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PREFACE

This four-volume publication is addressed to system programmers and
program systems representative who require a detailed knowledge of
the CALL/360-0S PL/I compiler. It contains a general overview of the
compiler and information on the compiler and runtime routines and
macros that perform required functions.

Additional information required to understand CALL/360-0S PL/I compiler
operations is provided in several appendices (see Volume IV). Appendix
J contains tables of macro/module calls and summary listings of
CALL/360-0S compiler and runtime routines, indicating where each routine
is described in this publication.

The reader of this manual should have access to the CALL/360-0S PL/1
Lanquage Reference Manual (GH20-0700) and the CALL/360-0S Terminal
Operations Manual (GH20-0787).

Terminal Equivalence

Terminals which are equivalent to those explicitly supported may also
function satisfactorily. The customer is responsible for establishing
equivalency. IBM assumes no responsibility for the impact that any
changes to the IBM-supplied products or programs may have on such
terminals.

Second Edition (January 1971)

This edition, GY20-0567-1, is a major revision obsoleting GY20-0567-0.
It applies to Version 1, Modification Level 1, of CALL/360-0S and to
all subsequent versions and modifications until otherwise indicated
in new editions or Technical Newsletters.

Technical changes to text are indicated by vertical lines in the left
margin. A revised illustration or chart is indicated by the symbol
e to the left of the caption.

Changes are continually made to the information herein. Therefore,
before using this publication, consult the latest System/360 SRL
Newsletter (GN20-0360) for the editions that are applicable and current.

Copies of this and other IBM publications can be obtained through IBM
branch offices. A form has been provided at the back of this
publication for readers®' comments. If the form has been removed,
address comments to: IBM Corporation, Technical Publications
Departmeﬁt, 112 East Post Road, White Plains, New York 10601.

© Copyright International Business Machines Corporation 1970, 1971
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SECTION 1 - GENERAL DESCRIPTION

The CALL/360-0S PL/I compiler (to be used with the CALL/360-0S system
on an IBM System/360 Model 50 or higher) is described in this manual.
The compiler accepts, as input, a complete source program written in
the CALL/360-0S PL/I language. The language (described in the CALL/360-
0S PL/I Lanquage Reference Manual) is oriented to a scientific user.

It was selected on the basis of its utility to such a user, as well

as the ease with which it could be implemented. The compiler produces

a machine-language (object) program directly into memory and, if no
severe errors were detected during compilation, initiates execution

of the program.

This section of the manual presents the CALL/360-0S PL/I compiler as

a whole and presents the overall logic of its implementation. It is
intended for a reader having sowme knowledge of the time-sharing system
under which it will run and of the CALL/360-0S PL/I language.
Furthermore, it is designed for a reader who desires a broad picture
of the design of the compiler.

PHILOSOPHY

The CALL/360-0S System is designed to support a large number of users
concurrently interacting with the computer through typewriter-like
input/output terminals. Since each user is in effect conversing with
the system, a basic requirement is that the system respond within a
reasonable time. In order to support these users with a limited amount
of high-speed computer memory, some of the modules are stored
temporarily in online storage units (disks) and called in for execution
as needed. Since the number of modules that can be contained in high-
speed storage at any one time is dependent upon their sizes, they
should be as small as possible. Compiler modules that are loaded from
disk for execution will not always be loaded to the same core location;
therefore, they must be dynamically relocatable.

While the terminal user is entering his source text into the computer,
he is in communication with the CALL/360-0S Executive (not with the
compiler). After the complete text has been entered and the user has
requested that the program be executed, the compiler is invoked. Once
invoked, the compiler processes the complete source text, generating
the object code into an area of memory allocated by the Executive.

OBJECTIVES
The compiler is designed to achieve the following goals:
1. To be as swall as possible.

2. To be as fast as possible.

3. To provide a compilation facility for the CALL/360-0S PL/I
language, with good diagnostic capability.

4. To produce efficient object code.

To a certain extent, these goals are mutually exclusive. A small,
fast compiler is usually not able to produce efficient object code.
Also, the extent of the language facilities supported by a small, fast
compiler is usually very limited. The design of the CALL/360-0S PL/I



compiler gives first priority to objectives 1 and 2, and secondary
priority to objective 3. It strives for the best possible attainment
of objective &4 within these constraints.

FACILITIES

The CALL/360-0S PL/I compiler operates in conjunction with and is
controlled by the CALL/360-0S Executive. When the compiler is invoked,
it processes and translates a CALL/360-0S PL/I source program directly
into machine-readable object code (in main storage). The compiler

does not produce a binary deck or any hard copy listings of the
generated object code. Nor is it possible to save or store the compiled
code immediately after compilation. Compilation and execution are
invoked simultaneously (unless severe errors cause cessation of
processing).

The command that the user must give to initiate both compilation and
execution is the CALL/360-0S system command RUN. (See the CALL/360-0S
Terminal Operations Manual, Form Number GH20-0787.) This command initiates
a sort, if necessary, followed by compilation and execution of the user
program. After being invoked, the CAIL/360-0S PL/I compiler provides
diagnostic messages on the user terminal for any errors detected during
compilation. (See "Compiler-Time and Runtime Error Messages"™ in this
section and Appendix F of the CALL/360-0S PL/I Lanquage Reference Manual,
Form Number GH20-0700.) When compilation and execution have been
completed or terminated because of an error condition, the user can
utilize available editing facilities to correct his program if

necessary. Then he can enter another RUN command to recompile and
reexecute his program.

A user's program consists of a single external procedure and the runtime
library routines needed to support it. Although the external procedure
may contain internal procedures, there are no facilities for linking
separately compiled external procedures.

In addition to the compiler itself, a package of library routines is
provided to support the object program at execution time. These
routines are described more fully in later sections of this manual.

APPROACH

To meet the primary objectives of minimum size and maximum speed, the
CALL/360-0S PL/I compiler has been designed to translate a CALL/360-

0S PL/I source program in one pass over the source statements. That

is, code is generated for each statement at the time and in the order
it is encountered in the source stream. This does not prevent the
compiler from scanning a statement several times during the compilation,
but each statement is fully processed before processing of the next
statement is begun.

One phase of the compiler, the source text, and the target area for
the object program are completely contained in core memory during a
compilation. None of these areas is overlaid. This approach places

a practical limitation on the size of the program that can be compiled
but avoids the necessity to include costly spill and overlay logic

in the compiler. \

The compiler itself is both reenterable and relocatable. These
characteristics are necessary because CALL/360-0S, in essence, performs
multiprocessing within its own partition in addition to handling and
servicing interrupts and commands from any of a number of terminals.



Main storage is allocated for all of the resident modules and
subroutines, I/0 appendages, tables, CPID (control program interrupt
dispatcher), an overlay buffer for nonresident modules, terminal and
disk I/0 buffers, compiler area, new-job-area-1, new-job-area-2
(optional) , old-job-area, and any necessary 0S/360 control blocks.

At any given time, a number of user jobs may be in process.
Furthermore, these jobs may require different compilers (in which case,
one compiler may be overlaid by another compiler). Typical organization
of main storage when the CALL/360-0S PL/I compiler has been invoked

is shown schematically in Fiqure 1-1. In this example, a computer
having 512K of main storage is assumed.

S12k
08/360 CONTROL BLOCKS

OLD JOB AREA

NEW JOB AREA 2

NEW JOB AREA |

————— - S—

CALL/360-0S PL/l COMPILER
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——— - e ————— e e e

CALL/360-0OS MODULES AND SUBROUTINES

S p—

__1/0 APPENDAGES
CPID
Figure 1-1. A Layout of Main Storage for CALL/360-0S PL/I
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CALL/360-0S facilities also include time-slicing for user jobs. When
the time allotted to a specific user job has expired or when a disk
I/0 operation or a terminal request for data occurs, the user job is
swapped out of core to his disk work swap area (which was allotted

to him at sign-on time). Depending on the condition forcing swap out,
the user job is again queued for one of the work areas in core. It
may or may not be read into the same main storage locations that it
occupied previously. For this reason, the object code produced by
the compiler must, like the compiler, be relocatable.

Upon initial entry into the compiler, the Executive supplies the
compiler with two parameters: the address of the current location of
the compiler and the address of the target area for the user's object
program. These addresses are the first locations of the compiler area
and the user work area, respectively. A communications area containing
other information needed by the compiler is at the start of the target
area. At the end of the target area is the complete source text to

be compiled.

Within the communications area is the address of a user terminal table
(UTT) entry for this user. The UTT entry contains, among other items,
the amount of storage that has been allocated to this user and the
location and size of the source text.

Phases 1 and 2 of the compiler operate on the source program and produce
an executable object program in the same user work area. The compiler
uses part of this area for its own work space. Upon completion of
compilation, the object program is invoked immediately by the compiler
(unless serious errors were detected during compilation),

The compiler area holds either phase 1 or phase 2 of the compiler.
Since both phases of the compiler are reenterable and relocatable,
areas within the compiler itself are not modifiable.

As noted previously, the compiler may process several jobs concurrently
on a time-slicing basis. In such a situation, the compiler operates

on multiple user areas. Each work area and the compiler area are
subject to relocation (as well as swapping) on an individual basis.

If the Executive requires an area being utilized as a user work area,
it saves the content of the area on disk storage and then relocates

it. If the Executive requires the compiler area, it need not save

the content of the area, since the compiler is reentrant.

