





























































































































































































































































































































































































































Compile, Link-edit, and Execute (PLIXCLG)

This cataloged procedure comprises three
procedure steps, PLI and LKED, which are
identical with the two procedure steps of
PLIXCL, and GO, in which the load module
created in the step LKED is executed. The

third procedure step will be executed only
if no severe or unrecoverable errors occur
in the preceding procedure steps.

Input data for the compilation procedure
step should be specified in a DD statement
with the name PLI.SYSIN, and for the
execution procedure step in a DD statement
with the name GO.SYSIN.

//PLIXCLG PROC LKLBDSN='SYS1.PLIBASE'

//PLI EXEC PGM=IELOAA,PARM='OBJECT, NODECK',REGION=100K
//SYSPRINT DD SYSOUT=A

//SYSLIN DD DSN=§&LOADSET,DISP=(MOD,PASS),UNIT=SYSSQ,

7/ SPACE=(80, (250,100))

//5YSUT1 DD DSN=§§&SYSUT1,UNIT=SYSDA,SPACE=(1024, (300,60), ,CONTIG),
// DCB=BLKSIZE=1024

//LKED EXEC PGM=IEWL,PARM='XREF,LIST',CONC=(9,LT,PLI),REGION=100K
//SYSLIB DD DSN=&LKLBDSN,DISP=SHR

7/ DD DSN=SY¥Sl.PLIBASE,DISP=SHR

//SYSLMOD DD DSN=§&§GOSET(GO),DISP=(MOD,PASS),UNIT=SYSDA,

/7 SPACE=(1024, (50,20,1) ,RLSE)

//SYSUT1 DD DSN=§&SYSUT1,UNIT=SYSDA,SPACE=(1024, (200,20)),

7/ DCB=BLKSIZE=1024

//SYSPRINT DD SYSOUT=A

//SYSLIN DD DSN=§&LOADSET,DISP=(OLD,DELETE)

// DD DDNAME=SYSIN

//GO0 EXEC PGM=#%,LKED.SYSLMOD,COND=((9,LT,PLI), (9,LT,LKED)),

/7 REGION=100K

//SYSPRINT DD SYSOUT=A
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Link-edit and Execute (PLIXLG)

This cataloged procedure comprises two
procedure steps, LKED and GO, which are
similar to the procedure steps of the same
names in PLIXCLG.

In the procedure step LKED, the DD
statement with the name SYSLIN does not

define a data set, but merely refers the
orerating system to the DD statement SYSIN,
which you must supply with the qualified
ddname LKED.SYSIN. This DD statement
defines the data set from which the linkage
editor will obtain its primary ingut.
Execution of the prccedure step GC is
conditional on successful execution cf the
procedure stepr LKED only.

//PLIXLG PROC LKLBDSN='SYS1.PLIBASE'

//LKED EXEC PGM=IEWL,PARM='XREF,LIST',REGION=100K
//SYSLIB DD DSN=&6LKLBDSN,DISP=SHR

44 DD DSN=SY¥S1.PLIBASE,DISP=SHR

//SYSLMOD DD DSN=§&GOSET(GO) DISP=(MOD,PASS),UNIT=SYSSQ,

/7 SPACE=(1024, (50,20,1) ,RLSE)

//SYSUT1 DD DSN=§&SYSUT1,UNIT=SYSDA,SPACE=(1024, (200,20)),
7/ DCB=BLKSIZE=1024

//SYSPRINT DD SYSOUT=A

//SYSLIN DD DNAME=SYSIN

//GO EXEC PGM=%.LKED.SYSLMOD,COND=(9,LT,LKED),REGION=100K
//SYSPRINT DD SYSOUT=A

140



Compile, Load-and-execute (PLIXCG)

This cataloged procedure achieves the same
results as PLIXCLG but uses the loader
instead of the linkage editor. However,
instead of using three procedure steps :
(compile, link edit, and execute), it has
only two (compile, and load-and-execute).
In the second procedure step, the loader
program.is executed; this program processes
the object module produced by the compiler
and executes the resultant executable
program immediately. Input data for the

compilation procedure step requires the
qualified ddname PLI.SYSIN.

The REGION parameter of the EXEC
statement GO specifies 100K bytes. Since
the loader requires about 17K bytes of rain
storage, there are akbcut 83K bytes for your
program; if this is likely to be
insufficient, you must modify the REGICN
parameter. The use of the loader imposes
certain restrictions on your PL/I prcgran;
before using this cataloged procedure,
refer to chapter 5, which explains hcw to
use the loader.

//PLIXCG PROC LKLBDSN='SYS1l.PLIBASE"

//PLI EXEC PGM=IELOAA,PARM='OBJECT,NODECK',REGION=100K
//SYSPRINT DD SYSOUT=A |

//SYSLIN DD DSN=&&LOADSET,DISP=(MOD,PASS), UNIT=SY¥SSQ,

7/ SPACE=(80, (250,100))

//SYSUTL DD DSN=§&SYSUT1,UNIT=SYSDA,SPACE=(1024, (60,60),,CONTIG),
4 DCB=BLKSIZE=1024

//G0 EXEC PGM=LOADER,PARM="MAP,PRINT',REGION=100K,

/77 COND=(9,LT, PLI)

//SYSLIB DD DSN=§LKLBDSN,DISP=SHR

// DD DSN=S¥S1l.PLIBASE,DISP=SHR

//SYSLIN DD DSN=§E&LOADSET,DISP=(0OLD,DELETE)

//SYSLOUT DD SYSOUT=A

//SYSPRINT DD SYSOUT=A
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Load-and-execute (PLIXG)

This cataloged procedure achieves the same
results as PLIXLG but uses the loader
instead of the linkage editox. However,
instead of using two procedure steps (link
edit and execute), it has only one. 1In
this procedure step, the loader program is
executed. This program processes and
executes an object module placed in the

data set defined by a DD statement with the
name SYSLIN; you must supply this statement

with the qualified name GO.SYSLIN.

//PLIXG PROC LKLBDSN='SYS1l.PLIBASE'

The REGION parameter of the EXEC
statement GO specifies 96K bytes. Since
the locader requires akout 17K bytes cf main
storage, there are akout 83K bytes for your
program; if this is likely to be
insufficient, you must modify the REGICN
parameter. The use of the loader imfposes
certain restrictions on your PL/I program;
before using this cataloged procedure,
refer to chapter 5, which explains how to
use the loader.

//GO EXEC PGM=LOADER,PARM='MAP,PRINT',REGION=100K

//SYSLIB DD DSN=ELKLBDSN,DISP=SHR

V4 DD DSN=SY¥S1.PLIBASE,DISP=SHR
//SYSLOUTDD SYSOUT=A

//SYSPRINT DD SYSOUT=A
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Program checkout is the arplication of
diagnostic and test processes to a program.
You should give adequate attention to
program checkout dQuring the development of
a program so that:

1. A program becomes fully operational
after the fewest possible test runs,
thereby minimizing the time and cost
of program development.

2. A program is proved to have fulfilled
all the design objectives before it is
released for production work.

3. A program has complete and clear
documentation to enable both operators
and program maintenance personnel to
use and maintain the program without
assistance from the original
programmer.

The data used for the checkout of a program
should be selected to test all parts of the
program. Whilst the data should be
sufficiently comprehensive to provide a
thorough test of the program, it is easier
and more practical to monitor the behaviour
of the program if the volume of data is
kept to a minimum.

Conversational Program Checkout

The optimizing compiler can be used in
conversational mode when writing and
testing programs at a terminal. The
conversational features are available to
users where the TSO (Time Sharing Option)
facilities of the operating system are
present. The conversational facilities
enable you to enter a PL/I program from a
terminal, through which you will receive
diagnostic messages for the compilation.
You can also communicate with the program
during execution using PL/I files
associated with the terminal. Thus a PL/I
program can be checked out during its
construction, thereby saving a substantial
amount of elapsed time that can occur
between test comrilation and exeantion runc
in batched processing.

The PL/I program is entered and
processed using the PLIC, EDIT, and other
commands and features described in the
publication 0S_TSO: PL/I Optimizing

Compiler.
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Compile-time Checkout

At compile time, both the preprocesscr and
the compiler can produce diagnostic
messages and listings according to the
compiler opticns selected for a particular
compilation. The listings and the
associated ccmpiler crptions are discussed
in chapter 4. The diagnostic messages
produced by the optimizing compiler are
identified by a number prefixed "IEL".
These diagnostic messages are availakle in
both a long form and a short form. The
long messages are designed to be as
self-explanatory as possible. The shcrt
messages are designed for reproduction at a
terminal when the compiler is being used in
a TSO environment. The short messages are
obtained by specifying the SMESSAGE
ccmpiler ortion. Each message is
reproduced in the publication: 0S_PL/I
Optimizing Compiler Messages. i
publication includes explanatory nctes,
examples, and any acticn to ke taken.

Always check the compilation listing for
occurrences of these messages to determine
whether the syntax of the program is
correct. Messages of greater severity than
warning (that is, error, severe error, and
unrecoverable exror) should be acted ugcn
if the message does not indicate that the
compiler has been able to "fix" the errcr
correctly. You should appreciate that the
compiler, in making an assumption as to the
intended meaning of any erroneous statement
in the source program, can introduce a
further, perhaps more severe, error which
in turn can produce yet another error, and
so on. When this occurs, the result is
that the compiler produces a numker of
diagnostic messages which are all caused
either directly or indirectly ky the one
error.

Other useful diagnostic aids prcduced by
the compiler are the attrikute takle and
cross~reference table. The attribute
table, specified ky the ATTRIBUTES option,
is useful for checking that program
identifiers, especially those whose
attributes are contextually and implicitly
declared, have the correct attributes. The

Arraca=vaofovranma +ahle S vr~rntAnkA~Ad Lee L~

2 ~d
XREF option, and indicates, for each
program variakle, the numker of each
statement that refers to the variable.

To prevent unnecessary waste of time and
resources during the early stages of
developing programs, use the NOOPTIMIZE,
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NOSYNTAX, and NOCOMPILE options. These
options, when specified, will suppress
optimization, subsequent compilation, link
editing, and execution should the
appropriate error conditions be detected.

The NOSYNTAX option specified with the
severity level "W", "E", or "S" will cause
compilation of the output from the PL/I
preprocessoxr, if used, to be suppressed
prior to the syntax-checking stage .should
the preprocessor issue diagnostic messages
at or above the severity level specified in
the option.

The NCCOMPILE option specified with the
severity level "W", "E", or "S" will cause
compilation to be suppressed after the
syntax-checking stage if syntax checking or
preprocessing causes the compiler to issue
diagnostic messages at or above the
severity level specified in the option.

Linkage Editor Checkout

When using the linkage editor, check
particularly that any required overlay
structuring and incorporation of additional
object and load modules have been performed
correctly. Diagnostic messages produced by
the linkage editor are prefixed "IEW".
These messages are fully documented in the
publication: OS_Linkage Editor and_ Loader.

When checking the processing performed
by the linkage editor, refer to the module
map produced by the linkage editor showing
the structure of the load module. The
module map names the modules that have been
incorporated into the program. The
compiler produces an external symbol
dictionary (ESD) listing if requested by
the ESD option. The ESD listing indicates
the external names that the linkage editor
is to resolve in order to create a load
module. The linkage editor is described in
chapter 5. '

Execution-time Checkout

At execution time, errors can occur in a
number of different operations associated
with running a program. For instance, an
error in the use of a job control statement
can cause a job to fail. Most errors that
can be detected are indicated by a
diagnostic message. The diagnostic
messages for errors detected at execution
time are also listed in the messages
publication for this compiler and
identified by the prefix "IBM". The
messages are always printed on the SYSPRINT
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file. They will also ke reproduced on a
terminal if the compiler is being used in
conversational mode.

A failure in the execution of a FL/I
program could be caused by one of the
following:

1. Logical errors in source programs.
2. Invalid use of PL/I.

3. Unforeseen errcrs.

4, Operating error.

5. 1Invalid input data.

6. Unidentified program failure.

7. A ccompiler or likrary subroutine
failure.

8. System failure.

Logical Errors in Source Prograns

Logical errors in source prcgrams can often
be difficult to detect. Such errors can
sometimes cause a compiler or likrary
failure to be suspected. The more ccmmcn
errors are the failure to convert correctly
from arithmetic data, incorrect arithretic
operations and string manipulation
operations, and failure to match data lists
with their format lists.

Invalid Use of PL/I

It is possible that a misunderstanding.cf
the language, or the failure to prcvide the
correct environment for using PL/I, results
in an apprarent failure cf a PL/I program.
For example, the use of uninitialized
variables, the use of controlled variables
that have not been allocated, reading
records into incorrect structures, the
misuse of array subscrirts, the misuse of
pointer variables, ccnversion errors,
incorrect arithmetic operations, and
incorrect string manipulation operations
can cause this type of failure.

Unforeseen Errors

If an error is detected during execution of
a PL/I program in which no on-unit is
provided to terminate execution or attenpt
recovery, the jok will ke terminated



abnormally. However, the status of a
program executed in a batch-processing
environment, at the point where the error
occurred, can be recorded by the use of an
ERROR on-unit that contains the statements:

ON ERROR BEGIN;
ON ERROR SYSTEM;
PUT DATA;

END;

The statement ON ERROR SYSTEM; contained in
the on-unit ensures that further errors
caused by attempting to transmit
uninitialized variables do not result in a
permanent loop.

Operating Error

A job could fail because of an operating
error, such as running a job twice so that
a data set becomes overwritten or
erroneously deleted. Other operating
errors include getting card decks into the
wrong order and the failure to give
operators correct instructions for running
a job.

Invalid Input Data

A program should contain checks to ensure
that any incorrect input data is detected
before it can cause the program to fail.

Use the COPY option of the GET statement
if you wish to check values obtained by
stream-oriented input. The values will be
listed on the file named in the COPY
option. If no file name is given, SYSPRINT
is assumed.

Unidentified Program Failure

In most circumstances, an unidentified
program failure should not occur when using
the optimizing compiler. Exceptions to
this could include the following:

1. When the program is executed in
conjunction with non-PL/I modules,
such as FORTRAN or COBOL.

2. When the program obtains, by means of
record-oriented transmission,
incorrect values for use in label,
entry, locator, and file variables.

3. Errors in job control statements,
particularly in defining data sets.

If execution of a program terminates
abnormally without an accompanying PL/I
execution-time diagnostic message, it is
probable that the error that caused the
failure . also inhibited the production of a
message. In this situation, it is still
possible to check the PF1/I source program
for errors that could result in overwriting
areas of the main storage region that
contain executakle instructions,
particularly the communications region,
which contains the address tables for the
execution-time error-handling routine.
These errors may also ke present in modules
compiled by the checkout compiler with
NODIAGNOSE and COMPATIBLE and executed in
conjunction with the modules produced by
the optimizing compiler. The types of PL/I
program that might cause the main stcrage
to be overwritten erroneously are:

1. Assignment of a value to a
non-existent array element. Fcr
example:

DCL ARRAY(10);

DO I =1 TO 100;
ARRAY(I) = VALUE;

To detect this type of error in a
module compiled Ly the optimizing
compiler, enable the SUBSCRIFTRANGE
condition. For each attempt to access
an element outside the declared range
of subscript wvalues, the
SUBSCRIPTRANGE condition will be
raised. If there is no on-unit for
this condition, a diagnostic message
will be printed and the ERRCR
condition raised. This facility,
although expensive in execution time
and storage space, is a valuable
program-checkout aid.

2. The use of incorrect locator values
for locator (pointer and offset)
variables. This type of error is
possible if a locator value is
obtained by means of record-oriented
transmission. Check that locatcr
values created in a program,
transmitted to a data set, and
subsequently retrieved for use in
another program, are valid fcr use in

[ PR TR
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An error could also be caused Ly
attempting to free a non-based
variable. This could ke caused Ly
freeing a based variable when its
qualifying pointer value has keen
changed. For example:
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DCL A STATIC,B BASED (P);
ALLOCATE B;

P = ADDR(A);

FREE B;

3. The use of incorrect values for lakel,
entry, and file variables. Errors
similar to those described above for
locator values are possible for 1lakel,
entry, and file values that are
transmitted and subsequently
retrieved.

4, The use of the SUBSTR pseudovariable
to assign a string to a position
beyond the maximum length of the
target string. For example:

DCL X CHAR(3);
I=3;
SUBSTR(X,2,I) = 'ABC';

The STRINGRANGE condition can be used
to detect this type of error in a
module compiled by the optimizing
compiler.

Compiler or Library Subroutine Failure

If you are absolutely convinced that the
failure is caused by a compiler failure ox
a library subroutine failure, you should
notify your management, who will initiate
the appropriate action to correct the
exror. This could mean calling in IBM
personnel for programming support to
rectify the problem. Before calling IBM
for programming support, refer to the
instructions for providing the correct
information to be used in diagnosing the
problem. These instructions are given in
appendix C, "Requirements for Problem
Determination and APAR Submission."
Meanwhile, you can attempt to find an
alternative way to perform the operation
that is causing the trouble. A bypass is
often feasible, since the PL/I language
frequently provides an alternative method
of performing a given operation.

System Failure

System failures include machine
malfunctions and operating system errors.
These failures should be identified to the
operator by a system message.
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Statement Numbers and Tracing

The compiler FLCW option provides a
valuakle program-checkout aid. The
FLOW(n,m) option creates a table of the
numbers of the last "n" branch-out and
branch-in statements, and the last "n"
procedures and on-units to be entered. (A
"branch-out" statement is a statement that
transfers control to a statement other than
that which immediately follows it, such as
a GOTO statement. A kranch-in statement is
a statement that receives control frcm a
statement other than that which immediately
precedes it, such as a PROCEDURE, ENTRY, or
any other labeled statement.) The figure
you choose for "n" should be large encugh
to provide a usable trace of the flow of
control through the program.

Alternatively, if you do not specify the
FLOW option explicitly, defaults fcr the
FLOW option will ke used.

The trace takle can ke oktained ky any
of the methods described below.

The trace is printed whenever an cn-unit
with the SNAP option cr a PUT ALL statement
is encountered. It gives both the
statement numbexrs and the names of the
containing procedures or on-units. For
example, an ERROR on-unit that results in
both the listing of the program variakles
and the statement number trace can be
included in a PL/I program as follows:

ON ERROR SNAP BEGIN;
ON ERROR SYSTEM;

PUT DATA;

END;

A flow trace can be specified as part of
the output from the PL/I dump facility
PLIDUMP, discussed later in this charter.

Dynamic Checking Facilities

It is possible for a syntactically-ccrrect
program to produce incorrect results
without raising any PL/I error conditions.
This can be attributed to the use cf
incorrect logic in the PL/I source program
or to invalid input data. Detection cf
such errors from the resultant output (if
any) can be a difficult task. It is
sometimes helpful tc have a record of each
of the values assigned to a variable,
particularly label, entry, loop control,
and array subscript variables. This can be
obtained by using the CHECK prefix option.
Note that, unless care is exercised, the
indiscriminate use of the facilities
described below will result in a flcod of
unwanted and unusable printout.



A CHECK prefix option can specify
program variables in a list. Whenever a
variable that has been included in a
check-list is assigned a new value, the
CHECK condition is raised. The standard
system action for the CHECK condition is to
print the name and new value of the
variable that caused the CHECK condition to
be raised. An example of a CHECK prefix
options 1list is:

(CHECK(A,B,C,L)) : /¥ CHECKOUT PREFIX LIST */
TEST: PROCEDURE OPTIONS(MAIN);
DECLARE A etc.,

If the CHECK condition is to be raised for
all the variables used in a program, the
CHECK prefix option can be more simply
specified without a list of items. For
example:
(CHECK) :

TEST: PROCEDURE;

Control of Exceptional Conditions

During execution of a PL/I object program,
a number of exceptional conditions can be
raised, either as a result of
program~-defined action, or as a result of
exceeding a hardware limitation. PL/I
contains facilities for detecting such
conditions. These facilities can be used
to determine the circumstances of an
unexpected interrupt, perform a recovery
operation, and permit the program to
continue to run. Alternatively, the
facilities can be used to detect conditions
raised during normal processing, and
initiate program-defined actions for the
condition. Note that some of the PL/I
conditions are enabled by default, some
cannot be disabled, and others have to be
enabled explicitly in the program. Refer
to the language reference manual for this
compiler for a full description of each
condition.

Note that the SIGNAL statement can be
used to raise any of the PL/I conditions.
Such use permits any on-units in the
program to be tested during debugging.

The standard system action for the ERROR
condition for which there is no on-unit,
is. in batched oprocessina. to raise the
FINISH condition, and in conversational
processing, to give control to the
terminal. The FINISH condition is also
raised for the following:

1. When a SIGNAL FINISH statement is
executed.

2. When a PL/I program completes
execution normally.

3. On completion of an ERROR on-unit that
does not return control to the PL/I
program by means of a GOTO statement.

4. When a STOP statement is executed or
when an EXIT statement is executed in
a major task.

The standard system action for the FINISH
condition in katched processing is to
terminate the task, and, in conversational
processing, to give control to the
terminal.

Use of the PL/I Preprocessor in Prcgram
Checkout

During program checkout, it is often
necessary to use a number of the FL/I
conditions (and the on-units associated
with them) and subsequently to remove them
from the program when it is found tc be
satisfactory. The PL/I preprocessor can be
used to include a standard set of
program-checkout statements from the source
statement library. When the program is
fully operational, the %INCLUDE statement
can be removed, and the resultant cbject
program compiled for execution.

A standard set of PL/I program checkout
statements would include both the enabling
of any conditions that are disakled Ly
default and the provision of the
appropriate on-units. The %INCLUDE
statement that causes the inclusicn cf the
set of program checkout statements would
usually be placed after any on-units that
must remain in the program permanently in
order to cancel their effect during program
checkout.

On-codes

On-codes can indicate more precisely what
type of error has occurred where a
condition can be raised by more than one
arror. For evamniae. +he FRROR r~AnAddit+ian
can be raised by a number of different
errors, each of which is identified Ly an
on-code. You can obtain the on-code by
using the condition built-in function
ONCODE in the on-unit. The on-codes are
described in the language reference manual
for this compiler.

Chapter 11: Program Checkcut 147



Dumps

Should the checks given above fail to
reveal the cause of the error, it may be
necessary to obtain a printout, or dump, of
the main storage region used by the
program. A dump can display the contents
of all buffers associated with PL/I files,
the PL/I file attributes for each file open
when the dump is taken, and a trace of the
block invocations that occurred during
execution before the dump was taken.

A hexadecimal dump can also be obtained
to determine the machine instructions and
data present in main storage when the
failure occurred. The use of a hexadecimal
storage dump requires a knowledge of
assembler language programming and an
understanding of object program
organization.

Refer to the execution logic manual for
this compiler for information about the
organization of the object programs
produced by the optimizing compiler, and
how to interpret a storage dump.

To obtain a formatted PL/I dump, you
must invoke the PL/I resident library dump
module by calling PLIDUMP. Note that a DD
statement with the ddname PLIDUMP must be
supplied to define the data set for the
dump.

PLIDUMP can be invoked with two optional
arguments. The first argument is a
character-string constant used to specify
the types of information to be included in
the dump. The second argument can be a
character-string expression or a decimal
constant with which you can identify the
output produced by PLIDUMP. The format of
the PLIDUMP statement is:

CALL PLIDUMP[('options-1list'
[,user-identificationl)];

The options-list is a contiguous string
of characters that may include the
following:

T To request a trace of active
procedures, begin blocks, on-units,
and library modules.

NT To suppress the output produced by T
above.

F To request a complete set of
attributes for all files that are
open, and the contents of the buffers
used by the files.

NF To suppress the output produced by F
above. '
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S To request the termination of the
program after the completion of the
dump. Note: The FINISH condition is
not raised.

c To request continuation of execution
after completicn of the dumgp.

H To request a hexadecimal dump of the
main storage partition used by the
program.

NH To suppress the hexadecimal dumg.

B If T is specified, to produce a
separate hexadecimal dump of ccntrol
blocks such as the TCA and the DSA
chain that are used in the trace
analysis. If F is specified, to
_produce a separate hexadecimal dump of
control blocks used in the file
analysis, such as the FCB.

NB To suppress hexadecimal dumps of
control blocks.

A To request information relevant to all
tasks in a multitasking program. ’

E To request that an exit be made from
the current task of a multitasking
program and that execution of the
program continues after completion of
the requested dump.

(0] To request information relevant only
to the current task in a multitasking
program.

The defaults assumed for the above
options not specified explicitly are:

TFCA NH NB

The user-identification permits you to
specify a character-string expression or a
decimal constant to identify individual
dumps. It cannot be specified without the
preceding argument in the argument list.

Trace Information

Trace information produced by PLIDUMP
includes a trace through all the active
DSAs. (DSAs will be present for compiled
blocks, such as procedures and on-units,
and for library routines.) For on-units,
the dump gives the values of any condition
built-in functions that could be used in
the on-unit, regardless of whether the
on-unit actually used the condition
built-in function. If a hexadecimal dump
is also requested, the trace information
will also include:



The address of each DSA (Dynamic
Storage Area).

The address of the TCA (Task
Communications Area).

The contents of the registers on entry
to the PL/I error-handler module
(IBMCERR) .

The PSW or the address from which the
PL/I error handler module (IBMCERR)
was invoked.

The addresses of the library module
DSAs back to the most recently-used
compiled code DSA.

DsAas and the TCA are described in the
execution logic manual for this compiler.

A table of statement numbers indicating the
flow of contrxol through the program is
always produced.

File Information

File information produced by PLIDUMP
includes the default and declared
attributes of all open files, and the
contents of all buffers that are accessible
to the dump routine. The information is
given in BCD notation, and if hexadecimal
output is also requested, in hexadecimal
notation also. The address and contents of
the FCB are then printed.

Hexadecimal Dump

The hexadecimal dump is a dump of the
region of main storage containing the
program. The dump is given as three
columns of printed output. The left-hand
and middle columns contain the contents of
storage in hexadecimal notation. The third
column contains a BCD translation of the
first two columns. For hexadecimal
characters that cannot be represented by a
printable BCD character, a full stop is
printed.

