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I ) 1 year $10. U. A$ 8.
I Enterme as a new member for:

I ) 2 years $18. £10. A$ 15.
I

) Renew my subscription for:

I ) 3 year a $25. £14. A$ 20.

I
] Send Back Isaue(s)

POLICY: PASCAL NEWS 05-Sep-80)

*
~ ~ is the official but informal publication of the User's Group.

*
Pascal News contains all we (the editors) know about Pascal; we use it as

tii'e"VehICTe to answer all inquiries because our physical energy and
resources for answering individual requests are finite. As PUG grows, we

unfortunately succumb to the reality of:

1. Having to insist that people lotio MaG to know "about Pascal" join PUG
and read ~ News

-
that is why we spend time to produce it!

2. Refusing to return phone calls or answer letters full of questions -
we

will pass the questions on to the readership of Pascal News. Please
understand what the collective effect of individual inquiries has at the

"concentrators" (our phones and mailboxes). We are trying honestly to say:

"We cannot promise more that we can do."

*
Pascal News is produced 3 or 4 times during a year; usually in March, June,

September;-and December.

*
ALL THE NEWS THAT'S FIT, WE PRINT. Please send material (brevity is a
virtue) for Pascal News single-spaced and camera-ready (use dark ribbon and

18.5em line~-

* Remember: ALL LETTERS TO US WILL 8E PRINTEO UNLESS THEY CONTAIN A REQUEST
TO THE CONTRARY.

* ~ News is divided into flexible sections:

POLICY
_ explaina the way we do things (ALL-PURPOSE COUPON, etc.)

EDITOR'S CONTRIBUTION - passes along the opinion and point of view of the

editor together with changes in the mechanics of PUG operation, etc.

HERE AND THERE WITH PASCAL - presents news from people, conference

announcements and reports, new books and articles (including reviews),
notices of Pascal in the news, history, membership rosters, etc.

APPLICATIONS - presents and documents source programs written in Pascal
for various algorithms, and software tools for a Pascal environment; news

of significant applications programs. Also cr itiques regarding
program/algorithm certification, performance, standards conformance,
style, output convenience, and general design.

ARTICLES - contains formal, submitted contributions (such as Pascal
philosophy, use of Pascal as a teaching tool, use of Pascal at different

computer installations, how to promote Pascal, etc.).

OPEN FORUM FOR MEMBERS - contains short, informal correspondence among

members which is of interest to the reaoership of Pascal News.

IMPLEMENTATION NOTES - reports news of Pascal implementations: contacts

for maintainers, implementors, distributors, and documentors of various
implementations as well as where to send bug reports. Qualitative and
quantitative descriptions and comparisons of various implementations are

publicized. Sections contain information about Portable Pascals, Pascal
Var iants, Feature- Implementat ion Notes, and Machine-Depenoent
Implementations.

--f
I

- - - - All-PURffiS(COUPON - - (15-Sep-80)

Pascal User's Group, c/o Rick Shaw

P.O. Box 888524
Atlanta,Georgia JOJJ8 USA

~OTE**

Membership fee and All Purpose Coupon ia aent to your Regional
Representati ve.
SEE THE POLICY SECTiON ~. TH~ WEVERSE SIDE FOW PRICES AND
AL TERNATt ADDRESS if you are located in the European or
Australasian Regions.
Membership and Renewal are the same price.
Note the discounts below, for multi-year subscription and renewal.
The U. S. Postal Service doea not forward ~ ~

[ ) My new address/phone is liated below

[ ] Enclosed please find a contribution, idea, article or opinion
which is aubmitted for publication in the Pascal ~

[ ] Comments:

ENCLOSED PLEASE fINO:
$

A$
£_-

CHECKno.

NAME

AOORESS

PHONE

COMPUTER

DATE
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JOINING PASCAL USER'S GROUP?

Membership is open to anyone: Particularly the Pascal user, teacher,
maintainer, implementor, distributor, or just plain fan.
Please enclose the proper prepayment (check payable to "Paacal Uaer's
Group"); we will not bill you.
Please do not sendlUs purchase orders; we cannot endure the paper work!

- When you join PUG any time within a year: January 1 to December 31, you
will receive all issues of Pascal News for that year.

- We produce Pascal ~ as Iiliie8ns toward the end of promoting Pascal and
communicating news of events surrounding Pascal to persons interested in
Pascal. We are simply interested in the news ourselves and prefer to share
it through Pascal News. We desire to minimize paperwork, because we have
other work to do.

------------------------------------------------------------------------------
American Region (North and South America): Send $10.00 per year to the
address on the reverse side. International telephone: 1-404-252-2600.
European ~ (Europe, North Africa, Western and Central Asia): Join
through PUG (UK). Send £5.00 per year to: Pascal Users Group, c/o Computer
Studies Group, Mathematics Department, The University, Southampton S09 5NH,

~ Kinqd}m; or pay by direct transfer into our Post Giro account
(28 513 4000; International telephone: 44-703-559122 x700. ,
Australasian Region (Australia, East Asia - incl. Japan): PUG(AUS). Send
$A1O.00 per year to: Pascal Users Group, c/o Arthur Sale, Department of
Information Science, University of Tasmania, Box 252C GPO, Hobart, Tasmania
7001, Australia. International telephone: 61-02-23 0561 x435

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

PUG(USA) produces Pascal News and keeps all mailing addresses on a common
list. Regional representatiVes collect memberships from their regions as a
serv ice, and they repr int and distribute Pascal News using a proof copy and
mailing labels sent from PUG (USA). Persons in the Australasian and European
Regions must join through their regional representatives. People in other
places can join through PUG(USA).

RENEWING?

Please renew early (before November and please write us a line or two to
tell us what you are doing with Pascal, and tell us what you think of PUG
and Pascal News. Renewing for more than one year savea us time.

ORDERING BACK ISSUES OR EXTRA ISSUES?

Our unusual policy of automatically sending all iasues of Pascal News to
anyone who joins within a year means that we eliminate manyrequeS"tS for
backissues ahead of time, and we don't have to reprint important information
in every issue--especially about Pascal implementations!
Issues 1 .. 8 (January, 1974 - May 1977) are out of print.
(A few copies of issue 8 remain at PUG(UK) available for £2 each.)
Issues 9 .. 12 (September, 1977 - June, 1978) are available from PUG(USA)
all for $15.00 and from PUG(AUS) all for $A15.00
Issues 13 .. 16 are available from PUG(UK) all for £10; from PUG(AUS) all
for $A15.00; and from PUG(USA) all for $15.00.
Extra single copies of new issues (current academic year) are: $5.00 each
- PUG(USA); £3 each - PUG(UK); and $A5.00 each - PUG(AUS).

SENDING MATERIAL fOR PUBLICATION?

Your experiences with Pascal (teaching and otherwise), ideas, letters,
opinions, notices, news, articles, conference announcements, reports,
implementstion information, applications, etc. are welcome. Please send
material single-spaced and in camera-ready (use a dark ribbon and lines 18.5
em. wid,,) fnrm,
AU 1.l~n" will I>aI'rlnt.d unl..:",&).!.~, c;~n~,8.\n. r..qunlll to Illn cont rllry.

-,J\!,.,.:r J,I!J, .
,
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Editor's Contribution
RENEWING

This is the last issue of the (wou 1d never get here I I) SO 'f
yea r. Bet you thoug ht it

RENEW NOW!!! It is 'e'as 1 you ,have not renewed yet,
because all you have fo t~ te,11 11f you need to renew,
label. (Except in the A ~ ? ,ook at your mailing

~~~be~ in square br,ackets ussa;sa :t (;e.R;9t~~'J
) . I

)
f

t
t
h

he
s 1S your last 1ssue This b en

sUbscription expires.' num er is the year your

THIS ISSUE

This issue contains th f 11
of the proposed ISO P~SC~l siex~ o~ the "Second Draft"
last one we publish' because 1\n ~r 'hI hope it is the,
Mickel ( remember And 71) 5 t e last one! Andy
meeting in Huntsville ~nd was present at the X3J9
long distance p01iticing fO~a\;/ssos:ee: d:ing plenty?f
he could write a guest editori

al d
an

h
ar . He asked 1f

an t e text follows.

ISi1 UNIVERSITYOF MINNESOTA
TWIN CITIES

UniversIty Computer Center
227 Experomental Englneerong BuildIng
208 UnIon Street S.E.
Minneapolis, Minnesota 55455

1981-01-08

~hiS ~pecial issue of Pascal News presents the second draft proposal of the ISO

b~~~:s
St~dar~ now

l
o
l

ut
h
f?r public co~nt and voting,by the appropriate national. re onma y t 1S document 1S known as (rev1sed) DP7185.1.

[Al~ce Droogan, ISO TC97/SC5 Secretariat said to send all comment to'

~~~ni ;~sca~ Committee, c/o Larry B. Weber, IBM, General Products Division
a ey venue, San Jose, CA 95150 USA. See also bottom of

Page 69 'Pascal News #18] ,
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As was reported by Jim Miner on page 74 of Pascal News #19, the first draft
received 11 yes and 4 no votes. Most of the people I know associated with
ISO Pascal Standards activities (including myself) expect unanimous approval
on this draft. There are several things I can say about this:

1. The ISO Pascal standard is badly needed now and is overdue, but it
will have set speed records in approval.

2. Even though the draft standard is imperfect (and always will be) the
realization among those experts from the ISO Working Group is that
extra time spent on the draft in an effort to perfect it has reached
the point of diminishing returns.

3. This draft can be expected to be very close to the final standard.

4. Pascal users will at last benefit from a single standard when it
will be adopted by the national standards groups in ISO member
countries (such as in the USA by ANSI/IEEE/NBS and the Federal Govt.).

What I wrote two years ago in an editorial in Pascal News #14 which introduced
the third BSI working draft of a Pascal Standard still applies:

Pascal Standards should be given special consideration (in other words,
there are not necessarily applicable precedents found in the standards
processes of other languages). The Pascal Standards process has been a
model phenomenon in Computer Science history.

First and foremost Pascal was designed by a single person (Niklaus Wirth)
and is not a committee-designed language. Pascal Standards Committees
have so~r rightly refrained from adding committee-designed features.
Secondly, Pascal is the first major programming language standardized
outside the United States. As I've said before, it has European origins
but to be more accurate, Pascal is truly international. I think that's
wonderful and neat!

Pascal is in very wide use (even though there are dozens of programmers ignorant
of its impact and uses). Its design goals mentioned in my Pascal News #14
editorial have been met and exceeded (even though there are plenty of computing
people who deny this).

Finally, let me reiterate the implications of an imperfect Pascal standard. In

the time given, with the people involved, and with the resources we've had,
it's a remarkable achievement. (Thank you, Tony Addyman!) And it is still
imperfect. But now the existence of a finished standard is more important
thatn spending any more time.

In spite of the attitude of many of us technical people, you can't always
fix certain things--technical problems don't always have clean solutions. It's
not clear in some cases that solutions can be attained. In other words, if
you put enough constraints on a problem:-Tt could be the case that the set of
solutions is empty.

Therefore, regarding the conformant-array feature I am happy; after having
listened to the large volume of discussion, I know that it is equivalent in
quality to any alternative. To repeat a familiar refrain, if there had been
a natural solution, Niklaus would have incorporated it in the first place.

He's said so himself.

\.
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smerican nstional standards institute
inc' 1430 br--'". uauwaV.newvork. n.V.10018. (212)

354-3300
Cabte: Stendlirds. New York

Inte'n8tton8' T.te.: 42012 H ANSI
U'

January 21, 1981

Dear Hr. Shaw:

Enclosed please find second draft proposal ISO/DP 7185 _
S ifi

;~;c~~:t;~m~uter Programming Language - Pascal. This docU::~t i:a~;~:go 97/5 committee members for voting on by Karch 31, 1981.

Comments on the document are welcome
and willi i be considered but must ben wr tten form and must be received by Karch 31. 1981. Please address

all comments to ANSI's X3J9 Chairman:

Dr. Carol Sledge
On-Line Systems, Inc.
115 Evergreen Heights Drive
Pittsburgh, PA 15229

~~:~t~fs~~Uld
be clearly marked with the name, address and telephone

e commentor, the section and subsection to which the

~~nt applies, and a rationale or explanation for any proposed text

f
ges. Specific proposed text changes are the most desirable form

a
O
ls

r comme
l

nts, but general changes or criticisms, or questions are
o~c~.

'

Sincerely,

~,&
Alice DrOOgan~
Secretariat ISO/TC97/SC 5

AD/MAC
Encl.

-
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lan!!'uage Pascal lIIas desi9ned by Professor Niklaus Wirth to satisfy
principal aims: .
to make available a lan!!'uage suitable for teachin9 pr09rammln9 as
a syst.matic discipl ine based on certain fundan,ental conclI,.ts
clearly and naturally reflected by the lan,ua,e.

to define a lan9uage IIIhose implementations could be both reliable
and efficient on then available computers.

Introduction
Scope of this standard
References
Definitions
Definitional Conventions
Compliance
Processors
Prosrams
Re'luirements
LeKical Tokens
Blocks. scope. activations
Constant-definitions
Type-definitions
Declarations and denotations of variables
Proc.dure and function declarations
EKPressionl
Stiltllments
Input and output
Pr09rams
Hardlllare representation

APPENDICES

A.
B.
C.

Collected SyntaK
IndeK
Re'luired Identifiers

TABLES

1.
2.
3.
4.
5.
6.

M.talan9ua9. symbols
Dyadic arithm.tic o,.erations
Monadic arithm.tic o,.erations
Set op.rations
Relational operations
Alternative symbols

Foreword
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HOlllllver. it has become a,.parent that Pascal has attributes which .0
far beyond these original ,oals. It is nOIll beins increasin,ly used
commlrcially in the IIIritin. of both system and a,.,.lication softlllare.
This standard is primarilY a conse'lUlnCI of the ,rolllins commercial
interest in Pascal and the need to ,.romote the portability of Pascal
prosrams betwl.n data ,.rocessin, systems.

In draftine this standard the continued stability of Pascal has been a
prime obJllctivlI. HOIII.ver. ilpart from chan'lIs to clarify the
s,..cification. tlllO major chanses have belln introduced:
(a> the SyntaK used to specify ,.rocedural and functional

has been changed to re'luire the use of a procedure
headins. as appropriat. Cse. 6.6.3.1). This chan,e lIIas
to ov.rcom. a lansua,e insecuritYI

Cb) a fifth kind of parameter. the conformant arraY Pilrameter. hils
been introducedCsee 6.6.3.7). With this kind of param.ter. the
re'luired bounds of the index-type of an actual parameter are not
fixed. but are restricted to a specified ranse of values.

parameters
or function

introduced

O. INTRODUCTION

The appendices are included for the convenience of the reader of this
standard. They do not form a part of the re'luirements of this
Itandard.

1. SCOPE OF THIS STANDARD

1.1 Tnis standard specifies the slmantics and syntax
proerammine lan.uaee Pascal by sPlcifyin. re'luirlmlnts
and for a conformine pro.ram. Tlllo Ilvels of compliance
both processors and proerams.

of the computer
for a proces_or
arl defined for

1.2 Thi_ standard does not specify
Ca) the size or complexity of a pro. ram and its data that will exceed

th. cap.city of any sp.cific data process in. systllm or the
capacity of a particular prOC.Slorl

(b) the minimal r''�uir.m.nts of a data ~roc'slin. ~Ylt.m that is
capabl. of support in. an imple..ntation of a processor for
Pascal'(c) the method of activatin. th. pro,ra.-block or the set of commands
us.d to control the .nviron.ent in which a Pasr.al pro.ram is
transformed and execut.dl

(d) th. mllchanism by which pro.rams written in Pascal are transforme~
for us. by a data ,.rocessin. Syst..,

C.) the ..thod for report in. errors or warnin,sl
Cf) the typoera,.hical representation of . pro.ram published for hu..n

readin..

2. REFERENCES

Non..

2



the K of a yl refers to the x occurrin. directly in a production
definin, Y.

the x in a yl is synonymous with "thl x of a yN.

a y containin. an xl r.fers to any x dir.ctlY or indirectly
derived from y.

the y closest-containin. an xl that y which contains .anx but do.s
not contain another y containin. that x.

I

Ij
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3. DEFINITIONS

3.1

3.2

,

I t' O R by a pro.ram of the re~uirements of thiserror. A V10 a 1 ..
,

t
'

I
d t t' n by a pro~essor 1S OP lona .

standard wh~se e Ie
d
10

P ' bl ~'fferin9 between processors. butimplementatlon-def1ne. OSSl
y I

defined fOr,anY
d
Part

d
icul

t
ar

Pp~~~~~~~r'differin. between processorsimplementat10n-epenen . ,_
and. not necessa~~~~i1::~ne~n::~p~~~e~~rt~~uI:~h:~0~::~~~;'ism whi~h
pro~essor. A

l' nput and either executes It. prepares Itaccepts the pro.ram as
for execution. or both.

3.3

3.4

4. DEFINITIONAL CONVENTIONS
,

thO t dard to specifythe syntaxof the
The metalan.ua.e used In 1S ~

an
Form The notation has beenconstructs is base

h
d on ~ackus

l
-
t
a
o
ur

permit .reater convenience of
d

'
fl

'
ed from t e orl'lna t lacemo I" to allow for iterative productions 0 rep,descrlPt10n and

T bl 1 lists the meanin,s of the varIousrecurS1V' ones. a e
"

' f the constructs is .iven bymeta-symbols',Further speclf1ca~~one~Uivalent pro,ram fra.ments. Any
prose and. 1n some cases., _ s the id,wtifier of a
id.ntifi.r that is def~ned In ,clau:~alt :enot. that entity bY itspredeclared, or pred.fln.d ~ntlty

nt In all other respects. any suchoccurrence In SUC
t
h ~ pr

b
o'
O
ra
n
m
d br~9m=nY' pertinent re~ujrement of this

prO,ram fra.men IS u .
standard.

Table 1. Metalan.uage symbols

------------------------------------------------------.-------

--~~:::~~~~~~ ~~:~~~~----------------------------------
shall b. defin.d to b..

> shalt have as an alternative definition

alternativel Y

end of definition

o or instance of II

o Or more instances of II

(xIy) ,roupin,: either of K or y

"KYZ" the terminal symbol KYZ

meta-identifier a non-terminal symbol-------------------------------------------------------------

3
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A meta-identifier shall be a se~u.nc. of I.tt.rs and hYP~Qns b..innin,
with a I,tter.

A se~ulnce of terminal and non-terminal symbols ;n a
implies the concatenation of the t.xt that th.y ultimatEiy
Within 6.1 this concatenation is direct' no characters ffiay
In all other parts of this standard the concatenation i. in
with the rules set out in 6.1.

production
repr.sent.
intervene.
accord.ance

The charact.rs r.~uired to form Pascal pro,r.ams are t:.Qse implicitly
r.~uired to form the tokens and separators defined in 6.1.

Use of the words of. in. containin. and closest-containin. when
.xpr'Isin. a relationship between terminal or non-terminal symbols
shall havi the followin. meanin...

These iyntACtic conventions are used in clause 6 to $pecify c.rtain
syntactic re~uirements and also the contexts within which certain
semantic specifications .apply.

S. COMPLIANCE

NOTE. Thlre are two levels of to.~liance - I.vel 0 and levll 1.
Llv.l 0 dO's not includl conformant array ~ara.lt'rs. l.vel 1 doe.
include conformant array ~arAmeter..

i
I
I
I
I
i
I
I
I
I
I
i
i,

S.l Proc.s,ors
A ~roceSSOr complyin. with the r.~uirements of this stAndard shalll
(a) if it complies at lev.l O. acce~t all the f.atur.s nf the IAn.ua.e

s~ecifi.d in clAuse 6. ,IICIPt for 6.6.3.6(.), 6.6.3.7 and 6.6.3.8.
with the mea~in.s d.fined in claus. 6'(b) if it complies at Ilvel 1, acc.pt al~ the f.atures of the lan.ua..
sp"ified in clause 6 with the meanin.s d.fined in clause 6r

(c) not rl~uire the inclusion of .ubstitute or additAonal lan.ua,e
ele~ents in a pro,ram in ord.r to acco.~lish a feature of the
IAn.ua.. that is specified in clause 6'(d) be accompanied by a document that Provides a definition of all
implementation-defined feAtures'

Ce) detect any violation by a pro.ram of the re~uiremlnts of this
standard that is not desi.nated an .rrOr'

(f) tr.at each violation that il desi'nAted an '1'1'01'in at least one

of the followin. waysl

4
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(g)

1) ther-. shall b. a statement in ar. accoIT,panyir,. .1iJ.:umer.t that ti,e
'1'1'01' is not reported I2) the processor shall have reported a prior "'dr.r.ill~ that 0111'1'
occurrence of that error was possible!
3) the processor shall report the error during prep~ration of the!
pro.ram for execution;
4) the processor shall report the error durin. expcutior. of the!
pro.ram. and terminate execution of the pro.ram.
be accompanied by a document that separately describes any!
features accepted by the processor that are r.ot specified 1n'
clause 6. Such exter.sions shall be described as bellI' 'extensior.s'
to Pascal sped fied bY 1807185: 198-'.
be able to process ir. a manner similar to that specified for
errors any use of any such extension;
be able to process in a manner similar to that specified for
.rrors any use of an implementatior.-dependent feature.

