
sPEE9

tq
Ior'rpncr oBlïl

6P



OXAORD PÀSCÀL POR CP,/T{

usBRs| uÀNuÀL

Copyright G, L9?9/80 ÀtI rights reserved.

S]'tù.ir Sotrnru loxtlnll lùt.
164 Wdc..r.. PLc., Oxford OXI 2JW, Engl.id
Tdêphm.IOSS| 54195 Tel.r 8:lla7 OXSOFT



coNlENrS

I. Introductior to OXFORD PÀSCÀL

II. Beqlpnerrs qride to Pâscâl

l. Getting Starèed

nnrTB stat€oeDèa, strings
Intege! arithnetic. +,-,r , Dl V.UOD
Punctlons: ÀBS, SQR, ODD

3
6
7
IBoolean Àilthhetic ). <, >-. <=,11, =,ÀND. OR, tËT

2. Pâscal Stètenents

Variablea aûal âssignoêût staÈdreûts
FOR atat€meDt
IF stateoent
RBPEÀÎ antl REÀD atat€mentsqsB atateoent
Error Deggages àod etlor correctioD
IIHILE atetenent

9
IT
1l
L2
l3
l{
16

L7
t8
t9
l9
20
2L
23

3. l{orè vàriab],e Tvpes L7

Reâl nrûbe ra
Re-âl arlthDetic. ,/, S0R1, sIll, ÀRc!Àll. IÀ,
EXP, no(llD, ITUNC.
Congtanta
Cha raCt erg
crà trùri cs
Àrrayg
BlluDerâ ted types aûd subranges ORD, PRBD. S['cC
sets

{. Plocedureg Ànd Irunctions

Plocedu!ea
\rÀR pâràmeterE
Functions
Recur si on
1èr.tf I le6
Strlû9s

I?

24

21
25
26
26
27
28

(r)



O(FORD PASCâL

5. Àalvarced Peatules

Record6
PoiDters ânat lists
GDm stâtqlent
E:xtensi ons

6. Disk-ba6ed operation and LINKER

7, Conpaîd Srrnnary

8. Error uessaqes

9. sample Proqràma

III OXAORD Pâacal Referencè llànual

29

29
31
32
32

33

37

39

12

l. Geperal

Keyworal6, Identifiels. S)rnbo ls
Ccûl!|êntg
Integer and ReaI Constants
Strings
N6rliûes. Spaces

2, Datâ Tvpes aûd Operators

Iût'ê9et
Reâ I
cha r
EDumeratedl lypes
Subrange Types
Booleâo
Àrithmetic Functions anal Opela tors

3. Declè!âtioûs ând Statepenta

Plogran Fonat
Constant, Variablê and Type Dêclarations
ÀsEignnetlt
CcnIroùnd SÈa Èsùents
IF Staèoèot
REPEÀT, VTHILB and FOR Stataerts

46

16
47
48
48
{8

il9

{9
49
50
50
5l
5t
5l

53

53
53

56
56
55

(ii)



O{PORD PÀSCÀL

CA 6E Stâtaeot
@1O Strtaent

l. Ipqrt/OrtFut
Ter.tf i lea
RSÀD, nRIIB etc.

5. Structured Data Tvpes

À!!aya
Sèta
Recordla and Vâriantg
Packêal Àrrâya
Stringa

6. Functiona ând Plocedurês

Ilaraûeterg
Iocal Declaratioats
Recu! Bi on
Polvâlal Dêclâratioô6

7. Dvnlelc Sto!àqe Àllocatlon
lEn and DI SPOSE

8. Diak Ftleg

Pile Declaratlons
RESET aûd RE|RITE
Àccessiog the Printer
Di sk Pile b.ùnplea

9. Brte[slona

Eeradeciûal Coo8tants
U€ooly, port âûal VDU Accêab
Eer.aateciDâl l/O
Bit l{âtti pulation
CàtchIng l/O BtroÊg
Randoùû NuDbe r G,enerator
Ioputtlog strlngs
Plograr Ch.lnirg
DGLBIB, RENÀHE, IO@X, IOG@D

57
58

58

62

67

73

59

62
63
6{
66
66

74
75
76
76

69
7l
72
72

7l

77

77
7A
79
79
80
81
8l
81
a2

(1il)



(I( FORD PÀSCAL

Randon access fi les

10. fntêrfâce Gride

280 uâchine Coae RoutiDes
Storage Fodrat for Vâri ables
File Fotnaè

V. Pascâl lexÈ Editor

83

86

86
87
88

Clearing the Buffer
Creating Text
Errorg
PriDtiog Conterts of Text Buffer
Iêaving the Edi tor
Writing Text out to File
Reailirg Text frcrn Fi le
fbe Current Line
Deleting Lines
Itoali fying fer(t
Context Sea rch ing
Change aûal Insert
MoviDg Text Àroundl
Sunmary of Cc.nlrands

r. rntroductioo Èo oxFoRD PÀscÀL

PÀSCÀL is a powerful high levê1 coûlputer languâge written by
Wirth of Zurich, S{itzerlanal. *
It cat be efficientLy inplsnented oô sna1l computers as
Iargê nainfranes, off€ring nunerous advântages over other
nicrocctrputer languages such as BÀSIC.
Scme of these advantages are:

ÀLml,-]ike block struc tur e

ueâDingful \rariable names

Pol{erfuI ala ta structuring techniques

User-alefineal ata tâ typês and coûstants

D(cellent function and subroutine linkage

Recur sive ca lls
Clean, Eodern floe of control

88
89
89
89
90
91
9l
91
93
93
95
96
97
98

Niklaus

well as
popular



RuntiDe error ch ecki ng

Dynanic variabLe a1locâ tion
creater stândaldi sa tion
tligh apeed of er<ecution

creater program 1e9i bi lity

o(FoRD PÀscÀL is an inpldrentation of sèânal,â rtl PÀscÀL tle signe(l
specially for nicroccatputerg. It offers all the featules of lhis
poserful language together eith soûe useful enhancslents for the
trËrsona I computer u9er.

The Ànstrad CP/tt version for the CPC6128 ând thê PCn256 haa two
mode s of operation, In the sinplest node the Pascal compiler
co-!esiales iô RAl{ nith the use!rs prograE. Ihis is ialeal for
leàrning tbe languagê o! lrliting sna1l prograrû6 rhich do not neeal
the disk, llost Pascal coîmratds âre availâble in this noile êxcêpt
those inl,olving diskette files, Fo! &ote conpl ex plograna the
disk-baseal cdnpiLer can be used to 9i \te the full poeer of the
language.

r PÀSCÀL OSER MÀNUÀL ÀXD REPORT B:' JENSBN ÀND WIRÎII
---springer-ve!1 âg 1975

s ome ihplenentation infornation

UÀXINT = 32767

type IiûAGAR = -32164. . .32767

type cxIÀR = the ÀscII set

get valuesi nust be in 0.,.I2?(ie set of char i6 allorrteal)

real numbera: accuracy! 6 L/2 digt|-s
range: aPprox 1E-38 to 1838

default output formats! integer : ? cbarâcters
real, I 12 d)aracters
tbolean : 6 characterg
char : I c*rârâcter
string : size of string

program size ând coNnpleraityt No restriction, apart frcrll er<ceeding
the totâL neoory 6pâci ty of the systa (STÀCr OVBRFLOI{ is printêal)



identifiers: first I ctrâlacters nÙst be lmiqrE

label6: firEt I aligi ts nust be uniqrE

Bxtettsions to standaral Pascal

Dynanic speci fica tioo of filerEnes
Input of sèrings
Her<adecinal nulbe rs and hex I/O
Bit manipulation
uachine languâge interfacê
tldory , port and VDU screen access
catchable I,/o errors
Rântlot nrnbe r geoerator
Program (ùâini ng
CP/M tli rectory naintenance
Separate cdrpi latior! ( 1iûkirlg )

II Beqinnerrs 6ride to Pascal

this section is a straightfodrârd introduction to scrne of the
features of Pascâ I.
PRODTTT DESCRI P'TIOI{

Your O(FORD PÀSCAL package contains the folloûing ite.ûs:

l.) this Mànuaf

2) A 3 inch disk containing the follcring files
PÀSCAL. @M the Resident Pascal conpiler
PÀS. @M The Disc Ccnpiler
PÀSERROR.IiISG The error nessage file
RUtl. @M Tbe Disc conpilerrs rùô titne packâge
LINK. Colit The LINKER
IOCÀTE. COl.t The LOCÀmR
PÀSSTS.LIB Library used by the LO@TOR
RECOVER. @lt Recovery progran for Pascal

1. Gettinq Started - Write Statemepts

ll€ assune that you have loaded CP/l as described in Àmstradrs
tlocumentation. In oraler to run OXtr'ORD PÀSCÀL you must re$ove the
CPlll tlisc âôd insert the Pascal ali€c. The screen shoutd display the
pr(ln pt



À>

1o run Pascal, just typê :

pa aca I
follo0ed by a €lriâge return.
llESSACB:

You sb oulal get the PÀS@I, SIGN-ON

g::::-:::3:
(c) OCSS 1985.

XXXX bytes free.
B(alit). R(un), C(@piIe), L(ist), T(rac€) ?

Iæt us start rigbt aray Titb a !,ery Eiople progradhing ex@ple:

E:aanplè I
Filst of â11 you nuEt enter the progiarn into èhe coùput er mdlory.
and this is done usiûg the EDImR. So type èhe letter 'e. (for
eAil), folloned by the carriage return key (rêfêrrèd to ln this
nanual as <retu!n>), the coùnputer should now respond with tbe
Irr cdrptl

Wbich neans that you âre in edit rnode.

Tbe editor has naDy poirerfuL commands, bu! to 9e! things moving we
nill start with just one. lvpe:

a <returD>

thaÈ is, the letter 'a. follor{etl by tbe return key. this tells the
Ccûlputer that you waDt to ÀPPEND lioes of program to the coûputer
nsnory. Check each line carefully before fiDally eDtering it into
the computer u€ing the retulD key. If you ûràke a nistake. you can
erase the last key you typetl by pressing th€ <DELE|IE> key. This,o!ks right q> to the time you finally press <REf,URN> for eâch line..Be especially carful about apelling and punctuation, and alcn't
forget that fùll stop at the end.

Ilere is lhe program :

begin
write
e nal.

( rEi there I )



nhên you bave fioished Èyping ir! tbe progrâD, type a lioe contaiDiDg
Jlrst a full stop !

. <leturn>

Thls slll 6l9naI to the ealitor that you hâE fini shed iosertlng
ter.t, artal you ahould once again get the eatitor plcmpt.

llor. tylæ :

q <return>

to quit the ealitor. thê c@puter sbould now priût the Pâscal pr(mpè

B(alit), R(un). C(cûpile), L(ist), T(race) ?

ÀIl you harre to alc to rulr your prograû is to type

r<!eturn>

If all goeE rell the computer gboulil reply rùlth sonething like the
fol lo*lttg:

copiling
Progra[ 0 0509
0 error( s )

CdpilaÈion complete, 5736 bytes free,

Do not worry about tbe aletâils. but $hat is happening is thât the
ctooputer is acanôitg your progran and converting it into a n@rêric
folD ithicb it cân efficiently er<ecute. (If you donrt 9et the
DeElrâge: '0 error(s)". then you probably natle a niatake ln typing.
Iou coulal try typing L <retu!n>' and startidg agaiDt),
Non the cdnputer should autcaûâtically nrn you! program, and print
the mêssage:

Hi there t

Once your plogran has been conpiled, it cao be ruô as many Èines as
you like by typing:

r<return>

Bach tlne the cqnputer should print:
gl therel

Now let us look at the progran in more detâil. the main body of a



Pascal prograo is âlrâya encloaetl beèreeD the rorals EGIN ànal Ef,D'
Èbe fiDal END nuat be follored by â full stop. Paacal progrùû5
clnaist of a geqrEnce of 'stat6ênt8' vhich are executd
seq(Entially iD tbe order they are vrltten. È.aDpl ê 1 baa one
stat4ent. a IIRITE stat€oent rbich tells the csputer to wrltê
EôoeÈhiog oû the screen, in Èhis câ ae tbe ûess.Ee 'Ii therel'the
object eDclosed in the aingle qrbtes la called a SIRING, anal nay
ctontaln any aegrænce of chârâcters et(cept <rêturn>, À14o, lf â
single g|.bte ia itseLf to be lncludeal in a string, it shoulal be
aloubled lp, $ thât Èhe Pâscal progrà!

begin
vrite ( rO'rBrien' ra stlingr)
enal.

eould cause tbe nêsgage

OrBrieôrE atring
to bê prlntetl on the acreen.

Exâpple 2

Other things cân be printed besiôes stringa. fry the follalôgprograr!. Vle raill use the €ame slepg as exople I but ,e Durt
reD€ube r to erase exanple 1 fr<m the ctillputer ltêmory. g1o typa!

k <return>

the cd[puter will agk :

Sure ?

Reply bitb :

y <!eturn>

to coofir that you rish to e!âse the prograr.

Àa bèfore. type i
e <rêturn> (to eDter the editor)
a <retu!n> (to appênd net' piogran liDeg)

nos type e:.aspl e 2 into the coltputer:



beqln
!.rite (3 + {, t
rrite (6 - 2 - L,
enal.

fol lcrred by

, <return> (to stop appending)
q <retu-rn> (to quit tbe editor)
! <return> (to c!ûpile and run the progrâù)

tlhen the proglalll is lun èhe c@puter shoultl plint

13
Ë(4lpl e 2 colrtain6 tflo statanenÈs, which ltust be separatêd by a
s€!ûic!loî. It has exôtrplès of INIBæR (trhole nurber) aritbDretic,

Now try the next exanpl e:

Braeple 3 trultipli.ration antl division
begin
nrite (6 r 7. 18 iliv 4, l8 noal 4, -14 + 2t ' 3l
end.

The cdnputer should print

1242-L8
In Pascal "t" neans nultiplication, DIv meaos itteger division (ie
rith rourding tor'alds zero), and "18 MoD 4" gi\,es the rsnainder nben
l8 is tti videil by 4.

Note hclr brâckets hâve been useal to drange the oraler of evaluating
-4 + 6, oÉ 2. This is because the ccmputer abes mul.tiplications and
divisions before it tbes aalditions aûtl subtractiong.

Àny nurnbe r of ieans can be printêd using a single WRIÎE stâtsneDt,
provided Èhat they are separated by c'otlllnas.

Exânple 4 fun ctions

begin
write (sqr (4 + 5t. abs (- 44), abs (44), odtl (3))
end.

The c\onputer sbould priDt

8l 44 44 TR(E

SQR' ÀBs and oDD ale câ1led 'functions'. Thete ale nany different



funct ions in Pâsca l.
SQR, follded by a nulbe r in tltackets' girrÈE tbe square of the
Duôbe r.

ÀEs gi\res the abBolute val{E of thê ûrnbêr.

oDD (3) is TRIE becâuse 3 is odd.

the last furction. oDD. gir,Bs a Boolêân' or logical result. that Ia
it caû either be TR(E or FÀLSE. Boolean !'àlues are used a lot in
Pascal sô 1et ua look at thdr nore cloaely.

Bxâriple 5 Boolean expressi ong

begin
sriteln (true. false. 3 = 31 3=4),
erite ( 3<> 4, 5<6,9 >=10);
enil.

Should printl

TRUE FÀLSE TRt'E FÀLSE

TRTE TRI'E PÀLSE

becausê: 3 is equal to itself
3 is not equâL to 4
et c.

= ûeaôs requal to'
< neâos 'Iess than'
> neâôs 'greater than'
>= DeâDs 'greater than or equal tô'
<= neaDs 'Iess than or equal to'
<> ûeans "noÈ equal to'

wRI TE[,N is like WRIÎE but also geûeratea a new llne after prlntlng
all Èhe \rallEs in brackets.



Exàlple 6 Booleao expreagi oos

Thesq caû get . blt coûplica teat, but the cuputêr evaluâtes tha
using Èhe ruleâ of logic.

bgi n
erite ((3 = 3) anal (3<5),(3 - 4) or (3>11))t
rrite (tot true, not !âlse. ûot (l - 2))t
enal.

Oi!ea the reaultr

IR(E TÀLSE FÀLSE TRTE ÎR(E

becâuae both (3 - 3) and(3<5) aie true
rEithe! (3 - {) nor (3>lI) are true
(1. - 2) is falsê eo Dot (I = 2) is lrue

"r and y' is TR[E if both r and y arè tRtE
"x or y' i9 ÎRUB if ei the! x or y (or both) àre ÎRIE
'oot x' is ÎR(E if x is FÀLSB, ând FALSE if x is TRUE.

Ch 2. PÀSCAL STÀÎEMENÎS

First a eord about s!'!ûbo ls. Tbese are the buitding blocks of pascal
programs, antl there ale three nain kinas:

1. Pascâl keltnolds, such as EGIN and END, whj.ch are reserveal anal
€nrt be àltered by the u6er. À coûplete list of theae is given in
the refêrence nanuâI, aectiolr 1.1,.

2. Special qanbolg auch as . ; := .. <> êtc.

3. Ialentifiers. sbich âre iarnès chosen by the user. ftey €n be
âny seqlEnce of lettêrs or digits, but must start iriÈh a letter.
For êxânpL e:

I
ItenrytheS th
PI

IiÀRNING Identifier6 are uniqrE only if they differ iô tbe first I
charactera, so thât HenrytheTth and ËenrytheSth are the aaûe
itlentifier ir OXFORD PÀSCÀL (and many other impl sn entâ ti ons ) .

tpper Câse letters are equivalent to their lcrer case couûterlErts
so that PI, pi and Pi are al.I syDonynous.

Scdle staôatàril ialeûtifiêrs such as WRIIc and WRIÎELN are preateclared
in erre ry versiod of Pascal.



lheae can bê reabfioeal by the uger, hoi ener (in contrâat to paacal
kêldorda ) .

IIIPORTÀNT Pâscal synbola can.t crontain iDbeddêd blanks. .Henry the
8th' is not the sàlre as 'EenlytheSth', and '30 000' is rot
equivalent to the o@ber 30000. ('30,000' Fould alsô be tllegâlr.
Note eapecially that '! -'cannot be used ioateaal of ':-'.
Thj.8 asidê, spâces, tâb6 aoil nèu lioes ûay occur ânlrirtlere in â
Paacâl prograD, ând ate igooreal.

Now we return to acloê actual eraùples of Paacal progrâûs,
Inalentation ia use(l by putti.ng apaces in fiont of certain Lines.
thia is optiorEl, but helps to ûake the progra[ clearer to hunâna,

Exapple ? Variables anal aasigonent.

\,ar x.y a integeri
begin

x.=3î V-27 t
irri teL n (x,y) t
x:=rli
yr=x+2?
nri te (x.y, x+y) t

enal,

Should print:

327
a 6 10

The \lÀR tleclâratioû coDes before the EEGIN, and inf olms thè co|trpilerthat the ialenÈifiers x and y âre .variables" which can tâke lnaegerval.ue5. Às the name implie6. \rariâbles can change in rra iue
throughout the execuÈion of tbe program. In Line 3, the irà lue of r<
is set to 3 and t.be \rdllE of y is set to 27. Iben later, x is setto ,l ând y is set tox+ 2. ot 4+2 -6. Notice that y:=!r+2 cluldalso have beear wtitlen settiDg y Lo 27 + 2 = 29. Variables can also
be de clarêal âs æOLEÀN aotl nany oÈher types besiales IIITBGER.

10



Erârple 8 repetltlon l8iDg .FOR' loopa.

var I : lnteger,
begtn

rrltelD ( rgolû9 qrr) tfor I r- !. tô 5 alo Yriteln (ilt
rrl teln ( rgolôg tbrDr),
for i 3- 5. aloento -l do rrltelÀ (i)t

êndl.

gboulal grint:

going down

The stat€oent follding the rfOR .. DO' (ir thiê câsê â tfRI IELN
stàtaeot ) is reFateal o[ce eith èâch \ra Lue of the \rariâble i.
Erapple f if'gtatoênts

\rar i: j.ntegêrt
begin

for i:= I to II alo
begio
rerite (itt
if odal (i) tber rrlteln (' is odal')
elsè rlltêln (' iE ênen') t

enal
end.

Itrê reaul-t shoulal bê3

I is odd
2 ia er,êo
3 is oald
I ig even
5 ie ôital

goirg rp
L
2
3
1
5

5
{
3
2
I
0
-l

11



6 is eren
? ls odd
I is e\ren
9 ts oatd

l0 is ev€ o
lI is oald

'if'stat{enta gine the csputer â droic€ of tt{o stataents to ilc.
depenali ng oD the vallE of the Boolean exptes!,ion. (Remabei. Boolêan
€r(preEsiona ôaû eithe! be TRIE or FÀLSE). Ihe 'else' part of a
oonalitionâl stat€lent is optlorEl but --û.IPORÎÀNT-- 'elae' is nevel
preceded by a Eeni-@loD.

flre wRITa aûal IP statdentE in out e'a@ple are encloÊeil iD
EGIil...END to eâke thd âct aa a aingle statanent to be relEateil bV
lhe POR Loop,

Exahple l0 finding the average

Thia êxanple introduces keyboaral input, ard â more general aro rt of
loop.