COMPILER ORGANIZATION

The routines of the compiler may be grouped within ten categories:

1. Executive routines, consisting of the initializers for both
phase 1 and phase 2 of the compiler.

2. Entokening generators responsible for analyzing the source
program for syntactic units.

3. General statement processors responsible for directing the
syntactic and semantic analyses of CALL/360-0S PL/I source
statements.

4. Declaration processing responsible for creating and finding
definitions for all declarations and identifiers in the source

program.

5. I/0 statement processors.



6. Expression processing responsible for analyzing all expressions
in the source program.

7. Code generators, which (upon direction of other compiler
routines) produce the object code to be generated.

8. Wrap-up, which loads the required library routines and otherwise
prepares the user area for execution.

9. Miscellaneous support routines.

10. Executive interface.

The processing of each
It invokes the Entoken
the source text and to
delimiters, constants,
sequence. An entry is

statement is directed by the Controller routine.
routine to analyze the characters comprising
identify the significant tokens (that is,

and identifiers) of the next statement in
placed into a token table for each token in

the statement, which is then analyzed by the Controller to determine
which statement generator is to be invoked. The invoked generator
performs a syntactic and semantic check of the validity of the statement

and directs generation

of the required object code.

The other areas perform functions that are common to several of the
other routines (such as code generation for expressions, identifier
resolution, label processing, and storage allocation). Figures 1-2
and 1-3 show the functional relationships of routines of the CALL/360-

OS PL/I compiler.
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DATA ORGANIZATION

The requirement that the compiler must be reenterable implies that
all of its working storage must be in the user work area. Since the
location of this area may change during compilation, all addresses

of items within this area must be relative to the base address of the
area or contained in a special address constant area. The free space
in the user work area is used by the compiler for all of its working
storage and for the object program. The object program is built from
the beginning of this area (following the communications area) to the
end, and the working storage is allocated from the end (preceding the
source text) to the beginning. If these two areas overlap, the work
area is insufficient in size. The compiler returns to the CALL/360-
OS Executive with a request for more space.

Most of the compiler's data is maintained in either expandable tables
or threaded lists. If it is stored as an expandable table, the entries
are stored consecutively in an area of fixed length. When one table
area fills, that area is linked to another area (where another set

of consecutive entries is started). If the compiler data is stored

in the form of a threaded list, entries are not necessarily in
consecutive locations. Each entry contains a pointer to the next entry
in sequence, wherever it is located. The first byte of an expandable
table area or the first byte of an entry in a threaded list contains

an identification code. This code byte is often used by the compiler.
However, its primary purpose is to simplify the checkout and maintenance
of the compiler.



The compiler's working storage area consists of both a fixed-size and

a variable-size work area. Space for the fixed area is set up by the
Phase 1 Initializer routine. This fixed area is allocated backwards
from the beginning of the user work area. Space for the variable area,
which consists, primarily, of expandable tables and threaded lists,

is obtained as needed during the compilation process. This area extends
backwards from the beginning of the fixed area.

The fixed-size working storage area is divided into three main parts;
a C-area or compiler adcon area, a P-area or program adcon area, and
a G-area or general area.

The C-area contains addresses of compiler modules, locations within
these compiler modules, and register save areas for C1, €2, and C3
(registers 8-10). Registers Cl, C2, and C3 are used exclusively to
provide compiler module cover and for linkage between compiler modules.

The P-area contains addresses of locations within the user work area
and register save areas for PO, P1, P2, P3, P4, and P5 (registers 11-
1, excluding 0). These registers are used exclusively for referencing
locations within the user work area.

The G-area is used for all other purposes. It does not contain any
adcons, but it does contain pointer words which are displacements to
locations within the user work area. It also contains save areas for
registers GO0, G2, G3, G4, G5, G6, and G7 (registers 0 and 2-7). These
registers cannot contain actual addresses when the program is swappable.

When either phase 1 or phase 2 of the compiler is relocated, registers
Ccl, €2, and C3 and the adcons in the compiler adcon area of fixed
working storage (C-area) are adjusted by the amount of the relocation.

When the user work area is relocated, registers PO, P1, P2, P3, P4,
and P5 and the adcons in the program adcon area of fixed working storage
(P-area) are adjusted by the amount of relocation.

No other areas are affected by relocation during compilation. This
includes the G-area; registers G0, G2, G3, G4, G5, G6, and G7; the
object code being generated; and the variable-size working storage
area.

After the END statement for the external procedure has been processed,
phase 2 of the compiler is invoked. Phase 2 is brought in by the
Executive and overlays the code for phase 1. The function of phase

1 was primarily to generate machine-language (object) code for CALL/360-
OS PL/I source-program statements. The function of phase 2 is to set
up the items referenced by the object code. Constants, library
routines, and adcon areas are set by processing the tables generated
during phase 1. Space is reserved for necessary input/output buffers,
and execution of the user's object program is initiated.

The execution (runtime) phase involves only one area, namely, the user
work area. When this area is relocated during runtime, registers PO
through P9 (registers 6-15), the adcons in the address constant area,
and the adcons in the relocatable library work space are adjusted by
the amount of the relocation. The execution phase is self-contained.
That is, all library routines have been loaded and there are no overlay
facilities.

The layouts of the user work area during compilation and during
execution are shown in Figure 1-4. (For details, see Appendix E.)
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NAMING CONVENTIONS

Runtime library routines are named IHExxx where xxx is a three- to
five-character mnemonic indicating the routine's function. Phase 1
and phase 2 compiler modules are named $xxx where xxx is a one- to
seven-character mnemonic indicating the routine's function.

Note: The CALL/360-0S PL/I compiler and runtime modules follow the
naming conventions stated above. For clarity, these conventions
are used throughout this manual. However, there are some
exceptions in the member names assigned to certain routines
when stored in CALL/360-0S PL/I system libraries. These
exceptions are noted in Figure J-4% and under "CALL/360-0S PL/I
Runtime Library"™ in Appendix J of Volume IV.

COMPILER LIMITATIONS

Because all tables and the object program are kept in main storage
during program compilation, compilation may be terminated because the
user work area is too small. This is the only valid (that is, source-
program related) reason for termination of compilation. Compilation
may also be terminated if the CALL/360-0S PL/I compiler discovers an
"impossible®™ logic path or because a program interrupt occurs. Such
a condition is due to either a machine error or an error in the
CALL/360-0S PL/I compiler.

Before compilation is terminated because of insufficient work space,
CALL/360-0S PL/I requests additional main storage from the Executive.
However, for a given computer size, there is a maximum work space that
the Executive can provide. At present, on a machine having 512K bytes
of main storage, a user work area can be up to 112K bytes in size.
(See Appendix I for details on the maximum size of a program to be
compiled on a 512K computer.)

A programmer, by specifying an out of range value for the subscript

of an array, may destroy the contents of his static array and string,
disk buffer, or dynamic storage area. Complete storage protection

is not provided for these areas. As an example, assume that an element
of an array A is specified outside of the area for which the array

has been declared. That is, a program may contain the following
statement.

A(I)=10;

Assume that, when this statement is executed, the current value of

I is outside of the range declared for the subscript of A. This
specification can cause data to be written in one of the three areas
mentioned above. An error message is generated only if the value 10
would be moved into an area other than one of those three.

COMPILER-TIME AND RUNTIME ERROR MESSAGES

During the compilation process, the CALL/360-0S PL/I compiler modules
analyze source statements of the program being compiled. If incorrect
use of the language is detected, an error message identifying the error
condition is printed out at the terminal. (See Appendix F of the
CALL/360-0S PL/I Lanquage Reference Manual for a description of
CALL/360-0S PL/I compilation and execution error messages. These
messages are also listed in Appendix H of this manual.)

A severity code is associated with each compiler-time error message.
If any statement causes a message having severity code 3 to be
generated, the compiled program is not executed.

10



If an error condition arises during program execution, an error message
is printed (unless the programmer has indicated alternative action

by means of an ON statement). Error conditions are of two types.

Some cause execution to be terminated immediately, but others permit

execution to continue.

11



SECTION 2 - COMPILER OPERATIONS

OVERVIEW

The CALL/360-0S PL/I compiler is a one-pass, two-phase compiler--one-
pass, since it processes each statement completely before going to
the next; two-phase, because it is separated into two parts, phase

1 and phase 2.

Phase 1 takes one pass over the source code and translates source
statements to object code. During this pass, the entokening routines
translate the source stream into intermediate syntactic units called
tokens. The tokens are an unarranged, concise description of the
source statements. The expression processing routines transform these
tokens to another intermediate form called triads. Actually, triads
are the original source-program operators and operands rearranged so
that the specified operations will be executed in proper order. The
triads are converted to final object code by the code generator segment
of phase 1.

After phase 1 has processed the last statement, it issues a request
to the CALL/360-0S Executive to bring in phase 2. The Executive
overlays phase 1 with phase 2. Phase 2 performs wrap-up and loads
the library routines.

Figure 2-1 depicts the internal compiler logic of phases 1 and 2.
As noted above, each statement is completely processed before processing
of the next statement begins.

S(;et 4 Tokens Triads
Source
per pet Object PHASE 1
Program Statement Statement Cude
Statement
Wrap-Up PHASE 2

Figure 2-1. Internal Compiler Logic

PHASE 1
After initialization of the compiler work area, which is performed

by the Phase 1 Initializer ($CCONT), control is transferred to the
Controller (SCNT). The Controller directs the entokening of statements,

12



analyzes most label prefixes, and directs control to statement
processors and code generation routines.

