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ABSTRACT
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PREFACE

This document is an updated version of:

FLECK, H., NEOHOLD, BE.: Pormal Defimition of the PL/I Compile Time Facilities.
IBY Laboratory Vieana, Techn. Report TR 25.080, 28 June 1968,

It is part of a series of documents (ULD Version 1III) presenting the formal
definition of syntax and semantics of PL/I:

FLECE, HM.: . Pormal Definition of the PL/I Compile Time Facilities

{ULD Version III). ) '
IBN Laboratory Vienna, Techm. Report TR 25.095, 30 June 1969,

ORSCHLER, G.; Concrete Syntax of PL/Y {ULD Version IIT).
IBM Laboratory Vienna, Techn. Report TR 25.096, 30 June 1969.

URSCHLER, G.: Tramslation of PL/T into Abstract Text {UOLD Version III}).
IBH Laboratory Yienma, Techr. Report TR 25.097, 30 June 1969.

WALK, K., ALBER, K., FLECK, M., GOLDMAWN, H., LAOER, P.,, MOSER, E., OLIVA, P.,
STIGLEYTNER, H., ZEISEL,. G.: Abstract Syntax and Interpretation of PL/T
{ULD Version III}. .

IBM Laboratory Viemnz, Techn. Report TR 25.098, 30 April 1962

ALBER, K., GOLDMANK, H., LAUER, P., LOCAS, P.,, OLIVA, P., STIGLEITNER, H.,
WALK, K., ZEISEL, G.: TInformal Introduction to the Abstract Syntax and
Interpretation of PL/I {ULD Version III}.

IBM Laboratory Viemna, Techn. Report TR 25.099, 30 June 1969.

The method and notation used in these documents are essentially taken over from
the first version of a formal definition of PL/I issued by the Vienna
Laboratory:

PL/T Definitien Group of the Viemna Laboratery: Tormal Definition of PL/T.
IBN Laboratory Yienma, Techn. Report TR 25.071, 30 December 1966

ALBER, Kuo: Syntactical Descriptiomn of PL/I Text and its Translation into Abstract

Normal Form.
IBY Laboratory Vienna, Techn. Report TR 25.074, 14 April 1967.

An outline of the method is givem in:

LUCAS, P., LAUER, P., STIGLFITHER, H.: HNethod and Notation for the Pormal

Definition of Programming Languages.
IBH Laboratory Vienma, Techan. Report TR 25.087, 28 June 1988,

This document also contains the appropriate references to the relevant
literature. The basic ideas and their application to PL/T have heen made
available thkrough several workshops on the formal definition of PL/I, and
presentations and publications inside and outside IBM. The method is
demonstrated by application to an appropriately tailored subset of PL/T in:

/107 LOCAS, P., WALK, K.: On the Formal Description of PL/T.

To be published in Anpual Review in Rutomatic Programping - Vol.6.
Pergamon Press, New York 1969.

The language defined in the present version is PL/I as specified in the PL/I
Language Specifications, Form Fo. ¥33-6003-1, with the addition of attentien
kandling, input stream and string scanning, and file variables.

The present document ¥ill be made subject to validation by the PL/I Language
Department, Hursley.
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RODICT ION

This document was prepared by means of automated text-processing systenms.
TEXT 3160 was used for processing the prose parts. The forrmatting, indexing,
cross-referencing, and apdating of formula texts was handled by means of
FORMULA 360.

FORMULA 360 is a syntax-controlled formula processing system which was
developed in the Vienna Laboratory especially to facilitate the production and
maintenance of PL/T Formal Definition documents. The achievements of K.F. KOCH in
the overall design and implementation of RPORMULA 360 are acknowledged in
varticular, Essential components of the system are due to G. URSCHLER
{syntactical decomposition of formulas) and B, MOSER {formula input checker}.

H. Hoja and G. Zeisel contributed to the clarification and formulation of the

required formatting processes.

Coordination: F. Schwarzenberger, K. Stadler

Technical control: EK.F. Koch, E. Moser, ¥. Pachl, B, Stadler

Data transcription: Miss W. Schatzl, Mrs. H, Deim, and sub-contractors

System support: H. Chladek, G. Lehmayer
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1, _INTRODUCTTON

The preéent paper contains the complete formal definition of the PL/T compile
time facilities. This formal definition supolements the formal definitiom of PL/T
as glven in the documents of the PL/I-Definition Group of the. Yienna Laboratory.

The compile time facilities here are considered to be a hlgher 1eve1 language.
used to modify programs written in another higher level language (namely PL/I),
before the compilation of these programs is performed. .

Although the compile time facilities are part of PL/I, the modifying "Conmpile
Time Language" {(called CT-Languagde in the following) may conceptually be separated
from the modified language. 1In particular, the CT-Language is almost unaffected

. by changes to PL/I (i.e., PL/I without compile time facilities), most of its
" 'properties being independent of properties of PL/I. '

A great number of concepts and characteristics of PL/I, though in a simplified
and restricted form, are also present in the CT-Lanquage. Some other concepts, of
course, are strictly oriented towards program. modification, as e.g., the scanning
and replacement mechanism for generating the output of a compile time progranm
executlon.

The principal methods and the notation for the formal definition of the
CT~Lahguage have been taken from "Method and Notation for the Formal Definition of
Programming Languages® /9/ and from the Formal Definition of of PL/I /3,4,5/. The
resulting mechanisms in many respects are simpler than those defining PL/T, but
+he various new concepts of the CT-Language required the introduction of new
partsl'not to be found in the formalization of PL/I. . It is assumed that the
reader is familiar with the methods and notations given in the Formal Definition

- of PL/T /3,4,5/ but the study of the formal definition of PL/T itself is not
necessary.

‘The complete definition of PL/I (including compile time facilities} now is
achieved by a two step mechanism, working on a concrete PL/T program including
compile time statements:

“fay . The concrete text is considered to be a program written in the CT-Language.
The formal definition of the CT~Language .as found in the present document
is used for the interpretation of that ct-program. The outcome of the
interpretation is a list of character values to be found in the result cell
{(see chapters §,9).

{b) The resulting text of step {a) is considered to be a concrete PL/I nrogranm
without compile time facilities, and the formal recharisms for PL/I, as
defined in fhe PL/I Translator /k/ and the PL/I Interpreter /5/ are
applied.

‘As for PL/I, the whole defining process for the CT-Language is uattiﬁioned into
a number of sequentially applicable steps.

(1} The concrete syntax {chapter 3) defires a class of concrete ct4programs by
a set of formal production rules. The rules are written in an extended
Backus notation as defined in /3/. o

(2) In order to remain within the range of methods and concepts used throughout
the formal definition, a concrete compile time program which is a s*ring of
concrete PL/I characters is transcribed into a list of character values,
i.e., of abstract elementary objects representing uniguely the concrete
PL/1I characters,

(1) The list of character values {representing a concrete compile time vrogram)
is mapped by the function parse onto a structured object, called the
Wabstract representation® of the concrete compile time program. (This
object may be seen as an abstract form of the parsing tree of the coancrete

1. TETRODUCTION 1
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program}, The structure of these objects is described in chapter 5 by a
set of predicate definitions, called Yabstract representation of the
concrete syntax®.

{4} In chapter 6 the function translate is specified, which translates the
abstract representation of a concrete ct-program into an Yabstract
ct-program®. The main task is the recognition of all declarations in the
concrete ct-program and the test for multiple declaratiens. For the other
components of a concrete ct-program, the translation consists essentially
of a one-to-one mapping from the "parsing-tree" into the abstract
ct~program. The structure of an abstract ct-program is described in
chapter 7 by a set of predicate definitions, called the "abstract syntax".
fAlthough the specification of the abstract syntax is redundant - because
it is given implicitely by the function translate - it is not only a great
help towards the intelligibility of the formal definition but also very
useful for the treatment of language gunestions of theoretical natura.)

{5) In chapter 9 the formal definition of the interpreter is given by the
definition of an abstract machine which is characterized by the set of its
possible states and its state transitions. The behaviour of the ahstract
machine which in its initial state contains an abstract compile time
program defines the interpretation of that abstract ct-progranm.

The above described concept of partitioning the definition process has
consequences for the way in which invalid ct-programs are rejected. The concrete
syntax defines a class of concrete ct-programs including, of course, programs
which have no interpretation. To some degree, the restrictiveness of the syntax
is arbitrary. A certain class of syntactically correct programs are discarded by
the translator. However, in order to make the abstract syntax together with the
intervreter to a self-contained system, the interpreter relies only on %the
correctness of the abstract programs it interprets accotding to the abstract
syntax, This means that no use is made in the interpreter of the fact that
certain programs, although correct according to the abstract syntax, could not
have resulted from the translator.

The exclusion of invalid programs by both the translator and the interpreter in
most cases is performed by conditional expressions occurring in the definition
with an alternative "proposition -- error" (in func*ion definitions) or
"proposition -+ error™ (in instruction definitions) for the invalid cases.

A computation of an abstract ct-program is successfully terminated only if the
control component of the last entered machine state contains the special Yobject®
2. After a successfully terminated computation the result comvponent aof the
machine state holds a list of character values, the outcome of the interpretation,
which is to be consideted a concrete PL/I program without compile time facilities.

2 1. TINTREODUCTION
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2. _NOTATION AND CONVENTIONS

Throughout the present document the notation and conventions introduced in
‘section 2.1 and 2.2 of /3/ and
chapter i of /5/
" are used without any special reference. HRowever, the following sections

constitute a slight modification of sowe parts of chapter 1 of /5/.

2.1 _THE_CLASS _OF_OBJECTS

The class of objects used in the present document 1s characterized by the class
of simple selectors ard the class of elementary objects.

The.following simple_éelectors are uysed:

{7 Selectors denoted by strings of small letters, digits, and hyphens,
prefixed by s~ . :

{2} The range of tke following functions:
s{i} for is-intg-wval{i)
elemn{i) for is-intg-val(i}
mk-id{identifier} for is-identifier (identifier}
af {scope,id) - for (is-* v is-ad) {scope) & is~id{id}
sel{idp} : for is-id-pair({idp)

The ranges of these one to one functions are mutually disjoint,
{3) The infigite élass SUCCy of simple selectors which are used to select the
immediate sub-trees c¢f a control tree {cf. 1.3.2 of /5/).
From these selectors the semigroup of all composite selectors is formed,

including the identity function T, which is the unity with respect to fumnctiocnal
composition,

The fcllowing classes of elementary objects are used, which are mutually

disjoint:

(N Objects denoted by strings of capital letters, hyphens, and digits, without
: definition: place, and the special objects *, <>, w,

(2}” Integer valuéé,.satisfyiﬁg the predicate is-intg-val.

{3) Character values, satisfying the predicate is-char~val, but not mentioned

under (i} {extralingual characters).
{4}y - Composite selectors,

{5} Finite sets of objects and the empty set {}.

2. NOTATION AND CONVENTIQHES 1
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2.2 _BASIC FUNCTIONS AND PREDICATES

This section defines all functions whose ranges are simple selectors, as
mentioned in the foregoing section, and some predicates over elementary objects.

(1) s(i) =

for:is-intg-vali{i)
() is~intg-val{i1} & is-intg-val{i2) & it # i2 = s{i1) # s{i2)
{3) elem{i) =

for:is-intg-val{i}

Note: This function maps integer values into simple selectors, called
'upigque names', It is partially described by the both following axionms,

{4} is-intg-val{il) & is-intg-val({i2) & i1 # 12 > elem{il} # elem{i2)
{5} is-intg-val{i) = is-neelen (i)
{6} is=-n =

Note: This predicate characterizes the range of the function elen,

N is~pointer =

Note: This predicate describes the subclass of composite selectors, which is
composed of simple selectors of the classes elem{i} and s({i). The identity
function I is irncluded.

{8) mk-id (cvl) =
forzis-identifier {cvl)
Ref.: is-identifier 9-36{144)

Bote: This function maps special lists of character values, namely identifiers,
into tabstract identifiers'. The function is partially described by the
both following axionms.

In some applicatidons of the function mk-id a shorthand notation is used for
the arqument, e.g.,

mk-id (INDEX) stands for mk-id (<I-CHAR,N-CHAR,C-CHAR,E-CHAR,X~CHAR>},

2 2. NOTATIOK ANED CONVERTIONS
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{3}

{10}

(n

£12)

(13)

)

{15)

{18}

(17}

(18)

is-identifier{cvl?) & is-identifier{cvl2) & cvl?l # cvl2 >
ohk—id{cvl?) # mk-id{cvl®)

Ref.: is-identifier 9-36({144)
is-identifier(cvl) > is-idenk~id {cvl)
Ref, is-identifier 9-36(1&“{
is-id =
Rotes, :This predicate characterizes the range of the fumction mk-id.
af(scope,id) =

forz {is-® v jis-ad) {scope) & is-id(id)

Note: This 'address function' maps an abstract identifier together with its scope
information onto an %address® under which the denotation of the identifier

is stored in the denotation directory of the CT-Machine., The scope

information indicates whether the identifier is global in the program under

consideration {*), e¢r is local to a procedure body, in which case the

address of the body is used as scope infermation. This one to one function

insures the static storage class of ct-variables.

(is-%* v is—-ad) {scopel) & (is-%* v is-ad) (scope2} & is-id¢id1} & is-id{id2) &
af {scope1,id?) = af(scopel,id?) = scopel = scopel & id1 = id2

(is-# v is-ad} {scope) & is-id(id} = is-adeaf(scope,id)
ig=ad =
Note: This predicate characterizes the range of the function af.
sel (idp} =
forzis~id-pair {idp)
Notae: This function maps a pair of identifiers onto a selector.
is-id-pair(idp1) & is-id-pair (idp2) & idp1 # idp2 = sél(idp1; # sel(idp2)
is-intg-val =

Note: This predicate characterizes the ¢lass of all (positive, zero, and
negative} integer values.

2f NOTATICON AND CONVENTIONS
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2.3 _REFECRENCING

R11 function and imstruction names occurring in a formula are referenced under
the heading 'Ref,:', vhere a reference has the fnllowing notation:

name chapter <~ page {formula—-numher)

There are the following exceptions to this rule:

(1 A11 names defined in chapter 1 of /5/ are not referenced.
(2} 211 names defined in chapter 2 are not referenced.
{3) All names defined in the abstract representation of concrete syntax

{chapter 5) and abstract syntax {(chapter 7) are not referenced,

(4) A1l napes defined in a sub-chapter are not referenced throughout this
sub-chapter.

4 2, NOTATION AND CONVERTIONS
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- 3. . CONCRETT SYNTAX

~Thig thapter contains .the eynfactlc dercrxpt10n of. conchte PL/I connl*ﬂ time

"programs, called the *"concrete syntax",

The concrete syntax is given by a set of formal production rules, written in a

modified Backus notation. The syntax and semantlcs of +h15 notation is defined in
"Concrete Syntax of PL/I®™ /3/. :

The generation process for a concrete compile time program, as well as the

rules for the 48 character set version, slightly differ from the corresponding
sections of /3/ and hence are also given below.

3.1 GEHERBTION or A CONCEET: PROFRAH

3

B S I 1'THB NORHAL GENEHATION PROCESS

Since PL/Y ‘has context dependent riles for the insertion-of blanks and

comments, which cannot be expressed by production rules of the modified Backus
form, the generation of a concrete compile time program will be performed in four
steps:

(H

(2

(3

(4}

Starting with ‘the notation variable "program” Teplacements.are-to be
_performed by using the higher level production rules listed in 3.2. t. The
process is termirated if none of the higher-level producticn rules is
-further applicable. The resulting text consists of "ct-words" which are
listed ‘in 3.2, 3. :

Now, "spaces" are inserted into the generated text according the following
rule:

The 21 ct-words

=4 =%k /() , 3 & 2> >3 L5 2> am oL
are "delimiters®, All other ct-words with exception of the notation
variable "text" are "nopn-delimiters®. Between two adjacent non—delimiters
the notation variahle "space' must he inserted., Preceding and following
the notation variakle "text" .the insertion of:"space i= not allowed.
Between all other combinations of ct-vords the notatlon variable "svace®
may be inserted. A

S ’Hlth the productlon rule

spac 1= blank ; comment }0--
replacements are to be performed.

The replacement is continued by application:of the lower level production
rules listed in 3.2.2 and the implementation dependent lower level
oroduction rule for the notation variable #extralingual-character".

Finally all notation constants are split-up into their single symbols. The
generation ends up Hlth a text con51sthq of the 60 character PL/T
alphabet: : - i

ABCDEFGHIJKLHBNOPQRSTUYVYWHRIYZS 2 ®

0123456789 _ blank =-4'— .2 (<) . ,°5 ;5 1:-V.& 1 ~>¢7?%

and the ipmplementation dependent éextralingual characters.

3, "CONCRETE SYNTAX 1
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3,1,2 KEYWORD ABBREVIATIONS

The compile time facilities contain the possibility of using
keyword-abbreviations. This facilty is not given in section 3.2 because it would
lengthen unnecessarily the production rules.

The following abbreviations may be inserted instead of the corresponding
keywords. The necessary replacement must be done before step 3 of the generatian
process takes place.

ARCTIVATE ACT
CHARACTER CHAR
DEACTIVATE DEACT
DECLARE ICL
PROCEDURE PROC

3.1.3 PROGRAMS IN THE 48 CHARACTER SET

2

The alternative use of a restricted character set for writing compile time
programs is possible. The character set consists of the following 48 characters:

ABCDEFGHIJELNYNOPQRSTUODVWXXYZIES
0 123456789 blank =+ - %/ ()} . ,*

To generate a program in the 48 character set in addition to the process
described above the following rules have to be obeyed:

(h 14 ct-vords have to be interpreted as notation variables. They mus* be
replaced by means of the following higher level production rules during
step (1)
TIlT .. < t:= LT

>= ::= GE

.
4

% osz= S/ <= ::= LE
~ 1= NOT ~> 2= NG
& z:= AND ~¢ 13= KL
] 23:= OR == 13= NE
> :1:= GT 1] ::= CAT

For the insertion of spaces the ct-words *",." and ",.," are handled as
delimiters and the other resulting ct-vords as non-delimiters.

{2} From the lower prodection rules (3.2.2) for
letter
alphameric-character
string-character
text-character
string-part-char
comment-symbol
the following 12 symbols have to be deleted
DE -3t & ] N>R
(3} The 11 seguences of letters

¥0T, AND, OR, GT, LT, GE, LE, NG, NL, NE, CAT

3. CONCRETT SYNTAX
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are "regerved words™, i.e., no notation variable "identifier® must finally
be replaced by any of them.

The lower level production rule for text has to be replaced by

text ::=
[ %*ees ] | fowe ]'[ [ #=ee | sees ] ( text-character | string-part } |
[ %ee= § s ] ( blank } comment } Jese [ Xess j /nos ] '

vhere from the production rule for text-character the character "blank" is
deleted. :

By that vay the terminal strings of text do not contain substrings with the
structure //space outside string-parts and comments,

3,2 _PRODOCTION RULES

3.2.1 RIGHER LEVEL PRODUCTiDH RULES

{H program : 3=

. text [ [ sentence text }sss ]

{2}  sentence :i:= ,

statement | declare-statement | procedure

{3) statement 3=

% [ labellist ] [ if-statement |} unconrditional-statement }

() labellist z:=

{ identifier : jees

(5} if-statement ::=

if-clause statement | if-clause balanced-statement % ELSE statement

{6} if-clause ::1=

I¥ expression ¥ THEN

(73 balanced-statement ::=

% [ labellist ] f if-clause balanced-statement % ELSE balanced-statement |
unconditional-statement )}

{8) unconditional-statement ::=

group } goto~statement ] include-statement | assignment-statément 1
null-statement } activate~statement } deactivate-statement

3., CONCRETE SYNTAX 3
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N

(10)

on

(12)

(13)

(14)

{15

(16)

(n

{18}

(19)

{20)

{21n

group ::i=

sipple~group } iterated-group

simple-group ::=

DO ; program end-clause

end-clause z2i=

% [ labellist ] END [ identifier ] ;:

iterated~-group ::=

DO do-specification ; program end-clause

do-specification 1:=

identifier = expression [ BY expression { TO expression ] |

T0 expression { BY expression ] ]

goto~statement 1:=

{ GOTO | GO TO ]} identifier ;

include-statement 1z

IKCLUDE { , # library-specificationses } ;

library~specification 1:=

[ identifier ] ( identifier } | identifier

assignment-statement 2:=

identifier = expression

expression :i=

expression-six }| expression ] expression-sirx

expression-six ::=

expression-five } expression-six & expression-five

expression-five :2:= .

TR 25.095

30 June 1969

expression-four | expression-five comparison-operator expression-four

comparison-operator :i=

D=l = L= ] W] =) e

CONCRETE SYNTAX
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(22}

{23)

{24)

{23}

(26)

{27

{28)

{29)

(30}

(31

{32)

{33}

3%

expression~four ::=

expression-three ] expression-four Jj expression-three

expression-three ::=

expression-two | expression~three { + | - } expression-twuo

expressiop-tvo :x

expression-one § expression=two { * | / } expression-one

a@xpression-one 3:=

primitive-expression | { + | - 1 = } expression-one

primitive-expression ::=

{ expression ) | reference | constant

reference 3=

identifier [ € §f s @ expressionees 1) }

null-statement z:=

-

[

activate-statement ::=

we

ACTIVATE { , = activationes=s }

activation ::=

jdentifier { RESCAN | NORESCAE ]

deactivate-statement i1:=

DEACTIVATE [ , ¢ identifierses }

declare-statement 1=

% [ labellist ] DECLARE { , » declaratione=s }

declaration :I:=

[ identifier | { [ , ® identifiere=e } } } attribute

attribute ::=

CHARACTER | FIXED } ENTRY

3. CONCRETT SYNTAX
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{35) procedure ::=
% labellist PROCEDURE [ parameterlist ] RETURNS { { CHARACTER |
FIXED } ) 3 [ p~sentenceeee ] end-clause

(36) parameterlist ::=

{ { , » identifiersws } }

{37} p~sentence ::=

p-statepent | p-declare-statement

{38) p-statement ::i=

[ labellist ] { p-if-statement | p-unconditional-statement }

{39) p-if-statement :i=

p~if-clause p-statement | p-if-clause p-balanced-statement FLSE p-statement

{(40) p~if-clause ::i=

IF expression THEN

(4%) p-balanced~statement ::=

[ labellist ] { p~if-clause p-balanced-statement ELSE p-balanced-statement |
p-~unconditional-statement }

{42) p~unconditional-statement ::=
p-group | goto~statement | assignment«statement | null-statement |

return-statement

(43} p~group :i=

p~simple~group { p-iterated-group

{4t} p~simple-group ::=

D0 ; [ p-sentenceess ] p-end-clause

{45) p~end-clause :i=

[ labellist ] END [ identifier ]

{46} p-iterated-group ::=

DO do-specification ; [ p-sentencesss ] p-end-clause

(47} return-statement ;e

-

RETUEN { expression }

6 3. CONCRETE SYNTAX
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{48) p~declare-statement ::=

[ labellist ] DECLARE [ , ¢ p-declarationees } :

{49) p-declaration I:=

{ identifier { ( [ , # identifiersse } } ] p~attribute

{50} p~attribute ::=

CHARACTER } FIXFD {. BUILTIN

3. COWCRETE SYNTRX 7
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3.2.2 LOWER LEVEL PRODUCTIGN RULES

{51 identifier ::=

letter [ alphameric-characteress ]

{52) letter ::=

Al BjCt{D|EB]TF}GtH I {JIEYLBE]NR] O]
P QI RIS T}IO LT IR PTXFY)TZ) &S] 0] %
{53) alphameric-character ::=
letter } digit |
{54) digit 2z
01112131435 y6 1 7)]181%9
{55) constant ::=
integer | character-string | hit-string
(56} integer ::=
digitewe
{57) character-string ::=
L string-characterilt 1
(58) string-character z:=
alphameric-character § blank | *?* | = | + | =} * | /|
(1)1 + 1134 a&ai 18 =1%>}F <) ? ) %) extralingual-character

{59) hit-string ::=

' [ bitees ] * B

{60) bit :1:=

(LI B

(oM text 2:=

[ #e@e ] [ / ses | { [ *ews | s ses ] [ text-character } string-part i
comment } }sse [ *ewss | J sew ]

{62) text-character 1i=

alphameric-character  blank | = | # | - | (} )} § + } . 1}
HE T - T N A N T - T S 4

8 3, CONCRETE SYNTAX
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{63} string-part ::=

¥ [ string—~part—chare=e ] ?

(64) string-part-char ::=

alphameric-character } blank | = | + | -~} =t /2t {1 ) 1

s 1l - 13 V2 i &1 11 =-1>1 <} 2} % | extralingual-character
(65) comeent ::=

/ *[ [[ *ee» ] comNent-symbal | / Jees ] ¥ess [/
(66} comment~symrbol =

ter { blank J = } + ¢+ -t €Y 1 1V «

alphameric~charac
&1 1 §J=~1>»%<4§ 2?1 % | extralingual-character

A

{67} extralingual~character ::=

Note: This preoduction is implementation defined.

3. CONCRETE SYNTAX 9
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3,2.3 List of CT-words

dee = A o A A
=

4 J
VoA

1t

~N 1
H

e WO e

[:}

ACTIVATE
BUILTIN
BY
CHARACTZR
constant
DEACTIVATE
DECLARE
Do

ELSE

END

ENTRY
TIXED

GO

GOTO
identifier
IF
THCLUDE
NORESCAN
PROCELURE
RESCAN
RETORN
RETURNS
text

THEN

TO

10 3. CONCRETE SYKRTAX
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3.2.4 CROSS5-REFERENCE INDEX

This index lists all terminals and non~terminals of the concrete syntax, For
all pames all instances of use in a production are given. For non-terminals the
defining production is indicated by an underlined reference. & reference has the
form 3-yy(zz), where yy is the page number within chapter 3 and zz is the number
of the production. : Co

3. CONCEETE SYNTAX 11
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€=y 4 s v e = o= o

.
I T
*'llll-'.

) . e . 3=U(16),3-

T . . . 3-4(10) ,3-
3-6(35),3

TP s e e o oa e s o
ME 4 e m s ow oA A o«
- « & & & & " & @
S s o s s = e v e

--n-----o---o-----.--.------oo--3-8(53}

W e e e s e v e s s ae e aaa e s 23=8{58),3-8(62),3-9{64),3-9(66)
e h e e e e e e e s e e ae e 23-4(21),3-8(58),3-8(62),3~9(64},3~9(66)

. X €1 )

5(26},3-5(27) ,3-5(33) ,3~6 (35}, 36 (36}, 3-6 (47) ,3~7(49) ,3-8(58) ,3-8(62),

3-9 (64}, 3-9 (66)
s s e s s s s e 4 & s .3-5(23),3-5(25),3-8(58),3-8(62),3-9(64),3~9(66)
e e s 4 4 s e w e s e e e 23-8(18),3-8(58),3-8(62),3-9(64),3~9 (66)
e e e aa e e s mee e s s e #3"5(22)
C e e e s e e e s e e s e ow s 23-4(19),3-8(58),3-8(62),3-9(64),3-9(66)
« v e« «3-B(52)
e e e 4 s & e e e 4 e s s e« 23-5(28),3-8(58),3-B(61),3-9(64),3~9(65)

5(26),3-5(27) ,3-5(33} ,3-6(35) , 3-6 (36) , 36 (47),3-7(49) ,3~8(58) ,3-B (62),
3-9(64),3-9 (66)

B(11) ,3-4(12),3~4(14) ,3-4 (15}, 3-8 (17), I-5(28) ,3~5(29),3-5(31) ,3-5(32),
~6 {84) ,3-6(45),3-6 (46),3~6 (47),3~7 (48) ,3-8(58) ,3-8(62),3-9 (64),3~9 (66)

e e e s s e 4 s s s e e v s e .3-5(25),3-B(58),3-8(62),3-9(64),3~9(66)
L3421

m A& B 4 A * s 8= % @ ® =& & » & & = W W & € = W W B & a = = =

T Y -2 0
e RS X}
s s e v s v s e+ e s «3-5(23),3-5(25),3~8(58),3~B(62),3-9(68),3-9 (66)

e e e e e e s 4 e e e w s e - +3-5(24),3-8(58),3-8(61),3-9(64),3~9(65)

4 - + . 3=4(15),3-5(27),3-5(29),3~5(31),3-5(32),3-5(33),3-6(36),3-7(48),3~-7 (49),3-8(58),

T w e e . . $3-3(3

? 4 s s e o os e s
H . e s T 32 s e s
4 4 e e s e
D e s s a s e e
4 - L] - . - - - &
L - - - - - - - -
= a & & v v e &
A 2 o o 2 2 4 s

ACTIVATE . + + »

12 3, CONCRETE SYN

3-8(62),3~9(64),3-9 (66)
} »3~3(5) ,3-3(6) ,3-3(7),3-4(11),3-5(32) ,3-6(35),3~8(58) ,3-3(64),3~9 (66}
e e m 4 e e e e s s e s e s s .3=B(21),3-B(58),3-8(62),3-9(64),3-9(66)
<3-5(21)

4 & & 2 ® & * * 2 ® & = 4 w & & A4 4 4 W @+ e W ¥ & = e = 2 2 =

.3-8(58),3-8(62),3-9(64),3~9 (66)

3~3(4),3-B(58),3-8(62),3~9(64),3~9 (66)
.3-8(52)

a ® B % & & ¥ ®m + 8 4 B 4 ® 6 F & a2 4 & W W s 2 ¥ & B & 3 s »

. 3-8 (52)

* = 8 B & & 8 e * & * & & ¥ W & F @ s W B & B 4 & = . s 2 = =

.3-8(57) ,3-8(59),3-9({63),3-9(66)

*« & & 4 B = A & & e & T @ B & & W #®

4 e e s e« « « «3-8B(58)

.34 (13),3-4(17), 3-4(21) ,3-8(58) ,3-8(62) ,3-9 (64} ,3-9(66)
e e e - - 23-8(52)

e+ o« e s 43-5{29)

TAX
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activate-statement .
activation . . . . .
alphameric-character
assignment~statement
attrihaote . . ¢ «
B [ S e
balanced-statement .
bit . . - & & & . .
bit=Stricg « « o + =«
blank « o & o« « +» &
BUILTIN .+ .+ « o »+ =
BY v e e e e .
C o a o o »
CHABRCTER .+ < o« & &
character-string . .
comment . . . . . .
comment-symbol . . .
copparison-operator
constant . . . . o .
D & 2 a o &« s s s« =
DEACTIVATE . . « . o«
deactivate~statement
declaration . . .
DECLARE =« & &« o o =
decla;e-statement .

digit "6 = 4 s o .