\Iar total, count, x : integêli
begin

total:=0t count: =0;
write (rÎype some nurntErsr r)t
repêat.

lead (x) t
totâl:_total+x,
if r>0 then coun t: =count+l t

unti L x=0 t
,ri teln (rThe average iE' totâVc.ouDt ) t

eiral.

llhen you run thi6 progrâm. the conputer shoulal invite you to tyIE a
seri.es of numbers. Try typiDg:

3 17 5 I99 0 <retutn>

The conputer should reply with

the average is 6.350008+01

the Btat€ment read (x) tella the conputer to accept an integer frcm
the keyboard anil place its valrF in the vôriable x. If you typê
sonething the cldlputer cbesnrt rec.ogni se as âû integer, you rnight
9el the nessage

INTBER REÀD ERROR line 6

'12



anal the prograD till telDirEte.

the .,/' operator gives alivislon trith a floating point, or REàL
resulÈ (*hereaa DIV givea an integer resul.t). ore about REAL
ârithnêtlc lâter.
Îbê 'real' ôunbêr wâs printed io 'aciettific' ûotatlot. ehich eill
be fâûiliar to nany calculator use!8. lhê nu[bêr follding the 'E'
le!)rèsenta a poeer of 10, 8o that 6.35 E+oI tealls 15.35 (tltèê 10 to
the power of +l) or 63.5.

The printing fodrat qan be ôânged to rrake it nore legible by
speci fying the totâL nuDbêr of cùarâctera you voulal like printeal and
the numbe r of digièE after the decitâl lbint. (Rouniling j.E ab ne
autcoâti cally) . thus 3

wliteln ('Îhê ârrêragê lsr, total/couDt 3 10 : 3)

noulal have prLnÈêd

' The a\re rage iE 63.500

the rûnbe r ls priôted eltb a leaillng blanks to gi rrê the lo-dralacter
field you specl fl ed,

The rretrEat'...'uotil' loop Eioply er<ecuteg the enclosetl stateoenta
tntil tJre @Dalition at the enal turns ouÈ to be ÎR(E. Iû our €t ânple
thê loop is tèrûlDateil when a zelo is read frd the keyboaral.

gxâpDle 11 Cage stateoent

thi6 êxârple introaluces a slightly Dore elaborate r.ay of choosing
one of s€\rral sta t€nent s:

!â!verse,irinteger;
begin

for !Èrse:=l to 4 do
begin

wri teln t
for i := verse downto 0 do

ca se i of
3: wri Èeln( 'three men' ) i
2: Yriteln( rtt o nenr ) t
1: writeln( rone rianr) i
0 : rri teln ( | antl his alrg' )

ênal
end

enal.

this should result in the plintouts
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otte !tal'
ând his

tt'o &en
one ltan
aûal his

ib9

&g
thrêe nen

-,,. tlro men
one matl
and his atrg
CÀ SE ERROR line ?

The error nessage tras caus eal be<âuse in the 1asÈ verse i becone6 {
and thère ie no cbrresponding 1àbe1 iô tbe CàSE statênent.
case labels can also be c.oùlbinêd, for example

4,5,5 : writeln ( rMâny ment) t

À note on error messàqes
fhe 'EÀSB ERRÔR' message is called a 'runtime' error nessage because
it occurs while the program is actually running. There ale se\teral
such messages lrhich you may encounter (see section 8).

By nos you nay have started to experiment eith your oùtn prograns'
{This is probably the best itay of finding out whÀt is and is not
poê6ible in Pascâl). If so. you will sooner or late! get one of the
conpiler's erro! messages. This nay also happen if you nake a
!ûistakè in typing one of the e<ànples. The sinple program

tàr x I boolean;
x: iût êgeli

begin
read (x);
write (x)

end.

would cause the folloning message during compilation:

compiling
---nROR type 46 Line 2 neêr x
. . .IDENTI FI R DECI,ÀRED lli ICE
program 0 050d
I error(s )
Conrpilation conplete.

The error number given rras 46. fbere are over 100 possible errorst
ând so an âppropriate message is selecteal by the c.ompiler from a
disk file (PÀSERROR. MSG), in tbj.s câse: "Iiientifier aleclared trricei.
Referling to the secooal line of the prograln. thatrs êxactly iahat we

11



ba\re done.

IOTE---the lioe nuobe r ûay 6onetine6 be out by 1 line o! er,en nore,
tleF naling on hon 1on9 Èhê coiûpiler Deeded to abtect the error.

lyping 'L' in lespoûse to the prcmptr

E(dit), R(un), C(c.rpil.e). L(isÈ), 1(râce) ?

gives a listing of the program as rreLl as corûpiling it. AII tjte line
nunbers anal errors ale narked. In ou! era ûrple:

1 var :. :booleani
2 x <- ERROR 46

..IDENTIFIER DÉCLÀRED rti ICE
2 x : inlegeri
3 be gi.
4 lead (x) i
5 nrite (x)
6 end.

ltle full lersi on of line 2 is retyped unabrneath the elroa leport.
the canputer lriLL not 1et you run a progran if there ale any
cenpi 1e! errors.

Co!!ectinq erlors
This can be done usiag the editor, lrithout haviog to retype the
nhole program. To correct tbe sna11 exaûplê above you might typel

e <rêtur n>

to get into the ealitor, Then

2d <return>

to deleee line 2. Now ve cân look at the r.holê program bV typing

I ,$p <leturn>

This will List lines I through S (ç neans the last liôe in the
progran) :

rla r x : boolean
begin

reaal (x);
tùri te (x)

end.

Line 1 is still irrong. tfe nant to read and write integer, 6o r{è type

15



I <return>

to 90 anal di apl ay line l. then thê coDartl

s,/boolêâô,/inte9êr/ <retur D>

nakes the Bubstitution and retypea tbe IiDe.

l,$p <rèturn> ahdrltl nor print the corleqt rrêraioô of the proglaD.
!.ar x a integert
begin

rèâd (x) t
rrri te (x)

ena.

Nor Èo quit the editor and iun thè prograD all !'e neett to do i9
type!

q <retur n>
r <return>

the prograo aloeantt alo ûuch, just reads a ntûber fr@ Èhe keyboard
aôd priDt5 it out again.

For a more clnplete explanation of hc', tbe eali tor t orhs, see the
separla te editor rDanual. Àlso seê the coomantl surlary (secti.oD ?)t
ihich eraplâios hd to toad ana sa \re yoùt Pascal plograû ôn aliskette.

WHILE €tatêûeût

TheÈe is another gort of loop in Pascal, besiilee RBPEAT and POR
loops.

Thê tlErÉB stàtdrent is like the REPEÀ! statdnent er<cept Èhat thê
test is tlone at the beginning of che loop (so that the loop neetl not
be executeal at aLl). Àlso' like the FOR loop oô1y one atatsnent may
be repealed (or a seqræ ûce of stâtslents ênclosed in EEGIN anal END).

E<anple:

i:=lt
rhllei<=5tlo

begin
wriÈeln (i l t
i: =i+I,

enal t

naE the sânê effêct â6

for i?=I to 5 tlo nriteln (i)t

16



3. uole ab-ort data tvpes in Paacal

D.drplê 12 - Floatiûg poin! !r8bers.

begiû
rriteln (3,3. 33.0, 330.0. 0.33) t
rgii teln ( -3 . 3 83 , 3 . 3 9-1 . 4.5 +2 .I )

enal.

the coùtrpute! shoulal print

3.300008+00 3.30000E+01 3.300008+02 3.300008-01
-3.300008+03 3.300008-01 6.6 0 000E+00

Tlre preserce of either a alecinal point or an exponeDt (the 'En part)
in a lturnbê r tells Pascâ1 to trêat it as a floating point or a RBÀL
number.

3.393 nearls 3.3 times (I0 to the porer of 3)
lû otheÈ norals 3.3 x (10x10x10) or 3300

Floating point nunrbe rs iû Pascal ha\r€ ân accuracy of 6 L/2 digiEs
ând nay range in slze fr@ about 18-38 to 1838. In contrast to
inÈege!, you shoulal not erapèct Pascal real arithmetic to be exact.
This heans. for exanple, tJlat 4.0 nay j.n fact be printed as
3.999999. À1so, you carrt rely on testing real dumbe rs fo. equality,
2.0 + 2.0 = 4.0 Day not always be true!

-xample l3 fIoâtin9 point arilhnetic
rra r x. y: reali
bè9in

v ,: o 1 .
y:= 8.?t
eriteln (x+y: 7.2, x-y. ? 12, ,.tyr 7.2, x/y2 112, i
$ritelr (sqr (x, 2 7.2. sqrt (x):7:2' abs (xr.7.2ri
nriÈe (trunc (x), trurc (y), round (x)' tound (y))i

end.

should print:

17.80 0.40 79.17 1.05
82.81 3.0 2 9.10

9899
Wê havê alreaaly Inet +, -, t anô /. Ihey âre ùsed to mean addition,
subtraction, nultipliôtion antl floating point division (DIV neâns
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intege! ilivlglon. DIv âDd MoD Ehouldn't be nsed nith ieaLE).

SOR (x) neana the gqûare of X
SQRT (X) Deâns the squâre root of x
ÀBs (x) gi\rea the absolute talrE of x
TRtNc (x) gives the integer (ehole nrDber) pârt of x
ROûID (X) rounds X to thê nearest iDteger.

S'@ê otbêr ugeful Dathgratlcal fùnctiona are

SIN (x) 9ive5 the sioe of x (x is in radlâns)
@S (x) gi\res the æsine of x (x is in raalialls )
ÀRclÀN (x) gives the angle ehose tângetlt ia x (io ratliaos ]
IÀ (x) gives the nâ tural lôga ri thn (bâae e) of x (for x > 0)
EXP (X) givee the nunbe r e raiEetl to thê xth pone!.

I raalian = 57.29578 degrèes

e= 2.71828I

Exâltple 14 Output foloatling, cûo6tant8.

i anpl i lutle t
+ anpl itude ) t

end.

The program thould prioÈ an aûpl. i tuale - eodulated sine wa\re.

progrâm wa\têai
@nst f1 = 0.5r f2 = 0.05t
vâr xi., x2, y :leali
be gi rl

xl .=0 i ,a2 :=0 t
re IEa t
xl. :=xl + flt
\2.=tQ, + f2,
y:t6in (xl) r sin (x2)
wri teln (txr. rouna (y)
r.ntti I falset

apl itude - 19 t

Becaùse of the REPEÀî.. (NÎIL FÀLSE loop,
printitg alnost fore'Jer (at lêast ûrtil xl
One way of sÈopping it would be tô tuln
alid that you eoulil lose the progran. À
press the ESCÀPE key.
The c.oùtrputer ahould print:

ER EÀK À1 LINE xxxxxx

é<drple 14 trill coûtinue
or x2 becomes too Largêt)

off the pocer, but if you
better itay is sitrply to

whele xxxxxx is the line it happeoed to be erêcutiog shen you
pressed ESCÀPE. (If this doesn.t hôppen, try âgaiû)

18



thê .Progrâ[' header ia optional in OXFORD PÀSCÀL aDal in this caseginply aerrre s to gi\/ê the progra.û â nâme, I{ÀVE S. 'lte nane has Do
aigni ficarcê to èhe ctonputert itrs merely there as an aial to
alocuûentatioo.

Àny tent encloEetl be ttreen the lEirs of qrmbols (r and r) iE also
ignored by tbe 6ûpi1êr. this facility can be used to vrite c\oûneût s
rùhich heLp huhan reaalers to r.!rabrEtaDal the program. Constanla.
inttoiluced by the ket roral CONSl, are values which don.t change
th roughout the progran. It ia an error to uÉre a cenatânt oD tbe left
of aa aasignDent statdent or as â paraheter in the REÀD statsrent.

'CONST' alêclarations are useful for giving oa[e6 to special vâlues(for ex rple PI = 3,I{15926), antl they nakê the progran easier to
cbangê later. Try qsing the editor to alter tbe freqtEncies fl and
f2 and the aepl itude Èo gi tre different wvae patterns iû exalple 14.

Note bcir the progrân uses a field ridth speci fica tion (a colon
folldted by an integer \ràlue ) to tell the clmputêr hcir many
charadÈerE to alloclate Co the 'x' wben prinling. If too nany
characters are asked for, enough spâces arê printed to make q) the
tlifference. If not enough aie a6ked fo!. Èhe string is truncated on
t-he right, for exaûpl e

wri te (rHi thêrer t5)

vould print:

Hi tb

lluDelic vallres. hdever, are alnays printeal in ful.l erJelt if too fer
drâracters are speci fi ed.

Bxaûple 15 cra pt! ics

\,âr line. i: intege ri
begin

paget
for liôe:=l to 1,6 do
for i:=l to 64 do
if odd (i) then write (ch!(143))
else ûri te( cb r( 143 ) )

e nd.

This should fill the screen with a pattern. CHÀRÀCIERS in Pascal are
strings of length I, for exanple3

,xr ,?l
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the!' bèlong to the ab tâ tlrlE !Char', which haa I28 possible \ralæa
ln oxFoRD PÀSCAL, arreapondlog to the ÀSCII charâcÈer aet.

Tlre fErction oral (ch) girres tbe ÀSCII integer clde (beùreen 0 àn(l
L27, tor the draracter cb, rhile drr (x) gives the draracter
representêal by the integer ,.. So olal (r?'l-63 antl correspondingly
drr(53)-r?r.
II)TE - tùe O{FORO PÀSCÀL dÀ tâ typê 'char' has been exèendeal to the
rangê 0..255 to âLld the graÈics font on certain couputers to bê
uaetl. ll0 srEh charaqterE rêre useal in the progran âbo rre. Try
*riting prograns to gi \re aliffereDt IIdtterne, using the âtrailablê
cùaractera oD your Dachioe.

the atàtqent PÀGE siDply cleara tbe vdu gcreèn.

Elg4Plgjli Àrlays

sqrpose you sâDted to reâd irt sone nuDbe rs anal print th{ out in
rer,erae order. You woultl have to store the nutbers Eomgbere t€cause
you canrt stârt printiDg urtil the laat nr.ûlber haa been reàal. If you
ktert that there rere alsays goirg to be three rralues, you could
wri te:

!a! x1 , x2, x3 lirteger;
bgi n

t'rite (rType 3 nunbers: r)i
reaal (xl , x2, \3) |
triteln (x3 ) t
rriteln (x2 ) t
rri tel.n (rd ) t

enal.

But for 50 valuès this nould get a bit tedious !

The answer is tô rrse àn

congt n=3 t
\Iarr!ârraylI..nl

i. : intege r;
begin

wlite (rType r.
for i:-l to û do
for it=n tlowtto

entl.

Rllnning tbe program ânal
46 3 79 980

array \,.ariable:

of iûtege ri

n:I, I numbera: r),
reaal (xlil)t

I do ,riteln (x[it)t

typing the dâtâ!

20



should gi ve the reaultr

The abclaration of x really declares n variables which cao be
referretl co by giving an inder< in squâle brackets. the elslents of
the array x are thus xtll' xl2l' ...., xlrtl.
the cEnstaût n ras rrll eal so that the nurBbe r of \ralùes read in by the
progran can easily be changed by altering just one 1ine.

Àrray elslents cab be any i/alid Pascal tla tâ type, including another
ârray. Thi6 al1cirs two alimensional (or indleed any dineosional)
arrays, anal a che6sboaral for er( dlpl e nay be represeoteal as,

\ra! cheesboard: array lI..8l of array tL,.8l of clresspiecet

llhere chesspiece is soûlê suitable da ta type, probably a user abfineal
tyIE (no!e about this later). The 5th square of the 3rd row of the
ctressboard could then be referred to a6l

Chessboald [3] [51

Bêcàrrlie arlays of arrays are useal ofteû in Pascal plograms, the
abbreviation 'cbessboard I3,51 " is allæed, and similarly in the
aleclaration:

var chessboaÈd : array [L,8. L.8l of chesspiecet

This can be extenaied to arrays of any diiletsion.

Defininq y('rr own alata type

None of the tla ta tylEs so far neôtioDed (integer, real, booleao, or
even châr) rroulal be really suitable for aiescribing a piece on a
ctreasboald, so Pascal lets you alèfine your own. This may be alo ne in
a ÎYPE DECr,ÀRÀTIOII, for example:

type dresspiece = (pawD. knight, bi shop, rook, qrEen, king)t
Then a \rariable of q/ pe OTESSPIBCE could take aûy of tbese si:a
na 1 [€ € , f or e-t< anpl et

980
79

463
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var mlIri ec.e, your pi eces dtegspiece
begin

:
mypi ece : - rook ;
yôu! pi eCe ! =qræ e n i

Type declarâtioos cotle after conalant decLâratioDs aad before
\.ariable declarations. The ialentifiers u8ed in aû renrûerateal| ala tâ
tyF like Cn EssPI DcE tlust be ùriqrE. Èhey cânrt appeâ! in other
enuûrerateal typeg or bê abclâred âa constants or t.ariàbles.
Bntmerated tylEs are orale real so Èhât ou! dreEs plêces can be
colrira real using =, > etc:

ki ng>qrEen
qrEen>rook

ândl lro oir:

Tbrèe functions are âlso iiêfined: PRED, s(fc antl oRD

pred (r) giv€s the \ra llE preceealing x
Eucc (x) gives the talue succeeding x
oril (x) gives the posi tion of x within the da tâ type.

(starting witb pavn . 0)
so pred (bishop) = knight

succ (!ook) = qlEen
but pred (parn) and succ(king) are both nèaningless

ord (kûight ) = I
ord (rook) = 3, anal so on.
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Exanple I? The ai erre of Bratosthenea.

thia prograD flnds rnal prlnts all the prlre DlDbera bêtreen 2 and
L27 .

lEograD Brâtoatheræai
@r!rt n-127,
tÀr aleG , aet of 2..nt

nuûbe a. i r inèêgeri
begi D

si ete := [ 2. . td.t
for nuûbe! !r 2 to n alo if nuDbê r in si erre then
bgt n
rli teLÀ (DlEbê! ) ,
for I :- 2 to n dle rrDber alc

cl ele :- ai e\È - [irDuûberl t
endt

€nd.

A prlae nrDb.! ls alivlaible only ti' ttsetf aDd l. ou! 'sie\re. useal
for flnalng the prLDe ôrûber€, Is a new Èype of lraliablê calleat a
SEl tra rlâble.
Seèg lo Pâscal âre coltectioos of objects enclosed in squâre
brâckets. Either an obJect iê in a set or it is not, 5o

1L,2 ,31
12,3,rt

aDil II,1,3,3,21 are all eguivalent.

Tbe âbreviation x..y iû a set means âIL the itqns bêtt'êen x antl y
iDclugive, so

tr..4, 101 = tr,2,3.4. r0l
lle ,1r n test nhether an its! is in a set by using the operator IN.
ThuE '4 in t1..51' rJi1l give the Boolêan result: IRUE.

The type of a set câô be aôy scalar type (ie not an array o! a set)
sac€ pt REÀL. VallÈs are restricteal to the range 0..127 (so rset of
drar i is acceptable ) .

Now bâck to our ai ere program. Startiag rrith the nlrtlber 2 and
worki n9 l4)uarals, if a nlnber is stil.l in the si eve then it,6 aprilre. lfe sinply el ùnina te all multiptes of that ôurber fron the
si eve because Chetr âre not prine. Opèrations alloreal on two 6ets x
and y are:

x + y thich gives the set of âll itas pleaent. in elther x o!y or bo th.
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x - y rhich giveE all ièos in x whic-tr are not also in y.

r r y glves all lt€rs preaert iô x ànal Âlso present io y.

x = y testg lf tro aeta âre equal

x<>y teêts if Ëro getg ale ûc, t equal.

r<.y tests lf àll 1t4E in x â!e âlso in y.

x>=y teats if all iÈens in y are also in x.

{. Proceaù.rrea ana! functiotlg
t-xaùqËT6-;î6é4illeg

ttâ r ch3 càar;
procealur e li.neof (rotgit schar)t

var ir integert
begin

for i:=I to 30 do eritè (rotslt)t
wri telD t

endt (r of proc.ealurê rlineof' r)
begin (r of rain prograrn r)

Iineof ( '?') ;
rii èeln t
for chr= rar to rfr tio lineof (ch)t

end.

you dorrt nêêil to type the cemnenta (* ....) if you alon't want Èo.
These are there to help explain the progrân.

The cbmputer should print:
??2?22

aaaaââ ..........
bbbbbb ..........
cccccc ..........
dddatdd ..........
eêeeee .....,....
ffffff ..........