Return Codes

Both the compilation and the link editing
of a PL/I program will result in a return
code being passed to indicate the severity
of any errors found. It is possible to
pass a return code from a PL/I program,
either for examination in a subsequent job
step if execution of that step is

conditional upon the value of the code
returned, or merely to indicate conditicns
that were enccuntered during execution.
Conditional execution of a job ster is
determined by use of the CCND parameter of
the JOB or EXEC statement.

Return Meaning

Codes

0000 Normal termination.

1-999 Return codes availakle for
use with PLIRETC.

1000 Code returned if a STICFE cx
EXIT statement is executed.
This value will be added to
any PLIRETC value.

2000 Code returned if ERRCR is
raised. This value will be
added to any PLIRETC value.

4000 Code returned if an
interrupt occurs in the FL/I
error handler.

4004 Code returned if the PRV
(pseudo register vectcr) is
tco large.

4008 code returned if PL/I
program has no main
procedure.

4012 Not enough main storage
availakle.

4020 Code returned if the program
is about to enter a
permanent wait state.

4024 Code returned if a task in a

multitasking prcgram has
terminated without use cf
the PL/I termination
routines.

Return codes from execution
of a PL/I program

Figure 11.1.

Return ccdes can ke set in a PL/I
program by passing as an argument tc the
CALL PLIRETC statement a code represented
as a variable with the attributes FIXED
BINARY(31,0). The range of codes used
should be restricted to 1 through 999.
Codes higher than 999 are returned if an
error causes the program to terminate. 1In
same cases the return code for the rrogram
will be added to any code created ky use of
the CALL PLIRETC statement. In other cases
it will overwrite any code set Ly use of
the CALL PLIRETC statement. Moreover, when
the optimizing compiler is used in
batched-processing mode, any return code
resulting from the compilation step to

Chapter 11: Program Checkout 149



indicate a source program error will be
overwritten by any larger return code
generated by the execution step. Other
error situations, listed in figure 11.1,
will also cause a program-generated return
code to be overwritten. ‘

If a return code in the 4000-4024 range
is encountered and the cause cannot be
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traced to a source program error, it may be
necessary to call in IBM program support
personnel. Appendix C, "Problem
Determination and APAR Submission",
describes the materials that will ke
required for examination by IBM in such
circumstances.



Chapter 12: Linking PL/I and Assembler Language Modules

This chapter describes how to create
programs that combine routines written in
PL/I and assembler language. It explains
how a PL/I program invokes an
assembler-language routine and, conversely,
how an assembler-language routine invokes a
PL/I procedure.

Before describing any of the linkages in
detail, the chapter discusses the PL/I
environment that must be preserved when
invoking an assembler-language routine from
PL/I, and which must be created when
invoking a PL/I procedure from an
assembler-language routine.

The PL/I Environment

The PL/I environment is the term used to
describe a number of control blocks created
by routines that are provided by the 0S
PL/I Resident and Transient Libraries to
satisfy the storage-management and
error-handling requirements of a PL/I
procedure.

When a PL/I program invokes an
assembler-language routine, the invoked
routine must ensure that the PL/I
environment is preserved. The PL/I
environment is preserved by observing the
standard IBM System/360 linkage
conventions, which include the storing of
register values in a save area, and by
ensuring that the content of register 12 is
not modified by the assembler routine if
PL/I is to handle interrupts that occur
during execution of the assembler routine.
Register 13 must be set to the address of a
new save area established by the assembler
routine.

ESTABLISHING THE PL/I ENVIRONMENT

The PL/I environment is established by the
0S PL/I Resident Library routine IBMBPIR
and the O0S PL/I Transient Library routine
IBMBPII for a non-multitasking program and
by IBMTPIR and IBMTPII for a multitaskina
program. An assembler-language routine
that invokes a PL/I procedure for which the
PL/TI environment has not been established
can use one of two standard entry points to
establish the environment. The routine
IBMBPIR or IBMTPIR (with IBMPII or IBMTPII)
is entered through a control section called
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PLISTART which in turn has two standaxd
entry points, PLICALLA and PLICALLB; these
are described later in this chapter.

Use of PLIMAIN to Invoke a PL/I Prccedure

Once IBMRPIR or IBMTIPFIR (with IBMFII ox
IBMTPII) has created the environment, it
transfers control to the PL/I procedure
whose address is contained in PLIMAIN.
Normally, after link editing, PLIMAIN will
contain the entry point address of the
first, or only, PL/I main procedure in the
program. If the assemkler-language routine
is to invoke a PL/I procedure that is nct
the first, or only, main PL/I procedure in
the program, it must insert in the
compiler-generated control section FLIMAIN
the address of the entry point of the
procedure it is to invcke. The example in
figure 12.6 shows how this is done.

If there is no main procedure in the
program, the assembler routine should
contain an entry point called PLIMAIN at
which is held the address of the entry
point of the PL/I routine to be invoked.
The example in figure 12.7 shows how the
appropriate address is inserted intc the
location represented Ly the entry point
PLIMAIN. If the assembler program dces not
include an entry point called PLIMAIN in
these circumstances, a dummy module called
PLIMAIN will be included from the CS FL/I
Resident Library.

Once the PL/I environment has keen
established, it can, as shown in the
example in figqure 12.3, be rpreserved, and
any PL/I procedure can be invoked
subsequently by lcading the address of its
entry point into register 15, and executing
a branch-and-link-register instruction to
it.

PLICALLA AND PLICALLB

PLICALLA: PLICALLA is used when the PL/I
environment miat+ ha ectahlichaed fa»r o TT /T
procedure that can use for its dynamic
storage as much of the available space in
storage as it requires.

PLICALLB: PLICALLB is used when the PL/I
environment must be established for a PL/I
procedure that can use for its dynamic
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storage only a specified amount of the
available storage. PLICALLB can optionally
specify where that storage is to begin.

Further details and examples using
PLICALLA and PLICALLB are given later in
this chapter.

THE DYNAMIC STORAGE AREA (DSA) AND SAVE
AREA

Whenever a PL/I procedure is invoked, it
requires for its own use a block of storage
known as a dynamic storage area (DSA). A
DsA for a PL/I procedure consists of a save
area for the contents of registers, a
backchain address that points to the save
area for the previous routine, and storage
for automatic variables and miscellaneous
housekeeping items.

An assembler routine invoked from PL/I
should take the following action to
preserve the PL/I environment:

1. If the assembler routine is to use the
PL/I error-handler, it must store the
contents of all registers in the
existing PL/I DSA and establish its
own save area in which the backchain
address of the PL/I DSA must be
stored. The first byte of the save
area must be set to zero. The second
word of the save area is the backchain
address. The remainder of the save
area would only be used by a routine
invoked from the assembler routine or
by the PL/I error-handler, if used,
for saving the assembler routine's
registers.

2. If the assembler routine is not to use
the PL/I error-handler and does not
invoke a further function routine, the
SPIE macro must be used to reset the
interrupt handler but only those
registers that it modifies must be

"PL/I routine,

stored. The SPIE macro is discussed
later in this chapter.

Calling Assembler Routines from PL/I

The followiné section descritkes:

1. How to invoke a non-recursive cr
non-reentrant assemkler routine.

2. How to invoke a recursive or reentrant
assembler routine.

INVOKING A NON-RECURSIVE OR NON-REENTRANT
ASSEMBLER ROUTINE

When a PL/I program invokes a non-recursive
or non-reentrant assembler-language
routine, the assembler-language routine
must follow System/360 linkage conventions
and save the registers for use by PL/I on
return from the assembler-language rcutine.
The register values are stored in the PL/I
DSA, the address of which is contained in
register 13 on entxy to the
assembler-language routine. This address
must then be stored in the backchain word
in a save area defined by the assemblexr
routine itself. Before returning to the
the assembler routine must
restore the registers to the values held
when the PL/I routine invoked the assembler
routine. The following assembler
instructions should be executed immediately
the assembler routine is invoked in order
to achieve the given objectives. The
example in figure 12.1 assumes that the
assembler routine uses register 10 as its
base register.

STORE PL/I REGISTERS IN PL/I DSA

STORE PL/I DSA ADDRESS IN SAVE AREA

STM  14,11,12(13)

BALR 10,0 ESTABLISH BASE REGISTER
USING *,10

1A 4,SAVEAREA

ST  13,SAVEAREA+Y4

LA 13, SAVEAREA LOAD SAVE AREA ADDRESS
. ASSEMBLER

. : ROUTINE

L 13,4(13) RESTORE PL/I REGI

LM 14,11,12(13) -STERS AND

BR 14 RETURN TO PL/T

SAVEAREA DC 20F'0°

Figure 12.1

152

ALLOCATE 80 BYTE SAVE AREA

‘Invoking a non-recursive or non-reentrant assembler routine



INVOKING A RECURSIVE OR REENTRANT ASSEMBLER
ROUTINE

A recursive or reentrant assembler routine
invoked from PL/I can use the PL/I storage
overflow routine to attempt to obtain
further storage when the storage initially
available for dynamic use by the program is
used up.

A DSA established by the assembler
routine must have its first byte set to
X'00' if it is to handle any program
interrupts. Such a DSA must be at least 80
bytes in length to accommodate both the
save area and two fullwords required by
PL/I for its housekeeping. 1If the PL/I
error-handler is to service any program
interrupts in the assembler-language
routine, the DSA should be at least 88
bytes in length, the first byte of which
should be set to X'80*' and bytes 87 and 88
(the PL/I exror-handler enable cells) set
to X'91C0'. In addition, a DSA can be as
long as is needed to store any values that
are to be preserved for use by a particular
invocation.

Termination of a recursive or reentrant
assembler-language routine will release its

STM 14,11,12(13)

DSA and cause control to be returned to the
invoking routine.

The example in figure 12.2 shows how to
create and release a DSA in a recursive or
reentrant assembler routine.

USE OF REGISTER 12

If an assembler routine that modifies
register 12 is to ke invoked by a PL/I
procedure, any program-check interrurts
will result in an ungpredictakle program
failure unless the routine establishes its
own error handling for program-check
interrupts. Consequently, the routine
should be amended to use a register other
than register 12 so that the PL/I
error-handler can be used, or it can issue
a supervisor SPIE oxr STAE macro to
establish its own program interrupt or
abnormal termination handling facilities.
The routine must suksequently restore PL/I
error-handling facilities kefore returning
to PL/I. This is discussed further in
"Overriding and Restoring PL/I
Error-handling in an Assembler-language
Routine" later in this chapter. (A routine
that changes the content of register 12

STORE CALLER'S REGISTERS IN CALLER'S DSA

BALR 10,0 ESTABLISH BASE REGISTER
USING *,10
LR 4,1 SAVE ANY PARAMETER LIST ADDRESS
* PASSED FROM CALLING ROUTINE
LA 0,90 PUT THE LENGTH OF THE REQUIRED DSA IN REG O
L 1,76(13) LOAD THE ADDRESS OF THE NEXT AVAILABLE
* BYTE OF STORAGE AFTER THE CURRENT DSA
ALR 0,1 ADD ADDRESSES
CL 0,12(12) COMPARE RESULT WITH ADDRESS OF LAST AVAILABLE
* BYTE IN STORAGE THAT CAN BE USED
BNH ENOUGH
L 15,116(12) LOAD AND BRANCH TO THE PL/I STORAGE CVERFLCW
BALR 14,15 ROUTINE TO ATTEMPT TO OBTAIN MORE STORAGE
ENOUGH EQU *

ST 0,76(1)

STORE THE ADDRESS OF THE NEXT AVAILAELE

STORE THE CHAIN-BACK ADDRESS OF THE PREVIOUS

* BYTE IN STORAGE AFTER THE NEW DSA
ST 13,4(1)

* DSA IN THE CURRENT DSA
MvcC 72(4,1) ,72(13) COPY ADDRESS OF LIBRARY

* WORKSPACE
LR 13,1

MVI 0(13),x'80"
MVI 86(13) ,X'91"
MVI 87(13),X'Co"

STORE THE ADDRESS OF THE NEW DSA IN REGISTER 13
SET FLAGS IN DSA TO

PRESERVE PL/I ERROR-HANDLING

IN THE ASSEMBLER ROUTINE

- ASSEMBLER

- ROUTINE

L 13,4(13) RELEASE CURRENT DSA

LM 14,11,12(13) RESTORE CALLER'S REGISTERS
BR 14

Figure 12.2.
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Invoking a recursive or reentrant assembler routine
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should also store it on entry and restore
it on return.)

Calling PL/I Procedures froﬁ Assembler
Language

The simplest way to invoke a single
external PL/I procedure from an
assembler-language routine is to give the
PL/I procedure the MAIN option and invoke
it using entry point PLICALLA. All that is
required is to load the address of PLICALLA
into register 15 and then to branch and
link to it. When PLICALLA is used in this
way, the PL/I environment is created and
control is then passed by way of PLIMAIN to
the first (or only) main PL/I procedure in
the program. Use of this technique will
cause the PL/I environment to be
established separately for each invocation.

154

ESTABLISHING THE PL/I ENVIRONMENT FCR
MULTIPLE INVOCATIONS

If the assembler routine is to invoke
either a number of PL/I routines or the
same PL/I routine repeatedly, the creaticn
of the PL/I environment for each invccation
will be unnecessarily inefficient. The
solution is to create the PL/I environment
once only for use by all invocations of
PL/I procedures. This can be achieved Ly
invoking a main PL/I procedure which
immediately reinvokes the assemkler
routine. The assembler routine must
preserve the PL/I environment and is then
able to invoke any number of PL/I
procedures directly. The example in figure
12.3 contains an assembler-language routine
that establishes the PL/I environment once
only for multiple invocations of PL/I
procedures.



//0PT12#3 JOB

//STEP1 EXEC HASMHC, PARM.ASM='LOAD,NODECK®

//BSM.SYSLIN DD DSN=§ELOADSET,UNIT=2314,DISP=(NEW,PASS),
/77 SPACE=(80, (200,100)),DCB=BLKSIZE=80
//ASM.SYSIN DD *

MYPROG CSECT

ENTRY ASSEM

STM
BALR

USING

LA
ST
ST
LR

*

SR

* K H *

BALR

* *

LM
BR

DC
DC
ASSEM EQU
STM
BALR

USING

LA

ALR
CL
BNH

BALR
ENOUGH EQU
ST

ST
ST
MVC

LR

MVI
MVI
MVI

SR

SR

*

Figure 12.3.

14,12,12(13)
10,0

*,10

4, SAVEAREA
13,4(4)
4,8(13)

13,4

1,1

15,=V(PLICALLA)

14,15

13,4(13)
14,12(13)
1,12,24(13)
14

C'ASSEM'
AL1(5)

*
14,12,12(13)
10,0

*,10

0,100
1,76(13)
0,1
0,12(12)
ENOUGH
15,116 (12)
14,15

*

0,76(1)

13,4(1)
1,8(13)

72(4,1),72(13)

13,1

0(13),x*'80°"
86(13) ,x'91"
87(13) ,Xx*co’

5,5

1,1

(Part 1 of 2).

ESTABLISH SUPERVISOR REGISTERS
ESTABLISH ADDRESSABILITY

CURRENT SAVE AREA ADDRESS

STORE CHAINBACK ADDRESS

STORE CHAIN FORWARD ADDRESS
STORE CURRENT SAVE AREA ADDRESS

SET REGISTER 1 TO ZERO WHEN

A PARAMETERLESS ENTRY POINT TO
PROCEDURE THAT DOES NOT RETURN
A VALUE IS TO BE INVOKED

CALL THE PL/I PROCEDURE WHICH-
-HAS OPTIONS(MAIN) AND SO SET-
-UP THE PL/I ENVIRONMENT AND-
-THEN CALL ASSEM.

ON RETURNING FROM PL/I-
~RESTORE REGISTERS-

~AND

-RETURN TO THE SUPERVISOR.

THE NAME IN PL/I FORMAT

STORE PL/I REGISTERS

FOR PROCEDURE "MAIN"
ESTABLISH ADDRESSABILITY
GET STORAGE FOR A NEW DSA
LENGTH REQUIRED 100 BYTES
ADDRESS OF START OF CURRENTLY-
AVAILABLE STORAGE
IS THERE ENOUGH SPACE LEFT?
YES
LOAD ADDR. OF OVERFLOW ROUTINE-
-AND BRANCH TO IT.

STORE ADDRESS OF START OF
REMAINING AVAILABLE STORAGE
IN NEW DSA AT OFFSET 76

SET BACK CHAIN

SET FORWARD CHAIN

COPY ADDRESS OF WORKSPACE FOR
USE BY THE PL/I LIBRARY
POINT 13 AT NEW DSA

SET FLAGS IN THE DSA TO
PRESERVE PL/I ERROR-HANDLING
IN THE ASSEMBLER ROUTINE

R5 MUST BE ZERO WHEN CALLING-
~AN EXTERNAL PL/I PROCEDURE.

SET REGISTER 1 TO ZERO WHEN

A PARAMETERLESS ENTRY POINT TO
PROCEDURE THAT DOES NCT RETURN
A VALUE IS TO BE INVOKED

Invoking PL/I procedures from an assembler-language rcutine
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L 15,=V (HEAD) CALL PL/I TO 'HEAD' PAGE
BALR 14,15
*
LOOP EQU  *
LA 1,ARGTLST1
L 15,=V (PLIN) CALL PL/I TO READ AND ADD
BALR 14,15 ~
*
L 3, RESULT
LTR 3,3 TEST RESULT-
BM OUTLOOP -BRANCH OUT IF IT IS NEGATIVE.
%
LA 1,ARGTLST2
L 15,=V (PLOUT) CALL PL/I TO OUTPUT RESULT
BALR 14,15
B LOOP
*
OUTLOOP EQU  *
SR 1,1 SET REGISTER 1 TO ZERO
L 15,=V(FOOT) CALL PL/I TO 'FOOT' PAGE
BALR 14,15
*
L 13,4(13) RETURN TO THE PL/I PROC WITH-
M 14,12,12(13) -OPTIONS(MAIN).
BR 14

*

ARGTLST1 DC A (DATA)
ARGTLST2 DC X'80°"

DC AL3 (RESULT)
DATA DC Fri23°
RESULT DC F'O°
SAVEAREA DC 18F'0"

END MYPROG
/%
//STEP2 EXEC PLIXCLG
//PLI.SYSCIN DD #*
* PROCESS;
MANE: PROC OPTIONS(MAIN);
DCL ASSEM ENTRY;
CALL ASSEM;
END;
* PROCESS;
PLIN: PROC(I) RETURNS(FIXED BIN(31));
DCL (I,J) FIXED BIN(31);
GET LIST(J);
RETURN(I+J);
HEAD: ENTRY;
PUT LIST('THE FIRST LINE OF OUTPUT AT THE TOP OF THE PAGE')
PAGE;
PUT SKIP(2);
END;
* PROCESS;
PLOUT: PROC(K) ;
DCL K FIXED BIN(31);
PUT LIST(K) ;
RETURN;
FOOT: ENTRY;
PUT LIST{('END OF THE OUTPUT FOR THIS JOB') SKIP(2);
END;
/*
//GO.SYSIN DD *
50 77 123 234 345 456 -23 -100 -123 -234
Vv

Figare 12.3. (Part 2 of 2). Invoking PL/I procedures from an assemktler-language routine
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In this example, the assembler routine
MYPROG receives control initially from the
supervisor, and invokes the PL/I main
procedure MAIN using the entry point
PLICALLA to the PL/I initialization
routine. The PL/I procedure MAIN
immediately reinvokes the same assembler
routine at the entry point ASSEM. Note
that, in this example, this name must be an
odd number of characters to ensure that the
next instruction is halfword aligned. At
this entry point, the PL/I environment is
stored, and a new DSA, 100 bytes in length,
is created in a manner similar to that
previously given for creating a DSA in a
recursive or reentrant assembler-language
routine. If there is insufficient room for
the new DSA, the PL/I overflow routine is
invoked to attempt to obtain storage for
the DSA elsewhere in storage.

The instructions in the assembler
routine following the label ENOUGH through
to the instruction that loads the address
of the PL/I entry point HEAD are concerned
with setting up the DSA so that the correct
environment exists when the routine invokes
the external PL/I procedures PLIN and PLOUT
and the secondary entry points within them.
These instructions should always be present
in order to preserve the PL/I environment
set up by the main procedure for subsequent
use by any assembler-invoked PL/I
procedures.

Note that when an external PL/I
procedure is invoked, register 5 must be
set to zero, and that a PL/I procedure,
such as PLIN in this example, that returns
a value will assign the value to the last
address in the argument list, ARGTLST1.
This address is the address of the
assembler-defined storage for RESULT. The
constant X'80' in the first byte of the
fullword containing the address of RESULTS
in ARGTLST1 indicates that it is the last
fullword in the argument list.

\

If an assembler-language routine invokes
a PL/I procedure without passing any
parameters to it and without expecting any

Chapter 12:

value to be returned from it, register 1
must be set to zero. 1In this exanmple, the
procedure PLIN contains a RETURN
(expression) statement, but when invcked
through the rarameterless entry point HEALD,
does not return a value to the invcking
routine. Similarly, the procedure FILCUT
contains the parameterless entry pcint FOOT
and does not return a value.

ESTABLISHING THE PL/I ENVIRONMENT
SEPARATELY FOR EACH INVCCATIOCN

If it is necessary to reestablish the PL/I
environment each time a PL/I procedure is
invoked, use the entry point PLICALLA cx
PLICALLB to invcke the FL/I initialization
routines. The two entry points are used as
follows:

For PLICALLA, the assemkler-language
routine must insert in register 1 the
address of the argurment list that contains
the addresses of any arguments to be passed
to the PL/I rrocedure. For PLICALLR, the
assembler-language routine must insert in
register 1 the address of an argument list
that contains the following:

1. The address of the argument list
containing addresses to be passed to
PL/I, and optionally,

2. The address of the value for the
amount of storage to be made available
to the PL/I proccedure and, optionally,

3. The start address cf the storage to ke
used by the PL/I procedure. This
storage must be doublewoxrd aligned.

Note that the first byte in the last
address word in each of these argument
lists must contain X'80'. The examples in
figures 12.4 and 12.5 show the use of
PLICALLA and PLICALLE to invoke the first
(or only) main PL/I procedure in the
program.
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1A
L
BALR

ARGLIST DC
DC

DC
DC
*

Figure 12.4.

LA
L
BALR

ALIST DC
DC

DC
DC
ARGLIST DC
DC
DC
DC
*
LENGTH DC
AREA DS

1, ARGLIST
15,=V(PLICALLA)

14,15

A(argl) ADDRESS OF FIRST ARGUMENT PASSED TO PL/I1
A(axg2) ADDRESS OF SECOND ARGUMENT PASSED TO PL/I1
X*80" END OF ARGUMENT LIST FLAG

AL3(argn or return-value) ADDRESS OF LAST ARGUMENT
OR RETURNED VALUE

Use of PLICALLA

1,ALIST i

15,=V(PLICALLB)

14,15

A(ARGLIST) ADDRESS OF ARGUMENT LIST

A (LENGTH) LENGTH OF STORAGE FOR PL/I
ON DOUBLE WORD BOUNDARY

X'80"

AL3 (ARER) START OF PL/I STORAGE AREA

a(argl) ADDRESS OF FIRST ARGUMENT

A(arg2) ADDRESS OF SECOND ARGUMENT

X'80°" END OF ARGUMENT LIST FLAG

AL3(argn or return-value) ADDRESS OF LAST ARGUMENT
OR RETURNED VALUE

F'8192"* ROUTINE'S STORAGE LIMITED TO 8K BYTES

1024D ROUTINE'S STORAGE STARTS HERE

Figure 12.5. Use of PLICALLB

LA

L

L

ST

L
BALR

ARGLIST DC
DC
DC

1,ARGLIST
2,=V(PLIMAIN) CHANGE ADDRESS IN PLIMAIN
3,=V{(MYPROG) TO THAT OF

3,0(2) MYPROG

15,=V(PLICALLA)

14,15

A(argl) FIRST ARGUMENT PASSED TO MYPROG
X'80°*

AL3(arg2) LAST ARGUMENT PASSED TO MYPROG

Figure 12.6 Inserting a PL/I entry point address in PLIMAIN

If it is necessary to reestablish the If it is necessary to reestaklish the
PL/I environment for each invocation of a PL/I environment for each invocation of a
PL/I procedure that is not the first (or PL/I procedure where there is no main PL/I
only) main procedure in the program, the procedure in the program, the use of either
user of either entry point PLICALLA or entry point PLICALLA or PLICALLB must ke
PLICALLB must insert in PLIMAIN the address accompanied by the use of an entry pcint
of the appropriate entry point to the called PLIMAIN in the assemkler-language
required PL/I procedure. The example in routine. This entry point must contain the
figure 12.6 sets the address in PLIMAIN to addrxess of the PL/I routine to be invoked.
that of the external entry name MYPROG. Figure 12.7 shows how this is inserted.
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ENTRY PLIMAIN
LA 1,ARGLIST

L 2,=A(PLIMAIN)

L 3,=V(MYPROG) OF ENTRY TO
ST 3,0(2) MYPROG

L 15,=V(PLICALLA)

BALR 14,15

ARGLIST DC A(argl)
DC x'80"
DC AL3 (arg2)
PLIMAIN DS F

Figure 12.7

"PL/I Calling Assembler Calling PL/I

The information given in the preceding
sections should be sufficient to write
programs that include a PL/I procedure that
invokes an assembler-language routine that
invokes a further PL/I procedure. Figure
12.3 contains an example of a program which
performs this type of processing.

Assembler Calling PL/I Calling Assembler

The information given in the preceding
sections should be sufficient to write
programs that include an assembler-language
routine that invokes a PL/I procedure that
in turn invokes an assembler-language
routine. Figure 12.3 contains an example
of a program which performs this type of
processing.

