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For reasons of efficiency then, the FORTRAN environment should
be destroved as infrequently as possible during the execution of
a program. This is ensured if the PL/I procedure that calls the
FORTRAN routine is not terminated until all the FORTRAN calls
have been executed, or if the FORTRAN environment is extended to
include the outer PL/I procedure by invoking a FORTRAN routine
(ho matter what it contains, a RETURN statement is sufficient)
from the outer PL/I procedure.

Note, however, that there must not be two concurrent PL/I1
environments; this means, for example, that a COBOL program may
not call two PL/I main procedures.

PROC1 (MAIN)

FORTRAN
PROC8 PROC2 PROCS5
FORTRAN FORTRAN FORTRAN
PROC9 PROC3 PROC6
FORTRAN PL/I FORTRAN

PROC4 PROC?7

COBOL PL/1

\

" Boundaries of PL/1 environments <

Figure 98. Extent of PL/I Environment

RESTRICTIONS ON INPUT/OUTPUT BY FORTRAN ROUTINES

Apart from the use of SYSLST, any input/output control
information generated by a FORTRAN routine that has been invoked
by a PL/I procedure will overwrite PL/I environment information.

Conversely, a FORTRAN routine that performs input/output and
invokes a PL/I procedure will have any input/output control
information overwritten by the establishment of the PL/I
environment. However, an implementation—-defined subroutine,
PLISA, is provided to overcome this problem.

The PLISA subroutine reserves storage for the PL/I environment.
Two arguments are supplied to the PLISA subroutine. The first
argument is the name of the variable in which the PL/I
environment is to be maintained. The second argument is an
integer constant specifying the number of bytes of storage. The
following sample statements could be given in a FORTRAN routine.
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HANDLING INTERRUPTS

Note that the PLISA subroutine must be called before the PL/I
procedure is called. For example:

REAL%8 PLIENV(250)

CALL PLISACPLIENV,2000)
CALL PLIPROC(X)
Notes:

1. The FORTRAN data type REALX8 is irrelevant in this example;
any data type could be specified, provided that the array
dimension is modified to maintain the same number of bytes.

2. The number of bytes given in this example should be regarded
as a minimum amount of storage required by a PL/I
environment. There is no simple method of determining the
maximum amount of environment information required during
the execution of a PL/I procedure. The safest course of
action is to make the FORTRAN array variable as large as
practicable.

When a PL/I procedure that has been invoked from a FORTRAN
routine uses the SYSPRINT file, the last item will not be
transmitted unless the file is closed before return to the
FORTRAN routine. Alternatively, a PUT SKIP statement could be
executed to cause transmission of the last itenm.

Similarly, when a PL/I procedure invokes a FORTRAN routine, the
last item will not be transmitted until after return from the
FORTRAN routine. Therefore, if the FORTRAN routine uses SYSLST,
the last item of SYSPRINT output will be printed after the
SYSLST output. To avoid this, either the SYSPRINT file should
be closed or a PUT SKIP statement should be executed before the
FORTRAN routine is invoked.

COBOL and FORTRAN routines handle certain hardware interrupts
that may occur during their execution, but there are some that
they do not handle. The interlanguage communication facilities
of PL/I allow any interrupt not dealt with by a COBOL or FORTRAN
routine to be handled by any PL/I procedure from which that
routine is dynamically descendent.

Specify the INTER option of the OPTIONS attribute when declaring
the COBOL or FORTRAN entry name. (See also the INTER option
under "Invoking COBOL or FORTRAN Routines™ on page 250 in this
chapter.) This allows the interrupts not dealt with by the
invoked COBOL or FORTRAN routine to be handled by either a PL/I
on-unit or by PL/I implicit action. In PL/I, an on-unit, while
established, applies not only to the procedure in which it was
created, but also to all procedures that are dynamically
descendent from it. If there occurs, during the execution of a
COBOL or FORTRAN routine, an interrupt that will not be handled
by that routine, and if the routine was invoked by a PL/I
procedure in which the INTER option was specified for the COBOL
or FORTRAN entry name, then a search is made through all
invoking procedures for an appropriate on-unit. If none is
found, implicit action for the condition is taken. If INTER is
not specified, no search is made, and the interrupt is dealt
with by the operating system control program.

The search passes through all routines in the invoking chain, as
far as the limit of the PL/I enviromment. It is, therefore,
possible for the search to include COBOL and FORTRAN routines.
Such routines have no effect on the results of the search, since
only PL/I on-units are searched for.
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GO TO STATEMENT

TERMINATING FORTRAN

The GO TO statement must not be used to transfer control across
more than one interlanguage boundary, where an interlanguage
boundary is defined as an invocation in which one routine calls
another of a different language. Such transfers of control may
be initiated inadvertently if vou use a GO TO statement in an
on-unit. (Execution of a statement that causes entry to an
on-unit is not considered as transferring control outside the
block or routine. The on-unit may be regarded as being appended
to the procedure or routine from which it is entered. This
applies even if the on-unit is entered from a COBOL or FORTRAN
routine.) Consider the following example:

P:PROCEDURE;
DECLARE LAB LABEL(L1,L2) EXTERNAL
FORT ENTRY OPTIONS(FORTRAN INTER);
ON ERROR GO TO LAB;

CALL FORT;
Lltereeeeeennnnns

END P;

Q:PROCEDURE OPTIONS (FORTRAN);
DECLARE LAB LABEL (L1,L2)
EXTERNAL ;

END Q;

Assume that the CALL FORT; statement is executed, and that FORT
then calls Q. Assume further that an error occurs in @, which
initiates entry to the on-unit established in P. At this stage,
control is still with procedure Q, because the on-unit is
regarded as being appended to the procedure from which it was
entered. If LAB has the value L1, then the GO TO branch is in
error, because it transfers control back to procedure P and, in
doing so, crosses the interlanguage boundaries between @ and
FORT and between FORT and P. If LAB has the value L2, the GO TO
is not in error because control remains in procedure . If an
interrupt in FORT caused the on-unit to be entered before Q was
called, then the GO TO would not have been in error. If LAB had
the value L1, only one interlanguage boundary would be crossed,
namely the FORTRAN-PL/I boundary between FORT and P. (LAB
should not have the value L2 in this case, because procedure Q
is not active.)

AND COBOL ROUTINES

A routine may be terminated by either executing a statement that
terminates the whole program, or by handing control back to the
calling routine.

The statements that terminate the whole program are STOP in
FORTRAN and STOP RUN in COBOL. They are equivalent to the PL/I
STOP statement. The effects of these statements are unchanged
in a mixed-language program; they still terminate the whole
program.

If a FORTRAN STOP is executed in a routine within a PL/I
environment, that environment is not ended in the normal way.

If a COBOL STOP RUN is executed in a routine within a PL/I
environment, that environment is ended in the normal way only if
it includes the main routine of the program; otherwise the
termination will be abnormal. The main difference, from your
point of view, between a normal and an abnormal ending is that
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open files in PL/I procedures are not closed in an abnormal
ending. This could cause the output data to be lost. Consider
the example in Figure 98 on page 261; A STOP in PROC2 or a STOP
RUN in PROCG would not close any files that may be open in
PROC3, and a STOP in PROC6 would not close any files in PROC7.

A RETURN executed in a FORTRAN subroutine or function that is
inside a PL/I environment, and which returns control to a
routine outside that environment, ends the PL/I environment and
causes all files in dynamically descendant PL/I procedures to be
closed (in other words, a RETURN statement in a FORTRAN routine
that directly invokes a PL/I routine, but which is not
dynamically descendant from any PL/I routine). However, a
RETURN statement in a FORTRAN main routine is effectively a STOP
statement; control is passed to the operating system with no
files being closed.

When a COBOL main routine within a PL/I environment returns
control to the operating system, the environment ends normally.
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CHAPTER 16.

USING PL/I ON CICS

PL/I can be used in conjunction with CICS facilities to write
application programs for CICS/DOS/VSE. MWhen this is done, CICS
provides facilities to the PL/I program that would normally be
provided directly by the Disk Operating System. These
facilities include most data management facilities and all job
and task management facilities.

This chapter describes the PL/I-supplied PL/I-CICS/VS interface,
and the restrictions and features that apply to PL/1 programs:

U Compiled on Version 1, Release 6 of the D0OS PL/I Optimizing
Compiler,

° Link-edited with Version 1, Release 6 of the D0OS PL/I
Resident Library, and

J Executed under an appropriate release of CICS/D0OS/VS (for
instance, Version 1, Release 4) with the CICS/VS-related
modules supplied by the DOS PL/I Transient Library (Version
1, Release 6).

The information presented here and in Appendix D supplements

information contained in the CICS/VS application programmer's

reference manuals. Those manuals contain information on how to
code programs for CICS/VS. Familiarity with them, as well as
with PL/I, is assumed in the text that follows.

PL/I restrictions in the CICS/VS environment when the

PL/I-supplied PL/I-CICS/VS interface is in use are enumerated in

Figure 99 on page 266. PL/I restrictions imposed by the

CICS-supplied PL/I-CICS interface, but relaxed by the

PL/I-supplied interface, are shown in Figure 100 on page 268.

In addition to the restrictions shown in Figure 99 on ﬁage 266,

considerations that apply to the following topics are discussed

in this chapter:

o PL/1I storage
- Lifetime of storage acquired from CICS/VS
- Storage classes
- CONTROLLED storage

. Output to SYSPRINT

. CHECK and PUT DATA

o Execution-time options

[ Error handling

. Use of PLIDUMP

U Interlanguage communications—OPTIONS (ASSEMBLER)

. STORAGE and CURRENTSTORAGE

. PL/I program termination

U PL/1 shared library

. Using the CICS facilities
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PL/I RESTRICTIONS UNDER CICS /

Input/output

OPEN/CLOSE Only for SYSPRINT

RECORD I/0 No record 1/0 statements are allowed.

STREAM Input No stream input is allowed.

STREAM Output No stream output is allowed except to the SYSPRINT file.
This is intended for debugging purposes only and, for
performance reasons, should not be included in production
programs.

DISPLAY The DISPLAY statement cannot be used.

DELAY The DELAY statement cannot be used.

DATE The DATE built-in function cannot be used.

TIME The TIME built-in function cannot be used.

~ Interlanguage Communication

No communication with FORTRAN or COBOL using PL/I's interlanguage
facilities.

Limited communications using OPTIONS (ASSEMBLER). See text.
Execution-Time Options
Execution-time options can only be specified in the PLIXOPT string.
Specifying the SPIE option has no effect.
Builtin subroutines
PLISRT, PLICKPT, and PLICANC cannot be used.
PLIDUMP has certain restrictions and additional functions. See text.

PLIRETC and PLIRETV can be used to communicate between user-written programs \
link-edited together, but not to communicate with CICS.

Debugging Facilities

FLOW, COUNT, REPORT, and CHECK/NOCHECK can all be used without restriction
under the CICS command—-level interface, but are subject to restrictions
under the macro-level interface. See text.

Figure 99. PL/I Restrictions when Used with CICS

CICS-SUPPLIED INTERFACE

In early versions of CICS/D0S Entry, CICS/D0S Standard, and
CICS/D0S/VS, CICS itself provided an interface between your PL/I
program and CICS. This interface consisted of modified PL/1
library modules that requested such services as the acquisition
and release of storage from CICS. This interface supported PL/1
programs, but it imposed restrictions on the PL/I program
facilities available to a PL/I transaction program. This
interface still exists and is described in many of the CICS
manuals related to CICS macro-level coding, such as CICS/VS

A ication Programmer's Reference Manual (Macro lLevel). These
manuals enumerate PL/I-CICS/VS restrictions, which are
associated only with the PL/I-CICS interface that is supplied by
CICS/D0S Entry, CICS/D0S Standard, and CICS/DOS/VS to PL/I-CICS
users.

LN
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PL/I-SUPPLIED INTERFACE

In the current release of the DOS PL/I Optimizing Compiler and
Libraries, PL/I supplies an interface between PL/I programs and
the current release of CICS/VS. This interface, as with its
CICS-supplied predecessor, consists of PL/I library modules
(primarily from the PL/I Transient Library) modified for use in
the CICS/VS environment. It makes substantially more of the
PL/I language usable in a CICS/VS transaction program. Many of
the restrictions listed in CICS macro-level documentation as
applying to PL/I apply only to PL/I programs using the old
CICS-supplied interface, not to PL/1 programs using the
PL/I-supplied interface.

WAYS OF WRITING CICS/VS TRANSACTIONS IN PL/I

Because CICS supplies many facilities that would ordinarily be
supplied by interactions between PL/I statements and the
operating system, there must be ways of addressing CICS
functional control blocks and requesting these services. Under
the PL/I-supplied interface to CICS, some services (such as
explicit allocation of BASED or CONTROLLED storage) are
performed by the PL/I library using CICS/VS facilities, but
appear as the same ALLOCATE or FREE statements as would be used
in a non-CICS program. Other services (such as I/0 services
similar to PL/I READ, WRITE, or REWRITE statements) are
r:priiented in the PL/I program as requests directed to CICS
itself.

To implement these requests, CICS/VS nmust define application
program interface protocols. These protocols occur in two
forms:

. Macro-level interface

. Command-level interface

MACRO-LEVEL INTERFACE

The macro-level interface has been supported by CICS since its
earliest versions. It is invoked by:

. Including PL/I declarations for various CICS control blocks
via %ZINCLUDE statements

. Coding user-supplied statements to access and alter these
control blocks

o Embedding CICS statements in the form of assembler language
macros in the PL/I progranm

The program is then processed, in turn, by a CICS-supplied
utility (called the CICS Preprocessor), the system assembler,
and the PL/I compiler to produce an object module.

The effect of processing by the CICS preprocessor and the
assembler is to convert the assembler macros into PL/I
assignment statements that store values into CICS control blocks
(in addition to any such statements already coded by the user),
and a PL/I CALL DFHPL1I statement to convey the request to
CICS/VS. Incorrect addressing of CICS control blocks, erroneous
or incomplete specification of requests, and use of incorrect
data types cannot be diagnosed by PL/I at compile time, and, in
many cases, cannot be diagnosed by PL/I or CICS at execution
time. Such errors can cause application program errors,
transaction abends, or even damage to CICS itself.
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The detailed protocols for CICS macro—-level coding can be found

in CICS/VS Application Programmer's Reference Manual (Macro

Level).

This CICS coding is supported by both CICS- and

PL/I-supplied PL/I-CICS/VS interfaces, although the

PL/I-supplied interface provides additional function and relaxes
some restrictions on PL/I language usage.

See Figure 100.

Restrictions Using
CcIcS~-supplied Interface

Status Using
PL/I-Supplied Interface

Statements not usable: READ, WRITE,
GET, PUT, OPEN, CLOSE, DISPLAY,
DELAY, REWRITE, LOCATE, DELETE,
UNLOCK, STOP, HALT, EXIT, FETCH,
RELEASE, HWAIT.

Same, except that PUT, OPEN, and CLOSE
may be issued for SYSPRINT. (See text.)

PL/I Sort/Merge not usable.

Same.

PL/1 error handling not permitted.
Any branch to the PL/I error handler
causes CICS transaction abend, so no
PL/1I condition can be raised. ON,
SIGNAL, and REVERT statements are
not supported.

Full PL/I error handling (ON, SIGNAL,
REVERT) may be used for any PL/I
condition (including program checks and
CICS transaction abends) that can arise
under CICS/VS. See text.

PL/1I options. Compiler options
FLOW, COUNT, GOSTMT, and GONUMBER
are not supported. No PL/1
execution options are supported.

REPORT, FLOW, GONUMBER, and GOSTMT may
all be used in programs using the
command-level interface. They are
restricted somewhat under the
macro-level interface. See text.

External calls not usable.

External calls to other PL/I routines or
to assembler language routines declared
with OPTIONS (ASSEMBLER) may be made
without restriction. Called subroutines
may invoke CICS services, provided the
appropriate CICS control blocks were
passed to them by their callers.

gl:ating point arithmetic usable
ut:

- Floating point registers not
saved or restored.

- Floating point registers not
printed in a dump.

- Floating point interrupts
will cause a transaction
abend.

- Floating point overflow or
underflow interrupts may
terminate CICS.

Floating point arithmetic usable without
restriction.

- Floating point registers are
saved and restored by the PL/I
library in those few places
where it is necessary.

- Floating point registers are
printed by PLIDUMP.

- Floating point overflow and
underflow may be handled in
OVERFLOW and UNDERFLOW on-units.
The program mask is set for PL/I
and CICS/VS, respectively, as
appropriate.

Names for variables used in CICS/VS
macros cannot exceed 8 characters.

Same.

Multiple PL/I1 programs cannot be
link-edited together.

Restriction removed. External calls can

be used freely.

Object program size cannhot excee Same.
256K-bytes.
Static storage not alterable if Same.

re-entrancy is to be maintained.

Figure 100 (Part 1 of 2). CICS-Supplied Interface Restrictions and PL/I-Supplied

Interface Status
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Restrictions Using
CICS-Supplied Inte

Status Using
rface PL/I-Supplied Interface

CONTROLLED variabl
May cause invalid

es not usable. Not usable. Causes non-reentrant code.
CICS FREEMAIN.

STATIC EXTERNAL va
the INITIAL attrib
CICS/VS cannot han

riables must have Same.
ute because
dle common CSECTs.

Figure 100 (Part 2 o

f 2). CICS-Supplied Interface Restrictions and PL/I-Supplied
Interface Status

COMMAND-LEVEL INTERFACE

CICS/VS Version 1, Release 3 provided a new set of programming
protocols for CICS/VS programming. This interface is invoked by
coding PL/I statements of the form:

EXEC CICS verb parameter-list

in the application program, and executing a CICS/VS utility
program called the CICS Translator. The Translator supplies a
control block (DFHEIB) for receipt of information from CICS/VS,
and a set of PL/I ENTRY declarations with parameter-list
descriptors. It generates one PL/I CALL statement for each EXEC
CICS command in the program. The program does not directly
reference internal CICS control blocks; in most cases, you need
neither address nor manipulate such control blocks; all required
parameters are present and of the correct data type for each
CICS request, and request validation can be performed at
execution time. This interface is called the command-level
interface, or the High-Level Programming Interface (HLPI). It
provides a simple and reliable way to code CICS/VS transaction
programs in PL/I. The command-level interface is described in
detail in CICS/VS Application Programmer's Reference Manual,
(Command Level). Use of this interface requires the
PL/I-supplied PL/I-CICS/VS interface.

Using the PL/I-supplied interface thus permits either
macro-level or command-level programs, or mixtures of the two,
to be written in PL/I for CICS/VS. It is strongly recommended
that only command-level coding be used for new CICS/VS-PL/I
programming.

Although the command-level coding protocols permit extensive
validation of EXEC CICS commands, neither PL/I nor CICS/VS has
any real way, under either set of CICS coding protocols, to
diagnose use of the PL/I features listed as restrictions in
Figure 99 on page 266. For example, the compiler would regard
syntactically valid PL/I statements, such as READ, WRITE, or
REWRITE, or calls to PLICKPT or PLISRTC, as valid, and would
generate its usual object code for them. Execution of such
restricted statements might have a serious impact on the
integrity or performance of CICS/VS, including termination of
CICS/VS itself, unpredictable transaction abends, system waits,
and so on. Avoidance of restricted PL/I facilities in a CICS/VS
environment is your responsibility.

With the issues concerning macro-level versus command-level
coding, and the CICS- versus PL/I-supplied PL/I-CICS/VS
interfaces addressed by the above text and Figure 99 and

Figure 100, the remainder of this chapter is devoted entirely to
the PL/I-supplied PL/I-CICS/VS interface.
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PL/I STORAGE

LIFETIME OF STORAGE ACQUIRED FROM CICS/VS

When storage is acquired from CICS/VS via a CICS/VS GETMAIN
request, that storage has a type (for example, USER, TERMINAL)
that determines how CICS storage management will manage it.
Storage acquired by a user directly from CICS/VS via DFHSC
TYPE=GETMAIN or EXEC CICS GETMAIN normally has a scope that
spans the whole CICS task, not just the program. The storage
remains allocated until it is freed, or until the CICS task
ends. PL/1 places storage acquired by the PL/I library, for
either PL/I's Initial Storage Area (ISA) or a Secondary Storage
Area (55A), on a storage management queue associated with the
current invocation of the program, not the task. When the
program terminates, whether or not via PL/I termination, CICS
zreest#he program's PL/I storage, even though the task may still
e actlive.

This distinction has major implications for storage passed back
and forth between programs. Suppose, for a certain CICS
transaction, PL/I program A links to PL/I program B, and a
transaction work area (THWA) or communication area (COMMAREA) is
available to hold a PL/I pointer to be communicated between the
two. The THWA, because it is a part of the CICS task-related
control block structure, remains available to both programs.
CICS/VS tries to ensure that a COMMAREA can be passed back and
forth successfully, as described in the CICS/VS command-level
coding documentation. Suppose, however, that the program tries
to pass a pointer, via the TWA or COMMAREA, to some other
storage area not in the TWA or COMMAREA. If B were to acquire
the storage via a PL/I ALLOCATE statement, the storage would be
released when B terminated, and thus could never be passed back
to A. Any pointer in a THA or COMMAREA that pointed to such
storage would be invalid, and the result of using it
unpredictable.

If A acquired the storage by issuing a PL/I ALLOCATE statement
for a PL/1 BASED variable, A can convey the address of the
storage to B, and B can use or alter the storage; however, B
cannot free the storage. If B issued a PL/1 FREE statement for
the storage, PL/]1 storage management would not find it on its
storage management chain for B. If B issued a CICS FREEMAIN,
CICS/VS would discover that it was PL/I storage, not user
storage. Either of these requests would be in error.

If A acquired the storage by CICS GETMAIN, then A could convey

the address of the storage to B and B could use, alter, or free
the storage, since it would be user storage owned by the task,

not by program A or B

If the processing scenario called for B to acquire the storage
and pass it back to A, B would have to acquire the storage by
CICS GETMAIN.

STORAGE CLASSES

Because changing STATIC storage violates the integrity of
reentrant procedures, the CICS user should avoid writing into
STATIC storage. Most or all user variables that are actually
changed during program execution should be AUTOMATIC. User
variables that have initial values, and whose values never
change, should be declared STATIC INITIAL, and any variable
declared EXTERNAL must have the INITIAL attribute to preclude
generation of common CSECTs. Although AUTOMATIC storage allows
re—~entry and should suffice for most purposes, vou can allocate
and free storage via ALLOCATE and FREE statements. BASED
variables can be allocated and freed in this way.

CONTROLLED storage may be used in 0S CICS/VS-PL/I transactions;
however, the addressing mechanism used for CONTROLLED storage on
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SYSPRINT

DOS PL/I is nonreentrant, making it impractical to use
CONTROLLED storage in DOS PL/I-CICS transactions. (One could
put CICS ENQ/DEQ around the allocation, use, and freeing of
CONTROLLED variables, and make them work on D0S.) CONTROLLED
storage should thus be avoided in transaction programs that are
expected to be used under both D0OS and 0S systenms.

The intent of CONTROLLED storage is to permit you to explicitly
manage a push—down stack of multiple generations of variables.
If you just want to explicitly allocate and free a piece of
storage via PL/]I ALLOCATE and FREE statements, BASED storage is
more efficient than CONTROLLED storage.

SYSPRINT can be used for any type of stream output. It is also
used for error messages generated by the program and REPORT and
COUNT output. Because CICS provides all normal I/0 facilities,
SYSPRINT is intended primarily for debugging. Performance may
not be satisfactory for production programs. SYSPRINT is the
only file that PL/I may write to; however, if another file is
specified, the program may behave as if SYSPRINT had been
specified.

SYSPRINT output is assigned to the CPLI transient data queue.
The actual type of queue is determined during CICS installation.
To learn the queue type in your installation, ask your system
programmer.

Records sent to SYSPRINT take the form of the message, preceded
by a terminal identification and a transaction identification.
The whole record is preceded by an American National Standard
control character to determine the format of the printing. The
records are V-format, with a maximum record length of 133. The
lengths of the various fields are shown in Figure 101.

l 00

terminal

transaction
id

id output data

ASA

where

Figure 101.

LL
00

2

1 4 4 120

is the length of the record, including the length bytes
is hexadecimal '00°
ASA is the American National Standard carriage control character

Format of Records Sent to SYSPRINT

Because SYSPRINT output is transmitted to one queue from all
transmitters, the queue may contain output from more than one
PL/I program, and the records may be intermixed. Whether this
occurs depends on how CICS is set up in your installation. If a
debugging system that executes one transaction at a time is
used, it will not occur. In a system executing many
transactions, it will. If it does occur, you must use an
application program to sort the outputs of the various programs
using the terminal and transaction identifiers as keys.

DECLARATION OF SYSPRINT

SYSPRINT need not be declared in the application program, but if
it is, it should be declared as STREAM PRINT OUTPUT. Any
ENVIRONMENT options that are specified are ignored. The
PAGESIZE and LINESIZE option of OPEN may be used; all other
options of OPEN are ignored. The maximum. LINESIZE is 120;
larger values are truncated.
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SYSPRINT need not be explicitly opened or closed. However, it
should be explicitly closed before the execution of any CICS
facility that may result in control not returning to the PL/I
program. For example, SYSPRINT should be explicitly closed
before the use of a DFHPC macro with TYPE=XCTL, RETURN, or
ABEND. If this is not done, the record being built at the time

may not be transmitted.

The LINENO and COUNT built-in functions of PL/I stream I/0 may
be used against SYSPRINT. In the CICS/D0OS/VS environment,

however, they will return zero. Thus, you should avoid use of
these built-in functions if transaction portability between 0S

and DOS is to be maintained.

CHECK _AND PUT DATA

Because of the extensive use of BASED storage in CICS/VS
transactions, you should remember the following restrictions on

CHECK and PUT DATA.

In PL/I, it is not permissible to write:

PUT DATA (P -> VAR);

If VAR was declared as BASED (P), the value of the generation of
VAR to which P points can be written out by PUT DATA (VAR);.

CHECK cannot be raised for a BASED variable without a pointer
specified in its declaration. In the case of VAR above, the
value of VAR to which P points is supplied when CHECK is raised
for VAR, even if some other pointer is used in the statement

that raises CHECK. For example:

DCL P PTR,

VAR BASED(P);
P -> VAR = 5; /% prints VAR
Q -> VAR = 8; /% prints VAR

5;
5;

x/
%X/

No compile- or execution-time message will tell that the wrong
generation of VAR is being printed out. CHECK must not be
raised for variables in CICS control blocks used with the
macro-level interface. The PL/I library modules that
communicate with CICS use the assembler language version of the
CICS macro interface, and thus use exactly the same CICS control
blocks as the user's macro-level PL/I program. If assigning to
a variable in one of those control blocks raises CHECK for that
variable, then the PL/I SYSPRINT transmitter, in attempting to
output the CHECK information, may store into the same variable
in the same control block, destroying the value set by the user
program. Because all the control blocks associated with
command-level coding are read-only (from the user's point of
view), CHECK can never be raised for them. No such problem
exists with programs coded with command-level coding.