Procedurèa Àre usetl to separate secCions of cDtle frcm the nain
progriû, either to make what the program &es clêarer by divitlirg it
tp fut!dtiona1ly, or to aIlc', the sane coale to be "câ1lêd' frcûl
various parts of the progran. The procedure rLineofn hàs à PÀRÀUEIER
"irotsit' (which takes lhe d,a ta type CflÀR). tvhen Lineof is caIIed it
nus t be follqred by a cgrresponaling àctual parâûetêr in brackets.
Then 'Iinêof" ginply writeg a Line of wotsitrs on the screeo.
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If a proc\ealùre has no [Erameter then the blackets are cûitted. the
rrariâble I is rlocalr to the proc€atur e lineof, the main progrâo
aloean't know about it. Edrever lineof could if ne ces!,a ry accegg the
'globalr valiabLe ot. using locâ1 rrariablês helps conserrè sÈorâgê,gince thei' are dest royed wben the procealu! e fioishes. Pro c\ealur es are
leally ûlni-progra$s in thêir oryn right. They cân hârre thêir own
constânt anal ila ta tytrre ateclarations ând evên their o('n procealures,

'llolslf is cal.Ied a VÀL(D parâmèter be€use a \ra lue is substituted
for it when the procedure ls called. Lineof cbuld châûge the \ra lue
of rotsit without âffecting the nain proglam. IÀRIÀBLE pârametêrs on
the other hanal are substituted nith \râriables then the procedure ia
câ11êd.
Exa'ttrple l9 variable pa rameters

\Iar x,y : integer;
procrealurê srap (var arb : integer)t

vàr tarp: intege ri
begin

tdnP: =a t
a:=bi
b:=t€op,

enali
begin

\.r-1i yr=77,
t'Èl teln (x,y) t
arap (x,y) t
wli teln (x,y) t

enal.

this should give the result
477

774
Note that it is alrighÈ to have Local \rariables, censtanls aod
pâratneters with the same nânres used in lhe main program. For e)<anplê

procredure grap (var xry : integer)i
The cuputer ùtontt 9et c.onfused (bu! you mightt). fhe lrariable
parametêts à anal b are used by sllÀP as a meâns of retulning a result
to t'he nain progran. Àûothèr way of returning a \ralue is to alefine a
fun ct i on.
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B.a.!ple 20 Defintng a functlon

mr I ! lntegert
furction eube (r t lnteger, . Lûtege4

begiû

cube !- xr x.xt
eûalt

begin
for i3- I to 20 do rrlèeln (iThe cube of I,

L z 2tt let t qube (ir),
ena.

Tbe ltrograù thonlal priot solre nrtbera aôal their cubê s. Àpâlt frcû
h.vltg to specl fy â relurn tâlræ. functLona are Just. llke
prooedureg,

BralDle 2l Recur ai on

À recu! si \re furction o! proceilule is one that calla ltself. U8L trg
reculalon caD Elve neat aolutions to n iral-be nau nE ploblgla like the
'14ers of EaDoi'. In thts rell lsrown puzrle. there are thlee piles
of disca. îo start rlth plle6 2 ânal 3 âre 6pty, .ntl tbe fltst plle
hâs a nrDbe r of disca atàckeil ln order of ai.e, aallest at the top.
The gâDe is to get aII the ali aqa in the aare orale r (oâllest on top)
orre r to the 3 ral pile, novi ng oDly oDe at a tlûe, rlth Do alisc e\rer
resting or! a sûâllêr iliBc.
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plogrâ-ltl Eanoi t
va! nali SCAI integelt
proc\èalur e tlo\re (nou!ce, alestn, spare: 1..3i n,intege!)t
begin

if D>l tben morre (sourqe, spare, tbsÈr. n-1)t
writeln(tl|ovitrg frcûrr, soulce: 2. I to r. ilestn | 2)t
lf a>I thên no\re (spare, destn, sou!c€, n-I) t

enô;
be 9i t!write (rEcrr eany digcs ? r);

read (ntli sca ) t
rùli telnt
no\æ ( 1.3,2,ntliscs ) t

enal.

Moving oDe di.Ec is trivial To move o discs rre first rlo\re the(n-I) to the 6pâre pile antl ther dorrê the bottd[ oôe. ?heô the(n-l' are notæd using the sane techniqlE.

top
top

Recurslve prograttrs ârê not alrays the nost efficient, though. They
tend to gobble ùp menory beaâulie the c\onput er has to save the
valiables foi each câIl on the stack. If you nake ndiscs too largê
tbe cbmputer nill run out of memory and print SÎÀCK OVERFLO{ -- line
xxxx. the êane will happen if you aleclare more variables in a
ptoglan then you have rlrdrory available, or if you try to cEnpile too
largê a progran.

lext Files

1è.t( t files are speciâl Pâscal yàriables having the da ta type TEXT
r'hich are easentially stleans of characters with no fixed size.
Three are preassigned in OXIDRD PÀSCÀÛ. ilnput' ând 'output. are
associatêal noEnâIIy with the keyboard and the VDU dispLay
respectively. 'Printer', which is not stanalard Pascal, c\orrêspondg
to the CP,/U list devic.e.

By default, nlnput" i5 inplied in REÀD, RBÀDLN, EDLN aûd EOF and
"Output" is implied in wRIlE, WRIÎELN and pÀcE. So for etarnple,

mF is really short for EOF (INPltT )
IYRI ÎELN (rHi!') is really 6horÈ for tfRI tEl,tf (OtlTPUt. 'Hi!')

Each textfiLe has aô associated buffer riable of type CflÀR (the
file nane follcrred by an upr,ârd arrow). for example: input_.

The procealu! e ca 11:

get (iDput) reads thê next character frdr the keyboârd and puts
it in the vâriable input ^.

prt (output) rri tes the @ntents of output ^ to the vDU. So if Xis a draracter va ri able,
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reatl (x) la equlvaleDt to r :'input^i get (ioputt
trite (x) ls equivalent to output ^ :=xr tnrt (output 

'
N€rtllDea ar€ apeciàl drâracters in textfilea. WheD a flle buffer
contâ lns oDê, âssigDbentg Ilke

x := lDput ^

nlll set x to a apace, Àlso. tbe enil of Lioe function EOLN *ill
rêturn IRUE.

REÀDLN i3 like REÀD but afterrarala skipB to the bêginniôg of the
oext lloe by ibing:

whlle Dot eoln ito get (tnput)t
get (input ),

this is arkrard for interacèive prograûs becâuse the Dext line of
input rnwt b typed before the prograû can proceeal. since input - is
suppoaed to @ntain the first draracter of the nert llne. It's
hetter to use REÀD aoal skip aûy leaaling spaces before you reàtl the
ûext vahE. (lhi8 is ilo De irhen reaaling nrûeric vâllæa ânyway).

Initially r.hen the prograo ls run, input ^ contains thê rewline you
typeat aÈ the eDd of the .RON r colln.rndl.

Exanple 22 gtripq8

plogran rerrroralgi
@n6t 1iôesi.ze = 6{;
tltpe striDg?âcked array Il..LImSIZEl of chart
var woral:stringt

nchars. i : integert
procealur è ski pblanks t

begin irhile (iûput^ = . .) aDd not eotn do
9et (ioput ) endt

proc€dur e É.nap (var s.string;l,j:integer)i
!ar tsnp: chart
begin

terp:=slilt
stilr=stJlt
sl J l:=t€dP'

enali

bgin
repe!t if eoln then reâdlr!t

ski pblankst
while not eolû ab

begi t
ncàa!s!'0,
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t.lEl t
rrhar!r {cba!!+l t
rerd (rord lDchrrsl, t

rDill lttput' - ' 
"fo! l!-l to rcbâra allv 2 do

tâp (roral,l,Dchara -i+l) t
vllte (rordrnchâra' I r) t

end,
rrl tel D,
vll teln,

lflÈll fal8e
enal.

The progrâ! reâala rorda .ntl erltea tha out Tith the letters
retÉlaeal. Po! qaaple

ldâry had a llttle lab <reÈu!n>
roulal prlnt

yrâll atah â elttil toâl

1o atop tbe prograû, hlt <escape>.

Strlngs of glre n irt Paacal àie Èreatêd as 'packed array [l..nl of
châ!'. Pacted alrayÊ are llke olalinary arrays but are c@presged to
optiDire storâge. Pactèal ârray ELE{EMS câart be used alirectly aa
'!rÀR - tlraûetera (but rhole arrayg can, ag In the er(dple,.
Eaaplea of atriûg olæratlons ir PâEcaI:

var atr: Facketl alray [I..41 of ctrâlt
be 9i r!

9t!!'r rhen I i
rri telo (st!>rwbatr)

entl,

Hould print TRIE becâuae 'rhen' is greater than 'nhat,(Lêr(ograph ica lly, i. e. ali ctiorE ry orale! ) .

5. ÀflvanqeA features

!I!!P!9--?3 Records

Prograh cI ockt
ct)nat (blay = 500; (r approx. for Tri.ton r)
var i: intege rt

ci,ock: record
hou!s! 0..23 tninutes, seconds :0..59i

enalt
begin

srite (tEnter the tine. in houls .liautes aeclnila : ')i
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leaal (clock. houls, clock. ûinutes' cl ock. 8ec!ûalB l,
,ith cl ock atc retEât

for l!- I to atel aI & ('rbthiagrt t
se6ntlB, -( sêænds + l) Dod 60,
lf se@nds-o thêo
begin

ûinutes!-( ûiûutea+l) nod 60t
if nirutea-O Èhen

hour s: =( hou!8+1) Dod 24t
en'li

rti teln (hou! s,1, i lt,Dinute6:1'r:r,aecoods3I) i
until falaet

end.

The progran thould print out the tlne rougbLy êttery Eecond. for
era ânpl e!

EDter the Èine' io hours Dlnutea secontla r I 39 56

should priot:

Records âre a way of c@biDing se\Èral @nce[Êually related
varlâbles lnto ore gtructuie. lbe recoral cân then be t!êated as a
rhole or the parls can be accessed inilividuâlly ll3ing the al'r t
no ti on.

The wIIg..æ Btat€oent tells the conputer go t.eat the eloents of
'clock' aa though thely were locally al,ef i neal inalivtdual \rariablês for
that stat€rûent, ieûoving thê need for therclock.r prefix.

Recortl eldleûlg can be any type (for e,aanple other recorals or
ârrays), âod in aaldi tion an optionàl 'variaûÈ'part is allc.red (see
referênce Dânual ) .

I ! 39 r 5?
I ! 39 r 58
I . 39 : 59
l:40: 0

etc
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Erâpple 24 Irointerg

\Erp.q,-itrtegert
begir

ner (p)t rElr (q) tp^ :-3i
q^ :'{t
Yli te (p^,q-) t

êrid.

shoulil prlnt

3,1
the r.àrlables p antl q are oot lttegera but rpointels' to Lnteger
r.aliables. the actuâl spacê for the variables to be storeal at is
crenteal iilyraûically' (in oÈher trorils thile Èhe prograE ls runnirlg'
by the procealule NEW. thts allds proqrans to cleate rrariabLes as
requireal. À najo! use of lDlntels is in proc€sslng lillkeat lists:

-xâpple 25 RelerEing a line of châlactera using E list

program rêvchalEt
qrpe itdlrolntera=^ iè€lr t

it€rt - recoral
vâllE: chart
rer.t: iteùIDl,ôtêr

eoAt
var liat. p! ltapointert
begin

Iist.-niIt
rêFat

Dew (p) t
rêaal (p-.lÀhE ) t
p^, Irextr -list;
L i st: -p,

until eolû t
repèa t

9ri te (p^.\râù.E ) t
P!=p-tôextir&til p.ni Lt

eod.

The inputr l{âry bâd â little larlb.

Should give the rêaul-tr hal elttil â ilab yralt

This prograû ilefines a reco rtl contalning a pointèr to itaelf.
recureive tlefirlition). Linked lists 9i \,e ve !y fl€r(ible atolage
you ha\re to keep careful track of tbat points to ehat.

(À
but
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tn stantl,aral PÀacal the procedure DI SPOSE (P, rel4âes the atorage
asaigneal to the tbioter p' .nal caû be ns eal vhen p^ ia no longer
Dèêdêat.

In OXPORD RBSI DBIùT PÀSCàL, aU 8ltose has Do effect. (Bo3e!er, iè ls
usuâIly possibte for plograûa tbaaeL!,e6 to ltpLaeût saùe sort of
'free list' of unrànted ltaa). The Pâscàl lnêyitold 'olI' is â
pointer val,ræ ebich polnts to 'lo vàriâble.

Erâ[ple 26 '9oto' atate$eDèa

lâbel 2 94, 33;
ùegln

33. nrlteln ('lhis should be printed')t
qoto 29{i

n.lteln ( rÎhi6 thoultln Itr) t
2943 vriteln ('Stuch in a loopr)t

9o to 33
eoal.

this aboulal priûtl

Thi6
Stuck
Thi s
Stuck
ê Cc.

sb oulil be prioèed
in a loop

ahould be pr i nt eat
in a loop

'l.abels' used rith goto stâtaents nust be integels anil thoultl bê
declared before @natatès' ala ta types and variables. @10'S Ehould
be avoiiied where posaible becâuse lhey destroy the structure of the
prograD. À conooo uge, hdegerr la for rdisagter'erits frcn nested
procedures or statgrents. Jtûping INIO e loop or a proc€ature till
cause urpredictable reEults.

ExÈetraions to stàndaral Pa6cal

These aie described in the reference nanual, aections 10. one usèful
proc€ilur e is vDu:

)2



Example 27 'poking'the vdu screen

rBr i: intege rt
bgio paget

for i:-I to 40 do vdu (i mod 4'i,'xr)t
enal.

This shoultl proaluce a pâttelD of x's ot Che Ecreen. \rdu (i,jrch)
stores lhe draracter ch at lo!' i. c\olurnn j.
Rddnbèr, PÀGB cleârs the \rDU screen

6. Disk basetl operation

So far this nanual has teen concerned only wiÈh using the resident
cupiler, rhicb is alr.ays in RÀM. while this nay provide an ideal
envilonûent for learning Pascâ1. it necEssarily restricts the nrnnbe r
of commands available, and the spac'e renaining for use! programs.

Às you becqte fâmiliar eilh Pa6cal.' you will probabl"y rrant to r,rti te
larger prograûs. Using the disk_based compiLer and linker, Pascal
programs of thousands of lines rnay tie run, and this nay be extended
e\re n furthêr by using program chaining.

Àlthough your l\nstrad computer has only a siogle disc drive it is
possible to simulâte the ê(istance of further alrives by stoping
disc6. This featu!e is alescribed mole fu11y in Àmstradrs
ôbcûûentation h<rrever, in general it is possible to issue commaôds
which asgutê a secrond dri're. wbenever such a command is issuèd the
operating systsn rrill ask you to chaûge discs. rn the rsnainder of
this nanual therefore, we will refer to drives À and B as if these
accually s<istèd. wheôever a change of disc is required, the
operat.ing systdn !ùill padnpC you to ab so.

The Aisk-based compiler operates directly oô CPIM disk files and
proviales a superset of the facilities of 'resident Pascaln,
including a full set of ali sk commands.

Pascal sour ce files nay be created using the CP,/M editor "ED"' or
you can use programs edi ted in resident mode and saved on disk. The
sour ce file rlame should end in the er<tension i.PASn. for exampLe:

UYPROG. PAS

fhen, in response to the cP/u prdnpt :

À>

the c-ommând:

pàs nyplog



i'ilL corpiLe the te:(tfile IIYPROG. PÀS aûil proaltEe a relocâtablê
object flle l,lYpROG. OÀt, a6 tell a€ a liaèing file IIYPROG. PRN Thlcà
incluales line nulbers ànal error treasagea.
lûe co!ôpl ler output sh ould be aonething like :

Pâgcâl compi ler v x.x
(c) copyright ocss 1985

progrân 0 000 9
0 error ( s )
Cdrpilation cdtrp1ete.

The object file can be loaded anal ruô sinply bry typing:

run myprog

Note that we hâvê assrueal that the files PÀs. Col,, RIrN. o are
preseût. Ir aaldition the file PÀSERRoR.lilsc must be on the CURREIùTLY
IPccED DISK (in thi6 câse disk À:),
The nanê of êach proc€dure or function is printetl out as it i9
cqnpil.ed, together r.ith its static nesting leræl (0 for the nain
progrartr, I for outer LeveL funcÈions anal procealules, aDd so on). À
her.adecimal âdilress is also printed, giving a tough idea of its
relative IEsl tion in msnory

Àn exteniled forû of the clnpiLe cEmmand is:

IEg myprog. abc

whete : ia" is a letter d,enoting the disk alrive on !ùhich the souce
file rêsides (À, B etc). "b" is the alisk drine to which the object
file is to be sent (z = no object fite generated). "c' is the disk
drive to which the li6ting is to be sent (x = send to cgnsole, z =
ûo listing fi lê generated).

this âllors Large prograhs to be clcmpil.ed ûore qùickly by skippiog
tùe Ii8tiôg, for exanple :

pa5 nyProg. aaz

À cutrttact cltlpil.ation, rditbout any line numbers or \Eriabl,e range
checks generated in lhe object code, may be specifiêd by typing a
"-" before tbe cattaige return. for exanple:

pa8 Fyprog -
or

pâs myprog. abz-
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lùa follqlng trble lu@arisea the alifferences betneen resident antl
dl !k rod..

Rcllalqnt llode Dlsk }{ode

O(rpller àlvlya ln RÀtt ccûpiler only in nAll during
â @npi lati on

Built-ln Bditor Sepâlate 8di tor
Pascal sulce and object Sour c.e ârd objêcÈ code

@aie in RAll held in di sk f i les

Ianguâge differênces (aee teference section for d,etails):

@nsolê and priûter onl.y ÀlI fiLe types supported

Disk fi les fully supported

PACK, TNPACK inpl snented

DI SPOSB is a no-op DI SPoSE fully implsnented

Program draining al ldred

Lipker

For Large progrâms it is degirable, (and nhen compiling oô snallgyatstg often physically necessaly) to ha\re some folm of
nodularizâtion. Several Pascal sour c'e files !rith inter dependent
functiong anél proc.edules may be c.onpi led separately and thei! object
files later 'linketl" into one file. the 'locate" coNnanal nay also be
u6 eal to produce directly s<ecutable CP/u oomnand filês.
B. anpl es:

link prog=nyprog yourprog anyprog

links the fiLe6 i.IYPROG. OBJ, YOûRPROG. OÀt and ÀNYPROG. OÀt

iûto one object file PROG. OÂJ

Restaictions

(a) the programs being linkêd lltust have identical trariable
aleclaràtions at the outer program level.

(b) Each qrter-level function or procealùre mây only be defined
in one fi Ie.
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(c, If tjle oÈher flles æêal to refcr to thl. trnctloD or
proædqre, r alqrl 16 ÈG b€aabr Sorld be lDcldeil, vtth the boatf,
reÈaceal bt' tàe byroral r€aterDr.

(a!, the llræ f,lle lD the ll,3t Ia asslleal to @ntaln tàê râln
Progrâr, (lhe othar flle! rqrlal not-dly Jrst @nÈaln a alllly ûaln
IEOgtrâ! r

begl n
eoal.

Llpt.sr erargle!

ftle f l. Fs!
Dûograa têat (lDput, outpuè r,
Er ir lnÈagêrt
Irocealure r, grtero, (r r lr aleflleal in the other flle .,
iEoædure yt

b69ln
rri te (i l

eDd,
bEln (. .âln proEru r)

I
cDd.

file f 2.Ir!l
Drogra! taatFrt2{ tdput, output , t
mr I r iotegêr, (r tÀr's Dust b i.teDtlcal to fl .t
IEoedure yt €rtelrt (. y ls llefined ln fl r)
DroeatrE e &

begi n
It -3,
rrlte ( rthree -r ) iyt

enal,
begl n
erlal.

lhe €ûanil BCqtEnce ntghè be

F! fl
I!8 f2
llDk test-fl,f2
nlt| test

Thê progràd dro\rlal lrrlDt rthrêe - 3.
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Ircluditrq other fiLea in a coppilation

If the character 'Ê'. foll.owed inhediately b'y a Ai skette file nane,
is pl aceat at the !gS!!!!i!g of a pâacal sorE c€ line, Èhen this
inèicaèes to Èhè conpiler that the contents of tbe specifled file
are to be ioclrded at that point in the program.

This iE extreoely usêful rhen progrâe segEentE are to be linked, as
global tieclarâtions (irhich ûeeil to be the 6ame in êâctr segneDt ) can
be kefrt iû a separate file tbuÊ sinplifying any al.terationa.

The facility (ânnoÈ be nêatêd (the lncluded file nust itself clntain
no €fi lenane's ).

Locate - &âkê an erecutâble (.@u) file vhich caD then bè run âs a
the progran naûe.normâl CP/M connânal by ju6t Èyping

êra ânpl e:

locte j âûe

Creates ân erècuÈabl,e fiLe JI|NE.@U
ej<ecuteal by sinply tybing:

J ane

frd JÀNE. OBI, thich nay then be

IOTE - "Iocate' requires the l.ibrary file PÀSSIS. tIB to be pleaent
on the culrêntly logged diBk.

?. Connand slrûnary for Resident Uode.

Ccrnnaôals nay be typed in either t4)pet o! lotrer cage. Each line you
type should be follqred by <retu!n>

E - iD\rokes the èditor (see separate docunrentation)

E filenâme - enter the editor. but firgt replace the progran text by
the coneents of the specified file. ?he filerEme er<tensi on defaults
to r.PÀS'.