INSERT ADDRESS IN PLIMAIN

FIRST ARGUMENT PASSED TO MYPROG

LAST ARGUMENT PASSED TO MYPROG

Establishing PLIMAIN as an entry in the assembler-language routine

Overriding and Restoring PL/I
Error Handling

An assembler-language routine invoked from
PL/I can override PL/I error-handling by
issuing its own SPIE macro to handle
program interrupts or STAE macro to handle
abnormal terminations. If the SPIE macro
is issued, the address of the PL/I PICA
must be saved. A routine that cancels PL/I
error-handling must restore the PL/I
error-handling facilities before returning
to the PL/I program. It does this Ly
issuing either a STAE macro with an orerand
of zero or an execute form of the SPIE
macro restoring the saved PL/I PICA,
according to the macros used to cancel the
PL/I error-handling. The example in figure
12.8 shows how these macros are used to
cancel and subsequently restore PL/I
error-handling.

ENTRY-POINT INVOKED FROM PL/I

ESTABLISH NEW ABEND HANDLER
ESTABLISH INTERRUPT HANDLER

ERROR HANDLING
ADDRESS

TANITT T T ARIAMTIATM

PUPE PN MNP AR

PROGA CSECT
ENTRY ASSEM
STM 14,12,12(13) STORE PL/I ENVIRONMENT
BALR 10,0 ESTABLISH BASE REGISTER
USING *,10
STAE (operands)
SPIE (operands)
ST 1,SAVESPIE STORE OLD PICA ADDRESS
STAE O RESTORE PL/I
L 1,SAVESPIE RESTORE PICA
SPIE MF=(E(1))
L w2, NECTCRE DL/
M 14,12,12(13)
BR 14 RETURN TO PL/I
SAVESPIE DS A

Figure 12.8.
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Arguments and Parameters

Arguments are passed between PL/I and
assembler routines in lists which contain
the addresses of the data items, not their
values.

PASSING ARGUMENTS FROM AN
ASSEMBLER-LANGUAGE ROUTINE

In order to pass one or more arguments to a

PL/I routine, register 1 must be set to the
address of a list that contains the address
of each argument involved. If the PL/I
routine executes a RETURN(expression)
statement to return a value, the last
address in the argument list must be the
address which the PL/I routine is to use
when it returns the value. The last
fullword in an argument list must have
X'80' in its first byte.

RECEIVING PARAMETERS IN AN
ASSEMBLER-LANGUAGE ROUTINE

An assembler-language routine that is to
receive parameters from a PL/I routine will
be passed the address of a parameter list
in register 1. The parameter list contains
the addresses of the parameters; if the
assembler routine has been invoked by a
function reference in the PL/I procedure,
the last address in the parameter list will
be the address to which the
assembler-language routine must assign the
returned value. The last fullword in the
parameter list will have X'80' in its first
byte. The internal mapping of PL/I data
types and the mechanism for addressing
elements of arrays and structures are given
in the execution logic manual for this’
compiler.

TYPES OF ARGUMENTS AND PARAMETERS

All PL/I data types (both problem data
and program control data) can be passed as

arguments to an assembler-language routine.

Problem Only arithmetic element
variables are passed as arguments by
passing the addresses of their locations in
storage. All other problem data types are
passed as arguments by passing the address
of a block of storage known as a
locator/descriptor. A locator/descriptor
contains the address and other relevant
information about the data item that it
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represents. The address of the first kyte
of the data item is always present in the
first fullword of the associated
locatox/descriptor. Locatoxr/descriptors
are employed for string, area, and
aggregate data. For a varying-length
string, the locator contains the address of
a 2-byte field that contains the current
length of the string and immediately
precedes the data part of the string in
storage. The format of locator/descrigtors
is given in the execution logic manual for
this compiler.

Unless the techniques described kelow
are adopted, an assembler-language rcutine
must either cater for or create the
appropriate locator/descriptor for a
particular PL/I aggregate or string
variable.

Program_Control Data: Program contrcl data
constants are represented in storage as
control blocks, the addresses of which are
passed when used as arguments. The same
applies to program control variables, such
as entry and file variables, excert that
the address passed is the address of a
control block that contains the address of
the currently-assigned constant, and any
additional information that is relevant to
the use of the program control constant.
The format of the control blocks for
program contrcl data is also given in the
execution logic manual for this comgiler.

USE OF LOCATOR/DESCRIPTCRS

For those arguments passed to an
assembler-language routine as
locatorsdescriptors, obtain the address of
the first byte of the data from the first
fullword of the locators/descriptor.

For unaligned bit strings, the bit
offset is in the last three bits in the
second word of the string descriptor.

The current length of varying-length
strings is in the first two bytes addressed
from the descriptor.

The current length of an area argument
is in the second word of its
locatox/descriptor.

The current extents of an adjustable
array will be found in the array
descriptor. However, a simple method cf
obtaining the current extents of an

- adjustable array is to pass, in addition to

the array itself, values representing the
results of the HBOUND and LBOUND built-in
functions for each of its extents.



There are several other methods of
avoiding the use of locator/descriptors
when passing arguments to or from a PL/I
program. Some of these are suggested
below:

1. To obtain the address of the first
element in an array or structure
without recourse to its
locator/descriptor, pass the first
element in its subscripted or
fully-qualified form rather than an
unsubscripted or unqualified reference
to the entire array or structure. The
addresses of the remaining elements of
the array or structure can be obtained
if the characteristics of the
aggregate are known in the
assembler-language routine.

2. It is also possible in most cases to
avoid the use of locators/descriptors
in an assembler-language routine by
ensuring that the PL/I procedure uses
a based arithmetic argument or
parameter in association with a
string, area, Or aggregate. ©Examples
follow:

PP:PROC;

DCL A(20) FIXED,
B FIXED BASED(P),
C CHAR(20),
D FIXED BASED(Q),
X ENTRY(FIXED,FIXED);
P=ADDR(A) ;
Q=ADDR(B) ;
. /* SET VALUES IN A AND C */

CALL X(B,D) /*INVOKE X WITH ELEMENT
ARITHMETIC ARGUMENTS */

This example causes the addresses of array
A and character string C to be passed to
assembler-language routine X. The
invocation of X uses arithmetic variables B
and D, which have been effectively overlaid
on A and C. Note that varying-length
strings from PL/I contain the current
length in the first two bytes. The
technique described above cannot he nsed
for passing unaligned bit strings as
arguments.

The following example shows the
treatment of two parameters in a PL/I
procedure invoked from an
assembler-language routine:
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PP: PROC(X,Y);
DCL (X,Y¥) FIXED,
A(20) FIXED BASED(P);
B CHAR(20) BASED(Q);
P=ADDR(X) ;
Q=ADDR(Y);

The assembler-language routine passes the
addresses of the first element in an
aggregate or of the first byte in a string;
the associated parameters can ke declared
as arithmetic element variables. String or
aggregate variakles can then be declared as
based variables qualified implicitly by the
pointers to which the addresses of the
parameters are subsequently assigned. This
technique will work for all types of PL/I
data except unaligned bit strings. Ncte
that a varying-length string should contain
the current length of the string as a
binary integer in the first two bytes
before it is passed to the FL/I routine.

PL/I LANGUAGE FACILITIES FOR ASSEMBLER
INTERFACE

Although the PL/I language does not provide
direct facilities for communication ketween
PL/I and assembler-language modules, use of
the facilities for communicating with COBOL
modules can simplify argument passing
between PL/I and assemkler-language
modules. The PL/I interlanguage
communication routines associated with
these facilities can be used to avcid the
previously-described problems associated
with addressing PL/I data types. The PL/I
interlanguage communication facilities are
described in the language reference ranual
for this compiler.

A PL/I routine that invokes an
assembler-language routine can declare the
entry point to the assembler-language
routine with the options COBOL, NCMAF, and
INTER. The COBOL ortion ensures that the
address of the data and not that of a
locatorsdescriptor of a PL/I variakle is
passed; the NOMAP option ensures that no
dummy arguments are created and that the
argument is passed directly; the INTER
option ensures that the program interrupts
in the assembler-language routine are
handled by PL/I unless the routine modifies
the error-handling itself.

Similarly, a PL/I PROCEDURE or ENTRY
ctatramont involod fxom o on
assembler-language routine can have the
options COBOL and NCMAP., The CCBCL option
ensures that the address expected by the
PL/I routine for a parameter is that of the
data and not that of a locator/descriptor
of a PL/I variakle; NOMAP ensures that no
dummy argument is created and that the
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parameter is passed directly to the PL/I
routine.

Note that because certain types of PL/I
data have no equivalent in COBOL, a message
may be produced by the compiler when such a
data type is to be passed as an argument or
received as a parameter.
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If you intend to use the PL/I sort
facilities, the version of OS generated for
your installation must include either a
copy of the 0S type 1 sort/mexrge program
(Program Number 360S-SM-023) or a copy of
the 0S program product sort/merge program
(Prxogram Number 5734 SM1i). The PL/I
sorxting facilities make use of either 0S
sort/merge program to arrange records
according to a predetermined sequence. The
sort/merge program includes user exit
points to enable user-written routines to
be entered at particular stages during the
sorting operation and which provide access
to records that are being sorted.

The PL/I sort facilities provide an
interface to enable the sort/merge program
to be invoked and to call PL/I procedures
through two of the user exits, E15 and E35.
This chapter describes the method of
invoking sort/merge from PL/I and the use
of the user exits E15 and E35.

Storage Requirements

The minimum storage requirements for the
sort program when used in conjunction with
a PL/I program compiled by the optimizing
compiler is 12000 bytes or 26000 bytes in
an MVT environment. Additional storage
requirements exist i1f the sort program
handles records that are greater than 400
bytes in length and if it uses
direct-access devices for input, output, or
intermediate storage. Efficiency is
enhanced if additional main storage can be
provided.

ENTRY NAMES

A PL/I program invokes the sort program by
means of a CALL statement that names one of
four entry points to a PL/I sort interface
subroutine provided by the 0S PL/I Resident
Library. The CRLL statement also passes
arguments that specify the requirements for
the sorting operation. The arguments
include a seanenca nf anr+/morca conisc 1
statements in the form of character-strlng
expressions. The PL/I sort interface
subroutine has entry points for four types
of processing:

PLISRTA Invokes the sort/merge program
to retrieve records from a data
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set (SORTIN), sort them, and
write them in sorted sequence
onto ancther data set
(SORTOUT) .
PLISRTB Invokes the sort/merge program
and specifies the use cf user
exit E15. A PL/I procedure
invoked at user exit E15 will
supply all the records to ke
sorted. The sorted reccrds are
written directly onto the data
set SORTOUT.
PLISRTC Invokes the sort/merge program
and specifies the use cf user
exit E35. A PL/I procedure
invoked at user exit E35 will
receive all the records from
the sort and handle any cutput
that is required.
PLISRTD Invokes the sort/merge program
and specifies the use of user
exit E15 and user exit E35.
The use of these user exits is
exactly as described for
PLISRTB and PLISRTC.

After completion of the scort, the
sort/merge program passes a return code to
the invoking program to indicate whether
the sort is successful or not. The
invoking procedure must include a variable
with the attributes FIXED BINARY(31) to
receive this return code, and the name of
the variable must always be included in the
argument list of the CALL statement that
invokes sort/merge. The return codes and
their meanings, are:

0 Sort successful

16 Sort unsuccessful

PROCEDURES INVOKED BY WAY OF SORT USER
EXITS

Both external and internal PL/I procedures
can be invoked by way of sort user exits.
The use of external PL/I procedures should
picdcui uu prublens SO 1ONg as their entry
names are declared in the main PL/I
procedure and they are link edited with the
main PL/I procedure to form a single
executable program.

All records passed to a PL/I prccedure
from the sort/merge program, and all

Chapter 13: . PL/I Sort 163



records passed to the sort/merge program,
must be in the form of character strings.
A PL/I procedure invoked by way of user
exit E35 must include a character-string
parameter; a PL/I procedure invoked from
user exit E15 must pass a record to the
sort/merge program by means of a RETURN
statement with a character-string
expression as its argument. Varying-length
character strings cannot be returned from
an E15 exit procedure or received as
parameters in an E35 exit procedure.
Fixed-length character strings only can be
returned by E15 exit procedures. However,
a variable-length record passed to an E35
exit procedure can be declared as an
adjustable-length character string. For
example:

E35X: PROC (VREC);
DCL VREC CHAR(*);

-
.

A PL/I procedure invoked by way of a
sort/merge user exit must pass a return
code to the sort program to indicate what
action should be taken when the PL/I
procedure next relinquishes control. This
is effected by invoking from within the
procedure the PL/I library interface
subroutine PLIRETC as follows:

CALL PLIRETC(n);
where "n" can have one of the following

values to specify the action required:

For procedures invoked by means of user
exit E15:

8 Do not return to this procedure.

12 Includes the record returned from
the procedure in the sort.

16 Stop the sort and return immediately
to the invoking procedure. (0OS
program product sort/merge program
only.)

For procedures invoked by means of user
exit E35:

4 Pass the next sorted record to the
E35 procedure.

8 Do not return to this procedure.
16 Stop the sort and return immediately
to the invoking procedure. (OS

precgram product sort/merge program
only.)

l64

DATA SETS USED BY SORT/MERGE

The execution step for a PL/I program that
uses PL/I sort requires job control DD
statements for some or all of the following
data sets in addition to those required by
the PL/I program.

Input Data_Sets

I1f the sort/merge program is to read the
records to be sorted frcocm a data set,
include a DD statement for the data set,
using the ddname SORTIN.

Work Data Sets

The sort/merge program requires at least
three magnetic-tape or direct-access data
sets for use as intermediate storage; you
can increase efficiency by specifying the
direct-access data sets on separate
direct-access devices. If the volume of
records to be sorted demands more
intermediate storage, you can specify up to
32 data sets. Provide a DD statement for
each work data set, using the ddnames
SORTWKO01 to SORTWK32,

Qutput Data_ Sets

If the sort/merge program is to write the
sorted records onto an output data set,
include a DD statement for the data set,
using the ddname SORTOUT.

Other Data Sets

For the sort program to execute
successfully, it must have access to the
following data sets:

SORTLIB The system sort/merge program
library.
SYsoUT For sort/merge program

diagnostic messages.

The following data sets are needed if the
associated facility is to ke used:
SORTCKPT If the sort/merge program is to
make use of the
checkpoint/restart facility.



SYSUDUMP For dumps of main storage if
required for debugging the sort
program.

PLIDUMP For dumps of main storage if

required for debugging the PL/I
program.

Invoking Sort/Merge from PL/I

The sort/merge program is invoked from a
PL/I program by one of the CALL statements
listed below. The number of arguments
required depends on the entry name invoked.

The arguments include sort/merge program
control statements that define the
processing to be carried out and describe
the records to be sorted. (When the
sort/merge program is invoked as an
independent job step, these control
statements are submitted by way of the
SYSIN input stream.) The control
statements are described in the appropriate
sort/merge publication for the version of
the sort/merge program to be used. Note
that the MERGE statement cannot be used
when invoking the sort/merge program
through the PL/I sort interface. The
general syntax of the CALL statement for
each of the four entry points is:

CALL PLISTRA(argl,arg2,arg3,argl);
CALL PLISTRB(argl,arg2,arg3,argli,arg5);
CALL PLISRTC(argl,arg2,arg3,argl,arg6);

CALL PLISRTD(argl,arg2,arg3,argl,arg5,
arg6) ;
The arguments are:
argl Sort/merge SORT statement; this
statement may be preceded and
followed by an optional blank
character.
arg2 Sort/merge RECORD statement; this
statement may be preceded and
followed by an optional blank
character.
arg3 Amount of main storage for the
sort/merge program.

Name of the variable in the
invoking procedure that is tc
receive the sort return code.

argl

argS Entry point name of the PL/I
procedure to ke invoked from user
exit E15.

argé Entry point name of the PL/I
procedure to ke invoked from user
exit E35.

In addition to these arguments, there
are three optional arguments that can be
specified for each entry point. These
optional arguments permit you to override
the sort/merge program defaults for the
following:

1. Sort/merge program ddnames
2. Sort/merge program listing options
3. Sort/merge program sorting techniques

If used, these arguments must ke
specified in the above order. 1If an
optional argument is not used, it need not
be specified unless another argument that
follows it in the given order is specified.
In this case, the unused argument must be
specified as a null string. Descrirtions
of the individual optional arguments
follow.

Sort/Merge Program_ DD Names

For multiple invocations of the sort
program from a single jcb step, the
standard ddnames of sort data sets (SORTIN,
SORTOUT, SORTWK, and SORTCKPT) can ke
changed by replacing up to the first four
characters of the ddnames with a similar
numbexr of different characters. This is
achieved by adding an extra argument to the
CALL statements that invoke the sort
program. For the invocation of the sort
program that uses the standard ddnames, the
additional argument should represent a null
string. For the invocation of the scrt
program that uses the modified ddnames, the
additional argument should be a character
string that contains the replacement
characters. Note that the first character
of the replacement string must ke
alphabetic.
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Examgle;

MSORT: PROC OPTIONS(MAIN);

/% INVOKE THE SORT PROGRAM FOR THE FIRST TIME */

CALL PLISRTA (' SORT FIELDS=(7,74,CH,A) ',
' RECORD TYPE=F,LENGTH=(80) ',

100000,
RETURN_CODE,
1');

/* INVOKE THE SORT PROGRAM FOR THE SECOND TIME */

CALL PLISRTA ('

SORT FIELDS=(7,74,CH,Rn) °*,

' RECORD TYPE=F,LENGTH=(80) °*,

100000,
RETURN_CODE,
'TASK');

END MSORT;

In this example the first invocation of the
sort program requires DD statements with
the ddnames:

//SORTIN DD ...
//SORTOUT DD ...
//SORTWKO1 DD ...
etc.

For the second invocation, the sort program
requires DD statements with the following
ddnames:

//TASKIN DD ...
//TASKOUT DD ...
//TASKWKO01 DD ...
etc.

Sort/Merge Program Listing Options

It is possible to select one of five
options for specifying how the sort/merge
program diagnostic messages are to be
produced. The selected option can be
specified as an optional argument to the
entry point used. The optional argument
should contain one of the following
character strings:

NO No messages to be printed

AP All messages to be printed on the
printex

AC 2all messages to be printed on the
system console
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CP Critical messages only to ke printed
on the printer

CC Critical messages only to be printed
on the system console

according to the option that is required.
An example of a CALL PLISRTA statement that
does not modify the sort/merge ddnames kut
which does specify a sort/merge prcgram
listing option follcws:

CALL PLISTRA (* SORT FIELDS=(7,74,CH,R2) °*,
' RECORD TYPE=F,LENGTH=(80) °*,
100000,
RETURN_CODE,
*', /* NULL DDNAME ARGUMENT */
'CP');

Sort/Merge Program_Sorting Techniques

It is possible tc select one of four
sorting techniques for use by the
sort/merge program. The techniques are
described in the sort/merge program
publication. The selected technique must
be specified in an optional argument to the
entry point used. The optional argument
should contain one of the character strings
BALN, CRCX, OSCIlL, or POLY according to the
technique that is required.

An example of a CALL PLISRTA statement
that neither modifies sort/merge ddnames
nor specifies a sort/merge listing orticn
but which does specify a sorting technique
follows:



CALL PLISRTA (' SORT FIELDS=(7,74,CH,A) ',
' RECORD TYPE=F,LENGTH=(80) °*,
100000,
RETURN_CODE,
te

[
/* NULL DDNAME ARGUMENT */
e

’
/% NULL LISTING OPTION ARGUMENT /*
'POLY") ;

Examples of Using PL/I Sort

SORTING RECORDS DIRECTLY FROM ONE DATA SET
TO ANOTHER (PLISRTA)

The example in figure 13.1 illustrates the
use of entry point PLISRTA to retrieve

//0PT13#1 JOB

records from an input data set (SORTIN),
sort them, and write them directly in
sorted sequence onto an output data set
(SORTOUT). The PL/I program contains the
following elements:

1. A declaration of the variable RETURN
CODE to receive the return code from
the sort/merge program.

2. A CALL statement to invoke the entry
point PLISRTA.

3. Statements to test the return code.

The example uses the minimum of data sets;
one for input, one for output, and three
direct-access storage extents on a single
disk storage drive.

//STEP1 EXEC PLIXCLG,PARM.PLI='SIZE(130K),OBJECT'

//PLI.SYSIN DD *
EX106: PROC OPTIONS(MAIN);

DCL RETURN_CODE FIXED BIN(31,0);

CALL PLISRTA (°

SORT FIELDS=(7,74,CH,A) °*,

' RECORD TYPE=F,LENGTH=(80) ',

45000,
RETURN_CODE) ;

IF RETURN_CODE = 16 THEN PUT SKIP EDIT ('SORT FAILED') () ;
ELSE IF RETURN_CODE = 0 THEN PUT SKIP EDIT ('SORT COMPLETE")

(a);

ELSE PUT SKIP EDIT ('INVALID SORT RETURN CODE')(3a);

END EX106;
Ve

//GO.SORTIN DD *

003329HOOKER S.W. RIVERDALE, SATCHWELL LANE, BACONSFIELD
002886BOCKER R.R. ROTORUA, MILKEDGE LANE, TOBLEY

003077ROOKER & SON, LITTLETON NURSERIES,

SHOLTSPAR

059334HOCK E.H. 109 ELMTREE ROAD, GANNET PARK, NORTHAMPTON

073872HOME TAVERN, WESTLEIGH
000931FOREST, IVER, BUCKS
V&

//G0.SORTOUT DD SY¥SOUT=A,DCB=(RECFM=F,BLKSIZE=80)

//G0.SYSOUT DD SYSOUT=A
//GO.SORTLIB DD DSN=SY¥S1.SORTLIB,DISP=SHR

//G0.SORTWKO01 DD UNIT=2314,3PACE=(TRK, (60,20),,CONTIG)
//G0O.SORTWKO02 DD UNIT=2314,SPACE=(TRK, (60,20),,CONTIG)
//G0.SORTWK03 DD UNIT=2314,SPACE=(TRK, (60,20),,CONTIG)

Figure 13.1. Invoking sort/merge via entry point PLISRTA
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USER EXIT E15 (PLISRTB)

The example in figure 13.2 illustrates the
use of entry point PLISRTB to enable
records to ke supplied to the sorxrt by a
PL/I procedure.

Like that in the previous example, the
main procedure invokes the sort/merge
program and tests the return code when

processing is complete. Note that reccrds
to be sorted can cnly ke supplied Ly the
procedure invoked by way of user exit E15
(in this case, procedure E15X).

Each time procedure E15X is invoked by
the sort/merge program, E15X reads a record
from the input stream and passes it tc the
sort after the apprcpriate return code has
been passed.

//0PT13#2 JOB

//STEP1 EXEC PLIXCLG,PARM.PLI='SIZE(130K) ,OBJECT'
//PLI.SYSIN DD *

EX107: PROC OPTIONS(MAIN) ;

DCL RETURN_CODE FIXED BIN(31,0);

CALL PLISRTB (' SORT FIELDS=(7,74,CH,Aa) ',
' RECORD TYPE=F,LENGTH=(80) ‘',
45000,
RETURN_CODE,
E15X) ;
IF RETURN_CODE = 16 THEN PUT SKIP EDIT ('SORT FAILED'") (A);
ELSE IF RETURN_CODE = 0 THEN PUT SKIP EDIT ('SORT COMPLETE') (R);
ELSE PUT SKIP EDIT ('INVALID SORT RETURN CODE') (Ad);
E15X: /% THIS PROCEDURE OBTAINS RECORDS FROM THE INPUT STREAM */
PROC RETURNS(CHAR(80)); :
DCL SYSIN FILE RECORD INPUT,
INFIELD CHAR(80) INIT(*' ');

ON ENDFILE(SYSIN) BEGIN;
PUT SKIP(3) EDIT (*END OF SORT PROGRAM INPUT') (R):;
CALL PLIRETC(8); /* SIGNAL END OF SORT INPUT */
GOTO ENDE15;
END;

READ FILE (SYSIN) INTO (INFIELD);

. CALL PLIRETC(12); /#* INPUT TO SORT CONTINUES */
RETURN (INFIELD);
END E15X;

END EX107;

ENDE15:

VAN

//GO.SYSIN DD *

003329HOOKER S.W. RIVERDALE, SATCHWELL LANE, BACONSFIELD
002886BOOKER R.R. ROTORUA, MILKEDGE LANE, TOBLEY
003077ROCKER & SON, LITTLETON NURSERIES, SHOLTSPAR
059334HO0K E.H. 109 ELMTREE ROAD, GANNET PARK, NORTHAMPTON
073872HOME TAVERN, WESTLEIGH

000931FOREST, IVER, BUCKS

/¥

//G0.SORTOUT DD SYSOUT=A,DCB=(RECFM=F,BLKSIZE=80)
//G0.SYSOUT DD SYSOUT=A

//GO.SORTLIB DD DSN=SYS1l.SORTLIB,DISP=SHR

//GO.SORTWKO1 DD UNIT=2314,SPACE=(TRK, (60,20),,CONTIG)
//GO.SORTWKO02 DD UNIT=2314,SPACE=(TRK, (60,20),,CONTIG)
//G0.SORTWK03 DD UNIT=2314,SPACE=(TRK, (60,20),,CONTIG)

Figure 13.2. Invoking sort/merge via entry point PLISTRB
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//0PT13#3 JOB
//STEP1 EXEC PLIXCLG,PARM.PLI='SIZE(130K),OBJECT'
//PLI.SYSIN DD *

EX108: PROC OPTIONS(MAIN);

DCL RETURN_CODE FIXED BIN(31,0);

CALL PLISRTC (' SORT FIELDS=(7,74,CH,Rn) °*,
' RECORD TYPE=F,LENGTH=(80) °*,
45000,
RETURN_CODE,
E35X) ;
IF RETURN_CODE = 16 THEN PUT SKIP EDIT ('SORT FAILED') (A);
ELSE IF RETURN_CODE = 0 THEN PUT SKIP EDIT (*SORT COMPLETE®') (A);
ELSE PUT SKIP EDIT ('INVALID SORT RETURN CODE') (A);

E35X: /* THIS PROCEDURE OBTAINS SORTED RECORDS */
PROC (INREC);
DCL INREC CHAR(80);
PUT SKIP EDIT (INREC) (A);
CALL PLIRETC(4); /* REQUEST NEXT RECORD FROM SORT */
END E35X;
END EX108;
/*

//G0.S5YSOUT DD SYSOUT=A

//GO.SORTLIB DD DSN=SY¥S1l.SORTLIB,DISP=SHR
//G0O.SORTWKO01 DD UNIT=2314,SPACE=(TRK, (60,20),,CONTIG)
//GO.SORTWK02 DD UNIT=2314,SPACE=(TRK, (60,20),,CONTIG)
//G0O,SORTWKO03 DD UNIT=2314,SPACE=(TRK, (60,20),,CONTIG)

//GO.SORTIN DD *

003329HOOKER S.W. RIVERDALE, SATCHWELL LANE,

BACONSFIELD

002996BOOKER S.W. ROTORUA, MILKEDGE LANE, TOBLEY
003077ROOKER & SON, LITTLETON NURSERIES, SHOLTSPAR

059334HOOK E.H. 109 ELMTREE ROAD, GANNET PARK,

073872HOME TAVERN, WESTLEIGH
000931 FOREST, IVER, BUCKS
/¥

Figure 13.3.

