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PREFACE

——o2s

This document describes the structure
and functions of the ALGOL-to-PL/I Language
Conversion Program: its components, their
functions, and the control flow among them.
The detailed organization of each component
and the instructions used to implement its
functions are given in the program listing.
The object of this manual is to help the
user to find any portion of the listing he
requires.

In this manual, the IBM System/360
Operating System ALGOL language is referred
to as ALGOL and the IBM System/360 Operat-
ing System PL/I (F) language is referred to
as PL/I.

The manual consists of six sections.
Section 1 is an introduction to the Lan-
guage Conversion Progran. Section 2
describes the Control Phase of the progran.
Sections 3, 4, 5, and 6 describe the phases
into which the program is divided.

The reader must have abworking knowledge
of the ALGOL and PL/I 1languages and the
System/360 Operating Systemn.

The reader should have some familiarity
with the contents of the following
publications:

~

IBM_Systen/360 Operating_System,
Language, Form C28-66151

IBM_System/360 Operating_System, PL/I
(F) _Programmer's_Guide, Form C28-6591

ALGOL-to-PL/I Language Conversion Pro-
gram_for IBM_System/360_Operating
System, Form C33-20002

LGOL

In addition, the reader will find it
useful to be acquainted with the
publications:

IBM_System/360 Operating System, Job
Control Lanquage, Form C28-6539.
IBM_System/360 Operating System, PL/I

Language Specifications, Form

¥33-6003

1Referred to in the text as "the ALGOL lan-
guage manual"

2Referred to in the text as '"the ALGOL-to-
PL/I language conversion manual"

Specifications contained herein are subject to change from time to time.
Any such changes will be reported in subsequent revisions or Technical

Newletters.

Request for copies of IBM publications

should be made

to your IBM

representative or to the IBM branch office serving your locality.

A form for
tion. If the form has been removed, comments may be

reader's comments is provided at the back of this publica-
addressed

to 1IBHM

France, Centre d'Etudes et Recherches, Programming Publications, Depart-

ment 843, 06 - La Gaude, France.

© Copyright International Business Machines Corporation 1969
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The ALGOL-to-PL/I Lanquage Conversion Pro-
gram, henceforth referred to in this publi-
cation as "the LCP", helps the user to
transfer to PL/I by converting System/360
Operating System ALGOL source programs into
PL/I (F) programs. In this publication,
the converted PL/I programs are referred to
as "target" programs. The LCP itself is
written in PL/I (F) language. It is dis-
tributed in object module form for inclu-
sion in the user's library.

The Job Control Cards used to call the
program from the library are described in
the ALGOL-to-PL/I language conversion
manual.,

The ALGOL source program must be free
from errors; i.e., it must meet the follow-
ing reguirements:

e Tt has been successfully compiled,
without producing error messages, into
a System/360 machine code version that
produces the results expected by the
user.

e It consists of statements that are in
strict conformity with the syntactic
and semantic rules laid down in the
ALGOL language manual.

Since these requirements are assumed,
the LCP makes no attempt to detect errors,
nor to continue scanning after an error has
appeared, nor to give precise diagnostics.
The LCP may, however, attempt to process an
ALGOL program containing an error (where,
for example, a card has been modified after
compilation). 1In this case, conversion may
stop altogether or, if carried out, may
result in a PL/I program of dubious meaning
and validity. In addition, note that: )

e Tf the ALGOL program contains function
designators that produce side-effects,
the converted program may produce dif-
ferent and unpredictable side-effects.

e If, for any reason, a source Statement
cannot be converted (see Appendix D of
the language conversion manual), a mes-
sage to that effect is printed ia the
output listing.

LIS

The LCP is divided into the following
six phases:

1e Control Phase

2. DPhase 10, which performs the following
functions:

e Converts the "hardware representa-
tions" used in ALGOL into internal
form

¢ Builds a dictionary of identifiers

e Detects the block structure of the
program

e Converts the elements of the pro-
gram that do not require reference
to the dictionary, e.g., comments,
strings, and certain declarations.

3. Phase 20, which searches in the dic-
tionary created .during Phase 10, for
the types of the identifiers

4. Phase 25 (optibnal), which completes
the dictionary if necessary

5. Phase 30 (optional), which generates
procedure declarations, using the dic-
tionary created by Phase 10 and, if
necessary, comnpleted by Phase 25

6. Phase 40, which gsnerates the PL/T
statements, and all comments. Phase
40 converts all the elements not con-
verted by Phases 10 and 30, statement
by statement, using, when necessary,
the dictionary of identifisrs built by
Phase 10, and the identifier descrip-
tions added by Phase 20.

TABLES

The LCP uses a number of tables. The way
in which these tables are used by the indi-
vidual routines is described in the rele-
vant sections. Appendix A contains a full
description of the most important tables.

Introduction 7



OVERAIL LOGIC_OF THE_LCP

Figure 1 illustrates the overall internal
logic of the LCP and shows the relationship
among the phases of the program.

The Initialization Procedure of the Con-
trol Phase receives control from the
System/360 Operating System and then calls
Phase 10.

Phase 10 takes the ALZO0L source progranm
from SYSIN as its input. It scans the
source program, placing the intermediate
text on SYSUT1, and builds the dictionary,
which is placed on SYSUT2. Optionally,
Phase 10 can list the source program on
SYSPRNT. It finally gives control back to
the Contrcl Phase, which calls Phaszs 20.

Phase 20 takes the intermediate text and
the dictionary as its input. It inserts
the identifier types in the intermediate
text, and, in certain cases, builds a table
which is placed on SY¥SUT1. Control again
returns to the Control Phase.

The Control Phase now tests for the pre-
sence of procedure declarations in the
source program. If the result of this test
is positive, and if, in addition, c=rtain
conditions are present, the Control Phase

calls Phase 25 to complete the dictionary,
using the table createl by Phase 20. (For
details of the requisite conditions, see
the section describing Phase 25.) Control
returns to the Control Phase.

The Control Phase then calls Phase 30
which generates the PL/I PROCEDURE state-
ments. Note that:

1. Phase 30 may be called directly after
Phase 20 if Phase 25 is not regquired.

2. If the source program contains no pro-
cedure declarations, neither Phase 25
nor Phase 30 are required.

Phase 40, the last phase of the progran,
is therefore called, via the Control Phase,
either after Phase 30 or directly after
Phase 20. Phase 40 generates the PL/I sta-
tements and comments, taking the modified
intermediate text on SYSUT1 as its input.
On completion of Phase 40, control returns
for the last time to the Control Phase
which uses the Return Procedure to generate
error messages if necessary. {An error
message may have been issued during a pre-
vious phase if a syntactic error was
detected in the program.)

Control finally returns to the Operating
Systenm.
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CONTROL_PHASE

The LCP Control Phase (see Chart 001)
receives control from the System/360
Operating System by means of an EXEC con-
trol card. This phase controls the flow of
the program, using two procedures:

1. Initialization Procedure
2. Return Procedure

The actions performed by these proce-
dures are described below.
Initialization Procedure

The Initialization Procedure initializes
the settings of the switches in the LCP
communication area. These are set either
to a standard status, or to the status
indicated by the user in his EXEC control
invokes Phase 10,

10

RETURN_PROCEDURE

The Return Procedure, which is entered on
completion of each phase of the progran,
calls the following phase. On completion
of Phase 40, the Return Procedure generates
error messages where necessary and restores
control to the System/360 Operating Systen.
Should the program stop at any time during
execution because an error has been
detected, the Return Procedure automatical-
ly regains control and issues an appropri-
ate message. Control then returns to the
Operating Systen.




Cchart 001. Overall Logic of Control Phase
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Phase 10 performs three main functions:

1. It acts as a preprocessor by convert-
ing into internal form the ALGOL
"hardware representations" (see Chapt-
er 1 and Appendix 2 of the ALGOL lan-
guage manual) and by converting into
PL/I certain basic elements of the
source progranm.

2. It detects the block structure of the
program.

3. It builds a dictionary of declared or
specified identifiers. This dic-
tionary serves for the conversion of
assignment statements, subscript ex-
pressions (other than constants), and
actual parameters (called by value).

The overall logic of this phase is illu-
strated in Chart 002.

The input to Phase 10 is the ALGOL source
program on SYSIN. After initializing its
internal parameters and tables, Phase 10
scans the ALGOL program to perform the fol-
lowing actions:

e ALGOL basic symbols with a hardware
representation that contains more than
one character are recognized and con-
verted into fixed-length internal form.

s Blanks outside strings and comments are
eliminated.

e Strings and various forms of comments
are converted into their PL/I equiva-
lents. When the sequence %/ appears
within the text of a comment, it is
converted into %-. In an open string,
a single quotation mark is replaced by
double quotation marks.

e Tdentifiers over six characters in
length are truncated to six characters.
(Identifiers in the intermediate text
always contain six characters; blanks
are added if necessary.)

e Certain delimiters (e.g. 'END', semi-
colon, and 'DO') are recognized and
used for delimiting essential com-
ponents of the ALGOL program, such as
declarations and statements. An
internal reference number is added to
each of these elements.

12

The nested program structure is detected by
placing the appropriate delimiters in a
stack, and by setting an indicator in the
intermediate text. Ths block structure of
the source program defines the scope of tne
identifiers. This procedure is used also
to recognize the end of 'FOR!' statements
and of procedure declarations.

The LCP handles a procedure declaration
seperately from the rest of the block in
which it occurs, and considers it as a new
block. A number is assignel to each block
and to each procedure declaration. The
dictionary (see Appendix A), is thus
divided into two sections:

1. DICEXT, which contains entries rela-
tive to blocks.

2. DICPRO, which contains entries rela-
tive to procedure declarations.

At the end of a program-block, the
corresponding section is placed on SYSUTZ,
using a key to identify the section. {See
Appendixes A and B for furthesr details.)

Phase 10 builds the dictionary using the
source program declarations and
specifications.

Identifiers are checked, before being
entered in the dictionary, to prevent con-
flict with built-in PL/I function-names or
with relational operators when the U48-
character set is being used. In the event
of a possible conflict, an appropriate flag
is entered in the dictionary.

In the case of a procedure declaration,
the description of the formal parameters is
completed using the specifications. The
declaration processing routine attempts to
convert as much as possibles of the declara-
tion. TIf a switch-declaration cannot be
converted, a flag to that effect is placed
in the intermediate text.

The output from Phase 10 is an interme-
diate text, placed on SYSUT1, using the
internal reference number as a key.



PHASE_10_ROUTINES

To perform its various functions, Phase 10
uses a number of routines. These fall into
the following two categories:

1. Input/output routines

2. Processing routines

INPUT/OUTPUT ROUTINES

These are used by Phase 10 to perform
various simple and frequently recurring
functions, as described below:

places the contents of the out-
put buffer on SYSUT1.

BUFPUT --

DICPUT =-- places dictionary DICEXT on

SYSUT2.
GENER -- places in the output buffer
characters that have been
stored in the intermediate
area.
GETCAR -- places in the word TCHAR the
character in the input buffer,
positions a pointer to the next
character, and if necessary,
reads the next card.
GQUOT -- reads the ALGOL keyword enc-
losed by quotes, converts it
into internal code, and enters
the converted keyword in
CODCAR. Determines the type of
the keyword (declarator, speci-
ficator, etc.) and enters the
information obtained in LUC.
PRINT -- lists the ALGOL source progran
on SYSPRNT.
PROPUT ~- places dictionary DICPRO on
SYSUT2.
PUTCAR -- places in the output buffer the
character contained in CODCAR
and positions a pointer to the
next character.
FINPG -- End-of-phase routine, which
closes the files, places thes
contents of the last output
buffer on SYSUT1, and returns
control to the Control Phase.

PROCESSING ROUTINES

This section contains detailed descriptions
of the routines used by Phase 10 to process
various elements of the ALGOL source pro-
gram. The information given about each
routine is set out as follows:

e Purpose of the routine

» Calling phase or routine(s)
e Processing

e Routine(s) called

e Exit from the routine

In order to simplify reference, the rou-
tines are described in alphabetical order.
Tach routine is illustrated in a separate
flowchart.

ARRAYS Charts 003,004
Purpose: To process the text following the
ALGOL declarator 'ARRAY'.

Called_by: DECLAR.

_________ Generates the list of array-
names, converts the bound-pair-1list into
internal code and, depending on the type of
the list, generates onz of the following:

e FLOAT (16)

e FIXED BINARY(31)

e BIT (1)

Enters in DICEXT the information concerning
each identifier of the array-name list.

Routines called:
GETCAR, PUTCAR.

BUFPUT, GLABEL, GENER,

Exit: DECLAR.

COMENT Chart 005

To process comments.

________ QUOT.

_________ Places any text between 'COM-
MENT' and a semicolon into BUFFER, enclos-
ing this text between the delimiters /x and
*/. Replaces the sequence %/, when it
occurs in the ALGOL program, by x-.

BUTFPUT,

GENER, GETCAR,

Phase 10 13



DECLAR Charts_006,007

To process ALGOL declarators.

________ QUOT.
_________ Detects the type of the
declarator(s), places in area TYPCAL the
information pertaining to the declaration.
If one of the declarators is 'YARRAY', 'PRO-
CEDURE', or 'SWITCH', goes to the routine
ARRAYS, PROCED, or SWITCH respectively. If
not, enters identifiers of a same type,
together with the type, in dictionary
DICEXT. Depending on the declarator,
generates one of the following:

s DECLARE ... FLOAT

e FIXED BINARY (31)
e BTIT(1)
If nscessary, updates the stack.