The usual sequence of events is:

1. The Controller calls the Entoken routine (SATKN) to entoken
a statement.

2. The Controller examines the statement tokens to determine whether
the statement is a keyword type or assignment statement. If
it is a keyword type, the first token of the statement, excluding
any possible label prefix token, determines the keyword type.
The Controller directs control to the statement processor which
handles that keyword type. Any statement that is not a keyword
type statement is an assignment statement; the Assignment
Generator (SACGEN) is called.

Note: Assignment statements may begin with keywords (for
example, IF=1). These statements are recognized as
assignment statements.

3. The called routine processes the tokens of the statement to
create triads and then returns control to the Contreller.

4. The Controller then directs control to the code generation
routines to produce object code from the triads.

ENTOKENING

The primary function of entokening is to convert the syntactic units
of each source statement to tokens. Each token is one word long.
The syntactic units that may be encountered are:

e Identifiers

e Keywords

e Delimiters such as + , ( * = or ;
e Constants

e Comments

The token created for an identifier or keyword references the dictionary
name list entry for that item. If there is no dictionary name list
entry, one is made. (See the Search-Insert routine ($FIND) for
details.)

The tokens created for delimiters (with the exception of the left
parenthesis token) are self-contained. That is, there are no pointers
to other items in the token word. A left parenthesis token points

to the corresponding right parenthesis token. When a constant is
encountered, a constant attribute entry is created and the generated
token references this attribute. No tokens are created for comments.

Entokening is controlled by the Entoken routine ($ATKN). The Scan

Index routine ($ASIDX) is used to advance to the next source character.
The Search-Insert routine ($FIND) is called to search for a dictionary
name list entry and to create an entry if there is none. The Get Non-
Blank routine ($FNB) is called to advance to the next non-blank source
character. The relationship of these routines is shown in Figure 2-2.
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$CNT

Phase !
Initializer
SATKN SFNB
Get
Entoken Non-Blank
$FIND SASIDX
Search-Insert Scan Index

Figure 2-2. The Entokening Process

GENERAL STATEMENT PROCESSING

General statement processors are called by the Controller (5$CNT).
If a keyword is found in a statement, $CNT calls a statement processor
as follows.

Keyword Routine

PROC oxr PROCEDURE PROC Generator (S$APRC)
BEGIN BEGIN Generator (S$SBEGIN)
GO or GOTO GO Generator ($BRNH)
CALL CALL Generator ($CALL)
IF IF Generator ($CIF)

ON ON Generator ($CON)

STOP STOP Generator ($CSTOP)
REVERT REVERT Generator ($CRVT)
DO DO Generator ($DOG)
RETURN RETURN Generator (4$DRET)
END END Generator ($EDGN)

If no keyword is found, the statement is an assignment statement.

The Assignment Generator routine ($ACGEN) is called to process this
statement. (The statement processors listed above do not include those
which handle I/0 or declaration processing. These routines are
discussed later in this manual.)

The processing performed by each of the routines listed above is unique,
but, in general, the routines examine tokens and build appropriate
triads. The statement processors also check for logical consistency.
The keyword routines and the Assignment Generator call the Expression
Processor Controller (4$NEXP) to process:

e Assignment statements (called by Assignment Generator)

e Expressions such as A=5 in the statement

1IF A=5 THEN GO TO HFILE;

e CALL statement entry names and argument lists
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Routine

On-Unit Specification
Analyzer (SBONSA)

DO-Loop Triad Builder

Other routines discussed together with the general statement processors

Caller and Function

Called by the ON Generator ($CON) to
check the legality of an ON-condition.

Called by the DO Generator ($DOG) and the

(SDEXP) Expander (3SEXPND). Its function is to
build the triads which initialize the
DO index, increment the DO index, and

test for DO-loop termination.

Process End of ELSE
(SENDES)

Called by the Controller (S$CNT) when it
detects the end of an IF statement. (Note
that an IF statement may or may not be
terminated by an ELSE clause.) This
routine resolves branches to the end of
the IF statement.

Process End of ON
(SENDON)

Called by the Controller ($CNT) when it
detects the end of processing to be performed
as the result of an ON-condition.

Expander ($EXPND) Called by the Assignment Generator
($ACGEN) when it detects an array
expression. This routine generates"
one DO triad for each dimension of the
array.

END Expand ($EYPND) Called by the Assignment Generator to
end the range of DO's created by the
Expander (SEXPND).

DECLARATION PROCESSING

Information about an identifier is contained in its dictionary name
entry and its dictionary attribute entry(s). These entries are in
the dictionary name list and dictionary attribute list respectively.
An identifier may be used or declared differently in different blocks;
thus, there may be more than one dictionary attribute entry per
identifier. However, there can be at most one dictionary attribute
entry for an identifier per block.

A dictionary attribute entry is constructed for an identifier when
its attributes are specified either in a DECLARE statement or by the
identifier's contextual usage. The contextual usage may either cause
a new dictionary attribute entry to be created or cause a description
to be added in an existing dictionary attribute entry.

Note: Dictionary attribute entries are also made for constants. These
entries are formed in a section of the token table and are
discarded after the statement has been processed.

Four types of declarations are allowed:

» Explicit
e Implicit
® Contextual

e Tentative
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An explicit declaration is made when a label appears on a statement
or when an identifier appears in a DECLARE statement (except for those
entry names that are not also parameters).

An implicit declaration is created for any use, in an arithmetic
position, of an identifier that is not followed by a left parenthesis
and which has no previous declaration in the scope of usage.

contextual declarations are made for identifiers used in file options
in GET, PUT, OPEN, or CLOSE statements and for declarations of non-
parameter entry names in DECLARE statements.

A tentative declaration is made for each parameter encountered in the
processing of a PROCEDURE statement; for a scalar not followed by a
left parenthesis, when it is used in a position of a label and there
is no other declaration in the current block (such as GO TO A, where

A has not been encountered previously); or for a scalar followed by

a left parenthesis, when it is used in an arithmetic position and there
is no previous declaration in the scope of usage.

The four declaration categories listed above do not correspond directly
to those discussed in the CALL/360-0S PL/I Lanquage Reference Manual.
The language reference manual discusses only implicit, contextual,

and explicit declarations. The tentative type was added because of

the one-pass nature of the CALL/360-0S PL/I compiler. It is only
significant internally. The contextual definition of the entry name
not a parameter in the DECLARE statement is also at variance with the
CALL/360-0S PL/I Lanquage Reference Manual. Again, this is an internal
convenience, since the declaration will become explicit when the
procedure with that name is encountered. Classification of an
identifier as explicit, implicit, or contextual indicates its scope.

A more complete discussion of declarations is contained in the language
reference manual.

The routines of the CALL/360-0S PL/I compiler that perform declaration
processing are:

DCL Generator ($DCLGN)
Attribute Analysis ($ABAL)
Attribute Node Creation ($ANCRE)
Locate Identifier ($FSYM)

Locate Variable (4FVAR)

Label Processor ($BLPRC)

The DCL Generator (4DCLGN) is called as the result of a DECLARE
statement. It directs the analysis and encoding of attributes for
identifiers in that statement. In doing so, it calls the other
declaration processing routines as subroutines.

SABAL analyzes and encodes an identifier's attributes; S$ANCRE creates

a dictionary attribute entry; and $FSYM determines whether a dictionary
attribute entry has previously been created in the block for this
entry. If a previous declaration conflicts with the present
declaration, an error message is issued.

As noted above, the Attribute Analysis routine ($ABAL) is called by
$DCLGN to analyze and encode the attributes of an identifier. It is
also called by the PROC Generator ($APRC) to process any RETURNS
attributes. The results of this routine are placed in the attribute
table ($ABTBL). This table should not be confused with the dictionary
attribute list (A list). (For the format of the attribute table, see
Appendix A.)

The Attribute Node Creation routine ($ANCRE) is also called by either
$DCLGN or $APRC. Its function is to create a dictionary attribute
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node using the information placed in the attribute table by $SABAL.

If the identifier is dimensioned, a skeletal dope vector is built.

If the array bounds are constant, the dope vector bounds are
initialized. If the array bounds are variable, code that will calculate
the dope vector bounds at execution time is generated.

The Label Processor routine ($BLPRC) is called to process all label
prefixes. It creates a dictionary attribute entry for the statement
label or entry name and resolves any tentative declaration previously
made (for example, as a result of a GOTO statement).

The Locate Identifier routine ($FSYM), although grouped with the
declaration processing routines, is not used solely for declaration
processing. Inputs to this routine are an identifier token and a block
number. $FSYM determines whether the identifier has been previously
declared or used in the block indicated or in a block which is internal
to the indicated block.

The Locate Variable routine ($FVAR) is not referenced by other
declaration processing routines. It is called by the CALL, OPEN/CLOSE,
GET, PUT, or Format List Generator when certain variables are
encountered. It is also called by the Expression Processor Controller
(SNEXP) for each variable which it encounters. This routine is used
to locate the most recent or the current dictionary attribute entry
for a variable, and, if there is none, to create a definition for it.
If there is more than one dictionary attribute entry for an identifier,
the most recent entry is the entry with the highest block number.

INPUT/OUTPUT STATEMENT PROCESSING

CALL/360-0S PL/I programs have the ability to transmit or receive
stream-oriented data (that is, data in the form of a continuous stream
of characters). This form of data contrasts with record I/0, which

is not supported in CALL/360-0S PL/I. Data may be transmitted or
received from two types of devices: remote terminals and disk units.
A program may address only one terminal, namely, the one at which the
program was entered. An unlimited number of disk files may be
processed; however, only four may be open at the same time. For both
terminal and disk, the data stream may be specified as list-,

data-, or edit-directed.