<h)

(i)

5.2 Prosrams
A pro.ram complying with tI,e requirements of this standard shall:
(a) if it complies at level O. use only those features of the langua.e

~pecified in clause 6. except for 6.6.3.6(e). 6.6.3.7 and 6.6.3.8;
(b) if it complies at level 1. use only those features of the langua.e

specified in clause 6;
(c) not rely on any particular interpretation of

implementation-dependent features.

NOTE. The r.sults produced by the process in. of a complying
prosram by different complying processors are not required to be
the same.

PASCAL NEWS #20 DEmmER, 1980

~. RCQUIREMENTS

6.1 L.dcal tokenl

NOTE. The syntax .iven in this sub-clause (6.1) describes the
formation of lexical tok.ns from charact.rs and the separatior. of
these tok.ns.and therefore dO's not adh.re to the same rules as
the syntax in the r.st of this standard.

6.1.1 General. The lexical tok.ns us.d to construct Pascal programs
shall be classified into special-symbols. identifi.rs. directives.
unsisned-numbers. labels and character-strin.s. The representation of
any letter (upper-case or lower-case. differenc.s of font. etc)
occurring anywhere outside of a character-string (s.e 6.1.7) shall be
insi.nificant in that occurrence to the meanihg of the Plogram.

Jetter . ".":"b":"c":"d,.;tle":"fUI"s":"h":"i"J"J":"k":"1":"m":
"n":HoUl"~"~"~""'r""'s"~Ht"1"u"1"v"'"wh:.tx"1"~"I"ZM

6.1.2 Sp.cial-symbols. The speci.l-symbol. .1" tok.ns havins sp.ci.1
m.anin.s .nd sh.11 be used to delimit the syntactic units of the
lan.u....

special-symbol = I'+":'I_":'I*":"I"I"K":"(":")":N[":"]":
".":",":":":~;":NAI'I.("J")":
"<>"J"<.":~>."INI."lh...1 word-symbol

wQrd-symbol . "and":harrav":Mbe.in"l"case":"coo,t":"div"1
"do":"downt~":".lse":"lnd":"fi1.":"foru:
"function"~".oto"~"if"~"in"'"lab.1'f:"mod"t
"nil":"not"I"of"J"or":"packed"I"procedure":
"pro.ram":"r.cord"l"r.p.at"l"s.t":"th.n":
"to":"type":"until"l"v.r":"while":"with" .

6.1.3 Id.ntifi.rl. Id.ntifierl ..1' be of .ny I.n.th. All ch.r.cterl
of .n id.ntifier Ih.ll b. li.nific.nt. No identifi.r Ih.ll h.v. the
I.m. IPellin. .. .ny word-IYmbol.

EX.III"IeI:
X time readinte.er WG4
InquireWorkstationTransformation
In~uireWorkstationIdentification

6.1.4 Directives. A dir.ctiv. shall occur only in .
"rocedure-declaration or function-d.clar.tion. Th. dirp,tive forward
sh.11 b. th. only re~uired directive (se. 6.6.1 .nd 6.6.2). Oth.r
implement.tion-d.p.nd.nt dir.ctives maY b. "rovid.d. No dir.ctive
shall have the I.m. IP.llin. .s any word-symbol. -

AlterH.atSetti~,

dir.ctiv. · I.tt.r (I.tter I di.it> .
NOTE. On many processors the dir.ctiv. ,xt.rnal is used to s"ecify
that the proc.dur.-block or function-blqck corr.spo~4in. to th.t
proc.dure-h.adins or function-h.adin. is .xt.rn.1 to th.
pro.r.m-block. Usually it is in . library in . form to b. inp'ut

I>
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to, or that has b..n produc.d by, the processor.

6.1.5 Numb.rs. An unsi.ned-int.,er shall d.not. in decimal notation a
valu. of inte..r-type (see 6.4.2.2). An unsigned-rea] .hall denote in
d.cimal notation a valu. of r.al-typ. (se. 6.4.2.2). Tloe I.tt.r

.....

pr.c.din, a seal. factor shall mean 'tim.s ten to th~ ~ow.r of'. The
valu. d.noted by an unsi.n.d-int.ger shall b. in the closed interval 0
to maxint Cs.e 6.4.2.2 and 6.7.2.2).

di.it-se~uence = digit {di,it} .

unsi,ned-inte,er c di,it-se~uence .

unsi,ned-real ..

unli,n.d-int.,.r di.it-se~u.nce ["." scal.-factorJ
unli,ned-int...r .e" scale-factor .

unsi.n.d-number . unsi.n.d-int...r : unsi.ned-r.al
scal.-factor . si,n.d-inte,er .

li8n . .." : M_" .

.

si.ned-int...r
·

Csi.nJ unsi.n.d-inte..r .

si.ned-r.al . Csi.nJ unsi.ned-r.al .

li.ned-numb.r . li.ned-int..er si,n.d-real

-0.1 87. 35E'+8+100

6.1.6 lab.ls. labels Ihall be di.it-se~u.nc'l and shall b.
diltin.uished by their apparent inte.ral values, that snaIl be in the
clos.d interval 0 to 9999.

6.1.7 Ch.ract.r-strin.s. A charact.r-strin. containin. a sin.l.
strin,-,I.ment Ihall denote a valu. of char-tvp. Cse. 6.4.2.2). A
charact.r-Itrin. containin, lIore than on. strin.-.llm.nt Ihall denote
a valul of a Itrin,-typ. (s.. 6.4.3.2) with the sam. numb.r of
compon.nts as the charact.r-strin, contains strin.-.l.m.nts. If the
Itrin. of charact.rs is to contain an apostroph., this apostrophe
shall b. d.not.d bY an apostroph.-ima... Each strin.-charact.r shall
d.not. an impl.m.ntation-d.fin.d valu. of char-tYPI.

charact.r-strin,.. .," strin,-.l.m.nt
{strin.-.I.m.nt} ",. .

strin,-.l.m.ntc apostroph.-ima,e : strin,-character
apostroph.-ima.. .. """ .

strin,-char.ct.r ..

on.-of-a-s.t-of-impl.mentation-defin.d-characters

Exa.pl.sl
I
A' I,'
'Pascal I 'THIS IS A STRING'
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6.1.8 Tok.n separators. The construct

"{" anY-se~uence-of-charact.rs-and-separations-of-linps-not-
containin.-ri.ht-brace "}"

shall be a comment if the "{" do.s not occur within a charact.r-strin.
or within a comm.nt. The sub~titution of a spac. for a COMm.nt shall
not alt.r the meaning of a pro.r.m.

Comments, spac.s (.xc.pt in charact.r-strin.s), and the separation of
cons.cutiv. lines shall be consider.d to b. tok.n s.par~tors. Zero or
mol" tok.n s.parators may occur b.tw..n any two cons.cutlve tokens, or
before the first token of a pro.rAII t.xt. Th.r. shall be at I.ast on.
l.parAtor bltw..n .ny PAir of conslcutive tok.ns .ad. UP of
id.ntifi.rs. word-symbols, lab.ls or unsi9n.d-nu.b.rs. No s.parators
shAll occur within tok.ns.

I

I
I

\
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6.2 Blocks, scope a~d ctivations
6.2.1 Block. A bloc closest-contai~in'a label-declaration-partin
which a label occurs s all closest-contai~ exactly o~e stateffient in
which that label occurs. The occurre~ce of a label in the
label-declaration-part of a block shall be its definin,-point as a
label for the re,ion which is the block.

block a label-declaration-part
consta~t-definitio~-part

type-definition-part
variable-declaration-part

procedure-and-function-declaratio~-part
statement-part .

label-declaration-part = ["label" label {"," label} ";"] .
constant-definition-part = ["const" consta~t-definitio~

","
(constant-definition ",H)]

type-definition-part = ["type" type-definition","{type-definition ","}] .
variable-declaration-part = ["var" variable-declaration","{variable-declaration";"}] .
procedure-and-function-declaration-part ={(procedure-declaration: function-declaration> ";")

The statement-part shall specify the al.orithmic actio~s to be
executed upon an activation of the block.

statement-part = compound-statement .
All variables contained by an activation, except for those listed as
pro,ram-parameters, shall be totally-undefined at the commencement of
that activation.

6.2.2 ScoP.
6.2.2.1 Each ident~f~er or.lab.1 contained by

the pro,ram-block shallhave a deflnln,-polnt.
6.2.2.2 Each definin,-point shall have a re.ion that is a part of the

pro~ram text, and a scope that is a part or all of that
re'non.6.2.2.3 The re.ion of each definin,-point is defined elsewhere (see
6.2.1. 6.2.2.10, 6.3, 6.4.1, 6.4.2.3, 6.4.3.3, 6.5.1,
6.5.3.3. 6.6.1. 6.6.2. 6.6.3.1, 6.8.3.10).

6.2.2.4 T~e sc?pe of each defi~in,-point shall be its re,ion
(lncludln, all re,ions enclosed bY that re,ioo) subject to
6.2.2.5 and 6.2.2.6.6.2.2.5 Whe~ an identifier or label that has a definin,-point for
re'lon A has a further definin,-point for some re,ion B
enclosed by A, then re,ion B and all re,ions enclosed by B
sha~l be excluded from the scope of. the definin,-point for
re'lon A.6.2.2.6 The field-identifier of the
field-desi,nator (see 6.5.3.3)
field-identifiers associated with
r.cord-type possessed by the
field-designator.

field-speci fier
shall be one
a component
record-variable

of
of
of
of

a
the
the
the
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6.2.2.7 The scope of a definin.-point of an identifier ~r label shall
include no other definin.-point of the sam. lde~tifier or
label.

" "6.2.2.8 Within the scope of a defining-pointof ar.identIfIeror
label, all occurrences of that identifier or label shall be
desi,nated applied occurrences. except for an occurrence that
constituted the definin,-point of that identifier or label'
such an occurrence shall be desi.nated a definin, occurren~e.
No occurrence outside that scope shall be an applIed
occurrence.

6.2.2.9 The definin,-pointof an idintifieror label shall precede
all applied occurrences of that identifier or label contained
by the pro,ram-block with one exception. namely that a
type-identifier may have an applied occurrence in the
domain-type of any new-pointer-types contained by the
type-definition-part that contains the definin,-point of the
tYpe-identifier.

6.2.2.10 Identifiers that denote re~uired co~stants'. typp.s, procedures

and functions shall be used as if their deflnlh,-polnts have
a re,io~ enclosin, the pro,ram.

6.2.2.11 Whatever an identifier or label denotes at its definin,-point
shall be denoted at all appl ied occurr"E'II.:esof that
identifier or label.

6.2.3 Activations
6.2.3.1. A procedure-ide~tifier or
definin,-point for a re,ion which
procedure-and-function-declaration-part
desi9nated local to that block.

6.2.3.2. The activation of . block shall contain
<a) for the statement-part of the block. an al.orithm. the completion

of which shall terminate the activation (see also 6.8.2.4)'
(b) for each label in a statement. havin. a definin.-point in the

label-declaration-part of the block. a pro.ram-point in the
al.orithm of the activation of that statement'

(c) for each variable-identifier havin. a dlfinin.-point for the
re.ion which is the block. a variabll possessing the type
associatld with the variable-identifier'

(d) for each procedure-identifier local to the block. a procedure with
thl formal parameters associated with. and the procedure-block
correspondin. to, the procedur.-id.ntifier' and

(I) for each function-identifier local to the block.. function with
the formal parameters associated with. the function-block
corr.spondin. to. and thl type poslessed by. the
function-identifier.

function-identifier havin. a
is a block. within the
of that block shall be

6.2.3.3. The activation of a procedurl or function shall be the
activation of the block of its procedure-block or function-block.
respectively, and shall be desi,nated with1nl
(a) the activation containin, the proc.dure or function' and
(b) all activations that that containing activation is within.

10
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NOTE. An activation of a block B can only be within ~ctivatioDs of
blocks containin9 B. Thus an activation is not wIthin another
activation of the same block.

Within an activation. aD applied occurrence of a label or
variable-identifier. or of a procedure-irlentifier or
function-identifier local to the blod of the activiltior., st.all deDote
the correspondin9 pr09ram-poiot. variable. procedure. or function.
respectively. of that activation.

6.2.3.4. A procedure-statement or function-desi9nator contained in the
al.orithm of an activation and that specifies the activation of a
block shall be desi.nated the activation-point of that ~ctivation of
the block.

6.2.3.5. The
functions. if
activation.

al90rithm. pr09ram-points.
any. shall exist until

variables. procedures and
the termination of the

6.3 Constant-definitions. A constant-definition shal I introduce an
identifier to denote a value.

constant-definition = identifier "."
constant

·
[si.n] Cunsi9ned-number :

character-strin9 .
constant-identifier. = identifier.

constant .
constant-identifier)

I,
The occurrence of an identifier in a constant-definition of a I
constant-definition-part of a block shall constitute its i
definin.-point for the re.ion that is the block. The constant shill 1 i
not contain an applied occurrence of the identifier in the t
constant-definition. Each applied occurrence of that identifier shall

Ibe a constant-identifier and shall denote the value denoted by the

I
constant of the constant-definition. A constant-identifier in a
constant containin9 an occurrence of a si9n shall have ~een defined to !denote a value of real-type or of inteser-type. .

i
I
!
i
f
I
\
I
I
t

\
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6.4 Type-definitions . ..
6.4.1 G.neral. A typ~-definition shall introduce an IdentIfIer to
4enote a type. Type shall be an attribute that is Poss£~;ed by every
value and every variable. Each occurrenc, of a new-type shall denote a
type that is distinct from any other new-type.

type-definition. identifier "." tYP'-denoter
type-denoter = type-identifier: new-type.
new-type new-ordinal-type: new-structured-type

new-pointer-type .
The occurrence of an identifier in a type-definition of a
type-definition-part of a block shall constitute its definin,-point.
for the re.ion that is th. block. Each applied OCC1lrrence of that
identifier shall be a type-identifier and shall denote the same type
as that which is denoted by its type-denoter. Exc~rt for applIed
occurrences as the domain-type of a new-pointer-type.. tLe ~ype-d~noter
shall not contain an applied occurrenc. of the ld~ntlfler In the
tYpe-definition.

Types shall be classified as simple. structured or pointer ~y~es. The
re~uired types shall be denoted by predefined type-l~~ntlflers (sle
6.4.2.2 and 6.4.3.5).

simple-type-identifier = type-identifier.
structured-type-identifier = type-identifier
pointer-type-identifier = type-identifier.
type-identifier. identifier.

A type-identifier 5hall be considered a. a simple-type-identifier. a
structured-type-identifier. or a pointer-type-identifier. accord in. to
the type that it denotes.

6.4.2 Simple-types
6.4.2.1 General. A simple-type shall determine an ordered set. of
valu.s. Thl value. of 'ach ordinal-typ. shall have inte.er ordInal
numbers. An ordinal-type-identifi.r shall denote an ordlnal-t~p"

simpl.-type = ordinal-type I real-t~pe .
ordinal-type. new-ordinal-typ. :

inte.er-type : Boollan-t~pe I char-type
ordinal-type-identifter .

new-ordinal-type = enumerated-type : lubran.e-type .
ordinal-type-identifier = identifier .

6.4.2.2 Re~uired simple-types. The followin. t~PII Ihall existl

int..er-tYpe The re~uired inte'lr-type-identifier inte.er shall
denote the inte'er-t~PI. The valuls shall be a subset
of the whole numbers. denoted as IPecified in 6.1.5 b~
the si.ned-inte.er valull (lee also 6.7.2.2). The
ordinal number of . value of inte.er-type Ihal1 bt the
value itsll f.

real-tY,.e The re~uired real-type-identifier
real-type. The values
implementation-defined lubset of
denoted a5 specified in 6.1.5
values.

real s~all denote the
Ihall be an
the real numbers

b~ the li.ned-real

12
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Boolean-type
i

The required Boolean-type-identifier Boolean shall
denote the Boolean-type. The values shall b~ tht
enumer-atlon of truth values denote,j t,y the r-e9IJire+
constant-identifiers false and true, such that false ii
the predecessor of true. The ordinal numbers of th~
truth values denoted by false and true shall be th~
Integer values 0 and 1 respectively. - I
The required char-type-identifier char £hall denote thJ
char-type. The values shall be the enumeration of a set
of implementation-defined characters, some possibl~
without sraphic representations. The ordinal numbers of
the character values shall be values 0' inteser-type~
that are implementation-defined, and that are
determined by mapping the character values on to
coosecutive non-n~sative inteser values startins at
zero. The mappins shall be order preserving. Th~
following relations shall hold: "

Ca) The subset of character values re~resentins the;
disits 0 to 9 shall be numerical I. ordered an,
contisuous.

I
Cb) The subset of character values r~presentin' thel
upper-case letters A to Z, if available, shall be

!alphabetically ordered but not necessarily conti.uous.

Cc) The subset of character values representin, the!
lower-ca~e letters a to z, if available, shall be!
alphabetically ordered but not necessarily conti,uous. i

Cd) The orderin, relationship between any two character
values shall be the same as betwe~n their ordinal
numbers.

char-type

r

i
simple-types are I

I
6.4.2.3 Enumerated-types. An enumerated-type shall determine an:
ordered set of values by enumeration of the identifiers that denote'
those val uu ~ !he ord~r i ~9 a f these val ues shall t.f! determi ned by
the sequence 1n wh1c~ their 1dentifiers are enumerate'l, i.e. if x
~recedes y then x 15 less than Y. The ordinal number rof a value that
1S of an enumerated-type shall be determined by mapping all the values
of the type as their identifiers occur in th, identifier-list of th,
enume~ated-type on to consecutive non-ne.ative valu,s of inte,er-type
start1n, from zero.

enumerated-type. "C" identifier-list "IN.
identifier-list = identifier ( "," identifier) .

The occurrence of an identifier in the identifier-list of

13
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enumerated-type shall constitute its
constant-identifier for the re,ion
clos~t-containin' the enumerated-type.

definin,-point as a
which is the block

Examples.
Cred,yellow,green,blue,tartan)
Cclub,diamond,heart,spadel
Cmarried,divorced,widowed,sin,le)
Cscannins,found,notpresentl
CBusy,InterruptEnable,ParityError,OutOfPaper,LineBreakI

6.4.2.4 Subran,e-types. The definition of a type as a subran,e of an
ordinal-type shall include identification of the smallest and the
lar,est value in the subrange.The first constant of a subran,e-type
shall specify the smallest value, and this shall be less than or equal
to the lar,est value which shall be specified by the other constant of
the subran.e-type. Both constants shall be of the same ordinal-type,
and that ordinal-type shall be desi.nated the host type of the
subran,e-type.

subran,e-type = constant u .. constant .
Examples.

1. .100
-10..+10
red...reen
'0'..'9'

6.4.3 Structured-types
6.4.3.1 General. A new-structured-type shall be classified as an
array-type, record-type, set-type or file-type accordin, to th,
unpacked-structured-type closest-contained by the new-structured-type.
A component of a value of a structured-type shall be a value.

structured-type . new-structured-type I
structured-type-identifier .

unpacked-structured-type . array-type I record-typ, I set-type
fi Ie-bpe .

new-structured-type = ["packed"] unpacked-structured-type .
The occurrence of the token packed in a new-structured-type sha11
desi.nate the type denoted thereby as packed. The ddsi.nation of a
structured-type as packed sha11 indicate to the processor that
data-stora.e of values should be _cono.ised, even if this causes
oper~tions on, or accesses to components of, variab1es possessin. the
type to be less efficient in terms of space or ti~e.

The desi.nation of a structured-type as packed shall affect the
representation in data-stora,e of that structured-typ, onlYJ that is
if a component is itself structured, the component's r,pres,ntation in
data-stora., shall be packed only if the type of the component is
desi,nated packed.

14
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I
I

tities of a type is!
5 desi9nated packed arel.$. 6.6.5.4 and 6.7.1. !

I
6.4.3.2 Array-types. An array-type shall be structured as a mappin,i
from each value specified by its index-type onto a distinct ~omponent.1
Each component shall have the type denoted by the type-denoter of the!
component-type of the array-type.

NOTE. The ways in which the treatment of e
affected by whether or not the type
specified in 6.4.3.2. 6.4.5. 6.6.3.3. 6.6.

array-type - "array" "C" index-type { "." index-type} ")" "of"
component-type

index-type = ordinal-type.
component-type - type-denoter

Examples:
i

I

array Cl..l00) of real
:array [BooleanJ of colour I

An array-type that specifies a se~uence of two or ~nre index-types
'Ishall be an abbreviated notation for an array-type specified to have,

as its index-type the first index-type in the se~uence, and to have a

\

component-type that is an array-type specifyin, the se~uence of
index-types without the first and specifyin9 the same component-type
as the ori.inal specification. The component-type thus construct.d Ishall be desi,nated packed if and only if the ori,inal array-type is I
designated packed. The abbreviated form and the full form shall be Ie..vival ent. r

I
NOTE. Each of the followin, two examples thus contains different I

ways of expressin, its array-type.