Routines called:
GLABEL, GQUOT.

DICPUT, SENER, GETCAR,

Fxit: ARRAYS, PROCED, SCAN, SPE1, SWTTCH.

Chart_008

DEPOIN

characters: : = =

________ SCAN.

_________ Detects whether the character
secuence to be processed is a colon , an
egual sign, or a combination of the two.
Converts the character into internal code
and places it into BUFTFER.

Poutines called: SCAN.

GETCAR, PUTCAR,

SCAN or SCA1.

Chart 009

_______ To process a scequence of two spe-
cial characters.

Called by: SCAN.

_________ If the first character is a
semicolon, calls routine PVIRGU to process
it. 1If the first character is a period,

goes to routine UNPCIN. If it is neither
of these:

14

a. If the combination of the two charac-
ters constitute an ALGOL symbol, con-
verts the symbol into internal code
and places it into BUFFER.

b. If the two characters do not consti-
tute an ALGOL symbol, converts the
first character only and places it
into BUFFER.

Routines called:
UNPOIN.

PUTCAR, PVIRGU, SCAN,

Exit: SCAN or SCAZ2.

GLABEL Chart 010

Purpose:

To pvlace the current identifier

ARRAYS, DECLAR, LETR, PROCED,
SWITCH.

SPECIF,

_________ Ignoring blanks, fetches the
characters making up the identifier, and
truncates the latter to six characters.
Tests whether or not a $ sign should be
added as suffix to the identifier, and adds
$ if required. Calculates length of the
identifier.

Routine called: ©None.

Exit: Calling routine.
LEND —_ Chart 011
Purpose: To process the ALGOL word 'END!

and the comments, which, in certain cases,
follow it.

________ QUOT.
_________ Tests the contents of the
stack. TIf it finds that the last symbol in
the stack indicates ths beginning of a
loop, it generates END. If it finds that
the last symbol indicates a block, it
places DICEXT on SYSUT2 and generates END.
Tests for the beginning of a comment; if a
comment is found, places it into BUFFER,
enclosing it between the delimiters /% and
*/. If the comment is followed by:

e 'ELSE', generates a
returanas to SCAN.

;s ELSE sequence, and

e A semicolon, generates a semicolon,
processes it using routine PVIRGU, and
returns to SCAN.




e IEND!, generates a semicolon and
returns to LEN1.

Routines called: BUFPUT,
GETCAR, PVIRGU, QUOT.

DICPUT, GENER,

Exit: LEN1, SCAN.

LETR Chart 012
Purpose: To process identifiers.

Called _by: SCAN.

Processing: Reads the identifier, using

routine GIABEL, and places it into BUFFER.

Routines_called: BUFPUT, GLABEL, SCAN.

Exit: SCA2.
PAREN o Chart 013
Purpose: To generate letter-strings that

occur in procedure or function declarations
or in procedure or function calls.

PROCED, SCAN.

Processing: Generates the letter-string,

PVIRGU Chart_015

Purpose: To generate an end-of-loop, an
end-of-procedure, or an end-of-function,
depending on the contents of the stack.

________ DESPEC, LEND, UNPOIN, VNSPEC.
_________ Tests the last item in the
stack. Then, if the last item in the stack
is:

e DO, generates an END; sequence. Goes
on to test the precs3ding item, and so
forth.

e A non-type procedure coataining parame-
ters, places DICPRO on SY¥YSUT2, and
generates: END;

e A type procedure containing parameters,
places DICPRO on SYSUT2, and genera-
tes: RETURN(SRTURN) ; END;

e A non-type procedure with no parame-
ters, generates: END;

e A type procedure with no parameters,
generates: RETURN ($PTURN) ; END;

If the program is an ALGOL procedure,
enters the name and typa of the procedure
in PGPROL and PGPROT respectively for tran-
smission to Phase 20.

Routine called: GENER,

enclosing it between the delimiters /% and Exit: Calling routine.

*/ o

Routines called: GENER, GETCAR.

Exit: Calling routine.
QUOT Charz_ 1%

PROCED Chart 014 Purpose: To process the following char:a-
ters or groups of characters: cuote
separator (exronent part)y, ‘/', ‘(' fol-

Purpose: :To process procedure lowed by an ALGOL string, ALGOL keywor?

declarations.

Called by: DECLAR.
_________ Detects whether or not the
procedure contains parameters, and updates
the stack accordingly. If parameters are
- found, processes them. Enters information
relating (a) to procedure identifiers in
dictionary DICEXT, (b) to parametsr identi-
fiers in dictionary DICPRO. Generates pro-
cedure declarations.

Routines called:
GLABEL, PAREN.

DECLAR, GENER, GETCAR,

Exit:

DECLAR.

enclosed by quotes.

LEND, SCAN.

_________ Recognizes aroups of charac-
ters beginning with a quotation mark.

e Tf it finds the quote separator
(exponent part), converts it into
internal form, and places it on SYSUTI1.

e Tf it finds '/', converts it into
internal form, and places it on SYSUTI1.

e Tf it finds '(!', places the string that

follows, up to the last *\!', into RUFF-
ER, rpPtween quotes.

Phase 10 15



e If it recognizes the group of charac-
ters as an ALGOL keyword, and if:

a. It finds specifiers or the word
'CODE', goes to routine SPECIF.

b. Tt finds any declarator except
'CODE', goes to routine DECLAR.

c. It finds
COMENT.

'COMMENT!, goes to routine

d. It finds 'END',
LEND.

goes to routine

e. It finds 'DO',
rrocesses themn.

'THEN', or 'ELSE!',

f. It finds any other ALGOL keyword,
converts it into internal form and
places it into BUFFER.

Routines called: BUFPUT, COMENT, DECLAR,

GENER, GETCAR, GQUOT, LEND, PROPUT, PUTCAR,
SCAN, SPECIF.

Exit: COMENT, DECLAR, LEND, SCAN, SCA1,
SPECTF.

SCRN Chart 017
Purpose: To call the appropriate routine

________ A11 routines except ARRAYS,
FINPG, PROCED, SWITCH.

Reads and tests the character.

e Tf it is a letter, goes to routine
LETR.

e Tf it is a digit or a left parenthesis,
processes it.

e If it is a colon »r an = sign, goes to
routine DEPOIN.

e If it is a quotation mark,
tine QUOT.

goes to rou-

e If it is any other special character,
tests whether it is the first of a
group of two special characters; if so,
goes to routine DESPEC, if not, goes to
routine UNSPEC.

Routines called: DEPOIN, DESPEC, GENER,
GETCAR, PAREN, PUTCAR, QUOT, VNSPEC.

: DEPOIN, DESPEC, LTR, QUOT, SCAN,
» VNSPEC.

SPECIF Charts 018,019

Purpose: To process the following:
e 'CODE!
e Text following specifier
e Value part

DECLAR, QUOT.

_________ There are two entry-points to
this routine: SPECIF and SPE1. At entry-
point SPECIF, processes a specificator or
the word 'CODE'. Generates the appropriate
PL/I declaration and enters the relevant
information in DICPRO.

At entry-point SPE1, processes the keywords
used as specifiers which are also used as
declarators. Partially computes TYPCAL and
enters the information obtained in DICPRO
and in DICEXT, which already contains the
procedure type.

Poutines called: GENER,

GQUOT, PROPUT, SCAN.

GETCAR, GLABEL,

Exit: SCAN.

SWITCH Chart 020

______ To process the text following the
declarator 'SWITCH!'.

DECLAR.

Processing: Ascertains which identifiers
follow the declarator ' SWITCH', and
generates the declaration LABEL INITIAL.
Tf necessary, places numbetr of error mes-

sage in RMES.

Routines called:

GLABEL, GENER, GETCAR,
SCAN.
Exit: SCAN.
UNPOIN _ _ __Chart 0.1
Purpose: To process groups of special

characters beginning with a period.

Called Dby: DESPEC.

_________ Ascertains whether or not the
period is the first of a group of two
characters representing an ALGOL symbol.




e If not, i.e., if the period appears on VNS PEC Chart 022
its own, converts it into internal code .
and places it into BUFFER.

e If so, and if the period is followed by characters.
another period (..), converts the group
into internal code and places it on
SYSUT1. Called _by: SCAN.

e If so, and if the period is followed by Processing: If the character is a semico-

a comma (.,), calls the routine PVIRGU lon, calls routine PVIRGYU to process it.

to process the group In all other cases, converts the character
into internal code and places it into
BUFFER.

Routines called: GETCAR, PUTCAR, PVIRGU,
SCAN.

Routines_called: PUTCAR, PVIRGU, SCAN.

Exit: SCAN, SCA1, SCA2.
Exit: SCAG6.

Phase 10 17
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Chart 003. ARRAYS Routine, Part 1
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Chart 005. COMENT Routine
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Chart 006. DECLAR Routine, Part 1 of . 2006+
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Chart 007. DECLAR Routine, Part 2 of 2
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Chart 008. DEPOIN Routine
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Chart 009. DESPEC Routine
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Chart 010. GLABEL
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Chart 011. LEND Routine
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Chart 012. LETR Routine
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Chart 013,
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Chart 014. PROCED Routine
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Chart 015. PVIRGU Routine
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Chart 016. QUOT Routine
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Chart 017. SCAN Routine
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Chart 018. SPECIF Routine, Part 1 of 2

AokdkR
*018x%
* A2%
* %
*
-
.
v
SPECIF .k
A2 *.* kA G ok ook ook Rk ko
.k B
-k Is =. NO * READ
X~e-==essmec—e-e=>% . SPECIFICATOR .* > IDENTIFIER
' A *. 'CODE' .x *
‘ . *o o*
. . *e ok AR A AR AR
. ] * YES |
L] L] . L]
- L] . t
. ) . .
- L] . .
. L] L] L]
. - v v
* . Aeokkokk B 2 ok Rk Rk ok Aok B U ok okok ok koo
M . * % SEARCH FOR  *
. * % ADD 16 TO  * « IDENTIPIER #
' v TYPEXT * *« POSITION IN
. . * * * DICPRO *
bl . * * * *
: : R ARk & AR R Rk
L] . . 1
. . . a
L] ., . L]
. L] . .
. L] L] V'
. . v SPE2 ke
H : ok ok C 2ok sk ok ok ok ok cu *o ok hC Sokoworpohok ok
o* *e * *
N M * PLACE DICPRO = .k IS *. YES * Gfgikl'l‘! /% %
' . ON SYSUT2 #*e SPECIFICATOR .==—======>x% LUES! -
. . #*. '"VALUEY .x * *
' ' . *e .k * *
¢ 0 dokok oK KRRk K *e o % Ty L
’ L] . * NO "
L] . 1 L] .
1 . " . .
1] L] . L] L]
. . - X X .
L] L] 1 v .
] . v - N
* ! Aokokok kD) 2ok Aok ok ok D3 *a sk DY sdokokokkok ok kR '
. . * * % . * * !
. . * * .k 1s *. NO * * .
. f  «DECREMENT STACK% #.SPECIFICATOR ,#==-=====>% RESET TYPRO x .
b . * * #. "STRING! .= * * '
. . * * *o ok * * .
. M FokRRKOKR kK kKKK *e oX Aok kKoK KRR R R KRk M
. . . * YES M M
L] 1 . L] L] t
L] - . 1 . .
L] . 1] 1 L] .
. . . . . .
. Ll L] . L] 1
] ] ' v ' .
: : Aok E 2 s dtok ok ok ko Aok Aok kB3 sk Rk koK : :
*
M ' * READ ONE * * ADD 128 TO * . M
. ' CHARACTER * TYPRO * ' M
. . * * . [
[ ] * * ] .
: 1 RO ROk ok ok kR K : :
. . . . L] .
1] L] 1] L] . L]
L] L] . L] L] .
, 1 X )l( X 1]
1] [ ] v L]
’ b SPE3 aka .
. L] o L]
) ’ - *e M
. . NO .% DELIMITER =*. '
‘ X= ~~%.SEMICOLON OR .= .
. *o .r ok '
. *e .« .
N - v
. * YES '
' ke M
. ¢ x017x ‘
' X=>% B3 % M
. * * [l
. FTTTS ;
ARG kR Kok kK G3 e ok kG Lok ok ok ke Aok AR KG Sk ok kK Kok
* * .k *. * * * *
* * NO .% DELIMITER %. * * * GENERATE *
*GENERATE COHMMA x< +-%.SEMICOLON OR «%<{-==<==<===%xADD 64 TO TYPRO%<=--====-=% IDENTIFIER *
* * *e .r ox * * * *
* * *. ok * * * *
AR AR KAk ok ok *. '§ES A AR AR AR K AR AR AR KRR ARk
*
1
L]
.
.
.
E8 v
Aok ok H 3o dookok ok ok ok
* *
* GENERATE %/ =x
* SEMICOLGON *
* *
* *
Rk AR KRR KK
)
L
v
*hk kK
*x017x
* B3
* *
*

34



Chart 019. SPECIF Routine, Part 2 of 2
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Chart 020. SWITCH Routine
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Chart 021. UNPOIN Routine
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Phase 20 searches in the dictionary created

during Phase 10 to discover the type of the-

identifiers. This information is placed in
the intermediate text, each identifier
being followed by its description. The
overall logic of this phase is illustrated
in Chart 023.