The I/0 routines process the OPEN, CLOSE, GET, PUT, and FORMAT
statements. (GET, PUT, and FORMAT are used to address both terminal
and disk; OPEN and CLOSE pertain only to disk.) The relationships
of the I/0 routines are illustrated in Figures 2-3, 2-4, and 2-5.
Details are given in the paragraphs which follow.
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Figure 2-3.
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Format in
Data List
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Figure 2-4.
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SFMT

SFPDL

FORMAT
Generator

Format in
Data List
Processor

Figure 2-5.

SFLG
Format
List
Generator

SFORI

Format
Item

Format List Processing

In processing I/0 statements, the compiler generates calls to library

runtime routines.

The library runtime routines associated with

list-, data-, and edit-directed types of I/0 are shown in Figures 2-6,
2-7, and 2-8.

Data-Directed

1/0 Code
] . -
Input (All Functions) R utput Termination
‘ =
2
IHEDDIB g s IHEDDOC
= <
Initialize and E =F Place
Perform Input £ Semicolon
] in Stream
IHE1OBA IHEDDOA
; Scalar Output-
Initualize -
" . Whole Symbol
Without Skip Table
HEIOBC IHEDDOB
Initalize Array Element
With Skip i Output-Only One
Symbol Table Entry]

Figure 2-6.

Data-Directed 1I/0 Flow of Control
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List-Directed
1/0 Code

1

Figure 2-8.

Edit-Directed I/70 Flow of Control

Initialization Input Output Termination
= = None
= S
s 3 a
\ a8 S
=
THEIOAA IHELDIB IHEIOBA 'E'-" THELDOA
Initialize Read One Variable [ Initialize - Output One
Without Skip Variable
]
2
K]
£
E
IHEIOAT e IHEIOBC
Check for - Initialize e
Extra Input With Skip
Figure 2-7. List-Directed I/0 Flow of Control
Imtialization Input Edit-Directed Output Termination N
1/0 Code one
= =
5 E
5 3|
a kS Ei
IHEIOAA IHEDIOA IHEIOAT IHEIOBA IHEDOBY IHEDOBZ
Chedh for Imstiahize f1 |1 A Format Without A(w) Format
Imtiahze Format Director
Extra Input Without Skip Width Specification Output
IHEDIBZ IHEDIAY IHEIOBC IHEDIOA IHEDOMA
A(w) Format E Format |r-mialize o) lod 1 Other Formats " CoFormat
Input Input With Skip utput
IHEDIMA THEDIAZ IHEDOAY
C Format F Format E Format
Input Input Output
IHEIOXA IHEIOPB IHEIOXC IHEDOAZ
X Format SKIP COLUMN F Format
Input Format Output Format Output Output
IHEIOXB
X Format
Output

The Phase 1 Initializer (SCCONT) calls the OPEN/CLOSE Generator (SOPEN,

$CLOSE) when it encounters an OPEN or CLOSE statement.

The OPEN/CLOSE

Generator calls the 0O/C Specification routine ($DOCS) to scan the

statement and determine which options are present.

are the INPUT, OUTPUT, FILE, and TITLE attributes.)
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If the statement is CLOSE, code is generated to:

1. Obtain the location of the file control interface block (FCIB)
2. Call the library runtime Close routine (IHECLOSE).

If the statement is OPEN, space is obtained in the initialization table
(I table) for a file control interface block (FCIB) if the file was

not previously opened or declared. When phase 2 of the compiler
processes the initialization table, it will move this FCIB to static
and constants storage. Code is generated to:

1. Obtain the location of the FCIB

2. Generate instructions to transfer around the rest of the code
generated for OPEN if the file is already open

3. If the TITLE pointer is null, generate code to move the filename
into the title field of the FCIB. Otherwise, call the Expression
Processor Controller (SNEXP) to generate code to evaluate and
move the title expression into the title field of the FCIB.

4. Generate code to call the library runtime Open routine (IHEOPEN).

Except for PUT DATA and GET DATA statements, processing of a GET or
PUT statement causes the following object code to be generated:

1. A call to an initialization routine

2. Instructions to put the location of a data element descriptor
(DED) and the variable into the file control block (FCB). If
the I/0 type is EDIT, instructions to put the location of a
format element descriptor (FED) into the FCB are also generated.

3. A call to a routine which reads or writes a data item.

Steps 2 and 3 are repeated for each item in the data list. After all
items have been processed, code to call a termination routine may be
generated. The DED's are generated at compile time and are moved into
the static and constants area when phase 2 of the compiler processes
the initialization table. If possible, the same procedure is used

for the FED's. If an FED is too complex to evaluate at compile time,
instructions to evaluate it at runtime will be generated.

If the statement is a GET DATA or PUT DATA statement, a symbol table
is built; one item is entered for each item in the data list. (See
Appendix E.) If no data list is present, a symbol table entry for
each identifier in the block will be generated at epilogue time. A
symbol table entry consists of a DED and the EBCDIC name for an item.
In addition, code is generated to call the appropriate library runtime
routine(s).

Both the GET Generator and PUT Generator call the I/O Specification
routine (4$DIOS), which scans a statement and locates FILE, SKIP, DATA,
LIST, and EDIT keywords. These generators also call the Data
Specification routine ($DDS) to process the data list for every
statement other than a GET DATA statement. For all statements except
GET DATA and PUT DATA, each item in the data list is processed as
follows:

1. A DED is constructed.

2. Code is generated to put the location of the DED into the FCB.
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3. Unless the I/0 specification is EDIT, a call to the proper
library runtime routine is generated. If the I/0 specification
is EDIT, a branch and link is generated to part of the code
generated to process the format list of the statement. This
code will put the location of the proper FED in the FCB and
call the proper library runtime routine.

These three steps will be repeated until the data list is exhausted.
If the statement is PUT DATA, an entry will be made in a symbol table
for each item in the data list and a call to either IHEDDOA or IHEDDOB
of the Data-Directed Output routine will be generated for each symbol
table.

The $FLG, $FMT, $FORI, and $FPDL routines handle the format lists for
edit-directed I/0. S4FPDL is called by the GET Generator ($BGET) or
PUT Generator (3BPUT) to process a format list for edit-directed I/O.
The processing of a format list will cause the generation of code (to
be called as if it were a subroutine). Therefore, the first function
of S$FPDL is to generate a branch around the code for the individual
format items. This branch will be directed to the beginning of the
code which will be generated to process the data list. Then, $FLG

is called to direct the generation of code for the individual format
items. On return from $FLG, SFPDL generates a branch back to the code
generated for the first format item. At object time, this branch will
be executed if the number of scalar data items in the data list is
greater than the number of associated items in the format 1list. Then,
SFPDL resolves the branch around the code for the format 1list.

$FLG performs the syntax analysis and code generation for a format
list. For each format item, it generates the following code:

1. Save the location from where called.
2. Put the location of the FED into the FCB.
3. Call the appropriate library runtime routine.

4. Return to the location from which called with a branch and link
instruction. This location will contain code generated for
the next item in the data 1list.

$FLG calls $FORI to analyze and generate any code necessary for
expressions in a format specification and to create a FED.

$FMT is not called by any I/0 statement processing routine. When the
Phase 1 Initializer ($CCONT) encounters a FORMAT keyword, S$FMT is
called to create a remote format list. The generated code is similar
to that generated for a format list in a GET or PUT statement. Like
$FPDL, $FMT calls $FLG to process the format list.

The code generated for a format list is driven by the code generated
for the data list as illustrated in Figure 2-9. In this example, the
data list contains two items and the format list has two entries
describing these items.
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DATA-LIST CODF FORMAT-LIST CODE

Set up IFCB with pointer to
. . first item’s {-LD. Complete
Set up FCB with t —>
D oD with Polater to wmitialization of FCIB.* Call
: library runtime routine to

output item .

Set up FCB with pointer to
e second item’s FED. Complete
initialization of FCIB.*Call

library runtime routine to
output item 2.

Set up FCB with pointer to
second item and its DED.

*Note: This code will not be generated if the fields describing the format item are
simple constants (for example, (5,2)).

Figure 2-9. Relationship of the Code Generated for the Data List and
Format List

EXPRESSION PROCESSING

Certain common syntactic units are processed by the routines grouped

as expression processing routines. Generally, the function of
expression processing is to generate triads from syntactic units which
are represented by tokens. Expression processing is invoked by calling
the Expression Processor Controller (SNEXP). A call is generated in
any of the following cases:

1. By a statement processor to evaluate an expression. For example,
the following statement contains an expression to be evaluated:

IF A<1 THEN GO TO KFILE;
SNEXP is called by the IF Generator to evaluate the expression A<1l.

2. By the CALL Generator ($CALL) to process the CALL statement
entry name and the argument list.

3. By the Assignment Generator (SACGEN) to process the entire
assignment statement. An example of such a statement is:

A = (B+(C+D) + MAX(A,B))/16;
The routines concerned with expression processing are:

Argument Operand Processor ($NATTP)

CALL Generator ($NCALL)

Cross-Section Dope Vector Build ($NCSDV)
Expression Processor Controller (SNEXP)
Dimension Multiplier Generator ($NMULT)
Convert Operand ($NOPCV)

Operator Stack Processor ($NOPRT)
Operand Set-Up (SNPRE)

Generate Triad ($TRIAD, S$STRD)
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Expression processors operate on the input tokens and generate triads.
The processed tokens are the unarranged representation of the source
stream and consist of operator and operand tokens. Two operands and
an operator form a triad. An operand, itself, can be another triad.