Exam..l. 1.
array(BooleanJ of array[I..10) of array[size) of r.al
array(Boolean) of array[1..10.size) of real
arraY[Boolean.l..10.size) of real
array[Boolean,I..10) of array[size) of real

Exam..le 2.
pack.d arraY[I..10,1..8) of Boolean
..acked arrayCl..l0) of packed arrayCl..S) of Boolean

!
I

I

let i denote a valve of the index-type: let vCi) dtnote a valve of I
that component ~f the array-type that corresponds to tt.~ value i by Ithe structure of the array-type: let the smallest and lar.est values
specified by the index-type be denoted by m and n' and let k .
(ord(n)-ord(m)+I) denote the number of values s..ecified by the
index-ty~e. Then the values of the array-type shall be the distinct
k-tuples of the form:

(vCm), ... ,v[n))

NOTE. A value of an array-type does not therefore exist unless all
of its component values are defined. If the component-type has c
value\, then it follows that the cardinality of the set of values

15
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of the .rray-typ. is c raised to the pow.r k.

Any typ'll desisnated packed and denoted loy an arNly-typ'e havin, as its
index-type a denotation of a subran.e-typ. specifyin. a smallest value
of I. and havin. as its component-type a denotation of the char-type,
shall be desi,nated a strin,-type.

The correspondence of character-strin.s to values of strin.-types is
obtained bY relating the individual characters of the
character-string. taken in left to ri.ht order. to thp components of
the values of the string-type in order of increasin. index.

NOTE. The values of a string-type possess additional properties
which, allow writin. them to teKtf~les esee 6.9.4.7) and define
their use with relational-operators (see 0.7.2.5).

6.4.3.3 Record-types. The structure and v~lues of a record-type shall
be the structure and values of the field-list of the r.ecord-type.

record-type- "record" field-list .end" .
fiel d-I ist ..

C (fixed-part [ ";" variant-part J : variant-..art) C",")) .
fixed-part - record-section ( "," rIcard-section) .
record-section" identifier-list ":" type-denoter
variant-part.. "case" variant-selector "of"

variant ( "," variant) .
variant-selector" Ctag-field ":"] taw-type
tag-field" identifier.
variant. case-constant-list ":" "(" fi.ld-list ")" .
ta.-typI .. ordinal-type-identifier
case-constant-list . ca.e-constant ( "," cale-constant )
case-constant.. constant .

A field-list which contains neither a fixed-~art nor a variant-..art
shall have no components, shall define a sin.11 null value, and Ihall
be designated empty.

The occurrence of an identifier in the identifier-Itst of a
record-section of a fixed-..art of a field-list shall cQnltitute its
defining-..oint as a field-identifier for the re.ion which is the
record-type closest-containin, the field-list, and shall associate the
field-identifier with a distinct com..onent. which shall be desi,nated
a field, of the record-type and 01 the field-list. That com~o~ent
shall have the type denoted by the ty..e-dlnotlr of thl r~cord-sectl0n.

The field-list closest-containin. a variant-..artshall have a distinct
component which shall have the values and structure defined bY the
vilriant-part.

let Vi denote the value of the i-th
field-list havin. m components' then the
shall be distinct m-tu~lel of the form

component
values of

of a nan-empty
the filld-I ist

16
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(Vb V2, .. oJ Vm).

NOTE. If the type of the i-th componer,t has Fi val lies, then the;
cardinal ih of the set of values of tI,e field-] i5t shal1 be
(F1 * F2 * ... *

Fm).

A tag-type shall denote the
ordioal-type-identifier of the tag-type.
the value denoted by the constant of the

i
type denoted by th~
A case-constant shall denote

case-constant. '

The type of each case-constant in the case-constant-list of a variant
of a variant-part shall be compatible with the tag-type of the'
variant-selector of the variant-part. The values denoted by all
case-constants of a type that is re~uired to be compatible with a
,iven ta,-type shall b~ distinct and the set thereof Shdll be e~ual to
the set of values specified by the tag-type. The values denoted by
the case-constants of the case-constant-list of a variant shall be
desisnated as correspondin9 to tIle variarlt.

With each variant-part shall be associated a type designated the,
selector-type possessed by the variant-part. If the variant-selector;
of th. variant-part contains a tag-field, or if the case-constant-li5tl
of each variant of the variant-part contains only one case-constant"
then the selector-type shall be denoted by the tag-type, and eachl
variant of the variant-part shall be associated with those values!
specified by the selector-type denoted by the case-constants of the

I
case-constant-list of the variant. Otherwise, the selector-type.
possessed bY the variant-part shall be a new ordinal-type constructed.
such that there is exactly one value of the type for each variant of

1

th. variant-part, and no others, and each var'iant shall be associated
with a distinct value of that type. I
Each variant-part shall h~ve a component which,shall be designated the

I.

selector of the varIant-part, and whIch shall possess the
sel.ctor-type of the variant-part. If the variant-selector of the
variant-part contains a tag-field, then the occurrence of an
identifier in the tag-field shall constitute the defining-point of the,
identifier as a field-identifier for the re,ion which is the I
record~type.clos~s~-containing the variant-part, and shall associat.!
the fIeld-IdentIfIer wIth the selector of the variant-part. The f
s.lector sha11 be designated a field of the record-typ~ if and only if !
it is associated with a field-identifier. t

!
I

Each va~iant of a val'iaot-part sha11 denote a distinct component of
the variant-part: the component shall have the values and structure
of the field-list of the variant, and shall be associated with those
values specified by the selector-type possessed by the variant-part
which are associated with the variant. The value of the selector of
the variant-part shall cause the associated variant and compon.nt of
the variant-part to be in a state that shall be d.si.nated active.
The values of a variant-part shall be the distinct ~airs

(k, Xk)'

17
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where k represents a value of the selector of the varj~nt-part, and Xk
is a 'value of the field-list of the active variant of the
var'iar,t-part.

NOTES
1. If there are n values specified by the selector-type, and 'if
the field-list of the variant associated with the i-th value has
Ti values, then the cardinality of the set of values of the
variant-part is (T1 + T2 + ... + Tn). There is no component of a
value of a va~iant-part corresponding to any non-a~tive variant of
the va~iant-part.

2. R.strictions placed on the us. of fi.lds of a reco~d-vari.bl.
pertaining to variant-parts are s~ecified in 6.5.3.3, 6.6.3.3 and
6.6.5.3.

Exam,.I..:

r.cord
year: O..2000;
month : 1. .12:
daY : 1..31

end

r.cord
name, firstname : string:
a,e : O. .99:
case mar~ied : Boolean of
true: CS,.ousesname : strin')1
false: ()

end

record
lC,y I real'
area I ~.al'
case shape of
trian.le I

(side I rea1;
inclination. an,le1, an,le2 I an.le)1

rectan,l. I

(side1. side2 I rea1:
skew I an,le);

circle I
(diam.te~ : real)'

6.4.3.4 Set-types.
i. structu~.d .s the
.et-type shall be
bau-tr....

A set-ty..e shall det.rmine the set of values th.t
powers.t of its b.s.-tr Thu. .a~h v.lu. of .
a set whon memb.,... shan be un!...,e v.lues of the

let-typ~ . "set" "of" base-type .

18
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ba..-tY~e G ordinal-ty~e

NOT€. Operators applicatlle to val'Jes of set-tYpes are spedfied il\
6.7.2.4..

Examples:
set 0 f char
set of (club, diamond. heart, spade) .

NOTE. If the base-type of a set-type has ~ va1ues then the.
cardinality of the srt of values is 2 raised to the power b.

For every ordinal-type S, there exists an unpacked set desi.nated the,
unpacked canonical set-of-T type and there exists a packed set type'
desi,nated the ~acked canonical set-of-T type. If S is a subran,e-typei
then T is the host type of $1 otherwisr T is S. Each v~l~e of the type
.et of S is also a value of the unpa~ked canonical set-of-T type, and
each value of the type packed set of S is also a value of the packed'
canonical set-of-T type.

:

i
I
i

NOTE. A file-type describes se~uences of values of the specifiedi
component-type, to.ether with a current position in each se~uencel
and a mode which indicates whether the 5e~uence is bein, insPlctedi
or .enerated.

Ir

I
A type-denoter lihall not be permissible as the component-type of a

\fiJ,-type if it denotes either a fiJe-type or a structured-type
havin, any component wholie type-denoter is not permissible ali the!
compon.nt-ty~. of . file-tY~e. I

!
I

I
I
I
I
!

6.4.3.5 File-types.

file-type. "file" "of" component-type.

Examples'
file 0 f real
fi 111 of vector

A file-tY~e shall define implicitly a type desi,nated a se~u.nc.-type
havin, .xactly those values, which shall be desi,nat.d se~uences,
defined by the followin, five rules.

NOTE. The notation x-y represents the concatenation of liequences x
and Y. The explicit representation of se~uences (~... SIc»~, of
concatenation of sequences, of the first, last and rest selectors.
and of sequence equality is not part of the Paical lan.ua...
These notations are used to define file values, below, and the
re~uired file operations in 6.6.5.2 and 6.6.6.5.

(a) S() shall be a value of the sequence-type
desi,nated the empty sequence. The empty sequence
components.

S, and shall be
shall have no

19
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(b) let c be a value of the s~ecified component-type, and let x be a
valu, of the srqyence-type S. Then SIc) shall be a se~u.nce of
tYPI 5, consistin. of the sinele component value c, and S(c)-x
shall also be a se~uence, distinct from S(), of type S.

let c, S. and x be as in (b)1 let
y denote the se~u~nce S(c)-XI

and lit z denote the sequence x-S(c)! then the notat10n y.f1rst
shall denote c (i.e., the first component value of

y), .y.rest

shall denote x (i.e.. the sequence obtained from
y bY delet1n. the

first cJmponent), and z.last shall denote c (i.e., the last
component value of z).

(e)

Let x and y each be a non-empty liequence of type ~I then
shall be true if and only if both (x.first ·

y.f1rst) and

= y.rest) are true. If x is the empty se~uence, then x · y

be true if and only if y is also the .mpty sequence.

(e) let x, y, and z be sequences of type 51 then x~(y-z) . (x-y)-z,
S()-x . x, and x-S() . x shall be true.

(d) x = y

(x.rest
shall

A file-type also shall define implicitly a type desisnated a mode-type
havins exactly two values which are d'liisnated [nspe~tion and
Generation.

NOTE. The explicit denotation of these values is not part of the
Pasca I I ansua,e.

of these
illp1icit

be of the

A file-type shall be structured as three components. Two
components, desi.nated f.L and f.R. shall be of the
sequence-typ.. The third component, desi.nated f.M. shall
implicit lIode-type.

Let f.L and f.R each be a sin.le value of the se~uence-type! let f.M
be a sin.le value of the mode-typ.1 then each value of the file-type
.hall be a distinct triple of the form

(f.L, LR, f.1'1)

where f.R shall be the empty s.~uence if f.1'1 il the value Generation.
The value, f, of the file-tY~e shall ~ desi.nated em~ty if and only
if f.l-f.R is the empty sequence.

NOTE. The two components. f.l and f.R. of ~ value of the file-!ype
may be considered to represent th. Sln,l. sequence f.l f.R
to,eth.r with a current ~osition in that s.~uence. If f.R is
non-empty. then f.R.first may be conlider.d the current COIiPonent
as determined bY the current position! otherwise, the current
position is desisnated the end-of-file position.

There shall be a
structured-type-ident
text shall define
desi,nated lines. A I

file-type that i. denoted by the required

fier t.xt. The structure of the type denoted by

n additional se~uence-typewhose values shall be
ne shall b,.a se~uence x-See), where x is a

20
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ae~Yence of components oavin,
to@char-type,anderepresents

I

.special component value, which soall be desi~nated an end-of-line,an
woich soall be indistin,uishable from the char value space eXCept b
the re~uired function eoln (6.6.6.5) and by

the re~uired procedurereset (6.6.5.2), writeln (6.9.5), and pa,e (6.9.6). If x is a linthen no. component of x other than x.last shall be.an end-Of-line. Thi

J

deflnltlon shall not be construed to determIne the underlYin
representation, if any, of an end-of-line component used by
processor.

!
A line-se~uence, z, shall be either the empty

se~uence or the se~uencix-y where x is a line and y is a line-se~uence.
i

I
Every value t of the type

denoted by text shall satisfy on. of th~followin. two rules.
r

Ca) If t.M .. Inspection, toen t.l-t.R shall be a line-sp.~uence.

~

t.l-t.R shall be X-y where x is
a se~uence of COmponp.nts

havin. the

Cb) If t.M .. Generation, then
line-se~uenc. and y is
char-type.

NOTE. In rule (b), y may be consid.red,
eSP.cial'y if it isnon-empty, to be a partial line which is bein. .enerat.d. Such a

partial line cannot Occur durin, inspection of a file. Also.
ydoes not correspond to t.R since t.R is the empty

se~uence if
t."

.. Generation.

A variabl. that possesses the type
d.noted by the r.quiredstructured-type-identifi.rt.xt shall be d.sj.nated a textfil..

NOTE. All required Procedures and functiona apPlicable to a
variable of type fil. of char art aPAJicabl. to t.xtfil.s.
Additional r.quir'd procedures and functiona, apPlicabl. only to
t.xtfil.s, ar. d.fin.d in 6.6.6.5 and 6.9.

6.4.4 POinter-types. The values of a pointer-type
Ihall consist of asin'l. nil-value, and a set of identifYin.-values each id.ntifYin. a

distinct variable POssess in. the domain-type of the pOinter-type.

Theset of identifyin,-values
shall be dynamic, in that the variables andthe valu.s id.ntifYin, toem, may be created and destroYed durin. the

execution of the pro,ram.
IdentifYin,-values and the variablesid.ntifi.d by th.m shall b. created only by

th. re~uired procedur. newCau 6.6.5.3).

NOTE. Sine. the nil-value is not an identifYin,-value
it does notid.ntify a variable.

The token nil shall denot. the nil-value in all point.r-tYP.I.

pOint.r-type
· n,w-point.r-type : point.r-type-id.ntifi.rnew-point.r-typ.

·
.~.

domain-type
domain-type

· tYP'-id.ntifier
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Types Tl and T2 shall be desi.nated6.4.5
.
Compatible t

f
YP
tt
es.

four statements that follow is true.compatIble If any 0 ,e
(.) Tl and T2 are the

~a~~
typeT2

is a subran.e of Tl, or both Tl andCb) Tl is a subrange 0 , or
h t typeT2 are subran.es of the same os,

~ase-types, and either both(c) Tl and T2 are set-types of compatlble,ther
T1 nor T2 is desi.natedTl and T2 are designated packed or nel

packed.
th same numb.r of co~ponents.Cd) Tl and T2 are string-types with e

I t A value of typt' T2' shall be6.4.6 Assi.nment-coffipatibi.i Y.
type T1 if any of the fivedesi~nated assi,nment-compatlblt' with a

statements that follow IS t;ue.
hich is neither a file-type nor aCa) Tl and T2 are the sa

t
m
h
e
aYP~i~e component Cthis rule il to bestructured-type WI

interpreted recurSiVelY~'T2
is the inte,er-type.(b) Tl is the real-typet'~~e

ordinal-typel and the value of type T2 isCc) T1 and T2 are compa I
" b th type Tl.in the closed interval specIfIed Y

d' 11 th. members of theCd) T1 and T2 are comP
T
a
2
tib~'

s~~-t~~:'cr~setinhrval specified by ,thevalue of type a e
base-type of Tl. .Ce) T1 and T2 are compatIble .trin.-types.

i
!

I

I

f assi.nment-compatibilityis used:At any place where the rule
~1 and T2 are compatible ordinal-typ!s andCa) It shall be an error if
i t in th. cloled interval IP.cifled bythe value of type T~ s no

the type Tl.
'f T1 and T2 are compatible I.t-typel and anyCb) It shall be an .rror
} t T2 is not in the closed intervalmember of the value 0 ype

t Tlspecified by the base-type of the ype .

6.4.7 EKample of a type-definition-part

type
natural ·

O..maxint;
count.. inte.err
ran., . inte.err
colour. Cr.d, yellow, ,reen. blue);
sex" Cmale. female);
year" 1900..1999;
shaPt" Ctrian.le. rectangle' circl.)1
punchedcard .. arraY(I..80J of char'
charle~uenc. .. fil. of chari
polar

· record
r I r.al;
theta: an,le

.nd;

22
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tndext~~e . 1..limitl
vector

·
array CindextypeJ of real;

person
· A~ersondetaill;

persondetails.
record

name, firstname : charse~uence;
aSe : inteser;
married: Booleanl
father, child, sibling: person;
case s : sex of

male :
(enlisted,bearded : Boolean);

f.male :
(mother.pr09rammer : Boolean)

end;
FileOflnte.er c file of integerl

--
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6.5 Declarations and denotations of varIables
6.~.1 Variable-declarations. A variable is an entity to which a
(currentl value may bl attribute~ (II. 6.8.2.21. Each identifier in
the id.ntifier-list of a varia~le-declaration Ihall denote a diltinct
variabl. ~os"lsin. the ty~. denot.d b~ the t~~e-d.not.r of the
variable-d.claration.

variabl.-d.claration . identifier-lilt h:u tY~e-denot.r .

The occurrence of an identifier in the identifier-list of a
variable-declaration of the variable-declaration-~art of a block shall
constitute its definin,-point as a variable-identifier for the region
that is the block. The structure of a variable possessing a
structured-tY~e shall be the structure of the structvr.d-t~~e. A use
of a variable-access shall be an access, at the time of the use, to
the variable thereby denoted. A variable-access, accordin9 to whether
it is an entire-variable, a component-variable. an
identified-variable. or a buffer-variable. shall denote -either a
declared variable. or a component of a variable. a variable which is
identified b~ a pointer value (see 6.4.4). or a buffer-variabl..
rel~ecti ve I Y.

variable-access. entire-variable I com~onent-variabl. :
identified-variabl. : buffer-variable.

An assi,ning-referenc. to a variabl. .hall occur if any of the .ix
statements that follow is true.
Coil Th. variable is denoted by the variable-acc.ss of an

assignment-statement.
(bl The variable is denot.d by an actual variable parameter in a

function-desi,nator or procedur.-statement.
Ccl The variable is denoted by an actual ~aramet.r in a

~rocedurl-stat.ment that sPlcifi.s the activation of the re~uired
~rocedure read or the re~uired ~rocedure readln.

(dl Th. variable occurs as the control-variable of a for-stat..ent.
(e) A ~rocedure-statement or a function-dlsi.nator contains a

procedure-identifier associat.d with a ~rocedure-block containin.
an assiening-ref.renc. to the variabl..

(fl A ~rocedur.-statement or a function-d.si.nator contains a
function-identifi.r alsociat.d with a function-block containin.
an aSlisnin,-p.fer.nc. to the variabl..

Exam~le of .. variable-declaration-~art

var
x.y.z,maxr real:
i,j: tnh..r;

kr O. .9:
p...,rr Bool.an;
operator: (~Ius, minus. timesl:
a: arrayCO..63J of rea!;
c: colour:
f: fil. of char;
hu.I.hu.2: set of colour:
pI,p2: ~erson;

m.mI.m2 : arraYCl..10.1..10J of r.al:
coord : ~olar;
poolta~e r arrayCl..4J of Fil.OfInte,.rl

24
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date I r.cord
month I 1. .121
y,ar I i nte"r

.ndl

NOT£. Variabl,s Occurring in examples i
nstandard e hould b the remainder of thl'ee assumed to hav, b-- n .

6.5.1. n declared as specifild in'

6.5.2 £ntire-variabllPs.

'nt~re-va~iable
· variable-identifier

varIable-Identifier. identifier .'
6.5.3 Component-variables
6.5.3.1 General. A component of a v

'component-variable shall de t
arlable shall be a variabl.. A

r.f.rIPnce. aSlignin,-referenc. ~~ :cc: c:mponent of a variable. A
Ihall ,constitute a refer.nce. 55 ,0 a compon.nt of a variabl.
r,sP'ctlv,Iy. to the variabl. Th lassl.n1n.-r.f.r.nc, or acc,ss.
a variabl. shall be th. sa~e c~ va ue. I f any. of the compone'nt of
variabl.. mpon,nt of the valu,. if any. of the

component-variabl. . 1ndex,d-varia bllP I f iIP I d-d.. hnator
6.5.3.2 Indexed-variables. A
array-type Sh.lI b - ~-not - d

component of a variable p .
by an Indexed-variable. oSlessln. an

ind,xed-v.ri.ble .
ar~.~-var1able "C" ind,x-,xpr'lsion{ , ind,w-ewpr'llion}

"J"array-variabl.
· variabl'-.ccIPSI

.
indew-.xprell1on

· .wpr'Slion. .
An array-v.riabl. 'shall b, a varia
Posl.ssin. an array-typ.. For an indble-~cc.~s that denotes a variabl.
sin.I. index-expr.Slion, th, v ex,d varIable closelt-containin. a
alli.nment-compatibl. with th

~Iu. of th. ind,x-.xprwssion Ihall b.
component d,noted by th. 1nd'=ed~~d,x-typ. of th. arr.y-typ.. Th.
corr.spondl to the valu. of the i dar:able sh~II b. th. component that
tyP' pOSSIIs.d by th. array_Vari ab

n
l
ex

(
.xpr

6
.5Slon by the mappin, of th.e Ie. .4.3.2).

