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DRAFT

The Algorithmic Languape ALGOL 67

0. Irntyoduction

wele Adms and princinples of desipgn

In defining the Algorithmic Lanpuage ALGOL 67 the memhers of

the Working Grourn 2.1. of IFIP egunress thelr bheliel in the

value of a common programming language serving many necoole in
many countries. The lanpguage 1s envisaged Tor execubting alporithms
on a varlety of different comnuters, Tor communicating alsorithms,

and for use in teaching algorithms to students.

The members of the group, Influenced by the exnerience of
several years of working with ALGOL 6o and other vrogramming
languages, were gulded mainly by the followine principles of

design for the new language:

a) Complieteness and clarity of description. By way of
example, WG 2.1 wants to contribute to the sclution of
the problem of defining s languace as clearly and as
completely as nossible. It is recognized, howvever, that
the method adonted may be Inconventent for the

uninitiated resder.

b) Conceptual economy. The number of concents was kent as
low as rnossible. In this way the language begomes much

easlier to deseribe, to learn and to Implement.

¢) Power by generality. The exrressive nower of the language
wan achleved by the menerality of the concents intro-
duced, None of the generalities, however, seems {0 be

unnecessary.
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continued 1

d} Appropriateness of the features., It has been kept in

mind that there exists the necesslty of balancing the
lanpuapge leatures, on the ONE hand, with the Tacili-~

ties available on present day computers on the obther hand.
Tha ideal was that {for any piven alporithmic step which

is within the power of the langusge, there corresponds
exactly one feature which lends ltsell naturally for that

purpose, and that this instance of using the feature can

be implemented efficlently

v

Among others there are several principl ol & move technical
A n

nature

which may be reparded as being consequences of

the genge

ral lines of desipgn listed above and which were adonted by the
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Statlie type checkirng. Apart from the {ree feature,

(ef. ©.2.4), the use of whieh is restricted to cases
where 1t 1s indispensable, data types and the operations
on them are chosen so that in an Implementation which
distinguishes between complle phase and object phase the
object program need never do branching on types, where-
as checking of types is only necessary in certaln cases

of procedure entry.

Possibility of independent compllation. The rrocedure
mechanism allows appropriate specific handling of the
actual and formal rarameters in the complle phase, even

I an independently compiled procedure is called.

Fase of loop ontimization. The way In which iterative
nrocesses gan be formulated In the lanpguage {5 suilted
for stralghtlforward application of well«known optimi-

zation technigues,

Static control over dynamic transiers of control. fThe
lanpuage elenents commonly known as labels are non-mani-
pulable thinpgs in this language, i.e. the only operator
applicable to fhem 1s the poto~operator. This allows a
considerable reduction of administrative work at object

time.



G.l. continued 2

G

Languape features which are novel or underwent chanpges with
respect to ALOCL 6o are introduced to the reader in the foliowing

section.

0e2e Differences with repard to ALGOL 6o

Before piving a summary of the new leatures it may bhe noted
that most of the powerful concepts and notions of ALGOL 6o

have entered into this lanpguage, although they often appear
in a more peneral form. Thisg is especilally true for the no-
tions of block, declaration, and exvression, The latter now

includes the concept of a statement of ALGOL 6o.

On the other hand, there are a lfew leatures of ALGOL Go which
have been eliminated, at least in the old form. Among them are
the own concept, the possibility of writing designational ex-

pressions andé integer labels,

0e2ele Primitive data types

There are six specific primitive data types in the languane,

namely

integral: for integral numbers lyins within a certain range,

real: for rational numbers lying within a certain range,

complex: for complex ré?ional nunbers lying within a
certaln ranpe,

binal: for seguences of binal valueg each heing either
o or 1,

alyhamerlec: for sequences of alphameric data each being a
character,

boolean: for the boolear values true and false.

v

The capacity of each primitive type {except in the triviasl
case for boolean) is not specified. It is assumed that 1t will
differ from Implementation to lmplementation and that a pri-
mitive datum will normally be represented by a small number

of computer words or n fraction of a computer word. The absence



Ge2.1e continued 1

of the possibility to specify the capacity of the primitive

types is the result of careful conslderations balancing efficiency
vs. exchangeability of proprams. It is recognized that there 1s a
fundamental difference with respect o caraclity between the
arithmetic types, i.e. intepral, real, comnlex, and those
intended primarily for non-numerical work, l.e. binal and
alphameric, but 1t was felt that it is wiser o have a

rrogramnmer ask for the capacity of the primitive types ol the
tmnlementation he wants to work with, rather than inmposing a
specification which may result in ineffilcient code. Moreover,

by means of rroperly posed environment enguiries (cf. 0e2.11.)

it is possible to urite pregrams running efficliently on

different computers.

The language provides for Incressling the caracity of the
primitive types {excent boolean) by means of the long symbol.
When declaring a gquantity, this symbol may he added in an itere
ated manner and the gcanscity of & quantity having one more long
symbol in its declaration than another one Is assumed at Jeast
not o be less than the capacity of the latter. The implementor
has to specify the capacities corresponding to the number of
long symbols in front of the primitive type symbols.

The objects corresnonding to the above six primitive data tynres

are assumed to have an existence independent of the progranm

1t5elf. The meaning of thelir revresentations Is independent of

the context within which they are processed {e.g. «3.74, b lotil,
"a2g34), It is a considerable difference from ALGOL feo that values
of type alphameric (the strings of ALGOL bo) are seguences of
characters rather than sequences of bhasic symbols of the

languaze.

Automatic type conversions take place from

intepgral to real,
inteprral to complex,

real to complex,



Oefele continued 2 5

and in certain cases from a specific type to a longer varlant
of the same type, For all other conversions the expliclt use
of operators or standard procedures 1s obligatory. In this
way an important source of possible Inefficlency ig clearly

indidocated L0 Lhe Rroframmer.

0.2.2. Connected data tynes

In the lanpuage bthere are two ways of mrouping dats to form
higher units of information. The first one 1s well-Known from
ALGOL bo. Arrays may be Tormed essentlially In the old way. n
addition there exists the feature of "trimming" an array which
allows convenient manipulaticn of linear subarrays of a glven
array.foreover, there is an assigrment expression for arrays

and an array value denotation.

From the p?@grammer% noint of view, arrays are sulted for
prouping rectanpularly indexed data of the same primitive
type ant of lixed number of elements. To meet the needs of
a wider ciass of applications, & much more [lexible way of
nandling data groups was introduced inbto the lanpuape by
means of the record concept. A record may be viewed as be-

ing a finite set of

primitive data,
AYTRY S,
other records,

and references {(of. 0.2.3.)

1n some prescribable order. Thus the configuration of a re-
cord ig in itself a new type. This type ls declared by a
record type declaration. Variables or constants of this type
may be declared by record declaraticons. By these record de-
¢larations, in contrast to all other declarations of the lan-
puage, the number of objects of the corresponding record Lyne
is not fixed. By means of the so-called record generaltior,”
new instances of the same record type may be dynamically pge-
nerated at will. A sinpgle constituent of a record, a fleld

may be accessed by applying a so=cslled field selector.
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D.7.2. continued

A& reecord is an object, the lifetime of which is not identical
with the lifetime of one of the blocks whiach contaln the covr-
respondine record type declaration or the record declarvation,
Tt is penerated after these blocks come to existence and 1€
may be lost before the hlocks are left, e.g. upon asslipgnment
of a new record to a record variable, Thercfore a substantlisal
extension of the implementation technigques in comparison with
ALGOL 6o is necessary in ovrder to cope with the whoele languape

in an efficient manner.

c.?2.3. References

In handling quantities Inslide a computer, it Is a common
practice in data processing either to work with the guantity
1taelf (e.;. to transport it) or to manipulate a polnter to it.
Depending on a variety of circumstances, the one or the other
of the two methods may be far more efficient. This is reflected
in the languame by rlacing both techniques at the programror’s
disposal., Thus references are allowed to guantities of
primitive and of connected type and also fo procedures {cf.
0.2.7.). References may be referenced agalin. In this way &
hierarchy of “levels™ of references ls obtained where level

zero indicates guantities which are not reflerences.

There is a fundamental difference between references and the
other objects mentioned so far, YWhereas the latter possess
representations which are inderendent from the context within
which they arpear, this is not true for references. Therefore
assipgnments of references have certain natural restrictlons

denending on the context within which they appear.

0.2.4, The free feature

In order to allow the formulation of varts of algorithms

which deal with quantities, the types of which may vary from

execution to execution of that rart of the nroegranm, free re-



Oe2slis continued

ferences were introduced. A reference to a gquantity of any

A

type but of {ixed level may be assigned to a free reference.
Assignments in connection with free referonces, however, may
only ccour withir a s#o-called conformlty clause. This fea-
ture allows 2 statilc check to eliminate all dynamlie tyne

checking except the ones explicitly indicated in the propram.

O:2:5, Carrlers

e SR e

In ALGOL bo, identifiers were used elther to denote varlables
of certailn tvpes or constants of certain kinde. It was, howe
ever, not possible to denote e.n. & constant of type real.
The declaration itsell contained the one or the other alter-
native implicitly. Because of fthe importance of {his infor-
matics in the new language, the programmer has the cholce of
specifying an ddentifier to denote elther a constant or a
variabife axcept in the case of labels and procedures. In
the sequil, the notion of aearrier™ is used to mean variabe

les as well as constants.

0.2.6, Declarations

A11 carriers must be declared. In the case of a variable an
tnitialization may or ,in special cases,must take place, where=-
as in the case of & constant it is obllimatory. Note that the
procedure declaration of ALGOL 0o is a constant declaration

in this terminology. Contrary tHo ALGOL Go, decliarations of
carriers are'elaborated" sequentially, where "elaboration®

is a technical term meaning execution and evaluation as well.

0.2.7. Procedures and parametors

The specification pf formal parameters in this lanpuage are
simply decliarations. Upon c¢all of the procedure, they are
converted to initialized declarations of constants by means
of the actual paramcters. The compatibility rules of ALGCL 6o

reduce Lo the rule that everything 1s allowed at a specific
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. Forms o the languape snd Introduction to the

finition method

age’™, and Yrepresentation 1mmgudgﬁ‘ﬁ

o & E [Sa S P N | . "o p o e e
Tedicde The stricht lansuage

Most of the following chenters are concerned with the definitiop

x"J

ol the strict languare.
The syptax of the strict lanpguage is deflined by means of a setb P
of "production rulest. This set P has an infinite number of
members, 1t is penerated by two Q?h@ﬁ sets each of which is

|
finite., The Tirst set consisgts oﬁiprmductiom foymatfram which
production rules, members of P, are obtained by replacing
so=-¢alled "metanotions® {(ef. 1.2.) by sequences of letters.
These seguences are gengrated from fthe second sebt which aole

31

slistes of production rules For the sv-called "metalanguapge

{Gfa :ia::‘:)a:}se

The semantics of the strict language i described in the

Engililash laneguage. The connection between synbtax and semantlios

is obtained as follows: 1f words occur in sections walled
Demantles which appear also as notions, mebtanotions, or parts

of notions in sections called Syntax, then these wolds denote
gither these notions or producticns of these notlons {ef. 1.4.0«
The styructure of the English language may cause deviations in the
appearance of a notien which ogceurs under Semantics. Therefore
partially capitalized forme, plural forms, split formgg and
generalizing Forms must be properly interpreted. Under the
heading Syntax several productions for netions have been included
which are irrelevant {vrom a syntactical point of view. These

productions are preceded by an asterisk.



Telede The egtended Jlanguape

The strict language is not very well sulted for practical
uge by a hunman heling, because, for clarity of definiticon
it consists of sequences of notlions (separated by commas),

rather than gequences ol representations of symbols which

would  suggesh an approp: meaning, Moreovey

4

g sae
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Yor eage of definition, the

quences of notions which are very uncommon from & Ltrsdie

tional polint of view,

It ds the extended languspe which {8 free from the latter
inconvenlience. In order to define 1t, the foliowing chap-

ters frequently contaln sections in wl

nioh goecalled ex-
tensions” are gilven, Bach extension is & rule for a mew

chanical replacement of one seguence of notions by ancther

one, In this way the definition of the extended lanpuape
proceeds as the definition ol the strict languape goes on.
the extended language need be gilven,

&

e
No new semantics of
tended language differs from the strict lan-

because the ext

guegs by notational changes, only. Certain Features,e.g.

iterative eupressions (ef.%,0are defined merely by evter-
wF

slon,

1.1¢3: The representation language

¥ inconvenience mentioned ahove

;._n\
i".&

Iin order to renmove the M1

oy

T
gso=cailed representations are piven {(¢f. 0.) which consiss
>f certain typographical marks and correspond in a unicue
manner to the terminal symbols {e¢f,1.2.) of the siric
language oy Lo the symbols introduced by extensions. A
program in the representation language may be obtained
by replacing all notlions occurrying in a program of the strict
or extended langusge by thelir repres atlons and deleting

£11 commas meparating these notions,

bach verslon of the langusge in which representations are

uged whilch are gsufficliently close to the given representations
w > h
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to be ddentiffied with them without further slucidstion is
equaliy well entlitled to be called a representation languspe.
tod. dntroduction Yo the definitlion method

o
=y
]
o
ok
e

Ihe production rules of the metalanguape

2

«1e & get of Yrules' is given from which the prow-

3]

In section
duetlion rules of the metalanguage may be obbained by means

ol

of the feliowing procesa:
Fach yrule contalining a % 7/ " is replaced by two
new rules. The first new rule consists of the part
of the rule belfore that " / ", {ollowed by a point.
The second new rule consists of the part of the
rule up to and including the Y iz ¥, followed by
the part of ¢he rule after that /7 %,
This action 18 repeated until all "™ / % have been

eliminated.

The rules obtalined In this way are callied the Y“"production rules®

f*‘s
B

i

the metslanpuage. They consist of sequences of capital and
> - > i

[ I

e
posslbly small letters, one I and have g point at thelr

Bach produstlion rule of the metalanpgusge begine with a seq GUENncE

of capital letters followed by & " ::= ", Sueh & sequence of
capital letters is called a"wmetanction®and the production rule

is called a production rule Tor thst metanotion.

A "metapotion list" is elther & metanotion or a sequence of
small letters, possibily sepsrated by blanks, or consists of a
metanction list feollowed by & blank followed by eilher a metne
notion or a sequence of small letters possibly separateg by
blanks, or 1t is empty.

1f & metanotion list appears after the % tia " in a production

rule for & metanotion, then this list is called a "direct produ

tion™ of that metanotion.

e



e
ey

b &

blon®™ of & metanotion is elther a dirsct nroduciion
of it or a metanotion 1ist obtained by replacing in & producti-
ort of that metanotion a constituent metanction by a direct pro-

duction of this constituent mets not ion,

=
]
[
pg
paad
e

inal vetlon®™ of a metanotion is a production of

i.2:.2. The sroduection forms

In chapter 4«7 under the heading Syntax 8 set of ruless is S
ven from which the so-cnlled production forms may be obtaired,
Topether wiith the m&talangiag@ the production Forms serve

to construct the production rules of the strict language

The production Torms are obtained inp part I'rom the above menti-

z “

oned set of ruley by pert Forming the process deseribed at the

H

begiting of 1.2.1.

i.4:3: The production rules of the strict lancuage

A sequence of small letters pessibly geparated by one or more

blank spaces,cr by 8 change te a new line or to a new pa me iy

called & Ypgpion¥ . 46 within & pgiven context it is the secuence
B R g

with the maximum number of letters satlslying that condition.