E v s s ¢ 2 o 2 o« »

end-clause « & » o a
ENTRY &« &« o o o o =

eXpression . . .+

-

-

-

£l

-

-

-
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,3~8(58)
.3~8(58)

s ® 8 8

. 3-5029),3-3(9)
-« o - -3-5[30),3-5{29)
£ 3-81{52) ,3-9({60} , 39 (66)
. 3-4(17) ,3-3(8},3-6 (42)
e = = - +325(38),3-5(33)
e+ = e .3=B{52},3-8(59)
3-3(7),3-3(5) ,3-3(D
-3-8(60) ,3~8(59)

»3-8(59) ,3-8(55)

,3-8(62),3-9(64} ,3-%(66)

= 3=7 ({50}

= e ® & & ©° & @

L3-4{13)

% ® 8 a a a @&

. 3-8 (52}

® & e r & @ & e

«3-5(34) ,3-6 {35}, 3-T{50)

4 « s o +3-Bf57),3-8{55)
e o < « 23-9165),3-B{61}

.329(66) ,3-9 (65)
2 3m8{21) (3-4 (20)
.3=8(55} , 35 (26)
e - - - +3-8{52)
e e e e e s . ,3—5g31)
. 3=5(311,3-3(8)
.3-5(33) ,3-5(32)
,3-5(32),3-7iua)

« 323032) ,3-3(2)

-3-8(54} ,3-8({53} ,3~8(56)

.30 {10) ,3-4{12), 3-6 {bH} , 36 {U6}

-

o« s 237HEA3) ,3-8{12} ,3-6(46)

. 3-8(52)

@ 5 4 @& & ® @ o

.3-3{5),3-3{7) ,3-6{39),3-6(41)

-

2 3-8 {11),3-6 (45)

= & e e

3=4(11),3-4 (10) , 34 {12) , 3-6 (35)

«3=54{34}

3-4118),3-3{6) ,3-4{13),3-4{17),3-4 {18) ,3-5{26),3-5(27) ,3-6 {40}, 3-6 (47)

3, CONCRETE SYNTAYX 13
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expression-five . . . .
expression-four . . . .
expression~one . . . . .
expression~six . . . ., .
expression-three . . . .
expression-two . . . . .

extralinguyal-character .

v

GOTO =« 5 & & o 2 « & + &
goto-statement . . . .
JEOUP = &« = 2 o« = & + =

T o a o o 5o o 5 = s =

identifier . . . ,3=8({51),3-3(4)

if-clause .« ¢« « + & o &
if-statement . . . . . .
INCLUDE & & o & s o &
include-statement ., . .
integer . . « . « & o

iterated-group . . . . .

Y T
E s s s s o o 2 a s u =«
| L T T

labellist . 3-3(4),3-3(3)

letter @« @ 2 4 2 o 4 = =

library-specification .

NORESCAN . « + « o« o o«

14 3, CONCRETE SYNTAX
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e e e s e e e s e s . 23-8(20),3-4(19),3~4(20)
e s e s s s s s s e s 23-5{22),3-4(20},3-5(22)
e e 4 m e = e = e = s 23-5(25),3-5(24},3~5(25)
© e s e e m om e e = - «3m8{19),3-4(18) ,3-4(19)
e e e e e e e e e ~5{23) ,3-5({22) ,3-5({23}
s e e e e e e s s 23-5(24),3-5(23),3~5(2W)
e e e o e = = 23=9(67),3-8{58) ,3-9(64) , I~ (66}
e e e e s s s s e s e e e e s e e s s «3=B(52)
e e e e e e e e e e . o3-5{38),3-6(35),3-7(50)
e R 7]
S L RaL)
f e o e e s s e s s e e s e s s e s s 23=0{14)
o s e s o s e e s & & . 3~U[14),3-3(B),3-6(42)
e s e s e s e e e e e e e e s 23=8(3),3-3(B
o s e s a4 s a s e s s o s s e oas s s 23-8(52)
et s e e e e e e e e e e e e s s s 23=B(52)

4(14),3~4(16},3-4{17},3-5({27) ,3-5(30) ,
3-5(31) ,3-5(33) ., 3-6 (36) ,3-6 (45) ,3~7 (49)

E=3
—
-t
A
—
-
L
{

e e e e 6 e e e e e s om e e s 3=3(6),3~6(4D)
e e e e e e e v e e s e . 3=3{6},3-3(5},3-3(T)
e e e e e e e e e e e e e w373(5)0,3-3(3)
. T e
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e e a e 4 e s s s s e m e e w e e s s 23=8(52)

e a s e e e s v e e e e e e e s . «3=5(30)
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null-statement . . .

p~attribute . . . .
p~balanced-statement
p-declaration . . .
p-declare-statement

p-end-clause . .« . .
p*qrnué e v a s =
p-if~clause . « « =
p-if~statement . . .
p-iterated-grour . .
p-Sentence « .« & & -
p-simple~group « . «

p-statement . . . .

p~unconditional-statement

parameterlist . . .
primitive-expression
procedure . . « .+ .
PECCEDURE 4 & « « =

praogranm + " s 8 2 e

reference . . » + =
RESCAW . « . & s =« &«
RTTURE « v s 2 » = &
returnp-statement . .
RETURHS « o o a &
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Sentence . ¢ o« v o »
sisple-group . . . .
statement . . . . .
string-character . .

string-patt . . & .
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e e s e e e e s +3=B{5])
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e e v e . 23-302},3-3(1)
e e e e e 3mB(10),3-0(9)
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e - o« 3-B{58),3-8(5T)
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EeXt o v . v 4 4 v e s @ s s 4 & 3 s+ s a2 & o a4 3 s s & s o = = w v s e » » 37B(61),3-3(17)
text-~character . . o ¢« « 4 o s o 2 2 4 2 2 2 e a 2 ° s a « v = = « = = o «3IB{62),3-8(61)
THEN + 4 « o o s o o o o o 4 s s s = s 2 s & = 8 2 2 o » « =« » » = = + « » 3=3({6),3-6(40)
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. s s . 23-8({52)
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« = = «3~B(52)

e e e s J3-B(52)
.« « +« .3-B{52)

. .3-8({52)
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4. COREESPONDENCE BETWEEN A CONCRETE_PROGRAM AND ITS ABSTRACT REPRESENTATION

The "abstract representation” of a concrete program is an'object, whose
structure represents the syntactical structure of the concrete program and whose
elementary components are character values which correspond to ‘the concrete
characters of the concrete program. One may thipk of the abstract representa+1on
as the parsing tree of the concrete progranm.

The abstract representation of a concrete program satisfies the predicate
is~c~program. This predicate is defined in chapter 5 by a set of predicate
definitions, called "abstract representation of concrete syntax®,

The abstract representation of the concrete syntax may also be considered as a
normal form with regard to the two different production systems, corresponding to
the 60- and to the U4B8-character set version. PFor instance, the relational
operator #greater than" is designated in the s0-characteér set version by the
character “»%, ip the 848-character set version by the character #g#*, followved by
the character ®#P%, In the abstract representation this relation is designated by
the elementary object "GT", independently from the concrete representation.

It should be noted that the abstract representation of a concrete progranm
contains solely information relevant for the semantics of the program, i.e.,
"spaces® (blanks and comments) are not contained. Hence, one abstract represented
program corresponds to an infinite set of equivalent concrete programs, which
differ in their spaces, accerding to point 3 of the generation process defined in

section 3.1.1%.

Bach predicate definitior out of the abstract representation of the concrete
syntax is closely related to a production ocut of the 60-character set production
system. This one to one mapping is described ir Appendix T of /4/. (Ome could
map in a similar way the 48-character set production system onto a set of
predicate definitiouns with the Lead, say is-c-program-48, such that
is=c~program-48 = is—c-progranm}. C ' o o

In the following two parsing functions are defined, namely "parse®™ and
“parse—~4#8%¥, mapping a concrete program of the 60- and of the 4B-character set,
respectively, onto its abstract representation. The argument of these functions
is not a concrete progdram itself which is a string of concrete PL/T characters,
but rather a representation of the concrete program as a list of elementary
objects satisfying the predicate is-char-val. Thé correspondence between the
individual concrete characters and the character values is given in Appendix I of

AR/

No gomstructive algorithm is given for the parsing functions varse and
parse-48, because a special algorithm would lead to a loss of universality without
contributing any information with tegard to the formal definition. parse and

rparse-48 are defined as the inverse of the functions generate and generate-i48,
respectlvely, prov1d1ng the unamhlgulty o: the concrete syntax.

‘In-order to avoid accumulatlon of confu51ﬁg parenthe515 in express1ons of the
forn {s(?))nis{ngasp(t) the follow1ng abbrevlatlon 1s used throughout chapters 4§

~and -6:
Sp = s{n for is—intg-val{n}

Using this convention the expression ahove reads;: s;espap{t).

4. CORRESPONLENCE BETWEEN & CONCRETE PROGHAK ‘AND ITS ABSTRACT REPRESENTATION 1
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Metaveriables:

is—char-val-list{txt} a concrete progran

is~c-program(t) the abstract representation of a concrete prpgran
is-intg-val(i) & i > 0

is-intg-val{j) &8 j > 0

is-pointer{p}

Abbreviation:

am—

Sp = S{N}

4,1 PROGRAMS IN THE 60-CHARACTER SET

{1 parse {txt) =

{Lt) {txt ¢ generate(t))

{2} generate(t} =
{lin-3{x} | x ¢ insert-spaceelin-1{t)}
{3} lin=1({t) =

Ng
texty”™ CONC (lin-2Zes;e*spes,{t) “textp)

n=A

where:
texty = [is-Qes, {t) == <»>,
T == <g>7<s5, {t) > <>}
texty = {is-Qesgespesy{t) ~= <{#>,
T -=» <wd> dsyesnes; () >7<nd)
ng = slengthes;({t)

Note: The function lin-1 planes ¢ into a list of those components which represent
syntactical units that may not be interrupted by spaces {blanks and
comments)., This is done by planing the structure given by selectors of the
class s(n) or s-del, but not affecting the structure given by selectors of
the class elem{n). (This limit ceorresponds in a concrete prograr to the
limit between higher and lower level syrtax}. Furthermeore, the duomy
ohject "n" is inserted between a sentence and a text, or between two
sentences, according to the main structure of t {(cf. 5-1{2)), indicating
where the insertion of space is also forbidden (cf. rule 2 of the
generation process, defined in 3.1.1).

{4} slength (x) =
{vi) (is~a=(s(i)) (x}} -~ 0

T =+ (L1} (~is=Qe{s{i)) (x) & (¥} (] > L = is-0e(s{])) (x}))

2 4. CORRESPONDENCE BETWEEN A CONCRETE PROGRAM AND ITS ABSTRACT REPRESENTATION
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Kote: This function is defined for amy object x. TIf x has no s{i}-component it
yields 0, else the maximum index of an existing s(i)-component.
{5) lin~2{x) =
is~9{x) -= <
slength{x) = 0 —-»= <x>
is-c~simple~group(x} -= <51{x}5“<s,(x}>”1inv1osj(x)'lin—2os.(x)

is-c~iterated-~group{x) == <S¢ (x)>"1lin-2es; (¥} "<S55 (%) >"lin-1es, {x) “1lin-2es, (x}

T ~= lin-2es, {x}~ CISNC (1inw2-s—de1(x}‘lin~2osn{x§)
n=2

where:
np = slength {x)

Note: _Grbupé"butsidé éroaedﬁres contain an ﬁbspfact:rep:esenteﬂ program; hence
the function lin-1 must be applied again.
{6) insert-space{x) =

Cis=<G(x) - (3]
head(i) = r.f* insert-spacestail {x)

_ﬁeaﬂ-tail(X)Z# ¥ ~= [Chead(x)>"z | Z ¢ inseftﬁspﬁcé-tail-tail(x)}
is-c~delinitershead{x) v is—c—delimitércheadetailfx) -

{rklist {head{x),¥,2) | {is-c~space v is~Q) (y) & z ¢ insert-spaceetail(x}}

T -» [mklist (head({®x},¥,2z) | is-c-space{y) 8 Z « insert-space-tail(i}f_
forsis~l1ist{x)

Note: The function insert-space intersperses its argument, which is a list, with
spaces. . In geperal it yields the infinite set of all lists resulting from
this interspersion satisfying the comdition that at least between all pairs
of consecutive non-delimiters spaces are inserted, unless the object "a®
occurs, which has to be omitted and no interspersionm cccurs there.

{7y is-c-deliviter(x) =
‘x & o ‘
{EQ,PLUS,MIBUS,ASTER,SLASH, LEFT-PAR, RIGHT-PAR, COMMA,SEMNIC,COLON,
AND,OR,NOT,GT,LT,<OR,0R>,<GT,EQ>,<LT,EQ>,<NOT,GT>,<HOT,E0>,<NOT,LT>]}
{8) is~c-space =

{¢elem{1) :is-BLANK v is-c-comment>,...}

4. CORRESPGNDENCE BETWEEN A CONCRETE PROGRAM AND ITS ABSTHACT REPRESENTATION 3
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N pklist{a,b,list) =

o (<elem{1) za>,<elem(2) :b>) "list
for:—is-Q(ay & is-list(list}

{10} lin-3(x} =
is~2({x}) ~= <>

is-char-val (x} -+ <x>

T == CONC lin-3eelen(i,x)
=4

where:
ig = (ULi) {~is-iselen{i,x) & {¥J} (] > i = is-eelem({j,x}))

Note: This function limnearizes its argument into a list of elementary ohjects.
This is done by planing the structure given by selectors of the class
elem({i).

4.2 _PROGRAMS IN THE 48-CHARACTER SET
For programs in the #8-character set some additional tests are necessary. ©n

the one hand the context dependent property is proved that the 11 *"reserved wvords"®
may not be used as identifiers {cf. rule 3 of section 3.1.3), on the other hand,
the abstract representation of concrete syntax which is equivalent to the
60-character set production system, must be restricted to reflect the both
48~character set limitations, specified by rules 2 and 4 of section 3.1.3, which
are context free,

{11 parse-48{txt) =

{Lt) {txt ¢ generate-iB(t})

{12) generate~04§8({t) =
~(3p) {is~c~identifiersp [t} &

(is~c-HOTelin-3ep(t} v is-c-ANDelin-3ep{t}) v is—c~OR®lin-Jdep{t} v
is~c-GT=lin~3ep{t) v is~c-LTelin-3+p(t) v is—-c~GEelin-3ep(t} v
is-c~LEeslin-3ep(t) v is~c~NGelin-3esp(t) v is-c-NLelin-3Isp{t} v
js=c~NEslin-3ep{t} v is—-c~CATelin-3ep(t}}) -

{lin~3{x) } x e« insert-space-U8ereplace-48«1lin-1-48(t) &
~ {31} {elem{i,lin~3(x}} «
{COMM~-AT, NUMBER-SIGN,BREAK,SEMIC,COLON,A¥D,0R, KOT,GT,LT, QUEST, PERC} )}

T == erCrCor
Ref.: lin=-3 4-4(10)

Note: cf. points 1 to 3 of section 3.1.3.

4 4, CORRESPONDENCE BETWEEY A CONCEETE PROGRAM AND ITS ABSTRACT REPRESENTATION
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{(13)

()

{15)

lin-1-48(t) =

Ns
text-48es, (£t} (CONC {lin-2-48es,espes5, (t) “text-d8eszeses; (L))
neA

where:
ng = slengthes;(t)

Ref.: slength 4-2(d)

text-u48({x) =
is=Q(x) = <w>

~{3i}) {is-SLaSHeelem{1,el;) & 15-SLASH-elem(2 ely) &
{is~BLANK v is~c-comment) {elz}) -+

<ad7 x> <>
T ~+ ercor
where:

el, = {(elem(1))=felen{i})selem(i,x)
el = {elem(2))e{eclem{i})eelenil, x)

for:is-c~text (x}

Wote: The restriction on text is necessary for reasons of unambiguity;
cf, point 4 of section 3.1.3. . ‘ .

lin-2-48({x) =

is-Q(x) -~ <&

slength(x) = 0 -= <>

is—c-simple~group{x} -- <S5 {x)>"<sSz{x)> " lin-1-48ws, {2} "lin-2-48es, (X}

is-c~iterated-group{x} =--

<s, {x) >"1lin~2-4BssS; {X) "<53 {%X) >"1lin-1-UBes, {x} T1lin-2-48es55 {x)

T =+ lin-2-4Bese (X1~ CONC (11n--2 48es~del (x) ].J.n—2-188¢sn(x}}

n=2

’ uhere‘

ng = slength(x)

Ref.: slength 4-2 (4}

4, CORRESPONDENCE BETWEEN A CONCRETE PROGRAM AND ITS ABSTRACT REPRESENTATION 5
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{16} replace~48{x} =

ia
LIST replace-4B8-1eelem{i,x}

ied

where:

i1, ¥ length{x}

{(17) replace~U8-1{x) =
is~COLON(x) -+ <POINT,POTNT>
iS~SEMIC(x) -+ <COMMA,POINT>
is=-PERC(x) ~- <SLASH,SLASH>
i$=~NOT (x) -+ <N-CHAR,G-CHAR,T-CHARD
is~AND(x) -= <A-CHAR,N-CHAR,D-CHAR>
is=-0R({x) -+ <O-CHAR,R-CHAR>
is=GT(x) -» <G~CHAR,T-CHAR>
i5-LT{x) == <L-~CHAR,T~CHAR>

<GT,EQ> ~= <G-CHAR, E~CHAR>

X
¥ = <LT,EQ> -+ <L-~CHAR,E~CHAR>

% = <NOT,GT> == <N-CHAR,G-CHAR>

x = <HOT,LT>» -~ <N-CHAR,L~CHAR>

x = <NOT,EQ> == <N-CHAR,E-CHAR>

x = <0OR,0R>» —= <{C-CHAR,A~CHAR,T-CHAR>

T == x

{18) insert-space-u4d(x) =
is-<>{x) -= (<>}
head{x} = r -= insert-space-48stail (x)
headetail(x} = v -~ [<head(x}>"T | Z ¢ insert-space-U4Bestailestail(x)}
is-c-delimiter~48ehead {x) v is-c-delimiter-48eheadetail (x) --
{mklist {head(x),y,z) |} ({is-c-space v is5-Q) (¥) & Z ¢ insert-space~d4Batail{x}]}

T -=- (mklist (head(x),y,2) | is~c+space(y) & z ¢ insert-space-4Bstail{x)}
for:zis~list{x}

Ref.: mklist 4-4{9)
is~c-space 4-3(8)

6 4, CORRESPONDENCE BETWEEN A CONCRETE PROGEAM AND ITS ABSTRACT REPRESENTATION
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{19} is-c~delimiter-48(x) =

is-c~delimiter{x} v x = <POINT,POINT> v x = <COMMA,POINT>
Ref.: is-c~delimiter 4-3(7)
Note: cf. point 1 of section 3.1.3.

4,3 KEYWORD ABBREYIATIONS

To include the possibility of abbreviating keywords one has to replace the
predicates is-c-[name] (5-1(1})}, where [name] is one of the concrete keywords
listed in the following table, throughout the sections 5 and 6 by the
corresponding predicates is-c-abbr-[ namel] defined by: .

{20) is-c-abbr~[{ name] =

is~c-[name] v is-c-[abbr-~nanme]

vhere: [name} and [abbr-name] are pairs of names given by the following table

[ nanme} i [abbr-name]
M

ACTIVATE ; ACT

CHARACTER : CHAR

DEACTIVATE : DEACT

LECLARE : DCL

PROCEDDRE i PROC

4, CORRESPONDENCE BETWEEXN A CONCRETE PROGRAM AND ITS ABSTHACT REPRESENTATION 7
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5. _ABSTRACT REPRESENTATION OF CONCHRETZ SYNTAX

5,1 PEEDICATE DEFINITIONS

(%

{2)

£3)

)

£5)

The abstract representation of the concrete syntax is a .set of predicate
defivitions which tegether define the predicate is-c-program. Objects satisfying
this predicate are valid arguments for the function transliate defined 1n
chapter €&, and for the function generate defined in sectlon Bele :

The abstract representation of the concrete syntax is closely: related with the
production rules of the concrete syntax defined in section 3.2,

Predicates of the form is-c-[name] where [name] is a string of capltal 1etters
occurring is the sequel are defined by the following scheme: S

is-c~[name] =

{<elen{1) tis—-charyi>snas«s
<elem{n} :is-charp>)

: - e

where: chary,...,charp, denote the character values corresponding t¢ the concrete
characters of the string forming [name], and a {a>1) is the length:of the
string.

Fote: Exémfle: is~c~IF =

{<elem{1) :is-I-CHAR>,
<elenm {2} :is~F-CHAR>)

ig~c~program =
(<s {1} :is-c—text>
<5{2) :is-0 v
[<s{1):{<s({1)zis-c~sentenced,
<s{2)zis~c-textd)>,...}2>)
is-c~sentence =

is~c~statement v is~c~declare-statement v is=-c-procedure

is-c~statement =

(€5 (1) :is=-PERC>,

<s5{2) :is-9Q v is-c~labellist>,

€s {3} :is=c~if~statement ¥ is~c~uncomnditional-statement’)
is~c-labellist =

{<s (1) :({<s{1) :is~c~identifier>,
€5({2) si5=COLON>} >, 00.)

5. BBSTRACT HEPRESENTATION OF CONCRETE SYNTAX
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{6} is-c-if~statement =

{<s(1} ;is-c-if-clause>,

€5 (2) 1is-c-statement>) v

{<s {1} :is-c~-if-clayse>,

<s{2) tis-c-balanced-statement>,
<5 (3) :1is-PERC>,

<s(#) :is-c~ELSE>,

<5 {5) :is~-c~statement>)

{7 is-c~if-clause =

{(<s{1) tig~c~1IF>,

<5 {2) ;:is-c~exypression>,
<s {3} :is-PERC>,

<s (4) 1is—c~THIN>)

{B) is«c-balanced~statement =

(<s{1) :is~PERC>,

<s{2) 3is-0Q v is-c-labellist>,

<s {3) 2 (€s{1} :is—c~if~clause)>,
<s{2) :is~c~balanced~statement>,
<s5(3} :is~PERC>,
<s{4) tis-c~-ELSE>,

TR 25,095
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<s{5) :is-c-balanced-statement>) v is-c-anconditional-statement>}

(9N is~c-unconditional-statement =

is-c-group v is-c~yoto-statement v is-c-include-statement v

is-c-assignment~statement v is-c-null-statement v is-c-activate-statement v

is-¢-deactivate-statement

{10) is~c~group =

is-c-gsimple-group v is-c-iterated-group

{11} is-c-sinple-group =

(¢s{1) :is-c-DO>,

€5 {2) :is=-SEMIC>,

<s (3) :is~¢-program>,

<s {4} 1is-c~end~clause>).

{12} is~-c-end~clause =

{<s (1) :is-PERC>,

<& {2) :is=f1 v is=-c-labellist>,
<s{(3) :is-~c-END>,

<s{l#) 1is-1 v is-c-identifier>,
<s5{5} :is-5EKIC>)

(13 is-¢c~iterated-group =

{<s{1) :is=-c~-DO>,

<5 ({2} :is~c—-do~specification?>,
<5 {3) :is-SEHIC>,

<5 {4) :is-c~program>,

<5 (5) ris~c-end-claused}
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{14 is-¢-de-specification =

t€<s (1) :is=c-identifier>,
<5{2} :is~EQ>,
<5{3) rig~-c~axpression’,
<s (4} 1is-0 v
{<s{13y:is-c-B¥>,
{s {2} :is~c-expression>,
<s(3):1is-@ ¥
{<s{1)3is~c~T0>,
<s({2) sis~c—expressionr} >} v
{£5({1) :is~c=T0>,
<5{2} sis~c~expressiond,
<s{3) zis~1 v
{<s{%) :is~c~BY>,
<s({2):is-c-exXxpression>) >} >}

{15} is-c=goto-statement =

(<= {1} :is~Cc~GOTO v
{<s{1} zis~Cc-GO>,
a5 {2} tis~c=TO>} >,
<5(2) :is~c~identifier>,
<5 {3} ;is-SEHICY)

{18} is—c-include-statenent =

{€s {1} :ig=c=THCLUDE>,
<512} : ({s~del:is~-COMEA>,

<5{1) sig~c~library~specification>; ...} >,
<s {3} :i8~SEMIC>) "

{17} is~g~library-specification =

{€s {1 2is-Q v is-c-identifier>,

<5 ({2} :is~LEFT~PAR>,

<5 (3} sis~c~identifier>,

<s {4} :is=-RIGHT~PAR>») v is-c~identifier

{18) is-c-assigament-statenent =

{<s{1) sis-c~identifier>,
<s {2} sis~EQ>,

<5(3} :is~c~expression>,
<5 {8} :is-SEHIC>)

{19) ig~c-expression =

is-c-expression=-six v

[{<s {1} sis-c-expressicon>,

<5 (2} :is~0R>,

<5 {3} sig~c-expression-six>}

(20} is-c-ecypressicn~-six =

ig-c-expression-five v

{<s {1} ;is=c-expression~six>,
<5 {2} :is-AWD>,

€5{3) :is—c-expression~fivael)

5. ABSTRACT REPRESENTATION
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(23}

(27

is~c-expression~five =

igs=-c-expression~four v

{<s {1} :is-c-expression~-£five>,
<s{2) :is~c-comparison-operator>,
<s5{3) :is—-c—expression-fours)

is-c-comparison-operator =

is=GT v is~EQ v is=-LT v
{<elen(1} :is~-GT>,
Celem(2) :is~-EQ>) v
{<elem{1} :is-LT>,
<elem{2) 2is~EQ>} v
{<elen(l) :is-NOT>,
<elem{2) :is5~GT>} v
{¢elem{T) :is~NOT>,
<elem {2} 1is~EQ>) ¥
(<elen (1) :is=-NOT>,
<elen (2} 1is-LT>)

is-c~expression-four =

is-c-expression-three v

[¢s{1) tis—c—expression~four>,

<s{2) : {<elem(1) :1s~CR>,
<elem{2):is-0R>) >,

<s{3) :is~c-expression-three>)

is-c-expression-three =

is~c—eypression-two v

(<5 {1} :is-c-expression-three>,
€5 (2} :is=-PLUS v is~MIKUS>,

<5 {3) :is~-c-expression—twod}

is~c-expression-two =
is-c-expression-one v
(<s({1) tis~c-expression~two>,
<5{2) :i5-ASTER v is-SLASH>,
(s {3} tis~c~expression-one>}
is-c-expression-one =
is—-c-primitive-expression v
{<s(1y :i5-PLUS v is-NINUS v is-NOT>,
<5{2j :is=c-expression-oned>}
is-c~primitive-expression =

{€s11} :is=LEFT-PaR>,
<5 {2) :is~c~a2xpression>,

<5 {3} :ig-RIGHT-PARE>) v is-c-reference v is-c-constant
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{28) is-c-reference =

{<s {1 sis=c~identifier>,
<5 {2} 2is=0 v
(€5{1) :is~LEFT-PAR>,
<512}z (<s-3del:is~-COMHRE>,
<s{ly: 15~c*expte551on>,,u.)>e
<5{3} :is~RIGHT~PAR>) >)

{29 ig-g-pull-statement =
is=-SEMIC
{30y is-c-~activate~statenent =

(s {1} tis~c~-LCTIVATE>,
<s{2);{<3mde1 is-COMHA>,

<s{¥ :is~c~- actxvat10n>,.ou}>,
€5{3}) :is~-SEBIC>}

£33 is-c-activation =

{<s {1} s:is=c~identifier>,
<g {2} 2is~1 v is~c-RESCAN v is~c~NORESCAR>)

{32y is~-c-deactivate~statenent =

{<5{1) :is~c=DEACTIVATE>,
<5 {2} z {<5=Ael: is~COMER>,"

<s5{1) sis-c-identifier>;...} >,
€5{3) :is-SEBICH)

{33 is-c-declara~statement =

{<s (1) 2is~PERC>,

<5{2):is5-Q v is-c-labellist>,

<5 {3) tiz~c-DECLARE>,

<5 {8} : {(<s~del;is~COHNA>,
<{s{i}:zis-c-~declaration®,e..} >,

<5 {9} :is-5EBIC>}

{34; is-c-declaration =

{(<s {1} 1is~c~identifier v
{<s{1) :is~LEFT~PLR>,
€542y 3 {<s~del:is~-CONMMA>,
<s{fysis~c-identifier»,...}>,
<5{3) :is-RIGAT-PAR>) >,
€5{2) zis-c~attribute>)

{35} 13°c~attr1bute =

1S~c-CHABRCTER v ig=-c~FIXED v ig—-c—-ENTRY

PL/I :CCHPILE TINE

S. ABSTRACT REPRESENTATICN OF CORCRETE

‘TR 25.095

FACILITIELES

SYNTRX

5



IBM LAB VIERRNA

TR 25.095

FORMAL DEFINITION OF THE PL/I COMPILE TIME FACILITIES 30 June 1969

{36} is=-c~procedure =

{<s (1) :is-PERC>,
<s5(2):is-¢-labellist>,
€5(3) :is~c~PROCEDURE>,
<5 (4) 2is-f} v is-c-parameterlist>,
<s(5) :is-c~RETURKNS>,
<5 {6) 1is~LEFT-BAR>,
<s({7) 2is-c-CHARACTER v is-c-FIXED>,
<5 {8) :is-RIGHT-PAR>,
<{s5{9%9) :i5-SENIC>,
<s{10):is-Q v

(<{s{1) :is-c-p~sentenced,...) >,
<s{11) :is-c-end-clause?>)

{37} is-c-parameterlist =
{<s{1) :is~LEFT-PAR>,
<s {2) : {¢s~del:is~-COMMA>,

¢s{1}:is-c-identifier>,...)>,
<s (3) :is-RIGHT-DPAR>)

(38} is—c~p-sentence =

is~c-p-statement v is~c-p-declare-statement

{39} is=-c~p~statement =

{<s{1) zis—f1 v is-c-labellist>,

<s{2):is-c~p~if-statement v is-c-p-unconditional-statenent>}

(40} is-c-p-if-statement =

{<{s {1} :is-c-p-if-clause>,

<s{2) tis-c-p-statement>} v

(<¢s {1} :is-c~p~if~clause>,

<s5{2) :is~¢c~p~balanced~-statement>,
<5 {3} :is-c~ELSE>,

<s ({8} :is~c-p~statement>)

{41} ig~c-p-if-clause =

{<5{1) 2is-c~-1IF>,
<s5{2) :is~c~expression>,
<s{3) :is-c~THEN>)

{421 is~c—-p-balanced~statepent =

{<s{1) :is~ v is~c-labellist>,

<5 {2} :{<s{1) :is-c~p-if-clause>,
<g{2) 1is—c~p~balanced~-statenment>,
<s (3} :is~c-ELSE>,
<5{4) :is-c~p-balanced-statementd)

{43} is-c-p-unconditional-statement =

v is=c-p-unconditional-statement))

is-c-p-group v is-c¢-goto-statement v is-c-assignment-~statement v
is~c=null-statement v is-c-return-statement

6 5. BBSTRACT REPRESENTATION OF CONCRETE SYNTAX
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{44)

{45}

{4%)

{47}

{48)

{49)

(50}

{51

is—-c-p-group =

is=-c=-p-simple~group v is-c-p-iterated-group

is—-c~p-siaple-group =

{<s {1} :is=-Cc~D0>,
<s (2} :1s-85EMIC>,
<5 (3):is-Q v
{<s{1) zis~c-p-sentence’;...} >,
" <s {4) :is~c-p-end-clause>)

ig~c~p-end-clause =

(s (1} :is=q v is-c=-labellist>,
{g {2} :is~c~END>,
<s{3} 2is-8 v ig~c-identifier>,
<5 {8) :is~-SERIC>)

is-c-p-iterated-group =

{5 {1} 3is-c=-DO>,
<s{2)1is~c~do~specification>,
<5{3) :is~3EHIC>,
{s{Uy2is-0 v

{<s {1} sis-c-p-sentence’®; ...} >,
<5 {5) :is-c~p~end-clause>}

is~c~return~statement =

{£s (1) :is~c—RETURN>,

<s (2} :i5~-LEFT~PARY>,

<s {3} :is«c~expressicn>,
<5 {#) :is-RIGHT-PAR>,
<5{5) :is~SENIC>)

is-c~p~declare-statement =

{<s (1) :is~G v is-c-labellist>,
{5 {2} :is-c~DECLARE>,
<s{3) 3 (<s~del:is~CORNL>,
€5{1} :is=g~p-declaration®,;...) >,
<s (4} :is-SEMIC>)

is-c~p-declaration =

{<s{1} 2is~c~identifier v
{¢<5{1) 3i5~LEFT~PARD>,
<s5{2};{<s-del:is-CONHA>,
<s{i}:1ig-c-identifier>;...) >,
€5(3} :is-RIGHT-PAR>) >,
£5{2) sis-c~p-attribute>)

is~c~p-attribute =

is~c-CHRRACTER v is-c~FIXKED v is—~c-BUOILTIN
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{52) is~c-identifier =

{<elem{1) :is~c~letter>,
<elem (2} :is~R v
{<elem{1) :is~c—-alphameric-character>,,...}>)

{53 is-c-letter =

is~-A-CHAR v is-B-CHAR v is-C-CHAR v is-D-~CHAR v is-E-CHAR v jis~F~CHAR v
ig~G~CHAR v is~H-CHAR v jis-I~CHAR v is=J-CHAR v is~K-CHAR v is-L-CHAR v
is-M-CHAR v is-N-CHAF v is-O0~CHAR v is~P~CHAE v is-~Q-CHAR v is~R-CHAR v
js-S~CHAAR v ig~T-CHAR v is-U~CHAR v is-V-CHAR v is~W-CHEAR v is-X-CHAR v
is-Y¥-CHAR v is-Z-CHAR v is-DOLLAR v is-COMHA-AT v is-NUMBER~SIGN

{54} is-c—-alphameric-character =

is-c=letter v is-c-digit v is~BREAK

{55) is~c=-digit =

ig«0~CHAR v is-1-CHAE v is-2-CHAR v is-3-CHAR v is~4-CHAR v ig~5-CHAR v
is=6-CHAR v is~7~CHAR v is—-8-CHAR v is~9-~CHAR

(56} is-c~constant =

is-c-integer v is-c-character-string v is-c-bit-string

{57} is-c~-integer =

(<elem {1} sis~c~digit>,...)