Example"
.C12J
aC i +j J
JIlek]

If th. arr.U'-var iab Ie is .
t I 'may b, us,d. In the abbr.l,se f.n Ind.x.d-vari.b'.

S''Iu.nc, "J" tIC" th t vlat'd form. a sin.l. comma
and the full forml~alfcb

c
.
ur

e
S

..
i~ th

l ' full form. Th.
Ulva .nt.

an abbr.viation
shall r.plac. th.
.bbr'v1at.d form

25
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mCkHlJ
me k t1 J

NOTE. Th. two examples d.not. th. 101m. component variable.

6.5.3.3 Field-designators. A fi.ld-d.si.n.tor ,ither shall denote
that compon.nt of the record-variabl. of th. field-designator which is
allociat,d with the field-identifi.r of the field-specifi.r of the
fi,ld-designator. by the record-type poss,ssed by th, r,cora-variable;
or shall denote the variable denoted by the
fi,ld-delignator-identifier (see 6.8.3.10) of th, fi.1d-desi.nator. A
rIPcord-variable shall be a variable-acc,sl th.t denot.s a variable
pOlsessin. a r,cord-typ..

The occurr.nce of a record-variable in a fi.ld-d.signator Ihal1
constitut. the defining-pointof the fi.ld-identifi.r~ associated with
components of th, record-type poslessed by th, r.cord-variabl.. for
the re.ion that is the field-specifier of the fi.ld-desi9nator.

field-designator = record-variabl, H." fi.ld-sp.cifie~
field-d~si.nato~-id.ntifi'r

r.cord-vari.bl. . variable-access.
fi.ld-specifier 8 field-identifi.r
fi.ld-identifier = identifier.

Examples I
p2A.mother
coord.th.ta

An acc,ss to a component of . variant of a variant-part. where the
lel,ctor of the variant-part is not a fi.1d. shall attribute to th.
lel.ctor that value .p,cifi.d by itl type which is allor.iat.d with the
variant.

It shall b. an .rror unl.ls a variant il active for the .ntir.ty of
'ach r,f.r.nc. and acc,sl to .ach compon.nt of th. variant.

W~.n a variant becomes not active, al1 of itl co.ponlnti Ihall b,eome
totally-undefin.d.

NOTE. If th, s.l.ctor of a variant-part 11 und.fin.d, th.n no
variant of the var1ant-~art is activ..

6.5.4 Id.ntifi.d-v.~i.b1es. An id.ntifi.d-vari.bl. shall denote the
variabl. (if any) identified by th. va1u. of th, pointer-variabl. of
the id.ntifi,d-variabl. (Ie. 6.4.4 and 6.6.5.3).

id.ntifi.d-v.riab1. = point.r-variabl. HAlO

pointer-v.riabl.= variable-acc,ss .
A var1abl. cr..t.d by th, re'luir,d proc.dur. n.w (s.. 6.6.5.3) shall

26
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,
f
I
i

b. acc.llibl. until th t
'

f

~ro.ram-block or until 'the.r~~~~:~~~ of the activation of th.
r.~uir.d proc.dur. dil~ose, 6.6.5.31. il made inaccessibl. Csee tht

NOTE. Thl acclssibilit~ of the
'

l

'IXlst,nCI of a ~ointlr-vari bl varl~ble also depends on th
correspondins identif~ins V I

a e whIch has attributed to it th.
a ue.

A pointer-variable shall be a variabl
po~sessin' a pointer-t~pe.

It
e-access that denotes a variablJ

~olntlr-variable of an idlntified-v ,shall ,be an error if th~
Or ~s un~ef~ned. It shall be an er~~~able eIther denotes a nil-valuel
the Identlf~lns-value of an ident'f' d to ~emove fro. Its pointer-t~~el
r.ference to the id.ntified varia~l~e.~v

i
ar
t
lable CSle 6.6.~.3) wh.n .1

I I.

I

!

I

I
t
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E~amp 1.. ,

~1'"
pI"'. father'"

pl"'.siblin."'.fath,rA

It shaJI be an .rror t It
r.fer.nc. to th. bUff'r-v:r~ab~r ~~. v~lue of
bUfftr-variabl. Ihall ,e e~lIts. A
to the allociat'd fil.-~:~;:~r~~' a refer'nce
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6.~ Procedure and function declarations
6.6.1 Proc,dur,-declaratlonl. A p~ocedure-declaration shall ass~ciate
an identifier with a procedur~-block 10 that it can be activated b~ a
proc.dur'-Itatem.nt. Activation of the procedure Ihall activat. the
proc.dur.-block.

proc.dur.-declaration c

procedure-headin. "," dir,ctive :
procedure-identification ";" proc,dure-block
procedure-headine "," procedure-block.

procedure-headins =
"procedure" identifier [ formal-parameter-list J

procedure-identification =
"procedure" procedure-identifier

procedure-identifier = identifier.

procedure-block = block.

The occurrence of a formal-parameter-lilt in a procedure-headin,
procedure-declaration shall define the formal Parameters of
procedure-block, if an~, associated with the identifier of
procedure-head ins to be those of the formal-parameter-list.

of a
the
the

The occurrence of an
procedure-declaration
procedure-identifier
closest-containins the

identifier in the procedure-headin,
shall constitute its definjn~-point
for the re,ion that is the
the procedure-declaration.

of a
as a
block

Each identifi,r havin. a definin.-point as a procedure-identifilr in a
proc.dure-headin, of a procedur.-declaration closest-containin. thl
directive "forward" shall have Ixactl~ onl of its correspondin.
occurrences in a procedure-idlntification of a procedure-declaration,
and that shall be in the saml procldure-and-function-declaration-~art.

The occurrence of a procedure-block in a procedure-declaration
associate. the procedure-block with the identifier in the
procedurl-headin" or with the procedure-identifier in thl
procldurl-identification,of the procedurl-declaration.

Example of . procldurl-and-function-declaration-part'

procedure readinte..er (var fl ,te~t' Var leI intl.e,.),

var
i:naturall

buin
while f'" c '

,
do .ltCfl,

(Th, file bufflr contains the fjrst nDn-.pace char)
i := 01
while fA in ['0'..'9'J do be.in

iI- CI0 It 1) + CordCfA) - ordC'O'»,
utCf)

end;
(Thl fill buffer contains a non-di.it)
Ie ,- i
(Of course if there are no di,its, Ieis zlro)

end'
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i I natural'
be,in

for i 1= low to hi,h do ACiJ ,= BCiJ + CCiJ
end ( of AddVectors >;

procedur, bisectCfunction fCx I real) real.
a,bl real;
var re~ultl real)'

(This procedure attempts to find a zero of fCx) in Ca,b) by
the meth~d of ~isection. It is assumed that the proced~re is
called wIth sUItable values of a and b such that

CfCa)(O) and CfCb»O)
The estimate is returned in the last parameter.>

const
EIII . 1.-10'

var
midpoint: real;

buin .
(The invariant P is true by callin, assumption>
midpoint ,. a'while absCa-b) > E~s*absCa) do b..in

mid~oint I. Ca+b)/2'
if fCmidpoint> ( 0 th.n a ,. midpointels, b I.midpoint
(Which re-establishes the invariant'

P · CfCa>(O) and CfCb»O)
and reduces the interval Ca,b) provided that the value
of mid~oint is distinct from both a and b.>

.nd;
(P to..ther with the loop exit condition assures that a z.ro
is contain'd in a small sub-int.r~al. Return the midpoint as
the zero.>

r.lult I. midlloi~t
.nd.
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1

~rocedure PrepareForAppendin,(var fl FileOflnte,er)'
(This procedure takes a file in a~ arbitrary state and ~ets

it u~ in a conditio~ for appendi~, data to its end. Simpler
conditionin, is only possible if assumptions are made about the
i~itial state of the file.>

var
LocalCopy FileOflntuer'

Fi I eOf I nh.er);procedure CopyFiles(var from,i~to
buin

reset(from); rewrite(into)'
while not eof(from) do be,in

into" 1= from";
~utCinto); ,et(from)

end;
end { of'CopyFiles >,

b"in (of body of PrepareForAppendin,>
Co~yFilesCf,LocaICopy);
CopyFiles(LocaICopy,f)

.nd { of PrepareForAppendin, >;

6.6.2 Function-declarations. A function-d.claration shall associate
an identifi.r with a function-block so that it can be activat.d by a
function-desi.nator. Activation of the function shbll activate the
function-block.

function-declaration =
function-headin, ";" direct iv, :

function-identification "," function-block
function-headin, ";" function-block.

function-headin, =
"function" identifi.r Cformal-param.t.r-listJ
HI" result-type

function-identification =
"function" function-identifi.r

function-identifier ·
identifier.

result-type. simple-tYlle-identifi.r :

point.r-type-identifier ,

function-block · block.

Th. occurrence of a formal-param.t.r-list in a function-headin. of a
function-declaration shall define the formal pardlltehrl of the
function-block, if anY' a~sociated with the identifier of the
function-headin. to be those of the formal-parameter-lilt. The
function-block shall contain at least on. assi.nment-stat.ment that
attribut.s a value to the function-id.ntifier (s.e 6.8.2.2). Th. value
of the function shall be the lalt valu. attributed to the
function-identifi.r. It shall be an .rror if the function is und.fined
ullon comlll.tion of the al.orithm of an activation of the
funcH on-b lock.
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Th. occurr.nc. of an identifi.r in the functio~-headin. of
function-declaration shall conltitute its definin~-point as
function-id.ntifie~ possessing the typ, denot.d by the result-type fothe ~e,ion that il the block closest-contain1n. the t
functlon-decla~ation.

Each identifier having a defini~9-point as a fu~ctio~-ide~tifier i
th. function-heading of a function-declaration

closest-containin. thdirective "forward" shall have exactly o~e of its correspondin
occurrenc.. in a function-identification of a functio~-declaration
and that shall b. in the same

procedure-a~d-function-declaration_part
The OCcu~r.nce of a function-block in a function-declaratiO
associat.s the function-block with the identifier in th
function-headins. or with the function-identifier in th
function-identification. of the function-declaration.

function S~rt(xJr.al): ~eal;
(This function comput.s the s~ua~e root of x (x>O)

using Newton's method.)
va~

old.n'WI r.al'
beein

new'. III
r...eat

old Ie new;
n.w I. Cold + x/old)*O.~;

until absCn'w-old) < E"s*new;
CE..sbeing a slobal constant)
S..rt ,. n.w

end ( of S"lrt )1
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f unction maxCa: vector): real;
I f)th la ~-8 s t com..onent of the va ue

°
a.{This function finds e .~s

var
largestsofar: real:
fence: indextype;

bE;,in
largestsofar := a[IJ;
(Establishes largestsofa~ · ma~Ca[1J»
for fence := 2 to limit do be!ll1n

la r.estsofar := aCfe~ceJif largutsofar < aCfenceJ then
J»(Re-establishing lar.estsofar maxCaCIJ. ... .~Cflnce

end;
CIJ . ~ ClimitJ»{So now largestsofar = maxCa . ... _

max .- lar"stsofar
end ( of max );

functio~ GCDCm.n: natural): natural'
be.in .if 1'1=0then GCD 1= m else GCD ..
end;

GCDCn.m .od n)'

d d nltrat.5 how mutual recursion(Thi. exam..l. of ~h. us. of
~~~~~~ed :~:reslion and conve~tin. it toil helpful 11'1 read1n. a paren

some internal form)
function ReadOp.rand 1 formula; forwa~dl

function ReadExpression : formula;
var

this I fo~mulal
be.in
this I. ReadOperand;
while IsO...ratorCnextsym)do .this I. MakeFormulaCthis. ReadO...rator. ReadO...rand)'
ReadEx..r.ssion := this

.nd'
function R.adOperand ( I formula );
be.in
if IsO..enCnextsym) th.n
be.in
Ski..Symbol; . .
ReadO...rand := ReadEx..re5110n,
{nextsym Ihould be a close>
SkipSymbol
end

.lse ReadOperand 1= ReadElement
end.

6.6.3 Parameters
T I' t in a6.6.3.1 General. he identlfi~r- 1S

paraa.t.rl.Th.value-par"et.r-specification shall b. a list of value
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id
f

.ntifi.
b
r
1
-list in A variable-parameter-specifica

tl ' ono var'la e parameters. shall be a Ii

formal-par~meter-list =
"~:"formal-parameter-section
(. formal-parameter-section> A)"

formal-parameter-section >
val~f-parAmeter-specification :
varlable-parameter-specification :
proce~ural-parameter-specification
functl0nal-parameter-specification

NOTE. There is also A syntax I f
6.6.3.7 ru e or formal-parAmeter-section

value-PArameter-speCification =
. identifier-list ":" type-identifier

varlable-parameter-specification =
"VAr" identifier-list

":" type-identifier~rocedurAI-parameter-specificAtion =~roc.dure-headin9 .
functional-parameter-specification

function-headin,.
An identifier that is defin d t b .
r..ion ~hich is the formal-:ara~et:r_a parAmeter-Identifier for the
b. d'lienated a formal paramete;

of t~is:lofka ;rocedure-heAdin, shall
if any, associAted with th' . e oc 0 the procedure-block.
identifi.r that is defined toebIdentIfier of the procedure-heading.An
which is the formal-parame e_a.PArameter-ident~fi.rfor the region
desi.nated a formal parAmeter t:~ :~:tblOfk Affunctl0n-he~din8 shall be
any, associat.d ~ith the identifi.r of °t~

O
f

th
t'

funct~on-block, if. unc ion-h.adln..
Th. occurr.nc. of an id.ntifi.r i

t .
valu.-paramet.r-specification n. h. Id.ntifier-lilt of a
'hall conltitute its definin9-::i ~ varlabl'-PAram~ter-sP'Cification
re.~on that is the formal-paramet n_1~\ a ~arameter-ld~nhfhr for the
deflnin,-pointas the . er 15. c OS!.t-contalnln,it and itl
that is the block, if anyaS:~cl~~e~ ~

t
ar~able-ldentifier for th. re'ion

, ~ IC..I 15 a formal parameter.

Th. Occurrence of the identifier
proc.dural-PArameter-specificat. ~ ~f a procedure-headin, in a
al a paramllter-identifillr l~~r5 lat~ constl~ute its 'jefinin9-point
formal-parameter-Jist closest-

"

e rll'10~ that is the
the alsociated procedure_identi~f~:a:nln~~it and Its definin,-point .s

if any. of which it is s fo~~ al
or
t

..e re910n that is th. block,
- ... parame er.

The Occurrence of the id.nt'f'
functional-parameter-specificatio~ :~~llof a. funct~on-I,eadi~9 in a
a. a parameter-identifier for constItute Its deflnl~9-point
formal-parameter-listclosest-cont . . the re!10n that 11 the
the associated function_id.ntifialn~n9I

t
t and Its definin,-point a.

if any,
0" which it 15 a fO~

lII
s l

er
t
or he r.,ion that is the block,

. - parame er.
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NOTE. If the formal-paraffiet.r-listis
proc.dural-parameter-specification
functional-parameter-specification. t~ere is
procedure-block or function-block.

contilln.d

or
no

in a
a

correspondin9

~.~.3.2 VAlue parameters. The formal parameter and its Associated
variable-identifier shall denote the same variable. The formal
parameter shall possess the type denoted by the type-identifierof the
value-parameter-specification. The actual-parameter (see 6.7.3 and
6.8.2.3) shall be an expression whose value is assisnffient-compatible
with the type possessed by the formal p;arameter. The cI,rrent value of
the eKPression shall be attributed upon activation of th~ block to the
v;ariablethat is denoted by the formal parameter.

I

\

\

6.6.3.3 Variable parameters. The actu;al-parameter shall be a
vari;able-;access.Th. actu;al-p;aramet.rl(I.e 6.7.3 and 6.8.2.3)
correspondin. to formal paramet.rl that occur in a sin91e
vari;able-parameter-specificationshall all possess the &;ametype. Th.
type pOlsessed by the actual-parameterl Ih;all be the same as that
denoted by thll type-identifier. and the formal paramllters shall also
possess that type. The ;actual-parameter Ihall be accessed before the
activation of the block. and this access shall establish a reference
to the v;ariablethereby accessed durin, the entire activation of the
block' the correspondin, formal paramet.r ;and its associated
vari;able-id.ntifier sh;all denote th. ref.renced v;ariabllldurin, the
activAtion.

An actual variAble paramete~ shall
lelector of a variant-part. An
d.note a component of a variabl.
d.li.nat.d packed.

6.6.3.4 Procedural ~aram.terl. Th. actual-para.et.r (se. 6.7.3 and
6.8.2.3) Ihall be a.procedure-identifier that hal a definin,-point
contained by the pro.ram-block.Th. procedure denoted by the
actu;al-paralll.t.rand th. proc.dured.noted by the form..1 par.met.r
.hal1 have con9rUOUI formal-PAralll.t.r~liltl (Ie. 6.6.3.6) if either
hal a formal-parameter-list.The formal ~aram.ter and its aSlociat.d
procedure-identifier Ihall denote the actual parameter durin' the
entire activation of the block.

.

not denote a fi.ld which is the
actual variable parameter shall not
that POII.II'I a type that il

6.6.3.5 Functional parameters. The actual-parameter (see 6.7.3 and
6.8.2.3) Ihall be a function-identifierthathal a definin,-point
contained by the pro,ram-block. The function d.noted b~ the
actual-p;arameter and the function denot.d by the formal param.t.r
'Ihall have the sam. r.su I t-type and Ihall have .con,ruoul
formal-parameter-lists (see 6.6.3.6) if .ither has a
formal-paramllter-li,t.The formal param.t.r and its allociated
function-id.ntifi.r Ihall denote the actual parameter durin. the
entir. activation of the block.

6.6.3.6 P~ameter lilt con,ruity. Two formal-parameter-listl shall b.
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con,ruous if the~ contain the same number of formal-parameter-section
and if the formal-parameter'-sections in correspondin, po~itions match
T~o formal-parameter-sections shall match if an~ of the statement
that follo~ is true.
Ca) The~ are both value-parameter-specifications containin, the sam

number of parameters and the t~pe-identifier in eac
value-parameter-specification denotes the same t~pe.

(b) The~ are both variable-parameter-specifications containin, th
same number of parameters and the type-identifier in eac
variable-parameter-specification denotes the same type.

Cc) The~ are both procedural-parameter-specifications and
formal-parameter-lists of the procedure-head in,s thereof
con,ruous.

(d) The~ are both functional-parameter-specifications,
formal-parameter-lists of the function-h.adin,s thereof
con,ruous, and the type-identifiers of the result-t~pes of
function-headin,s thereof denote the same t~pe.

(e) Th.y are both conformant-arra~-paramete~-specification'
containin9 the same number of parameters a~J e~uivalent
conformant-array-schemas. Two conformant-array-schemasshall be
equivalent if all of the four statements ~hich folluw are true.
(1) There is a sin,le indeK-type-specifiec~tionin each
conformant-arraY-lchema.
(2) The ordinal-type-identifier in each indeK-type-specification
denotes the same t~pe.
(3) Either the (component) conformant-arraY-sc~emas of the
conformant-array-schemas are e~uivalent or the type-identifierl
of the conformant-array-schemas denote the same type.
(4) Either both conformant-arraY-lch'mas
packed-conformant-array-schemas or ~cth
un~acked-conformant-arraY-schtmas.

NOTES
1. Th. abbreviated conformant-array-schemaand its correspondin,
full formare equivalent(see 6.6.3.7)

2. Th. contents of (,) abov. do not apply to lev.l O.

6.6.3.7 Conformant arra~ parameters.

NOTE. This clause does not apply to I.vel O.

Th. occurrenCe of an identifier in the identifier-list of a
cQnfQrmant-array-~aram.t.r-IP.c1fication shall co~stitute its
definin'-~ointal a parameter-identifierfor the re,ion that il the
formal-paramet.r-list closest-containin.it and its definin,-pointas
the associat.d variable-identifierfor th, r..ion that is the block,
if any, of which it is a formal parameter.

The occu~rence of an identifi.r in an index-type-sp.cification ,halJ
constitut. its d.finin,-pointal a bound-identifier for the r..ion
that i, the formal-paramet,r-listcloselt-containin.it and for the
r..ion tha~ i, the block, if any, whose formal parameters are
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specified by that formal-parameter-list.

formal-parameter-section > ..'
conformant-array-parameter~spe~lfl~atl0n

f t_array-parameter-speclflcatlon
con orll\~~ar" id!!ntifier-list ":" conformant-arr'a~-schema

conformant-array-schema= .
(packed-conformant-arra~-schema.
unpacked-conformant-array-schema)

packed-conformant-array-schema= ..,
"J""packed" "array"

H(H indeK-t~pe-speclflcatlon

"ofH type-identifier.
unpack.d-conformant-arra~-Ichema =.. .

"array" "(" index-t~p~-~peclflcat~o~.
f"

< ";" index-type-Speclflcatlon) ] 0

( type-identifier: conformant-arraY-IChema
)

.

ind.x-type-s~ecification c

identifier ".." identi~ier

"I" ordinal-type-identlfler
bound-identifier ·

identifier.

factor> bound-identifier.

NOTE There il also a syntax rule for formal-par~meie;-~.ction
in

6.6.3.1. There is allo a syntax rul. for factor 11'1 .,.
t i a conformant-array-schema, thenIf a conformant-arraY-sch~m~~on a ns e uled In thp abbreviated

an abbreviated form of defInitIon ma~ b . "]" "of" "array.
form, a sin.l. S

i
emi
t
':col

f
on

ll s~:~~ r~~~a~:b~~~i:~:~e~~~. and the full
"C" thatoccurl n I.e u .

formshall be e~uivalent.

EKampl,11 T2] of T3array(u..V1 T1] of array[J..kl
array(u..VI T11 J..klT2] of T3

f th bl ck the first bound-identifierDurin. the entire acti~ation.o eo' ote the smallelt value
of an indlx-type-IPeClfica~:on.:~:~~ty~:nCsee 6.6.3.8) pOises lid bY
sp.cified by the correlPon n, 1 .cond bound-identifierof the
lach actual-pa~a~eter' an

h
d

I ~hede~ote the lar,.st value sp.cified by
index-t~pe-IPeclflcatlon s a
that index-hp..

7 ~ d 6 8 2 3) corr.,pondin. to formalTh. actual-~arameterl (Ie. 6. .~ an ... . a . sin."
parameters that .o~cu~in Ihal~na11 POIS.SI the sameconformant-.rray-parame

d
te

br-'~~C11c~:al~par..eters shall be conformabl.
tYPI The type POSS!!sse y e

h d the formal
(Ie.' 6.6.3.8) ~ith the conformant-arra~h~~he:~~lla~. diltinct from
parameters shall pOI~e~s ha~la~~~~-~y~:mponent-typ. that shall be
any other type, and ~hlC sat

-identifier contained by the
that denoted by the ype

in the
conformant-array-schema .' d which Ihal1 have the
conformaot-al'ray-parameter-spec1 he.hon

~~ .ctual-par'ameters that
ind'K-type' of the

type possessed bY I.
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I

~~rr'IPond (lee 6.6.3.8) to the indeK-tY~e-l~ecifications
containede conformant-array-schema

"conformant-arraY-~aram9ter-s~ecification. 1n t

NOTE. The type of the formal parameter can
(see 6.4.3.2) because it is not d~

not~ d by
not be a string-typ

~ ~ anar'ray-type.

The actual-parameter shall b "th "
expression that is not a feel er a varIable-access or a

actual-parameter is an e~~~or ~hat 15 not a variable-a.:cess. If th

be attributed before activati::s~fn:hth:lva:u: of the !KPression shal
which the prosram does not ,e OC" ,0 an aux11lary variabl
this variable shall be the sam~t~:r;~:~ conta1n.dThe typ~ possessed b
Thi~ variable. or the actual_paramet:~ss:~se. by the expression

~~~la~~~;ac~~~:;sSh:~~I~e acces~ed before the .c~fva::ond:~o:~:
b~~Ck

accessed durin~ the entir:s~~~I~:~i:nr::e~~~c:I:~k~h:h variable thereb
formal parameter and its

" "e correspondln
represent the referenced varia bl:sd

soclate
t
d
h

variable~identifier shall
~ urlng e actIvatIon.