R - runs an edited progratn (after first cbmpiling if necessary).
Starts rwrniDg frcm t-he currenÈ line (usually line 0).
R xx&< - nms a progrâm frdn tbe current Line stopping at line xxxx.
Source line x:(xx shouLd be executable c\oale (not tleclarations).
Unfortunately, tlue to the lecursive !tâ ture of the coûpiler. tbe
corresponabnce bettrêên line nu$bers anal the actual source text is
not âIways exact.

T xxxx - tracea xraxx lines of sou! ce croale (printing out the Iine
numbers executêd). Default one liûe traceal.
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I - initialisê the stack, Eetting the curreDt sour ce liDe back to 0.

w - print out the culrent llne aruùbe r anal the n(Dber of free bytea
availâble.

C (or C-) - c!ûrpiles âû êali têd prograû. If the pararneter "-r is
given the progrâm i5 conpiled wlthout any line ntabers or \Àliable
càecka in Che obJect oode. This nrore conpâct ânat irill run slightly
fâ3ter, bùt Î(race) eill not wo!k. and no Iine nrubers silL be girren
with runtiûe errors.

L (or L-) - equivalent to C but generâtes a listing with line
nrnnbe rsr on tbe @naoLe.

P (or P-) - aa L but the listirg is alirectêd to thê CP/ Iist alevice
( pri ûter ) .

H dddd - prints the decinal \râ Lræ tlatdd in h€r.adeciûal fo!û on thê
co ngol e.

D xxxx - print.s the hêr( nunbe r ,axxx in alecinaL forn.

F - list the files iô a diskette directory, using the syûtax ôf the
CP/U 'DIRi conmand, for exanple:

f - lists all files on currently loggeal disk
f b: - ligts all files on disk B
f *.pas - lists al.I files with the e*tension ".pÀS'

Fld filêrEme - wri tes the edi tor buffer to the d,i sk file naned (file
er<tensi on tlefaults to ..PÀS")

FR filename - reads the named file into the editor buffer (file
q{tension defaults to '. PAS r)

FD filelE!ûe - deletes the naned file f rom the disk,

K - clears the editor buffer. the nessage "Su!e ?" is printed, lYpê
"y' to confidn , enything else leaves buffer iôtact.
S fileôâme - saves currenÈ OBJECT c'ode in the rBmed disk file.
G filêrEme - reâd object clde frcm lhe named file, so that it may be
run rtithout re-compiling. This command destroys any source or object
text currently in nenory.

I€TE - S and c only sà \re executable code. It is a good idea to sa ve
the PÀSCÀL source c.ode too uEing the Fll c.ommand, in case you wânt Èo
nodi fy the program later.
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Digaster Recovetv Proqrâp

Ttte program RE@VER. @li{ re-entêls PÀscÀL nithout clearing thê telt
bufferr provialed that the coirtents of Èhe msory ba\re not been
dranged Èy iûterlenlng corûmanals, This i6 intaluablê for recoveriDg
f!c.r ùlexpected mOS errora or unintentioDâl cIRL-Crs I

special Functj.on Keys

EscAPB - t}li6 key iûterrupts a progran while it is rutrting.
&{ecution may be resumeal using the R or I coù[anal6.
EscÀPE nay alEo be usetl to 6top a @npilatioD.

CIRI,-S - sus pends e[ecution of a plogran (resutre by pressing âny
key).

CIRL-C - at any time return6 you to CP,/M

DALEtrE - aleletes an input chalacter

cTRr,-U - tleletes a linè of input

CÎRL- Z - sets EOF (inpùt)'to be èrue.

8, BRROR ITESSÀGES

RUNTI}IE ERRORS

I. grÀcK ovERFLctl - (duling compi lati on )program is too big
- (duriûg êxecuèi on)

program needs too ûuch iaàliable spa c\e or uses too many levels of
recur si on.

2. IIITEGER READ BRROR - an integer lras expecteal frqr the keyboard.

3. IiIIEGER OVERPLû{ - overflor when multiplylng ùro integels' or
DIVj.ng or UODing bV zero. or TRDlCing or ROUiDing too large a
numbe r.
4. ÀRRÀY INDtsX ERROR - an expressiot used to index an array ia
outside tbe declared range.

5. lÀRI ÀBLE OUT OF RÀNGE - a \Briable' o! a procedure or function
parametêr has bêeô ginen a value outside the âIl<rred range for that
da ta type.

6. CASE ERROR - there is no case io â case statsnent oorresponaling
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to the vàlrE of the selecÈion expleasion.

7. BAD P@DB - your progra! bâs been corrq)ted'or (hoIEfuLIy nott a
aysta bug.Occuring at randoD ' this nay inaticaèê a neoory fâulÈ.

8. SEt lÀLtE ERROR - a set eldreot hâa gone out sidle Èhê range
o . .L27

9. FI,OTING POIXT OIIBRFLO{ - llay occu! if the result of + - ,. / SoR
or EXP is too Large.

I0. FLOÀqING POIÈlT REÀD ERROR - a floating point ctonstanÈ vâa
€r.pê ct eal frdr the keyboârat.

lI. OIDEFIIIED @1O - a @1O stat4eôt refelenced a DoD-êt(igtent
lâbe I .

12. Ol.lPLEx IOG OR So(ÀRE ROOÎ - attdDpt to tâke tbe 1o9 or square
root of a negBti\re nurber, or the lo9 of zero.

13. FILB IiDT OPEN POR R.EÀDI NG _ REÀD oT GET githout a Teaeè fiT5t.
1{. FILE IÛ1 OPEN FOR WRITING - VJRI TE oT PLt! Yithout A T*!i te
fi rst.
15. END OF FILS - atterûpt to reaal a file with DF true.

16. FILE DOES mf E{IST - durirg RESBT thê specified file cannot be
found on the di sk.

17. iD SPÀCE IN DI RECIORy - tluring RE{RIIE or OPEN the CP/M nax imum
diaectory size (nornrally 64 files) has been exc€êded.

18. ERROR IN WRIÎING 10 DISK - tlurirg PUr or WRIIE. Àlmost al.t,ays
neans the disk i6 full up.

19. IILEGAL FILEIAME - during RESET, REt{ RI TE or OPEN.

20. FILE IST OPEN I'OR RÀNm ÀCCBSS - atÈe.ûpt to do a SEEK on a fil.e
si thoùt an OPEN first-

conpiler Error Messâoes

1 Bad (i.e. lroô-Pascal) character.
2 aad hex digi t.
3 Lioe o\rerflor (nust be <80 crbâracters).
{ Àrray index type nust be a scalàr (and canrt be real).
5 Àrguùent of PUI or cET must be a file
7 Baal pointer decl âra ti on.
8 'THENT expecLed.
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9 Subranges nrlst be a scâlar èype other thaû real.
10 lype lltàtdr h lubrânge alefiDi tion,
U lYpe DlarÈcù in âsaigDlent atat@ent.
12 Ftrrqtioo rêturo r,âhæ nugt bê â scalar, poinler or a file.
13 @Dat nt €ttrcted.
1{ Cln only âpply r+r and r-r to real and integer \tallEs.
15 r..r ertEcèed.
16 Upper bunai of aubraoge is beldt loYer bund.
17 ldentlfler la not a conataôt.
L8 TPACIAD' cân orly be aPplied to a structureA type.
19 L9 flelat ÈytE uusÈ b scâlâr (and caô't be reâ1)'
20 Recoral lrallânt label ls Èhe eEong type.
2l Plo cealu! e/ fun cè i oa qâIl has too fet argûlents.
22 Plo ceaiu! e,/fuo ct i on argrûent tbes not tratdr declaratiolt.
23 Pro ceatu! e/fun cè i on câll haa tôo many argtlnents.
2{ Iyire DidÀcdr eithio an expression.
25 . / + - cân otly be appl ied to rMEæR or REÀL da ta.
25 DIV and l,tOD cân only be applied to IIIIaGER data.
27 Polnèels uay oDly be testèd for equâlity.
28 < > <> <- >- - Day only be appl ied to lDintets, sets,

stringa and sca lârs
29 AND. OR Day only be applied lo boolean tlata.
30 IOT t0ry only be applied to boolean data.
3I lfot a functioD,
32 Brror ln floating point constant.
33 r(r expected âfèêr Put or GET.
3l I11e9Ë1 e[gressi on.
35 vâriable et pe c'ted.
35 Àrray lndex type abesnrt matcùr declaration.
37 Initex on Don-ârray.
38 Recoral fiêId Dot found.
39 Not a reco rd.
{0 Not a fil.e or pointer.
41 Boolean expression is r€quired aftea rIF'.
42 | t{ITt! I statsnent: ràriable must be a record.
{3 case label is tbe eloôg type.
4{ |FOR' Ioop variabLe must be a scalar (and not REAL).
45 rFORi loop I er(pressi on is the l'roûg tyEE.
46 Identi fi er declared twice.
47 INTE@R constant expected after 'E(IERN'.48 Set elsnent has Èhe wrong Èype.
49 Identi fi er e)<pected.
50 t :' expected,
5I '=' ex pected.
52 

"' 
ex pected.

53 r)r expected,
54 rBEcINr expectêd.
55 | ttNlIL I expec'ted.
56 'Do' erpect ed.
57 ' :=' expe ct ed.
58 rlOr or'DOWNIOr expected.
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59'oFrexpected.
60 BeA câse Iàbel velrE.
6L rEND' expe qt è41.

62 rNEWr argumênt lrrrst be a pointer rtariable.
63 TWRIÎE'/rI{RIÎELN'r field width nust be aû integer et(prêssi on.
64 rwRIlEr/rwRIÎELNr3 can only itri te INTE@R. REÀL, CllÀR,

DOLEAN or stli n9.
65 |REÀDr,/rREÀDLN': <âû only reâd IIITEGER, REÀL or CIIAR rrariables.
65 '(' expected âfter NEw.
67 PRED, StfC aûd ORD can onLy be appl ied to scalars

othêr thân REAL.
68 Undeclâred identi fier.
69 ÀBs and soR can only be appl ied to intêge! and real data.
70 CHR : argunent nust be an integer.
7I EDLN : alglttent nust be a textfile.
72 IIlegal statdrent,
73 Packed array €ldûent c.rnrt be usi êal as a ûame paraneter.
74 'Ir expected.
?5 'l' expêcted.
?6 '.' lrissing at end of prograt!.
77 Missing tenninator (probably one of END, Itt, TNTIL o! ')r).?8 EnA of sour cre file rêachêd.
?9 Booleân êxpreasion required âfter tNTrr,.
80 Boolean expression required after WHILE.
8l variable nâme erape cted after .FORr,
82 '(' extEceed after REÀD or llRITE.
83 r>r, r<' r strict inclusion rDt alldted for sets.
84 Right hand side of IN must be a set.
85 Left hand side of IN tlust be a scalar naÈc'hing base typê of RHs.
86 Àrg!ûnent to |PÀGEr nus t be â textfile.
87 Base type of a set nust be scalar (and can't be REÀL).
88 tYpe inconpâtibility ir.elational explession (<>. = etc.).
89 Label tnus t be ân utsigned integer.
90 Label iaas not declared in a LÀBEL aleclaration.
92 Multiple label defini tion.
93 'I'ORr variable canrt be a structure member.
94','e).pedtêd.

9. sanple proqrans

Bxâmple L

The character 'o' sbould appear to 'bounce' aroutd the vDU screen.
Às â \Eliation, try deleting line 13 to ptoduce a pattern on the
screen.

I
2 ptogram boun ce (input,output)t
3 conat thecEwscomêh(ûle = falset
4 DELÀY = 30t
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5 9!r ror, @1, t, J' al: lntege4
5 blglD
? roù t- 0,
t @l r-0,
9 I r-lr J:-lrl0 FgctU t€IDrt

12 for a! :- 1 to ll!ÀY alct
13 vdu (roù' o1, ! | ) r
la €l 3' col+J,
15 rw :- ror+i,
16 lf (ror > 15) or (rd < 0) tber bgrla
L7
I8
l9
20
2L
22
23
2l
25
26
27
2A
29

beEln
I :- -ll
tae .- !w+l+i,

eDaI,
if (col > 53) or (col < 0, then

begt n
J :- -Jt
@l :- col+r+J t

enal,
vatu (ror' @1, .rorr,

untll the @r!s@dr@e
ênal-

Èap1e 2 ltre grDe of Nlû

progra! niD,
aDs! llRCrS - 16,

atel.ày - 1000.
olo - 'r'i

var plle : arlry [1..31 of 0..Iùolst
Doæ ! rêaral

ntaten, 91leDo ! lntgger
enal,
l: lntegêrt
key 3 drari

finqtlon gaDeover 3 boolsn,
begin gBu€oæ! .= (ptleltl + ptle [2] + ptle t3l - 0) enalt

filtctlon aac (n ! lntegEr) r drart
begln.sc 3- chr (! + olal (r0r)) enatt
IEoealu! e dl splây;

\ar p, nrr, @1, flrstcol : inÈeger;
begtn

Fge tforp:-Ito3do
begln

I
2
3
I
5
5
7
8
9

10
I1
T2
l3
Lt
l5
l6
I7
l8
l9
20
2L

13



22

21
25
26
27
28
29

div 10) ) t
30
3l

l0))t
32
33 enal
3{ enali
35
36 prooedu!e signont

firstc\ol :- prlo + 28t
for lotù :-0 tô lRows-l do

if pile lpl >- NRons-lor then
for @I :- firstcol +3 to
fi rstc.ol.+s alo

vdu (ror., æ1, @IN) t
if pile tpl >- l0 tbên

vdu (NRows-l, firstcll, âsc (pilelpl

vdu (Nnows-l, firstctoL+l, asc (pilelpl mod

52 proc€dure h i gûo\re;
53 vâr ok ! tDoleani

38
39
40
41
42
43
44
45
46
47
48
49
50
5l

54 begin
55
55
57
58
59
60
6l
62
63

l),

64
65

I pi leno I It
66
67
68

begin
Fgei
irri te1û
wri telnt
trri tel'tt
eli telD
wri teL n
rri teln
wri telD
!'ri teln t
write (rNow hit any key to start : r)t
$bile ge tkey = chr (0) dot
endt

rrr lÛr| r.r. ].

rI will Eet q) thtee piles of c\oins ') trlo nove, take aûy îûrbe r of coioE asayr) trfr@ Àny pile. The player who clêarsr) t
'the screen wins. ') ;

nri.teln (rNotr enter your move :');
with nove do repea t

wri telnt
r'rite (rPile l7'2 or 3r? tl î
read ( pi leno ) i
ok r= pileno in tI..3lt
if ok Èhen

begi n
Hrite (rNuDber lo tâke auay ?

read (ntâken) t
ok != ntaken in [1..pile

endi
if not ok then writeln (rwhat ??') t

t,t,



59 until olr,
70 elth ûo\re tb pile tpilenol !- pi.l.e lpilenol
7I - ntakent
72 end, (. of hi€oo\Ie r)
73
?{ Plooedule û!oo!e i
?5 var bit r àrray [1..3, 1..41 of booleânt
76 tarity : array fl..4l of booleant
77 firatbtt, r, 1. J : irtegeli
78 begin
79 fori:=1to3do
80 begi ngl r := pile [il;
82 fo! j := { (bnoto I alo
83 begi o
84 biè ti' jl := odtl (x),
85 \, .- x êllv 2i
86 enal;
A7 endt
88 for i 3= L to 4 ab parity lil !=
89 bir tl,il <> (bit t2,il <> t3,il)t
90 Dorrê. pi lero .- It
9l Eoræ.ntaken :- 0;
92 wièh no\æ ab
93 if not (parity lll or parity [2] or pari ty
94 [3] o! pâri ty [4!)then
95 begi D

96 r.bile pile lpilêDol = 0 ato pileno
97 := pileno + I,
98 if pile lpilenol -l then ntâken:= I
99 el Bê

I00 ntaken :- rantlrm mod (pile
lpt lerlo I -1) +l
l0I end
LO2 else begin
I03 firstbit.= It
10{ rhile not parity [fiistbitl ato
105 firstbit := firstbit + I?
106 wbile ûot btt lpilero, firsrbttl do
10? pileDo := pileno + lt
108 for i:= firstbit to 4 alc
109 begin
110 x := Ii
Ill for j := 3 itornto i
do x:= xi2 t
112 if parity lil then
Il3 if bit lpileno, il
then ntaken
114 != ntaken + x
ll5 else ntakeD :=
ttaken - x;



1f6 end
117 endi
L18 trith no\,e alc pile lpile.Dol t- plle lplletlol
119 - ntàkent
120 endt (. of ml'Dorre ,)
121
I22 begi n
L23 aigront
124 repeat
125 for i:- I to 3 (lo pile lil := ran(bn nod l0 + 6t
L26 di spl ayt
L27 repeat
L28 hi sroræ i
L29 if qanêoeer then writeln ('CongraèuLaliona
... You i'inlr)
130
I3I elae begi n
I32 tli spl ay t
13 3 uylo\re t
134 for i := I to atê1ay do;
135 ali splay,
136 triteln ('uy Dor,e naa r. noræ. ntaken
137 :3,' fr@ pile" note.pileno 32) t
138 if qâ!|êoeer then triteln ( rlrr I
win.r)t
f39 irriteln;
I40 wri teln t
I4I enal;
I42 unti I ganeovert
143 erite (rÀnother gane ?r)t
I44 ,bile input^ - I I alo get (input)t
I45 read (key) i
146 rhile not eoln do get (input),
147 unèil Ley = Inrt
r,I8 page i
It9 èûd.
150

PÀRI III OXPORD PÀSCÀL refelence Uâlllrâl

fhis mânual is inlended to be us etl for quick refelence b'y those
faniliar rith PaEcal or a similar prograûDing language.

l. ceneral

l.l Pascal kevrords

TheÊe are reser\real {ordg irr Pascal and cannot be tedefined. Thelt
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(I(FORD PÀSCAL

lrrt be rlittên vltbout abealaled slxrces or DesliDeE. À cqtplete lisÈ
lrr

and ab flrrctloD nil progran type
ùlay &erto ltoto rlot recoral unèi 1
begtn eLae if of tepeat vâr
€ae end in ol aet t'hile
ænst ftlê lâbel packed then ïi.th
all v for ûod plocedure to

L.2 Pâacrl ialentifiers
Ihê8e âre rEuea choaeD by the progrânDer for variablea, @nstantg
etc., antl sbould coôaist of at lêâst one letter, follqed b!' zelo or
rrcre lettela or aligi ts. qrper aûd l@e. case letters are equi\ralenb.
Ialêntiflera 6hqrld be urlgrE iû the firsÈ I draracters, anal nust not
conta in e[bettded blanks.

the folldlng iileûtlflers arè stantbrd (but nay be redefineal):

lbs eoln rEr reâal aqrt
arctâo exp odd reaalln succ
boolean fal,ae ortl rêal text
drar 9eÈ output reset true
clr r inÈeger pack rdrite trunc
cos input PaEe rounal ûtpâck
dl spose in pleal silr ,rite
eof naxint put aqr nri teln
(Eêê algo aeqtlon 9 - er(tensions).

1.3 Othe! Special svpbola

+ < .( apostroÈe) t :=

r >= .. (

/ > (' ) t

These syDbols should not contain erbedded blanks.

L4 coMlênts

Pascâl omnents arê eûclôsed betneer the corposi te gysbolE (r aodr).

Cdlnênt s are totally ignored by the cdûpiler. They can contain any
ctlarâcters except the c!rresponaling cl,ogin9 delir!iter o! ,r)..
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1.5 conatants

Inteqer constantg

ltresê c\ooaist of an lrrslgneal seiJrEnce of digits. for eieple

33 0001 0

No ct eck i9 naiie to ensu!e that the rta llE is lesg thaû 2r*15.
InÈeger c.onstarta [u8t ltôt coûtaiû eDbed(le(l b].ankg or comnaa (gee
aIEo gection 9(a) oD her< constants).

Real constanta

theaê arè of the foEl:

<integer part> . <fractioDaL part>
or <integer part> E <exponent>
or <integer pârt> . <frâctioltal part> E <exponettt>

The integer and fractional part6 are non-null strings of digitE. the
"En nay be in q>per or lcrrer case irt OXIORD PAscÀL. The €tapotedt ls
a digit string irhich nay be prec.edêal by a sign [+ o! -!.
Reàl cbnstant6 nu€t not c\ontain ÀNY qnbetlded blanks.

D( anpl es:

3.r 415 9 4E-9 -387.4EIl

1B+30

À real @nstant rrhich i6 oul of range (greater than about 1838) $ill
@use àD error.

çEre9!9r--e!g--s!4!s-s9sE!anlc
Tbese are encloseal in siôg1e q(btes, anal nay clntain any draracter
s(c\e pt a newliDe. Single quotes are included in a string by ltriting
Èh sn h, ice.