USING USER EXIT E35 TO HANDLE SORTED
RECORDS (PLISRTC)

The example in figure 13.3 illustrates the
use of entry point PLISRTC to enable
records to be supplied from the sort to the
PL/I procedure E35X. As in previous
examples, the main procedure invokes the
sort/merge program and tests the return
code when processing is complete. Each
time procedure E35X is invoked by the
sort/merge program, it receives a sorted
record as a parameter, prints it, and
requests the next record from the
sort/merge program by passing it the
appropriate return code.

PASSING RECORDS TO BE SORTED, AND RECEIVING
SORTED RECORDS (PLISRTD)

The example in fiqure 13.4 illustrates the
use of entry point PLISRTD to enable
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Invoking sort/merge via entry point PLISTRC

records to be supplied to the sort fror a
PL/I procedure and sorted recoxds to ke
supplied from the sort to a PL/I procedure.
As in previous examples, the main procedure
invokes the sort/merge program and tests
the return code when processing is
complete. The use of the E15 user exit is
identical to that in figure 13.2; the use
of the E35 user exit is identical tc that
in figure 13.3.

The sequence of events is as follcws:

1. The PL/I program invokes the
sort/merge program.

2. The sort/merge program invokes the E15
routine for each input record until
Tne return coge 1S SET TO Y.

3. The sort/merge program invokes the E35
routine for each sorted record until
all the sorted records have keen
passed or until the E35 routine
requests no more records.
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//0PT13#4 JOB

//STEP1 EXEC PLIXCLG,PARM.PLI='SIZE(130K),OBJECT"
//PLI.SYSIN DD *

EX109: PRCOC OPTIONS(MAIN);

DCL RETURN_CODE FIXED BIN(31,0);

CALL PLISRTD (' SORT FIELDS=(7,74,CH,d) °',
' RECORD TYPE=F,LENGTH=(80) °*,
45000,
RETURN_CODE,
E15X,
E35X);
IF RETURN_CODE = 16 THEN PUT SKIP EDIT ('SORT FAILED')(A);
ELSE IF RETURN_CODE = 0 THEN PUT SKIP EDIT (*'SORT COMPLETE') (A);
ELSE PUT SKIP EDIT ('INVALID SORT RETURN CODE') (A);

E15X: /* THIS PROCEDURE OBTAINS RECORDS FROM THE INPUT STREAM */
PROC RETURNS (CHAR(80)) ;

DCL INFIELD CHAR(80) INIT(* *');

ON ENDFILE(SYSIN) BEGIN;
PUT SKIP(3) EDIT ('END OF SORT PROGRAM INPUT. ',
*SORTED OUTPUT SHOULD FOLLOW') (R);
CALL PLIRETC(8); /% SIGNAL END OF SORT INPUT */
GOTO ENDE15;
END;

GET FILE (SYSIN) EDIT (INFIELD) (A(80));

PUT SKIP EDIT (INFIELD) (R);

CALL PLIRETC(12); /* INPUT TC SORT CONTINUES */
ENDE15: RETURN (INFIELD);

END E15X;

« E35X: /% THIS PROCEDURE OBTAINS SORTED RECORDS */
PROC (INREC);

DCL INREC CHAR(80);
PUT SKIP EDIT (INREC) (A&);

NEXT: CALL PLIRETC(4); /* REQUEST NEXT RECORD FROM SORT */
END E35X;
END EX109;
/ *

//G0.5YSQUT DD SYSOUT=A

//G0O.SORTLIB DD DSN=SYSl1l.SORTLIB,DISP=SHR

//G0.SORTWKO1 DD UNIT=2314,SPACE=(TRK, (60,20),,CONTIG)
//G0O.SORTWKO02 DD UNIT=2314,SPACE=(TRK, (60,20),,CONTIG)
//G0.SORTWKO3 DD UNIT=2314,SPACE=(TRK, (60,20),,CONTIG)
//GO.SYSIN DD #

003329HOOKER S.W. RIVERDALE, SATCHWELL LANE, BACONSFIELD
002996BOOKER S.W. ROTORUA, MILKEDGE LANE, TOBLEY
003077ROOKER & SON, LITTLETON NURSERIES, SHOLTSPAR
059334HOOK E.H. 109 ELMTREE ROAD, GANNET PARK, NORTHAMPTON
073872HOME TAVERN, WESTLEIGH :
000931FOREST, IVER, BUCKS

/¥

Figure 13.4. Invoking sort/merge via entry point PLISTRD
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The PL/I Checkpoint/Restart feature
provides a convenient method of taking
checkpoints during the execution of a
long-running program in a batch
environment. It cannot be used in a TSO
environment.

At points specified in the program,
information about the current status of the
program is written as a record on a data
set. If the program terminates due to a
system failure, this information can be
used to restart the program close to the
point where the failure occurred, avoiding
the need to rerun the program completely.

This restart can be either automatic or
deferred. An automatic restart is one that
takes place immediately (provided the
operator authorizes it when requested by a
system message). A deferred restart is one
that is performed later as a new job.

You can request an automatic restart
from within your program without a system
failure having occurred.

PL/I Checkpoint/Restart uses the
Advanced Checkpoint/Restart Facility of the
operating system. This is fully described
in the manual Advanced Checkpoint/Restart.

To use checkpoint/restart you must do
the following:

e Request, at suitable points in your
program, that a checkpoint record is
written. This is done with the
built-in subroutine PLICKPT.

e Provide a data set on which the
checkpoint record can be written.

e Also, to ensure the desired restart
activity, you may need to specify the
RD parameter in the EXEC oxr JOB
statement (see the manual JCL
Reference).

Note: You should be aware of the
restrictions affecting data sets used by
your program. These are detailed in the
manual Advanced Checkpoint/Restart.

Writing a Checkpoint Record

Each time you want a checkpoint record to
be written, you must invoke, from your PL/I
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program, the built-in subroutine FLICKET.
The CALL statement has the form:

CALL PLICKPT(ddname,check-id(,codel[,0xgl);

"ddname" is a character string constant or
variable specifying the name of the LD
statement defining the data set that is to
be used for checkpoint records. It can be
effectively omitted by specifying a null
string, and the system will use the default
ddname SYSCHK.

"check-id" is a character string constant
or variable specifying the name that you
want to assign to the checkpoint record so
that you can identify it later, if
required. You can effectively omit
"check-id" by specifying a null string.
The system will supply a unigque
identification and print it at the
operator's console.

"code" is a variable with the attributes
FIXED BINARY (31), which can receive a
return code from PLICKPT. The return code
has the following values:

0 A checkpoint has been successfully
taken.

4 A restart has keen successfully
made.

8 Unsuccessful checkpoint due to I/0
error.

12 Unsuccessful checkpoint due to
program erxox.

16 Successful checkpoint, but sore
system information may have keen
omitted.

"org" is a character string constant cr
variable with the attrikutes CHARACTER(2)
whose value indicates, in operating system
terms, the organization of the checkroint
data set. PS indicates sequential (that
is, CONSECUTIVE) organization, PO
represents partitioned organization. If
"org" is omitted, PS is assumed.

Checkpoint Data Set

A DD statement defining the data set on
which the checkpoint records are to ke
placed, must be included in the job control
procedure. This data set can have either
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CONSECUTIVE or partitioned organization.
Any valid ddname can be used. If you use
the ddname SYSCHK, you do not need to
specify the ddname when invoking PLICKPT.

A data set name need be specified only
if you want to keep the data set for a
deferred restart. The 1I/0 device can be
any magnetic-tape or direct-access device.

If you want to obtain only the last
checkpoint record, then specify status as
NEW (or OLD if the data set already
exists). This will cause each checkpoint
record to overwrite the previous one.

If you want to retain more than one
checkpoint record, specify status as MOD.
This will cause each checkpoint record to
be added after the previous one.

If the checkpoint data set is a library,
then "check-id" is used as the member-name.
Thus a checkpoint will delete any
previously-taken checkpoint with the same
name.

For direct access storage, enough
primary space should be allocated to store
as many checkpoint records as you will
retain. You can specify an incremental
space allocation, but it will not be used.
A checkpoint record is approximately 5000
bytes longexr than the area of main storage
allocated to the compiler.

No DCB information is required, but you
can include any of the following, where
applicable:

OPTCD=W, OPTCD=C, RECFM=UT, NCP=2, TRTCH=C

These subparameters are described in
appendix A.

Performing a Restart

A restart can be automatic or deferred.
Automatic restarts can be made after a
system failure or from within the program
itself. All automatic restarts need to be
authorized by the operator when requested
by the system.

AUTOMATIC RESTART AFTER A SYSTEM FAILURE

If a system failure occurs after a
checkpoint has been taken, the automatic
restart will occur at the last checkpoint
if you have specified RD=R (or omitted the
RD parameter) in the EXEC or JOB statement.
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If a system failure occurs before any
checkpoint has keen taken, then an
automatic restart, from the beginning of
the job step, can still occur if ycu have
specified RD=R in the EXEC or JOB
statement.

If a system failure occurs after a
checkroint has keen taken, then you can
still force automatic restart from the
beginning of the jok step ky specifying
RD=RNC in the EXEC or JOB statement.

AUTOMATIC RESTART FROM WITHIN THE PRCGRAM

An automatic restart can be requested at
any point in your program. The rules
applying to the restart are the same as for
a restart after a system failure. To
request the restart, you must execute the
statement:

CALL PLIREST;

To effect the restart, the compiler
terminates the program abnormally, with a
system completion code of 4092. Therefcre,
to use this facility, the system completion
code 4092 must not have been deleted frcm
the table of eligikle codes at system
generation.

DEFERRED RESTART

To ensure that automatic restart activity
is canceled, but that the checkpoints are
still available for a deferred restart,
specify RD=NR in the EXEC or JOB statement
when the program is first executed.

If a deferred restart is subsequently
required, the program must be sukmitted as
a new job, with the RESTART parameter in
the JOB statement. The RESTART parameter
specifies the job step at which the restart
is to be made and, if you want to restart
at a checkpoint, the name of the checkpoint
record. The RESTART parameter has the
form:

RESTART= (stepnamel,check-idl)

For a restart from a checkpoint, you
must also provide, immediately kefore the
EXEC statement for the job step, a DD
statement, with the name SYSCHK, defining
the data set containing the checkpoint
record.



MODIFYING CHECKPOINT/RESTART ACTIVITY

You can cancel automatic restart activity
from any checkpoints taken in your program
by executing the statement:

CALL PLICANC;

However, if you have specified RD=R or
RD=RNC in the JOB or EXEC statement,

automatic restart can still take place from
the beginning of the job step.

Also, any checkpoints already taken will
still be availakle for a deferred restart.

You can cancel any automatic restart,
and also the taking of checkpoints, even if
requested in your program, by specifying
RD=NC in the JOB or EXEC statement.
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This appendix shows you how to code data
set information in the DCB parameter of the
DD statement and how to make use of
existing DCB information. It also contains
an alphabetic list of the subparameters
that apply to a PL/I program. These
subparameters are specified in the DCB
parameter of the DD statement. Chapter 3
shows you how to write a DD statement and
chapter 6 shows you how to use the name
(ddname) of the DD statement. For a full
description of the DD statement see the job
control language publications.

DCB Parameter

The DCB parameter enables you to add
information about your data set to the data
control block (DCB) generated when the
associated file in your PL/I program is
opened. The information to be added is
defined in one or more subparameters.
These subparameters correspond to the
operands of the DCB macro instruction and
are specified in the same way. For a full
description of macro instructions see the
supervisor and data management macro
instructions publication.

Code the DCB parameter as follows:
DCB=subparameter
or
DCB= (subparameter,subparameter)
For example:

DCB=BLKSIZE=80

DCB=(RECFM=FB, LRECL=80)

TTcnnn- F‘v-lehnn- hf‘p j PO SRR E

——————gy — ——— e

You can use the DCB parameter to make use
of DCB information that already exists
either in the label of a similar data set,
or that has been specified in the DCB
parameter of an earlier DD statement.

Appendix A: DCB Subparameters

INFORMATION IN SIMILAR DATA SETS

You can copy DCB information from the label
of a similar data set ky coding:

DCB=dsname

where "dsname" is the name of the data set
containing the information you want to
copy. This data set must be cataloged, it
must be on a direct-access storage device,
and the volume containing it must be
mounted before execution of the jok step.

INFORMATION IN AN EARLIER DATA SET

You can also copy the DCB information from
an earlier DD statement in a job by coding:

DCB=%,stepname.ddname

where the asterisk tells the operating
system that this is to ke a backward
reference, "stername" is the name of the
job step in which the earlier DD statement
arpears, and "ddname" is the name of the
earlier DD statement. If the earlier LD
Statement is in a cataloged procedure you
must include the procedure step name as
well as the job ster name, for example Ly
coding:

DCB=*.stepname.procstepname.ddname

Overriding Existing DCB Information

If the existing DCB information does not
meet your requirements exactly you can
override any of the subparameters by
specifying the required information in a
new subparameter. For example, if an
existing DD statement named IN in a jok

~ e Au.uu\_u (AT

parameter:

—_~

uao t.uc .I.U.l..l.uw.l.u\j U\.D

DCB= (RECFM=FB, LRECL=80)
and you want LRECL to ke 100, simply code:

DCB= (*.COMP.IN,LRECL=100)
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Subparameters of the DCB Parameter

The following is a summary of those
subparameters that can apply to your PL/I
program. The notation used in the
descriptions is as follows:

n unsigned decimal integer
| indicates a choice

{} braces indicate that you must select
one line from the items enclosed

{] brackets indicate that the item
enclosed is optional.

Code capital letters and numbers exactly as
shown.

BLKSIZE=n

specifies the length in bytes of a block.
The maximum length is 32760 bytes.

For fixed-length records, the block size
must be an integral multiple of the record
length (LRECL); the minimum size is 1 byte.

For variable-length (V-format and
VB-format) records, the block size must be
at least eight bytes larger than the
largest item of data that you expect to
read or write (that is, four bytes larger
than the record length specified in LRECL).
However, if the records are spanned
(vs-format and VBS-format), you can specify
block size independently of record length.
The minimum block size for variable-length
records is 18 bytes.

BUFNO=n

specifies the number of buffers to be used
in accessing the data set. The maximum
number is 255 (unless another maximum has
been determined for your installation
during system generation). For a STREAM
file or BUFFERED RECORD file, if you do not
specify the number of buffers or you
specify zero buffers, the number is assumed
to be two.

CODE=A|B|C|F[I|N]T

specifies the code in which paper tape is
punched. (Data is read into main storage
and then converted from that code to
EBCDIC.)
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A ASCII (8-track)
B Burroughs (7-track)
C NCR (8-track)

F Friden (8-track)

I 1IBM BCD perforated-tape transmission
code (8-track)

N No conversion required (F-format
records only)

T Teletype (5-track)

If no code is specified, I is assured.

CYLOFL=n

specifies, for an INDEXED data set, the
number of tracks of each cylinder tc be.
reserved for the records that overflow from
other tracks in that cylinder. The
theoretical maximum is 99, kut the
practical limit varies with the particular
device.

There must be at least one track in each
cylinder to hold the prime data.

DEN=0]1]2]3

specifies the recording density for
magnetic tape as follows:

Bytes per inch (bpi)

DEN 7-track 9-track
0 200 -
1 556 -
2 800 800
3 - 1600

The density assumed if you omit this
subparameter is:

7-track: 200 bpi
9-track (single density); 800 kpi
9-track (dual density): 1600 bgi

(The subparameter TRTCH is required for
7-track tage.)



DSORG=IS|DA

specifies the organization of the data set
you are creating:

IS (indexed sequential): INDEXED data set

DA (direct access): REGIONAL data set
This subparametei is not required for
CONSECUTIVE data sets.

REYLEN=n

specifies the length in bytes of the
recorded key of records in INDEXED,
REGIONAL(2), and REGIONAL(3) data sets.
The maximum key length is 255 bytes.

LINCT=n

limits the extent of the search for a
record or space to add a record in a
REGIONAL(2) or REGIONAL(3) data set beyond
the region number specified in the source
key.

If you do not specify a limit, the
search starts at the specified region and
continues through the whole of the data
set.

For REGIONAL(2), LIMCT specifies the
namber of records to be searched. The
search starts at the beginning of the track
on which the record is situated and
continues to the end of the track
containing the last record to be searched.

For REGIONAL(3), LIMCT specifies the
number of tracks to be searched.

LRECL=n

specifies the length of a record in bytes;
the maximum length is 32760 bytes for
F-format records, and 32756 bytes for
V-format records. You must specify a
record length for blocked records.

Par B-fnrmat+ and FR-farmat records. the
record length must not exceed the block
size (BLKSIZE) value; the minimum length is
1 byte.

For V-format records, give the maximum
record length including the four control
bytes required by the operating system; the

minimum record length for v-format reccrds
is 14 bytes (ten kytes of data and fcur
control bytes). The record length for
V-format and VB-format records must be at
least four bytes less than the klock size
(BLKSIZE) value; however, for VS-fcrmat and
VBS-format records, it can ke specified
independently of block size.

MODE=C| E

specifies the mode of operation for a card
reader or punch. E indicates EBCDIC, and C
specifies column binary. If you dc nct
specify the mode, E is assumed.

NCP=n

specifies the numker of channel prcgrams
allocated to a file when it is opened: the
number of simultaneous input/output
operations on the file (that is, the nurber
of incomplete event variables) cannot
exceed the number of channel progrars. The
NCP subparameter applies only to direct
access to INDEXED data sets, or sequential
access to CONSECUTIVE or REGICNAL data sets
that are unbuffered. The maximum number of
channel programs is 99 (unless another
maximum was established for your
installation at system generation); the
default value assumed if you omit the
subparameter is 1.

For DIRECT access to an INDEXED data
set, simultaneous input/output operations
in excess of the numker of channel prcgrams
are queued until a channel program kecomes
available.

For UNBUFFERED SEQUENTIAL access to
CONSECUTIVE or REGICNAL data sets, the
ERROR condition is raised if there are too
many concurrent operations.

The NCP subparameter overrides the BUFNO
subparameter or the BUFFERS option of the
ENVIRONMENT attribute. One buffer is
allocated for each channel program.

NTM=n

specifies, for an INDEXED data set, the
number of tracks in the cylinaer inaex
referred to by each master index entry, and
the number of tracks within each level of
the master index referred to by each entry
in the next higher level. The mazximum
value for n is 99. (See also OPTCD=M later
in this chapter.)
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OPTCD=option list

lists optional data management services.

To indicate the services you require, code
the appropriate letters (see below) without
separating blanks, in place of "option
list" (for example, OPTCD=LY).

OPTCD=C requests chained scheduling, which
improves input/output performance by
reducing the time required to transmit
blocks to and from auxiliary storage
devices. In chained scheduling, the data
management routines bypass the normal
input/output scheduling routines and chain
several input/output operations together; a
series of read operations, for example, is
issued as a single chain of commands
instead of several separate commands.

Chained scheduling is most useful in
programs whose performance is input/output
limited. If you use this feature, you
should request at least three buffers or at
least three channel programs. Chained
scheduling can be used with CONSECUTIVE or
REGIONAL SEQUENTIAL data sets; it should
not be used for INPUT or UPDATE with
U-format records.

OPTCD=I requests an independent overflow
area for an INDEXED data set; you must
define this overflow area in a separate DD
statement.

OPTCD=L requests that a record in an
INDEXED data set be recognized as deleted
if its first byte contains (8)'1'B.

OPTCD=M requests the creation of a master
index in accordance with the information
given in the NTM subparameter.

OPTCD=U suppresses the raising of the
TRANSMIT condition when an invalid
character is passed to a printer with the
universal character set feature. A blank
is printed in place of the invalid
character.

OPTCD=W requests a write validity check for
a direct-access device.

OPTCD=Y requests that the data management
routines use the cylinder overflow area for
overflow records in an INDEXED data set.
The size of the overflow area is
established by CYLOFL=n.

FIB1 [S1]
RECFM= viBl [s] Ty [A|M]
8}
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indicates the record format as follows:
F Fixed-length records

V Variable-length records

U Undefined-length records

If you do not specify a record format,
U-format is assumed, except for PRINT
files, for which V-format is the default
assumption.

The optional subfields are:
B Blocked records.

D Standard (fixed-length records cnly).
No blocks, excert possikly the last,
will be shorter than the specified
block size.

D Spanned (variable-length records only).
If variable-length records are sganned,
the record length specified by LRECL
can exceed the block size specified by
BLKSIZE; if necessary, the records are
segmented and the segments are placed
in consecutive blocks. If the records
are unblocked, each block contains only
one record or segment; if the records
are klocked, each block contains as
many records or segments as it can
accommodate.

T Track overflow.  Track overflow is an
orerating system feature that can ke
incorporated during system generation.
It allows a block to overflow from one
track of a direct-access device to
another. Track overflow is useful in
achieving greater data-packing
efficiency, and also allows the size of
a record to exceed the capacity of a
track.

Note: You cannot use track overflow for
REGIONAL(3) data sets with U-format cr
vV-format records cr for INDEXED data sets.

A The first byte of each record contains
an ANS printexr/punch control code.

M The first byte of each record contains
an IBM System/360 printer/punch ccntrol
ccde.

RKP=n

specifies for an INDEXED data set, the
position (n) of the first byte of an
embedded key relative to the keginning of
the record (byte 0). RKP=0 implies that
the key is not embedded. (For example, if
"XYZ" is the key embedded in the record
"ABCXYZDEF", RKP=3.)



STACK=1]2

refers to a card reader or punch:

1 All carxrds read or punched are to be
fed into stacker 1.

2 BAll cards read or punched are to be
fed into stacker 2.

Stacker 1 is assumed if you omit this
subparameter. If you want stacker 3,
specify the ANS machine-code character in
the RECFM parameter of the DD statement,
and insert the appropriate character as the
first data byte.

TRTCH=C|T|EJET

is required when a data set is recorded or
is to be recorded on 7-track tape. It
specifies the recording technique to be
used as shown in the following table:

) T T T -7
i | Data_ T o
| | Conversion |Parity|Translation|
F } ¢ + -1
| I | | I
| C | Yes | cdd | No |
I ¥ + + -~
| | | | I
| T | No | ocdd | Yes |
F ¢ ¢ 4 -~
| | | | I
| E | No | Even | No |
b ¢ 4 + -~
| | l | |
| ET | No | Even | Yes |
1 1 L 4 4
[ 1 i i i
|default] No | odad || No |
L L 1 1 |
Notes

Data_conversion_and_translation: data on
9-track magnetic tape, like that in main
storage, is held in 8-bit bytes, a ninth

bit being used for parity checking; data on
7-track tape is held in the form of 6é-kit
characters with a parity bit. The
conversion feature of the 2400 series
magnetic-tape drives treats all data as if
it were in the form of a bit string,
breaking the string into groups of six bits
for writing on 7-track tape, or into groups
of eight bits for reading into main
storage. The translation feature changes
the form in which character data is held
from 8~bit EBCDIC to 6-kit BCD oxr vice
versa. If you specify neither conversicn
nor translaticn, only the last six kits of
each 8-bit byte are transmitted; the first
two are lost on output and are set to zero
on input.

Parity: 0dd parity checking is normally
used in IBM System/360, kut you should
specify even parity if you want to read a
tape that was written by a system using
even parity, or to write a tape for a
system that demands even parity.

Choice_of technique: The use of a
technique other than C restricts the
character set in which data can be written
if it is subsequently to ke reread and
result in the same bit configuration in
main storage. (An 8-bit code offers 256
possible configurations, but a 6-kit code
only 64.) For stream-oriented or
record-oriented transmission of character
strings or pictured data, you can use
technique C or T; you can also specify ET
if your program is written in the
48-character set. (Seven-track tare .
recording systems indicate a zero bit by
the absence of magnetization of the tare.
Even parity checking does not allow the
code 000000 to be used to represent the
character zero, since an uhmagnetized band
is not acceptable on the tape. Therefore
the code that would otherwise represent a
colon (:) is used for the character zero,
precluding the use of the full PL/I
60-character set.) For record-oriented
transmission of arithmetic data, ycu must
specify technique C.

Appendix A: DCB Subparameters 179



180



Appendix B: Compatibility with the PL/I (F) Compiler

Some features of the PL/I Optimizing
Compiler implementation are incompatible
with the PL/I (F) Compiler implementation.
The most significant incompatibilities are
listed below. In every case, the
description given is of the optimizing
compiler implementation. Programs which
were written for the (F) compiler and which
use any of these features should be
reviewed before compiling them with the
optimizing compiler to ensure that they
will return the same results.

Arrays and Structures

e The maximum number of dimensions in an
array is 15.

e The maximum depth of a structure is 15.

Built-in Functions

e Built-in functions are recognized on
the basis of context only, so that all
programmer-defined external procedures
must be declared explicitly. Built-in
functions and pseudovariables without
arguments, such as TIME and ONCHAR,
must also be declared explicitly with
the BUILTIN attribute, or contextually
with a null argument list, for example:
TIME( ).

e For a variable to be a valid argument
to the ADDR built-in function it must
be connected and its left extremity
must not lie within bytes that contain
data belonging to other variables.

e The ALLOCATION built-in function
returns a fixed-binary value giving the
number of generations of the argument
that exist in the current task.

e The NULLO built-in function is not
implemented in the opntimizina compiler.
The NULL built-in function can be used
for offset variables as well as for
pointer variables.

e The ONCOUNT built-in function can be
used in any on-unit and gives the
number of interrupts remaining to be
processed at any stage in the execution

Appendix B:

of the current task. 1In particular,
this includes event and non-event I/C
and multiple computational interrupts.
In the case of event I/0, the value cf
ONCOUNT is the numker of remaining
exceptional conditions to be processed
as a result of the execution of the
WAIT statement.