NOTE. In usin8 an array var" bl A
correspondin8 to a formal1a e

t
as an actual parameter

co f t
I parame er that oc.urs ir

norMan -array-parAmeter-specification the f
~

"!variable is ensured by enclosing the us~ O
bI

an auxllla~y
parentheses. varIa e-access A InI

An actual-parameter that is
component of a variable
packfid.

a variable-~ccess shall not denote a
that possesses a type that is designated

If the actual-parameter is an expression whose value is
var~a~le-access that closest-contains an ident"fi
deflnln.-occurrence in the ide t"f"

1 er

conformant-array-param.t.r-specification t~
I ~er-list

Ca' that identifier shall be t"' en
"contai~ed by the ex~ression. and

con alned by an Indexed-variable
Cb) the factor closest-cont"

it"closest-contain at least
aln n. he Indexed-variable

shall
~onformant-array-parameter-spec:;ic ~tnY index-expressions as the

Index-type-specifications.
a on

contains

denoted
which

of

by
has

I

of the expression and the
known and that. as a
of a procedur'e can be of a

6.6.3.8 Conformability.

NOTE. This claus~ do.s not apply
to I~vel O.

~~~:~_~y:~:e :~~o~~~o~~oran ~rray-:ype closest-containin. a
ind.x-typ.-s~ecification~mantt~r~aY S

t
c
h
hema c~osest-containin. a

e e Index-type and

sin91e
sin.le

the
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index-type-specification shall be desi,nated as corresponding. Given
two conformant-array-schemas closest-containin' a sin91e
index-type-specification. then the two index-type-specifications shall
be designated as correspondins. Let Tlbe an array-type with a sin,le
index-tY~e and let T2 be the type denoted by the
ordinal-type-identifier of the index-tYP~-specific.tion of a
conformant-array-schema closest-containin. a single
index-type-specification. then Tl shall b~ conformable with th~
conformant-array-schema if all the fol1owin9 four statpmpnts are true.
Ca) The index-type of Tl is compatible with T2.
Cb) The smallest and largest values specified by the index-type of Tl

lie within the closed interval s~ecified by T2.
Cc) The component-type of Tl denotes the same type as that which is

is denoted by the type-identifier of the conformant-array-schema.
or is conformable to the conformant-array-schema in the
conformant-array-schema.

Cd) Either Tl is not desi.nat~d pack~d and the
conformant-array-schema is an unpacked-conformant-array-schema.
or Tl is designated packed and the conformant-array-schema is a
packed-conformant-array-schema .

NOTE. The abbreviated and full forms of a conformant-array-sch~ma
are ~~uivalent (see 6.6.3.7). The abbreviated and fyll forms of
an array-type are equivalent Csee 6.4.3.2).

It shall be an error if the smallest or lar.est value specified by the
index-type of Tl lies outside the closed interval s~~cified bY T2.

a
a
.

6.6.4 Re~uired procedures and functions
6.6.4.1 General. Required procedures
~redeclared. The required procedures and
specified in 6.6.5 and 6.6.6 respectively.

be
as

and functions shall
functions shall be

NOTE. Required procedure. and functions do not necessarily follow
the rules .iven elsewhere for procedurel and functions.

6.6.5 Required procedures
6.6.5.1 G.neral. The requir.d procedures Ihall be fil, handlin.
procedures. dynamic allocation procedures and transfer procedures.

6.6.5.2 File handling procedures. Except for the application of
rewrite or reset to the proSlramparameters denoted by in~'ut. or outpyt.
the effects of aFP'ying each of the file handlin9 procedures rewrite.
put. reset and .et to a file-variablef shall b~ defined by
pre-assertions and post-assertions about f. its components f.L, f.R.
and f.M. and about the associated buffer-variable fA. The use of the
variable fO within an assertion shall be consid~r~d to represent the
Itat~ or value. as appropriate. of f prior to the operation. and
siMilarly for fOA and fA. while f Cwithin an assertion) shall d~note
the variable after the operation.

It shall be an error if the stated pre-assertiondoes not hold
iMmediate'y prior to any use of the defined operation. It shall be an
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.rror if any variable explic'tl d
'is undefined. The post_as~er~io~noted In an asser~ion of equalit

subse~uent access to the file, its s~all hold prIor. to the nex
buffer-varia~le. The post-assert. .compo~ents, or, Its associate

the eHternal.entities, if any, t~O~~i~~'P:~ c~r'~e~POndlrI9 actIvities 0

These activIties,and the point at wti- e 1 e variabl~s are bou~d
shall be implementation-defined. ' ch they are actually performed,

pre-assertion:
post-assertion:

true.
Cf.L = f.R

= SC» and
Cf.M = Generation) and
CfA is totally-undefined).

CfO.M = Generation) and
CfO.L is not undefined) and
CfO.R .., SC» and
CfOA is not undefined).
Cf.M .., Generation) and
Cf.L.., CfO.L-SCfOA») and
Cf.R.., SO) and
CfA is totally-undefined).

The components fO.L and fO.R
undefined.
Cf.L.. SO) and
Cf.R = CfO.L-fO.R-X» and
Cf.M .. Inspection)and
Cif f.R .., SC) then CfA is
totally-undefined)
else CfA .. f.R.first»,

wher~, if f is of the type denot.d by thereqUl~ed structur.d-type-identifier textand If fO.L-fO.R is not e.pty
and ifCfO.L-fO~R).last is not ~.si.nated an

end~of-Ilne, then X shall be a sequence
havIng an end-of-line component as it
only component. otherwise X . SC). s

putCf) pre-assertion:

post-assertion:

f"...tCf) pre-ass.rtion:
are not

post-assertion:

pr.-ass'rtion' CfO.M.., Inspection) and
Cneither fO.L nor fO.R ar. qndefined) and
CfO.R <> SO).

post-assertion: Cf.M .. Inspection) and

Cf.L" CfO.L-SCfO.R.first»)
Cf.R .. fO.R.rest) and
Cif f.R

·
SC) then CfA is

totallY-undefined)
els. CfA . f.R.first».
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rud ReadCf,vl,...,vn) wh.r. vl...vn denote variable-accesses
shall be equivalent to

ReadCf,v) where v d.not.s a variable-access shall be
.quivalent to

NOTE. The variable-access is not a variable parameter.
Cons.quently it may be a component of a pack.d structure and the
valu. of the buffer-variablene.d only b. assi.nment-compatible
with it.

Writ.Cf,.l ,en). where .1 n denote
.quival.nt to

shall be.xpressions

b..in writ.Cf,.l), ... I writ.Cf..n) .nd

Writ.Cf..). where. denotes an .xpr.ssion ,hall b. .quival.nt to

NOTES. 1. Th. r.quir.d proc.dur.. r.ad. writ.. readln. writeln.
and pa... as applied to textfiles. are describ.d in 6.9.

2. Sine. the definitions of r.ad and write include the use of .et
and put. the implem.ntation-defined asp.cts of their
post-ass.rtion, al,o apply.

6.6.5.3 Dynamic allocation procedure,

newCp) shall cr.ate a n.w variab1e that is
totally-und.fin.d. ,hall create a new
identifyin.-valu.of the point.r-type a'iociat.d
with P. that id.ntifi., the n.w variabl.. and
shall attribute thi, id.ntifYin.-value to the
variabl. d.noted by the variable-acc'lsP. The
created variable shall POIS.SS the type that is
the domain-type of the point.r-typ. po~'.ss.d by
P.
shall cr.ate a new variable that is
totally-undefined. shall cr.at. a n.w
identifyin,-value of the pointer-type associated
with P. that id.ntifies the n.w variabl.. and
shall attribute thi, identifYin,-value to the
variable denoted by the variable-acc.,s ~. The
creat.d variable ,hall possess the record-type
that il the domain-type of the point.r-type
posle..d by p and ,hall have n.sted variants that
corre,pond to the cas.-constant, cl cn. The

n.w(p.cl cn)
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cas.-constants shall b. list.d in order G
increasin, n.stin, of the varidnt-parts. A
variant not specified shall be at a deeper lev.
of n.stin, than that specified by cn. It shall
an error if a variant of a variant-part within th
new variable becomes active and a differ,
variant of the variant-part is one of t
specIfied variants.

disposeC~) shall ~emove the identifYin'-vaJue denoted by
th

expression ~ from the pointer-type of ~. It shal
be an error if the identifYin.-value had be,
created usins the form new(p.cl cn).

dispose(q.kl km)shall remove the identifYin,-value denoted by thexpression q from the pointer-type of q. Th
case-constants kl km shall be listed in orde
of increasin. nestins of the variant-parts. I
shall be an error if the variable h~d been create .~
usin. the form new(p.cl cn) and m is less tha
n. It shall be an error if the variants in th
variable identified by q~ are diff~rent from thai
specified by the case-constants kl km.

NOTE. The removal of an identifYin.-value from the pointer-tYPI t
which it belon.s renders the identified variable inacc.ssible Cs,
6.5.4) and makes undefin.d all variables and functIons that hav
that value attributed Cse. 6.8.2.2).

It shall be an error if ~ has a nil-valu. or is undefined.

It shall bl an error if a variable cr.ated usin, the second form of
new is accessld by the identified-variable of the variable-access of
factor, of an assi.nment-statement. or of an actual-parameter.

6.6.5.4 Transfer procedures. Let a be a variabl. poss.ssin, a tYPI
that can be denoted by
array Csl] of T,
I.t z bl a variable poslessin, a type that can be d.noted by
pack.d array [s2] of T.
and u and v bl thl smallest and lar.est values of the type

52. th.nthl statlment pack(a.i.z) shall be equivalent to

bnin
k ,. il
for J ,. u to v do

be.in
z(j] ,. a[k],

if J <> v th.n k ,. succCk)
.nd

.nd
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and the Itat.ment unpack(z.a.i) shall bl I~uivalent to

buin
k 1= i'
for J := u to v do

bf'9in
a(U := z(j]l

if J <> v then k .- succCk)
end

end

where J and k denote auxiliary variables which the pro,ram does not
otherwise contain. The type possessed by J shall be ,52. the tYPI

possessed by k shall be sl. and i shall be an expressIon whose value
shal! be alsi.nment-compatible with sl.

6.6.6 Required functions , . .
6.6.6.1 Gener~l. The r,quired functions shall b. arIthmetIc functIons.
transfer functions. ordinal functions and Boolean functions.

6.6.6.2 Arithmetic functions. For the followin. arithmetic functions.
the expression x shall be either of real-type or int..er-type. For the
functions abs and sqr. the type of the r.lult shall be the la~. as the
type of the parameter. x. For the remainin. arithmetic functions. the

result shall always b. of real-type.

absCK)
sqr(x)

shall compute the absolute value of x.
shall compute the s~uare of x. It shall be an error if
such a valu. does not exist.
shall compute the sine of x. where x
shall comput. the eosin. of x, where
shall compute the vaJue of the bale
raised to the powlr x.
shall compute the natural lo.arithm of x. if x is .reatlr
than zero. It shall be an error if x ts not sreater than
z.ro.
shall compute
not n.sattv..
shall compute
al",tansent of x.

linCx)
COICX)
IXPCX)

il in radians.
x 11 in radians.
of natural lo.arithm.

InCx)

...rt( x)

arctiin <Ie)

the non-nesative square root of x. if
It shall be an .rror if x is ne.ative.
the principal value. in rii<Jianl' of

x

the

6.6.6.3 Transfer functions
t~uncCx) From the expression x that shall b. of real-typ..

function shall return a rlsult of intes.r-type. Th~
of trunc(x) shall be such that if x is positive or
then O(=x-truncCx)(l: otherwisl -l(x-truncCx)<-O. It
be an error if luch a value doel not exist.
Examples'
truncC3.5) Yieldl 3
trunc(-3.5) yields -3
From the expression x that Ihall be
function shall return a r.lult of
positive or zero. roundCx) Ihall

thil
valu.
zero
IhaII

round(x) of r.al-type. this
inteser-type. If x il
b. equivalent to
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trunc(x+O.5), otherwise roundlx) shall be e9uivalent
trunc(x-O.S).
It shaJI be an error if such a value does not exist.
EKamplel:
round(3.S) yields 4
roundl-3.5) yieJds -4

6.6.6.4 OrdinaJ functions
ord(x) From the expression x that shall be of an ordinal-type, thi

function shojI return a result of integer-type that shaJJ b
the ordinal number (see 6.4.2.2 and 6.4.2.3) of the value 0
the expression x.

chr(K) From the expression x that shalJ be of inte,er-type. this
function shalJ return a result of char-type which shalJ b.
the value whose ordinal number il equaJ to the valu. of th.
exprlssion x if such a character value exists. It shall be an
Irror if such a character value does not exist.

For any value, ch, of char-type, the fol10win9 shaJl be truI'
chr(ord(ch» = ch

succ(x) From the expression x that shall be of an ordinal-type, thi.
function shaJl return a result that shall be of the same typ,
as that of the expression (see 6.7.1). The fqnction shall
yi.ld a value whose ordinal number il one .reater than that
of thl expreslion x, if luch a valu. exists. It shaJl be an
error if luch a value does not exist.

pr.dIK) From the .xpression x that shall bl of an ordindl-tYPI' this
functionshall return a resuJt that shall be of thl same tYPI
as that of th. expression (sel 6.7.1). The function Ihal1
yi.ld a vaJue whole ordinal number is one 1.IS than that of
th. .xprellion K, if luch a value .xilt,. It shall b. an
error if luch a value does not .xist.

6.6.6.~
oddllC)

Boolean functions
From t~e expression x that shaJJ b. of inte,er-type,
function shall be e~uivallnt to the eKP~ession
(abl(K) mod 2 · 1).

this

.of(f) Thl parameter f shall b. a fi h-variab1t' if the
actual-parameter-list is omitted, the function shaJI be
applied to thl re~uired textfile input ( see 6.101. When
.of(f) il activatedt it shall bl an .rror if f is
undefinedl othe~wise the function IhalJ YieJd the value
true if f.R i. the empty se~ulnce (see 6.4.3.5), otherwise
fal...

eoln(f) The parameter f shall be a textfilel if the
actual-parameter-list il omitted, the function shall be
applied to the required textfile input ( see 6.10). Wh.n
eoln(f) is activat.d, it shall be an error it f il
undefined or if eof(f) is tru'l otherwise the function
Ihall yield the value true if t.R.firlt i. an end-ot-lin.
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6.7 EI("I'.u10os
6.7.1 u,o'l'al. A~ ,xFr&iSion shall denot. a value unl.ss a val'iab
denoted bY a val'latl.-access contained by the expression is undefin
at the time of iti yse. in which caie that use shall be an '1'1'01'. T
ule of a variable-acceis as a factor shall denote the value. if an
attributed to the variabl, acceiied thereby. Operator pl'ecedeoc
Ihall be accol'diog to four classes of operators as follows. T
operator not shall have the highest precedeoce. followed by t
multiplYiog-operators. theo the addiog-operators and sigos. a
finally. w1th the low,st precedence. the relational-operator
Se~uences of two or more op.rators of the same precedence shall
left associative.

unsigned-constant c unsigned-number : ct,aracter-striog
constant-identifier: "nil"

factor> variable-access : unsigned-constant :

function-designator : set-constructor
"C" expression "J" : "not" factor.

NOTE. Thtre is also a syntax rule for factor in 6.6.3.7

I.t-conltructor .. DC" [ member-designator
< "." member-designator} J "J" .m.mber-desisnatorc e~pression ( ".." expresiion ] .

term" factor < multiplYing-operator factor) .
simpJ.-expr'ision = ( sign] term { adding-operator term} .
.xpression ..

simplt-exprelli~n ( relational-operator simple-expression] .
Any factor WhOi. type is S. wh,re S is a lubran.e of T. shaJl b
treated al of type T. Similarly. any factor whose type is set of
shall b. treated a~ of the unpacked canonical set-of-T type. and any
factor whose type i~ packed set of S shall be treated a~ of the
canonical packed set-of-T tyPt.

NOTE. Con~e~uently an expression that consists of a sin,lt factor
of type S shall itself be of type T. and an expression that
consists of a sin.le factor of type set of S Ihall itself be of
type set of T. and an expression that consilts of . sin.le factor
of type packed.let of S shall itself be of type pac~ed set of T.

A set-constructor shall denote a valu. of a set-type. The
set-constructor [] shall denote that value in .very set-type that
contains no members. A set-constructor containins one or more
member-deli.nators Ihall denote either a value of the unpack.d
canonical set-of-T type or. if the context so re~uires. the packed
canonical I.t-of-T type. where T is the tyP' of every expression of
each member-d.si.nator of the set-constructor.The typ~ T shall be an
ordinal-type.The value denoted by the set-constructor shall contain
zero or mol" members .ach of which shall be denoted by at least on.
member-designator of the set-constructor.

The member-desisnator x. where K is an e~pression. shall d.note the
member that shall have the value x. The member-desi.nator X..Y. where
K and yare expressionl. shall denote zero or more members that shall
have the values of the base-type in the clostd interval from the value
of K to the value of Y.

NOTE. The member-deli,nator K..y denotes no members if the value
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Examples are as followsl

(a) Factorsl x
15
(x+y+z)
sin(x+y)
[red.c.,r.en3
[1.5.10..19.233
not ,.

(b) TerRIs I x*y
1/<1-1)
Cx <- y) and (y < z)

(c) Simple Ixpressionll p or ~
x+y
-x
hue1 + hue2
i*J + 1

(d) Exprusionsl x - 1.:5
.. <- ..p . .. and I'
Ci < J) - (J < kl
c in huel

6.7.2 Operators
6.7.2.1 Gln.ral

relational-operator ·"."I ,,<>" I "<" I ,,>" I "<_H I ">-"
I "inH .

b~ d.li.nat.d an
dyadiC o...ratorA factor. or a t.rm. or a sim..I'-'KPr..,ion Ihal1

op.rand. Th. ord.r of .valuation of th' oPlrandl of a

Ihallbe i.ple..ntation-dIPlndlnt.
1 that th. Operands may b. Ivaluat.d

NOTE. Thi' means. for Ixamp e. ord.r, Or in ..aral1.1or th.y .avin t.xtual order, or in rlv.rll
not both bl .vatuatld.

46

I

\
I

\

\.
i

J



+ addition integer-type )il'lteser-type
or real-type )if both

subtraction i 1'1teger-t ype )operands are
or real-tYpe )of Inteser-type

*
mul t1 pI i cation il'lteger-type )otherwise

or real-type )real-type
/ division il'lt.ger-tYPI! real-type

or real-type
div division with inte.er-type inte,er-type

truncati on

~~.