E(anples:
rcr, r$r' "" (charâcter ctnstants)

'tli therêl', 'Fretl"s sÈrin9r (string constants)

(aee also section 9(à) on bex constants).
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1.6 BLatrkg

Àny DuEber of apaces. tabs or newlines nay sepàrate trro keyworals,
ialêntiflera, onstânts or othèr sDrmbols. but at least one blank is
requirêal betfleen âaljac€nt kelnrords. ideDtifiers and nurbêrs.

2. Data tvpea anal operatoas

2.1 Inteqer

PaÊcal integers ale trholê nunbers in Che range - UÀX INÎ to + M'lxIIùI,
rhele l4ÀxINT is an inplaentati.on aiefinetl cooscant (32767 in Ox PORD
PÀSCÀL) .

C!(FORD PAS@L gtores integels io 16-bit 2's complsnent foût, 6o
integers nay lange ftcm -32768 xo +32767.

Integer opêratora are

+ aaldi tio!
- subtraction* nulti pl ica ti on

tliv intêger tll.vlsioô (result is roun abal toraralB zero'
lûoal rsnainaùer ope!a tor

- ( unary operator) negation

+ anal - protluce 2rs c!ûp1sn ent results mod 2t*I6.
div and nod are define(l only on values iô the range

-MÀXINT. . MÀ:K INT, and the result must be in this range (otheFrise ao
error occur Ê ) .

Division by zero @rrses an erlor.
x lrotl Y = x- ((xdivY) *Y)

2.2 Real

Rèal numbers in OXIORD PAgCÀt are held in floating point binary form
nith a 23-bit nantissa (6 l/2 digits). The exponent can rânge from
-38 to +18.

The operators +, -, I behave aê for integers. but produce â REÀL
result. (Which lrill câùse aô error if iÈ is out of range).

The operaèor ,/ denotes floating point divi6ion. Division by zero
will cause an error.
Integer o(pressions anal constants can be us etl where\rer a real,
s.pression is acceptable. but rêal \dl.uès cânrt be used with tIV or
MOD.
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(XFORD PÀSCAI,

ConverEion frcn reâl to integer ts aioDe by the fun ctl.on! fRtXC rnd
RO(N D (section 2.8).

2.3 Char

the Pascal tb ta type 'cher' olEratê! or an ordereal tèt of
characters, Iô OXFORD PÀSCÀL the I28- dtârâcter ASCII scÈ l! llaal.(Extenèd to 256 châracterâ to lncltde the graphtcs chrrlctèrr
available on soDe nâch ineg ) .

In all implsnentatioDs of Pâscâl tùe digits t0r to r9r tre
guâra.teed to be oraiered anal co.ttigrDug, âDal the letters .àr to rZr
are ordered (but not Decessarlly antigtbua).
the stanabrd functions ORD and CER @nrrert f rol! draracter to loÈeger
and back.

For example, in OX PORD PASCÀL
ord (rÀr) = 65
chr (36) ='$lÀlso, succ(x) gives the ûext character àfter x, anal

pred(x) giv€s Èhe character before x. for êaaple
succ(,3r ) =,4rpred( rlr ) = r0l

Note Chat in OXFORD PASCÀL succ
ltrrdef.lned. and chr (x) eith x

(chr (255)) anil pred (cbr (0,) are
outsiile the raDge 0..255 is not

al I crred.

2.4 User-definêal ( enunerateal) tvpes.

these are usually dêfined by meâô6 of a f1rPE aleclaraÈiôn (sectioo
3.2) for exâmp1e:

type day = (monalay, tuesday, wetlnesalay, thuisday, friday,
sa turalay, sundây) i

colouÈ = (RED, GREEN, BLtE)t

The data type 'day' then has seven ordered values represehted by the
identi fiers MoNDÀY, TUEsmy, eÈc.

The type 'colour'has thtee \rallEs. The functions ORD, St.cC and PRED
may be used on these types (see tbe previ ous secti.oo). For example:

succ (sednesaby) = thu! sda y
pred (g!een) = red
ord (mon(by) = 0
ord (green) = I
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ord (suûday) = 6l

2.5 Srbrange tlrpea

the uaer nay define subraûgès ove! ary scalar type eracrept REÀL.
Eaanpl êE I

tyIE yea! = 1970. .1990 t
week'by = rcndaY' 'fri'layt

These types baæ the sarme properties as thèir lErent typeg but often
occupy Less storage Elrace, Valr.EE are c*l eckeal at runtine to see
that thelt fall in the required range. They âlso act as a clnrJêni ênt
ûèana of tlccumenlâ ti on.

2.6 Boolean

Boolean i.alues in Pascal are represented by the standaltl ident.ifierg
TRIE antt FÀLSE. fn fact the data type Booleân mây be thought of as
rêaulting fr@ the de cI ara ti on:

type booLeân - (false, true )

so that true>false the tDolèan operators defired in Pascal arel

arld logi câ I 'ând' operation
or logical 'or' opera ti oo
not (unary operator) logicâl negation.

fhe relational opera tors

equal lo

may be used eith any scalat alâ ta type (integer, real, EboLean, cùar,
uger-defined), ând give a Boolean result. They may also be used to
conpa re striôgs (section 5. )

2.7 Operator plecedêrce

The rê1âtional opera tors

bave lonist precealênce, folLeed by

+-or
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th en

t / ttiv nod antl

ând finally the ùrâ ri' operator

not

EvaluatioD is otherrise left Èo right, aûal can be càangeal b!' ustng
pârenthèses. Particular care shoutd bê tâkên wltb spresslons llke!

(x>3) anal (y=2)

thia eould be illêgal lf the parenthêaes rerê omitteal.

2.8 SuEDàry of àrith.uetic and converaion ârnctions
FIJ NCTIOII PÀIÀIiIETER RES'LT IIEÀNING

ab3 (î)

abs (x)

sqt (x)

sqr (ra)

sqrt (x)

ln (x)

€raP (x)

sin (x)

cos (r)

arctaD (x)

tlunc (x)

rountl (:a )

integer
real

irt ege r
reâ I
rêÀl ol
rearl 0r

real or

reâl or

reâI of

real or

real

reâl

i ntege r
I ntege r

i ltt ege r

intege r
integer

intê9er

inlege r
leal
i ntege r
real

!ea1

rêâ I

real

real

reâl

real

intege r

int ege r

abaolute nâltre

àbsolute rrahD

squa re

9qua re

aquare root (x>=0 )

na tural I o9â !i thtr
(x>0)

e raised Èo the xth
powel

si ne (x in ratlians )

clai ne (x in radiana)

arcÈangert (0 to PI
radiaôs )

c\on\re rt real to
integer by trunca ti on
tonarals rero

conrrert real to
integ'er by roun ali n9
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drr (x) intêger char cronve rl ÀSCII vâIue

odd (x) integer Booleaû TR(E i.f x is odd

oral (x) scalar * ilrteger posi tion nithin a
dâ ta type

prêA (x) scalâr i scalâr precetling \ra hE in a
èta type

succ (x) scala! r 6câlàr nelat \âlue iû a
da ta type

(r canit be !êal )

3.1 Pascal aleclarations anal stateoeots

Pascal Plogratng

À PascaL progran tâkes the foEn:

Progran headle r
lâbel aleclaration pa rt.
constant declaration pa rt
type alecl aratioD pa rt
iré riable declaration pa !t
function antl procedure ab cl ara ti ons
EEGI N
eraêcutable statanents
END.

The declarations are all optional. IËbeI declarations are discusseal
in sedtion 3.12. functions and procEdures in section 6.

The plogrâm heaale r is optional in OXFORD PÀSCÀL. If it is included
iÈ con6ists of the ke!ryold PROGRITU fo1l6.ed by a naûe (which can be
any valid identifier) follcned by a list of identifi.ers in brâckets,
for exanpl e:

plogrâm joe (input. output ) t

"IDput" ând 'Output i are external files ùsed by the program 'joei
The heaaler is teminated by a sernicolôn.

the final full stop after thê progran nenaln i6 aleays required,

3.1.1 Constànt aleclaratiois

these are used to asÊign \râIlEs to idenCifiers ,hich will not change
Ch rough out the progran. Tbey faci litate modi fication6 to the
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progratl a!!d provide â neana of &cumentation.

The kêyeoral "qonst' if folldeat by one or nore aleclalations of the
fo!û

iflenti fi er - vaIrEi

"valtE' aûay be a sigDed or unsigred iûteg9r, real. a Booleao.
dlàracter. 5tring, a n€nber of an enùrerateal type or a previoraly
definetl constant ideûti fi e!.

E( dlpl ea:

cbnst rheAEage = rhi therel'tô - '9';PI = 3.I4;
INUSPI = -gI

3.2 lvpe tleclarations

theae are used to nake âô identifier gynonymoua with â ginen ala tâ
type. the keyworil 'type" is follored by ore or nore abclarâtlooas

identi fier = da tatype t

e:a anpl ea

type suit = (SPÀDES, tlEÀRTS. DIÀlIOND6, CLoBS)t
int = inÈege rt
byce = 0. .255 ;

3.3 variable tleclarations

In PascaL all variâbles rnus t bê declared explicitly. This is
sometiûes annoying but nakes the prograMrè!ts intention clearer and
helps the compiler to aùetect errors.

The nord 'var' is folloreal by one or morê aleclarâtions,

identi fier list3 ala tâ Cype,

Eaerples

type day = (nonalày, tuesdây. irednesday, thursdày, frialay) t
\rà r x.y: reâl i
i i intege r;
dr itc$: Booleant
totliay. tdrorrow, payday: dayt
fa\rouritecolonr (BL(E, RED. @EEN, PINK) t
date: 19?0..1990t
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the t/ariables deioted by tùese identifiers can èhett tâke any of thê
âllqed valræs for the corleaponding d,a ta type.

3.1 Exeqqtable statenepta

Ihe eaêcutâblê lrrt of à Pascàl prograD eDclosed by the keyiroralg
EEGIN antl END, (basiEts of zero or nore aeqrEntiâIly é(ecuted
stataenès separa teal by seDicolorls. RealErdârt sernicllons are alirâys
acc€pted aral gêDerate no @i!e. There is no Deeal for any
co rreapoaabncè bttteet the logical structure of atâtdents anal tbeir
!ùysical layout. WeIl fo!ûàttetl prograûs si!h one statsneDt per
Line are easier to reâtl, hqreler.

3.5 ÀSaiqtrpept atatepenta

lhe foa of this staÈ€oent is:
\rariable != e'aplessi on

Wbere the lêft anal light hantl sialê6 must hane conpatible da tô types.
thls neaûs that th€ry eusÈ arise flod tbe sane tytrE idenÈifiêr, or be
aleclateA as tariables in the saûe abclârâtlon. b<ception6 are if the
\ariable typê is a lrubrârge of the eapressioD type, or they are aeta
witb compatlble base typeg. or if the lêft hantl side is real and the
rigbt haod sitle ia integer.

The lralrE of the rEriâblê is set to Èhe \aâ lue of èhe erapresaion, ând
future references lo the r'âriâble t ill yield this rrallæ,

D< anpl es:

r( r- 3,/sqrt(35) x is se! to 0.5

y := x+4t y is set co 4.5

y t= y-2 y is set to 2.5

x anal y are 'real' \ràriâbles.
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3.5 Conpqrllal statepents

Ibe oonat ruction:

EtsGIN
SeqrEnce of atateseôtg gelra ra teal by s€!ôic\oLong
END

bebàvês as a single stat€ment. whidl rhen ê[ecuteal câuseg the
éaeculioa of all thê encl oaêal statstenta in sèqlEnce.

3.7 'If'Stâtepents
The stataent

rIF Boolean expiession THEN stat@eôt 1. cauaes sèâ t€[ent 1
to be execut€al only if the o(pre.rsion is TRtt. ÀItêrrutl.vely, .IF
Booleah expreasion THEN stâtglent I E[,SE stat€oent 2. cauaea
statsrent 2 to be executêtl insteâtl if the er.presslon is PÀLSE.

IllPOR:IÀllr - no selricol on nây be pI ècetl before the Etr SE,

Sta tstent I anal statsrent 2 can be any PaecâI stât6èût. hclrdlng
another IP atataneDt: if x then if y then EI el s€ s2

ia taken to oeaô

if x theD
begin

if y tbên al elae s2
end

3,8 'Repeat" atatdrent

REPEAl
segrEnce of atatenênts EelE ra teal by senj.cllons
UITIL Aoolêan erpressi on

câusea the seqrEnce to be executêal repeateally (at least once t untllthe expression e\,'aluatês to TR(E nhen it is checkeal at the enal of a
loop.

3.9 'Whilei stâtêhent
WEILE Boolean expression DO statsrent I

Statqllent I is relEateal zero or moÈe time6 until. the s(ptessi on
turns oul tô be PÀLSE-
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3,10 'For' statepent

FoR vâriâble ,- el æ e2 DO atât€oent I
the vâriable caû be aDy acâlar tytE encept reâI. eI ânal e2 âre
eBprèsslon8 of the aate type àa the \rarlâble. Statdlent I is
executeal exactly olal (e2) - olal (el) + I tines (zêro tltès lf
ê2<eI). On auccesaite loops the vâlræ of the \,.a ri able is el.
sncc(eI) . aucc (6uce(elr l ,... , e2

Àn âlteroati.ræ f orr ls.
FOR vâriable !- e2 DOnùÎO eI DO statdrênt I

where atatdrent I i9 executed rith succeasi\rely decreasing vàlues of
the \raii ab1e.

Stâ tehenè L shoulal not try t- alter the \rariable, as in:
for i := l to l.0 alo i ,= i + 1(r wRONc r).

Structure nembers (Eection 5) canit be used as conlrol lrariables in
FOR loops.
Also, @ntrol rrariabLes nust be local to the curreDt block (section
6.4).
3.ll rca6e'atatetnent

CÀ SE êJ.pressi on OF
constant list r gta tgtenÈ t
cooatant list : gtatdnênt i

:
c\onscant list : staterienti

END

À redrmdant aemj.colon nay be incluited before the END.

Each caDstant list consists of one or rnore constants ($hich must be
thê sane data type âs the case expression), sepêrated by crcmmàs. The
case eapression must be a scalar type (and cân't be reàl). Each
làbel in the case EtatqreDt should be uniqrE, and irdicates that the
statglent it prefixes is the oDê èo be execùted if thê dage
êr(pression has that qalue. If no caae labels mâtcà the expreÊsion
ira ltE !.hen the côse statenent is executed. a CASE ERROR occurs.

I{ÀRNI llc - Case statslents raith a t{ide spread of qalues êhou1d bê
avoialed, for example:
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case n of
1! atataent I t
44,255, atataent 2

ellal

{ttie uiII
for â11 tbe inÈe!ûeili ate vàllæs (2,3 etc. ). cenerally, èse

chooaing one of rnaiy ainilarstatoêrta âre an efficient uay of
gtat€0eDta to executè.

3.12 'coto'atatepept
Pâacâl stataents Day bê preflxeal by a Label tbus:

label ! atatoent
Tbe Label is an uûsigned integer rhich ehould di ffer frcû afl other
label6 in the firat S aligtte ir! OXFORD PASCAL (4 dlglts in standaial
Pascal). Contiol. can then be transferreal to this gtat€rùenè frd
âtlother part of thê progrân hr rôeâns of thê '19oto' stateoent.

@TO Label

À11 labels nllst be ile cl. ared before use (see belq).
The effect of jlnping into a structu!etl statenent (POR, t*lILE,
REPBAT. IF, ASE. nlîl ) or inlo a functior or procedure is
rûr ab f ined.

lhe use of @ÎO's is not reconnendeal if it câô be arrlialed, siDce
progrâns quickly becue rmreàalable and error detection becoDes agticky matter.

Jûrping to aD unalêfiûed (as âgainst ûtdêclâred) labe I iE signalled
âs a runtime error in O(FORD PÀSCÀL.

@TOrs caû be used to €rait f rql lEsted functionE anal proc\edu!ês.

Label alêclaration

This take s the foltl
IÀEL li.st of labelst

Thê label8 arê aeparateal by c'onûâg.

4. Ioprt antl ûrtqrt of text
À file i8 â Pascal strucCuleal variable uhich (unlikê an alray) has

gerErate a large JrDp table ir D€ûory ulth null. enèriea
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Do fixet! si.e. It6 eLanents are nornally accessea seqæntially antt
either reside on a iliac or are âssbciated eith sne physical I,/O
dêvice such aa the corsoLe or plinter.
In Èhia palt re look nainly at textfilea, rhich àrè esseûtially
filea of chârâctèrs (Pagcal da ta qrpe CEÀR), but uhich give special
treâErent to the Dewline alralacter. Io palticular the stânalâ ral
teitflles INPU! alrd OtnPUT. ehicb are uaually the cbnsole keyboaral
ând display, ale aliscu8eed. DiÊc filè6 âre cove real later in parts I
and 9 of thia nanual.

4.1 qrtFutttnq to tertfiles
À tê.tfile ia â variable declared aa Èype TEXI. Àssociatêdl ,ith any,
Pascal file f is a buffer vâriable f^ nhich is useal in transferring
ala tâ to anal frdr thê flle. The staDtblal procedule call:

eri te (f, dr)

is equivalent to
f^:= chr lxrt (f)
r'ri Èeln (f,

sends a rêsline c.haracter (ÀSCII carriage reèu!n follcrreal by a line
feed) lo tbe file f.

page (f )

senalg â fotu-feed (or cleàrs the screen in the case of the cEnsole).

4.2 InEuttinq from textfi le6

get (f) leads the ôext itsr from the file f into f^.
reatl (f, dr)

for a character tariable ch is equivalenl to:

ct .= f-r get (ch)

If èhe regult of a ctsT is a newline càaracter (a carriage return -
linefeeds âre ignoreal in textfiles), theD f^ aplEars to oonlain a
space and the staodard functio.r EOLN(f) is set !o rROE. Othereise
DLN (f ) is FÀLSE.

If the erd of the file has been reached then get(f) irill cause lhe
staôdard funct.ion eof(f) to be come true, and f^ nill be lrlrdefined.
Doing a qet(f) wbile eof(f) is lRuE r.il,I cause an error.

reâdln(f )
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skips to the atart of Che next line. It Eeana.

begin rbile not eoln(f) alo get (f ), get (f) end

4.3 Reâaling oÈher dàta tvpes froh têxtfilea
SJntax:

reatl (f, \.ariable liat)
€adr variable in the list can be of type CHÀR, IItTEGER or REÀL,

dra I . readls oDe châracter into the rrariabl.e' as âbovê,

integer : reaals any vàLial (si$retl or lrrsignêd) integer oonstânt
illto the variable, skipping leading blatrks ânal nerlineg.

real : rèads any \aliA integer o! reâl conatant into the
rtariablê, skippiDg leading blanks and newlines.

f^ iE set iô each case to the next character after the dâ tâ reaal.

4.4 t'tritinq otber data tvpes to textfiles
Syn!âx:

ifri te (f, er(pression 1i6t).
each er.pressior can be of a type CIIAR, REÀL. æOLEÀN. IMEGER or â
string, and nay bè quâlified by a field niatth

é(pression : w

where w is a noô-lregative integer explessi on giving the total nûrber
of characters to erite to the file.
Charâcter or string: trrite suffj,cient spaces to give a total of n

characters, theô srite the character or string.
If w is too srlall then the string is truncâteal
on thè right. Default rr= the size of the
stri n9.

as irith string, but on€ of 'TRUE ' or 'FÀLSE 
i

is nri.tten. fEfault ir=6.

Wtite sufficient spaces first to give a total
of \' càaÈacters. Then write the nurnbe r without
leaaling zeros, prec\eded by a minus sigû if it
is negâtive. If w is too snall priôt out the
entire trùrbe r eith no spaces. Default w=?.

Bool êâ n:

Int eger:
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Rea 1l there are bro f onata:
(i) Floatinq point - ttlitê a

sign character (space or '-') folfqred by a
digit, follcrred by a decinal poinÈ, folldted by
enough digits to give a totâl of n characters,
folldreit by â 4-citaracter e)apotent. If r. is
too snaLl, at least one aligit ls still printed
after the decinal point. Default w=12.

(ii) Fixed poinl - the nuûber
of tlecimal places nust be speci fiedl

oaplession:w:al
Enough spaces are fi rst

priûÈêd to gi r,e a totâI of !r c'haracters,
folLcrred by a ninu€ sign if negative, follæed
by â ale cimal point and d fractional aligits,
rith roundiôg if necessary. If w i6 too $rall'
no gpacês are printed but the entile nurnbe r i9
still output,

4.5 Àbbrèviations

eriteln (f,...) is short for vlite (f...,) trùli teln (f)

readLn (f,..,) is short for read (f....) rreadLn (f)

i.rite (...) is sholt for write (output,... )
reaal (....) is sholt for rêad (input,...)
writeln is short for eliteln (output)
reaalln is short for readln (input)
eoln is short for eoln (input)
eof is tholt for eof (input)
page i5 short for pâge (output )

4.5 ltlanipr latinq files
there is ao probleû in passing files as vâliable paraûr€ters. In
CD( FORD PASCÀL (but not in starabrd Pascal) assignmênt and passing as
value IEtameters is also allowed. For exànple:
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va! sourgrflle a text
:

be9Ln
soulcefile :- lnput;

:
reaal (aouroefllê,:l , (r reâd! fro ænlole.)