The two primary routines of expression processing are the Expression
Processor Controller ($NEXP) and the Operator Stack Processor ($NOPRT).
$NEXP processes the input token stream and makes entries to the
expression, operator, and operand stacks. $NOPRT operates on these
stacks and creates triads. The items in these stacks are processed

on a LIFO (last in, first out) basis. Figures 2-10 and 2-11 are
simplified flow diagrams of $NEXP and $NOPRT.

SNEXP

Get
next
token.

bs nle .
- No Enter operand
token an token mto A
are o
operator” operand stack
) Enter operiator
token priority ™\ Ye token into
Y R ' My -
last oper opetator stack.
ator?,

Nll

SNOPRT

Process stacks
to form triads.

Figure 2-10. sSimplified Logic Diagram of the Expression Processor
Ccontroller ($NEXP)
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SNOPRT

A 4

Remove last two
operands and last
operator from stacks.

Generate triad using
information in items
removed from stacks.

Make entry into
operand stack refer-
encing triad created.

Compare priority of
pending operator with
that of last operator
stack entry

Is
it greater
than”

No

Return

Figure 2-11. Simplified Logic Diagram of the Operator Stack Processor
($NOPRT)



To analyze the functioning of these routines, consider the following
assignment statement:

A=5%(B + C - D);
At entry to expression processing, each of the syntactic units has
been converted to a token (A, B, C, and D, to operand tokens; all

others, to operator tokens). The operator tokens have the following
priorities:

Token Priority

LN I PN |
[
[++}

These priorities are expressed as two-digit numbers. The first digit
represents the parenthesis level; the second represents the priority
contribution of the operator. The order of evaluation is dependent
upon the operator order in the expression and the operator priority.
Operators and operands are added to their respective stacks until an
operator having priority equal to or less than the priority of the
previous operator stack entry is encountered. At this point, a triad
is formed from the operator and operand stacks. In the case of a
simple expression (such as the above example), the triad is formed
from the last entry in the operator stack and the last two entries

in the operand stack.

Note: The entries to the operator and operand stacks are an expanded
form of the original tokens. See the discussion of these stacks
in Appendix B.

Expression processing proceeds as follows.
1. Control is acquired by $NEXP with the token pointer at A. After

initialization, the contents of the expression, operator, and
operand stacks and the triad table are:

Expression Stack Operator Stack Operand Stack Triad Table
(V Table) (X Table) (Y Table) (Z Table)
Assign Null Empty Empty

2. After $NEXP processes tokens A to *¥*, the tables contain:

Expression Stack Operator Stack Operand Stack Triad Table
(V Table) (X Table) (Y Table) (Z Table)
Assign Null A Empty

= 5

*
3. The left parenthesis generates an expression entry in the

expression stack and a left parenthesis entry in the operator
stack. After $NEXP has processed token C, the tables contain:

26



Expression Stack Operator Stack Operand stack Triad Table

(V Table) (X Table) (Y Table) (Z Table)
Assign Null A Empty
Expression = 5

* B

( c

+

Up to this point, no triads have been developed because the
operators encountered so far are in order of increasing priority.
The next token is a minus sign, which is equal in priority to

a plus sign. This causes $NEXP to call $NOPRT. $SNOPRT removes
one operator and two operands from their respective tables and
uses them to generate the triad B + C. A reference to this
triad is placed in the operand stack. At this point, the tables
contain:

Expression Stack Operator Stack Operand Stack Triad Table
(V Table) (X Table) (Y Table) (Z Table)
Assign Null A T1
Expression = 5

* T1
(

where T1 and similar entries below represent triads.

When the right parenthesis is encountered, triads are developed
until the preceding left parenthesis is removed. Then, the
tables contain:

Expression Stack Operator Stack Operand Stack Triad Table
(V Table) (X Table) (Y Table) (Z Table)
Assign Null A T1

= 5 T2
* T2

The semicolon causes triad generation to be completed. The
expression, operator, and operand stacks are now irrelevant.
The triad table contains two additional entries; its contents
are shown below:

Triad Table

(Z Table)
Left Right
Triad Operand Operation Operand
T1 B + C
T2 T1 - D
T3 5 * T2
T4 A = T3

Control will be returned to the calling routine (in this case,
the Assignment Generator (SACGEN)). Then code generation will
be invoked by calling the Triad Code Generator ($TCODE). Object
code will be generated by processing the triad table.

The triads yenerated in the previous example assume that neither
conversion nor scaling is necessary. If conversions or scaling are
required, additional triads have to be generated to perform these
operations. Scaling and/or conversions are necessary when attributes
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of the operands differ. In the example above, if B were floating-point
and C were fixed-point, C would be converted to floating-point before
it was added to B. Situations in which conversions and scaling are
performed are discussed in detail in the CALL/360-0S PL/I Lanquage
Reference Manual.

Other routines are also involved in expression processing. The Argument
operand Processor ($NATTP) is called by $NOPRT when processing the
arguments of a CALL statement or a function reference. It extracts

the attributes of these arguments. If an attribute of an argument

does not agree with that of the corresponding parameter, S$NOPRT calls
the Convert Operand routine ($NOPCV) to perform the conversion, if
possible.

The Call Generator (SNCALL) is called to generate the triads needed
to call a function or subprogram.

The Cross-Section Dope Vector Build routine ($NCSDV) is called by $NEXP
if an array cross-section is used as an argument of a CALL statement

or a function reference. This routine builds a dope vector for the
array cross-section.

The Dimension Multiplier Generator ($SNMULT) is called by $SNOPRT. It
generates the triad required to multiply a subscript value by the
dimension multiplier associated with the current array dimension.
Thus, it performs part of the computation necessary to locate an array
element. (See "Dope Vectors" in Appendix D for a descrlptlon of the
algorithm used to locate an element of an array.)

The Convert Operand routine ($NOPCV) is called to convert or scale

an operand. If the argument is a source constant and the desired
conversion is arithmetic to arithmetic, its attribute entry is changed
to indicate the desired attributes. ILater, when $NCONS is called (by
$NOPRT, SNEXP, or STRIAD), this constant will be converted to the
desired form. Thus, no object code need be generated to perform the
conversion or scaling. If the operand is not such a source constant,
any triads needed to achieve the desired type and scale are generated.

The Operand Set-Up routine ($NPRE) is called by $NEXP or $NOPRT to
move the top entry of the operand stack to an operand area. It then
obtains the type, sign, scale, precision, and length attributes of
the operand and moves them into this operand area. When the calling
routine is $NEXP, these attributes represent the result operand. For
all other types of operands, the calling routine is $NOPRT.

The Generate Triad routine (S$TRIAD, $STRD) is called to generate a
single entry in the triad table. The calling routine may be one of
the expression processing routines (SNOPRT, $NOPCV, S$NMULT, S$NEXP,
or $NCALL) or certain of the general statement processor routines.

Expression processing may be considered from another aspect, namely,
that of the tables with which it interfaces. This relationship is
shown in Figure 2-12. All illustrated tables have been mentioned .
except the library load table (1. table) and the constant table (C
table). Entries are made in the library load table if a call to a
runtime library subroutine is generated. (Such calls do not, of course,
include calls of and references to internal procedures.) Entries may
be made into the constant table when the Constant Processor ($NCONS)
is called to direct conversion of a source constant to a desired form,
if necessary. If the converted form is not already in the constant
table, it will be entered. (The tables are explained in detail in
Appendix B.)
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Load
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Figure 2-12. Expression Processor Tables

CODE GENERATION

The function of code generation is to produce final object code from
the triads produced by expression processing and/or the statement
processors. Code generation is invoked by the Phase 1 Initializer
($CCONT) after the triads for a statement (or, in certain cases, part
of a statement) have been generated. Figure 2-13 illustrates the
relationship between the code generation modules. )
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$CNT $CCONT
. Phase |
D Initializer
$TCODE SVINSA SVCLR
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Code ';"'“‘l‘)'l““ Table
Generator ssembler Initializer
STOPR $OPMZO VGTMP $VASGA
Triad - Temporary Adcon
Operand 89""“22 Storage Register
Processor peran Management Assignment
$SCDV $VDSAC $VASGC
String Constant Storage - Computational
Dope Vector Address Register
Initializer Assembler Assignment

Figure 2-13. Code Generation

The two primary routines of code generation are Triad Code Generator
($TCODE) and Instruction Assembler (4$VINSA). Code generation is invoked
by calling $TCODE which processes the triad table entries in order,
starting with the first entry and continuing until all triads have

been processed. Figure 2-14 shows the tables that are referred to

by the STCODE module. In the illustration, those tables connected

by broken lines are actually assembled as part of $TCODE.

The Triad Operand Processor ($TOPR) is called to put information
describing the two operands of a triad into the data parameter table
($PTO). (For a description of this table, see "Compiler Variables"™
in Appendix A.) The triad operator directs a branch to the section
of $TCODE which controls its processing. In general, this processing
consists of:

1. Determining the sign of the operands and the sign of the result
of execution of the triad code. Signs may be adjusted to
optimize the required instruction sequence.