{58) is~c-character-string =

(<elem (1) :1s—APOSTH>,
<elem(2):is-Q Vv

(<elem{1) :is-c-string-character>,...}”>,
<elem{3) :is~APOSTE>}

{59} is-c-string-character =

ig-c~alphameric-character v is~BLANKK v

{<elem (1} :is~APOSTR>,

<elem{2) :is~APOSTE>} v is-EQ v is~PLUS v is-MTHUS v is—-ASTER v is~SLASH v
is—-LEFT~PAR v is-RIGHT~PAR v is-COMMA v 1is-POINT v is-SEMIC v is-COLON v
is-AND v is-0R v is~KOT v ig«GT v is-LT v is-QUEST v is~PERC v
is-c~extralingual-character

{60} is-c-bit-string =
{<alem{1) :is-APOSTR>,
<eleam (2} :is~0 v
{<elem (1} zis—c-bit>,...})>,
<elem (3} :is~APOSTR>,
<elem{4) :is—B-CHAR>)
{61) is-c-bhit =

is-0«~CHAR v is-1-CHAR

8 5. ABSTRACT REPRESENTATION OF CONCRETE SYHTAX
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{62} is~c~text =

is-f1 v
(<elem {1) 2is~ASTER> ;40.) Vv
{<elem{1) :1is~SLASH>,.u.) ¥
(<elem {1} : {<elen{i}: {<elem {1} :is~0 v
{<elen (1) :is~ASTER>,.4.) Vv
{€elem (1) :iS=SLASHD ,.uu} D,
<elem(2) 1is-c~-text-character v is-¢c-siring-part v
is-c~conment>} >,.0a) >,
<elem {2} 2is-Q v
{<elem{1) :is~ASTER>;-0.) ¥
{<elem{1} :is-SLASH>, ...} >)

{63} is—-ec~teRt—-character =

is-c~alphareric-character ¥ is—-BLANK v is-EQ v is~PLUS v is-HINOS v
is~LEFT-PAR v is-RTIGHT-PAR v i5-COMHA v is—-POINT v is-SEMIC v is—-COLON v
ig~A¥D v is-0OR v is~NOT v is-GT v is-LT v is-QUEST

{64} is~c-string~part =

{<elen (1) :1s-APOSTE>,

<{elem{2) :is-0 v
{<elemw{1}:is-c~string-part-char>,...} >,

“eleg (3) :is~APOSTR>)

{65} is-~c-string-part~char =

is~c~alphameric-character v is-BLARE v is-EQ v is=PLUS v is-MINUS v is-ASTER v
is-SLASH v ig-LEFT-PAR v is—-RIGHT~PAR v is~COMMA v is-POINT v is~-SEMIC v
is-COLOK v is~AND v is~OR v is~NOT v is-GT v is~LT v is—-QUEST v is-PERC v
is~c~extralingual—-character

{66} is-c-comnment =

{<elem{1) :is5~SLASH>,

<elem {2} :is~ASTER>,

<elem(3} :is-0 v

{<elem{l) : {(<elem {1} :is~-2 v
{<elem{1) :is5—-ASTER>;..a) >,
<elem (2) sis=c~comment-symbol>} v 1s-SLASH>,...)>,

<elem{l) ;: {<elem{1) :is-BASTER»,cs=) >,

<glem {5} :is5-SLASH>)

{67) is-c-comment-symhal =
is~c-alphameric-character v is—-BLANK v is~EQ v is-PLOS v is-MINUS v
is-LEPT-PAR v is~RIGHT-PAR v is~COHMHA v is—-POINT v is-SEHIC v is-COLON v
is-APOSTR ¥ is-~AMD v is~0OR v is=NOT v is=-GT v is-LT v is-~QUEST v is=-PERC v
is—c-zxtralingual-character

{68) is-c~extralingual~character =

Wote: This predicate is inmplementation defined. It is equivalent to the
predicate is-extralingual-char of the abstract syntax.
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5,2 _CROSS~REFERENCE INDEX

This index lists all names of the abstract representation of the concrete
syntax with the exception of the selector generating functions s and elem.

Formulas are referenced by the form 5-yy({zz}), where yy is the page number
within chapter 5 and zz is the number of the formula. The following caonventions

hold:

(1} For all names all instances of use in a formula are given. The defining
formula is indicated by an underlined reference.

{2} Mames of the form is-c-[name], where [name] is a string of capital letters,
are defined by the schema given in 5-1(1).

(3} Occurrences of names of the form is-[ name], where [name] is a string of

capital letters, are listed under the entrty [namel].
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ig~c~character~string . . .
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{2)

6. _THE TRANSLATOR

This chapter defines the translation from the abstract representation of a
concrete program into an abstract program. This translation is performed hy the
function translate which maps an object satisfying the predicate is-c-program
jcf. 5-1{(2)) into an object described by the predicate is-program {(cf. 7-1(1}}.

A1l those functions defimed in this chapter ¢hose arguments are selectors,
possess a further argument which is hidden, namely the abstract represented
program to be translated {similar to the machine-state E vhich is a hidden
argurent of most of the instructions of the interpreter). Throughout this chabpter
the letter t denotes this hidden argument.

These selectors, called "pointers®, are composed of simple selectors of the
classes elem{i) and s{i), where i are positive integer values, according to the
structure of abstract represented programs.

In this way context dependencies are easily expressible., Even on the
translation of parts of t where no context dependency exist, mostly this method is

preferred, i.e,, a pointer is specified as argument, say p, rather than the
component of t to be tramslated, namely p{t}.

Metavariables

is-pointer{b} & (is=-c=-program v a pointer to a progran
is~g-procedure) {b{t}} or to a procedure

is~pointer{p)
is-peinter{qg)
is-pointer({r)

is=intg=-vai{m) & n > O

Sp = S{n}
P=> 9= {(AIry{r # I & g = C*p}

Note: 'Phis axiom defines the pointer relation ¥=>" which is used throughout this
chapter. ©p => g is true iff g is a ®continuation™ of p. I denotes the
unity selector.

translate(t} =

is~c-program{t) =-

up [<s-decl-part:mk-decl-part{I) >, {s-text-part-list:mnk-text-part-1list(T)>}

T == error

Ref.: pk-decl-part &-2 ({3}
nk-text-part-list 6-9{29)}

6. THE THANSLATOR 1
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Hote: I is the unity selector, i.e., the pointer pointing to t itself.

6.1 CONSTRUCTION QF THE DECLARATION-PART

{3

{#)

This section defines the construction of the declaration-part of the progran,
as well as the construction of declaration-parts of procedure bodies. These two
kinds of declartation-parts,described by the predicates is-decl-part and
is-p~decl-part, respectively, differ in that declaration-parts of procedure bodies
may not contain declarations of entry names and procedure bodies, but may contain
builtin-declarations which in turn may not appear within the declaration~part of
the entire progranm,

The construction of a declaration-part is done in two steps. First, all
declarations beeing local to the program or to the procedure under consideration
are recognized and the test for multiple declarations is performed. Second, the
various types of declarations are constructed and united to the declaration-part.

mk-decl-part{h} =

pp ({€<id:imk=-decl{p)> | p ¢ decl~sek(b) & id = wmk-~id~Tep{t)}}

mk~id-1{x) =

mk~idelin-3{x)
fori;is—-c~identifier {x)

Ref.: lin-3 u-4(10)

6,%.1 RECOGNTITION OF DECLARATIONS ARD TEST FOR MULTIPLE DECLARATIONS

{5}

2

6.

%
decl-set{b} =
-{3p,q) {is-local-to{b,p} & is-~local-to(b,q) & is-mult-decl{p,q)} =--=

{p { is-decl-cont{p) & is-local-to{b,p} &
{is—entry~cont(p) = -={3qg) {is-entry-decl-cont{g} & gt} = p(t}})}

T -+ error

¥Note: This function yields the set of all pointers pointing to identifiers
occurring in the context of declarations beeing local to b{t}, minus those
pointers pointing to entry names which are also declared by declare
statements. &n identifier is said o occur in the context of a declaration
if it occurs within a declare statement, or in a labellist, or in a list of
entry names {also described by the predicate is-c-labellist}. Each element
of this set becomes a component of the declaration-part. The check for
multiple declarations is also performed here. HNote, that a procedure
together with the possible declarations of its entry names do not
constitute a multiple declaration.

THE TRANSLATOR
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{6} is-local-to{b,p} =
is~c-proceduareesb{t) -- b => p & ~szebh => p
is~c-programeb{t) ==

b =>» p & {¥g) {is~c~proceduresqg(t) & b => g => p =2 s3eqg => p}

(7 is~pult-decl{p,g} =
p # g & is-decl-cont{p) & is-decl-cont{g) & p{t) = q(t) &
~{is~entry~decl-cont(p) & is—-entry-cont{g})

{8) is~decl-coat(p} =
is~var-decl-cont (p} v is-entry-decl-cent(p} ¥ is~bif-decl-comrt({p} v

is-entry-cont{p) v is-label-cont{pj}

Note: The propesition is true, if the pointer points te an identifier occurring
in the context of a declaration. The first 3 alternatives correspond to
declare statements, the fourth to the entry-name list of a procedure, the
last to a statement-label.

{MH is-var~decl-cont{p) =
is~c~identifiersp{t) &
{2q) {is~c-declarationeg({t} & g => p & [is-¢~CHARACTER v is-c-FTXED) {sz+q{t}))
{10) is-entry-decl-cont{p} =
is~-c-identifierep{t) &
{3g)} (is-c~declarationeg{t) & 9 => p & is-c-ENTRYesy=sqg{t})
{11 is-bif-decl-cont(p} =
is-c-identifiersp{t) 2
{Igq) {is~c~p-declarationeg{t] & ¢ => p & is-c-BUILTINeszeq(t}}
(12} is-entry-cont{p) =

is~c-identifiersp{t} & {3g} {is-c~procedureeg{t) & s;*g => p)

{13 is~label-ceont{p} =

is~c-identifier=p{t) &
{3q} { {is-c—-statemenpt v is-c~declare-statement v is~c-end-clause) {g{t)) A&
Saed => p v {is-c~p-sentence v is-c-p-end-clause} {q{t)} & s, 29 => p)

Note: It can be proved by induction that
is~c-balanced-statement = is-c—-statement angd
is-c~p-balanced-statement = is~c-p~statement hold.

6.1.2 CONSTRUCTION OF DECLARATIONS
In this section the construction of the four types of declarations is defined.
Declarations of variables censist solely either of the elementary object INTG or

of the elepentary object CHAR. The declaration of an identifier to denote a
builtin function consists also of an elementary object, namely BUILTIN. Label and

6. THE TRANSLATOR 3
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{14)

{15)

entry declarations are more complex; they are discussed in the following
subsections,
nk-decl{p) =
is-var-decl-cont {p} -+ trans-type{attry)
is-bif~decl-cont(p} ~-- BUILTIN
is~entry~decl~cont {p) =+ ug{<s~entry-decl:ENTRY>,<s~body:hody,y>)
is-entry-cont({p} == uy(<s-body:trans-proc({p}>)
is-label~cont{p) -~ mk-indexlist {p)
where:
attr, = {Lx) {({3g) (is~c-declarationeg(t} & g => D & sSzea(t) = X))
body, = ({3q} {is-entry-cont{g) & q{t} = p{t)} --

trans-proc{ {Lg} {is~entry-cont{g) 4 q{t) = p{t))}.,
T ~= Q}

for:is~decl-cont (D}

Note: The declaration of an entry name (cf. formula 5 of chapter 7} is an object
with one or t¥o immediate corponents. In the case that a declare statement
exists for the entry name {is-entry-decl~cont), the entry-decl component is
the elementary object ENTRY. 1In the case that a procedure exists for the
entry name ({is-entry-cont), the body component exists,

trans-type{attr) =
is-c~FIXED({attr) ~-= INTG

is-c~CHARACTER{attr) -- CHAR

6.4.2.1 Construction of index lists

(18)

4  be

In this section the declaration of a labkel, which is an index list, is built
up. An index list is a list whose elements are either integer values or truth
values, i.e., T or F, The list, read from left to right, represents the location
of the labelled statement within the text-part-list of the program {(cf. 7-1(1}} or
within the procedure-text-part-list of a body (cf. 7-1(6)). Whereby an integer
value, say n, indicates that the n-th element of the text-part~list contains the
labelled statement; a truth value indicates that the preceding elements of the
index list pointed to an if-statement, and that the labelled statement is
contained in the then component in the case of T or in the else component in the
case of F.

nk-indexlist({p} =
~{3b) {is-c-procedureeb{t} & b => p} —-- mk=-indl-1{p, I}

T =+ mk~indl-2{p,Ssq®{{Ub} {is~c=proceduresbt}) & b => p)))
for:is-label-cont(p}

Note: Because of the different structures of programs and procedures, a case
distinction is necessary, whether the label is local to a procedure or not.

THE TRANSLATOR
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{17)

{18)

mk~-indl-1{p,q} =
is~c~lahellistesaeqg(t) & sz0g => p == O
is~c-if~statementeszeq({t] == <Spes5°g => p>"mk~indl-1{p, (S{ny))es3°9)
is~c~groupesgeg{t} -+ mk-indl-7(p, {s(n:})ess*q)
=g =z> p —» <slengtheszeq{t) + 1 + opty>

T ~= <ng + opty> " mk-indl-1{p,S12{s {ngj)2sz=q}

Wwhere:
gy = {Ln} {SpesSacq => p}
nz = slengtheszeg(t) - 1
opty = f{is-{tes,eq(t) ~-= 0,

T we )
ng = {Ln} {Sp*sz*q => P

forz:is-label-cont({p) &
{is-c-program v is-c-statement v is-c-declare-statement) {p{t)}

Ref.: slength 4-2{4)

Hote: This function constructs the index list for labels outside procedures.
If a program starts with a text, rather than with a sentence, the first
text-part of the text-part-list to be constructed inm 6.2 contains a null
statement. This fact is taken into account here by the ahbreviation opt,.
The alternative -qg => p is reached, if the laballed statement is not part
of the program (the 3rd or 4%th component of a group), but rather is the
correspanding erd-clause.
Hote that the folloving propositiorn holds:
is-c-balanced-staternent > is~c-statement.
wk-indl-2({p,q} =
is-~c~labellistesyeg{t) & s3oq => p == >
is—~c-p-if-statementeszeg{t} -= <szeszsqg => p> mk-indl-2{p, {s(n3))°sa2q)
is=c-p-groupss,oq{t} -- mk=indi~2Z{p, {S{(nz}) °sz*q)
=g => p —= <{slengthesg{t) + 1>

T == Lag> " mk-ind1~2{p, {s{ng}}=q)

vhere:
fiy = {bn} {sp?Szeg => p)
Nz = slengtheszsq{t) - 1
ng = (LD} (Sp®g => Pp)

for:zis~lahel-cont(p)

Ref,: slength 42 {4}
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Note: This function constructs the index-list for lahels which are local to
procedures,

The alternative =g => b is reached, if the labelled statement is not part
of the list of procedure-sentences (in the case of a group), but rather is
the corresponding end~clause.

Note that the following proposition holds:
is-c-p~balanced~statement > is-c-p-statement.

6.1.2.2 Translation of procedures

Procedures are tramslated into objects, characterised by the predicate is-body
{cf. 7-1(6})). A body bas four immediate componeats: The parameter-list which is
2 list of identifiers, the return-type which is either THTE or CHAR, the
procedure~declaration-part whose comstruction is already defined in section 6.1,
and the procedure~text-part-list whose copstruction is defined in the sequel.

{19) traps~proc(p} =
p = €ng; —= Gk-body{bg)
T == mk~id~l1=en, {t)
vhere:

eny = S5485;2S5,9hg
hg = {Ub} {is~c-proceduresb(t} & h => p)

for:is~entry-cont(p)

Note: Omnly the first identifier of the entry name list is connected with the hody
in the declaration-part of the program. All other entry names are
associated ¢ith the first identifier <f the entry name list.

{20) mk~hody{h}) =
{3In) {syeSpe5zoh{t]) = S,eS5,9b{t}} -=

pp (<s—param—-list:mk-id~1-listes;es,sb(t)>,<s-ret-type:strans-typess;eh(t)>,
<s-decl-part:mk~decl-part {b}>,
<{s-text-part~list:trans-p~selist (sy;geb) " <nully>>)

T ~= error

wherez
prully, = pg{<s=stes—-st:HULL>)

for:is-c-procedure«h ({t})
{21) pk=id=-T-1list (slist) =

L4
LIST mk-id=-iesg{slist)

n=4

where:
ng = slength{slist}

cont*d
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Ref, s slength U4-2 {4}
{223 trans-p~selist{p} =

{23)

{24}

{25

Mo
LIST pp{<s~st:trans-p-sentence {sp°p}>)

n=Aq

vhere:
fip = slengthep(t)

Ref.: slength 4-2{4)

Wote: The similar structures of procedure~tezt-part-lists and text-part-lists are
of advantage on interpretisg abstract programs. This is the reason for the
s-st cemponent in procedurs-text-parts.

trans-p~sentence{p} =
is-c-p-declare~statementep{t} -= pp{<s~st:NULL>}

T = trans-p-stiszzp)
for:is-c~p-sentencesp{t;

Kote: Concrete declare statements #ithim procedures are tramslated ipto abstract
nuell s+atementss

Generally, labellists are ositted during translation because the relevant
inforeation is coptained in the corresponding procedure-declaratlan-part in
the form of an index-list {cf. 6.1.2.1).
trans=-p~siip} =
is-c-p-if-statesentepit} -- trans-p-if-st{p}
ig=-c=p~groupop(t} -+ traas-p-groupi{p}
is-c-return-statementep{t) -~ trams-return-st {p)

T == trans-st{p}

for: (is~c~p-if-statement v is-c-p-unconditional-statement) {p(t))
Ref.: trans-st 6-10{3%
trans—pa f-sti{p) =
pp (5=t IP>, (S“Eﬁpr trans-expr {szes5;500) >, <s~thenz trans—p—st(szasaep3>
<s~else: trans-baelse st {Sa9542p) >}

for;is—c—p—if«étatementep(t)

Ref.: trans-expr 6-1&(46)

6, THE TRANSLRATOR 7
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¥ote: Balanced statements are a subclass of statements, hence the translation of
balanced statements is performed by the function trans-p-st above,

{256) trans-p~else-st{p) =
is-Qep{t) —+ ug{<s—-sStzNULL>)

T -+ trans-p-st(p}
for: (is-c-p-if-statement v is-c~-p-unconditional-statement v is-ﬁ)(p(t})

Rote: Abstract if-statements possess an else comporent in any case. The else
component is an abstract null statment, if the concrete if-statement has no

alternative statement.

(27 trans-p-group{p)} =

is~c-p~simple-groupep(t}) -- trans-p-selist(saep) "<nully>

P o~
ug{<s—-iteration:trans-do-spec{s*p}>,
<s~do~list:trans-p-selist{s,ep} " <nully>>)

where:
rullyg = pg{<s~stes—stiNULL>}

forzis—-c-p-group=p (t)
Ref.: trans-do-spec 6-12{38)

Note: A simple group within a procedure is tramnslated into a
procednre~text-part-list by the function trans-p-selist.

{28) trans-returr-st{p} =

Mg {<s~st:RETDRN> ,{s-expr:trans-expr (Sacp)}>)
for:is-c-returr-statementep (t)

Ref.: trans-expr 6-14 {46}

6.2 CONSTRUCTION OF THE TEKT-FART-LIST

A text-part-list is a list of text-parts. A text-part has two immediate
compounents, an abstract statement and an abstract text which is a list of

character values {cf. chapter 7).

Roughly speaking, the text-part-list of an abstract program is the result of a
{(nearly ope to one) mapping process from the immediate components of a concrete
program, i.e., sentences and text {cf. 5-1(2}), into text-parts in the same order
of succession, vhereby a concrete sentence and the subsequent text up to the next
sentance is concentrated into one text-part. The information concentrated in the
declaration-part of the program is omitted during this translation process: the
labels are omitted, procedures are translated into abstract null statements, and

8 6. THE TEANSLATOR



IB® LAB VIEWHA TR 25,085

30 June 196% PORMAL DEPINITICON OF THE PL/I COMPILE TIHE FACILITTES

{29)

£30)

ERY

declare~statements are translated inteo abstract activate statements,  whereby the
declarative information is lost,

nE-text-part-list{b} =

Te
opt-tpl,™ LJ%T pk-text-part{spesaebh)

vhere: .
opt~tply = (=is-lesgeb(t) —= (pg{<S—stes~st:iNULL>,<s~text:lin-3es5,2b{t}>}>,

T == {3}
Ly = Slengthesgeb(t)

for:is-c-programeh (t)

Ref.: lin=-3 4-4{10)
slength -2 {4}

Hote: ©Since alsc the f£irst text-part of the text-part-list must containm an
abstract statement, an abstract null statement is added if necessary. This
is taken into account by the abbreviation opt-£pl,.

nE-text-parti{p) =

ya{<s~s£;transasentence{siap)),(s—text:lin—Bosaep(ti)}
forsis-c-sentencess;epi{t] & is-c-textesjep(t)
Fef, 1in=3 4-4¢10)

Hete: The structure of the comcrete text, given by selectors of the class
elem{i), is limearized by the function lin-3 into a list of character

values.

trans-sentence {pj =
is~c-declare-statementsp{t) -+ trans-declare-stes,ep(t)
is-c~-proceduresp{t} —- pp{<s-stzHBULL>}

T =+ ¢rans-st{s,op}

for: is~-c~sentencesp(t)

6;2;? TEANSLATION OF DECLARE STATREENTIS

Daclare statenents outside procednres are translated imto activate statements
¥ith am activation list whose elements have as their rescan component the
elementary object T, indicating that ®rescan® is desired. .

6.  THE TRANSLATOR 9
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(32)

“{33)

trans—declare~st {dl) =

iengi’n(i:ﬂ.‘)
g {<s~-st:ACT>,<{s~act-list: L[[ST mk-act{elem(i,idl,).T}>)

o=

where:
idl, = mk-idl(dl}

mk-idl(dl) =

slengthidl}
CONC ({is-c-identifieres,ssp{dl) ~= <mk-id-1es;9%54({d1)>,

=4

T =+ mk-id-1«listes,es, *sn{dl))

Eef.: pk=-id-1 6-2{4)
mk-id-1-1list 6-6(21)

Bote: According to the structare of concrete declare statements, giver by the
predicate is-c-declare-statement, the identifiers contaired in the list of
concrete declarations dl are collected and formed into a list in the same

order of succession. :

6.2.2 TRANSLATTION OF STATEMENTS

(34)

trans-st(p} =
ig~g-jif~statementep(t) ~- trans-if-st(p}
is~c-groupepf{t} -~ trans-groupip)
is-c~goto—statemént-p(t} - Hp{€<S—st1G60TO0>,<s~label:mk—id~1esep (L))
is-c-include-statementep(t} -~ trans-include-st(p)
is—c-assignmeni-statement-p(t) ~= trans-assign-st(p)
is~c~null-statementep(t) -+~ pgy(<s~st:iNULL>)
is~c~activate~statementsp{t} =+ trans-act-st(p)

is~c—deactivate-statementsp(t} -+ trans-deact-st (p}
for: {is-c-if-statement v is~c-unconditional-statement} {p(t}}

Ref.: mk~id-1 6-2 (&)

Bu2.2.1 If-statements

10
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{35} trang=if-stip) =

g [€S-st:I¥> {s~ernpritr
<geglseztiansg~elsa~g

n

-
[ o
4]
4]
Py
o
el
W
s om

forzig-c-if~statenentep (i}

Hote: The felloving proposition holds
ig-g-balanced-statement > is-c-statenent,
hanoe the translation of bajanced staterents is performed by the functicn
trags-st above.
{35} trapns-elige~gtip} =
is=Rep(i} <= pg{<s—s5t:NTLL)

T ~~ trans-stip)
for: {igec=-if~statenent v is-c-onconditional-statement v is5-9Q) {pit})}

Mote: If the copocrete if-statemesnt possesses wo alternative statenent, this
furncticn inserts an abstract null statemnsnt.

D.2.2:.2 GLOBPs

The thixd copponest of a simple group, respective the fourth couponent cof an

{terated group, described by the predicate is-c-program, is translated by the
function mi-texi-part-1ist, given at the top of section 6.2,

{37y trang—groupip; =
igw-gwgingle-groupespit) - mEk-tert-part~list (ssop}~<nulli-tpy>

[

Bpi{<s-iteration: traas-do-speciszvp} »,
dg=do=-1listzag~text~part-list {s,op) "Laull-tpys>;

where:
nulletdy = pgiCerstes=gt; WUILLY  {s~text s3>}

e

Forsis~c=groups pit}

t

corresponds to the concrete end-clause of the gromp, Tts

Hote: null-igg
pee is necessary because of possible goto's to the ead~clause.

o £
existe

{©

6, THE TREKSLATOR 11
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po (<s~contr-var:mk-id-tfes,=p(t) >, <s—init:trans-expr{s;3ep) >,<s—hy:hy~expr,>,

{s—to:to—eXpry>)

vhere:
by-expr, = {is-c-BYes,es,sp(t)
is-c~BYss,es,e5,9D (k)
T - 1}
to-expry; = {is-c-TOss;e5,9p(t})
is—c~TOss es3e5,0p (t)
T —-= @)

forsis~c-do~specificationsp(t)
mk~id=-1 6-2{l4)

Ref.:

6.2.2.3 Include statements

{3%) trans—-include-st{p) =

Bg {<s=st;INCL>,<s-id~pair-list:

where:

ny = slengtheszap(t)

for:is—-c~include-statementep(t}
Ref,:

slength 4-2(4)

{40) trans~lib-spec{ls} =

Hg {€s~id-1:id,>,<s-1id~2:id>>)

whera:
idy = {is-c-identifier {ls)
' —i5-1es5, {15)
T == 2}
idz = ("iS_Q‘SQ {1s)
T — @)

for:is~c~library~specification{ls)

Ref.: rk-id~1 6-2{4)

6.2.2.4 Assignment statements

12 6., THE TEANSLATOR

trans-exXpr{Saz®s,*pl.,
Lrans-expr{SaoSs*54*D} s

Lrans~exXpr {S;9s5,°D) »
trans-expr{s;®*s,;°s5,*p},

Ney )
LIST +trans-lib-specesp?sgep(t)>)

n=/

-+ nk-id-1{1ls),
-» mk-id-1es, {1s),

~e pk~id~tes,{ls),
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{413 trans—assign-st (p} =
o {€5~sSt:ASSIGN> ,<{s~1p:mk-id~tfes;»2p{t) >, <s-rp:itrans-expris;ep} >}
forzis-c-assignment-statementep {t)
‘Ref, mk=id~1 6=-2{4}

6.2.2.,5 Activate statement

Bach activation of 2 comcrete activate statement consists of an identifier to
be activated, and optional one of the keywords RESCAR or NORESCAN.The result of
the tramslation by the function trans-act is an object possessing an id component
and a rescan comporent ¥hich is the truth value F in the case of NORESCAN, else

the tyiuth value T.
{t42) trans—-act-stip} =

Na
pp (€SSt ACTY» <{s~act~list: LIST trans-actespeszep{t)>)
hA

vhere:
ng = slengthosgep{t}

forsis—c—activate~statementsp{t)
Ref.: slength 4-2{4)

{433 trans—-act{act} =

mk-act {mk~id~%es4 {act) ,~is-c-NORESCANes; (act}}
forsis-c—-activation{act}
Ref.: pk-3d-1 5-2{4)

{443 pnk=act {id,truth} =

g {¢s=1d:1d> ,<{s=-rescan:ztruthl>)

for:is-id (id) & {is-T v is-T} {truth)

6.2.2.9 Deactivate statepents
{BS) trans—deact-st{p} =
pp (€s=-st: DEACT> ,<s~-id-list:mk~id-1-1listes,ep {t}>)
for:is-c-deactivate~-statementsp {i}

contid
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Ref.: mk-id-1-1ist 6-6{21)

6.2.3 TRARSLATION OF EXPRESSIONS
Because of the structure of abstract expressions, given by the rpredicate
is-expr defined in chapter 7, the precedence rules for the various operators,

defined by the productions is-c-expression-one, up to is-c-expression-six, are no
more necessary. However, parenthesized expressions still remain because of their

special semantics on argument passing.