When using REGIONAL(1) organization,
the value returned ky the ONKEY
built-in function for a specification
error consists of the last eight kytes
of the source key, padded on the right
with blanks if necessary. This value
is returned for all I/C conditions
other than ENDFILE, or other than ERROR
raised as standard system action for an
I/0 condition.

In a RECORD I/0 statement with the KEY
or KEYFROM opticn, the CNKEY kuilt-in
function returns a null string when the
ERROR condition is raised.

In a RECORD I/O statement referring to
a KEYED file (but with no KEY, KEYFROM,
or KEYTO option specified) the CNKEY
built-in functicn returns the recorded
key.

The PROD built-in function accerts
arguments that are arrays of either
fixed-point or floating-point elements.
The value returned has the same scale
as the argument given, except for
fractional fixed-point arguments for
which the result is in floating-point.

If the first argument of the ROUND
built-in function is a string, it is
converted to arithmetic and rounded;
the first argument must be convertible
to arithmetic. Also, a different
formula is used to determine the
precision of a fixed-point result.

The SUBSTR kuilt-in function returns a
non-varying string.

The SUM built-in function accegpts
arguments that are arrays of either
fixed-point or floating-point elements.
The value returned has the same scale
as the argument given.

The arguments of the TRANSLATE built-in
function are converted to
character-strings in all cases.

The first 16 bits of the result
returned by the UNSPEC kuilt-in
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function for a varying string argument
represent the current length of the
string.

Checkout/Restart

The arguments to the function PLICKPT
are mandatory.

Conditions

When used with arrays, the CHECK
condition is raised after assignment to
each element. The standard system
action when an assignment is made to a

‘single element of an array is to print

the value of only the element assigned.

If the SIZE, SUBSCRIPTRANGE, or
STRINGRANGE condtions occur when
disabled, standard system action is
taken.

The STRINGRANGE condition is not raised
for SUBSTR(string, i, 0) when "i" is
one greater than the length of
"string". A null string is returned.

Control Variable in DO statement

The pseudovariables COMPLETION,
COMPLEX, PRIORITY, and STRING are not
allowed as the control variable of a DO
statement.

DEFINED Attribute
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Simple defining of strings and areas on
a larger base is allowed.

For example:

DECLARE A (6) CHAR (6),
B (3) CHAR (3) DEFINED A;

This example will result in simple

defining - B(1) will refer to the first
three characters of A(l), B(2) to the
first three characters of A(2), and so
on.

If string overlay defining is required,
the user must specify POSITION (1) on

the declaration of the defined item (B
in the example above).

If the string lengths or bounds cf the
defined item cannot be contained in the
base, then string overlay defining will
be assumed, as with the PL/I (F)
Compiler.

For examgle:

DECLARE A (6) CHAR (6),
B (7) CHAR (3) DEFINED (A);

In this example, string overlay
defining will be used kecause the
bounds of array B exceed the kounds of
array A.

If the DEFINED attribute is used with
an array of pictures, the defined item
must match the kase item exactly.

Derendent Declarations

e Only one level of dependent declaration

is allowed.

DISPLAY Statement

e The maximum length of the reply is 72

characters.

Entry Names, Parameters, and Returned

Values

s Each alternative entry expression in a

GENERIC attribute is followed ky a WHEN
clause. The appearance of an entry
name alternative does not constitute a
declaration of the entry name. The
alternative selected is the first fox
which each descriptor is a sukset of
the attributes of the corresponding
argument in the generic reference.

The dimension attrikute is not allowed
in a generic descriptor.

In general, an entry name in
parentheses causes a dummy variakle to
be created; for the function tc be
invoked, a null argument list is
required. However, an entry name
argument in parentheses, or an entry
name without arguments, will be invoked



if passed to a procedure whose
parameter descriptor for the
corresponding argument specifies an
attribute other than ENTRY.

e External entry names must always be
explicitly declared.

e Area and string extents in the RETURNS
attribute or option must be represented
by a decimal integer constant.

e The maximum depth of nesting in a
descriptor list in the ENTRY attribute
is 2.

e An aggregate expression involving
strings may not be passed as an
argument unless there is a
corresponding parameter descriptor in
which all string lengths are specified
as decimal integer constants.

e An internal entry constant cannot be
declared in a DECLARE statement.
REDUCIBLE and IRREDUCIBLE may be
specified on PROCEDURE and ENTRY
statements. A scalar cannot be passed
to an array parameter of an internal
entry constant if the parameter's
bounds are specified by asterisks.

ENVIRONMENT Attribute

* The optimizing compiler will recognize
and convert the previously-implemented
forms of the above options as shown
below, and will issue a message stating
that they are obsolete.

01d form Converted to

F (b) F BLKSIZE(b) RECSIZE(Db)
F(b,x) F BLKSIZE(b) RECSIZE(r)
U(b) U BLKSIZE(b) RECSIZE(Db)
V(b) V BLKSIZE(b) RECSIZE(b-4)
V(b,x) V BLKSIZE(b) RECSIZE(r)
VBS(b, x) VBS BLKSIZE(b) RECSIZE(r)
vs(b, r) VS BLKSIZE(b) RECSIZE(r)

There are two new data set
organizations, TP(M) and TP(R),
associated with teleprocessing.
implies the transmission of whole
messages; TP(R) implies the
transmission of records. Both are
valid only for TRANSIENT files. These
data-set organizations are equivalent
to the options G(m) and R(r) availakle
in Version 5 of the PL/I (F) compiler.
The optimizing compiler will recognize
and convert as follows:

TP (M)
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0l1ld form Converted to
G(m) V TP(M) RECSIZE(m)
R(r) V TP(R) RECSIZE (x)

Error Correction

e The error correction logic differs from
that used by the PL/I (F) compiler.
Invalid programs that are compiled and
corrected by the (F) compiler may not
give the same results on the optimizing
compiler.

EXCLUSIVE Attribute

e The EXCLUSIVE attribute implies cnly
the RECORD attrikute; DIRECT, UFLATE,
and KEYED will arply only by default.

e The EXCLUSIVE attribute can be used in

non-tasking programs, and joks in the
system can affect each other.

Expression Evaluation

e In a concatenation operation, a BINARY
operand is converted to BIT if the
other operand is BINARY or BIT.

FIXED BINARY Expressions

¢ The length of FIXED BINARY constants
and intermediate results with a
precision less than 16 is 2 bytes. The
UNSPEC built-in function returns a
result whose length is 16 bits.

T.TKE Attribute

e The LIKE attrikute is not allowed in
specifying a minor structure that is
contained in a major structure cf which
some other minor structure is declared
with the LIKE attribute.
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Link-editing

Programs translated by the optimizing
compiler cannot be link-edited with
object modules produced by the PL/I (F)
compiler.

Locked Records

The locking action takes place at the
data set level.

If an on-unit is entered as a result of
a REWRITE or DELETE statement, the
record is unlocked if the on-unit is
terminated by a GOTO statement as well
as normal completion.

The ERROR condition is raised if a file
is closed while subtasks currently have
records in it locked.

A record is not locked due to "key not
found" or "key outside data"
conditions.

Operating System_Facilities
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The operating system facilities for
sorting, for checkpoint/restart, for
generating a return code, and for
obtaining a dump are all invoked by
means of a CALL statement with the
appropriate entry-point name; for
example CALL PLISRTA. The entry point
names, which are listed below, have the
BUILTIN attribute and need not be
declared explicitly.

Facility Entry-point Name
Sort PLISRTA

PLISRTB

PLISRTC

PLISRTD
Checkpoint/Restart PLICKPT

PLIREST

PLICANC
Return Code PLIRETC
Dump PLIDUMP

The optimizing compiler does not
recognize the entry names used by the
PL/I (F) compilexr, that is, IHESRTX,
IHESARC, IHEDUMx and IHECKPT. Existing
programs for the PL/I (F) compiler that
use these entry names must be amended
so that the DECLARE statements for them
are removed completely.

Pictures

e Sterling picture data is not

implemented. Therefore the following
picture characters are not allcwed:

G, H, M, P, 6, 7, 8.

Preprocessor

s Text rerlaced by preprocessor

statements does not have blanks
arpended to either end of the
replacement value.

s A parameter descriptor list is not
- allowed in the declaration of a

preprocessor variakle with the ENTRY
attribute.

e The RETURNS attrikute may not ke

specified in a preprocessor DECLARE
statement.

Pseudovariables

e For a varying string, the first 16 bits

of the value of the UNSPEC
pseudovariable represent the current
length of the string.

Record I/0

If READ...KEY is used with a sequential
data set and no reccrd with the
specified key exists in the data set,
the KEY condition is raised and the
file is positioned at the next record
in ascending sequence.

If an embedded key in a record is nct
identical to that sgecified in a
WRITE...KEYFROM or LOCATE statement,
the latter is mcved into the record.

READ, REWRITE, and DELETE statements
are invalid for REGICNAL DIRECT CUTEUT
files.

There is no default record format for
RECORD files. If the record fcrmat is
not specified, the UNDEFINEDFILE
condition is raised.



Return Code delimiter for list- and data-directed
input. An item thus delimited is
processed intact, and ENDFILE (ERRCR
for string) is raised on attempting to

e The maximum return code that may be set read a further item from the file cx
using PLIRETC is 999. string.

s After processing a GET LIST statement,
Standard File SYSPRINT a file is positioned to the next
ncn-blank character or, if this is a
comma, to the character following the

e The name SYSPRINT is reserved as the comma. A GET EDIT statement fcllowing
name of an output file used by the a GET LIST on the same file must take
compiler. This file can also be used into .account the position of the file.

as the standard output file in the PL/I
program. It always has the attributes

STREAM, OUTPUT, PRINT and EXTERNAL. e The NAME conditicn (ERRCR for the

STRING option) is raised for all errcrs
The default record characteristics are: (including out of range subscripts)
record format = VB, record detected on the left-hand side of an
length = 125, and block size = 129. item of data-directed input.

The default number of buffers is two.
Using the DCB parameter of the DD .
statement, record format can be changed e The COPY option causes all items to ke

to VBA, and record length, block size, copied, including any skipped by the
and the number of buffers can be SKIP option. A contextual declaration
changed to any valid value. of SYSPRINT is caused if no file nane

is specified for the CCPY option.
SYSPRINT is opened and closed by the
compiler, however, the OPEN statement

can be used to specify the LINESIZE, o When transmitting CATA-directed cutput
PAGESIZE and TITLE options for use with to a PRINT file, data items less than
the PL/I program. or equal to the line size will not ke

split between lines. Data items
greater than the line size will, if
: possible, be split between the equals
Statements sign and the data value.

e Execution of a PUT statement in which
the LINE option specifies the current
e The approximate maximum number of line and the current column is not 1
statements in a program is 10,000. does not cause the ENDPAGE condition to
be raised. No new current line is
established; the file is repositioned
to column 1 of the current 1line.
Statement Labels

e A label on a DECLARE statement is WAIT Statement
treated as if it were on a null
statement.

e If a WAIT statement requires the
completion of an inactive and
incomplete event variakle in a
Stream Transmission non-tasking program, then after any I/O
' event variables named in the same
statement are completed, a message is

printed and the program is termlnated.
o A filemark (or end nf Q'i-*r"inr: marl Far T = MON ~merd cemmem e mmaademam Y o o o o

- D - -.......v....v.u., ccatrcl JSIVYETELERC) o

the STRING option) is a valid item the terminal.
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Appendix C: Requirements for Problem Determination and APAR

When a member of IBM programming support
personnel is called to examine the
suspected malfunctioning of an IBM program
product, he will first determine whether or
not the malfunction really is a problem in
the program product. If he decides that
the program product is at fault, he must
then check to see if the fault is a known
fault for which he can obtain an existing
fix-up. If the fault is not known, he must
refer the problem to the appropriate
program maintenance group within IBM for
analysis and corxrection. The process of
referring a problem to IBM involves
submitting a report known as an APAR

Submission

(Authorized Program Analysis Report), which
must be accompanied by material tc enakle
the program maintenance personnel to
analyze the problem.

To enable IBM program maintenance
personnel to analyze a proklem, it must ke
possible to reproduce it at the IBM program
maintenance center. It will therefore ke
essential to supply with the APAR the
source program to enakle the proklem to ke
reproduced and analyzed. Faster resclution
of the APAR may be possible if some cr all
of the material listed in figure C.1 is
supplied and if the source program is

i T T ==
| Material Required | Compiler Option | When Required |
r -+ + 1
| o | [ |
| Original source program | | C,E |
| | | |
| Job Control Statements | | C.E |
| | | |
| Operating Instructions/ | | |
i Console Log | | |
| | | |
| Listings: | | |
| Source listing | SOURCE (S) | C,E |
| Cross-reference listing | XREF (X) | C,E |
| Attribute table | ATTRIBUTES (A) | C,E |
| Aggregate table | AGGREGATE (AG) | C,E |
| Storage table | STORAGE (STE) | C,E |
| Compiler options | OPTIONS (OP) | C,E |
| | | |
| Compiler terminal dump | DUMP (DU) | C |
| | | v |
| Linkage editor map | MAP (linkage editor | E |
| | option) | |
[ ' [ [ |
| Execution-time dump | | E |
| | | [
| User subroutines { | E |
| | | |
| User data sets | | E |
| | | I
| Preprocessor input | INSOURCE (IS) | P |
| listing | | |
| { | |
| Preprocessor output | MDECK (MD) | C,E |
| | | |
| Partition/Region size | | C,E |

| | |
! Tiek nf 2nnliad DORc . H oo i
i - L L 1
i Note: "C" indicates the requirements for a compile-time error; |
| "E" indicates requirements for an execution-time error; |
{ "P" indicates the requirements for a preprocessor error. |
L - d
Figure C.1. Summary of requirements for APAR submission
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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 1link
editing and execution steps, in the case of
the failure of the PL/I program during
execution. Listings derived from separate
compilations or executions are of no value
and may, in fact, be misleading to the
programming 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 Preprocessor

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 be
put into abeyance until they are supplied.

Job Control Statements

Listings of job control statements used to
run the program must be supplied. For 0S
installations, any local cataloged
procedures should be shown in expanded
form, obtained by specifying MSGLEVEL=1 in
the JOB statement. Where 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 program maintenance
personnel to reproduce the problem more
quickly.
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Operating Instructions/Console Log

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 tc 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 the IBM program maintenance
personnel to reproduce the proklem.

Listings

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 sukmission with an APAR have
been deleted at system generation, they can
be restored for temporary use by means cf
the compiler CONTROL ortion.

Linkage Editor Mar

When a problem occurs at execution time, a
linkage editor map that was obtained when
the copy of the program that has failed was
link edited is essential. The 1linkage
editor map will ke used in the analysis of
the storage dump that must also be obtained
when the program failed.

Execution-time Dumps

If the problem occurs during executicn cf
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 prcduced by
the PL/I errcr-handling facilities should
be provided. A PL/I dump is obtained by
including the following statement in an
ERROR on-unit that will be entered when the
program fails:

CALL PLIDUMP('TFHB');



Applied PTFs

A list of any program temporary fixes (PTF)
and local fixes (s/zaps) applied to either
the compiler or its libraries must be
supplied. The IBM service aid program
IMAPTFLS, described in the publication 0S
Service Aids, Order No. GC28-6719, can be
used to obtain from a program library a
listing showing those members of the
library that have PTF or local fixes,
provided that when the fix was made, the
correct system status index (SSI) was
included in the library directory.

However, if a module contains more than one
temporary fix, only the last fix to be
applied will be listed by the IMAPTFLS
program.

Submitting the APAR

When submitting material for an APAR to
IBM, ensure that any magnetic tapes and
decks of punched 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:

Appendix C:

e The APAR number assigned by IBM.

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

e The recording mode and density.

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

e The record format and blocking sizes
used for each data set.

e The name of the program that created
each data set.

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

e The APAR number assigned by IBM.

o 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 1lcst
if it becomes separated from the rest of
the APAR material, and that its contents
are readily accessed.
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Appendix D: IBM System/360 Models 91 and 195

This appendix explains how exceptions and
interrupts in Models 91 and 195 are handled
by the operating system. An exception is a
hardware occurrence (such as an overflow
error) which can cause a program interrupt.
An interrupt is a suspension of normal
program activities. There are many
possible causes of interrupts, but the
following discussion is concerned only with
interrupts resulting from hardware
exceptions.

IBM System/360 Models 91 and 195 are
high-speed processing systems in which more
than one instruction may be executed
concurrently. As a result, an exception
may be detected and an interrupt occur when
the address of the instruction which caused
the exception is no longer held in the
central processing unit. Consequently, the
instruction causing the interrupt cannot be
precisely identified. Interrupts of this
type are termed imprecise. When an
exception occurs, the machine stops
decoding further instructions and ensures
that all instructions which were decoded
prior to the exception are executed before
honoring the exception. Execution of the
remaining decoded instructions may result
in further exceptions occurring. An
imprecise interrupt in which more than one
exception has occurred is known as a
multiple-exception imprecise interrupt.

The optimizing compiler permits
processing of imprecise interrupts only
when the compiler option IMPRECISE is in
effect. This is useful when debugging a
program. The effect of the option is:

1. To cause the compiler to insert
special "no-operation®™ instructions at
certain points in the program to
localize imprecise interrupts to a
particular segment of the program,
thus ensuring that interrupt
processing results in the action
specified in the source program.

These "no-operation®™ instructions are
generated:

o Before an ON-statement.
o Before a REVERT statement.

e Before internal code to set the SIZE
condition.

s Before internal cocde to change prefix
options.

e Between statements if GOSTMT ox
GONUMBER apply.

e For a null statement. (This feature
provides the programmer with source
language control cver the timing of
program interrupts.)

2. To provide facilities for:

e Detecting multiple-exception imprecise
interrupts.

e Setting the value that is returned Ly
the ONCOUNT built-in function.

e Raising the appropriate PL/I
conditions.

The order of processing the exceptions
is as follows:

1. PL/I conditions in the order:
UNDERFLOW
FIXEDOVERFLOW or SIZE

ERROR (if system action is required
for either FIXEDOVERFLOW cr
SIZE)

FINISH (if system action is required
for the previous ERRCR
condition)

OVERFLOW

ERROR (if system action is required
for OVERFLOW)

FINISH (if system action is required
for the previous ERROR
condition)

ZERODIVIDE

ERROR (if system action is required
for ZERODIVILE)

TMTAITEOTT 3L mcemt s el mea 2 e lm . f N
- ———— N - I e an AN ke \sas - d.\-\ﬁ e de 4

for the rprevious ERRCR
condition)

Note: The conditions FIXEDCVERFLOW
and SIZE cannot occur together, since
the same hardware condition raises
both of them.
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2. Hardware exceptions in the order:
data
specification
addressing
protection
conditions and exceptions are raised in
the above order until one of the following
situations occurs: '

1. A GO TO statement in an on-unit is
executed. All other exceptions will
then be lost.

2. The ERROR condition is raised. If the
program is terminated as a result of

this action (that is, system action
causing the ERROR condition to be
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raised, followed Ly the FINISH
condition),; messages will be printed
to indicate the nature of the
unprocessed exceptions. The
exceptions themselves will not ke
processed.

When an interrupt results from multigle
exceptions, only one of the PL/I conditions
is raised for each type of excepticn that
occurred.

When a multiple-exception imprecise
interrupt occurs, the ONCOUNT built-in
function provides a binary integer count of
the number of exception types (that have
PL/I on-conditions associated with them)
that remain to be processed. If the
ONCOUNT built-in function is used when cnly
a single exception has occurred, or if it
is used outside an on-unit, a count value
of zero is indicated.



Appendix E: Shared Library Cataloged Procedures

The shared_ library is a PL/I facility that
allows an installation to load PL/I
resident library modules into the link pack
area (LPA) so that they are available to
all PL/I programs. This reduces space
overheads.

The resident library subroutines to be
included in the shared library can be
chosen by the installation; they must
include the initialization routine, the
error-handling routine, the open file
routine, and all modules addressed from the
TCA that are not identical for multitasking
and non-multitasking programs. Further
details of the shared library are given in
the publications 0OS_PL/I Optimizing
Compiler: Execution Logic and 0S PL/I
Optimizing Compiler: System Information.

The routines in the shared library are.
held in two of three link-pack-area
modules: IBMBPSM, and either IBMBPSL or
its multitasking equivalent IBMTPSL. Each
of the link-pack modules contains a number
of library routines, and is headed by an
addressing control block known as a
transfer vector. IBMBPSM contains those
modules in the shared library that are
common to both multitasking and
non-maltitasking PL/I environments.
IBMBPSL contains the non-multitasking
versions of those modules that are not
identical in multitasking and
non-multitasking PL/I environments. This
module has a multitasking counterpart,
IBMTPSL, which holds the multitasking
versions of such modules.

Two further modules are also involved in
handling the shared library. These are the
shared library addressing modules IBMBPSR
and its multitasking counterpart IBMTPSR.
One or other of these modules, each of
which has the alias PLISHRE, is link-edited
with compiled code and held in the program
region: IBMBPSR for non-multitasking
programs, oxr IBMTPSR for multitasking
programs. IBMBPSR and its multitasking
counterpart hold dummy entry points which
duplicate the names of all entry points of
modules within the shared library.
ReIerences TO Sucn €ntry polnts in complted
code are resolved to the dummy entry points
in IBMBPSR or IBMTPSR.

You can use the shared library by using
standard IBM-supplied cataloged procedures
and overriding the link-edit and loader
procedure steps.

Appendix E:

Execution when Using the Shared Library

Use of the shared library is specified by
the linkage editor statement INCLULCE
PLISHRE. PLISHRE is an alias for the
program region modules IBMBPSR and IRMTESR.
The appropriate module will therefcre be
loaded by the linkage editor (IBMBPSR for
non-multitasking programs; IBMTPSR fcr
multitasking programs). All compiled code
external references to shared library
module entry points are then resolved to
the dummy entry points in IBMBPSR (cr
IBMTPSR). Similarly WXTRNs in the program
region module are resolved if compiled ccde
issues an EXTRN for the entry point.

A load module created for use with one
shared library will not execute with a
different shared likrary. You will have to
link-edit the object module again,
including the dummy transfer vector module
for the different shared library.

You must remember that the linkage
editor or loader require a large amcunt of
main storage for external symbol dictionary
tables while processing the dummy transfer
vector module. If ycu specify SIZE=200K in
the PARM field of your EXEC statement for
the linkage editor or loader (and use a
region or partition of equivalent size),
you will get sufficient main storage for
processing with the largest possikle shared
library.

Your PL/I program may take slightly
longer to execute when using a shared
library, because all library calls have to
pass through the transfer vectors.

However, your main storage requirements for
a region will be greatly reduced if ycu
have carefully selected your shared likrary
modules to suit the operating environment.

Multitasking Considerations

The shared library has keen designed so
that multitasking does not affect it. If
PLI.TASK is specified before PLI.BASE, the
linkage editor statement INCLUDE PLISHRE
will result i1n the module IBMTPSR be:Lng
loaded and linked in the program region.
When control passes to the code fcllowing
the IBMBPIR entry point in IBMTPSR, a
request is made to the system to load the
multitasking shared library module IBMTPSM.
The program then runs in the usual manner,
with the multitasking modules.
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An installation may specify that it does
not require either the multitasking or the
non-multitasking modules in the shared
library. However both multitasking and
non-multitasking versions of the program
region module will still be created. The
module for the unwanted environment will be
a dummy. This prevents problems should an
INCLUDE PLISHRE statement be included in a
program that is intended to run in the
environment with no shared library. If
this process was not carried out, such a
statement could result in the incorrect
environment being initialized.

USING STANDARD IBM CATALOGED PROCEDURES

Standard IBM-supplied cataloged procedures
that use the linkage editor or loader (see
chapter 10) can be used to specify the
shared library. This is done by overriding
the SYSLIN DD statement in the link-edit or
load-and-go procedure steps to ensure that
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the shared library addressing module
IBMBPSR is the first module to be included
by the linkage editor or loader and that
its entry point in the resulting lcad
module has the name PLISHRE. For example,
the cataloged procedure PLIXCL requires the
following statements to make use of the
shared library.

//STEP1 EXEC PLIXCL
" //LKED.SYSLIN DD *
INCLUDE PLISHRE

(add further input here)
/%
You can add other linkage-editox contrel
statements by placing them as indicated.
For example, to give the resulting lcad
module the name MINE, add the statement:
NAME MINE (R)

between the ENTRY and /* statements.



This appendix, consisting of a PL/I sample
program, illustrates all the components of
the listings produced by the compiler and
the linkage editor. The listings
themselves are described in chapters 4 and
5.

The function of the program is fully
documented in both the preprocessor input
and the source listing by means of PL/I

Appendix F: Programming Example

comments. These comments consist cf lines
of text each preceded ky /* and follcwed by
*/. Note that the /* must not appear in
columns 1 and 2 of the input record kecause
it will be taken as a job control delimiter
statement.

Most pages of the listings contain brief
notes explaining the contents of the pages.
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PL/T1 OPTIMIZINC CCMFILER

OPTIONS SPECIFIED (::)

VERSION-16/JUN/T1

MyIS s MAR(2,7291)4,L0(55)9SZ(50K)AG4A4XsLIST,STG,0F,ESD

OPTIONS USED (::>

AGGREGATE NODECK
ATTRTBUTES NCFLOW
COMPILE NOGONUMBER
ESD NOMARGINI
GOSTMT NOVDECK
INSOURCE NCKUMBEFR
LIST - NCCFTIMIZE
LMESSAGE NCIMFRECISE
MACRO NOTERMINAL
MAP

NEST

OBJECT

CFFSET

CPTTIONS

SCURCE

STMT

STORAGE

SYNTAX

XREF

196

CHARSET(€0,EBCCIC)
FLAG(T)
LINECOUNT(5¢)
MARGINS(2,72,1)
STZE(51200)

TIME: 01:.25.21

DATE: 16 AUG 71 PAGE

' —
|Start of the compiler listing.