2. Arranging the operands, when possible, to insure optimum code
generation.

3. Selecting the set of symbolic instructions in the symbolic
instruction table (M table) to be used by $VINSA in generating
the code for the triad. As shown in Figure 2-14, the symbolic
instruction table is part of the $TCODE module. (For its
description, see Appendix B.)
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$TCODE
Triad
Code
Generator
______________ -
i
A List ' Z Table O Table
Dictionary Triad Operation
Attribute Table Code
List Table
______________ .
i
C Table $PTO M Table
Constant Data Symbol.ic
Table Parameter Instruction
Table Table

Figure 2-14. Tables Used by $TCODE

STCODE then calls $VINSA, passing to it the location of the selected
set of symbolic instructions. These symbolic instructions represent,
in a general way, the object code which will be produced for that
triad. The function of $VINSA is to interpret, modify, and, in some
cases, optimize these general instructions into specific, machine-
language instructions. The general processing performed by $VINSA
for most instructions is:

1. Using the information passed about the operands and the operation
to be performed, change the operation code, if it is modifiable,
to the System/360 machine code for that instruction. For
example, if LOAD were the general operation passed, it would
be changed to the System/360 op code L, LE, or LD (depending
on whether the referenced item was fixed point, short float,
or long float).

2. Generating the remainder of the instruction.

Besides operations that conform closely to machine operations, $VINSA
processes a class of instructions that involve pseudo-operations.
Examples of pseudo-operations are:

1. Load Complex - This pseudo-operation may generate code which
will cause two registers to be loaded, one with the real part
of a number and the other with the imaginary part of the number.
The registers need not be loaded if the items are already in
registers.

2. Save Volatile Registers - This pseudo-operation is used prior
to the generation of calls to object-program library routines.
It causes the generation of code to store fixed registers 0
and 1 and floating-point registers 0 and 2 (which are volatile
across library calls) in temporary storage if they contain
active intermediate results.

Figure 2-15 describes the relationship of the Instruction Assembler
(SVINSA) and its tables and output.
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SVINSA

Instruction

Assembler
A List C Table M Table O Table
Dictionary Constant Symbolic Operation
Attribute Table Instruction Code
List Table Table

R Table

Object

Register Code

Table

Figure 2-15. Tables of Instruction Assembler ($VINSA)

The Optimize Operands routine ($0OPMZO) is called by $TCODE to determine
whether either operand is in a register and, if so, under certain
conditions, to interchange the operands. For example, assume that
the operation to be performed is to add B to A, that B is in a register,
and that A is not. The operation will be changed to add A to B, thereby
eliminating the need to load A into a register (and B is already there).

The Triad Operand Processor ($TOPR) is called by $TCODE to put
information concerning the two operands of a triad into the data
parameter table (4PTO). This information includes the core address,
core sign, register address, register sign, and length of the operand.

The Storage Address Assembler (4VDSAC) is called by SVINSA to convert
the compiler's internal representation of a storage address (base code
and displacement) into a machine address (base register and 12-bit
displacement). If the storage address is not within 4096 bytes of

any base register, instructions to set up a base register are also
generated.

The Adcon Register Assignment routine ($VASGA) and the Computational
Register Assignment routine ($VASGC) are used in register manipulation.
Part of the initialization to run a job is to set up certain registers
which are never modified during program execution (base registers for
the object code and bases of frequently referenced areas). The
remainder of the registers (adcon registers that are adjusted if the
program is relocated and computational registers that are not) are

set and modified as needed. $VASGA is called to obtain the least-used
adcon register and $VASGC is called to obtain either a single or a
double computational register. $VASGC makes its selection so that
optimum code will be generated. For example, a free register will

be chosen in preference to one that contains a value which may be
needed later.

The Register Table Initializer ($VCLR) is called by the Phase 1
Initializer (SCCONT). It obtains and initializes an area for the
register table. Only code generation routines use the register table.
The Temporary Storage Management routine ($VGTMP) is called to obtain
the base code and displacement of an area of temporary storage. The
String Constant Dope Vector Initializer ($SCDV) is called by $TCODE
to create a string dope vector when it encounters a call of the string
to an arithmetic function which references a constant.
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PHASE 2 OR WRAP-UP PHASE

After the END Generator ($EDGN) of phase 1 has determined that the
last source statement has been processed, it calls the Executive to
request initialization of phase 2. The Executive loads the phase 2
modules and the runtime library routines in the area formerly occupied
by the phase 1 compiler routines. Then it transfers control to the
Phase 2 Initializer (SWCONT). This routine sets up the adcons
pertaining to the phase 2 compiler routines in the fixed area of the
compiler work space (see Appendix A for a description of this area).
Then it transfers control to the Compilation Wrap-Up Driver ($MCWU).
$MCWU directs the wrap-up process. When wrap-up is complete, it calls
the Executive to request execution. Figure 2-16 shows the relationship
between the various wrap-up routines.

SEDGN SWCONT SMCWU SHTCR
END Phase 2 Cnpiaon Table
Generator Imtualizer r4p-Lp Collapse
R Driver

SHLNTP SHCTP SHSCAL SHRTLL
Line Number Constant Static Runtime
Table Table Constants-Adcon | Library
Processor Processor 1 Loader , Loader
SHDVTP SHAINI
v .
an;: isteu tor Adcon
Processor Initialization

Figure 2-16. Wrap-Up Routines

The function of phase 1 was primarily to generate machine-language
(object) code for CALL/360-0S PL/I source-program statements. The
function of phase 2 is to set up the items referenced by the object
code. Constants, library routines, and adcons are set by processing
the tables generated during phase 1. Figure 2-17 shows a cumulative
correspondence between the tables processed and the storage layout
of the user's work space. The routines are discussed below in the
order that they are called by $MCWU.
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The Line Number Table Processor ($HLNTP) processes and moves the line
number table (D table) adjacent to and immediately following the
generated code. Each entry in the line number table correlates the
number of a source statement with the object code displacement of that
statement. This table is used for diagnostic and error message purposes.

The Constant Table Processor (SHCTP) processes the constant table (C
table) and moves the constants to the static and constants area
(adjacent to the line number table).

The Static Constants-Adcon Loader ($HSCAL) processes the initialization
table (I table) and dope vector list (J list). Depending on the entry
type, the item is entered in the adcon or static and constants area.

If an item entered in static and constants storage is a dope vector
that will reference an item in static array and string storage, an
entry pointing to the dope vector is made in the dope vector 1list.

Note that at this time the adcons are not true addresses, but merely
pointers or displacements.

The Runtime Library Loader ($HRTLL) determines all library routines
required by the program. These routines are moved from the compiler
area to follow the adcons in the work area. Space is allocated in
working storage for the work areas needed by the library runtime
routines. The work areas are either relocatable or non-relocatable.

The Dope Vector List Processor ($HDVTP) processes the dope vectors
referenced by the dope vector list. Its function is to compute the
virtual location of a string or an array. (This could not be done
earlier because the starting location of static array and string storage
was unknown.)

The Adcon Initialization routine ($HAINI) converts all adcons from
their base code and displacement form to true addresses and resets
the user-area relocation constants in the communications area. To
prevent the work area from being swapped during this conversion, the
swap flag (SWPFLG) of the communications area is set.

The Table Collapse routine (SHTCR) is called if, at any time during

the compiler wrap-up phase, prior to the loading of the runtime library,
there is insufficient free space in the variable area. $HTCR collapses
the C table, D table, T table, and J list. Collapsing consists of
moving the unprocessed table or list entries into higher core storage
(that is, into locations previously required for table or list entries
that have been processed).

SUPPORT

The support routines provide services needed by many routines of the
CALL/360-0S PL/I compiler. The three routines which handle error
conditions are Array Expression Error ($AREXP), Compiler Error ($CERR),
and Error Message Editor ($XERR). The $AREXP routine is of minor
importance. It is called when an array expression is in an illegal
position.

Control is passed to $CERR when an error so severe that compilation
must be terminated is detected. All System/360 program interrupts

are in this group, since no code in the compiler should cause program
interrupt. When such an interrupt occurs, the Executive transfers

to ARINTRP of the communications area. Code beginning at ARINTRP
subsequently transfers to $CERR. In addition, numerous compiler modules
transfer directly to $CERR when they detect a severe error necessitating
compilation termination. $CERR prints out a message pointing to the
error and terminates compilation.
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4XERR is called for less serious errors. An error message number and
one or more parameters are passed to $XERR. Using this information,
S$XERR prints out an error message identifying the error in a terminal
user's program.

Other support routines perform vital functions. Output Director ($GPUT)
is called to output a 120-character line to the terminal buffer. The
Constant Processor (SNCONS, $NCON) is called when generated code must
reference a constant. This routine enters the constant in the constant
table and computes the location in static and constants storage that
will contain this constant at runtime. Library Search ($NLSIB) is
called when a statement references a runtime library routine. $NLSIB
makes an entry in the library load table which indicates to the Runtime
Library Loader ($HRTLL) that the referenced runtime library routine
must be loaded. The Convert Constant routine (4$NCVT) is called to
convert a source constant to a required internal form.

The Segment Management routines ($WBACK, $WCTCT, S$WEXP, and SWSTEP)
provide the bookkeeping services necessary to support compiler macros
which manipulate expandable table segments. In general, these macros
address nodes within an expandable table segment. In advancing or
stepping back from one node to the next, a table segment boundary may
be exceeded. In such a case, the code generated by one of these macros
will call the proper segment management routine to proceed from one
table segment to another.

The Get Next Triad Entry routine ($GTRIAD) is called to get the next
available entry in the triad table. Calling this routine serves the
same function as issuing a GNODE macro addressing the triad table.
Use of $GTRIAD is generally preferable because less space is required
for the necessary code.