(46) trans~expri{p} =
is—c-referencesp(t}) —-—-
Na

fpi<s—idimk~id~1es,ep(t) >,<s-arg-list: LISI trans-eXpr (SpeSaesS,%E) )
e

is~c-constantep(t) -+ trans-constep(t}
is~LEFT~PAResy®sp{t}) =+ pp{<s-op:trans-expr (Sp*p} >}

~is=-Qesaep(t) -

pp{<s-opr:trans-infix-opras,ep{t) >, <{s~op~T:trTans-exnr (S,.*D}>,
{s-op-2Z2:trans-eXpr (Saep) >}

T == pp{<s-opr:s;ep{t)>,<{s-op:trans—expr(szep}>)

where:
Ny = slengtheszes,esp{t)

for:is-c-expressionep (t}

Ref,: rk—-1d-1 6-2 (4}
slength 4-2(4)

14 6. THE TRANSLATOR
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(47} trans-const {const) =

N
is~-c-integer (const) =--= Ed char-namneelem{n,const} . 10 ¢ {(ng - n)

T4
is~c-character~string (const) -- LIST charp
n=d

is~c~bit-string {const) --
{ny = 0 —= BIT-HULL-STE,

T - LléT' char~Eit {cvp})

n=4

ng = length{const)
= {is-Qeelen(2,const} == 0,
T —= lengtheelemn{Z,const})
charp = {C¥pn = <APOSTR,APOSTR> -- APOSTR,
T == C¥p)
C¥n = {elem{n}}selem{2,const)

for:is-c-constant {const)

Ref.: char-num 9~26(104)
char—-bit 9-26(106})

Note: Constants are translated into values., Values are integer valnes, or lists
of character values, or bit strings. Because of the different semantics of
the null elements of character- and bit-data, for the null element of
bit-data the elementary object BIT-FULL-STR is introduced.

{48) trans—-infix-opr(x)} =
is-PLUS {x) ~= ALD
is—-¥INDS(x) =-- SUBTR
is~ASTER(x}) =-—= MHULT
is=SLASH{R) =-- DIV
x = <QR,0R> —= CAT

<GT,EQ> v x = <NOT,LT> -+ GE

X =

x = <LT,EQ> v x = <NOT,GT> -= LE
X = <NOT,EQ> == KNE

T = x

6. THE TRANSLATOR 15
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{1

{2)

(3}

{#)

{5)

{6}

Ts _ABSTRACT SYHTAX

The abstract syntax describes the syntactical structure of abstract ceampile
time programs as produced by the function translate defined in the foregoing
chapter.

The contents of the abstract syntaz is the definition of the predicate

is~progran

given by & set of predicate definitiens vhich, appliied iteratively, describe thke
composition of 2 program by its elementary compoments.

The elementary components of a program belong te the following classes of
elementary objects:

{n 4 finite class of elementary objects, dencted By names written in capital
letters {2.9., GOTC, HIWDS), including the empty list <>,

{2} The infinite class of identifiers, characterized by the predicate is-id,

{3 The infinite class of integer values, characterized by the predicate

is-intg—-val, and the fimite classes of character values amd bit values,
characterized by the predicates is-~char-val and is-bit-val, and the empty
bit-string BIT-NOLL-STR.

is-program =
{¢s~decl-part:is-3decl~partr,
{s-text-part-~listzis~text-part-list>)
is=-decl~part =

{{<idzis~deci> } } is-id{id)})

is~-decl =

is=prop-var ¥ is-entry v is-index-list

is~prap-vagy =

is=IHTG v is-CHAR

is-entry =

{<{s—entry-declsis—-ENTRI>} v
{{s~body:is-body v is-id>»} v
{<s-entry=-decl:is-ENTRY>,
<s=body:is=bedy v is-id>)

is-hody =
{¢{s-param—list:iis-id-1ist>,
<s-ret~type:is—INTG v is~CHAR>,

<s-decl-part:is-p-decl~part>,
<g-text~part-list:is-p-text-part=list>}

7. ABSTRACT SYNTAXY 1
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(7 is~p-decl-part =

{{<id:is-p~decl> } | is-id(id)})

{8) is-p~decl =

is—prop-var v is-BUILTIN v is-index-list

(9 is~index =

is-intg-val v is-T v is-F

H

{10) is-p~text-part

(<s-st:is-p-st>)

{1NH is=p-st =
is~p-group v is-p~text-part-list v is-p-if-st v is-return-st v is~goto-st v
is-assign-st v is-null-st

{12} is-p-group =
({s~iteration:is-iteration>,
<5-do-list:;is-p-text-part-list>)

(13) is-iteration =
{{s-contr-var:is-id>,
<s=-init:is-expr>,
<g-by:is-expr v is-o>,
<s~to:is-expr v is-0>)

(14} is-p~-if-st =
{<s-sti1is-IF>,
<g=-expr:is-expr>,
<s-then:is-p-st>,
{s=-else:is-p-st>)

{15} is-return-st =
(<s-st:is-RETURK>,
<{g-expr;is-exprd)

{16} is—text-part =
{{s~-st:is-st>,
<{s-text:is-char-val-list>)

(1 is~st =

is-group v is~text-part-list v is-if-st v is-goto-st v is-assign-st v
is-null-st v is-act-st v is-deact-st v is-include-st

2 7. ABSTRACT SYNTAX
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{183} is=~group =
{¢s-iterationzis-iteration>,
£s~do~listiis-text~part-list>}

(19} is-if-st =
({s-st:is~TF>»,
CS-exXpriis-exprr>,
<s-theniis-st>,
{s-elsezis-stk)

{201 is—-goto~st =
{{5-st:i5-GOTO>,
<s~label:is~-id>}

{21} is-assign-st =
{<{s=s5t:is-A55IGW>,
<s=-1lpzis-id>,
{g=rpiis~-eipr>}

{22} is-pull-st =

{<{s=gt1is~KBOLL>}

{23) is-act-st =
[<s~st:is~ACT>,
<s-act~listiis~act-list-1>)
{24} is-act =
{{s~id:zis-id>,
{g=~rescan:is-T v is=F>)
{25} is-deact~st =
{{s—st:is~DERCT>,
€g~id-listzis~id~1ist~1>)
{26} is-include-st =
{<¢s~st:i3-IRCL>,
<g~-id~pair-listzis-id-pair-iist-1>)
{27} is=id-pair =
{€g=id~fzis-id v is~-D>,
{3=id=2z2is~-1id v is-0>)
{28} is-expr =

is-infiy~-expr v is-prefix-s¥pr v is~paren~expr v is-ref v is-value

7. ABSTRACT SYNTAX 3
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{29) is-infix-expr =
{<s~opr:is-infix-opr>,
<{s-op-1:is-expr>,

" Ks5-op~2:iS-expr>)

{30) is~infix-opr =

ig=-arith~opr v is-comp-opr v is-bit-opr v is-CAT

{31} is-arith~opr =

is—ADD v is-SOBTR v is-MOLT v is—-DIV

(32) is~comp~opr =

is=GT v is-GE v is=-EQ v is-LE ¥ is~LT v is-NE

{33) is«bit-opr =

is-OR v is-AND

{34} is-prefig-expr =
(<{s~opr:zis-prefix-opr>,
<s-op:is-expr>}

{35) is-prefix~opr =

is~NOT v is—-PLUS v is—MINUS

{36) is-paremn—expr =

{<{s—op:is—-expr>)

{37} is~ref =
{{s=id1is~id>,
<s-arg-list:iis~expr-list>)
(38} is-value =

is-intg-val v is-char-val-list v is-bit-string

{39) is~char-val =
is-alpham-char v is-BLANK v 1s-APOSTR v is-EQ v is-PLUS v is-MINUS v is-ASTER v
is=-SLASH v is«~LETFT-PAR v is-RIGHT-PAR v is~COMMA v is~POINT v is~SEMIC v
is-COLON v is~AND v ig-0OR v is-NOT v 1is-GT v is~LT v is~QUEST v is—-PERC v
is~extralingual-char

{80} is-alpham-char =

ig~letter v is-digit v is~BREAK

4 7T. ABSTRACT SYNTAX
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{42)

{43}

it

(45)

Bote:

is~letter =

is~A~CEAR
is5-G=CHAR
is-H-CHAR
is=5-CHAR
is~¥~CHAR

is-digit =

< ¢ 4 <«

is=~0—-CHAR v

is~6~CHAR

is-bit-string =

is~B~CHAR
ig~#~CHAR
is~H~-CHAR
is=T~-CHRR
is~E~CHAR

ig=1-CHAR
is~7-CHAR

TR 25,095
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is~C~CHAR
is~-I~CHAR
15-0~CHAR
is-U~CHAR
is~DOLLAR

is-2-CHAR
is-8~-CHAR

< g g <€ g

is-bit-yal-list~{ v ig-BIT-NULL-STR

is~bit-val =

ig=0=BIT ¥

is=~1-8IT

ig~axtralingual-char =

is-D-CHAR
is-J~CHAR
is=P~CHAR
is-¥~CHAR

'
¥
W
W

is5-E~CHAR
is-K-CHAR
is-{~CHAR
is=8-CHAR

L
v
A4

W

is~-F~-CHAR
is~L-CHAR
is-R-CHAR
is=-K-CHAR

is=-COHN-AT v is-HUOMBER-SIGH

15-3~CHAR
j&-9-CHAR

This predicate is idpismentation defined.

¥ is-U~CHAR ¥ is-5-CHAR

It is eguivalent to the

predicate ig-cwextralingual-character of chapter 5.

7.

ABSTRACT SYNTAX

€ £ € <

5






IgM LAB VIENNA TR 25.095

30 June 1969 ‘ PORMAL DEFIRITION OF THE PL/I CORPILE TIME FACILITIES

This chapter gives an informal treatment of thke concepts used in the formal
definition of the interpreter inm chapter 9, The informal treataent is separated
from the formal treatmect to allow a compact formal part and also to explain
concepts which ars not cohcentrated in a single part of the formal definition but
influence the mechanism as a vhole.

Also the syntax of abstract compile time programs given in chapter 7 is
illustrated and the most important relations between concrete and abstract syntax
are explained in order to give the reader vho is familiar with the concrete syntax
an intuvitive idea of the interpretation process, without presupposing knowledge
about the translator.

It is not the aim of the informal discussion to define cospile time facilities
completely. Most detailed guestions can be answered by studying the formal
defintion of the interpreter,

8.1 _STRUCTURE OF ABSTRACT COMPILE TIRE EROGRAMS

An abstract compile time prograwm, in the following called progqgram, is an object
described by the predicate is-program given in chapter 7. Tt consists of two
immediate components, the declaration-part anmd the text-part-list.

T |

5-dﬂc[-PaJt s-text- part-list
decl-part text wPourt ~tist
Fig. 1 Hain structure of a progra=m

8.1.1 THE TEXT-PART-LIST

The tezt-part-list is a list of text-parts., A text-part consists of a
statement and of a text.

elewn (1) elem (2) elem (n)

| | |

text-part4 {ext—Foytz s e iext-Partn

Fig. 2 Structure of a text—-part-list
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—

9- st s-text

statement text

Fig. 3 Structure of a text-part

A text-part corresponds in a concrete program to a sentence {cf. section 3.2,1)
and the subsequent text up to the next sentence. If a sentence immediately is
succeeded by a further sentence in a concrete program, then the text is the empty
list <>. If the concrete program does not beginm with a sentence but rather with a
concrete text, then the statement of the first text-part is a null statement.

A text is only a list of character values. All necessary grouping, e.g.,
identifiers, argument lists, comments, strings will he done dyramically by the
interpreter (cf. section 9.9).

Throughout the formal definition the term statement denotes a logically
complete unit of a program to be executed during the segquential flow of control at
the point given by its position within the program. The term includes: The
simple statement (e.g., assignment statement, goto statement, null statement), the
if-statement, and the different types of do-groups. So, the terz “statement® does
not denote the units syntactically delimited by semicolons in the concrete
program, but logical units that may appear anywhere "in a statement context®,
e.d., as THEN alternative of an if-statement, and that may in some way be executed
independently from other program parts.

Statements may themselves contain statements {namely the if-statement) or even
text-part-lists {namely the group). Since these contained statements principally
may be any type of statements and thus may themselves contain statements or
text-part-lists, the text-part-list of a program may be not just a linear seguence
of text-parts but a rather conmplexr structure of nested statements and text-parts.

The different types of statememts are not described inm detail here hecause in
most cases they are the result of a nearly one-to-one mapping of the corresponding
concrete statements. The following are only some additional remarks, mentioning
some deviations between the abstract and concrete syntax.

Group apd text—part-list. There are two essentially different Ydo-grouos" in a
concrete program; Those with iteration specification and those without it. Only
those with iteration specification are translated into groups. Those without
iteration specification are translated into text-part-lists. Thus a statement may
itself be just a text—-part-list in the abstract progranm.

If-statement. The if-tstatement has alvways two alternative statements. If
there is no else alternative specified in the concrete program, the translator
inserts a null statement.

Null statement. A null statement in an abstract program may result not only
from a concrete null statement, but also from a missing else alternative of an
if-statement, from a concrete declare statement inside procedures cr from an end
clause. Declare statements and end clauses may be labelled in a concrete progranm
and hence may not be simply omitted on translation. Furtherwmore, alsc procedures
are replaced by null statements on constructing the text-part-list {procedure
bodies constitute declarations and hence belong to the declaration-part of the
programj .

Activate statement. Also an activate statement in an abstract vrogram may
result not only from a concrete activate statement, but also from a concrete
declare statement outside procedures. Declare statements outside rrocedures play

a double role. On the one hand they declare identifiers to derote a variable ot
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entry name, on the other hand they activate these identifiers and indicate RESCAN
each time the flow of control reaches the declare statement. 0On translation the

-declarative information is collected in the declaration-part and the "dynamic”

information whick remains is reflected in an activate statemen* whese single
activations have the truth value T as their rescan component.

B.1.2 THE DECLARATION-PART

8ulp2s1

In the declaration—part of a program all declarative informatiaon is collected,
includirg the bodies of the procedures which themselves possess declaration-parts
containing the declarative information which is local to the procedures. Each
identifier declared outside Procedures, whether its declaration ir the concrete
program is explicit or implicit, has a declaration in the declaration-part of the
program.

To each identifier of the concrete program corresponds uniqoely an abstract
identifier which is an elementary object satisfying the predicate is-id. The
transformation from the concrete identifier to its corresponding ahstract’
identifier is performed by the function nk-id, given in section 2.2. In the
following the term identifier denotes such an abstract identifier, while the
identifiers of the concrete program are denoted as conciete identifiers vwhere
necessary.

.The strocture of a declaration~part is the following: ‘'Each declared identifier
serves as selector selecting its declaration from the declaration-part.

| L

id.rl ) ic:li']_ 4 _ i
dect, decl, oo
Fig., & Structure of a declaration-part’

This structure of a declaration~part provides easy access to an individual
declaration through the declared identifier itself; any other structure would
regquire a more complicated device for accessing an'individual declaration.

Each individual declaration is an object, whose structure depends essentially
on the type of the declaration. There are the following types of declarations:

eptry names, :
statement labels, in the following called labels.

Yariables

The declaration of a variable is =simply one of the both elementary objects:
INTG and CHAR. The translator gets the information from the corresponding
concrete declare statement. In the case of INTG the variable is predestinated to
hold as its value an integer value (only decimal integer arithmetic of precision
{P;,0) is performed im the compile time facilities), in the case of CHAR a
char-val~list (only varyiag character strings that have no maximum length are
possible}. - : ' :

8.1.2,2 Labels

The declaration of a label is an index list {list of positive integers and
truth values)} which localizes that statement of the text-part-list of the praogram

‘which was labelled in ‘the concrete program. The index list is constructed by the
- translator from the position of the labelled statement within the concrete

8.

program.
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By1.2.3_Entry names

The declaration of an entry name is an object with (in general) two immsdiate
components. )

l

s-entry-deel

|

ENTRY or &

Fig. 5 Declaration of an entry name

At most one of the both immediate cowponents may bke 9, i.e., does not exist:

The existence of the entry-decl component indicates that the concrete progranm
contains a declare statement defining the corresponding concrete identifier to
denote an entry name, i.e., it is associated with the attrihute ENTRY within the
declare statement.

A mpissing body component indicates that no procedure is specified within the
concrete program whose entry name list contains the entry name specified by the
declare statement. The nissing body may appear within the declaration-part of an
external program which may be incorporated during the computation by means of an
include statement.

The case that the body compoment is solely an identifier may aprear if the
corresponding concrete procedure specifies at least two entry names. 0One entry
name, namely the first one in the entry name list, is associated with the
translated procedure, i.e., with the body, in the declaration-part, all other
entry names get this special entry name as their body component instead of the
body itself. This indirect step from an entry name via anotler entry name to the
corresponding body is of advantage for the interpreter, because any body gets only
one entry in the state component "procedure body directory¥, independent of
vhether the body is associated with more than one entry name or not,

The structure of a procedure hody is discussed in the following.

B.1.2.4 Procedure bhodies

A procedure body, in the following called bedy, correstonds in a concrete
program to a procedure {without regard to the entry name list}. A body consists
¢f four immediate components:

I | | |

s-parTm-iist s-ret-type s-decl-part s-text-part-List

param-list | iINTGorCHiEJ p- decl-part !Pdeﬂ-purt—lmt

Fig. 6 Structure of a bhody

)] The parameter list. It is the list of those parameter identifiers to whom
arguments are passed when the body is activated by means of a reference to
the body.
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{2} The return_type. It specifies the type of value to which the function

value is to be converted on return to the point of invocation.

{3} The procedure-declaration-part, shortly called p-de¢laration-part. It
contains all declarations local to the body. & p-declaration-part differs
from a declaration-part (of a program) in that, first, a p-declaration-part
may not contain declarations of entry names, and second, may contain {in
contrast to a declaration-part) builtin declarations, i.e., the following
types of declarations may occur:

Variables,
labels,
builtin function names.

The declaration of a builtin function name is solely the elementary
object BUILTIN. o

{u} The procedure-text-part-list, shortly called p-text-part-list. A
p-text-part-list is a list of p-text-parts. A p-text-part has only one
immediate compoment, namely a p-statement.

s- st
I

P -statement

Fig. 7 Structure of a p-text-vart

A p-text-part corresponds in a concrete procedure to a p-sentence. HNo text
to be scanned by the replacement mechanism exists within procedures. The
similar strncture of text-parts and p-text-parts, by using in both cases
the same selector s-st, is of advantage for the interpreter.

The class of p-stategents differs from the class of statements in the
following points:

{a) The activate, deactivate, and include statements do not belaong to the
class of p-statements, i.e., they may not occur within a
p-text-part-list.

s et ATt s .

{b) The return statement belongs only to the p-statements.

{c) The p-if-statement and the p-group may not contain statements and
text-part-lists, but rather p-statements and p~text-part-lists.

B8.%.3 EXPRESSIOUNS

Concrete expressions are decomposed by the translator into (possibly nested)
nelementary expressions®. There are five different forms of elementary
expressions:

(N An infix expression, comsisting of two operand expressions and an infix
operator ®hich is an elementary object.

8, INFORMAL INTRODUCTION TO THE INTERPRETATION OF ABSTRACT COMFILE TIHE - PROGRAHS 5
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| i 1

s -0opy s~rp-4 s-op-1
|

opera’{ov:i fexpu

i

Fig. 8 Infix expression

{2) A prefix expression, consisting of an operand expression and a prefix
operator which is an elementary object.

{ I

s-opy s-op
operclcr expr

Fig. 9 Prefix expression

{3) A parenthesized expression, consisting of an cperand expression only.

|

§-Op
|

E,KPF

Fig., 1C Parentkesized expression

In principle, the parentheses of a concrete program could be eliminated by
the translator producing structured objects as already described. But
since in the language there is one case (arqument passing} where
parentheses have more than syntactical meaning, the parenthesized
expressions are left in the abstract program in the form of an object
having only one component, namely the translation of the concrete
expression contained in the pareatheses.

{4) A reference, consisting of tvo immediate components, the identifier and the
argument list which is a list of expressions {the empty list <> included).

g-id 5-ovg-list

identifier argunmnbﬁﬁ

Fig. 11 Reference
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8.2 DIMANIC PROPERTIES OF IDE

A reference may refer to a variable {the argnment list is the espty list
<>}, to a procedure, or to a builtin function.

{5) A value, corresponding in a concrete program to a constant, There are
three types of values

{a} integer values
{b} char-val-lists
(c} bit-strings

These three classes of values are putually disjoint, i.e., no further "data
attributes® are necessary. To achieve this the null bit string is
elementary object BIT-WULL-S5T, rather than the empty list <>,

IFIERS AND_THEIR INFLUENCE ON_THE STATE

e e e S s S S S e e e 8 ST R oo s 2

B8.2.1 SCOPE OF IDERTIFIERS

The scope of an identifier declared in the pain program is the entire
text-part-list of that program and the p-text-part-lists of those bodies which do
not redeclare that identifier. If there are extermnal programs to be included by
means of include statements, then their text-part-lists and the p-text-part-lists
of those bodies which are comtainmed in the external programs and do not redeclare
that identifier bhelong to the scope of that identifier too.

The scope of an identifier declared in a body is limited to the correspomnding
p-text-part-list.

The scope of an identifier declared in an external program is the same as
though this identifier were declared in the main progras. A redeclaration of an
identifier by means of an external progranm is not legal and would lead during the
interpretation of that external program to a multiple declarations error. Hote
however, that if an idemtifier is declared within an external pregram, this
declaration is not "known® until the first interpretation of the corresponding
declaration-part.

An idenmtifier that is declared im a declaratiopn-part will in the following he
called global. 1If it is declared in a p-declaration—-part, then local.

8.2.2 DENOTATION OF IDENTIFIERS

8.

The denotation of an identifier represents the entire informaticn associated
with the identifier except of its scope. 1In general the denotation contains
static information as well as dynamic information. 3Stdtic information remains
enchanged during the entire interpretation process. The informaticn contained in
the declaration of an identifier is static. Dynamic information, as e.g., the
value of a variable, may be altered during the interpretation process. In the
following the five Adifferent types of denotations are discussed.

(1) Denotation of a_variahle:
s-at 5~rescan s.value
INTG or CHAR |T or F or G2 value ov &2

Fig. 12 Denotation of a wvariable

The at compoment represents the type of the variable specified hy tie
corresponding declaration. It is the only static cofponent,

INFORMAL INTRODUCTION TCO THE INTERPEETATION OF ABSTRACT COMPILE TIME < PROGRAMS 7
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When a variable {mecessarily global), an entry name, or a builtin function
name is encountered during the scan of a text, the question whether it is
activated or deactivated is of importance. In the first case the
substitution process becomes active in which case a further distinction is
made, namely whether the value of the reference must be scanned for
replacements or not. This information is reflected by the rescan
component: @ denotes '"not activated®, T denotes *activated and scan of the
replacenment value®, and F denotes "activated and no scan of the replacement
value". The rescan component may be altered by activate and deactivate
statements. Initially, i.e., immediately after the interpretation of the
declaration-part, this component is . In the case of a local variable it
remains so. .

The value component presents the value of the variable, TInitially the
value component is Q. It may be altered by an assignment to the variable.

{2) Denotation of an_entry_name:
s-at §-rescan s—body-[oc
ENTRY or R TorF or%2 i address or&
Fig. 13 Denotation of an entry name

The at component indicates whether the entry name is declared in the
concrete program by means of a declare statement. The body-loc compoaent
presents the address under which the corresponding body is stored in the
“procedure body directory” P. This component is @ if no body exists; in
this case the at compoment is ENTRY. The at and the body-lcc components
are static only with regard to one program execution. On incorporating a
new external progras these components could be altered if they were 0.

(3} Dengtation of a builtin fupnction_name:
s-at 5- rescan
LBU&TH% TorFor &

Fig. 14 Denotation of a builtin function name

Only an identifier which is the abstract representation of cne of the
concrete identifiers INDEX, LENGTH, BUILTIN can be associated with such a
denotation., This denotaticon is created either on the intergretation of a
p-declaration-part from the declaration of a builtin functicn name, or on
the interpretation of an activate or deactivate statesent, or on the
evaluation of a reference appearing in an expression. The at component is
static.
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Denptation of a_label:

|

g-progr-name s-index-list

|

index -List

Fig. 15 Denotztion of a label

The entire denotation is static. The progr-mname corponent presents the
name of the proqram in whichk the label is declared: MAIN in the case of
the main program, or a pair of identifiers specified by an include
statement in the case of an external program. Yor local labels this
component is 1. The index-list component presents the index-list taken
from the corresponding label declaration. It represents the location of a
{p-) statement relative to the text-part-list of a program or to the
p~text-part-list of a beody.

benctation of a dummy:

The entire denotation is solely a value, either af the type INTG
{is-prop-intg-val} or of the type CHAR ({is-char-val-list). & dummy is used
either for saving the function value when the interpretation of the body is
finished and the duep is popped up, or for storing intermediate results
during the application of the scan and replacement mechanism to the
arguments of a reference within a text.

8.2.3 THE ERVIROWMENT AED THRE DENOTATION DIRECTORY

The association of an identifier with a denotation, initialized durlng the

interpretation of the declatation-part of a program, holds during the
interpretation of the whole text~part-list of the program, unless a procedure body
becomes active whose p-declaration-part redeclares that identifier. 1In this case
the old {global) denotation must be saved and the new one is initialized according
to the p-declaration-part. Because of the scope rules (see B.2.1%1} the old
denctation of the idemtifier is reestablished when the ccntrcl leaves the
procedure.

In the interpreter this situation is taken into account by means of the two

state components Yeavironment® E and *denctation directory® DR.

The epyironment associates all identifiers which have a denotatien with

addresses. This mapping is realized in the same way zs in the case of a
declaration-part associating identifiers with declarations.

id 4

| | |

idy

|

address,

address,

Fig. 16 The environment
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8.

The depotation directory associates addresses with denotations.

| |

address, adereass, address,

e denotation,,

Pig. 17 The denotation directory

denotation, denctation,

This indirect step

E DN
id -===+ ad ====» dn

from an identifier via an address to the denotation, together with the fact that
an environment can be dumped (within another state component called *dump™) and
that a modified environmment can be established, fulfills the above regquirements,

buring the interpretation of the declaration-part of a program each identifier
declared there is associated at first with a proper address in the environment.
Under this address the denotation of that identifier is initialized in the
denotation directory. When during the following interpretation of the
text~part-list a certain component of the denotation of an identifier is reguired
or a dynamic conrponent of the denotation has to be modified, the denotation is
availahble by applying the identifier {using it as a selector} to the environment
and again applying the result, an address, (also used as a selector) to the
denotation directory.

The necessary addresses are the result of a one-to-one mapping
{(cf. section 2.2) from a pair consisting of the identifier for which the address
is reguired and the scope information {global or the address of a body). One
hidden feature should be noted at this point: Entries of the DFW ccmponent of the
state are never erased, The use of this one-to-one mapping ensures the Mstatic
storage class" for variables. (Every time a function call o ome and the same
procedure is to be interpreted, which in conseguence leads to the interpretation
of the p-declaration-part, a new updating of E is performed. But the mapping for
a local identifier always specifies the same address. Therefore, a reference to
DN always gives the same entry which had been established by the first execution

of that procedure}.

When control is transferred into a body by means of a function reference the
environment is copied before it is stored in the dump. The copy which is modified
according to the p-declaration-part of that body is estahlished as the new
environment. More exactly, each identifier declared in the p~declaration-part
causes a modification of the copy in one of the two following ways:

If the identifier was not known till now, i.e., had no entry in the old
environment, then the copy is enlarged by the identifier and its associated
address.

If the identifier was knovwn, i.e., it is redeclared by the p-declaration-part,
then the new address is substituoted in place of the corresponding old address into
the copy. '

In both cases, the corresponding denotation of the identifier is initialized
according to the p~declaration-part and is stored under the new address in the
denotation directory.

When the p-text-part-list is interpreted and control reaches the text-part-list
of the program again, the local environment is replaced by the dumped environment
and the interpretation of the text-part-list is continued.

INFORMAL INTRODUCTION TO THE INTERPRETATION OF ABSTRACT COMNPILE TIME PROGRAHNS
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The necessary “change of environments" in the case of a procedure entry or
procedure exit, acts for an identifier redeclared within the procedure like a
switch which associates that identifier in both positions with an address each:

ON

£ address 4 o denotaticm.,
4

identifier
BN

address 2~ Jenotation,

Both addresses are connected in the denotation directory wuwith a denotatlcn
each, which are different in general.

B8.3_INTERPRETATION OF THE DECLARATION-PART

e et o s et e o e e

The interpretation of the program, which is contained {together with possible
external programs) in the initial state E,, starts with the interpretation of the
corresponding declaraticn-part. -

] Each identifier declared in the declaration-part is associated with ap address
by means of the function af {cf. section 2.2). PBach such identifier together with
its address constitutes an entry into the environment. Any declaration which is
associated with am idertifier in the declaration-part becomes a part of the
denotation which is initialized now and is stored under the corresgonding address
in the denotation directory. In case the declaration contains a hody an entry is
also made in the procedure body directory under the same address. The execution
status of this entry is initialized with T. i

The rescan cosponent {in the case of variables, entry names, and builtin
fenction names) , as well as the value component {in the case of varlables) is not
initialized, i.e., is Q. ‘ -

In the case of a label the name of the program is a551gned to the progr-nale
component of the corresponding denotation.

The interpretation of the declaration-part is finished after the above
procedure is done for all components of the declaration-part. Since the whole
information the declaration-part represents is stored in the three state
components E, DN, and P, the declaration~part is of no further use and therefore
is erased.

8,4 INTERPRETATIOH OF THE TEXT-PART~LIST

Bs described in section 8.1.1 the text-part-list of a program constitutes a
ratker complex system of nested statements and text-parts, since some types of
statements may themselves contain statements of any ¢ype or even text-part-lists.
The present chapter describes the flow of control of the compile time machine
througk this system of statements and text-parts.

The normal flouw of control is influenced by:

{1) the sequencing of text-parts within a text-part-~list,

(2) the nesting of text-part-lists within statements;

{3) the nesting of statements occurring as then.and'else alternatives in
if-statements, :

(4} .the iteration specification of groups,

8. INFORHMAL INTRCDUCTIOH TC THE INTERPRETATION OF ABSTRACT COBRPILE TIME PBROGRAMS 11



IBM LAB VIENNA TR 25,0985

FORMAL DETINITION OF THE PL/I COMPILE TIME FACILITIES 30 June 1969

{5} the incorporation of external programs by include statements

The flow of control is governed by a state component, the contrgl information
CI. Tt reflects the current status of the compile time machire with respect to
these five points,

Additionally, the flow of control may be modified abnecrmally by means of the
goto statement, This is performed essentially by modifying the control
information CI,

8.4.1 SEQUENTIAL INTERPRETATION OF TEXT-PARTS

The sequential interpretation of text-parts within a text-part-list is governed
by two components of the control information CI, the txt copponent and the jipdex
component. Whepever a text-part out of a text-part-list (but not a nested
statement or text-part contained within it) is under execution the txt compomnent
is that text-part-list and the index component is the number of the currently
interpreted text-part within the list; e.g., when the third text-part of the
text-part-list is executed the txt component is the text-part-list and the index
component is the integer value 3.

During the execution of a text-part-list the txt cospcnent of CI is in general
left unchanged, while the inpdex component is alvays updated between two text-part
executions,

Whenever the execution of a text-part (except the last one of the
text-part-list) has been terminated, the index component is increased by 1, the
text-part denoted by the new index now is executed. The execuntion of a text-part
consists of:

(n execution of the statement contained in the text-rpart,

{2} application of the scan and replacement mechanisa to the text contained in
the text-part, if sequential flow of controcl is supposed.

B.4%.2 NESTING OF TEXT-PART-LISTS

12

8.

¥hen a text-part-list is to be executed it is entered intr. the txt component of
CI, the index component of CI is initialized to 1 and the pechanisr described
ahove is started.

