration. if the program is given the word 
MATC HSTIC K a nd then C HATas the word to bee:<tracted fro m il . 
then we might e:<pect the output: 

PR INT M IDS(WORDS.4.2) + M ID$( WORDS.2.2) 

Aga in. there a rc other possibil ities. 
It may be wonh ment ioning tha t if you can arrange for your 

program to posit ion the cursor at the end of the o utput it produces 
then. on most types of mic ro. it will on ly be necessa ry to press 
RET URN after the program ha s halted to mak e the computer obey 
the comma nd produced by the program and so to determine if it is 
correct. 
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1 .2 

APPROXIMATIONS TO ENGLISH 

The idea of genera ting approximations to English. and to othe r 
na tural la nguages. origina tes in the stud y of the information content 
of language. Start ing with the indi vidual letters used in English. we 
can produce a rough a pproximation to English text by generating 
these letters in succession and at random . The result of such a process 
cou ld be: 

MXAF L EPSMDFDHRY F B BEVXT S BDH EYQ 

This is clearly not a very good approximation to the English with 
which we arc familiar: but by amending the gcnerat ion process a 
series of app roximations can be produced. each of which is an 
im provement on its predecessors. 

The first improvement consists of producing the indi vidual letters 
according to the probab ilit ies with which they occur in a language 
rather than completely at random . The leiter probabilities can be 
obtaincd by laking a boo k. co un ting thc number of letters in it. and 
thcn calculating the proportion of them that are As. Bs. and so on. 
Interesti ngly. different languagcs shari ng the samc alphabet such as 
English. French and Spanish have significantly diffcrent set s of 
letter probabilities. S imply cha nging thc letter probabilities will give 
text that is rather similar to that in the prcvious example except that 
the vowels. fo r instance. will occur a good deal more often than will 
Z. X and Q. 

The model slill docs not givc a particularly good 'lpproximalion to 
English. and this is bccausc letters do not occur indepcndently in real 
languages. Consider the question of which leiter comes next when wc 
ha vc a word start ing with thc IClters ·st" . It can be r. y or a vowel. but 
not much else. So of thc 26 candidates on ly seven arc possi ble next 
letters. If a word starts with ·strin·. then the nex t letter ean be 
pred icted with a high degree of certa int), as a g. (My dict ionary lists 
the Scottish word slfinkfl'. but I don't think that would be in many 
people's vocabu laries.) The most convincing dem onstration is to 
consider which leiter follows a 'q'. 

An example of the text generated by th is method is: 
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ON IE ANTSOUT INYS AR E T INCTO REST BES DEAMY 
ACI-II N D ILONAS IVE 

There are (short) words here that actually are English words.aswellas 
some interesting candidates that almost could be. (This example is 
taken from the reference listed in the appendix.) 

After this further approxima tions can be generated by taking 
IeIlCrs in pairs and using the probabili tie ~ with which the pai rs occur 
in English. then by !:Ik ing them in thrt"Cs. and so o n. Evcn bellcr 
approximations ca n be obtained by u)oing "ords rather than IeUen.. 
and then Ilord pairs. word triplets. and the rest. And after that the 
basic unit laken can be the sen tence . 

Butthis h:ls brough t us rather beyond the ambi tions 01 our punic. 
1\ hieh only deals with lellers and leiter pairs. Aho. in the interests of 
making the solutio n programs )ohor!. the punIc deals only with a 
group of )o ix lelterlo ralherthan the complete alphabet. It i)o possible to 
e.1(lend these programs so that they deal wi th the entire alphabct. :Ind 
also 10 genemlise them along the lines )ougges ted by this discussion so 
that they \\. ill gene rate e\'cr·im proving appro.1(imat ions 10 Engl iloh. 
The reference given in the appendix \\ill enable you to locatc the 
necessary leiter and word probabilities. 

The puzzle 

The following program generates a vcry crude approxi mation to 
English by printing the leiters of the alphabet. all with equal 
probability. or a space. wit h a highcr probability. In facl. the letters 
each occur with probabi lity I 30and the spaee with probability4 30. 
so that the 'words' arc approxima tely se\en leUers long on average. 
The program is: 

10 X= INT(6S+ 3p·R ND) 
20 IF X> 9P THEN X= 32 
3p PRINT C H RS(X ): 
4p GOTO 19 

As you will see if you run the progr:lm. the outpul is a rather poor 
approximation to Engli~h . We sh:tll comider IWO ways of improving 
it. The first is to make the leiters appear with probabilities 
corresponding 10 the frequencies with which they occu r in English 
usage rather than wi lh equal probabili ties. The second is 10 print the 
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curren t lener using probabilities that depend on the letter that ha s 
just been generated. 

To keep the solution programs within limits. the pu zzle is to 
produce approximations to Engl ish that are better than those of the 
program given -above. using the six letters A. D. E. L. P. S and a space 
rathe r than the whole alphabet. First generate an approximation by 
printing repeatedly one of these cha racters with the probabilities 
given in Fig. I.I (a). Then generate an impro\'ed approximatio n by 
repeatedly printing the six characters usi ng probabilities that depend 
on the last character that was printed. as given by the table in Fig. 
1.I(b). Make the initial sta te of the program that which it assumes 
when a space has just been printed. 

Character A D E L P S space 

Probability 0.2 0. 1 0.2 0. 1 0. 1 0.1 0.2 

Last [Current character] 
character A D E L I' S space 

A 0 0.3 0 0.2 0.2 0.3 0 

D 0.2 0.1 0.2 0. 1 0 0.2 0.2 

E 0.1 0.2 0. 1 0.2 0.1 0.1 0.2 

L 0.1 0 0.2 0.2 0. 1 0.2 0.2 

I' 0.2 0 0.2 0.2 0. 1 0.1 0.2 

S 0.2 0 0.2 0.1 0.1 0. 1 0.3 

space 0.2 0. 1 0.2 0. 1 0. 1 0. 1 0.2 

Fig. 1. 1. la) Character probabilities. Ib) Character probabilities given the 
prevIous character. 
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Having mastered the necessa ry techniques. it is possible to go on to 
crea te improved approximations to English in the ways outlined 
above . A usefu l addit ion to any of the programs that proceed letter by 
letter would be to determine the perce ntage of genuine Engl ish word s 
generated. Ways of meas uring the effectiveness of other met hods can 
also be devised . 
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1 .3 

SUBSTITUTION 

The process of su bstituting o ne word for anot her is of value in all 
kinds of text process ing. A word processor of any so phistication. fo r 
example . will have a 'search and replace' faci lity with which a word or 
phrase can be located and. when found . replaced by another. 

It was realised by ea rly workers in artificial intell igence that this 
appa rently mundane device could be used as the basis of a program 
to enable the computer to conve rse with humans in a natural way . 
The pri me e.'(am ple of a program of this kind is ELI ZA. which was 
developed by Professor J oseph Wie7.enbaum at the Massachusetts 
Institu te of Technology in 1966 . ELI ZA sustains a conversation by 
genera ti ng respo nses that are based o n what is addressed to it. Each 
response is created by tak ing the input. searc hing it for particular key 
words which are replaced. and then rearranging it. Th is may not seem 
to be a very suitable way to create d ialogue generally and. indeed. it is 
not. But the point about ELIZA is that it is intended to take part o nly 
in conversat ions of a ve ry rest ricted kind . 

In fact. ELI ZA is intended to simulate the contrib uti ons of a 
nondirective therapist in conversat ion with a patient und ergoing 
nondi rective therapy. A therapist of this kind aims todrawemotions 
from the patient and then to convey them back tothe patient in sucha 
way that they ca n be recogni sed and acknowledged. To do th is. the 
thera pist must stimulate the patient. but in a non-commi ttal way. to 
extract the emoti ons associa ted wi th the pa tien t's remarks and then 
renect them back agai n. 

ELlZA's restricted field for co nversa tio n was chosen ve ry 
de liberately. for it is o ne where almost no bac kground knowledge is 
required to susta in co nversations. I n this respect it is unlike illmost 
any other area of conversation. Wh ile ELI ZA undoubtedly sim ulates 
the co nversation o f a nondirective therapi st very successfully. no 
wider accompli shments can be claimed fo r it . In its way. it is typical of 
much work in arti fic ial intell ige nce in that it is successful in a 
carefu lly restricted area of application. 

But the way that EL IZA ha s been used has att racted a good deal of 
criticism. not least from its originator. For it ha s bee n used to engage 
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patien ts genuinely in need of psychothera py in convcrsation. It has 
cven been welcomed as a means of introducing automatic 
psyc hotherapy. The problem with this is that. although ELIZA can 
converse, it can re veal no understanding of what it is conversing 
about. Because it converses by applying mechanistic rules for the 
substitution and rearrangemen t of text, it cannot possi bly offer any 
sym pathetic recognition o r understanding to the patient . 

The puzzle 

The topic of this puzz.le is the apparently simple idea of sea rching a 
character string for a particular pattern of characte rs and, when it is 
fou nd, replaci ng it by another pattern . As we ha ve seen, this idea ha s 
applications of consid era ble soph istication. The way in which it is 
used by ELIZA to ca rryon an apparently meaningful conversati on 
can be ill ustrated quite easily. By replacing'you' with '[' and 'me' with 
'you'. and adding a standard ph rdse, the program can respond to 
remarks such as 'You don't impress me' with ' Why do yo u think that I 
don't impress you?'. 

With such matters in mind . this puute is to write a progra m to 
accept an in put and store it under the name AS , to search it for all 
occurrences of a pattern stored under BS. and to replace each 
occurrence of this pattern with a second pattern which has also been 
previ ously stored under CS. The res ult of making the substitution 
should then be printed . As an example of what the solution program 
should do, if it contains the assignments: 

BS= "T HATCH ER" 
CS=" KINNOCK" 

then the inpu t ' MRS T HATC H ER MET TWO THATCH ERS' 
should lead to the output 'MRS KINNOC K MET TWO 
KINNOC KS', 
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1.4 

THE QUOTES PUZZLE 

Any character can be placed inside quotes as a member ofa character 
string, except for a quotation mark itself. The reason fo r this is, of 
course, tha t a quotation mark that is intended as a memocr of a 
character string is indistinguishable from the quotatio n mark used to 
terminate the string. 

The in tended effect of a command such as: 

PR INT ~ H E SA ID .. NO .. .. 

is probably clear to most people whether they are familill r with 
computers o r not. Unfo rtunlltcly, ho wever, the response ofa micro to 
the command is not to give this intended effect. The nearest it will 
come is to display HE SAID. This is beca use a PRI NT comma nd 
causes the characters between quotation marks that immed iately 
fo llo w it to be displayed . After the opening quotation mark. the next 
o ne to be found is automatically treated as the accompanyingelosing 
q uota tion mark . In this elise. therefore. the character st ring 
immediately fo llowing the PRI NT keyword is ' HE SA ID' . 

Actually, a number of micros will display HE SA l D fo ll owed by a 
7e ro. This is because they trea t the char .. cter string followi ng PR INT 
as a list of three items: the character string ' HE SA ID',the variab le 
name NO and the null string. A few micros. including the Sinclair 
QL, will just treat the command as in va lid . 

The quotes problem is a particular case of .. general problem that 
arises in any co mputer la nguage when o ne of the standard cha racters 
in its character sel is used artificially as a delimiter or 1I separa tor. 
Whenever a cha racter is used in one of these ways, special steps must 
be taken 10 deal with any natural occurrences of the character 
betw(..'C n its artificia l uses. A further exa mple of this affecting many 
mi croco mpu ter dialects of BAS IC is th:11 a colon mu st not .. ppe .. r in 
a character stri ng. This is occause the colon is used a rtificially as a 
separa tor for multiple statements appearing on the same program 
line. 



Word Puzzles 11 

The puzzle 

To make our problem specific. suppose we ha ve 1I program that 
includcs OAT A statement ~. each contain ing a line of BAS IC. so that 
the progra m can print out lInother program. Ilan of the program 
would be something like: 

19 READ AS: IlR INT AS 
IPP DATA -SP LET X=6" 

But to pt:lce a program line ~uch as 29 Il R INT "BAS I C~ in a DATA 
statement. the program would need a line such as: 

119 DATA "29 PR INT " BAS IC'" 

As we have noted. thi:. b not sa tisfactory. 
To produce a po rtllbte program. wc co uld replace the quot:1l10n 

mark s in datu items with . say. exclamat ion ma rk:.. which se ld o m 
appear in BAS IC programs. The main program would then ha ve to 
replace each occu rrence of th is symbol with a quotation mark aftcr it 
had read the data but before printing it. The framc" o rk fo r such a 
program would be: 

Ip READ AS 
liP DATA "20 PRINT !8 A51C!" 

The puzzle is 10 complete this progra m so that . by replacing the 
exclamation marks. il prints any statemen ts representcd artificially 
in its datil in their intended form . Standard BASIC functions only 
should be used. so thaI Ihe solution is a porta ble program. 
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1 .5 

CROSSWORD 

A crossword is a natural arena fo r a word puu le on a computer. Its 
solution will require the use of techniques for handli ng strings and 
arrays. The computer can be made 10 display the skeleton for a 
crossword, to accept entries for it , and eve n to verify and display 
these entries. By writing a program to do these things, an 'inleracti\'c 
crossword' ca n be created which can do a great deal more than a 
crossword that is me rely printed in a newspaper. Besides verify ing 
entries, it could even be made to fill in a n enlry if the person tackling 
the crossword were genuinely stuck . 

The problems associated with a crossword include how the 
numbering plan can be compu ted from ils skeleton and how the 
lengt h of the sol ution to each clue can be found . They could also 
include ve rifying the solver"s attem pt at the answer to any clue. The 
soluti on of these pro blems leads 10 the creation of a truly in teractive 
crossword that is much more user frie ndly than a conve nti ona l one. 
In creating this, il can be demonst rated thai the compute r is a much 
more ad vanced medium for suppo rting a crossword than the 
commonly used medium of paper. 

Fig. 1.2. Crossword sol ution 
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The sol ution of a small crossword is shown in Fig. 1.2. It consists 
on ly of black sq uares and white squares containing letters. The 
skelet on of the crossword consists of a similar array containing only 
black and white sq uares. The black squares are in the same positions 
as befo re. and plain white squares take the positions occupied by 
!ellers. In fac!. it is preferable to represeOi the skeleton with a 
surround of dark squa res. as shown in Fig. 1.3. If this is done. the 
squares at the edge of the crossword can be treated in the same way as 
all the others during computations on them. It also makes thedisplay 
of the crossword on the screen more effective. 

FIg. 1.3. Crossword skeleton. 

The solution to a crossword can be represented in the compu ter by 
using a two--dimensional array of string variables. Each element of 
the array can 'cover' a single square of the crossword by containing 
the letter that should be placed in that square when the crossword is 
filled in or some other eharacter to represent a black sq uare. 

The numbering plan ·for a crossword is the set of numbers that is 
added to its skeleton. They identify the positions in which the 
solutions of the clues with the corresponding numbers are to be 
en tered on the skeleton. Eac h clue is iden tified by a number followed 
by the word 'across' o r 'down'. The solution to 5 across. for example. 
must be entered starting in the square numbered 5 and going across 
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or horizontally from there. The solution to 8 down would start in the 
square numbered 8 and go down. 

The puzzle 

This puzzle has seve ral parIS. The firs t is to devise a way to represent 
the solution to a crossword puzzle. such as the one illustrated in Fig. 
1.2. in a two-dimen sional array. But th is must be done in such a way 
as to facilitate the remaining part s of the puzzle. Once a way of 
representing the solution has been devised. a program to display its 
skeleton should be wril1 en. The program should then be ex tended to 
compute the numbering plan for the puzzle. and arrangement s made 
to print the numbering plan on the skeleton. The numbering plan can 
be added subseq uently to the display of the crossword, but it is 
probably simpler to wri te a si ngle routine to displa y both . Then a 
means of finding the length of the solutio n to each clue by processi ng 
the skeleton should be devised. When this is done the program should 
be able to print a list of the numbers of allthe clues to the crossword. 
with the length of the solut ion to each. merely by exami ning the 
skeleton . A typical item in the list would be'5 ACROSS (6)'. The final 
problem is to accept an attempt at the solution to a clue and to 
determine whether or not it is co rrect. 

When all these problems have been so lved. the clements of an 
interactive crossword ha ve been created. The addition of routines fo r 
displayi ng the correct attempts at clues and for providing help would 
add the fini shing touches. 
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SOLUTION 1.1 : WORDS 

The following soluti on program works on the assumption tha t the 
second word ca n be deri\'ed from the first . It takes each let ter of the 
second word in turn. searches the first word for the letter and. when it 
finds it. ge nera tes a character string of the form M I OS(WOR OS,P. I) 
where P is the position of the let ter in the first word . P receding these 
output strings by the word PRI NT gives a command that will 
generate the second word from the first . The program is: 

Ip INPUT WORDS 
2~ INPUT SUBWORDS 
J~ LW= LEN(WORDS) 
4p LS= LEN(SU BWORDS) 
Sp FOR J= I TO LS 
6jl FOR K= I TO LW 
7p IF MIOS(SUBWORDS.J. I)= M IDS(WOR DS. K. I) 

T HEN A(J )= K 
8~ NEXT K 
9P NEXT J 
IP ~ PRI NT "PR INT"; 
liP FOR K= I TO LS 
12P PRI NT " MIOS(WORDS:·: A(K): ". 1)": 
Up IF K<>LS THEN PRI NT •• + .. : 
14P NEXT K 

When this program is given the inputs HORSE and S HE, it 
produces the ou tput : 

PR I NT MI DS(WOR DS.4. I )+ M I DS(WOR DS. I .I)+M I DS 
(WORDS.S. I) 

This solut ion is fairly primitive. but it has the merits of being short 
and understandable. It also provides a skeleto n tha t is sufficienlly 
strong to support considerable modifica tion. as is shown below. 

The solUlion ca n be improved in at least two major ways. First. it 
ought to validate the input by checking that the second word given to 
the program actually can be derived from the fi rst one. This is 
straightforward. a nd the donkey work fo r it has already been done by 
lines 50 to 90 of the program. After line90. chec king that LS elements 
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of the array A have non-zero values ensu res that the cond itions are 
satisfied . If the check fai ls then the in put is not satisfactory. 

The seco nd improveme nt is that the program could write strings 
such as MIDS(WORDS. K, 4) as suggested when the pun le was 
posed. This can be done by modifying the second part of the program 
from line riO onwards. The a lgori thm can be expressed usin g the 
standard structured re petiti on facilities as possessed by, for instance, 
Pascal as: 

Initialise the position in the subword 
REPEAT 

Initialise Count and Beginning for the next MIDS 
WHilE not at the end of the subword 

WHILE A(K+ I)=A(K)+ I 
Incremenl Count and posit ion 

ENDW HIL E 
ENDW HI LE 
Prinl MIDS co mmand 
If not at the end of the subword THEN Print + 
Incremen t position 

UNT IL all lellers are dealt with 

This algorithm shows that fOR ... NEXT is not the required 
repetition struClUre. In BASIC. the WHIL E and REPEAT 
st ructures must be crea ted from scratch using If ... T H EN and 
GOTO instructions. The key instructi on involves the condition 
A( K+ I)=A(K)+ I. which shows whet her successive letters of the 
subword are a lso successive letters of the original word . 