5. STROSII'REp pÀTr\ TYPBA

5.1 Àrrays

Ihe eyntax of arrày tylres lst
ÀRRÀy (iDilextype ) OF elaent tyIE.

Where "inalentype' cao be aoy scalar or rubange tylr €xoêpt reâI.
If tndexcype bâs \/alræa ranglng fr@ D to n. !.y' trheD thls deflnes
an array of orat (n)-o!al(ù)+I valrDs of typê rel€nenttype', tbich âre
refereDceal using the subBcripès lDl, [tucc(D)1,...,ln1.
Àlternatively ârrays cnô be àcceeaetl aa a shole:

Bxûlp1es!

var x,a ! array [1..64t of integelt

Y : ârrâY t0..31 of [-,1..21 of realt
begin

x lll 3= 0t
x t5l 3= x lll +2t
Y t3l Ill := 3.34s,
z r= *.i (t Transfer rhole array *)

'eldrent type' tlay lE any PascâI ila tâ type. N-dinensional àrrays
nay be abbreviateal âs follors.

array ltl.t2,...,tnl of sonetype

nhi ch is equivàlent to:

array [t].1 of array [t2l of .., array lÈnl of sometype

e:a anpl e:

var x: atrây 1I..7.1..9. boolêa[l of chârt

references to n-dinensional arrays may also be abbrevialeal,
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xIi,7 'faIEel r='$"
5.2 Setê

thê 6yntax is: -
SEf OP elaênttype

nhere relqenttype' shoultl be â acala! or subrarge type' but not
REÀL. siets are conatructeal frat! a colleqtlon of rtâltEa in squâre
bEackets' for exeple:

'tàr x ! aet ot 0..127,
Y : gêt Of (RED,EEEN' BLIE ) ,

bê gi rr
x!= ll.sq!(2) . 6..711,
y3- [SL(Ê, GREENI t

nhere 6..74 9i\,es all the vàlues be trreen 6 antl 74 inclusi\te. Set
el@ents Duat have orilinâl \rallæ a bebteen 0 antl I27 inclusite. If
cbeir bâ se types are c@patiblê. tbelr tr'o Eêta âre saitl to be
coDpâtible, anil operatiooa on co[patible !,êts âre:

* IntetÊect.ion (highest precEabtce )
+ and - Union antl ali ffêrence

the IN operaèor tests membelship of a seè. lbe rigbt haôal side
sh oulal be a scalar conpatible iùitb the aetrs base tylæ. IN haa the
aamê preqedence as the relâtionâ]. operators <>,= etc,
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E @plea3

À8suûi rg

nar x.y : set of (ÀPPLBS, PEÀRS, ORÀNGES, EàNÀNÀS. EIGS);
bêgin

X!=[ÀPPLBS, PEÀRS, BÀ}AIûSI 
'Y!=[BÀNANÀS, FIGS I 

'therl
x+y iE IÀPPLBS, PBARS, BA]IÀNÀS, FIGSI
x-y is IÀPPLES, PEARSI
xry is IBÀNAI{AS I
,<-y.x<=y and x>=y âre âll false
x<>y is true
y < - IÀPPLES. F1Ics. EÀl|À]IÀSl is true
y<=y is true
y>=y is true
y=[BÀtGrûS' SIGS I is true
AÀNÀllA S IN y ls true
ORÀNGES IN r.+y is false

5.3 Recoral6

îhe basic syntax is:
RECORD

identi fier Iist: dâtâ typet
ialenti fi er list: da ta tyIEi

identifier list : alâ ta tytr)e
END

Àn optional semicoloû nay be pl aceal before the END. the fielAs nay
be accessetl by the field ûâne precraeded by a drt, for example:

\Ër x. yr record
a.brintègert
c: feàl

enal t
begi n

x.b := -33;
x.c r= 9E-20 t
x.a := x. b+2;

Entire record6 may also be assigned:

x,= y,

Several different rec! ral definitions nay bè combined usi.ng the
foll('ring syntâx:
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REO RD
any fielda @ûÀoD to all. \rarlaûtê
CÀsB ide nti fi eri tiÀtâtype oF

arstânt list 3 (fteld llêt)t
@nstant llst : (fielal tist)t
:
conatant llst . (field list)

BIID

Àgain tbere qo be a lealuntbnt s€oiclLon before tbe B[D. Ihe
riant rfield lista' Dây thdrEelræs contâin nesteal riants, for

€ra anpl et

type ttâ te - reooEtl
year : intêgert
uonth: (JÀN, FEB,llÀR. ÀPR,llÂY.Jtll, J LY, Àt g, SEP. OCI,lOV. DEC ) ,
dây : l. .31t

eDalt
perSon = leoord

ûâmêr pàckêd array [1.,301 of chârt
bi rthatay t (btet
€lre atatus: (BITPLOYBD, (NEI,tPLOYED, RBTI RED. StrUDElùT ) of

UIEI{PI,C'YED3 (regi gtereal ! abte)t
BIPLOYED : (case self@ployed 3 Lbole.n of

true : (nufiberofsnpl oyees: inCeger) t
false : (enplctrer: !Ecked array [1..301

of chart
al,â tesnpl ol'ed : alate) )

endt
var his: persont
begin

his.naûe r= rHârry Johnson '?
hi s. bi Èthday. yeâr := 1938t
hi s. birthatây.nonth := Dgct
hiL billhday. alay := I2t
his. stâtus r= BIPLOYEDt
hi5. esPl o!'er :=

et c.
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lfllll atâtaenÈa have the effect of (bcl.ârlng Èhe fields of a recorô
as locâl r,.ariables for that staÈqênÈ. For eraeple:

r'lth bis. bi rthatay alt
begin

nonth := bBCt
yèar :- I938t
dày t= L2,

end t

the rec.oral canDot bdeve! be refe!ênced ae a nhole frdr insiale the
r.ith statdent.

WIîl r1, t2, ..., ltt m stataent
is equi\,.alent to:

WI1II !l DO HITû 12 0O ... nITg rn m stat€[ert
5.4 Packêal atructu res.

RecorClE. arlaye, setE anô files nay bê preceeded by èhe raoral
'packeal'. This is â crottaôdl to thê conpiler to optiniae storage
apacE for thât structure. possibly at the €rapense of q)eeal in
acceasing inatividual clmponeDt a of Èhe Êtructûte. Iû o{FoRD PÀscAL,
'pô ckealn hâs little effect oD apeed, but nay cut atorage by half in
ârlays of enutteratêd vâllEs, €àaracters anal gublange9 (0,255 aDd
less). The di6aAvantâ9ê ls that pà ckeal array elareDta canrt bê used
as lrAR paEameèera to prooealu!es or functiona (but sholê tracked
arraya câô).

Packetl arrayg [1..nl of type CAÀR are gpeclal in Pascal becâuse thelt
are oonsitlereal to be Eèring nàliables of length n.

E(ampl es.

vàr x,y tpackea arrây [1..41 of chart
z : packed array (I..l0l of chârt

begin
x := ihd it
y i= rrhenri
z := 'Ei therê lrt

F:a is falEe, y>xr y>=x anal y<>x are true.
y>rnbatr i.s true, x<rshy I is true.

But note:

x add z are incodpâtible (ili ffereDt lengths)
x antl 'hellot âre incdlpatible.
z anal tirho | âre inconpaèible,

66



O(trORD PÀSqL

5,5 Pâck ând Unpact (not availâble ln rêaideot node )

lbeÊe stardaral procetlulea are provialed lD accoraLûce eith aÈândÀril
Pâacalr

If U anat P arê atray vârlables, for eia eplê

type t -(sooe ala tâ type);
var U 3 array [!û..nl of è,

P:packeal ar!ây [a..bt of ti
vhêrê (n-n ) >= (b-â)
th ên

pâck (û't,P) la êquivalent to
tor Jr-a to b alo P tjl :=U tj-a+il

anat Erpack (P'U'i) is equivaleDt to
for J :- a to b do U tJ-a+il :- Ptjl

6. Rrpcèions and Proceô.rres

6.I Rrpction and ploceùrre alefiritioûa
The syntax for each definition is the 6ane as the gyntax for â
progian, oacept that â functlon or proc\ealule beâder ia used in8leàd
of a progradr headerr and also a aenicol.on appêars at the entl ingtead
of â fuII stop.

procedure or function hêadê r
lâbêl abcl ara tioD6
c.onst tlefini tions
type tlefi ni tiong
\,â ri able alecl âra ti ons
procetlur e anal fu.ncÈion defititionE
EGI II
executable code for Èhis proc€alu!e or function
ENDt

ÀDy number of proc€dures or functions mây bè alefined in a progtam.
the definitions shouLal occur betreen the variable dleclarâtions and
thè nain BEGrN' of the program.

À proc€dure beaaler hâs the foft:

PRocEDtRE proceaureDanei
or

PRocED(R B procealurettame (formal parameter list)t
À function hêadêr ha6 the foltn:

F(NCIION functionname : tb ta type,
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P(llcrrol fractloDnr. lf o-d Frr.È.s ltaÈ, ! alrtl ttFt
6.2 Procêôrre ùnd frnctloo callt.
Procealure €lls ârê stât€oè[tr hrvl !g tha foE!

proætlureDare

or

procetlureDare (pa râ[êtera ]

thè effect is to e{ecute aûy code bbteeD the tE(trN anal tha lfD of
the procEalure definitlon' ânal theD leturn to @!tl E tha Progru
norally' frcû the stataent after the câlL.

Frtlrction calls â!e erpressioD6 rhich ba\te thê ab tâ type lp€qlft.d ln
the function heâôer. To e\raluâte the function' arly coalê betreen the
EGIN aôd the END of thê abfinttioû is etecuted' aoal the valræ
returDed is the last !ÊllE thaÈ ra8 asglglled to the functlon trne.
The \â11È retur netl by a functiotr ûust b a Scalât or a poloter.

t5.ùplea:

proc\ealure x,
beqit

I t*xxx'

' YvYYY'

I xxxxx'
' vvvvv'

writeln
endt
begin x;

t'ri telD
xi

eûal.

Is equivalent to

begin
wri teln
nri tel.n
wli tel. n

end.
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fhe f oLlqtôg exeple nill Bet i to tbe !âlræ {:
\àr i ! integert
function xyr ! integert

begin

'lY,' 
.- 2i

*y. .= 4î
elrd,

beqtn
i r- xyz i

enal.

6.3 Paràpetera

The raefulnegs of proctedule ând function c.lls caD be extenabtt by
I!3sing paraùêters. If these are uaeal they nu.E t @rrea!,ontl in
Du[ber, posi tioD and type eith the forûal (allmy) parâneters in che
Aefi ni tion.
{lre foûal Fraoeter Iiat ontalns one or nole !,arts se[Erated blt
senicolons. Each part baa ore of the fobg:

iatentifler list: (la ta type
VÀR identifier list : da tâ type
FûICIION ittenèifier 1i6t : ali tâ type
PRO@D(R E ialenli fier li6t

these ærreapoDal to four ali ffereôt cLâssea of parâDeters, PI!{CIION
and PROCED(nE palaheters rrhi.ch â!e aubstituted with e<pressi on
\rahEa, \râriables, fimction and procedure lraûea lespectively when
the function or procealure is calletl.
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E aples!
cDû.gÈ SIZE r Z) t
type \rc - array [l..SIzEl of intêgert
\nr! v:vec t l: inÈegert
furction tan (x:reaL) rreâlt
begin

tan:- 6in (x)/co8(x)
e rltli
procredule tero (r-àr a: \Èc) i
begin

for i !- I to SIZB ato â lil := 0t
enil t
function aqrlre (x: integer) !integer;
begin

square :- Eqr ( x)
erldi
functior! Ei9@a (function f: integett n,D :ioteger)!iDtegert
\ra ! !rum, l: integer;
begin

suû: -0 i
for i:- n to n ib gue.=suû+f(i)t

.. si gtral =au&i
enal i

ci\re n the above dèfioitions
tan (0.51 would gi\re the tângent of 0,5 radians

(sin (0.5),/@s(0.5))
zelo (v) would set the array v to be all zeros.

Note that passing lârge arrays (aDal rec.orals ) aa lÀR palaheterg is a
glood ialeâ, because the coûputer doe6 not then have to copll the
ar tay.

sigma (square,l,20)
eval.uàtes l+4+9+16+.,.+400-

C!{AORD PÀSCÀL (antl nany other Pascal qastdrs) r.ill noè let you pass
stanalâ ral function and procealule names as paratnetera, hence the need
for Èhe fuDction 'squâre'.
WÀRNIIIG - Punctiong ândl
66Eëf 

're 
s orly have rrôlræ

procedures passed as parameters can
paraneters, antl Èhesê arê not checkeal .
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&.
pro€aùEe X(ârrqrl),
beslD
!
end,
Iroæature ylprocedure bl tbgl!

b( 4,
enali

bsln
y (r)

rtll laal to atl sagte! bauae r espects a reâl âDal gets an lnteg€;
F!âùCter ( a) .

5.{ LocÀl ilechrrtions
ÀDy rarlable!, ænstâDts, hbel., tt'IE€, IrroceahEês ana! funclloûs
(lEcl aleal vlthl.D a prgædure or futctloo arê locâl to tbàÈ proæairae
or fûrctlon anal cannot be lefelred to floo out alalê it.
rclobrl' ialentlflers dBfileat outaide â funcÈign or procealure Daydso be refelereeal lnslale it, l'tless they haeE been redefireal by
locâ I alefinl ti ons.
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&(rlplea:

Prograû el.aûlplei
var i:lntegeri (r tây bê referenced by Dâin prog, Pl at!ô P2 r)

Jlrealt (r uây be referenceal by Dain prog anal P3 r)
kabooleânt (r Day be refêrencêal anyrhere *)

ploc€alu!e Pli
var j:inèegert (r nay be lefereDeceal by Pl anal P2 only r)
proctetlule P2t
var nlchar; (r Day be referencêd by P2 only r)
begin

ena! t
begin

endt (r ofPl r)

plocedrEê P3 t
@nat i-{9i (r nây bê referencêal by P3 only r)

PI aoal P3 nay be calleal f rdt âtty{herê.
!2 ûây be called frcm PI or P2 oûly.

5.5 Recuraion anal foriraral refêrêncêg.

funccions anil proced(Ees can call thdraelges recuralvelys

function fâctorial (x 3 inteqer) !integer;
begi n

if x=0 then factorial := I
el sê fâctorial := fâetoriàI (x-l)*x

et!di
factorial (,1) qi \res 4*3.2.I = 24

sonetimes it is helpful for a procedure to be able to call aûother
proc\edure before the procrealurê being calle(l is defined.
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Dtanpl e:

proc€dure x([Eraûeters for x)t folrtardi
procealure y(paraneterg for Y) t
begin

(r calls x r)
e itali
proc\etlur e xi
begin

(r calls y *)

e nalt

x ântl y câIl one another (thèy are 'nutually recursivê")

?. Dynamic storaqe alral Pointers

7.I PointerE

valj.âbles of a pointer cype take as values the ndnory âddress of
othe! variables. This cân be used in Pascal to create \tariables as
requireal while tbe progratn is running, since the compifer does not
need to kno!. the nenory aaldress in advânce if it can be stored in a
pointer. ?he 6yntax os a pointer type ia:

^ type pointed to
where 'type pointêd to' is an identifier shich is the name of some
ala ta lype (which ceuld be dêclared 1ater, allctting recur si ve
alefinitions such as linked lists and trees).
E ( atnpl ês:

type Èreepoioter = 'lreei
tree = lecord
lef tbranch, rightbranch : treepointeri
ala tâ r 6onetype i

end;
vâr oak : treei

p | ^ intege ri
the ooly taây of giving a pointer a vâlue in standard Pascal ig to
assigû it the rrâlrE 'nil' (which is guaranteed èo point to no
variable) or to u!,e the proc€alule i!lE9{".

rr oxrcRD pAscÀL, "oil" is the address 0000.

Pointers can, once aêsigûedl a value, be tested for equal ity (<> and
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7.2 'Ne*' artd 'alisposê'
NEW allocàtês a oer l,ariablè frctr tbe avàilable gtôrage (if âny) ând
atorea a pointer to il in tbe sltêci fied varlable.

Tbe i/ariable crea ted ttay then be refeleûcêit by the polnter nârlablê
follqred by â^,

DISpOSE itestroys tbe rrariable polnced to by the 4tecl flêal polnter
anal nakes the storage avail.ble for other use. C}f oour se you ùust
bê eule that Èhe \ràriabl.e being DISPoSBD la nerær referenced agaln.

È<apIes:

\ar p: ^real i
begin

nee (p) tp- :=103.? ,
rùli te (P-rP^rP-) t
tti spoae (p ) t

end.

would prirt the cube of 103.7 and lhen ale stroi' the spâce useal to
store it. P^ neaûs the tariable rho.ê aalalreaa l! ln p.

8. Disk Files

8,1 Declarations

Disk fiLes are abclâreal as Pascâl \,âriables of type 'flIe of xn
where x is the ba6e type.of the file, and can tie any structtrred ot
unstructureal dâ tâ type. For exarûple:

lype patient = record
name : packêd array [1..201 of char;
wordnuîbe r : integer

end i
vâr f: file of integert

g. b: fi le of patientt

rrery file f decl, aretl io Pàscal has an âsociated buffer variable f-
trhose type is the bâsê type of the fil.e. Digk files can al.go be
textfiLes, for ex ampl e:

var fl, f2 rtèYti (see section 4.1)

8.2 Seouential vriting
Before thelr caû be read or written. disk files nust t€ opened using
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one of the dtanila rd ptocealurea RESET ao(l RS{RIÎE.

!èrrl te (f )

creaèea ân eDpty file ehich is then open for seqræntial sriting.
The end-of-file ftltctlotr êof(f) wil]. relq!û lRuE in this rode. Ihe
call prt(f ) erites Èhe ttatâ in the filê buffer (lhe vàriable f^) lo
thê fi le.

The Beqrænce:

begin f' 3= et(pr t

Day be abblevi ated tot

nrltê (f, e<p! )

Ixrt (f ) end

Ill!98!è!! NOTE - tn O(FORD PÀSCAL' asEignnents should not be hade to
fËîEnFÊF-G-rt abl e f ^ bef ore a resêt(f ) or revlite (f ) has been
do ne.

8.3 sêouentiâl !êâdlno

Tbe proctedur e all!
reset (f )

opene the ftle f for seqræntial reading. f rtrust previously hâave been
rritteû by â REI{RI lE connantl. otherit iae the error nesaage SILE DOES
t'ioÎ ExIsT r.ilI bê printetl. The first lecoral io the file will be
ÈaceA in the variable f^. (or if f is srtpty, f^ irill bê undefiDed
anal eof(f) |Ùi11 be truet.
Succeasive rècords can be reaal into the buffer variâble f_ by the
procedu! e ca l1:

get (f )

reaal (f,x) is equivalenè to x3=f-iget (f)

The function eof(f) retulDs TR(E r.hen lhere àie no ûore tecords itt
the filê. Àtt€opts to read past an etd-of-fi Ie will, cause at error.

Às an erdrple the folloring progran writes a file dottaini ng the
nunbers l to 10, âoal then reatls thsr back priûÈing Èhst on the
êô nsôl e:
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lra! i: integêrt
testfile : file of lntegert

be 91nrewrite ( teatfi le ) t
for i .'l to l0 tlo erlte (testfile , irt
rèset ( teÊtfl le ) t

nhile oot eof (teatfile) do
begin

reaal (tèstfile' i),
vri teln (i,

e nal
e ntl.

8.4 Exterûâl filès
The files descrlbeal abo\re are 'internal'files' in other ïora1s
tsurora ry files rhich are noloaLly alEleteal nhen the progrâm (or
procedu!e or func!iot) in ehich they are ilefiôeô fini 8hês.
Pemrânent ttigkette files nay be creâted anal,/or accesseil by giving a
fileDahe IEtanteter to RESET or RE$RI TE. (The paranetel eây be
ei ther a striDg coDstant ôr â atling lrariâbIê). This i3 an
er.ÈeDaion to standaral Pascal alI('tirtg speci flca tion of filetEoes'
lrhi ch can be uaeful in interactive piogralr!6,
If the filenane is a atring vâriable, it sboulal be telDinated by at
leaat onè spa c!.

E(anpl ea:

vâr fname | lacked alray lI..l5l of chart
f, 9 : file of soretype,

begin
reset (f ,rihtafllêr)
fnaûe i= 'B3TEUP. EEX 'a
rewri te (9, fnaDe 

' 
t

Disk textfile exanple

the folloaj.ng ex arnpl e progran pÈcanptg the ûlier for a disk file nâ!rè.
and then outputs aD l.Irper-antl-lowêr-€ se textfiLe to the printer.
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progrâ! grlntfi let
var fD.ne r llcleai array ll..80l of drâr,

cù ! drâlt
f r tertt

begi n
rrl telnt
rrl tel,û ('FilêÈnê ? r),
reaal ( f,tuel ;
reset (f, fDane),
vhile not eof (f) alo

begi À
vhile rpt eoln (f , alo

begin
reaal (f, d)t
rrl te (printe!, dt)i

endt
reâitln (f )t
,ri teln (prlnter ) i

eDal
enal.