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6.7.2.2 ArIthmetic operators. The types of operands and results fa
dyadic and monadic op.rations shall be as shown in tables 2 and
resp,ctiveJy.

Table 2. Dyadic arithmetic operations

--------------------------------------------------------------------
op.rator operation type of operands type of result

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

mod modulo inte.er-type inte~er-type
--------------------------------------------------------------------

Table 3. Monadic arithmetic operations

--------------------------------------------------------------------
operator operation type of operand type of result

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

+ i dent! h il'lteser-type inte.er-type
real-type r.al-type
inte..r-type int..er-typ.
real-typ. r.al-type

------------------------------------------------------......------------

si.n-inv.rsion

NOTE. Th. symbols +. - and
*

art also us.d as set op.rators (Sl.
6.7.2.4).

A t.rm of the form x/y shatl b. an error if y is zero, otherwise the
valu. of x/y shall be the result of dividing x by Y.

A t.rm of the form i div J shall b. an error if J is lero, otherwise
the valu. of i div J shall be such that
abs(i) - abs(J) < abs«i div J)

*
J) <= abs(i)

wh.r. the vatue shall be z.ro if abs(i)(abIIJ), otherwise the si.n of
~he valu. Ihall b. positivI if i and J have the same si.n and n..ative
If i and J have differ.nt s1.ns.

A t.rm of the for~ i mod J shall be an .rror if J is z~~o or ne.ative,
otherwise the valu. of i mod J shall b. that valu. of (i-(k*J») for
int..ral k such that 0 <- i mod J < J.
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NOTE. Only for 1 >- 0 doel the r.lation
(i div J) . J + i mod j

- 1
hold.

Th. r.~uired constant-id.ntifi.r maxint shall d.note an
implementation-defined value of int...r-typ.. This value shall satisfy
the followin, conditionsl
(a) All int..ral values in the clol.d int.rval from -.axint to +maxint

shall be values of the inte.er-typ..
(b) Any monadic operation performed on an int...r vatu. in this

interval shall be correctly p.rform.d according to the
mathematical rules for inteser arithmetic.

(c) Any dyadic int..er op.ration on two int...r valu.. in
interval shal1 be corr.ctly p.rformed accordin,
mathematical rules for inte.er arithm.tic, provid.d
r.sult is also in this int.rval.

(d) Any r.lational op.ration on two int...r values in this same
int.rval shall b. corr.ctly performed according to the
mathematical rul.s for int..er arithm.tic.

this same
to the
tha t the

Th. results of the real arithmetic op.rators and functions shall b.
approximations to the corresponding math.matical results. Th. accuracy
of this approximation shall be impl.mentation-d.fin.d.

It shall b. an .rror if an int...r op.ration or function is not
p.rformed accordin. to the mathematical ru1.s for inte..r arithm.tic.

6.7.2.3 8001.an op.rators. Operal'ldsand results for 8001.an op.rations
shall b. of Bool.an-typ.. 8001.an op.rator, or, and and not shal1
denote r.sp.ctivlly the lo.ical op.rations of disjunction. conjunction
and ne.ation.

A Bool.an-expr.ssionsha11 be an .xpression.thatdenotes a valu. of
80p 1ean-hp..

6.7.2.4 S.t operators. Th. tyP's of operands and rlsults for set
operations shalt b. as shown in table 4.

Tabl, 4. S.t oPlrations

---------------------------------------------------------------------
operator op.ration type of resulth... of op.rands

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

+ set union )
)a

s.t diff.r.nc. )canonical
Is"et-of-T type

s.t int.rs.ction )

)
)

)sa",e as the
)operands
)

*---------------------------------------------------------------------
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6.7.2.5 Relational operators. The types of operands and results for
relational operations Ihall be as shown in table 5.

Table 5. Relational operations

"------------------------------------
operator type of operands

;---------------
ype of result

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

.. <>

< >

any simple.
pointer or strin.-type
or canonical let-of-T type

any limpll or Itrin.-typ.

any simpl. or Itrin,-type
or canonical let-of-T type

Bool.an-type

Boo '.an-tYpe

1n left operand:any ordinal type T
rieht operand:
a canonical let-of-T type Ilee 6.7.1)

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

Boolean-type

~~:.:7er~~:1 of -. <>. <. >. >-. and <- Ihall be eith.r of compatible

r.al-type andl:~: o~~~~n~~: I
I
,
l
b
e
e
t-
o
o
f
f-:

t
type.

t
or one oPlrand Ihall bl of

In .,.r- ype.

!~I
operataI'I -. <>. c. > Ihall Itand for Ne~ual to". Nnot e~ual to".

eSI than" and "er.at.r than" respectively.

Except wh.n appli.d to I.tl. t~. op. ~ atorl
"I t "

. <..and >- Ihall Itand for
ell han or e~ual toN and N.reate~ than O~,

. e~ual to" respectively.

v denote limple-exprellionl of a let-type. u <- v Ihall
inclulion of u 1n v and u >- v Ih~ll denote the inclulion

Where u and
denoh the
of v in u.

NOTE. Since the Baolean-type il an ordinal-type with falle IIII
than tru.. thIn if p and ~ ar. operandi of Boolean-type.
denot.1 their e~uivalence and p

c- ~ mean I
p impliel ~.

p
- ~

When the relational operatorl - . <> . C > <
compareo~erandlof compatibleItrin_ · · -. >- are used to

lexico,raphic rllationl defined belo: t~P':
(I.e 6.4.3.2)., thlY.dlnote

a total ordlrine on valu.s of
. ~x co.raphic orderln. lmpOSl1

valuel of compatible Itrin.-typel
t:e~~rln.-type. If 11 and 12 are two

sic 12 if f

11 < s2 iff
(for

for all i in [1..n]: 11£i] - 12£i]

there exiltl a p in [l..nJI
all i in £1..p-l]: sl[i] - 12£i]) and 11[p] < 12[p]

49

DECEMBER, 1980
PASCAL NEWS 1/20

Sicond Draft ProPolal

The operator in shall yield the value true if the value of the operand
of ordinal-type is a member of the value of the set-type. otherwise it
shall yield thl valu. falle.

6.7.3 Function desi.natorl. A function-delienator shall Yield the
value of the fun~tion denoted

by the function-identifierof the

function-desi,nator. The function-deli.nator Ihall specifY the
activation of the function.

[f the function has any formal parameters

the function-deli,nator shall contain a lilt of actual-parameters that
shall be bound to their correspondin, formal parameters defined in the
function-declaration. The correspondence shall be established

by the

positionl of the parameterl in the lilts of actual and fo~mal
parameterl r'IPectivelY. The number of actual-parameters shall be
e~ual to the number of formal parameters. The

types of the

actual-parameter. shall correspond to the
types of the formal

parameters al IPecified by 6.6.3. The order of evaluation. accessin,

and bindin. of the actual-pa~ameters shall be
implementation-dePlndent.

function-desi,natorc function-identifier
[ actual-para.eter-list ]

actual-p&rameter-list -
"(" actual-parameter (

"."
actual-paramet.r )

actual-paramete~. exprelsion: variable-acce.s
procedure-identifier:
function-identifier

II)" .

Examples: Sum(a,63)
GCDI147.k)
sin(x+y)
eo f

( f)

ord(f"')
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6.8 :::tC!\ternent s
6.8.1 Gon!ral. Statements shal! denote algo~ithmic actions. and shal
be eKecu(ablr. Th~y may be ~refixed by a label.

A lat.el oo::o::urr'ir,pin iI statemer,t S s',all l'e desi9r,ated as ..refixing S
and shall be allowed to occur in a "oto-statement G Isee 6.8.2.41 i
and only if any of the followIng three o::onditlons is satisfied.

lOll
Ib)
Ic)

S .:ontains G.

~
iS,a statement of a statement-se~ueno::e

containin9 G.

~ IS a statement of the statement-sequence of th
com~ound-statement of the statement-part of a block o::ontaining O.

stat'!!ment = [ label ":" simple-statement :
structured-statement )

.

NOTE.
~ 90to-statement within a bloo::kmay refer to a label in

enclosln9 bloo::k. provIded that the label prefixes
slmp!e-statempnt or structured-statement at the outermost level 0
nestIng of the block.

6.8.2 Simple-statements
6.8.2:1, General. A simple-statement shall be a statement
contalnln9 a stat~ment. An empty-statement shal! contain no symbol
shal} denote r,o actIon.

not
and

simple-statement =
emptY-statement : assignment-statement
procedure-statement : goto-statement

emptY-statement = .
6.8.2.2 Assignment-stat&ments. An assignment-statement shall
attrIbute tl,e value of . the e:.:pr'ession of the assi9nment-statement
e~ther to the variable denoted by the variable-access of the
a.sI9nment-statement, or to the function-identifier of th
assl~nment-statement; the value shall be assignment-compatible wit~
the type possessed ,bY the variable or function-identifier. The
fun7tlon-block assocIated 16.6.2) with the function-identifier of an
aSSIgnment-statement shall contain the aSSi9nment-statement.

assignment-statement =
I variable-access function-identifier I ":=" expression

The !ecision as to the order of accessin9 the variable and evaluating
the enpreSSlon shall be ImplementatIon-dependent;the access s~all
es
f
tabllsh ,a reference to the variable durin" the remainin" execution

o the assIgnment-statement.

The state of a variable or ~unction when the variable or function does
not, have attrIbuted to It a value specified by its type

shall bdeSI9nated undefined. If a variable possesses a structured-type, th:
state of th~ varIable when every component of th. variable is
totally-undefIned shall be designated totally-undefined.
Totally-undpflned shall be synonymous with undefined if the va~iable
does not possess a structured-type.

x .- y+z
p .- I 1<=i I Clnd (i< 1001
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a

i := s~r(kl - Ci*j)
huel := [blue.succlcIJ
..IA.moth.r := tru.

6.8.2.3 Procedure-statements. A procedure-statem.nt shall s..ecify th.
activation of the block of the proc.dure-block associated with the
..rocedure-identifier of the procedure-statem.nt.If the procedure has
any formal parameters the procedur.-statement shaJI contain an
actual-parameter-list. which is Jist of actual-parameters that shaJl
be bound to their co~respondin. formaJ parameters defined in the
p~ocedure-declaration. The correspondence shall be established bY the
positions of the parameters in the lists of actual and formal
parameters respectively. The number of actual-parameters shalJ be
e~ual to the number of formal parameters. The types of the
actual-parameters shaJI correspond to the types of the formal
param.ters as s..ecified by 6.6.3. The order of evaluation. accessin,
and binding of the actual-parameters shalJ be
implementation-dependent.

procedure-statement = procedure-identifier
[ actual-parameter-list J .

ExampJes: printheading
transposela,n,ml
bisectlfct,-1.0.+1.0.xl
AddVectorsCm[IJ,lm[2JI.C~[k]11

6.8.2.4 Goto-statements. A 90to-statement shaJl indicate that further
proc.ssin. is to continu. at the p~o,ram-point denoted by the label in
th. soto-statement and shall cause the termination of all activations
exce..t
Cal the activation containin9 the ..ro,ram-point and
(bl any activation containins the activation-point of an activation

re~uired by these .xc.ptionl not to be terminated.

,oto-stat.ment
· ",oto" label

6.8.3 Structured-statements
6.8.3.1 General.

structur.d-Itatem.nt c
compound-statem.nt : conditional-statement:
r.petitive-statement I with-statement.

statement-se~uence = statement ( "I" statement) .
The .xecutton of a stat.ment-se~uence specifies the execution of the
statementl of the Itatem.nt-se~uence in textual order. .xcept as
modified by execution of a goto-statement.

6.8.3.2 Com..ound-stat.ments. A com..ound-statementshall sp.cify
execution of th. statement-se~u.nce of the compound-statement.

I
I

I
I

\,
iII,
i
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Example' be.in z ,- x 1 x 1= yl y 1= Z end

6.8.3.3 Conditional-statements.

conditional-statement - if-statement

6.8.3.4 If-statements

if-statement = "if" Boolean-expression"then" statement
[ ehe-part )

else-part a "else" statement.

If the Boolean-expression of the if-statement yields the value true.
the statement of the if-statement shall be executed. If the
Boolean-expression Yields the value false. the statement of the
if-state.ent shall not be Ixecuted and the statement of thl lIse-part
Cif any) shall be executed.

An rf-statlmlnt without an else-part shall not be followed by the
tokln elu.

NOTE. An else-part is thus paired with the nearest precedin.
othlrwise unpaired thin.

Examplls'

if x < 1.~ then z ,- x+y Ilse z ,- 1.~

if pi <> nil then pi 1- piA. father

if J · 0 thin
if i · 0 then writllnC'indefinite')
else writllne'infinite')

el'l writllne i I J
)

6.8.3.~ Case-stat,ments. The values denoted by thl case-constants of
thl casl-constant-lists of the case-list-elements of a case-statemlnt
shall be distinct and of the same ordinal-type as the expression of
the case-indlx of the case-statement. On execution of the
case-statement the case-index shall be evaluated. That value shall
then specifY Ixecution of the statement of the case-list-element
closest-containin. the Case-constant denotin. that value. One of the
case-constants shall be e~ual to the value of the case-index upon
entry to thl case-statement.

It shall be an Irror if none of thl case-constants is I~ual to the
value of the case-index upon entry to the case-statement.

NOTE. Casl-constants arl not the same as statemlnt labels.
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case-statement
_

"case" case-index "of"
case-list-element ("," case-list-element> [",H)

"end" .case-list-element = case-constant-list "I" statem.nt .case-index = expression .

case operator of
piusl x ,= X+YI
minus' x.= X-YI
times: x ,- Xly

.nd

6.8.3.6. R.petitiv.-statements.
Repetitive-statem.nts shall specifythat certain statements are to be executed r.peatedly.

r.petitiv.-statement - r.peat-statement I

while-statement I for-stat.ment

6.8.3.7 Repeat-statements

repeat-statement = "repeat" statem.nt-se~uenc.
"until" Boolean-expression.

Th. stat.ment-s,~u.nc. of th. r,p.at-statem.nt
shall be r,p.atedly'x.cuted C.xcept as modifi.d by the .x.cution of a .oto-stat.ment)until th. Boolean-expr'Slion of th. rep.at-state..nt vields the value

tru. on compl.tion of the statement-se~u.nc.. Th. stat.m.nt-se~uence
shall be .xecuted at least once. because the Boolean-expression is
evaluated after eXlcution of the statement-s'~uence.

ExallP Ie :

repeat k ,= i mod J.
i ,= J.
J ,= k

until J . 0

6.8.3.8 While-stat.ments

while-statement = "while" Boolean-.xpr..sion
"do" starem.nt .

The whill-statemlnt

whi Ie b do bodv

.hall be '~uivalent to

:54
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bl!~in
if b thl!n

repeilt
body
IJntil not (b)

end

Exafloples:

whill! i>O do
be~in if oddii) then z .- z*x;

i .- i div 2;
x .- sqr ( x )

en,j

while not eof(f) do
bl!~in process(fA ); ~et(f)
end

6.8.3.9 For-statemt!nts. Tht! for-statt!fIoent shill 1 specify that tht!
statement of the for-statt!fIot!nt is to be rept!att!dly t!xt!cutt!d while a
pro~ression of values is attributed to a variable that is desi9nilted
the control-variablt! of the for-statement.

for-statement = "for" control-variablt! ":=" initial-value(
"to" : "downto" ) final-value "do" statementcontrol-variable = entire-variable

initial-value = exrression
final-value = expression.

The control-variable shall be an I!ntire-variable whose identifier is
declared in the variable-declaration-part of the block
~Iosest-contai~in~ the for-statement. The control-variable shall
;ossess an ordinal-type, and the initial-value and final-value shall
~I! of a type compatible with this type. The statement of a
for-stateml!nt shall hot contilin an assi~nin~-reference (sel! 6.5.1) to
thl! control-variable of the for-statement. The value of. the
final-value shall be assi9nment-compatible with the control-varIable
~hen the initial-value is assi9nl!d to the control-variable. After a
for-statement is executed (other than bein9 left by a .oto-statement
leadin9 out of it) the control-variable shall be undefined. Apart from
~he rl!strictions imposed by these r.~uirementl' the for-stat.m.nt

for v I~ el to e2 do body

.hall be equiva lent to

55
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t.., i r,
tell". 1

'"t.mp2 ,-
if tempI

bnin
v := tempI;
body;
whil. v <> t.mp2 do

bnin
v I'" succ(v);
body
end

.nd
end

el'
e2'
<- hmp2 then

and the for-statement

for v ,- el downto e2 do body

Ihall be e~uivalent to

bnin
tempI ,- el'hmp2 ,- e2'if temp! >- tlmp2 thin

bnin
v :- temp!,
body'
while v <> tlmp2 do

bnin
v ,. prld(v),
body
end

end
end

where temp! and t,mp2 denotl auxiliary variables that the pro.ram
not otherwise contain. and that POSSISS the type

POssesled byvariable v if that type is not a lubran.e-type' otherwise the
tYPI of the type pOlseSled by the variable v.

Example..

does
the

halt

for i ,- 2 to 63 do
if .C13 > max thin m.x .- aCi3

...-
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for i ,. 1 to 10 do
for J ,. 1 to 10 do

bnin
x I. 0;
for k ,. 1 to 10 do
x 1= x + mlCi,kJ*m2Ck,JJ;

mCi,JJ ,= )(

.nd

for i,. 1 to 10 do
for J ,. 1 to i-I do

mCi JCJ J ,. 0.0

for c ,. blue downto red do ~(c)

6.8.3.10 With-statem.nts

with-statement ..

"with- record-variable-list
"do"statement .

record-variable-list.
record-variabl. ( "," record-variable) .

~ with-statement shall sp.cify the execution of the statem.nt of the
~ith-stateMent. Th. occurr.nce of a r,cord-variabl. as the only
'.cord-variable in the record-variable-list of a with-statement shall
:onltitut. a d.finine-point of each of the field-identifi.rs
Issociated with components of the rIcard-type Poss.ssed by

the'ecord-variabl. as a fi.ld-d.li.nator-identifi.r for the r..ion which
s the stat.m.nt of the with-statlment; each applied OCCurr.nce of a
'i.ld-deli.nator-id.ntifi.r shall d.not. that compon.nt of the