The resulting BASIC program is: 

19 INPUT WORDS 
2~ INP UT SU BWORDS 
39 LW= LEN(WORDS) 
49 LS= LEN(S UBWORDS) 
5\l FOR J= I TO LS 
6\l FOR K= I TO LW 
79 IF MIDS(SUBWORDS,J. I)= MIDS(WDRDS. K. I) 

T HEN A(J)= K 
89 NEXT K 
99 NEXT J 

'p9 PR INT " PRI NT ": 
li P K= I 
12P C= I : B= A(K) 



J3p IF K= LS T HEN lIP 
14P IF A( K+ I)= A( K)+ I T HEN 19p 
ISP PRI NT .. MIDS( WO RDS ... :B: ..... :C: .. )": 
16P IF K<> LS T HEN PR INT "+ ": 
I7P K= K+ I: IF K> LS T H EN STOP 
ISP GOTO 129 
19P C= C+ I: K= K+ I: GOTO 139 
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I f this program is given the words H O RSE and HOSE it will give 
the output: 

PRI NT MIDS( WORDS. I.2)+MIDS( WORDS.4.2) 

This compares fa vourably with the previous solution program which 
would give fou r M I DS commands. 
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SOLUTION 1 .2 : APPROXIMATIONS TO ENGLISH 

The first improvement can be generated by the fo llowing progra m 
which. a fter stori ng the letters to be used and their probabi lit ies. uses 
the rando m number generation func tion RND to dccide repeatedly 
wh ich of the letters is to be displayed. That the values ge nerated by 
RND cover the range from zero to o ne is a considerab le conven ience. 
fo r this is exactly the range of the total probabil ity distribution . The 
program is: 

Ip DIM AS(7). 1'(7) 
2P LS= -ADELP5" 
3p FOR K= I TO LEN( LS) 
4P AS(K) = MIDS(LS. K.I): READ P(K) 
Sp NEXT K 
6ll DATA p.2.p. l.p.2.p. l.p. l.p .l.p.2 
7p X = RND: 1= 1. 5= P(I) 
Sp IF X<5 T HEN PR INT AS( I):o GOTO 7p 
9p I = I + I: 5 = 5 + 1'(1): GOTO Sp 

A typical out put from this program begins ELPS DAP ESSE P 
PLASES A ... The program co nt inues to produce outpu t until it is 
stopped. of course. 

The second improve ment can. after reading the proba bilities into 
an array P(7.7). be produced by this progra m fragment: 

2PP J= 7: PRI NT A5(J ) 
2lP X= RND: I= I:S=P(J .1) 
22P IF X< S THE N PRI NT AS( J):: J= !: GOTO 21p 
23p 1= 1+ 1: 5= 5 + P(J .I): GOTO 22P 

Typica l 'E nglish' as produced by this program is SA DE ELLAS 
PLAD5EAL ADDED .. 
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SOLUTION 1 .3 : SUBSTITUTION 

The substitution program is: 

IP BS= -THATCHER": C$= - KINNOCK" 
2P B= LEN(BS): ZS= ····: P= B- I 
JP INPUT AS: L= LEN(AS) 
4\l FOR K= I TO L- B+ I 
Sp IF MIDS(AS.K.B) <> BS T HEN 9p 
6ll ZS= ZS + CS: K= K+ B- I 
7p IF K > L- B+ I TH EN P= L- K 
Sp GOTO Ipp 
9P ZS= ZS + MIDS(AS.K.I) 

IPP NEXT K 
l iP IF P > P THEN ZS=ZS+ RIG HTS(AS.P) 
12P PRINT ZS 

This work s by co pying the input string to ZS. while searching it for 
the string stored under BS. If it finds the latter, then it copies the 
string stored under AS to ZS instead. When the part of the input 
siring that remains to be searched is shorter than the siring for which 
the program is searching. the program halts its search. This saves 
unnecessary work and. more importantly, it prevents illegal va lues 
for its argumen ts from reaching the function M IDS . The variable P is 
used to hold the length of any remaining' tair to the input string that 
must finally be copied to ZS. 

The following program. which is simpler than the sol ution 
presented. wo rks on some types of micro: 

Ip BS= - THATC HER-: CS= - KINNOC K" 
2P B= LEN( BS): ZS= ···· 
JP INPUT AS 
Sp FOR K= I TO LEN(AS) 
6il IF MIDS(AS.K .B)= BS THEN ZS=ZS+C$: K= K+ B- I: 

GOTO Sp 
7p ZS=ZS+M IDS(AS.K. I) 
Sp NEXT K 
9\l PRI NT ZS 

Whet her or not it work s depends o n the way that M I OS is 
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implemented. for if the eva luation of MIDS(AS. K. 8 ) is not 
permitted when K+ B- I > LEN(AS). wh ic h would be ent irely 
reasonable and even desira ble. then the program will fail. The 'jump' 
instructions in the previous solution are intended to prevent any 
attempt to evaluate MI DS in such dubious circumstances. 
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SOLUTION 1.4 : THE QUOTES PUZZLE 

This solution to the quotes puzzle makes use of the fact that the 
ASCII code for a quotation mark is 34. After reading a BASIC line 
rrom a DATA statement . it scans the line character by character 
searching for an exclamation mark . If it fi nds one then it replaces it 
by character 34. a quotat ion mark . 

IP READ AS 
2P L= LEN(AS) 
JP FOR K= I TO L 
4p CS= MIDS(AS. K. I) 
5p IF CS <> -, .. T HEN PR INT CS" GOTO 7p 
6jl PRINT CHRS(J4): 
7p NEXT K 

1 9~ DATA "IP PR INT !BASIC!" 
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SOLUTION 1 .5 : CROSSWORD 

An array named CROSSS will be used to store the crossword. As the 
crossword ha s 6 rows and 6 col umns. we shall give CROSSS 
dimensions on by 7. Rows 0 and 7 and columns 0 and 7 ca n then be 
used to hold the border. The crossword itself ca n now be represenled 
by: 

I~ DIM CROSSS(7.7).N(6.6) 
2~ FOR J~ I TO 6: FOR K~ I TO 6 
3~ READ CROSSS(J.K) 
4P NEXT K: NEXT J 
59 DATA" ··."B··:·O"."A··." "."co 
6ll DATA "P","A"."S"."C"."A","L" 
7~ DATA "A","S"," ","E","R","E" 
8~ DATA "R"."I"."O"." ","M"."A" 
~ DATA "S~.MC."R":·E"."E".MN~ 

I~~ DATA "E"." ","A","N","D","" 

The bo rder can be added by: 

l ip FOR L~P TO 7 
1 2~ CROSSS(P,L)~" ": CROSSS(7, L)~"" 

I3p CROSSS(L.P)~"": CROSSS(L,7)~" " 

14p NEXT L 

After this. the skeleton of the crossword can be displayed by a 
simple procedure which we shall package as a subroutine starting 
with line number 1000. It will display the crossword in the opposite 
style to that in which it appears on paper. i.e. the squares that are 
black o n paper will appear light on the screen. After adding the 
calli ng instruction: 

15P GOSUB IPPP 

the display subrout ine is written as: 

I ~PP REM D ISPLA YROUTINE 
Ip Ip FOR J~~ TO 7: FOR K~P TO 7 
IP29 IF CROSSS(J.K)="" THEN PRINT CHRS(I66):: 

GOTO Ip4p 



IpJp PRINT - ": 
1~49 NEXT K: PRI NT: NEXT J 
IP59 RETURN 
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(This program is wri tten for the Commodore 64. o n which character 
166 is a light characler-si7ed block .) 

The numbering plan can be determined automatically from the 
skeleton. This is done by exam ining each sq uare in turn. row by row. 
starting at the top left and finishi ng at the bot tom right . The numbers 

o 2 J 

4 5 6 7 

8 , 10 11 

12 13 14 15 

FIg 1 4. Conhgurattons and codes 
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are associated only with blank squares. so the others may be ignored 
during thi s process. When eaeh blank square is examined. a code is 
assigned to it in a way that renects the four neighbouring sq uares to 
its right and left. a nd above and below. All the possible 
configurations for the sq uares surround ing a bl ank square are shown 
in Fig. 1.4. The code is determined by counting I for a black sq uare 
above. 2 for o ne to the r ight. 4 for one belo w. and 8 for one to the left. 
The codes a re al so shown on Fig. 1.4. A little thought will show that 
soluti ons ca n only begin in a square ha ving o ne of the codes 1.3.8. 9. 
II . 12and 13. 

But the codes give more informa tio n than just where a so lution 
begins. They also show whether the word goes across or down, and 
eve n if a sq uare ca n ha ve answers start ing from it goi ng bot h across 
and down . By referring to Fig. 1.4 again. we can see that words 
starting in a sq uare with the code 8,12 o r 13 go across. and those 
starting in a square coded as I. 3 or II go do wn . I f a square has the 
code 9 there will be wo rds going across a nd down from it. 

Using this in formation we ca n rind the numbering plan and print it 
on the skeleto n with the fo llowing program. which computes the 
numbers and stores them in the array named N. This section of 
program start s at line 150. overwri ting the call to the d isplay 
su brout ine wh ich is not needed aga in as thi s section of program 
co ntains its own display routine. After add ing the dimensions for the 
array N to line 10 with: 

Ip DIM CRDSSS(7.7). N(6.6) 

the addition to the program is: 

159 N= I 
16p FOR ROW= I TO 6, FOR COL= I TO 6 
179 IF CROSS$( ROW .COL)="" THEN 249 
IS9 T= P 
199 IF CROSS$( ROW- I.COL)="" THEN T= T+ I 
299 IF CROSSS( ROW.COL+ I)=" " THEN T= T+ 2 
219 IF CROSS$( ROW + I.CO L)= " - THEN T= T+4 
229 IF CROSS$(ROW .COL- I)= -" THEN T= T+S 
2J9 IFT= IOR T=JOR l = SOR T= 90R T= II OR T= 120R 

T= 13 T H EN N(ROW,COL)= N: N= N+ I 
24p NEXT CO L 
259 NEXT ROW 
26p FOR ROW= P TO 7, FOR COL= P TO 7 
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27p IF CROSSS( ROW.COL)= .... T H EN PRI NT 
CHR S( 166):: GOTO 3pP 

28p IF N( ROIV,CO L)<>ll TH EN PRI NT RI GHTS 
(STRS(N(ROIV,COL)), I): GOTO JPp 

29p PRI NT .... : 
39P NEXT COL:PR INT: NEXT ROW 

Note that when the skeleto n is printed complcte with numbers. any 
number from 10 upwards is truncated so that only its Icast signi ficant 
digit is displayed . This is because on ly one cha racter can be displayed 
in anyone character position . But despite the fact that only the last 
digit of the number is displayed. the number is computcd in full . To 
show this we can print a list of the numbers and direction s for all the 
clues in the crossword by adding the lines: 

222 IF T= I OR T= 3 OR T= II OR T= 9 T HEN PR INT N: 
.. DOWN" 

224 IF T= 8 OR T= 12 OR T= 13 OR T= 9 T HEN PR INT N: 
" ACROSS" 

The length of each solution can be co mputed and added to the list 
of clues by amending the two lines just given so that they each call a 
subroutine. and then adding the subroutines themse lves. The 
amendments and additions are: 

222 I F T= IOR T= 30R T= IIOR T= 9 T HEN PR INT 
N:- OOIVN":: GOSU B 9\lP 

224IFT=80R T= 120R T= 130R T= 9 THEN PRINT 
N:- ACROSS":: GOSUB 8pP 

8pP IV= I : X= COL 
81P X= X+ I 
82P IF CROSSS(ROW,X)<>""THEN IV= W+ I : GOT081p 
8JP PRINT "C: IV: ")", 
84p RETURN 
9\lP IV= I : Y= ROIV 
91P Y= Y+I 
92p IF CROSSS(Y,CO L)<>"" T HEN IV= \V+ I : GOTO 91P 
9JP PRI NT T: IV: ")", 
94P RETURN 

Finally. a routine that accepts an attempt at a clue and determines 
whether it is correct is presented . It req uires the user to enter the 
number of the clue. whether it goes across ordown. and the attempt 
itself. It then finds where the answer begins in the array CROSSS. 
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ensures that there is such a clue and . if (here is. check s the entered 
answer by comparing it leiter by leiter with the appro priate pa rt of 
the array CROSSS. The rout ine is: 

45P INPUT "NU MBER":M 
469 INPUT "A FOR ACROSS. D FOR DOWN":DS 
47P INI'UT "SOLUTION": SS 
48p J= I, K= I 
49p IF N(J.K)= M THEN 52P 
Spp K= K+ I, IF K= 7 TH EN K= " J= J+I 
SIp GOTO 49p 
S2P T= p 
SJp IF CROSSS(J- I.K)=···· TH EN T= T+ I 
54J) I F CROSSS(J.K+ I )=o ... T HEN T= T+ 2 
SSp IF CROSSS(J+ I.K )=···· TH EN 1'= 1'+ 4 
S6P IF CROSSS(J.K- I)=···· T HEN T= T+8 
57p IF (T= 80R T= 90 R T= 120R T= I3) AND DS= "A" 

THEN 6PP 
S8P IF IT = IOR T= JOR T=90R T= III AND D$=" D" 

T H EN 65p 
59p I'RINT ~NO CLUE - :M;DS: STOP 
6PP W= "X= K 
61p IF MIDS(SS. W. I )<>CROSSS( J.X) TH EN I'R INT 

~ I NCO R REC"":STOI' 
62P X= X+ I 
63p IF CROSSS(J.K)<>" " T H EN W= W+ I:GOTO 61P 
64p PRI NT "CORRECT": STOP 
6Sp W= I,\'= J 
66P IF MIDS(SS.W. I)<>CROSSS(Y. K) TH EN PR INT 

- INCORRECTo:STOP 
67p Y= Y+ I 
68p IF CROSSS(Y.K)<>···· TH EN W= W+ I:GOTO 660 
69P PRINT "CO RREC,...: STOI} 
7PP END 



Chapter Two 

N umber Puzzles 

The puutes in this section are all based on numbers. The lirsl is a 
classical type of punic in which the compu ter is used 10 ~a rch for a 
solution. By checking all the members of a large class of possible 
solutions. it unerringly finds the actual solution. The second PU 7.z1e 
begins to explore the benefits that can result from rearra nging 
numerical fo rmulae before beginning to compute values from them. 
II shows that a little thought about the form in which a com putation 
is presented 10 the computer can make the computation a good deal 
easier to carry out . The third involves binary numbers. a topic that is 
surely obligatory in any book dealing with compule rs. Although 
computers work in binary fashion. there is no reason why thei r users 
should know anything abou t the binary system. The use of a high­
level language or nn applicat ion program should shield them from 
such matters. But binary numbers provide the basis of mnny useful 
techniques. particularly for enumeration . 

The next punic takes advantage of the fundamentaltcrhnique of 
numerical integration. which involves little more than counting the 
squares co\'ered by a region in order to find its area. As the squares 
arc made smaller their number increases and it would become more 
tedious fo r us to count them but not for a computer todo so. The 
last two puzzles are based on the use of an array of numbers to 
rep resent a network . To represent a picture. even a schematic picture. 
of a network in a computer at all is a considerable achievement. But 
doing it using an existing mathemntical structure. a matrix. has the 
advantage that well known operations on matrices cnn provide 
exac tly the tools needed to solve problems involving networks. and 
conseq uently those involving pictures. 
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2 .1 

SEARCHING FOR A SOLUTION 

Many numerical problems can be solved by search ing through sets of 
numbers for one that provides a solution to the problem. The bas ic 
procedure is to gene rate numbers in some suitable order. to treat each 
as a potential sol ut ion and then to tes t whether it really is a so lution. 
This ' brute force' method often works, but there are some pro blems 
associa ted wi th it. The major one is tha t. if many nu mbe rs are to be 
searc hed through. it ca n take a long time to come to one that provides 
a solution to the problem. It may even take an impossibly long time. 

To illustrate this, when the three-digit numbers arc considered as 
potentia l solutions to a problem. there are a thousand of them to be 
examined. If four-digit numbe rs are considered. there are ten 
tho usand of them. And every time the number of digit s increases by 
one. the sea rch area inc reases by a factor of ten . The time needed for a 
sea rch to reveal a solution will increase correspondingly. 

Ma ny problems in artificial intelligence are solved by conductinga 
search of the potential so lut ions in just this way. Pro blems of any 
complexity naturally have huge numbers of them. Often what makes 
an artificial intelligence program success fu l is the di scovery of a 
method of limiting the sea rch pattern to a sma ll proport io n of the 
potentia l solutions without disca rding any actua l solu ti ons. 

The puzzle 

There is a four-d igi t number. contain ing three different digit s wh ich 
we can rep resent by x. y and 7.. which ta kes the sa me value whether it 
is written as x' ., ' or as xyzx. The puzzle is to find the va lues of x. ya nd 
z that make X' 'l' ta ke the value given by xyzx. Once a program to do 
this is wri tten. it is a sma ll mailer to ma ke it confirm that there is only 
one so lution to the problem. 
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2.2 

REARRANGEMENTS 

Series such as the one in the following punle are known as pOIl't'r 

sl'rie.t because they give a n ex pression for a function of x asa series o f 
powers of x. The series are infinite in that they have an infinite 
number of terms. This may make it secm as if the se ries is of limit ed 
value in computing the values of a function. as not even a com puter 
can add an infinite number of terms. But this is not so. The sum of a 
few terms gives the value o f the function with a certain accuracy. and 
adding more terms from the se ries improves the accufOlCy with which 
the value of the function is computed. The accuracy of the result is 
controlled by the val ue of the first term to be omitted from the sum. 

The punIc gives the exponential series. and there are also power 
series for all the common functions that are available on a calculator 
or in a scientific programming language. The series for sin x. cos x 
and the natura l logarithm of x, for example. arc: 

sin x = x - Xl + x'-" 
3! 5! 

cos x = I - X2 + x~ - . . 
2! 4! 

log. (l+x) = x - ~ + ~ -. 

2 3 

Values of these functions . and others. are often computed using 
their power series by both calculators and programming languages. 
Fortunately. as the sol ution to the punle shows, it is by no means 
necessary to store an infinite series of terms in the computer to do 
this. If the sum mation is to proceed start ing from the lowest power of 
)(. then alt that is nceded is the first term and a rule for generating 
successive terms from it therea ftef. Alt erna tively, if the summation is 
to proceed in the opposite direction the end point and the rule for 
generating the terms from there to the beginning of the series afe 
nceded . 

When dealing with infini tc series. great care is needed in any 
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ci rcumstances but particula rly in com putatio ns, All the se ries we 
have mentioned so fa r converge to val ues of the functi ons ind icated . 
But the se ries: 

I + I + I + I + 1 + . - - - -
2 J 4 5 

does not converge at all. That is tosay. its sum is infi nity. Th is ca n be 
demonstra ted by reasoni ng that the fi rst twO terms add to one and a 
half. the ne xt two terms contribute more tha n one ha lf. the next fo ur 
more than a nother half. as do the fOllowi ng eight. and the 16 after 
that. and so o n. T hus. the total sum is more than o ne a nd a half plus 
an infi nite number of halves. But if we set the com puter to add the 
terms o f the series . at some stage the term l i n wi ll beco me 
indi st ingu ishabl e from zero to the computer and from that point o n 
the co mputer will be adding nothing to the sum. thereby giving a 
fi nit e and wro ng answer. We also ha ve 10 be careful a bout 
rearrangin g the order of the terms in some infin ite series. for th is can 
also ca use inco rrect result s 10 be obtai ned . 

The puzz le 

When comput ing values from a fo rmula. it is often a conside rable 
convenience 10 rea rrange the formula prior to the computat ion. To 
illust rate this. when computing values of the expressio n 4x l + 3 X1 + 
2x + I. say. on a calculator. it pays to rearrange the exp ression as « 4x 
+ 3)x + 2)x + 1. This is because va lues of the ex pression can then be 
calc ulated. sta rt ing with the x in the innermost bracket. by a sequence 
of alternat ing multiplicat ions and add it ions and without the need to 
slOre an y intermediate res ults. 