The input to Phase 20 consists of:

e The dictionary, on SYSUT2
e The intermediate text produced by Phase
10, on SYSUT1

Phase 20 cannot transfer its input
directly from SYSUT2 to the dictionary
because of temporary limitations in the
PL/I compiler. DICEXT and DICPRO are buf-
fers between the dictionary (DICT) inm main
storage and SYSUT2. The parts of the dic-
tionary corresponding to DICEXT and DICPRO
are also known as DICEXT and DICPRO in this
section. For further details, see Appendix
A.

When an identifier is not found in the
dictionary and is followed by a left paren-
thesis, the search continues by checking
for the presence of standard function and
input/output procedure nanmes.

A procedure identifier which occurs as
left-part variable is replaced by the iden-
tifier $RTURN.

When a formal parameter specified by
'ARRAY' appears in an expression, Phase 20
calculates the number of array dimensions
appearing in this expression. The number
of dimensions found is entered in the dic-
tionary (DICT) to complete the description
of the formal parameter. If this parameter
recurs with a varying number of dimensions,
a flag is placed in the relevant dictionary
entry. A similar method is used to calcul-
ate the number of parameters of a formal
procedure. (See Appendix A for further
details.)

At the end of each procedure, the sec-
tion of the dictionary corresponding to the
procedure is rewritten on SYSUT2 if the
description of a formal parameter has been
modified using the method described above.

When an array or a procedure (including
standard functions and input/output proce-
dures) is used as an actual paramet2r, a
description of the actual parameter is
entered in Table PCT. The latter is placed

PHASE 20

on SYSUT1 (after the intermediate text)
when the buffer is full.

The output from Phase 20 is an interme-
diate text, which is placed on SYSUT1.

Oon completion of this phase, control

returns to the Control Phase of the
program.

PHASE 20 ROUTINES

This section contains detailed descriptioas
of the routines used by Phase 20. The
organization is the same as that otf the
section "Processing Routines" in Phase 10.

Chart Qg4

BEGPRO

______ To detect the presence of a
block, and to update the dictionary.

________ Phase 20.

_________ The next block section of the
dictionary has already been stored in
DICEXT, and IRNEXT contains the internal
reference number of the line oprening the
block. Detects block if the key of the
current line (CURKEY) is equal to TRNFXT.
In the latter case, the contents of DICEXT
are added to DICT and the various pointers
are updated. If the block found is not the
last in the program, thes n2xt section of
the dictionary is read from SYSUTZ2 and
entered in DICEXT. BE3PEO checks with
BLIDIC, which indicates the total numher of
blocks, to see if the current block is the
last one.

Routine_called: VNone.

Exit SDCID.

PDCPRO ————— e Chart C25
Purpose: To analyze thes type of the proce-

dure declaration and, if nescessary, to add
the relevant section to the dictionary.

Phase 20.
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Processing: Finds the procedure identifier 2.
in DICT and adds its description to the
line in area PRDESC of the output buffer.
If the procedure declaration is not the
first of the program, adds to the line in
the output buffer the internal reference
number of the previous declaration. If the
procedure contains parameters, reads the
list of parameters, together with their
description, from DICPRO. Counter NBPRO,
initialized to 0 and incremented by 1 at
each occurrence of a procedure declaration
containing parameters, provides the appro-
priate dictionary section number. If the
procedure body is other than 'CODE', rou-
tine PDCPRO enters the contents of DICPRO
in DICT and updates the various pointers.
NBPRO is saved.

Routine called: None.

Exit: WRTLIN.
PENPRO e—e—e——__-Chart 026
Purpose: To process the ends of the proce-

dures that contain parameters.

________ Phase 20.

_________ SDCID has previously modified 3.
the description of the formal parameters
specified by 'ARRAY' and 'PROCEDURE' in the
procedure declaration.

Routine PENPRO then rewrites the corres-
ponding section of the dictionary on
SYSUT2, using as a-key the procedure number
previously saved during the processing of
the procedure declaration.

Routine called:

None.

If the identifier appears in the
dictionary:

a.

If it is a procedure identifier
present in the left part of an
assignment statement, it is
replaced by $RTURN.

A new entry is placed in the stack
if any of the following types of
identifier are found:

e Formal parameter specified by
' ARRAY' and followed by a left
bracket.

e Formal parameter specified by
'PROCEDURE!' and followed by a
left parenthesis.

e Procedure identifier followed
by a left parenthesis; the
procedure having a formal
parameter specified by 'ARRAY!
or 'PROCEDURE'.

If an array or procedure identifi-
er appears as an actual parameter,
the information concerning this
identifier (i.e., number of dimen-
sions, section number, address,
etc.) is enta2red in the stack.
(See Table PCT in Appendix A for
further details.)

If the identifier was not found in the
dictionary:

A

If the delimiter following it is a
left parenthesis, the identifier
must be the name2 of a standard
function or of an input/output
procedure.

In all other cases, the identifier
is a label or an ALGOL function
name used as an actual parameter.

Whenever it finds a delimiter:

The processing is the same as for a deli-
miter following an identifier, i.e.:

Exit: BKLEND.
SDCID Charts 027,028,029,030
1.
burpose: To search for identifiers in the
dictionary and to analyze procedure
statements.
Called _by: Phase 20.
Processing: Scans each line word by word.

Whenever it finds an identifier:

1. If this identifier is followed by a

colon (except in array declarations),
it is a label.

40

If the stack is not empty,

checks the

delimiters, as follows:

a.

If the delimiter is a left bracket
or a left parenthesis, updates
bracket and parenthesis counter.

If it is a comma, calculates the
number of dimensions for a formal
array, or the number of parameters
for a procedure.

A right bracket or a right paren-
thesis indicates the end of a pro-
cedure statement, function desig-



nator, or subscript list. Routine 2. If the stack is empty, takes no
SDCID then checks the last entry action.

in the stack and enters in the

dictionary the information .

required to complete the descrip- Routine called: None.

tion of the corresponding formal ’

parameter. This entry is copied

into Table PCT. (See Appendix A Exit: WRTLIN.

for further details.)
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Chart 023.

Overall logic of Phase 20
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Chart 024. BEGPRO Routine
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Chart 025.
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Chart 026. PENPRO Routine
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Chart 027. SDCID Routine, Part 1 of U
Aok ok
*027%
* A2x
* %
*
-
< X
- L]
SDCID v M
Aok ok A 28000k K kKR ok M
% GET CURRENT '
*« CHARACTER AND .
* INCREMENT * M
* POINTER * .
* * M
HRRR AR R KRk K "l
. L]
. L]
- .
. 1
v * NO
o ko N GTWRD ke
B2 *. B3 *a *e
«x_ IS *e «x IS *e .k *o
«% CURRENT =*. NO +% CURRENT #. NO LINE
*e CHAR. ek mmm=——e Dk, CHAR, A - EXHAUSTED «x<--X
*es LETTER % #.DELINITER. % . . '
*e ok *o . % ¢ ke -k .
e ok e ok ! *e ok '
* YES * YES * x YES M
. L] * * L ] L}
. M *027% ' '
. v * Blx v b
- LI Tl EETE L KR N
. *028 % *023% M
v * D3x * C5% M
Aok kRG22 dkdok koK K * % LI 4
COLLECT * * * M
CHARACTERS OF * !
*IDENTIFIER AND * .
* FOLLOWING * '
* DELIMITER * ¢
B L .
[ [
. .
L} Al
. .
v [
ke ko .
*e D2 *a '
% INDI= %, P *e M
NO .%CATOR ARRAY*. ok . !
X-~==-%, DECLARA-  .#<==-====-x. DELIMITER .* .
H *. TION % *. SEMICOLON. % .
. *e ok *e -k 1
' e ok e ok H
. * YES * KO ¢
t . - L]
1 . . 1
. , - L]
M X >4 ]
L] v .
¢ SDCIDB ko - %o N
M E1 *o E2 *. M
’ ok *e ok * *
' NO .% DELIMETER %. NO .*IDENTIFIER #. '
¢ X--%.NOT STACK o #{========x, OUND IN ok '
[ #. EhPTY .« DICT = . '
e - . *e ok .
v *e ok . ok '
ko Aok ¥ 1ES * YES '
14028% ' '
L A% L] L) L]
"k ok L) a "
. g [ . [l
L] L . .
[ [ . ke [l
' . . F3 *o .
‘ M M .k *o '
' . ] -%__ ARRAY  *. NO .
M M . X==>%. IDENTIFIER .#=======X '
1 1 L} . e .k v )
M ' . M *e .k LT3 .
. M b ' e ok *028x% '
! . . . * YES * D3x .
. ) L} . ) x % .
. . - 1 L] * L]
* . - . . .
* L] L] 1 L] 1]
a4 ’ v M v .
' SDCIDA2 v FCOUND . ke ¢ ke '
. Aok kG T dork kg kkR G2 *o . G3 *eo Ak koG U ko kR Rk t
M * COMPARE * % * o . * IS *e * .
' IDENTIFIER * «* PROCEDURE *. NO ' «% DELIMITER x. NO *«ARRAY AS ACTUAL% '
X==e=> % AGAINST * *. IDENTIFIER «%—==-=X *o LEFT o Km———— ~~=>% PARAMETER IN =« .
*RESERVED WORDS * *e % *. BRACKET .x * STACK * .
* * %o ok *eo ok * * N
Aok AR KK KRR K . ek B oKk kKRR kK *
' * YES * YES 1 L
. - . L} L]
L] . 1 . L]
L) . ] v [
* N ' ok kK !
' v v *028% '
v ok ke * G3x N
ok ok ok H T okskok sk ok Kok H2 *e H3 *e * % :
* * B *o . *
*INDICATE IT IN * .k Is * «% _FORMAL *e NO '
» DESCRIPTION =% #*« DELIMITER Jx---X #. PARAMETER .%~—--=--X ¢
* * *ao 1= % ' *o .k v M
* * *o .k . *eo ok ok kA M
sk ok ok ok ARk Rk Kk - ok v *o ok *028% .
. * YES RO R * YES » D3x '
. . *030% . * x '
[ . * A2x . * .
L ] . ® * . .
L} . * L] )
v . . A
ke v v ]
J1 *. deok gk 2 kR Rk K Aotk ok J 3ok ok kKK *
% *e REPLAC * * * .
NO *e * IDENTIFIER BY = * NEW ENTRY IN =» .
X=-=~%. RESERVED ok $RTURN _IN * * STACK WITH * .
] B 0 o % %« INTERMEDIATE = * ARRAYP * v
. . - EX * * * '
*e % sk ok KRR R kK A AR KR KK 1
* YES : . 1
Rk * v ' '
T %027+ ® . . .
. * K1 %=>1 v ‘' []
. * * hRS X .
' Aokkok ¢ ]
*SDCIDA3 v '
' koK Tk ok ]
' * INSERT '
. «DESCRIPTION 1N = '
v IN%ERHEDIATE * X
~ EXT_ FOR *
IDENTIFIER *
KRR AR R KK

ué



Chart 028. SDCID Routine, Part 2 of 4 35?
* A3%x
* %
*
L
L]
v
- ke .%o *e
sokaokkA Dotk ok amk A2 . A3 *e Al *e
* * ok e ok *e ok *o
* INDICATE I/0 % YES ox *o YES .+«IDENTIFIER %. NO +*IDENTIFIER *. NO
* PROCEDURE 1IN z(----—---#. DELIMITER o#<========%, IS AN I/0 #===—====>%.I5 A STANDARD.*==--=-=ww-—ec—c—e-)
* THE LINE *e IS ( % *. NAME ok *« FUNCTION x% .
* * *e ok * o ok %« NAME % .
ok Rk R R Rk kK e ok .« . *e ok *
. * NO * *. YES M
t L] " .
. [ ] L] L\l
v . ) v
Aok K b X X ‘
*027% [ T v
* Bl v M ok
* % . M Aealekok o B G ook otk okokok ok BS *
* . - * i *e
: . * ERROR * YES .*
M M *IDENTIFIER NOT #<~======-=%. DELIMITER .#
. . * FOUND * *. IS ( .
' ' * * *. ok
. . ook e ok ok koK s b ok ok ok KOk K ok *e ok
L] 1 ] L] *‘ NO
L - . L]
. 1 L] L]
. . L] L]
. L . L]
v v L] .
. ke ke M .
t2  x. [o] *e v .
*o % *e ckkokC Lot ook ok ok '
*o RO . *o * RE Q .
Ymwmmoweweemomem=Syl” DELIMITER . #<--=====-x. DELINITER .x* * CONTROL PHASE * "
¢ *.I5 ) OR ,u% *. IS ( ok * * N
M e ok *o ok s o kR R o R ok ook M
M *e o ¥ Ko ok '
. * NO * YES .
L] ] T LT , L]
. b *028% N M
. v % D3 w=>t .
. ok ok A * * . M
v *027* Aok v M
« ke * Bl SDCIDC2 eka M
D1 *e * % D3 *e M
* % M
u ol STACK *e YES N
X *e S EMPTY o kmm————o X M
' e o% v H
. . .k Rk Aok ok
' *e ok #027% M
. * NO * Kix .
. [ * & L)
[ . * []
L] 1 ] .
L ] a .
] v )
H o ke '
*o . E3 *e ook Bl okt kR kokok .
TERx ' -k *a, * * '
CKET * NO .x DELIMITER %. YES % +1 TO COUNTER = M
ESES 1<%, OR LEFT ok=e—====e>% OF BRACKETS =« b
‘ ke BRACKET .x * PARENTHESES '
: *e ok : *o . * * :
*u ok ke % ok ok o ook ok ok ok ok K ok ok koK ok
M * YES . * N '
« . * ] .
L] . . 1 .
. . . v -
‘ N ' ok .
' ¢ . #027% .
' v ' * Klx v
! sokok ik E Y ok ok kool sk ok ok bd * K .
M * I/0 NAME OR M * .
N *STANDARD FUNCT x M v
' USED A5 ACTUAL = . -
*  xPARAM IN STACK * : .
' * * . ok ook .
1 AR Rk ek ko ok ok ok ' *028% *
M ! bd * G3x .
1 L] 1 x % L]
v . L] * .
. ] . L] .
] . . °” e
L] ] [l v
' M "SDCIDCH « ke ok
H ' . G3 *e G4 ok kG Skt kR KK KR
. ' . *e «%*COUNTER*. *
M . v ok *. YES +% BRACKET - x. YES * +1 TO COUNTER =*
. X >%e DELIMITER .#=<*=--==<=>%, PARENTHESES .#%-==----=>% OF DIMENSIONS *
: « IS, .k *e =1 ok * PARAMETERS *
M *e -k *e -k * *
e o¥ *e X ok 3 o o Ok ok KRk ok ok ok ok K ok
M # NO * NO M
L] e i ok . L] T
M *028x% . ’ .
M * H3 %=>t v v
: otV *03%% A3
*027% *027%
9 SDCIDCS ke * Klx * K1x
N H3 *e * * * %
ok *e * *
: +*DELIMITER ) %x.
X >%. OR RIGHT L Sabuinintuinind ¢
BRACKET .x v
*e .k Pttt
*e ok *027%
* YES * Kix
* *
M *
.
L]
.
v
ek AoRoR 3ok ek o okor ok ko
* *
* =1 TO COQUNTER x*
* OF BRACKETS %
* PARENTHESES %
*
b ]
L]
.
L]
.
v
ke
K3 - k.
OB BRACKETSs. YES
* B
t.PAREBTHESES=3.#----'~-X
*eo ok v
*. ok Sk ok
*e ok *029%
NO * A3
* ok
*