ecord-variabl. which is associated with the fi.ld-identifi.r by

theIcord-typ.. Th. r.cord-variable shall b. acc.ss.d b.for. the
tat'M.nt of the with-statement is .x.cut.d, and that aCC'11 shal1
stablilh a r.fer.nc. to the variabl. durin. the entir. .x.cution of
he stat...nt of the with-Itat.m.nt.

h. Itatem.nt

with vl,v2, ...,vn do I

,a11 b. .~uival.nt to

with vi do
with v2 do

with vn do I
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ExarrlPI..

wi th date do
if month

· 12 th.n
be.in month ,. 11 y.ar ,. year + 1
end

.Ise month ,. month+l

Ihall be e~uivalent to

if date.month
· 12 th.n

b..in date.month ,. 1; dat..y.ar ,. dat..y.ar+1
.nd

.Is. dat..month ,. dat..month+1

,

F

F!
I
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~.9 In~ut and output
6.9.1 Gen.~.l. Textfil'i (see 6.4.3.5) th.t are identified in the
~ro.ram-~.ramete~s (see 6.10) to a PBs.:al pr-OSr-illTI ,h.l1 provlde
1..ibl. input and output.

6.9.2 Th. ~rocedure r..d. The syntax of the ~arameter list of r.ad
wh.n .~~li.d to . t.xtfil, Ihall b.1

r..d-~a~...meter-list =
"("Cfile-variable "."] va~iable-access
C"." variable-access}")" .

If the file-variable is omitted. the p~ocedure shall be applied to the
re~uired textfile input.

The followins re~uirements sh.11 apply for the procedure read (where f
denotes a textfile and vl...vn denote variable-accesses possessin, the
char-typ. (or ... subran.. of ch.r-typ.). the inte..r-ty~. (or.
subran.e of int..er-typ.). o~ the r.al-tY~e):

(a) read(f.vl vn) shall be e~uivalent to

be.in ~ead(f.vl); re.d(f,vn) -end

(b) If v is a v.ri.ble-.ccess possessin!.! the char-typ. (or subr.n.e
th.reof). r.ad(f.v) shall be equivalent to

be.in v := fA; set(f) end

NOTE. The variable-access is not a variable ~arameter.
ConsequentlY it may be a cOlTlponent of a ~.ck.d structur. and th,
valu, of the buff.r-va~iable need only b, assi.nment-comp.tibl.
with it.

(c) If v is a vari.ble-access possessin. the inte.er-type (or subran.,
th.r.of). read(f.v) sh.11 c.use the ~e.dins from f of a s.quenc.
of cha~act.rs. Pr.c.din. s~aces .nd end-of-linel shall b. ski~~.d.
It shall b, an .rror if the r'lt of the I.qu.nc. dO'1 not form A
li.ned-inte..r accord in. to the Iyntax of 6.1.5. The value of the
li.n.d-inte..r thul read shall be assi,nment-coffipatibl. with the
typ, POIIIsled bY v. and shall be att~ibut~d to v. R.adin. shall
c.as. as loon.as the buff.r-variabl. fA do. I not have attribut.d
to it a c~.~act.r cont.in.d by the lon.est I.qu.nce available th.t
forms . li.n.d-int..,~.

(d) If v il a variable-acc.ss ~oss'llin. the ~.al-typ.. r.ad(f.v)
shall cause the readin, f~om f of . sequence of characterl.
Pr.cedin. IPac.s and end-of-lines shall be skipped. It Ihall be .n
error if the rest of the sequence do.s not form a si.n.d-numb.r
accordin, to the syntax of 6.1.5. The valu, denoted by the numb.r
thul read shall be .ttributed to the variable v. Readin. Ihall
ceale al soon as the buffer-variable fA do. I not hay, .ttribut.d
to it . character contained by the lon.elt leqUenc. av.il.bl. th.t
forml a li,n,d-numb.r.

(.) When r.ad il ap~li.d to f. it shall b. .n .rror if the
buffer-variable fA il un~efin.d or the pr.-all.rtionl for .,t do
not h~ld (... 6.4.3.5).
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6.9.3 Th. p~ocedu~. ~eadln. Th. syntax of the para~eter list of r.adln
,hall bel

~.adln-pa~am.te~-list =
C"(" (file-variabl. : va~iabl.-acc'll)
C"." va~iable-access} ")"] .

Readln sh.ll o~ly be applied to textfil.l. If the file-variable or the
entire readln-parameter-list il omitted. the procedure Ihall be
.pplied to the re~ui~ed textfile input.

re.dln(f.vl vn) shall be e~uival.nt to

b.,in r..d(f.vl vn). r..dln(f) end

r.adln(f) Ihall be equivalent to

beein while not .oln(f) do .et(f); .et(f) e~d

NOTE. The effect of ~e.dln il to pl.c. the current fill
position Just ~ast the .nd of the curr.nt line in the
t.xtfile. Unlesl this il the .nd-of-fil. ~osition. the curr.nt
file pOlition il therefore at the Itartof the n.xt lin..

6.9.4 Th. ~roc,dur. writ.. The Iynt.x of th, p.r.m,t.r lilt of writ.
when applied to . textfile shall be'

write-paramet.~-list ·
"("Cfile-va~iable "."] write-param.t.r
C"." write-parameter)")" .

write-~aramet.r ·
ex~r'llion C"." .xprellion ["." 'x~~'slion ] ]

If the fil.-variabl. il omitt.d. the ~roc.dur. sha11 be .pplied to the
r.~uir.d t,xtfil. output. Wh,n writ. il a~~li.d to a textfil. f. it
shall be an .rror i~ f il undefin.d or f.M ·

Insp.ction (I.. 6.4.3.5).
An ap~lication of writ. to a t.xtfil. f shall c.us. the
buffe~-v.riabl. fA to b.com. und.fin.d.

6.9.4.1 Mu1tipl. pa~amet.rl. Write(f.pl '~n) .hall b. .quiv.l.nt to

be.in write(f.p1)' ... . writ.(f.pn) .nd

wh.r. f d.not'l a t.xtfile. ~nd p1t ~n d.not. writ.-param.t.r,.

6.9.4.2 Writ.-~a~am.t.~s. Th. writ,-par.m.t.rs ~ Ih.11 h.v.
followin. forl1ls'

the

e.Tot.1WidthrFracDi.itl ..Tota1Width . .
where e is .n .x~r'ls ion whol' v.)U. 11 to,b. wr itt.n on the fi1. f
and may b. of int..er-type. r..I-typ.. ~h.r-type. Bool..n-tY~e or a
.trine-ty~.. and wh.r. Tot.IWidth .nd FracDieit. .r. expr.slions of
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int...r-tY~e whose values ar. the field-width paramet.rs. Th. valu.s
of TotalWi4th and FracDi.its shall be ,reater than or e~ual to onll it
shal1 bl an error if either value is less than one.

WriteCf,e) shal1 be e~uivalent to the form writ,Cf,eITota1Width),
usin, a default value for TotalWidth that depends on the type of el
for inte,er-type, real-type and Boolean-type the default values shall
be imple.entation-defin.d.

Writ.Cf,e.TotaIWidthIFracDi,its) shall be applicable only if e is of
real-tYPI (Sll 6.9.4.5.2).

6.9.4.3 Char-tYPI.
TotalWidth shall
shall be:

If I is of char-type, the d.fault valul of
b. on.. Th. represlntationwritten on thl fil. f

CTotalWidth - 1) spaces,

the character valu. of ..

6.9.4.4 Int",r-type. If e is of inte,.r-typ., the d.cimal
r.pr.s.ntation of . shali be written on the fil. f. Assum. a function

function Int..erSiz.
( x I inte"r

) I int",r ,

( r.turns the numb.r of di,its, z, such that
10 to the pow.r (z-l) <- abs(x) ~ 10 to the pow.r z )

and let IntDi.its b. th. po.itive inte.er defin.d by.

it.-O
th.n IntDi.it. .- 1
.1.. IntDi.it. .- Int..erSize(e)'

th.n th. r.pr...ntation shall consist of.

(1) if TotalWidth >- IntDi.its + 1 .
(TotalWidth - IntDi.it. - 1) spac,s.
th. si.n chara~ter. '-' if . < 0, oth.rwis. a spac.,
IntDi.its di.it-charact.rs of the d.cimal
r.pres.ntation of ab.(.).

(2) If Tota1Width < IntDi.its + 11
if e < 0 the .i,n charact.r '-',

IntDi.its di,it-charact.rs of the decimal
repres.ntation of abs(.).

6.9.4.5 Real-Typ.. If. i. of r.al-typ., a d.cimal r.presentation of
th. number ., round.d to th. sp.cifi.d number of si.nificant fi.ur.s
or d.cimal plac.s, shall b. writt.n on the fil. f.

6.9.4.5.1 Th. floatins-point r.pr.s.ntation.
Writ.(f,..TotaIWidth) shal1 caus. a floatin.-pointr.preslntationof .
to b. writt.n. A.sum. functions
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function T.nPower C Int I int,.,r
) . r.al ,

( Returns 10.0 raised to the powlr Int )

function RealSize C y : real ) : int..,r
{ Returns the value, z, such that
TenPowerCz-1) <= absCy) < TenPower(z) )

function Truncate C y . rial I D.cPlac.s int...r
: real 1
( Returns thl value of y after truncation
to DecPlaces decimal plac.s )

let ExpDi.its bl an impllmentation-defined valu.
numblr of di.it-characters written in an .xponent,

the

I~t ActWidth b. th. positivI int.9lr defin.d byl

if TotalWidth >= ExpDisits + 6
th.n ActWidth 1= TotalWidth
els. ActWidth :- ExpDi.its + 6'

and let the non-ne,ativ. numb.r eWritt.n and the int.,.r ExpValu. b.
d.fined by:

if. - 0.0
then b.sin .Writt.n :- 0.0' ExpValu. .- 0 .nd
Ilse
be,in
eWritt.n .- abs(.)1
ExpValul ,- RealSize C .Writt.n )

- l'
.Writt.n .- .Written I T.nPow.r

( ExpValu. ) ,

DecPlaces .- ActWidth-ExpDi.it.-~,

.Written .- .Written +

O.5*T.nPowerC -D.cp1ac.. ),
if .Writt.n >- 10.0

th.n
b..in
.Writt.n .- .Written I 10.0'
ExpValu. .- EXPValu. + 1
.nd'

.Writt.n .- Truncat. ( .Written, D.cP1ac.s )

.ndl

th.n the floatins-point r,p~'I.ntation of the valu. of e shall ~onsi.t
of.

the li,n charact.r,
( ,~, if (. < 0) And (.Written > 0), oth.rwis. a S~aC. )

the 1.adin. di.it-charAct.r of the d.cl..1
representationof eWritt.n,

thl charact.r '.' ,

the nlxt DecPlac'l di.it-char.ct.r.
of th. d.cimal r.pr.s.ntation of .Writt.n,
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an im~l.m.ntation-defin.d .x~on.nt character
Ceith.r 'e' or 'E').

the si.n of ExpValue(
'-' if ExpValue < O. otherwise '+' ).

the ExpDi.its digit-characters of the decimal
representation of ExpValue
(with leadins zeros if the value re~uires them).

6.9.4.~.2 The fixed-point representation.
WriteCf.e:TotaIWidth:FracDi.its) shall cause a
representation of e to be written. Assume the function
described in clause 6.9.4.4. and the functions TenPowlr
described in clause 6.9.4.5.1'

fixed-~oint
Inte.erSize

and Truncate

I.t eWritt.n b. the non-ne,ative number defined by:

if e .. 0.0
then eWritten :.. 0.0
.Is.
be,in
eWritten .- abs(e);
.Written :- eWritten + 0.5

. TenPow.r ( - FracDisits )1
eWritten .= Truncate C .Written. FracDi,its )

end'

let IntDlgits be the positive inte,er defined by'

if trunc C eWritten ) - 0
then IntDigits .= 1
els. IntDi,its'" Inte,erSize C truncCeWritten) )1

lnd let MinNumChars b. the positive inteser defined by'

1inNumChars .. IntDigits + FracDi,its + II
if (e < 0.0) and CeWritt.n > 0)

then MinNumChars ,- MinNumChars + 1:{'-' re~uired)

hen the fixed-~oint representation of the value of e shalt consist
f.

if TotalWidth >- MinNumChars.
(TotalWidth - MinNumChars) spaces.

the character '-' if (e < 0) and (eWritten > 0).
the first IntDi,its di,it-characters of the decimal r.presentation

of the value of eWritten.
the character ....
-ht next FracDi.its di,it-characters of the decimal representation

of the value of eWritten.

NOTE. At least MinNumChars characters are written. If TotalWidth
is less than this value. no initial spaces are written.
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6.9.4.6 Boolean-type. If e is of Boolean-type. a representation of the
word true or the word false Cas appropriate to the value of e) shall
be written on the file f. This shall be e~uivalent to writing the
appropriate character-strings 'True' or 'False' (see 6.9.4.7), where
the case of each letter is implementation-d.fined. with. field-width
param~ter of TotalWidth.

6.9.4.7 String-types. If the type of e is a strins-type with n
components. the default value of TotalWidth shall b. n. The
r.presentation shall consist of:

if TotalWidth > n.
CTotalWidth - n) ~paces.
the first through nth characters of the value of e in that order.

if 1 <= TotalWidth <= n.
the first through TotalWidthth characters in that ord.r.

6.9.5 Th. procedure writeln. The syntax of the ~arameter list of
writeln shall be:

writeln-parameter-list ..
C"(" (file-variable: write-parameter)
{"." write-parameter)")") .

Writeln shall only be applied to textfiles. If the file-variable or
the writeln-parameter-list is omitted. the procedure shall be applied
to the re~uired textfile output.

writ.lnCf.pl pn) shall be .~uival.nt to

begin writ.Cf.pl ~n). writelnCf) end

Writ.ln shall be defined by a pr.-assertion and a post-ass.rtion usin,
the notation of 6.6.5.2.

pre-ass.rtion' CfO is not vnd.fin.d) and (fO.M · Oeneration).
post-assertion' (f.L .. CfO.l-SC.») and

CfA is totally-undefined) and
Cf.R = SC» and Cf.M · O.n.ration).
where SCe) is the se~uence consistinssolelv of the
end-of-line compon.nt d.fin.d in 6.4.3.5.

NOTE. WritelnCf) t.rminates the partial line. if any. which is
being ,enerated. By the conventions of 6.6.~.2 it is an error if
the pr.-assertion is not true prior to writelnCf).

6.9.6 The procedure page. It sha11 be an error if th. pre-as.sertion
re~uir.d for writelnCf) (see 6.9.5) dO'1 not hold prior to the
activation of pageCf). If the actual-parameter-list il omitted the
procedure Ihall be applied to the re~uired textfil. output. Pa,e(f)
shall cause an implementation-defined .ffect on the t8xtfil. f. such
that lubs4~uent text written to f will b. on a new pa.. if the
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t.xtfil. is printed on a suitable device. shall p@rform an implicit
writ@lnCfl if f.L is not empty and if f.L.last is not the end-of-line
componlnt (Sll 6.4.3.5', and shall cause the buffer-variable fA to
b@come totally-undefined. The effect of inspectin, a textfile to which
thl pa.e proc@dure was applied durin, g@neration shall be
impl.mentation-d@P.ndent.

6.10 Pro,rams.

pro,ram. pro.ram-headin. "," pro.ram-block "." .
pro.ram-headin, =

"pro,ram" identifier r "C" program-parameters .1" ] .
pro.ram-parameters = identifier-list
pro,ram-block = block.

Thl identifier of the pro,ram-headin, shall be the pro,ram name which
shall have no si.nificance within the program. The identifiers
contain.d bY the pro,ram-parameters shall be dist~nct and shall be
desi.nated pro,ram parameters. Each pro,ram parameter shall be
declared in the variable-declaration-part of the block of the
pro.ram-block. The bindin, of the variables denoted by the pro,ram
paramet.rs to entities external to the pro,ram shall be
impl.mlntation-dependent. except if the variable possesses a file-type
in which cas. the bindin, shall be implementation-defined.

NOTE. The external representation of such external entiti.s is not
d.fin.d by this standard. nor is any property of a Pascal pro.ram
d.p.nd.nt on such representation.

The occurr.nce of the identifier input or the identifi.r output al a
pro.ram paramlter shall conititute its definin.-point for th. r..ion
that is the pro.ram-block as a variable-id.ntifi.r of th. r.~uir.d
type d.not.d by t.xt. Such occurrence of th. id.ntifier input Ihall
caus. th. post-assertions of res.t to hold. and of output. th.
post-asl.rtions of r.write to hold. prior to the first acclSs to the
t.wtfil. or its associated buffer-variabll. The eff.ct of the
application of the re~uired procedure reset or the re~uired procedure
r.writ. to .ither of these textfiles shall be implementation-defin.d.

Exampl.sl

pro.ram copyCf.."
var f", fil. of real'
b..in rlsetCfl; r.writ.C.I'

whil. not eofCfl do
be.in .A 1= fA; ,.t(fl; put(,1
end

end.
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pro.ram copytextCinput.outputl'
{This pro.ram copies the charact.rs and line structure of the
textfile input to the textfile output.>
var chI char'
be,in

while not eof do
b.,in

while ot eoln do
be, n readCchl; writeCchl
end

readln writeln
end

end.
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pro.ram t6r6p3p3d2revisedCoutput);
val' .Iobalone. .Iobaltwo I inte.er;

proc.dure dummy;
be.in
writelnC'faiI4...6.6.3.3-2')
.nd ( of dummy>;

proc.dur. p(proC.dur. f(procedure ff; procedure ,,);
procedure II);

val' local top I intellerl
proc.dur. 1'1

b.. in
if .Iobalone z 1 then

b..in
if (,Iobaltwo <> 2) or Clocaltop

<> 1) t~en
writelnC'faiI1...6.6.3.3-2')

end
els. if IIlobalone . 2 then

b..in
if C,lobaltwo <> 2) or Clocaltop <> 2) then

writ.lnC'faiI2...6.6.3.3-2').h.
writ.lnC'pass...6.6.3.3-2')

end.h.
writ.lnC'faiI3...6.6.3.3-2');

.Iobalon.-:. .Iobalon. + 1
.nd ( 0 f r >;

bnin C of p
>.Iobaltwo r. .Iobaltwo + I'Jocaltop .. .Iobaltwo'

if .Iobaltwo . 1 th.n
pet,,.)

.h.
fe..r)

.nd C of p),

proc.dur. ~Cproc.dure f; proc.dur.
')1b..in

fI
.
.nd C of ~),

buin
.Iobalon, ,. l',Iobaltwo ,. 0'pC~,du_..)
.nd.
6.11 Hardwar. representation. The repr.sentation for lexical tok.ns
and separators .iv.n in 6.1 constitut.s a r.ference r.pres.ntation for
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pro.ram int.rchan... A proc.lsor shall accept all t~e refer.nce
symbols and all the alternative symbols except for ~~y symbol whose
repr'lentation contains a charact.r not available in t~e character set
of the processor. The referenc. symbols and the alternative symbols
are .iven in table 6.

----------------------------------------
Re ference Symbo I Alt.rnativ. Symbol

----------------------------------------
{

>[
J

@ or t(..)
C.
. )

----------------------------------------
NOTES. 1. The alternative comment d.li~it.rs ar. .~uival.nt to the
r. f.rence cO/r,mentdel imi tel'S. thus a comm.nt may b&3in wi th

N
C"and clos. with ".)", or be.in with HC." and close with ">".

2. For any other purpose than pro.ram
representation is not re~uired, and so does
.xist.nce of other alternativ. symbols.

interchan... this
not exclude the
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.ctu.l-p.ram@t@r = expression : variabl@-acc@ss

procedure-identifier :

function-identifier .

actual-param@ter-list =
"C" actual-p.rameter {

"t" actual-param@ter }
"I" .

addin.-op@r.tor = "."
: "-"

IIOrn
.

apostroph@-ima.@ = "0'"

array-type = "array" "[" index-type {
compon@r.t-typ@ .

index-type } "J" "of"
It IIt

array-v.riabl@ = variabl@-acc@ss

.ssi,nm@nt-stat@m@nt =
( variabl@-access : function-identifier II:=f. expression

base-tYPI = ordinal-type .

block. I.bel-declaration-part
constant-definition-part

type-definition-part
variable-declaration-part

procedure-and-function-declaration-part
statement-part

Boolean-expression = expression

bound-identifier = identifier.

buffer-variable = fil@-variable

case-constant = constant .

cas@-constant-list = cas@-constant ( "t" case-constant) .

case-list-element
·

cas@-constant-list ":" statement.

case-st.tement .
.c case-index

"of"
case-list-element I"'" cas@-li~t-elem@nt } [","J "end" .

ch.racter-strin. . "0. strin.-elem@nt
<strin.-@Iement} "'" .

component-type = type-denoter .

compon.nt-variable = indexed-variable : field-desi.nator

compound-stat.m@nt
· "be.in" statement-se~u@nce "end"
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conformant-array-paramet@r-specification =