Similarly. when calculating values of a funct io n fro m its se ries 
represent ation the series may fi rst be rearra nged to ad vantage. Thus 
when calculating values of the ex po nential function from its series. 
the series ca n be wrilten in its usual fo rm. wh ich is: 

e' = 1 + x + x! + Xl + X4 +. 

2i 3! 4! 

But the series ca n be rea rranged as: 

e = 1 + x( l + x( l + x( 1 + x(l + . 
2" J .-
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When wrillen in the seco nd way. an approximation to the value of 
the ex ponentia l function can be c:tlculated from the truncated se ries 
by usi ng a simple repet itive procedure. Additionally, of cou rse. the 
compu tati on must proceed from right to left. rat her than from lertto 
right as is the natural d irection with the series in it s original form . 

The puzzle is to write compact programs to co mpute the 
approximate value of the exponential function using the scries in its 
usual form and thcn in its rearranged form. and to compare the 
le ngt hs of time t:lken for the two computations. 



32 Microcomputer Puzzles 

2 .3 

BINARY DISPLAY 

The inlernal operat ions of com puters arc. of cou rse. entirely bi nary. 
One of the main functions of BAS IC, a nd of all other high-level 
languages. is to conceal this and make the compu ter easy 10 use. 
BUI one of the breakthroughs of microcomputerdia)ccts of BAS IC is 
their possession of the PEE K and PO KE instructio ns. These allow 
the BAS IC programmer to see in to the hardware of the computer to 
examine and to change its contenl s. thereby making the binary digit s 
stored in the computer accessi ble . Access to the binary d igits stored in 
the computer opens up a completely new dimension of computer use 
to the BAS IC programmer. It brings. for example. the poss ibility of 
writing BAS IC programs that amend existing programs. and the 
abili ty to control the detailed operation of the hardware. perhaps in 
an application where the computer is controlling or communicati ng 
with other equipment. 

But these instructions must be used with care or. at lea st. the 
PO K E instruction must. While mere exami nation of the binarydigi ls 
stored in the compute r ca n do no ha rm. the indiscriminate changi ng 
of binary digits with the PO K E inslruct ion can cause untold damage. 
It may result nOI only in a change to a program stored in the 
computer but even in changes to the BAS IC tra nslation ~ys tem itself. 
T his explai ns in some measure why the PEE K and PO KE 
instructions are not available on computers that are shared by many 
users. for it is one thing for a programmer to spoil or destroy his own 
efforts and q uite anothe r to do this to others. 

Once the BAS IC programmer can access the binary digit s stored in 
the computer. some means of manipulating them arc needed. Most 
dialects of BAS IC provide the AN D operator described in the punic 
and an O R operator which also operates on two binary digits to give 
a result as shown in the fo llowing table: 



x Y X OR Y 
o 0 0 
o I 

o 

The ope rator NOT is usually also provided . 
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Unfortuna tely so me dialects of BAS IC, including that for the 
Sinclair Spectrum and ZX8l, implement the AND, OR and NOT 
operators in a much more simpl istic fashion which really does not 
deal in terms of the binary digits themselves at all. The handling of 
binary digi ts is no t, therefore. a practical pro position in these dialccts 
of BAS IC. 

The puzzle 

This pun Ie is to write 11 co mpact BASIC program to examine any 
location in the computer's memory and to di splay its contents in 
binary fo rm. Thus the output of the program should appear as a 
seq uence of binary digit s representing in a natura l way the contents of 
the location . with the most significant digit on the left and the least 
significant o n the right. Given the address. a genuine three· line 
program can be writt en for this (that is. one with no program lines 
containing multiple statement s). 

The PE EK function can be used to examine the contents of a 
memory location . but it returns a decimal number. This makes the 
crux of the problem the convers ion of a decimal number to binary 
form. The most common way of doing this is with repeated division 
by two. whe n the remaind ers of the successive divisions give the 
binary form . Unfortunately the binary digits arc generated with the 
least significant first. so they must be sto red if the most significant is 
to be written first. 

An alternative way of doing the conversio n uses the AND 
o perator. AND takes two in puts and gives one output. as in this 
table: 
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x Y X AND Y 

o 0 0 
o I 0 
I 0 0 

I 

When used in BAS IC. the AND opera tor can be applied to two 
decimal numbers. It then operates on their binary forms. as shown in 
the table. using thei r two least s ignilican t digits to set the least 
signi ficant digit of the resu lt and so on. digit by digit. up to the most 
signifi cant. Thus the va lue of(1 89 AND 102) is 36, as shown by: 

I 0 
AND 0 I 

o 0 

I I I 0 I 

00 " 0 

00 I 0 0 

In simila r fashio n. the binary fo rm of any number ean bcexami ned 
by usi ng AN D with a second numbe r. The second numbe r co nsti tutes 
a 'mask' because the zeros in its binary form ·cover up' the 
correspo nding digits in the origi nal number. After the AND 
o peration, the o nly parts of the original number that re main are those 
in the positions corresponding to those of the ones in the 'mask', 
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2.4 

THE TETHERED GOAT 

The problem of the tethered goat i!> an o ld punIc and one which. a!> 
far as I kn ow. is not capa bl e of exact ma them:llical solution. It 
pro\'idcs a perfect illustration of how a numerical method can give an 
approximation to the solutio n of a pro blem that can not be solved 
precise ly. Further. the avai labil ity of a computer to ca rry out the 
numerical procedure for finding the approxi mate so lut io n allows u!> 
to obt ain approximations with errors so small as 10 be negligible . 
This mea ns that the irmbil ity 10 solve a problem eXllctly need be of no 
co nsequence whateve r. It evc n happcn~. on oc(·a~ion. that the e: .. act 
solution of:, problem is such a horrendou~ mathematical expression 
that it is preferable 10 obta in numerical results w~ing a numerical 
met hod that gi ves or good approx imation ra ther than to try to 
evaluate the ex pres!>ion giving the ex:!ct sol ution. 

The technique of fi nd ing an area by coun ting the sqllar('S thllt it 

-x' y=e 

y 

o 

[' , 
area = e- x dx 

o 

x 

Fig Z' An Integral as an area 
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covers and adding fileir areas is one that is habitually used to evaluate 
integrals. T his is because the val ue of any definite integral of the form 
J ~ f(x)dx can be interpreted as an a rea. as shown in Fig. 2. 1 where the 
area in question is shaded. So even when it is not possi ble to integrate 
the function appeari ng in a definit e integral. it is st ill possi ble to fi nd a 
good estimate of the value of the integral in a fairly si mple way. 

It is this idea of count ing the sq uares that we borrow fo r the 
soluti on o f our problem. 

The puzz le 

The familiar idea from geometry and computational methods that 
the area surrou nd ed by a curve can be estimated with some degree of 
aceuTiley by subd ividing the area into squares is ta ken as the basis fo r 
solving thi s problem. Aft er counting the number of squa res that fa ll 
within the boundary defi ned by the curve. the area is fo und by 
multiplying the area of one of the squa res by this number. The 
smaller the su bdivisions. the more accurate the approxi mat ion to the 
enclosed area will be. The way th:lt the squa res only part ly with in the 
boundary are treat ed al so affects the accuracy of the result. A 
st rategy fo r deal ing with them that gi\'es. on a\'er:lge. good results is 
to count a square on ly if its cen tre falls within the boundary. 

The diagra m in Fig. 2.2 shows how the area of a circle might be 
found by this method. The fo llowi ng program. based on th is 
di:lgram. compu tl."s an ap proxim:ltion to the area of a circle with 
radius 10 and centred at the origi n by coun ting all the unit squares 
with their centres within its perimeter. Using the for mu la for the area 
of a circle. such a program could also co mput e an approximation to 
the value of pi. 

rp N= lp 
2P R= N: A REA= P 
3P FOR J= - N TO N- I 
4j) FOR K= - N TO N- r 
5p D~SQR( (1+ p.5) A2 + ( K+ p.5) A2 ) 
6P IF D< R THE N AREA = AREA + I 
7p NEX T K 
89 NEXT J 
9p PR INT ·'AREA IS "; AREA 

The puzzle is to write a program. based on this method of 
estimating an area. to find an approxima tion to the following 
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/' ~ 

/ \ 
1\ 

II 

\ / 

'" ./ 
--- ---

FIg. 2.2. Fmdmg the area 01 a Circle. 

problem. A goat is tethered at the edgc of a circular mcadow. The 
meadow is of radius R. and the lead has length L. as shown in Fig. 
2.3. What is the value orthe ratio Lj R when the area that the goat can 
graze is exactly half that of the meadow,? 
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T 

L 

-+--G 

Fig. 2.3. A goat (G) IS tethered al T bV a lead of lengl h L In a Circular field of 
radiUS A. 
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2.5 

NETWORKS 

Net\\orks of the type illustrated in Fig. 2.4, consisting of nodes and 
directed connect ions between them, are known a s d;rl'c'rn/ graphs. 
They ca n be used to model situations that involve flows between 
various point s. A ~ ex plained in the punic below. a directed graph can 
be represented by recording its connections with a two-dimensional 
array of numbers known as a ( 'U",II' C'(;UII maffix. 

2 

3 

Fig. 2.4. Network. 

This pun ic involves writing a routi ne for matrix multiplica tion. 
Now, matri x multiplica tion is different from number multiplication 
in one vcry significant. and perhaps surprising. way. With any two 
matrices A and 8 it is true, in general. that AX B is different from 
BX /\, so the order in which two matrices are multiplied is important . 
This can be illu strated with a si mple exa mple, for when: 

A = [~ ~ ] and B = [~ D 
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we have 

AX B = [ ~ ;] and BXA = [~ !J 
There are other ways to represent nctworks wi th m:ltrices. and we 

ca n ill ustrate two of them with reference to the no n-directed graph in 
Fig. 2.5. T his gra ph consists of a set of nodes and :I sct of edgcs. both 

2 

3 

4 
2 

Fig. 2.5. A network of nodes and edges 

of which a re numbered . We can represent this network with a matrix. 
N. that records which nodes :Ire on which edges by defini ng the terms 
of the matrix as: 

N(J . K}= 11 if node J is on edge K 
o otherwise 

This gives for the illustratcd network : 

We ca n also represen t it wit h a mat rix. E. that records which edges 
come to which nodes by defining the m:ll rix terms as: 

[(J.K) = 11 if edge J is on node K 
o otherwise 

Th is gives: 



Number Puzzles 41 

l'lavi ng derived these two matrices. if \~e mu lt iply them toget her to 
b'Ct NX E we get: 

As it happens. this matrix is the co nnection matrix for the net\\ ork 
in Fig. 2.5. but it i~ also something more for in it:. diagonal line of2~ it 
gi\'cs the number of edges impinging on eac h node. 

The puzzle 

A network such as that in Fig. 2.4 can be used when modelling a 
considerable number of activities. It consists of nodes. indic:lled by 
circles conwining number~. and one-way paths with their a~soci:lled 

directions indicated by arrows. A system of one-wa y street s joining 
differcnt locations in a town can be modelled with its u~e. :1' can a 
network of pip/..'"S carry ing oil from place to place or an electrical 
circuit. 

A matrix. or two-dimensional array. can be used to represent a 
network so that it ca n be stored in:l compu ter. When stored. it can be 
m:tn ipulatcd in various ways and can be used in a simula tioJl 
program. A two-di mcnsional array named. !ki)'. C can be used to hold 
the represeJltat ion of a network by defining each of its terms. C( J .K). 
to be equal to the number of paths from node J to node K. 1 n this way 
the network in the illustration i~ represented by the matrix: 

c = 

The m:ll rix contains five om.'"S. each representing one of the fi\'e one­
way paths in the network . It represent s the network as a \\hole by 
recording the ways in which its nodes arc connected to each other by 
paths. This matrix can be stored in the com puter by: 
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Ip D IM q4.4) 
29 FO R J= t TO 4: FOR K= I TO 4 
JP q J .K)= P 
49 NEXT K: NEXT J 
51' qI.2)= 1. C(2 . .1)= lo C(2.4)= 1 
6\l C(3.2)= 1. C(4.1)= 1 

For the first part of the problem. print out the values stored in the 
two-dimensional array so that they arc presented in the same way as 
in the matrix given above in fou r rows and four columns with the 
value of q J .K) :Ippe:lring in row J :Ind column K. 

The m:llrix C can be squared. tha t is. multiplied by itself. to give a 
seco nd matri .'( called. say. C2. The clemen ts of C2 arc gi \'cn by: 

C2(J . K )= C(J .1 )"q I.K)+ C(J.2)"q2. K)+ 
qJ .3)·C(J. K )+ C(J.4 )'q 4. K) 

As the second part of the problem. wri te a compact subrou tine th:lt 
can be called. :Ifte r C has becn in it ialised. to comput e the sq uare o re. 
Wh,lI is the significance of the values orthe clements ofC2 in terms of 
the original network? 
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2.6 

REVERSAL 

A system pipes water through a network of pipes and pumping 
statio ns rrom o ne reservoir to anothe r. The system is represented in 
Fig. 2.6(a) as a directed gra ph . wi th pumping stOlt ions shown by 
numbered circles OInd pipes by directed lines wi th their arrows 
indicltting the directio n in wh ic h water COIn be pumped . In the 
si tuOltion illustra ted . wOlter is pumped rrom the rese rvoi r where 
pumping station I is sited towOlrds pumping station 5 which is on the 
other reservoir. 

~I Ibl 

fig. 26 (a) Normaillow In a network (b) Reversed flow 

The nem'ork can be re presented in 01 BAS IC program by using 01 

two-dimensional array named. say. P to ho ld the connection matrix 
of the netwo rk . (The id ea ofa con nectio n matrix was explained in the 
previous puzzle. ·Network s·.) By doi ng this, the clemen t or P in row J 
and co lumn K orlhe matrix will record the numberofpipcs lcOIding 
from station J to station K. In this rashio n the ma trix re presenting the 
netwo rk in the illustrat io n ca n be initia lised by: 

19 0 1 M 1'(5.5) 
29 FORJ= I TO 5, FOR K= I T05 
39 READ p(J.K) 
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49 NEXT K: NEXT J 
59 DATA 9· I. 1. 1.9.9.9.P.9. 1 '00 
69 DATA 1.1.9.9.P.9.I.P.O.~ 0 0 

The puzzle 

Occasionally the watcr must be pumped from stat ion 5 to station I. in 
the oppositc direction to normal. This is donc by rcversing the 
dircction of now in cvcry pipe . so Ihal the nctwork appears as in Fig. 
2.6(b). 

Thc punic is 10 writc a short program fragment in BAS IC to 
proccs~ thc matrix P. initialiscd as above. so that il represen ts Ihe 
situat ion whe n the water now is rc\'erM:d . 
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SOLUTION 2 .1: SEARCHING FOR A SOLUTION 

In principle. the so lution is: 

Ip FOR X= O TO 9 
20 FOR Y= O TO 9 
)0 FOR Z= p TO 9 
49 IF (X " Y)·(Z " X) = Ip~p·X+ lpp·y+ /O·Z+X 

THEN PR INT X.Y.Z: STOP 
59 NEXT Z 
6P NEXT Y 
7p NEXT X 

Howe\·er. on some micros this does not work because of rounding 
errors in the computa tions of the values compared in line 40. I n this 
case. steps must be taken to ensure that the two values are convened 
to exact integers before they are com pa red. This can be doneeither by 
using names for the va riables under which only int ege r values may be 
stored. such as X% a nd yt;-c. or by addingO.5 to the va lues and taking 
thei r integer parts before comparing them. 

The program systematic:tlly generates all the possibl e combina· 
lio ns of values o f X. Y lind Z and lests each to see if it is the one that 
gives the solulion 10 the problem. The STOP command can be 
included in line 40 as there is only one so lulion to Ihe problem, bUI if 
you want 10 be sure that there are no other solutions then il ca n be 
removed to allow all the combinations 10 be tested. Thc progra m 
provides a framework for finding the solut ion to any puzzle of the 
style 'find values of x. y and z such that.. :. Only line 40 of the 
program will need to be changed to accommodate different puules, 
For example. the solu tions of the problem of whether there lire lIny 
values of x. y and z such that the three·digit number Xy7. is precisely 
one third of the number 7yX will be found by cha nging line 40 to 

4p IF )'( IPP 'X+ IP'Y+ Z)= IPP'Z+ IP'Y+ X 
T H EN PRI NT X, y . Z 

In Ihis case it emerges that there are no so lutions, and so the STOP 
should be omitted . 

The problem assumes an altogether different complexion as soon 
as ways of reducing the search area, so as to cut down to a minimum 
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the amount of com putation that need s to be perfo rmed. aTe 
exami ned . The number of times that the loops need to be repeated 
ca n be restricted in several ways. We can observe that neithe r x nor z 
can be zero. If x is zero then xyzx will not be a four-d igit number: and , 
since x cannot be zero. neither ca n z. otherwise x' z' would it self be 
ze ro. Neither can x be one. fo r then the val ue of x' z' would be that of 
z. again not a fo ur digit number. I n addition. any loop can be aborted 
as soon as the value of x' z' exceeds 9999. 

The computation ca n be made mOTe efficient by tak ing ex pressions 
such as XIV and I~M·X+ IPP·V+X. which do not involve Z. 
ou tside the loop cont rolled by Z so thai they arc not unnecessa ri ly 
recomputed during eac h loop. 

Such refine men ts, however. will destroy the progra m's essential 
simplicity a nd make il much harder to und erstand . Also. in the 
context of a computer puzzle, I rather doubt that the a nalysis of ways 
of im proving the efficie ncy of the co mputation is altogether 
worthw hile, un less it happens 10 interest you particu larly. The idea of 
usi ng a com puter is to make il do wo rk for you, and it may prove ha rd 
to argue that an ho ur's anal ysis that results in saving one second of 
computer time is an hou r well spent. 
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SOLUTION 2 .2 : REARRANGEMENTS 

Both of the follow ing programs require va lues to be ass igned to X 
and N for the argument of the function and the number of terms to be 
summed respectively. A program 10 add the terms from left to right in 
the conventional manner. generat ing eac h new term from the 
previous one. is: 

I ~~ EX = I : TERM = I 
rip FOR 1= 1 TO N 
12p TERM= TERM·X I 
139 EX = EX + TE RM 
149 NEXT I 

A program to add the terms from right to left is: 

2pP EX = I 
21p FOR I= N TO I STEP - I 
22P EX = EX'XiI + I 
2Jp NEXT I 

The second program a lways givcs its result more quickly than the 
fi rst. despite the fact that by generating each new term from the 
previous one the extra work that woul d ha ve been req uired to 
calculat e va lues of the factorial funct ion has been removed from the 
compariso n. 