EXECUTIVE INTERFACE

Interface between the Executive of the CALL/360-0S system and the
CALL/360-0S PL/I compiler is performed by means of the user terminal
table (UTT), communications area, and the SVC Director module ($SVC).
The Executive and the compiler communicate with one another by setting
areas in the UTT and the communications area. The compiler directs
requests to the Executive by calling $SvC.
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‘SECTION 3 - CALL/360-0S PL/I COMPILER ROUTINE DIRECTORY

INTRODUCTION

The CALL/360-0S PL/I compiler is functionally divided into the following

parts:
e Controllers
e Entokening
e General Statement Processors
e Declaration Processing
e I/0 Statement Processing
e Expression Précessing
e Code Generator
e Wrap-Up
e Support
e Executive Interface
Each CALL/360-0S PL/I compiler routine is described in this section

under one of the headings listed above.

PART 1 - CONTROLLERS

The following routines are the controllers of the CALL/360-0S PL/I
compiler. They are discussed in alphabetic order, according to their
mnemonics, on succeeding pages. Detailed logic diagrams for the
routines appear at the end of this subsection.

Statement Category ($CATEG)
Phase 1 Initializer ($CCONT)
controller (S$CNT)

Phase 2 Initializer ($WCONT)
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TITLE: STATEMENT CATEGORY (SCATEG)
Program Definition
Purpose and Usage

The Statement Category routine determines whether or not the next
statement in the token table is an assignment statement.

Description

This routine searches the token table up to the semicolon token for
any of the following token combinations:

ident ident
constant ident
) ident
keyworad ident

If any of these combinations occur, the statement is not an assignment.
If none of the above combinations occur at zero parenthesislevel,
and at least one equal sign does occur at this level, the statement
is an assignment statement.

Errors Detected

None

Local Variables

None

Program Interface

Entry Points

SCATEG. Expects $PTR to be set to location to begin checking.

Exit conditions

Normal exit only. Returns type of statement code in register GO; if
greater than zero, assignment.

Routines Called
SCERR Compiler Exrror
Global Vvariables

T Table Token Table
SPTR Token Table Pointer

Logic Diagram

Chart 1 shows the detailed logic diagram for the Statement Category
routine.
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TITLE: PHASE 1 INITIALIZER ($CCONT)
Program Definition
Purpose and Usage

The Phase 1 Initializer receives control from the CALL/360-0S Executive
and initializes everything required to begin compilation.

Description

Upon receiving control from the CALL/360-0S Executive, $CCONT locates
the user's work space allocated for the compilation and establishes
registers to address it. The lengths of the compiler's relocatable
data area, and the addresses of the compiler's relocatable registers
are communicated to the CALL/360-0S Executive during the first few
instructions, which are guaranteed not to be interrupted.

Instructions are established to receive control of arithmetic
interrupts. Then the values in the adcon area which address entry
points in the compiler code are relocated by the value of the compiler
origin. Initial values are moved into all non-relocatable global
variables which require them.

The first segments of all expandable tables are now constructed, and

the necessary control pointers are initialized for them. In conjunction
with this activity, the first node of the expression stack is obtained,
and the first node in the constant table is cleared to zero. The names
of the Error Message Editor and SVC Director routines are then entered
into the library load table. These two object program library routines
are always present, regardless of whether they are directly invoked

or not.

Attribute nodes and name list entries are next created for all built-
in function names and keywords. The operator stack is reset, and the
register table is constructed and initialized. 'Control then passes
to the Controller to initiate the compilation process.

Errors Detected

None

Local Variables

None

Program Interface

Entry Points

Control is transferred to $CCONT via a special interface with the
CALL/360-0S Executive, which branches to the first byte of the first-
phase load module with the entry point address in register 7 and the
address of the user's area in register 12.

Exit Conditions

SCCONT is effectively inline; control passes to the Controller ($CNT)
and does not return.
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Routines Called

$CNT Controller

$NLSIB Library Search

SVCLR Register Table Initializer
SFIND Search-Insert

SWEXP Segment Management

SWCTCT Segment Management

Global Variables

All global variables requiring initial values and tables are
initialized.

Logic Diagram

Chart 2 shows the detailed logic diagram for the Phase 1 Initializer
routine.
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TITLE: CONTROLLER ($CNT)
Program Definition
Purpose and Usage

The Controller directs the entokening of statements, analyzes most
label prefixes, handles detection of compound statement units, and
directs control to statement processors.

Description

The Controller, upon initial entry, calls the Entoken routine at its
second entry point so that it can initialize itself and then entoken
the first statement. A check is made to see if the first statement
is an external procedure statement. If not, one is supplied.

Each statement in the program is checked for the presence of a label.
If one is present, the label switch (3CLBLS) is set ON, a pointer
($CLPTR) is set to the label, and the token table pointer ($PTR) is
advanced to the token following the label.

The status of the compound statement switch ($CSS) is then checked
to see if any units have just been terminated. The Controller uses
the status of $CSS to determine the program structure caused by IF
and ON statements. $4CSS is a four-position switch: OFF, THEN, ELSE,
and ON.

If a THEN unit has just been terminated and no ELSE unit is present,
the branch around the ELSE unit is not generated. Otherwise, processing
continues as at the beginning of a THEN unit. The word THEN or ELSE
is skipped, and it is determined whether or not a label is present
on the unit. The unit is then checked for legality. The following
statements are allowable in a THEN or ELSE unit:

assignment GO TO PUT
BEGIN IF RETURN
CALL null REVERT
DO ON STOP
GET

The Controller uses the status of a first executable statement to
determine whether a DECLARE statement precedes the first executable
statement of the block. If it does not, the statement must be taken
out of line and added to the prologue code chain. If it does, the
statement can be executed in order with no need for branches linking
it to a chain. This optimization requires that immediately before
generating code for the first executable statement, the prologue code
chain is started and the end of prologue instructions generated.

The syntactic and semantic analysis of the statements is performed

by the individual statement generators, which also generate the triads
required for the statements. The Controller determines to which
statement generator to transfer control.

If the first token of the statement is not a statement keyword, the
statement must be an assignment. If it is a statement keyword,
Statement Category subroutine ($CATEG) is called to determine whether
it is an assignment. If it is not an assignment statement, the type
of statement is determined by the first token of the statement. Since
all statement generators expect $PTR to point to the first token in
the statement body, it is advanced for nonassignment statements.

If the statement is a DECLARE, FORMAT, END, PROCEDURE, or BEGIN, the
statement generator processes the label. Otherwise, the Controller
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calls the Label Processor subroutine ($BLPRC) to define the label on
the statement.

Upon return from the ON Generator ($CON), it is necessary to determine
whether the on-unit statement is legal. (The ON Generator made sure
it does not have a label.) The legal statements are the following:

assignment GO TO REVERT
CALL null STOP
GET PUT BEGIN

Errors Detected
PROCEDURE STATEMENT SUPPLIED (1)
ILLEGAL °* * STATEMENT--NULL CLAUSE SUPPLIED (2)
' * NOT STATEMENT TYPE, IGNORED (3)
NOT STATEMENT TYPE-—-ASSIGNMENT ASSUMED (4)
MAXIMUM NO. OF BLOCKS EXCEEDED (24)

Local Variables

None

Program Intexface

Entry Points
One entry point from the Phase 1 Initializer ($CCONT).
Exit Conditions

No exit. At end of compilation, END Generator (S$EDGN) directs
transition to phase 2.

Routines Called

$TCODE Triad Code Generator
$GTRIAD Get Next Triad Entry
$ATKN Entoken

$ENDON Process End of ON
SENDES Process End of ELSE
$CATEG Statement Category
$BLPRC Label Processor
SFIND Search—-Insert

SWEXP Segment Management
S$XERR Exror Message Editor

Global Variables

All Statement Generators

§css Compound Statement Switch
$CLBLS Label Switch

$EOS End of Source Switch

T Table Token Table

$PTR Token Table Pointer
$CLPTR Label Pointer

Logic Diagram
Chart 3 shows the detailed logic diagram for the Controller routine.
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" TITLE: PHASE 2 INITIALIZER ($WCONT)
Program Definition
Purpose and Usage

The Phase 2 Initializer initiates the second or wrap-up phase of the
compiler.

Description

SWCONT begins by relocating the values of all adcons for the entry
points of compiler routines contained in the second phase. It then
tests the highest severity code produced by diagnostic messages during
the first phase of compilation. If fatal errors have occurred, wrap-
up and execution are prevented, and control returns to the Executive
via an SVC. If execution is to be allowed, the Compilation Wrap-Up
Driver routine ($MCWU) is called to complete loading and initiate
execution.

Errors Detected

None

Local Variables

None

Program Interface

Entry Points

Control is transferred to $WCONT via a special SVC interface with the
CALL/360-0S Executive, which branches to the first byte of the second-
phase load module. Register contents are the same as at the end of
the first phase. )

Exit Conditions

SWCONT is inline; it passes control to the Compilation Wrap-Up Driver
routine ($MCWU) and does not return.

Routines Called

§svc SVC Director

SMCWU Compilation Wrap-Up Driver
$ATKN Entoken

$GPUT Output Director

$FNB Get Non—-Blank

$CERR Compiler Error

SWSTEP Segment Management

Global Variables

$SEvVCO Highest Severity Code
$SCNX Scan Index

SPTR Token Table Pointer
$BASE Base Address of Compiler
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The following adcons in the C-area of the communications area are the

locations of the routines used in phase 2.

are adjusted by SWCONT.