EXECUTION-TIME OPTIONS

272

Under CICS, execution-time options can only be specified in a
character string named PLIXOPT. For example:

DCL PLIXOPT CHAR(20) VAR STATIC EXTERNAL

INIT('ISASIZE(SOOO) NOSTAE");

The following options may be used.
underlined.

COUNT | NOCOUNT
FLOW | NOFLOW
ISASIZE

REPORT | NOREPORT
STAE | NOSTAE
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COUNT, FLOW, and REPORT depend on PL/I termination being
properly performed for their correct execution. See the
discussion on PL/I program termination in "Error Handling™ on
page 276. Using CICS/VS macro instructions may cause FLOW and
REPORT, as well as the compile—-time option GOSTMT, to give
erroneous results.

The default options for COUNT and FLOW are taken from the
options specified at compile time.

The STAE option specifies that PL/I error handling will be used
for hardware-detected interrupts and CICS abends.

ISASIZE specifies the initial size of the storage obtained for
PL/I use. Storage obtained will be retained by PL/I throughout
the execution of the program. Further storage can be obtained
if necessary, but fastest execution is achieved if all storage
is obtained in the ISA.

If too small a value is specified in ISASIZE, the minimum
acceptable size is acquired. If the ISASIZE option is not
specified, an attempt will be made to allocate an ISA
sufficiently large to include both the standard control blocks
and the DSA for the main procedure. (Such an attempt may fail
if the FLOW option is used.) Thus, the minimum storage will be
acquired. Any other storage obtained for static and automatic
variables will have to be requested from CICS. This may result
in slow execution. To determine the optimum ISASIZE, you should
use the REPORT option. The fastest initialization will be
achieved if you specify an ISASIZE that is large enough to hold
the storage requirements of the first block. The fastest
execution will be achieved if all PL/I storage can be obtained
from the ISA.

The REPORT option monitors the storage usage throughout the
program, and prints the results at the end of execution. The
values given and their meanings are described below.

ISASIZE SPECIFIED
This is the value specified. 0 is given if the ISASIZE
option is not used.

LENGTH OF INITIAL STORAGE AREA (ISA)
This is the size that is acquired. It will differ from the
value above if no value is specified, or if too small a
value for the minimum requirements is specified.

AMOUNT OF PL/I STORAGE REQUIRED
This is the size of the ISA that gives fastest execution
for that run of the program. Note, however, that this
could waste storage if a large amount of storage is used
only during part of program execution.

NUMBER OF GETMAINS

NUMBER OF FREEMAINS
This is the number of times storage outside the ISA is
acquired. GETMAINS and FREEMAINS take time, and should be
reduced when fast performance is required.

NUMBER OF GET NON-LIFO REQUESTS

NUMBER OF FREE NON-LIFO REQUESTS
These are the number of times storage is allocated for
nonblock-dependent items such as BASED variables (as
opposed to block-dependent variables). These values have
little bearing on ISASIZE. For more information, refer to
DOS PL/1 Optimizing Compiler: Execution logic.

The execution-time COUNT and FLOW options permit vou to override
the compiler COUNT and FLOW options. However, in normal use, it
is just as simple to change the compiler options with a ¥PROCESS
statement as it is to code the PLIXOPT string. The
execution—time COUNT and FLOW options provide compatibility with
CICS under 0S/VS.
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If the compiler option COUNT, or FLOW together with GOSTMT, is
specified, the compiled program can produce both COUNT and FLOW
output. The default is to produce COUNT output if COUNT is
specified at compile time, and/or FLOW output if FLOW is
specified. However, production of COUNT or FLOW output can be
suppressed by specifying the CICS execution-time NOCOUNT or
NOFLOW options, respectively. Also, FLOW output can be produced
from a program compiled with COUNT and NOFLOW by specifying the
CICS execution-time FLOW option; and COUNT output can be
produced from a program compiled with NOCOUNT, FLOW, and GOSTMT
by specifying the execution—-time COUNT option.

If the FLOW compiler option is specified with NOGOSTMT, the
compiled program can produce FLOW output, but not COUNT output.
The default is to produce FLOW output. This can be suppressed
by the CICS NOFLOW execution—-time option. If the NOCOUNT and
NOFLOW compiler options are specified, the CICS COUNT and FLOW
execution-time options are ignored.

Note that the NOCOUNT and NOFLOW execution-time options only
partially reduce the execution-time overhead of modules compiled
with FLOW or COUNT. For best performance, the modules should be
recompiled without FLOW and COUNT.

PL/I error handling is the same as under DO0S, provided the STAE
option is in effect. The only exception is that it is possible,
under CICS, to override the automatic generation of an error
message when the ERROR condition arises. This can be useful in
a production program where the transmission of a message to the
CPLI queue may be an inappropriate reaction to an error.

The error message is suppressed if an on-unit for the ERROR
condition is supplied. If you require both the on-unit and the
message, you should specify SNAP in the on-unit. For example:

ON ERROR SNAP BEGIN;
ON ERROR SYSTEM;
PUT DATA (A,B,C);
EXEC CICS DUMP ... ;
CALL PLIDUMP (...);
END;

All error messages are transmitted to the SYSPRINT file that, as
described above, is attached to the CPLI queue.

If the NOSTAE option is in effect, all hardware-detected
interrupts and CICS abends are handled by CICS. The default
CICS action is to produce a dump and terminate the transaction.

STAE allows PL/I interrupts that arise from either hardware
interrupts or CICS/VS transaction abends to be handled by the
user in on-units; otherwise, such errors cause a CICS task
abend. Software-detected PL/I interrupts (for example,
CONVERSION or ERROR because a negative argument was supplied to
the real square root function) cause PL/I conditions to be
raised whether or not STAE is in effect. Software-detected PL/I
conditions can be raised, even if NOSTAE is in effect.

PL/I does not issue the D0OS STXIT macro in the CICS environment.
If the STAE option is requested, a CICS DFHPC TYPE=SETXIT macro
is issued by PL/I initialization. If a program check occurs,
the CICS STXIT PC routine gets control and, if the program check
occurred in user code in a PL/I transaction program, invokes the
PL/I error handler. Thus, the STAE option does not affect
CICS/VS itself or any other CICS transaction. It uses CICS/VS
error handling; it does not override it.

If STAE is specified, CICS/VS control program services address
the CICS version of the PL/I error handler as an exit routine to
CICS/VS control program services. As such an exit routine, the
PL/I error handler handles any CICS/VS abends, whether initiated
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by program checks or by software elsewhere in CICS, that occur
in the PL/I program or associated CICS services. However, the
PL/I error handler may not be able to handle abends that occur
at a deeper level of the CICS system. It is your responsibility
to see that such abends do not occur. Use of the DFHPC macro
with an operand of TYPE=SETXIT or EXEC CICS HANDLE ABEND, while
the STAE option is in effect, removes the PL/I error handling
facilities; that is, the effect is as if NOSTAE were specified.
However, interrupts may result in CICS receiving control with an
incorrect program mask that could lead to unexpected program
check interrupts in other transactions.

If you want to use CICS facilities to set your own error exit,
yvou should use the NOSTAE option. Use of the STAE option
results in PL/1 specifying its own error exit, and the
respecifying of such an exit leads to unpredictable results.

PL/7I error-handling facilities function in a way that is
compatible with CICS's own error—handling facilities. For
example, CICS/VS Dynamic Transaction Backout may be needed to
back out updates already done by a transaction that has failed,
even though the error may have been detected internally within
the program, not by CICS/VS (for example, a PL/1 software
interrupt raised ERROR). Backout may also be needed if a
CICS-initiated transaction abend was temporarily intercepted but
not successfully handled by a PL/I on-unit. Furthermore, if
program A links to program B, and B abends, A must be able to
obtain that information and make it available to program A.

To meet these requirements, the PL/I error handler under CICS/VS
does several things:

. If STAE is in effect so that the PL/I error handler gets
control after a CICS-initiated abend, the on-units in your
program, if present, may not successfully effect recovery
from the error condition. If they do not, the ultimate
effect in the Pl/I program is to raise ERROR. If there is
no ERROR on-unit, or if the program takes normal return from
the ERROR on-unit, PL/I termination issues a CICS abend,
using the original CICS abend code (or using APLS if the
original code was ASRA). Thus, the temporary but
ineffectual interception of the CICS abend does not keep the
transaction from abending, and does not keep Dynamic
Transaction Backout (for example) from functioning. If code
in PL/I on-units successfully recovers from the problem, the
transaction continues and no abend occurs.

. Whether or not STAE is in effect, PL/I software interrupts
can occur and cause appropriate PL/I conditions to be
raised. If not corrected in appropriate on-units, the
software interrupt eventually causes the ERROR condition to
be raised. If there is no ERROR on-unit, or if the program
takes normal return from the ERROR on-unit, PL/I
termination communlcates to CICS/VS termination-in-error of
the transaction by issuing a CICS/VS abend with abend code
APLS. Thus, Dynamic Transaction Backout (for example) can
proceed just as though CICS/VS had initiated the abend.

. When program A links to program B, and program B abends upon
completion of CICS/VS, CICS initiates the abend of A (as the
program that linked to B). If A is a PL/I program being
executed with the STAE option, the ERROR condition will be
raised with condition code 9050, meaning "An abend has
occurred™. If A has some way of making the transaction
continue, it may do so by exiting from the ERROR on-unit via
a GO TO statement rather than by normal return.

The support for PL/I error handling makes it possible to cope
with computational interrupts, CONVERSION errors, and other
non—-I/0-related conditions using the same PL/I facilities used
in programs executed directly under DOS.

For conditions associated with CICS/VS abends (including ASRA
abends for program checks), CICS provides a facility (DFHPC

Chapter 16. Using PL/I on CICS 275



ABEND CODES USED BY

TYPE=SETXIT or EXEC CICS HANDLE ABEND;) to branch to either a
program (external to the currently executing program) or to a
routine (located somewhere within the current program). PL/I
issues a DFHPC TYPE=SETXIT identifying the PL/I error handler as
a program to establish linkage from CICS to the PL/I error
handler, so use of this facility will necessarily destroy PL/I
error handling. In PL/I programs, CICS/VS does not support a
SETXIT identifying the label of a location in the current
program. This is not really a restriction, because PL/I ON,
SIGNAL, and REVERT statements give you all the facilities of
PL/I to do so.

PL/1 error—handling facilities do not include I/0-related
conditions like RECORD, TRANSMIT, ENDFILE, KEY, and so on,
because I/0 is not performed using PL/I files and PL/I 1/0
statements, but by CICS file-handling facilities. (SYSPRINT is
the only exception to this rule.) Conditions detected by
CICS/VS during the processing of your program are reflected via
CICS—fefined protocols. These are described in the CICS
manuals.

In command-level programs, such conditions are reflected based

on previously executed EXEC CICS HANDLE statements. The EXEC

gacsfHANDLE facility semantically resembles a PL/I on-unit of
e form:

ON condition GO TO label;

The HANDLE command can be coded wherever the ON ... GO TO ...
statement can be coded. The label to be branched to can be
located in some other active block, and the condition can arise
in some still later block. HANDLE will terminate intervening
PL/I blocks by invoking PL/I's out-of-block GO TO facilities.

HANDLE is not not semantically identical to the ON ... GO TO ...
statement; however, a PL/I on-unit disappears when the block
containing it terminates. A CICS HANDLE disappears when it is
explicitly overridden by another one. Thus a HANDLE command
could specify a branch to a label in a block no longer active.
Since HANDLE is implemented by forcing a PL/I out-of-block GO
T0, this is like assigning a label constant to a PL/I label
variable and then branching to the label variable after the
block containing the label constant has terminated. This is an
invalid GO TO0. The PL/I out-of-block GO TO mechanism attempts
to detect this error and raises the ERROR condition when it
detects it. If PL/I out-of-block GO TO fails to detect such an
invalid GO TO, however, the GO TO becomes an invalid branch that
will cause some unpredictable failure. Thus, upon return from a
PL/I block that established HANDLE for some particular
condition, vour program should issue a resetting HANDLE for that
condition (provided, of course, that there is still some
possibility of the condition arising). This resetting is
unnecessary for a PL/I on-unit.

PL/I UNDER CICS

Certain error conditions result in the PL/I library routines
issuing CICS abends. Such abends are not caught by the PL/I
error handling facilities, even if the STAE option is in effect,
because the PL/I abend exit is cancelled. They will, therefore,
normally terminate the transaction and produce a dump. Abend
codes used are:

APLC The shared library facilities are required by the
application program, but were not included in the CICS
system during initialization/installation. See your system
programmer.

APLE An error occurred during PL/I program management. It may
mean that a program check occurred in the PL/I error
handler, and this, in turn, may mean that an error
occurred that is so serious that it overwrote the PL/I
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environment, the PL/I error handler, or part of CICS
itself.

APLI An error was detected by CICS on transmission of a record
to the CPLI queue. See your system programmer.

APLM No main procedure.

APLD An error was detected by CICS on transmission of a record
to the CPLD queue. See your system programmer.

APLG A get storage request to the storage allocation routine
specified a size greater than the maximum of 65512
permitted by CICS/VS. This error is caused by either a
BASED or CONTROLLED variable that is too large in an
ALLOCATE statement, or too many large AUTOMATIC variables.

APLS This abend is issued on termination, if:
1. Termination is caused by the ERROR condition, and

2. The ERROR condition was not caused by an abend (other
than an ASRA abend).

This is the abend code issued by PL/I when a transaction
terminates in error due to a PL/I software interrupt
(CONVERSION, for example), and there is no ERROR on-unit,
or the program takes normal return from the ERROR on-unit.
Since the program failed, the failure must be reflected to
CICS/VS as an abend so that Dynamic Transaction Backout,
and so on, can occur if necessary. Since there was no
CICS/VS abend to be reissued, PL/I termination must supply
an abend code.

APLS is also the abend code issued by PL/I termination
when a program check (CICS ASRA abend) was intercepted by
the PL/I error handler, but you were unable to resolve the
condition. For instance, your program was terminated due
to normal return from an on-unit. PL/I cannot re-issue
the abend with code ASRA, because a program linked to this
failing program would be abended with ASRA, which implies
that a PSWH and registers are supplied that permit fixup or
retry while, in fact, the PSW is from a program no longer
active, and the registers point to storage locations that
are no longer meaningful.

APLX The total possible LIFO storage segmenrts have been
fgzgggéed. Check the program for loops or increase the

XXXX An abend is issued with the original abend code if
termination was caused by the ERROR condition being raised
with an abend code other than ASRA, and no IBMBEER module
wasdiggluded to cause user-specified action for the ERROR
condition.

IBMBEER's return code indicates whether a simple return or an
abend is to be issued. IBMBEER is described in the section "The

Abend Facility™ in DOS PL/] Optimizing Compiler: Installation.

The CALL PLIDUMP statement is used to obtain a dump of storage
areas in PL/I terms. Areas to be dumped can be specified via an
options list in the same way as non-CICS systems. Most of the
code involved is dynamically loaded, so the resident storage
requirements are small, although a larger amount of storage is
required when the statement is actually executed. This means
that CALL PLIDUMP statements may be included in production
programs to be executed should unexpected errors arise.
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The following options are available:

T Trace of active procedures, etc.

NT No trace ,

S Stop execution

C Continue execution

B Produce a hexadecimal dump of PL/I control blocks (DSAs,
PL/I TCA, etc.)

NB No dump of PL/I blocks

K Produce a hexadecimal dump of the TIOAS and THA (CICS
control blocks if they exist)

NK No dump of CICS blocks

The default values are T, C, NB, and NK.

The dump information is built into records, suitable for
printing, that are transmitted to a transient data queue with a
destination ID of CPLD. Each record consists of a l-byte
American National Standard control character followed by up to
120 bytes of data. The first record transmitted by a CALL
PLIDUMP statement is an identification record that contains the
terminal ID, transaction ID, transaction number, date, and time.
Prior to transmitting this record, an ENQ is issued. The
corresponding DEQ is issued after the last record produced by
the CALL PLIDUMP statement has been transmitted. This means
that no more than one transaction at any one time produces a
PLIDUMP, and that all the records for each PLIDUMP are together
on the queue. Therefore, this queue can be sent directly to a
printer. For details about how a dump will be printed, contact
vour system programmer.

Because PLIDUMP does not print the program or its static
storage, and there are many CICS/VS control blocks that it does
not print, it may be appropriate to request a CICS dump in
addition to PLIDUMP.

PLIDUMP copes with program checks that arise during its own
execution; however, it is unable to cope with such program
checks in the CICS/VS environment unless the program being
dumped is executed with the STAE option in effect.

!ETERLANGUAGE COMMUNICATION—OPTIONS ASSEMBLER

OPTIONS ASSEMBLER can be used under CICS, allowing assembler
language subroutines to be called from a PL/I routine, and the
arguments passed in an assembler language manner. (See 0S_and
DOS PL/] Language Reference Manual for details.) No other
interlanguage communication is allowed.

If CICS facilities are requested from a macro-level assembler
language program, the registers must be set to the CICS
conventions before the facility is used, and reset to PL/I
conventions afterward. For this reason, it is inadvisable to
use CICS facilities from a macro-level assembler language
subroutine. Similarly, it is inadvisable to call anvy other
system facilities. Macro-level assembler language routines
should only be used for computational purposes.

See CICS/VS documentation for information on the use of CICS/VS
command-level facilities in an assembler language subroutine.

STORAGE AND CURRENTSTORAGE

The STORAGE and CURRENTSTORAGE builtin functions make the length
of an item used for input or output available to the PL/I
program. This is particularly useful with CICS, where functions
often require the length of an argument as well as its address.

STORAGE and CURRENTSTORAGE are used with the command-level

interface to eliminate having to count or compute PL/I aggregate
lengths or specify length fields in the CICS commands.
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PL/I PROGRAM TERMINATION

PLs1_SHARED LIBRARY

Most PL/I programs appear to terminate by returning from the
main procedure, and may even appear to be a return to the Disk
Operating System. In fact, it is a return to PL/I
initialization/termination routines to perform various cleanup
functions. In case of problems during program execution, the
ERROR condition may be raised. If there is no ERROR on-unit (or
if there is an ERROR on-unit and control exits via normal
return, for instance, not via a GOTO statement), the PL/I
program terminates via PL/I termination facilities. A small
percentage of PL/I programs terminate via a STOP or SIGNAL
FINISH statement (although SIGNAL FINISH is a nonoperative
statement unless a FINISH on-unit (even a null one) has been
established). All of these, however, cause the program to
terminate via PL/1 termination facilities.

In the CICS/VS environment, PL/I programs terminate in any of
the above ways, or they terminate via CICS/VS statements. Using
command-level coding, the commands EXEC CICS RETURN, EXEC CICS
XCTL, or EXEC CICS ABEND, terminate the PL/I program via PL/1I
termination facilities, because the CICS command-level interface
program (DFHEIP) branches into the PL/I termination routine to
ensure that PL/I termination processing occurs. Using the CICS
macro-level coding interface, however, the macros DFHPC
TYPE=RETURN, DFHPC TYPE=ABEND, and DFHPC TYPE=XCTL cause
branches directly into CICS Program Control Program, terminating
the PL/I program without executing PL/I termination code. Thus,
nothing dependent on PL/I termination processing can work. This
means that, in a macro-level program terminated by the above
DFHPC macros:

] SYSPRINT output is lost unless the user inserts a CLOSE
statement for SYSPRINT.

U Output from the FLOW, COUNT, and REPORT options is lost.

For straightforward termination, the DFHPC TYPE=RETURN macro can
usually be changed to a PL/I RETURN or SIGNAL FINISH statement,
reinstating normal PL/I termination. There is no comparable way
to convert DFHPC TYPE=XCTL, except to approximate it by DFHPC
TYPE=LINK, followed by a PL/I RETURN or SIGNAL FINISH to end the
PL/I program. This may be an undesirable circumvention with
CICS. The long-range solution is to convert the program to use
the command-level interface.

When PL/1 program termination occurs via normal PL/I facilities,
any requested FLOW, COUNT, or REPORT output is written to
SYSPRINT, SYSPRINT is closed (if it's open), and the program
returns control to CICS/VS. CICS/VS then frees all storage that
the PL/I program acquired from CICS/VS via CICS GETMAINs issued
by the PL/I library.

FOR CICS/DOS/VS

Shared library support for CICS/DOS/VS is supplied by DOS PL/I.
It is not a generalized shared library facility, it is not
available to non-CICS/VS programs, and the user has no control
over its contents.

If shared library support is installed, it is link-edited as an
integral part of DFHSAP, increasing the size of DFHSAP from 7K
to 8K bytes to about 19K bytes. It contains:

. IBMDPSL - DOS shared library bootstrap

] IBMBAMM - Structure mapping, sometimes used for STORAGE and
CURRENTSTORAGE BIFs

. PL/I bit manipulation routines

. PL/1I conversion library
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You must supply the linkage editor control statement "INCLUDE
PLISHRE™. This supplies a bootstrap module, IBMDPSR, which is
link-edited into your program to resolve shared library modules.
CICS/VS initialization supplies addressability to the shared
library. As a rule, DOS/VS PL/I-CICS/VS users likely to have
four or more PL/I transactions active concurrently benefit from
this shared library support.

S CILITIES

CICS application programs must be link-edited in a different way
than non-CICS applications. This is because the normal entry
point, control section PLISTART, is not required on CICS
systems. Instead, the module DFHPL1I, which acts as the entry
point to the program and must be link-edited with the
application program, is provided. Also, the CICS loader stores
certain addresses within this interface module, and the loader
assumes it is positioned at the head of the load module.

An INCLUDE card for DHFPL1I must exist immediately after the
phase name. The link-edited output should be checked to ensure
that DFHPL1I is the entry point and DFHIBM is the first CSECT.
;gsefxample, to compile a program and produce a module called

» Use: .

//0PTION CATAL
PHASE PROG1, %
INCLUDE DFHPL1I
7/ %
//EXEC PLIOPT, SIZE=64K
//EXEC LNKEDT
/%

assuming, earlier in the same job, the PL/I source has been
preprocessed by the CICS preprocessor.

If the shared library is to be used, an INCLUDE PLISHRE card
should follow the INCLUDE DFHPL1I card.
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PPEN ROGRAMMING EX

The example illustrates page by page all the listings produced
by the optimizing compiler and the linkage editor. The listings
are described in Chapter 4 on page 14 and Chapter 5 on page 43.

The example program illustrates the use of the preprocessor
%INCLUDE statement to incorporate a PL/I DECLARE statement from
the source statement library. The program contains statements
to initialize a two-dimensional table with the values 1 through
12 in each column, and then proceeds to calculate and print the
products of each row and column of this table. The source
statements for this example are given in Figure 102.

7/ JOB FIGAl

/77 OPTION LINK

7/ EXEC PLIOPT,SIZE=

¥ PROCESS MACROS,INS
OPT(TIME), STORAGE,

P: PROC OPTIONS(MAI
%INCLUDE DCLSTMT

DOI =1T0 2;

646K ,
OURCE, AGGREGATE< ATTRIBUTES, ESD,NEST, OFFSET,
XREF,LIST;

N) REORDER;
; /% INCLUDE DECLARATIONS %/

s% INITIALIZE TABLE %/

DO J =1T0 12;
ACJ,I) = J;
END;
END;
DO J =1T0 2; /% CALCULATE COLUMN PRODUCTS x/
COLPROD(J) =1;
DOI =1 T0 12;
. COLPROD(J) = COLPROD(J) x A(I,J);
END;
END;
DOI =1T012; /% CALCULATE ROW PRODUCTS x/
ROWPROD(I) = A(I,1) * A(I,2);
END;
PUT SKIP(2) LIST ('PRODUCTS OF ROWS'); /% PRINT RESULTS x/
PUT SKIP(2) DATA (ROWPROD);
PUT SKIP(2) LIST ('PRODUCTS OF COLUMNS');
PUT SKIP (2) DATA (COLPROD);
END P;
7% :
77 EXEC LNKEDT
7/ EXEC ,SIZE=64K
/&
Figure 102. Example Program Source Statements
CONTENTS OF LISTINGS
Page 1: JOB, OPTION, and EXEC statements as they appear

in the input.

Page 2: First page of compiler listing, showing the list
of options applicable to the compilation as well
as those that were given in the PROCESS
statement. Note that the size option gives the
actual amount of storage available for
compilation.
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Page 3:

Page 4:

Page 5:
Page 6:
Page 7:
Page 8:

Page 9,10:
Page 11:
Page 12:
Pages 13-16:
Page 17:

Page 18:
Page 19:

Pages 20,21:

Page 22:

Page 23:

The listing of the input to the preprocessor.
Lines 1 to 26 contain a PL/I source program that
is to be modified by the preprocessor. Lines 27
and 28 contain the included statement read from
BOOKNAME P.DCLSTMT. The message indicating that
no errors were detected during preprocessing
follows the reproduction of the included source
statement module.

The same program created by the preprocessor as
listed by the compiler.

The attribute and cross-reference table.
The aggregate length table.
The storage requirement table.

The external symbol dictionary and compilation
statistics.

The static internal storage map.

The variable storage map.

The table of offsets and statement numbers.
The object listing.

The compiler diagnostic message produced for this
compilation. The time taken for the compilation

and the size and number of records transmitted to
the spill file during compilation are also given.

An EXEC statement to invoke the linkage editor.

The diagnostic listing produced by the linkage
editor. TACTION TAKEN"™ indicates that the map
option of the ACTION statement has been assumed
by default. "LIST"™ means that the listed feature
or control statement has been used. In this
example, the AUTOLINK feature has been used for
the name relocatable object modules.

The linkage editor map, showing the relative
storage locations in the executable program phase
of all the control sections created by the
compiler or incorporated from the PL/I resident
library.

The listing of unreferenced symbols and the
reference to unresolved address constants apply
to external references that cannot be matched
with a corresponding entry point. These are, in
general, weak external references (WXTRN) that
are not needed in the program.

The EXEC statement to invoke the executable
program phase created in the preceding
link-editing step.

Listed output from the execution of the compiled
and link-edited program.
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// JOB RFP214AB
// OPTION LINK
// EXEC PLIOPT,SIZE=64K

DOS PL/I OPTIMIZING COMPILER

OPTIONS SPECIFIED .