48 Microcomputer Puzzles 

SOLUTION 2 .3 : BINARY DISPLAY 

A three· li ne solution of the binary display problem is give n by: 

19 INPUT ··ENTER ADDRESS··. AD 
29 FOR K= 7 TO ~ STEP - I 
39 PR INT ( PEEK(AD) AND (2 ' K) )/ (2 ' K); 
49 NEXT K 

Variat ions on this solut ion can be wo rked by using the fact that a 
logical ex pression is eit her true or false. and taking advan tage of the 
part icular numerica l val ues that an implement ation of BASIC uses to 
represen t true and false. Many im plementations use - I for true and 0 
for fa lse. In these circumstances. li ne 30 can be replaced by: 

49 PRI NT (( PEEK(AD) AN D (2I K ))=~) + I ; 

There is even a two--linc solut ion which. although not particularly 
elegant. is: 

19 DEF FNB(K)= ( PEE K(AD) A ND (2I K))/ (2I K) 
2~ INPUT "ENTER ADDRESS":AD 
39 PRI NT FNB(7);FN B(6); FNB(5);FNB(4);FNB(3); 

FNB(2);FN B( I);FN B(9) 
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SOLUTION 2 .4 : THE TETHERED GOAT 

The following solut ion program finds the area that the goat can gra7.e 
when the length of the tether is L by co unting the squares that are 
both inside the circular field and within a distance. L. of where the 
goat is tethered . The length of the tet her is then increased repeated ly 
by a small amount until the area that the goat can graze exceeds half 
that of the meadow. The solution that is computed is. for the reasons 
pointed out in the puzzle. an approximation. but the accuracy of the 
approximation ca n be increased by making the squares that coverthe 
area smaller. The program is: 

I ~ N= I~ : R= N: L=N 
2~ AREA= p: GRAZE=~ 
JP FOR J= - N TO N- I 
4P FOR K= - N TO N- I 
Sp D= SQR( (J+~ . S) A 2 + (K+ O.S) A2) 
6\l E= SQR( (R- J- p.S) A2 + (K+ p.S) A2) 
7p IF D<R THEN AREA = AREA + I 
Sp IF (D<R) AND (E< L) THEN 

GRAZE = GRAZE + I 
9\l NEXT K 
I~P NEXT J 
liP IF GRAZE/ AREA > p.s THEN 14P 
12P L = L + I 
Up GOTO 2P 
14p PRI NT L/ R 
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SOLUTION 2 .5 : NETWORKS 

The values of the elements o f the matrix C can be represented in fo ur 
rows and four col umns by: 

I~~ FO R J= I TO 4 
liP FOR K= I T04 
12p PR INT ctJ.K): 
I3p NEXT K 
14p PRI NT 
15P NEXT J 

A subroutine to com pute the matrix C2 as the square of Cis: 

I~~P FOR J= I TO 4: FOR K= I TO 4 
I~I~ C2( J . K )=~ 

IP2~ FOR L= I T04 
I ~J~ C2(J.K)= C2(J.K)+ctJ.L)'ct L.K) 
1~4~ NEXT L 
I~"P NEXT K: NEXT J 
IP6\l RETU RN 

This subroutine merely implemen ts the mathema tical opera tio n of 
mat ri x multiplication. although it requires three nested loop~. When 
it is given the connection matrix . C. listed in the PU7.71e. it will give its 
sq uare as: 

[

0 0 I ' ] C2 = 11 00 
o 0 I I 
o I 0 0 

I n this matrix . as in the squa re of any other con necti on ma tri x. the 
value of C2(J . K) gives the number of links tha t con~ist of two o ne· 
way paths from node J to nod e K. Thus beca use the value in row I 
and colu mn 4 of C2 is I. it shows that there is precisely one li nk 
consisting of two one·way pa th s from node I to nod e 4 . This. in fac t. 
can be seen from Fig. 2.4 to be the link via node 2. The rero in row 3 
and column 2 of C2 shows that there are no links consist ing of two 
one·way paths from node 3to node 2. Again. this can be confirmed 
from Fig. 2.4. The matrix C2 gives the numbers of all such links in the 
network . 
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SOLUTION 2.6 : REVERSAL 

The pun Ie is solved by the matrix operation of Iram'{JO,~ifi()", i.e, 
inlerehanging each pair of clements of the matrix that is located 
sym metricall y with respect to the diagonal running from the top left 
to the bottom right of the array. When writing a program to do this. 
the swapping operation must be applied on ly to the elements above 
the diagona l (or only to those be low it), If it is applied to every 
elemenl. then each pair will be swapped over twice and each elemenl 
will thus fi ni sh up exactly where it started! 

The transposition can be carried out by: 

IPP FORJ = I TO' 
liP FOR K= J+ I TO 5 
12p TE MI' = P(J .K), I~J. K)= I'(K .J) 

Up P( K.J)= TEMP 
14J) NEXT K 
15J) NEXT J 

When this is applied to the connection matrix for the network in Fig. 
2.6(a) with which the ma trix P was ini tialised in the puzzle. the resul t 
is the matrix : 

[

0 0 0 0 0] I 0 0 0 0 
I 0 0 0 0 
I 0 I 0 0 
o I I I 0 

It ca n be confirmed from Fig. 2.6(b) that thi s is the co nnection matrix 
for the reversed flow situation , 



Chapter Three 

Graphics Puzzles 

Graphics is a satisfying theme for puzzles precise ly because it is 
visual . The COnleX I of a pU7J..le can be displayed. as can the attempts 
of a program to solve il. The addition of graphics lo a ther puzzles can 
enhance their presentation considerably as well as clarifying how a 
program goes about solvi ng a puzzle, but that is nOI quile the same 
thing. 

The puzzles in this chapter are mainly based on block graphics (or 
life graphics. as they are also known). This is because the use of block 
graphics 10 create almost any non-trivial graphics effect requ ires a 
ce rtain amount of ingenuity. Most effects can be created, but nothing 
like as easily as they can with high-resolu tion graphics. 

The first puzzle is about designing block graphics characters, or 
'ti les'. that will give interesting patterns. There is endless scope for 
experiment here when using any micro that allows you to create your 
own gra phics characters. 

The next puzzle is about displaying a squa re grid. s uch as could be 
composed of matchsticks. so that the effect of removing any ma tch 
from the grid can subseque ntly be displayed . This would be fairly 
easy using high-resolution graphics but is much more testing and 
interesting wi th block graphics. 

The third punle is to create various effects assoc iated with 
·windows'. A window provides a valuable technique fo r use in many 
applications. The basic principle governing its use is that a program 
that computes different sets of results can maintain separate 
windows. each for the display of a different set of results. Each can 
operate independently in a different part of the screen . 

The fourth puzzle concerns the creation or displays t hat appear to 
be of high resolut ion on a low-resol utio n block g raphics system. 
Apart from testing the capabilities of block graphics systems, this 
shows that high-resolution displays can be created without the need 
to call on large amount s of memory. 
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The final puzzle in this chapter deals with the problem of 
determining whether the lines joining a set of points together cross 
over each other. Thi s is an important question in seve ral areas of 
application. It requires the kno wledge of a lillie geometry for its 
sol ution. but this should not be surprisi ng as geometry is clearly the 
branch of mathematics that provides the theory necessa ry to 
underpin any investigations in graphics. 
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3 .1 

PATTERNS 

On a bloc k gra phics systcm with a scrccn having. say. 24 rows and 32 
columns. the scrcen ca n be cleared by placing a space in every screen 
positio n. This can be done wit h a program such as: 

lp FOR ROW= 1 TO 24 
29 FOR COLUMN = I TO 32 
JO CAL L HC HAR(ROW. CO LUMN. 32) 
4p NE XT COLUMN 
59 NEXT ROW 

This prog ram is actually specific to the Texas Instruments 
T I99 4A computer. for which CA LL HC HA R places in the specified 
screen locat io n the character with the code given by its third 
parameter (32 is the ASCII code for a space). But for eve ry kind of 
micro there is an equivalent way of doing the same thing. although it 
may often not be so direct . Whcn the screen is clea red by using CLS. 
CLEA R or wha tever comma nd is providcd by a particular machi ne 
for this purpose. a machine code program perfo rms the task much 
more quick ly. Nevertheless. the m .. chine code program is based on 
the samc algorit hm as our progra m. 

I)rog rams based on this framework . but placing a specially 
designed cha racter rather than a space al every position on the screen. 
can produce intriguing patterns. As a simple exa mple. a sq ua re 
character such as the onc shown in Fig. J . I(a) will produce the square 
grid of Fig. J. I(c). although an L·shaped character like the one shown 
in Fig. 3. I(b) provides a minimal design for crea ting the same effect . 

The puzzle 

The pun ic is to design characters which. when they are placed in 
every screen position. give interesting patt erns that cover the screen. 
Computers such as the Texas Instruments T I99J4A and the Sinclair 
Spectrum allow users to design their own characters. so they are ideal 
for this sort of exercise. 
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(e I 
Fig. 3. 1. la) Square character. (b) l -shaped characler. Ie) Square grid. 

Adding to the prog ram given above the line: 

6\l GOTO 6\l 
prevents the progra m from ever stopping. and thus from produci ng 
any messages o r prompts to spoillhe display. 

More inlrica le screen patterns ca n be produced by using two or 
morc specially designed characters and plolt ing them in so me regular 
fas hio n. 
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3.2 

MATCHSTICKS 

A rectangular grid composed of squares. suc h as the one in Fig. 
3.2(a). provides the basis for a number of pun les. If we regard the 

(0 ) 

D D D 
Ib) 

Fig 32 fal Rectangular grId (b) GraphICS characters 
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grid as being composed of matchstic ks we can, for example, enquire 
how many of them are required to make up a rectangular grid with N 
squares horizo ntally and M sq uares ve rt ica lly. We can also ask for 
the smallest number of matchsticks which, when removed, will brea k 
every square (that is, not just those with sides one stick long but also 
all those with sides two or more Slicks long). 

The puzzle 

This puule is to write a program to accept values fo r Nand M. and 
Ihen to plot an array of M by N sq uares. The program should accept . 
repeatedly. th c identification of a line segment making up the side ofa 
square and corresponding to a matchstick, and then remove that line 
from the display. The prog ram ca n then be used to investigate 
problems such as those described above. 

Beca use this is compara tively straightforward usi ng line..<Jrawing 
commands on a high-resolution display, you might in stead like to try 
it using just Ihc graphics characters illustrated in Fig. 3.2(b) for a 
character-based display. Solutions are presented fo r both types of 
display. The solution fo r a character-based display is specifically for 
thc Commodore 64 on which thc codes for thc vertical line, 
hori70ntalline. and inverted L characters arc. respectively. 79. 99 and 
101. 
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3.3 

WINDOWS 

'Windows' ha ve become very po pular rece ntly as one of the ways of 
making computers easier to usc. MicroSoft have produced soflware 
that makes good use of windows. and the Si nclair QL is also ca pable 
of maintaining them. A window is a part of the screen in which the 
output from. and the results of. a particula r computation can appear 
quite independently of the resl of the screen. With the ability to 
maintain and manipulate more than one window at a time. a 
microcomputer can appear to be carryi ng o n more than one 
application si multaneo usly. It could. for ex ample. show the state ofa 
word process ing program in one window. the resu lts of the sorti ng 
operations of a database program in an other, and a chart produced 
by a graphics program in a third . 

The computer will only appear to carry out several operations 
simultaneously. however. It will in faci be allocating a small ration of 
time to each acti ve program in turn. In this way. at any time one 
process alone is active. But because the time slots are sho rt (on a 
human time scale) and co me round rapidly. the various operations 
seem to us to be taking place at the same time. 

If info rmation can readily be transferred from one window to 
another. a computer and its software can be made much simpler to 
use. For example. if the graph displayed by a gra phics program can 
be transferred fro m its window to the window of a word processing 
program ane. by so doing. can be au tomatically inco rporated as an 
illustration in the document being produced there. then a complex 
operatio n ca n be ach ieved with case. 

The puzzle 

This puzzle is to write a program to make your computer maintain a 
window on its screen in which text can be placed and automatically 
scrolled when necessary. A solut ion to thi s that is to be at all portable 
will almost certai nly have to make use of the PEEK and POKE 
functions. 
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There are many other operatio ns associated with windows that it is 
desirable to implement in order to make a window as nexible and 
usa ble as poss ible. These include sc ro lling it downwards and 
sideways. and movi ng it 10 an other location . 
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3 .4 

HIGH RESOLUTION FROM LOW-RESOLUTION 
SYSTEMS 

On a 10w-resolUlion character-ba sed system. the basic 'arti sl's 
drawing' program is similar to this: 

IP ROW~ l l , CO L~2P 

2P PRINT AT (ROW. COL) CHRS(N) 
lP GET CS, IF CS~···· THEN lP 
4p IF C$= "U" T HEN ROW= ROW - I: GOTO 2P 
5p IF CS~"D" THEN ROW~ROW + I, GOTO 29 
6\l IF CS~" L" THEN COL~COL - L GOTO 29 
7p IF CS~" R" ' THE N COL~COL+ I, GOTO 2P 
89 GOTO 19 

This program produces a trace made up from the character-sized 
block. the code for which must be stored under the na me N. Pressing 
U extend s the trace upwards. D ex tend s it downwards. L to the left 
and R to the right . A typical trace from th is program is shown in Fig. 
l .l(a). 

la l Ib I 
Fig. 3.3. (al Chunky trace. (bl High -resolution trace. 
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The puzzle 

The puzzle is to adapt the program given here so that it produces a 
high-reso lution. one-dot wide trace such as the o ne in F ig. 3.J(b) 
rather than the chunky one in Fig. 3.3(a). This ca n be done by using 
one of the seven characters shown in Fig. 3.4. as appropriate. to 
ex tend the trace. For instance, if the trace is proceeding horizontally 
and is to be further extended in the same di rection . thcn the 
ho rizontal line character (top row. centre) will be the appropriate one 
to ex tend the trace. But if the trace is proceeding horizontally and to 
the left and is to be extended upwards. then the quartered L-shaped 
character (top row, far right) is needed to extend the trace . 

The traces produced by this program will not appear as they 
should if they cross so you may care to refine the program further to 
take care of this. It will require the use of more graphics cha racters 
than are shown in Fig. 3.4 - in fact. sixteen characters in all will be 
needed . 

D[dB5J~ 
[Dt] 

Fig. 3.4. Characters for elltendmg the Hace 
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3.5 

CROSSOVERS 

We ha ve already seen. in the 'Networks' and 'Reversal' puz;tles of 
Chapter Two, that a network diagram is useful for modelling many 
sit uations. Two fu rther applications in which it is valuable are the 
design of prin ted-circui t boards and the provision of utilit ies to a 
group of houses. In the design of printed-circuit boa rds. and in the 
design of large-scale integrated circuits, a network diagram can 
represen t the position of the circ uit elements on the board a nd the 
way in which they are connected to each other by co nduct in g paths. 
In the provisio n of utilities such a diagram ca n represe nt the positions 
of the houses and the paths of the pipes carrying gas. water o r 
electricity to them. These appl ications sha re a common problem. and 
that is the problem of ' crossovers'. 

When designing printed-ci rcuit boards with the aid of a computer. 
it is necessa ry to be able to record not just the posi tio ns of the circuit 
components on a board but al so the ways in which they are connected 
to each other. When the connectivity ofa design ca n be represen ted in 
the computer. a suitable program can obta in a satisfac tory design fo r 
the circu it. To do this it must ensure that all the other const ra ints to 
which the des ign is subject are satisfi ed , whi le maintaining the 
con nectivity of the circuit e1cmenls. It ma y be found necessa ry to 
change the locat ion of a com ponenl on the board . 

When the positions for the ci rcuit co mponen ts on the board are 
determi ned. the di rect conducting paths that jo in the compo nents in 
the req uired ways may cross each other. This is clea rly undesirable as. 
by touching each other. the conductors will create ent irely unwanted 
elect rical paths in the network . ca usi ng it not to behave as it is 
supposed to. To illustrate this. Fig. 3.5 shows a simple layout 
representing five co mponen ts con nected to each ot her. The figure 
shows that if the connections follow the d irect paths from one 
com ponent to another. there are three crossovers. A good com puter­
aided design program might be able to reroute connections as shown 
in Fig. 3.6. maintaining the co nnecti vity while a voiding any 
crossovers. In some circumstances crossovers are unavoidable. and 
then the circui t boa rd manu facturer mu st resort to the use of a 
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3 

4 

5 

FIg. 3.5. Connections wuh crossovers 

double-sided board so that the connections that would cross over 
each other ir placed on the same side or the board can be put on 
o pposite sides or it. Naturally. the manuracture or double-sided 
boards is more expe nsive than that of single-sided oncs. and is not to 
be undertaken if it can be avoided. 

Figure 3.7 illustrates the other context in which the problem or 
crossovers ass umes some importance. This is in providing utilities to 
houses. When provid ing gas, electricity and water, the ideal is fort he 
\'arious pipes and cables not to cross each other in order to reduct the 
risk of accidentally digging up one when dealing with another. But a 
brief examination of Fig. 3.7 should be enough to show that with 
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3 

5 

FIg. 36. Connections maintained, but crossovers removed 

three ut ili ties this is not possible even if they a re to be connected to 
only three houses! 

The puzzle 

When given the posit ions of a set of items and the co nnections 
bet ween them (as for the five items in Fig. 3.5), the punle is to write a 
program to determine whet her a ny of the connections cross over each 
other and. if so. how ma ny. It shou ld be assumed that the path of the 
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GAS 

ElECT RICITY 

Fig 37 Three utilities to three houses) 

connection between any pair of points is the straigh t line joining 

them. For the situation in Fig. 3.5, rorex.lmple.the program shou ld 

report that there arc three crossovers. 

The positions of the items should be given explicitly. The 

con nectiom. between them ca n. of course. be recordcd in a 

co nnection matrix . 
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SOLUTION 3 .1: PATTERNS 

It can. of course. be said that lilly pattern is in teres ti ng. a nd so there 
arc vcry many potcnti:tl solutions to this punJc. How satisfactory 
any particular solu tion appears will depend on thc acsthetic appeal it 
has for a particular ind ivid ual. Thc fi rst solut ions presentcd hcrc arc 
restricted to single graphics characters which. whcn placed in cvery 
screcn position. crea te a regular pattcrn though perhaps in an 
unexpected way. The cross character in Fig. 3.8(a) will fill thc screen 
with diamond s. the linc a nd triangle character of Fig. J.8{b) with 
rows oft rianglcs in such a way that cvcry othcrt riangle in evcry row is 
invertcd. and the octa gonal cha racter in Fig. J.8(c) with octago ns a nd 
diamond s. 

D 
(a I (b I ( I 

(d I 

Fig 38 Characters for Inleresllng pallerns 
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The charactcr in Fig. 3.8(d) is particularly intcresting in that it not 
only fills thc screen with repetit ions of the dark shape in thecharactcr 
itself. but also causes the (light) background of the display 10 consist 
of repetitions of the same sha pe. One way 10 approach finding more 
characlers of this type is to takc a repet it ivc pattern from anycontcxt 
(nature, Islamic art and wallpaper designsareall fruitful sources) and 
analyse it for its basic ' building block' or blocks. 

Repeating Iwo or morc blocks obviously givcs morc scopc for 
varicty than a si ngle onc. particularly ifthc blocks arc transformed in 
some way, c.g. by rotation or rcflection, beforc they are repeated in 
thc pattern. As two simple exam ples. plotting Ihe character shown in 
Fig. 3.9(a) and a blank. or sp.'tcc. character alternatcly givcs. ralhcr 
uncxpectedly. a familiar pattern. as docs the a lterna tc plotting of the 
two characters of Fig. 3.9(b). 