Phase 20 47



Chart 029.

SDCID Routine,

Part 3 of 4

KA
*029 %
* Adx
* *
*
4
L]
v
. ke
A3 *e
% *
-% CURRENT x. YES
*. ENTRY b ¢
*. PROCH .x ¢
*. -k '
*e oK '
* NO '
L L)
L] Ll
. .
1 L
v .
« ke ok N
sk B T ook ok ok B2 * B3 *e :
.k *. % *.
* FLAG FORMAL x NE % _ CHECK = *. YES .#DESCRIPTION«. '
xPARAMETER INTO #<=-~----=-%. COUNTERS A<=mmmmm=lkl BEEN .x !
* DICT * *u % *oCOMPLETED.» M
* * *a ok *e o * M
Ak kKK kR R KK E T *e ok 4
M * EQU * NO ‘.
- L) . .
. . . 1
. . - .
. 1 ) 1
. . L] .
. . v L}
. Ll ook kG 3 ok ook N
‘. v *INSERT COUNTER =* '
. . * OF DIMENSIONS * '
. . * (OR PARAMETERS) * .
' ' * INTO DICT FO "« M
1 ¢ * PARAM * M
L ’ ook o o ok o ok ok ok ok koK .
. v . '
- . - L]
1 . 1 Al
. . - 1
. . Al .
. . - .
) v v .
. . Aok kD 3 dokk kR gk ¢
M . * INDICATE * !
bt s * CORRESPONDING # M
. . % SECTION IS * ¢
' . *  MODIFIED x !
. . * * ]
N . Ak RO A A '
. . - t
. L] L] '
. . L] .
L] 1 1 1]
L X >t .
] v [l
L SDCIDD1 ke M
N E3 *e .
* -k *o '
- YES .% CURRENT . '
N X-=-=-%. ENTRY IS ok 1
* v *. EMPTY .x !
. ¢ *. .k '
. ' LERE] ‘
. . * NO 1
. L] L] L}
L] . L] .
. L] 1 L]
v . L] L]
1 1 L} .
. 1COPYLE v [
‘ ' sdok ko F 3 ok sk kor '
. « * [
. 1 % COPY CONTENTS % ¢
' * % OF CORRENT =~ #<--X
v *  « ENTRY IN PCT =
M ' * *
" : ARk ok Ok
L] . .
. femmmmm———1
. -
X >t
.
SUPLE v
ok R kG 3otk kAR AR K
* *
*REMOVE CURRENT =
* ENTRY FRON *
STACK
* *
AR AR RO AR KKK
.
L]
L)
.
v
e
H3 L
.% *o
1] STACK *. YES
*. IS EMPTY ok m———— -X
- «* v
*a % Ak
*e ok #027%
* NO « Klx
M * ok
H *
L]
-
v
AotokokokJ 3 kokdorok Kok Kok
* *
* RESTORE *
% COUNTERS AND %
* POINTERS *
* *
B e L L e L

48



Chart 030. SDCID Routine, Part 4 of 4

ko ok
*030%
* A2k
* ok
*
L]
.
v
SDCIDE ke
ok .
-k %o YES
e DELI“ITEH .*'--‘--"""“--"x
« IS ( ok 9
*e . *
e o ¥ M
* NO .
" L]
. .
- L]
. L]
v v
- ke « ke
B2 *o B3 *e
ok *o o* *.
% STACK *. YES ok A *x. YES
*. IS EMPTY k==X *e FORMAL
- . % . %« PARAMATER. #
*e ok . *a ok
ke ok v *e ok
* NO Ao Kok * NO
b *027% .
. * K1x M
L] * % L]
. * .
v v
ke ke
c2 *o Cc3 e
ok *o +#*PROCED .
ok *. NO «%WITH PORMAL*. N
*. DELIMITE o k==X %+ PROCEDURE' OR +%=-<X
*aIS ) OR ,ex J *e TARRAY' .x '
*. o . #. PARA M. % '
*e ok v Ke ok v
* YES kok ok * YES Aok
] *028x% M *027%
. * H3% . * Kl
' * ok M * %
. * . *
v 0
ok v
b2 *e Aeokok okik D 3ok ok skokok ok
ok *e * *
«% CURRENT . YES * NEW ENTRY IN %
%o - ENTRY IS « k===X * STACK WITH *
*« ARRAY P .x% : * PROCH *
*e . * *
*e ok v ek ok ek ok o o Sk oK ok ok ok ok
* NO KKK M
b *028x% M
! * H3% M
. * k v
' * Aotk
v *027x
.%o * Kl
E2 * o * %
+ *COUNTER%, *
*OF BRACKETSx. NO
%o PARENTHESIS =.%=======X
. 1 ok v
*a % KR AR
*e ek *028%
* YES * H3x
bl * ¥k
. *
L]
L]
v
- ke
F2 *o

-k *e
YES .#IDENTIFIER *.

X=====-o=-=-eo-i-sy. IS A FORMAL %

“oesanabas

dokk kG Tk ok ok ok ok ok

* *
*PROCP AS ACTUALx
* PARAMETER IN %
* STACK

* *
*i*‘*i**f********

Qe

Hok ok
*028%
* G3x
* ok

*PARAMETER . %
* %k

The ok
NO

-y

ok kG 2 e ook ke ok ok ok ok ok

* *
*PROCHM AS ACTUAL*
* PARAMETER IN =
* STACK

*
* *
*****t**#******#*
.
1]
v
Aok R AOK
*028%
* G3x
* %
*

o ——————————

£
+
L]
L]
[
v
.
.
.
’
v
e ETE L TETE T
* *
* NEW ENTRY IN *
% STACK WITH *
* PROCP *
* *
e
L]
L]
v
kR
*027%
* Kl
* %
*

Phase 20

49



PHASES_25 AND_30

Both Phases 25 and 30 are optionmal; they
are called only if certain conditions are
present in the program.

PHASE_25

The input to Phase 25 consists of Table PCT
on SYSUT1 and the dictionary on SYSUT2.
During the initialization of Phase 25,
Table PCT is taken from SYSUT1 and placed
in main storage. Phase 25 completes the
description of formal parameters specified
by *ARRAY' or 'PROCEDURE'. It is called if
both of the following conditions are
present:

1. The program contains procedures.

2. One of these procedures contains form-
al parameters specified by *ARRAY' or
'PROCEDURE!' (i.e., Table PCT is not
enpty) .

In the case of formal parameters speci-
fied by 'ARRAY', the number of dimensions
is determined by examining the correspond-
ing actual parameter.

To process formal parameters specified
by *PROCEDURE', correspondence is first
established between each formal parameter
and the procedure declaration of the actual
parameter. A check is then made to ensure
(a) that procedure names passed to the pro-
cedure in place of the corresponding formal
parameter have the same number of parame-
ters, and (b) that the latter are of the
same type and have the same value-part.

The information obtained is entered in
the relevant section of the dictionary
which is rewritten on SYSUT2.

When Table PCT has been processed, con-
trol returns to the Control Phase of ths
program.

The overall logic of Phase 25 is illus-
trated in Charts 031 and 032,

PHASE_30

Phase 30, the input to which consists of
the intermediate text on SYSUT1 and the
dictionary on SYSUT2, converts procedure
headings. This phase is called if a proce-

50

dure declaration is present in the ALGOL
program. (Procedure dsclarations were
chained during Phase 20, thus avoiding the
necessity of scanning the whole of the
intermediate text.)

The following sequence of PL/I state-
ments is generally used in the conversion
of ALGOL procedure headings:

1. Declaration of entry-name with the
attribute ENTRY

2. PROCEDURE statement
3. Declaration of formal parameters

4., Comment (value-part)

To generate statement 1, Phase 30 uses
the section of the dictionary corresponding
to this procedure declaration. If the pro-
cedure is used as a function, & dummy vari-
able ($RTURN) is created, which has the
same data attributes as the procedure iden-
tifier. When a procedure declaration is a
“"precompiled" procedure (see Section 5.4.6.
of the ALGOL language manual), statement 1
is not generated.

Statements 2 and 4 are generated in
Phase 10. If the procedure body consists
of the delimiter 'CODE', statement 2 is
deleted and statement 4 is not generated.

Formal parameters are declared by using
the section of the dictionary which served
to generate statement 1 above. The
declaration of formal parameters declared
by 'PROCEDURE' is performed by using the
information entered in the dictionary by
Phase 25.

The effect of the value part is simu-
lated by statement 1 and by the conversion
of actual parameters in Phase UuU0.

The output from Phase 30 is an interme-
diate text which is placed on SYSUT1.

When all procedure jeclarations have

been converted, control returns to the Con-
trol Phase of the program.

PHASE_30 ROUTINES

Phase 30 consists of a main routine, PRPRO,
which calls on two other routines, PALGEN
and RTNGEN, to perform certain functions.



These three routines are described in
detail below.

Phase 30, in addition, uses two utility
routines:

GENR, which places various program items in
the output buffer and thence on
SYSUT1 when the buffer is full.

GENID, which does the same for identifiers.

of 'PROCEDURE' in particular, routine PRPRO
reads the section of the dictionary corres-
ponding to the actual parameter. Routines
PALGEN and RTNGEN are called to generate
the parameter-attribute-list.

When all the parameter specifications have
been generated, the preceding procedure
declaration is examined. If all declara-
tions are found to have been processed,
control returns to Phase 30.

Routines called: GENID, GENR, PALGEN,
PRPRO Charts 033,034 RTNGEN.
Exit: Control Phase.
Purpose: According to the kind and to the
number of parameters in the procedure
declaration, to generate the various state- PALGEN __Chart 035

ments used to convert this declaration.

Called _by: Control Phase.

Processing: Reads the procedure declara-
tion and finds the description of the pro-
cedure. If this procedure contains parame-
ters, the relevant section of the dic-
tionary is entered in DICPRO. If the pro-
cedure is not an external (precompiled)
one, calls routines PALGEN and RTNGEN in
succession. The end of the PL/I PROCEDURE
statement generated by Phase 10 is deter-
mined by the first semicolon encountered.
The various statements generated are
chained using NXIRN, which contains the
identification number of the next buffer.
(See "BUFFER" in Appendix A.) These state-
ments are placed on SYSUT1 immediately
after the intermediate text placed there by
Phase 10. If the procedure body is the
symbol 'CODE', the PROCEDURE statement is
deleted. In the case where the procedure
has a type, routine PRPRO generates an
auxiliary variable ($RTURN) to contain the
value given in the ALGOL program to the
procedure identifier.

The parameters are grouped according to
their specification, as follows:

1. Specified by 'LABEL®

2. Specified by 'REAL',
*BOOLEAN!

' INTEGER', or

3. Specified by 'STRING!

4, Specified by 'SWITCH?

5. Specified by 'ARRAY!

6. Specified by 'PROCEDURE!
Routine PRPRO then generates the corres-
ponding declaration using, in the case of

*ARRAY' and *PROCEDURE', the information
supplied bty Phases 25 and 30. In the case

Purpose: To dgenerate the parameter-
attribute-list corresponding to a declara-
tion with the ENTRY attribute.