9. Ertenalona to ataoalard Paacal

the features desclibeat ln thia section are sgecifiq to O{ FORD PÀSCAL
antl uight not be iûplaerÈed on oÈher aysteoa.

9(a) EqqleqlD4l constanta these âre lntrodrretl by tbe syDbol I
tfor i@6iEiiElT-i-a bàckslaah (for chalacter coDsttnts)

tbeir uain apdllcâtloD is probably in ùadr ine lângu.ge aoal I/O
intêrfaclng

€xaples!

@ûat

lar
begir

llnêfeed 1s
of type CAÀR

IDRP-Seglft
linef eeat= <bâckslaah>
dra raia tâ : cha rt

àrarita ta I -linefeedl (r
@oatart

fDLe (t ÀRÎ, $3f )t

ôi

âr)

't'l
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(writes tbe da ta 3f ber. to a (ÀRT chip naptrEd at her< m€mory aalalress
E8{P)
( <backslâsh> in the €raûple abo eê stanals for the backslash syriboL)

9(b) Meùorv, VD(, àr'tal port accesa

lbe standâral f un ct i ons,/proc.eilu! es PEEX. PORE. INP, Otn. ORIGIN.
æTKEY antl vDU a!ê plovi aled for thia purpose.

pè€k (x: integer ) !0..255

i.s a function wbich gi\,es Èhê contents of the phy8ical ndrory
location x, while the proc€tlure

trtoke (xr integerr yr0..255)

is useal to chaôge the contents of location x to the byte y. Poke
should, of coulse. be used with great care to âvold corn4)tlng yolrt
program.

inp (r:0..255) : 0..255
out (x,y ! 0..255 )

are like PE8( and POIG but input and output from the 8080/280 @U
port r.

origj.n (x. ^sometypê, y: integer)

sets the pointer x to trroiôt at the FhysicàL m€mory location y. x
can be any lrointer type. This should be used nith câre (sêe sêcti.on
t0 )

The procedule lrDU (xry :integert c :char) stores the character c in
the VDtt msnory row x, cll.lnnn y.

wÀRNING----nvDUi takes no âccormt of scro1ling, To ensure that row
0 oolunn 0 is in !hê top left @rner of the screên, thê screen
should be cleared (using the sÈandhrd proc\edure PÀGE ) beforê lrDU is
usetl.

Finally, the fun ct ion

ge tkey: char

returns a character read directly frdtr the console keyboard port.
Chr(0) is retù!ôeal if no character is reaaly.

EX ÀT.i PL ES

\ra r x!0..255 t
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begin poke(Sol{c, $33), storês the byte 33h at addiesa 4lch
x:= peàk(47) i sets x t- the c\ontenta of abcimal

Hory address 47

paget

vDû( 0,3, r?') ,

t rite (inp (æ9) t reaalg a vâ hæ fr@ the CPU por!
C9 anal Prints it

out ($12, ortl ('$r)) rritea a ttcllar to tbê
CPU porè I2h

clêars the vOU screen

rùlltes a qlEstion nalk !o the VDU
rot{ 0, coluûô 3

,hile getkey=chr(ordot waits for aonêone to ptess a key

9(c) Ee:<aôeclnal inEut and cu Èrir t
The procedures wRg Ex ànd wRtrEx2, ând the function Rt[ EX â!e

ltiovi deal.

trrhera (f : têra ti ra:irtegêr)
nritea x aa four heJ.. digits on the tertfile f.

wthe(2 ( f! ter(tr x:0..255)
erites the byte x aE tuo be)<. digiÈs.

Baapleg:
srh €r. (plinter, -l)r rrh e'.2 (output, 3)

prints FFFF oD the prinèer aDd 03 on the ctonsole.

The fun ct ioD

rdhe)< (f! tet(t ) : integer

reâds â 16 bit value frqn tbe file f, gkipping any leâaling blânks
and discarding all bùt the lâst fou.r digits !eaA.

9 (at) Bit Eapiprlation
ÀNDB. ORB, XORB,lùctB, SHL r anal SHR are ftmctions operating on integers
but treated as 16 bit logical dâtâ. the first four tlc biùriae AND,
inclusive OR, é<clusi\re OR and lrs compLement.

SHR(x,y) shifts x left by y bits(zero€ are 6hj.fteil in)
SHL(X,y) shifts x right by y bits
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SIL(X,-y) ls equivalent to sER(x,y)

era allpl ea:

antlb ( Sff f0,900ff )-S00f0

olb ($ff00.ç000f) = 9ffo f
xorb( Sff00,S0ffo ) = 9f0f0

notb( Sf0 f0 ) - $0f0f

shl ({.4) = ça0

shl ( {,-l ) = 2

shr ({,-12) = $4000

sh1( 4,0 ) - shr(4,0)=4

shr (544{4,4) = $44{

9(e) Catchipg I/O èrrolg

OccasiorElly it is nec€ssary for a progran to protect itself agaiûst
larexpected termination due to iDl'àlial iDput.
Tbe procrealur ê call

iotrap( fa 1€e ,

turn6 off Pascal error regsages for real anal integê! read operations
anal disk I/O

iotrap( true )

lurns checking back on again. Àfter each integer or floating poiDt
ot he,< rêad operation Èhe function IOERROR nay be u.s ed giving an
integer error numtÊ r:
ioerror= 0-llo error

2- Int ege r r€ad error
lo-Floating point read error
etc. (see section IL8 fo! a cbnplete list of I/O runtirDe

errors ) .

9( f ) Keyboârd interrupta
The ca lls breaks(tr-ue )

br eâks ( false )
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enable and ttisable the ESCÀPE (antt CIRL-S) keys respectirrely.

The defaulÈ is breâks (true).

e( s' 8-e!q9E-lug!Êlsç!srg!9!
The function rânaùrtt :0..255 gives a landon no. betweet 0 ând 255. A
pseutlo-raDtlom g€nêlating seqtEnce ia rrseal but this is inittalisetl by
tinilrg all keyboaral inputs andl ia also 'kicked' freqEntly by the
Pascal interpreÈer.

The caûstluction

rânabnr+( !ànabltr ûod I28)*256 generates a ranabn tto,
bebreen 0 and MÀXILt, wbile

randon mod n+l geDerâtes aû (alnoÊt )
ranabm ôo. in the range
I..n if n is not Èoo
lar9,e.

e( b ) qg&IÊ99!:ê

the (ùaracter ' ' is aLlcrred as a lettet in ialentifiers giving
improvêd reailabi lity.

9(i) Inprt of Stlinq vâriables

Striirg \rariables (ie packed arrays [l..nl of char) may be read froll
le-xtfiles in a 6imilâr manner to characters, integeas ând reals.
Àny leâding spaces or nerrlines are first skipped' then an entire
li.ne of characters is reaal frcm the file iôto the string \,ariable.
If the string is too long, it is truncateal on the tight. i.f it is
too 6ho!t it is padded out with spaces,

À major application is for iôputt.irg file names f rorn the console.

9(j) Proqran chainino (disk hode only)

The O\FORD PÀ SCÀL æmnand .
drâ in ( fi lenane )

sLops eraecutioD of the current program and in\Dkes the progran
naneal. The lralue of cLoBAL vâriables will be preserved only if
declarations are ialentical in the old and nee programs. À11 files
are clo6êd.
thè filenaine caû be êither a string or a string variable. (rf â
string vÀriable. at lea6t one spacê mtrst be used as terminator).
Ithen u.seal uôdêr the RUN comnaod, â ".obj" extension is impiled.
When used in â LoCÀTED, program. the cùain command simply o(ecutes
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the CP/t.l oonnanal ramed (.O!l €atension assumeal), {hich need not be a
Pàacal program.

E<eple:

file rp.ogl" (objecÈ coiie in .plogl,obji):

begio
!'riteln ( ,First proglao') i.ùain ( rprog2r)

e nd.

fiLe 'pro92' (object code in .prog2.objr):

be gi r!
writèln (,Secoral progranr ) t
chain ( rProglr )

end.

The connanat
êx progl

woultl câuse the following to be printed:
First progrâr
Second prograe
First program
Secood progran

until thê ESCÂPE key is pressed.

Program dlaioiog is â ùseful techniqtE for splitting q) largeprograms, or for nenu-driveD applications.

9(k) CPlt{ Directorv maiotâiûênce (disk hode only)

Deletinq and teDàminq files.
delete (fnane) aleletes the file "foame. f rom thè

CPIM di rectory.

rename (fnâmel,fnane2) renamès the file .fnameL" to tE
'fDâme2 "

ex anpl ès:

tàr olalf i1e : packed ârray [1..61 of chati
begiû

delete (,b:tesÈr) t
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tlelete ( r[â!y, ænr )
oldfile 3='a:Joe It
rêrEmê (oldfile, rsdith. ) r

the currentlv loqqed tlisk.
procealule logiû (ilrive ! dtâr)

logs ir! a rEw tlisk. for exdrple:

Iogi n (rBr) t

To fiûd out lhe allive letter of tbe culrently 1o99ed diEk, use the
frmctioû!

Iogged r char

9(1) R a!)ilon Àccesg Files (tlisk ûode only)

À file nay be openêd fo! ranabn reaaling or wliting by using thè OPEN
æNnbanal (nhich has the aâme syrtax âs RESEI and RE{RIIE). Ille fiLe
ia autcoaèicâ11y posi tioDetl at rec!rd rero (Èbe first recortl) ard
thi6 rectortl if it exists, is pl. aced in lhe file buffer.

seek (f, r!)

posi ti ons the file f at the nth recold, leâving the nth recoral in
the file buffe!. À subsegrE nt PUT niII !.ri te the nth record and
aalvance to the n+ltb, r.hiLe à cEl si.Il advance to lhe n+lth record
and read it into the file buffer.
Eof (f ) bas no signi ficarce when in râ ttdon access mde.
SeqrEntially rritten files may alraya LE reaal randomLy, but rantlcn Ly
rritten file6 are likely to batæ ûtrli tten (garbage) rècorde which
ûay contain an enal of fiLe, ârd should not be read seqlEntially.

Rândoh Àcce6s Examplê

(* À sinple nail list program usiDg râ nalrm àccess files.
r The file tilÀIL. IST ttrus t first be fo!ûatted (seê selEratei prograD bel ('r )rt

const MÀXREC = 100t (i Àlbi trary rnax. nunbe r of reco rds *)

type alâ ta = recordl
na[e : lEcked arrây [1..301 of chart
àdAress : packed arrây [1..601 of càart
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telephoDe 3 lEckeat ârray [1..151 of drart
enalt

trâ! fylê 3 file of dâtâ,
rec : abtat
@ranatr oal : trlcLeal array ll..10l of dlari
recnuD, 1! int6ger,

procralur e 9e treæ ralnrlbe rt
begt n

!eIEAt
,rl telnt
,ri te (.R6oord D@bêr ? r)i
read ( rêcnur'

until (rêcûuû > 0) âod (recnu! <- I'IÀXREC,
enalt

prooêalurê EÊtEnet
begin

vritê (rf,àûe ? t) i
reaal (rec. DtDê )

e ndi

Procealure gêtadalress,
beEin

Prlte ( 'Àdakess ? r),
leail (!ec. âalalreÊs t

enalt

ploceilure gÊttgleÈoDe t
begio

write ( rTeleÈolte ruDber ? r);
feâô (rec. telephorE ,

entli

begi r
open (f yl,e, rDaiI. lst.) t
reIEa t

pN9e t
Yri tel n
sri tel a
tri tel n
rri telo
rri tel, n
srl telnt

'Type. i to ioput rEe leoordr) i
' c to drange an exiating reclrdr, t
' d to au.gplay a recordr) i

to liat cantents of the f,iler) r,
' q to qultr) t

,ri te (r? r,t
read ( cod!ânalt tif aùrard tlt tn I ' t' , rc | , ral r , I lr I thên

ase cq[and lll of

'ir ! beglD (r Lnsert tEv lecDlal I )
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9e t re co raln labe r t
ge ttlnet
getaaldreaat
9e t tel eph one t
seek (fyle, recnuû),
erl te (fyle' rec) t

entlt

itlr: begin (. displây â reoord r)
ge t re cro rtln rDbe r t
seek (fyle, recnun) i
erl tel n t
writeln ( 'Nàne, ' ,fy).e^.nâ[e) t
r.riteln ('Àddress: ' ,fyle^.add!ess) t
rriteln ( r1êl I I'fyle^.teleÈoôe)t

entli

'c': begin (r ûodt fy a recoral *)
9e t re cto rdn uûbe r t
Eeek (fyle' recnrutr) i
!èc := fyle^ t
Vri telnt
{rite ('$bich fieltl (b') t
rrite (' you wish Èo drange ? ')tread ( cûil ) t
tf @d tll = rar tber getâtltlress
else if drd l1l = 'n' then gelnane
else if drA lll = rt' thên gettelephonet
nri te (fyl.e, rec) t

ênali

'li: begin (* list the file r)
seek (fyle,l),
for i:-l to Ii{ÀxREC alc begin

reail ( fyle, rec) t
wri telni
wiiteln (i ) t
rrri teln (rec. Dalre) i
irri teln ( rec. adtlreas ) t
$ri teln (rec. telephone, i

end t
enil t

enali (r of càse stâtêoent r)
uttiL clmnand [Il = 'q"

end.

(r ForDattlng progrâD to cieatè an enpty uail liEt file .)

oonst l.lÀXREC =I00 ttyl)e alatâ = rec.olal
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Dame : packed arlay [1..301 of chart
âdalress : IEcked array [I.,601 of drâlt
têlêpùrote . IEcketl array [1..151 of c.hart

eûdt

va! fyle ! file of dâtâ,
lec : dhtâ i
i: integert

begin
rewrite (fyle. 'llai1.lst') t
nâne := t ,;
adalreaE:=

' 'i
telePhooè := L i
for i := 0 to I{È{REC do lrrite (fyle. rec)

eûd.

I0. OXFORD PÀSCÀL intelface quide

The pulpose of lhis section i6 to proviale â11 the necèsaary
infoEratj.on to trrite 8080 (or 280) lrâcb ine languagê Eubroutinês for
o(FoRD PASCÀL pfograng.

10.1 Àssenblv lanquâqe for&at

Àssernbly language routines are declareal as Pascal functions or
procealu.r es but the body is replaced by the rord 'ertern' follc*real by
an integer constant (tbe loutine address). Àny [Eraneters are passed
on the stack ând should be renoved by the assembly Languâge routine.
The routine shoultl also push a returo \.a lue on the Etack if it is
declareal âs a function.fhe best way to alescribe this is by e,(ample,
so here is a sinple funcÈion to add tr.o integers!

progràn test;
function adalxy ( r.,y: integer):integer;

e,<têrn $7400 t
begiû

srite (addxy(3,4));
end.

fhis should result in the output:

7

Provialeal that the assenbty lânguage roùtiôe is correctly loca ted at
nsûory address 7 400 b:
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otçt
pop
pop
pop
dâ(l
push
pus h
ret

wherê to locate asaenblv lânqâuqe rdrtines

In executable (.OO ) files produced by tùe "locaten cdeand,
locations 2D00 and 2D01h poinl to the lâEt location used by the
Pàscal object ooale. Lcâ te the aoutines lbnqrbere aborre this aaldress
aD(l noalify thê poiûtêi accordinqly. (Îhe SID antl SÀVE coEnands can
be usetl for this purposè). Rdsrber tbât èhe first byte of a .(DM
file actually ætresponals to location 0100h.

l0 .2 Storàqe fornâts

À11 scalar aDA subrange types (except REÀL), and pointels are pasaed
as L6-bit ttorda iD the usuâl lrr.- high foroat.
Reals âre paaseal as 4 bytes.

1oc n+3: I bit 2rs canplernent er(ponent
loc û+2: Sign, ItS 7 bits tnârtissa.
loc n+l: Middlè 8 btts of manissa.
loc n : I,s 8 bits of nantissa.

If the eraponênt is zero then the
Àrrays are stoled row-by- row (the
els!ènc has the ldrest aaldress,

addxy:
7400h
b
h
d
d
h
b

(XPORD PÀ SCÀL

IDp return adalreag
trbp èhe pa raneter y
lrop the Framèter x
adal x to y
put the result on stack
put the reÈutn adalresa back
rêturn to Pasca I

nantissa I.lS bit represerts 0.5.
opposi te to FORTRÀN), the ldest

Àlrayg are byte-Fckêal if their êlsnents âre scalara in the range
0..255 (eg. châ!), ând {packeal" eaa spêci fied. In this ca se the
aize is always rounded l{) to an er,re n nirmtie r of bytes.

Records ale stored ,ièh their fielals in aer,else orde! (first
declareal hâs highest adtLessl. Sets are passed aÊ a l28-bit nap. â
"oner iotlicâtes mdbership. Odal antl even byees are rerærseali

loc. n+15 t
loc n+I{

loc ô+l
loc n

IIIPORIANT - poi oters

bir t5 .... bir 8
bir 7 ,.. bir 0

bit 12? ,.. bir 120
bir ll9 ... bir 112
alwaya point to the locaÈion abone the highest
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byte us eal by tbe actual abta. Tbia also âppl.iea
pa râmeter s, ,hi ch are pasaeal aa aald!esses.

È(rpl e:

to \AR

cons t
ty pe
\ra r
begin

VDTEIZB = 1024r (* L6 ro{s of 5,1
gcreen = pacLeal array tl..VDISIZEl of
\rdtutt! ! ^gcreeni

chars r)
càa rt

origin (edr4rtr, S9000 + VDI!IZE)

:

thia aleclatea an arrây baeed or tbe Triton uau attdlesa 9000b.
vduptr^ tll is the first rrdu Location.

CP,/u File Fornat

Data is stored on disk in an identical nânne! to lhe way pa ckeal
ârrays ale storetl in n€nory.

The end of file is narked by a cenCrof-Z (lÀh) f ollded by 0 to 127
zêro bytes to pâal oùt the 1a6t rec\oral. Rânabrtr files have no end of
file. Tex t file6 need only hârre a CIRL-Z to mark the enal of fiLe(or not èven this if the end of file cbincides ,ith the end of a
recoral). {his ensures compati.bility eilh CP,/M editor filea.
V. A tutoliâI introduction to thê OXFORD PÀSCÀL text editor
Introduction
6ur -EIEEGEI oq of the Ter<t editor will assume that it is being us eal
in corjùrction uith the O( FORD RESIDEITI! PÀSCAL c\ompi ler. Once you
lla ve entered the editor program thê actual configuralion in use ia
i rrel êva nt.
lbis nanuâI is intended to simplify leârnirg thê use of the eall tor
aôd it is recommeôded that the s<anples âôal exercises are foll(fled.
Do the er(ercisesl Thèy c1c',|e r material irhi ch ig not cenpletely
c! \æ real in the tert. Àô appendix covêrs all of the cûnanda
ava i 1able.

Clearinq the buffer the KILL command K

To clear the text buffer. either because it contains rubbi sh, or
t€cause you alo not want the clntents, use the KILL command. This is
entered sinply as the letter (.
Do DoÈ forgeÈ the RErURN aftelvarils. Tbe editor wilL ask :

Sure ?
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lou neeil to tyt)e rYr REf0RI to coûfiEn that you nant to kill the
bqff er. fa nor hrve an eûpty buffêr ready to put ou! tert iôto.
Àfter eDèerlog thi! csdlnd. the editor rill reply nith its p.dpt
(a >) to lndletc that it is tâiting 9or your next cemnand.

Crertlpo tart the ÀPPEifD c@rand À

tnitlÀll,y ra rlll Jl't &!l rltb the caaê of entering text into èhe
apty buffcr anal rdall nE on llnea to the entl of those alrêaaly
êntered. tùa aptroal corlanal la rrl tten Einpl.y as the letter

a

It ûeâns '{rFnal liæa of tert to thoae
type tho In'. ÀptEnali n9 la rather likè
elary. lb enter terÈ, re typê a REItnù
th.t we w.nt. like thia:

already in the buffe! ae I
aalali ûg Dell' sertences to âr
ântl tlrên the linês ôf te-x t

Nor ia the ti[e fo!
âll good ûerl to cllire
to the aid of their lEity.

Noticè Èhat the last line is a singlê period, This is not a line of
text anal iè is not put ir Èhê text buffer. The ",' signifies to thê
editor that we saltt to stop âddiûg new ter. t to the buffer, If later
oo you find tbat the editor is ignoriDg your cDntnaDdg, typè a line
@ntaioing a singlê period. E\,en experienceal users forget to type
tbat liôe sometimes. If this happens, you irill probably find a fst
liDes of rubbish in tbe text ehich i{iII .ped deleting later. Àfter
the abo\re append conmand ha6 been completêtl the ts.t buffer coûtains
the three lines of text but not tbe "à" or n." nhich nere commanda.
To âalal nore text, sinply give another .a. cornmand and continlre
typi n9.