VERSION 1 RELEASE 5.0

TIME: 18.24.39

¢ PROCESS MACRO, INSOURCE, AGGREGATE, ATTRIBUTES, ESD,MAP,NEST, OFFSET, 00120000

OPT(TIME) ,STORAGE,XREF,LIST;

OPTIONS USED

AGGREGATE NOCOUNT
COMPILE NODECK
DYNBUF NOFLOW
ESD NOLIMSCONYV
GOSTMT NOMARGINI
INCLUDE NOMDECK
INSOURCE

LINK

LIST

MACRO

MAP

NEST

OFFSET

OPTIONS

SOURCE

STORAGE

SYNTAX

ATTRIBUTES (SHORT)
CHARSET (60 ,EBCDIC)
FLAG (W)
LINECOUNT(60)
MARGINS(2,72,1)
OPTIMIZE(TIME)
SIZE(389000)
WORKFILE(3330)
XREF (SHORT)

00130000

DATE: 26 AUG 76 PAGE 1
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PL/I OPTIMIZING COMPILER P: PROC OPTIONS(MAIN) REORDER;

PREPROCESSOR INPUT

LINE
P: PROC OPTIONS(MAIN) REORDER;
2 /% INCLUDE DECLARATIONS #/
3 RINCLUDE OCLSTMT;
4 /% INITIALIZE TABLE %/
5 DO I =1 TO 2;
6 DO J =1 1T0 12;
7 A(J,I) = J;
8 END;
9 END;
10 /% CALCULATE COLUMN PRODUCTS ¢/
11 DO J =1 TO 2;
12 COLPROD(J) = 1;
13 DO I =1 TO 12;
14 COLPROD(J) = COLPROD(J) * A(I,J):
15 END;
16 END;
17 /# CALCULATE ROW PRODUCTS #*/
18 DO I =1 TO 12;
19 ROWPROD(I) = A(I,1) * A(I,2);
20 END;
21 /% PRINT RESULTS */
22 PUT SKIP(2) LIST (°*PRODUCTS OF ROWS');
23 PUT SKIP(2) DATA (ROWPROD):;
24 PUT SKIP(2) LIST ('PRODUCTS OF COLUMNS®);
25 PUT SKIP(2) DATA (COLPROD);
26 END P;

INCLUDED TEXT FOLLOWS FROM BOOKNAME = P.DCLSTMT

27 DCL (ROWPROD(12) ,COLPROD(2),8(12,2))
28 FIXED DECIMAL (5);
PL/I OPTIMIZING COMPILER P: PROC OPTIONS(MAIN) REORDER;

NO MESSAGES OF SEVERITY W AND ABOVE PRODUCED BY THE PREPROCESSOR

MESSAGES SUPPRESSED BY THE FLAG OPTION: 1 I.

00140000
00150000
00160001
00170000
00180000
00190000
00200000
00210000
00220000
00230000
00240000
00250000
00260000
00270000
00280000
00290000
00300000
00310000
00320000
00330000
00340000
00350000
00360000
00370000
00380000
00390000

00040000
0005000C

PAGE

PAGE

2

3
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PL/I OPTIMIZING COMPILER

Pi1 PROC OPTIONS(MAIN) REORDER;

MACRO AND SOURCE LISTING

8TMT LEV NT

o
o

HPREHREE MER BRpHREaRE BRaR e
0OC00O HMO HMNNBPHO HNNMO

’
P: PROC OPTIONS(MAIN) REORDER;

1

/¢ INCLUDE DECLARATIONE */ 2
DCL (ROWPROD(12),COLPROD(2) ,A(12,2)) 27
FIXED DECIMAL (5); 28

/% INITIALIZE TABLE ¢/ 4
DO I =1 T0 2; S
D0 J = 1 TO 12; 6
A(T,I) = J; 7

END; 8

END; 9

/% CALCULATE COLUMN PRODUCTS %/ 10
DO J =1 TO 2; 11
COLPROD(J) = 1; 12
DO I =1TO12; 13
COLPROD(J) = COLPROD(J) * A(I,J); 14

END; 15

END; 16

/% CALCULATE ROW PRODUCTS ¢/ 17
DOI =1 TO 12 18
ROWPROD(I) = A(I,1) ¢ A(I,2); 19

END; 20

/% PRINT RESULTS ¢/ 21
PUT SKIP(2) LIST (‘'PRODUCTS OF ROWS'); 22
PUT SKIP(2) DATA (ROWPROD): 23
PUT SKIP(2) LIST ('PRODUCTS OF COLUMNS'); 24
POT SKIP(2) DATA (COLPROD); 25
END P; 26

PAGE

4

PL/I OPTIMIZING COMPILER

DCL NO.

(L1422 ]

sEses s

(A 2221124

P: PROC OPTIONS(MAIN) REORDER;

ATTRIBUTE AND CROSS-REFERENCE TABLZ (SHORT)

IDENTIFIER ATTRIBUTES AND REFERENCES

A (12,2) AUTOMATIC ALIGNED DECIMAL FIXED (5,0)
$,11,15,15

COLPROD (2) AUTOMATIC ALIGNED DECIMAL PIXED (S,0)
9,11,11,20

1 AUTOMATIC ALIGNED BINARY FIXED (15,0)
3,3,5,10,10,11,14,14,15,15,15

3 AUTOMATIC ALIGNED BINARY FIXED (15,0)
4,4,5,5,8,8,9,11,11,11

ROWPROD (12) AUTOMATIC ALIGNED DECIMAL FIXED (S,0)
15,18

SYSPRINT EXTERNAL PILE PRINT

17,18,19,20

PAGE

S
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PL/I OPTIMIZING COMPILER

IDCL NO.  IDENTIFIER

2 A
2 COLPROD
2 ROWPROD

P: PROC OPTIONS(MAIN) REORDER;

AGGREGATE LENGTH TABLE

LVL

DIMS OFFSET ELEMENT TOTAL
LENGTH. LENGTH.
2 3 72
1 3 6
1 3 3
SUM OF CONSTANT LENGTHS 114

PAGE

6

PL/I OPTIMIZING COMPILER P: PROC OPTIONS(MAIN) REORDER; PAGE 7
STORAGE REQUIREMENTS @
BLOCK, SECTION OR STATEMENT TYPE LENGTH (HEX) DSA SIZE (HEX)
[T 135] PROGRAM CSECT 744 2E8
Ses584D2 STATIC CSECT 500 1F4
P PROCEDURE BLOCK 742 2E6 464 1Dp0
PL/I OPTIMIZING COMPILER P: PROC OPTIONS(MAIN) REORDER; PAGE 8
EXTERNAL SYMBOL DICTIONARY

SYMBOL TYPE D ADDR LENGTH

PLISTART SD 0001 000000 000010

S35%%3p] sD 0002 000000 0002E8

hbddddd 24 SsD . 0003 000000 0001F4

PLITABS WX 0004 000000

PLIFLOW WX 0005 000000

PLICOUNT WX 0006 000000

IBMBPIRA ER 0007 000000

PLIMAIN sD 0008 000000 000008

IBMBSDOA ER 0009 000000

IBMBSIOA ER 000A 000000

IBMBSDOA ER 0008 000000

IBMBCACA ER 000C 000000

IBMBCWDH ER 000D 000000

IBMBOCLA ER 000E 000000

IBMBOCLC WX 000F 000000

IBMBSDOB WX 0010 000000

IBMBSIOE WX 0011 000000

IBMBSLOA ER 0012 000000

IBMBSPLA ER 0013 000000

IBMBSDOT WX 0014 000000

IBMBSXCA WX 0015 000000

IBMBSXCB WX 0016 000000

IBMBSIST WX 0017 000000

IBMDSTFA . ER 0018 000000

IBMBOCLB ER 0019 000000

IJJIFCBZD ER 001A 000000

P LD 000004

SYSPINT 'SD 0018 000000 0001A8
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000000
000004
000008
00000C
000010
000014
000018
00001C
000020
000024
000028
00002C
000030
000034
000038
00003a
000032
000040
000042
000044
000046
000048
00004A
00004C
00004E
000050
000058
000060
000068
000070
000074
000078

000084

000090
000094
000098
00009C
0000A0
0000A4
0000AS8
0000AC
0000B0
0000BY
0000B8
0000BB

0000CB

0000DE
0000EO

CO00001F0
00000004
0000005A
00000078
00000078
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000

2000

04040580

0002

0001

0009

000C

0006

0003

004B

oous

0024
000000BB00100000
0000000000000078
000000CB00130000
0000000000000084
91E091E0
00000002
0000000300000003
000c0001
0000000300000003
00020001
00000000
00000000
00000000
80000074
00000000
000000E0Q
80000000
00000000
000000FC
80000000

00001C
D7D9D6CUELCIE3E2
40D6C64 0DIDEEGE2
D7D9D6CUELCIE3E2
40D6C640C3D6D3EY
DUDSE2

810001010000003A
0000008800000000
0007DID6ESDTDIDE

P: PROC OPTIONS(MAIN) REORDER;

STATIC INTERNAL STORAGE MAP

PROGRAM ADCON
PROGRAM ADCON
PROGRAM ADCON
PROGRAM ADCON
PROGRAM ADCON
A. .IBMBCACA
A..IBMBCWDH
A. . IBMBOCLA
A. .IBMBOCLC
A. .IBMBSDOB
A..IBMBSIOE
A. .IBMBSLOA
A..IBMBSPLA
A. .IBMBSDOT
DED .
DED. . ROWPROD
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
LOCATOR
LOCATOR . . ROWPROD
LOCATOR
LOCATOR. . COLPROD
CONSTANT
CONSTANT
DESCRIPTOR

DESCRIPTOR

A..FCB
A..FCB
A..TEMP
A. .CONSTANT
A..TEMP
A..SYMTAB
A..TEMP
A..TEMP
A..SYMTAB
A..TEMP
CONSTANT
CONSTANT

CONSTANT

SYMBOL TABLE..ROWPROD

0000FC

000000

00007C

0000AC
000080
0000B8
0000CO
Qooocu

0001106
000114
000118
00011C
000120
000124
000128
00012C

cu000000
810001010000003A
000000C000000000
0007C3D6D3D7DID6
4000000

0000000000000000
0000000000000000
000000700000007C
000000B800000000
4040000041201000
8080001002000000
0000E20000000000
0000000000000000
0000008000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0008E2E8E2D7D9C9
D5E30000

00000000020000AC
010000B0020000AC
020000AC020000AC
020000AC020000AC
020000AC020000AC
020000AC020000AC
00000000

00000079

0000800008000003
00000110

0000000000000C00
3380E2EBE2D7DICY
D500000000000000
00000800002020F3
2410610880000000
0000000000000000
0000FF0000000000
0000000013000C20
0000000000000079
47000000

070000F2

40000006

310000F4

40000005

08000118

20000001

1D0001 04

A00000080510610C

SYMBOL TABLE. .COLPROD

STATIC EXTERWAL CSECTS

ENVB

ENVB CONSTANT
ENVB CONSTANT

DTP
DTP
DTF

DTF
DTF

DTF
DTF
DTF
oTPF
DTP

(CONSTANT
(VARIABLE
(CONSTANT

(VARIABLE
(CONSTANT
(VARIABLE
(CONSTANT
(VARIABLE
(CONSTANT
(VARIABLE
(CONSTANT

PART)
PART)
PART)

PART)
PART)
PART)
PART)
PART)
PART)
PART)
PART)

PAGE

Appendix A.

Programming Example 287




000138
00013C
000140
000144
000148
00014C

PL/I OPTIMIZING COMPILER

60000079
310000F4
40000005
08000138
20000001
1000128
3000008100000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000047FF001C
47FF001C

DTF
DTF
DTF

DTF
DTF

P: PROC

(VARIABLE
(CONSTANT
(VARIABLE
(CONSTANT
(VARIABLE
(CONSTANT

OPTIONS(MAIN) REORDER;

PART)
PART)
PART)
PART)
PART)
PART)

PAGE 10

PL/I OPTIMIZING COMPILER

P: PROC OPTIONS(MAIN) REORDER;

VARIABLE STORAGE MAP

PAGE 11

IDENTIFIER LEVEL OFFSET (HEX) CLASS BLOCK

ROWPROD 1 216 D8 AUTO P

COLPROD 1 204 cc AUTO P

A 1 252 PC AUTO P

I 1 200 cs AUTO P

J 1 202 ca AUTO P

PL/I OPTIMIZING COMPILER P:1 PROC OPTIONS(MAIN) REORDER; PAGE 12
TABLES OF OFFSETS AND STATEMENT NUMBERS @
WITHIN PROCEDURE P

OFFSET (HEX) 0 74 IC 8u 84 9A A8 A8 AA B2 B2 BE D2 D2

STATEMENT NO. 1 3 5 3 4 S 6 5 6 4 7 7 3 8

OFFSET (HEX) DA E2 F2 F2 100 118 132 136 136 136 162 16E 16E 176

STATEMENT NO. 9 11 8 9 10 11 12 10 13 9 11 8 14 15

OFFSET (HEX) 182 18a 1A4 1A4 126 1AA 1AA 1pc 23a 26C 22

STATEMENT NO. 14 15 16 15 16 14 17 18 19 20 21
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OBJECT LISTING

& STATEMENT NUMBER 1

000000 bc ct p*

000003 oC AL1(1)

* PROCEDURE P

* REAL ENTRY

000004 90 EC D 00C sTM  14,12,12(13)

000008 47 FO F 014 B 416

00000C 00000000 nc A(STMT. NO. TABLE)

000010 00000100 Dc F'u6y’

000014 00000000 pc A(STATIC CSECT)

000018 58 30 F 010 L 3,16(0,15)

00001C 58 10 D 04C L 1,7610,13)

000020 58 00 F 00C L 0,12(0,15)

000024 1E 01 ALR 0,1

000026 S5 00 C 00C cL 0,1200,12)

000022 47 DO F 030° BNH  *+10

00002E 58 FO C 074 L 15,116€0,12)

000032 05 EF BALR 14,15

000034 58 EO D 048 L 14,72(0,13)

000038 318 FO LR 15,0

00003A 90 EO 1 048 STM  14,0,72(1)

00003E 50 DO 1 004 ST 13,4(0,1)

000042 41 D1 0 000 LA 13,0(1,0)

000046 50 S0 D 058 ST 5,88(0,13)

00004A 92 80 D 000 MVI  0(13),X'80°

00004E 92 24 D 001 MVI  1(13),X°24°

000052 D2 03 D 054 3 070 MVC  84(4,13),112(3)

000058 05 20 BALR 2,0

* PROLOGUE BASE

00005A D2 07 D OB8 3 058 MVC  LOCATOR..VO..ROWPR
oD(8),88(3)

000060 41 EO D ODS LA 14,216(0,13)

000064 SO0 EO D O0B8 sT 14,LOCATOR. .VO..RO
WPROD

000068 D2 07 D 0CO 3 068 MVC  LOCATOR..VO..COLPR
00(8),1064(3)

00006E 41 FO D 0CC LA 15,204(0,13)

000072 50 FO D 0CO sT 15,LOCATOR. .V0..CO

: LPROD,
000076 05 20 BALR 2,0
* PROCEDURE BASE
| * STATEMENT NUMBER 3
000078 48 50 3 040 LH 5,64(0,3)
00007C 40 50 D OC8 STH 5,I

* INITIALIZATION CODE FOR OPTIMIZED LOOP FOLLOWS

P: PROC OPTIONS{MAIN) REORDER;

PAGE 13
¢ CODE MOVED FROM STATEMENT NUMBER 5
000080 4B EO 3 042 LH 14,66(0,3)
000084 50 EO D 160 ST 14,352(0,13)
* CONTINUATION OF STATEMENT NUMBER 3 @
000088 CL.2 EQU .
¢ STATEMENT NUMBER 4
000088 48 BO" 3 044 LH 11,68(0,3)
00008C 48 AO0 3 040 LH 10,64¢0,3)
000090 40 AO D OCa STH 10,J
* INITIALIZATION CODE FOR OPTIMIZED LOOP FOLLOWS
¢ CALCULATION OF COMMONED EXPRESSION FOLLOWS
000094 58 80 D 160 L 8,352(0,13)
¢ END OF COMMON CODE
000098 48 40 3 0u6 LH 4,70¢0,3)
00009C 18 SA LR 5,10
00009E CL.4 EQU .
® STATEMENT NUMBER 5
00009E 4E 50 D 090 CvD 5,WKSP.1+24
0000A2 18 7D LR 7,13
0000A4 1A 78 AR 7.8
0000R6 D2 02 7 OF3 D 095 MvC VO..A(3) ,WKSP.1+429

* STATEMENT NUMBER 6
* METHOD OR ORDER OF CALCULATING EXPRESSIONS CHANGED

* CODE MOVED FROM STATEMENT NUMBER 5
0000AC 1A 84 AR 8,4

* CONTINUATION OF STATEMENT NUMBER 6
0000AE 87 5A 2 026 BXLE 5,10,CL. 4
0000B2 40 SO D OCA STH 5,7

* CODE MOVED FROM STATEMENT NUMBER 4

¢ STATEMENT NUMBER 7
¢ METHOD OR ORDER OF CALCULATING EXPRESSIONS CHANGED

¢ CODE MOVED FROM STATEMENT NUMBER 5

0000B6 58 EO D 160 L 14,352(0,13)
0000BA 4A EO 3 Ous8 AH 14,72(0,3)
0000BE 50 EO D 160 ST 14,352(0,13)
*# CONTINUATION OF STATEMENT NUMBER 7

0000C2 48 50 D 0OC8 LH 5,1

0000C6 4A 50 3 040 AH 5,64(0,3)
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0000CA 40 50 D OC8 STH S,I
0000CE 49 50 3 O3E CH 5,62(0,3)
0000D2 47 CcO 2 010 BNH CL.2

* CODE MOVED FROM STATEMENT NUMBER 3

# STATEMENT NUMBER 8
0000D6 48 50 3 040 LH
0000DA 40 50 D OCA STH

5,64(0,3)
5,3

* INITIALIZATION CODE FOR OPTIMIZED LOOP FOLLOWS
* CODE MOVED FROM STATEMENT NUMBER 9

P: PROC OPTIONS(MAIN) REORDER;

PAGE 14

000124 FB8 52 D 098 4 0C9 ZAP WKSP.1+432(6),V0..C
OLPROD (3)

00012A FC 52 D 098 9 0OF3 MP WKSP.1432(6),V0..A
(3)

000130 D2 02 % 0C9 D 09B MvC VO..COLPROD(3) , WKS
P.1+35

¢ STATEMENT NUMEER 12 .I

000136 87 SA 2 OAU4 BXLE 5,10,CL.8

* CODE MOVED FROM STATEMENT NUMBER 10

OO00ODE 48 40 3 ous LH 4,72(0,3) * STATEMENT NUMBER 13
0000E2 50 40 D 168 ST 4,360(0,13)
® METHOD OR ORDER OF CALCULATING EXPRESSIONS CHANGED
*+ CODE MOVED FROM STATEMENT NUMBER 11
0000E6 48 80 3 042 LR 8,66(0,3) * CODE MOVED FROM STATEMENT NUMBER 9
0000EA 50 80 D 16C ST  8,364(0,13) 00013A 58 EO D 168 L 14,360(0,13)
OOOCOEE 48 90 3 OuA LH 9,74(0,3) 00013E 4A EO 3 0us8 AR 14,72(0,3)
0000F2 50 90 D 170 ST  9,368(0,13) 000142 50 EO D 168 ST  14,360(0,13)
* CONTINUATION OF STATEMENT NUMBER 8 * CODE MOVED FROM STATEMENT NUMBER 11
0000F6 ! CL.6 EQU - 000146 58 80 D 1eC L 8,364(0,13)
00014A A 80 3 0u8 ai 8,72(0,3)
00014E 50 80 D 16C ST 8,364(0,13)
* STATEMENT NUMBER 9 . 000152 58 40 D 170 L 4,368(0,13)
0000F6 58 70 D 168 L 7,360(0,13) 000156 GA 40 3 048 4,7210,3)
0000FA 18 4D LR 4,13 00015A 50 40 D 170 ST 4,368(0,13)
0000FC 1A 47 AR 4,7
Q0000FE D2 02 4 0C9 3 0BS8 Mve VO..COLPROD(3) ,184 * CONTINUATION OF STATEMENT NUMBER 13
(3) 00C15E 48 50 D OCA L 5,3
000162 4A 50 3 QuO AH 5,64(00,3)
000166 40 SO0 D OCA STH 5,7
* STATEMENT NUMBER 10 00016A 49 50 3 03E CH 5,62(0,3)
000104 48 90 3 0u0 LH  9,64(0,3) 00016E 47 CO 2 07E BNH CL.6
000108 40 90 D 0C8 STH 9,1
* CODE MOVED FROM STATEMENT NUMBER 8
-# INITIALIZATION CODE FOR OPTIMIZED LOOP FOLLOWS
* CALCULATION OF COMMONED EXPRESSION FOLLOWS * STATEMENT NUMBER 14
00010C 58 EO D 16C L 14,364€0,13) 000172 48 70 3 040 tH 7,64(0,3)
000176 40 70 D 0C8 STH 7,1
* END OF COMMON CODE
000110 58 BO D 170 L 11,368(0,13) * INITIALIZATION CODE FOR OPTIMIZED LOOP FOLLOWS
000114 48 AO 3 046 L 10,70(0,3)
000118 18 SE LR 5,14 * CODE MOVED FROM STATEMENT NUMBER 15
00011an 218 87 LR 8,7 00017A 48 40 3 0us LH 4,72¢(0,3)
00011¢C CL.8 EQU - 00017E 48 EO 3 0ub LH 14,70(0,3)
000182 48 90 3 04C W 9,76(0,3)
* STATEMENT NUMBER 11 * CONTINUATION OF STATEMENT NUMBER 14
00011Cc 18 4D LR 4,13 000186 18 6U LR 6,4
00011E 1A 48 AR 4,8 000188 18 SE LR 5,14
000120 18 9D LR 9,13 00018A 18 B9 LR 11,9
000122 1A 95 AR 9,5 00018C 18 AE LR 10,14
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00018E CL.10 EQU *
’ * INITIALIZATION CODE FOR OPTIMIZED LOOP FOLLOWS @
000204 48 EO 3 Ous LH 14,72¢0,3)
* STATEMENT NUMBER 15 000208 48 40 3 OuE LH 4,78(0,3)
00018E 18 7D LR 7,13 00020C 18 BY LR 11,4
000190 1A 75 AR 7,5 00020E 18 SE LR 5,14
000192 18 9D LR 9,13 000210 18 AE LR 10,14
000194 1A 94 AR 9,4 000212 CL.13 EQU *
000196 F8 52 D 098 7 OF6 ZAP WKSP.1432(6),v0..A 000212 41 70 D 1A8 LA 7,424(0,13)
+33,7 000216 50 70° 3 OAO ST 7,16000,3)
00019C FC 52 D 098 7 OF9 mp WKSP.1432(6),V0..A 00021A 41 75 D 0OD5 a 7,V0.. ROWPROD(5)
+6(3,7) 00021E 50 70 3 OAS8 ST 7,168(0,3)
0001A2 D2 02 9 ODS D 09B MVC VO..ROWPROD(3) ,WKS 000222 96 80 3 OA8 [¢) 168(3) ,X'80°
P.1+35 000226 41 10 3 OAO LA 1,160¢0,3)
00022A 58 FO 3 024 L 15,A.. IBMBSDOB
00022E 05 EF BALR 14,15
* STATEMENT NUMBER 16 000230 87 SA 2 19A BXLE 5,10,CL.13
000234 58 10 D 188 L 1,392(0,13)
* METHOD OR ORDER OF CALCULATING EXPRESSIONS CHANGED 000238 58 FO 3 034 L 15,A.. IBMBSDOT
00023C 0S5 EF BALR 14,15
* CODE MOVED FROM STATEMENT NUMBER 15
0001A8 1A 46 AR 4,6
* STATEMENT NUMBER 19
* CONTINUATION OF STATEMENT NOUMBER 16 00023E 41 EO D 1A8 LA 14,424¢0,13)
0001AA 87 5A 2 116 BXLE 5,10,CL.10 000242 50 EO 3 098 ST . 14,152(0,3)
- 000246 50 EO D 188 ST 14,392¢0,13)
* CODE MOVED FROM STATEMENT NUMBER 14 00024A 18 1E LR 1,14
00024C 92 40 D 1B9 MVI 441(13),X°40°
000250 41 10 3 094 LA 1,148(0,3)
* STATEMENT NUMBER 17 000254 S8 FO 3 028 L 15,A..IBMBSIOE
O001AE 41 FO D 1A8 LA 15,424(0,13) 000258 05 EF BALR 14,15
0001B2 50 FO 3 098 ST . 15,152(0,3) 00025A 41 EO 3 060 LA 14,96(0,3)
0001B6 50 FO D 188 ST 15,392(0,13) 0002SE 41 FO 3 038 LA 15,56(0,3)
0001BA 18 1F LR 1,15 000262 58 10 D 188 L 1,392(0,13)
0001BC 92 40 D 1B9 MVI 441(13),Xx°40" 000266 90 EF 1 000 STM 14,15,0(1)
0001C0O0 41 20 3 094 LA 1,148(0,3) 00026A 58 FO 3 02C L 15,A.. IBMBSLOA
0001C4 58 FO 3 028 L 15,A..IBMBSIOE 00026E 05 EF . BALR 14,15
0001C8 0S5 EF BALR 14,15
0001CA 41 EO 3 050 LA 14,80(0,3)
0001CE 41 FO 3 038 LA 15,56(0,3) * STATEMENT NUMBER 20
0001D2 58 10 D 188 L 1,392(0,13) 000270 41 EO D 1A8 LA 14,424(0,13)
0001D6 90 EF 1 000 STM 14,15,0(1) 000274 50 EO 3 098 ST 14,152(0,3)
0001DA 58 FO 3 02C L 15,A..IBMBSLOA 000278 50 EO D 188 ST 14,392¢0,13)
0001DE 05 EF BALR 14,15 00027C 18 1E LR 1,14
00027 92 80 D 189 MVI 441(13),Xx'80°
000282 92 01 D 1BA MVI 442(13),x°01°
¢ STATEMENT NUMBER 18 000286 41 10 3 094 LA 1,148(0,3)
0001E0 41 EO D 1AS8 LA 14,42400,13) 00028A 58 FO 3 028 L 15,A..IBMBSIOE
0001E4 50 EO 3 098 ST 14,152(0,3) 00028E 05 EF BALR 14,15
0001E8 50 EO D 188 ST 14,392(0,13) 000290 48 EO 3 040 LH 14,64(0,3)
0001EC 18 1E LR 1,14
0001EE 92 80 D 1B9 MVI 441(13),x°80° ¢ INITIALIZATION CODE FOR OPTIMIZED LOOP FOLLOWS
0001F2 92 01 D 1BA MVI 442(13) ,x'01° 000294 50 A0 D 19C ST 10,412(0,13)
0001F6 41 10 3 094 . LA 1,148¢0,3) 000298 48 40 3 046 LH 4,70(0,3)
0001FA S8 FO 3 028 L 15,A..IBMBSIOE 00029C 48 AQ 3 Ous8 LH 10,72¢0,3)
0001FE 05 EP BALR 14,15 0002A0 58 50 D 19C L 5,412(0,13)
000200 48 80 3 040 LH 8,64(0,3) 0002A4 18 Bu LR 11,4

N
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0002A6 CL.12 EQU

000286 50 50 D 19C ST 5,412(0,13)
0002AA 41 70 D 1A8 LA 7,424(0,13)
0002AE 50 70 3 OAC ST 7,172(0,3)
0002B2 41 75 D 0C9 LA 7,V0..COLPROD(S)
0002B6 50 70 3 OBuY ST 7,180(0,3)
0002BA 96 80 3 OB4 oI 180(3),Xx*80"*
0002BE 41 10 3 OAC LA 1,172(0,3)
0002C2 58 FO 3 024 L 15,A..IBMBSDOB
0002C6 05 EF BALR 14,15

0002c8 87 5A 2 22E BXLE 5,10,CL.12
0002cC 58 10 D 188 L 1,392(0,13)
0002D0 58 FO 3 034 L 15,A. . IBMBSDOT
0002p4 05 EF BALR 14,15

¢ STATEMENT NUMBER 21

0002p6 18 0D LR 0,13
0002D8 58 DO D 004 L 13,4(0,13)
0002DC 58 EO D Q0C L 14,12(0,13)
0002E0 98 2C-D 0lcC M 2,12,28€013)
0002E4 0S5 1E BALR 1,14

* END PROCEDURE

0002E6 07 07 NOPR 7

* END PROGRAM

PAGE 16

listing page 16.
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PL/I OPTIMIZING COMPILER P: PROC OPTIONS(MAIN) REORDER;

COMPILER DIAGNOSTIC MESSAGES OF SEVERITY W AND ABOVE

ERROR ID L STMT MESSAGE DESCRIPTION

WARNING DIAGNOSTIC MESSAGES

IELO916I W 1 ITEM(S) °*ROWPROD','COLPROD',*A* MAY BE UNINITIALIZED WHEN USED IN THIS BLOCK.