List of options specified in the
PARM parameter of the EXEC
statement. :

List of options used, whether
obtained by default, or by being
specified explicitly.

e —— . a



PL/T1 OPTIMIZING CCMPILER /x%%x%% PL/T SAMPLE PRCGRAMg *#**%x/ PACE 2

PREPROCESSOR INPUT

LINE
1 /A%k%%x PL/T SAMPLE PROGRAM, *d*%%/ 06000100
2 QAFKAAKAAATEAAFFARAFAA R AR AR AR F AR AR A AR F R R DA AR A AR A AIRFRRRRF AR OO0 200D
3 1% */ C0OCOT 30NN
4 /% USES CCMPILE-TIME PREPRCCESSOR TO MODIFY PL/T (F) SOURCE FOR A/ QTCLN40e
5 /% USE WITH THIS COMPILER- THE PREPROCESSOR STATEMENTS FOLLOWING #*/ €3N0NSON
6 /% CCULD BE PLACED ON A LIBRARY AND USED TC MODIFY SEVERAL SQURCE */ €CCABN¢rT
7 /% PROGRAMS BY MEANS CF THE PREFFCCESSOR ZINCLUCE STATEMENT, THEY */ 200CN7I0G
8 /% PERFCRM THE FOLLOWING FUNCTIONS: */ C0C008CD
9 /1% */ ©ALT0SCD
10 /% 1, CONVERY CALLS T0 FOLLOWING PL/TI (F) THEcoo RCUTINES TO THE */ 2ANCALAND
11 r* EQUIVALENT NEW PL/1c:o ROUTINES- ¥/ CCON1100
12 /% IHECUNP/J/C/T 10  FLICUNE, */ r0C312C0
13 /* IHESRTA/B/C/D T0 FLISRTA/B/C/C» */ 00071207
14 /% IHECKFS/T TO FLICKPT, */ OICTL4DN
15 /% IHERESN/T TO PLIREST/FLICANC, */ GQN015CO
16 /% IHESARC/I+ETSAC 10 PLIRETC. */ CCP216CST
17 * */ ODCT1LTO0
18 /% 2. CHANGE FIRST DECLARE/DCL STATEMNENY FQUNC TO INCLUCE 3/ 070)180N
19 /* BUILTIN ATTRIBUTE FQR FOLLOWING BUILT-IN FUNCTIONS(WHICH */ COCO19CN
20 /% DO NOY TAKE ARGUMENTS, ANC SO ARE NCT IMFLICITLY CFCLAREC */ ODTN2GCT
21 /* BUILTIN FCR THIS COMFILER - AS THEY WOULD BE FOR FL/T (F))- */ 22002170
22 /% DATE, TIME, ONCODE, ONCHAR, ONSOURCE, ONLOC, */ O3CT220%
23 /% ONFILE, CNKEY, EMPTY, NULL. */ 200602300
24 1% NOTE: THE ONCQUNT BIF IS CMITTED FROM THIS LIST, € 1S USEC %/ £ICH2372
25 /% LATER TO SHOW THE EFFECT OF NOT DECLARING IT BUILTIN: */ NdNG2304
26 /% ANY REFERENCES TO IhE=--- ROUTINES MUST BE FEMOVED ¥/ ONCN230€
27 /* FROM DECLARE STATEMENTS BEFQRE THE SCURCE FROGRAM IS %/ 00ND2308
28 /% FREPROCESSED, OTHERWISE FATLURES MAY OCCUF WHEN THE */ fQCcT2217
29 /% CONVERTED FROGRAM IS LINK-EDITEC. */ CAD72312
ac /% ¥/ ONOT23E9
31 /¥ 3. CHANGE *NULLC® TC *NULL®* - THERE IS NO NULLO BUILTIN */ 0072352
32 /% FUNCTICN FCR THIS COMFILERS NULL MUST BE USED BOTH WITH */ CCCT2354
33 1% PCINTER ANC CFFSET VARIABLES: */ 0OCN235¢
34 /% */ 00N 2400
35 FFBH R KR B R D KD B o8 ko ook ok ok ok ok kb 3 ok op ok o oh ok ook ok ok ok skl 3 kol sk kol bk ok Ak Sk okokok Rk Rk Rk / sAOC 2507
T T T T e e e e e ———— 1

|Source statements for the sample
|program, exactly as they appear in the
linput stream. These statements form
Ithe input data for the preprocessor.
|Preprocessor statements are identified
Iby the % symbol.

|

|
|
[
|
|
|
|
1. The first line of the input is
included as part of the heading |
for all pages of the preprocessor
and compiler listing.
|
|
|
|
|
|

|

|

|

|

|

| 2. Each input record is numbered
| sequentially.
[}

|

I

L

3. If an input record has a sequence
number, this number is printed.
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PL/T CPTIVIZINGC COMPILER /¥%2%3 PL/I
LINE

36 2 oCcL (IHEDUMP, IHEDUMJ,
37 THECKPT, IHECKFS)
28 x DcL (IHESRTA, IHESRTB,
39 IHERESN, IHESARC,
40 2 bCcL COUNT FIXED:
41 ¥ COUNT =0
4z z DEACTIVATE DECLARE, DCL
43 2 ACTIVATE DECLARE,
44 DCL NORESCAN

198

SANMELE P

THEDUMC,
ENTRY

THESRTC,
THETSAC,

/*

7%
/%
7%

ROGRAM. #3343/

THEDUMT, CECLARE, DCL, nneC2e0n

A0G52€n5

IHESRTD, THEREST, cA0N2700

NULLO) CHAR3 coet2een

fagc26en

FIRST-TIVE-IN SWITCH. */30000300"0
ENSURE MQCIFIED STATEMENTS */3;%7073100

ARE NOT RESCANNEC DURING */ N1 )3200
PREPROCESSOR REPLACEMENT.  */300CQ33(0A

PAGE

3



PL/T CPTINIZING COMPILER

LINE
45
4€
47
48
49
50
€1

o
wn

54
52
56
57
58
cc

71
12
ia
74
75
7e
77
78

% OECLARE: DCL:
FROC RETURNS(CHAF);

/#3%%% FL/T SAVMPLE PROGRAM: ##%#%/

/% CENERATE BUILTIN DECLARES: */ (0(734r°

(nar3eee

COUNT = COUNT + 1 /% COUNT = 1 IF 1ST TIME IN. #/;00D73600

1F COUNT = 1 AR

THEN RETUFN(*DCL (DATE,TIME,ONCHAR, ONSQURCE,ONCOCE,* 1| facc3sen

YONLOC ,ONFILE,ONKEY,EMPTY,NULL) BUILTIN, * (| £aCco360n

CCKPT_RETC FIXEC BIN(31),%'); 20CI3502

ELSE RETURN('DCL*); (Rl A Talnt

% ENC3 "0024100
% IHECUMP: IHECUNMJ: IHEDUMC: IHEDUMT: /% REFLACEC EBY CALL 10 */ OCL342C0
PROC(IC#) RETURNS(CHAR) /% PLIDUMP ROUTINE, INCLUCING #/30nCN43070

DCL ICH# CHAR /* ORIGINAL IC(IF FRESENT). /505004402

IF ID# = ** THEN RETURN(*PLIDUMF'); CO0C450T

ELSE RETURN('PLIDUMP(**TFCA®®,*ve || ICH || *1v)v)5n00046(0

9 ENC3 INNIGTON
% THECKFS: IHECKPT: /% CHANGE TC PLICKPTc PL/TUF) */ D7014747
PROC{ARGl, ARG2, ARG3, ARG4) /* DEFAULTS GENERATEL WHERE =%/ 1I074742

RETURNS (CFAR) /% NO ARGUMENTS CRIGINALLY. /300024744

DCL (ARG1, ARCZ, ARG3, ARG4) CHAR; fENTLT4E

IF ARGl = ** THEN ARGl = **'SYSCHK'*'; POGRGTLE

IF ARG2 = '' THEN ARGZ = ' ttteeg anel4750

IF ARG3 = '' THEN ARG3 = ' '1pSees; (34752

IF ARG4 = '' THEN ARG4 = ' CKPT_RETC'; ancl4754
RETURNC*PLICKFTC(' |1 ARG1 | *»* 1] ARG2 ] %' nEeN4T5E

I ARC3 11 *,* (] ARG4 |} ") ")3 Ch04758

3 ENC; onCT476C
2 IHESRTA = *FLISRTA! /* REPLACE */30N0048CN
2 IHESRTE = 'PLISRTE! /* CALLS TO */ 30007 455D
2 IHESRTC = 'FLISRTC! /%  THE--- */ 300005000
2 THESRTD = *FLISRTD® /% RCUTINES */300G 5107
z IHEREST = YPLIREST! /% BY */300075207
2 THERESN = 'FLICANC!® ,% CALLS TO */ 3079005309
2 IHESARC = *pLIRETC! VA0S PLI=-~ */300075400
2 THETSAC = ‘'FLIRETC! /% RCUTINES- . #/ ;09005500
/% THERE IS NO NULLO BUILTIN FUNCTION FOR THIS COMPILER; €GCTs5erc
NULL MUST BE USED INSTEAC. */500C7°5900

% NULLO = *NLLL'; 0076000

Appendix F:
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PL/T CPTIMIZING CCMFILER

LINE
82

ez
€4

€5
43

€7
€e
89

°0
<1
52
2
<4

g8
99

1cn
171
€2

plec
104
<SS
e
177
108

200

/AF%%k% EL/T SAMPLE FRCGRAMo *#%%*/

2/% ENC OF PREPRCCESSCR STATEMENTS; SCURCE STATEMENTS FCLLCW HERE: */3020761CH
SAMPLE: oenne20n
FROC COPTIONS(MAIN}; foeTesne

CECLARE (FDATE, PTIME) CHﬁﬁ(é): 0 Cse4CC

CECLARE CVAR CHAR(25E) VAR; fpalelaly-las)

ccL 1 BINVEAR, eleneenn

Zz RETCCCE FIXEC BIN(31,3), coaeTTn

¢ FBVAR FIXEC BINj GnechesLn

PCATE = DATEs ~ND266EN

PTIME = TIMES [k (A Col

PUT SKIP ECIT(*SAMFLE PRCGRAM: CATE = *, PLATE, ', TIME = ', roeo71Ce

FTIME) (A(23), P*'S9/9S9/G9%, 2(S), P'79,G9.5S*); CIOQL720C

RETCOCE = G1013 aVO73NN

ON ERRCR anaT7e0n

BECIN; GNATT6ND

CALL IHECUNF;

/% THESE STATEMENTS ILLUSTRATE FREPROCESSCR REPLACEMENT ANC USE OF

BUILTIN FUNCTIONS
CALL THEDUMJ(127}3
CALL IHEDUMC(RETCCCE);
CALL IHEDUMT;

FBVAR = CNCCDE;

CVAR = ONCHAR;
CVAR = CNSCURCE3
CVAR = CNLOCs
CVAR = ONFILE;
CVAR = ONKEY;

THEY wILL NEVER BE EXECUTED-

crecrirn

connrene
*/OOC2TINN

[iatail Taloky
(HC5810C
NHI82n%

eoereIcs
naN5 8400
[ataloel :1-Tas]
annTgera
09618770
agCN8er

PAGE
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FL/T CPTIVMIZING CCMFILER /A3%%3 PL/] SAMPLE PROGRAM: #%#3%/ PAGE 6

LINE
179 /% THIS SYATEMENT, WHICH WILL NEVER BE EXECUTEC, USES 'ONCOUNT' WHICH £)228900
11* IS NETITHER EXPLICITLY NCR IMPLICITLY CECLARED BUILTIN: THE EFFECT (OOCOCCN
111 1€ SHCwWN IN THE ATTRIBUTE LISTING ANC CIAGANCSTIC MESSACES: #/CQCC9108
11z FEBVAR = ONCCUNT; ogNN9 200
112 ENCS AQEE9209
114 /% THIS IS A CUMMY FFCCEDURE TC ILLUSTRATE OTHER PREFROCESSOR 0629409
11¢ REFLACEMENTS/NCN~INMPLICITLY CECLARED BUILTIN FUNCTIGNS. c0CY9520
116 IT wWlLL NEVER BE EXECULTEC: */000296CN
117 CUNMMY: nea397Cn
118 PRCC €0C198Cn
11¢ CCtL AVAR AREA EASELCU(FVAR), Co059¢C0
120 OVAR OFFSET(AVAR), 2921000
121 A ENTRY RETUFNS(CHAR(80)), LQC1Gree
122 SIZE FIXED BIN(31,0)3 aNn12100
123 AVAR = ENFTY3 cco1a2cn
124 PVAR = NULL:S npN1630N0
1z2¢ CVAR = NULLC; enG10400
12¢ CALL IHESRTA('ARGl', YARG2', SI1ZE, RETCODE)s /% S EFAALD Rl
127 CALL THESRTB('AFG1l', 'ARCGz', SIZE, RETCCCE, A); /* c */O0 106NN
128 CALL IHESRTC('ARGl*', ‘*ARG2', STZE, REVTCCCE, BR); /% R H/OANICTHD
12¢ CALL TIHESRTC(*ARGC1', "ARCZ', STZE, RETCOCE, A, E); /% T AL 10eCn
123 CALL IHECKFS('ARGl*, *ARG2*', *FS*', RETCODE); /% CHECKPOINT */0001NGNNO
121 CALL THECKFT; /* CHECKPOINT */ aaG11r0n
122 CALL IHEREST; /% FCRCE RESTRT #/{n0111A0
zz CALL IHERESA; /7% CANCEL CKPT /73011200
134 CALL THETSAC(RETCOCE)s /* SET RETURN CGCE(TASKING) */(NG1130C
125 A FRCC RETUFANS(CHARI(BC)) S ENCs /7% CUMMY EXIT #/00C11400
126 /* FPROCECURES #/70D11450
137 B: FRCC(RECORC) 3 CCL FRECORC CHAR(E")3 ENCs /* FCR SCRT: */CGT 11590
128 END DUMMY; 00011660
13¢ CALL THESARC(RETCCCE); /% SET RETURN CCCE(NCATASKINCG) #*/80011800
147 PUT SKIP LIST('*END SAMFLE FRCGRAM'); 0011907
141 ENC SAMPLE; ' £3r12000
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FL/1 CPTIMIZING CCMPTLER /¥%%%kd PL/T SAMFLE PROGRAM: kadokskk/ PAGE 7
FREPRCCESSOP DIAGNCSTIC MESSAGES

ERFOR 1IC LINE MESSAGE DESCRIFTION

SEVERE ANC ERRCF [TAGNOSTIC MESSACES

TELC217Y E 97 MISSING LEFT FARENTHESIS FROM ARGUMENT LIST FGR PROCEDURE *'IHEDUMPY, PROCEDURE INVOKED WITHOUT
ARCUMENTS,»

IELD2171 E 1C2 MISSING LEFT FARENTHESIS FROM ARGUMENT LIST FCR FRCCECURE f*THEDUMT', PRCCEDURE INVOKED WITHQOUT
ARGUMENTS.

IELC217T E 121 MISSING LEFT FARENTHESIS FRCM ARCUMENT LIST FCR FROCEDURE vIHECKPT', PRCCECURE INVOKED WITHOUT
ARGUMENTS<

WARNING CIAGNCSTIC MESSACES

TELOLEST W 97 TCO FEW ARCUMENTS TO FUNCTION fIKECUMPY, NULL STRINGS PASSED AS MISSING ARGUMENTS.
TIELC184T W 102 TOO FEW ARGUMENTS TO FUNCTICN ¢ THECUMT', NULL STRINGS PASSED AS MISSING ARGUMENTS.
TELCL1EsL] W 131 TOO FEW ARGUMENTS TO FUNCTION *IHECKPT!', NULL STRINGS PASSED AS MISSING ARGUMENTS.

ENC OF PREFRCCESSOR DIAGNOSTIC MESSAGES

r
|Diagnostic messages generated by the
Ipreprocessor. All messages generated
|by the optimizing compiler (including
‘lthe preprocessor) are documented in
|the publication 0S Optimizing Compiler:
|Messages.

|

|

|

|

1

|

| |
I(::) "ERROR ID" This identifies the |
| message as originating from the |
{ optimizing compiler (IEL), and |
v |

1

i

|

|

|

!

|

4

I gives the message number.

|
(::) "L" This is the severity level of
I the message.

|
(::) "LINE" This gives the number of
| the line in which the error

| occurred.
| AP -
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FL/T1 CPTIMIZING CCMPILER /#%%%% PL/1 SANPLE PROGRAM, #*3%3x/ PAGE 8
SCURCE LISTING

STM; LEV NT R

/%%%3% PL/T SAMFLE FROCRAM: ##3¥*/ ;

1 SAMPLE: 83
PROC OPTICNS{NMAIN); : 84
2 1 DCL (CATE,TIME,ONCHAR,ONSOURCE,ONCCCE ONLOCCNFILE,CNKEY,EMPTY, 85 2
NULL) BUILTIN, CKFT_RETC FIXED BIN(31), (PDATE, PTIME) CHAR(6); 85 1
El ] CCL CVAR CHAR(25%) VAR; 86 2
4 1 ccL 1 BINVAR, 87 1
Zz RETCCCE FIXED BIN(31,0), 88
2 FBVAR FIXEC BIN3 89
€ 1 FCATE = DATE; 90
e 1 PTIME = TIME; 91
7 1 PUT SKIP ECIT('SAMFLE PRCGRAM: DATE = ', PCATE, ', TINE = ¢, 92
PTIME} (A(23), P'S5/99/99%, A(S), P'15,5C.991); 92
8 1 RETCOCE = C101; S4
c 1 ON ERRCR 95
BEGIN; ' 9¢
1 2 CALL FLICUMP; 97 1
/% THESE STATEMENTS ILLUSTRATE PREFROCESSCR REPLACEMENT AND USE CF 98
BUILTIN FUNCTIONS THEY wILL NEVER BE EXECUTEC. */ 98
S9
11 2 CALL FLIDUMP('TFCA','127%); 100 1
12 2 CALL FLIDUMP(*TFCA',*RETCODE®); 101 1
13 2 CALL FLIDUMP; 102 1E
14 2 FBVAR = ONCODE; 103
15 2 CVAR = ONCHAR; 104
1€ 2 CVAR = ONSQURCE; 105
17z CVAR = ONLCC; 106
18 2 CVAR = CONFILE; 107
19 2 CVAR = DNKEY; 108

fmm———
|Source listing. This is the output
Ifrom the preprocessor and the input to
Ithe compiler. All the preprocessor
Istatements have been executed and all
Ipreprocessor comments have been '
Ideleted.
|

Statement nesting levels.

Line numbers brought forward from
the preprocessor input.

Maximum depth of replacement.

"E" in this column indicates that
an error has occurred during a
replacement attempt.

—— e e e — 4
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PL/T CPTIMIZING CCMPILER

204

STMT LEV NT

oz
21z
22 1
23 2
24 2
25 2
6 2
27 2
28 Z
25 2
E
21 2
2 2
23 2
36 2
s 2
€ 2
L)
41z
42 1
43 1
44

/% THIS STATEMENT, WHICH WILL NEVER BE EXECUTED,
IS NEITHER EXPLICITLY NCR IMPLICITLY DECLAREC BUILTIN.

/*%%%% PL/T SAMPLE PROGRAM:

EETT Y]

USES 'ONCOUNT' WHICH
THE EFFECT

IS SHCWN IN THE ATTRIBUTE LISTING ANC DIAGNGSTIC MESSACES:

ENC:

FBVAR

= ONCOUNT:

/% TEIS IS A CUMMY PROCEDURE TC TLLUSTRATE CTHER FREFRCCESSOR
REFLACEMENTS/NON-TMPLICITLY CECLARED BUILTIN FUNCTIONS.
IT WILL NEVER BE EXECUTEC.

OUMMY:

FRCCs

ccL

AVAR = EMETY;:

PVAR = NULL;

OVAR = NULL;

CALL PLISRTA(YARC1*, 'ARG2',
CALL FLISRTE('ARC1', ‘ARG2',
CALL PLISRTC(*ARGC1l', 'ARG2*,
CALL PLISRTC('ARC1', 'ARG2',
CALL FLICKFT(*ARCGl*', 'ARCG2Y,
CALL PLICKPTU'SYSCHK?', *¢,
CALL FLIFEST;

CALL FLICANC:

CALL FLIRETCU(RETCOCE);

FROC FETULRANS(CHARC(EC))S

AVAR 2REA BASED(FVAR),

OVAR OFFSET(AVAR),

A ENTRY RETURNS(CHAR(E0)),

SIZE FIXED BIN(21,0)3

FRCC(FECCKC}s

END DUMMY;

CALL FLIRETC(RETCCCE);
L PUT SKIP LIST('ENC SANFLE FRCGRAN')3

END SANPLES

SIZE,
SIZE,
SIZE,
SIZE,
tpse,

RETCCDE) 3 /* S
RETCCDE, 2)3 /* o}
RETCCCE, B3 /% R
RETCCDE, A, B); /% T
RETCCDE)s 7* CHECKPCINT

*PS*, CKPT_RETC)3 /% CHECKPCINT

/% FORCE RESTRT
/% CANCEL CKPT

/% SET RETURN CCDE(TASKING)

ENCs

CCL RECORC CHAR(E™);

/% SET RETURN CCCE(NCNTASKING)

/% CUNMMY EXIT
/* PROCECURES

ENC3 /* FOR

SORT:

*/

*/

*/

*/
*/
*/
*/

*/
*/
*/

*/

*/
*/

*/

1m9
169
10
111

112
113

114
114
114
11¢

n7
118

116
120
121
122

123
124
12¢

126
127
128
12¢
132
131
121
132
133
134

138
136
137
138

126
147

—

el e

e

PAGE
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FL/1 CPTINMIZING CCMFILER 7¥x%%% EL/I SAMFLE FRCGRAM: d3%¥%/ : PAGE 10

ATTRIBUTE ANC CRCSS-REFERENCE TABLE

DCCTNC, ICEAT;FIEP ATTRIBUTES AND REFERENCES
3¢ A ENTRY RETURNS (CHARACTER (EQ))
28420
23 AVAR EASED (PVAR) ALIGNED AREA (1000)
24
38 B ENTEY RETURNS(DECIMAL /% SINGLE */ FLOAT (6))
26,32
4 EINVAF AUTOMATIC /% STRUCTURE #/
2 CKPT_RETC AUTCMATIC ALIGNED BINARY FIXED (21,0)
Zz
3 CVAR AUTOMATIC UNALIGNED CHARACTER (255) VARYING
15,1€4+17,18,19
2 CATE BUILTIN
8
22 CUMMY ENTRY RETURNS(CECIMAL /* SINGLE */ FLOAT (6))
2 EVMFTY EUILTIN
24
4 FEVAR /% IN BINVAR #*/ AUTOMATIC ALIGNED BINARY FIXED (15,0)
T 14,20
2 NULL BUILTIN
25,4 2¢
2 ONCH2R BUILTIN
12
2 ONCCCE BUILTIN
14
LRS- 23 CNCCUNT AUTOMATIC ALIGNED DECIMAL /* SINGLE #/ FLCAT (&)
20
2 CNFILE BUILTIN
1€

T T T T T T T T S S e T T e e e I % oo e et Al
|Attributes and Cross-reference Table. | (:i) All identifiers used in the |
| Il program listed in alphabetic |
I(::> Number of the statement in the [ order. !
| source listing in which the [

| identifier is explicitly declared.ll<::> Declared and default attributes |
| 11 are listed. This list also |
I<::> Asterisks indicate an undeclared | | includes descriptive comments. I
| identifier; all of its attributes | |

| are implied or supplied by II(::) Cross references. These are the 1
| default. 11 numbers of all other statements inl
e T B R PR R 4 which the identifier appears. J

| - ——— ——
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PL/1 CPTIMIZING COMFILER

CCL NOQ-

23

EEEE R LS

EETET ST

EEREE 2 2

EEEEER L 2

EEEEEE S 2

EEREE S L

EEEEE R

EEREREE L]

EEEEEE R L

EERE L LS

206

IDENTIFIER

ONKEY

onLoc

GNSQURCE

OVAFR

FDATE

PLICANC

FLICKPT

FLIDUMF

FLIRESY

PLIRETC

PLISRTA

FLISRTE

PLISRTC

PLISRTD

FTIME

PV AR

/%%%%% PL/I SAMPLE PROGRAM: *¥%*k/ PAGE

ATTRIBUTES ANC REFERENCES

BUILTIN
1¢

BUILTIN
17

BUILTIN
16

AUTOMATIC ALIGNED OFFSET (AVAR)
26

AUTOMATIC UNALIGNED CHARACTER (¢)
547

BUILTIN
34

BUILTIN
31,22

BUILTIN
10411,412,12

BUILTIN
33

BUILTIN
42
35

BUILTIN ”
27

EUILTIN
28

BUILTIN
2¢

BUILTIN
3n

AUTCMATIC UNALIGNED CHARACTER (6)
6,7

AUTOMATIC ALIGNED PCINTER
24,25

11



FL/1 OPTIMIZING COMPILER

CCL NO,

23

EEEE L b2

IDENTIFIER

RECORD

RETCODE

SAMPLE

SIZE

SYSPRINT

TIME

/#%%%% PL/T SAMPLE PROGRAM. ##%#%/ PAGE

ATTRIBUTES ANC REFERENCES

/* PARAMETER */ UNALIGNEC CHARACTER (87)

/% IN BINVAR */ AUTOMATIC ALIGNEC BINARY FIXED (31,0)
8442
274289269204+ 31,35

EXTERNAL ENTRY RETURNS(DECIMAL /% SINGLE */ FLOAT (6))

AUTOMATIC ALIGNED BINARY FIXEC (31,0)
2742€,29,20

EXTERNAL FILE PRINT
7,43

BUILTIN
S
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PL/1 OPTIMIZING COMPILER

STATEM;NT NCo T10EN ;FIER

208

f#%%%% PL/T SAMPLE PROGRAM, *#k%/

AGGREGATE LENGTH TABLE

LENGTH IN BYTES

BINVAR 6

SUM OF CONS?ANT LENGTES -]

F L D T TS e -

|Aggregate Length Table.

|
(::) Number of the statement in which
|

the aggregate is declared, or, forl

a controlled aggregate, the numberl|

of the associated ALLOCATE
statement.

|
|
|
|
(::) The elements of the aggregate as
| declared.