These actions are not sufficient in the case where a text-part-list is to be
executed during the execution of a statement which itself is contained within a
text-part-list. Because in this case the txt and index components of'CI keep the
information needed for the sequential execution of the text~parts of the
containing text~part-list. This information would be lost by overwriting, if no
special provisions vhere made when the nested text-part-list is executed, 1In
order to keep the txt and index for the containing text-part-list and also
information in the contrecl specifying how to continue after termination of the
nested text-part-list, the control information CI is handled as a =tack: Whenever
the execution of a text-part-list starts, before the txt and index components of
CI are overwritten, the complete current control information CI and control C are
copied into two additional components of CI. W®hen the last text-part of the
nested text-part-list bhas been executed, these two components are reinstalled as
state components CI aad C and the execuntion of the containing text-part-list
continues correctly.

Thus, the control information f{apart from one special component, the progr-name
component, which is used only for goto statements outside procedures) consists of
four components: The current txt and index, and the control inforpation and
control of the containing text-part-list. Again this control information of the
containing text—-part-list consists of four such components, and so forth. Each
level in the control information represents one level irn the system of nested
text-part-lists.
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B.4,3 THE IF-STATEMERT

The if-statement introduces intc the language a form of statement nesting
differing from the nesting of text-part-lists, In order to reflect this fcrm of
statement nesting too, the concepts of the txt and index components of CI are
slightly modified: The txt component may not only be a text-part-list but alsc an
if-statement. 1In this case, the index component is not an integer, but rather a
truth value, the index T denoting the then component and the index F denoting the
else component.

The execution of an if-statement causes the following actions to be performed:

(1} The decision expression of the if-statement is evaluated and converted to a
truth value. '

(2) The same actions, i.e., pushing down the control information for one level,
are performed as described for the execution of a text-part-list in the
foregoing subsections with the following changes:

{2} The if-statement {instead of a text-part-list} is entered into the txt
component of CIy

{b} the index component is initialized to the truth value computed in {1):

{c} the meaning of "index denotes a text-part out of the txt ccmponent® is
extended as explained above;

{d} both the then and else components are considered as "last" statements
of the txt component, i.e., the control information CI is popped up
after termination of either of them.

B.4.4 STRUCTURE OF THE CONTROL INFORMATION CT

8.

The control information CI consists of five immediate components: txt, index,
control information, control, and program name, where the contaimed control
information again consists of these five components, and so forth. PEach contained
level in the control information represents a containing level in the system of
nested statements and text-parts. It ends up with the level representing the
outermost text—-part-<list of the main program (or inside procedures the ountermost
p~text-part-list of the body).

| | | i ]

s-txt s-index . S-progr-name s-ci S-c
st ov p-st index MAIN oy LontrOL. control
P id- pair or infermation
G

Fig. 18 Structure of the control information

The prog~name component is different from 2 only if the txt component
represents the outermost text-part-list of the main program or of am external
program., In this case the progr-name component presents the nawme cf the progranm,
i.e., MAIN in the case of the main program, or a pair of identifiers specified by
the corresponding include statement in the case of an external program. A4 local
control information, i.e., inside procedures, does not possess this component.
This comtponent is necessary only for the interpretation of goto statements.

Either the txt component is a {p~) text-part-list and the index component’is an
integer, or the txt component is a (p-)if-statement and the index component is a
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truth value. The index component denotes that statement or text-part out of the
txt compenent which is currently under execution.

Example:
s-txt t-index I s-c
if -statement T contrel
s-txt 5-index s-proar.-name s-ci §-c
| | i |
tply integer, id - eair controly

( | |

5-txi s-index 5l §-¢
tp[1 intﬂgeri controLl
s-txt s-index S-forogy-name

| | |

tpl, mteger, MAIN caonlvol,

iy

Fig. 19 Example of a global control information

This example presents a global coptrol information, i.e., a control informaticn
that may occur outside procedures. tpl, is the outermost text~part-list, i.e.,
the text-part-list of the main program, integer, is an integer dencting that
text-part of tpl; which is currently under execution. The st comronent of this
text~part is either a text-part-list or a group containing a text-part~lis®, this
text-part~list is denoted by tplsz. The text-part to which the integer integer,
points within tpl; contains as its st componment an include statement which
specifies the pair of identifiers id-pair identifyinrg an exterral program. This
external program had heen incorporated and its text-part-list tpla, constitutes the
next level of CI. This level possesses a progr-name ccmponent indicating, that
this and any further levels without such a component belong to an external program
identified by id-pair. The integer integers points to a text-part within tpl,
whose st component is an if-statement whose then component is interpreted.

So the control information CI denotes exactly the innermost text-part or
statement (in the case of an if-statement) currently heing executed. Since the
txt components of levels without a progr-name component are already uniguely
determined by the text-part-list of the program to which they belong and by the
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index components, those txt components are redundant. They are always copied for
convepience of use.

The way of localizing a text-part or statement relative to the text-part-list
of the main program or of an external program by a list of indices is used in the
declaration of labels and in the execution of the goto statement.

B.2.5 TRE GOTO STATEMENT

A goto statement consists essentially of an identifier whose dengtation is that
of a label {in proper cases).

The depotation of a local label, i.e., local to a body, has one immediate
component: An index list giving the statement location relative to the

p-text-part-list of the body.
The denotation of a global label has tvo immediate components:
{1 The name of the program in which the label was declared.

{2) The index list giving the statement location relative to the text-part-list
of the program identified by the program name.

The aim of a goto statement is to simulate the normal flow of control to the
target statement denoted by the label denotation, i.e., to transform the compile
time machipe into that state in which it would have been if the target statement
would have been encountered normally. This means first to look for that
text-part-list within CI which belongs to the program identified by the program
name of the label denotation, and second, to bring the control information into
such a form, that the sequence of its indices, if starting fror the level marked
by the program name and going up to the top, is the index list of the label
denotation. This is performed in the following steps:

(1 The levels of text-part-lists and if-statements reflected in the control
iaformation CI are terminated one by one until a level is reached which
belongs to the program identified by the program name of the label
denotation, If the control information is exhausted without success, the
program is in error. This occurs if the goto statement refers to an
external program which is not currently under interpretation.

This point has to be performed only on the interpretation of a goto
statement outside procedures,

{2} Again, levels of CI are terminated one after the cther, until the target
statement is contained {possibly nested) within the innermost not yet
terminated text-part~list or if-statement. This is performed by popping ugp
the control information CI level by level, until the seguence of indices
coptained in CI and belonging to the program into which the goto shall lead
{except the current index) is egual to an initial portion of the index list
of the label denotation. {This is the case at latest when the current CI
offers in its progr~name component the program name of the label
denotation.)

{3) The text-part-lists and if-statements containing the target statement are
entered level by level until the innermost of them is reached, This is for
each level performed by:

{a) changing the current index component of CI tc the value given by the
corresponding place in the index list of the label denotation,

{b} stacking the control information CI for one lewvel and entering into
the txt component of CI the statement out of the old txt component
which is denoted by the just changed index, This statement has to be
a {p~)text-part~list or (p-jif-statement if the prograre is not in
error. In particular it cannot be a (p-)group {a goto into a group is
forbidden).
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(4) Finally, the current index is adjusted, i.e., set to the last value of the
imdex list of the label denotation, and the normal flow of control is
continued.

It should be mentioned that, of course, in special cases one or more of
these steps may be skipped. 1In particular, in the simplest case of a goto,
namely a goto within the curreat {p-)text-part-list, only step # is
applicable.

Fote, that a goto statement must not lead out of & procedure. This would
be the case if the label denotation had a program name.

8.4.6 THE GROUP

A group is a statement specifying repeated execution ¢f a {p-)text-part-list.
The tvwo immediate components of a group are: The (p-)text-part-list to be
iterated and the jiteration specification. After each execution of the
{(p-) text~part-list the value of a given variable, the coptrolling variabple, is
incremented by a given value. The {p~jtext-part-list is executed repeatedly until
the value of the controlling variable ezceeds a given value,

The execution of a group is performed in that way that all acticns controlling
the iteration of the {p~)text-part-list are performed at the level of the control
information CI which is the current ome at the point when the execution of the
group starts. Each time when the iterated (p-)text-part-list is tec be executed,
the control information is stacked for one level, i.e., the (p-}text-part-list is
executed exactly as descriked inm 8.4.2. During the execution of the iterated
{p~}text-part~list, the control component of CI specifies the acticns controlling
the iteration of the (p~)text-part-list, in vparticular, it cecntains the
information about the cutrent status of the iteration. Each time when the
execution of the iterated {p~}text-part-list terminates, the control information
is popped up for one level as described in 8.4.2. Thereby at the pobped up level
the jiteration control is perfornmed.

B.4.7 THE INCLUDE STATEMENT

16

8.

An include statement specifies a 1list of identifiei-pairs. Each pair
corresponds to an external program in the state component zytarnal progranm

S

The interpretation of am include statement comprehends, in a successive order
beginning with the first identifier-pair, the mapping of any pair cnto a selector,
which applied to EP yields the associated external program that has to he
interpreted,

When a program is incorporated, a new level of the control information CI is
established, i.e., the control information CI and comtrol € are stacked into CI,
and the text-part-list of the prograr is entered as the txt component of CT.
Furthermore, the program name, i.e., the identifier-pair specified by the
corresponding include statement, is entered as the progr-name component of CI. By
that, on interpreting a goto statement, the ocutermost text-part-list of that
program caf be found in which the lakel was declared.

Before the interpretation of the program may start with the interpretation of
its declaration-part a check must be pade whether all components of the
declaration~part are compatible with the three state components E, DN and P which
together contain the information of all declaration-parts interpreted up tc now.
Because of the glohal scope of identifiers declared outside procedures together
with the fact that multiple declarations are fobidden, for each identifier
declared in the declaration-part of the included program one of the following
three conditions must hold:

{1 The identifier has no entry in the environment, i.e., it was never declared
in a declaration-part till now.
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{2) The identifier has an entry im E and its denotation stored in DN represents
an entry declaration, and the corresponding component of the
declaration-part under comsideration represents a body or anp address to the
body.- {That is ezxactly the case, wheh an entry name was declared former
and now the corresponding procedure body follows.}

(3) The identifier has an entry in E and its denotation specifies only a bedy,

: and the corresponrding component of the declaration-part under consideration
represents an entry declaration. {This is the case, when a procedure body
was specified prev1ously and now the correspondlng entty declaratlon
follous )

Hnder the assumptlon that the condltlons ahove ‘are fulfllled, the
declaration-part is interpreted. The 1nterpretatlon begins with an update of the

‘epvironment for all those identifiers declared in the declaratlon-part and not

occurring in E up to now. Then the entries in the denotation directory and
possibly in the procedure body directory are made for’ each identifier which is
associated with a declaration in the declaration-part, as descrlbed 1n section
BaJa

The interpretation of the text-part-list is done in the usual way. It is
terminated after the last text-part is interpreted, unless a previous goto
statement transfers control out of the included program. 1In the first case the
*next" external program -~ if there is one - is incorporated and interpreted as -
descrlbed above.

The recursive use of an inclade statement is alloued, i.e., in the
text-part-list of a program incorporated by a certain ivclude statement may. occur
an include statepent specifying the same program, Note that the recursivé use of
an external prograd is legal only if the corresponding declaration-part is the
nul}l object, i.e., is 0. Othervwise, the multiple declarations check descrlbed
above leads to an error. :

8.5 REFERENCE_TO_FUNCTIONS

B.5.1 REFERENCE TO A PROCEDURE OCCURERING IM AN EXPRESSION

‘B

A procedure reference consists of an entry name, i.e., an identifier which
currently is associated with the denotation of an entry name {cf. secticn 8,2.2),
and a list of expressions specifying the arguments to be passed to the parameters
of the called procedure body.

A procedure reference is proper if:

{1} The body lucation exists within the entry demnotation, and under this body
‘location a body is stored in the procedure body dlrectory P. {The hody-loc
component of the denotation could be missing, because of the possibility of
the separate declaration of entrles and thelr associated body ulthln
dlfferent declaratlon—parts )

(2) The execution status of the body, i.e., the executioh componrent of the
corresponding entry of the procedure body dirsctory, is F, indicating that
the body is currently not under interpretation.  In this vay any recursive
1nvocat10ns of a body are detected. ) ’ o ‘

{3) The number of argumeats is egual to the number ‘of parameters spec1fled by
the param-list component of the body.

(4 The body itself is proper, i.e., all parameters are mutually different and
denote variables (im the p~declaration-part of the body) and if the
p-declaration-part of the body contains a builtin declaration them the
associated identifier must be the abstract representation of one of the
concrete identifiers: INDEX, LENGTH, SUBSTR.

If the reference is proper, its arguments are evaluated from left to right.
For the evaluvation of an argument the declaration of the corresponding paranmeter
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within the p-declaration-part of the body is necessary. Two distinct cases may
occur:

(@) The argument expression is a reference to a variable amnd its attribute,
i.e., either IRTG or CHAR found in the at component of the denotation of
the variable, matches the declaration of the corresponding parameter. 1In
this case the address of the variable is passed to the corresponding
parameter, Any use of those parameters will result in a reference to the
denotation of the arqument., (Passing of address)

{2) In all other cases the arqument expression is evaluated and converted to
the type given by the declaration of the corresponding parareter. (Passing
of value) : :

The resulting list of addresses and values now is passed to the tody. Before
the interpretation of the body starts, a unigue name, to be used as address of a
dummy entry in DN, is created and passed to the called body. After return fron
the called body the return value of the body is available via this unigque name in
the denotation directory.

8.5.2 IRTERPRETATION OF THE PROCEDORE EOCY

BaDy2.1 The dupp D

18

BQ

During the interpretation of a body some components of the current state are
used to hold the necessary local information whick is of no further use when the
interpretation of the body is finished., When this is the case, the former
contents of these state components must be reinstalled in order to secure proper
continuation of the interpretation. The storage necessary for the state
conponents to be reinstalled when the execution of the body is terminated, is
called dump D.

| j | | |

5-€ s -cl s-C ¢~ s<dh

| | | | |

control trol vatuvn d
informalion contrg information wmp

envivonment

Fig. 20 Structure of the dump

If the reference to a procedure occurs ountside procedures, then neither a dump
nor 2 retyrn information exists in the current state, Hence, also the dump to be
constructed on entering the body does not contain these components. ITf the
reference to a procedure occurs during the interpretation of a procedure body,
then also the current dump and the current return information must be saved when
entering the new body.

The dump is an object manipulated as a push-down stack; it maintains
dynamically the history of the still active body activations. Its dump component
has the same structure and consists of the local state ccmponents cf the
predecessor of that body activation. The state componeénts saved at the bottom of
the dump are the environment, the control informtion, and the contrecl to be used
outside procedures.

When a body activation is terminated, the components cf the dump are cobied
into the corresponding state components of the compile time machine, All parts of
the dump are thus popped up one level.
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As mentioned ahove, the five current state components envircnment, control
information, control, return information, and dump are saved in the dump. Then
these state components are initialized as followss

E must be initialized with the environment current at the time the procedure
vas declared, because amny identifier not declared inside the procedure will have
the denotation specified via that environment. The proper environment is always
the ocutermost one, because procedure declarations may occur only in a
declaration-part, and never inside a p-declaration-part. In the case that the
function reference under consideration occurred in a text-part-list (D is ), the
proper environment is the current one, bhut if the reference occurred in a
p-text-part-list {D is rot ) the proper environment is that one fcund in the
bottom of the dump D.

The control informationm CI is set to 1. Later, when the interpretation of the
p-text-part-list of the body starts, CI is initialized as described in section

8.4.2.

The state component return information RI is initialized with data necessary
for the interpretation of a return statement and which are available only at the
installation of the body. BRI consits of two components:

|

s-booly-loc s.value- Loc

address unique name

Pig. 21 The return information

The body~loc component holds the address under which the body and its execution
status is stored in the procedure body directory P.

The value~loc component specifies the unique name which has been generated when

the function reference was encountered and which is used to store the function
value into the denotation directory before the body is left.

The following actions are performed now:

Change of the execution status:

To indicate that no other interpretation of the procedure body is allowed till
the current interpretation is finished, the execution component of the
corresponding entry in the procedure body directory P is set to T.

Installation of the arguments:

For arguments where an address was passed, this address now is connected with
the corresponding parameter in an entry into the environment E,

If a value was passed, this value constitutes the value component of the
denotation of the corresponding parameter which is constructed now and entered
into the denotation directory. The necessary address is the result of the address
function af which maps an identifier {in this case the parameter} and scope
information (the address of the body within the procedure body directory is used
as scope information} onto an address. This address is connected now with the
parameter in an entry into the environnment.
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Intervretaticn _of the p-deglaration-part:

The environment is updated by all identifiers declared in the
p~-declaration-part which are not used as parameters, If a redeclaration of an
identifier cccurs, the existing o0ld entry in E is overriden.

After that, all necessary entries for the new declared identifiers into the
denotation directory are made. 1In the case of a label only the index-list
corponent of the denotation is initialized with the corresponding declaration, 1In
the case of a builtin declaration only the at compoment of the denctation is
initialized, namely with the elementary object BUILTIN. 1In the case of a variable
the at component of the denotation gets the corresponding declaration, namely IKIG
or CHAR.

Note that by the definition of the address function af, each interpretation of
the procedure will lead, for the locally declared variables, to the same address
in DN. The variables have a "static® storage address and their values remain
unchanged betveen executions of the procedure, :

Interpretation of the p-text-part-list:

The iunterprettion of a p~text-part-list differs only slightly from the
interpretation of a text-part~list. Hhile, on the one hand, a text-part consists
of a statement and a text which has to be scanned for possible replacerents when
the interpretation of the statement is finished, a p~text-part, on the other hand,
consists only of a statement which itself must not contain any text. Hence the
interpretation of a p-text-part consists only of the interpretation of a
statement.

B8s:5.2.3 The return statement

The only way to leave a procedure bhody and to return control and function value
to the place from which the procedure was invoked, is via a return statenment.
Hence, a proper procedure body must contain at least one return statement within
its p-text-part-list, The return statement specifies an expression, which if
evaluated and converted, represents the value of the function procedure,

The interpretation of a return statement starts with the evaluation of its
eYpression, Using the return type specified by the body the necessary conversion
is done. The result is assigned to the dummy that was generated when the function
reference was encountered and which is stored in the value-loc component of RI,
i.e., an entry for the dummy in DN is made. The address found in the body-loc
conponent of RI aliows ‘the indication in the procedure body directory P, that the
interpretation of the procedure is completed and a new reference to it can be
made, by altering the corresponding execution comporent from T to F.

The old state components saved at the beginning of the procedure interpretation
in D have to be reinstalled. The function value which is stored in the denotation
of the dummy is also available outside the procedure, because the unique name was
saved here too (in the comtrol}. This value is restored, and the intérpretation
of the expression or the text that was interrupted by the function reference
continues with the value in place of the reference.

8.5.3 REFERENCE TO A BUILTIN FUNCTION OCCURRING IN AN EXPRESSION

A reference refers to a builtin function if

(H the identifier of the reference is the abstract representation of cne of
the concrete identifiers: TINLEX, LEWGTH, SUBSTR, and

{2} either the identifier of the reference is not "known", i.e., the identifier
has no entry in the current environment E, or the identifier is asscciated
Wwith the denotation of a builtin function name ({cf. section 8,2.2),
A reference to a builtin function is proper if the argument list of the
reference is proper in its length.. In the case the identifier is pot known, prior
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to the evaluation of the reference a default declaration is performed, giving the
identifier the denotation of a builtin function within the current scope.

The interpretation of a text-part starts with the interpretation of the
contained statement, and continues {if the norwal flow of control is supposed)
with the interpretation cf the corresponding text. The abstract text which is due
to be scanned by the replacement mecbanism is a list of character values. The
grouping in tokens and argument lists, and the necessary check on comments and
strings will be done dynamically by the interpreter.

The interpretation of a text starts by copying it out of the corresponding
text-part, whereby the character value BLANK added as first element to the copy
ensures that ip the generated output of the interpreter a blank occonrs where in
the corresponding input a statement had occurred. '

Roughly speaking, the interpretation of the copied text vwill be done from left
to right. Peginning with the leftmost character value and continuing from left to
right the interpreter combines a number of consecutive character values (at least
one) to a token, HNow it is checked whether this token represents a
PL/I-identifier. If it does not, the token is transferred into the output medium
of the machine and the next token is produced.

This output medium is represented by the state component regsult_cell R.
Transfer into R means, that the char-val-list to be transferred is concatenated
with the already stored char—-val-list in R, When the interpretaticn of the.
program is finished the list of character values specified by R is considered to
be a concrete PL/I program which can be the input to the
translation-interpretation process of PL/I {/4/, /5/).

When a token is encountered that represents a PL/I-identifier, it becomes an
expectant for possible replacement, provided that none of the following points
turn out to be true: )

e} The corresponding abstract identifier is not "known" by the interpreter,
i.e., it has no entry in the current environeent.

{2) The corresponding abstract identifier denotes a label,

{3) The rescan compenebt of the denotation cf the corresponding abstract

identifier is @ {not activated}.

In these cases the token is also transferred into R as described above. What
resains are the proper cases for the substitution process: )

th The identifier denotes an activated variable.
{2} The identifier denotes an activated entry nanme.
{3 The identifier denotes an activated builtin function name,

In these cases the substitution process for the token under consideration rust
not necessarily be successful. The isportant point is, that if any of the various
additional conditions is not met, e.g., in the case of a variable the value
component of the denotation is @, and therefore the substitution cannot be carried
out, the token under consideration is not transferred into B, but rather an error
is reached.

When the reference to a variable, a function procedure, or a builtin function
vas successful, i.e., a value ¥as returned, this value is at first converted to a
char-val-list, if necessary, and tc both ends of the list the character value
BLANEK is appended, in order to secure the blanks in which the substituted value
must be embedded. A case distinction is performed now:

{a) If the replacement value was an integer value before the conversion, or if
the rescan component of the denotation of the reference is ¥, i.e.,
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indicating NORESCAN, the char-val-list is transferred tec R {instead of the
corresponding referencej.

{b) If the rescan component of the denotation of the reference is T, the
char—-val~list is not yet transferred to H, but rather is impediately
rescanned for further replacements, as if it were the copy of a text,
copied out of a text-part.

When the token under consideration turned out to represent an activated entry
name of a specified procedure (the body~loc component of the corresponding
denotation exists), and the body is proper, a check has to be made whether the
procedare possesses parameters. If it is the case, the list of character values
following that entry nmame in the text has to be scanned to get the argument list
of the function reference.

An argument is defined to be a char~val-list delimited by the character values
CCMMA or RIGHT-PAR occurring outside a string. But the char-val-list found inside
of matching left-right parenthesis during the scan is not to be searched for these
delimiters. The result of this parsing process is a list, each slement
tepresenting a char-val-list to be used as argument of the function reference.

Provided that the length of that list coincides with that of the parameter list
of the body, these argument texts are rescanned for possible replacement. Each
char-val-list representing an arqument of the function reference is interpreted
exactly as if it were a text, with the only difference, that any tcken that is
encountered during. this interpretaticon and which is not replaceable or should not
be replaced, is not transferred to R, but rather is transferred into a dummy entry
of the denotation directory, which was created when the scan and replacement
mechanism started for the argument under consideration. After the rescan is
conpleted for the argument, the char-val-list contained in the dummy, which
represents the modified argument, is restored and its necessary c¢onversion tec the
type regquired for the parameter will be done.

The further interpretaticn of the function reference is in analcgy with section
8.5.2.2.

Por the builtin functions the same mechanism as above is applied to their
arguments.

8.7 _SOMMARY CF THE STATE COMPONENTS ANC THEIR PREOQPERTIFS

8.7.1 THE EXTERNAL PROGRAM DIRECTORY EP

The external program directory EP contains all external programs which could be
incorporated by means of include statements. The main program as well as the
external programs satisfy the predicate is-program. (These external prcgrams
could be regarded as the output of the translator when applied to the
corresponding concrete strings of external text stored in an external library.)

An include statement specifies at least one identifier-pair, where one of the
tvo elements may also be Q. The corresponding external program is contained in
the external text storage under the selector sel (id-pair).

Note that EP is the unique state component that remains unchanged during the
entire interpretation process. .

8.7.2 THE RESULT CELL R

22

During the interpretation of a program the text is scanned and possible
replacenents are made. The result is ccpied in the output medium cf the nmachine.
This output medium is represented by the state component R. Khen the
interpretation of the compile time program is terminated, the list of character
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values specified by R is comnsidered to be a concrete PL/I prograe %hich can be the
input to the parsing-translation-interpretation process of PL/I ({/4/, /5/).

8.7.3 THE UNIQUE NAME COLNTER ONW

In two situations during the interpreation of a program unrigue names are
needed, namely for saving the function value in the denotation directory when the
interpretation of a procedure is finished and the dump is popped up, and for
storing intermediate results into the denotation dlrectory during the scan and
replacement process of argument text,

The unique name counter UF has the only purpose to court the unigue names
already used, thereby guaranteeing that no unigque name is used more than once.
Hhenever a nev unrique name is needed, the instruction un-name returns one which is
different from all unigque names used before. '

8.7. Q THE DENDTBTION DIRECTORY DN.

: The denotation directory associates addresses (in the case of .dumnies also
unigque names) with denotations. The denotation of an identifier represents the

_entire information about it, except of its scope. The different types of

denotations are discussed in section 8.2.2.

8.7.5 THE PROCEDURE BODY TIRECTORY P

The component P comtains the description of procedure bodies., Each entry,
which is identified by an address, consists of two components. Access to a
procedure body gives an indirect step via the hody-loc component of the denotatlon

. of the specified eptry nane.

s-body. selects the procedure body;

s—-execution specifies the execution status of the corresponding hody.
The elementary object T specifies that the specific body is just
under interpretation. With the aid of -this component any attempt to
reference a function recursively will be detected and marked as an
. erTOor.

8.7.6 THE ENVIRONMERT E

8.

The environment associates identifiers occurring in a declaraticn-part or in a
p~declaration-part with addresses under which the corresponding dénotation is
fonnd in the denotation directory. The addresses are generated by the one-to-one
function af, mapping scope information ("*" for glaobal scope, or the address of a
procedure body) and an identifier onto an address. This function ensures the
fistatic" storage for variables.

Because of the scope rules for the use of identifiers the environment will be
updated and changed by two different mechanisms during the interpretation of
declarations, depending on whether a declaration-part or a p-declaration-part is
to be interpreted.

An interpretation of a declaration—~part will appear at the very beginning of
the interpretation of a main program, but also during the interpretatiocn of an
external program, incorporated by means of an include statement, This kind of
updating E does not override existing entries in the environment. Each attempt to
do 50 will be detected and a multiple declarations error will result, because it
is not possible to redeclare previously declared Ldentlflers within the
declaration-part of an external program.

The interpretation of a p-declaration~part on the other hand is only possible

during the interpretation of a function call. Here it is possible to redeclare
identifiers to be used in the procedure body with a new meaning. The 014
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environment must be saved in the dump, to be reinstalled after the completion of
the function reference.

8.7.7 THE CONTROL INFORMATION CI

The control information CI governs the flow of control through the nested
structure of either text-parts and statements outside procedures, or p-text-parts
and p~statements inside procedures,

It contains a txt component which usually is a (p-) text-part-list ar a
{(p~)if-statement and an index component which usually is either an integer value
or a truth value (T or F}. The index identifies a component of the txt ccmponent,
which is currently beeing interpreted: If the txt component is a
{p-) text~part-list, the index is an integer value i identifying the i-th element
of the list; if the txt component is a (p-)if-statement, the index is T or F
identifying the then or else component, respectively, cof the (p-)if~statement.

¥henever during the interpretatioo of a {p-)statement a (p-)text~part-list or a.
component of a {p-)if-statement is to he interpreted, by initialirzing the txt and
index components with the corresponding data, the old txt and index components of
€I have to be saved. PFor this purpose the corplete control information is stacked
into a third component s-ci{CI) of the new control information whenever a new
level of nesting is entered. .

Similarly, the control C is stacked in a fourth cosponent of the control
information, whenever a new level of statement nesting is entered, This cecntrol
contains the actions to be performed after return form the nested statement level,

The program-name component of the control information exists only if the txt
component represents the outermost text~part-list of the main program or of an
external program. This component presents the name of the program, i.e., MAIN in
the case of the main program, or a pair of identifiers specified by the
corresponding include statement in the case of an external program. The
program-name component is necessary only for the interpretation of goto
statements.

8.7.8 THE CONTROL C

The contrel component of the state is an abstract object which ccntains a set
of instructions to be executed by the machipne. The instructions may be considered
as arranged in the form of a tree where instructions may have a set of successor
instructions and the instructions at the terminal nodes of the tree, i.e., those
which have no successor instructions at all, are candiates for immediate
execution., For more explicit information about the control and its cooneratlon
with the computation refer to /5/ and /9/.

8.7.9 THE DUMEP 3D

24

8.

At the time of an interpretation of a functicn reference some information must
be saved, to be reinstalled after the completion of the interpretation, The Junmp,
designed as a push down mechanism, holds this information. .

There are five components of D:

s~e holds the environment that was active wher the functien reference
was encountered.

s~ci holds the control information which was active when the function
reference was encountered.

5-Cc Saves the 0ld control, becausé a new control must be established
for the time of the interpretation of the procedure body..
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8.7.10

s-ri

s~d
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if the current function reference itself appeared during the
interpretation of a procedure body the selector gives access to the
return information of the outer procedure.

holds previous levels of the dunp.

THE BETURN INFORMATION EI

For the interpretation of a return statement, transferring the control of
interpretation back to the place of the function reference, some information is
necessary which is available only at the beginning of the interpretation of the

procedure.

The state comnponent RI will be used to save such information. It

consists of two components:

s—-value~loc

s-body~loc

specifies the unique name that was generated when the function
reference was encountered, and to which the function value is
assigned before the procedure body is left,

is used to identify the entry in P, so that its executicn caomponent
can be altered to F to indicate the completion of the function call
and to allow in consequence a new reference te that procedure body.
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9. _THE INTERPRETER

This chapter provides the formal definition of the interpretation of abstract
compile time programs. The method used is based onm the definition of an abstract
machine which is characterized by the set of its states and its state transitions.
An abstract compile time program, possibly together with a set of external
programs, specifies an initial state of the machine, and the subseguent behaviour
of the machine is said to defipe the interpretation of the compile time program.

The. syntax and semantics of the meta language is. defined in charpter 1 of /5/.

All machine states are objects satisfying the predicate is-state defined bhelow.

{1} is-state =

(<{5~ep:is-ep>,
<gs=r:is-char~val-list>,
<s-un:is-intg-val>,
<s~dn:is-dn>,
<s=-p:is-p>,

- dg—atis-e>,
{s=ciiis~ci>,
<s-c:iis-c>,
<s-~d:is-a>,
<{s~Ti:is-ri>)

Abbreviations and terms

For the convenience of reference to parts of the state the following
abbreviations and terms for components of a given state £ are introduced and used
throughout the interpretation,

EP = s-ep (&) the extermnal program directory
B = s-r{f) ' the result cell

U8 = s-un{E) the unigue nanme coﬁnter

DH = s—ﬁn(E) the denotation directory

P = s-p(k&) the procedure bhody directory
E = s-elE) the envircnmen£

CI = s~ci(£) the control information

€ = s-cl(&) the control

D = s-d{E) the dump

BEI =

s~Ti{E) the return information

In basic instruction definitions the selectors selecting immediate components
of the state are urderlined for better readability.

9.  THE INTERPRETILR 1
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{2) is-ep =
{{<sel (idp} :is-program> } } is-id=-pair{idp}})

&}

"

)

(6)

N

(8)

(9}

2

9.