________ PRPO.

_________ Examines the specifications of
the formal parameters and generates an
attribute when it finds any one of the
following:

e 'REAL!' procedure

e 'REAL' array or 'INTEGER' array called

by value
e Type procedure called by value

e Arithmetic variable
fINTEGER"Y)

(*REAL' or

In all other cases the attribute corres-
ponding to the parameter is empty.
GENID.

Routines_called: GENR,

Exit: Calling routine.
RTNGEN —— e Chart 036
Purpose: To generate the RETURNS attribute

when a function is encountered.

________ PRPRO.

_________ Checks the procedure identifi-
er for type; if a type is present Jgenerates
RETURNS followed by the corresponding data

attribute.

Routine called: GENR.

Exit: Calling routine.
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Chart 031. Overall Logic of Phase 25, Part 1 of 2
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Chart 033. PRPRO Routine, Part 1 of 2
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Chart 034, PRPRO Routine, Part 2 of 2 “ﬁ:
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Chart 035, PALGEN Routine.
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Chart 036.
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Phase 40 (see Chart 037) generates the PL/I
target program. The input to this phase is
the intermediate text on SYSUT1, together
with the dictionary on SYSUT2 if ths ALGOL
program contains procedures (see Phases 25
and 30).

After the initialization of phase para-
meters, and when processing a main progranm,
Phase 40 generates a PROCEDURE statement
with the label MAINPRO.

Executable statements and partially con-
verted declarations (array declarations,
for example) are converted by various
statement processing routines.

Routine EXPRO is called as required by
the statement processing routines, to pro-
cess arithmetic and boolean expressions.

Phase 40 has to check the type of an
arithmetic expression when any of the fol-
lowing are present:

e Assignment statements with left-part
variable of type 'INTEGER'

e Subscript expressions

e Actual parameters with corresponding
fcrmal rarameters specified by 'INTEG-
ER' and called by value

If the arithmetic expression is of type
'REAL', the bujlt-in function FLOOP is used
to simulate the rounding in ALGOL. Paren-
theses are inserted where necessary,
because of differences between ALGOL and
PL/I as to the relative priorities of cer-
tain operators. Simulation of the ALGOL
operators YEQUIV!', 'IMPL', and '/' requires
sophisticated scanning by EXPRO of the
expression, using a stack and the relative
priorities of the operators.

Conversion of input/output procedures
depends on the kind and type of the actual
parameters. If a statement cannot be con-
verted, or if conversion is doubtful, the
relevant line in the output listing is
identified by a number (see Appeniix F of
the ALGOL-to-PL/TI language conversion
manual).

If the source program is found to con-
tain a conditional expression, the func-
tions $CONAEX ands/or $CONBEX are generated
at the end of the converted progranm.
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Output from Phase 40, i.e., the target
program, is in the form specified by the
user in his EXEC control card.,

Oon completion of Phase 40, control

returns for the last time to the Return
Procedure of the Control Phase.

PHASE_40_ ROUTINES

The routines used by Phase 40 fall into
three categories:

e Statement processing routines

e Expression processing routine (EXPRD)

e Utility routines

The first two categories are described
in detail and illustrated by flouwcharts, as
in previous sections of the manual; the

utility routines are described more
summarily.

STATEMENT PROCESSING ROUTINES

ARPRO Chart 038
Purpose: To process array declarations.
Called by: Phase 40.

Processing: Phase 10 has already converted
the part of each array declaration which
does not need a dictionary reference.

Calls routine EXPRO to convert the bound-
pair-1list, each bound being of type 'INTEG-
ER'. Using a left bracket, an entry is
placed in the stack. The end of a bound-
pair-list is detected when a right bracket
deletes this entry.

The converted lines are transmitted,
without modification, to the output buffer.
A semicolon found in a converted line indi-
cates the end of an array declaration.
PRTLIN.

Routines called: EXPRO,

Exit: Calling routine.



Chart 039

To process assignment statements.

Called by: Phase U40.

Processing: Begins by processing the laft-
part variable. If it is a subscripted
variable, calls routine EXPRO to convert
the corresponding expression, which must be
of type 'INTEGER!'. Using the left bracket,
an entry is made in the stack.

Then processes the right-hand part of the
statement. The symbol := is used to place
an entry in the stack. The type of the
expression is obtained from the type of the
left-part variable.

Routines _called: EXPRO, GENU40O, PUTID.
Exit: Calling routine.

FORPRQ ———=————_Chart Q40
Purpose: To process ALGOL 'FOR!

statements.

Called by:

Phase 40.

_________ Converts the controlled vari-
able and examines the for-list, giving the
type of the controlled variable to routine
EXPRO.

In the case of STEP-UNTII element, issues a
warning messaqge if the expression following
'STEP' or 'UNTIL' contains variables.

In the case of the WHILE element, issues a
warning message if the expression preceding
'YHILE' contains variables. -The expression
following '"WHILE' is always of type

"BOOLEAN"'.

Routine called: GEN40, PUTID.

Exit: Calling routine.

GOTOPRD Chart_041
Purpose: To process 'GO TO' statements.
Called_by: Phase u40.

Processing: 'GOTO' is followed either by a

left parenthesis, an 'IF!
or a switch identifier.
these as follows:

clause, a label,
GOTOPRO converts

e Left parenthesis: ignotes it.

e 'TF¢ clause: calls IFPRO to process
it.
e Label: converts it.

e Switch identifier: calls EXPRO to con-
vert the subscript expression.

A designational expression that cannot be
converted is scanned to determine the end
of the statement, and a warning message is
issued.

Boutines called: EXPRO, IFPRO, PUTID,
GENU4O.
Exit: Calling routine.

IFPRO Chart 042

______ To process 'IF' clauses in desig-
national expressions and !'IF' statements.

Phase 40, GOTOPRO.

_______ Generates IF in the output
buffer. Calls EXPRO to process the boolean
expression following *'IF'. The correspond-
ing 'THEN' ends the expression. TIf the
count of 'IF's is zero, the 'IF!'! clause is
not a part of a designational expression
and IFPRO returns control to Phase 40.
Otherwise control returns to GOTOPRO.

Routines called: PUTID.

EXPRO, GENUO,

Chart 043

________ Phase 40.

_________ The internal reference number
of the input/output procedure appears in
PRDESC, in the input buffer; it is used as
a pointer to the various sequences of
instructions that procass the input/output
statements.

The correspondence between the ALGOL data-

set-number and the PL/I file-name is given
as follows:
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0 -- SYSIN

1 -- SYSPRNT
2 -- ALGLDDO2
3 -- ALGLDDO3
15 =-- ALGLDD15

The DD name is used as the file-name in the
PL/I target program. If the data-set-
number is not an integer constant, it is
not converted.

The dummy variables used to convert the
input/output procedures are declared at the
end of the converted program, if necessary.

If the data~set was created by another pro-
gram, or if it stands as the system input
data-set, it is the user's responsibility
to verify that the data items are in accor-
dance with the PL/T specifications.

The SYSACT control procedure is converted
only in certain cases. (For further
details on this point, refer to Appendix C
of the ALGOL-to-PL/I langqguage conversion
manuals)

Routines called: EXPRO, GETWORD.

Exit: Calling routine.

PRPRO Chart 0uu
Purpose: To process procedure statements.
Called by: Phase 40.

Processing: First, generates CALL state-

ment followed by the procedure identifier.
If the procedure contains parameters, calls
routine EXPRO (entered at entry-point
EXPROL3) to process the parameter list.

The end of the parameter list is identified
by a right parenthesis of level 0.

PUTTID.

Routines called: EXPRO, GEN4O

Exit: Calling routine.

EXPRESSION PROCESSING ROUTINE

EXPRO Charts _045,046,047,048,049

______ To analyze the expressions
appearing in the various ALGOL statements
and to convert the argument list of func-
tion designators or of procedure
statements.
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All pPhase 40 routines.

_________ When the type of the expres-
sion is already known, it is transmitted
directly to routine EXPRO. This is so, for
example, in the case of subscript expres-
sions, right part of an assignment state-
ment, etc.

Routine EXPRO uses a stack to determine the
structure of the expression. The prece-
dence of operators and of delimiters is the
following:

1 *k
2 VARV
3 + -
4 = < > K= 4= >=
5 1
6 &
7 !
8 ! IMPL!
9 "EQUIV!
10 ELS Ex
11 THE N*
12 ¢ 'IFY  ( (= T
f THEN' 'ELSE? '"WHILE!
'STEP! TUNTIL

: ) ] [ =

Certain items appear only in the stack:

ELSEx denotes the delimiter 'ELSE!' in a
conditional expression: the top item
in the stack is 'IF‘.

THEN* denotes the delimiter 'TFEN' in a
conditional expression: the top item
in the stack is 'IF°t.

(% indicates the beginnina of an para-
meter list.

z indicates the beginning of an
expression.

A new level is created in the stack for the
following items:

'IFY (% [



Conversion Actions

1.

Exponent _part: If the separator !
follows a digit, it is converted to E
and if not, to 1E.

Transfer_from 'REAL' to 'INTEGER':
Except for boolean expressions in 'IF!
clauses, the components of arithmetic
expressions must be of type 'REAL' or
'INTEGER'. An arithmetic expression
is of type 'REAL' if it contains any
of the following items:

e Variable of type 'REAL!
e The operator /
e One of the delimiters ! or .

e The operator %% when the exponent
is not an unsigned integer

_____ According to
the rules of ALGOL syntax, the form of
a conditional expression is:

'TF* B 'THEN' X1 *ELSE' X2

where: B is a boolean expression
X1 is a simple expression
X2 is an expression
The name created by the LCP, which
simulates a conditional expression,
depends on the type of expressions X1
and X2. Expression X1 is of type
*BOOLEAN* if it contains any of the
following items, except in 'IF!?
clauses:

e Variable of boolean type

e Logical values

e Relational operators

e Logical operators
Logical_operator: Parentheses are

inserted to eliminate the differences
in priorities.

Operators_'IMPL', 'EQUIV', and_‘'/':
These operators are simulated by PL/I
operators, parentheses, and built-in
functions. If the second operand of
the operator / (the divisor) is of
type 'INTEGER', it is converted to
(1E0%xdivisor) which has a floating
point value.

_____ The last entry
in the stack and the current delimiter

are := and := respectively. The first
assignment operator is converted into
a comma.

_____________________ The descrip-
tions of formal parameters correspond-
ing to the procedure identifier are
obtained from sections, of which the
numbers have been determined in Phase
25 1if the procedure identifier is a
formal parameter. Specifications are
used for the conversion of actual
parameters. Calls by value are simu-
lated by inserting parentheses, or
sometimes by using the built-in func-
tion FLOOR.

Routines_called: COPYIA, EXPEN, GEN4O,
GETWORD, PUTID.
Exit: Calling routine.

UTILITY ROUTINES

COPYIA -- fills the output buffer, mixing
together the characters in the
intermediate area and the charac-
ters in the auxiliary table.

Each character in the stack and
each character in the auxiliary
table has a pointer associated
with it. These pointers give the
order in which the characters
will be mixed.

The following example shows how
COPYIA works during the transla-
tion of the ALGOL statement:

A:=B+Cx%2%x%xI;

The LCP must add parentheses to
the translated statement to make
sure that it is evaluated in the
same way. The translated PL/I
statement in the output buffer
is:

A=B+ (Cxx2) %xI;

The text in the intermediate
area, the contents of the stack,
and the auxiliary table are illu-
strated below. Beneath each
character in the intermediate
area appears the value of the
pointer when pointing to it.

Intermediate Area

B+C#x2) %%l
123456789...
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Stack Auxiliary Table
[ aatententnn seume— | T
] = | 0} 1 1 2
" Yt
t+ {1 29 | | |
A | | |
P o«x | 6 |

Pt

| | |

The left parenthesis in the auxi-
liary table must be added to the
characters in the intermediate
area. Its value of 2 shows that
it must be added after the +
sign, which has value 2 in the
intermediate area.

examines a converted expression
in the intermediate area. If the
type of the expression has been
modified, i.e., if the evaluation
of an expression gives a result
of type 'REAL' and if this value
is to be given to an integer
variable, the transfer involves
rounding in ALGOL, but not in
PL/I; it is simulated by the PL/I
built-in function FLOOR.

Places the sequence +.5) in the
intermediate area, and adds the
sequence FLOOR( to the output
text.

generates an item in the output
buffer.

PUTID

GETWORD — checks the next character,

PRTLIN ——

—~ generates an identifier,

which is
placed either:

e In the output buffer if
ISW1 =0

e ITn the intermediate area if
ISW1 = 1

and

1. It _is_converted: enters the
converted part in the inter-
mediate area, checks next
character, etc.

2. It is _not converted:

a. If it is a digit, sets
the digit indicator and
recopies the digit in
the intermediate area;
then checks next
character, etc.

b. If the next character is
a letter, recognizes it
as an identifier.

GETWORD has two exits: through
one, it transmits the delimiter
and the value of the digit indi-
cator; through the other, it
transmits the identifier, togeth-
er with its description.

prints a line when full, output
being as specified by the user
(option DECK or NODECK) .



Chart 037. Overall Logic of Phase 40
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Chart 039. ASPRO Routine
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Chart O41. GOTOPRO Routine
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Chart 043. IOPRO Routine
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Chart 044, PRPRO Routine
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APPENDIX A:_ _TABLES

This appendix contains detailed descrip-
tions of the main tables used by the LCP.