Sum of the lengths of aggregates
whose lengths are constant.

|

(::) Length of each element of the
| aggregate.

|

©

|

PAGE
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pPL/I OPTIMIZING COMFILER sasrsx PL/T SAMPLE PROGRAMo #¥*%%/

STORAGE RECUIREMENTS :

536
208
224
168
176

pLOCK, SECTI.N OR STATEMENT TYPE LENGTH (REX) DSA SIZE
#SAMFLEL PROGRAM CSECT 2224 8B4
#SAMPLE2 STATIC CSECT eeg 378
SAMFLE PROCEDURE BLOCK 530 212
9 ON UNIT €2¢ 276
DUNMMY PROCEDURE BLCCK 832 340
A PROCEDURE BLCCK 106 6A
B PROCECURE BLCCK 124 7c

[m———- ———

{Storage requirements. This table gives

Ithe main storage requirements for the
I{program. These quantities do not
linclude the main storage that will be

|required by the resident and transient

|library subroutines that will be
lincluded by the linkage editor or
|loaded dynamically during execution.

Name of the block, section, or
number of the statement in the
program.

or statement.

Length in bytes of the storage
areas in both decimal and hexa-
decimal notation.

Length in bytes of the dynamic
storage area (DSA) in both
decimal and hexadecimal notation.

HNONCIONC)

Description of the block, section,

e e —

(HEX)

218
DO
EO
A8
BO

Appendix F:
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PL/T CPTIMIZING CCMPILER

210

SYNBOL

FLISTART
*SAMELEL
*SAMELE2
FLITARBS

IBMBPTIRA
1BMEF 1RE
IBMEFIRC
FLICALLA
FLICALLB
FLIVAIN

TEBMEKCPC
TBRMBKCFA
IBMEKCFR
1BMBKCFA
TEMEKCFA
1BMBKSTL
IBMBKSTA
IBMBKSTC
IBEMBKSTA
IBMBKSTR
TEMBKSTA
TBMBKSTA
JEMBKCNMA
TBMBFRCA
TELCGCA

TELCCGCE

TEMBSICA
TEMBCCCA
TEMBCCSA
IBMBCHFC
1EMECOCE
1BMBCTHT
IBMRCLILC
IBMBECCA
TBMBECLA
IBMBJUCTA
IBMEJTTA
TBMECCLA
TBMBCCLC
1BMESADA
TBEMBSECA
IBMBSICE
TEMBSICY
1BMBSLCA

/#%%4% PL/T SAMFLE PROGRAM.

EXTERNAL SYMBCL CICTIONARY

oocl
6oz
€coz
cC04
€oas
¢Cre
ocer

ccee
€209
CO0A
(0]
cene
ccno
CCNE
CCTF
CcC10
co1l
€12
cri3
C014
co1s
0716
17
€018
€19
CC1A
(cis
€1C
1o
CC1E
CO1F
cc20
€21
nc22
raz
€r24
c2s
cC26
27
co2e
€r29
n2A

ACCR

€00000
jdodefudvia]
cnenct
[lsisgalon]
[ lalogaly
ceoce”
0CcCCCs
coecce
CCCC2A
20002
296602
anaeegs
[olgalala
[{ssldy
[MAlslalepg
jeidtald oyl
aneeeT
000C2?
acneae
[l o)
cengan
aceece
cecann
¢r0en
fealed el
Daleieln]
conng?
€roeQo
coneo?
cecooeg
ceneed
€neec?
€Q0009
face?
€aoeln
2nnacH
cegeis
007303
(sl odeid
€20009
oceeon
feeeen
ccoeen
[ uclsieis

LE;;TH

€2¢ 138
M) 8B
€30370

000008

Q0ee72
¢00070

EEEEE Y

PAGE

r
|External symbol dictionary.

o

®

"SYMBOL" A list of all the
external symbols that make up the
object module.

"TYPE" Type of external symbol as
follows:

CM Common area.

ER External reference.

LD Label definition.

PR Pseudo-register.

SD Section definition.

WX Weak external reference.
Full definitions of all these
terms are given in chapter 4,

"ID" All entries, except LD-type
entries, are identified by a
hexadecimal number.

"ADDR" Address (in hexadecimal)
of LD-type entries only.

"LENGTH" Length in bytes (in
hexadecimal) of LD, CM, and PR
type entries only.

e e e e — A
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PL/Y CPTINIZING COMPILER

IBNESFLA
IBMBSFCA
1BMBCKECE
IENMBSXCA
IBMESXCE
IBMBSIST
SANELE
SYSFINT
SYSFINT

ER
ER
ER
WX
WX
WX
LD
PR
Sb

/#*%%%% PL/I SAMFLE PROGRAMc

cozB
ccac
€20
CCZE
CC2F
€030

€031
€032

000000
ccecen
€eace?
Teee?
£ecqar
(ko] o]
geares
negena
ol

200N74
coca20

LY

Appendix F:
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PL/T OPTIMIZING CCMPILER /%*%%% PL/T SAMPLE PROGRAM: ddk*xk/ PAGE

'1 STATIC INTERNAL STCRAGE MAP (740002
COCTCA ceCl CONSTANT
Onecee  cCceerrge PRCCFR 0CON 2c0ence
fOCCCe £oreeese FROGRAM ADCON hlaa LN datd enl)-Ideb il da) LOCATOR
NONECR rCSCrrce PRCGRAM ADCCN COCT L8 (2ANI0CC T erCn” LOCATOR. - PDATE
(4 § TS S dale] QB ] FRCGFAM ADCCN MMCES CCLON21F0CSnCCn LCOCATCR
¢hrele  tgocnzrz PRCGRAM ADCON ANCAER  COCHD2280112720CT LOCATCR
€ere14  rner4ed FROGRAM ACCON ACCHET (TCOIDNOGLHene(r LOCATCR
(1Cr1E  TCOCC4EE FRCGRAM ACCOAN J00TF8 COCOANADN0H2DNN( LOCATCR
€Cre1c engesce FROGRAM ACCON bol o SR o d ol cininialelal ity [ AoLe] o LOCATCR
creczc €rgCTEZ2 PRCGRAM ACCON 200108 £CLOADNGHNN2C000 LOCATOR
CreCz4q nCOCCEZE FROGRAM ACCCA REAad B EA o sVl i el L] LOCATCR
COCC2E  nCCreAn PROGRAM ACCON QnT118  91ECSLED CONSTANT
T0rzC TCOCCEAT FROGFAM ALCCON ARC11C CCCON9N] CONSTANT
r(re3r ornergAd PROGRAM ADCON 212y CUC0nNes CONSTANT
(34 CCCreEAT FROGRAM ALCCON MT124 4€CCNINC CONSTANT
CLCC3E  CCOCLEAD PROGFAM ADCON 207128 £0C00312 CONSTANT
€eee3c Teeare” Acc TELCGODA 60712C  FFCCN0CC CONSTANT
CeeLar COneertn BAcc TELCGOR 12D €TCeN00n Ao DCLCB
44 COLCCCLT Acc TBEMBCCCA TOC124  ECECADHN A, PDATE
C{Tr4E £OlT0C0] Acc IBMBCCSA orc12g  BOCOGNOD Acc TEMP
FeeC4C Cl0000C" Ac o IBMBCHFC TCL12C  £0C0enrD A. DCLCB
G- TARA il Acc IBMBCCCE SCT14T £2C0AN0N Aoo TEMP
reeees OO0t Ac c TEMBCTHL INT144  ENCCD11C A. CONSTANT
(recee  cLoneeen : Aoo IBRMBCUIC 207148 BCCATATN A- o RETCODE
erecsCc  Tantenoh BAc . IBMBEQCA noT14C mTCO02TY Ao - ENTRY PLIRETC
crener TrLeeern Pec IBMBEOLA (AL oD T € G il Acc CCLCB
C(rseq 7000CCCT Acc IBMBJICTA 2CC1E4  €ICONNCD A TEMP
LrCLeE  ToLereat BAec IEMBUTTA 200188 ECCOT11C Ao - CONSTANT
cereec Telringe Bec IBMBOCLA 20115C TOCONORC A..ENTRY PLICUMP
FORCIT o0 rACeT Aco IBMBOCLC aeRci1en  (TCo00n Aco TEMP
Cergig Cnegric bco TEMBSACA 20T 1€4 ETODTINGT A. . TEMP
Iree7e 1Loencie Aoc TEMBSECA Gif168 CLECINGO Aco TEMP
€ECL7C  °onrnree Acc IBMBSICE I0C1€EC  EDCOONCD A. . TEMP
crerer Lrrena(c fcc TBMBSIOT age1Te 20N Ac o FBVAR
£eCiee nnQenges Aoc IBMBSLCA BCT174 Ao - TEMP
TOCCEE TCCOCCCO Acc IEBMBSFLA aec1Te Ac - TEMP
COEreC  nagecere Acc IBMBSFOA 0r17¢c 2001000 A. TEMP
feree rateglle Aco IBMBCKDD ner1es treSineT AccSTZE
€CeCcs o000 (” Bec STATIC ac”184  BILNNNID A, -RETCODE
TCrecE oo DED 200188 €L(NNJL Acc ENTRY PLISRTA
COCE9A  CETCrC1T | FED {egoonct A, - TEMP
CCCLCE  S4T0CCNE140 6T €EL FED {eegnnan A, TEMP
CerenneieeiLesrn Lol qalwkellal . Ao SIZE
fLEESC(r ceeenetn Ao - RETCODE
TE0rB2 FED ENCDDC0 Aoc TEMP
TCOB6 FED- TLLenNne? Ac c ENTRY PLISRTB
CoEnnne Ac - TEMP

[ Siedeteiet i atab ekt htheh b hl
|Static Internal Storage Map. This is al
| storage map of the static control
|section for the program. This control

" Isection is the third standard entry in
|the external symbol dictionary.

|
|<::> Six-digit offset (in hexa-
| decimal).
|

Text (in hexadecimal).

Comment indicating type of item to

which the text refers. A comment
| appears only against the first
line of the text for an item.

C e e e e o — —
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PL/T CPTIMIZING CCMPILER

CrC1AE
¢ce1ac
arc1B8(
GCr1E4
CCrlee
€Crisc
creuce
CCC1C4
ero1ceE
ccelcce
0Cr10L
cenics
crelce
ccrice
Crelen
0CA1ES
“CC1EE
Qrr1ec
CerFr
CCCL1F4
crelrFe
CCr1FC
creac”
qceare
crez(e

CCr21F

reez2€

ren2zs
CCC23E
(€241
(erz4e
£0724C
cerzse
€Cr2c2
cre2se

coeeccee
cnoc22ee
cceanocce
ecceegen
ceencen
cacrerce
rfIeCeann
coececes
ceecececa
SROCHCEN
eneTarce
£ecraece
feacanen
azecleen
eoeenee
gcececee
cracecce
cececen?
ccarcace
ceernaete
€00CCCTC
[fted st olalyl
RAenten
gncecacen
EZC1C4CTC=CE470D7
CSCECTCSCIT4TA4T
C4CIEZCE4CTESLL
EB4CE3CSL4CE4CTE
4
CECEC44ZEZCLIDA4ADT
C3CE4TCTILSTECTCS
Clc4

EZ2C€C2C1

F1FZF7
CSCEE2C2CEC4CE
C1CesC7F1
C1CSC7F2

C7EZ
EZEEEZC3CECZ
FCLECTCPRCO0( 214

/#*%%% PL/1 SAMPLE PROGRAM.

Aco TENMF

AsoST2E

Ao FETCCCE

Aoz TENMF

Ao-ENTRY FLISRTC
Aoc TENP

Aoc TEMP

Aoc S1ZE

Ao RETCCCE

Aco TEMP

Pcc TENF

AcoENTRY FLISFTD
Aco TENP

Aco TENMF

Aoc TENF

Ao RETCCCE

Ao ENTRY FLICKFT
Aoc TEMF

Poc TENF

Aco TENF

Be o CKFT_RETC

Acc ENTRY FLIFEST
Boc ENTRY PLICANC
Ao RETCCCE
CCONSTANT

CCASTANT

CCNSTANT

CCNSTANT
CCNSTANT
CCNSTANT
CONSTANT
CCNSTANT
CCNSTANT
CONSTANT
STATIC ONCe

STATIC EXTERNAL CSECTS

ERTErY

rLEOINC4120 1000
CLTTFCACHLCOTD ™
(L2772 14CCTEEZES
E2C7C9CSDSE34140

ccLecs

Appendix F:
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PL/T CPTIMIZING CCMPYLER

OFFSET (HEX)
STATENENT NC

OFFSET (+EX)
STATEVENT NC

CFFSET (HEX)
STATENERT NC

CFFSET (+EX)
STATENENT NC

CFFSET (HEX)
STATEMENT NC

214

TABLES

WITHIN
f0CT BE
£

PITHIA
sreece

1?
WITHIA
£oCr SE

24
WITHIA
QoCrsE

27
WITHIR

ceaces
4¢

/#*%%% pL/]1 SAMPLE PROGRAM.

#X%h %/ PAGE 19

CF OFFSETS ANC STATEMENT NUMBERS

FRCCECURE SAMFLE

0CC0A4 NCCOLCe C7F1SC
€ 7 8

CN UNTY

CCCOes (CCCBC COCTFE
11 1z 12

FRCCECURE CUNMMY

IGONEE DCCCT€E GCCCTA
2t 2¢ 27

FRCCECURE 2

cangee

2€

PRCCECURE B

LCC1A4 C©CN1A8 HNNICT A7DLFA COD20C
S 42 43 44 S

6E01C2 o0 118 AOTLI3E CCH18D
14 15 1€ 17

CCI1C4 A(r2ne rOD248 NNC262 OND2T4
18 19 20 21 22

€CCTD2 AMNN13E CCCLAA OTCZ2A
28 26 31 21

€CN26¢ CCT2FC "QN3NE 9NI31N (D328 MMN338
32 33 34 35 41 36



PL/T1 CPTIMIZING CCMFILER /#%%#%% PL/T SAMPLE FROGRAM, #%%3%/
CEJECT _LISTING reoze 40 EY F O5T STH
aN(n24  SE E? F £4C L
ACCT28 44 EC 7 CC2 AH
* CCVFILEF CENERATEC SUBRCUTINE I1ELCGCA 3€CCzC 57 ET F £4C ST
LA € GUERL AN S B ST 14,12(4,1) 23C732 48 ED 1 027 LH
IeECL4 58 FO 1 C14 L 15,20(C,1) €ON034 41 EC E CC1 LA
aceerg 91 1€ 1 %11 ™ 17(1 ), x010e TQACT38 47 ET 1 R2¢ STH
£C0CTC 47 1C 7 €14 EC *48 JCrT2C 47 ETY F 782 STH
el <€ r4C 90 c1 2012),x"24" 2CC4C 61 17 1 17 ™
(crrY4 Dz £3 1 €8 F 74C MVC 8(441),7€6(15) QCCT44 €7 8¢ BCR
CCCrIA 4E FT F CET LH 15,80 (6,1%) €046 58 70 1 D1C L
AMCELE 4B FUE G2 SH 15,2(7414) M(N4A B8 FN 7 €68 L
€eenz22 77 BE ECR 11,¢€ DUCT4E (5 EF BALR
€rei24 9€ 4C 1 C1¢C CI 16(1),X'47" 2CCe56 (7 Fe B8R
€rec2e <S8 FY D r4C L 1£,7€(N,13) CCrE2 58 FU 7 (€C L
Frer2C ST F7 1 (8 <7 15,8(72,1) 2056 (E EF BALR
£0rC30  4A FC E €€ AH 1£42(%,14) ocCLs5e 58 EY 1 208 L
£CC34 6A F2 7 L0 AR 1€,1124(¢,7) 00¢0sC 57 E? D ~4C ST
€eec3e s4 FC 7 C€C N 15,108(2,7) A090€) <S4 BF 1 910 NI
Treg3C 55 FC C °C ct 15,12(%,12) 037764 €7 F6 B8R
Ceecar 47 20 7 C4A EH *41 no(Tee €1 0N NCPR
CCC44 52 FT € faC S1 12,7€6(0,12) CC(nes oC
mMeese 17 F6 ER [ ar(Cec cc
Crer4A 852 07 1 €1C ST §42E(7,1)
{rrC4e 1€ 71 LR 791 * END OF CCMPILER CENERATEC SUBROUTINE
{eres” 18 CF LR 1416
FreTcz €8 17 D f4C L 1,7€(7,12)
crec5€¢ 58 FO C 748 L 18,72(1412) * STATEMENT NUMBER 1
CCCCEA TE EF EALR 14,415 006CeT alo
ceeceC =2 €2 C €4C ST Te7€(T,13) T0C0LT oC
frCTeET EC 1T 7 CCE T 14607 ,7)
cCeréesq 18 17 LR 1,7 * FRCCECURE
£{ccee 8 r~ 1 C1C L 1928( 1)
crerer €1 F6 BR € * REAL ENTRY
((CC6C FFFFFFF8 cc XYFFFFFFFE* nNCoC8 90 EC C 02C ST™M
£cecsn cc ALZ () €I3C~C 47 FO F C14 B
AL CCr0™2a0 ocC
* ENC CF CCMPILER CGENERATED SUBRCLTINE acC014 TCCC2218 DC
JCCN1E COCCN00N bC
# COMFILER GENERATEC SUERCUTINE TELCCCE ageC1C £€ 37 F Q18 L
aceoatT 94 FB C 0C€2 NI 2(12)4x*FB* reeg2e sg 17 © naC L
¢reer4q 91 4C 1 1R TV 16 (1), X140°" 29CN24 =8 C2 F CCC L
ceecme 47 1€ 7 €52 BC *474 GHCC28 1k Q1 ALR
oeectC 58 FO 1 ™14 L 15,2C(2,1) 90Cn2A g5 o0 C &CC cL
¢rec1c 50 771 1 ST T+28(2,1) DCCN2E 47 0N F 03¢ BNH
grer14 58 7C 1 C7°C L 74121(%,1) a90022 58 FL C €74 L
€CC18 48 EN F CE LH 14, 87(0,15) 0036 (€5 EF BALR
CCeF1C 48 E” 7 F72 N 14421(747) £3C038 58 EO D rae L

f—————
1

Object listing. This is a listing of
|the machine instructions generated by
lthe optimizing compiler from the PL/I

|source program.

decimal).

k::)
| machine instructions.

Assembler-language form of the

I<::) Machine instructions (in hexa-

e 2

Appendix F:

PAGE
14,87(C415)
14,76(0,15)
14,2(9,7)
14,76(0,15)
14,32(N,y1)
14,1(9,14)
14,32(0,1)
14,82(0,15)
16(1) X010
8,€
7,28(7,1)
15,174(C,7)
14,15
6

15,108(0,7)
14,15
14,8(0,1)
14,76(%,13)
16(1) 4X9BF*
6

n
AL4 (D)
AL4(D)

C*' SAMPLE!
AL1(€)

SAMPLE

14,12,12(12)
*+16

A(STMT. NO: TABLE)

F1536!
A(STATIC CSECT)
3,16(0,15}
1,76(",13)
0,12(7,15)
0,1
2,12(0,12)
*+10
15,11€(0,12)
14,15
14,72(03,13)

Programming Example
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PL/T CPTIMIZING CCMPILER

ceeeszc 1e f v
CCCC3E 67 EY
€Cre42 €0 DC
CCrCae 41 C1
(Creqp € &1
CCCO4E 41 €9
reree2 =7 €f
feeese 7 €0
£reesc oz M1
c(ecer s2 co
CreCes <z 24
cerecee 41 83
CCroec =2 €
0CeC7y Cz 32
accrie s 27

TOWOITTOT OO D
al
>
@

# FROLCGUE EASE
{LCCT78 C2 €7 D 0BT

fCCCTE ct L €D4
FUETE2 BT <t D 71BN
cretee £z 07 C 7BE
c
»]

{recsc 41 AL
cergesy 87 AC
€eeiss re 2z

DA
88

% FRGCECURE BASE

* STATEMENT NUMEBER

£rCfce 41 €7 C 4
CCCCSA €7 €7 2 134
FCCCSE S€ €2 3 134
2000AZ 41 17 2 124
FCCere 58 FC 2 Te4

DCCTAA T8 EF

* STATEMENT AULMBER

GTEGAC 41 €3 D O1FC
cecrgr 57 <€ 2 13¢
€rrpy € 87 3 12¢
frrcee 41 17 2 128
€CCTBC SE F™ 3 Teg

€reacs B EF
{/eCTC2 L2 T8 C LA

216

w

~ag

118

npe

1F2

AR L]

B ALR

LA
ST
CI
LA

L
EALR

LA
ST
CI
LA

L
EALR
MvC

PL/1 SANPLE PROGRAM:

15,72
14,7,72(1)
12,4(3,1)
12,2(1,8)
£,88(6,13)
€641€8(D,13)
€,112(%,13)
1681(1,12),1€8(13)
1€5(13) X1
(13),X*Cne
1(12),X124"
84 €00 (0,3)
84,6217 412}
B84(4413),287(3)
2,0

LCCATCR,:PCATE(R),
21€1(3)

S+FLATE

SyLCCATOR. PCATE
LCCATCRoc FTINE(SB),
21€(3)

17,FTINE
12,LCCATOR. - PTIME
27

G4PCATE
S,20E(3,3)
BPE(3) X EDT
1,20 6(,3)
154Acc IBMBUCTA
14,15

G,49€(",13)
Cy212(0,3)
312(3),xve0
14212(7,3)

15, A0 IBMBITTA
14,15
PTIVE(E)945€(123)

*A%K R/

* STATEMENT NUMBER
00CNC8 41 S5 C 1FC
GOCDCC  S5C 62 3 147
ATONCH S22 29 D 271
0OnCC4 41 17 3 13C
coerce 58 F2 3 07C
MCOCC €2 EF

APCCCE 41 A2 2 (97
J20CNE2 41 EN 32 CC?
NYCOE6 41 F) 2 Cse
Q000EA 41 170 C 1FD
JI0CIEE sn 1) C 1lEE
aNOCF2 90 EF 1 2O%
QCCTFe (5 AA
J00CF8 41 ED C Ge?
CCCHFC 41 F, 3 (S8
adc1n2 92 EF 1 €07
MO1G4 05 AA
0001Me 41 ED 3 CEC
80017A 41 F) 2 €68
i2C1€E of EF 1 (07
nOC112 CE AA
020114 41 EM D CBE
27118 41 F1 3 €68
AC711C 92 EF 1 06T
200120 €S AA
GCT122 47 FQ 2 174
acc12¢

03%12¢ 41 E* 3 (GA
60{12A S€ 17 D 1E®8
. 90712E 58 7h 2 02C

29122 05 67
00C134 58 FT 3 (74
90138 €S EF
g3 13A 58 77 3 (4"
2IC13E 75 67
93%C14C (5 AA
oNC142 41 ED 3 (SE
J&F14e S€ 12 D 1E8
n0T14A €8 77 3 73C
207148 € €7
SOC1EQ S FY 2 08C
23184 €S EF
MG1EE EE 7T 3 €47
NOGLEA 5 €7
CCCLlEC TS AA

MC15E 41 EM 3 DB2

7

CL-7

LA
ST
MVI
LA

BALR
LA
LA
LA
LA
ST
ST™M
BALR
LA
LA
ST™
BALR
LA
LA
ST™M
BALR
LA
LA
ST™
BALR

PAGE

9,496(0,13)
9,3201(€,3)
512(13),X*20°*
15216(M,2)
15,A00 IBMBSICE
14,15

1M,CL: 7
14,2n8(N,3)
15,152(0,2)
1,496(9,13)
1,488(C,13)
14,15,%(1)
13,17
14,17€(C,13)
15,DECe o PDATE
14,15,7(1)
19,17
14,224(0,3)
15,152(0,3)
14,15,0(1)
10,10
14,184(r,13)
15,CEDec PTIME
14,15,7(1)
lﬁ'lﬂ

CL.8

*

14,154(0,2)
1,4881(0,13)
Ty+Aoo TIELCGCA
697

15, Aoc IBMBSADA
14415

Tshoc TELCGOB
647

17.n
14,158(0,3)
1,488(0,13)
74A0: TELCGOA
6,7
15,Ac o IBMBSPCA
14,15

7+Ac, TELCGOB
647

10,1°
14,178(N,3)

21



FL/T OPTIMIZINC CCMPILER
crele2 £8 10 D 1E8
0Cc1e6 s5€ 7C 2 23C
0CCler €5 67
ngr16C 58 FT 2 (74
cce17e r5 EF
0CC17z S€ 70 2 04C
grr1ie €5 67
Crr17e €S AA
Ce7178 41 ET 3 TBE
GCC17E €€ 1C C 1EE
CeN1ez  Sg r 3 03C
rrclee €5 €7
neelge  se FT 2 CEC
€CT1eC = EF

ACTLEE SE TC 3 €40
CCri1s2 <5 €7

€Crls4s 5 AA
CCClcé 47 FZ 2 <0
CCr1cA

€Crioa €8 17 D 1EE€
CCr1SE S5¢& FT 2 cgC
Q0C1AZz 75 EF

* STATEMENT MNUMBER
CC™1A4 8 FC 2 127
CCC1A8 SQ FC D °CT

* STATEMENT NUMEER
fr01AC <2 C C CAS8

* STATEMENT NUMBEF

Cre1B” 41 SG C ncr
ACP1E4  ET ST 3 14f
ncr188 6 8C 2148
CEC1BC 1B 5

S0C1BE 41 17 3 148
2CC1C2 S8 FQ 2 14C

ore1Ce “5 EF

* STATEMENT NUMBER
¢ce1Ce 41 ¢ D 1FC
(efi1cc S3 SC 3 184
GCT1IDT 62 4C D zZ91
00T1C4 41 17 2 180

42

CL. 8

ELI T

BALR
EALR
EALR
EALF
LA

L
EALR
BALR

BALR
BALR

ECU

BALR

MVI

LA
ST
cI
SR
La

BALR

LA
ST
MVI
LA

PL/1 SAMPLE PROGRAM:

1,488(79,13}
79Acc TELCGCA
€47

154A0c IBMBSAQA
14,15

TsAc TELCGCE
647

10,12
144182(¢,3)
1948€(2,13)
TyAcc IELCGOA
€17

1544,- IBVNBSPOA
14,1¢

TrAcc IELCGCE
€47

17,17

CLe7

*

1,488(0,13)
1€4Acc IBVBSTOT
14,15

15,2€8(0,3)
12,BINVAR.RETCQDE

168(132),X'CC?