" / 

/ " In) 

Ib) 

Fig 3.9. More characlers 
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SOLUTION 3 .2 : MATCHSTICKS 

This character- based solu tion progra m fo r thc' Matc h~tick s' punIc is 
specifically for the Commodore 64. but it may readily be adapted for 
other co mput ers. The m;ltchstick to be removed is identified by 
entering a three-c haracter string starting with H or V (for horilonlal 
or ve rtical) and followed by t\\O numbers. The fi rst gives the row 
contai ning the match and the seco nd the posit ion of the match in that 
row. Thus entering ' H23' identifies the th ird match in the second row 
of horilon tally placed matches. Si milarly, 'V34' identifies the fourlh 
match in the third row ofvenically placed matches. The progr.tm is: 

5 IN PUT "COLU M NS. ROWS": N. M 
Ip DIM SQ( M+ I.N + I). CO DEIl) 
29 FOR R= l TO M+ I:FOR C= l TO N+ l 
lP SQ(R.C)= l 
4p IF R= M+ I T HEN SQ( R.C)=SQ( R.C)- I 
Sp IF C= N+ I T HEN SQ(R .C)= SQ( R.C)-2 
69 NEXT C: NEXT R 
7p CODE(P)= J2: COD E( I)= lpl 
8p CODE(2)=99: CO DE(l)=79 
9p PRI 'T1CI.S r 

Ipp FOR R= I TO M+ I: FOR C= I TO N+I 
lip LOC= 12lP+4P'R+ C 
liS POK E S4272+ LOC.7 
12P PO KE LOC.CODE(SQ(R .C» 
Up NEXT C: NEXT R 
14p INPUT " REMOVE": IS 
ISP X= VA L(MIDS(lS.2. 1)):Y= VAL(RIGHTS(IS. I)) 
160 IF I. EFTS( I . I)= ··V·· T HEN SQlX .YF SQ(X .Y)- 1 
17p IF LEFTS( IS. I)= ··W T HEN SQlX.Y)= SQlX.Y)- 2 
18P GOTO 7p 

The solution is rather co mpact. but it d oe~ illustra te some typica l 
techniques for ma nipu lating graphics characters. By using the array 
named CODE, the codes for thc characters in\ olvcd in the program. 
i.e. for the space, vertical line, horil0 ntOl I linc OInd im'crtcd L 
characters. can be mapped into thc numbers 0 to 3. This also ma kes 
the program easy to adapt for any other compu ter. fo r it is only 
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necessary to replace the codes for the Co mmodo re 64 with those of 
another machine. The manipulatio ns can now be done wi th the 
co nve rted codes 0 to 3. with addit ion as the natural o peratio n fo r 
co mbin ing codes, because the in verted L charactcr. which consists of 
a ho ri70 ntall ine plus a vert ica l line, now has a code that is the sum of 
those fo r the hori70nta l line character and the vertical line character. 

The grid is sct up in lines 20 to 60. It consists of a grid of M by N 
im'crted Ls with ve rt ical lines alo ng the right of the grid and 
horizo ntal lines along the bott om. This shows that the re arc 
2*M*N+ M+ N matches in the grid . The grid itself is plotted by lines 
100 to 130, essen tially by I)OKEing the codes for the characters into 
the screen memory. Line 115 is needed on the Co mmodore 64 
because besides rese rving o ne bloc k of memory for the screen 
conten ts thi s computer reserves a second block fo r the screen's 
colours. 

Line 140 accept s the identificatio n ofa match that is to be removed . 
As ex. plained in the solutio n. the matches in the top row are id ent ified 
from left to right by H II . H 12. HI 3 ... ; those in the second row by 
H21. H22. H23 ... ; and so on. The matches in the left hand column 
are identified . from to p to bottom. by V II . V2 1. V ) I ... ; those in the 
second column by V12. V22. V32. and so on. After a three<haracter 
identifica tion has been accepted , lines 150 to 170 unpack the 
characters o f the string and make the necessary adj ustment to the 
converted code before going back to replot the grid with the match 
removed . A vertically placed match is removed by subtracting o ne 
from the current co nverted code. and a horizo ntally placed mat ch by 
subtracting two. 

There is no check ing to ensure that only sensible instructions a re 
given tha i is to say. that only matches thut a re actually present in the 
grid are identified fo r removal . Thi s chec king can . however. be added 
by amend ing lines 160 a nd 170 as fo llows: 

16jl I F LEFfS(IS. I)= "V" AND (SQ(X .Y)= I OR SQ(X.Y)= J) 
T H EN SQ(X .Y)= SQ(X .Y)- I 

17p I F LEFfS( IS. I)= " H" AND SQ(X .Y» I THEN 
SQ(X.Y)= SQ(X.Y)-2 

Note that if the grid is to be larger than 9 by 9 squares. then the input 
string must have five characters in it rather Ihun three so that . for 
example. the fift eenth mutch in the eleven th ho ri70n tal row cun be 
identified by H 111 5. Matches such as the fi rst o ne in the seco nd row 
must then be id entified by HP2~ I. 
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The following program supplies a solution fo r a high-resol ution 
displa y. It is written for the Sinclair QL. 

I ~ DIM is(3) 
2~ INP UT "Columns. rows", m, n 
J9 PAPER p: INK 7: CLS 
49 FOR k= 1 TO m+ 1 
5p LINE r~·k.lp TO rp·k . rp·(n+ r) 
6P END FOR k 
7p FOR j= 1 TO n+ 1 
8p LI NE lp. rp·j TO r ~·(m+ r) . r p·j 
9\l END FOR j 

199 INK P 
I rp REPEA r loop 
r2p rNP UT "Remove?", is 
139 IF i$( r )=~ h~ T H EN LINE rp·iS(J). rp·iS(2) TO 

1P'(iS(3)+ 1). lp ' i$(2) 
r4p IF is(r )=''v'' THE N LINE rp· iS(3). rp·iS(2) TO 

19'iS(3). IP'(iS(2)+ I) 
r59 END REPEAT loop 

The QL ean perform coercio ns, so that in lines 130 and 140 the 
numerical characters that are extract ed from the input stri ng a re 
automatically converted to numbers before being mu ltiplied by ten 
or passed to the line drawing com mand . 
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SOLUTION 3 .3 : WINDOWS 

A program Ihal places tcxt cntered OIl the keyboard in a wind o \\ and 
scrolls the window upwards when neces..ary is li l>tcd belo" . -, he lOp 
left corne r of the window will be in the row wilh its num ber ~ Iored 
under TR and thc column wi lh it s number stored und er Te. T he 
window will be W colum ns "ide :and H rows high. SCRTOP ho lds 
the :address of the memory location mapped 10 Ihe posilion allhc lOp 
left corner of the sc rccn . 

IPP C R~TR : CC~TC- I 

I 'P GET AS: IF AS=·· .. T~I EN 119 
l2p CC= CC+ I: IF CC> TC+ W- I THEN CC= TC: 

CR~CR+ I 

Up IF CR> TR+ H- I T HEN CR= TR+ H- I: GOS B lOOt) 
14p AD= SCRTOP+ 4P *(C R- 1 )+ CC- I 
15P ~ASqAS)-64: POKE AD. C 
169 GOTO li p 

IPPP FOR R~TR+ 1 TO TR+ H- I 
Iplp FOR C~TC TO TC+ IV- I 
IP29 AD~SCRTO I'+4P'IR- I )+C- 1 

IP3P POKE AD- 4P . PEEKIAD) 
IP49 IF R= TR+ H- I THEN POKE AD.32 
IP 5P NEXT C 
Ip69 NEXT R 
Ip7p RETURN 

We can add extra capabi lities to the window program. al>suggc\ted 
in the pUl.lle. bu t thc question :arises as to how to invokc thcm. Thc 
usual mcthod is to agree to usc keys that arc rarely Ul>cd for OIher 
purposcs. and that is thc 'Ipproach ",e shall .adopt here. But it mU l> t be 
rcmembered that thcse kcys ca nnot be used for anything cll>c whi le 
you are using the program. Thc fol1owingsubroulin Cl>. ) tart ing with 
the line numbers 2000. 3000 and 4000 respectivcly. implcmcnt 
sideways scrolling. moving thc window and rcversing thc fo rcgrou nd 
and background colours of Ihc display in a window. Thc cha racterl> 
used to invoke thcse ca pabili ties arc. respectively. @. # and -. 

The subroutine for moving the window asks by how much the 
window is to be moved . Positive num bers indicate that il il> to he 
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moved to the right and downwards. Negative numbers indicate 
mo\'ement to the left and upwards. This subroutine assumes that the 
new positi on for the window docs not overlap the o ld o ne but the 
routine can be improved to accommodate this poss ibilit y by making 
it copy the ent ire window into a bu ffer before copying it to the new 
loca tio n. 

The add itio ns to the program that provide the extra capabi lities 
are: 

112 IF AS~··@" THEN GOSU B 2999 ' GOTO 119 
114 IF A$~··#"· THEN GOSU B 3999 ' GOTO 119 
116 I F AS~· ·-- THEN GOS UB 4999 ' GOTO 119 

2PPP C~TC 
29 19 FOR R~TR TO TR+ H- I 
2929 AD~SCRTOI'+49'(R- I )+C- 1 

2939 B(R- TR+ I)= PEEK(AD) 
2P4p NEXT R 
29SP FOR C~TC+ I TO TC+ W- I 
2p69 FOR R~TR TO TR+ H- I 
2p79 AD~SCRTOP+4P '(R- I )+C- 1 

2989 POKE AD- I.PEEK(AD) 
2~9p N EXT R: NEXT C 
21pp C~TC+W- I 

211p FOR R~TR TO TR+ H- I 
2129 AD~SCRTOP+4P'(R- I)+C- 1 

2139 POKE AD. B(R- TR+ I) 
2l4P NEXT R 
21SP RETUR N 
3ppp INPUT "MOVE BY?( R AND C),,: NR,NC 
3~)lp M = 4p*NR+ NC 
3P2P FOR R~TR TO TR+ H- I 
3p3p FOR C~TC TO TC+ W- I 
3p4p AD~SCRTOP+4P '(R- I)+C- 1 

3pSp POKE AD+ M.I'EEK(AD) 
3P69 NEXT C, NEXT R 
3p7p RET URN 
4PPP FOR R~TR TO TR+ H- I 
4PlP FOR C~TC TO TC+ W- I 
4P2P AD~SCRTOP+49'( R- I )+C- 1 

4p3p IF PEEK(AD)< 128 THEN POKEAD.PEEK(AD)+ 128, 
GOTO 4pSp 

494P POKE AD. PEEK(AD)- 128 



4P5P NEXT C 
4P6\l NEXT R 
4P1P RETURN 

Graphics Puules 7 3 
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SOLUTION 3 .4 : HIGH RESOLUTION FROM 
LOW-RESOLUTION SYSTEMS 

By giving the cha racters a logical code ba sed on the numbers 1.2.4 
and 8. as shown in Fig. 3. 10. and using the array mimed C toconvcrt 
from logical codes to the actual codes uscd by a particularcomputcr. 

B 

2 

Fig. 3 10 Scheme for loglcat code 

the following progmm gi \'es a high-resolu tion trace o n a character­
based screen. It requires a DATA statemen t giving in pairs each 
logical code. LC. with its co rres po nding actua l codc. AC. The 
program is: 

S DIM qlS) 
Ip ROW= I3: CO L= 2p 
15 FOR K= I TO 7 
16 REA D LC. ACo qLC)= AC 
17 NEXT K 
18 N= 5: D IR= I 
29 PRI NT AT (ROW. COL) CHRS(C(N» 
JP GET CS, IF CS= ···· THE N JP 
4p IF DIR= I TH EN CO L= CO L+ I: N= 4 
59 IF DIR= 2 TH EN ROW= ROW+ I : N= 8 
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69 IF DIR= 4 T HEN COL= COL- I : N= I 

70 IF DIR=8 THEN ROW= ROW- I: N= 2 

89 IF CS= "U" T HEN DIR= 8, GOTO 139 

90 IF CS="D" THEN DIR = 2, GOTO 139 

IPP IF CS=" L" T HEN DIR = 4, GOTO U9 

lip If CS= "R" THEN DIR= I, GOTO Up 

12P GOTO 3p 
13~ IF N= OI R T H EN N= P: GOTO 29 

14p N= N+ DIR : GOTO 29 

The required OAT A lota tement for the Commodore 64 is: 

DATA p.32.3. 11 2.5.64 .6. llp .9. lp9. lp.93. 12. 125 

(Note that the Commodore64 does not ha\'e a PR I IT AT statement. 

alt hough it ilo possible to s imula te such a statemen t. ) 

The DATA statement for a ny other com puter is obtained by 

replaci ng th e alternat e numbers (start ing from the second) in this 

DATA statement. with the codes for the graphics characters shown 

in Fig. 3.4 . 
To make the progr:lm produce a trace that will retai n its proper 

appearance whe n it crosses itself. it is neCCSS:1T)' to make the program 

'look :lhe:ld' to the position at whieh it is to add a new character to 

ex tend the trace. If it finds a character there a lre:ldy. it must plot a 

character containing the lines in the existing character plus any eX ira 

ones that may be necdcd to superimpose o n it lhe cha racter that is to 

ex tend the trace . As IlEE K will be needed to exa mine the next 

posi tion. it may be more sensible to usc POKE rather than I>RINT 

AT in line 20 of the loolu tion program. particularly as the add re1o1o in 

~creen memory must be calculated fo r PEE K any\\ay. 

Figure 3. 11 lohows a few exam pk'S of what is required when 

different 1oymbob are encoun tered al the posi tion where u \'crtical line 

character i10 to be ploned 10 extend the trace. In all the illu10trated 

cases exce pt o ne. plotting the ve rt ical line and not a com posi te 

ch:tr:lcter will dest roy a part of the existing trace. The composite 

character that should be plotted to pre\'ent this mu~t con tu in the lines 

that arc in ei ther the exist ing character or the character that extends 

the trace. Because a bina ry code ha s bccn used fo r the line segments 

making up each character. the code for the composite character can 

be com puted by performi ng the logical operation OR o n the codes 

for the two characters to be superimposed . To illustrate why this i .. so, 

we c:ln observe that 12 OR 10 gives 14 because, after conversion to 

binary. this becomes 1100 OR 1010 which gives 1110. Similarly. the 
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EX ISTING 
TRA CE 

EXTEN SIO N 

OJ 
OJ 
OJ 10 

OJ 
OJ 

COMPO SITE 

EB 
OJ 
ED 
ED 
rn 

15 

10 

14 

14 

11 

Fig 3 . I 1. Composite cha racters and codes for various combIna tIons o f 
eXIsting characters and a vert ical character. 

cha racter co mposed of the lines that are in the character wi th codc 12 
o r the character with code 10 is the o ne with code 14. 

A progra m fo r th is is listed in full on pages 94 and 95 of the boo k 
Cumpllier !..fll/K/Itlge.,· lind Their u.w'.,· (ciled in the a ppend i:,,). 
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SOLUTION 3 .5 : CROSSOVERS 

A solut ion to the crossovers problem that draws o n a li tt le two­
dimension .. l geometry is listed below. After reading the positions of 
the five clements and their connection matrix. it t .. kes each distinct 
pai r of cleme nts an d tests whet her the line that joins them crosses the 
liTle joining any othcr pair of clements. If it does. a crossove r is 
co unted. But this exhaustive procedure causes evc ry crossovcr to be 
counted twicc. fo r if the program find s that line A crosses line B. then 
it will also find that linc B crosses line A. The number of crossovcrs 
coun ted by the progra m is therefore halvcd in the program's last linc 
so that the true number o f crossovc rs can be printed . 

Thc procedure for findi ng ift hc li nes cross depends. in essencc. on 
the idca that if the two points wit h coordina tes (X I. Y I land (X2. Y2) 
lie on a linc. then so docs the poin t with coord inat es 

No mattcr what val ue is assigncd to M U. thc resulting coordinates 
will be those ofa point on the line; but only values between 7eroand 
o ne will givc thc coordinat es of a point that lies between the twO 
original poin ts. 

The program is: 

Ip DIM X(5).Y(5).C(5 .5) 
29 FO R J= I TO 5 
25 REA D XU).Y( J) 
W FO R K= 1 TO 5: REA D C(J.K): NEXT K 
4p NEXT J 
59 DATA I.P.9.P.1. 1.I 
6\l DATA 9. 1.9.P.I.P· 1 
79 DATA 2.5. l.l.p.I . 1 
89 DATA 5.3.l.p.1.9.P 
9\l DATA 3.p.I. 1. 1.p.p 

IPP CRO= 9 
" 9 FO R J= I TO 4 
12P FO R K=J+ I TO 5 
IJp IF C( J .K)= P T HEN 25P 
14p XI = X(J):X2= X( K):Y I= Y(J ):Y2= Y( K) 
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15P FOR L= I TO 4 
16P FO R M= L+ I TO 5 
17P IF J= L AND K= M THEN 23P 
181l IF C(L.M)= P T HEN lJp 
19p X3= X( L),X4= X( M),YJ= Y(L),Y4=Y(M) 
2PP DEL= (X I- Xl)'(Y4- YJ)-(Y I- Y2)'(X4- X3) 
21P M U= «Y4- Y J)'(X4- X2)-(X4- XJ)'(Y4- Yl))/ DEL 
22p IF MU > P AND M U< I THEN CRO= CRO+ I 
2Jp NEXT M 
240 NEXT L 
250 NEXT K 
26P NEXT J 
270 CRO= CRO 2: PRI NT CRO;" CROSSOVE RS" 



Chapter Four 

Puzzles Involving 
Programming Techniques 

The puules in this chapter ha ve the common theme of programming 
techniques. Some eithe r involve o r require fo r their solution 
techniques thai are readily availa ble in languages other than BASIC. 
but which must be implemented from scratch by the BAS IC 
programmer. To illustrate this. the first problem involves the 
crea ti on of a linked list o f items in which each item carries \\l ith it a 
pointer to the next ite m in the list. The list is supported naturally in 
Lisp and Logo. while Pascal provides pointer varia bles with which 
lists can read ily be created . T he creation of linked lists in BAS IC 
requim some fai rly to rtuous manipulations with arrays. As a furthe r 
example. another of the puz.zles involves rl'l 'ursioll. Some languages. 
including Pascal a nd Lisp. support recursion while BAS IC. in 
general. does not. But recursion ca n be programmed in BASI C as 
long as the programmer is prepared to do all the necessary wor k 
behind the scenes. 

Once the idea of a po int er is maste red it is possi ble to create tree 
structures in which each item can carry pointers 10 two or more 
successors. thereby crea ting a branching pattern. and association 
lists. in which items carry pointers to various properties tholt a re 
associated with them. There are puzzles here in volving associations 
a nd trees. 

The fina l puzzle in this chapter is a bout coding. and the procedures 
involved can be e,,; pressed in BASI C as naturally as in a ny other 
language. part icu larly in the ways that they in vol ve the logical 
manipulatio n of ASCII codes and the conversion between codes a nd 
cha racte rs with the functi ons ASC and C H RS. 

One common aspect of the first three pU 7.zles in this chapter is that 
they illustrate how the use of poi nters' ma kes possible the 
construction of data structu res much betler suited to the handling of 
the structures in the puzzles than the storage structure provided by 
BAS IC. Lists. trees and associa tion networks are all com mon and 
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naturally occurri ng data structurcs. If data possesses some natural 
structure. then it is obvious tha t the structure should be preserved 
when the data is stored in the computer. W~ have had lists occurring 
in other punles as lists of instructions and. in sligh tly disguised 
form. as an ordered set. Any branching structure is :I tree. and 
network s have cropped up wi th some r~gutarity. Therefore the ability 
to handlc pointers. even in BAS IC. provides a po werful 1001 for use 
in many situations. 

Recursion can also be a valuable tool. although if used 
indiscriminately it has drawbacks. It allows repetition by a form of 
self-refer~nce. as is illustr:Hed by the usual exam ple of the factorial 
function. which can be defined recursively as: 

factorial(N)= IF N= P THEN I ELSE NXfactorial(N-I) 

This is recursive because it defi nes a factorial in terms of a factorial: 
that is. in terms of ilself. This can seem circular but Ihere is a sto pping 
condition. in the fo rm of a value for faclorial(O). which pre\'en ts the 
definition from consu lting itself for ever. This gives the clue to o ne 
drawback of recursion. fo r in calculating recursively the value of a 
factorial. or of anything else. the com putat ion must spi ral in until it 
reaches the stopping condition. storing all the intermedia te 
requirements along the wny. 'I hen it spi rals out again. un folding nil 
the intermedia te calculations that lead to the final result. In this \'a), 
recursion ca n demand large amounts of storage to hold all the 
intermedia te requirements. and can prove an expensive means of 
support ing an clcgan t description of a com putation. 