Note: The external programs are translated in the same way as the main progran,
i.e., if txt is the char-val 115t denot1ng a concrete external program,

translate-parse(txt)
.is the corresponding abstract program to be stored in the external program
directory.
is«dn =
{{<ad:is~den> | § is-ad{ad)} v is~n(ad)])

Note: Unigue names, i.e., is—-n{ad}, are used only tc store interesediate results
{is-dummy~den} in the denotation directory. ’

is-den =

is-var~den v is-entry~den v is-builtin-den v is-label«den v is-dummy-den

is«var-den =
{({s~at:is-prop-var>,

<{s-rescan;is-7 v is-¥ v is-u>,
<s-value:is-prop~intg-val v is-char-val-list v is-0Q>)

Ref.,: is~prop-intg-val 9-19(65)

is-entry-den =
({s~at:is~ENTRY v is-0>,
{s-rescaniis~T v is-F v is-0>,
<s-body~loc:is—ad v is-0>)
is-builtin-den =
{<s-at:is~BUILTIN>,
<g-rescan:is-T v is-F v is~4>}
is-label~den =
{<s-index-list:is~index-list>,
<s-progr-name;is-®mAIN v is- 1d pair v 15—Q>}
is~dummy-den =

is-prop~intg~val v is-char-val-list

Ref.: is-prop-intg-val 9-19(85)
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IEHM LAB VIENNA TR 25.095

30 June 1969 FORMAL DEFINITION OF THE PL/I COMPILE TIME FACILITIES
{10) is-p =
{{€ad:is~p-entry> | | is-ad{ad)})

{11) is-p-entry =

{<s~body:is-body>,
<s-execution:is-T v is-F>}

(12} jg-e =

{{<id:is~-ad> | | is-id{id}})

{13} is-ci =

is-0 v

(¢s~txt:is-st v is-p~st>,

<s-index;is~index v is-0>,
<s-progr-name:is-KAIN v is-id-pair v is-0>,
<s-ciiis-ci>,

<{s-c:is-c>)

Hote: The txt component is a text-part-list or an if-statement
{a p-text—part-list or a p-if~statement within procedures}. Only in
erroneous cases during a goto statement the txt component may be any
statement {p-statement within procedures).

The progr-name component exists only if the txt component is the outermost
text-part-list of the pain program (is-FMAIN} or the outermost
text-part-list of an external program {is-id-pair).

{14) is-d =

is-g v
{<{s-e:is-ed>,
<s-cizis-ci>,
<s~Cciis-c>,
<{s-rizis-ri>,
<s=d:is-d>)

{15} is-ri =
is-ot v

{<s-hody-loc:is-ad>,
<s-value-lociis-n>}

9,2 INITIAL STATE AND COMPUTATION OF THE COMPILE TIME MACHINE

The compile time machine describes the interpretation of a compile time progranm
t by defining the set of possible computations resulting from the program. &
computation is a sequence of states

E{0} o E{1) 4 E (2} suns
satisfyirg the following two conditions:

{1y E{0) is an initial state of t, as given by the function initial-state.

9. THE INTERPRETER 12
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{2y Any tvo adjacent states £(i}),E{i+1) in the computation must represent a
valid step. The walidity of a step is defined by the predicate is-step,
i.e., any two steps E(i),E{i+1) 1in the computation must satisfy the
condition
is~step{E(i},E(i+T)}.

A computation is "successful" if it is finite:
E{0) 1 E{1)} yavarE{N)

and if its end state E{n} satisfies the condition

ig-Qes-c(E{n}}.

{16} is-step({E-%,E~2) =

{qs) (¢ ¢ term—nodess-c(£~-1} & Ew2 = compute (E~1,0%5~C)}
for:is-state (&)
Ref.: is-state 9-1(1)
Note: Cf. section 1.3.3 of /5/.

(17} initial-state{t,ep} =
is-program(t} & is-ep{ep} --=
Mp {<S—epiep’,<s~r:<>>,<{s~un:0>,<s-c:int-proqgranm(t,HAIN) >}
T == error

Ref,: is-ep 9-2(2)
int-program 9-5{18)

9,3 PROGRAM INITIALIZATION

A program initialization is perforred at the very beginning of the computation,
but also on each incorperation of an external program by means of an include
statement (cf. section 9.5.4).

A program initialization comprehends the following actions:

{1) The control information CI and control C are stacked into CI (This is of
importance only on initializing an external program).

{(2) The text-part-list of the prograrm to be initialized is entered as the txt
component of I, the index component is set to 0.

{3} The program name, i.e., in the case of the main program the object MAIN, in
the case of an external program the identifier-pair specified hy the
corresponding include statement, is entered as the progr-name component of
CI. By this, on interpreting a goto statement, the outermost text-part-list
of that program can be found in which the label was declared.
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{18)

(19

(20)

(%)

(3)

The multiple declaration check is performed, i.e., it is tested whether the
identifiers declared in the program to be initialized have not been declared
previously {trivial in the case of the main program).

The state components E, DN, and P are updated according to the various
declarations of the declaration-part.

Metavariables:

—_———— e

is-decl-part {dpj the declaration-part of the program to be
initialized
{is—MAIN v is-id-pair) {pn) the prograr nanme

is-id (id)

is-

ad{ad)

int-program{t,pn} =

S=cizpg {{s-txt:s-text-part-list(t)>,<{s-index:0>,<{s~progr-name:pn>,<s-ci:CI>,
<s5-c:iC>}
S-crint-next-text-part;

for:is~program{t)

Ref.: int-next-text-part 9-7(26)
int-decl-part(dp) =

{vid) {~is-Qeid {dp) = is-N*id{E) v is-entryeid{dp) & is-entry-den(den,) &
{is-fles-entry-declesid {dp) & is-Res-body-loc {deny) v is-Qss-bodyeid(dp} £
jis-Qes-at{deng)}) -~ ’

int-declarations{dp):
upd-e{dp)

T -+ erro

where:

deng = id{(B) (2N}

Ref.: is-entry~den 9-2(6)

upd-e{dp) =

poll
{n

pd-id (id,af{*,id)) | ~is-Rsid(dp) & is-2+id (E)}

Note: The first argument of the address function af represents the scope of the

identifier under consideration. The ##% jindicates "global¥®,

9. THE INTERPRETER
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{21} upd-id({id,ad) =

s-e:p(E;<idsadd>)

{22) ini-declarations(dp) =

nt-decl(id (E),id (dp)) | ~is-Qe+id(dp)}

{23)  int-decl(ad,decl} =
is-prop-var{decl}) =-- s=dn:u(DN;<{s—atwad:decl>)
is-index~list {decl) --
S-dn:p(DN;<s~index-listead:decl>,<{s-progr-nameead:s-progr-name{CI}>)
is~bodyss-body(decl) =--

upd-dn{ad,decl};
upd-p(ad,s-body{decl}))

T == upd-dn{ad,decl)
forzis-decl{decl}

{24)  upd-p{ad,body} =

s~p:ip{P;<s-bodyead:body>,<s-executionead;F>)
for:is-~body{body)

i25) upd-dn{ad,decl) =
is-ﬁody-s~body{dec1} -—
§:gg:p(Qﬂ;<s~atvad;5'entry—decl(decl)),(s—body-loc-ad:ad>)
is-ides-hody (decl) -~-
§;§g:p(gg;<s~at-ad:s-entry—decl(decl}>,<s~body-loc-ad:af(f,S*body(decl))>)

is—-0es~body{decl) ~-» s=dn:p({DN;<s-atsad:ENTRY>)
for:is-entry (decl)

Note: 1In the second alternative the declaration does not specify a body,'but
rather the identifier which is associated in the declaration-part with the
proper body. This cccurs if a body is associated with more than one entry
name,

S s o e A e A e R N R L e e S e s B SR R 2

This section defines the sequential flow of control through the nested .
structure of {p~}text-part~lists. Also sowme features of the if statement and goto
statement are reflected here.

This flow is governed by the control information CI, which contains as its txt
conponent the innermost nested (p-)text-part-list or (p-}if-statement whose
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{26)

{27}

(28)

components are currently interpreted. The index component of CI localizes that

5
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part of the txt component currently beeing interpreted: If the txt comporent is a

{p-} text-part-list the isdex is an inteqger value i pointing to the i-th element o
the (p-)text-part-list; if the txt coeponent is a (p-)if-~statement the index is a
truth value T or P denoting its then or else component,

The nested structure of text-part-lists and if-statements is reflected by the
components s-ci {CI) and s-c (CI) which contain the control information and control
of the state immediately before emtering the current level of the structure; they
are to be reinstalled after leaving the current level.

The interpretation of a text-part starts with the interpretation of its
statement and continues -~ om sequential flow of control - with the interpretation
of its text. The scan and replacement amechanism for text is defined in
section 9.9.

Rhenever a {p-) text~part or {p-}if-statement is completed, the instruction
int-next-text-part is executed. It increases the index by one, in the case of a
(p~) text—-part~list which is not yet exhausted, or it returns to the former level
by reinstalling the former CI and C.

Metavariables:

is-index{indx} an index localizing a (p-}text-part within
a {p-~}text-part-list or the then cor else component
within a (p~)if-statement

{is-st v is-p-st) (st} a (p~)statement to be interpreted

ipt-next-text-part =

is-intg~vales-index{CI} & s-index(CI) < lengthes-txt[CI) ==

continue:
upd-index

-is-{D) & is-Qtes-ci{CI} -+ errqor
T ~=
s-ciis-ci(CI}

sters-c (CI)

Rote: The second alternative is reached if the ocutermost p-text-part-list is
exhausted, i.e., no return statement had been executed.

§;g;;p(g;;(S-index:s~index(g;) + 1)

gontinue =

int-next~text-part;
int-opt-text;
int-sti{take-st{s-imdex{CI},s-txt{CI)}}

9. THE INTERPRITER
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{31)
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take-st {indx,st} =
is—list(st}'& is~-intg-val{ipdx) & 1 £ indx < length(st) ~-» s-steelem{indx,st)
{is~if~st v is-p-if-st) (st} & is-T(ipdx) =+ s-then (st}
{is-if-st v is-p-if-st) {st) & is-F{indx) ~- s-~else(st)
T --= &rTOor
Note: Applied during the goto statement this function ensures that the index list
of the label is correct and that pno forbiddem gotos into groups are
performed.
int~st (st} =

{is-text-part-list v is-p~text-part-list) (st) ~-- int-text-part-listist)

{is~if-st v is-p-if-st) (st} -= int=-if-st (s5t)
is-goto-st{st) -+ int-goto-st{st)
{is-group v is-p-group) {st) -~ int-qroup(st}

is~include~st{st) -- int-incluﬂe—st(ét)

is~act-st{st}) -+ int-act-st{st)

is-deact-st (st} -+ int-deact-st (st}

i e

iS*nﬁll-st(st) -+ null

is-assign-st(st) -+~ int-assign-st (st}

is-return-st{st) ~- int-return-st(st)

S e e e i e e

Ref.: int-if-st 9-9(34)
int-goto-st 9-10(37)
int=gpoup 9-13(u5)
int-act=-st 9-15 (55)
int-deact=st 9-16(56)

UL NN I

int-opt-text =

is=R(D) > (is-T v is-F) (s-index(cI)) -- null

T -+ int-text(<BLANK>"s-textselem{s-index (CI),s~txt{CI}),*)

Ref.: ipt-text 9-36{142)

B e s e

Hote: Within a proceduore body, i.e., -is-2(D), no text exists; furthermore, the
then as well as the else component of an if-statement is a statement rather
than a text-part. 1In these cases this instruction replaces itself by the
null instruction. TIn all other cases the associated text is interpreted by

oo it

previcusly interpreted text-part., The second argqument of int~-text, namely

i e e s

nxkn, defines that the resulting output text must be transfered into R im

THE INTERPRETER
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distinction from the action required during the interpretation of function
argunents {cf. int-arq-text in section 9.9}.

{32) int-text-part-list (tpl) =

stack-ci (1, tpl)
for: {is-text-part-list v is-p-text-part-list) {tpl)
{33) stack-ci{indx,st}) =

$~Cispg (<s~txt:st>,<{s~index:indx>,<s~ciiCI>,<s-ciC>}
sxc:ccoptinue

9.5 INTEEPEETATION OF FLOW OF CONTROL STATERENTS
This section defines the semantics of the if-statemént in section 9.5.1%, the
gote statement in section 9.5.2, the group in section 2.5.3, and the include
statement in section 9.5.4.
9.5.1 IF STATEMENT
The interpretation of an if-statement comprehends the evaluation of the
expression into a truth value and the interpretation of the alternative statement
denoted by this truth value by introducing a new level into the control
information CI, using the truth value as pew index component of CI.
(3%) int-if-st (st) =
stack-ci{truth,st);
trothseval-truth (s-expr {st})
for: {is-if~st v is-p-if-~st} (st)

Ref.: stack=-ci 9+9{33)

{35} eval-truthfexpr}y =

Eass—truth-vai{bs): -
bs:pass=-coaveclt {BIT,v):

vi:eval-expr {expr}
forsis-expr {expr)

Bef.: convert %9-23{93)
eval-expr 9-18 (62}

{36) truth-val {(bs} =

{3i) (is-intg-val{i) & 1 € i £ 1gth{bs) & is-1-BITeelen{i,bs))
for:is-bit-string{bsy

cont'd
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Ref.: 1gth 9-21(79)

9.5.2 GOTO STATEMENT

37

10

9.

In general, the denotation of a label consists of t¥o components:
A program pame, identifying either the main program or the external progran into
which the goto shall lead, i.e., the program where the label is declared, and an
index list localizing the statement to which the goto shall lead relative to the
text-part-list of the program or to the p-text-part-list of a body. Labels which
are local to a body do not possess a program name in their demnotation.

The interpretation of the goto statement is performed in four steps:

{1} On goto statements outside procedures, the levels of text-part-lists and
if-statements reflected in the control information CI are terminated one by
one until a level is reached which belongs to the program into which the
goto shall lead.

{2) Again, levels of CI are terminated until the statement to which the goto
shall lead is contained {possibly at a nested level} in the currert txt
comnponent of CI.

(3 lew levels of text-part-lists and if-statements are established in CI,
according to the index list of the label, simulating the situation which
would have occurred if these levels would have been entered by the normal
flow of control, until the statement to which the goto shall lead is one of
the immediate corponents of the current txt component of CI.

(4 The index component of CI is adjusted so that it demotes the statement to
which the gote shall lead. .

Metavariables:

is-index~1list{indl}

is-ci {ci}

int-gotorst(st) =

o
I
(o]

is-f{ady) v -is~label-den(deng) v -is-0(D) & -~is-Qes-progr-name(deng) --
~is-2{D) =-- goto{s-index~list {deng))

T -+ goto-progqgrap{deng)

where:
adg = s-label{st} (E}
deng = adg (PH)

foriis-goto-st (st}
Ref.: is~label-den 9-2(8B}

Note: A goto leading out of a procedure is erroneous. This is the case if the
label demotation contains a program name and the goto statement occurs
¥ithin a procedure.
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{38)  goto-prograp{den) =
o is-¥AINeprogr-name (CI} & -~is~MAINes-progr-name{den) -- error
progr-name {CI) = s-progr-name{des) -+ goto(s~index~list(den))
T -
sxcis-ci{CI}
s-c:goto-progragm {den)
for:zis-label-den{den)

Ref.: is-label-der 9-2(8)

Hote: The first alternative is reached if the external program tc which the label
refers is not incorporated, i.e., is mot under interpretation.
(39) progr-name{ci) =
—is~fles-progr-name {ci} =-- s~progr-nape {ci)

T -+ progr-nafes=s-ci (ci}
for:-is-(ci)

Note: This function gives the mame of the program to which the top level of the
argument belongs.

{40}  goto(indl} =
(3list} {is-index~list{list) & length{list) 2 1 & ci~indl{CI)} " list = indl} --=
goto-1{{Llist) {is-index-list {list) & ci-indl(CJI) list = indl))
. - .
s=gi:s-ci(Cl)
szcigoto(indl)
{41} ci~indl{ci) =
~is~{des-progr-name fci) -= <>

T —= ci=-indl-1es—ci {(ci}

{82} ci-indl-1{cji) =
is-fi{ci) ~= <>
~is-0ss-progr-name {ci} --= <S*index{¢i))
T -+ ci~indl-1es~ci {ci) "<(s-index{ci)>
Hote: The first alternative is reachéd only inside procedures (no program name

exists}, the second alternative only outside procedures (a program nane
exists in any case).
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(43} gote-1(indl} =

is~<>etail{inrdl) ~-= goto=-2(index,)

T =

s—ciipg{<s~txtisty>,<s~cizp(CX;<s~index:index,>}>,<s~c:int-next-text-part;
int-opt-text>)
szc:goto-]{tail {indl)}

where:
index, = head {indl}
sty = take-st{index,,s-txt{(CI)}

Ref.: int-next-text-part %-7(26)
int-opt-text 3-8(371)
take-st 9-8(29):

(4u) goto~2{ipdx} =

S=ci:p({Cl;<s~index:zindx>}
s=cicgontinue

for:is~index {indx}

Ref.: continue 9-7(28)

Cgu50d ERGTE

The group corresponds in a concrete program to the iterated group. The
interpretation ¢of a group comprehends the follewing actions: Tirst, the
initiation expression is evaluated (as well as the by~ .and to-expressions} and
assigned to the controlling variable, Second, the value of the controlling
variable is compared with the value of the to-expression. Third, the
(p-) text~part-list is interpreted, and fourth, the iteration is continued by
adding the value of the by-expression to the value of the controlling variable and
starting a new circle beginning with the second point.

If the to-expression is missing, the comparison is assumed always to yield T.
If the by-expression, but not the to-expression is missing, the by-expression is
assumed to be the integer value 1. If both, the by-expression and the
to-expression are missing, the iteration is not continned.

HBetavariables:

{is-text-part-list v the iterated (p-)text-part-list
is-p~text-part-list} (tpl)

is-id (id) the contrelling variable

{(is-T v is~T) {truth) a truth value

12 9. THE INTERPRETER
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(45)  int-group(st) =
~is-f{ady} & is-var-deneady{DN) --

iterate-do{idg,by-to-vs,s-do~list(st)};

T -~ @LLOL

vheres
idy = s-contr-varss-iteration (st}
adgy = idg (E}

for: (is—group ¥ is-p-group) (st)

Ref,: is-var-~den 9-2(5)
convert-assign 9-18(61}
eval-expr 9-18{62)

{46) eval-by-to(by,to) =
is-{by) & -is-2{to} --
pass (by-to~vs):

s=by (by-to-vs) :pass {1},
s~to{by~to-vs) teval-expr {to)

T =
pags (by-to-vsj;
s-by{by-to-vs) zgval-opt-expr {by) .,
s-to{by~to-vs) :eval-opt-expr {to}

for: {is-expr v is-Q} (by} & (is-expr v is=-Q)} {to)
Ref.: eval-expr 9-18(62)

{e7}) eval-opt—expr(expr) =
is~f{expr) =-- PASS:D

ig~expr{expr} =-- eval-expr {expr)
Ref.: eval-expr 9~-18(62)

{48y .iterate-do{id,by-to-vs,tpl} =

o st iy i it

dg-continue{truth,id,by~to~vs,tpl);

truth:eval~comp{id,by~to-vs)

9. THE INTERPRETER 13
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{45)  eval-comp(id,by-to-vs) =
is-es-to({by-to-vs) -+~ PASS:T
T =~= PASS:truth~valeeval~infix-expr (vg,s-to (by~to-vs),opry)
where:

¥p = s-value (id (E} (DN})
oprgy = comp-opreeval-infix-expr (s-by (by-to-vs},0,GE)

Ref.; eval-infix-expr 9-19(6&8)

{50) comp-opr {bvl) =
truth-val{bvl) -- LE

T == GE
for:is-bit-val-list~1{bvl)

{51) int-do-list(truth,tpl)y =
~truth -- pull

T -+ int-text-part-list (tpl}

Bef.: int-text-part-list 9-9(32)

{52) do-continne(truth,id,by-to-vs,tpl) =

s

~truth v is-Q({by~to-vs} --= null

T =
iterate-do{id,by-to~-vs,tpl};
convert-assiqn{id,eval~infix-expr{vg, S~by {(by-to-vsj ,ADD))
where:

vo = s-value{id(E) (D1}

Ref.: conyert-assign 9-18 (61}
eval-infix-expr 9-19 (68}

9,5.4 INCLUDE STATEMENT

The include statement specifies a list of pairs of identifiers, where each pair
corresponds to an external program in the external program directory EP.
According to this list, the corresponding programs are  incorporated and
interpreted, one after the other, whereby the pairs of identifiers are used as
program names, necessary for the interpretation of goto statements cutside
procedures.
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{53)  int-isclude-st(st} =

{54)

ipt-include{s~id-pair-list(st)}

for:zis-include-st(st)

int-include{idply =
is-<>{idpl) =-- null
~is~0{ext-progry} =--=

int-include{tail (idpl)};
int-program(ext-progr,,idp,}

T -+ error

ghere:
ext-progry = sel{idp,) (EP)
jdpy = head{idpl)

for:is-id-pair-list{idpl)

Ref.:z int-program 9-5{18}

9.6 _ACTIVATE_AND DEACTIVATE_STATEMENTS

{55)

Activate and deactivate statements may appear only outside procedures., By therm
the activation status of entry names, builtin functions, and global variables is
controlled, i.e., they determine whether a reference to a variable or function
whithin text is to be replaced by the corresponding value and if, whether the
value is rescanned tor possible replacements before it is replaced.

The interpretation of an activate statement is simply performed by assigning
the rescan component of each activation to the rescan comrponent of the denotation
of the corresponding identifier, whereby T denotes RESCAN and F denotes NORESCAN.
Hote that concrete declare statements outside procedures are translated into
activate statements with T as their rescan components. :

A deactivate statement sets the rescan components of the denotaticns of the
corresponding identifiers to Q.

If a builtin function name which does not possess a depotation is activated or

deactivated, in addition a declaration is simuwlated, giving the corresponding
jdentifier the denotation of the builtin function.

Hetavariable:

{(is~-T v is~F v is-9) {rescan) the rescan component of the denotation of an
entry name, or builtin function name, or global
variable, where T denotes RESCAN, F denotes
NORESCAN, and Q denotes *not activated®.

int-act-st(st) =

int-act-deact {s-act-list (st)}
forzis-act-st{st)

3. THE INTERPRETER 15
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{56)  int-deact-st(st) =

int-act-deact {s-id~list {st})

for:is-deact-st {st)

{57} ipt-act-deact{list) =

is-<>(list}) =-- null
~is—{{ad,) & —is~label-den{deny} --

int-gct-deact (tail(list));
upd-rescan{ad, ,rescany)

is~f(ad,y) & is-~builtin{id,) -~

where:
id, = (is—actshead(list}) -- s-jidshead{list),
T -+ head {list})
ad, = id, (E)
den; = ady (DM}
rescan, = s-rescanehead (list)

for: {is-act-list v is-id-list) {list)

Ref.: is-label~den 9-2(8}
is-builtin 9~2B(114)

{58) upd-rescan{ad,rescan) =

. s~dn:u{DN;<s-rescanead:rescand)
for:is-ad (ad)

{59) decl~and-rescar{id,rescan) =

dzadgy>)
¢{s-ateadqy:BUILTIN>, <{s~rescansadgy:rescan>)

= N
P

ady = af{*,id)
forzis-builtin{id)

Ref.: is-builtin 9-2B{114)
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FXPRESSION EVALDATION,

AND CORVERSIOKNS

9.7.1 ASSIGNMENT STATEHERT

{60)

The first subsection defines the assignment statement.

defines the evaluation of expressions except of the evaluation of references,

which is described in section 9.8.
bit, and integer data.

between character,

intg,intg1,intg2
5,581,582

cvl

cv,cvl

bs,bs1,bs2

bvl1l,bvi2

hv,bvl,bv2

vll,vl2

int-assign-st{st)

e

is~intg-val

is-prop-value

is-prop—intg-val

is~char~val-list v

is-bit~string

is~char-val-list

is~char-val
is-bit-string
is~bit-val-list-1
is-bit-val

is-char~val-list v

is~bit-~val-list

~is-Q{ad;} & is-var-densady(DN) -~

conyert-assign{s-lp{st), v}

vieval-expr {s~-rp{st))

T == @rLLOr

where:

adg = s-1lp(st) (B)

for:is-assign-st(st)

Ref.:

is-var~den 9-2(5)

an integer value

a char-val-list, a bit-string, or a
proper integer value

an integer value which is proper with
regard to an implementation

a value, but not an integer value

a value of type CHAR
a character value
a value of type BIT

a value of type BIT, but not the

BIT~NULL~STR
a bhit value

a value of type CHAR .or BIT, but not
the empty element BIT~NULL~-STR

9. THE INTERPRETER
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{61} convert-assign{id,v) =

s=—dnip{bN3;<s—-values{id {E}) ) :convert {s-at {deng},v)>)

where:
deng = id (E) (DN)

Eor:is-id {id)

9.7.2 EXPRESSION EVALUATION

This section defines the evaluation of all types of expressions except of the
evaluation of references, which is defined in section 9.8. The necessary
conversions are defined in the next subsection.

expr is-expr an expression to be evaluated
opr is-infix-opr v an operator
is-prefix-opr

H

{62)  e¥al-expr (expr)
is-infix-expr(expr} --
passzeval-infix-expr(vi, v2,s-opr{exprj};
v2:eval-expr {s-op-2{expr))

is-prefix-expr{expr} -

pass~eval-prefix-expr(v,s~opr{expr)};
vieval-expr (s-op {expr})

is~paren-expr (expr} == eyal—-expr {s-op{expr}}
is-ref{expr) -- gyval-ref (expr)

is-value{expr) -+ PASS:intg-test{expr}
Ref, : aeyal-ref 9-28({112}

(63} intg-test{value) =
is~proper-value (value) -+ value

T =+ error
forsis~value{value)

{6%) is-proper-value {value} =

is-intg-val({value) > is-prop-intg-val(value)

for:is-value{value)

%8 9. THE IKTERPRETER



IBM LAB VIENWA TR 25.095

30 June 1969 FORMAL DEFINITION OF THE PL/I COMPILE TIME PACILITIES

{65) is-prop-intg-val{integer} =
abs{integer} < 10 ¢ P

Note: This predicate examines an integer value whether it is proper with regard
to an implementation,

{(66) P =

Rote: This letter denotes the implementation defined precision for integer
values. '

{(67) is-intg-val{P} & P > 0

{689) eval-infix-expr(vi,v2,0pr} =
infix-op(convert({tgy,v1} ,convert (tgp,v2} , opr)
vhere:
tgy = target{vl,v2,opr)
{69) target(v1,vZ,opr} =
is~§:ith-qpr(opr) -« INTG
iS*c0-pwo§r(opr} & (is-intg-val{v1) v is—intg-val(yz)) -+ INTG
is-gcomp-~opri{opr} & is-bit-string(vt) & is-bit-string{v2) -= BIT
is-comp-opr (opr) --= CHAR
is-bit-opr{opr) —-- BIT
ig-CAT (opr) & is-hit-string(v1} & is-bit~-string(v2} -+ BIT

is-CAT{opr} =-- CHAR

(70} infix~op(vi,v2,0pr) =
is-arith-opr fopr) —-- arith-op(vi,v2,o0pT)
is-comp-opr (opr) -- comp-op(v1,v2,0Pr)
is-bit-opr{opr) -~ bit-op(vl,v2,o0pr)

is-CAT {opr) =-- conc(vl,v?)

(71} arith-op{intgl,intg2,o0pr} =
is-prop-intg-valearith~op-1(intg1,intg2,0pr} -+ arith-op-1(intg1l,intg2,opr}

T -- truncatesarith~op-1(intgl,intg2,opr)

forzis-arith-opr (opr)
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(72)

{73}

(74)

{75)

(76)

£R)]

20

9.

truncate{integer) =
for:;-~is-prop-intg-val{integer)

Note: This implementation defined function maps integer values which are imfproper
with regard to the implementation into proper integer values,

~is~prop~intg-val{integer) > is-prop-intg-valetruncate{integer)

arith~op~1{intgl1,intg2,0pr} =
is-ADD (opr) =-- intg?l + intg2
is~SUBTR (opr} -— intgl - intg2
is~MULT{opr} - intgl . intg2

is~-DIV{opr} —-— trunc{intgt / intg2)

comp~op({vl,v2,0pr} =
is-intg-val{v1t) -» intg-coap{vil,v2,0pr)

T --~ string-comp{v1,v2,0pr}
intg-comp{intgt,intg2,0pr) =

opr ¢« {EQ,GE,LE} & intg?1 = intg2 v is~-NE(opr} & intg? # intg2 v oor ¢ (3T,GE} &
intgl > intg2 v opr ¢ {LT,LE} & intgl < intg2 -=

<1-BIT>

T == <0-BIT>
forzis—~comp-opr{opr}

string~comp{sl,s2,opr} =

truth-to-biteis-true~comp(s1,s2,0pr)
for:is-comp-opr{opr)

Note: The truth value T or F resulting from the comparison operation, performed
by is-true-comp, is transformed into a bit string of length one.
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{78) is-true-comp{si,s2,opr} =
isaNE(opr) «= ajis-true-gomp{sl,s2,EQ)
is~GE{opr} == ~is-true-comp(s2,s1,GT}
is~LE(opr} == =~is-true-comrp(si,s2,GT)
is~LT(opr) -+ is-true-comp(s2,si,GT)
T «-
is~tfue»comp—1(adjust-string(na:—lgthn,s1),adjustfstring{max—lgthu,SZ),opr)

¥here:
pax-1lgthy; = max(lgth(v1),1gth(v2))

for:is-comp~opr{opr}

Note:; The interpretation of the operator NE is reduced to the interpretation of
EQ, and the interpretation of GE, LE, LT to the interpretation of GT. Both
char~val-lists or bit strings are adjusted by the function adjust-string to
the same length.
{79} igth(s) =
is-1list (s} —--= length (s}

T == 0
{B0) adjust-string (o,s) =

n
LIST (i < length(s) -» elem(i,s),
it
T -» fill~chary,)
where:

fill-charg = (is-char-val-list(s) -- BLAKE,
is~bit-string(s) -+ 0-BIT)

forzis-intg-val(n} & n > 0

(81) is-true-comp-1{(vli,vl2,0pr) =
is-EQ(opr) -e ¥1% = vl2
vll = v12 -» F
head{vl1) = head(vlZ) =--= is-true-comp-1(tail(vlt},tail(vl2},6T)
is-char-val-list{v11} -+ collatehead(vl1) > collateshead{v12)

is-bit-val-1list(vl1) =-= bit-numehead(vl1} > bit-numehead(v12l)

forzlength{vll)} = length{vl2) & (is—-EQ v is-GT) (opr)
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(82)

{83

{84)

{85}

(86)

{87)

{8s)

22
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collat{cy) =

Note: This implementation defined function maps character values into integer
values, denoting the position of a character value in the collating
sequence,

is-intg-valecollat(cv} & (cv # cvl = collat{cv) # collat{cvl)}

truth-to-bit{x) =
is-T{(x} ~- <1-BIT>

is-F(x} -= <0-BIT>

bit-op{bsi,bs2,0pr) =
max-1lgthy = 0 == BIT-NULL~-STR
T —+ bit-op~-1{adjust-string{max~1gthg,bs1),adjust~string (max~1gthy,bs2}),o0pr)

where:
max-1lgthy = max{lgth{bsi) ,1gth(bs2})

for:is-bit-opr{opr)

bit«op~1(bvl1,bvl2,0pr) =

Llength {1}
LIST single-bit-op(elem{i,bvll},elen{i,bvl2),opr)

i=d
for:zlength(bvl1) = length{bvl2} & is-bit-opr{opr)

single-bit-op(bv?,bv2,opr) =
is=AND (opr) ~-=
{is-1-BIT(b¥1) & is~1~BIT (by2) =~ 1-HIT,
T -+ 0-BIT}
is~OR (opr) -
{is-1-BIT {(bv1} v is=-1-BIT (b¥v2} -~ 1~BIT, .