MESSAGES SUPPRESSED BY THE FLAG OPTION: & I.

END OF COMPILER DIAGNOSTIC MESSAGES

COMPILE TIME 0.31 MINS SPILL FILE: 0 RECORDS, SIZE 4051

PAGE 17

@

// EXEC LNKEDT 00410000

JOB RFP214AB 26/08/76 DOS LINKAGE EDITOR DIAGNOSTIC OF INPUT

ACTION TAKEN MAP REL

LIST AUTOLINK IBMBCACA
LIST AUTOLINK IBMBCWDH
LIST AUTOLINK IBMBOCLA
LIST AUTOLINK IBMBPIRA
LIST  AUTOLINK IBMBERRA
LIST AUTOLINK IBMBOCNA
LIST AUTOLINK IBMBPGRA
LIST  AUTOLINK IBMBSDOA
LIST  AUTOLINK IBMBSIOA
LIST  AUTOLINK IBMBSLOA
LIST AUTOLINK IBMBSPLA
LIST  AUTOLINK IBMDSTFA
LIST AUTOLINK IJJFCBZD
LIST ENTRY
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26/08/76 PHASE XFR-AD LOCORE HICORE DSK-AD ESD TYPE
PHASE#*+ 100078 100078 102C9C 0D9 0D 09 CSECT

CSECT
¢ ENTRY

CSECT
CSECT

CSECT
* ENTRY

CSECT

CSECT
ENTRY

CSECT
ENTRY
& ENTRY

CSECT
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY

* ENTRY

¢ ENTRY

¢ ENTRY

* ENTRY

LABEL
PLISTART

sssseep]l
P

ssansap2
PLIMAIN

1JJIFCB2ZD
IJIFCIZD

SYSPINT

IBMBCACL
IBMBCACA

IBMBCWO1
IBMBCWDH
IBMBCWZH

IBMDOCL1
IBMBOCLA
IBMBOCIC
IBMBOCLB
IBMBOCLD
IBMBOCLG
IBMBOCMA
IBMBOCMB
IBMBOCMC
IBMBOCMD
IBMBOCMG

IBMDPIRL
IBMBPIRA
IBMBPLRA

I3MDERR1
IBMBERRB
IBMBERRA
IBMBERRC

IBMDOCN1
IBMBOCNA
IBMBRIOC

IBMDPGR1
IBMBPGRB
IBMBPGRC
IBMBPGRD
IBMBPGRA

IBMDSDO1
IBMBSDOA

LOADED
100078

100088
10008C

100370
100568

102918
102918

100570

100718
100718

1009E8
1009E8
1009E8

100BD8
100BD8
100BDC
1008DA
100BDE
100CA4
100BD8
100BDA
100BDC
100BDE
100CA4

100ccs
100CF0
100CFP0

100F00
100Fu40
100F00Q
1014C0

101548
101548
10156C

101610
101612
10162E
10162A
101610

101890
101896

REL-FR
100078
100088

100370
100568
162918

100570
100718

1009E8

100BD8

100ccs

100F00

101548

101610

101890

RELOCATABLE
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26708776 PHASE XFR-AD LOCORE HICORE DSK-AD

* UNRESOLVED EXTERNAL REFERENCES

020 UNRESOLVED ADDRESS CONSTANTS

ESD TYPE

ENTRY
ENTRY
* ENTRY
* ENTRY

CSECT

ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY

* RS

CSECT
ENTRY
¢ ENTRY

CSECT
ENTRY
ENTRY
ENTRY

CSECT
ENTRY

WXTRN
WXTRN
WXTRN
WXTRN
WXTRN
WXTRN
WXTRN
WXTRN
WXTRN
WXTRN
WXTRN
WXTRN
WXTRN
WXTRN
WXTRN
WXTRN
WXTRN
WXTRN
WXTRN
WXTRN
WXTRN
WXTRN
WXTRN

LABEL

IBMBSDOB
IBMBSDOT
IBMBSDOC
IBMBSDOD

IBMDSIOlL
IBMBSIOA
IBMBSIOE
IBMBSIOB
IBMBSIOC
IBMBSIOD
IBMBSIOT

IBMDSLO1
IBMBSLOA
IBMBSLOB

IBMDSPL1
IBMBSPLA
IBMBSPLB
IBMBSPIC

IBMDSTF1
IBMDSTFA

PLITABS
PLIFLOW
PLICOUNT
IBMBSXCA
IBMBSXCB
IBMBSIST
IBMBCGZA
IBMBCCQA
IBMBCHXH
IBMBCHFY
IBMBCVDY
IBMBPGOA
IBMBJWTA
IBMBTOCA
IBMBTOCB
IBMBILC1
IBMBPJRC
PLIXOPT
PLIXHD
IBMBERCA
IBMBKSYA
IBMBSCPA
IBMBCBCA

LOADED

101894
101AF2
101892
101890

101D58
101D58
101D60
101D5A
101D5¢C
101DSE
101EAA

101ECS
101EC8
101ECA

102520
1025290
102522
102524

102750
102764

REL-FR

101D58

101kEcC8

102520

102750
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// EXEC ,SIZE=64K 00420000

PRODUCTS OF ROWS

ROWPROD (1) = 1 ROWPROD(2) = 4 ROWPROD(3) = 9 ROWPROD(4) =
ROWPROD (6) = 36 ROWPROD(7) = 49 ROWPROD(B) = 64 ROWPROD(9)=
ROWPROD(11)= 121 ROWPROD(12)= 144;

PRODUOCTS OF COLUMNS
COLPROD(1) = 1600 COLPROD(2) = 1600;

16
81

ROWPROD(5) =
ROWPROD(10) =

CE)

25
100
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PPENDIX B Al

THE VSAM CATALOG

VSAM DATA_SETS

GROUND

This appendix gives an introduction to the facilities of VSAM
and Access Method Services. The commands for creating and
deleting data sets and for creating alternate indexes are
described. Other housekeeping tasks are described in your
DOS/VS Access Method Services User's Guide. If you have complex
requirements or are going to be a frequent user of VSAM, vou
should review the VSAM publications for your operating system.
PL/1 does not support all VSAM functions.

VSAM data sets must be defined and cataloged in a VSAM catalog
before they are loaded with data. Each VSAM data set's name and
physical attributes are recorded in the catalog. A hierarchy of
catalogs is possible, in which you have your own private
catalog, which in turn is cataloged in the master catalog.
Alternatively, you may catalog your data sets directly in the
master catalog.

Data sets are defined and cataloged by using the Access Method
Services program.

By having all data sets cataloged, close control of your data
sets is possible and system control statements can be restricted
to simply associating the name of the data set with the file

name in the PL/I program. Any other information necessary to

use the data set will be found in the catalog. Thus, when using
VSAM, essential system control statements can be restricted to
associating the data set name with the file name and specifying
the logical unit. Other information can be supplied but it is
merely used to override defaults and tailor VSAM's processing to
suit your needs in matters such as buffer size.

The three types of VSAM data sets are:

U A key-sequenced data set, which consists of a data component
containing records with embedded keys, and an index
component relating key values to relative locations of the
records. The index, created and maintained by VSAM when
data is written, is called the prime index.

You may retrieve records directly, by supplying a key value
as a search argument, or sequentially. Records retrieved
sequentially are returned in order of their key values, and
not their location in the data set.

To create a key-sequenced data set, records must be
presented in order of key values. Once a key-sequenced data
set has been created, VSAM permits a full range of
operations upon the data—retrieval, insertion, deletion,
and changing the length of a record—with either sequential
or direct access.

For a key-sequenced data set, VSAM also permits access to
control intervals and access by relative byte address;
however, PL/I does not support these types of access.

. An entrv-sequenced data set, in which the records are in the
order in which they were presented for storage (that is,
each new record is stored at the end). Once vou have
created an entry-sequenced data set, records cannot be
inserted, deleted, shortened, lengthened, or moved from one
location to another. They may, however, be replaced with
records of the same data length.
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An entry-sequenced data set is essentially a sequential data
set, but one whose records can be updated and can be
retrieved either sequentially or at random by direct access.
The search argument for direct retrieval is a record's
relative byte address (RBA), that is, its displacement from
the start of the data set. To retrieve records randomly,
your program must keep track of records' RBAs and associate
RBAs with the contents of records. VSAM makes the RBA
available after each record is written.

. A relative record data set, which is a string of
fixed-length record slots, each of which is identified by a
relative-record number from 1 to n, where n is the maximum
number of records that can be stored in the data set. Each
record occupies a single slot and is stored and retrieved by
an argument which is the relative-record number of the slot.
The size of each slot is the record length you specified
when yvou defined the data set.

All VSAM data sets must be on direct access storage devices.
Under VSAM it is, therefore, possible to access records in all
types of data sets byvmeans of a key.

VSAM's use of catalogs to hold information about the physical
attributes of all data sets, and the use of a separate service
program (Access Method Services) for data set management,
results in a reduced dependence on system control statements
compared with other access methods. It has the advantage that
operations on data sets are more explicitly specified using
VSAM. This has the corresponding disadvantage that temporary
data sets cannot be so easily created for the length of the
execution of a program. To compensate for this, the REUSE
option of the DEFINE CLUSTER command specifies data sets that
are to be used as temporary work areas. REUSE is further
described later in this appendix.

A discussion on the physical structure of VSAM data sets is
given in Chapter 10; a more thorough discussion is given in
D0S/VS Access Method Services User's Guide.

ACCESS METHOD SERVICES

Access Method Services is a multifunction service program that
carries out utility tasks on VSAM data sets. It is used to
define them (that is, to record them in a catalog), to delete
them, to generate alternate indexes from them, and to carry out
many other routine tasks. You request tasks that you want by
coding the appropriate Access Method Services commands and
executing the Access Method Services program.

Access Method Services may be used in a separate job called from
a PL/I user program. In a batch system, the EXEC statement

/7 EXEC IDCAMS,SIZE=nK

is used and the commands placed in the file SYSIN. On CMS, vou
include the commands in a file with the filetype AMSERV, and
specify the name of the file in the AMSERV command.

To create a data set you use the DEFINE CLUSTER command of
Access Method Services. A cluster can be a key-sequenced data
set, which consists of a data component and an index component,
or it can be an entry-sequenced or relative record data set,
which consists of only a data component. The command specifies
the name to be used for the data set, the amount of space
required, the volume on which it will be placed, the record
lenagth, the position of any key, the catalog in which it will be
recorded, and, optionally, a number of other physical
attributes. For example:

DEFINE CLUSTER (NAME (BLOGGS) -
VOL(VSER04) CYL(l 1) -
RECSIZE(20 80) KEYS(10 0))
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PASSWORD PROTECTION

This defines a key sequence data set called BLOGGS on the volume
VSER0G. One cylinder is to be allocated as a primary space
allocation, and secondary allocations are to be in increments of
one cvlinder. The record size varies, with a maximum of 80
bytes and an average of 20. The key is 10 bytes long and starts
in the first byte (offset 0).

VSAM data sets can have password protection, allowing access to
be limited to those who know the password. Various levels of
password can be provided to give different degrees of access to
the data set.

The master password allows complete access to read, write, and
delete the data set. Access to alter the contents of the data
set but not to delete it is given in the update password.
Access to read the data set, but not to alter it, is given in
the read password. These three are the only levels of password
that concern you as a PL/] user. However, there is a fourth
level between the master password and the update password that
allows the data set to be accessed at the control interval
level, but does not allow the data set to be deleted; this is
the control password. PL/I does not support control interval
processing.

Passwords are set when the data set is defined using Access
Method Services, and can be altered using the ALTER command.
For a data set to be protected, it is necessary for the catalog
that contains it, and the master catalog, to be protected.

HE FE OF A VSAM DATA SET

A VSAM data set passes through four stages:
1. Definition with the DEFINE command.

2. Initial loading. Before a newly-defined key-sequenced data
set is used for UPDATE or INPUT, it must be loaded by
writing the initial data. This can be done from a PL/I
program. After this point an alternate index may be defined
and a path built, using Access Method Services.

3. Updating and reading, when the data is read from the data
set or the original data is altered. Again, this can be
done from the PL/I progranm.

4. Deletion with the DELETE command.

DEFINING A VSAM DATA SET

VSAM data sets are defined and cataloged using the DEFINE
CLUSTER command of Access Method Services. To use the DEFINE
CLUSTER command, you need to know:

. If the master catalog is password protected, the name and
password of the master catalog or the name and password of
the VSAM private catalog you are using, if you are not using
the master catalog

. Whether VSAM space for yvour data set is available

. The type of VSAM data set vou are going to create

. The volume on which vour data set is to be placed

. The average and maximum record size in your data set

[ The position and length of the key for an INDEXED data set

. The space to be allocated for your data set
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. How to code the DEFINE command
. How to use the Access Method Services progranm.

When vou have the information, you can code the DEFINE command
gnd then define and catalog the data set using Access Method
ervices.

If the space is not available for your data set, you must use
the DEFINE command to define space before you define your data
set. The method of defining space is explained in the D0OS/VS

Access Method Services User's Guide. Your system programmer
will be able to tell you if space has been defined.

DEFINE CLUSTER Command

The DEFINE CLUSTER command is the command that defines and
catalogs your data set. A simplified form of the command is:

— Syntax

DEFINE CLUSTER (NAME(data-set-name)
CYLINDERS(primary
[ secondaryl) |
RECORDS(primary
[ secondaryl) |
TRACKS(primary
[ secondaryl)]
[FILE(dname)]
[FREESPACE(cipercent
[ capercentl)]
[INDEXED | NONINDEXED|
NUMBERED]
[KEYS(length offset)]
[RECORDSIZE(average maximum)]
[REUSE | NOREUSE 1
[SHAREOPTIONS(crosspartition
[ crosssysteml])]
[VOLUMES(volserl volser...1)]
[password-optionsl
lother-options]
[DATA(option-list)]
[LINDEX(option-list)]
[CATALOG(catnamel/password]l
[ dnamel)]

Items in uppercase (capital letters) must be coded as shown.
Items in lowercase must be replaced by the information you
require; hyphens indicate that the items replaced should not
contain blanks. Alternatives are separated by the vertical
stroke, |. Underscored items indicate default options. Items
enclosed in square brackets are optional. If the command
exceeds one line, the continuation marker - must be used on each
line except the last.

The DATA and INDEX operands of the DEFINE CLUSTER command allow
different attributes to be specified for the data component of
the data set and the index component. This cannot usefully be
done without more information than is available in this manual;
consequently, the discussion is limited to the options of
CLUSTER. However, separate specification of data and index
components is important for VSAM operational control and
efficient performance:

. Good VSAM data set naming conventions usually dictate
separate names specified for the data and index components
of a cluster.

. VSAM calculates control interval sizes for your data set,

but it does so with the goal of optimizing disk space, not
performance. It uses its calculated CI size for both data
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and index, when in fact the best values for the two types of
Cl size usually differ.

Most DEFINE CLUSTER commands should specify the DATA operand
(for all types of clusters) and the INDEX operand (for a KSDS)
with a user-supplied name and a value for CI size for each
component.

For more information, refer to the DOS/VS Access Method Services
User's Guide.

NAME(data set name)
specifies the name of the data set. NAME must be specified
for the cluster. If no name is specified for a data set, a
name is generated and listed for you.

The name may contain from 1 through 44 alphameric
characters, national characters (2, %, and $), and two
special characters (the hyphen and the 12-0 overpunch).
Names containing more than eight characters must be
segmented by periods; one to eight characters may be
specified between periods. The first character of any name
or any name segment must be either an alphabetic or a
national character.

CYLINDERS(primarvl secondaryl) |

RECORDS(primaryl secondaryl) |

TRACKS(primaryl secondarvl)
specifies the space that is to be reserved for your data
set, in either cvlinders, records, or tracks. The primary
allocation is reserved when the DEFINE CLUSTER command is
executed. The secondary allocation is reserved when the
primary allocation has been filled. Up to 16 secondary
allocations can be made.

FILE(dname)
specifies the filename of the DLBL job control statement
that, together with an EXTENT statement, identifies the
logical units and volumes to be used for space allocation.

FREESPACE(cipercentl capercentl)
specifies the amount of space that will be left empty in a
key sequenced data set. Free space can be left to allow
for expansion of the data set in a way that will not
degrade the speed of sequential access.

cipercent
is the percentage of each control interval that is to
be left empty.

capercent
is the percentage of control intervals in each control
area to be left empty.

Control intervals are collections of records. Control
areas are collections of control intervals. The sizes are
determined by VSAM to suit the devices used, or the control
interval size can be specified in the DEFINE command (see
the D0OS/VS Access Method Services User's Guide).

The default is FREESPACE(0 0).

INDEXED | NONINDEXED | NUMBERED
specifies the type of VSAM data set as follows:

INDEXED Key-sequenced data set
NONINDEXED Entry-sequenced data set
NUMBERED Relative record data set

KEYS(length offset)
applies to key-sequenced data sets only and specifies the
position and length of the key. In VSAM, all keys are
within the record.
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length :
is the length of the key in bytes.

offset
is the offset from the start of the record.

For example, KEYS(10 0) means that the first 10 characters
(bytes) of the record are to be used as a key. 4

RECORDSIZE(average maximum)
specifies the size of records. Average size and maximum
size must be specified in bytes. For relative-record data
sets, fixed-length records are required; consequently,
average and maximum must be the same. For other types of
data sets, records can be any length less than or equal to
the maximum length.

REUSE | NOREUSE
specifies whether the cluster can be opened again and again
as a temporary, or reusable, cluster. REUSE allows you to
create an entry-sequenced, key-sequenced, or
relative-record workfile.

When you create a reusable cluster, you cannot build an
alternate index to support it. Also, yvou cannot create a
reusable cluster with key ranges or with its own data
space. Reusable data sets may be multivolumed and are
restricted to 16 physical extents per volume.

SHAREOPTIONS(nI_ml)
is described below under "™Sharing a Data Set between Jobs™
on page 304.

VOLUMES(volserl Ivolsernl)
specifies the volume or volumes on which your data set is
to reside. A volume serial number, volser, may contain one
to six alphameric, national (9, #, and $), and special
characters (commas, blanks, semicolons, parentheses,
slashes, asterisks, periods, quotation marks, ampersands,
plus signs, hyphens, and equal signs). Single quotation
marks within a volume serial number must be coded as two
single quotation marks. A volume serial number must be
enclosed in single quotation marks if it contains a special
character.

For consistency with DOS/VS job control statements, only
alphameric characters should be used.

password-options
specify the password or passwords for your data set.
Password levels differ for various degrees of security.
These levels are (from low to high):

READPU(password)
gives read-only access.

UPDATEPW(password)
gives access to alter contents.

CONTROLPW(password)
is irrelevant to PL/I users.

MASTERPW(password)
gives complete access to data set.

password is a 1 to 8 EBCDIC character password.
If only a low-level password such as READPH is specified,
the read password is propagated upward so that it also

becomes the other passwords. If only a high-level password
is specified, lower level passwords will not be required.
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other-options
Numerous other options can be specified that control the
physical structure, data integrity, and protection of VSAM
data sets. See the D0S/VS Access Method Services User's

Guide.

DATA(option-list)
specifies attributes of the data set of the cluster. For
information on these attributes (option-list), refer to the
0S/VS Access Method Services User's Guide.

INDEX(option-list)
specifies, for a key-sequenced file, attributes of the
index data set of the cluster. For information on these
attributes (option-list), refer to the D0S/VS Access Method

Services User's Guide.

CATALOG(catnamel/passwordll dnamel)
zdiptigies the catalog in which the cluster is to be
efined.

catname
specifies the name of the catalog.

EBSSEOPQ

specifies the update or higher-level password if the
catalog is password protected.

dname
specifies the filename of the DLBL job control
statement that identifies the catalog.

An example of the use of the DEFINE CLUSTER command is:

DEFINE CLUSTER -
(NAME(EXAMPLE.ONE) -
READPW(ONEPSHWD) -~
VOL(VSERO04) -
RECORDSIZE(400,475) -
KEYS(12 4) -
FREESPACE(40,40) -
TRACKS(10 5)) -
CATALOG(AMASTCAT/MCATUPPH)

This example defines a key-sequenced data set into the master
catalog. The key is 12 bytes long and starts at offset 4 (the
fifth character). Forty percent of each control interval, and
forty percent of the control intervals in each control area,
will be kept empty for new records. The primary space
allocation is 10 tracks and the secondary allocation will be in
increments of 5 tracks. The catalog in which the data set is to
be defined is called AMASTCAT and the password is MCATUPPH.

Complete examples of PL/I statements, system control statements,
Egd Qccefﬁ Method Services commands are given at the end of
apter .

Using the Access Method Services Program

How you use the Access Method Services program depends on
whether you work in a batch or interactive system. In a batch
envirgnment. vou execute the program as a separate job. For
example:

/7 JOB ....
77 EXEC IDCAMS,SIZE=64K
DEFINE CLUSTER (NAME(FRED) -
VOLUMES(VSER05) -~
TRACKS(10 5) -
RECORDSIZE(80 100) -
NONINDEXED -
CATALOG(MASTCAT)
7%
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SHARING VSAM DATA SETS

The extent to which VSAM data sets can be shared depends upon
the SHAREOPTIONS specified in the DEFINE CLUSTER command when
the data set is defined. A description of sharing between jobs
and sharing within a job follows. For detailed information,
refer to DOS/VS Access Method Services User's Guide.

Sharing a Data Set between Jobs

When issuing the DEFINE CLUSTER command, it is possible to use

the SHAREOPTIONS parameter to specify the amount of sharing that
will be allowed on the data set. The option is specified with a
number, n, or two numbers, n and m, separated by a blank, where:

h specifies cross—-partition sharing and has the following
meanings:

1
specifies that any number of users can share the component
or cluster being defined if the file is opened for input
(read operations) only; however, once a file has been
opened for input, it cannot be opened for output.
Conversely, once the file has been opened for output (write
operations), no other user can open it for either input or
output until that operation is finished.

2
specifies that any number of users can use the component or
cluster for input (read operations) even if one user is
using it for output (write operations). No more than one
user can open the file for output at a time.

3
specifies that any number of users can share the component
or cluster for both read and write operations. VSAM does
not monitor accesses to ensure data integrity.

[

specifies that any number of users can share the component
or cluster for both read and write operations. VSAM
ensures write integrity for ACBs opened from different
tasks or partitions. If the user issues only GET updates
throughout the system, read integrity will also result from
this option. The DOS/VS trackhold facility is used to
ensure the appropriate integrity.

and m specifies cross-system sharing. Cross-system sharing has
no effect on DOS/VS itself. However, if it were specified and
the pertinent cluster were then imported into an 05/VS systen,
the cross-system subparameter would be effective for values 3 or
% only. The meanings for these values are the same as their
meanings for cross-partition sharing.

When a data set is opened, VSAM checks tc see if it is being
shared. If it is, VSAM checks to see whether the type of
sharing requested is allowed in the SHAREOPTIONS. If it is not
gllowgd,dthe file is not opened and the UNDEFINEDFILE condition
is raised.

Sharing within a Job

Data sets can be shared within a job by having a number of DLBL
statements specifying the same data set, or by opening the data
set by a number of alternate index paths, or by both methods at
once. Generally speaking, there are no restrictions on this
type of use. However, it is possible for errors to occur when
one file is holding a control interval and the same control
interval is required by another file. Such errors can be
avoided by not having two files associated with the same data
set at one time.
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DELETING A VSAM DATA SET
To delete a VSAM data set, vou need to know:
. The name of the data set

. Its master password, if any, or the master password of the
catalog that contains it

. The name of the catalog in which it is placed if it is not
in the master catalog

. How to code and use the DELETE subcommand.

VSAM data sets are deleted by the DELETE command of Access
Method Services:

— Syntax

DELETE CLUSTER (data-set-name
[/password)]
[CATALOG(catnamel/passwordl
[ dnamel)]
lother-options]

data-set-name
is the name of the data set that you want to delete.

password
is the master password for the data set.

CATALOG(catnamel/passwordl[l dnamel)
specifies the name of the catalog that defines the data set
to be deleted.

catname
identifies the catalog.

password
specifies the master password of the catalog. If data
sets to be deleted are password protected and the
catalog is also password protected, a password must be
supplied either through CATALOG or with the name of
each data set to be deleted.

dname
specifies the filename of the DLBL job control
statement which identifies the catalog that defines
the data sets to be deleted. The dname is required if
th: gesired catalog is not either the master or job
catalog.

other—-options
specifies other facilities of the DELETE command. These
grgddescribed in the D0S/VS _Access Method Services User's
uide.

An example of deleting a data set in a batch programming
environment is:

77 JOB .....
/77 EXEC IDCAMS,SIZE=64K

DELETE FRED CATALOG(MASTCAT)
7/ %

This deletes the data set FRED defined in the example of the
DEFINE CLUSTER command shown earlier in this section.
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ALTERNATE INDEX PATHS

VSAM allows alternate indexes to be defined on key-sequenced and
entry-sequenced data sets. This enables key-sequenced data sets
to be accessed in a number of ways apart from use of the prime
index, and allows entry-sequenced data sets to be indexed and
accessed by key or sequentially in order of the keys.
Consequently, data created in one form can be accessed in a
large number of different ways. For example, an employee file
might be indexed by personnel number, by name, and also by
department number.

When an alternate index has been built, you actually access the
data set through a third object known as an alternate index path
ghat acts as a connection between the alternate index and the
ata set.

Two types of alternate indexes are allowed—unique key and
nonunique key. For a unique key alternate index, each record
must have a different key. For a nonunique key alternate index,
any number of records can have the same key. In the example
suggested above, the alternate index using the names could be a
unique key alternate index (provided each person had a different
name), and the alternate index using the department number would
be a nonunique key alternate index because more than one person
would be in each department. An example of alternate indexes
applied to a family tree is given in Figure 59 on page 170.