A "notlion list™ is elther a notion or is = netlion list, followed

by & comma,followed by & netion.

A production rule of the strict languape ig & production rule
for a notion. It consists of that notion sfollowed by " gex 7

Followed by a noetion list other than Lhat notlon followed by &
polint.This notion list is caliled a fdirect production® of that

notion,

A "production® of

Py
75
o
TE
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cfs%e continued

s a nobion 1izt¥is obtained by replacing in a productilon of
that notion & constituent notlion by a2 direct production of if.
A Pterminal symbol®™ i3 a notlion for which ne produection rule

is given,

A "terminal production” of 8 notion is 2 production which cons

£

sists of terminal symbols and commas only.
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2. Metalansuape and the censtruction of oroductions

2.1. Syntax

2elele ACTAL ::= amotual / fopmal,
21020 ALPHAMERIC -
c1.3e ARITHMETIC ‘s
Telle  ARRAY ::= array of / arvay of ARRAY,
dodebe BINAL iz LONG binsl.
Tebe  CARRIER = MODE / constant SIMPLE,
ZeleTe  COMPLEX
1.8 CORNECTED ¢:= STRUCTURED / RECORD.
ZeleGe  CONSTANT ::= gonstant GREDINARY.
Celeto, BEMPTY ¢ex .
2eleile BENTITY o= CARREER / PROCEDURE / RECORD type / ORDINARY
fieid / label.
»12. FREE ¢:= free / constant free.
130 PULL = PRIMITIVE / CONNECTED / SPRCTAL.

« GRADED = reference to a / reference to a CRADED /

wm

= LONG slphameric,
NONCOMPLEX / COMPLEX.

LH

L]

¢ LONG complex.

reference to a constant GRADED.

2ol 15 INTEGRAL :e= LONG intepral.

Qeledbe KIHD t:= TYPE / SPECTIAL.

2ele 37 LEVELED 1:= GRADED FULL 7/ GRADED constant PRIMYITIVE /
GRADED constant CONRECTED / GRADED constant
free,

21180 LONG = EMPTY / long LONG,

Zete19. LOWPER ::x lower / unper .

2elel00 MODE :ex ORDINARY / constant CORRNECTED,

dele21. NOHNBOOLEAN t:= ARITHMETIC / ALPHAMERIC / BINAL,

2e1e22e HOHCOMPLEX ::= INTRGRAL / REAL .

@s1.23, HONCONSTANT ::= ORDINARY / Free,

Zele28. HONFREE ::= TIED / array of NONFREE / reference to a
NONFREL / reference to a constant WO} REE /

constant RICORD / constant aryvay of NONFREE.,
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2.1. continued

2.1.45, NONINTEGRAL ¢rv= RE&L / COMPLEX.
2:1.26. NONPRIMITIVE ::= LEVELED / CONNECTED / constant CONNECTED /

FREE.
2,1.27. ORDINARY ::= SIMPLE / CONNECTED.
2.1.28. PARAMETER ::= CARRIER parameter / PROCEDURE parameter.
2:1.29 PARAMETERS o= PARAMETER / PARAMETERS and PARAMETER.
2.1.30,., PRIMITIVE ::¢= NONBOOLEAN / boolean.
2:.1.31., PROCEDURE ::= procedure with a MODE result / procedure with
a MODE result and PARAMETERS.
2.1.32, RAISED ::= GRADED / array of RAISED / GRADED array of BAISED.
2:1:33. REAL ::= LONG real,
2.1.34, RECORD t:= record with ay ORDINARY field / RECORD and ay
ORDINARY field.
@eledh, STMPLE o= PRIMITIVE / LEVELED.
2.9.36, SORT ::= MODE / FREE.
2:.1.37. SPECIAL ::= free / procedure with & MODE pesult and an
undetermined number of parameters,
2.1.38, STRUCTURED ::= array of ORDINARY.
2139, TIED ¢z PRIMITIVE / RECORD / procedure with a MODE result
and an undetermined number of parameters. '
2.1, 80, TOKEN ::= binary digit / octal digit / hexadecadic dipit /
dipgit /7 character,
2e1.U81, TYPE ::= integral / real / complex / binal / alphameric /

boolean,
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4.2, The congtruction of the p?odmcﬁionxmf the striect

Langunpe

Starting with the process explained in 1.2,1. and 1.2.2. the
construction of the production rules of the strict lanpuapge
is deseribed by the following "process of consistent substibtye

tton® o

If & production form contalins a metanotion,then
this production Torm is replsced by a set of [eJAReL
duction forms In each of which the metanotion is
consistently replaced by the same terminal pro-
duct lon, This process is successively repeated for
esch member of the set obtained, until & set of

production rules of the strict language results.

since some metanctions have an infinite number of productions,

the number of production rules of the strict languages obbtained

by the process described is infinitse,

YA Ramarks

From a syntactlcaly point of view the strict langueage consliats

of all terminal productions of the specific notion "program®
‘“\

{ef.5.1.) . Note Jbhat 'a 1L members of this sat however,satisly

the restrictions given in chapter 4.7 under the heading

EF oy PN e
Semantlios.,

w@fua which are notions or metaw

For regsonsg of abbrevis
i

notiong Treguently are used in places whaore productions of
vthose notions or metanotions are meant,

oSt i

some productions of the metanoction NONBOOLEAN are:
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2.4, continued

ARITHMETIC
NONCORMPLEX
REAL

LONG real

y BMPTY real

P
™

Ty
\!~

-
2

DR raal

o~

a4

a terminal proeduction of HONBOOLEAN.

o

The last production is

A production rule of the strict lanpguspe derived from the
production form 7T.3.31.%1, i3

rong real asssignment

ae
§
o
e
o
e
W
]
o
7
o]
ey
o]
&
o
o
=y
—
o)
¥
o
[
-
p

becomes symbol long real source.
whaereas the seguences

o e v e " o e i P o e pry ey b E -,
long resl assignment (o real destination
&

18 not oa production rule of the strict lanpuage since the
metanoction NONFREE was replaced at diflferent vlacesn by

different terminal productions of it

"
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3, Basic concepts of the strict lanmuape

T ©his chanter the method is expniained

3

which is used to describe the semantles

IS
2

of the strict lanpuapge, Certalin technical
terme are introeduced which ocour later

in sections called Semantics. There is also

La tyroeg,

I
b5y

i~
ke

an explanation of the

5

2.1, Lanpuage, nropram and computer

v

A specific notion of the strict lanpuape is "nrogram™. In

chapters i - 7 under the heading Semantlcs, & so-called meani

iy associsted with each production of program. This 1s done by

©

meanas of sentaences in the Ensgliash lanpuarce, which describe

7

33

faetions' taken by & hyrothetical "comnute 2t wndeh comprises
ite

hut extensible set of "items®™, HMany of these items are
may hold. Eetablishing or changing such relatlonships, creatinm,
deleting or changing objects are some of the nossible actions

the compubter may take, Bach action, however, may be replaced hy

any other process which causes the same effect.

2l

Fach action taken by the computer 1s elther "elementary® or not.
is not elementarv, then 1t conslists of

two or more actions
which take nlace either "in series", or "in unspeciflied order”,

or Min parallel™.

A program is a certalgn "expression”. An exrpression consists of
phrases™. & phrase 38 either a "declaration® or itsell an
expression. The action taken by the computer according to a
specific phrase is called the "elahoration” of that phrase.
Correspondinmliy, elaboraticns may take place elther "in series”

ied order®™, or

2]

Lk

or "in unspecif’ y1oraraliel”, Ths bepinning of the

—

elaboration of a phraze is calied the "initiatlon' of the

elahcoration of that nhrase.

"Rlavoration in series™ means actions taking nlace one after fThe

other. "Elabheration in unspecifled order”™ means an unspecified

“ohiects? between which, at any given time, certain "relgtionghiras"

merging in time of all actions concerned. "Elsboration in parallel”
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means initiating the elaboration of the corresnonding
phirases at the same time. After this dpitiation all sctions

involved take place in unspecified order.

o

ObJects are elther "values", expressions of certalin classes,

or "procedure torsos®, They are distinguished from other items
the computer may comprise, by the property, that they can be

manipuiated by the actions of the computer when elaborating a

DYODTAM

Some values, called "primitive values®, have meaning inde-
pendent of the "computation™, l.e. the elaboration of the
program. The other values, called "appellations™, derive
thelr meaning from the computation, Apprellaticns are also

called Yreferences” or Ynames®,

.3 Quantitles

kach appellation is paired with an object. Such a palr s calle
ed a "guantity". The appellation is said "to refer® to that
object with which 1t forms the quantity. The appellation and ihe

object are also said "to belong™ to that quantity. On the other

hand & quantity is said "to possess™ an appellation and an object.

2
18

A quantity is either a "carriery, or a "procedure®., A carriler
elther a “"constant" or a "variable", If it is a variable, then
the objJect belonging to the quantity may be replaced by ancther
object. This action is known as "assignment". This possibility

does not exist for a constant or a procedure

The object belonging to a carrier is aliso called the "value of
that carrvier". In the case of a procedure 1t is called the pro-

cedure Ltorso,
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3.4, Entities

An M"entity® 1s elther a quantity, or a "label”, or a "record

cype", or a "field selector®.

3.5, Denotations

"Denotations™ are either "primitive value denotations™ or "iden-

tifiers®™,

A primitive value denoctation denotes a primitive value. This

relationship holds permanently, Independently of the computation.

An ddentifler may dencte an entity. This relationship is establis

ed by a "definition"™, il.e. a declaration or a "label definition®.

3.6. Attributes of values

A value is of some M™mode" and has a "silze'. This size 1s the in-
trinsic property that distinguishes the value from all other
ks );

values of that mode.

There exists one value, the “neutral value'; which is of any
rom

mode, [ts size differs from the size of all other values.

Each other value is of a specific mode characterlized by the
following attributess "type™, possibly "lenpth™, “"level™,
fseructure’ and possibly "constaney®. A value is called a prie
mitive value, if it 1s of primitive type and has structure

anda level zero.

A type is elither a “primitive type” or a record type. & record

type is an ordered set of modes. There exist six classes of

primitive values. These classes may be characterized as Follows:

intepral: a finite set of iIntegers,

real: a Finite set of rational nunmbers,

complex: a finite set of complex raticonal numbers,

binal: g Finite set of Tinilte seguences of binary digits,
alphameric: a Tinlte set of finite sequences of characters,

boolean: the values “true® and "false',

r

7 e
Ju
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.6, continued 1

The types Intepral, real and complex are krown as "arithmetlc
types™,

.

The types integpral, real, complex, hinal and alvhameric are

also ecalled "nonboolean tyres'. Values of these types may be

kept in the computer with different "length". With each nonhoolean
type there is always assocliated a certaln lencsth, The length Is 8
nondecreasing integral function of the number of long symbols
apprearing, 2.5 in "direct genotations” and in declaratoers for
that nonboolean type. To each nonboolean type with a miven length
pelongs A Finilte set of primitive values with distincot slizes.

The "reasech" of a nonboolean type of a certaln length is given

by a collection of several primitive values of the same type,
characterizing the mentioned set by means of thelr sizes. The
reach for the fyre real with a certaln lengih, e.q., could bhe
ziven by three real numbers indicating the maximumn absolute
value, the minimum absolute value and the preatest number that,
$Ff beine added to one, ylelds one. For the type alrhameric with

a certain length, on the other hand, an arbhitrary stying with

maximum number of characters for that lenegth will sulfice.

e sets of primitive values belongineg to the different lengihs

of & nonboolean tyre form a sequence of subsebts such, that the

set beloncing $o a certain lenmth is a subset of all sebs belonging
to oreater lensths. This subset, however, is not necesasard ly

a nroper subset.

o

An appellation is sald to be of the typre and lenmgth, if any, of

the value to which it refers., Tt 1s of structure zero and its

level is one hicgher than the level of that value., If an appellation
refers to & rrocedure, 1t is said to he of type nrocedurs,
structure zero and level one, Thus, the tyre procedure can only

occur as an attribute of values with level preater than zero.

A reference may also be "free', it.e. the objects which 1t may
refer to, are not restricted to a speclific tyre, length or
structurs. Tt 1s of structure zero and its level Is one higher

than the level of that value. An assignment to a quantity to
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SPPENCE

reler

pelanms,

within

take place by applying
i ¥ =f S

relatlion.

may only

o

ol

conformity

1ati

nother apneld on which itsell

may refer to another appellatior, ebt., until an object of
level zero appears. In this way & of obiects of dew
evessing level is given. The appell ation of the highest level

o
(5831

within a rlne

in chain

which

ments may take place or not. The latver lTevels are called
Haonetant levelas®, Ho assignment is possibie Lo & guantity of

aueh & constant level 1f It is accessed by means of appellations
aceurring in this chaln. Within a cshain noe appellation belong-

ing to a consta

An farray value™ or "struc

ecach of whic
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ofher values,

cype and length, a0y, O
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I these

agme
ucLure
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obher values,

vy

e other values may bhe array values

themselves, the array value can be viewed &85 a Oné- or muly de
dimensional rectangular arvay of values of one same unstructuread

made .

£
[#3

The quantity to which an &

In the
game unstructured mode hel

The

case of an ¢

ArTay.

ment s" Array

&

of the appellations

Hoommon apnellation®

[

array’ is the ordered set

The array elements may be

operation®,

of

Traoord®™ is yvalue a

o "field

A
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et values™
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guantities, called "{ielda®,

Pl
flelds.