Brtols - r?l

If at any time you nake an eraor iô the commands lhat you gi\re, the
editor will responal witb a ? . lbis is about â6 cryptic an error
!ÉÊsage aa you cao get, but you will soor realise why the editor
cannot ltâke gense of you! cutrnaôd. the two mo6t cromnon errorg are
speci fy ing a line number rahich does exist or giving a cemmand which
does not ex i st,

Printinq the contents of the text b,lffer
Having enlered êome tekt into the text buff€r rre rrill irant !oit so Èhat we can ch eck it for errors. 1o ab tbis we usê thê

print
print
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(XFORD PASCAI.

qui t command rqr

p

this is done as fôllqa. ïe speci fy the lines we want to print
before the p as a start ând eDd lilte numbe r separàted by a couunà. lt
presênt re have 3 lines in the èext buffer so l.3p vilL print aII of
the lines iD the text buffer. If we only irant to print one 1ine, say
the seclnd, re can cûit Èhe seclnd nlûbe! aûal in this case sirply
Èype 2p rather than 2,2p. In ou! 6se Èhis woutd produce

all ggod men to c.ome

If ee eâot to prinl all of the lines in the buffer. then the editor
â1lq.s ns to lJse another abbreviation which is eêpecially useful
when thele are a lot of lines in tbe text buffe! and lre ab not knowe(actly hcrrr nany. Wè can u.6e the synbol g as the second line nulber
so I'$p meaûs print all of the lines in the buffer ftcm the filst to
èhe 1ast.

In generâI. when a line nunber is requireal in â c.onmând re can use g
to lepresent the làsè line number. To stop a listing on the screen
type an escape. lbis will cause ? to be printed folloied by a
Prqn pt.

If t'e nish to p.int single lines of the buffer it is possibfe to
abbreviate the c\omrand even morê than sh*n abote. It is gimply
necessrary to type the liôe number and dnit the p.

For instaôc€, 2 rril1 ptint line 2 or $ !ùi11 print the last 1ine.
Finally vre can modi fy $ by typing somethiôg Like g-I neaôing the
last but one line. Bence S-l ,Sp eilL priût the last tno lines in the
text buffer. To fi.nd how many lires are in tbe buffer type tg=i.

Leavinq the editor the

To leave the editor and ab soanething w.ith the text ne ha\re just put
in the buffer, type q, ÀfÈer t.his you are retu!oed to paséa1.. ihe
tert buffer is left intact aral can be used as data for an asssnbler,
a cEnpil€r or a text processor,

Exercise I
Enter the editor f ron Pascâl and cleai the text buffer. Then enter
sone text u5ing âppend. Use a series of conmaûds Like:

k
a
.... text. . . ,
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llo, eapcrhcnt rlth the print cc.ndand to list â11 or parta of the
buffer unèil you lre corfialent hoï print irorks. lln understanding of
tbe rtc of llnâ nulbera is iDlrortant becâuse the sane fomat is us eal
for otber cc.rnals l.ter on. Also verify that if you quit and
re-grtêr Ptrcr I thet the text re$ains unchaDged until a kiII cqnnand
i! itlrld. If t'ou try to print and empty buffer or line 0, or a line
Irlt thê rnal gf the buffer or part of tbe buffer backlrards (i.e.
3,lpl ...th€a rn error {ill occu!.

frltloo terè ouÈ to a file the t{rite c(ûlmând rrl

Bavllg put t6rt into the buffer aDd nodified it. you rrill probably
nDÈ to lave lt on tàpe for later use. the srite cciûnand all.ows you
to !.ve tbê rhole of the text buffer oû disk às a named CP,/t't fi1ê.
Typa a 'r' folloeed by the file DarDe, for exa[plê:

r progrâ!

the file etrtenaion defaults to .PÀS, so thât the buffer iill be
Irlèten Èo Che file PROGRÀX. PÀS. If the file exists âlready it is
firlt deleted.

Rêâdinq têxt back froû a file the reâd ccûrnànal trl

lllrên you nish to reload tbe text you saved on disk. u.s e the !
c(Dûand. Àgâj.n you need Co give a file nâne. This shouLd be eractly
the Êane aE the rlane used to save the file.

Exercisè 2

Using the coonaDda described so far, put a f6r sbort plecea of têxt
onto disk files ând use the read cdlmând to reload thèse.

the cuÈrent Iine ,dot I or,.r

Suppose thàt the tèrat buffer cortains the three lines lte had above
antl you have just typeal 1,2p. The editor has just printed tbe first
Ctto lines. lry typing juse

p (ôo lilre nuûbers )

Tbe resûl.t is that

all good lnen to coûe

is printed. which is our Eeconal IiDe. More significantly, it is theIast lilre that we did anything to (we prinÈed it). tfé cân repeât
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this p c@nandl and linê 2 rrill coûtinrE èo be printed out. The
editor nairtâins a record of the last lioe that you allal anythiDg to
and alLons you to use ic as an inplicit line nuDbèr, râther thaD
specifying one êxplicitly. ?hi6 line is referreal to by the Bhorthanal
notation

. (pronounceal "alo t')
Dot is a line number just like $ antl it is referreal to âs Èhê
curlent line. lle can use it in nany ways' fo! exânplê:

.,sP

This rill prj.nt all of the lines in the text buffer frdû the culrent
line to the 1a5t (in this case lines 2 and 3).

Most ccannanals affect the vâ 1uê of &t. The print cqnmanal sets alo t to
the lâst line printed. In tbe abovè c.r se tte arrive at .=S=3.

Dot is most useful rhen it is ùsed in cqnbinalions Like

.+lp

\rhich r{ill print the ôeat line. Rdnsnbe r that the p cân be cmitted
so this cqnmand is equivalent to .+I. Ihis gives us a useful. way to
list througb the text bLrffer. We could also usei

.-1

to priût (and rnove back to) the previous line in the buffer. Ànother
u.seful cdnmand whicb will print the previous three lines of thê text
buffer is:

Rernênbe r tha! all of these commands change dot to the last line
printed. Before looking ât any new coûrûaôds we !ti1l sunnarise a few
things about dot ând the print cdnmatd. P cao tiê precedeal by 0, I o!
2Iine ôumbers. If no nurnbe r is given, then the cur.rent Iine is
prj.nted. If one number is printed then that line is printed and dot
is moved to chat line. rf t\ro numbers are given then atl the line6
bêlween the tlro nunbers (inclusively) are printed aDal dot iê moved
to the lôst line printed. Àlso if two Lines are specified tb€n the
first must be less than ol equal. to the s€cond (see Exercise 1).

Finally the editor âllows us to use a further degree of shorthaôd to
move bâck or fon ard by one 1ine. Typing RETURN ltiLl €use the next
line to be printeal - it's equivalent to .+Ip. try typing ^ follov,ed
by return; it is the sâne as .-1p.
To find out where you are in the buffer type r.=r ând tbe value of
dot j.s printeal.
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Deletinq Iines the ral I ccûmand

If se want to gel lid of sqne of the lines in the text buffer we use
the ral' ccûlnantl, Just like the p cdnantl it can be preceeded by 0. 1
or 2 line numbers, It behaves iD the saDe way et<cept thaè it deletes
lioes ratber than printiôg tha. Hence:

2,$d

irill alelete all the linea frcn line 2 to the end of the buffer. we
cân check this by typing t,Sp. Notice that $=1 noxr.
Dot is set to thê line after the last line deleted unless thi.s was
the laÊt line in which case abt is set to the nen last Line.

Exelcise 3

Erpelirnent rùith the pt at rt n and A cc.ûnaûals until you unalerstand
fully hos they iaork ard ho$ dct. 9, and Line numbers are r.16 ed.

Notice that the r ccûlnânal sets abt to line l. If you are
adventurous, try grtCing a line numbe r before the rar cc.nnand (e.9.
3a), You will find that text is appended after the line numbe r
6pecifietl rather than aftêr the currelrt line. Dot is set to the làst
lioe of têxt which is added.

Modifyinq text the subsilute cdnmanal rs'

lfe now c(me to one of the most important ccmhands available wbich
âIlows us to change text strings. The cotnnand is used to chatgê
single letters or groups of letters, ]\n example of its use is for
coirecting 6pelting or typing nistakes. Suppose that 1iôe one 6aid
"Now is th time for". we can insert lbe 'e' iôto 'tbe' with the
folloifing conmand:

Ls/th/ the/

This c(tnnaôal ûeaôs nin lire one subêtitute rther for the fir6t
occurrence of rÈbr.' To verify that we have achieved the correcÈ
result. type 'p' anal the line will be printed. Notice that the
sùbstitute comnand musr t nove dot to that line. The general form of
the substitute cdtnanal is

starting line, ending line s/string l/sLring 2/
and string 2 is substituted for string I for the first occurrence of
string I on each line between the starting line antl ending line. The
nrle for line numbers is exactLy tbe same as for the priot c<tnnand.
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ând abt is set to the lâst line elèereal. This iE â trap for the
unvary because lf no aubstitution occurrêil then dot is not ûoved. we
aat use

I' S s,/8pel iD9,/EPêl I itrgl
to correct the flrst Epelling eistakè in the word rspelling' ot! eâch
line. Thig iE useful for peopl e rho are coosistent Dia-spêllerst If
no U.ne nunbe r iE ua èal then the substitutioD occura on line abt,
e. g.

s/scoething/ocûething else,/p

thia nakes a correction on tbe culrent line ard pliots it (a .p' catt
optionall.y follor at the enal of the subsÈitute coonandl). It ia also
poEaiblê to say:

s/a@et-hi.ng//

tbich ttill delete 'Ecûething. frco the current lioe.

Exelciae 1l

ExperiDent raith the substitute cdrmand. In lrartlcuLar use it on a
string ûbich occurs gevaral tine6 oo a line. Try this:

à

the other slde of the coln

s/the/oh t.l)e/

You ni ll get:

on the other sidê of the coin

À substitute connâDd changes only the first occulreûce of a worcl on
a line, You cân chânge âlI occurrêncês of a rord by ailali n9 a .g,
(neâniûg global) to tbe s cdmand like this:

s/----- / ------ / w
If you ?ânt to chaoge â woral or phrase yith a t/t in it. you dust
preceale the slash irith a backslash, e.9.

s/3 /3 /5+3/
elll cbaDgê 5/3 lo 5+3.
Àlso to chaDge a in the text you nust put in the string, e.9.
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s/ ,//backslash ElâEV

will change / to the eortls backlaah slash.

Context sealcbiûq - /----/
Nol' tbat we have nastereal the aubstitute co.lnâltal t.e caû nove on to
tliscover another rây of specifying line nunbers. supposê ne hôve
ou! original three lines of text in the buffer:

Now iE the tiee fo!
aII good men to coore
Èo the âid of their party.

aDal tre wanted to find the lihe containing rtheirr aDd change it toIthê'. Of courae. r.ith only three lires of texÈ in the buffer it isfâirly eaay to do lhi6. but with a large buffer full of text things
would ûot be ao ea6y; context searching is ai.nply a good nethod ôfspecifying a line rrithout regarat for its nu.nbe r by giving soneconteit on it. thè fornat used isl

/striûg of charaters we rrant to find/
l.tole specifically for the er(ample Dentj.oôed âbo ve

/ Lheit /
is sufficient to fiôd the dêsired line. Having found the requirealLinê, thê êditor moves ab! !o that line -and prints iÈ for
rrerif ication, giving:

to the ai(l of their party

Itt tloing the search , the editor lookg for the next occurrerce ofthe specified string. flris means tbat i9 starts gealching flctn line.+l to line $ and then it ,raps around anal searche6 frqn iine I to .If the required mâtch abes not occur, then the usual error eesaagei3 printed (?) and dot is unchanged. We can rrs e a cortext sear;hânyrhele that a line nuhbe r is required so ne can acheive therequirêd àlteration by using

/ thei t /./ thelE/ i.be/ p

This ccûmanal has tbree parts, a context search, the substitute
connand ard the priat colnmând.

À contel<t search èn al6o take the forn of a ainple etapteasion so inour e*ample text, the fotlowing are all teferénces to line 2.

/Nor,/+L, /goû,/ , /patty/ -1. S-I, 2
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the change comnanal iÉr us eal to rèplace ooe
nuntê r of ner linea and tbe ingert ccûlmandgroqr of one o! rhore liîes. For instance
through '$' to sornething else. typè

The choice of hon to specify a line i.s dictatêil pu! ely by
coDveniencê, for exâDple3

/nov/ , /Nù/ +2p

eill print 3 liDès. (In fàct it printa the rhole buffe!. )

Bxerciae 5

Experieent with coDÈo.t sêârching. Î'ry â body of text rith sevè!âI
occurrences of the aa!ûe string of charâcters anal scan Èhrough it
usiag the aâûe coate[t search. Notice that if the to<t string oêcurstrrice oo the sare Line then Euccesrsive gearches finat alifferentIines. Itae conter<t searches to specify Liûe nunbers for c(ûûanilgother than substitute. Bdarê of finding a string on a alifferent
Lj,ne frqû thè one you expect I

Chanqe ând Insert - c and i

or nore Lines with ôlry
is used for iDaertiûg a
to chânge liDea ',+Ir

'+l'$c
--- type the new lines of text bere ---

The text typed betïeen the chânge cdmaodl and tbe . rill take theplace of the original lines. Dot is set to the last ner{ lineentered. The singlê '.r at the end of the cqntrrand shown is used in
Che same rray as the '., iû the âppend caûmand to leavê the ter(t
entry mode.

Insert iE sinilar to append in that it puts fresb linês into thetext buffer but it puts the text before lhe line specified. Dot isset to the Iast line inserCeal.

Exercise 6

Change is rather like â ccanbinâtion of
Experinent to rærify that

delete folloçed by insert.
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atart.eDal d
i
:---teit----

is lite
start, eDtl c
-- -- têra t -- --

ÈI)ètlnent uith â anil i to see that they arê Einilar. but oot tbe
aaûe. You will observe that

Iine nuDbe r a
----terat---

âppend8 gj!C! the givet line nunber, {blle
line ûunbe r I
----teit---

appenala bfore it. Notice that if ûo lioe nrûber ia given , a
âppênals âfter liDe tbt , ,bilê t lûserts beforê line ùt.

O(FORD PASGL

lloving text àround the inr ccdnànil

the finâl c(rûaltal allow5 ua to ûove groùpa of liûes àrountl iD thetelt buffer. For irstâoce, the ortle! of procêalur eg can be êaslly
changeal iû a Pascâl prograû, eEpecially if ue use coatext aearchea
to Epecify the line ruûbera. Ohlike tbe ccoûanals rê hâ9e us eal sofâr, the Doge c@!ûànal requirèa thrêe llne ntlnbers. The fornât of the
ccoDanal is!

stalt liûê, entl line n afte! this line
It ûoves âll of the linea be t9êen the atart anal enil liDes so thèttbey follor the third liûe rumber, e.9. 1,3r$ yill Dove the firsttbree liûêâ of text to Èhe end of the buffer. Dot is set to the laatIiDe to be Doved. the thirat line ruûbe r ûu5t bê ej.clusivêly outslde
the ràrge of the start ânil entl liDes. If tbe ter(t buffêr co;taineal r
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Filst pa ragraph

end of first pa ragraph

second paragraph

enal of seconal pâ ragrâ ph

then ne couLd relerse Èhe two paragraphg by the folloning co&ûalral:

/ second/ . / s'econè,/ 
^/E 

i r st/ -L

Notice the r-1r, llris i6 becauÊe the noveal text goes after the lines
speci fi.ed.

Sirmmary of compands anal line ûunbels

The genelal fotû of editor conmands is tbe cllû!ânal name, perhap6
preceded by ooe or ctro lioe numbèrs. Only one comûr.rnd is âllded per
Line, but a p csnnand lray follow the sea rch command.

a ( append)

Àdd lineg to thê buffer (at line dot, unleês â different line is
specified). Àppending continues ultil r.r is typed o!! a ûeit lin€.
Dot is set to the last liôe apiEniled.

c ( cbànqel

Change t'he speci fied lines to the nee text lrhich follolrs. {tre nel'
lines are telminateal by a'.'. If no lines are Epeci fi ed, leplace
Line ato t. Dot is set to the la6t line châDged.

d ( deletel
De1ête the lj.nes speci fied, If norie are speci fied, alelete line tlc t.
Dot is set to the first undeleted liDe, unless I is tteLeted, in
which €se abt is set to S.

i ( insertl
Insert nes Iines before speci fied line (or ibt) lntil âr.r i6 tylEd
ot a ôew lin€. Dot is set to the last line inselted.
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û (tovel

Move s liôea specified to after the line iâned aftser m. Dot is seC to
the 1a9t line novied.

p ( print)

Print specifièd Iines. If noûe speci fieal, ptint Iine drt. À single
line number is equivalent Co 'Iine-numbe! pr. À single return prints
'.+1r, the next line. Àn ^ followed by return i6 equivaleût to,._rp,

q ( qu itl
E (it frcn the editor.

r ( read)

Reaal a r:aned file into the buffer. Dot is set to the fir6t line
read.

s ( substitu tel
s/string l/.ttiîg 2,/ sill. subsCitute the charâcters of ,6tring2, forrstriôg lrin speci fied lines. If no lire is specified, nake
substitution in line ibt. Dot is aet to thê last line in which a
substitution took place, which lreans that if no subaÈitution tookplace, dot is not chânged. S changes oûly the first occulrerce of
string I on a linei to change alf of thsn, type a'9'after the
finâI sLash.

w (write)

llrite out buffer to a named disk file. Dot is not chânged.

::-lg9!-Jelssl-
print \raLue of dot. (S= prinls lra 1uè of '9r.)

,/----,/ ( context searchl

Seaich for next lire ehich contains this str:Dg of draracters. prine
it. Dot is set to line *here string fouod. Sealdl atarts at ,.+I,,
sraps alound f rcrn r$. lo 1. and contlnues Èo dot, if necessaly.
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A REAL PASCAL COI'IPILER
FOR YOUR l.IICRO.
cXtCFD PASCÂt 5 ai Ê!:€.:ec',
mo eme.tat.r cl'hs ts 

8r. , à.: a tr€c
p'o{amqnÊ rllaÉe r pAsCAl,r- 3r,1'?
prcq.al!àh(rr.c!d.€ve'5e -cÊîe.:el]'
BASC !r a55êù5e.

OXFOPD PASaA. r.Jdes

I tu r .e(Jrsve prr.€auiej ài3 t.:t..i
I Re(o'd 5:'!.1,r.e!
I Se:s

I I/pe d€i1t..t
I W'lL[ rOF ÊIPEÂT..]N-L ..:!
I CASE narene1ti
I tes
I Fr nre'

.fâ.t €ve.nh rg n l.EÊô E ù ,:h 5:'r "à
aeln1.i.1:h€ arqJase . r.d1.. OX:CÊ.D
PASCAL prcr'Ces rai' erle.s.r!

EXTRA
OXFOFD PAjaA-;.atJ'.! a i,r. Ê tsnge,-'
elten5orstesgn€d ro ma<e ra
Amnrâd Tf$e n.!de He!.nrliaitja.d C B:
mal oLa1ol qardol â(€s!i ei Rà.dcîi
.uniber5. P.jg.al.ia n.r SÊpara:e..mp ai.1

OXFORD PASCAL IS FAST
CX'CR:l !ASCAL ::--. e5.:,rr :: Fr,Sr

aOùPAC-t r:.! !, "!,:r:.€.eâ 5c!.aa^:
!a,e'ai'àt:3 lrie:re'Ét:"!l: : :r::rr Ê

,el x!€ :.38':r5

OXFORD PASCAL IS

COMPACT
3e.ause :..trp. e! ^:r P :rd€ CiFOF,_1 trr,!a--

'9a!:e!r'aq'a1! ":a:te1a5i::-:a::;:-1
1x(r" .;â. :a.I.'.1,:. :11.-.....à...:
rcr.a.1tà1a",.re' a'iueÊ! rian.!d,rJ'
r..!.af:!€.or.1.. z.ie /lL::.!: ùs!:"e
CF]A N.rmràia:.:.e.a r:ei5aai :._z
r'!8?-! i:'riL: i!.Ê aa:à

DISC AND RESIDENT
COMPILER
!rd€':f€-€5ae.l..nr e. :'.g'a1;:a.!e
r. r1r:r a.a .u. .. lLre !p.: r r.Jl d s: I.esi
C.r". al or sin e..Lgl':o ra<. !5 "r te 5i5:.7
iu." k€L!rEtre BASC .ierr'ete' ATRÀC-E

rp:o^ a cnt 'rL:.'l Ôn Ê! e. ù'..ri.t' . )'.:È .-l
th d re.t 'ele'e.:e :. lhe s.ù':e :idÊ

L-rie.lie D!l:.m! e'!e.! a

leve..eiùh:h!1 !Êth."À'r.;.:rû..,i.r
Pas.a c:€.1..,1e TÀeLN(ÉRa.ir :cîr e,

rr.!.:-.n lgla:( l.3e br.(.. J] 11.!r: ,

lanaleatre 5€parate r::mr rbe '.5

oai r,, 5..eq\l.red r.ja.nr.i r, j.i.
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