A data set accessed through a unique key alternate index path
can be treated, in most respects, like a KSDS accessed through
its prime index. The records may be accessed by key or
sequentially, records may be updated, and new records may be
added. If the data set is a KSDS, records may be deleted and
the length of updated records altered. Restrictions and allowed
processing are shown in Figure 61 on page 179. When records are
added or deleted, all indexes associated with the data set are
by default altered to reflect the new situation.

In data sets accessed through a nonunique key alternate index
path, the record accessed is determined by the key and the
sequence. The key can be used to establish positioning so that
sequential access may follow. The use of the key accesses the
first record with that key. MWhen the data set is read backward,
only the order of the keys is reversed. The order of the
records with the same key remains the same whichever way the
data set is read.

HOW TO BUILD AND USE ALTERNATE INDEX PATHS

Terminology

If you are using alternate indexes, knowle@ge of how to use them
is required at four stages of the programming process, as it is
with normal data sets. These stages are:

1. When planning and coding the program
2. Hhen creating the alternate indexes

3. Hhen executing the program that accesses the data set
through the alternate indexes

4. When deleting the alternate index, if vou wish to delete it
at a different time from the associated data set.

Discussions of what to do at these stages follow, but are
prgceded by a section on the terminology used with alternate
indexes.

An alternate index is, in practice, a VSAM data set that
contains a series of pointers to the keys (or their equivalent)
of a VSAM data set. HWhen you use an alternate index to access a
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PLANNING AND CODING

Passwonrds

Performance

data set, you should use a third entity known as an alternate
index path (or simply a path), that establishes the relationship
between the index and the data set.

The data set to which the alternate index gives ydu access is
known as the base data set, or more usually in the VSAM manuals
as the base cluster.

The indexes of a base cluster are, by default, connected to it
in such a way that alteration to the data will be automatically
reflected in the indexes. All indexes so connected are known as
the index upgrade set of the base cluster. The relationship
between the items is shown in Figure 103 on page 308.

WITH ALTERNATE INDEXES
When planning to use an alternate index you must know:

. The type of base data set with which the index will be
associated

] Whether the keys will be unique or nonunique
] Whether the index is to be password protected
. Some of the performance aspects of using alternate indexes.

The type of the base cluster and the use of unique or nonunique
keys determine the type of processing that you can carry out
with the alternate index, and so determine the PL/I statements
you may use. Figure 60 on page 173 and Figure 61 on page 179,
respectively, show the basic file attributes that you can use
with an alternate index path and the types of processing that
you can use.

Broadly, you use an alternate index path just like any other
data set. In fact, a PL/I file could be used to access a data
set directly in one execution and to access a data set via an
alternate index path in another.

The alternate index may be password protected, as for a normal
VSAM data set.

Performance with alternate indexes is not significantly worse
than performance using the prime index. The use of alternate
indexes, however, causes the access of a record to be less
direct and therefore not as fast. When a data set with a number
of indexes is opened, the indexes are by default opened at the
same time as the data set to allow for possible upgrade.

If you are using the data set for read-only processing, however,
you do not need to upgrade the alternate indexes, and you can
improve performance by defining a path with the NOUPDATE
attribute. (The method of defining such a path is described in
the MVS/Extended Architecture VSAM Administration Guide.)
NOUPDATE prevents the upgrade of alternate indexes for the data
set. For this reason;,; you should not alter the data set using a
path defined with the NOUPDATE attribute.
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INDEX UPGRADE SET
DATA PRIME ALTERNATE ALTERNATE
INDEX INDEX 1 INDEX 2

__________ —————
PATH 2
Base Cluster Accesses data by prime index (except for ESDS).
Prime index Is the index used in creating the data set and used when access is made through the base cluster.
Alternate Indexes Are other indexes to the same base data .
Paths Establish a path through the base data other than that implied by the prime index in a KSDS and
the sequence in an ESDS. Paths connect the alternate index with the base data.
Index upgrade set That set of indexes (always including the prime index) that will be automatically updated when -

the data is changed. Note that indexes can exist outside this set.

Figure 103. Base Cluster, Alternate Indexes, and Paths

HOW TO BUILD AN ALTERNATE INDEX

To build and use an alternate index, you issue three Access
Method Services commands:

DEFINE ALTERNATEINDEX
BLDINDEX
DEFINE PATH

DEFINE ALTERNATEINDEX defines and catalogs the data set that
will hold the alternate index, and associates it with the base
cluster. BLDINDEX reads the base cluster, extracts the keys,
sorts them, and builds the alternate index by inserting pointers
to the records. DEFINE PATH establishes a path that you will be
able to associate with vour PL/I file when you want to access
the base data set through the alternate index. An alternate
index cannot be built unless there are records in the data set.
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To use these commands you will need to know:
. The name of the base data set
. The password for the base data set, if any

. The position and length of the alternate index key in the
record

L The approximate size of the base cluster
. Whether the keys will be unique or nonunique

. If the keys will be nonunique, the approximate maximum
number of records with the same key

U The catalog on which the alternate index is to be placed

When you have established these facts, you can code and execute
the commands.

The commands must be issued in the order shown. A separate job
step must be used for BLDINDEX and DEFINE PATH. An example

sho:jng the commands in one job step is given at the end of this
section.

DEFINE ALTERNATEINDEX Command

A simplified form of the DEFINE ALTERNATEINDEX command is:

—— Syntax

DEFINE ALTERNATEINDEX

(NAME(indexname)
RELATE(data-set-name)

[/passwordl)
[CYLINDERS(primary

[ secondarvl) |
RECORDS(primary

[ secondarvyl) |
TRACKS(primary

[ secondaryl)l
[FILE(dname)]
[FREESPACE(cipercent

[ capercentl)]
[KEYS(length offset)]
[RECORDSIZE(average maximum)]
[REUSE | NOREUSE ]
[SHAREOPTIONS(crosspart1t1on

[ crosssysteml)]

[UNIQUEKEY | NONUNIQUEKEY]
[UPGRADE | NOUPGRADE ]
[VOLUMES(volserl

[ volsern. . .11
[password-options]
[other-options]l

CATALOG(catnamel/passwordll dnamel)l

Note: Only those options that are different from those of the
DEFINE CLUSTER command are explained below. If in doubt about
tne gthers, see "DEFINE CLUSTER Command™ earlier in this
chapter.

NAME(indexname)
specifies the name of the alternate index. The name may
contain from 1 through 44 alphameric characters, national
characters (3, #, and $), and special characters (hyphen
and 12-0 overpunch). Names containing more than 8
characters must be segmented by periods; one to eight
characters may be specified between periods. The first
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BLDINDEX Command

character of any name or name segment must be either an
alphabetic or a national character.

RELATE(data-set-namel/passwordl)
specifies the base data set with which the alternate index
will be associated.

KEYS(length offset)
specifies the position of the alternate index key in the
record. They may be anywhere within the record.

RECORDSIZE(average maximum)
specifies the size of the record in the alternate index.
If the path is nonunique, each index record will have to
refer to many data records. Consequently, if the key is
nonunique, the maximum should be a large figure. The

default values are large; see the DOS/VS Access Method
Services User's Guide.

UNIQUEKEY | NOMUNIQUEKEY
specifies whether the keys will be unique. If duplicate
keys are found when building an alternate index that has
been given the UNIQUEKEY attribute, an error occurs and the
execution of BLDINDEX is halted.

UPGRADE | NOUPGRADE
specifies whether the alternate index is to be part of the
index upgrade set for the data set. If it is, it is
automatically updated whenever the base data set is altered
(using this index or any other index). If NOUPGRADE is
§p$Cifiid’ the index is not automatically altered with the
ata set.

password-options
CONTROLPW, MASTERPW, READPW, and UPDATEPW are the password
options of the alternate index. See "DEFINE CLUSTER
Command™ on page 300 in this chapter for details.

other-options
grgddescribed in the D0S/VS Access Method Services User's
uide.

CATALOG(cathamel/passwordll dnamel)
specifies the catalog in which the alternate index will be
defined. It must be the same as the catalog of the base
data set.

See "DEFINE CLUSTER Command™ on page 300 for details.
An example of the DEFINE ALTERNATEINDEX command is:

DEFINE ALTERNATEINDEX -
(NAMECALPHINDX) -
VOLUMES(VSERO4) -
KEYS(10 0) -
NONUNIQUEKEY -
RELATE(PERSNOS) -
RECORDSIZE(20 2000)) -

CATALOGCAMASTCAT/MCATUPPHW)

This defines an alternate index called ALPHINDX on the data set
called PERSNOS. The keys are nonunique and are in the first 10
bytes of the record. It is cataloged in the catalog called
AMASTCAT with the master password MCATUPPH.

The BLDINDEX command extracts keys from the base data set, sorts
them into order, and places the necessary information in the
alternate index. DLBL statements, or their equivalent, are
required for the base cluster, the alternate index, and two work
files that may be needed if the necessary sorting cannot be
carried out in main storage.
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DEFINE PATH Command

— Syntax

BLDINDEX
INFILE(dnamell/read-passwordl)
OUTFILE(dname2[/update-passwordl])

[CATALOG(catnamel/update-passwordl)]

where dnamel is the name of the base data set and dname2 is the
name of the alternate index. For example:

BLDINDEX INFILE(BASE) -
OUTFILECALTIND) -
CATALOG(AMASTCAT/MCATUPPK)

The DLBL and EXTENT statements take the following forms:
Base Cluster:

/7 DLBL BASE, "ALPHIND', ,VSAM
77 EXTENT SYS007,VSERO4

where BASE is the INFILE name and ALPHIND is the data set name.
Alternate Index:

/7 DLBL ALTIND, "ALPHIND', ,VSAM
/77 EXTENT SYS007,VSERO%

where ALTIND is the OUTFILE name and ALPHIND is the data set
name.

Sort Workfiles:

/7 DLBL IDCUT1, "SORT.WORK.ONE", ,VSAM
/7 EXTENT SYS008,VSERO5
/7 DLBL IDCUT2, "SORT.WORK.TWO", ,VSAM
/7 EXTENT SYS008,VSERO5

A combined example showing the commands and job control
statements required to create an alternate index is given in
Figure 104 on page 313.

The DEFINE PATH command defines a name of the alternate
index/base cluster combination, and enables it to be used from a
PL/1I program.

syntax

DEFINE PATH (NAME(pathname)
PATHENTRY
(alternate-index-namel/passwordl)
[password-options]
[other-options]
[CATALOG(catnamel/password]ll dnamel)]

The DEFINE PATH command and its options are described in detail
in the DOS/VS Access Method Services User's Guide.

The master password of the catalog, which must be the same
catalog as that used by the base cluster and the alternate
index, is an alternative to the use of the master password of
the base cluster.

An example of the DEFINE PATH command is:
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DEFINE PATH -~

(NAME(ALPHPERS) - ;
PATHENTRY(ALPHIND)) - |
CATALOG(MASTCAT) “

EXECUTING THE ACCESS METHOD SERVICE COMMANDS TO CREATE AN ALTERNATE INDEX PATH

The example in Figure 106 on page 313 shows the use of Access
Method Services in a batch system. If you use CMS, the Access
Method Services Commands are written in a file with the file
type AgSERV, and the name of the file specified in an AMSERV
commana.

In the example, the existence of a data set PERSNOS that
contains data records is assumed. It is a data set keyved by
personnel numbers. An alternate index called ALPHIND is being
generated on the data set keyed by the first 25 characters of
the records that contain the name. The path that specifies the
base data set/alternate index pair is to be called PERSALPH.
The catalog used by all items is NMCAT, and the volume VSER4%.

The example is commented to aid understanding. Access Method
Services comments are delimited by /% and %/. System control

comments are one line in length and start with /7%. These are
the allowed forms for comments.

DELETING AN ALTERNATE INDEX
Alternate indexes and alternate index paths are automatically
deleted when the associated base data set is deleted. If you
want to delete them separately without deleting the base data
set, you specify them in the DELETE command. For example:
To delete an alternate index:
DELETECALTIND/SESAME)

where ALTIND is the name of the alternate index and SESAME is
the master password.

To delete a path:
DELETE(ALTPATH/SESAME)

where ALTPATH is the name of the path and SESAME is the
password.
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77 JOB oo
¥ DLBL and EXTENT statements, for BLDINDEX command follow
¥ first the alternate index
/7 DLBL ALTIND, "ALPHIND®, ,VSAM
77 EXTENT SYS007,VSER4
¥ then the base data set
/7 DLBL BASEDS, "PERSNOS', , VSAM
77 EXTENT SYS007,VSER4
¥ the DLBL and EXTENT statements for BLDINDEX sort files follow
77/ . DLBL IDCUT1, "SORT.WORK.ONE", , VSAM
77 EXTENT SYS006,VSER5
77 DLBL IDCUTZ, "SORT .WORK.TWO?', , VSAM
77 EXTENT SYS006,SER5
77 EXEC IDCAMS,SIZE=64K
DEFINE ALTERNATEINDEX -

(NAMECALPHIND) 7% data set name of alternate index ¥/ -
VOLUMES(VSER%) 7% volume on which it is placed %X/ -
TRACKS(10,1) /7% space used by alternate index X/ -
NONUNIQUEKEY 7% keys will not be unique ¥/ -
RECSIZE(20 1000) /% average will be one personnel number

per name but some names will have many
numbers so large maximum required %/ -
RELATE(PERSNOS)) /% name of associated data set %X/ -

CATALOG(NMCAT) 7% catalog name must be same as base data set's ¥/
BLDINDEX - /7% this command loads the data into the alternate
index created in the previous command %/ -
INFILEC(BASEDS) /7% name of base data set X/ -
OUTFILECALTIND) /% name of alternate index %/ -
CATALOG(NMCAT)
DEFINE PATH - /% this command enables you to use alternate index

base cluster pair from your program %/ -
(NAMEC(PERSALPH) /% name of alternate index path to be used as data
set name in DLBL statement PL/I program ¥/ -
PATHENTRY(ALPHIND)) /% name of alternate index %/ -
- CATALOG(NMCAT)
7%

In this example, there are five names involved:

1. The data set name (or file identifier) of the base data set—PERSNOS. Used in
the RELATE operand of the DEFINE ALTERNATEINDEX command, and as the filename in
the DLBL statement for the INFILE of the BLDINDEX command.

2. The filename of the base data set—BASEDS. Used in the INFILE operand of the
BLDINDEX command and as the name in the DLBL statement for the INFILE.

3. The data set name of the alternate index—ALPHIND. Given in the NAME operand of
the DEFINE ALTERNATEINDEX command, and used as the data set name (file
identifier) in the DLBL statement for the BLDINDEX OUTFILE, and in the PATHENTRY
operand of the DEFINE PATH command.

4. The filename of the alternate index—ALTIND. Used in the OUTFILE operand of the
BLDINDEX command and as the filename in the DLBL statement for the OUTFILE.

5. The name of the alternate index path—PERSALPH. Given in the NAME operand of
DEFINE PATH and that will be used as the data set name (file identifier) when
the base data set is accessed through the alternate index paths.

Figure 104. Commands Required to Create an Alternate Index Path
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APPENDIX C. COMPATIBILITY WITH THE DOS PL/I D COMPILER

Some features of the DOS PL/I Optimizing Compiler implementation
are incompatible with the language implemented by version 4 of
the PL/I D Compiler. The most significant incompatibilities are
listed below. Except where stated, the description given is of
the optimizing compiler implementation. Programs written for
version 4 of the PL/I D Compiler that use any of these features
should be reviewed before compiling them with the optimizing
compiler, to ensure that they will return the same results.

A number of the differences given here are also given in the
general information manual for this compiler. The general
information manual also contains some of the implementation
limitations and restrictions restrictions of this compiler. The
language reference manual for this compiler gives full details
of the implementation of each language feature.

Alignment of Strings

The UNALIGNED attribute is implemented in full by the optimizing
compiler. The D compiler does not implement UNALIGNED for bit
strings and forces the alignment of all character strings.

Because the default for alignment is UNALIGNED, conversion
p;oblemstthat may result can be overcome by including the
statement:

DEFAULT RANGE(*) ALIGNED;

This will cause all strings in the converted program to remain
aligned.

Assembler Language Interface

Assembler language subroutines used with PL/I programs written
for the D compiler may have to be modified when the programs are
recompiled by the optimizing compiler. Whereas a D compiler
program passes arguments to an assembler routine as the
addresses of data items, in many cases, optimizing compiler
nggrg$s will pass the address of locator/descriptors for the
ata items.

Built-in Function without Arguments
Built-in functions without arguments, such as TIME and DATE,
must be declared explicitly with the attribute BUILTIN.
Expressions in DO Statements
Expressions in DO statements are evaluated by the D compiler in
the order "expression2"™ followed by "expression3", irrespective
of the order of appearance in the DO statement. For example:
DO 1 J TO K BY L;
DO I J BY L TO K;

]

In both statements, "expression2™ is represented by K and
Yexpression3™ by L. The D compiler always evaluates expression2
first, whereas the order in which the optimizing compiler
evaluates each expression is undefined.
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SYSIN and SYSPRINT

Although the names SYSIN and SYSPRINT have no special meaning
for the D compiler, they do for the optimizing compiler. PL/I
programs can contain stream-oriented (GET or PUT) data
transmission statements which do not specify a file name. The D
compiler treats such statements as referring to the symbolic
devices SYSIPT and SYSLST; the optimizing compiler makes the
assumption that such input statements refer to SYSIN, and output
statements to SYSPRINT.

E~- and F~format Items

Buffered Data Sets

REGIONAL Data Sets

Zero before decimal point: When F-format fractional values or
E-format zero mantissa values are transmitted, the optimizing
compiler inserts a leading zero before the decimal point. The D
compiler does not put the zero before the point. For example:

D compiler -.500
Optimizing compiler -0.500

If errors are detected in a LOCATE statement, space will not be
allocated in the buffer and the pointer will not be set.

‘REGIONAL data sets for programs written for the D compiler, are,

when created, preformatted by a utility program. This program
is executed as a separated job step prior to execution of the
PL/I program in which the output file is opened to create the
data set. Subsequent use can be made of this data set through
an OUTPUT file without formatting it again.

REGIONAL data sets created for programs compiled by the
optimizing compiler are preformatted by a PL/I library
subroutine when the output file is opened. Thus an output file
cannot be opened to process a regional data set without
destroying all the records contained in it. If records are to
be added to the regional data set, an UPDATE file must be used.

Preformatting, including the preformatting of secondary extents,
is performed as follows:

1. A REGIONAL(1l) data set with the the attributes DIRECT and
OUTPUT, is preformatted with dummy records when the file is
opened. (A dummy record is a record whose first byte is set
to X'FF' and whose remaining bytes are undefined.)

2. A REGIONAL(1l) data set with the attributes SEQUENTIAL and
OUTPUT has all tracks cleared when the file is opened.
Dummy records are written into those regions that do not
receive a data record during processing.

3. A REGIONAL(3) data set with the attributes SEQUENTIAL and
OUTPUT, or DIRECT and OQOUTPUT has all tracks cleared when the
file is opened.

Because dummy records can be retrieved from a REGIONAL(1l) data
set by a READ statement, the programmer must ensure that dummy
records are recognized by the progranm.

Halfwoird Binary Numbers

Fixed-point binary numbers with a precision of (15) or less are
held in main storage as halfword binary numbers by programs
compiled by the optimizing compiler. Fixed binary numbers with
a precision greater than (15) are held as fullword binary

Appendix C. Compatibility with the DOS PL/I D Compiler 315



numbers. All fixed-point binary numbers in programs compiled by
the D compiler are held as fullword binary numbers.

D compiler programs to be recompiled should be checked for
occurrences of FIXED BINARY variables which have precisions of
(15) or less (thus including those with default precision),
since they might occur in record-oriented transmission and cause
differences in record lengths and in the alignment of records in
locate-mode buffers. A similar problem could occur for programs
that process data sets created by D compiler object programs.
Bit-string values returned by the UNSPEC built-in function when
used with halfword binary numbers as arguments are 16 bits in
length. The DEFAULT statement may be used to ensure that all
?gfeg%ared fixed binary variables have the maximum precision

» .

Labels on DECLARE Statements

ONSYSLOG Option

DYNDUMP

The D compiler ignores any labels prefixed to DECLARE
statements. The optimizing compiler recognized such labels and
treats branches to such labels as branches to null statements.
An incompatibility can occur if in a recompiled D compiler
program such a label has the same identifier as a variable or is
used as a label prefix to another statement.

The optimizing compiler does not support the use of the ONSYSLOG
option, whereby all output resulting from actions derived from
on—-conditions is printed on the system log.

The optimizing compiler does not permit use of the DYNDUMP,
IJKTRON, IJKTROF, and IJKEXHC subroutines.

DISPLAY Statement and REPLY Option

The optimizing compiler permits strings up to 126 bytes in
length for both the DISPLAY statement and the REPLY option. The
D compiler permits strings up to 80 bytes for the DISPLAY
statement, and up to 256 bytes for the REPLY option.

INDEX Built-in Function

The INDEX built-in function can be used with a binary arithmetic
argument that requires conversion to character string form
before the built-in function can be executed. This occurs
wherever the other argument is either a decimal arithmetic value
or a character string. For example:

INDEX(CA, I)
INDEX(I,'B")

In both cases I is a binary arithmetic variable. A is a decimal
arithmetic variable. In the first case both A and I are
converted to character form, in the second case only I is
converted.

An incompatibility exists between the methods and the results of
conversion from binary arithmetic to character form for this
built-in function. The D compiler converts a binary arithmetic
argument to an intermediate bit-string form which is then
converted to character form consisting only of ones and zeros.
The optimizing compiler converts the argument to an intermediate
decimal arithmetic form, which is then converted to character
form consisting of all numeric characters.
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PRECISION Built-in Function

The PRECISION built-in function is implemented differently by
the D and optimizing compilers. For the D compiler, if the
first argument is FIXED, and the third argument is omitted, the
third argument is assumed to be zero, and the compiler will
issue an informatory message.

Redundant Expression Elimination

The opt1m1zat1on processor eliminating redundant expressions
could give rise to an incompatibility for D compiler programs
that are recompiled by the optimizing compiler. If a program
contains an expression, such as IF (A=D)|(C= D) THEN...such that
the condition (A=D) is satisfied, the expression (C= D) is
ignored. However, (C=D) might contain a function which, if not
evaluated, could give rise to error.

SUM and PROD Built-in Functions

For the optimizing compiler, the SUM and PROD built-in functions
accept arguments that can be arrays of either fixed-point or
floating-point elements. The value returned is in the same
scale as the argument given, except for the PROD built-in
function used with fractional fixed-point arguments, where the
value returned is in floating-point scale. Note that string
arguments are converted to fixed—point arithmetic form, and that
the result is returned in this form.

For the D compiler, the arguments of these built-in functions
are, if necessary, converted to floating-point scale. The
returned value always has floating-point scale.

Attributes of File Parameters

For the D compiler, a file parameter can be declared with other
attributes in addition to the FILE attribute. For the
optimizing compiler, a file parameter can only be declared with
the FILE attribute; all other attributes are inherited from the
argument. If additional attributes are given, the compiler will
issue an informatory message, and ignore them.

Defining of Pictures

Sterling Pictures

Simple defining of pictures will be diagnosed by the optimizing
compiler as an error if the defined element is a picture that
does not exactly match the base element. The D compiler
requires only that the base element should be a picture or a
character string.

Sterling data is not supported by the optimizing compiler. A
picture including any of the following characters is invalid:

G’ M} H) P} 6) 7’ 8

Source Program Errors

The D compiler does not detect all the errors in a source
program that can be detected by the optimizing compiler. Errors
that the D compiler does not detect include the transfer of
control into an iterative do-group, comparison of structures,
and incorrect overlay defining.

Programs which contain these errors and compile successfully

with the D compiler will not compile successfully with the
optimizing compiler.
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RETURNS Keyword in PROCEDURE and ENTRY Statements

PROCEDURE and ENTRY statements for function procedures that
specify the attributes of the value returned by the procedure
must, for the optimizing compiler, have such attributes
contained in a parenthesized list preceded by the keyword
RETURNS. For example, the following statement is valid for the D
compiler, but not for the optimizing compiler:

X: PROCEDURE (Y,Z) FLOAT BINARY;

For the optimizing compiler, this statement should be written as
follows:

X: PROCEDURE (Y,Z) RETURNS (FLOAT BINARY);

Entry Names as Arguments

ENDFILE Condition

MEDIUM Option

SIZE Condition

The D compiler assumes an entry name argument in parentheses and
without arguments of its own to be a function reference. For
example, in the expression X((Y)), the function Y is invoked and
the value it returns is used as the argument to procedure X.

The optimizing compiler assumes that the entry name itself is to
be passed as an argument. It creates an entry variable with the
value of the entry constant argument, and passes this as a dummy
argument to the invoked procedure. Function references such as
this in programs written for the D compiler should be modified
to contain a null argument list in order to invoke the function.
;g$(§§ample, the expression given above should be written as

For the D compiler, after the ENDFILE condition has been raised

once, a subsequent execution of a GET or READ statement will not
raise ENDFILE again, but will read past the file delimiter. For
the optimizing compiler, subsequent GET or READ statements will

raise ENDFILE again.

The optimizing compiler allows specification of MEDIUM without a
physical device type. This is used to request the generation of
device independent tables. The D compiler generates device
independent tables no matter what device type is specified
provided all other necessary restrictions are observed.

For the D compiler, if the SIZE condition is raised during E-
and F-format output, asterisks are transmitted. For the
optimizing compiler, the results is undefined.

INITIAL Attribute and Statement Length

The optimizing compiler has a restriction that any statement
must fit into a work area used by the compiler. The maximum
size of the work area varies with the amount of main storage
available to the compiler. The limitations on the length of
statements are as follows:

Space Available Maximum Statement Length
50K - 55K bytes 1012 characters
55K - 69K bytes 1600 characters
69K - 75K bytes 3400 characters

Note: The values 55K and 69K for the changeover points are only
approximate.
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A maximum statement length of 4000 characters can be obtained
only if the space available is greater than 75K and if the IBM
3330, 3340, 3350, 3375, 3380, or a fixed block device is used
for the spill file.

The DECLARE statement is an exception in that it can be regarded
as a sequence of separate DECLARE statement separated by those
commas which are not contained in parentheses.

For example,
0,10) INITIAL (1,2,3,..

1
10,100) INITIAL ((1000) 0 );
E) CHARACTER (20) VARYING,

NN
(@)
. N~

In this example, each line is terminated by a comma that is not
contained within parentheses. Consequently, the compiler can
treat each line as a separate DECLARE statement insofar as the
use of its work area is concerned.

The compiler will also permit a DECLARE statement to exceed the
size of the work area if it contains an INITIAL attribute that
specifies a simple list of items and that is not within any
brackets. For example:

INITIAL (item,item,item,...)...

In this case, for the purpose of its work area, the compiler
will split the declaration at one or more of the commas in the
list. Each item created by the split may contain initial values
that, when expanded to eliminate any repetition and iteration
factors, do not exceed the maximum statement length.

The above paragraph also applies to the use of the INITIAL
attribute in a DEFAULT statement.