They are:

e The BUFFER

e The Dictionary
e Table PCT

e The communication area COMAREA

BUFFER is an intermediate output area for
all phases, placed on SYSUT1 whenever it is
completed. The lay-out of BUFFER (not to
scale) is as follows:

L A} L L\ T v ) i
|NCAR |PRDCESC{RMES {AREF |NXIRN|LST |ELEM1|
i L i L L ' 1 J

NCAR -- contains a count of the charac-
ters entered in ELEM1.

PRDESC -- (not used by Phase 10) contains a
procedure identification: type
of the procedure, and in the case
of input/output procedures, iden-
tification of the procedure.

RMES -- contains the number of the error
message concerning the current
buffer contents.

AREF -- identifies the card containing
the ALGOL statement which is
being processed.

NXIRN -- contains the identification num-
ber of the next set of informa-
tion place in BUFFER.

LST -- contains three characters:

First character indicates the
contents of BUFFER, as followus:

D -- block-end

F -- program end

C -- 'BEGIN' (in the case of the
beginning of a compound
statement, Phase 20 inserts
a blank here)

E -- 'ARRAY' declaration

G =-- procedure containing
parameters
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H -- procedure without parameters
K -- semicolon signifying the end
of a procedure declaration
A -- already completely processed
B -- I/0 procedure (inserted by
Phase 20)
blank -- none of the above options

Second character:
1 -- converted
0 -- not converted

Third_character:
1 -- semicolon in BUFFER
0 -- no semicolon

ELEM1 -~ contains a line of 100 characters

THE _DICTIONARY

The dictionary is in three parts: DICT,
DICEXT, and DICPRO. Different phases of
the LCP use these parts in different ways.

e Phase 10 uses DICEXT and DICPRO.

e Phase 20, because of a temporary limi-
tation in PL/I, cannot transfer infor-
mation directly from SYSUT2 to DICT.
It therefore uses DICEXT and DICPRO as
buffers between SYSUT2 and DICT. The
parts of DICT corresponding to DICEXT
and DICPRO are also called DICEXT and
DICPRO, and are organized in the same
way as the buffers.

e Phase 25 uses only DICPRO.
e Phase 30 uses only DICPRO.
e Phase 40 uses only DICPRO.

DICEXT holds information concerning the
identifiers of a block. DICPRO holds
information concerning the parameters of a
procedure. For exampls, in the piece of
ALGOL program which follows, information
relating to the contents of the box is held
in DICPRO and information relating to the
rest of the program is held in DICEXT.



'BEGIN!
'REAL' X,Y; ——
*BOOLEAN' ' PROCEDURE® EVEN| (I);
d

)

{'VALUE® I;
L
<procedure body>
<statement>

'INTEGER' I;|
J

L J
.
<statement>
' END!

DICPRO and DICEXT are described in
detail in the following paragraphs.

DICEXT

This section of the dictionary is used for
stocking all information concerning the
identifiers of a block.

During Phase 10 of the program, DICEXT
is placed on SYSUT2 whenever (a) the end of
a block has been encountered, or (b) it is
required again because a new block occurs
before the preceding one has been conm-
pleted. An incomplete block can be
recalled for completion should Phase 10
contain further declarations concerning it.

During Phase 20, DICEXT is stored and
serves as a dictionary of active identi-
fiers in a given part of the program. Each
division of DICEXT contains the internal
reference number, of the corresponding
block. At each end-of-block, the dic-
tionary section is deleted.

The contents of DICEXT are set out as
follows:

r T ¥ T S |
| IRNEXT | NIDEXT | IDEXT { TYPEXT |{
L L J

| - A

IRNEXT -- contains the internal reference
number of the line opening the
block.

NIDEXT ~-- contains a count of the
identifiers.

IDEXT -- contains a tablé of up to 172
identifiers.

TYPEXT -- contains a table of 172 x 31
bits, as follows:

) T T L L) 1

| A | B | C 1ID] E |

L 1 i i L J
No. of Bits 11 4 5 1 10

A -- contains a count, incre-
mented by 1, of the dic-
tionary sections containing
information about procedures
with parameters.

B -- is not used.

C -- contains the number of
dimensions of an array or
the number of parameters of
a procedure.

D -- set to 1 1f the converted
identifier is to receive the
suffix $.

E -- contains declaration infor-

mation given by a decimal
value, as shown in the fol-
lowing table:

Item_Declared Type Decimal
Yalue
Simple variable 'REAL' 1
* INTEGER?' 2
'BOOL EAN! 3
Array 'REAL! 5
'INTEGER! 6
" BOOLEAN" 7
Not defined 5
Procedure
Simple 8
With parameters
*ARRAY' or
' PROCEDURE ! 520
In internal code 24
Type Procedure 'RFEAL! 9
tINTEGER' 10
*BOOLEAN? 11
Switch 16

Each ALGOL keyword in the declaration
contributes to the decimal value describing
the declaration. For example, in the fol-
lowing declaration:

* BOOLEAN! ' PROCEDURE' X; 'CODE';
'BOOLEAN' has value 3, 'PROCEDURE' has
value 8, and 'CODE' has value 16. The sun,

27, is the decimal value describing :a boo-
lean procedure with the body 'CODE?'.

If a procedure has parameters specified

by 'ARRAY' or *'PROCEDURE', 512 is added to
the decimal value of the declaration.
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DICPRO

DICPRO stocks all information concerning
the parameters of a procedure. It is used
in turn by each phase of the LCP.

Phase 10 places DICPRO on SYSUT2 when
all parameter specifications have been read
and processed.

Phase 20 recalls DICPRO when the corres-
ponding procedure declaration has been
read. While the procedure is being pro-
cessed, the descriptions of formal parame-
ters specified by 'ARRAY' or 'PROCEDURE'
may be completed; in this case, DICPRO is
placed on SYSUT2 at the end of the
procedure.

Phase 25 (if called) reads the sections
of the dictionary required for processing
Table PCT. When the description of a form-
al parameter has been completed, DICPRO is
placed on SYSUT2.

Phase 30 consults descriptions of formal
parameters in DICPRO in order to convert
parameter specifications.

Phase 40 uses DICPRO to convert actual
parameters of procedure (or function) calls
and to simulate calls by value.

The contents of DICPRO are set out as
followus:

r T T
| NIDPRO | IDPRO |
A

[1 i

L)
TYPRO |
4

NIDPRO -- contains a count of parameters in
the procedure.

IDPRO -- contains a table of up to 15 for-
mal parameters.

TYPRO -- contains the description of each
formal parameter. It is a table
of 15 x 31 bits, as follows:

r AJ 1 L L] 1]
| A | B | C (D} E {
L L L L4 d
No. of bits 11 4 5 1 10
A -- contains a count, incre-

mented by 1, of the dic-
tionary section containing
information about a paramet-
er specified by 'PROCEDURE!
or 'ARRAY'.

B -- contains a count of parame-
ters in the dictionary
section.
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C -- contains the number of
dimensions of an array or
the number of parameters of
a procedure.

D -- set to 1 if the converted
identifier is to receive the
suffix $.

E -- contains specification in-

formation given by a decimal
value, as shown in the fol-
lowing table:

Item Specified Type Decimal

Value

Variable called
by name 'REAL! 1
*INTEGER! 2
*BOOL EAN* 3

Variable called
by value 'REAL? 65
" INTEGER! 66
'BOOLEAN"' 67

Formal parameter
specified by 'ARRAY' 'REAL! 37
and called by name * INTEGER?! 38
'BOOLEAN' 39
Not defined 37

Formal parameter
specified by 'ARRAY!' 'REAL! 101

and called by value ' INTEGER! 102
*BOOLEAN! 103
Not defined 101

Formal parameter specified
as non-type procedure 40

Formal parameter

specified as f REAL! 41
type procedure * INTEGER! 42
called by name 'BOOLEAN! 43
Formal parameter

specified as 'REAL!' 257
type procedure 'INTEGER! 258
called by value ' BOOLEAN! 259
Switch 16
Label 0
String 128

Each ALGOL keyword used as a specifier
contributes to the decimal value describing
the specification. For example, in the
following specification:

‘VALUE' A; 'REAL'' ARRAY' Aj;
*VALUE' has value 64, 'REAL' has value 1,
and *ARRAY' has value 36. The sum, 101, is

the decimal value describing the specifica-
tion of formal parameter A.



If a parameter is called by value, 64 is
added, unless it is a type procedure, in
which case 256 is added.

TABLE_PCT

This table contains information concerning
procedure calls with actual parameters that
are procedures or arrays. It is built in
Phase 20 and used in Phase 25 to complete
the dicticnary.

When an ALGOL procedure statement is
encountered, a stack is used to construct

APN =-- contains the sequence number of the
actual parameter (0 indicates an
element creating a new entry) .

STN -- contains the section number or the
number of parameters or dimensions,
depending on the value of CODE.

%
FPN -- contains the sequence number of the
formal parameter when CODE is PROCP
or ARRAYP.

The contents of the last entry in the
stack are entered in Table PCT. The first
line is used to reset the various pointers.

COMAREA

COMAREA is the area of communication among
the various phases of the LCP. The layout
of COMAREA is as follows:

L ] \] L) 1 Al L) 1
|BLIDIC|{BLIPRO| IRN | SIZE | PGPROT|PGPROLI
1

L 1 A L L 4

Table PCT. This stack has the following
form:
| {
[l N ]
L) L) 1 T
| | | |
[N i L y ]
1 t
{ |
| {
| |
i |
L i |
L) L] L] 1
{ BLE { CNDP | CBP i r—————
t L L 1 | BCE |
| | t 1
| Entry in table PCT | r—————
| | | ECE |
| | A
t. 4
L L] \J 1
| | | |
¢ { t ¥
| |
BCE =-- Address of beginning of curreat
entry
ECE -- Address of end of current entry
BLE -~ Address of beginning of previous
entry
CNDP -- Dimension (or parameter) counter
CBP -- Brackets and parentheses counter
Each entry has more than one line. Each
line has the following form:
r Ll L) L] a1
| APN | CODE | STN | FPN |
L L. . i " |
CODE -- contains one of the following PL/I
symbols:

e PROCM for a procedure

e PROCP for a formal procedure

e ARRAYP for an array or a formal
array

e TONAM for an I/0O or standard
function name

) T T R T 1 AR 1
{LONG| ISO)CHAR48]| SOURCE|{DECK]|LSTKEY|ERZON|
L. L L. L

L Ao i 4

BLIDIC contains a count of the blocks in

the progranm.

BLIPRO -- contains the number of procedure
declarations (with parameters) in
the progranm.

IRN -- contains the total number of
records on SYSUT1.

SIZE -~ contains the storage caracity
required for DICT in Phase 20.
The requirement depends on the
SIZE option.

PGPROT contains the type of the preconm-

piled procedursa (if any).

PGPROL contains the procedure identifier

if the program is a precompiled
procedure.

LONG -- contains the precision ovtion:
1 for LONG
0 for SHORT

IS0 -- contains the character-code
option:

1 for IS0
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CHARU48 -- contains the character-set
option:
1 for 48-character set
0 for 60-character séi
SOURCE -- contains the source listing

80

0 for EBCDIC

option:
1 if required

0 if not required

DECK --

LSTKEY =--

ERZON ~--

contains the option of output on
SYSPCH:

1 if required

0 if not required

contains the key of the record on
SYSUT1 containing the last proce-
dure declaration (set by Phase 20
and by Phase 30).

contains the count of syntactic-
ally incorrect ALGOL statements.



This appendix contains detailed descrip-
tions of the files used by the LCP,

The file access method for the ENVIRON-
MENT attribute is given in the PL/I Pro-
grammer?'s Guide, Form C28-6594,

FILE SYSUT1

File SYSUT1 has the
attributes:

following PL/T

KEYED
RECORD

ENVIRONMENT (REGIONAL (1) F(123))

1. The key used to create and retrieve
records is the internal reference
number.

2. The record 1length is fixed at 123

bytes, the same size as BUFFER.

3. The ENVIRONMENT attribute
the access method used.

specifies

After formatting, file SYSUT1 is used as

UPDATE DIRECT.

File SYSUT2 has the <following PL/T
attributes:
KEYED
RECORD
ENVIRONMENT (REGIONAL (1) F(1729))
1. For uneven values (1,3,5,...), the key
is obtained from the number of the
block in DICEXT. For even values

(0,2,4,...), the key is obtained fronm
the number of the procedure declara-
tion in DICPRO.

2. The physical records are of fixed
length. A logical record correspond-
ing to DICEXT occupies 1429 bytes and
a record corresponding to DICPRO occu-
pies 154 bytes.

APPENDIX B. _FILES

3. The ENVIRONMENT attribute
the access method used.

specifies

In the Control Phase, the file SYSUT2 is
opened as OUTPUT DIRECT to make the disk
ready. It is then closed and re-opened as
UPDATE DIRECT.

FILE SYSIN

File SYSIN has the
attributes:

following PL/T

RECORD
INPUT

ENVIRONMENT (CONSECUTIVE)

FILE_SYSPRNT

File SYSPRNT has the
attributes:

following PL/I

RECORD
OUTPUT
ENVIRONMENT (CONSECUTIVE)

The size of the records is fixed by the
DCB subparameter of the DD card. (See the
sample program in the ALGOL-to-PL/I lan-

guage conversion manual.)