"var" id@ntifier-list ":" conformant-array-schema

conformant-array-schema =
Cpack@d-conformant-array-schema :
unpack@d-conformant-array-schema)

constant = [si.nJ Cunsi.n@d-number
character-strine .

constant-identifier)

constant-definition = identifier "a" constant

constant-definition-part = ["const" constant-definition ":.
{constant-definition ";"}J

constant-identifier = identifier.

control-variable = entire-variable

di,it-se~uence = digit {di,it} .

directive = letter {letter: di,it}

domain-type = type-identifier.

else-part = "@Ise. statement

empty-statement =

.ntire-variable · vari.ble-identifier

enumerated-type = "C" identifier-list ")"

expression -
simple-expression [ rel.tional-operator simple-expression J

f.ctor
·

v.ri.ble-access : unsi.ned-const.nt , bound-identifier
function-desi.nator I set-constructor

"(" expression H)" : "not" factor.

field-desi,nator = record-variable "." field-specifier
field-desi.nator-identifier

field-id.ntifi.r = id.ntifier .

fi.1 d-H st =
[ (fixed-part [ ":" variant-part J variant-part) [",.) J .
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file-tY~e . "file" "of" compo~ent-type

file-variable · variable-access

final-val~e = expression.

fixed-part = record-section { ";" record-section} .

for-statement. "for" control-variable ":." i~itial-value(
"to" : "downto"

) final-value "do" stateme~t

formal-parameter-list =
"(" formal-parameter-section
{"I" formal-parameter-sectlon} H)" .

formal-parameter-section =
value-parameter-specification
variable-parameter-specification
procedural-parameter-specification
functional-parameter-specification
conformant-array-parameter-specification

function-block = block

function-declaration.
function-heading ";" directive:
function-identification ";" function-block
function-heading "I" function-block

function-designator = function-ide~tifier
[ actual-parameter-li~t ] .

function-headin~ =
"function" identifier [formal-parameter-list]
":" result-type

function-identification
"function" function-identifier

function-identifier = identifier.

functional-parameter-specification
function-headin. .

Sloto-statement - ".oto" label

identified-variable = pointer-variable

identifier = letter {letter: diSlit} .
identifier-list = identifier (OR," identifier) .
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i f-staterunt "if" Boolean-expression "then" statement
[ else-part 1 .

index-expression = expression

index-type = ordinal-type .
index-type-specification =

identifier ".." identifier
":" ordinal-type-identifier

indexed-variable =
array-variable "[" index-expression
( "," index-expression) "1" .

initial-value. expression

label = digit-se~uence

label-declaration-part = ["label" label ("," label) "~"] .
1etter = "a":"b":"c":"d":"@":"f":"s":-h":"j":"J":"k":"1H:"m":

"h":"O":"p":"q"J"~t':"s":"t":"u":"V"~"W":"K":"~":HZ"

member-designator= expression [ ".." expression]

multiplying-operator. "*" : "I" "div" : "mod"

new-ordinal-type = e~umerated-type subransoe-type

new-pointer-type = "A" domain-type

new-structured-type - ["packed"] un~acked-Itructured-type

new-type = new-ordinal-type
new-po inter-type

new-structured-type :

ordinal-type = new-ordinal-tY~e I
intesoer-type I Boolean-type I char-type I
ordinal-tY~e-identifier

ordinal-type-identifier = identifier

packe~-conformant-arraY-schema =
"packed" "array" "[" index-tY~e-IPecific.tion "]"
"of" type-identifier

~ointer-type = new-pointer-type : pointer-type-identifier

pointer-type-identifier - tY~e-identifier

point.r~variable = variable-access.
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procedural-parameter-specification ·procedure-headin. .

procedure-and-function-declaration-part ·<Cprocedure-declaration : function-declaration) "I"} .

procedure-block · block.

procedure-declaration ·procedure-headin, "," directive:
procedure-identification "," procedure-block
procedure-head in, .," procedure-block.

procedure-headin. ·"procedure" identifier C formal-parameter-list ]

procedure-identification ·"procedure" procedure-identifier

procedure-identifier = identifier.

procedure-statement = procedure-identifier
[ actual-parameter-list J

pro.ram . pro.ram-headin. "I" pro.ram-block " "

pro.ram-block = block.

pro.ram-headin, ·
"pro.ram" identifier [ .C. pro,ram-parameters ")" ]

.

pro.ra.-parameters
· identifier-list.

read-paramet.r-list =
.C"[file-variable ","] variable-access
("," variabl.-acc.ss}")" .

r.adln-paramet.r-list =
[HC" Cfile-variable : variable-acc.ss)
{H," variable-acc.ss} H)"] .

r.cord-section = id.ntifi.r-list "I" typ.-denot.r

record-type
· "record" field-list "end"

record-variable · variabl.-acc.ss

record-variable-list ·record-variable { "," record-variable}

relational-op.rator .
"c": "<>tI II>""<II ..);;:u I .in" .
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repeat-statement. "repeat" statement-se~uence
"until" Boolean-expression.

rep.titive-statement
·

repeat-statement :

while-statement I for-stat.ment

result-type = simple-type-identifier
pointer-type-identifier .

scale-factor = sisned-inte.er .
set-constructor = "C" C member-desi,nator

{ "," member-desi.nator } J .]" .

set-type · "set" .of" bas.-type .
si.n · "+" ; "_"

si,ned-inte,er = Csi,n] unsisned-inte,er .
si,ned-number = si,ned-inte,er : si,n.d-r.al

simple-.xpr.ssion = C si,n ] term { addin.-op.rator term}

simple-statement =
empty-statement : assi,nment-statem.nt
procedur.-statement ,oto-statem.nt

simple-type-identifier = type-identifi.r

speci.1-symbol = "+"~"_.':"*":~/H~".H:"<":">N:"[MI"]":
p.":",":":":";":MA":"(W'II)":
"<>..,.'(...'")_"1"1."1"

'
word-symbo1

stat.~ent · C label .," ] C simple-stat...nt :

structured-stat.ment )
.

statement-part · compound-statem.nt .

strin.-character =
on~-of-a-set-of-impl.mentation-d.fined-characters

strin.-element = apostrophe-ima.. I .trin.-character I

I
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It~uctu~ed-statement .
com~ound-statement : conditional-statement:
~ep.titive-statement : wit~-statement .

structu~ed-type . new-structured-type
:

structured-type-identifier

st~uctu~.d-type-identifier . type-identifier

subrange-type . constant It It.. constant .
ta.-field - identifier.

tag-type .. o~dinal-type-identifier

te~m . factor ( multiplYing-operator factor)

type-definition
· identifier "." type-denoter

type-definition-part
· ["type" type-definition

(type-definition "/"})
......

type-denoter .. type-identifier: new-type.

type-identifier = identifier.

unpacked-conformant-array-schema ="ar~aY" "[" index-type-specification
( "," ind.x-type-specification ) ")" "of"( type-identifier I conformant-array-schema ) .

unpacked-structu~ed-type .. array-type I ~ecord-type
: set-type

fi Ie-type.

unsi.ned-constant
· unli,ned-number : cha~act.r-strino

constant-identifier: "nil" .
unsi.ned-nu.be~ = unsigned-int.ger I unsi,ned-real .
unsi'ned-~e..1 ..

unsi.ned-inte.er "." di.it-se~uence ["en scale-facto~Junsi'ned-int.ge~ "e" scale-factor.

value-pa~ameter-specification .
identifier-list "Z" type-identifier

va~i.ble-acc8ss . entire-variabl8 I component-variable
identified-variable: buffer-variable.

vari.b1eL.decla~.tion .. identifier-list "Z" type-denoter .
7~
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variable-declaration-part. ["var" variable-declaration
"I"(variable-declaration "/"») .

variabl.-identifier = identifier.

variable-parameter-specification .. "yarn identifier-list "Z" type-identifier

variant
· case-constant-list "z" "I" field-list ")" .

variant-part
· "case" variant-selector "of"

variant ( "/" variant) .
variant-selector. [tag-field "Z") ta.-typ.

while-statement. "while" Boolean-expression "do" statement
.with-statement .

"with" record-variable-list "do"
statement

word-symbol . t'and":"arraY~:"b~'in":"case":"const":"div":
I'do":"~ownto":"else":hend":"file":tlfor.r
"function":"goto"l"if":"in":"lAbe1":"modH:
"nil":"not":"of":Norh:"~ackedMI"procedurelt:
l'pr09ram":"record":"repeat"l"set":"then"!
"to"l"type":"until":"v.rul"while":"with" .

write-parameter. expression ["Z" ,xP~ession ["z" expr.ssion ) ) .
write-parameter-list =

"("[file-variable ".") writ8-pa~.m8ter
("," write-parameter)")" .

writeln-parameter-list.
[" (" (fi 1e-var iab Ie I wr i te-p.r.lllete~)
("," writ.-parameter}")") .
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&CCIIS

actU&I-P&~ameter-list

arraY-variable
alsi.nin.-reference
a.si.nm.nt-cOmp&tible

assi.nm.nt-,tat.ment

base-type
bas.-ty,.e,
block

body
Boolean-expression

Boolean-type

bUfhr-variAbl e

case-constants
char-typ.

closed
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':oll,ponent

component-type

component-variable
component-variables
cOII,ponents

compound-statement

conformant-array-schema
COn!H'IJOUS

constant

correspondin!!

definil"l!!-point

definition

directive
emptY-Itatement
entire-variable
enumerated-type
error

eKPression

DECEMBER, 1980



Sfcond Draft Proposal

6.4.3.2 6.5.3.2 6.6.3.7
~..6.3.8

~..6.3.76.5.3.1 6.5.3.2
6.1.5 6.3 6.4.2.1
6.4.2.2 6.4.6 6.6.6.2
6.6.6.3 6.6.6.4 6.6.6.5
6.7.2.2 6.7.2.5 6.9.2
6.9.4.2 6.9.4.4
~..1.2 6.1.6 6.2.1
~..2.2 6.2.3 6.8.1

6.8.2.4
6.4.6 6.7.1 6.7.2.5
6.7.1
4. 5.2 6.1
6.1.4 6.2.3 6.4.2.2
6.4.3.1 6.4.3.2 6.4.3.3
6.4.3.4 6.4.3.5 6.4.4
6.5.1 6.5.3.2 .6.5.3.3
6.5.4 6.6.3.1 6.6.3.7
6.6.3.8 6.6.4.1 6.6.5.2
6.6.5.3 6.7.1 6.7.2.1'
6.7.2.2 . 6.7.2.5 6.8.1
6.8.3.4 6.8.3.5 ~..9.2
6.9.3 6.9.4.5.2 6.9.5
6.10
6.1.7 6.4.2.2 ~..4.2.3
6.4.3.2 6.4.5 6.6.3.6
6.6.6.4 6.7.3 6.8.2.3
6.9.2 6.9.4.4 6.9.4.5
6.9.4.5.1 6.9.4.5.2
6.7.2.1 6.7.2.2 6.7.2.5
6.5.1 6.7.1 t..7.2.1
6.7.2.2- 6.7.2.4 6.7.2.5
6.8.3.5
6.4.2.1 6.4.2.2 6.4.2.3
6.6.6.1 6.6.6.4 6.7.2.5
6.4.2.1 6.4.2.4 6.4.3.2
6.4.3.3 6.4.3.4 6.6.6.4
6.7.1 6.7.2.5 i..S.3.5
6.8.3.9
6.5.1 6.6.1 6.6.3.1
6.6.3.2 6.6.3.3 6.6.3.4
6.6.3.5 6.6.3.6 6.6.3.7
6.6.5.2 6.6.6.2 6.6.6.5
6.9.2 6.9.3 6.9.4
6.9.4.6 6.9.5 6.10
6.4.1 6.5.1 6.7.2.5
6.4.4 6.5.4 6.6.5.3
4. 6.6.4.1
4. 6.4.1
6;6.3.4

~..1.5 ~..6. 6.~..5.;;:
6.7.1 6.7.
6.4.3.3 6.5. .~.~..3.3
6.2.2 6.5. 6.5.3.3
6'.2.2 6.4. ~,.5.3.3
6.8.3.10
6.4.3.1 ~..4.3.5 6.4.6
6.5.5 6.10
6.5.5 6.~..5.2 6.6.6.5
6.9.2 6.9.3 ~..9.4
6.9.5
6.5.1 6.8.8.6. 6.8.3.9
6.2.3 6.6.1 6.6.2
6.6.3.1 6.6.3.2 6.6.3.3
6.6.3.4 6.6.3.5 6.6.3.7
6.7.3 6.8.2.3
6.6.1 6.6.2 6.6.3.1
6.6.3.4 6.~..3.5 ,6.6.3.7
6.1.2 6.2.3 6.4.3.56.6 6.6.1 ~..6.2
6.6.3.5 6.6.~..3 6.6.6.4
6.6.6.5 6.7.2.2 6.7.3
6.8.2.2 6.9.4.4 ~..9.4.5.1
6.9.4.5.2
6.1.4 6.2.3 6.5.16.6.2 6.6.3.1 6.8.2.26.1.4 6.2.1 t..6.2
6.7.3
6.2.3 6.5.1 6.6.2
6.7.1 6.7.3
6.2.3 6.5.1 6.6.26.6.3.1 6.6.3.5 ~..7.3
6.8.2.4
6.6.3.5
6.8.1 6.8.2.1 ~..8.2.4
6.8.3.1 6.8.3.7 6.8.3.94. 6.1.3 6.2.26.3 6.4.1 6.4.2.1
6.4.2.3 6.4.3.3 6.5.16.5.2 6.5.3.3 6.6.16.6.2 6.6.3.1 6.6.3.76.8.3.9 6.10
6.4.2.3 6.4.3.3 6.5.16.6.3.1 6.6.3.7 6.106.8.3.3 6.8.3.4
3. 5.1 6.1.7
6.4.2.2 6.6.5.2 6.7.2.26.9.4.2 6.9.4.5.1 6.9.4.66.9.6 6.10
3. 5.1 5.2
6: 1.4 6.7.2.1 6.7.36.8.2.2 6.8.2.3 6.9.66.10
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factor

fhld
fie Id-dl5i9r.ator

fhld-identifier

fi Ie-type

fi Ie-variab Ie

for-statement
formal

function

function-block

function-declaration

function-desi,nator

function-identifier

fundional
.oto-s tate.lllnt

identi fier-1 1st

if-stahment
implementation-defined

DECEMBER, 1980PASCAL NEWS 1120

Second Draft Proposal

indexed-variable
inteser-t)'pe

I.bel

member
member-desi.nator
note

number

ordinal

ordinal-t)'pe

paramet!,r

pointer
pointer-t)'pe
pr.declared
prede fined
procedural
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Second Draft Proposal

procedure 6.1.2 6.2.3 6.4.4
6.5.1 6.5.4 6.6
6.6.1 6.6.3.4 6.6.3.7
6.8.2.3 6.9.2 6.9.3
6.9.4 6.9.:5 6.9.6
6.10

procedure-block 6.1.4 6 ~. ~. 6.5.1..::....:-
6.6.1 6.6.3.1 1".8.2.3

procedure-declaration 6.1.4 6.2.1 6.6.1
6.8.2.3

procedure-identifier ~..2.3 6.5.1 6.6.1
6.6.3.1 6.6.3.4 ~..7.3
6.8.2.3

procedure-statement 6.2.3 6.5.1 ~..6.1
6.8.2.1 6.8.2.3

pro,ram-parameters 6.2.1 6.9.1 6.10
real-tYPI 6.1.5 6.3 ~..4.2.1

6.4.2.2 6.4.6 6.6.6.2
6.6.6.3 6.7.2.2 t..7.2.5
6.9.2 6.9.4.2 L9.4.5

record-type 6.2.2 6.4.3.1 <'..4.3.3
6.5.3.3 6.6.5.3 1;..8.3.10

record-variable 6.2.2 6.4.3.3 6.5.3.3
6.8.3.10

reference 6.5.3.1 6.5.3.3 6.5.4
6.5.5 6.6.3.3 ~..6.3.7
6.8.2.2 6.8.3.10 6.11

re,1on 6.2.1 6.2.2 6.2.3
6.3 6.4.1 6.4.2.3
6.4.3.3 6.5.1 6.5.3.3
6.6.1 6.6.2 ~..6.3.1
6.6.3.7 6.8.3.10 6.10

rlsult 6.6.1 6.6.6.2 t-.6.6.3
6.6.6.4 6.7.2.2 6.7.2.4
6.7.2.5

same :5.2 6.1 £..1.3
6.1.4 6.1. 7 (..2.2
6.2.3 6.4.1 ~..4.2.2
6.4.2.4 6.4.3.2 ~..4.~
6.4.6 6.4.7 6.5.3.1
6.5.3.2 6.6.1 {...!...2
6.6.3.2 6.6.3.3 6.6.3.~
6.6.3.6 6.6.3.7 6.6.3.8
6.6.6.2 6.6.6.4 £.7.1
6.7.2.2 6.7.2.4 6.7.2.5
6.8.3.5

scOP. 6.2 6.2.2
Slt-tYPI 6.4.3.1 6.4.3.4 6.7.1

6.7.2.~
state.lnt 5.1 6.2.1 6.2.3

6:6.5.4 6.8.1 6.8.2.1
6.8.3.1 6.8.3.4 6.8.3.5
6.8.3.8 6.8.3.9 6.8.3.10
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.trins-blpe 6.1.7 6.4.3.2 <'..6.3.7
6.7.2.5 6.9.4.2 ':-.9.4.7

strin,-types 6.4.3.2 6.4.5 ~..4.6
6.7.2.~ 6.9.4.7

structured-type 6.4.3.1 6.4.3.:5 6.4.6
6.5.1 6.8.2.2

subran!lle 6.4.2.4 6.4.5 6.7.1
£..9.2

symbols 4. 6.7.2.2 6.11
tall-field 6.4.3.3
t II}:t fi Ie 6.4.3.5 6.5.5 ....6.6.5

6.9.2 6.9.3 ~..9.4
6.9.4.1 6.9.5 6.9.6
6.10

tokens 4. 6.1 6. 1. 1-
6.1.2 6.1.8 <".11

totally-undefined 6.2.1 6.5.3.3 6.6.5.2
6.6.5.S 6.8.2.2 £..9.5
6.9.6

tYpe-identi fier 6.2.2 6.4.1 6.4.4
6.6.3.1 6.6.3.2 6.6.3.3
6.6.3.6 6.£..3.7 6.0.3.8

undefined 6.5.3.3 6.5.4 ".1:..2
6.6.5.2 6.6.5.3 t..6.6.5
6.7.1 6.8.2.2 6.8.3.9
6.9.2 6.9.4 1:..9.5

vari.ble 6.2.3 6.4.1 b.4.3.5
6.4.4 6.5.1 t..5.3.1
6.5.3.2 6.'.3.3 L5.4
6.5.5 6.6.3.1 6.6.3.2
6.6.3.3 6.6.3.7 <'..6.5.2
6.6.5.3 6.6.5.4 L7.1
6.8.2.2 6.8.3.9 6.8.3.10
6.9~2 6.10

v.ri.ble-.ccess 6.5.1 6.5.3.2 6.'5.3.3
6.5.4 6.:5.5 "..6.3.3
6.6.3.7 6.6.5.2 6.6.5.3
6.7.1 6.7.3 6.8.2.2
6.9.2 6.9.3

variant 6.4.3.3 6.:5.3.3 £..6.~.3
...ith-stahmlnt 6.8.3.1 6.8.3.10
word-symbol 6.1.2 6.1.3 1...1.4

I
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AF'f,C:NDIX C. REQUIRED IDENTIFIERS

abs
areta"
Boolean
.:har'
chr
cos
dispose
eof
eoln
exp
false
set
input
i "teger
In
'fI'!:dnt
new
odd
ord
output
pack
page
pred
pu,t
read
rladln
r.al
rls.t
rewrite
round
sin
s..r
s..rt
suee
text
true
trune
unpack
write
wr i te I n

REFERENCE CLAUSE(S)

6.6.6.2
6.6.6.2
6.4.2.2
6.4.2.2
6.6.6.4
6.6.6.2
6.6.5.3
6.6.6.5
6.6.~..5

6.6.6.2
6.4.2.2
6.6.5.2
6.10
6.4.2.2
6.6.6.2
6.7.2.2
6.6.5.3
6.6.6.5
6.6.6.4
6.10
6.6.5.4
6.9.6
6.6.6.4
6.6.5.2
6.6.5.2. 6.9.2
6.9.3
6.4.2.2
6.6.5.2
6.6.5.2
6.6.6.3
6.6,6.2
6.6.6.2
6.6.6.2
6.6.6.4
6.4.3.5
6.4.2.2
6.6.6.3
6.6.5.4
6.6.5.2. 6.9.4.1. 6.9.4.2
6.9.5

IMPLEMENTATION NOTES ONE PURPOSE COUPON

0, DATE

1, IMPLEMENTOR/MAINTAINER/DISTRIBUTOR(' alw . _"". _ _ ,,- ".."".,. ')

2. MACHINE/SYSTEMCONFIGURATION('A",__""..."""""_,,,-'___,..,-.....
')

3. DISTRIBUTION(' touk. _It como,.In ",,-.. _. _"".. 'J

4. DOCUMENTATION(' Wh.,18..01_ _ _.. ')

5. MAINTENANCE (',.It unmoln,oInod.fulIr moIn,_. ore? ')

7. MEASUREMENTS ('Oflt..~",_..)

8. RELIABILITY('A",In_ _ ",_ --.J. ')

9. DEVELOPMENTMETHOD ('H_",..It~___It_"'?')

10. LIBRARY SUPPORT ('A",---'""~",.._",~"'-,.",,, J
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NOTE: Pascal News publishes all the checklists it
gets. Implementors should send us their checklists
for their products so the thousands of committed
Pascalers can judge them for their merit. Otherwise
we must rely on rumors.

Please feel free to use additional sheets of paper.

IMPLEMENTATION NOTES ONE PURPOSE COUPON
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POLICY: PASCAL USERS GROUP (l5-Sep-80)

Purpose: The Pascal User's Group (PUG) promotes the use of the programming
language Pascal as well as the ideas behind Pascal through the
vehicle of Pascal News. PUG is intentionally designed to be non
political, and as such, it is not an "entity" which takes stands on
issues or support causes or other efforts however well-intentioned.
Informal ity is our guiding principle; there are no officers or
meetings of PUG.

The increasing availability of Pascal makes it a viable alternative
for software production and juatifies its further use. We all
strive to make using Pascal a respectable activity.

Mt!.obership: Anyone can join PUG, particularly the Pascal user, teacher,
maintainer, implementor, distributor, or just plain fan.
Memberships from libraries are also encouraged. See the
ALL-PURPOSE COUPON for details.

facts about Pascal, THE PROGRAMMING LANGUAGE:

Pascal is a small, practical, and general-purpose (but not all-purpose)
programming language possessing algorithmic and data structures to aid
systematic programming. Pascal was intended to be easy to learn and read by
humans, and efficient to translate by computers. ~

o---
n
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Pascal has met these goals and is being uaed successfully for:

* teaching programming concepta

* developing reliable "production" software

* implementing software efficiently on today's machines

* writing portable software

Paacal implementations exiat for more than 105 different computer systems, and
this number increases every month. The "Implementation Notes" section of

~ News describes how to obtain them.

The stsndard reference and tutorial manual for Pascal ia:

Pascal - User Manual and Report (Second, study edition)
by Kathleen Jensen and Niklaus Wirth.
Springer-Verlsg Publishers: New York, Heidelberg, Berlin
1978 (corrected printing), 167 pages, paperbsck, $7.90.

Introductory textbooks sbout Pascal are described in the "Here and There"
section of Pascal News.

The programming language, Pascal, was named after the mathematician and
religious fanatic 81aise Pascal (162J-1662). Pascal is not an acronym.

Remember, Pascal User's Group is each individual member's group. We currently
hsve more than J500 active members in more than 41 countries. this year Pascal
News is averaging more than 100 pages per issue. -