A final point worth making here is that:1 programmer who needs 
to call on the use of pointers. recursion and. indeed. any OIher feature 
that is not implemented in BASI C. would be \,ell advised to 
ill\'estigatc the possibility of using some ot her langullge in which the 
fealu r~ in question i.,' provided . 
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4 .1 

CHAINING 

Chailli llg is a tec hnique used in ma ny computer programs tha i dea l 
with lisls of data iTems. A wo rd processing program deals in effect 

., .. ECOOI'I' _ IS 

'bI 

'I , .. 
" 

10' 

2" 

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

I I 2 I I 
Fig 4 1. A senlence as a cham of words 
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with lists of words, and a program 10 help a robot to ex pl ore its 
environ ment would main ta in a list of the o bstacles that the robot 
might encounter so that it cou ld check if a proposed movemen t 
would cause it to bump in to one. Either of these programs could 
make use of chaining. 

Figure 4. I(a) shows a sentence represented as a chain of words. 
This chain can be stored in the com puter's memory by placing a word 
in any memo ry location and storing with it a pointer to its successor 
in the chai n. The last word can point to itself asa conventional way of 
ind icating that it is at the end of the chain. 

The poi nt of storing a list in this way is that items ca n be added to 
the list and deleted from it with a minimum of difficulty, Thus to 
delete the wo rd' for fro m the se nlena= it is o nly necessary tocha nge 
the address with the word ' IS' from 281020 1 (see Fig, 4. I(b», To add 
'S LOWLY' to the end of the resulting sentence, store th is word 
anywhere, with a pointer to itself as it is at the end of the sent ence, and 
change the poinler wit h 'RECOVER ING' so that it poinls to 
'S LOWLY' , 

The puzzle 

When the sentence is stored in a BAS IC program in two arrays, as in 
Fig. 4. I(c), the puule is to im plement a system in BAS IC for printing 
the sentence and for addi ng words to and deleting them from the 
chai n, When deleling a word it is, o f cou rse. o nly necessary to give the 
wo rd, but when add ing a word the posit ion that it is to occupy must 
be specified as well as the word itself, 
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4 .2 

CLASSIFICATION 

A tree such as the one in Fig. 4.2 can be used for classification. The 
system by which library books acquire their class ification numbers is 
essentially of this form. From the classification tree in the figure. 
Mathema tics would acquire the classification number 100 and 

o 

o o 

F"H'o'StCS CHEJ'lISTP.Y 

o 
EOTAlIY ~OG'" 

Fig 4.2 ClaSSlflcallon Iree 

Zoology the number I I I I. In each case the number is read by starting 
at the 'root' of the tree and moving through the tree to the 'lear 
labelled with the item to be classified. collecting the digits of the 
number along the way. 

The puzzle 

For this puzzle. write a BAS IC program to store information 
o rganised with a tree Structure suc h as that shown in the illustration. 
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It will be necessary to start at the root o f the tree and give it two 
point ers. Each pointer must poin t either to an item that is to be 
classified. or to another branchin g point in the tree. All the other 
branching poi nt s of the tree must be treated in the sa me way. A 
pointer can be implemented in BAS IC as described in the last puzzle. 
·Chaining'. When the t ree has been represented. the program should 
be ex tended so that it ca n acce pt one of the ite ms labelling a 'leaf and 
automatically read its cla ssification num ber from the tree. 
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4 _3 

ASSOCIATIONS 

To record info rmation abou t the si tua tion in Fig. 4.3. we could begi n 
by storing the names of all the objects appearing there in an a rray. 
thus: 

AS( I )=--S I' H ER F­
AS(2)= -- LARGE CU BE" 
AS(J )="CYLINDER" 

and so on. When the names of all the o bjects arc stored in the array 
we ca n represen t relations between them quite si mply. For exam ple. 

Fig 4.3 An arrangement of objects 

we could represent the fact that the sphere is on the cylinder by using 
an array named ISON and writing 

ISON( J)=3 

The meaning that we have assigned to th is statemen t is: 'the item 
stored in element I o f the array AS is on the item sto red in clemen t J 
of AS: Similarly: 
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ISON(J)=2 

represents the relat ion that the cy linder is on the large cube . Wc could 
record which item is to the left of a nother in similar fashion by usin g 
an array named. say. ATLEFT. 

The puzzle 

For th is puu le. write a program to record which o bjects in Fig. 4.3 
are o n which others, in the way o utl ined above. Then dcvelop thc 
program further so that it can respond correctly to enquiries about 
thc ill ustrated situation. such as: ' Is the small pyra mid o n the large 
cube'!' Remember that jf objcct A is o n o bject B. and o bject B is on 
object C, then we should ex pect the progra m to be able to te ll us that 
object A is o n object C. This mea ns that if we enter theenquiry' ls the 
sphere on the la rgecubeT then the program should be able to respond 
in thc affirmativc. 
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4 .4 

RECURSION 

Recllr.l-io" is a method of producing forms of repetition in which the 
result of any repetition depends on the outcome of the pre\'ious onc. 
Compu ter languages such as Lisp and Logo su ppo rt recursion . In 
b'Cneral. BA S IC does not although some dialect s, such as that o f the 
BBC M icro, do. 

We can gi \ e a simple exam pic of recursion by writing a recursivc 
function to count the items in a list. The procedure to be carried ou t 
by the func tio n can be exp ressed in o rd inary Englis h as: 'The number 
of items in a list is one (for the first item in the list) plus the number of 
items in the list that is o btained by removing the fi rst item from the 
list: This procedure ilo recursi"e because it gives the number of items 
in a list in te rms of the number of items in a list that is. in terms of 
itself. It is also not quite co mplete because it does not work for an 
empt y list (a list where the number of items is 7ero). To cover this. and 
to provide a sto pping condi tio n for the recursio n, we add to the 
procedure the statement: ' If a list is em pty. then it ha s 7.ero items.' 

Before writing this in a computer language. it is useful to introduce 
a lillie not;H io n so as to be able to write it fairl y compactly. The 
notation is more or less that of Logo. A list is wriuen byenclosingit s 
items in loquare brack ets. thus: 

[ ALI)I·IA BETA GAMMA DELTA] 

A list can be given a name. so let us call th is one L. 
Apply ing the function F IRST to a list gives its first ite m. so that 

F IRST( L) is ALPHA. App lying the function B TFIRST to a list 
gives the list that results when the first item of the o riginal list is 
removed. This means that BUTF IRST(L) gives the list [ BETA 
GAMMA DELTA]. In similar manner the function LAST givcs the 
last item of a list, making LAST(L) DELTA. and the function 
BUTLAST gives a list with it s 13lo t item removed . making 
BUT LAST( L) the list [ALP HA BETA GAMMA]. 

With this notation and using these functions. a recursive func tio n 
to count the it ems of a list is: 
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COUNT( L) 
IF EMPTY(L) T H EN P 
ELSE ADD I TO COUNT(BUTFIR ST(L)) 

A similar recursive functio n which expects a list of numbers. N. as its 
input is give n be low for you to determine what it does: 

WHAT(N) 
IF EMPTY(N) T H EN P 
ELSE ADD FIRST(N) TO WHAT(BUTFI RST(N)) 

The puzzle 

The puzzle is to write a recursive fu nction which. when given a list. 
prod uces a second list containing the items of the input list bu t in 
reve rse orde r. A ny of the functions introduced above may be used. In 
addition you may use a further fu nction called. say. LIST which can 
be given an item and a list and which produces a list by addi ng the 
item it is given to the beginning of the list it is given. To illust rate the 
use of this new function. L1 ST( F I RST(L). BUTFI RST(L» gives the 
list L. 
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4.5 

CODING 

It is possible 10 codc messages. for purposes of l>ccrecy and security. 
with BASIC programs. Thc complexily of Ihe program will 
obviously dcpcnd upon Ihe coding schemc. Since most micro­
compUler dialects of BASIC possess a funClion Ihat gives Ihe ASCII 
code for a cha racler and many microcomputers usc Ihi s code for 
representing characlers internally. it is na lural to incorporate the 
ASCII code into any codi ng mClhod . 

The following BASIC program accepts a message and co nverts ii, 
character by characler, 10 ils codcd form before prin ting it: 

IP PRINT "ENTER MESSAGE" 
2P INI)UT MS 
.19 CM$= ··-
49 FOR K= 1 TO LEN(MS) 
59 X= ASq MIDS(MS. K.1)) 
69 FOR 1= 1 TO J 
7p X=2·X 
Sp IF X> I27 THEN X = (X AND 127) + 
9p NEXT I 

19P CMS = CMS + CHR S(X) 
lip NEXT K 
12P PRI NT CMS 

When givcn Ihe message ' MIX WITH MILK'. for example, Ihe 
program codes il as ,LE= L%D,LS \, 

The puzzle 

The puule is to wrile a BASIC program 10 decode Ihe coded 
message, and reco\'er the original ciCott lext. That is, when presented 
with the charaCler siring assigned 10 CMS by Ihe coding program it 
should reconstruct the characler string originally presented 10 the 
coding program. 
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SOLUTION 4 .1: CHAINING 

The chaini ng is achieved by using an array named AI--'ER which 
records the location of the word following each word in the sentence. 
The assignmen t AFfE R( I)= S records that after the word in 
SENTENCES( I) comes the word stored in SENTENCES(S). The 
array can be see n as an array of pointers. AFfER(I) ca rries the 
pointer for SENTENCES(I) just as each clemen t of AFfER hold s 
the poin ter for the clement of SENTENCES wit h the same index. The 
co ntents o f AI--'ER(I) are S and so it point s to SENTENCES(5). 

The chain of words can be printed by: 

IV 1' = 1 
2p PR INT SENTENCES( P): 
3{) IF P= AFfER(P) THE N PRI NT ".": STOP 
4{) PRINT " "; 
50 P= AFTER(P) 
6\l GOTO 20 

A word can be deleted wi th the followingsim ple program. unless it 
is the first or th e last word in the chain. There are particular problems 
associated with these cases because of the conve ntions that have been 
adopted for indicating the beginning and end of a chai n. 

iP P PRI NT "ENTER WORD TO BE DELETED" 
lip INP UT WORDS 
1101'= 1 
IJO IF SENTENCES(AFTER(P))= WORDS THEN 160 
149 P= AFTER(P) 
150 GOTO 130 
160 AFTE R(p)=AFTE R(AFr ER( p)) 
17P GOTO Ip: REM TO PR INT NEW SENTENCE 

The next program provides a much more so phisticated implemen­
tation of the deletion operation for a chain of words. It allows any 
word in a sentence to bedclctcd. including the first and the last. It also 
allows a word to be inse rted. The program is: 

IP DIM SENTENCES( IO). AFTER(IP) 
20 FOR K= I TO 7 
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JP READ SENTENCES(K), AFfER(K) 
4jl NEXT K 
59 DATA "THE",5," RECOVERI NG",2 ,H ISH,7 
69 DATA "- ,P,"ECONOMY",3," ",p.-NOT".2 

Ii>i> STA RT= I 
liP P=START 
12Jl PRI NT SENTENCES( P); 
139 IF 1"= AF rER( p) T HEN I}RI NT",.H: GOTO 2p9 
14p PRI NT" "; 
15p P= AFfER(P) 
16P GOTO 12p 
2PP PRI NT "ENTER I TO INSERT, D TO DELETE" 
21P GET AS: I F AS= -- THEN 21p 
22P I F AS= " I" THEN JPp 
2Jp IF AS= " D" T HEN 4PP 
24P GOTO 21P 
39P PRI NT "ENTER NEW WORD": INPUT WORDS 
31P PRI NT"ENTE R WORDIT ISTOFOLLOW": INPUTPS 
J2p K= I 
33p IF SENTENCES( K)= "- T HEN 359 
J4p K= K+ I : GOTO JJP 
J5p SENTENCES(K)= WORDS 
36P P= START 
J7p IF SENTENCES( P)= PS THEN JOp 
J8p P= AFfER(P): GOTO J7p 
Jop AFfER(K)= AFrER(I'): AFrER(p)= K: GOTO liP 
4PP PRINT "ENTER WORD TO BE DELETED" 
419 INPUT WORDS 
42P P= START 
425 IF SENTENCES(Jl)= WORDS THEN 

START= AFI'ER(START): GOTO lip 
43P IF SENT ENCES(AFfER(P))= WORDS THEN 455 
44jl P= AFfER(P) 
45P GOTO 4Jp 
455 IF AFfER( P)= AFfER(AFfER(P» THEN 

AFfER(P)= P: GOTO li p 
46P AFfER(P)= AFfER(AFfER(P» 
47P GOTO liP 
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SOLUTION 4 .2: CLASSIFICATION 

A tree is. nalUrally enough. just a branching structure. The tree in 
Fig. 4.2 develo ps exactly two branches at each of its branching 
points. providing an example of whut is known as a billllry tree. Thus 
we can represent the tree by using two arrays of pointers of exuctly 
the same kind as the array AFTER in the chaining punic. It is 
conve nient to refer to the branche~ in each pair as a left branch and u 
right branch . (We shall u~e 'leff and 'right' from the poi nt of view of u 
person fac ing the tree drawn in Fig. 4.2.) This gives us the names 
LTREE and RTREE for the ""0 urrays holding the po inters. 

At the first branching point from the root ofthc tree. the branches 
arc represented by 

LTREE(I)= 2 and RTREE(I)= J 

This indicates that LTREE(2) and RTREE(2) poi nt tothe branches 
from the next branching point on the left . and that LTREE(J) und 
RTREE(J) point to the branches from the next branching point on 
the right. All the branches arc poi nted to in this way. We mu~t not 
fo rget. however. that although a branching point is u~ ually follo\\ed 
by another branching point it may also be followed bya 'Ieaf: that i!>. 
by the end o f a branch . I n the latter cuse. L TR EE and RTR EE hold 
point ers to the appropriate clement of the array SU BJECTS. but 
with a hundred added to the posi tio n o f the clement in the array in 
order to distinguish II poin ter to a branch from a pointer to a leaf. 
With this conventio n. RTR EE(2)= I02 means that movi ng to the 
right from branching poi nt number 2 leads to clemen t 2 of 
SU BJECTS. that is. to PHYS ICS. 

In the solution program. lines 10 to 80 store a representation of the 
tree. line 90 accepts a subject to be classified from the labelling on the 
tree. and lines 100 to 120 identify the position of thiS"Subjeet in the 
lIrray SUBJECTS. Then line 130 comp utes the value for the pointer 
to this subject. as used by L TREE and RTR EE. and stores it under 
K. It also initialises the va riables CLASS. P and J used in the 
procedure of lines 140 to 180 for finding the classification. The 
\'ariable named C LASS is used to accumulatc the classification itself. 
P holds a number to determine the weighting associated with the 
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labelling o n the !ree. and J hold s the position of the pointer to the 
current leaf o r branch. 

The solution program is: 

IP DIM SUBJECTS(IPP), LTREE(199), RTREE(199) 
29 LTREE(I )=2, RTR EE( I)=3 
39 LTREE(2)= 191 , RTR EE(2)= lp2 
49 LTREE(3)= 193, RTREE(3)=4 
59 LTREE(4)= 194' RTREE(4)= 195 
69 SU BJ ECTS(I )="MATHS", S UBJECTS(2)="PHYSICS" 
79 SU BJ ECTS(3)="CHEM ISTRY" 
89 SUBJ ECTS(4)="BOTANY", 

SU BJ ECTS(5)="ZOOLOG Y" 
9jl INPUT "SU BJ ECT': TS 

199 K= I 
119 IF SUBJECTS(K)=TS THEN 139 
129 K= K+ I, GOTO " 9 
139 K= IPP+ K: CLASS= P, p=p, J= I 
149 IF LTREE(J)= K THEN P= P+ I, K= J, J= 9' GOTO 169 
159 IF RTR EE(J)= K T HEN 

CLASS= CLASS+ 'P ' P,P=P+ ' , K= J , J= P 
169 IF K= I THE CLASS= CLASS+ 19' P' GOTO 189 
17p J= J+I , GOTO 149 
18P PRI NT "CLASSIFICATION IS", CLASS 

The classification procedure is far fro m transparent when written 
in BAS IC. but it opera tes by tracing the path through the tree fro m 
the leaf representing the subject to be class ified to the rool. 
accumulating the cla ssification from the numbers labelling the path 
as it encounters them. The fi rst number back from the leaf is treated 
as a number of units. the next as a number o f tens. the next as a 
number of hu nd reds. and so on. thereby taking advan tage of the 
positio nal nature of the number sySlem. Since the labelling always 
associates a o nc with a right branch and a zero with a left branch. it is 
o nly necessary to add a con tribu tion to the classification when the re 
is a right branch in the path . But the variable P that is used to hold the 
power of ten to be used for the weighting must be incremented in 
either case. 

The general idea of the procedure may be expressed as fo llo ws: 

Find value of pointer to subject (K) 
Set power of 10 for weighti ng to zero (P) 
Whi le not at the root of the tree 
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Find J suc h that either LTREE(J)= K or RTREE(J )= K 
Add lOll> to classificat io n onl y if RTREE 
Increment P 
Sct K to J 

End while 
Pri nt classification 

The routine is actually finding a path through the tree in a direction 
opposite to that ind icated by the pointers. In essence, it is exactly 
opposite to the process of repeat ing P= A FfER(P) which follows a 
chain in the direction of the pointers. 

On the gcneral topic of trees. traci ng paths through them and 
alloca ting binary codes to items. there is another method of doing 
this that is used in practice. This is the Huffman algorithm. and it has 
the advantage over the method just described of giving a n optimum 
code for the items being coded. (Despite its use of powers of ten. our 
program is finding a binary code from the tree. The powe rs often arc 
used so that the numbcrthat is printed ha s the appea ra nce of a bi nary 
number despite the fact that it is decimal. By using powers of two 
instead of ten the binary number ca n be fou nd. although BASIC will 
print it in its decimal form!) The l'l uffman algorithm is optimum in 
the sense that it gives a coding to a SCI of items tha t uses the lea st 
binary digits in total, so that the minimum ;lmount of memory will be 
needed to store the coding. The classification codes would be asshort 
as possible if the Huffman algorithm were used to determine them. 

We ca n illust rate the algorithm by using our five su bjects as the 
items to be coded. We cou ld use codes of the sa me length fo r each 
item in this way: 

MATHEMATICS 011 
PHYS ICS 001 
C H EM ISTR Y 101 
BOTA NY 100 
ZOOLOGY 110 

While such a code may have its advantages, the Huffman algorithm 
gives a sho rter one. As Fig. 4.4 shows. by combining items in pairs 
repeatedly until all of them ha ve been merged and then labelling the 
tree that resu lts at each branching point we can read a code for each 
su bject. Each code is read from right to left. starting from the root of 
the tree and end ing at the item in question. This gives the codes as: 

MATHEMATICS 00 
PHYSICS 0 1 
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CHEM ISTRY 10 
BOTANY 110 
ZOOLOGY II I 

This requires three binary digits less than the previous assignment 
and. al three oul of fift ec n. givcs a 20% advantage in memo ry usage . 