The first character of each record is a
printer control character.

FILE_SYSPCH

File SYSPCH has the following PL/I
attributes:
RECORD
OUTPUT

ENVIRONMENT (CONSECUTIVE)
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APPENDIX C:__STORAGE MAP

The following diagram illustrates the way The exact sizes of the components of the
in vhich the LCP uses main storage. The program are not shown since they depend on
BUFFER, tne Dictionary, and Table PCT are the options used to compile the LCP.
considered as parts of the phases that use
thenm.
{
System/360]|
|
Operatingj|
|
Systemn|
|
___|.__

{

Static PL/I Libraryl-
|

—_—

|
COMAREA|
|

—t
|
Control Phase|

L

L] 1_ ) ¥ 1
| | | | |
Initialization| t { | | |
| | i | | |
and | Phase| Phase| Phase| Phase| Phase|
{ | | | | |
Return| 101 20} 25] 30 40
1 ! | | | {
Procedures | | { ! i |
| | i | | |
—+ —+- —+- S S —+-
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Where more than one page reference is
given, the first page number indicates the
major reference.

Peeecsanecesoassccccssasscancannes 14,77,78

$CONAEY e ccescncccnnscacacvescsnsncsccsns 98
SCONBEXe evecveconcsosnscannnsccacsnacscas 58
SRTURN eeeaneaocanancnsacsaceases 39,40,50,51

actual parametereceeececess.e. 12,39,40,78,79
ALGOL, System/360 Operating/Systelececcee. 2
ALGOL basicC SyMbOlSeevecassncsencnccocas 12
ALGOL keyWOLQeeeeaasesscccccaneass 13,15,16
ALGOL SYMbOlececcaceaccsascasosnsasnssassas 16
APNaeaceoveosacvsansascacsncsosasacncncsannsns 19
AREF ceeaccccscsascosasancscsnsacsnscsnsnncsss /0
arithmetic variableseeecccessccacenacnse 51
ARPRO cesccescesanssncsncsscscssnsnssccce 58,604
see_also: routine
ATT AV s eccvenvencsacsceaccanoncnsnsee 39,51,77
'ARRAY'..ceeceaeees 13,39,40,50,51,76,77,78
array declaratiONeccsceacsccnscccascsssncs 58
ARRAYPwueeesacssecsssnsasanccscccscesncsannansse 79
ARRAY Suececncasncesacnnsnscssncseansee 13,19,20
see_also: routine
ASPROceecacessvscsscnancsssannscscccnsen

see_also: routine
assignment statemeNteeceeceseccccsenes
see also: statement

auxiliary tableecceccececceconcencenaccasae 61

58,65
12,59

Bl..'......lllll....l.'....'........Q!’l' 81
BCEeeeecesnceassecsannoasnsencsassansnonnnssanse 19
BEGPROaccecanssncccoscnsacenosnsesasens 39,43
see_also: routine

BIT (1) aeeceesesencsnacanacnnsecananaes 13,18
blanKk ceecesscaceocnccnsccnccnccncsnsascoss 12

BLEcveeesvesesossnsoencssosnnscscssaancevasns 79

BLIDICeeauesoascscoscscoacsasssscncsnvannasocsae 79
BLIPRO¢ewcaascoeacaanonccanasassensaannnses 19
DlOCKeeeasssoasesasasassnsccaeancease 12,39,77
block StTUCtULCe cececcocconscconcnnces 7,12
blocks, numbering o0fcceececcccsscoscenes 81
Y BCCLEAN' cveenccncscccscvannncscnas 21,77,78
bound-pair-listeceeccececccnnceanceeaes 13,58
BUFFERceeavaseneeae 716,14,15,16,17,51,61,82
BUFPUTeceeeeaacscnscsccescsscnssancscnosasnsnenne 13
FLOOR built-in functiONececesasesecess 58,62

CALL statemeNteceeccscscscacanseccacsasnsa 60
sez _also: statement

called by valUu€ececeaceacancssssaese 7/78,79,51
CBPecesncsascssscsaconscancsancsassnsnnsvsse 19
CHARUBeeueecosocosnsssccsssccennancasnsseas 80
see_also: character-set option
character-code oOptiONesecacccccaaaccases 19
48-character Seteecececcssacsssnasasas 12,80
60-character Seteccecescccsccccvanesence 80
character-set OptiONecesecccscessanacecense 80
CNDPececnoasscecnascssscccsacsancasacancnncse 79

CODCARecccnevscncanoaccsccscansssasasasee 13

CODEceveavaccscccasscsnsascccnnossscacannnee 19

16, 50,51
79-80,82
13,21

"CODE'eeeeceascnsacsesscscsssnsnnces

COMAREA cevecancocacncscscascsncsscons
COMENT e eecessancoccacvosccnosncansancanse
see_also: routine

COMMAacecsvcccsacncscanscnasncnsccaass 40,61
COMMENtSe ceecsencscccnsvesnses 7,12,13,14,50
TCOMMENT ! ceeeccccancocsscsnssnssesnccsncsss 10
conditional e€XpPresSSjiONe.cecececcccsssaces 98,61
CONLliCteeceeccseannnssssscscsnnnccnncnses 12
CONSECUTIVE eeceusooscasscsnanasascanes 81,82
CONErOl CArduceccesscccssceasencsascananss 10
Control PhaS€ececceacenceecass 10,7,50,58,82
controlled variableceecccecscoscencsascess 59
COPYTAueneanansosesssssnccssnnnncscsesncsnses 601
CURKEYceoenoseessescsnsnascssussesncseanoaneses 39

data-set-nNUMbDereeceeccescsvsccncnnecessse 59,60
DCB subparametereececscscceccesseassccsacce 81
DD CACQececevccsncsoncenscsssasnsnssansssee 91
DECKeeecsacsnosonsasccccsscsnoannsvcsansse 52,80
DECLARcvcevaccacsscecesanncsanoasnss 14,22-23
see_alsgo: routine
declaratOreceacescacccsscoscsnnccssscenes 14
delimitereeceseecscescocccecsonscocsanscoce U0
DEPOINueesccasncecsscsccscsoncsnsonsnssss 14,24
see_also: routine
designational eXpPresSSiONecececcsesscsesss 59
DESPECeecosevsencessssncsscnnsnsssnccess 14,25
see_also: routine
DICEXTeasesssses 12,13,14,15,16,39,76,77,81
DICPROeeeswss 12,13,15,16,39,40,51,76,78,81
DICPUTeeeecenccsscscncncesennccsscecnssnssse 13
DICT.weceevanasccsnssencscsnssncassansasss 39,76
dictionaryeeeceeecssss 7,8,12,39,50,58,76,82
dictionary section nUmMber.ccecececcesecees H#0
digiteaeeeeccvcssncssccscacansscnsacaas 16,62
dimension COUNtEersesscscccccsccscnscsnsnscs 79
dimensions, number ofecece... 39,40,50,77,78
"DO'ceecoccnsccsosassnscsnasncsasnscsanasnss 10

see_also: ALGOL keyword

a1

dummy variableceececeesccssscoccssanes 50,60
EBCDICevwcvceosoescnccsscsencncsenssaccnss 19
see_also: character code option
ECEwceececocssnncscaapencsonsansonncnssnsses 19
ELEMTlecececcsoncsacesncssscscscanssncsnsnas 16
 ELSE' teeeceonccccocssacencsassnsenass 14,16
see_also: ALGOL keyword
SELSEceccescecvscacenccsvnsnsvnnsssnnnasees 14
ENDeweveaosncsanacaconcsacscoancsscssanaooase 14

14,15,16

CEND'eceecscscocsnsncnvaseccsccscnnsce
ALGOL keyword

ENDjeooesiosoancsesencsnascccsasssnassnnansnes 1D
end-of-funCtioNeccacececesscenasccsansas 15
end-0f-l00Pecccecccscncacecnssnsacnassssss 15
end-of-procedureesceececccsscessscccnssss 15
ENTRY attribute.eceececccacncnssncessee 50,51
ENVIRONMENT attribut€ececececeascececsasces 81
58,60, 61

E2ii—==T

TEQUIV'eeceeaceesescscanscanccnanncae

see_also: ALGOL keyword

@LLOL MEeSSAJCeveccncconccssocccecssss 3,16,76

ERZONececeecoceeascccassncscncancscsccccnsnse 80
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EXECevecocanacecsasssacasasncansnassscsese 10,58
EXPENeeeeesasencssonncscscssnosvssnvosnscas 02
exponent paCteecceecccscccccascecsscsassnceace 00
CXPreSSiONeecssncavascsncancacecnscas 60,58
expression processing routin€iceccecessss 60
EXPROceececocacsncscscnacssanses 58,60,71-75
_____ routine
EXPROL3cccecccsescscsacccsnnsscssannasesssas 600

81,82
F(123)cceccascccscsccssscanssansssssescacas 81
file access MethoOQeeacceccsscccccenmeccces 81

£ileSeeeeencoanccencsscssssasancsacanansnss 81

F(80) ececancccsesssnsnasacsnsscccannce

FINPGeeeassnsesesscscsnssssasosasnannansce 13

FIXED BINARY (31)eccaceccsscsenceanes 13,14
PLOAT ceeccercssnasccsnsnsancssnsnnsensnsas 13,14
FLOAT (16) cacaaccccasesssscsaasscesnases 13,14
fOr=liStecenceacssoscccsancsacsssascannsnceas 59
'FOR' stateMeNteecccasecsscanassssvess 12,59
ySee_also: statement

formal paramet€reeecsce.. 12,39,40,50,51,78
formal parameter specified by 'ARRAY'... 78
formal proceduUr€ceccecccscscescesnnssesees 39
FORPROcecessanscssosnossscssccscnsansnces 59,66
see_also: routine
PPNeeeasoasncnoesasssscsessavencsesnanssncce /9

fUNCtiONeeeesensssosccncsssasncansnsss 50,51

GENUOeeeceenoocsasoecsososnascsoncscsannoscnpses 02
GENER¢ueeecvononsssscvsscscscssasnsncccaoness 13
GENIDueeeusccssoscascasnacssaoananccnancanse OF

GENReceeoecocenccenoscsnscsnsascnssvcnsnnas D1

GETCARveocsceosscsassccseascunuvessoennemans 13
GETHORDeceececososcsacacsasoansaccnnsnaass 02
GLABELececeeaonecsscsvssssnncccanenees 14,26

______ routine
1G0 TO' statemeNteceescccececsconsscnses 59

see also: statement
GOTOPROeseeeeencssoccncsnnsassanenane 59,67
see_also: routine

GQUOTeeeosessocosscsacssnscssosscscsncncsncoce 13

hardware representatioOnNSciccscscasseaces 7,12

IBM System/360 Operating SySté€Mecececseaces 7
IDENT leeececccancnsacasanccacsannsnsassee 14
identifierevececeees 12,14,15,39,40,62,76,77
IDEX Teeaocnoscccscconassncnnacscasncsonssas 7
IDEXTO.eeaseosancccocscnsanccsasnsnssnsccnce 14
IDPROccescscsecsccsscsscnssnsossesnsnncanss /8
IF-....I.CIIOQI.lO..O..Ql.OC..I..lO..II. 59
'TF! ClaUSCeevccccsnaccccccsncncsscncnsnce 59
'TF' statemenNteecccccscccencsscscsnncancsss 59
see_also: statement
IFPROceccsceaccsnascscanssnaccsnscnannssasnase 59,68
see_also: routine

 IMPL' ccceunccoccsencanansncssennnsss 58,61
initialization procedur€eecececcce. 7,10,82
INPUT attributeecceccecccccnccescccsasscs 81
input/cutrut procedur€ccececesess.. 39,40,58
input/output statement.cccececccasnsesse 59
"INTEGER!.eueeuacaceassoacoscanannss 51,77,78
see._also: ALGOL keyword

intermediate Ar€@.ccccceccececcevccencaces 61
intermediate teXteaeececees.. 8,12,39,50,58
internal reference number... 12,40,59,77,81
TONAMeceeeooanonaacncsancscccsscacsncsannnean 19

59,69

JOPROscesscvo cenccccsccsccsascnccscnansaae

84

routine

P -
39,77

ISOccecencssescsasnncssceesoscssanansnannan 19

S

IRNEXTeececceacennnsnncccscasasanscsons

job CcONntrol CardSeeccecececccccaccsasscsaces 7

12,80,81

KeYeceeoeecnensnsnncntecsnsonnsnanse

see also: B,P

KEYEDeeeeeoonnscocansonsascsesssconvennnencs 81

labelecececccanvsansnasnsnassnnsess 40,59,78
'LABEL"' ceeasncsacsancsssnasncevscaccee 51,78
LABEL INITIAL.vecvveocoscascsssccscscccsnscs 10
LCPuceaccacesaccscacacensasnnncannannsnne [
left bracket eceeeceecececececncsnscnncass HO
left parentheSiSceccececcscccesseess 16,39,40
left-part variableesecceececeeeece. 39,58,59
LENDeucevoeaesoasacsosncsanassacssencncnce 14,27
see_also: routine
LETRecenceccascccacnnscssosnsccncsnnscnnnas 15
lettereeceeencsecsccsacnanncsssccsccnseccns 16,62
letter-strinNgeccceceanecccccccncaccnansnns 15
limitatioNSeececeeccsacecccccacnsscsass 39,76
logical OperatOT ccececsecscnaccccsascasssccnse O
LONGeveooesavocssnnsescsssascasssscncssncee 79