M

o
}3(

e

Fields s oaccesned

by mea

selectionﬁb

25

Yeo contain®

LS

sai1d

fute
o

w0

A record ls

n of operation, called "{ield

Records may be penerated arbitrarily st sll peolints in the progran
where t(he corresponding record type declavation is valid.
3.7« Correspondences of values

value of giv
T

£

To each Intepral
that

COrrespar

rength

vaiue of and to e

complex
that
which

there greg: v

case this is to mean, in

is & value
ield

definit

there Upen

A e
G hie

result

appiles

Viaiues same

analogous ion

To

value

each Linal value of gilven
1

zeguence

of that length, namely

has the given of

noetation in the binary number

Taking the value

il

o

s yvblon called
which

operations

se, 1s an opers

(E3 9}

fharvowing® operations

tions of widening

To each valuse of piven nonboo

binary

corraspornd ing

B

9 &

nizth
real
of that

of real

he

value of
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act piven length
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&0
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%

atue lenpin,

hat lensth
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the c¢lass
both
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s upon that intepgral value.
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length there corresponds an

that integral value

=

wonnegative
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syvieben,

B nossible value de-

pel
(8

value in the above

of that

the
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“widening”

5 opliven

v
E)

value. For

not inversae

T:19¢

HIve always OPETH-

see

lean and length there corres-

tynpe

ponds & value ol the same type and next greater lenpth, i such
s prester length exists. This is simply a consequence of the fact

tive

nonboolean tyne

that the gets of primil V&

of one same
nonboolean

mbhols

To value of

certaln nunber

aach
of long

number of long symbols

f\

greatef Ly

different 1

{ef,

belonging to enrths

3“6(')"

Lues

crr a sequence of subsets

ype there belongs syntactically a
5. Taking the same value with a
one is an operation called
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[l

Flengthening™ of that value, This does nobt necessarily mean

[

that the length ol the lengthened value is different Irom the

Tength of the original valus,

< i3

The ipverse operation ls called Yshortening'. Accordingly, this

operation involves no action in case thaet the lengihs specified

long symbols are egual. Obherwlse
shortenling of an integral, bilnal cor alphamerlc value means taking

PR

Cihve same value of the subset belonging to the same Lype with

pext smaller length. Shortening of a real or complex value m

A

ATES

taking that value of Lhe subset which is closest to the given

value Iin the zense of prover rounding. values o not always

exist, 17 the subset Is & proper subset

A8 Blementary actions

fetvtiong whese decomposition into smaller actions is outslde the

realin of the language are called elementary actions

of elementary actions

fass

res Taking the value or the

1 o o ~ e ~ tres oy e - - cpoem o e Jey T
appellastion of a ngoa value to g variables

ks

carrier; sseloan

performing arithrmetic operations: selecting & field val

w
.
=
40
~y
-
vi
o

field variable; selecting a constituent expressions

ing a denotation; establishing a guantity; nmaking a copy of a

RS VRS

phrase or a2 “"desceriptor®; making modifications in a nphrase

3.9 Uperstlons

~

"Monadice" and "dysdio®™ operation

s are mappings  rom one value

and a pailr of values respoutively, the Jopevand(s)7, into one

value, the "result®., CQperations are dencted by Toperators'.
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A.t0. The computsation

E3

By definition, the computation is the elabuoration of the

grxpresslton which s Chs program. AL the beploning of that slabora-
tion the computer contalng the program anc the Tenviconment'.
This environment comprises the set of all primitive valuss

cegurring In bthe program as welill a8 some guantitlies which

i

are declared In sc-called Yenvironment=blocks", and which

may be used fresly during the elaboration of t{he program.
During this elaboratlion, guantitles are established and dis~

established, and relationships are established and altered.

In the sequel, the syntax defines fthe internal structure that

a sequence of symbols must have I it is to be & program. Under
the headling Semantics the actions performed by the computer
when elabOTaﬁi%% & phrase are deflined. Both definitions are

recurslive.,

In the lanpguage a specific denotation for values, identifiers

and phrases 1s used which, together with the recursive defini-
ticen of the languapge makes 1t possible to nhandle and to
distingulsh between arbitrarily long seqguences of aymbols, to
distinguish between arbitrarily many different values of any
nonbeolean type, and to distinguish between arbltrariiy many
types; it allows Turther arbitrarily many objects to ccocur in the
computer, and 1t allows the elaboration of a program Lo involve

an arbitrarily large, not necessarily {inite, number of sasctionsg.

This is not meant to imply elther that the internal denotation

of ltems in the computer is the denotatlon used in the language,
or that 1t hasg the sams possibilities. It is net assumed tThat
these two denctations are the same oy even thal a one=~fo~one
correspondence exists between them; in fact, the set of dilferent

o

internal denctations of objects of a2 given class may be finite,



P

and the numbesr of olasses for which this set I nobt empby may
ailso be finite, 1¢ is, therefors, not assumed that the computer

exn handle arblsrary amounts of presenbted information. It is

not gasumed thaet the number of guentitiss snd relationshnipse that
can be established is sulficient to oope with the reguirements
f}f A

a glven program noy that the spesd of gpesration of the
o

“nin s

e

gomputer 18 sufficient to elaborate 3 given program wi

fizged Jlapse of time.

It i sssumsd, however, that these restrictions for classes of
chiects do not alTect Lhe effective presence of the features
involved and touch only limitations, e.g., of resches, or

numbeyr of levels, of parameters, of dimensions, and of {lelds.

Fedide Implementations

£ wmedel of the hypothetical compubter, using an actual machine,

Te said to be an “"implementation™ of the language, 17 1t does not
restrict the use of the language In cother respects than those
mentioned shove. Furthermore, 1T additiconal restrictions are
formalated, defining & language whose programsg are a subset of
the programs of the language, then that language is called

a sublanguage of the language. & model 1s sald to be an
implementation of a sublanguage 1L 1t does not restrict the

use of the sublanguages In oLner respects than those mentioned

above,
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%, Basic constituents of the lanmusage

A text, constituting & program, ls & sequence of basic
aymbols., The notion of a basic symbel i1z introduced in
this chapter. Morsover, methods are dezscribed for cone-
structing certain denotations e.g. identifiers and numbersa.
In this and the following chapters, examples are given
ueing the extensions and the representations for the

basic symbols which are given in chapter 8.

b,1.1.1. basic symbol ::= ordinary hasic svmbol ¢
ordinary basic symbol, comment.

3

b,1.1.2, ordinsey basic symbol ¢z letter / value denotsabion

symbol operator symbol / declarsation

/
aymbol / syntactical symbol / segquencing
/

symbol axtra symbol.
ho1.1.3. TOKEN sequence ::= TOKEN / TOKEN sequerce, TOKEN.

Belelod. comment ::= comment begin symbol, comment element

sequence, comment end symbol.
hoi.1.5. comment element sequence ::s character sequence.,
Heicl.6. character ::* proper character / other character.

boieio7. string ::2 guote symbol, string slement gegquencs,
guote symbol / empty string.

H.1.1.8. string element sequence ::¥ character sequence,
b.1.1.9. empty string ::= guote gymbol, guote symbol.
#.1.2. Semantics

A program 1s regarded as presented as & linearly ordered

sequence of characters, running from left to right.
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b,1.2. continsed

Starting with the leftmost character, the characters of this
sequence are grouped into a linearly ordered sequence of basie
gymbols also rupning from lelt to right.

in per{forming this process, typographlical display characters
such as blank space, changs to a new line and change to a new
pape are irrelevant as long as they do not ocour as constituents

of strings.

This order iz csulled the texbual order, and in the sequel
frollowing®™ is understood to mean “"textually immedlately

following®.

Charaseters whiech in this vrocess may appear as constituents

of representaticns of ordinary basic symbols, comment begin
symbols, comment end symbols, or guote symbols are called
foroper characters™. In this connection they serve only to
represent these symbols and have no meaning in themselves.
Characters which enter the process a2s constituents of character
sequences denote themselves. They are elther proper characters
or "other charecters®, The definition of the sets of proper
characters and other characters 1s cutslde the realm of the

language.

The sxlistence of comments Iin the program does not aflfect the
elaboration of the program. Comments only provide additional
information to the human reader. The character sequence which
represente the comment end symbol may not ocour ss part of s
character segquence whnich serves as a comment element sequencse,
The character sequence representing the qguote symbol may only
enter & character ssquencs wilech serves as a string element
sequence 1 there exlsts o specific rule about the correct
metching of the closing guots symbol in this case, The deflinition

of such rules is oubtside the reslm of the language,
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Y. Letters

T,

B,2.%. Syntax
BRI EAN AT

Aedel el ey sos lebter oo foletter b symbol /
tetter o d sy /
letter e osymbol /
Tenter o osymbol /
letter & 1 symbol f
Tatiber k / osymbol [
letter m symbol / nosymbol /
letter o symbel / lett nosymbol /
letier g symbol / letter r symbol /
jetter s symbol / letbter & mvmbol /
letter v symbol / letter v svmbol /
letter w symbol / letter x symbol /
letter v symbol /7 letter z symbol /
cthey lettey

fo2.2. Semantics

Uther letbers are not specifled.Letters are const ity

ol identifiers.

G.3. Value denobabion

R T s -
j?u'}:e.ﬁ.« W}‘L-‘:’.y

W\L'm.w{«....m et

s 3:.1:%. value dencotation symbol ez number symbol /7 truth
symbol / binal symbol / string /
neutral symbol.

Jelede mumber symbol i= disit / polint syvmbol / times ten
. } o

]

te the power svmbol.
}'[fﬂgsicge

3¢l binal symbol iz bins

1 osymbol rie Grue symbol / false symbol.

v

o~
ey
e

vy aymbol / octal svmbol /

hexadecadic synhol /7 binary

dipit / hexadecadic digd



$.3.1.%. binary digit r:= zero symbol / one aymbol.

=

i

4.3.1.6. notal dipgit 1v= binary digit / two symbol /
three symboel ¢/ four symbol / {ive

/ osix symbol / sev

1 - - by 3T & . - - 38 e & oa. o e Ve e e o g Yo e " N
d.301.7. digit vrw aetal Grizlt ¢ LN GYymucl /oniy

Be3.0i.8. hexadecadic diuit trx dipit / ten symhol
symbol ¢ fwelve symbol /
thivteen symbol / fFourteen

e £ L R, g s oy N
Aol f"r Fiftesn SE}'EALO.L .

Value denctation symbols are constituents of value denotations.
Digits are also constituents of identifilers. Qotal digit
and hexadecadle diglts standing as nart of cctal numbers or

hexadecadic numbers denote groups of three or four binary

digits respectively.The conversion into such a seguence of

-

&

Lipdts fs given by representing the octal or hexadew

[N
e
NS
fuin
or
bt

in the binary number system,

The neutral symboel denotes a value called the nevtral value

o

which fs of any type.lenpgth and level but possesses structure

LET0.

v

Holly Operator symbols

Holodl. Svntax

st gtetatacerazs

i

del.d.1, operator symbol

am
e

dyadic plus symbol / dyadic
minus symbol / times aymbol /
divided by symbol / intepgral
dlvided by symbol / modulo
symbol / to the nower symbol /
absclution symbol / plus 1 times
symbol / monadlic plus symbol /

mbol 7/ equals

symhol / oone-
forms symbol / not conforms
symbhol/ conforms and beconmes

symbol / becomes gsvmhol / less
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s 3 continued

:

symbol / not less symbol l opreater
symbol / not greater symbol / not

symbol /7 and symbol / or symbol /

\';'1

=t symbol / right symbol /o cone

o

}.‘.l
o

L
catenation syvmbol / tall symbol /
head symbol / long symbol /o short
symbol / value symbol / name aymbol
pinal to integral svamboel / integral
nlex

to resl symbol /o oresl Lo of
symbol / real part of symbol / Irme
sirinary part of symbol / round Symhmlf
intepral to binal symbol.

it

.42y Semantics

Operstor symbols are constituents of expressicns. They denote
operations on velues op carrviers. With the exception ol the
value operator and the name operator, the denoted operatilang

have an inherent meaning which is independent of the language.

.5, Deciumration symbols

5.1, Syntax

2]

TYPE declaration symbol /

e
o

Bot, 1. declaration symbhol
array symbol / free syrmbol /
constant symbol / constant
procedure synbol / cxpression
symbol / reference symbol /
record Sype symbol [/ record

aymbol.

Heb.2, Semantics

Declaration symbols are constituents of declarations. They
eharacterize relevant properties of entlities which are to

he declared,
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Aobote Byntax

o037, syntactical aymbol f¢x open symbol / ¢lose symbol f

Tean

i7 symbel £ then symbel / else
symbol/ease symbol / of syne
bol / parallel open symbol /
paralliel close symbol / pa-
rallel separation symbol / sub
aymbol / up to symbol £ at
symbol / bus symbol / label

symbol / comma symbol,

h.6.2, Semantics

Syntactical symbols are constituents ol phraseg, they serve

Lo separste notions or prour them toemether.

27 Sequencing symbols

HoTe1e Syntax

T

71610 sequencing

o
L

ol i oo on symbol / ocompletion syme

i

Lol / oo to symbol,

Fan

.72 Semantics

sl

Sequencing symbols are constituents of phrases tﬂey CHAT OG-

£

terise the order im which different parts of & phrasa are

elaborated.

h.8, Extra symbols

. 8.1, Syntax

X
oa
1

ho8,1.0. extra symbol for symboel / from symbol / by syme
bol / to symbol / while symbol /
except symbol / do symbol / 1 syme

bol / repest symbol.



Extra symbols are constituents of pbrases, They ocour only in

phragses which, by virtue of extensions, stand for

which no extra symbols occur.

b6, Identifiers

he9uty Byntsx

1eG.tet, tdentifier s letvter / ddentifier, letber / identifier,
digit.

BNoGete2, ENTITY ddentifier s:z identifier.

#.9.2. Bemantlcs

Identifiers have no inherent meaning but serve bo Identify
Tentities™ i.e. variables, constants, record types, fileld selecw
tors, and labels. About the determination of the entity which

is ldentified by a given occurrence of an identifier see 6.8.2.

and also 5.3.2.1.

The production 4,9.1.2. must be used in the followine way:

5 an identifier occurs at a "defining occcurence™ (¢f 5,.8.2, and
6.1.3.); then that production of the metanotion "ENTITYY must be
used which ds " label " in case of a label definition or

specilfied by the declarstor preceding that identiffer {of 6.1.2.).

At any other occurence of an identiflier a search must be made
for the defining occurence of that ldentifier, If such a
defining ocecurence exis ste,bhen the same production of the metanction

TOENTITY " must be used ag at that defining occurence.

L\i & '2(} & N‘\lm?wgﬁi

beioets Syntax

folo.1:1. dintegral number ¢:s diglt seguence.

Y.lo.1.2¢ signed Integral number ::z integral number /7 inveraion
operator, intepral number.

He10.1.3. Practional part::= point symbel, integral number.
% S

H

holocslod, mantissa :i= inteprsl pumber, fractional part / {ractional
part.
Heiocd.5. exponent :i= Gimes ten to the power symbol, sipgned

integral number.



bod0,1.6. real number o

BododiaTe

ne

binary mumber

B.oio.1.8, cgetal number iz

¥

hode,1.9. hexadecadic

boio.1.10. biral numbear @

Eodoeil.11e inversion operator @

Bolo.2. Sementles

Mumbers

antissa /

number , exponent

O

number e

o
e

have an inherent measning which 18 ackrnowledpgesd to

E15)

mantisss , exponent / integral
foexpanant .

hinap

o
b

tnary symbol, fgit

az
o8

BeGUuenta.

. 3 b vt B - PR B - T 3 S . e
val symbol, cotal diglt seguence,

heradecadic

S

sexadecadic symbal,

¥

SE P g - g
Qi SeGuEnce,

Binary number / ocobal mumber [/ hedse

£

decadic number,

@ monadic plus symbol 7 monadic

minus symbol.

ezist

independentiy of the language. They denote values of type intepral,

Eite gero and one only.

heloe3. Examples

K3
18

¥y
~
Eain
oy
i
o
-y
e

;o (this ds

b ooolol i (this is

o iz i {this is

h alifsioe i {this is

or binal respsctively.
About

hexadecadic numbers in binary numbers

Binal numbers denote seguences cof the

octal numbers

Q&3@24

the conversion of

see

intesral number

A

e
e,

. {(these are real numbers )

not a number Vo

a binary nurber )
an octal number )

a hexadecadlc number) |1
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This chapter introduces the overall structure

o
7%
4
<
[
£

P
o7
=

spram ile deliped by meansg of
the netlon of &
A block,in turn,ls grouning of one
ﬁha““' Nat@ that a block is 3' seli a prim
{ef 71340 and hence may appear as & |

o
= i*‘“i’i oL & {U“"ciffwf

It is thepefore the notlon of g 1 which
plavs an dmportant role in this chapler,

Progran

LN
s

H

o

Beded,. Bvntax
- ekt A A A A e

Selelsdl, program 2:i% hlock,

5@1&2@- éem i’"%(}-p

The program is an expression whosge elaboration 1s by definition
Lhe “computati@n“bit is sumed that the program is embedded in
environment blocks which contain declarations of some entities

wiiich may occur in the program (of.3.10.).