HflTHEMR TICS 
0 

0 
I 

PHYSICS 

CHEMIST R'T' 
0 

I 

EOTRIN 
0 

I 

I 

fig 44. Hullman Coding 
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SOLUTION 4 .3 : ASSOCIATIONS 

In thi s puzzle the illustra ted situat ion is re presented by using the 
array ISON to hold pointers that associat e each item wit h the item 
that it is on. As long as each item stand s directly on not more than one 
other we can use a one-d imensional array to hold the pointers. and 
the resulting association netwo rk takes the fo rm ofa tree. ( In terms of 
networks, a tree is a network with no loops in it.) However, ifan item 
stand s on more than one other as wo uld happen with an a rch. fo r 
e.'(a mple. where the li nt el rests on each of a pair of uprights - a more 
complex fo rm of representation wo uld be needed . Without it we 
would need to have ISON( L1 NTE L)= UPRIG HTI and ISON 
(L1 NTE L)= U PR IG HT2 holdi ng true at the sa me ti me , wh ich would 
clearly be impossible . The increased complexity of the situa tion is 
renected by the fact that the associat ion network is no longer a tree . 

The understanding of queries by the program is quite limited but is 
based on the generally applicable idea that a question put to the 
progra m should have the fo rm ' Is the X on the vr Given Ihis 
gra mmatical template, the progra m tries to match an X a nd a V from 
its repertoire of object s. In this ca se it is a rguable that the program 
'understand s' quest ions of Ihis particular fo rm. It can certainly 
answer them correctly. wh ich may be as stringent a test of 
understand ing as one ca n imagine! Its understa nd ing is, at the least, 
an ad vance on the ' replace and rearrange' techn ique as used by 
ELI ZA. Gi ven a suitable set o f grammatical templates, the program 
can display the same level o f understand ing over a wid er range of 
natural la nguage statements. 

The solution program is: 

19 0 1 M AS(8). ISON(7) 
29 AS(I)= -LA RGE CU BE-: AS(2)=··CYLI ND ER-
39 AS(3)= -5 PHERE··: AS(4)= ··BOX·· 
4p AS(5)=··5MALL CU BE··: AS(6)=-5 M ALL PYRAMID·· 
5P AS(7)= ·· LARGE PYRA M ID··: AS(8)= ··TA BLE·· 
69 150N( I )=8: 150N(2)= 1: 150N(3)=2 
7P 150N(4)=8: 150N(5)=4: 1501'1(6)= 4: 150N(7)=5 

199 INPUT -QUERY": QS 
lIP X= p: Y= P 
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12P FOR J= I TO 8: FOR K= I TO 8 
IJP IF QS= " IS T HE "+ AS(JW' ON THE "+ AS(K)+ "Y' 

THEN X= J: Y= K 
14p NEXT K: NEXT J 
15P IF X= p OR Y= jl T H EN PRINT'''NO'' : STOP 
169 IF X= 8 T HEN PRI NT"NO": STOP 
17p IF ISON(X)=Y T HEN PRI NT "YES": STOP 
18P X= ISON(X) 
199 GOTO 169 

The way in which the program actually decides if one object is on 
another, whether directly on it or nol. is recursive and can be 
eKpressed as: 

X is supported by Y if ISON(X)=Y o r ISON(X)=Z and Z is 
supported by Y 

Again, the defin ition of 'i s suppo rted by' is recursive because it 
includes a reference to itself. 

This pU7..zle was inspired by Terry Winograd 's creation of and 
investiga ti ons into his 'blocks world' as a mea ns for eKp lori ng the 
automatic understanding of nalUral language. The blocks world 
provides a nother exam ple of the success of artificial intellige nce 
investiga tions in a restricted wo rld this time a specially crea ted one 
- rather than in the world in general . To represent all the knowledge 
of a restricted world that is needed for ex periments to be carried out is 
possible. whereas to do the same thing for the real world wou ld be a 
task on an altogether d ifferent scale . 

Interest ing ways of extending the program presented here include 
giving colou rs to the objects so that an object may be referred to in 
different ways, either as the 'small block' or as the 'red block', fo r 
eKample. Further queries to which the program cou ld be made to 
respond include those of the form ' Where is the XT It is also 
inte resting to make the program res pond to commands to move 
objects, such as: 'Place the small block on the cylinder.' This is far 
from easy, though, for it will often in voive removing objects from on 
top of the subject of the move (unless you wish those to be moved as 
well) and clea ring others from the to p of the destination . 
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SOLUTION 4 .4 : RECURSION 

A list can be re\'erscd with the recursi\'e function : 

REVERSE(L) 
IF EMI)TY(l) THEN L 
ELSE LlST( LAST(L). REVERSE(BUTLAST( L) ) 

The use of pointers to create list s leads naturally to recursio n as a 
means of handling the items ofa list. The obvious way to process a list 
becomes to deal with th e first item of the list and then process the rest 
of the list. The procedures for counting the items of a list and for 
adding the items of a numeric list work injustthis way. As a further 
example, consider writing a program for printing the clements of a 
list based on the recursive scheme expressed by 'as long as the list is 
not empty. print a list by printing the first item and then applying this 
procedure for printing a li st to the rest of the list'. A procedure based 
on this and written in the style of those in the puzzle is; 

PRINTlI ST( lIST) 
IF EM PTY(LlST) THEN STOP 
ELSE PRI NT FIRST(LlST); 
PR INTLlST(BUTFI RST(lIST» 

This could also be written as: 

PR INTlI ST(lIST) 
IF EM PTY(lIST) THEN STOP 
ELSE PR INT FIRST(lIST): MAKE LIST 
BUTFIRST( LlST); 
PRINTLlST( LlST) 

When the procedure is written in the second form it becomes 
straightforward to show the relation of this form of recursion to the 
usual style of repetition . Changing the recursive call at the end of the 
procedu re to a GOTO creates a loop. It is of the form that is 
repea tedly executed while a co ndit ion remains true . The non· 
recu rsive version of the procedure is: 

PR INTLl ST(LlSl) 
LOOP; IF EMPTY(LlST) THEN STOP 
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ELSE PR INT FI RST(LlSn;MAKE LIST 
BUTFIRST( Ll ST): 
GOTO LOOP 

This demonstrates that the fo rm of recursio n known as 'tail 
recursion ' is directly equivale nt to a mueh more fami liar fo rm of 
repetition. The equ ivalence for other forms of recursion can be a 
good dea l less obvious. however. 



, 00 Microcomputer Puzzles 

SOLUTION 4 .5: CODING 

The cod ing method takes the ASCII code. treats it as a seven-bit 
number and rotates all the bits three places to the left in circu lar 
fashion. If the decoder shifts the bi ts four more places to the left they 
will be in their original positions. The decoding program is: 

2PP CS=_· 
21P FOR K= I TO LEN(CMS) 
22P X= ASq M IDS(CMS.K.I» 
23P FO R 1= 1 TO 4 
24P X= 2·X 
2SP IF x > r27 T HEN X = (X AND 127) + I 
26P NEXT I 
27P CS= CS + C HRS(X) 
28P NEXT K 
29jl PRINT CS 

When this puzzle was first published. I had a fairly aggressi\'c leller 
from a reader claiming that the instruction X= (X AND 127) + 1 
made no son of sense to him. The next week he wrote me a second 
letter! He used a Sinclair Spectrum. which helps to cxplain his 
dirficulty (sce the 'Binary display' puzzle in Chapter Two). but then. 
with unconscious pc rversity. proceeded to suggest that I write my 
pU1.7.lc solut ions in Sinclair BAS IC! 

In fac l. thc seven-bi t rotation in the puzzle and its solution is 
achieved by first doubling X. in line 70 ofthc program. to shift each 
bit to the left. If this makes bit 7 a I. thcn the resulting number is at 
\cast 128. Performing the AND oper.ttion with 127 masks off bit 7. 
while adding o nc to the result of the AND operation completes the 
seven-bit rotation. Of cou rse. if thc doubling places a zero in bit 7 
there is no need to do anythingas the doubling. by producing an even 
rcsult. has already placed a zero in bit O. 

As an exam ple. the code for the leller I. o btained by ASC(" I~). is 
73. which is 1001001 in binary. Doubl ing il gives 146 0 r 100100 10. As 
this is greatcr than 127. ANDing it with 127 gives 00 10010. or 18. and 
adding one produces 19 orOO 10011. which is a rotation of the origina l 
seven bits. Rotating 10 the \cfl twicc more gives 1001100. which is 76 
and. as C H RS(76) shows. is the code for the letter L. 
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The ASC II code itself assigns the numbers from 0 to 127 (in 
decimal) to \'arious characters. Those with codes from 0 to 3 I are 
non-printing characters. In addition. most micros exte nd thc ASC I I 
code by adding 128to the code for a printable character to give the 
code for the corresponding reversed character. (Advan tage is IUken 
of this in the 'Windows' punic in Cha pter Three.) That some 
characters are not prin table explains why the thirteen chamcters in 
the o riginal message give only cleven in the printed version of the 
coded string. But there are thirteen characters in the stored version of 
the coded string. In fact . it is the spaces that give risc to the missing 
characters. Their code is 32 or 0100000. which when rotated three 
times becomes 0000010 or 2. 

The decoding ma y be effected by completing scven shift s to the left 
or. alterna tive ly, by shifting the bits three places to the right to put 
them back in their original positions. This shifting can be done by 
dividing by two and remembering that a 1 must be wrapped around if 
the original number was odd (an eve n number isex:letlydivisible by 
two and the least significant digit of its binary representation is a 0). 
T his form of decoding is implemented by replacing lines 230 to 2600f 
the solu tion with : 

23p FOR J~ J TO 3 
249 IF (INT(X / 2)·2)<> X T H EN X= INT(X 2) OR 64: 

GOTO 26\1 
25P X~ X I 2 
2bp NEXT I 



Chapter Five 

Puzzles Involving 
Computer Applications 

The roles in which computers may be applied arc tremendously 
va ried . The pU7.zles in this chapter are concerned with a few tha t arc 
typical and arc encou ntered quite frequently. Two deal wi th the usc 
of the computer other than in 'stra ight ' comput ing, namely in 
com municat ion and co ntrol. 

Al l compu ters ha ve sockets through which they can receive signals 
from the o utside world and send signa ls to il. so they have the basic 
prereq uisites fo r com mun ica tions bui lt into them. T his gives any 
computer the capa bility to act as a com munications terminal . With 
the aid of a mode m it ca n com municate o ver the telepho ne network. 
If used as a word processor it ca n also comm unicate documents 
di rect ly to other word processo rs for storage and for display on thei r 
scree ns, making pa per no more necessary for the communicat ion of 
documents tha n it is in their pre pa ration. But com municating 
com puters must agree on a commo n way to e )tchange signals. and 
th at is the basis of the pU7.Zle on comm unicat ions. 

Since a computer ca n e)tchange signa ls with equipment attached to 
it. it can also be prog rammed to contro l that eq uipment. be it a 
pri nter. a machine tool or a robot. As far as robot deve lopments are 
concerncd . the computer has provid ed the 'bra in s' for the robot s and 
consequently has been the means of providing thei r 'inte lligencc', The 
abil ity of a co mputer to run a maze has been used as a test-bed for 
develo pments in micro-based robotics as well as a means of 
st imulat ing them. How to guide a ro bot thro ugh a male is the subject 
of another of the puules in th is cha pter. 

Si mula tion is an importa nt area of applicati on fo r computers. and 
simula ting the behaviou r of. fo r e)tample . build ings. cars a nd 
aeroplanes wi th a computer during their development has led to 
considera ble savi ngs in development costs as well as speed ing up the 
de\'elopme nt process. It a lso makes develo pment much safer than 
when the traditional method of build ing and test ing prototypes is 
used . 
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A further aspect of simulation is that computers C"d n be 
programmed to simulate the behaviour of man-made systems so 
successfully that they can be used in the training of the human 
operators of those systems. The prime example of this is the night 
simulator in which pilots can receive all their tra ini ng so that when 
they take to the air fo r the first time it is as fully trained and 
certificated pilots. 

Simulation is the basis of one of the pUl7.1es where the beha viour of 
a swaying tower is simulated to determine how long it will take fo r it 
to fall down. It is also. rather loosely. the subject ofa second puzzle 
concerning the generation of hands of cards. There is a random 
element to this that is not present in the simulation of the tower. 

The puzzle that co mpletes this chapter deals with a typical software 
tool that is useful in the development of programs for any 
application. and which is typical of those found in any of the so-called 
' programmer's tool kits'. 
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5.1 

MAZE5 

A robot can find its way through a maze when it is controlled by a 
computer running an appropriate program. If the robot is to be able 
to explore any maze that it might encounter. it might bcexp«:ted that 
a fairly complex program would be necessary. 

However. mazes ranging from the simple one illustrated in Fig. 5. 1 
to the Hampton Court maze. which have in common that they 
conta in no parts that are com pletely disconnected from the rest. can 
all be traversed if yo u place your right hand on the wall of the maze 
when you enter it and walk on while keeping it there. The objective is 
always reac hed if this method is followed. although rarely by the 
shortest path. 

sm 
RO W 

CO L U MN 

Fig. 5 1 A male 

An idea lised maze of the kind in Fig. 5.1 provides a useful 
simplification. A ro bot can occupy any position within the maze.and 
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need only face nOrlh . east. so uth or west to be able to move straigh t 
ahead to an adjacent posi tion. Its pos it ion can be described by gi ving 
the row. R. a nd the column. C. that it occupies. The d irection in 
which it faces can be represented by assigning a value to a varia ble. 
named 0 1 R. say. using the code given in the figure . Thus on entering 
the ma ze. the state of the robot can be represented by: 

R= I : - I : OIR= 3 

The program can be ha lted when the robot reac hes the exi t by: 

IF ( R= 4) AND (C=4) T HEN STOP 

To represent the maze itself. we propose the use of a two­
d imensiona l array o f st ri ng variables that ca n be declared by: 

D IM MS(4.4) 

The element MS( 1.3). fo r exa mple. is associated with the posi tion in 
row I a nd co lumn 3. It indicates that there are three path s from thi s 
positi on to adjacent ones to the east. south a nd west by the value it 
takes after the ass ignment : 

MS( 1.3)="234" 

Similarly. with two positions nex t to the position in row 4 and 
column 2. we would have: 

MS(4.2)=" 14" 

The puzzle 

Given a ma7.e re presented in the way described above and the strategy 
fo r traversin g it. the puzzle is 10 write a BASIC program to guide the 
conceptual ro bot through the maze. 
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5 .2 

RENUMBER 

BASIC is not a good language for writing programs to manipulate 
other programs . Not many people would consider writinga compiler 
or an interpreter in BAS IC. for example. Howeve r. it is not too 
difficult to write a BASIC program that writes out another program. 
Consider the following: 

Ip READ IS 
2P PRINT IS 
3p IF RIGHT$(I$ .3) = MEND" T HEN STOP 
4P GOTO IP 

IPP DATA -I FOR K= I TO W 
liP DATA -5 X= X+ K·· 
12p DATA MI7 NEXT K" 
IJP DATA -31 ED·· 

The puzzle 

This puzzle is to modify the program listed above so that it renumbers 
the lines of the program in the DATA statements before printing it 
out on the screen. The line number of the first line should be 100. and 
numbers for succeeding lines should increase in steps of 10. Just as 
the program given above displays any program that is placed in its 
DATA statements. so the solution shou ld renumber any program. 

The solution given does not deal with BASIC statements that 
incl ude quotation ma rk s since this has already been dealt with in 'The 
quotes puzzle' of Chapter One. Nor does it deal with the line 
numbers that are given in GOTO and GOSUB statements. These are 
both further aspects of the puu le and the solution progra m may be 
generalised to take account of them. 
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5 .3 

A HAND OF CARDS 

The puzzle 

This puzzle is to writc a program to generate a hand of cards. The 
ca rd s should be gcnerau:d in a rand om fashion so that. in generul.thc 
program creates a different hand each time that it is run. The 
program must also. of course. ensu re that the same card does not 
appear twice in a hand. 

When the hand is displayed. eac h card should be di splayed as a 
character string such as 'TEN OF H EARlS. This does not 
necessarily mean that all the ca rds in the pack must be represented in 
this way in the program. To make the problem precise. let us make it 
to generate and display a hand of five cards as in Poker. A program 
that does thi s successfully should require on ly trivial modification to 
generate a Bridge hand or a hand co ntaining any given number of 
cards. 
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5 .4 

THE SWAYING TOWER 

A cylindrical tower is ten metres high and one metre in diameter. lis 
posi tion is fixed with respect to a rectangula r coordi nate syste m as 
shown in illustra tion Fig. 5.2(a). AI a certain time . which we 
refer to as t= O. the tower begins to sway as a result of movements in 
the ground below it . As it sways. its motion is always in the plane of 
the .'It and ya.'ltes. The tower disto rts as it mo\'cs. but it always retains a 
cylindrical shape. In fact. the movement of the tower is described by 
the following eq uations: 

XT = X + V'p.p 1'(EX P(T/ IPP)- I)'S IN(2' PI 'T/ IPP) 
YT = Y 

where (X. Y) is the posi tion of any point on the tower at t=O and 
(XT. Vn gives the position assumed by that point at any subsequent 
time t= T. The unit fo r time is the year. 

" " 

,., 
'" "9 52 The tower ' (a) Inlll81 poSi tion fbI unstable position 
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The puzzle 

Of course, if the tower conti nues to tilt further and further it wi ll 
eventually fa ll. The object of this pUlZle is to determine when it wi ll 
fall by writing a BASIC progra m to si mulate its move ment. It can be 
assumed that the tower falls as soo n as it reac hes a n un sta ble 
positi on. 115 pos ition becomes unstable when itsct nt reof gra vity faUs 
outside its base. as shown in Fig. S.2(b ). 
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5.5 

COMMUNICATIONS 

Some types of microcomputcr posscss a so-called 'user port' via 
wh ich they ca n communicate with devices that may be connected to 
them. The user port is generally an eight-pin socket at whicha ribbon 
ca ble can be connected. A byte can be communicated in this way by 
sending its eight bits in parallel along the ribbon cable. The user port 
of a mi cro is usually memory mapped so that. as far as the computer 
is conce rned . it looks just like any eight-bit memory locatio n. To 
communica te via the user port it is necessary to write programs for 
both the transmitting and receiving equipment since there is no built­
in communication procedure as there is wit h a standard in terface 
such as a Cen tronics or RS232C port . 

Suppose that we wan t to exchange messages be tween two iden tical 
co mputers, and that these computers each possess a user port for 
sending, mapped to memory locat ion 2000. and a second user port 
for receiving. mapped to location 3000. Also, the user port of the 
sending compute r is attached to the receiving port of the seco nd 
computer by a ribbon cable as shown in Fig. 5.3. 

TRANSM ITTER RECEIVER 

1 

fig. 5.3. Two computers In communIcatIon. 
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The puzzle 

This puzzle is to write short BASIC programs for the transmining 
and receiving computers so that a message displayed on the screen of 
the first computer can be comm unicated to the second and 
reproduced on its screen. The message should bedisplayed sta rt ing at 
the top left of the screen of the sending computer. and should be 
terminated by a hash character (#). It can be assumed that the 
memory location to which the top left corner of the screen is mapped 
is stored under the name SCRTQP. 