LSTececsescsacsscssassnnansecspsancsvsansacas /6

LSTKEYeeeeeaeeonnasnonnssnanescnscssscnsase 80

MAINPROuceecosaccocsanasssaancsoncsasesscnsene D8
nultiple assignMeNteecececcecsccccccnssensce 01

NBPROceceeoeosssascnscsennscsacsccncnsecs U0
NCARueuecaeoeaceasoscsccnssscscsscsccnnsnsscses 16
nested program StrUCtULCecccecccvescncsss 12
NIDEXTeeceovooonossossssansoscnvocsssosnnanss /7
NIDPROeceeeenoevoasecncsecsoosasncosscnanenee /8
NODECKecoevooooosscacsecssssasnnsnssassences D2
numnber of procedure declarationNS.eceecss. 79

NXIRNeoeoooeoasoscssososossonascsscssncscncanse /0

OPeN StTiNgececncesceccaceaccsscsnccccaca 12
OUT PUT ccceeceosvnnocesosocccsoncscacsnses 81,82
output bUuffereeececcecencsnccasvenses 13,62
OUTPUT DIRECTeecececcccsccsonsccsccvnssscnsces 81
output 1liStiNgeececeseccsnconovoscecnsasas 58
OUTPUT SEQUENTIAL.ceeccscccccsasccnccsssss 81

Peceansesccsecsscsascscscsasscscsnceancsasssnsncce 81

PALGENeeeeecccccccaccsoncssccancsss 50,51,56
see_also: routine
parameterSceessscessassss 15,40,51,60,76,78
see_also: actual parameter
formal parameter
parameter-attribute-listescecceeccccecess 51
parameter specificationNSec.cecececcacaas 78
parameters, number of ........ - 39,40,77,78
PAREN..ccecovccnancsnvocsssensosnsssess 15,29
sSee_also: routine
parenthesSiSeeececescensaccscsnscccsae
see_also: left_parenthesis
right parenthesis
PDCPROcccesevccnsacscscacsscncccccnccns
routine
L L

see_also: routine

PEriOGeeccecccecececcccccanccsanccannns

58,60,61

39,44

40,45

14,16
15,79

PGPROLucccacccnacacaccnacccnacanccannse



PGPROT.QI.I.......-.I.Q.......M.l...tl. 15'79
PhasSe 10eacccecccsanscanscasacee 7,12,76,82
TOUtiNESeeeesscsecescsnsscasscsncscaens 13—17
Phase 20.escccesccacscacsnsees 39,7,8,76,82
FOUtiNEeSeceacsscssccanssncnscsnsnnca 3941
Phase 25¢cccaccccccenscccesess 50,7,8,76,62
Phase 30eecccccccsccancanccannese 50,7,76,82
FOUtLiNEeS.aceccaaaccncscnssnscsncscnse 50=-51
Phase UB0.seeeeencsacssansasnaes 58,7,8,76,82
routineS.......-.............-..-... 58-62
PL/T cOMpPilereceecececvecencsccassssscasse 39
PL/T (F)eeececcscscnccacsccssccancasnncnns 2
PL/I file'name.....---.........-....m... 59
POSitiON KeYVeeeaceaanascssasscnsaannasnas 81
PRDESCacececsoasscccssancsnccsaccnesas 39,59,76
pPrecision OptioNeeccsccecaceacncscsccccaes 79
preconmpiled procedur€.eeececececeses 50,51,79
PrepProCeSSiNJeeecsccssanscscascscscnsasses 12
PRINT.Q,.Q.Q....."O..........l-....lm.n- 13
printer centrol characterececececcsavaceas 81
PROCEDucececcscessccaccncsssssnasnsnane 15,30
see_also: routine
PLOCEAUr Ceccvsacsscocccnsscsnnnsscscnnsascas 39
bOGYeeeeseacsensnsncsccnscanosaassscnans 40
call tableecseccescscscescscacsansnacnaas 79
declaratiONeescecceceaceceeas 8,12,15,50,80
declarations, numbering ofeceecceccecs. 81
headingSececceccccsccscacescaceccisocnsnnses H0
identificatioNececeacscscsascncscsessnese 716
identifiereeeccecaccacsacecass 39,40,60,79
in internal CO03€eeeaccceacencencsncccnce 77
SiMPlecuececececccacoocccsnnancansnnsnce 77
statementS ccesccencacesncconccencas 60,40
With parameterSceeccccscccccsnccscssaas 17
'PROCEDURE' e cecesscencscncevenscseeas 40,50,51
PROCHMecocececsccoscoscccsancoscsnanocnesascas 9
PROCPcesccecscesssoncsscncsancsncsasccncnseoncensn 19
program libraryeeecccecescsccccecsccscsccenns 7
PROPUTcvececencccsasasscoccsscsascnnanasnss 13
PRPRO (Phase 30) ceeacecaccacscescneses 50,51
see _also: routine
PRPRO (Phase B0)eecevesscescasssceanccae
see_also: routine
PRTLINeceeoceacaccsccanvencnncnscscosacsscss 02
PUTCAR. ¢vececceacaconcscssascnscacnccsanscsas 13

PUTIDeeeceacccensscescccssasassccnsscesce 02

15,31

60,70

PVIRGUeeceee tansvcanccacsaccanaccncanae

see alsc: routine

QUOTevevecsancasscacocascasascaasnnas 15,32
see_alsc: routine

quotation MArKeceeceescascsccsccacasacanas
quote SepPaAratOrececccescecscccncssscaase

12,15
15,16

"REAL! cecceccccasccccscccsnccasnacennaanse DT
RECORDeccececnseccanasacncscansansses 31,82
record lengtheecececssscecscscncasosncaccaa 81
recorded Ke€Yeeeeesesscssecsessscscscsaccacaaes 81
REGIONAL( M «eve ececcennssscscnssnascananes 81
REGIONAL (3)ceececacocnaccsascacnonnanses 81
RETURN.eeeeceaecsoccennesnccancsnnnancanssse 15
TetuUrn ProCedUrCececcceseccecessccscsscess 10,82
RETURNS attribuUt€ecececceccacescccscccases 51
right bracket.csececacesscscscsasnasscances U0
Tight parentheSiSecececcecceccscsnceaanscs HO
RMEScecescsnsvcacosccascascocacnsassnsece 16,76
TOUNAiNgeeccacessscaceansaascssnssansss 58,62

routine
ARPROcacceccncacaacsencencsanscsccensa 58,64
ARRAY Seecescsaccesasasenanannnss 13,19,20
ASPROeececcvcsseoncssancesescnancenee 98,65
BEGPROeeecoscsavsacosancaancascescenss 39,43
COMENTewvoeccoascescscancsccscecnnccncas 13,21
DECLARcecencceansseanacancscananss 14,22-23
DEPOINcceescocecccanacensannacansenas 14,24
DESPEC.csesaceonsscnsccnssnncananes 14,25
EXPROcveavecccscscacnscnsasensee 58,60,71-75
FORPROcececoncsscassscsancencsnsnsesaes 59,66
GLABELcsuscencarcoosccncssacsacnonanas 14,26
GOTOPROeeeccencscoccsacnsscscnacssnnasse 59,67
59,68
59,69
14,27
LETRececvesaseancnsoascsnancacnasssanas 15,28
PALGEN.uswessscccssscvsessoanssses 50,51,56
PAREN:ecceoesaccscaasoncsnanansnnsseaa 15,29
PDCPROcccscasoscansanscaneananaansesss 39,44
PENPROeocceecossacsacasacsccsscancasees H4O,U5
PROCED e cececscesanccoanconancanascenas 15,30
PRPRO (Phase 30)ceececscssscasncnaas 50,51
PRPRO (Phase U0) ceaecevansacnssases 60,70
PVIRGUcecenossasanasascscacscnaansanass 15,31
15,32

IFPROccececaceeavecsscacancsesscscasns
IOPROuceeaseccascecsoscaccsoscscsaancannans

LENDeeeecenocacsenacneneancancnnncnane

QUOT e eeeececacasaseccncsansvecnsssnance

RTNGENueeoeecasesencoanncacannncanas 51,57
SCANeevaeesaneenasnensannanasaneaas 16,33
40,46-49
16,3334
16,36

SDCIDeececccecscnccccscncnnnennas

SPECIF eceeacancncsccscnacasscacannnns
SHITCHeweneaasonssnnsanasansasnnnase
UNPOINeeeoeossasacncacasaccnananacna 10,37
VUNSPECieeevesocaccncansoscnascnanas 17,38
SRTURN e ceeeaeeoecansassnsveaces 39,40,50,51

SCANeeeeosoeneacncancaanansancanaacnnacaca 16
SDCIDecceccsacacecnanacsnceancaneace 4O,46-49
SEMiCOlONeceeeeecvacancccnansenaase 14,15,17
SHORT e eeeeveoecaoocancccacacncanceancancs 79
side-effeCtSeeearrceccaccacacncnancacanne 7
simple variable.icesecececenceancecaccanea 77
simulation of calls by valU€eeeeeenaanea 78
SIZEeceencncececsveansccncansnsssanccnanae 79
SIZE OpPtiONeceewevacoasacscsccaanassaanae 79
SOURCE e eaneeccccccncaccnacacsnacancnsaesaa 80
source 1isting OpPtiONececeaecesecaccanass 80
SOULCEe PrOJLAM.eciescesescossnccceasnneces 7,8
SPEleeeaccenacceacnscnsacesncasncsnanncnnanas 16
special characterSeicecaccececccncaccccasas 14
SPECTIFeosvoenncccansasscnacncnncasascsnssea 10
SPeCifiereeee ceanssencecanccacnsssaacans 16
standard funCtiONaeeeeceeccsccncacseaas 39,00
statement
ASSLIgNMENt. caveeececacancencannesas 12,59
CALLecseocesvocscoansacsaancnsnnsnsseasnsnae 00
JFORYT teeaacaseavoscnccsasnssnannansess 12,59
"GO TO'eueaceosencoassnoncssnaaasansnsns 59
T ! L eeeeacocccacacacacnasnanancsnnnas 59
ProcessSing roUtiNeSeecessscasanccecssaas 58
P STEP'evecocersecosvncacsanosncncnsnccnsanana 59
STEP-UNTIL clemeNteeeecceesscacaccananns 59
STNewaseosaacocansnosanannsaannsacsancaanas 79
storage CapaCityeeesececececoncennncaaas 719
StOrage MAPeeessscovececscncacaannsnsasa 83
StriNgeececcsoersncsacsscacncscsncannsanes 12,78
' STRING"' ceeevecncasacacscsaccsncnannsanaea DI
subscript eXpressSiONecececcccescess 12,58,59
subscripted variable.c.icaccesnceascannaaaa 59

Index 85



SUffiXeoeconecsarccaavsnssosvacasnsnnooaansce 14
SUFfiX $eeeeevenosconsocncncncnncnnsa 717,78
SWitCheeeeaoecoecssacnescanancnennnaas 717,78
16,36

SWITCHeeaeaeesnoneonccsacannsvvnnnncnys

see_also: routine
VTSHITCHY vevecevecscancsansnossceasansaunsns 16,51
switch-declaratiONesecsescccsnecancasassas 12
switch identifieliacececscacacccacssnanes 59
SYSACT control procedUr€escececmcessssss 60
8,12,81
SYSPCHeuvueeosaceascscsonsnasascsancansnass 30,82
SYSPRNT «eenassaccscancsnnascsscsnccssscass 8,13
SYSUT1levesess. 8%,8,12,13,17,39,50,51,58,80
sYsvT2..+...... 81,8,12,13,39,50,58,76,77,78

SYSINeaeesescsesacncsnavencancacnas

table PCTevecencccccannss

tablEeSeeecaccncacsanccscosscsnssanannns

39,41,50,78,79, 82
7,76
targetiecececcsscceccsscvsoncscacconccnnnnnnse 7
TCHAR....'<1.'.I-'.Q...O..l.’.l.ll!.'..- 13

"THEN! s ceccevenccssccncsnnsasscncsancsnsnses 10
track nNUMbEr .ceceeevevecccesccssnacecess 81
transfer from ! REAL' to "INTEGER'«eceee.. 61

86

TYPCALceosososcsacscsscscoscscscsnasnsosasance
LYPCeeeeesecsncsnnccussscsossnsacanssncanas
of precompiled pProcedur€acececeveccsecscs
of procedure declaratioNeceecccceccccans
ProCedUrCeenscesssccsnsacsnccnnas

TYPEXTeseenosescesacacanancsunnacnsnonanse

UNPOINeeeooeesoeacscanscnccsanannsosans
see_also: routine

UPDATE DIRECT e ceccovscconscscsnnnsccncaseosa

Utility COUtiNeS.ececececescacocssccncacs

V(1817) cveceeseacccascacssansncnossoansas
Value pPaArteccecccccessssccccccsnncsanas
variable called DY N@MCceeveccrecsansacs
variable called by valu€eeceaoccononcasas
VUNSPECeeeecaceeovesnsacnscacsancnccsnasn

see_alsgo: routine
WALNINg MESSAJCecesoconsnanssoncsnenaccsosa

"HWHILE'seeoaoacacsecosscesnsssvansncnanns

WHILE-elemeNtieescacoecsescoescassccsconscsca

14,

51,77,

16,

16,

17,

16
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61
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38
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