The D compiler makes a special case of INITIAL clauses, and it
is possible, therefore, that a program which can be compiled by
the D compiler may exceed the limit for the optimizing compiler.

If the problem is encountered, it may be solved by one of the
following techniques:

L] Increase the main storage available to the compiler (unless
it already exceeds 69K).

. Simplify the DECLARE statement so that the compiler can
split the statement.

. Modify any lists of items following the INITIAL attribute so
that individual items are smaller and separated by commas
not contained in parentheses. For example, the following
declaration is followed by an expanded form of the same
declaration. The compiler can more readily accommodate the
second declaration in the work area:

= DCL Y (1000) CHAR(8) INITC((1000)(8)'Y');
- DCL Y (1000) CHAR(8) INIT ((250) (8)'Y',
(250)(8)'Y",(250)(8)*Y", (250)(8)'Y");

Use of the DEFINED Attribute

The PL/I D compiler does not implement simple defining.

Instead, the D compiler treats instances of simple defining as
string overlay defining. Consequently, programs written for the
D compiler that contain instances of simple defining will
produce different results when recompiled by the optimizing
compiler. For example:
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DCL A(10) CHAR(3),
BC(10) CHAR(4) DEFINED(A);

In this example, the D compiler overlays the array B on the
first 60 characters (the first five elements) of array A.
Consequently, a reference to B(2) is equivalent to a reference
to SUBSTR(A(1),5,4). The optimizing compiler will simply
overlay each element of the array B on the corresponding element
of array A. Consequently, a reference to B(2) is then
equivalent to a reference to SUBSTR(A(2),1,4).

Another example follows:

DCL S,

A CHAR(S8)

B CHAR(72),
S1 DEFINED S,
A1CHAR(4),

Bl CHAR(4);

NN=NN -

In this example, a reference to element Bl is interpreted by the
D compiler as a reference to SUBSTR(A,5,4) and by the optimizing
compiler as a reference to SUBSTR(B,1,4).

To achieve compatibility in such cases, the attribute P0OS(1)
must be included in the declarations of the defined item before
the program is recompiled by the optimizing compiler.

320 DOS PL/I Optimizing Compiler: Programmers Guide

Pann



e

€

APPENDIX D,

/I-CICS SYSTEM INFORMATIO

Each of the two PL/I-CICS interfaces supplies a module (DFHSAP)
to be loaded as a part of the CICS/VS nucleus and a module
(DFHPL1I) to be link-edited with your program. These modules
must match; that is, the CICS-supplied DFHSAP will not work with
the PL/I-supplied version of DFHPL1I, and vice versa. A single
execution of CICS/VS can load only one DFHSAP; therefore, all
PL/I-CICS/VS transaction programs in a single execution of
CICS/VS (for instance, within a single partition) must use
either the CICS/VS-supplied interface or the PL/I-supplied
interface, but no intermixing of the two is permitted. Under
the current version of CICS/VS, vou might use one PL/I interface
in one partition and the other PL/I interface in another, even
though the CICS/VS systems are not being executed independently
of each other. If mixing should inadvertently occur, the
results will be as shown in Figure 105 on page 322.

The system programmer should ensure that the proper DFHSAP
module is loaded with the CICS nucleus, and that the proper
DFHPL1I module is link-edited into transaction programs. (See
DOS PL/] Optimizing Compiler: Installation for details.) It is
sometimes helpful, however, to know which version of these
modules is present. This can be determined as follows:

. For DFHSAP, look at its link-edit listing (or a listing
produced by RSERV) to see if it contains external names
beginning with IBMF or IBMH. If it does, it is the
PL/I-supplied DFHSAP. If no such names are found, it is the
CICS-supplied DFHSAP.

. For DFHPL1I, look at its link-edit listing (or a listing
produced by RSERV)} to see what addresses are represented by
entry-point names DFHPL1I, DFHPL1N, and DFHPL1C. If each
points to a different location in DFHPL1lI, it is the
PL/I1-supplied DFHPL1I. If they all point to the same
location in DFHPL1I, it is the CICS-supplied DFHPL1I.

CICS/VS-PL/I INTERFACE COMPONENTS

PL/I supplies an interface module called DFHPL1I and a module
called DFHSAP. DFHSAP is a part of the PL/I product, not of
CICS/VS, but it is loaded during CICS/VS initialization to
become part of the CICS nucleus. It is supplied as part of the
PL/I Transient Library.

DFHSAP's initialization module establishes PL/I execution
options for each CICS-PL/I program. Its PL/I error handler is a
proper PL/I error handler. It contains modified versions of
various 0S PL/I modules (even for the CICS/D0S/VS environment).

Certain other functions, normally required only in a debugging
environment, are implemented by loading PL/I transients into
CICS/VS storage via a DFHPC TYPE=LOAD macro. Such transients
include the STREAM OUTPUT PRINT transmitter for SYSPRINT, the
PLIDUMP transients, the storage management module required for
the REPORT option, and two versions of the PL/I execution-time
messages modules (one version for GONUMBER/GOSTMT, the other for
NOGONUMBER/NOGOSTMT). Just as all the modules in DFHSAP are
tailored for CICS, so these PL/I-CICS/VS transients are all
CICS-tailored modules, although they are very 51m11ar to their
0S PL/I Transient Library counterparts.

There is no compile-time CICS option; however, PL/I library
modules can tell whether they are being executed in the CICS
environment by testing a bit, TTKK, in the PL/I TCA. Some of
them make use of a CICS implementation appendage, built in the
PL/1 Program Management Area right after the PL/I TCA and TIA.
It is principally used by the modules in DFHSAP, but various
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CICS—Supplied PL/I~Supplied
cICcSs— Supported — Not Supported —
Supplied PL/I function and Unpredictable CICS
restrictions as transaction abend,
DFHSAP documented in CICS but probably ASRA
in macro—level for program check.
CICS/VsS documentation.
Nucleus
PL/I- Not supported — Supported — PL/1
Supplied CICS ASRA function and

(program check)
transaction abend
will result.

restrictions as
documented in this
publication.

Figure 105. DFHPL1lI

Link—-Edited into Transaction

other library modules have sections of code for the CICS
environment that test this bit and use the CICS appendage.

The CICS appendage is equivalent to the following PL/1
structure:

DCL 1 IBMDZCIC ALIGNED,
2 TCTCA PTR,

/% ADDR CICS TCA %/

TCCSA PTR,

/% ADDR CICS CSA x/

TCSTV P1R,

/% ADDR SYSPRINT XMTR */

TCTMS PTR,

/% ADDR MSGS OUTPUT BOOTSTRAP X/
TCTCR PTR,

/% ADDR COUNT OUTPUT MODULE x/
TCRHD CHAR (38),

/% TRANSID| |TERMID x/

TCMSP CHAR (1),

/% PL/I PROGRAM MASK x/

TCMSC CHAR (1);
/% CICS PROGRAM MASK x/

N N NN N NDN

The module addresses in this appendage are 0 if the particular
module has not been loaded for this CICS/VS transaction progran.
This appendage makes the CICS environment addressable from
within the PL/I environment.

CICS/VS-PL/I APPLICATION PROGRAM INTERFACE

The link-edited CICS/VS interface module (DFHPL1I) replaces the
batch-mode PLISTART CSECT, and contains what amounts to a
CICS/VS-tailored version of the PLISTART parameter list.

Execution of your PL/I transaction program commences when DFHPCP
calls DFHPL1I at its entry point DFHPLIN. DFHPLIN immediately
calls PL/1 initialization in DFHSAP, passing it the following
addresses:

PLIMAIN Address of MAIN procedure.

PLIFLOW Flow trace initialization module (if FLOW option).
PLICOUNT Count initialization module (if COUNT option).
PLIXHD Your heading for COUNT and REPORT output.

PLITCIC Entry to CICS/VS HLPI.
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IBMBPSRA Shared library transfer vector.
IBMBPOPT Compiler-parsed PLIXOPT options.
IBMBERCA CHECK module.

It also passes the length of pseudo-register vector (PRV),
always zero for DOS.

Any of the above parameter addresses, except PLIMAIN, can be
zero if the related entity or option does not exist for the
particular program being initialized.

To pass the above parameter list to PL/I initialization in
DFHSAP, DFHPL1I contains the following functional entry points,
in addition to the code at entry point DFHPLIN:

DFHPL1I Bootstrap to CICS services for the macro interface.
DFHPLIC Entry point to return CSA address to caller.

IBMBOCLA Entry points to branch through DFHSAP.

IBMBOCLB OPEN/CLOSE code in STREAM PRINT transmitter IBMBOCLC
for SYSPRINT.

CICS/VS-PL/1I NUCLEUS MODULE DFHSAP

The PL/1I interface module in the CICS/VS nucleus is a
PL/I-provided module that supports PL/I Optimizing Compiler
programs only. It consists of bootstrap code plus 0S PL/I
library modules modified for the CICS/VS environment. These
modules have names that begin IBMF instead of IBMD. Any
D0S-only versions have names that begin with IBMH.

In general, PL/I library module names begin with IBM, have a
fourth letter to specify the relevant environment (for example,
B for basic, D for DOS only, F for CICS/VS, H for CICS/D0OS/VS
only, and so on), and a last (eighth) letter to differentiate
among entry points (A, B, and so on). Thus, DOS PL/I
initialization is done by a module with entry names IBMDPIRA,
IBMDPIRB, and IBMDPIRC. Ignoring the different entry points, it
is sometimes called IBMDPIR. Ignoring environment, it can be
functionally identified as PIR.

Keeping these naming conventions in mind, DFHSAP contains:

IBMFPCC
Bootstrap to library modules in DFHSAP.

IBMBOCLA, B, C

IBMFSTVA, B, C
Bootstrap code to invoke {via CICS LOAD the first time) the
STREAM OQUTPUT PRINT transmitter fer SYSPRINT (plus
OPEN/CLOSE).

IBMHPIR
Initialization/termination code, containing all relevant
functions of PIR, PII and PIT.

IBMFPGR
Storage management without REPORT option.

IBMFERR
PL/I error handler.

IBMDPSR
Bootsirap module for PL/1 CICS/DOS/VS shared library. If
it is present, the D0S shared library modules themselves
follow immediately as part of DFHSAP.

The modules in DFHSAP supply all the initialization/termination,
storage management, and error>handling function required in a
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debugged production program. In the testing and tuning
environment, however, the SYSPRINT facility, PLIDUMP, FLOW,
COUNT, REPORT, and CHECK may be desired, and error messages
concerning failing programs will usually be produced on
SYSPRINT. These functions require transients that are part of
the PL/I transient library, but are tailored for the CICS .
environment and loaded into CICS storage by a CICS DFHPC L
TYPE=LOAD macro. CICS/VS regards them as ordinary transaction_
programs. Macros for their PPT entries are on the PL/I h
distribution tape. They are:

IBMFSTVA
STREAM OUTPUT PRINT transmitter, altered to handle only the
CgSSgVS version of SYSPRINT, but with OPEN/CLOSE support
added.

IBMFPGDA
Storage management with REPORT option.

IBMFPMRA
Module to generate storage report for REPORT option.

IBMFEFCA
Module to produce COUNT output.

IBMFESMA, ESNA, FOCA, ETXA
Messages modules.

IBMFKMPA, KPTA, KTCA, KTRA, KTBA, KCSA
PLIDUMP modules.

Two PL/I Resident Library modules test the CICS bit in the PL/I
TCA and take slightly different paths based on it. They are:

IBMDSIO
The stream initialization output module that, while
building a PL/I block called the SIOCB, has to get the
address of the PL/]I File Control Block (FCB). This address
is obtained differently for the CICS SYSPRINT file than for
ordinary batch STREAM OUTPUT files. Subsequent stream I/0
modules address the file via the SIOCB, and thus require no
modification to run in the CICS environment.

IBMDKDM
The resident interface to PLIDUMP loads the first PLIDUMP
transient, as appropriate, based on whether the program is
being executed within the CICS/VS environment or the normal
D0OS environment.
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APPENDIX E.

THE VTOC DISPLAY UTILITY

The VTOC (Volume Table of Contents) display utility program
displays the contents of the volume table of contents of a disk
storage volume mounted on a 2311, 2314, 3330, or 3340 disk
storage drive. This information is essential for controlling
the organization of a storage volume. The program can produce
it? output on a printer, a magnetic tape, or a disk storage
volume.

The data sets contained on a disk storage volume are identified
by entries in the volume table of contents of a disk storage
volume mounted on a 2311, 2314, 3330, or 3340 disk storage
drive. This information is essential for controlling the
organization of a storage volume. The program can produce its
output on a printer, a magnetic tape, or a disk storage volume.

The data sets contained on a disk storage volume are identified
by entries in the volume table of contents which serve as data
set header labels. The labels in the VTOC are listed in the
order of appearance. The listing contains the format of the
data set label and the major fields within each label. The VOL1
label, which contains the address of the VT0C, the serial
number, and other volume identification, will also be displaved.
For more information about the organization of the VT0C and the
VOL1 label, see the system control program publication, Data
Management Concepts.

An example of the job control statements required to use the
VTOC display program to list the contents of the VT0C of a disk
storage device follows:

77 JOB RUNVTOC

/7 ASSGN SYS004,X'191' (input)
77 ASSGN SYS005,X'00E" (output)
/g EXEC LVTOC

/

To obtain the output on a particular device, it must be assigned
to SYS005. The appropriate job control statement are redquired
if labeled magnetic tape or a direct-access device is used.
Refer to DOS/VSE DASD Labels for a description of the Format I
dati s:t label used in a direct-access storage volume table of
contents.
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APPENDIX F. REQUIREMENT FOR PROBLEM DETERMINATION AND APAR SUEBMISSION

When a member of IBM programming support personnel is called to
examine the suspected malfunctioning of an IBM program product,
that representative will first determine whether or not the
malfunction really is a problem in the program product. If a
decision is made that the program product is at fault, a check
must then be made to determine whether the fault is a known
fault for which an existing fix can be obtained. If the fault
is not known, the problem must be referred to the appropriate
program maintenance group within IBM for analysis and
correction. The process of referring a problem to IBM involves
submitting a report known as an APAR (Authorized Program
Analysis Report), which must be accompanied by material to
enable the program maintenance personnel to analyze the problen.

To enable IBM program maintenance personnel to analyze a
problem, it must be possible to reproduce it at the IBM program
maintenance center. It will therefore be essential to supply
with the APAR the source program to enable the problem to be
reproduced and analyzed. Faster resolution of the APAR may be
possible if some or all of the material listed in Figure 106 on
page 328 is supplied and if the source program is reduced to the
smallest, least complex form which still contains the problem.

All listings that are supplied must relate to a particular
execution of the compiler, in the case of a suspected compiler
failure, or to the relevant link—editing and execution steps, in
the case of the failure of the PL/]l program during execution.
Listings derived from separate compilations or executions are of
no value and may in fact be misleading to the program support
personnel.

Original Source Program

The original PL/I source program must be supplied in a
machine-readable form such as a deck of punched cards or a reel
of magnetic tape. The copy of the program supplied must be
identical to the listing that is also supplied.

Use of the Preprocessonr

If the compilation includes preprocessing, the source program
submitted should include, either as a card deck or on magnetic
tape, the source module obtained by means of the compiler MDECK
option.

If the problem is known to have occurred during preprocessing, a
listing of the source program being preprocessed must be
supplied. If the preprocessing involves the use of the %INCLUDE
statement, a copy of the PL/I source statement module(s)
included should be supplied in a machine-readable form. If
source statement modules are not supplied in the original
submission of the APAR, the APAR will not be acted upon until
they are supplied.

Job Control Statements

Listings of job control statements used to run the program must
be supplied. MWhere there are a large number of job control .
statements, supply these also in a machine-readable form such as
on punched cards or on magnetic tape. This will assist the
prqgﬁ?m maintenance personnel to reproduce the problem more

quic Y.
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Operating Instructions/Console Log

Listings

Linkage Editor Map

In the case of an execution-time failure of a program that
processes a number of data sets or that operates in a
complicated environment, such as a teleprocessing application,
it is essential that adequate description of the processing and
the environment is given to enable it to be recreated. Although
it may be impossible to supply console logs and operating
procedures, a complete description of the application, the
organization of the data sets, and adequate operating
instructions are vital for IBM program support personnel to
reproduce the problem.

A listing of the source program is essential. Other
compiler-generated listings, while not essential, may assist in
producing a faster resolution of the APAR. If any of the
compiler options that must be specified in order to obtain
material for submission with an APAR have been deleted at system
generation, they can be restored for temporary use by means of
the compiler CONTROL option.

There should be no “NOPRINT statements in the listing unless
they are pertinent to the problem.

When a problem occurs at execution time, a linkage editor map is
essential. The linkage editor map will be used in the analysis

$f fhe storage dump that must also be obtained when the program

ailed.

;Execution-time Dumps

If the problem occurs during execution of the PL/I program, a
storage dump must be supplied. A dump can be obtained by using
a stand-alone dump program. However, if possible, a formatted
PL/I dump produced by the PL/I error-handling facilities should
be provided. A PL/I dump is obtained by using the PLIDUMP
facility described in Chapter 11.

Compiler Failure under CMS

Appendix F.

If the failure occurs while compiling or executing a program or
programs under CMS, full details of the Virtual Machine
environment must be supplied. This can best be done as follows:
immediately prior to invoking the compiler to reproduce the
problem, issue the following CMS commands:

QUERY SYSNAMES
QUERY SET
QUERY TERMINAL
QUERY VIRTUAL
QUERY SEARCH
QUERY DISK x
QUERY LIBRARY
QUERY DOSLIB
QUERY UPSI
QUERY OPTION
DLBL (without operands)
LISTIO

Invoke the compiler using the DOSPLI command, specifying the
option DUMP %PROCESS card that precedes the source program,
along with any other options required to produce the relevant
output on a line printer.

A listing of the PL/I source program and the entire terminal
listing from LOGON to LOGOFF, should be submitted. If a display
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Applied PTFs

Submitting the APAR

terminal is used, spool console input/output using the CP SPOOL
CONSOLE START command to provide full details of all input
entered and responses received.

A list of any program temporary fixes (PTFs) and local fixes
applied to either the compiler or its libraries must be
supplied.

When submitting material for an APAR to IBM, ensure that any
magnetic tapes and decks of punches cards that are supplied
containing source programs, job stream data, data sets, or
libraries are carefully packed and clearly identified.

Each magnetic tape submitted should have the following
information attached and visible:

Material Required Compiler Option When Required
Original source program C, E; M
Job Control Statements C, E
Operating instructions/ ' E
Console log
Listings:
Source listing SOURCE (S) C, E; M
Cross—reference listing XREF (XD C, E, M
Attribute table : ATTRIBUTES (A) C, E, M
Aggregate table AGGREGATE (AG) C, E, M
Storage table STORAGE (STG) C, E, M
Compiler options OPTIONS (OP) C, E, M
Object listing LIST C, E, M
Compiler termination dump DUMP (DU) C, M
Linkage editor map MAP (linkage editor E
option)
Execution—time dump E, M
User subroutines E, M
User data sets or CMS files E, M
Preprocessor input listing INSOURCE (1IS) P, M
Preprocessor output MDECK (MD) C, E, M
Partition/Region size C, E, M
Virtual machine configuration M
List of applied PTFs C, E, M
Note:
"C" indicates the requirements for a compile—time error;
"E™ jndicates the requirements for an execution—time error;
"P® jndicates the requirements for a processor error;:
"M" indicates the requirements for a conversational (CMS) error.
Under CMS, the compiler options must be specified in a XPROCESS card
that precedes the source progran.

Figure 106. Summary
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Appendix F.

. The APAR number assigned by IBM

] The contents of the volume (source program job control
statements, or data, etc.)

. The recording mode and density

. All relevant information about the labels used for the
volume and its data sets

U The record format and blocking sizes used for each data set
o The name of the program that created each data set.

Each card deck submitted must have the following information
attached and visible:

U The APAR number assigned by IBM

] The contents of the card deck (source program, job control
statements, or data, etc.).

This information will ensure that a magnetic tape or card deck

will not be lost if it becomes separated from the rest of the
APAR material, and that its contents are readily accessed.
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Special Characters

ACTION statement
Fl1 option 48
F2 option 48
¥PROCESS 17
%INCLUDE
description 41
source statement library 17
use in program checkout 209
%INCLUDE statement
source statement library 638
%NOPRINT 31

%NOTE 38

%PAGE 31

%PRINT 31

%SKIP 31
A

abend codes, PL/I under CICS 276
Access Method Services 303
BLDINDEX command
syntax and examples 310-311
use 308
use with entry-sequenced data
set 190
use with key-sequenced data
set 197
DEFINE ALTERNATEINDEX command
syntax and operands 309-310

use 308
use with entry-sequenced data
set 190

use with key-sequenced data

set 197
DEFINE CLUSTER command
syntax and operands 300
use 298
DEFINE PATH command
syntax and examples 311-312
use 308
use with entry-sequenced data
set 190
use with key-sequenced data
set 197
defined 298
DELETE CLUSTER command 305
executing commands 312
syntax and operands 304
access methods 78-79
for record-oriented data
transmission 79
DAM (Direct Access Method) 78
SAM 78
VSAM 78
accessing
a data set
example 13
accessing data sets
CONSECUTIVE 129, 130
information required 130
for record-oriented transmission
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for stream-oriented data
transmission 111
record format 112
INDEXED 145-147
REGIONAL
information required 159
REGIONAL(1l) 157
REGIONAL(3) 158
stream-oriented data
transmission 113
ACTION statement 68-49
CANCEL option 438
F3 option 49
F4 option 49
MAP option 48
NOAUTO option 49
NOMAP option 48
NOREL option 49
REL option 49
adapting existing programs for VSAM data
sets 177
ADDBUFF option 139,
adding records to an INDEXED data
set 138
advantages of VSAM data sets 170-171
AGGREGATE compiler option
abbreviation and default 18
description 21
function 19
aggregate length table 33
alignment
restrictions 249
strings
variables 249
ALLOCATE statement 270
use in CICS 270
ALTER command 299
alternate index 167
and backward reading on an
ESDS 191-192
example 191-192
coding with 307
creating 312
commands required 313
defined 168
deleting 312
duplicate keys 168
how to build 308-309
nonunique key 168, 306
on an ESDS 192
passwords 307
performance with 307
planning with 307
processing allowed 179
unique key 168, 306
alternate index paths
associating with a file 178
defining 306
how to build 306-308
" how to use 306
nonunique key, for an ESDS -
creating 190
creating, example 190
terminology 306
unique key, for a KSDS
creating 196
creating, example 197
unique key, for an ESDS

Programmers Guide



~

creating 189 passing arguments 228

creating, example 189 ASSGN statement
unique key, using with a KSDS 197 associating symbolic device with
example 198 actual device 10
use of SAMEKEY built-in function description 76
with 184 for device assignment 77
American National Standard processing a data set 9
card punch control characters 131 used to change and assignment 9
print control characters 131 ASSOCIATE option 121-122
American National Standard (ANS) associated files on 3525 86
print control characters 114 associating
American Standard Code for Information an alternate index path with a
Interchange (ASCII) 72 file 178
amount of PL/I storage required 273 data sets with files 91
APAR submission 326-329 one data set with many files 93
APLC abend code 276 several VSAM files with one data
APLD abend code 277 set 177-178
APLE abend code 276 attribute table 32
APLG abend code 277 attributes
APLI abend code 277 of file declarations 95
APLM abend code 277 ATTRIBUTES compiler option
APLS abend code 277 abbreviation and default 18
APLX abend code 277 description 21
applied PTFs 328 function 19
ARGn option of OPTIONS attribute 251 attributes of file parameters 317
arguments AUTOLINK feature 43
See also passing arguments function 45
matching COBOL 2546-255 improve program after use 56
matching FORTRAN 255-256 auxiliary storage devices 80-91
matching RPG 256-257 direct—-access devices 91
passing 3540 Input/Output unit
to COBOL routines 248 diskettes 91
to FORTRAN routines 248 line printers 88
passing from assembler-language magnetic tape 89
routines 228 backward processing 90
passing from COBOL routines 252 conversion feature 89
passing from FORTRAN routines 252 ENDFILE condition 91
arguments and parameters in format of volumes 90
interlanguage communication 248 labels 90
arguments, parameters, and return recording density 89
codes 226-228 track width 89
array mapping 268 translation feature 89
ASCII 72 volumes with multiple data
ASCII option 121 sets 89
ASCII records 75 1442 card read punch 80
ASSEMBLER option 227, 278 2501 card reader 80
assembler-language routines 2520 card read punch 80
called from PL/I 215, 216 2540 card read punch 80
calling PL/I calling assembler 226 2560 card read punch 81
D compiler language interface 314 3506 card reader 82-87
linking PL/I with 215-228 3505 card reader 82-87
arguments, parameters, return 3525 card punch 82-87
codes 226 3800 printing subsystem 87
ASSEMBLER option 227 3881 optical mark reader 87
calling I0OCS modules 220 5425 card read punch 81

calling PL/1I from

assembler 221-223

Dynamic Storage Area (DSA) 217
"error-handling 226 B
establishing PL/I environment 217
invoking nonrecursive assembler

routine 218 backward processing of magnetic tape
invoking recursive assembler files 90

routine 219 backward reading on an ESDS 191-192
passing arguments 228 programming example 191-192
passing parameters 215 BACKWARDS attribute 90
PLICALLA 217 for checkpoint/restart 232
PLICALLB 217 base cluster 307, 308
return codes 228 base data set 307
save area 217 batched compilations 38-40
use of PLICALLA 224 for cataloging in relocatable
use of PLICALLB 224 library 70
use of PLIMAIN 225 for overlay programs 60

use of register 12 219 Binary Coded Decimal (BCD) 21, 73
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bit manipulation routines 279
BKWD option 174
BLDINDEX command
syntax and examples 310-311
use 308
BLKSIZE option
defaults
for non-VSAM data sets 103
for stream-oriented
transmission 108
BLKSIZE options 102
block prefix fields 122-123
blocks, defined
books of source statement 68
buffered data sets 315
buffers 78
BUFFERS option 103
BUFND option 175-176
BUFNI option 176
BUFOFF option 122-123
defaults 123
BUFSP option 176
built-in function without arguments 314

c

CALL PLICKPT 229-231
CANCEL option
of ACTION statement 48
card punches 80
card readers 380
CATAL option
of OPTION statement
adding new programs to core-image
library 67
CATAL option of OPTION statement 67
catalog
master 297
private 297
VSAM 297
CATALOG compiler option 18
description 21
for cataloging an object module 70
function 20
CATALOG operand
of DEFINE ALTERNATEINDEX command 310
of DEFINE CLUSTER command 303
cataloging an object module 69
cataloging multiple object modules 71
CATALR statement 69
generated by the compiler 21
CATALS statement 68
character sets 21
character string, PLIXOPT 273
CHARSET
abbreviation and default 18
CHARSET compiler option
descrlptlon 21
function .
CHECK and PUT data 272
CHECK data 272
CHECK prefix option 208
in program checkout 208
checking facilities 207
checkout of program 202
checkpoint/restart 229-233
CALL PLICKPT 229-231
effect of restart on data sets 232
on direct-access devices 232
on magnetic tape 232
unit record data sets 232
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example 233
PLICKPT 229-231
taking checkpoints on disk
storage 231
taking checkpoints on magnetic
tape 231
checkpoints 229
choice of data set type
CICS
appendage 321
CURRENTSTORAGE 278
error handling 274-277
facilities, using 280
FREEMAIN 270
GETMAIN 270
lifetime of storage acquired 270
nucleus 321
PL/I abend codes under 276
restrictions with PL/I 266
STORAGE 278
storage classes 270
system information 321-324
translator 269
use of SYSPRINT 271-272
use with PL/I 265-280
CICS-supplied interface 266
restrictions 269
CICS/D0OS/VS, PL/1 shared 11brary
for 279
CICS/VS transactions, writing in
PL/I 267-269
CICS/VS-PL/1I
application program interface 322
interface components 321-324
nucleus module DFHSAP 323-324
cluster 298
CM-type entries 35
CMDCHN option 123
CMS (Conversational Monitor System)
commands used to reproduce program
problem 327
compiler failure under 327
introduction 8
COBOL
arguments, matching 254-255
communication with PL/I 247-264
data equivalence with PL/I 254
declaration of a data aggregate 255
ENVIRONMENT option 104 .
handling interrupts 262
link-edited with PL/I 63
option of OPTIONS attribute 250, 252
parameters, matching 254-255
routines
invoking 250
passing arguments from 252
terminating 263-264
structures, length of 34
codes, information interchange 72
coding with alternate indexes 307
COLBIN option 124
column binary mode 85
column—-major-order 249
command-level interface 269
commands required to create alternate
index path 313
COMMAREA 270
common areas control section 44
COMMON block 247
common data set 247
common storage, using 258
communication area (COMMAREA) 270
communication with
COBOL 247-264