Hede Phrases

Bufgwie m}.ﬂ
5e2¢1leie phrase (i= SORY expression / declaration,

Hhedele?Zs SORT expression iz proper SORT expression /
conditional SORT expression / jump.
Decsleds proper IJORT expression ::= SORT assignment / plain
SORT expression,
S5e2.1.4, admissible constant ORDINARY expressicon ::i= ORDINARY
expression,
HededlohHe admissible RATSED constant NONCONSTANT expression g:=
HATSED NONCONSTANT expression,
Bededehe &djusied SORT expression ::z SORD expression / admissible
SORT expression / adjusted constant SORT

ERADression.



5.2.1. continuved 38

BedelTe free expression iz FULL expression.
5 1

7
8. constant free expression ::s FULL expression / constant

A

G e B

FULL expression.
5.2.,1.9, RATISED free expression ::= RAISED FULL expression.
5.2.1.10. RAISED constant free expression :z RALBED constant
FULL esxpression.
5.2.1.11. block 1= SORT block.
§.,2.1.,12. SORT bleck o= unitary SORT block / neutral expression.

5.2.3.13. neutral expression ::= neutral symbol / parallel block.
he2.2. Semantics

The notion of an admissible expression is usad in conditional
expressions (c¢f. 5.5,) and array denotations (cf.7.8.) showing
the fact that & chaln of objects in which certain levels are not
constant may also be used as 1f these levels were constant.

(cefe 3.603.

Adjusted expressions are used in descriving initiallized declara-
tiones {ef, 6.3.) and sctual parameters in procedure designators
{ef. T.120).

The elaboration of a phrase begins when it és Tinitiated®.

It may be "interrupted®, and it is finished by being either
"terminated” or "completed®.

Upon {inishing the elaboration of a phrase, either the computation
is finished {(in this case the phrase was the whole program) or a
e

successor” may be appointed {for the definition of successor
el eBeTe)e

Beledosle Interruption of the elaboration of a phrase

The elaboration of a phrase may be interrupted by an action; e.f.
cverflow, not specified by that phrase but taken by the computer
if its possibilities and iimitations do not permit & correct
computation,



5:2.267¢ continued

Whether sfter an interruption the elaboration of that phrase is
&

o
resumed,or the elaboration of another phr ig initiatedgor the

computation ilg finished,is a question outside the realm of Lhe

langusge,

De2e2.2, Termination of the elaboration of a phrase

The elaboration ol a phrase is terminated by the elsboration of
a Jump (6fe5:64).

I there exist obther phrases which are elaborated together with

3

the given phrase,either in parallel or in unspecified order,then
these other phrases are also terminated (el bl 7eiuyTe2e,Te8s,
Ted0eeTol2:,7264),

Upon terminaticn of a phrase the elaboration of the succeeding
phrase which is appointed by the jump is initiated,

An expression which is terminated possesses no value,

5e2.2.34 Completion of the elaboration of a phrase

If there occurs no interrunt and no Jump during the elaboration
of & phrase,then the elaboration of that phirase is completed
al'ter performing the last action specified by that phrase,

A phrease being an expression possesses a value upon compiletion.
If the completed phrase appoints a successor,then the elabvoratlion
of that successor is initiated,

The elaboration of the expression denoted by the neutral symbol
is always completed,lt consists of taking the neutral value as
the value of this expression.

o

5¢2.3. Example

# (this is the neutral expression
denoted by the neutral symbol)

gw
fodo
P_!



5

w1

W

U

T

i

L3

[
P

=

£

ey

e3s Unitarv hlooks

¢«3ede Syntax

L
e
&

W

L3
&

(-3
L
k=
LN
£
o
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S5¢3.1:.12,

«3eled3,

unitary SORT block (s blocekhead SORT expreassion part,
close gymbol,
blockhead ti= open symbol / open symbol,declaration part,
g0 on symbol,
declaration wart :i= sgingle declaration / expression
declaration part.
expression declaration part 1ix PROCEDURE declaration /
expression declaration part,
g0 on symbol,

PROCEDURE declaration.
declaration y:= single declaration / PROCEDURE declaration.
SORT expresgion part iz SORT expression series /

SORT expression part,completer,
SORT expression series,
completer :i;= completion symbol,label definition,

label definition ::= label ldentifier label symbol,

SORT expression series (:= SORT expression / statement,
go on symhoel ,30RT expression
series / label definition,

propel SORT expression series,

statement :sfvéOHT expressionjrommh@mm?s&gyﬂwmffjpgwﬁ,

neutral bilock 3:% bleckhead,neutral expression part,
close symbol,

neutral expression part ::2 neutral expression series /
neutral expression part, completer,
neutral sxpression series,

neutyral expression series i neutral expression / statew
ment; go on symbol, neutral expression
series / label definition, neutral
expression series,

The notion neutral expression is used in 6.4.3,



b

5¢3:2¢1, Initistion of unitary blocks

the elaboration of %ﬁ/umi%ary block is initiated by perlor-
ming the Following steps:

Step 1t IF an ddentifldier occurs within the unitary blogﬁﬁwhich
fdentifies within the block a different entityvit does
at the place from which the elaboration is initlated,
then 1t is replsced throughout the unitary blook
by an ddentifier which is defined neither within
4y

e unitary block nor at that place,and step 1 is taken

again,otherwise step 2 is taken,

Step Z: If a2 declaration part exists,then it is elaborated,
otherwise step 3 is baken,
Upon completion of the elaboration of the declaration part,
step 3 ls also taken,
For the termination of the elaboration of the declaration
part see 6.0.2,

Step 3¢ The elaboration of the first expression following the

blockhead is initiated,
If & declaration part consists of more than one Ceclaration,
then these declarations are elaborated in unspecified order.

For the elabeoration of declarations see chapter 6.

he3e2e2e Completion of the elaboration of ay unitary block

and its value,

The elsboration of a@ unitary bloek is completed upon the complew
tion of the elaboration of the last expression of one of the

expression series which constitute the expression part.The value
of the completed unitary block is the value of the last elabora-

ted expression,
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Be3s2.7, continued

o

If this value is a reflerence, an array of referencesg or a
record containing reflerences, then & search to determine the
range of all references contelned in the value is made in
the same way asg in 5.8.2. If one of these veferences has a
range identieal with the bloock which is now completed, then

the further elaboration is undefined.

5.2,%, Extensions

a) In the situations "single declaration, open symbol,
declaration part, go on symbol, expression part,
close symbol, close symbol® or "declaration part,
open gymbol, sinple decliaration, expression part,
close symbol®™, the open symbol and the corresponding
aloge symbol may be omitted.

Remark: This extension allows one to write more than one
single declaration in one blockhead.The rules for
identification (¢f. %.8.2.) are, of course, not

affected by thies extension.

by If in the situatiens "actual CARRIER declarator,

CARRIER identifier, CARRIER initislization, go on
symbol, actual CARRIER declarator, CARRIER iden{i~
fler™ or "asctusal CARRIER declarator, CARRIER identie
fier, go on symbol, sctual CARRIER declarator,
CARRIER identifler™ the actusl carrier declarators
are ldentical, then the go on symbol may be replaced
by "ocomma symbel" and the second declarator may be

omitted {for declarators efeb.le) s

¢} I the last expression of an expression series
{which is therefore followed by & completer or a
close symbol) consists only of a neutral symbol, then
this neutral symboel may be omitted,



5.3.4, Examples

begin real a,by ar=2=b end

H# (which is short for:

pepin real ajg

vegin real by  ar=d=b end

end )H

5.4, Paraliel blocks

5.04,.1, Syntax

5.4,1,1. parallel block i:= paralliel open symbol,block,parallel
nlocktalil,
5,.4,1,2, parallel blocktall :i= narallel separation symbol,
block,parallel close symbol /
parallel separation symbol,

vlock,parallel blocktail.

S.h.2, Semantics

he elaboration of a parallel block is initlated by initlating
the elaboration of all constituent blocks in parallel (cfe3elol)e
Tt 4s terminated upon termination of the elaboration of one of
the constituent blocks, Xt 1s cempleted upon the completion of
the elaboration of all constituent Llocks.In this case the

value of the parallel block is by definition the neutral value.
5.04.3. Remark

Note that the language does not prohibit the use of a value
within a constituent block which is possibly changed by another

constituent block.

5.5, Conditilonal expressions

I

5.5.1. Syntax

5,5.1e1s Af clause sz if aymbol,boclean expression,then symbol.



-

Sebeldeds conditional SORT expression iz I clause,SORT expressie

on,else symbol (30RT expreﬁsiom /
1 clause admissible SORT expressicon,else

o

symbol  SORT expression /
I clause SORT exnression,else symbol,

admissible SORT expression.

- or . - i . .
e, oo, Lot o f ,;g{',g;(

- -, ok e P s
B G TRE G YA bagi , 4R paita DR

EREC IS é’ekf"“i
5.5.2. Semant Ec,;

The elaboration of a conditional expression is performed in

the fellowing steps:

Step 1% The boolean expression is elaborated. .l this elaboratie-
on ds completed,then step 2 1s taken,otherwlise step 4

is taken.

Step 2% If the value of the boolearn expression 1s true,then

the expregsion immediastely following

the then svmbol
1s selectedjotherwise the expression lmmediately

*

following the else symbol is selected,
Step 30 The selected expression is elaborated. Il this elaborse

tion 1s completed,then the value of this expression

Is the value of the conditionsl exrression and fhe
elaboration of the conditional expression is comple=
ted,

Step U; The elaboration of ithe conditicral gxrression 1ls ter-

minated,

5,5%.3. Extensions

If the expression following the else symbol consiste of the
neutral symbol only,then the sequernce "else symbol,neutral

symbol"” may be replaced by "fi symbol!,



i

5.5, Examples

asb then n:i=lalse i

§ s

Pes
na
<

=g then dr=name x else x:=h

e
&43
e

i
§

5.6 Jump
<1 Syntax

5.6.1.00 Jump iis goto symbel,label ldentifier.

A Jump is an expression whose elaboration is never completed,
but always terminated.lt appoints as its succeseor the expressi-
on which Immedlately follows the definition of the constlituent
labvel identifler.The elaboration ol a8}l expressions which

are contained in the smallest unitary block 1n which that label

X

definition appears,is also terminated,

HheTe Determination of successors

rn

A phrase appolints 1ts successor in the followlng cases:
Case 1. A Jump appoints as 1ts successor the expression
immediately feollowlng the cdefinition of the label which

appears in that jump (ef.5.6.3.).

Case @ A phrase whese elaboraticon ls terminated appoints

as its successorgthe successor of that jump whose
;

elaboration has terminated the elaboration of that
nhirase,

Case 3¢ If among the phrases which are elaborated in an
unsypecified crder there is a phrase whose elaboration
is terminated,then all other phrases are also termina-

ted and the appointed successor is the successor
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5.7 continued

of that phrase whose elabhoration caused the termination,

Case 4; Upon completion of the elaboration of an expression
whioh is followed by & go on symbol, the expression
Following the go on symboel lg appointed as successor,

r

Cage D Upon completion of the elaboration ol an expression
which is followed by & completion symbol, the sxpression
which 1s the successcr ¢f the smallest block cone
taining that completion symbol is asppointed zs sucoess

sor, provided this block appoints a successor,

In all other caseg noe successoy 1g appointed.

S.8. ldentification of entities

delioly Syntax
B.8.10e definition $¢= label definition / declaration.

5. 8.2, Semantics

A DS TSN

S

A entity has one, and onliv one, definition. This definition
o 3 p %
{

£

asscclates an Identifier with that entity and there is within
this delinition a "defining ccourrence™ of that identifier,
This defining occurrence is also called the defining ocecurrence
of that entity. In the caese of & label identifler the de=
Fining occurrence is the occurrence of that Identifler within
the label definition,

For delining occurrences of identifiers in declarationsg see
b.1:3¢

I¥ during the elasboratlion of the program an identifier

cecurs and this occurrence Is not a defining ccourrence,

then Yhe deflining occurrence of the Identifier may be

found by the following process:

Step 147 Call the smallest expression which containg the piven
L)
cecurrence of the ldentifler the "possible ranpge® of

this identifier,
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continued

Take the smallest unitary block which contaling the
possible range and call now this bleck the possible
range,. 17 there exists no such embracing block in
the program,.then ster 4 isg taken.IT this block con-

4

cains & delining occu

which ls not contained In any smaller blocock,then

atep 3 1ls taken.Otherwise sten 2 1 repeatoed.

If the piven bleck contains more than one delining

ceeurence of this identifier,then the further e¢labo-
ration is undefined. Ctherwise at Lhe given ccourence
thet identifier identifies the entlity delined by
the definitiorn, The possible range is called

E3

the "rance of thils entity" and the search is

I there exists a deflinirg occurernce of that identi-

fier in some embracing block belonging o the

(A
-
—
o
F
]
e
>
.y
3

envirorment {c¢f.3.10.,5.%, the piven

L4
cceurence the identifier identiflies the entity
delined by that definition, Otherwise the
identifier possesses ne deflining occurence and

the further elabeoraticon 1s undefined,
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£, Declarations

I this chapter methods Tor declaring guantlities and
record types asre Introduced. Declaratlions gerve elther
to establish quantities or aft least to prepare for
this action {(in case of record tynes and records).

beocl. Syntax
G.o.lede declaration iz single declaration /
PROCEDURE declaration.
Gowolo2. single declaratlon (t* actual CARRIER declaration /

RECORD type declaratlon.

b.o.2. Semantics

i
feR
]
=
o
fodn
]
o
R
=

A declaration establishes an entity and causes an

to denote this entity.

For the slaboration of procedure declarations see 6.8,, of
carrier declarations see 6.3., and of record type declarations

see 6,2 .

if,during the elaboration of an expresslion contained within

s single declaration,a Jjump 1s elaborated which sppeints as
successor an expression outside the deciaration but within the
smallest bloek containing the declaration, then the further
elaboration ig undeflined.

If & carprier declaration deflines an identiflier and this identilier
cocurs in any expression contained In this declaration, then the
further alaboration is undeflined.

En entity established by the elaboration ¢of a declarstion
cegses Lo exist upen termination or completion of the
glaboration of the smallest block containing thst declaration.



6.1, Declarators

6.1.1. Syntax

6eioled, declarator sz ACTAL CARRIER declarator / RECORD Cype
deciarator / ACTAL PROCEDURE declarabor.