The transmining computer must alert the receiving computer 
when it is about to send a message. and must se nd the message in such 
a form that the receiving computer can synch ron ise itself to it. This is 
to allow the receiving computer to accept the transmitted message 
character by character a nd to place each character on its screen once 
a nd once only. But while being able to do this. it must also be able to 
handle the situa tion when two successive transmitted characters are 
the same. 
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SOLUTION 5 .1: MAZES 

Arter declaring the necessary a rrays with : 

Ip DIM MS(4.4). INC(4) 

and ini tial isi ng the array MS that is uscd to rcprese ntthc maze with a 
seq ucnce of sta tements such as: 

2P MS( 1.1 )="3": MS( 1.2)="2-

a program to guide a robot through the maze represented by MS is: 

sp INC(I)= I : INC(2)=P 
9\l INC(J)=- I: INC(4)=2 

IPP R= I : C= I : DlR= 3 
li p IF ( R= 4) AND (C=4) T HEN STOP 
12pTRY= 1 
I3p D= DIR+ INC(TRY): I F D> 4 THE t D=0-4: 

IF IX I THEN D= 0+4 
14p FO UN D= P 
15P FOR L= I TO LEN(MS(R.C» 
1611 IF VAL(MIDS(MS(R . C). L. I»=D T HEN FOUND= I 
17p NEXT L 
ISP IF FOUND= P T H EN TRY= TRY+I : GOTO 139 
199 D IR= D 
2PP I F D I R= I THEN R= R- I 
21P IF D IR= 2 T HEN C=C+ I 
22p IF D IR= 3 THEN R= R+ I 
23P I F DIR= 4 THEN C=C- I 
24p PR INT R.C 
25P GOTO lip 

In this program the loo p from line 130 to line 180 makes the 
conceptual robot test if it can move from ilS sta rt ing position to an 
adjacent posi tion wh ile ' kee ping its right hand on the wall'. This is 
done by tes ting in sequcnce whether the robot can move to the 
position it faces afte r turning to the right. to the square d irectly ahead 
of it. to the square it faces after turning 10 the left. or if it has no 
alternative bUI 10 retreat to the square behind it. These possibi lities 
corres pond to the robot moving through a ga p to its righ l. moving 
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straight on wit h a wall at its r ight . turning left because there i ... a wall 
to the right and across the fron t. and ret rea ting from a cul-de-:,ac. As 
soon as a position to which the ro bot c:tn move is found. the variab le 
FOUND is set to I making it possible to lea\'e the loop. The position 
of the robot is adjusted by one ofli nes 200 to 230. as appropriate. The 
program then ret urns to li ne 110 to test if the ex it from the maze hIl S 
been reached. If it has the program terminates. but if it ha s not the 
process j ust descri bed is repeated for the robot's next step. 

On the subject of mazcs. the ' Micromouse' co mpetition involved 
the development of a small robot (the 'mouse' of the competition's 
name) that cou ld lind its way through a ma ze by itse lf. The idea of the 
competition was forthc robot to ex plore the maze in order to obtain a 
map of it, and then to make its wa y through the maze as quickly as 
possible . The competition was devised to stimulate ac tivities in 
microcomputer-based robotics, and within a few years the 
competit io n had clearly succeeded in its aims for a considerable 
number of en tries in the competit ion had solved all the problems 
invol\'ed a nd could find thei r way through a ma ze about as quickly as 
could be expected. Consequently, Micromouse ha s been succecded 
by a robot ping pong com petition to stimulate furt her developments. 
particula rly in new areas. such as robot vision. tha t played no part in 
the earlier competition. 

Mak ing a ro bot that can fi nd its own way through a maze req uires 
expertise from at least three se pa rate d isci plines: software. electronic 
hardware and mechan ical engineering . The algorithms and pro­
grammi ng needed for the robot to ha ve the ability to ex plo re and find 
its way through a ma ze quickly achieved near perfection. The 
necessary elect ron ic com ponents, including microprocessors. integ­
gra ted ci rcui ts and so on. were all read ily ava ilable and more than 
equal to the tasks required of them. The major problems were all 
rathe r mundane and arose from the mechanical engineering aspects 
of the project. such as moving the robot precisely both when 
advancing and when turn ing so that its positi on could be known 
exact ly at all times. 

The program gi\'en here for traversing a male is by no means the 
quickest for the purpose. It ca n be speeded up though care is need ed 
- by preventing the robot from unnecessarily moving to a posit ion 
that takes it further away from its destination. Also. the method ma y 
not work if the maze has a ny disconnected parts because should the 
ro bot eve r fi nd itself in one of them it migh t never be able to leave it . 
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SOLUTION 5 .2 : RENUMBER 

The following sol ution program reads the statement s of the program 
to be renumbered one at a time from its DATA statements unt il it has 
read a n EN D statemenl. It applies the func tion VAL to each 
sta teme nt, and since each begins with a number (the line number) th is 
number is returned by the fu nction. The number is then tested to find 
the smallest power of len that exceeds it. for this power gives the 
number of d igits in the line number. Removing the number of 
characters given by this power from the left of the statement strips off 
the old line number. and then thcfunction STRScan be uscd wit h the 
new line number (stored under N) to place the new line number at the 
beginning of each statemenl. In this way the re numbering is achieved 
fo r each statement in the program. 

The renumbering program is: 

lP N= IPP 
2p READ IS: L= LEN (lS) 
JP V= VAL(lS) 
4p P= I 
Sp IF V < IP" I> THEN 7p 
6\l 1'= r+ I: GOTO Sp 
7p PRI NT ST RS(N) + RIGHTS( IS. L- I') 
8p N= N+ lp 
9p IF R IG HTS(lS .3)='·EN D" TH EN STO P 

IPP GOTO 2p 
lPP DATA . 

A BAS IC tool kit is usually su ppl ied as a RO M to be inserted in 
one of the special socke ts inside the computer. It makes available a 
number of routines that arc hel pful d uring the writing. developing 
and correc ting stages of p rogram product io n. Typical tool kit 
routines include REN UMBER which can be used to tidy upthe line 
numbers in a program, A UTO which automatically generates the line 
numbers at the beginning of BAS IC program lines. F IND which will 
find a specified pattern of char:lcters wherever it a ppears in a 
program. and ot hers. The three rou tines cited are clearly of value. 
respectively, in polishing the appeara nce of a program whe n it has 
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been finishcd. when it is being typed into thccompulcr. and whcn il is 
being correctcd. 

In a ROM thc ro utines will be exprcssed in mach inc codc. Thcy 
can. as this puzzlc illustrates. be written in BASIC. but BAS IC was 
not intendcd for applications of this kind . If a high-Ic\'cllanguage is 
to be used for writing this sort of program. onc suc h as 'C is much 
morc suitable. 

The solution program dcpends on the usc of the VAL function. 
Whcn givcn a string of numeric characters. this function rcturns thcir 
numerical value. Asan cxample. VALl" 12") givcs thc number twelvc . 
Fortunately, if given a string of characters that starts with numeric 
characters but which also includes non-numeric characters. VAL will 
give thc numcrical val ue ofthc numcric charactcrs at thc bcginning of 
the string. By taking advalllagc of this. thc number at the beginning 
of each program line in thc data sta temcnts can be stored under V. 
Thcn P is uscd to fi nd the number of digits in this number by tcsting if 
il is less than 1010 thc powcr of P. This makes it possiblc to strip thc 
line number from the beginning of each line by removing the first P 
characters. The new line number that is needed for the renumbering is 
.. dded to thc front of the string in place ofthc old one by using STRS. 
This function performs exactly the opposi te function to VAL 

The renumbering procedure stops by searching for the END 
instruction in the program th .. t it is renumbering. This provides a 
graphic illustration of the difference between the STOP and END 
instructions. which seems to be the sou rce of a good deal of 
confusion . The END instruction is intended to mark the end of the 
listing of a progmm. whereas STOP indicates the point a t which the 
execution of the program will stop when it is run . 
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SOLUTION 5.3: A HAND OF CARDS 

The first solution to be prescntcd begins by initial ising arrays with 
appropriate namcs with the face values of the cards in the pack and 
thc namcs of the suits. A card can then be sclccted at random by 
gcnerating a random numbcr from I to 4 fo r thc sui t and a sccond 
random numbcr from I to 13 fo r the facc valuc. The description of 
thc card that has been generated is then stored in an clement of the 
array CA RDS at line 100. Whcn morc than onc card has been 
generatcd. lines 120 to 140 chcck for duplication 10 prcvent the same 
card from appe:lring twice in a hand. If thc most recen tly gene rated 
card is already in the hand it is rejected and a new one is genemted. 
The program is: 

Ip D IM SU ITS(4). VALUES( 13). CA RDS( S) 
2P FOR J= I TO 4: READ SU!TS(J): NEXT J 
3p DATA "CLUBSM.··D IAMONDS-.·· HEARTS··.··S PADES-
4p FOR K= I TO 13: READ VA LUES( K): NEX T K 
5p DATA ··ACE··:·TWO··."THREE":·FOU R··:·FIVE-
69 DATA .. SIX··:·SEVEN·· ... EIG Hr' ... NINF· ... TEN .. 
7p DATA ··JA C K··:·QUEEN·· ... KING·· 
8p L= I 
9p S= I+ INT(4*RND): V= I+ INT( J3* RND) 

IPP CAR DS( L)= VALUES(V)+" OF "+ SU ITS(S) 
liP IF L= I T HEN 16jl 
12P D UP= P 
l3p FOR M= I TO L- I : IF CA RDS(L)= CARDS(M) 

THEN DUP= I: NEXT M 
14p IF Dur= 1 THEN 9p 
ISP IF L= S T HEN STO P 
16jl L= L+ I : GOTO 9p 

A totally different a pproach \0 this problem start s by re prcsen ting 
the cards of the pack by the numbers from 0 10 51 (rather than I to 
52). This allows us to convert the numbers 10 card descriptions simpl y 
by dividing by thirteen. fo r the result of the di vision gives a suit 
number from Oto 3. whilc the rcmainderfrom the division gives a face 
va lue number from 0 to 12. A card can thcn bC'dcalt" byselccti ng it at 
random from the pack by gcncrating a random number fromO t051 . 
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Removing the card from the pack as it is dealt obviates the problem 
of checking for duplicates among the cards. The next card is dea lt by 
selecting a random number from 7ero to the size of the reduced pack . 
A good test of one's understanding of how the program work s is to 
try 10 predict what ca rds it will deal irthc T is omitted from line 110. 
The program is: 

IP DIM SUITS(4). VA LUES(IJ). PACK(5 1) 
2p FO R J= I TO 4, READ SU ITS(h NEXT J 
JP DATA "CLU BS". "DIAMONDS". ~ H EA RTSR. 

"S PADES" 
49 FOR K= I TO I), READ VALUES(K), NEXT K 
5p DATA "ACE":'TWO"."TH REE .. :·FOU R ..... FIVE" 
6P DATA .. SI X ..... SEVEN~ ... EIG Hr· ... N I NE~.MTENM 

70 DATA ··JACK ..... QUEEN ..... KING .. 
8p FOR I= P TO 51 , I'ACK(I)= I, NEXT I 
9p 1'= 51 

IPP FOR C= I TO 5 
liP X= INT(T" RND(P» 
12P K= INT( PACK(X) 13): J= PACK(X)-IJ· K 
IJP PRI NT VA LUES(HI );" OF ";SU ITS( K+ I) 
14p PAC K(X)= PACK(l} T= T- I 
150 NEXTC 
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SOLUTION 5.4: THE SWAYING TOWER 

A program to simulate the motion of the tower is listed below. The 
tower in fact osci llates when it moves in the way described by the 
given equations, which is why two conditions arc required in line 60 
of the program. The tower may become unstable by leaning too far to 
the right or to the left. 

IP T= p: INTERVAL= I 
2P 1'1= 3.1 4159273 
3p X= P.5: V= 5 
4p T= T+ INTERVAL 
5p XT= X+ V'p.p l'(EXP(T/ IPP)- I)'S IN(2' I'I'T/ IPO) 
6\l IF (XT< I) AND (XT> P) THEN 4p 
7p PRINT "TOWER WILL FALL AFfER". T. ··YEARS·· 

To determine when the tower wi ll fall. the program simulates its 
movements at successive equa lly spaccd intervals of time unt il the 
tower reaches an unstable posi tion. 

There are many ot her ways in which a description of the tower·s 
movements can be provided . The one used in the puule gives a time­
dependent deformation description of the kind tha t is used in 
continuum mechanics. It is not entirely realistic because, as Fig. 5.2 
illustrates. the tower deforms as it osci llates in such a way that the 
height of its to p abovc the ground rema ins the same. To do thi s, the 
tower must become longer and thinner the fu rther it leans over. 

A more realistic description of the movement wou ld be to 
incorporate a time-depcndent rotation of the tower, for then the 
tower would remain rigid as it tilted. If. with reference to Fig. 5.2, the 
rotation were clockwise about the origin and in the plane of the 
paper. then the bottom corner at the origin would remain in a lixed 
posit ion but the ot her boltom co rner (the one initially at (1.0») would 
van ish below ground level. thereby si mulating the effect of the 
ground giving way below the tower. 

This rotatio n can be simulated by replacing the movement 
descript ion given in the punic with : 

XT= X'COS(T/ IPP) + V'SIN(T IPP) 
YT=-X'SIN(T / IPP) + V'COS(T / IPP ) 
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The solut ion progra m needs o nly slight mod ificat ion 10 accom­
moda te th is change. Line 50 must be re placed by: 

5p XT= X' COS(T IPP)+ Y' SINCI 199) 

Line 60 will still work . but with the tower rotating t:l lhcr than 
oscillating it need only be: 

6P IF XT< 1 THEN 4p 

The addition of graph ics to the progra ms to d i'plllY the current 
state of the simulation would be a considerable impro\ cmcll l. 
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SOLUTION 5 .5 : COMMUNICATIONS 

,.) 

top 

s 
pre sse d ?'>-~ ...... --.J 

no 

sen d character 
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(b) 

&. received ? no 

yes 

new char acter 
no 

nst erisk ?'>---~----' 
ye s 

Fig. 5.4 Flowcharts: (a) transmi1Cer (b) receiver 

A procedure for transmitting from one computer to another is shown 
in the flowchart of Fig. 5.4(a). A transmission progmm based on this 
is: 
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Ipp REM PRESS S TO SEND 
liP A= SCRTOP 
129 GET AS: IF AS<>"S" T H EN 120 
IlP PO KE 3pPP. ASCC"&") 
141> FOR K= I TO ' PP ' NEXT K 
15P X= P EE K(A), I'O KE JPpp .X' A= A+ I 
16P IF X= ASCC" #" ) T HEN STOI") 
17p FOR K= I TO 199 : NEXT K 
18P r OKE JPpp. ASC("""') 
19p GOTO 149 

Figure 5.4(b) shows the no"ehart of a receiving procedure. A 
program fo r reception based on this is: 

IPP A= SCRTo r 
lIP X= PEE K(2PPP)' IF X<>ASCC'&") T HEN lip 
12p IF l'EE K(2PPP)= X T H EN 129 
IlP X= PEEK(2PP9 )' IF X= ASCC·····) T HEN 129 
14p PO KE A.X: A= A+ I 
15P IF X= ASCC"W') T HEN STOP 
169 GOTO 120 

While some mic ros ha,e t,~ o u~er ports. most o nly hu vcone. When 
there is only one it must be able both to tra nsmit and to receivc 
~ lg nab. and for this rea~on it l~ accompan ied by what is sometimes 
kno"n ,l ~ a 'data direction regi~ter· . This is a memory loca tion the 
eontc nt~ of which determ ine the direction in which signals ca n pass 
through the user port. Each bit of the data direction register 
determines whether the corres pond ing line at the use r port carries 
!>ig nab to the co mputer o r from it. A I in the data direction register 
c:tn indicate output and a 0 input on the correspond ing line from the 
port. By IlOK Eing 255 to the data direction register the user port can 
be configured as an eig ht-I inc output port. while PO KEing 0 to the 
register configures it as an eigh t-line input po rt. Any num ber bet Ilcen 
o ,md 255 causes some line~ to be inputs and o thers o utpUb. 

When com puters with .. single user port commun iC:llc with each 
OIher o nly one ribbon cable is necessary. but one of the co mputers 
must be configured to transmit and thc othe r 10 recei ve. Comp uters 
with se parate porh will need 1\\ 0 ca ble:. connect ing them. 

The program for transmitting th:1t is presented above stores the 
address to which the position:1I the top left of the screen is mapped 
under the flame A and then wail!> until the S key is pressed . A:. :.oon as 
thl~ key i~ pre~scd an & chamcter i:'.!>e nt to ale rt the recei\Cf to an 
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incoming message, and a delay is inlroduced to give the recci\crlong 
enough to 'sec' this character before the characters of the message arc 
sent one by one. Artereach character has been sent it is checked to Sl'C 

if it is the /I character that wi ll termina te the message. Each character 
is also len on the line during a dela y for the sa me reason as the initial 
character was. The transmission of every character in the message is 
followed by the transmission of an asterisk so that if two successive 
characters o f the message arc the same the receiver wi ll be able to 
detect both of them. With out the asterisk between them there would 
be no transition between the transmissions of the identical symbols. 
and therefore no way for the receiver to detect a seco nd cha r:lctcr. 

The receiving compu ter scans the input pon unli1 an & character i)o 
received. Then it waits for a new cha racter toappcar, and displays it 
on the screen prm'ided that it is not an asterisk. I\s )ooon as :1 # 
character is received and displayed the program halts. 

Any difficulty in understanding these progmms sho uld be 
alleviated by referring to the nO\~'c hans (Figs. 5.4(a) and (b». 
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Further Reading 

Th is appendi x gives some sources of further reading for most of the 
PU7..1.Jcs. From them it may be poss ible to trace the source of 
inspira tion fo r a puzzle. further background informa tio n or more 
aspects of soluti on method s (or a puzzle. Some of the puzzles. 
however. arc sufficiently self-contained as to make further references 
unnecessary. 

Words 

Choosing (lfld Using Program Gl'IIf'fllfors. C hris Naylor. Sigma 
Tech nical Press. 1984. 

Approximations to English 

The MlIIlll'lIIlIIical 71lt'ory of COI1I1I1/II/;c(ITiolf. c. E. Shannon and 
W, Weaver, llIini Books. 1964. 

Substitution and Associations 

Arlijiciallmt'iligl' IICl' fllld Na/Ural M all . Margaret Boden. Harvester 
Press. 1977. 

Rearrangements and The tethered goat 

NUII/aical Al/a/y.I';.\'. F. Scheid. Schaum, J968. 
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Binary display and Coding 

A Fir.\'! COllrs/' ill COII/pIIT/'r n 'clllf%gy, M. G. Hartley and M . 
Hea ley. McGr:l\\'· Hili . 1978. 

N etw o rk s and Reversa l 

F'III£I(lII/(' II((I1 A/gorifJmlS, D. E. Knuth. Addison Wes ley, 1975. 

Pattern s 

Gn Mort· frolll tilt' T199/4A. Garry Marshall. Granada. 1983. 

M atchst icks 

Progrtlll/lllillg wirh Gropltic.f. Garry Marshall . Granada. 1983. 

Windows 

PET Graphic.\". Nick Hampshire. Nick Hampshire Commodore, 
1981. 

High resolution from low-resolutio n system s 

Compult' r UJIIJ,:lIf1g(·.\" ami rll(';r U.ft'.f, Garry Marshall. Granada. 
1983. 

Crossovers 

A Practical Imroc/unioll TO COII/purl'r Graphic.f. I. O. Angell. 
Ma cmillan. 198 1. 
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Chaining 

A Pmu;col /mrodllC(ioll to Pu:.cal. I. R. Wi lson and A. M. 
Add yman . Macmillan. 1978. 

Classifica tio n 

A 1I/l/Iroduct;ulI to AIgol68 Through Problel1l.\·. A. Lea rner and A. J . 
'''owell. Macmilla n. J976. 

Recursion 

17w Lift/e U SPn. O. P. Fried ma n. S RA. 1974 . 

M azes 

D/}' Sl'm ur.f 1I11d Robol ic.f. J ohn Billingsley. Sunshine . 1984. 

Communica tions 

Jld ;crus (llId M odem:.-: Tdt'commwlicalillg II 'illl Per.w llal Compllln.~. 

Jack Nilles. Reston. 1983. 
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