T -= (0-BIT)

conc(s1,s2) =
is~-BIT-NJLL=-STR({s1} -+ 52
is—-BIT-NULL~STR(s2} == s1

T ~+ 51752
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{89) eval-prefiz-expr {v,opr) =
prefix-cp{convert {tgqy, v} ,0pT)
where:

tge = ({is-PLUS v is-NINOS) (opr) -- INTG,
i5=-NOT (opr) == BIT)

for:is-prefix-opr(opr)

(30) prefix-op (v,0pr) =
is-PLUS (opLj —= V¥
is-HINOS {opr) == =¥

is=NOT {opr} —= mot=-op({v)
for: {is-prop-intg-val’v is-bit-string) (v) =~

{31} sot-op(bs) =
is-BIT-NOLL«STR{bs) -+ bs

Length{be)
T -- . LIST single-not-opselem{i,bs)
i=1

{92) single~not-op(hv} =
is=-0-BIT(bv) == 1-BIT

is-1-BIT{bv) =~ 0-BIT

9.7.3 CORVERSIONS
This section defines the conversions between the three types of values: INTG,
CHAR, BIT. Because of the different semantics of the pull strings of character
and bit data, the null string of bit data is the elementary object BIT-NULL~STR,
rather than the empty list <>.
TEED convert(da,v) =
type(v) = da -~ ¥
is-intg-val(v) & is-CHAR{da) -+ intg-char-comv(¥)
is—intg-val(v} & is~EIT(da} ~- intg-bit~conveabs{v)
is~char~val-list(v} & is-INTG(da) =-- char—intg-conv(v)
is-char-val-list(v¥) & is-BIT(da) -+ char~bit-cenv (v}
is~bit-string(v) & is-INTG(da) ~- bit-intg-conv{v}

is~bit-string({v} & is-CHAR(da) -» bit-char-conv (v}
for: (is-INTG v is~CHAR v is-BIT) {da)
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(9%)

{95)

(96)

97

(38)

2t

9.

type(v) =
is-intg-val(v) =-- INTG
is-char-val-list(v) -- CHAR

is-bit-string(v} -+ BIT

intg-char-conv{intg) =
intg 2 0 -+ blank-filleintg~char{intqg}

T -- hlank-£ill {(<MINDUS>"intg-char {-intg))

intg~char (intg) =

intg < 10 =-- <num-char(intqg)>

T -- intg-charstrunc(intg / 10} "<num-charsmedulo(intg,10)>

Eor:intg 2 0

nus~-char (intq} =

intg = 0 -= 0~CHAR

[}

intg 1 - 1~CHAR
intg = 2 -= 2-CHAR
intg = 3 «= 3-CHAR
intg = 4 -+ 4-CHAR
intg = 5 ~» S5~CHAR

5
intg = 6 -+ 6-CHAR
7

intg - T~CHAR
intg = 8. ~= B-CHAR

intg = 9 -+ 9-CHAR

blank-£fill{cvl} =

P+3
LIST (i £ blank-no, =+ BLANK,
is4

T -+ elen{i - blank~pag,cvl)}

where:
blank-nay = P + 3 - length(cvl)

Eor:lengthi{cvl) < P + 3
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{99

{100}

{101}

{102)

{103}

Note: & char-val-list which is the result of an integer-character conversion must
be of length P &+ 13,
iptg-bit-cenv({intg) =
intg < 2 ~»= <num-bit{intg)>

T -+ intg~bit-convetrunc{intg / 2) "<num-bitemcdulo(intg,2)>
for:intg 2 0

nug-bit{intg) =
intg = 0 == 0-BIT

intg = 1 == {~BIT

char-intg—conv{cvl} =
is-prop-intg-valechar-intg{cvl) =-- char-intg{cvl)

T - truncateschar-intg{cvl)

char~-intg (cvl) =

char~intg—-1{cvl,n)

char-intg=-1{cvl,x} =
is-BLANE~list{cvl) & ~is-intg-val{x) -- error
is~-BLANK~-list{cv¥l}) -+ x
is~BLANKehead {c¥l) & is-R(z} ~- char-intg-1{tail{cvl) ., x)
head {cv]l) &« {PLUS,MINOUS} & is-Q({x} —= char-intg-1{tail (¢vl),head(cvl})
is-digitehead{cvl) & -is-intg~val{x} --=
char—-intg~1{tail {cvl} ,signg . char~num-head(cvlj)
is-digitshead {cvl) -+
char-intg-1{tail{cvl), 0 . x + sign{x)} . char-numehead(cvl)}
T ~-= error
where:

signy = {is-MINUS{z) -=- -1,
T — 1)

forz {(is-intg-val v is-0 v is-PLUS v is-NINUS) {x}

Note: The char-val-list to be converted must have the form of a possibly signed
sequence of digits, optionally surrounded by blanks.
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{104) char-num{cv) =
is-0-CHAR{cv} =-- DO
is~1+CHAR [c¥} == 1
is=2-CHAR(C¥) =+ 2
is-3~CHAR({cv} -= 3
is-4-CHBR [C¥) -+ &
is~-5-CHAR{c¥) == §
is-6-CHAR {c¥) == 6
is-7-CHAR{cvy} == 7
is-A8~CHAR {c¥) == &

is-9-CHAR (cv) == 9

(105) char-bit~-convicvl) =
is=¢>[cvl)} == BIT-NULL-5TR

Lengthicul}
T ~ Lf§T char-biteelen (i,cvl}
-

{106) char«bit{cv) =
is-0~CHAR {cv) == 0-BIT
is~1-CHAR (cv) -+ 1-BIT

T ~= @rror

{107) bit-intg-conv{bs) =
is~prop-intg-valebit-intg({bs) -~ hit-intg(bs}

T =+ truncateesbit-intg {bs}

{108) bit-intg({bs} =
is-BIT~-NULL-5TR{bs} —-= 0

tength(bs}
T = _g bit-numeelem(i,bs} . 2 t (length(bs} - i)
{109} Dbit-num{bv} =
is=0~BIT{by) -+ 0

is—1=BIT(bv} -+ 1
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{110y bit-char~conv(bs} =
is~BIT-NULL-STR{bs} -~= <>

{ergth(bs)
T ~ LIST bit~chareelem{i,bs)
iz4

{111} bit-char{by) =
is-0=-BIT(bv} —--= O-CHAR

is-1-BIT{by)} -+ 1-CHAR

9.8_EVALUATION CF REFEBENCES

This section defines the evaluation of the three dlfferent types of referenceq

vhich may appear in an expression:
Reference to a varlahle,
reference to a procedure {9.8. 1},

reference to a builtio function (9.8.3).

Subsection 9.8.2 defines the interpretation of procedure hodies,“independently
from the context in which the corresponding reference occurred, i.e., also
procedures invoked from text refer to this section. The same holds for the

fapction eval-buoiltin defined in 9.8.3.

Metavarjables:

i;j “ig—intg—val integer vdlﬁes

id is-id an identifier

parl is-id-list 7 the parameter list of the body
dp is-p~decl-part - the declaraﬁion-part of the body

(112} eval-ref{ref} =

is-<¢>es~arg-list (ref) & -is-@{adg) & -is-fes-value({deng} -- PRSS:s-vglue(denD)

+is~fi(adg) & ~is-f({body~locy) & -is=-%(body,) & ~execution, &

length-s-arg-llst(ref)_= 1ength°s~param-115t(bodyu) & 1s-prop-hcdy(bodya) —e

restore (n} : o
call*groc(hody-locu,argl n),

¥ S S

is-builtin(idys) & (is-@{ady) v is-builtin-den{demny)) &
is-prop-builtin-argl-length{id,,s-arg-list (ref}} --

pass—~eval-buniltin(idy,argl);

argli:eval-bpiltin-arg-list{s-arg-list (ref),builtin-descrl {(idgy});

def-decl(idy}

T -+ error

s~ decl—part(bodyU))

cont'd
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where:
idy = s-id (ref)
ady = idg(B)

den, = adg (DN}

body-locy = s~body-loc{deny)

bodyg = s=-bodysbody-loc, {E)
executiong = s-executionebody-loc, (B)

for:is-ref (ref)

Ref.: is~builtin-den 9-2(7)

9.8.1 REPERENCE TO A PROCEDURE

{113) is-prop-body(body} =

{(¥i) {1 € 1 £ length(parl,) = is-prop-var (elem{i,parly} (dpg)} &

={3j} {1 ¢ J <€ length{parly) & i # j & elem({i,parly) = elem{j,parly})}) &
{¥id) {(is~BUILTINid {dpg) > is-builtin{(id))

vhere:
parly = s-param-list{body)
dpp = s-decl-part{body}

for:is~body(body)

Note: This predicate performs a syntax check on the body which had not been
carried out by the translator.
(114)  is-builtin(id) =
id € {mk-id {SUBSTR),mk-id {LENGTH) ,mk-id (INDEX}}

{115) =eval-arg-list{expr-list,parl,dp) =
ig=-<>(expr-list} -+ PASS:z<>
T =
Bk=-list {arg,arql);

arglieval-arg-list{tail (expr-1ist),tail {(parl),dp)}:
arg:eval-arg{head {expr-list} , head (parl) {dp}}

for;is-expr-list (expr-list)
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{116) eval-arg{expr,da) =
is-ref {expr} & is-<{>es-arg-list{expr) & -is-2{ad,) & s-at(deny) = da -=
PASS:adg
T —»
pass-copvert (da,v);

vieval-expr {expr}

vhere:
adg = s—id{expr) (E)
deng = adg {DN)

for:is-expr{expr} & {is-INTG v is-CHAR) (da}

Ref.: convert 9-23{93)
eval-expr 5-18{62}

(117) un-nage =

PASS:elen (UN)

(118} restore(n) =

PASSzn (DN)

forzis-n{n}

%.8.2 INTERPRETATION OF THE PROCEDURE BODY

Function references encountered in expressions as well as function references
enpcountered within a text refer to this subsection., 1In bhoth cases the arguments
of the reference are already evalunated, i.e., the argument list consists of
addresses possessing the denotation of a variable, and of values of the type IKTG
or CHAR, :

9.8.2.1 Initialization

Here, all initializing actions are defined: The execution status of the body
is set to T to prevent recursive invocations of the body, a new level of the dump
D is introduced, the outermost environpent, i.e., the environmeut where the
procedure was declared, is assigned to E, the return infermation is constructed,
the argument list is installed, and at last the declaration-part of the body is

interpreted.

Metavariables:

body~loc is-ad the address under which the body is stored in
the procedure body directory P

ad is-ad the address of an identifier

argl the arqument list; its elements are addresses,

proper integer values and char-val-lists
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{119) cgall-proc{bedy-loc,argl,n} =
s-p:u{Pi<s-executionebody-loc:T>)
Ezgi8g
s=ciz:
s-czint-text-part-list{tply):

int-p-declarations(dpg, parly);
upd-p-e{dpg,pacrlo) ;
install-arg-list{argl,parly)

S=Ciipg (<s-body-loc:body-loc>,<s-value-loc:n>}

vherez
ep = {is~0(p -- E,
: T -~ get-e (D)}
bodyp = s~bodyebody-lec{P)
dpp = s-decl-part{body,} :
tply = s~text-part-list {bodyg}
parlg; = s-param-list{body,)

for:is-n{n)

Ref.: int-text-part-iist 9-9 (32}

{120} get-e{d) =
is-Reg-d {d) == s-e(d)

T -+ get—ess-d{d)
for:is-d & -is-01(d)
Ref.: igs—-d 9~3(18)

Note: This function yields the outermost environment, i.e., the environment
stored at the bottom of the dump. :
{121} stack{e,ci,c,d,ri} =

pg {<s~ezed,{s~ci:ci?,{s-cicd,{s-2:4>,<{s-ri:rid>}

(122) install-arg-list{argl,parl) =

‘nalls s
{install-argielem{isargl),elem{i,parl}) } 1 £ i £ length{argl)}

Lo Lo
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{123) dinstall-arglarg,par} =
is-ad{arg) -+ upd-id{par,arg)
T —=
duway-assign {ad, ,arg);
upd-id (par,ad,}

vhere:
ady = af{body-loc,,par)
‘body-loc, = s~body-loc (RI)

for:{is-ad v is-prop-intg-val ¢ is-char~val-list) {arg) & is~id{par)

Ref.: upd=id 9-6(21)
is-prop~intg-val 9-19(65)

Bote: The body-location, i.e., the address of the procedure body within the
procedure hody directory B, serves as scope information for the address

function af.

(124) dupay-assign(ad,y)} =
s—dn:p{DN;<{s-atead:type(¥)>,<s-valueead:v>)

pane

for: {(is-prop~intg-val v is-char-val-list) (v}

Ref.: type 9-24(94)
. is-prop-intg-val 9-19(65)

{(125) gpd-p-e{dp,parl) =
pull; '

fupd-id{id,ad,) } -is~@eid(dp} &
-{31)} (1 = i < length{parl) & id = elem{i,parl}}}

vhere:
ady = af(body-loc,,id}
body~loc, = s-body-loc(RI)

Ref.: upd~id 9-6(21)

{126} int-p-declarations{(dp,parl} =

bull

{int-p-decl (id (E),id{Ap)} | -~is-Qeid (dp) &
- £ length{parl) & id = elem{i,parl))}
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{(127) ipt-p-decl(ad,decl) =

{is-prop-var v is-BUILTIN} (decl) -~ s~dn:p(DN;<s-atead:decl>)

is-index-list{decl) -- s=dn:p(DN;<s-index-listead:decl>)
for:is—-p-decl (decl)

9:8.2,2 Return statement

This section defines the return from the procedure by means of a return
statement. The value of the specified expression is converted to the return type
of the body and enters the denotation directory DN under the unique name snecified
by the return information RI, where it is then available outside the procedure
activation.

Abbreviations:
value~locy = s-value-loc(RI) the unigque name under which the function walue
is entered into DN :
. body-loc,y, = s-body~16c(§;) the address of the 5ody within P
ret-type, = the return type of the body

s-ret-typeess-bodyebody-loc, (P}

{128) ipt-returp-st(st) =

" Tv-1:pass-conyert{ret-type,,v);
vigyal-exDL (S-expr (st}}

for:is-return-st (st}

Ref.: conyert 9-23(93)
eval-expr 9-18(62)

{129y store{n,v) =

for:is-n{n) & {is-prop-intyg-val v is-«char-val-list) {v)
Ref,: is-prop-intg-val %-19({65)

{130} deact-body =

§:2:p(E;<s~execution-body~1bc§:F)}

Note: The execution status associated wich&the&body is set to F, indicating that
the interpretation of the body is completed and further references to the
body can be made.
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{131) unstack =

s=g:s-e(D}
Szgizs-ci{D)
szg:s~c{D)
g=d:s-d (D)

gorizs-ri (D)

9.8.3 REFERENCE TO A BUILTIN FUNCTIOH

This sectiorn defines the evaluation of references appearimg imn an expression to
the builtis functions INDEX, LENGTH, and SUBSTR. . '

If a proper reference to a builtin function occurs and the corresponding
identifier is not known, i.e., has no entry in the environment E, a default
declaration is performed, giving the identifier the denotation of a builtin
function within the current scope,

The function eval-bhuiltin, whose arguments are the name of the bhuiltin function
and the already evaluated and converted list of arguments, yields the value of the
corresponding reference, It is also used if the reference occurs in the context
of a text.

Metavariables:

ia is-builtin the identifier of a reference to a builtin
function

expr-list is—expr-1list the argument list of a reference

argl the evaluated argument list whose elements are
char~val-lists or proper integer values

descrl the description list whose elements are the
elementary objects CHAR apd INTG, It is given
by the function builtin-descrl.

cvl,cvll,cyl? is-char-val~list

{132) is-prop-builtin-argl-length{id,expr-list}

id = mk~-id {INDEX} -~ length(expr-list} = 2
id = mk~id {LENGTH} ~- length{expr-list) = }§
id = @k-id {SUBSTR} -+ 2 < length{expr-list) < 3

{133) def-decliia) =
~is-0eid{E) - null
T =

s-dnsp{DN;<s~atead, :BUTLTIND)
s-ezp {E:<id:ad,>)

where:
ad; = af{scopeg,id)
scope; = {is~-Q{D) -=- *,

T «= s5-body-loc{RI)}
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Note: 1Inside a procedure the default declaration holds only during the current
procedure activation.

{134) Dbuiltin-descrl(id) =

id = mk-id (INDEX) =-- <CHAR,CHAR>

]

id nk-id {LENGTH) --= <CHAR>

id

fl

mk—-id (SUB5TR} -+ <CHAR,INTG,INTG>

{135) eyval-bniltin-arq-list(expr-list,descrl) =

is-<>{expr-list) ~--+ PASS:<>
T -

.,B..._. t(arg,argl);

gl: eval*bulltln-arg list {tail (expr-list),tail {descrl));
arg:eval—~builtin-arq{head{expr-1list},bhead{descrl)}

{136} eval-builtin-arg{expr,da) =

bagszcony ert(da V)
vieval-eIpr (expr)

for:is~expr{expr) & (is-INTG v is-CHAR) (da)

Bef.: convert 9-23(93)
eval-expr 9-18({62)
{137) eval-builtin{id,arql} =
id = mk-i1id{INDEX) ~- eval-index{arg,,arqgsy)
jd = mk-id{LENGTH) ~= eval-length{arg,)

id = pk-id {SUBSTR) -- eval-substr (arg,,argz,arga)

where:
argy; = elem{1,argl}
args = elemn(2,arqgl)
argy = elem{3,argl}

{138) eval-index({cvll,cvl2) =
is-prop~intg-valeindex(cvll,cvl2) ~» index{cvll,cvl)

T -- truncatesindex{cvli,cvl2)

Ref.: is-prop-intg-val 9-19 (65}
truncate 9-20(72)
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{13%) index{cvll,cvl2} =
is-{} [i-set,} -- O
T ~ minﬂset(iaseti)

where:

j-sety = {1} i >0 & cvl2 =

{140) = eval-length{cvl) =
is?prop—intg-valaiéngth(cvl}:
T —= trunéateclengfh(cvl)

is~prop—-intg-val 9-19({65)
truncate 9-20{72)

Ref.:

{141} eval-substr{cvl,i,d) =

La
LIST elem{n,cvl}

fisiq
wvhere:
iy = max{1,i}
1, = {is=-R{3j) -+ lengthi{cvl),
T - mlu{length{cvlj el))
e, =i+ 3~

fory {is-intg-val v is-@) (j)

9.9 THE SCAN_AND BEEPLACEBENT MECHANISHM

eval—substr{cvlT;i

TR 25.095
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,ien_é_[fh {cv12))}

¥¢"1ength(c71}

The interpretation of a text-part {(cf.section 5.4} starts with the
interpretation of its statement and continues - if sequential flow of control is

supposed - with the interpretation of the associated text.
The instruction jipt-opt-text of section 5.4

constitutes the entry point to this section.

text is defined in this section.

Metavariables:

cvl,token,list,arqg is-char-val-list

loc is=% v is-n

n is-intg-val

argl is-char-val-list-1list
v is-char-val-list v

is-prop-intg-val

The interpretation of

a text
denctes the lecation to which the
text is to be transferred after the

termination of the replacement
process

the argument list of a reference
occurring ¥ithin a text

the value 0of a functicn or variable
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{142) int-text{cvl,loc) =
is=-< {cvl) -- pull
T ==

int-text{cvl-1,loc);
cvl=-f:int-token{cvl,loc)

Note:

TR 25,095

30 June 131969

The second argument specifies whether a token which is not further

replaceable or the value of a functieon a variable which should not be
scanned for replacement is to be transferred into the result cell R
fis-%{loc)}, or is part of an argument of a (builtim} function reference
{is-n{loc)) which must be stored as an intermediate rasult in the

denotation directory DH, using the unigue name loc as selector.

{143} inmt-token(cvl,lac) =

is-identifier{tokeny) —- int-id(token,,tail,,loc)

T =

pass(tail;):
transfer {token,,loc)

where:
tokeny; = s-tokenefind-token(cvl)
tail, = s-tailefind-token {cvl)

dHote: Only tokens having the form of a PL/I identifier become candidates for the

replacement process.

(184) is-identifier{cvl) =

is~letterselem{l,cvl} & is—-alpham—char-list {cvl)

(185) find~-token{cvl) =

find-token-1(cvl, <>, )
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{146) find-token-1{cvl,token,ind} =
is-<(cvl) & is-f{ind} =+ ug{<s~token:token>,<s-tail:<>>)}
is~<>{cvl) v is~COMMERT {ind) & length{cvl) < 2 == error
is-2(ind) & cvl-begins-with-id, & is-<>{token) -~
pgi<s—token:idg>,<s~tail:ztailg>)
is-0{ind) & cvl-begins-with~id, & ié—deiimiterolast(token) -
Up {¢s-token:token>,<s-tail:cvld)
is-2{ind) & length{cv¥l}) > 1 & is-SL&SH-head{cvli & is-ASTEReelem(2,cvl) -
find-token-1(tailstail {cvl),token"<SLASHK, ASTER>,COMNENT)
is—~CONMENT{ind) & iSfASTEROhead{cvlj & is~SLASH-eiem{2,cv1) -
' fiﬁd-taken-1gtail-t&il(cvly,takén*é#STER,sL55ﬂ>,n) '
T = find-token~1{tail{cvl),token‘(head(gvl)),indl)
wheres '
cvl-begins—-with-idg = (3n) {(length-of-idy)
length-of-idy = n € length(cvl) & is-identifier( LE%T elem{i,cvl)) A&
{is=f v is~delimiter) {elem{n + 1,cvl})
idg = LE%T elen(i,cvl}
ng = {un} {length-of-idy}
taily = {L1ist} (id,"1list = cvl) |
ind, = {is-f{ind) & is-APOSTRehead(cvl) -- STRING,

is-S5TRING {ind} & is-APOSTEehead(cvl} -- G,
T -+ ind)

for:{is-9 v is~STRING v is-COMMENT) (ind)

Hote: This function yields an object with the structure
(<s—token:is—char-val-list),<s-tﬁil:is-char-val-list))

vhere the token component is the first "token* of the text to be scanned;
the tail c¢omponent is the remaining text, A "token" is either an
identifier outside strings and compents immediately surrounded by PL/I
delimiters within the text, or any substring of the text delimited by those
identifiers. ‘

The function also checks the text for unmatched comment or character~string
delimiters.
{147} Ais-delimiter(x) =
S

[PLUS,HIHUS,hSTER,SLnSH,GT,EQ,LT,NUT,AHD,0R,LEFT-PAR,HIGHT*PBR,COHHB,
SEMIC,COLON,BLANK, APOSTH,POINT,PERC)
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{148) transfer {token,loc} =

is-*{loc} -+ s-r:R"token

is-n{loc) -+ s=dn:p{DH;<loc:loc{DN) "tokend>}

S-S L}

(149) int-id({identifier,cvl,loc} =
is-2({ady) v is-R{rescanp) -—=

passglevl) ;
transfer {identifier,loc)

iz-var~den{deng} & -~is-{valuey} --

pass(cvl); )
int-value {valueg,rescang,loc)

TR 25.095

June 1969

is-entry~den{deng) & -is-2({body-locg} & -~is~0(bodyg) & is-prop-body(body,) &

{15-<>{parlg} v length(parl' = length{argl,} & is-LEFT-PARehead{cvl}}

pass(taily);
int-value {v,rescang,loc);
virestore (ny;
call-proc (body~locg,argl,n};
niun—name,
argl:eval-arg~text-list {argl;,parl,,dpg)

is=-builtin{idy) & is—builtiao-den{deng} &
is~prop-builtin-argl-length{idg,argly} & is-LEFT~PARehead (cvl) ~-

pass{tail,};
int-value(v,fescang,loc);
vipass-eval-bujiltin(idg,argl};
argl:eval-hbuiltin-arg=-text-list {argl;,builtin-descrl {idg))

T «+ @rror

where:
idy = mk-id(identifier}
adg = idq(E)
deng = adq (DR)
Trescally = s-rescan{deng)
value, = s-value{deng)
body-locy = s-body-loc{deng}
bodyg = s-bodyebody-loc, (P}
parlp = s—param-1ist {bodyyp)
dpy = s—decl-part {bodyy)
argl, = {is-<>{parly} -= <>,

T -~ argly,)

argl, = s-arg-listsearg-parsestail (cvlj

tail, {is~<> {parly) =-- cvl,
T -= tail,)
tail; = s-tailmarg-parses=tail {cvl}

forsis-identifier{identifier}

Ref.: . is=-var—den 9-2(5j
is-entry-den 2-2{68}
is-prop~body 9-28{113)
restore 9-29(118)
call-proc 9-30(113)
un—name 9-2%9(117)
is-builtin 9-28{114}
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{150)

(151)

{152}

Note:

FORMAL DEFINITION OF THE PL/I CONMPILE TIME TACILITIES

is-builtin-den 9-2{T}
is-prop-builtin-argl-length 9-33{132)
eval~bniltin 9-38{137)

builtin-descrl 9-34 (134)

The arguments of this instruaction are:r The text of an identifier which is
candidate for replacepent {in the case of a function reference the entire
reference is replaced by its value), the remaining text following the
identifier which contains the argument list in the case of a function
reference, and the location to which the result of the replacement process
is to be transferred.

int-value({v,rescan,loc) =

is—intg-vai(v) -t transfer(app-blaﬁkénconvert(CHAR,v),loc)

rescan - int-text{app~-blanksi{v),loc)

T -+ transfer{app-blanks{v),loc)

for: {is~T v is-F) {rescan)

Ref.: convert 9-23({93)

¥ote: This instruction decides whether the value of a reference -~ if it is of
type CHAR - is scanned for possible replacement,dependent ¢n the truth
value of the rescan conponent of the corresponding denotation. In any
case, to both ends of the replacerent value which is a char-val-«list
BLAWNK's are appended.

app-blarks{cvl} =

<BLANE>"cv1~<BLANE>

arg-parse{cvl) =

arg-parse~1(<>,<»,cvl,0,F)
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{153} arg-parse-1{arg,argl,cvl,pcount,string) =
ig-«<>»{cvl) -+ error
is=RIGHT-PARehead {cvl) & pcount = O & =string --
pp{<s—arg-list:argl™<arg>>,<s—tail:tail {cvl}>)
is~COHMAshead{cvl) & pcount = 0 & -string --
arg~parse-1(<>,arg1‘<arg>,tail(cﬁl},ﬂ;r)
T ~= arg-parse~1(arg-<head(cvl)>,argl,tail{cvl),pcount;,stringy)
where:
pcounty = {is~LEFT-PARshead (cvl} & -string —- pcount + 1,
is-RIGHT-PAR=head {c¥]l) & =string -- pcount - 1,
T -+ pcount}

stringy; = {is-APOSTRehead{cvl) =-- -~string,
T ~= string)

for:is—intg-vdlgpcount) & {is~T v is»F)(string}

Kote: This functicn yields an ohject‘with the structure
[{s~arg=list:is-char-val~list-list>,<s-tail:is-char-val-list>}
where the arg-list compenent is the desired argument 1list of the reference;

the tail comporent is the repaining text.

{(154) eval-arg-text-list{argl,parl,dp} =

is~-<>{argl} -- PASS:<>
T =~
gkwlist(drg,argl—1;;

argl-1:eval—arg—texg-list(tail(arﬁl},tail(parl),dp};
arg:igyal-arg-text {head{argl},head {parl) (dp))

forgis-id-1list (parl) & is-p-decl-part (dp)

{155) ewal-arg-text{arg,da} =

pass-convert (da,cvl)
cvl:int=-arg-text {arg}

for: {is-INTG v is~CHAR) {da)

Ref.: convert 9-23(93)

(196} int-arg-textf{arg) =
restore{n) ;
ipt-text{arg,n);

store(n,<>);
n:un-name

conttd
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Ref.: restore 9-29{118)

stare 9-32{12%)
un-nage 9-29 (11N

Hote: Each char-val-list representing an 'argumeat is scanned for possible
replacesents, using the instruction ipt~text again. At that point it is
necessary to indicate by the second argument of int-text that the result of
the replacement process must not be transferred into R, but is rather
stored as an intermediate result into DX using the unigue name n as

selactor,

{3157) eval-builtin-agg-tezt-list{argl,descrl) =
is-<>(argl} —= PRS5:<>
T -

3k-1ist {arg,argl-1); .

argl-t:eval-builtin-arg-text-1list (tail{argl),tail {descrl});
arg:eval-arg-text{head{arqgl) ,kead (descrl})
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APPENDIX: CROSS-REFERENCE INDIX

This index lists all names used in the document, with the exceptiom of:

Rames
names
names
nanmes

Selectors
Formulas are

defined in section 3.2 {concrete syntax),

defined im chapter 5 {abstract representation of concrete syntax),
of selectors (i.e., names prefizxed by s-), '
of abbreviations and metavariables.

to state components in basic iastructions are referemnced however,
referenced by the form x~yy(z2%)} , where x is the number of a main

chapter, yy is the page number within the main chapter and ¥zz is the number of
the forpmula within the main chapter. The following conventions hold:

{1 For all names all instances of use in a formula are given. The defining

formula is indicated by an umderlined reference.

{2} A fanction name (but not a selector name} or an instruction name whose
: defining formula is not specified is defined in chapter 1 of /5/.

{3) Occurrences of names of the form pass-f, where £ is a function name, are
listed under the entry f.

3=

Occurrences of napes of the form is-pred-suffix, where suffix stands for

list, list-1 or set, or one of these followed again
under the entry is-pred.

Occurrences of names of the form is-0BJ are listed under the entry NBJ.

APPENDIX: CROSS~REOFERENCE INDEX

by - suffix, are listed
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ACT 4 o 4 2 = o 2 ¢ » s o &« &« a 2 = =
ADD 4 a4 4 e .
adjust-string{n,5) + « 4 » s « o 2 o 2

af{scope,id) . . .