D:%00s2. ACTAL TYPE declarator iz TYPE declaration symbol.
Gol.9.3¢ ACTAL long NONRBOOLEAN declarator iz long symbol,

ACTAL NONBOOLEAN declarator.
Gelot i, ACTAL free deslarator ::is free symbol.
6.1.1.5, ACTAL procedure with a MODE result and sn undetermined
number of parameters declarator j:z ACTAL procedure with
a MODE result declarator,
belelob. ACTAL procedure with a MODE result and PARAMETERS
declarator ::= ACTAL procedure with a MODE result
declarator.
6.1:.1.7. ACTAL procedure with a MODE result declarator ::¢=
constant procedure symbol, actual MODE declarator.
6.1.1.8. ACTAL reference to a SPECIAL declarator ::= reference
symbol , ACTAL SPECTAL declarator.
6.1.1.9. ACTAL reference to a constant free declarstor ::s
reference symbol,; ACTAL constant free
declarator,
6.1.1c10.ACTAL reference to e CARRIER declarator ::= reference
symbol . ACTAL CARRIER declarator.
6.1c1.11.ACTAL constant NONCONSTANT declarator ::z constant
symbol , ACTAL HONCOHNSTANT declarator.
6.1.1.12.ACTAL array of ORDINARY declarator ::= aryray symbol
ACTAL boundpalr, ACTAL ORDINARY declarsator.
6.1.1.13.ACTAL boundpalr iz asub symbol, ACTAL lower bound,up to
symbol , ACTAL upper bound, bus symbol.
bo1.1.14, formal LOWPER bound :i= strict LOWPER bound /
flexible LOWPER bound.
6.1c1.15, 8ctual LOWPER bound $:: steict LOWPER bound.
bclst.db.ntrict LOWPER bound s:i= intepral expression.
E.1.1.17.flexible LOWPER bound :¢x constant symbol, Integral symbol,
conatant intepral identifler.
6.1.1.18,ACTAL RECORD declarator ::= record symbol, open symbol,
ACTAL RECORD type indicator, close symbol.

&



6,1.1. conbinuved

6.1.1.1%. RECORD type declarator ::z record type symbol,
RECCORD indicstor.

b.3.1.20. actual RECORD type indicator ::=z RECORD type identifler.

b.1.1.2%., formal RECORD type indicator ¢:= RECORD type identiffier
RECORD indicstor, RECORD type ldentifier.

6.1.1.22. RECORD indicator sz open symbol, proper RECORD indicabe
clLose symbol.

6.1.1.23. proper record with s ORDINARY field indicator ::s
ORDINARY fileld declaration.

6.1.1.24, proper RECORD and & ORDINARY field indicabor o=

proper BECORD indicator, separator, ORDINARY field

declaration.,

6.1.1.25, ORDINARY field declaration ::= actual ORDINARY declaratc
ORDINARY fiesld identifier.

6.1.1.26. Beparator ::z comma symbol / close symbol, open syvmbol.

6.1.2 Semantics

Actual declarators serve for specifying certsain attribubes

which are associasted with entities which are established elther

by the declaration contalining those actual declarators or by
record generators appearing in the further elaboration. In case

of arrays and records actual declarators serve also for constructi

degeriptors for these quantitiss.

Hecord type declarators serve for establishing a new record
type and reserve ldentifiers for further use as fleld ldentifiers.

Tormal dselarstors occur only in the formal parameter part of
procedure torscss. They serve for constructing actual declarators

during the elaboratlion of procedure deslignators {(ef, T7.12.),
i

The mentloned set of attributes associated with & guantlty is
syntactically mirrored by those parts of the notions of the
strict language which are productions of tLhe metanotions
TCARRIER® and “PROCEDURE®. These parts of notilons generate

alao terminal symbolsg in declarators.
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b.l.3. Defining occurrences

A glven occurrence of an identifier is a defining occurrence

oi that ildentiiler 11 one of the following conditions is

satialied:
5 5 - . E o R S R R - S WUV T
gl The identifier is lmmedlately preceded by an actual
or fermal declaratoy and does not stand ag a fielg
identifie
|23 The identifier ds & constituent of a flexivle lower

o upper bound.
4 The identifier cccurs as & constituent Fleid identifier
of a Meld declaration which is 1tself not part of

formal record type indicator.

6.1.4, Extenslons

I

a) The sequence "bus sywmbol, array symbol, sub symbol® may be

replaced by "bus symbol, sub symbol™,

B} The sequence “"bus symbol, sub symbol" may be replaced by
Toomma symbol™,

e} The sequence “constant symboel, integral symbol”™ may be
replaced by “integral symbol®™ when occurring as part of a
Flaxible bound.

d) If no further use is made of the ldentifier cecurring in a
flexivle bound, then this flexible bound may be omitted.

e} The sequence "close symbol, cpen symbol® may be replaced by

a sequence starting with "elose symbol® followed by an arbitrary

sequence of lebters and/or digits and ending with fopen symbol®,

5.2 Becerd type declarations

Gedoled. RECORD type Geclaration ::= RECORD type declarator,

RECORD type identifier,



éjgyfmc,d,

A Tmecord type declavration causes the constituent identifier
o denote a new record type.Also 1t reserves some identifie
srs for further use as field identilfers,

The elaboration of 8 record type declaration involves

ne aetion especially the Tleld declarations contained in
the record indlcastor zre npot elaborstesd and no Field szelec-
tors are sstablished {(bubt of 710},

S
rec typs { compl alpgol x,ref real asad,rec
6.3, Carrier decliarations

6& f:“ut&}{

comis B cgisoscaniiontte

4
4w

s3edele UARRIER declaration :i= ACTAL CARRIER
Ce3:5.2, initialized CARRIER declaration ::z ap
declarer, equals symbol O
]
Dedolede ACTAL CARRIEW declarer @iz AOTAL CARRY
CARRIER ide

Go.%.1.0, CARRIER initimlization ::z adjusted C
sdjusted constant CARRIER
He3eieB. metual constant ORDINARY declaration @

constant ORDINARY
PRIMITIVE declavatd

deel

®
.

B 6. sobual

v
o

aetua

won e

!

(wpdt) tony) weed

declaration.

tusl CARRIER

REIER initialils
Lion.
ER declarator,
ntifienr
RRIER expresaion /

gxpression,

“

H inttinlised
aration.

1 PRIMITIVE

declarer /7 initislized PREIMITIVE declaration.
Ge¥eleTe actual ARRAY PRIMITIVE declaration @iz achtus) ARRAY
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6.3.1.10. actual LEVELED declaration ::= initialized LEVELED

decliaration.

G.3.3.11. gotual ARRAY LEVELED declaration ::= initislized

AHRAY

YELED declaration.
n

el iZ. formal CARRIER deslaratio rx Yormal CARRIER

6 4 % « 4? & Q Cing ‘f‘\i/ "Lf\

PRt

For the use of Tormel declarations asee 6.4, .,

declarer.

-y ! fee & o 5 o
The elsboration of an actual carrier declaraticon procesds

as Follows:

Step 1. If in the declarator there occur bound pairs
there exlsts an inftialization, then the expres
contained in the boundpalrs and/or the adjusted
expression in the initialization sre elaborated

unspeciflled order.

m
3

[
)
Tnts
i

o
[

A guantity is created with the mode spe

?I
o
!
ie
N2

declarator. The ldentifier following the declarator

ig made to denote this guantity.

In the case of an array a descriptor is establi
(efe 6.3.3.) and assoclated with this guantity.

the ordered set of guantities constituting this

is created,.

Step 3

> a

adjusted expression is assipgned to the created

(ef

r’“’r\

It there exists an initialization, then the resu

o Ted. and 7.4.2.,conformity), otherwise the

and/or
aion

in

shed
Furthern

array

quant ity

value

of the created cguantity s sald to be undelined,

If in the case of a record carrier the initialization
yields a record, then only the descriptor of that record
1s assoclated with the created quantity (cf. 7.1.2.,

step 4), otherwise the value of the guant ity 1ls the

neutbral value,

Lad

1t of the



T
oy

H.3.3. Descrivtors for arrays

A descriptor for an array is a technical device for
selecting array elements or groups of array elements
{ef, 7165, Iv consists of an intepral number n,

called the "dimension™, an integral number ¢, called

()

he origin, and an ordered set of triples (159 Uy d,0,

Fuek

g v ¥ ooy e

The arrasy deseriptor iIs constructed rom an arrsy
declarator (ef, €,1.9.31., G,1.1.12.) in the following

WEY .

Step 1:Without regard to a pogsible constant symbol in
front of the declarator, the array declarator
begins with a number of array symbels easch followed
by & bound pair. This sequence 1is Tollowed by s
declarator which is not an array declarator. The
dimension n in the descerintor 1s set equal to the
number of array symbols mentioned above. The

origin ¢ Is set equal to 1, and a dimension pointer
J ois set also equal Lo 1. The bound pairs contained
in the declarator are ordinally numbered from one

upwards, running from left to right.

"

Sten 2:The triple (lj’ u3§ ﬂij corresponding to the

current value of %the aimenﬁiOH pointer 1s initialized
with d, = 1, lj equal to the value of the lower
bound and u equal to the vaiue of the upper bound

y

of the bound palir corresponding to the current
vaiue of J. For & = 1, ..., jﬂifdi is muitiplied
with (uﬁ S T I

8 Increased by 1, and step 2 18 taken apain i
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6.3.4, Bescrintors for records

£ record descrintor iz oreated during the elaboration of

a record generator (¢f. T.lo.). It consists of an ordered
set of "fleid selectors™ and an ordered set of identiiiers
dencting these fleld selectors. These sebs are obtained

5 foll

LOWE ¢

Step 1: The record type identifier of the recovd

W

hag & defining occourrence in a8 record Lvpe

declaration, The record indicater of this
tlon containg & set of fleld declarations, These
fleid declarations are elaborated in urspecified
order as if th@y were actual declarations whicoh
care not dnditislized, The ordered set of quanticties
resulting from this elabvoration forms & new record,
Step gt A set of ield selectors is constructed wuhlch alliows
the selection of the constituent guantities [{rom the

record. The constituent field identilie of the

record indicator are made to derote thne COrresnoi-

ding fleld selectors.,

in case of records, leveled guantities, or arrays of such
ntwpizkgan Inftialization of the form Yequal symbol,

neutral symbol™ or “equal symbol, constant STRUCTURED

direct denctation” Iin which all exrressions yvielding

values of structure zero consist of the neutral symbol

only, may be omitted,

03,60 Examples

[ NCER S.E N

rec {(wp2l) munich = rit
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Gl 1.8, formal PROCEDURE rmarameter :is= formal FRODCEDURE
dealaration,
£,0,1,9, formal PARAMETERS and a PARAMETER ¢:= formal PARA-
METERS, sepavator, formal PARAMETER.
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The slaboration of a nrogedure ded

the following way:

£

A guantity is oreated which consists of an appells

the procedure torse which is made into a procedure ©

%

inseyting an open symbol in front of 1t and & close gymbol

after 4t. Then an identifiey 18 csused to dencts Thls

guantity.
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Froper exprossions

githey

]
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R

A proveyr expressi an

gxpression, A plain expression, 15 not

mode, is & primary. An assignment Ip wh
or vaiue of free kind occurs is only po
copnection withiyi & conformity velatlon

Tels Assionments

Telad. Syntax

o

Tel.1:%. HONFREE sssignment 1o
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S ")}:f'ﬁ

1
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continued 1

the destination is an sppellation {(see below). The
quantity to which this appellation bel

called the "target quantity™.

If the value of the source 1s an array or a constant
array, then stepn 3 ls taken, I 1t is ol a record
type, then step 4 is taken. If it is an appellation ,
then step % is taken, Otherwigse the value of the
target guantity lg replaced hy the valus of the

source and step 6 1s taken,

The descriptors of the target quantity and of the
value of the source are compared, I the lower and
upper beunds, or the dimensions contalned in these
descriptors are not identical, then the Turtheyr
elaboration is undefined. If the array elements
constituting the source are references, then the
check described in step 5 is made for each array
element vs, the tarpet guantity. Then the cone
stituent values of the source and the guantitiss
Forming the target quantity are ordinally number-
ed from one upwards and the values of these guane-
tities are replaced in unspecified order by the
values of the source with equal ordinal numbers.

Step 6 is taken,

If the value of the source is the neutral value
then the value of the target guantity 1s repiaced
by the neutral value. Otherwise, I some of the
fields constituting the source are references,
then the check described in step % is made for
these {ields vs. the target quantity. Then the
degcriptor of the record 1s associlated with the
tarpget guantity whereby all fields of the record
are now accessible by field selections using the

target quantity. Step 6 is taken.



To1e2e continued 2 bo
Step bH: A search is made oy determining the ranpes of the
target quantity and of the value of the source in the
same way as in 5.8.2, If the range of the target quane
tity i contained in the ranpe of the value of the
souree, then the value ol the tarpget quantity il ree-
placed by the value of the scurce and step & is taken,

Obherwise the further elasboration is undefined,

Step G: The elaboration of the assipgnment ig completed and the

value of the source iz alpo the value of the zmaznignment.

The appellatlion which is the value of the destination ig ohe-

tained ag follows:

I the destinatlion is a refersnce identification, then the
appelliation to be determined iz the value of that reference
identification. If this value is the neutral value, then the

further elaboration iz undefined,

P the destinatlion is an identifler, a fleld selection, or an
indexed primary, then the appellation to be determined is
the appelliation which belongs to the guantity given by this

identifier, ield selection, or indexed primary.

IT the destination Is an evaluated primary, then the
appellation to be determined is the value resulting from
the elaboration of that primary without repard to the value
symbel In front of dt. If this value is the neutral value,

then the further elaboration is undefined.

T741.3. Extensions

a) I the source is & named primsry, then the name symbol
in front of it may be omitted.

b} If the source is a lengthened primary, then the long
symbol in front of it may be omitted,

@) If the source is of the form "long symboi, open symbol,
plain NONBOOLEAN expression, close szymhol"', then it
may be replaced by ¥plain NONBOOLEAN expression®.



Tel.t. Examples

{if a<b then name x real else nane y resl) e 3.1b

T e

g ref real 1z name x real

jiithe oocurring ldentifliers

modes intultively i

are

ahosen Lo denote thelr

61
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T2, Pilain expressions
Tedoele Syntax
Tecdelede plaln PRIMITIVE expression ii:= slimple FPRIMITIVE
grpressicon.

Tedele?, plain RONFRIMITIVE expresslion @iz NONPRIMITIVE
Brimary «

Te2:2. Semantics

A simple expression other than a primary consists either of
a monadic operator followed hy an operand or of two operands
separated by & dyadic operator.

s,...;
i

boration of such an expression is performed in two

Step 1: I there are twoe operands, then these are elaborated in
unspecified order (for an exceptlon see 7.4.2., dis-
Junction and conjunction). If there iz only one operand,
then it is elaborated.

Step 2: The operation dencted by the cperator ig performed on
the valuef{sa) obtained in step 1, yielding the value of

the expression.

I an operand itself Is not a primary, then it has the same Form
as & simple expregsion and ts elaboration Is perflormed in the
SAME WAY.

For simple arithmetic expressions see T.3%., for asimple boolean
expressions see T.4., for simple binal expressions see 7.%., for

simple alphamerie expressions see 7.6., for primaries see T.7.
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Te3c Simple srithmetic expressions

Te3el

?@Saigie

T&Baisga

Te3uieie

?sgejaas

Tededetio,

Tededelt.