Logic Diagram

aAADUM
AAAINT
aASIDX
aATKN
8ATKN2
aCERR
aFIND
aFNB

aGPUT
8GTRA
QHAINI
QHCTP
aHDVTP
AHLNTP
8HRTLL

aHSCAL
SHTCR
8MCWU
ASTEP
asvcC
AWCTCT
AWEXP

The values in these locations

Chart 4 shows the detailed logic diagram for the Phase 2 Initializer
routine.
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PART 1 LOGIC DIAGRAMS

The detailed logic diagrams for the controllers of the CALL/360-0S
PL/I compiler follow.
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PART 2 - ENTOKENING

The following routines perform entokening functions of CALL/360-0S
PL/I. They are discussed in alphabetic order, according to their
mnemonics, on succeeding pages. Detailed logic diagrams for the
routines appear at the end of this subsection.

Increment Scan Index ($ASIDX)
Entoken (S$ATKN, SATKN2)
Search-Insert ($FIND)

Get Non-Blank (SFNB)



TITLE: INCREMENT SCAN INDEX ($ASIDX)

Program Definition

Purpose and Usage

Increment Scan Index is used to advance the scan index to the next

character in the source stream. If the next character is on the next
line, a new line token is inserted in the token table.

Description

If the scan index is not currently pointing to a new line character,
it is simply advanced by one. If it is pointing to a new line
character, the next line is accessed and a new line token created for

it. The scan index is then set to the first non-blank character on
the new line following the line number.

If there are no more lines and compilation has been completed, the
scan index is set to point to the end-of-file character. Otherwise,
a semicolon is supplied. Future END statements needed are provided.
Errors Detected

PROGRAM INCOMPLETE--REQUIRED END STATEMENTS SUPPLIED. (85)
LINE NUMBER NOT FOLLOWED BY BLANK. (106)

Local Variables
ASEND END statement

Program Interface

Entry Points

Nonstandard entry. C1 return, C2 entry.

SASIDX. No formal parameters. Scan index in P5. Pointer to next
available location in token table in G4. Address of token table in

P4. Displacement of next source character from beginning of line in G3.
Exit Conditions

Normal exit only. Scan index incremented. G2 destroyed.

Routines Called

SWEXP Segment Management
$XERR Exrror Message Editor

Global Variables

T Table Token Table

SCHRFG Building Character String Switch
$EOS End of Source Switch

$CCF Compilation Completed Flag

Source Program
Comments
This routine assumes that the first significant character in the source
line is the first non-blank following the line number. Note that this
affects character strings only.

Logic Diagram: See Chart S
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TITLE: ENTOKEN ($ATKN, $ATKN2)

Program Definition

Purpose and Usage
The Entoken routine divides the source stream into syntactic units

(tokens) up to and including the next semicolon token. During this
process of division, the routine balances parentheses.

Description

The Entoken routine creates token table entries for all syntactic units
in the source stream from the current position in the source to the
next semicolon token.

The Entoken routine recognizes the following syntactic units:
1. Identifiers and keywords
2. Delimiters (including composite)
3. Constants
4. Comments

With several keyword exceptions, an jdentifier or keyword is any string
of up to eight alphameric characters, the first of which'is alphabetic.

The following characters act as delimiters.

+ > < (
- -> -< )
* 2 < ;
/ = <= H
) = -
** # | .

(The blank delimiter is not needed after the entokening process;
therefore, it is not represented in the list of delimiters for which
token table entries are made.)

Cconstants are of three types: character-string, fixed-decimal, and
-floating-decimal. Since comments are not significant syntactic units,
they are skipped during entokening.

Whenever an identifier token is formed, a search is made of the
dictionary name list (N list) to determine whether a name entry is
present for that token. If none is present, an entry is created.

The token type and a pointer to the name entry for the token are then
added to the token table.

Whenever a constant token is formed, a constant attribute entry is
created which contains a pointer to the name and the attributes
determined during entokening.

Each non-left parenthesis token contains a priority indicator which
is a combination of the parenthesis count and the normal priority of
the operator.

The Entoken routine balances parentheses by maintaining a push-down
(last in, first out) list of all unbalanced left parentheses. Whenever
a right parenthesis occurs, the top left parenthesis is removed from
the list and its token in the token table is made to point to the right
parenthesis. This list is kept in the unbalanced left parenthesis
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tokens. The left parenthesis token at the head of this list is pointed
to by ATLPRN (see "Local Variables®). The unbalanced left parenthesis
tokens are chained together by pointers within the tokens.

Upon adding a semicolon token to the token table, the entokening of
one statement is complete. The Entoken routine returns to the CALL/360-

0S PL/I Controller.
Errors Detected

EXTRA '), IGNORED. (5)

*||* NOT SUPPORTED--CHANGED TO *|'. (6)
IDENTIFIER TRUNCATED TO 8 CHARS. (7)

EXPONENT MISSING. (8)

CONSTANT NOT SUPPORTED--DECIMAL USED. (9)
DELIMITER OR SEPARATOR MUST FOLLOW CONSTANT. (10)
BIT STRINGS NOT SUPPORTED--CHARACTER USED. (11)

' ' NOT SUPPORTED--BLANK ASSUMED. (12)

*Y" SUPPLIED BEFORE °*;'. (13)

*___ ' ILLEGAL DELIMITER--IGNORED. (14)

INCOMPLETE COMMENT OR CHARACTER STRING CONSTANT. (103)
LINE NUMBER NOT FOLLOWED BY BLANK. (106)

STRING TOO LONG--FIRST 255 USED. (115)

Local Variables

ATLPRN Last Unbalanced Left Parenthesis

ATCLNT Parenthesis Depth Count

ATCMMA Comma Count for Current Parenthesis Set
ATNMLG Length of Identifier

Program Interface
Entry Points
SATKN. No formal parameters. Entokens one statement.

SATKN2. No formal parameters. Entokens one statement.
Used for initial entry only.

Exit Conditions
Normal exit only. One statement entokened.

Routines Called

$FNB Get Non-Blank

SFIND Search-Insert

SASIDX Increment Scan Index
§svc SVC Director

SXERR Error Message Editor
SWEXP Segment Management
SWCTCT Segment Management
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Global Variables

N List Dictionary Name List

T Table Token Table

S$PTR Token Table Pointer

$SCNX Scan Index

$CHRFG Building Character String Switch

STAREA Translate Area

SLLINE Last Line Number Pointer

$TSOFF Address of Byte within Source Line

$PSCRT Scratch Adcon Pair

STSOFF+4 Address of Beginning of Source Line
Comments

Each translate for a certain type of character advances scan index to
that character.

Logic Diagram

Chart 6 shows the detailed logic diagram for the Entoken routine.
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TITLE: SEARCH-INSERT ($FIND)
Program Definition
Purpose and Usage

Using an EBCDIC character supplied as input, Search-Insert searches
the dictionary name list (N list) for the presence of an entry for
the identifier and, if one is present, returns a pointer to it. If
no dictionary name entry is present, one is created and inserted.

Description

Each entry in the dictionary hash table points to the head of the list
of dictionary name entries which hash to this location. This list

is maintained in sorted order, from low to high, with one- through
four-character items appearing before all five- through eight-character
items.

The EBCDIC form of the identifier is hashed to obtain an index to the
dictionary hash table (H table). A pointer L (for last entry) is set
to point to this location in the hash table. An index P is set to
the contents of this hash table location or the location of the first
dictionary name entry in the list. This will be zero if there are

no items in the list.

The hash algorithm consists of taking the first four characters of
the identifier, padded with blanks if necessary, and dividing by a
constant. The remainder is used as an index into the hash table.

If an identifier is equal to the one in the name entry pointed to by
P, it is assumed to be the required identifier. If the identifier

is less than the name entry, a new entry is created and placed in the
list between L and P. If the identifier is greater than the name
entry, L is set to P, and P is advanced to the next entry. If P points
to the name entry, the entire list has been searched and a new entry
is inserted after L. Otherwise, the process continues as before.

This method of searching creates ordered name lists for faster
searching.

Errors Detected
None
Local Variables
FINME Name to be Searched
Program Interface
Entry Points

SFIND. Needs an identifier for which to search. G6 has its length
in characters. P3 has its address.

Exit Conditions

Normal exit only. Returns a pointer in GO to the dictionary name
entry.

Routines Called

None
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Global Variables

H Table Dictionary Hash Table
N List Dictionary Name List

Logic_Diagram

Chart 7 shows the detailed logic diagram for the Search-Insert
routine.



TITLE: GET NON-BLANK ($FNB)
Program Definition

Purpose and Usage

Get Non-Blank is used to advance the scan index to the next non-blank
character in the source program. During this process, it skips blanks

and comments.

Description

A search is made for the next non-blank character in the current source
line. If it is a new line character, Increment Scan Index is called

to advance to the next line, where the search continues.

If the next non-blank character is a slash, a check for a comment must
be made and, if present, the comment skipped. Upon exit from this
routine, scan index is pointing to the next non-blank, non-new-line

character in the source program.
Errors Detected
INCOMPLETE COMMENT OR CHARACTER STRING CONSTANT. (103)
Local Variables
None

Program Interface

Entry Points

Nonstandard entry. C1 return, C2 entry.

$FNB. No formal parameters. Scan index in P5.
Exit Conditions

Normal exit only. Scan index in P5. G2 destroyed.
Routines Called

$SASIDX Increment Scan Index
SXERR Error Message Editor

Global Variables

STAREA Translate Area

Logic Diagram

Chart 8 shows the detailed logic diagram for the Get Non-Blank

routine.
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PART 2 LOGIC DIAGRAMS

ghildetailed logic diagrams for the routines that perform entokening
ollow.
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