AND w4 & s & & = 2 2 5 = » »
APOSTR 4 4 o = o o » ¢ » = » s &
app-blanks{C¥l} .« v 4 % = ¢ 0 o s o .
ATg-paTSe{C¥l) « & » 2+ o 2 o o« = o o =
arg*pﬁrse-1(arg,argl,cvl,pcount,string)
arith-op{intg1,intg2,0pT) . « » « « &
arith-~op-1{intg1,intg2,0pr} . « . . .
ASSIGN & 4 & ¢ =+ & & 2 o & = = = = = &=
ASTER & o v o o o s o = o o « s »
B=CHAR 4+ 4 o & 2 s o = .8 o« s = = = »
BIT o 2 » o o &« 2 o s« 5 3 3 « o » » =
bit~char{(b¥} +« « «+ o + o = ¢ o » s o =
bit-char-conv(bs} . . . . . .
bit-intgi{bs) . . ¢ « & & 4 o & « « +
bit-intg-convi{bs} + « ¢ + + s« o o« & =
BIT-NULL-STR .
bit-num{b¥} .+ ¢ &+ v 4 4 « & s « « o =
bit~op({bsi1,bs2,0pr) « a7 4 e o ks e .
bit-~op=-1(bv¥1l1,bv12,0PT} + « o = &+ & &

BLANK . 4~3(B),u~5(14)

blank=£ill{cvl} + v« « = & & o« » = » =
BRERK o+ 4 o 2 o s « s 5 & » s« = » = =
BUTLTINVN & u o s o ¢ « « »

builtin~descTl(id) + » o « & o s o = «

C—CHAR & o o o« = o 2 « % 2 = 2 & = a =«

*
+
.
1]
L3
4+

call-proc {body~loc,argl,n)
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L6=15{47) , 7-5(43) , 9-22 {B5)
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SA=6{17) ,T~5{81)

+ ® v 2+

. 9-19 (65} ,9-23 {93)

= » a u

L6-10(32) ,6-13{42),7-3{23)

6-15(48), 74 (31}, 9= 14 {52) ,9-20 (74)

. 9221(80) ,9-21(78) ,9-22(85)

£2-3(12),2-3{13),2-3{14) ,9-5(20},9-6{25),9-16{59),9~-31{123),9~31(125),

9-33(133)

U3 {7y ,U~8({12) ,8-6(17),7-8({33),7-84{39),9-22(87),9-37 (147

6-15 (47}, 7-4 (39} ,9-37({146) , 9-37 {147}, 9~140 (153}

-

»

-

-

-9-38(151) ,9-33{130)

> -

e e - e - 29739(152),9-39(149)

.9-40(153) ,9-39({152),9-40{153)

-3-19(71) ,9-19{7%

* m % o

e e e e e e e 29720(7H) ,9-19(71)

6~13 {41y ,7-3{21)

n = s a2

15{48), 7-4 (39}, 9~-37 (146}, 9~37 (146}, 937 (147}

-

B ST C)))

9-23(89), 23 (93), 9-24 {94}

29227111}, 9-27(110)

« e - . 9227(110),9-23(93)
e - . 29-26(108),9-26(107)

- b “° hd T4 i e sl e et e

9-23(91) , 926 {105) , 9-26 (108} , 9=27 (110)

.« - - 9-260109),9-21(81),9-26 (108)

e « = - -9-22(85),9-19({70)

.9-22(86) ,9-22(85)

9-21(80},9-24 (9B}, 9-25(103),9-25(103} ,9-37 (147},

-

.

9-39(151)

+3z281(98) ,9-24 (95)

SU4-U {12} ,7-4(4D)

e+ ®w & 3

9-16(59) , 9-28(113),9-32 (127} ,9-33(133)

-

«9-34{134),9-28{112) ,9-39(149)

.3=5{18) ,9-9(33},9~30(119)

a & &

e = SH4=8(17},7-5{41)

.9-30(119) ,9-28(112) , 9-38 (149)
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CAT o v+ 4 s s = o o o o s s o son o o o s « % o o 6=15(48),7-4(30}),9-19(69),9-19 (70)

CHAR » . .6-4(15),7~ 1{m), 7-1(5),9 19(69) 9*23(93) 9~-24 {94} ,9~29(116) ,9-34 (138) ,9-34 {136},
9-39(150) 9-40 {155}

CHAT=BAE(CT) « o = o = o = & o o o = o+ o+ o o o o o o o o o . 926(106),615 (47} ,9~26 (105}
CRAT-bit=CORY(CYL) + o = = = « o o o o o o + + = = = o o s s « « o = . 9=26(105),9-23(93)
char~ihtg(cv1} e e e e e s .. e e e e e e e e e e . .2:;§119g1,9-25{10n
char-intg=coRv{cvl} .« w o + o e e e e e e e i 9-25(101) ,9-23 (93}
ChAar=ADtg=1{CVIsX) + v o v o o « o o o o o = = » = s = o » 29-25{103),9-25{102) ,9-25({103}
CHAT-RUE{GY) + « » o o ¢ o o v o o s o o o o a v o w oo oo 92260108 ,6= 15(47) , 9-25(103)

CI . .9-5{18),9-6(23) ,9~7{26) ;9-7 (2T} 9~8(31) 9-9(33), 9—11(38),9 11(40) ,9-12(u3),
: 9-12.{64} , 9~ 30 {119)

-

[¥e]
1

~4

o
L)
=]

i

CEmiNAL(CA) » = = = o v o m e e e e e e e e e e e e e e e e e e 28211(41),9-11(40)
CimiNA1=T(C1) + = o v = o o o o e e e e e e e e e e e e SZ11(42),9-11(81),9-11(42)
COLLAL(CY) o+ v o« v s v e a e . ,:. e e e e e e . . 9222(82),9-21(81),9-22(83)
COLOB + v v v e e e e e n e e e e e e 3(7) =B (12),8-6(17), T4 (39}, 9= 37 (147)
COMM~AT v w o o = o & T LU=l (12),7-5{41)
COBMA v v v e s e e e e e e e e o 4=3(T) 46 {17}, U=7(19),T-4(39) ,9-37 (147} , 9-40 {153)
COBBERT + v o e v e e m e e e e e e e e e e e e e e e e e e e e . L9=37(146),9-37 (146)
comp-op{vl,v2,opr} G h e v e e e e e .‘. © s &+ % B s 8 3 e 4 =+ = .g;ggjjgl;9~19{7m
COMP=OPE(BTL) o o « o o o v o o o o o o « o o o n o mm e ma . e 14(501 ,9-14 (49)
Compute .« o « o o 4 4 e s aTe s e . ... . s ox 8w .l. + m om s e s o 4 = om o= s o= .9—“(16)
CORCIS1,S2) o = o o o o o o o o o o o o n o o o o o o o o o s u o o o +3-22(88),9-19(70)
CONEANUE v 2 = « o = = « o o 2 s o = o« o a = = = e a w 9-7428),9-7(26) ,9-9(33) ,9-12 (44)

convert{da,v) 9=23{93),9-9{35 ,9-18(61),9-19(68),9-23(89),9-29(116),9-32(128),9-34 (136),
: 9-39 {150} ,.9-40 {155)

convert-assign{id,¥) « « + » « c e s s s 0 s e se e «3=18(61),9-13{U5),9-14(52),9~17(60)

D o v o = = o « = o 2 o = = « - - 9-7(26),9-8{31),9-10{37),9~30(119),9-33(131),9-33{133)
LU= {17), 7=5 (41)

D-CHAR 4 = o o = % =« s o o % = = 5 » & 5 2 =2 = = % = % &« =« =2 = % & = = =

e e e e e e e e . . 6-13(45),7-3(25)

DEACT o a = » + % o #= & o = s = % & + = = = 2 x » »

GEACE=BOAY « o o o « o o « o n o o s e v 4 e v ona e s e e e e e . . .9-32(130),9-32{128)

decl-and—rescan(1d,rescan) s 4 s ® 8 4 8 @ = + e o o =2 e+ 4+ = =2 o+ » =2 = «9-16(59),9-16(57)

AECI=SEE{B} « o« o o o = o 5 » o s o o % 6 s ot t e 4 e e e s m e e s oa e s 26-2(5),6-2(3)
Aef=d8C1(id) « v = » = s o s o 4 4 4 s s e a s e s e s ow e o oe o - = 29233(133),9-28({112)

.6=15(18) ,7~4(31) ,9-20(74)

DIV 4 v o o a4 o s 3 o & « &« 5 % s 5 & =« = = & w 5 a » = ° = =
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DN v+ . . 9-5{19),9~6{23),9~6{25),9-10(37), 9~ 13 (45}, 9-14 (49) , 9-14(52) , 9~ 16 (57) , 9- 16 (58) ,
9-16 {59) ,9~17 (60) ,9-18(61) ,9-28 (112} ,9-29(116) ,9=29 (118} ,9~31(124),9-32(12T),
9-32(129) ,9-33(133), 9~38(148) , 9-39 (149)

dozcontinue (truth,id,by=to-vs,tPl) = &+ ¢ &+ -« &« = o 4 4 ¢ e 3 o« s s 2 = «9-141{52),9-13(4B)
' ' e . LT-5 (AT

DOLLAR 4 4 4 ¢ = a s 2 2 » & s « o = 2 2 5 o 5 3 & % &« s o a s » a & = = » =

AumAY=3SSign{ad, ¥} s « o » 2 s s + s s s & w = o8 s o= ox o+ s & e s« « »9731(124),9-31(123)
£9=5{19) ,9-5{20) , 96 {21} ,9-6 {22} ,9-10{37), 9= 13 (45} , 9= 14{49) ,9-14{52) ,9-16(5T7},
9~16 {59} ,9-17 (60} ,9-18(61),9-28(112) ,9-29 ({116} ,9-30({119),9~-31(126) ,9-33(133),

_ 9-39[149)

It

e e e e e e e e e J4=B{1T),T-5 (41

B=CHAR & o o o = « = s s s % s # o« = 2 « o = s » «
elem(i} . . 2=2(3),2-2{4),2«2{5) ,4=3{B) ,8=4{9) ,4~4(10),4~0({12),4=-5(14),4-6{16},6-10(32),
6-15(47} ,9~8 {29} ,9-B{31),9-10(36),9-21(80},9~22(86), 9~23 {91}, 9~24 (98) , 9~26 {105} ,

9-26 {108} ,9-27({110}) ,9-28¢113),9~29(117) ,9-30 (122} ,9=-31({125) ,9-31(126) ,9-34 (137},
9-35(141) , 9=36 {144} , 9= 37 {146}

ENTEY 4 « o o o« ¢ « « o 2 o 5 o o o = = » » 5 » s 2 « o » <6B=U{104},7-1{5),9-2(6},9-6 (25}

e 4 e e e e e e e 4 e eew s . 9-15{5L)
EQ o o w - . U=3(7),4=6(17),6-15{48) ,T~4(32) ,7-4(39),9-20{76},9-21({76},9-21(81),9-37(147)

eval-arg{expr,da) . « o « « a = = » s s x o # 3 = » = o8 v s v + = + £3-29({116),9-28(115)

eval-arg-1ist (eXpr-1ist,parl,dp) - « o o = « « « « o o « = 29-28(115),9-28¢112),9-28({115)

2Val=Arg=teXt {ATg,02) o o o v = o = = « « = = & « % o «9-40(155) ,9~40 {154} ,9-41{157)

—_——=— SR

eval-arg-text-1ist(argl,parl,dp) - « - « = o + « « o o o . -9=80(154) ;938 (149}, 9-40 (154)
eval-builtin{id,aTgl} = « = « = o o « o « « o o = o+« - 29=38(137),9-28(112),9-39(149}
eval-builtin-arg(expr,da) .« ¢ + s o s o« » + o © & « = o 2 = *» « = » »3734(136},9~34({135)

eval~builtin-arq—1is§{expr~list,ﬂescrli s s s %+ o+ e s = o« »9=34{135),9-28{112},9-34(135)

eval-builtin-arq-text—list(argl,déscrl) W e = e % o= o= s o+ «9-81[157),9-39{149),9~-41(15T)
eval-by-t0(bY¥,t0) o « o« & o 4 2 4 2 e w o= o 2 o s s = s e = e o+ oa ox e 29-13(46),9-13{45)

e¥al=comp(id,DY-t0=US) + o = « o« + o o v « = = s o 2 o i = + % « w o + 291U {49},9-13{48)

eval-expr(expr) 9-18(62),9-9(35),9~13 (45),9-13 {46),9~13{47),9-17(60),9-18{62),9-29{116},
9-32 (128} ,9-34 (136)

eval-index{cvll,evl2} . ¢ « 2 = o + & ¥ x + % % s s & s s « o s & = +9=34(138),9-34(137)
evaleinfiX-eXPL{V1,V2,0PI} « « « o o = o« o « o o » » «9=19({68),9-14{49) ,9-14(52) ,9~18({62)
eval-length{CcVvl) . « & & &+ 4 « « 4 o o o 5 w o = » = = = =« = = = = o« 29=35(740) ,9-34{137)
eval-opt=eXDL{eXPL} .« o o« s+ s s » 4 o v =« o = o a s = « = -.. « s = o+ «9=13{47) ,9~13(46)
eval-prefix-expr(v,opfj e s 4 ® s m e 2w e m s oe o aoe o= oo oaomow s = 23-23(89),9-18(62)
eval-Tef(ref) o« u o s o s o = o o o = 2 o « o & s s = = o o = » « + « 9228(112},9-18(62)
eval-substr{cvl,i,J) « + « 4« &« & 2 4 o o o 2 4 4 & & + o -9-32{181) ,9-34{137) ,9-35(139)

EYAl-tIULB(CEDPT) + o v o o = 2 = o o o o o = = o o o 4 4 o = o4 o s« . 2929(35),9-9 (34}

- 7=5{41)

F~CHAR 4 4 o = 2 2 2 =2 s = s a & o0 % & & = % s % % % s & a = 8 & 8 = 2 2 » o » »
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find-token{cvl) . . . . .
find-token~1({cvl,token,ind)
G-CHAR w & ¢ & o o = « « =
GE 4 4 o o o o o s 2+ s « =
generate{t}) .+ . . « . o .
generate-48{t) . . . . . .
get«efd} o .+ + o« 0 0 s =
goto(indl) « « + & 4+ . . &
GOTO o o & s » & « 2 % o &
goto-program(den) . . . .
goto=1(indl) . i « + = « .
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e e e e e e e e e e e e e e e e e e e e . H=3{5),4-2(3),4-3(5)

e e e f e s e ew e d e e e e 4 e w wiw w8=5{15) A4~ 5(13),4=5(15)

e e e e e e e JU=B{10),4=2(2}, 44 (10), 4= {12) ,6~2(4) ,6-9(29},6~9(3D)

LT o v v s o o U=3(7) ,4=4{12) ,4=6(17},4-6{17),6~15{4B) ,7-4(32),7-4(39),9-20(76),9-21(78),

9-37(147)
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. s «1-5(4Y

H=CHBAE o o « o o = 2 » % 4 5% ®» 4 2 % s 3 2 s % » s a' = 2 » 2 % s a « « « v s

BATH o 0 v v v m s s o o o & 2 s o o o o o v o 0w a s w9=2(8),9-3(13),9-4(17),9-11(38)
.9~ 21(73} 9-22(85) , 9- 35(1un
- 35(1un

MILl 4 & o & & = & = v w » 5 = &« » s s s« & =

9-35(139)

pin-set ® & 4 ¥ & e B s e & = B > & ¥ B I M ® ®w & 8 B2 B B A =+ 2 B & = = =

MINUS . .4=3{7),6-15 (4B} ,7~4(35),7~4 (39} ,9-23(89),9-23(90) ,9~ 2u(95) 9—25(103; 9-25(103} ,
9-37 {147}

Mk=act{id,tLUth) + o« « » o 2. o o + o .« o o = » o- 8 2 & » o o » B=13(48) ,6-10{32),6-13(43)
) mk~boa}(b$ .. . ; S e e e r e e e e e s e e e e e e e e e «6~6{20) , 66 (19)
mk-decl{p) .+ . . . .‘. e e a4 e s s s e s e e ; O P 6=4(14),6-2(3)
Mk=deCl-PATE({D] + + = o o o 2 s « 2 o s s o 4 € 4 o 2w 04 o s s .932131,641{2;,6~6(2n>

nk-id{cVl) o o o . .2+2(B),2~3{9};2-3(10),6~2(4),9-28(114),9-33(132),9-34(134),9-34(137),
/ N 9-39 (149)

mk-id-1{x) . .6=2[4),6-2(3),6=6(19),6-6{21),6-10(33),6-10(34), 6—12(38) 6-12 (40) ,6-13 (47},
f~13{03) ,6=10 {46}

MK=id=1-10iSt (S1ESt) = = = o = « = o = = = o = « « = = +6=6[21) ,6-6(20} ,6-10 (33) ,6=-14 {45)
UBK=AAL{A1) 4 4 o s e e e e e e s e e e e s oeaem e e ae e e s oa o 2610433} ,6-10(32)
BRk-iNdeZliSt{P} + « « o » « o 2 » = s @« a-2 & & = 2.4 % = =« v w o o = « <6-8{16),6-4 {14)
M- 0411 (Pr) = o o = o« = o & o » e e e e e e ee e e m e W6=5017),6-4{16) ;6-5{17)
BK=001-2 (PrG) + = « = o o o o e e e e e e e e e e .625(18),6-4(16) , 6=5(18)
BEZLESE « « o 4 4 o v 4 e o e o o m e e e e w 29-28(115),9-34{135),9-40 (154} ,9~041(157)

Bk=teXt~pPATLt (P} + 2 = o v & o o « o a = & % 6 ® & = = &« % « » * = = a -6-9{30),6-91(29)

-6=9(29) ,6~1{2),6-11(37)
MEL1ESt{2,D,1i8E) o = e v v n o « s n = % o« © & o = o 2. # « = = o = S4=U[I),4~3(6),U4-6{18)
. s = 29-20{96) ,9-25(99)

mk~text-part-1ist (b} « o« o « « & 2 ¢ 4 4 4 s s 2.+ & =2 s & = =

B = = T - T
LE=15(48), T-4{3%) ,9-20(74)

AULT & 2 o o s 2 4 s s 8 .4 % & 5 % & = & » = 2 & % » » « » &

. e e SU=6{17),7-5(41)

N=CHAR o a s o o % & = 2 s 2 8 &« « # & s 2 .% 4« % s & s 2 = + & =

6-15 (48), 7T-4(32),9-20(76),9-21(78)

HE 4 o 4 o o a4 8 s v % s 8 o % ua w « a4 s 2 &« o # u = »

NOT o . . . . 4=3{7),4-4(12),4-6(17) ,4-6(17) ,6-15(4B) , T-2 (35) ,T-4 (39} ,9-23(89), 9-23(90) ,
9-37{147)

ROL=OP(BS) « « o o o o » o.¢ s s = « o o« o + o o o = s s + o o+ + « » +9223(91),9-23(90)

”g;; . » . 9=5(20),9-6{22),9-8(30),9-8¢{31),9-14{51),9-14{52},9~-15{54) ,9~16 (57} ,9-30 (122},
9-31(125),9-31{126) ,9~33(133),9~36 (142)

NOLL . 6-~6{20),6-7{23),6~8(26}),6-8(27),6~9(29),6-9(31),6-10(34),6~11{36),6~11(37},7-3({22)
nun-bit{(intg} o« o + 4 4 & + s & 2 i w se 4 s mm e s w s e w x-e = » I-25(100),9-25(99)

Num~ChAT{INEG) & & o & 4 & 2. o € o 2 s o s & o o « 8 w-n' o » = « « a + «F=24[97),9-28(96)

10 APPENDIX: CROSS-REFERENCE INDEX
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NUMBER-SIGN

O-CHAR . . .

o
.
.
.
)
.

P~«CHAR . «
parse {txt} .

parse-48 {txt}

TR 25.095%

FORKMAL DEFINITION OF THE PL/I COHPILE TIME FACILITIES

e L T & P PR (8
C s e e e s 4 e s e s e s ma s e eeae e s e JU=6{17),T75(41)
n~3(7),u-u(12),4-5(17),u-s(iv),6-15{ua),7~u(333,7-u(39),9-22(&7),9~37(1u7)
Gt e e 4 e s sias e s s s s s w s s 29=19(66),9-19(65}),9-19(67) ,9-24 {95}
e e e s s e e ae e e e - 296{28),9~28(112),9-30(119),9~32{130),9-39(149)
e e e e s ; e - Y (R ]
P e T )
Dy e T
e b s a e e ae s s e e aa omia 4 es e e . T-13{46)},9=36(143),9-38(149)

e e e e e e e e eeae e ea e SU=B{12),4-6{17),7-4{39),9-3T {14T)

PLUS . . .4-3(7),6~15{48) ,7-4(35),7-4(39) ,9-23 (89} ,9~23(90), 9-25(103) , 9-25 (103} , 9-37(147)

POINT . . .

prefix-op(v,opf)

" progr-name {ci)

Q-CHAR . . .
QUEST . . .
B v o o » «
BR-CHAR . . .

replace-48 (x}

LI S )

e e e e e e e e e e e e e ae e e JU=B(1T) ,4~T(19),7-4(39),9-37 (147)
e &+ » 29-23(90),9-23(89)
C e e e e e e e e e e e e e e e e e ee e . 9-11(39),9-11(38),9-11({39)

e e e e e e e e e e e e e e . 2TR5(AY)

.
.
.
[
a
"
-
.
»
o
*
.
-+
L)
-
"
L]
[
L]
-
3
.
-

o 2 ) T 2 R & 11

...-.......-..--.....---u....-.4.9—38(1l-l3)

N T Ak PR AT Chl)

e e e e e e e e d e e e e e e e e e e e e e L4-6(16),4-4(12)

replace=UB8=T(X} .+ « o o » o s = s = s = = » « v 2 a » » ¢« a » = s s « = =4=6{17) ,4~56(16}

restore(n .

RIGHT-PAR o

S{i} » « » &«

-

-

e e e e e e e e e e +9-29{118),9-28(112) ,9-38(149) ,9~41(156)
e e e e e e e em e mm e mmaaaneeeae e <6=8(28),7-2(15)
9=30(119) ,9~31(¢123),9-31(125) ,9-33{133)
4=3(7).,7-4(39) , 9-37(147) , 940 (153)

* ®» & + A& @ & 4 &2 & w 3 & © m .m w W @ &

--a--aau'ulo-'o.--n-u---oao---.-o--c-2"2|1L

S=C . . .9-5(18),9-7(26),9-9(33),9-11(38),9~11.(40), 9-12(43),9-12 (44} ,9~30(119),9-33(131)

S-CHAR . »

LT=5(41)

" w 4 8 % @ 4 ® ® W W W B e W B W A e wW oW oW B w M & & B om & #

S=Ci » « - 9-5(18),9-7(26) ,9-7(27),9-9 (33}, 9-11(38},9-11 (40) , 9~ 12 (43)., 9-12 (44) , 9=30 (119} ,

5-d . . s .

S

- 9-33(131)

e e e e e e s e e e e e e e e e e m e e e e e e e 29=30(119),9-33(13)

S=dp -9-6 (23) ,9-6 (25) ,9-16 (58} , 9~ 16 (59) ,9~18(67) ,9-31(124) ,9-32(127), 9~32(129) ,9-33(133),

9-36 (148)
r e e e e d e e e ae e 9=6(21),9-16(59),9-30(119),9-33(7131),9-33(133)
e b e e s e e ae e e e ae o me e e oae 29=6(284),9-30(119),9-32(130)

- TR T:))
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FORMAL DEFINITION OF THE

sel(idp) « - « « .
SENIC . & & o« = =

SLkgN & 4 « s e @ o«

.

PL/I COMPILE TIME FACILITIES

a« w s

single-bit-op{bvi,bv2,0pr} . .

single-not-op{bv}

-

» = o

-

SLASH & o « o » » 4=3(7),4-5{14)

slength(x) .4-2{4),4~2(3},4~-3(5),4

stack(e,ci,c}d,ri} . @

stack~-ci (indx, st}
store{n,v) . . . .

STRING s o » = + o

L]

string-comp(si,s2,0pr}

SUBSTE ¢ &« o o o =

SUBTR <« ¢ 5 2 = «

T-CHAR ¢ « o o & «

-

+

-

tail . .4~3{6),4-6{18)

take-st (indx,st) .
target{vi,v2,0pr)

term—-node . . o o
text-48(x) . . o o
trans-act{act) . .
trans-act-st(p} -
trans-assign~st {p)
trans-const {const)}

trans~deact~st (p}

trans-declare-st {d1)

trans-do-~spec{p) -
trans-else-st(p) -
trans-expr(p) s =

trans-group{p} -

trans-if-st(p) . -

12 APPENDIX: CROSS-BEFERENCE INDEX
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"

r

i

-

-
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e e ee e e e e e . 29-30{119),9-33(137)
f e e a e e e em e e e e 29290117
. e e v 22-3{16),2-3(1T),9=2{2},9~15 (54)
4=3(7) ,4=-4{12) ,4-6 (17}, T-4(39) ,9-37 {147
. . .9-25(103)

« % 4 3 & & & § w » F m =

s s e e e e s oe o 29-23192),9-23(91)

4=6{17) ;6= 15 (48} , 7-4(39) , 9-37 {146) ,9-37 (146) , 9-37 (147)

5¢%3) ,4-5(15) ,6-5{17) ,6~5{18} ,6-T7 {21} ,6~7(22) ,6~9{29),

-

-

6-12(39) , 6- 13 (42) , 6= 14 (4 6)
e e e e e e e e - 29230(121),9-30{119)
e e e e w e e s 29-9{33),9-9{32),9-9(34)
S . e - . .9232[129),9-32(128),9-41(156)
e e e e e e e e e . 29=3T7(146),9-37(146)
e e e e e e e .. .8220477),9-20(75)
.9-28(¢114) ,9-33(132) ,9-30 (134) ,9-34(137)
e e . L 6-15{48),7-4(37),9-20(70)

e s s s e m o2 s s e o+ e J4=B{17},7-5(41})

12 (43), 9~ 15 (54) , 9= 16 {57), 9-21{B1}, 9- 25 (103} , 9~28 (115) , 9-34 (135) ,
9-37 (146) ,9-39{149) ,9~40 (153) ,9-40 (154) ,9~-41{157)

. = s

« o 6-8{45)

-

r

w

e e e e e s e . 9=8{29),9%-7(28),9-12 (4
s e e wm e e e e o= 29-19(69),9-19(68)
e e e e e e eaeme s e e e e 29-4(16)
e e e e e e e e e e e JB=5(10),4-5(13)
e e e e e m e e e e w6-13{82),6~10(35)
e e e e e e e aB213(81),6-10(34)
C e e e ee e aim wom 6=15(47),6-10(4E)
e e e e e w s i e e .6-13(45),6-10¢30)
e e e e e e w e e e . . 5210{32),6-9(37)
e e e e e e . -6-12(38),6-8(27),6-11(37)
e e e e e e e .. 8211038 ,6-11(35)

,6-7(25) ,6~8(28) ,6~-11(35) ,6-12(38) ,6-13 (41} ,6~14 (45)

Gt e s e e s e e e s 26-11{37),6~10(34)

e e e e s me w e s - -6-11(35),6-10({34)
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trans-include-st {p}

trans-<infix-oprix}) .
trans—-lib~spec{ls} .
-trqns—p—elsewst(p)-.

.tran$~p-group(p) P

trans;p—if—st(p) . .

trans~-p-selist {p) ;.

trans—-p-sentence {p)
trans—p=st(p) . « .

trans-proc{p} . . .

trans-return-st(p} .
.trans-sentence (p) P

trans-st(p} .. . { .

trans—~type {attr} . .

-transfer (token;loc)

translate(t} +.."+ o

trunc . .« 4 o . A
truncate (integer) .
truth-to~bit (x) “« =
truth~val({bs} . . .
type(¥) .« « o o =« 4

U<«CHAR + o ¢ & s s =

unstac “ = % e e

apd-e({dp) . -

»
.
E ]

ppd-id(id,ad}) . . .
upd-index . . . . .
upd-p{ad,body} . . .
upd-p-e(dp,parl) . .

upd-rescan (ad,rescan)

V-CHAR o 2 &« = & » =

H-CHAR « & o a = « «

TR 25.095

DEFINITIOR OF THE PL/I COMPILE TIME PACILITIES

. o 6=

. . a a

- =

e e e e e e e eiee .6212(39),6-10(34)
e e m e e a wie e - 2B=15(4B),6=14 (46)

e e % aie e e aia moaaB6=12(40) ,6~12{39)

e e e i i e aie e S aB2B(26),67(25)

Gt e s w s s e e ow e s +6-8{27),6-7(2U)

C e e e e e e s e e« a821{25),6-7(24)

e e e . A627422),6-6(20) ,6-8(2T)

e e e e e e oa e oaoaw6=7{23),6=T7(22)

e ;gzliggl,s—v{za),5-7(253,6-5(26;
s e m s e swie s o« o« wB=6{19),6-U71H)
et e e s ee e e - s +E5-B(28),6~7(24)
e h e e e eiee s e e e -§-9{31),6~9(30)

103y ,6-7(24),6-9(31) ,6-11{35) ,6-11¢{36)

e e s e e e e . -5zB{15),6-4{14)},6=6(20)
.9~38(148) ,9-36(143) ,9-38{149) ,9-39(150)
Y el 074 |
W e e e e s . 9-20(784) ,9-24(96) ,9-25(99)

20(73),9-25(101),9-26 (107}, 9- 34 (138) , 9-35(140)

s e wom s awomoe s 29-22(BU},9-20(7T)
e s« «9=9{386),9-9(35) , 914 (&9}, 9-14(50)
e e e .9=24(94) ,9-23{93) ,9-31{124)
- ; T - T CRE
s e n me s se e e e s e s e «9-29011T)
«9-29(117) ,9-28(112) ,9~3B8(149) ,9-41(156)
“ e m e s e s e e e 29233(131),9-32{128]
e 4 s 4+ s e n s s o= s s +9=6{25),9-6(23)
“ s 4 m s e s owoe s s s 29-5(20),9-5(19)
“ o -9-6([21},9-5(20),9-31(123},9-31(12%)
= 4 e e s oe o= e «327427),9-7(26)
e s ma s e omoe e s oa e 29-6(28),9-6(23)
“ e e e 4 e s s o= oa 29231(125),9-30(119)
“ e e e = e = e s = +9216{58},9-16({5T

e e e e m e aee e e as T=5(87)
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FORMAL DBEFTNITION OF THE

A-CHAR « o+« . =
Y“'CHAR - s w ®

Z-CHAR « « .« =

0-BIT 7-5(44),

D=CHAR o o o «

* © = & & ® ¥ = 4 *« & & & a

« = ® a2 ¥ & 2 v &z w B w =

PL/I COMPILE TIHE FACILITIES

TR 25.095
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e e e e e e o ST=5{8T)

e - 1 (3}

" =2 = = s » a' = t”""S‘“?)

920 (76) ,9-21(80) ,9-22 (84) ,9-22 (87}, 9~23({92), 9~23(92), 9-25{100),9-26 {106},

9-26(109) ,9-27 (111)

7-5(42),9-24({97),9-26 (104) , 9-26 (106}, 9-27 (111)

1-BIT .7-5(44),9-10(36),9-20(76),9~ 22(au) 9-22(87},9-22 (87) , 9-23 (92} ,9~23 (92) ,9-25 (100},
9-26(106) , 9-26 (109) , 9-27 (111)

1-CHAR . « . .
2-CHAR . . . .
3-CHAR +» + « »
B-CHAR « . .+
S5«CHAR o. v o
6-CHAR + o« «
T-CHAR & « »
B-CHAR « + + »

9-CHAR « . .« =«

14 APPENDIK:
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7-5(42) ,9~24 (97) ,9-26 (104) ,9-26 {106) , 9-27 (111)

-

-

.

7-5(42),9-24 (97) ,9~26 {104)
7-5(42) ,9-24 (9T) , 9-26 {104)
7-5{42), 9-24 (97), 9-26 (104)
7-5(42) ,9-24 (97} , 9~ 26 (104)
7-5{42),9~24 (97) , 9-26 (104)
7-5(42) ,9-24 (37) , 9~26 { 104)
7-5(42), 9-24 (97) , 9-26 (104}

-5(42),9-24(97) ,9-26 (104)
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