Tedelells

syntax

ARTTHMETIC term/
gimple

aimple ARITHWMETIC expreasion :¢=
lnversion operator, ARTTHMETIC term/
ARITHMETIC expression, addition operator,
ARITHMETIC term.

ARITHMETIC term :s= ARITHMETIC factor/ ARTTHMEDTC
term, ARITHMETIC wmultiplication operator,
ARTTHHMETIC factor.

ARITHMETIC factor rez ARITHHEETIC secondapy/ ARITHMETIC

factor, exponentiation onerator, smount.

LONG complex secondary $:z LONG compliex primavy/ LONG
real part, pair operator, LONG imaginary part.

LONG real part ::= LONO resl PAMALY .

LONG imaginary part t:= LONO real primary.

LONG resl secondary :i= LONG real primary/ absolution

operator, LONG resl primary/ absolution
operator, LONG complex primary.

INTEGRAL secondary ::= INTEGRAL primary/ avsolution
operator, INTEGRAL primary.

inversion operator ::= monadic plus symbol/ monadic
minus symbol.

sddition operator :i= dyadic plus symbol/ dyedic
minus symbol.

NONINTEGRAL multiplication operstor ::s times
symbol/ divided by symbol.

INTEGRAL multiplication operator ::=
integral divided by symbol/ medulo symbol

times symbol/
exponentiation operator ::= to the power symbol
pair operator ez plus i times symbol.

abgolution opsrator ::=z absolution symbol.

amount 1= Integral primary.



G

Te3e2e gemantics

The dysdic plus symbol denotes addition, the dyadic minus

symbol subtraction.

The times symbol denctes multiplication, the divided by symbol

division without vemainder.

The integral divided by symbol and the modulo gymbol denote

the operations yielding quotlient and remalnder respectively,

o

resulting from & division with remainder. These operations are

A

defined in terms of the lanpguape (see T.3.47.

[y

The to the power symbol denotes exponentlation. I the amount Is
negative, then the result of the exponentiation fs undefined.
The plus 1 times symbol denctes the palring of two real values
Lo oa complex value.

The monadic pius symbol denctes no operation, the monsdic

minus symbol sign inversion.
The absolution symbol denotes taking the absolule value.

if the operand{s) required in connectlon with these uperations
possess integral values, then these operationg are understood
in the ordinary mathematical sense. If at least one operand is
a real or complex value, then these operations are urderstood
in the sense of numerical analysis, i.e. yielding & value
peesibly slightly deviating from the mathematicelly defined
result of the operation performed.

Te3e3s Examples
+ oyt o2
3 % (a mod b) - cif = 1]
z + (aps x} 1 («1)xx 1 uijﬁ

—

123
R
3

-



T34, Remark

The operabions dencted by the intepral divided by symbol and
@

the modulo symbol ars defined by the fcllowing procedures,

the second ueing the first. For integers of preater length the

operations are dellned accordingly.

proc int integral divided by {gonst Iint a, bl

if b = o then poto zevodivision in the snvironment g&ﬁg

(if a~b«<0 then «1 else 1)

iz o, 3 ® abs ay repeat: 1f J« 8bs b Lhen i glse

Patastera e : ampee

= 3 -~ @bs by 1 1w i+l poto renent ;)

st

prog int wodulo (const int &, bl
& = intepral divided by {a, blixXb

PRI Simple boolean expressions
/ e Syntax

o

Telh,1.9. simple boolean expression t:= conjunction/ simple
noolean expression, or operator, conjunction,

Tel.1.2. conjunction = nepation/ conjunction, snd operator,

gpation.

T.0,49.3., negation f:2 boolsan ternary/ not operator, boolean Lers
NErY .

T.4.1. %, boolean ternary iz boolean secondary/ equality
relation.

T.8,1.5. equality relation iz simple NONBOOLEAN expression,
sgualtity operator, simple NONBOOLEAN e
noolean primary, equality operator, boole
primary/ LEVELED primary, equality
operstor, LEVELED primary.

f.1,6., boclean secondary :(:3 boolean primary/ conformity

relation / order relation.
TeloteTo order relation t.- oop.d sustunalLEX sxipression, orden

operator, simple HONCOWMPLEX expression.



P lL1.0. conformity relation it

conformity operat

consbant ¥

GRADED

GRADED
operstar,

66

IRADED FULL destinatlion,

oy, GRADED full primary/
ULL destination, conformity
constant full primary/ FULL

gestination, conformity operator, full primary.
7. 4.1.9. GRADED full srimspy ti¢ GRADED JULL primary.
FoHL1, 1o ORADED constant full primary :is GRADED constant FULL
DrEANSry.
7ol 111, Tull primary tis CULL prdmary/ constant FULL primary.
7. 4,1, 12 . 00 operator i or symbol.
7. 4,1.93.and aperator iz and gymbol.
T i, 1.1 not operator i not symbol.
7.0,1.15, equality operabtor ¥ eguals symbol/ giffers symbol,
7.0, 1,16, order operator ti= less symbol/ not less symbol/
greaver symbel/ not greater symbol.
7 .1, 17conformity operator ::s gonforms symbel/ not conforms
sympol/ eonforms and becomes symbol .

]

[ <

7.4 Semantics

PRETYRIRAREIT N

@

4
A

1

L he

spplied to booplean operands, Gl

and symbol conjuncbion.

The disjunction is elaborated as
in elaborated. If its value is tr

the disjunction, otherwise the

tes value is the result of the di

The conjunction ig elaborated as
If i¢s

atherwise the second

gliaborated. vglue

conjunction,

e false,

he opr symbol denotes disjunction,

fallows: The fiest opsrand
we, then it ls the resuit of
ond operand is elaboerated and
slunction.
follows: The first cpsrand 1s
then it iz the result of the
operand is elaborated and Iits

value 1ls the result of the conjunction.

Tf mpplied to a boolean operand the not aymbol denoctes negation.
The equals symbol and the differs aymbol denote egualilty and
uneguality respectively, l.e¢ the regult iz true if the values
of the two operands are fdentical or not tdent ical respectively,

and {alse

abtherwise,
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The application of an ordey operator yields true iF the sizes
of the values of the two operands stand In the indlicated re-
iation, false ctherwise.

The operation denovited by the conforms

¢nive of the second operand is

Jow) with the cuantity to which
the destination belongsy otherwise the operation

& - -

If the value of the destination ig the neutral value, the core
Torms operation is undefined. I the velue of the second operand

w
i
x5

i the neutral value, the conforms operation yields true.

The operation denoted by the not conforms symbol vields a

result which is false if the conforms operation vields true

and vice versa,

The cperation dencted by the conforms and becomes symbol ylelds

the same resuylt as the gonforms operation. Moreover, the value
of the second operand is assigned to the targetb guantity
socording to the rules piven in 7T.31.2. For the elaborastion of =&

L

deztination see also T:1:2.

5 wvalue and a guantity are called assignment compatible
if the velue may be amsigned to that quantlity according to the
ryles piven in 7.1 or if the wode of the guantlivy ¥s pgraded Tytee

i
> de of any mode bul nas the same level.

%

and the valu
Tol.3. Extension

If the primary following a conformity opsrator is a named
primary , then the name symhol in Ffront of 1t may be omitted.
T.4. 4, Exasmples

POkt ey

x real S

val [ refl frees g:= x rezl
a ¥ baash

name ®o=

ESStaRC e
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e Simple binal expressions

Tehele Synta

T

TeBslede slmple BINAL expression syx BINAL term / slmple
BIHAL expreassicon,or operabor BIRAL term,
FefBaled. Lerm s BINAL factor / BINAL term,and operse

tor BINAL term.
7.58,%.3, BINAL factor ¢z BINAL secondary / not operator,

BINAL secondary.

i
St
e
e,
e
et

TeBe.1l. 8, BINAL secondary :ox BINAL primsry / BINAL prie-
mary shif't operator,amount.
7515, shif't operator s:= leflt symbol / right symbol.

For performing the operations denoted by the or snd and
symbol appllied to binal operands the binary digits of the
seguence which are the values of these operands are ordie
nally numbered frow cene upwards running from right to left.
Then the operations are applied to each palr of binary
gigite which egual ordinal number separately,the or oves
rator yilelding zero 1f the two binary digits are zero

and one otherwlise,the and operator ylelding one 1if the
two bhinary digits are Qﬂe%&ﬁd gere obtherwise,The resulld
of the operation is the sequence of the binary digits
chtained in this way.For performing the not operation

sach zero in the seguence is replaced by one and vice versa.
A shift operation is performed as follows:

Step 1- If the value of the amount is & nepative inte-

ger then the further elaboration Is undeflined,

Step 29 The binary digic sequence resulting from the
Flrst operand ls ordinally numbered from one

upwards running from right to left.

68
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TeH.0. continued

Step Tre binary digits ol the gsequeance AFe renuie

Akt
Fes

hered by adding to each ordinal numbser the amount
in case of perferming the ahilt dencted by the
left symbol,and by subtracting the amount from

%

each ordinsgl number in the other case.

e

sequence 1s constructed whose binary diglts

o
L
Py
D
k]
ey
o
recs

tnaliy numbered frowm one up Lo the

2

o]
ey
o
o
M
ja
[
ot

aumber specifisd by the reach {cf.3.6.70.
zitions in that ssquence with ordinal
numbers egual to Lhose numbers as modified in
step 3,ave cccupled by the corresponding bi-
sry digits.The remaining positlons are ocouw
pied by the binsry diglt denoted by the zZero

symbol.This sequence 18 the result of the indi-
cated shift operation.

{ ¢ binal V noosSb ) €3

Te6e Simple giphameric expressions

Tebole Byntas

Teboiole aimple ALPHAMERIC expression :is ALPHAMERIC ternary
concatenand concatenation operator,
LORG slphameric ternary.

T.hod.2, voncatenand $iw mimple ALPHAMERIC expression.

Tebolede ALFPHAMERIC ternary @@ ALPHAMERIC secondary / head

operator ALPHAMERIC secondaly.
.60, 0, ALPHAMERIC secondary t:s ALPHAMERIC primary / tall
operator ALVHAMERIC secondary.
T.6.1.5,. concatenation operator iz concatenation symbol.
7o, 1.6 head operator iz head symbol.

T.6.1.7. tail operator yve ©all symbol,
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prinary oz SORT direct denotation/pure SORT

ool pures SORT primarye changed SOHT primary/named S50RT
primary/ SORT gensrator/SORT prow-
cedure designator/ SORT case eye

E

cen/ direct SORT primary.

PIess

3

¢ 3 chanped HNOHZOOLEAWN primaryris lengthensd NONBOOTEAN

-
Y

primary/shortenesd NONROOLEAN
primary/ widened HOHBOOLEAN primary/

v

. narroved RONBOCLEAN primary.

For direct denotations which exist for constant array nods and

badn
U3

{

i
primitive mode only, see 7.8, For changed primaries see 7,17,

until 7.20. For pnamed primaries which exist for modes with leve?

at lJeast one see 7.11. For record generators see 7.10. For

¥
-+

Y
W

nrocedure designators ses 1. For case expresslions see 7,71,

For dlrect primaries see 7,13,

7.8. Direct depnotations

)? uJ“y i”x t d };-

e

I integral direct denvtatlon::s intepral value denobtation

S T I reasl direct denotation::= real value denotation.

e 0. boolean direct denctation::= boolean value denotabion.

fﬁﬁﬁisﬂﬁ binal direct denotation:i:z binal value denotatd Lor

7T.8.1.5, ALPHAMRBRIC direct cdenotation::= alphameric value
denotation.

7.8.1.6. Long NOHCOMPLEX direct denotation::= long symbol,
NOHCOMPLEX direct thotpvioa

780107 lonp BINAL direct denotation:i:s long syrmbol, BINAL
direct denctation.
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4

T Ba1.8. constant array of OADIHARY direct denctation ::=
ORDINARY exoression lizt / constant

ORDINARY ewxrression list.

-3
-
i)
-

"y
S

pte
3

1. MODE expression 1list ::x open symbol, proper MODE
expression 1llst, cloae sywbol,
TeBoici0, proper MODE expression 1ist o= HMODE exnression, comms

< rpa Y RV TS et i o £ TIVIE e v v v " s e ]
symbol , MODE expression / MODE exprassion, comma symbol,

admissible MODE expression/ admissible MODE expression,

comma symbol, MODE exvression 7/ nroper MODE expression
1ist, comma symbol, MODE expression / adnissible MODE
gxpression ilst, comma symbol, MODE expression / oroper
MODE expression list, comma symbol, admiszsible HODE

%

el
G
e}
Q
5
o
Y

3101

ibhle constant CONNECTED expression 1ist o=
proper CONNECTED expression list.

TeBo1012. dmissible RALSED

constant ORDINARY expression list so=z
proper RATISED ORDINARY expression 1ist.

T RLE, Semantics

.

For value denotations see 7.9. For admissible siprezsions sece

3

ved. Primitive direct denotations {w

of complex
direct denotations which do not exist) are given by primitive
value denotations possibly preceded by cne or more long syabols
specliying the lenpth (cfa 3.0.) with which the value should be
beld in the computer. In case of an alphameric direct denctation,

the reach is assumed $o be the smallest resch which comprise

the given string, therefore long symbols are omiited.

At array direct denoctation is

ra
i

elaborated as follows:

The expressions of the expression 1ist are claborabed in une
specifiied order. Then, a descriptor is constructed as follows:

Let the nunber of fThe expressions in the iist be u. If the eie

3

pressicns possess values of structure zZero, then with the notae-
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7.8.2, continued

tions of 6.9.1. the descripteor contains & dimension n = 1, an

5

I the expressicons have values wilth siructurs sreater than zaro.
ks 3 &

then the descorliotors assoglisted with fThese values must be ifdesne

2

tleal in so far as dimensions and lower and upper bounds arve

o B

congerned. Otherwise the further elaboration is undefined., If

1

this dimension is n' snd the lower and upper bounds sre 10 and

ni,y J o® lys.0,n', then the new dimension is n = n® ¢ 1, the

Jrm
)
i
i
o
E
3
ot
-

new briples are: 310 0w 1, 4 = .o~ .
N ! = £ ¥ M Fre 4 Fpes |

d = 1:; for j oniedy N ie e 20 j‘j = 1y ou, o owouf P it N I

in o o= 1 angd the

]

Pay j*is and the first triple ds: 1, = 1, u, = u,

The ordered set of values resy

.

together with that descriptor is the desired arrvay value.

In an expression 1ilst,the sequence “integral value denotation
repeat symbael, MODE expression™ may be written Iinstead of YMODE

expression, comma symbol, MODE expression,..., MODE expression®

where all mentioned mode expressions are textually identica;

and the number of mode expressions in the seguence is identical

nhegral value denotatlon in s$he

I
Loe

with the wvalue given by the

first seguence,

Nevertheless, the mode expression must be elaborated as many
times as required by the value given by the intepral value

denotation.