169-172
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FORTRAN 247-264

RPG 2647-264
comparison of data set types available
to PL/I record I/0 118
compatibility interface, VSAM 177
compatibility with

DOS PL/I D compiler 314-320
compatibility, VSAM 176-177

with CONSECUTIVE files 177

with INDEXED files 177

with REGIONAL files 177
COMPILE

abbreviation and default 18
COMPILE compiler option

description 21
compile-time

performance &

processing 40

return codes 257-260
compiler

data sets 15

introduction to 6-7

optimizing 14-62

performance 6-5

restoration of options deleted 18
compiler failure under CMS 327
compiler listing and associated
options
compiler listings 30-31
compiler option

abbreviations 18

defaults 18
compiler options

AGGREGATE 21

ATTRIBUTES 21

CATALOG 21
CHARSET 21
COMPILE 21
CONTROL 22
COUNT 22
DECK 22
DUMP 22, 39
DYNBUF 22
ESD 23

FLAG 23
FLOW 23
functional summary 19-20
GOSTMT 23
GRAPHIC 23

INCLUDE 24, 41

INSOURCE 24

LIMSCONV 24

LINECOUNT 24

LINK 25

LIST 25

MACRO 25

MAP 25

MARGINI 25

MARGINS 25-26

MDECK 26

NAME 26

NEST 27

OFFSET 27

OPTIMIZE 27

OPTIONS 27

SIZE 27, 39

SOURCE 28

STORAGE 28

SYNTAX 28

WORKFILE 28-29

XREF 29
compiler subroutine failure 206
complicated overlay structures

link-editing 56

condition codes 209
CONSECUTIVE data sets
accessing 129, 130
information required 130
creating 128-134
information required 129
defining 119
ENVIRONMENT options 120-128
PL/I organization 75, 119
print control characters in 130
punching cards and printing
in 130-134
record format 130
space management 79

statements and options permitted 120

using 118-134
CONSECUTIVE files

compatibility with VSAM 177
CONSECUTIVE option 94, 124

for STREAM files 107
console log, in problem

determination 327

constructing overlay programs 54
control

areas 167

intervals 167

of conditions 208-209

password 299

phase 16

program 6

statements, linkage editor 52
control characters

American National Standard 131

American National Standard (ANS) 114

CTLASA 131, 132

CTL360 131-132

for print formatting 113

machine code 131

print

for record-oriented data
transmission 130

2540 card read punch 131

3525 card printer 132
CONTROL compiler option 18

description 22

function 20
control sections of object module
control statements, linkage editor 68

ACTION statement 68-49

ENTRY statement 52

examples 52

INCLUDE statement 649-50

PHASE statement 50-51
CONTROLPH password operand

of DEFINE CLUSTER command 302
conversational monitor system (CMS) 8
conversational program checkout 202
conversion feature 89
conversion library, PL/I 279 :
COPY option of GET statement 205
core-image library 67, 68

contents 66

deleting unwanted programs 67

including new programs 67
core-image modules 7
COUNT compiler option

abbreviation and default 18

description 22

function 20

in program checkout 207

with CICS 274
creating

alternate indexes 312

commands required 313
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CONSECUTIVE data sets 128-134
information required 129
data sets for record-oriented
transmission 118

data sets for stream-oriented data

transmission 109

example 111

data sets using a PRINT file
example 115

dummy records 189, 190
in INDEXED data sets 144

INDEXED data sets 1642-145
example 149
information required 142

nonunique key alternate index paths

for an ESDS 190
example 190

REGIONAL data sets
information required 159

with SEQUENTIAL OUTPUT file 158

REGIONAL(1l) data sets 156-157
example 160

REGIONAL(3) data sets 158
example 163

unique key alternate index paths for

a KSDS 196
example 197

unique key alternate index paths for

an ESDS 1389
example 189

creating a data set

example 12
cross—partition sharing 304
cross—reference table 33
cross-system sharing 304
CTLASA control characters 131
CTLASA option 124
CTL360 option 124
CURRENTSTORAGE 278
cyvlinder overflow area 137
CYLINDERS operand

of DEFINE CLUSTER command 301

D

D compiler
assembler language interface 314

D0OS PL/I, compatibility with 314-320

E-format items 315
F-format items 315
REGIONAL data sets 315
D-format records 74
DAM (Direct Access Method) 78
data aggregate
declaration in COBOL 255
declaration in PL/I 255
data area
overflow 144
prime 143
data management 78- 79
access methods 78-79
auxiliary storage devices 80- 91
blocking and deblocking of
records 78
buffers 78
locate-mode 78
move—-mode 78
data mapping 249-250, 252
DATA operand
of DEFINE CLUSTER command 300
data sets

See also VSAM data sets
accessing
CONSECUTIVE 129, 130
example 13
accessing for record-oriented
transmission 118
accessing for stream-oriented data
transmission 111, 113
record format 112
associating one with many files 93
associating with files 91
buffered 315
common 247
compiler 15
CONSECUTIVE
ENVIRONMENT options for 120-128
options and statements
permitted 120
record format 130
C??gECUTIVE organization 75, 1ll,
CONSECUTIVE, using 118-134
creating
CONSECUTIVE 128-134
example 12
INDEXED 142-145
creating for record-oriented
transmission 118
creating for stream-oriented data
transmission 109
example 111
creating using a PRINT file
example 115
defined 72
defining 9
REGIONAL 152
defining a VSAM 299
defining for stream files 106-117
deleting VSAM 305
effect of restart on 232
INDEXED 134-151
accessing 145-147
adding records to 138
defining 139
embedded keys in 137
ENVIRONMENT options for 139-142
index structure of 136
organization 134
recorded keys in 137
source keys in 137
INDEXED organization 75
information 10
information for record-oriented
transmission 119
information for stream-oriented data
transmission 1190
job control statements (JCL) for 76
labels 76
multiple, on magnetic tape 89
names 72
on direct-access devices, effect of
restart on 232
on magnetic tape
backward processing 90
ENDFILE condition 91
on magnetic tape, effect of restart
on 232
organization 75
ENVIRONMENT optlons 94
REGIONAL 151-165
organization 151
recorded keys in 154
source keys in 155-156
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"statements and options
permitted 153-154
REGIONAL organization 75
REGIONAL, D compiler 315
sharing between jobs 304
sharing within a job 304

types available to PL/I record
I0 118
unit record, effect of restart
on 232
used by sort/merge 235-237
input 235
output 237
work 236
VSAM 297-298
VSAM, life of 299-300
VSAM, sharing 304
data sets, nature and
organization 72-105
data types 248
equivalence 254, 256
data variables
in overlay programs 57
DB-format records 74
debugging information 212
DECK
abbreviation and default 18
DECK compiler option
description 22
for cataloging an object module 70
function 20
declaration of SYSPRINT 271, 272
DECLARE statement 319, 320
labels 316
defaults
ATTRIBUTES 32
for non-VSAM data sets
BLKSIZE option 103
RECSIZE option 103
for stream-oriented transmission
BLKSIZE option 108
RECSIZE option 108
record format
for stream-oriented
transmission 108
record format options 103
DEFINE ALTERNATEINDEX command
CATALOG operand 310
KEYS operand 310
NAME operand 309
NONUNIQUEKEY operand 310
NOUPGRADE operand 310
RECORDSIZE operand 310
RELATE operand 310
syntax and operands 309-310
UNIQUEKEY operand 310
UPGRADE operand 310
use 308
DEFINE CLUSTER command 298
CATALOG operand 303
CONTROLPH password operand 302
CYLINDERS operand
DATA operand 300, 303
FILE operand 301
FREESPACE operand 301
INDEX operand 300, 303
INDEXED operand 301
KEYS operand 301
MASTERPH password operand 302
NAME operand 301
NONINDEXED operand 301
NOREUSE operand 302
NUMBERED operand 301
password operands 302

READPH password operand 302
RECORDS operand 301
RECORDSIZE operand 302
REUSE operand 302
REUSE option 298
SHAREOPTIONS operand 302
syntax and operands 300-304
TRACKS operand 301
UPDATEPHW password operand 302
VOLUMES operand 302
DEFINE PATH command
syntax and examples 311-312
use 308
DEFINED attribute, use of 319
defining
CONSECUTIVE data sets 119
data sets 9
data sets for stream files 106
entry-sequenced data sets
example 188
files for stream-oriented data
transmission 106
INDEXED data sets 139
key-sequenced data sets 193
example 194
pictures 317
REGIONAL data sets 152
relative-record data set 199
example 199
VSAM data sets 172, 299
direct 172
sequential 172
DELETC statement 67
DELETE CLUSTER command 305
deleting
alternate indexes 312
records 144
VSAM data sets 305
DELETR statement 70
DELETS statement 69
density for magnetic tape 89
device
See also direct-access
assignment 77
assignments, standard 9

types .
and MEDIUM option
specifications 99
associated with symbolic
names 100
device—associated files 133-134
DFHEIP 279
DFHIBM 280
DFHPC macro 274
DFHPL1C 323
DFHPL1I 280
interface module 321 ,
link-edited into transaction 323
DFHPLIN entry point 323
DFHSAP
CICS/VS-PL/1 nucleus module 323-324
module 321
diagnostic messages 37
direct
data set 75
input to REGIONAL(3) data sets 165
update to REGIONAL(3) data sets 164
direct access
key-sequenced data sets 184
relative-record data set 185
to INDEXED data sets 147
to REGIONAL(1l) data sets 157
to REGIONAL(3) data sets 159
direct-access
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devices use in multilanguage programs 63

effect of restart on data sets using alternate index and backward
on 232 reading 191-192
devices, data sets on 298 ~ example 191-192
direct-access devices entry-sequenced data set (ESDS) 167
diskettes 91 alternate index 168
Disk Operating System (DO0S) ENVIRONMENT attribute
introduction to 6 ADDBUFF option 139, 140
disk storage, taking checkpoints on 231 ASCII option 121
diskette storage 91 ASSOCIATE option 121-122
DISPLAY statement 316 BKWD option 174
DLBL statement BLKSIZE option
description 11, 76 defaults 103
for DASD data sets 77 BLKSIZE options 102
processing a data set 9 BUFFERS option 103
restrictions 11, 77 BUFND option 175-176
under CMS 327 BUFNI option 176
DO statement expressions 314 BUFOFF option 122-123
DO-group level numbering 32 defaults 123
- NEST option 27 BUFSP option 176
DOS (Disk Operating System) CMDCHN option 123
data management 78-79 COBOL option 104
introduction 6 COLBIN option 85, 124
DOS PL/]I D compiler, compatibility CONSECUTIVE option 94, 107, 124
with 314-320 CTLASA option 124
dummy arguments for PL/I data CTL360 option 124
aggregates 249 data set organization options 94
dummy records description 94
creating 144 EXTENTNUMBER option 104
REGIONAL(1) 156 FILESEC option 124
DUMP FUNCTION option 125-126
abbreviation and default 18 GENKEY option 97-938
DUMP compiler option 39 GRAPHIC option 109
description 22 HIGHINDEX option 140
function 20 INDEXAREA option 140
dumps 209-213 INDEXED option 94, 140
dynamic checking facilities 207 INDEXMULTIPLE option 140
Dynamic Storage Area (DSA) 217 KEYLENGTH option 105
Dynamic Transaction Backout 275 KEYLOC option 141
DYNBUF LEAVE option 126
default 18 MEDIUM option 98, 101
DYNBUF compiler option associating data sets with
description 22 files 91-92
function 20 device type spec1f1cat1ons 99
DYNDUMP subroutine 316 device types

with DOS PL/I D compiler 318
with 3525 multiple print
feature 86
E NOFEED option 126
NOLABEL option 126
NOTAPEMK option 127

E (error-level) messages 38 NOWRITE option 142

E-format items, D compiler 315 OFLTRACKS option 1642

EBCDIC 21, 73 OMR option 82-84, 127

EBCDIC mode 85 option-list 97

eliminating redundant expressions 317 options

embedded keys for CONSECUTIVE data sets 120-128
in INDEXED data set 137 for INDEXED data sets 139-142

end-of-data statement 1, 2 ’ for REGIONAL data sets 152

end-of-job statement 1, 2 for stream-oriented data

ENDFILE condition 91, 318 ) transmission 106-109

~ entry names ‘ for VSAM data sets 172, 173-176
as arguments 318 : ' performance options 175
declarations for 1nter1anguage ‘ RCE option 84, 127 °
communication 251 record format options 107

ENTRY statement 52 for record-oriented data

entry-sequenced data set 297 transmission 95
defining and loading, example 188 for stream-oriented data
loading 179 transmission 97
RETURNS keyword 318 RECSIZE option 102, 108
sequential access 179 defaults 103
statements and options REGIONAL option 94, 152-154

permitted 180-181 SCALARVARYING option 105

updating, example 189 SKIP option 175
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STACKER option 84, 128

to describe data set organization 75

UNLOAD option
VERIFY option
VOLSEQ option 128
VSAM option 94
WRTPROT option 128
ENVIRONMENT options
See also ENVIRONMENT attribute
PASSWORD 173-174
REUSE 174
VSAM 173
environment, interlanguage
error (E) message
error handling 278
error handling, CICS 274-277
ERROR on-unit 209
errors, source program 317
ESD (External Symbol Dictionary) 35
contents 45
description 15
entries 36
entries in object module 44
ESD compiler option
default 18
description 23
function 19
EXEC CICS
ABEND 279
HANDLE 274-276,
RETURN 279
XCTL 279
EXEC statement 2
used by linkage editor 47
executable program phase
as output from linkage editor 43
combining relocatable modules 7
module loading 14
executing a program using VSAM data
sets 178-179
executing Access Method Services
commands 312
execution-time
checkout 203-206
dumps, use in problem

126
104

258-264

277

determination 327
options 274
options, under CICS 272

performance 6
return codes
expressions :

in DO statements 314
Extended Binary Coded Decimal
Interchange Code (EBCDIC) 21, 73
extent of PL/I environment 261
EXTENT statement 9

description 11, 76

for DASD data sets 77

processing a data set 9

213

with INDEXED data sets 143
EXTENTNUMBER option 104
external references 15, 45
external symbol, defined 45

F

F-format records 73
failure
compiler subroutine 206
compiler under CMS 327

library subroutine 206
system 206
unidentified program 205-206

FB-format records 73
fields, table definition
FILLERS field 116
LINESIZE field 116
modifying tab settings 117
OFFSET OF TAB COUNT field 116
PAGELENGTH field 116
PAGESIZE field 116
tab count field 116
tabl-tabn field 116
file
attributes 95
attributes permitted for VSAM data
sets 173
information 212
parameter attributes 317
print format 113
print options
for stream-oriented data

transmission 113
PRINT, creating data set using
example 115

stream, writing graphic data to 1

SYSIN 117

SYSPRINT 117
FILE operand

of DEFINE CLUSTER command 301
files

associating many with one data

set 93

associating with data sets 91

device-associated 133-134
in overlay programs 57

files, nature and organization 72-10
FILESEC option 124
FILLERS 116

FINISH condition 209
fixed-length records
blocked 73
unblocked 73
FLAG
abbreviation and default 18
FLAG compiler option
description 23
function 19
FLAG(E) messages 38
FLAG(I) messages 38
FLAG(S) messages 38
FLAG(W) messages 38
FLOW
default 18
FLOW compiler option
function 20
in program checkout 207
FLOW compiler options
description 23
foreground partitions 48
format
of magnetic tape volumes 90
of records sent to SYSPRINT 271
FORTRAN
arguments, matching 255-256
communication with PL/I 2647-264

Index
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environment, establishing 260
handling interrupts 262

option of CPTIONS attribute 250,

parameters, matching 255-256
routines
invoking 250
passing arguments from 252
restrictions on input/output
by 261-262
terminating 263-264
FREE NON-LIFO requests 273
FREE statement 270
use in CICS 270
FREEMAINs, number of 273
FREESPACE operand
of DEFINE CLUSTER command 301
FUNCTION option 125-126
Fl1 option
of ACTION statement 48
F2 option
of ACTION statement 468
F3 option
of ACTION statement 49
F4 option
of ACTION statement 469

G

GENKEY option 97-98
GET NON-LIFO requests 273
GET statement
COPY option 205
GETMAINs, number of 273
GO T0 statement
interlanguage environment 263
out-of-block 276
GOSTMT
abbreviation and default 18
GOSTMT compiler option
description 23
function 20
in program checkout 207
GRAPHIC
default 18
GRAPHIC compiler option
description 23
function 19
graphic data, writing to a stream
file 112
GRAPHIC option 109

H

halfword binary numbers 315
HANDLE command 275-276
handling interrupts

COBOL routines 262

FORTRAN routines 262
hexadecimal dump 213 :
High-Level Programming Interface

(HLPI) 269

HIGHINDEX option 140

253

how to build an alternate index 308-309

how to invoke an assembler routine
nonrecursive 218
recursive 219

I (informatory—-level) messages 38
I/0 concepts in DOS 9
IBMBAMM 279
IBMBAMMA 58
IBMBAYFA 58
IBMBBBAA 58
IBMBBBNA 58
IBMBBCIA 58
IBMBBCKA - 58
IBMBBCTA 58
IBMBBCVA 58
IBMBBGCA 58
IBMBBGFA 58
IBMBBGIA 58
IBMBBGSA 58
IBMBBGVA 58
IBMBCBBA 58
IBMBCBCA 58
IBMBCBQA 58
IBMBCOA 58
IBMBCVA 58
IBMBCWA 58
IBMBCYA 58
IBMBEER 277
IBMBEOCA 58
IBMBEOLA 58
IBMBERCA 323
IBMBJDSA 54
IBMBJDTA 58
IBMBJDYA 58
IBMBJDZA 58
IBMBJTTA 58
IBMBJWTA 54
IBMBKCPA 58
IBMBKSTA 58
IBMBMPUA 58
IBMBMQUA 58
IBMBMRUA 58
IBMBMRVA 58
IBMBMUDA 58
IBMBMVUA 58
IBMBMVVA 58
IBMBMVWA 58
IBMBMWXA 58
IBMBMWYA 58
IBMBMXLA 58
IBMBMXSA 58
IBMBOCLA 323
IBMBOCLB 323
IBMBOCLC 323
IBMBPAFA 58
IBMBPAMA 58
IBMBPGRA 55
IBMBPOPT 323
IBMBPRCA 58
IBMBPSRA 323
IBMBRIOA 54
IBMBSCPA 54
IBMBSTAB * 116
IBMBTOCA - 54
IBMDKDM 324
IBMDPOLA 55
IBMDPSL 279
IBMDPSR 323
IBMDSIO 324
IBMFEFCA 324
IBMFERR 323
IBMFESMA 324
IBMFESNA 324
IBMFETXA 324
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IBMFFOCA
IBMFKCSA
IBMFKMPA
IBMFKPTA
IBMFKTBA
IBMFKTCA
IBMFKTRA
IBMFPCC
IBMFPGDA
IBMFPGR
IBMFPMRA
IBMFSTVA
IBMFSTVB
IBMFSTVC
IBMHPIR
IJKEXHC
IJKTROF
IJKTRON 316
INCLUDE
card 280
compiler option 41
INCLUDE compiler option
abbreviation and default 18
description 24
function 19
INCLUDE statement 49-50
independent overflow area
index
area 137
master 136, 143
structure of an INDEXED data set 136
upgrade set 168, 307
INDEX operand"
of DEFINE CLUSTER command 300,
INDEXAREA option 140
INDEXED
organization 134
VSAM data sets, keys for
INDEXED data set 75, 134
accessing 1645-147
adding records 138
creating 162-145
example 149
information required 142
creating dummy records 144
defining 139
deleting records 144
direct access to 147
embedded keys in 137
ENVIRONMENT options
index structure 136
keys 144
record format 144, 146
recorded keys in 137
reorganizing 147
sequential access to 145-147
sequential processing of 135
source keys in 137
statements and options permitted
updating
exampla 150
INDEXED entry—-sequenced data set
sequential access 181
INDEXED files
compatibility with VSAM 177
INDEXED operand
of DEFINE CLUSTER command 301
INDEXED option 94, 140
indexed sequential data set 75
indexes 136-137
INDEXMULTIPLE option 140

324
3246
324
324
324
326
324
323
324
323
324
323,
323
323
323
316
316

324

137

303

168

139-142

135

indicator, RPG 257
Information Interchange Codes 73
informatory (I) message 38
Initial Program Load (IPL) 6
Initial Storage Area (ISA) 270,
input/output
restrictions on by FORTRAN
routines 261-262
inserting a book into source statement
library 638
insertion methods
VSAM into a KSDS 196
INSOURCE compiler option
abbreviation and default 18
description 24
function 19
INTER option of OPTIONS attribute 250
interface
assembler language with D
compiler 314
CICS-supplied 266
CICS-supplied, restrictions 269
CICS/VS-PL/1 application program 322
command-level 269
components, CICS/VS-PL/I 321-324
High-Level Programming Interface
(HLPI) 269
macro-level 267-269
PL/I-COBOL 254-255
PL/I-FORTRAN 255-256
PL/I-RPG 256-257
PL/I-supplied, status 269
to CICS, PL/I-supplied 267
interlanguage
communication, OPTIONS ASSEMBLER 278
environment 258-264
environment, GO0 TO statement 263
facilities 267-264
interrupt-handling
COBOL routines 262
FORTRAN routines 262
invalid input data 205
invalid use of PL/I 204
invoking
COBOL routines 250
FORTRAN routines 250
PL/1 routines 252
I0CS modules, called from assembler
subroutines 220
ISASIZE option 272-274

273

J

JCL statement
ASSGN 9
DLBL 9
EXTENT 9
LBLTYP 9
TLBL 9
job control program 6
job control statements 76
linkage editor 466
EXEC statement 47
LBLTYP statement 47
OPTION statement 47
required to use VTOC 325
JOB statement 2
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K

key conversions, reduction of 156
key-sequenced data set 297
creating a unique key alternate index
path for 196
example 197
defining and loading 193
example 4
direct access 184
loading 181
SAMEKEY built-in function 184
sequential access 181
updating 193, 196
example 195
using a unique key alternate index
path with 197
example 198
key-sequenced data set (KSDS) 167
alternate index 167
prime index 167
KEYLENGTH option 105
KEYLOC option 141
keys
conversions, reduction of 156
embedded, in INDEXED data set 137
for INDEXED VSAM data sets 168
for VSAM data sets 168
in INDEXED data sets 144
keys for 168
recorded, in INDEXED data set 137
recorded, in REGIONAL data sets 154
source, in INDEXED data set 137
source, in REGIONAL data
sets 155-156
VSAM data sets
KEYS operand
of DEFINE ALTERNATEINDEX command 310
of DEFINE CLUSTER command 301

labels 76
magnetic tape 90
on DECLARE statements 316
LBLTYP statement
description 11, 76
for data management 77
processing a data set 9, 11
restrictions 11, 77
used by linkage editor 47
LEAVE option 126
length of initial storage area 273
LIBDEF statement 15
libraries 6
library 66
conversion 279
core-image 6
for DOS supervisor controlled
programs 6
PL/I shared for CICS/DOS/VS 279
relocatable
use 7
source statement
and XINCLUDE statement 17
use 7
subroutine failure 206
life of VSAM data set 299-300
LIMSCONV compiler option

abbreviation and default 18
description 24
function 20
LINE option and format item 113
line printers
LINECOUNT compiler option
abbreviation and default 18
description 24
function 19
LINESIZE 116
LINESIZE option
of OPEN statement 114
LINK compiler option
default 18
description 25
LINK operand
of OPTION statement 15
link-editing
complicated overlay structures 56
tall overlay structures 55
examples 56
wide overlay structures 54
example
linkage editor 63, 52-65, 327
additional processing
AUTOLINK feature 63
building overlay structure 43
checkout 203
control dictionary 64
control statements 48-52
ACTION statement 48-49
ENTRY statement 52
examples 52
INCLUDE statement 49-50
PHASE statement 50-51
converting modules 7
entries in object module 44
external symbol resolution 46
including library modules 46
incorporating resident library
modules 466
input to 63
job control statements for 46
EXEC statement 47
LBLTYP statement 67
OPTION statement 47
linking multilanguage programs 63
linking multiple object modules 63
listing 52
map, use in problem
determination 327
multiprogramming considerations 66
output from
executable program phase 43
module map 43
processing 66
use under DOS release earlier than
28.0 57
linking PL”/I
with other language modules 63
linking PL/I with
assembler language modules  215-228
arguments, parameters, return
codes 226
ASSEMBLER option 227
calling I0OCS modules 220
calling PL/1I from
assembler 221-223
Dynamic Storage Area (DSA) 217
error—handling 226
establishing PL/I environment 217
invoking nonrecursive assembler
routine 218
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invoking recursive assembler
routine 219
passing arguments 228
passing parameters 215
PLICALLA 217
PLICALLB 217
return codes 228
save area 217
use of PLICALLA 224
use of PLICALLB 224
use of PLIMAIN 225
use of register 12 219
LIST compiler option
default 18
description 25
function 19
listing 16
compiler 30-31
example 281-282
linkage editor 52
use in problem determination 327
LISTIO CMS command 327
loading
entry-sequenced data set 179
example 188
key-sequenced data set 181, 193
example 194
relative-record data set 184, 199
example 199
VSAM data sets 168
locate-mode 78
logical errors in source programs 204