TeBole Exampl

Lo

long long 3. 1H18026535R89 73238462643

3. 01
ilong h afolnh

; £ e ) . e e C e P .
bepin array  [1:5, 1:Slreal e = ( ¥ repeay (2,3,3 repeat 0),

array ﬁwmifsigﬁ“mé?:img real b o= ({alich} (1], al1:4]{2] W8 SEERET
(1,2,3,00)) [dekeaz] Tashenn]; il
end

7.9, Value denctation

fe89.1c Synbax

TebGelads integral value denotation ::s intepral number,

real value denctation iz resl number,

]

o

.
WO
)
fonk
£
«

3 boglean value denctation (s fruth asymbol.

...,\
&
N
@

o}

i e
Py

&

{ pinal value denctation .= binal mmbar,
T:961.5, alphamerlc value denotation :¢= string.
1:9.2. Semantics

Value denctabions denote values which are considered to exist

independently of the program.

The value denoted by an intepral value denotation is the integ
which in decimal notation Y2 represented by $hat integrsl nume

ber (for intepral numbers efe 4.10.1.0.)



%5

A resl number consistz of 8 mantissa followed by an gxponent ,
or of an integral number follewed by an exponent, or of a
£

mantisss or an exponent only {ef. $.10.1:30 up to 4.10.1.06.).

A mantissa Is 2 digit seguence containing a decimal point in front
of or within the sequence. The value denctead by & mantissa is

L he

o

o

value of the integral numbeyr given by the digit sequence,
but divided by ten as many btimes as there are digits following
a L

the decimal polnt

The value of an exponent 18 ten ralsed to the power given by the

slgned integral number which 1s part of the exoonent,

The value denoted by a real number consisting of an sxponent which

4+

ig preceded by a mantissa or an integral number is the product

[
ﬁ

of the values denoted by the two constituent parts.

The value denoted by & real value denstation is held in the
compubter with the precision which ls specified by the reach
derived from the number of long symbols nossibly preceding that
value denctation {cf. T.8.)¢ I an integral or real value ax-

ageaeds the larpgest value which ig possible for that reach
& !

{afs 3.6.), then the value ig undefined,

Hote that all multiplicatlons, divislons, and exponentiations
involved in the determination of a real value must be performed
with the precision presceribed by the reach and are to he undere

atood in the sense of numerical analysis.

A boolean value denotation denotes a boolsan value, L.e.

aither true or false,
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3
&

eonth imniad

Iovwdlue denotation denoltes & seguence

each of which is either zero or one. The num
poagibly preceding a binal value denotation
fe2, Lhe mayimum number of binsry digits whi
gaguence, LU more binary dlglts occur Hthan s
reach, then the bipal value Is undefined., I
talns g asmaller number of binary diglts Chan

the lacking pinsry digpits is

The va

When o

the vo

front of the ssguence.

dern
the

value

Je dencted by an alphamerlic

which of

BeGuUence

Lled

is DErT

is recognlized that the com

chargcte whnich

of i

o dd 2r g

he oharactaer

M

one at bthe end

i1g an empty string, then the denoted
te of such veold characters only.
cunting the number of characters in &

id aeharacters are dilsregarded,

nave

of binary digits

per of long

determines the »
oh may oCour in ©i

peciifiied by ths

aymbol

A8

gaah,

Lhe sequencs cone
gpeeilfied by the
fiiled up by add
iotation is
string {ef. Bel.d

UL er in
no printing
SEQUENCE,

slphameric

character sequend



Record zenerators

bEs

Todloedls syntax

a\i&ose'kk.m sevsiwa.

Todo.1,.1. constant FESORD zenersal

: rator ¢

~ rrx RECORD type
GLern 1 genarating

%\H‘ucﬂ A

Identiliern
., HRECOHD
aymbol.
Tedvelads

DAY

e, close
s ard

..La._,:;is:. ‘f\’ L}

F
1
¥ ofield generating part o=
RECORD generating part, commng symbol,
ORDINARY dnitislization,
Teloede

,“Pﬂfﬁtifﬁ

A L PSR

For inttisiizations s

gEa 5@39&

The slaboration of a
[N

ecord penerator is performed as follows:

Step 1 The expressions forming the generating part are
glaborated in unspecifled order

Step 23 A des

eriptor is cted as specifie
clara that Lype piven

6@...«’5 *e}

for the

Lion of 4
Lype identif
the fleld

the de=

by the
3
aed

seriptor

f

record
This
selecto

FAR

s
s
s
fal
ex

containg
created record,
The

ordersd set

of values oblained in sten 1§
srsigned to the ordered set of flel
record

&8
in unspecified order

of the

Extenslion

AN A S AN 5,

acme af the

prpresslions
part arse named pel

congtltuting
hese primarle

maries,

may be

the record
then

symbols

penerast Log
the name in front of
omitted.
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FelGet, Examples

A A A e

wrailx real, ¥ real, ol

Foil.1.4, named reference to & CARR

/§‘L‘r\..ﬁ? \'. 'i( Q’%F“}w )\) R
field selecstlon / nane ﬁymhwig indexed
CARRIER primary.

T.91.41.2. named reference to & procedure with a MODE resull

L

¢ e

and an undebermined number of parameters {03
neme symbol,procedure with a MODE result
identifier / name symbol,procedure wi

w MODE result and PARAMETERS fdentifler.

e gy o

- » - . - . ) o "
Py gty syt P eP e e e B FREE iRt S L DERE..

- !xdfmhf“'} R e dissng

? 2 j 3 B ;} @ e.,e Semant },("3 M

TSt A TR 5

Trhe value of a nemed primary ig the sppellation of that

re

guantity which is identified by the fdentlifiser U

Gt

tion,indexed primary or procedure identifier.fpart from

[y
&
=
=
=
[
]
4
-
i

the declaration,a named primary Is The cridy nlac
the occurrence of a procedure fdentifier does not invoke

the elaborstion of the progcedure.

Tetle2e Extonsions

Feor the omission of thne name symbol in front of a named

nrimary see Ge3eBey Toelede, Toladey Tolin.3s, and 712030

ald selegs

8
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oeedure designstors

1.3

s
For adju
primavrie

fi
#

procsed

T

Step

Sten 2

)§ it A

et A e i

. MODE procedure designator iz procedure with &
HMODE result designer 7/ procedurs with 8 MODE resull
and PARAM lgner, open aymbol, actbusl PARAMEBTERS,
slose symbol.
. PROCEDURE designer ::» PROCEDURE ildentifler /
gvaluated FROCEDURE primary.
. acthual COHSTANT parameber iz adjuated CONITANT
@ADression,
. sotunl ORDINARY parsmeter yis adfusted reference Lo
& ORDINARY expression,
. mebtual PROCEDURE parsmeter ::is expression symbol,

FROCEDURE torso.

. aetusl PARAMETERS and PARAMETER ¢i= sctusl PARAMETERD,

separator, actual PARAVWETER.
SEms
sted erpressions sse 5.2.. Por evaluated procedure
g sese T.185..
LIve ig elahorated in the following steps:
T the procedure das gvaluated primary,

then this primary 18 srocedure wWwhich

ia obtained from that ol s Sdentifieg

elabor

whn i
19

by the proceduyre fdentifier is called falven pro-

}».
and $te body (ef. 6.4.) d8 called the¥gliven

sadurae”
body .
elither actual parameters In the vroe

If there exlst

cedure designator nor formal parameters in the gi-
van body, then step 3 is taken. Otherwise the actual
and formal peramsters are ordinally numbered from

B

one upwerds, and actusl and formal parameters with



Step 3

Bhen

T

o
@

Step 61

continued 1

identical ordinal numbers are called "eorresponds-
ing parameterag®,. I¥ the pumbersz of aetual and
formsl parameters are different, then the further
elaboration ig undelined. Obherwise all sobtual
parameters which srae not procedure parameters are

5

giaborated in unspeciflied crder.

A eopy is made of the gliven body. This copy s now
i o R Ly

called the given body. If there exist no fomeal

parsmeters, then astep 8 Is talken. Otherwise the

copy ts modified sz specified by step 4 up to step 7

The close aymbol at the end of the formal parasmebers

ie deleted. Kaeh of the separators between the [ore

mal parsmeters 18 replaced by the seguence "go on
symbol, open symbol®. A number of close symbols

egual o the number of formal parameters ls addeg

A
o
s

s’;?

.

the end of the given bhody.

Bach formal declaration ig augnmented Dy an sguals
symbol followed by edther an actual paramebpr dr0
this 18 g procedure parameter, or by a denotation
of the value of the corresponding paramelber 38 obhe-
tained in step .

.

IF some of the formal declarations
i

o ar
clarations containing record indicators, then these

vacord Indicators are deleted.

If there sppears a flexible bound in any of the
formal declarators, then the glven body is aug-
mented by & close symbol at the end and an open
symbol, a declaration for that bound, and & go on
symbol at the beginning. The latter declaration

is given by the Tlexiblie bound followed by an
equels symbol and s denotatlon of that value which

corresponds o that flexible bound in the descerip-

ey

[}



T o
shan

.
[ e
Foe

continued &

AN S 2 5

tor of the value of the covresponding achbusl pae
vameter. Then the constant symbol and the Integrsl
symbol in the [lexible bound are delelted. Step 6

ig repeated for sach remaining flexivle bound.

i obtains

e

sd by bLhe feations of step % and which does

not bepin with & constant symbol or a constant pro
cadure symbol 1s sugmented by adding the sequence

4

Seonstbant aymbol,reference symbol” in front of 1t

?"M

A
it each ocourrences of an identifler whose dellining

3

siven by & declaration

2

cocurrense (of . B.8.2.0 1

ey
R

&

modified 40 this way , & value symbol is inserted In
front of this identifier. IF however, the 1ldenti-
fioy st that occurrence s preceded Dy a name gym-

tol and is net Tfollowed by indic@g@ then this nama

symbel is deleted and no value symbol Lz inserted.

The given body eventually modifled by steps 4 up

te 7 omust constitute a unlitary block. This block
£

is elaborated as 1 it occurred ab the textusl
nogition of the procedure designator. I this ela-
neration iz completed, then the resulting value ig
the value of the procsdure designator.in this case
s 1§ the declaration of the glven procedure has
gpecified the result of the procedurs Lo be an ar-

£

tructed from Lhat part

o

ray, & descriptor ls cons
o the procedure declaration spsclilfing the mode
of the result, and the dimensions and lower and
upper bounds contained in this descepripbor are com=
pared with the dimenslons and lower apd upper
pounds eontained in the desceriptor which g Bssoe
ciated with the result. I the dimensiong or bounds
are not identical, the further elaborsticn ls un-

3

defined, Otherwize the elaboration of the proce-

dure designator is completed.
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Folded, Extensicns

a) Tn an motual parsmeter which ls a named primnry bhe

]

mame symbol may be omitted,

b} In the place of an actual parameter whose aorrespond-
ing formal parameter is specifiied Lo be & orocedure

o

there may alse ocour a procedure tdentifier denoting
23

o,

g procedure whose result hag the same mode 588 specis
fied by the corregponding formal declarat

fpade

LOTHe

3

T.12:3%. Examples
DLrES

&
A e

s
B

For examples se¢ chaptar
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T:1i3. Direct primaries

T:13:0 Syntax
T.1%.1¢1, adivect SORT primary :i¢ nonindexed SORT primary /
ORT fileld selectlon /[ indexed
SORT primary.
7oA, 1.9, direct SIMPLE primary s direct constani SIHPLE
PEImETY .
7.43.1.%, nonindexed SORT primary @@= Z0HT ddentifiier / HORT

Bicok 4 evaluated SORT primary.

T.13:.2. Semantics
For field selections see T.i8. For evaluated primaries see
7,15, For indexed primaries see T7.16. For blocks see 5.2,

and the fellowing sections.

An ddentifier which stands as 2 primary is elaborated by

taking the vslue of the identified quantity (see, however,
clede and Telie2els

7,14, Field selections

Tolhele Syntaz
Teilet,1, ORDINARY field selection
fier, of symbol, BECORD primary.
T.44.1.2. constant ORDINARY field selection iz ORDINARY
fieid ident

2

ciffer, of symbol, constant

RECCRD primary.

Teilhe2o Semantics

A Tield selection iIs elaborated as follows:

The constituent record primsry is elaborated. I the resull
i & record which containes within fts descriptor a ield

selector which is dencted by the constituent fleld ldentifler,



Teil,2. continued B4

then the corresponding quantity is selected. Otherw T
further elaboration is undefined. If the field selectlion
stends ag & dirvect primary, then the value of that quantity

is taken. Otherwise (of. T.1.2. and 7.1%1.2.} the appellation

cf that guantity lsg taken.

7.14.3. Examples

SN

e

algol x of tony of munich

7:.15%. Evaluated primarvies

7T.15.1. Syntax

TeiB:1.3. evaluated SORT primary iz value symbol, nonindexed
reference to a S0RT primary / value symbol
nonindexed constant reference Lo a SORT
primary / valilue symbol, reference to a SORT
field selection / value symbol, constant
reference $o & SORT field selection.

Te15:.1,2. evaluated procedure with a MCGDE result and PARA-

METERS ordmary tex gvaiuvated procedure with s MODE
result nrimery.

T:3i5:1.3. evaluated procedure with a MODE result primary ::=
value symbel, nonindexed reference Lo & pro-
cedure with a MODE result and an undetars
mined number of parameters primary / value
symbol, nonindexed constant reference to
g progedure with a MODE result and an une
determined number of pavameters primavy /

value symbeol, reference to & procedure

with & MODE result and an undetermined
numbeyr of parameters leld selection /

value symbol, constant reference to a

procedure with & MODE result and an undew

termined number of nparameters fileld

selection,



7152 Semantics
fsvaluation denctes the reduction of the level by one.

3y

First the constituent nonindexed primary or the {ield
in elaborated, The result of this elaboration mugt
be an appellation, If it is the neutral value, the furiher
glaporation ig undelfined. If the evaluated primary stands
tdentification {ef, 7.1.}) or as s nonindexed
i

&

ia followed by
oF

indexers, then the mentioned
appellation fs the result of the evaluatl

stands aw & procedure designer {of, 7.12.), then the result
fa that procedure to which this appellation belongs. I 1t
stands as a direct primary, then the result ls the value

Lo which this appelliation reflers,

1:15.3. Examples
fiﬁL by

ref free g = (1f k£ o then name x else name 2):

ros r2LbE Ea
b otrw oval s
AT

T.16. Indexed primaries

Tol6e3. Syntax

?ciéei@ia indexer oo subscyripter / trimmer.
16,102 Indexed MODE primary i@ subscripted MODE primavy /
trlmmed MODE primary.
Telbel:%. subsceripted MODE primary ::= array of MODE subscribent
subascripter,
Telb, i 8, constant subscripted MODE primasry i constant array
of MODE subscribend, subscripter,
T.16¢1.5%, trimmed array of MODE primary o= array of MODE sube-
gseribend, trimmer,
To16.1.6. constant trimmed array of MODE primary @iz constant

array of MODE subscribend, trimmer.

4

Teib1.7. MODE subscribend ::= nonindexed MODE primary / indexed

MODE primary.



fé

subacripter f:r sub symbol, subscript, bus symbol.

—~3
&
T

O O
»
fmdt
=

AS I v
-

&
ot
&

. subscript 22 integrsl expression.

~—
&
N

6o1:90, trimmer iz sub symboel, actual lower bound, up to

-3
Foy
[
[

gymhalﬁ getusl upper bound, at symbol,
new lower bound, bus symbol.