MACRO compiler option
abbreviation and default 18
description 25
function 19

macro-level interface 267-269

magnetic tape 89
backward processing 90
checkpoints 231
conversion feature 89
effect of restart on data sets

on 232
ENDFILE condition 91
labels 90
recording density 89
taking checkpoints on 231
track width 89
translation feature 89
volume format 90
volumes with multiple data sets 89

major order, column 249

major order, row 249

MAP compiler option
default 18
description 25
function 19

MAP option
of ACTION statement 468

mapping 24649-250

mapping of arrays 263

MARGINI
abbreviation and default 18

MARGINI compilerzgption

description
function 19
MARGINS

abbreviation and default 18

MARGINS compile option
function 19
MARGINS compiler option
description 25-26
master index 136, 143
master password 299
MASTERPHW operand
of DEFINE CLUSTER command 303
MASTERPW password operand
of DEFINE CLUSTER command 302
matching
COBOL arguments 254-255
FORTRAN parameters 255-256
RPG parameters 256-257
MDECK
abbreviation and default 18
MDECK compiler option
abbreviation and default 18
description 26
function 19
MEDIUM option 98, 101
associating data sets with
files 91-92
device types 100
and corresponding
specifications 99
symbolic device name

SYSIPT 100
SYSLST 100
SYSPCH 100

with DOS PL/I D compiler 318
with 3525 multiple print feature 86
messages
error—-level 38
informatory-level 38
severe—level 38
unrecoverable error 38
warning-level 38
modifying tab settings 117
module map
as output from linkage editor 63
move-mode 78
multilanguage programs
entry-sequenced data set with 63
multiphase program 53
multiple compilations 40
multiple data sets
on magnetic tape 89
multiple print feature 86
multiprogramming 48

NAME compiler option
abbreviation 18
description 26
function 20

NAME operand
of DEFINE ALTERNATEINDEX command 309
of DEFINE CLUSTER command 301
of PHASE statement 50

NEST compiler option
default 18
description 27
function 19 -

NOAGGREGATE compiler option
abbreviation and default 18

NOATTRIBUTES compiler option
abbreviation and default 18

NOAUTO option
improve program after use 57
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of ACTION statement 49
NOCOMPILE compiler option
abbreviation and default 18
description 21
function 19
NOCOUNT compiler option 272, 274
abbreviation and default 18
NODECK compiler option
abbreviation and default 18
NODUMP. compiler option
abbreviation and default 18
NODYNBUF compiler option
default 18
description 22
NOESD compiler option
default 18
NOFEED option 126
NOFLOW compiler option 272, 274
default 18
NOGOSTMT compiler option
abbreviation and default 18
NOGRAPHIC compiler option
default 18
description 24
NOINCLUDE compiler option
abbreviation and default 18
NOLABEL option 126
NOLIMSCONV compiler option
abbreviation and default 18
NOLINK compiler option
default 18
description 25
NOLIST compiler option
default 18
NOMACRO compiler option
abbreviation and default 18
NOMAP compiler option
default 18
NOMAP option
of ACTION statement 48
NgggP option of OPTIONS attribute 250,
NOMAPIN option of OPTIONS
attribute 250, 253
NOMAPOUT option of OPTIONS
attribute 250, 253
NOMARGINI compiler option
abbreviation and default 18
NOMDECK compiler option
abbreviation and default 138
NON-LIFO
FREE requests 273
GET requests 273
non-recursive assembler routine
skeletal code 218
NONEST compiler option
default 18
NONINDEXED operand
of DEFINE CLUSTER command 301
nonrecursive assembler routine
how to invoke 218
nonunique key alternate index 168
nonunique key alternate index path
creating for an ESDS 190
example 190
NONUNIQUEKEY operand
of DEFINE ALTERNATEINDEX command 310
NOOFFSET :
abbreviation and default 18
NOOPTIMIZE compiler option
abbreviation and default 18
description 27
function 20
NOOPTIONS compiler option

abbreviation and default 18
NOREL option
of ACTION statement 49
NOREPORT option 272-274
NOREUSE operand
of DEFINE CLUSTER command 302
NOSOURCE compiler option
abbreviation and default 18
NOSTAE option 272-274
NOSTORAGE compiler option
abbreviation and default 18
NOSYNTAX compiler option
abbreviation and default 18
description 28
function 19
NOTAPEMK option 127
NOUPGRADE operand
of DEFINE ALTERNATEINDEX command 310
NOWRITE option
NOXREF compiler option
abbreviation and default 18
number of
FREE NON-LIFO requests 273
FREEMAINS 273
GET NON-LIFO requests 273
GETMAINS 273
NUMBERED operand
of DEFINE CLUSTER command 301
numbers, halfword binary 315

0

object module 14
control sections 44
external symbol dictionary 45
listing 37
relocatable 7
text 44
object module structure
OFFSET compiler option
abbreviation and default 18
description 27
function 20
OFFSET OF TAB COUNT 116
OFLTRACKS option 142
OMR option 82-84, 127
ONSYSLOG option 316
OPEN statement
LINESIZE option 114
TITLE option 93
operating error 205
operating instructions, use for problem
determination 327
Optical Mark Read (OMR) feature 82-84
OPTIMIZE compiler option
abbreviation and default 18
description 27
OPTIMIZE(TIME) compiler option
function 20
optimizing record access 151
option list
for ENVIRONMENT attribute 97
OPTION statement
CATAL option 67
LINK option 15, 67
options
used by linkage editor 47
with LINK option 2
options
execution-time 274
execution-time, CICS 272
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options and statements permitted

for CONSECUTIVE data sets 120

for INDEXED data sets 135

for REGIONAL data sets 153-154

OPTIONS attribute
ARGn option 251
COBOL option 250, 252
FORTRAN option 250, 253
INTER option 250
NOMAP option 250, 253
NOMAPIN option 250, 253
NOMAPOUT option 250, 253
RLABL option 253
RPG option 253
OPTIONS compiler option
abbreviation and default 18
description 27
function 19
OPTIONS(ASSEMBLER)> 227, 278
ORIGIN operand
of PHASE statement 50
original source program 326
out-of-block GO TO 276
output 16
overflow areas 137, 144
cylinder 137
independent 137
overlay phase 53
loading with PLIOVLY 53
storage requirement 62
use of 61
overlay program 53-63
constructing 54
data variables 57
example 60
files 57
in a foreground partition 59
library modules 57
link-edited with AUTOLINK
improvements to 56
link-edited with NOAUTO 57
improvements to 57
overlay phase 53
storage requirement 62
permissible modules 58
root phase 53
storage requirement 62
storage requirement 62
example 62
use of overlay phases 61
using batched compilation 61
overlay structure building 63
overlay structures 53
complicated, link-editing 56
tall, link-editing 55
examples 56
wide, link-editing 564
example 55

P

PAGE option and format item 113
PAGELENGTH 116
PAGESIZE 116
parameters 252
and arguments 248
lists 226, 253
matching COBOL 254-255
matching FORTRAN 255-256
matching RPG 256-257
passing 215

to COBOL routines 248
to FORTRAN routines 248

partition 6

foreground
overlay program in 59

partitions

foreground 68

passing arguments

data mapping 249-250, 252

data types 248

from assembler-language routines
from COBOL routines 252

from FORTRAN routines 252
problem data 249
program—control data 249

to COBOL routines 248

to FORTRAN routines 248

passing parameters 215
passwords

alternate indexes 307
control 299

master 299

operands of DEFINE CLUSTER
command 302

protection 299

read 299

update 299

performance 4-5

compile-time 6
execution-time ¢
with alternate indexes 307

PHASE statement 50-51

NAME operand 50
ORIGIN operand 50

picture defining 317
PL/I

abend codes under CICS 276
bit manipulation routines 279
calling assembler calling PL/I
CICS system information 321-324
conversion library 279
declaration of a data aggregate
error handling, methods of overr
and restoring 226
linking with assembler
modules 215-228
arguments, parameters, return
codes 226
ASSEMBLER option 227
calling I0CS modules 220
calling PL/I from
assembler 221-223
Dynamic Storage Area (DSA) 2
error-handling 226
establishing PL/I environment
invoking nonrecursive assembl
routine 218
invoking recursive assembler
routine 219
passing arguments 228
passing parameters 215
PLICALLA 217
PLICALLB 217
return codes 228
save area 217
use of PLICALLA 224
use of PLICALLB 224
use of PLIMAIN 225
use of register 12 219
out-of-block GO TO 276
program termination 279
restrictions under CICS 266
running program 1-5
using on CICS 265-280
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writing CICS/VS transactions 267-269
PL/I environment 216
establishing 217, 258-260
establishing for multiple
invocations 221
establishing separately for each
invocation 224
extent of 261
PL/1I interface
COBOL 254-255
FORTRAN 255-256
RPG 256-257
to CICS 267
to CICS, status 269
PL/I preprocessor
use in program checkout 209
PL/1I procedure
called from assembler
language 221-223
invoked by PLIMAIN 217
invoked by RPG II 257
PL/I routines
called from assembler 215, 216
invoking from COBOL, FORTRAN,
RPG 252
PL/I Sort 236-246
data sets used by 235-237

input 235
output 237
work 236

invoking from PL/1 237-238
PLISRTA entry 234
syntax 237
PLISRTB entry 234
syntax 237
PLISRTC entry 234
syntax 237
PLISRTD entry 2346

“ syntax 237
programming examples
PLISRTA 239
PLISRTB 241, 245
PLISRTC 242, 246
PLISRTD 2643
storage requirements 234
user exit points 234
procedures invoked 235
PL/I storage 270
amount required 273
planning with alternate indexes 307
PLICALLA 215, 217, 2264
PLICALLB 217, 224
PLICKPT 229-231
PLICOUNT 322
PLICOUNT control section 45
PLIDUMP 209-211
default options 278
options 277-278
use of 277-278
PLIFLOW 322
PLIFLOW control section 45
PLIMAIN 322
establishing as an entry in an
assembler-language routine 225
inserting a PL/I entry point address
into 225
used to invoke a PL/I procedure 217
PLIMAIN control section 644
PLIOVLY library module 53
PLIRETC 235
PLISA subroutine 261
PLISHRE 280
PLISRTA 234
programming example 239

238-246

syntax 237
PLISRTB 234
programming example 241, 245
syntax 237 :
PLISRTC 234
programming example 262, 246
syntax
PLISRTD 234
programming example 243
syntax 237
PLISTART 280
PLISTART control section 44
PLITABS structure
for modifying tab settings 117
PLITCIC 322
PLIXHD 29, 322
PLIXOPT character string 273
PRECISION built-in function 317
preprocessor 14
input 31
use for problem determination 326
primary input 15
prime data area 163
prime index 167, 297
print
American National Standard (ANS)
control characters 114
control characters 113
for record-oriented data
transmission 130
in CONSECUTIVE data sets 130
on 3525 card punch 85
multiple print feature 86
two-line print feature 86
record format
for stream-oriented data
transmission 114
PRINT file
creating data set using
example 115
LINE option and format item 113
PAGE option and format item 113
SKIP option and format item 113
PRINT files ,
for stream-oriented data
transmission 113
problem data 249
problem determination
console log 327
execution—time dumps 327
linkage editor map 327
listings 327 ,
operating instructions 327
use of preprocessor 326
procedure library
contents 66
PROCEDURE statement, RETURNS
keyword 318
PROCESS statement 15
processing allowed on alternate
indexes 178
processing phases 14
PROD built-in function 317
program checkout 202
CHECK prefix option 208
compile-time 202-203
compiler subroutine failure 206
condition codes 209
control of conditions 208-209
conversational 202
debugging information 212
dynamic checking facilities 207
ERROR on—-unit 209
execution—-time 203-206

326-329
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file information 212
FINISH condition 209
hexadecimal dump 213
invalid input data 205
invalid use of PL/I 204
library subroutine failure 206
linkage-editor 203
logical errors in source
programs 204
operating error 205
PLIDUMP 211
QUICK DUMP option 213
REPORT option 212
SIGNAL statement 208
system failure 206
trace information 211
unforeseen errors 204
unidentified program failure 205-206
use of XZINCLUDE statement in 209
use of PL/] preprocessor 209
program control data 249
program control section 44
program libraries
core-image library 67, 68
contents 66
creation and maintenance 66-71
deleting books from source statement
library 69
deleting programs from core-image
library 67
private libraries
defining 66
procedure library
contents 66
relocatable library 69, 71
adding object module to 69
compiling and cataloging into 69
contents 66
deleting an object module 70
source statement library 68, 69
contents 66
including books 68
inserting new books 68
program phase structure 44
program termination, PL/I 279
programming example 3
listing 281-282
PTFs applied 328
punching cards and printing 130-133
PUT DATA 207, 272

Q
QUERY CMS commands

DISK x 327
DOSLIB 327
LIBRARY 327
OPTION 327
SEARCH 327
SET 327

SYSNAMES 327
TERMINAL 327
VIRTUAL 327

QUICK DUMP option 213

R

RCE option 84, 127
Read Column Eliminate (RCE) feature 84
read password 299
READPH password operand
of DEFINE CLUSTER command 302
record format
CONSECUTIVE data sets 130
defaults
for stream-oriented
transmission 108
ENVIRONMENT options
for record-oriented data
transmission 95
for stream-oriented data
transmission 97
fixed-length 73
for INDEXED data sets 144, 145
for stream-oriented data transmission
to access a data set 112
option defaults 103
options
for stream-oriented data
transmission 107
print
for stream-oriented data
transmission 114
SYSPRINT 271
undefined-length 75
variable-length 74
record-oriented data transmission
access methods 79
accessing data sets for 118
creating data sets for 118
data set information 119
locate-mode 78
move—-mode 78
record format options 95
recorded key
in INDEXED data set 137
in REGIONAL data set 154
recording density 89

records
blocking and deblocking 78
defined 72

dummy, in REGIONAL(1l) data sets 156
in INDEXED data sets 4
creating dummy records 144
deleting records 144
of DEFINE CLUSTER command 301
optimizing access 151
RECORDSIZE operand
of DEFINE ALTERNATEINDEX command 310
of DEFINE CLUSTER command 302
RECSIZE option 102, 108
defaults
for non-VSAM data sets 103
for stream-oriented
transmission 108
recursive assembler routine
how to invoke 219
skeletal code 220
reduction of key conversions 156
redundant expression elimination 317
REGIONAL data sets 151, 165
accessing
information required 159
creating
information required 159
D compiler 315
defining 152
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ENVIRONMENT options 152-154
examples 162
REGIONAL(1), creating 160
REGIONAL(1), updating 161-162
REGIONAL(3), creating 163
REGIONAL(3), direct input 165
REGIONAL(3), direct update 164
REGIONAL(3), sequential
update 165
organization 75
recorded keys in 154
REGIONAL(1l) organization
REGIONAL(3) organization
source keys in 155-156
statements and options permitted 153
REGIONAL files
compatibility with VSAM 177
REGIONAL option 94, 152-154
REGIONAL organization 151
REGIONAL(1) data sets
accessing 157
directly 157
sequentially 157
creating 156-157
defined 152
dummy records 156
organization 156-157
REGIONAL(3) data sets
accessing 158
directly 159
sequentially 158
creating 158-159
example 163
defined 154
direct input 165
direct update 1614
organization 158-159
sequential update 165
register 12, use of 219
REL option
of ACTION statement 49
RELATE operand
of DEFINE ALTERNATEINDEX 310
Relative Byte Address (RBA) 169, 298
in VSAM data sets 169
relative-record data set (RRDS)
defining and loading 199
example 199
direct access 185
loading 184
relative-record number 169
sequential access 185
statements and options
permitted 186-187
under VSAM 167, 298
updating 201
example 200
relative-record number
in relative-record data set
(RRDS) 169 _
relink-editing for 3330-11 and 3350
under DOS/VS Release 346 64
relocatable library 69, 71
adding object module to 69
cataloging an object module 70
compiling and cataloging into 69
contents 66
deleting an object module 70
use 7
relocatable object module 7
relocation dictionary (RLD) 15
entries in object module 44
use 45
relocation factor 45

156-157
158-159
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reorganizing an INDEXED data set 147

REPLY option 316

REPORT option 212, 272-274

resident library modules 54
incorporation during 11nk—ed1t1ng 46

restart, effect on data sets 232

restarts 229

restrictions
on input/output by FORTRAN
routines 261-262

restrictions, CICS-supplied
interface 269
return codes 228
compile-time 257-260
execution-time 213
produced by PL/I data types - 259-260
RETURNS keyword in PROCEDURE and ENTRY
statements 318
REUSE operand
of DEFINE CLUSTER command 302
RLABL option of OPTIONS attribute 253
root phase 53
IBMBJDSA 54
IBMBJWTA 54
IBMBRIDA 54
IBMBSCPA 54
IBMBTOCA 54
storage requirement 62
row-major-order 249
RPG
arguments, matching 256-257
communication with PL/I 247
example of PL/I procedure
invoked 257
indicator 257
option of OPTIONS attribute 253
parameters, matching 256-257
running a PL/I program 1-5 .

S

S (severe-level) messages 38
SAM 78, 79
SAMEKEY built-in function 184
save area 217
SCALARVARYING option 105
Secondary Storage Area (SSA) 270
sequential
update to REGIONAL(3) data sets 165
sequential access
entry-sequenced data sets 179
INDEXED data set 135
INDEXED entry-sequenced data
sets 181
key-sequenced data set 181
relative-record data set 185
to INDEXED data sets 145-147
to REGIONAL(l) data sets 157
to REGIONAL(3) data sets 158
sequential data set 75
SEQUENTIAL OUTPUT file
used to create REGIONAL data
sets 158
severe (S) message 38
shared data sets 178
shared library, PL/I, for
CICS/DOSsVS 279
SHAREOPTIONS operand
of DEFINE CLUSTER command . 304
of DEFINE CLUSTER operand 302
sharing
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between jobs 304
cross—-partition 304
cross-system 304
VSAM data sets 304
within a job 304

SIGNAL FINISH statement 279
ERROR on-unit 209
FINISH condition 209

SIGNAL statement 208

SIZE compiler option
abbreviation and default 18
description 27
function 20

SIZE condition 318

SKIP option 175

SKIP option and format item 113

sort/merge 2346-246
data sets used by 235-237

input 235
output 237
work 236

invoking from PL/I 237-238
PLISRTA entry 234
syntax 237
PLISRTB entry 234
syntax 237
PLISRTC entry 234
syntax 237
PLISRTD entry 234
syntax 237

programming examples
PLISRTA 239
PLISRTB 241, 245
PLISRTC 242, 246
PLISRTD 243
storage requirements 234
user exit points 234
procedures invoked 235
source
program 31, 326
program errors 317
SOURCE compiler option
abbreviation and default 18
description 28
function 19
source key
in INDEXED data set 137
in REGIONAL data set 155-156
source statement library 68, 69
and %ZINCLUDE statement 17
contents 66
deleting unwanted books 69
including books 68
inserting a new book 68
use
space management
for CONSECUTIVE data sets 79
spill files 16
stacker feature 84
STACKER option 84, 128
STAE option 272-274
standard device assignments 9, 77
standard files 11
statement
count option (COUNT) 207
length and INITIAL attribute 318
nesting level 32
number track facility (FLOW) 207
numbering option (GOSTMT) 207
numbers and tracing 207
offset addresses 34
statements and options permitted
CONSECUTIVE data sets 120
entry-sequenced data sets 180-181

238-246

INDEXED data sets 135
REGIONAL data sets 153-154
relative-record data sets
VSAM INDEXED data sets 182-184
static external storage map 37
static external variable 29, 247
status, PL/I-supplied interface to
CICS 269
Sterling pictures 317
STOP statement 279
storage
auxiliary devices 80-91
lifetime of under CICS 270
requirements 34
STORAGE and CURRENTSTORAGE 278
storage classes in CICS
ALLOCATE statement 270
AUTOMATIC 270
BASED 270
CONTROLLED 270
FREE statement 270
STATIC 270
STORAGE compiler option
abbreviation and default 18
description 28
function 19
storage map, variable 37
STREAM attribute 106-117
stream-oriented data transmission
accessing data sets for 111
record format 112
CONSECUTIVE organization 111
creating data set using PRINT fil
example 115
creating data sets for 109
example 111
defining data sets for 106-117
defining files for 106
print record format 114
record format options 97
required information 110
string alignment 314
STXIT macro 274
STXIT PC macro 226
STXIT PC routine 274
submitting an APAR 328
subroutine PLISA 261
SUM built-in function 317
supervisor 6
symbolic device name
SYSIPT
device types associated with
SYSLST
device types associated with
SYSPCH
device types associated with
symbolic device names 9, 77
SYNTAX compiler option
abbreviation and default 18
description 28
SYSCLB 15
SYSIN 315
SYSIN files 117
SYSIPT 15
device types associated with 100
linkage editor control statements
in 463
SYSLNK 15, 16
linkage editor control statements
in 43
SYSLST 15
device types associated with 100
SYSPCH 15, 16
device tvpes associated with 100
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SYSPRINT 315
declaration of 271
format of records sent to 271
use in CICS 271-272
SYSPRINT files 117
data sets for stream files 117
SYSRDR
linkage editor control statements
in 43
SYSRES ,
linkage editor control statements
in 43
SYSRLB
linkage editor control statements

in
SYSSLB 15

system failure 206

system information, PL/I-CICS 321-324
SYS001 15, 16

SYS002 15, 16

T

tab control table
FILLERS field 116
LINESIZE field 116
modifying tab settings 117
OFFSET OF TAB COUNT field 116
PAGELENGTH field 116
PAGESIZE field 116
tab count field 116
tabl-tabn field 116
tab count field 116
tall overlay structures
link-editing 55
examples 56
TCA 321
terminating
COBOL routines 263-264
FORTRAN routines 263-264
termination, PL/I program 279
terminology, alternate index paths 306
text (TXT)
entries in object module 44
TIA 321
TITLE option 93
TITLE option of OPEN statement
use with VSAM data sets 177
TLBL statement 9
description 76
for magnetic tape data sets 77
identifying a data set 10
processing a data set 9
trace information 211
tracing and statement numbers 207
track width 89
TRACKS operand
of DEFINE CLUSTER command 301
transaction work area (TWA) 270
transient library modules
IBMBSTAB 116
translation feature 89
translator, CICS 269
troubleshooting 326-329
TTKK 321
TWA (transaction work area) 270
two-line print feature 86
TYPE=SETXIT operand 275
types of VSAM data sets 170-171

v

U (unrecoverable—level) messages 38
U-format records
UNALIGNED attribute 314
undefined-length records 75
unforeseen errors 204
unidentified program failure 205-206
unique key alternate index 168
unique key alternate index path
creating for a KSDS 196
example 197
creating for an ESDS 189
example 189
using with a KSDS 197
example 198
UNIQUEKEY operand
of DEFINE ALTERNATEINDEX command 310
unit record data sets 232
effect of restart on 232
UNLOAD option 126
unrecoverable (U) message 38
update password 299 '
UPDATEPH password operand
of DEFINE CLUSTER operand 302
updating
entry-sequenced data sets
example 189
INDEXED data sets
example 150
key-sequenced data sets 193, 196
example 195
REGIONAL(1) data sets
example 161-162
REGIONAL(3) data sets
example 164, 165
relative-record data sets 201
example 200
UPGRADE operand
of DEFINE ALTERNATEINDEX command 310
using
access method services program - 303
CICS facilities 280
common storage 258
CONSECUTIVE data sets 118-134
CONSECUTIVE, INDEXED, and REGIONAL
data sets 165
PL/I on CICS 265-280
unique key alternate index path with
a KSDS 197
example 198

v

V-format records 74
variable storage map 37
variable-length records
blocked 74
blocked, ASCII 74
unblocked 76
unblocked, ASCII 74
VB-format records 74
VERIFY option 104
VOLSEQ option 128
volume
defined 72
VOLUMES operand
of DEFINE CLUSTER command 302
VSAM 78
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background 297-313

catalog

VSE/VSAM space management 79
VSAM data sets 167-201

adapting existing programs 177

advantages 170-171

associating alternate index path with
file 178
associating one with several
files 177-178
choice of type 169-172
compatibility interface
compatibility with other
types 176-177
CONSECUTIVE files 177
INDEXED files 177
REGIONAL files 177
control areas 167
control intervals 167
data set types 297-298
defining 299
direct 172
defining 172
direct access 184
egﬁ;y—sequenced data set (ESDS)
alternate index 167
programming examples
entry-sequenced, sequential
ENVIRONMENT attribute
performance options 175
ENVIRONMENT attribute options
for 172
ESDS, statements and options
permitted 180-181
executing a program using 178-179
index upgrade 168
INDEXED 168
keys for 168
sequential access 181
INDEXED, statements and options
Permltted 182-184
kgg;sequenced data set (KSDS)

alternate index 167
methods of insertion
prime index 167
programming examples
life of 299-300
loading 168
entry-sequenced data set 179
on direct-access storage devices
organization 167-168
permitted file attributes 173
169

177

167,

188-192
179

167,

into 196
193-198

298

prime index 297

Relative Byte Address (RBA)
with KEYFROM option 169
with KEYTO option 169

rféztive-record data set (RRDS)
direct access 185
loading 184
programming examples
sequential access 185
statements and options
permitted 186-187

SAMEKEY built-in function

sequential 172
defining 172

shared 178

sharing 304

TITLE option of OPEN statement

with 177

types 170-171

167,

198-201

184

VSAM option

of ENVIRONMENT attribute
VSE/VSAM space management 79
vT0C

display utility 325

job control statements required 3

173

W

W (warning-level) message 38
warning (W) message 38
wide overlay structures
link-editing 54
example 55
WORKFILE compiler option
default 18
description 28-29
function 20
workspace 16
writing
CICS/VS transactions in PL/I
graphic data to a stream file
WRTPROT option 128

267-
112

X

XREF compiler option
abbreviation and default 18
description 29
function 19

xxxx abend code 277

1442 card read punch 80

2501
2520
2540 card
2540 card

(CTL360)
2560 card

reader 80

read punch 80

read punch

read punch
131

read punch 81

card
card

control characte

3

3504 card reader 82-87
column binary mode 85
EBCDIC mode 85
OMR option with 82-84
Optical Mark Read (OMR)

feature 82-84
RCE option with 84
Read Column Eliminate (RCE)
feature 84
stacker feature 84
STACKER option with 84
3505 card reader 82-87
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column binary mode 85 diskette storage 91
EBCDIC mode 85 3800 printing subsystem 87
OMR option with 82-84 4 3881 optical mark reader 87
Optical Mark Read (OMR)

feature 82-84

RCE option with 84
Read Column Eliminate (RCE) 4
feature 84
stacker feature 84
STACKER option with 84 48-character set 21

3525 card printer control
characters 132
3525 card punch 82-87, 133-134
associated files 86 5
column binary mode 85
EBCDIC mode 85
print feature 85, 86 5425 card read punch 81
multiple print feature 86
two-line print feature 86

RCE option with
Read Column Eliminate (RCE) 6
feature 84
stacker feature 84
STACKER option with 84 60-character set 21

3560 Input/Output unit
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