T.16.1.11. new lower bound s:# Integral eupression.

T.16.2. Semant ‘hﬁ%

SR S R

Indexing is an operation which yields & guantity or a set of
gquantities which 18 & subset of an array. An indexed primary
consists of & nonindexed primary followed by & number of

indexers. fts elaboration procesds as follows:

Step i: The constituent noninderxed primary and all the integral
expressions sre elaborated in unspeciflied ovder., The
sonebituent indexers are consecutively numbered rom

Qe UPWATAs .

the descriptor of the array which ls piven

Lo
o
B
ke
ey
<G
o
e
i
s

by the neonindexed primary 1s mads. A dimension polinter
and an index pointer are both set equal to one, and
§ %
an index bound 18 set egual to the number of indexers,
T this index bound is greater than the dimension oon-
tained in the desceriptor, then the further elsboration
S

i1s undefined,
Step ¢ The copy of the descriptor is modified according to
the indexer whosge ordinal number equals the Index

pointer, as gpeciiled below,

Step !

an

The index pointer, and 47 the indexer lagt processed
ig & trimmer, then alsc the dimensiocn pointer, is ine-
creased by one. If the index polinter does not exceed

)

the index bound, step 3 is taken apgaln,

Step By I the dimension contained in the modified copy of the
deseriptor g now positive, the result of the indexing
operation is the subset of quantities of the criginal

arvay which is given by the medifled deseriptor



sontinued

hogether with
wige the resulit ls the

whoae ordinsl number 1

57

this desceriptor, Othere

guantity of the original avrray
g the origln contained in the

copy of the descrivbor.
If i 3s vhe valuve of the

the dimension pointeyr,

Ffoliows {(using the notat

8 :
2B as

e

the f-th indexer Js & gubsaeripter
subscript,
then the Turther elahoration is

Otherwige:

a) n i decreassed by 1
by ¢ iz increased by (k = lg}x
¢} the triple iljg g

and the ordinal numbers of

than J, are decreased by 1,

&F

Otherwlse, 47

the indexer 185 8 rimmer

actual lower bound , actual upper bound,

respectively,

then further o

Otherwise:

elab

the

a) ¢ is inores
By o1,
) 1y

o}l Uy

ig replaced by 1Lt
+ U

£

is repleced by 1°

sed by (1 = 1?}X

indey pointer
then the

P
o
pd
&
&
iy

and J s the val

modlification mentioned in sten
tons of B.3,3,0¢

95

the

and 1,

ration Is undefined, if

&

lj

1.

unde fined,

Wy

and k iz fthe valus of Che

if k<l

‘ﬁ} ig removed from the desceriptor

remalning triples, 1 greater

1% sre the valiues of the

and new lower Dound

A
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ci6.3, Extaneions

a} The seguence “"pus symbol, sub symbol" may be replaced by
“eomma  aymbol®,
Ly Lf in a Srimmer the new lowey bound iy identleal with Uhe

setusl lower bound, then the sequence "at symbol, now

lower bound™ may be omitted,
o7

7.16, 4, Remarks

AT TR e

L PG

o

Note that the indexing operatlion startsg always with

indexed primary. Therefore the meaning of the indexed primaries

and
:,
is not identical, since 7 ois & nonindexed primary.
{ ir the reader should himself {1
)

o108 ds offered to him

nd in oa crisis now, ¥Munich

Teile Lengtheaned rrimaries

7.17.1. Syntax
Tel7.7.%, lengthened long NONBOOLEAN primary ::z long symbol,
pure NONBOOLEAN primary.

T.17:2¢ Semantics

&

The value of & lengthensd arithmetic primary is Identicsl

€
with the value of the constituvent pure primary, but is now
interpreted as having thst length which is specifiad by 8
number of long symbols one grester than belore {ef. 3.7.).

23

The value of & lengthened binal primary iz obtained from the

A3

value of the purs primary by adding an appropriste numbsy of
el

zeros In front of the latter value,



To17:2: continued

The value of a lengthened alphamevic primary 18 obtalined from
the value of the pure primary by adding an appropriste number

of void chsracters (of. T.6.) at the end of the latbter value.

For omitting the long symbol see 7.1.3. and 6.3.5,

7.18. Shortened primaries

!?:e(jzggis L:‘*;yaéhra}a

]

Ted8elole shortensd NONBOOLEAN primary ¢:s short symbol, long
NONBCOLEAN primary.

T.18.2. Semantics

The value of a shortened primary is obtained by shortening the
value of the primary {(cf.3.7.). If the size of the resulting
value exceeds the reach given by the prescribed lenpth,

then the further elsboration is undefined.

7:19, Narrowed primaries

TelBsl, saym;&w
7.19.1:1. narrowed LONG real primary ::= part operator, LONG
compler nprimary.
719126 narrowed LONG integral primary ::= round symbol,
LOHG regl primary.,
Te1Gelo3, navrowed LONG bipal primary :i= integral to binal
symbol, LONG integral primary.
71914, part operator::s resl part of symbol / imaginary part

of symbol.



G

7:19.2. Semantics

NN R A SR S TR

m

Rarrowing 8 complex primayry meang taking the real oy imaginary

\,
.
o
i
i
o
7

Narrowing = real primary means vounding the value ol

b
ezt Intepral value, l.&. T0 an

pwimﬁﬁy Lo Lhe negr

from the original

means reprasenting

numbear system, L., 88 8 seqguen
resulbing binal value. NHarrows

inp an integral value is only delined for nonnegative inte

YHIUSE,

A1l narrowing operastions are only defined 10 the result dees
not excesd the resch given by the type and the lenpth of the

foclel. Syntax
Ter0. 13 widened LONG complex primery :is real Lo comple
G oresl primary.

intepgral o real

T.20,1.0. widened LONG real

Vi - v, b g e :
8 integral Primary.

T.20eTe%: widened LONG int%@xﬁi prim: v s binal to dntegral
symbol, LORG binal primary.

7,200, Semantlics

Y R AN

The value of & widened primary is obtalined by widend e, 7.7

the value of the constitvent primary.



e "integral to real symbol, TNTE

rgral to real symbol' may be omitted,
[

holt

symb

Fiaal complex symbol

may be omlitted,

Y21, Case expressions

Ly e - PR —
fe2isle Syntaw
D RANRT

MODER 5 SE8 ing

. .01, CESC CERression fin paae Bymbol, &
srpression, of symbol, MO

i o
s 4 LTist,

EXDTession

o

EJ

semantics

AT

d1¢2

For expression list see 7,8,
The elaboration of a csze cxpression 1s perflormed in ¢
following steps

Step l: The intepral expression is elaborated, I this
i B

o

vion is completed, then step 2 is talkern,
-
4 is taken,

Step 2t The constituent expressions of the ex tpression 1ist are
ordinelly numbered from one upwards, The constituent ex-

pression of the expression list whose ordinal number ig
the value of the integral expression, ls selected and
step 3 is taken. I no expression with this ordinasl
number exists in the eipression 1ist, ¢hen the further
elaboration is undefined.

3tep 3iThe selected gxpression is elaborated. If this elabow
ration is completed, then the value of this expression

orimay

obherwise

vy ims Iy "

¥y ® the

egral
ODE

@

5

GLEDOTE -~

BT en
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continued

ig the valus of

fion of the case expressilon

The slaboration of

Drample

AR R Y,

g tw oz % Lo (1,2,5,.1)
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Representat ions

In this section the representations of
aymbols of the language are given. The
contaling the denotation of the symbols
the strict language, the othesr columns

Lo &

tions of these symb

[
b

nossible reprassents

Listing of representations

letter a symbol
fetter b symbol
letter ¢ symbol
letter d msymbol

letter symbol

o

letter © aymbol
letter g aymbol

letter h symbol
letter 1 symbol
ietter § symbol
letter K symbol
letter 1 symbol
letter m symbol
letter n symbol
letter o gymbol
letter p symbol
tetler g symbol
lettey r symbol
letter s symbol
letter & symbol
tether y symbol
letter v synmbol
letter w svmbol
latter x symbol
Tettey y symbol

letter z symbol

La @

hasic

solumn

in

s

ian

e

delinning

Oy

o

DT
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8.4, continued 4

pers symbol o

i

one symbol

twe symbol Z
three symbol 3
four aymbol i
five symbol g
six symbol )
geven symbol 7
elght symbol B
nine symbol g
ten aymbol FS
eleven symbol

twelve symbol o

thirteen symbol a

faurtean gsymbol &

ety

fifteen symbol

true symbol Lrue

false symbol faise

dyadie plus symbol T

dyadlce minus symbol S

fimes symbol B 4
divided by aymbol !

integrsl divided by symbol < div
modula symbol mod

¢ the power symbol o ® % power
times ten Lo the power symbol 1o ﬁ ten
point symbol 5

absolution symbol abs

plus 1 times symbol i

monadic plus symbol &

monadic minus symbol o

aguals aymbol = equal
differs symbol ¥ not equal

conforms symbol ;o conform

not conforms symbol YA not conform




¥

R.1 continued 2

o~

conforms and hecomes asymbol :
pecomes symbol s
less symbol

not less symbol

preater symbol

not

o

not symbol
and symbol

oy symbol

riuht svmbol
coneatenation symbol

o " nog e ) - 1
tall symbol

nesad symbol

long symbol

o

short symbol

vaelue symbol

rigme aymbol

real part of symbol

imaginary nari of sysbol
round symbol TCUNG

integral to binal symhaol ith
array symbol
free symbol

ol

constant s
constant rrocedure symbol
gxpression symbol
reference symbol

recovd tyoe symbol

record aymbol

Iintepral declarstion symbol

real declaration symbol

real



complex declaration symbol

hinal declarstion symbol
binary gymbol
sehal symbol

hexedecadic symbol

alphameric declaratlon symbol

boolean declaration symbo.

neubral symbol
open symbol

close symbol

ﬁymbai

i‘"‘
4]
Fod
&2
-
O

- oy Yy “t
paraliel separetion symbol

-*e
o)
.
)
[r]
<
=

it

st sywmbol

bus symbol

label symbol

omma symbolk
g0 on symbol
completion synmbol
2o to symbol
guots symbol

comment bepin gymbol

ook

orment end syvmbo
for symboel
from symbol
by symbol
to symbol

do symbol

aompl
Dits

FRAETARE RIS

[

it

aloha

PRUIITL I

bool

PRESTEwE Yhen

1l

T wes

{

)

Umfb“”

PSS . -

% arend

R T ]

<

L

H
©
L4

hreak

P

go Lo

P

e

Dep ﬁn

sm%w--w

e

O

{in

g



Bote

continuwed #

i symbol

while symbol
gxcept symbol exc

w

repeat symbol

Remarks

A R A A

The fact that the representaticons of the letters, given

s raferred to as smell letters I8 not

o
o
O
@

kol
S
i
&
P
e
o
ot

.
-
>

meant to imply that the soecalled corresponding capltal
lettere gould not serve squally well as repregentations
On the other hand, 1 both a smaller letter and the

sorresponding capital letter cccur, then one of them is

considered o be the repregentation of an “obher

e
. . -
aober ocours

I dn a text Internded Yo be 8 program & ocharacte %
autside a string or & comnent which does not matoh one o

the given symbol rapresentations and ig zlso not a tynoe

praophicalilly disrlay character such as blank

tooa new line, and change o a new page, then 1t is to

interpreted s an other letiar,

I5 & letter is not syntactically admiassible In that position,

then the text ig not & programn.

A repregentation which ls & sequence of

faced characters ls different from the seguence i thos

characters when not underiined or in boldface.

urnideriined or bolde
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10, Eanvironment enquiries

(This chapter was not worked out)

11. Input/output

(This chapter was not worked out)
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12 continued P FGE

: - < o ) . . N
beoin H{ frame of a Fferentiation }iF

et s

rec type (resl

rec type ( ref free left operand, int operator,

v o Y <
ref free ¥ oparand) trivle;

rec type {mipha bound variable,

rec tvvpe {reec (function) Fupction name

-

raf ‘rwu parameter

= P A
Nel 3 wER o (‘!‘ ‘f"&)%)( ﬂ(!:k?(” {f/‘%"‘r
coznst int pius = 1, = 2, times = %, divided by = by
o ( TS S Y1 T, v e o b ’{'.j} e m e 5 (
rec leonsgtant) gero = constantil ), one = constant

proc ref free derivative

spect tolconst slvha x);

T s A A : 1 *y
begin rec (constant) ec: glvha evy rec (triple) ety

rec (furction designstor) ef

5.-.51-
by
@
(9
e
e
wt
-
]
3
.
G
=
=

ame zerc else

if ev rix val e then 17 ev = x then name one glse

‘<"§”“ Zaro elae

if et = wval e then

[ PR e n s

bepin ref free u = left

ot g {octriple

tripie{udash, times, v), tripleltripleludash,
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i to YAnother Proposal fer ALGOL &70

by G,

Goos &t al.

pEge ling
17

20 i3 {eb.
£Q

38 12 Fabos
&0

zéi 5 oty
hi 677 fens
%’6 {i T‘M(,Ci.e,
ol

56

57 £ .8,
58 6 feme
76 2 by
78

g7 i febe
R 243 fea.
96 i1 foae
a8 H b,
9B/ 4G

104 3A/9/13/78°
101 4713745428
102 i f.a.
10 & f.a.
102 TA844% foa.
S

repioce Tan® by "a¥ in metaproduction 2.1.34, {(twice)d
read "certsin® instead of Yecertalon®
delete "atring/® from production 4.1.1.1.
read "ia® instesd of "ag®
replece the production form 5.3.1.10 by
"atatement ::¥ proper SORT expression/

conditional statement/ Jump.®
inpert "than" between "entlty™ and "ig¥
add the new production formg "8,8.1.3. conditional
statement iz if clause, expression, else symbol,
axpragsion,
Bebed. U, expressiontss SORT exvresaion,”
ingert "," between "symbol®™ and "PROCEDUREY
insert "adjusted® between “igx® and THMODEY in
production form L6.4.1.5.
peplace "admissivlie” by "adjusted”™ in production
Form 0,8,1.6,
replace "symbol® by "torso®
replace "within® by "with®
read "seguenceinstead of "mequenc®
delete production Torm F.31.%.3.
repiace *i¥ by "1¢
read "integral expressiong® instead of "inte-eupression®
read "po to instead of "po to

read "go to® dnstead of Ygo to®

insert a";" between "{1" and "end" in all three
extensions

replace (" by "H{"

replace the last ")" by "

replace "1t int n,n" by "i¢ int n, "

insert ¥for k" between """ and "to n®

add ¥:% at the end



pHEE
i0e
102

03

103

Add
and

tine

13
5
TiE

[

B

4

g %9 in front of the production forms #,1.1.2.

5&23?&,1&

feam,
febho
fems

feau

Febo

read "tim® instead of "gin®

insert A% between ¥3}Y and V(¥

add Yree type (reo {(triplelt) loctripleg

reg (lectriplelirg®

add in front of "gasze® the sequence "tris

loctriplel(®
add st the end of the line

Y mmme b oof teY
* AR Rt

gdd in frent of FeripleY the sequence

Yeren loetriples (°®
5dd at the end of the line
“)s name t of tr®

{page 37).

{page 29)