S+BINVAR:RETCODE
G9228(3,3)
22€(3),x18" 1

Sy5

1,228(0,3)
1£,222( ,3)
14,15

S94S€(M,13)
S92401(2,3)
S12(13),X'40!
19322€(0,3)

EETETY]

JC71C8 58 F” 3 07C
JCT10C DE EF

N001CE 41 ED 2 QEE
fOCLE2 41 F3 3 (<8
CCT1E6 41 1™ D 1F™
QOCL1EA 57 10 C 1E8
CON1EE 97 EF 1 £C°
GCG1F2 £ F2 2 (€4
CCO1F6 rE EF

UAC1FE g 1N 1E8

NOO1FC 58 F7 3
0Qo2I¢ €5 EF

cao

% STATEMENT NUMBER
a00272 18 0D

aC02m4 8 D9 D TN4
8992”8 £€ ET D (°C
26C27C 98 2C D ©1C

CL210 €5 1E

* ENC FRCCECURE
r~f212 €7 07

* STATEMENT NUMBER

% CN UNIT BLCCK

gen214 ¢¢ EC D €3C
2C0218 47 FY F €14
€rg21C  C2CCanen
€022 CI0CALCD
InC224

oes22e

acn22C  5g 16 € 74C
2¢N237 £ €N F €0C
onr224  1E 1
A0022€6 5 (€1 C €°C
Cei228A 47 €™ F Q27
GON23E 58 FO C 74
900242 €S EF
30244 S€ ED D €48
300248 18 F2
QRP24A 67 ED 1 748
AOL24E 8T C7T 1 €74
2400282 41 C1 7 CO1
oel2ce & 57 C CSE

44

Appendix F:

22

PAGE
L 15,A: - IBMBSIOE
BALR 14,15
LA 14,232(8,3)
LA 15,152(",3)
LA 1,496(C4y13)
ST 1,488(7,12)
STM 14,15,7(1)
L 18,Acc IBMBSLCA
BALR 14,15
L 1,488(P,12)
L 15,Acc IBMBSIQT
BALR 14,15
LR 0,13
L 13,4(",13)
L 14,12(7,13)
LM 24124280132}
BALR 1,14
NCPR 7
STM 14,12,12(13)
8 2%(r,15)
cc A{STMT. NO- TABLE)
cc Frarg:e
DC A(STATIC CSECT)
L 3,16(7,15)
L 1,7€(7,13)
L D4912(7,15)
ALR 741
cL D912(7,12)
BNH 48(F415)
L 15,116(0,12)
BALR 14415
L 14,72(",13)
LR 15,%
STM 14,7 ,72(1)
ST 13454(7,1)
LA 13,2(1,n)
ST 5,88(0,13)
Frogramming Exangple 217



FL/T OPTIMIZING

DCL2EA
CCC2¢SE
cee2e2
€onzee
CCr26A
ere21t

* FRCCECURE EASE

<z
92
58
€2
c2
s

€C
24
&0
(39
£3
27

[=lelwNwie]

CCMFILER

T
cc
cce
aA8
fe-2

* STATEMENT NUMBER

¢Cr2i2
ceCzi4
ner 276
feeeaa

1B
1B

11
55

€8 FO 3 15C

re

EF

* STATEVMENT NUMBER

€re27c
fLe2€2
nrrzee
£¢r28C
crr29¢
€Cr294
cCr2ce
$C72ZSE
€LL2A4
CCC2A8
At zac
€C2B7
Cer2s4
crr2es
0C72BA
ONnT 2BE
ceracz

€2
£2
41
B0
4
57
D2
02
41
en
41
50
ce
18
41
cg

~g

3
€7
en
ac
<t
Ely
€2
[}
ET
3¢
<C
SD
£
55
12
Fa
EF

WWOoOOoODOOWmMoOO0oO0o

W

fal-Eel
B4
a8z
B4
R4
1€C
<RrC
cc
*BC
fch
ece
1¢4
1€4

17
15C

# STATEVENT NUMEBER

crr2cs
¢Nr2CA
£erzeo
CGr2cs
£eeaces
nCr2CC
CCC2E
CO72EE
ore 2ecC
2CC2FC

218

c2
cz
41
£c

41

s¢

r3
£
€
en
s
cr
re
r7
an
ar

[=RwlvielitRo e e leNel

TBC
B4
e
B4
CR4
1¢€8
¢8C
£C4
cec
nCe

2 118

Wy
B2
mnw
3 >

3 23E
3 CF8

2 241
2 100

vVI
MVI

ST
MVC
BALR

EALR

MVC
MVC

ST
LA
<7
MVC
MVC
LA
<1
LA
ST
C1
<R
LA

BALR

MVC
rMVC
LA
ST
LA
ST
vVC
rMVC
LA
<T

/®%%%* FL /T SAMPLE PROGRAM:

2(13),x*8C
1012),X24¢
€,488(0,13)
€,1€8(0,12}
84(4,13),287(3)
2,47

v1
9 <
Sy
4,

— A

348(2,2)
1£

17€(4412),57 (3)
187(8,12),242(3)
8,17€6(7,13})
8,182(¢,13)
Ce1ErP(C,12)
Ge2E2(7,2)
1€6(2,12),574(3)
192(8,412),248(3)
14,1€8(7,13)
14,162(2,13)
G91€2(7,13)
G93E€(043)
35€(3),x'80¢

£48
1,3821(9,3)
1E5,34€1(Cy3)
14,15

17€6(44121,57C(3)
1e£(8412),240(3)
8,417€¢(C,12)
€,18C(0,13)
Gy182(2,13)
S42€0(3,3)
188(7,121,577(3)
16€(€,121,256(3)
g,188(2,12)
€,16€1(%3,12)

N

EEEE LY

80C2F4 41 99 € CC4
1C22F8  5C 92 2 1¢€C
B002FC S¢ 8 3 1€C

f00300) 18 &5

¢o022 41 19 3 1€8
20376 58 F3 2 15C

QCC3TA €5 EF

* STATEVENT NUMBER

€CcC37C 1B 11
CCT33E 1B 55
0217 58 FY 3 15C
AM314 *ES EF
* STATEMENT NUMBER
(00316 41 90 € QC4
QCN31A 5T 9N 3 170
30D31E <€ 8% 3 177
doeC2z2 41 1™ 3 177
0CL326 58 FY 3 75C

GoC32A €5 EF

% STATEMENT NUMBER
0OC32C 6 8 C C48
£A0220  4A 87 8 €N2
006334

6CC224 E8 83 8 CC”
00G228 <1 47 8 (Cé
08C22C 47 80 2 AC2
0¢H247 568 §7 8 17
006344 48 7D 2 GCA
0C348 40 70 € OFC
n0024C Tz ¢ € QE2

* STATEVMENT NUMBER
0neC352 £8 80 D 048
QA0N3E6 4A €3 8 £72
2003EA

COC2EA  £8 8N 8 Q07
D€03EE  S1 47 8 0Ce
90C3€2 47 87 2 QFEe
COC3¢€¢ 5& 63 8 (18
ACE36A 48 F) 8 O1C
ANC3€EE 41 8% D MFF

13

14

S rfo

le

Ct-18

CLc 19

LA
ST
01
SR
LA

BALR

SR
SR

L
BALR

LA
ST
o1
LA

BALR

AH
EQU
L

™
BZ

LH
STH
MvC

AH
EQU

T™
BZ

LH
LA

PAGE

Gy196(Cy12}
9y3€4(0,3)
364(3),%80"
5.

1,360 (0,3)
15434€(0Q,3)
14,15

1,1

545
15,348(0,3)
14,15

94BINVAR. FBVAR
94368(0,3)
368(3),X180"
1,2€8(2,3)
15,Ac o IBMBECCA
14,15

8,72(2,13)
8,z2(0,8)
*

8,0(0,€)
6(8),X1400
CLc18
9,16(",8)
7,202(C43)
7,CVAR
CVAR+2(11},7(9)

8,72(Ny13)
8,2(0,8)
*

8,0(0,8)
6(8), X140
CLc 19
9424(9,8)
15,281(0,8)
8,255(N,N})

23



PL/T CPTIMIZING

€€C372 1¢ EF
NCC374 47 ¢cC 2
C0(37€ 18 8F
cen3ta

CCO37A 49 €C 6
COC37E 4B €C 2
cCC2€e2 47 49 2
QCf3EE 44 BC 2
€CC2eA 47 FC 2
CCr2€E

CCC2B8E T2 07 6
0Cn3¢4

ACC354

CCMPILER

* STATEVENT NUMEBER

€ac3cs 41 <2 C
oeC3s8 B0 <€ 2
cer3sC S6 80 3
CerzA0 41 1C 2
CnN3A4 <S8 FQ 2
OCC3AE 75 EF
CCM3AA SE <C D
N0C3AE 48 872 C
Cro3B2 41 FQ O
cer2pe 1< FE
CCO3B8 47 [D 2
CCC38BC 18 Fe
fCC2BE

CCr38E 40 FD 6
aTC2C2 48 FC 3
€0r3Ce 47 4C ¢
NCT3CA 44 FC 2
CCr2CE 47 FC 2
€oc3c2 -

€Cc2Cz C2 €€ ¢
ocezce

£ecr2pe

:ld
174
174
174
CeD
~gn
*B4
~FF

14C

ceQ

* STATEMENT ANUVMBRER

€r(3CE cg €0 D
CCC3CC 4A 82 8
CrC3En

OCC3E2? c5¢€ EC €
Qrr3E4 <1 80 8
0CC3EE 47 €7 2
JCC2EC TE <Q 8

C4¢
2

oce
rre
1€E
cce

17

18

CL:2¢

Clc 22

CL-21
CLe23

CLc 24

CL- 2¢

Clo 2€
CL-27

CL:2€

/H%%%% PLAL SAMFLE

CR
BAH
LR
ECL
STH
SH
BV
EX

ECU
Mve
ECL
EQU

LA
<7
CI
LA

EALR

LH
LA
CR
ENH

ECU
STt
SH
B¥
EX

EQU
MVC
EQU
£Qu

8415

CL,2n

€,15

*

84CVAR
8,2021G,3)
CL=21
8,4CL:22
CL:23

*
CVAR+2(1),21(5)
*

*

9,17€(2,12)
$9272(38,2)
372(3),xeC
1,272(%,3)
154Acc IBVBECLA
14415
Ge17€(2,13)
8,187(0,132)
1£,255(%,%)
15,8

CL-24

15,8

*

1€,CVAR
15,272( 4, 3)
CLe25
15,CL:26

CL: 27

*
CVAR42(1),7(S)
*

L]

8,72(3,12)
8,2(C,8)
*

8,C(0,8)
ELE), X180
CL 28
S,E(T,8)

PROGRAM.

kK k% /)

N02FY
2CT2F4
OCr2F8
GCr3FA
NOC3FE
2Cn4C?
anc4c?
tCTat4
00408
aCCsC
eec41n
414
(414
(CC41A
n0n41A

Iy
41
15
47
18

43
4p
47
44
47

c2

7
82
8F
€2
8F

8n
e'\
4
89
F2

[}

[gle}

1€E

[N}

QED
cca
1A8
1A2
1A8

NN W o

6 CE2

* STATEMENT NUMBER

200414
DCC41E
000422
00r422
€0C426
CGr42A
JOM42E
05422
0Cr4a2¢
0C7T42A
Mea3C
COC 440
(00442
Q442
0L 446
0CC44A
OC044E
QDC452
Qcrace
ML4cE
anr4cC
QCc4cC

e
4A

58
s1
47
cg
48
41
1¢
47
1€

4
4p
47
44
47

€2

8"
&1

a3
17
g

-

FA
87
gF
ty
eF

82
80
47
]
£

agn

C €48
8 Q2

oc-
ce
187
¢2”
Cz4
OFF

dooNn o®

2 1cC°

SEC
CCA
1EA
1E4
1EA

NN Wo

€& TE2

* STATEMENT NUMBER

12245¢C
000 4€0
200464
fa0r468
(R04€C

7
iE
i
48
47

el
e}
(]
99
pm

& <on
3 124
crg”
D B2
2 26"

9

19

S

CLc 28

CL.31
~ON

CL:3n

CL.32

CL.32

CLc 24

CL-36
sl

CL:35

CLc27

Appendix F:

LH
LA
CcR
BNH

EQU
STH
SH
BM
EX

EQU
MVC
ECU
€QU

AH
EQU

™
82

LH
LA
CR
BNH
LR
EQU
STH
SH
BM
EX

EQU
MYVC
EQU
EGU

LE
AU
STE

BNM

PAGE

15,12(¢,8)
8,255(",7)
8415

CLc 2S5

8,15

*

84CVAR
84202(0,3)

CLle 32

8,CL.21

CLc32

*
CVAR+42(11},7{9)
*

*

8,72(0,13)
8,2(5,¢)
*

8,1(7,8)
6(8), XV
CLc33
G,22(2,8)
15,2€1%,8)
84255(F ,0)
8,15

cL 24

8,15

*

8,CVAR
84202(7,3)

CLc 25

8,CL. 3¢

CLe 37

*
CVAR+2(1),7(9)
*

*

I3 CNCCUNT
n,202(7,3)
0,176(7,13)
9,178(7,413)
CLc28

rrogramming Exanple
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FL/T OPTIMIZIANC CCMPILER

CcCn473 12 99
CCC472

0CC472 42 SC 6 ©C4
* STATEMENT NUMBER 21
€CC47e 18 CC
€C"47¢ Se [ C C24
Cre47c 58 eC D CCC
ccr4ec <8 2C C (1C
CCr4gq €5 1E

* CN UNIT BLCCK ENC
JCC4€e 77 €7

* STATENENT NUNEBEF 22
CCr4EE

CCCacEF

* PROCECURE

* REAL ENTRY

€Craar SO EC C 0NC,
00C4c4 47 FO F 014
gre4se  (CCONOCT
€re4cC C00COCEN
0CS4AT  70IDPNQDT
ACC4p4 SE 2C F OIC
OCC4AE S8 1C D C4C
20C4AC 58 €€ F €CC
acr4gT  1E 01
0er4gz €€ CC C C(CC
7CT4B€ 47 CO F €3C
ACT4BA 58 FN C €74
A0C4BE "5 EF
€Cr4cs s58 EC D m4g
0CC4C4 18 FQ
€Cr4Ce6 SO EN 1 748
€Cr4cA 52 CC 1 €74
0C24CE 41 E1 € CCC
QCc4c2 €7 BT C CEE
g0C4DE <z €L D CCr
0CT4CA S2 24 D 7C1
CCr4DE  S€ €2 C CS@
QCC4E2 50 67 D 78BN
QCr4E€ C2 (3 D 054 3 118

CCC4EC (& 27

220

Clo 2€

LCR
ECU
STH

LR

Ly
EALR

NCPR

oC
cC

STM

cc
CcC
cc

ALR
cL
BAH

L
BALR
L

LR
ST™
ST
LA
ST

LA
LaB!

ST
MVC
EALF

/¥%*%% PFL/1 SAVMPLE PROGRAM:

Sy S
*

S+BINVARCFBVAR

D413
12,4(7%,12)
14412(7413)
2412,28(12)
1214

C'  CUMMYS®
ALI(E)

CurMmMy

14,12,12(12)
*4+]1¢€

ALSTMT: NCe
Fr224t
A(STATIC CSECT)
2,1€6( ,15)
1,7€(2,13)
T412¢C 415}

Tyl

24120 ,12)

*+10
18,11€(
14,15
14,72(€,13)
15,0

14,74,72(1)
13,4(7,1)
12,701,7)
5,88(7,13)
T(13),XVED
1012),%x%24¢
€,88(0,13)
€£417€(0,13)
84(4,12),2€02(3)
2,4¢

TABLE)

y12)

Hodok otk /

% FRCCECURE BASE.

* STATEMENT NUMBER
COD4EE €8 92 € (CC
WO4F2 €2 €Y ¢ CCo
CCGC4F€e €€ EN 3 128
NC4FA 57 E S (T4

* STATEMENT NUMBER
OCC4FE 58 719 3 12C
Q0gs502 €2 11 6 C(CC

* STATEMENT NUMBER

€Q2576 &7 73 C CAR
% STATEMENT NUMBER
ocnscA €2 73 O 0OBg
(€3510 €2 €7 D CBC
DCTe1¢ <«1 8C C rBe
oCCE1A 5L 87 C €BC
n~NCE1E 41 &) C €BC
(nCEz2 Er 8"y 2 178
aCCs26 D2 €2 C 2Cq
ggrs2Cc C2 A7 € Ice
Q0CE32 41 87 D CC4
o0Cc3¢ & 85 C (C8
NCCE2A 41 812 C CCe
COCE2E BT 80 3 17C
CCTE42 41 8% D CAC
(00546 50 83 2 1€C
ACS4A 41 82 6 OCD
ANES4E  EC €7 2 1E4
200582 <6 87 2 184
oens556 1B ES
nJC588 41 17 2 178
MPCE5C S8 FY 3 188
CNC5ed 5 EF

* STATEMENT NUMBER
es62 €2 03 D (B
€C{5€8 C2 C1C GRC
€Lr56E 41 @7 C ~Be

24

26

27
3
3

28
3
3

248
2FT

CEN

MVI

ST

ST

MvC
MVC
LA
ST
LA
ST
MvC
MvC
LA
ST
LA
ST
LA
ST
LA
ST
o1
Sk
LA

L
BALR

MvC
MvC
LA

PAGE

94PVAR
AVAR, X100
14429€1(0,3)
14,AVAR+4

T7,200(F,3)
7,PVAR

7,CVAR

184(44131,584(3)
188(8,131,24M(2)
8,184(0",13)
8,188(M,12)
8,188(r,13)
84376(%,3)
196(4,13),588(3)
2N05(8,12),24M (3}
8,106(M,13)
8,200 (C413)
8,209(N,13)
842871(0,32)
8,S117E
8,384(C,3)
8,BINVAR. RETCOCE
8,288(C,2)
388(3),x18N

545

1,27€(7,3)
15,392(9,2)
14,15

184(4,131,584(3)
188(8,13),242(2}

8,184(R,13)

25



PL/T CPTINIZING

onreT2
ccceve
fLesda
T(rs7E
(rreeq
AFrcEA
CCrEEE
ngeec2
T(rsse
aLr5cA
CCreoe
ACrEA2
(S8 S-LY]
CCTSAA
SCC5AE
€rreg2
fCTSRE
ACTERA
CCCEBE
€eeeC2
CCLEC4
Cecs5Ce
€CesCC

WWOOWOWEoWOWOIOIOoOoWoo

w o

CCMPTILER

*BC
rac
1eC
£Ce

3

24C

cCe 3 TFC

cC4
T8
rcs
1%
TAC
1¢4
cch
1¢<¢€
C4
“1C
“p?v
co™
1¢C
1¢C

1€C
1A%

% STATEVMENY NUMEER

NMOS5CE
€Crst4
€ereps
Qfr sCE
CCrSE2
COTEEE
NASEA
CCOEFS
QrCsFe
CersFa
Crrepg
ore6n2
crrece
{grenh
CEreTE
cree12
rerele
GCRELA
ZCCELE
cree22
cere2e
Crr ez

c2
c2
41
5¢
41
£C
c2
c2
6l
0
41
s¢
41
€2
41
£

B
ce
57
41
£C

cé

r3
"7
e
an
e
o

WwOOWowoewnwlleooonowooomO

TBe.

€BC
“B8
~BC
”BC
1A4
"C4
{cs
fCs
rcs
“C8
1A8
TaC
1AC
rcd
187
D4
24
20"
ne7
1B4
184

25

2

3

2
2

248
4

24C
nEA

<7
LA
ST
mMvC
vvC
LA
ST
LA
ST
LA
ST
LA

ST

ST
LA
ST
CI

LA

L
EALR

MVC
MVC
LA
T
LA
ST
MVC
(378
LA
ST
LA
<7
LA
T
LA
T
ST

ST
LA
ST
CI

/#%%%4 PL/1 SAMPLE PROGRAM.

€,18€(7,12)
8,1881(9,13)
€,26¢1(0,3)
1S€(4412),5€8(3)
207 (€412)424.(3)
14,16€(2,12)
14,20G(3,12})
84257 (0,13)
814C0(7,3)
8,SI2E
844C41("™,3)

8, BINVAR.RETCODE
€447 E(CT,3)
12,212(2,13)
8428(7,2)
€,20€(5,132)

8,20 €(2,13)
€4412(L,3)
412(2),x'80"

545

1,3¢€(3,3)
12,416(7,3)
14,15

1€4(4,12),5¢€4(3)
188(84121,249(3)
€41€4(7,13)
Ey1EE(C,412)
€y186(0,12)
8442C (R,3)
16€(4412),5€81(3)
267 (8412),247(3)
14,16€(C,413)
14,200(3,12)
842CC(7413)
8,4241(2,3)
€4ST1ZE
€,428(GC,2)
€4yBINVAR-RETCCDE
84422(2,2)
12,212(7,13)
842€(043)
g,208(5,13)
842081(0,13)
€142€1(%,3)
43€6(2), X 8%

EETEEY

00C €2E
eere3d
nIrez4
200638

18

55

41 19 3 1A4
€8 F? 3 188

ce

EF

* STATEMENT NUMBER

CIT632A
Cooeqn
r{reqe
MNCE4A
OCCE4E
LQTes2
201656
st 1o
000662
TRreee
CLCEEA
02T EEE
20c6T2
(nCete
TT6TA
WCCOTE
qa%682
Trege
JOCEEA
C2r68E
ccces2
0656
COT6SA
MC6SE
neC6A2
ZCCEr6
COT6AA
JANGAE
790 €82
aro684
GCC6B8

ce
c2
a1
.
41
53
€2
c2
41
50
41
56
41
50
41
50
=

cE
P

c3
1
8%
87
87
87
03
C7
EQ
E7
87
87
a1
87
87
87
[ng]
89
87
87
8’\
g
87
87
27
ac
en
55
12
FQ
EF

WWOoOOLWOWOOoOWOWoWOoOWOooOOowoOoooo

w W

nee
CcBC
CB8
~BC
¢BC
1BC
acs
cce
CC4
cce
ice
1cc
TAC
1C4
ccn
1Ce
CCs
€1C
ccT
[ohvig}
1CC
¢ce
€24
~D8
cce
i nial
107

18C
104

* STATEMERT NUMBER

3CeeBA
Gorecs
o(cece
“0C6CA
2rTECE
ez
ccgece

€2
c2
41
5#‘
41
£

c2

03
7
8"
87
8
an
€3

Owooooo

oBe
[4:10
cBe
€8C
[:]
1CE
BC4

2

31

2

3

SR
LA

BALR

MvC
MVC
LA
ST
LA
ST
MVC
MVC
LA
ST
LA
ST
LA
ST
LA
ST
ST

ST
LA
ST
ST

ST
LA
ST
CI
SR
LA

BALR

MVC
MvC
LA
ST
LA
ST
MyC

248
DFN

24C

Appendix F:

PAGE

5,5
1,420(0,3)
15,44C(P,3)
14,15

184(4,13),584(3)
188(8,131,242(3)
8,184 (C,13)
84188(0,13)
€,188(N,13)
84444 (0 ,3)
19€(4,13),588(3)
270(84131,247(3)
14,19€(N,13)
14,20C(0,13)
8,207 (C413)
B84448(0, 2)
8,SIZE
84452(N,3)
8,BINVAR,RETCOOE
8445€(M,32)
12,212(C,13)
8,28(0,3)
8492708(C,132)
8,208(0,12)
844€0(2,3)
13,229(0,13)
8,361(N,3)
8,216(0,13)
8421€({2,13)
84464(0,3)
464(3),X'8C"

545

1,444(0,3)
15,4€8(9,3)
14,15

184(4,131,584(3)
188(8,12),242(3)
8,184(C,13)
8,188(0,13)
8,188¢(2,13)
8,472(C43)
19€(4,13),588(3)

Programming Example
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PL/1 CPTIMIZING

cecetc
QCCeE2
QCCeE6
QCC6EA
QCC6EE
CCCEF2Z
NCCEFE
CCC6FE
eCC7C2
CCCice
CCe7CA
CCCTCE
ceel1z
0Cr71e
CeCi1A
GCe71c
oceqze
acc724

[N, MR = Re N N RN -Ro No o]

W

CCVPILER

nce
€C4
oce
cce
1cc
rc2
Cta
°b2
ce4
D4
1EQ
jels)
1E4
1E4

1CE
1€8

* STATEMENT NUNMBER

€cr2e
acci2c
neeiz2
cery3e
QreIsa
CCCT3E
GCC 42
eer4e
€Cer4c
cceise
Creics
cCr5¢
CrCIse
CCC €4
0CC6¢€
qace 76C
£ee77e
000774
ceriie
cCe7e
neccrse
6Ce782
CCC7es
CCCT8A

D2
D2
41
59
41
5¢

05
c?
ED
2]
e¢
8"
€7
ED
EC
en
€%
c1
7
89
83
ee
:1d
€2
€C
ec
£€
1"
FQ
EF

WUWOoWOoOOoODOOWoOOOoOWoOonoo

ww

TBA.

¢ece
CEA
e
ccn
1EC
CCe
CCE
TCs8
ot}
1FD
cc2
€D4
[ ]
€04
Cp4
1F4
0cs
1F8
1F8

1EC
1EE

* STATEVENT NUMBER

222

32
3 252
3 €D8

3 110

3 250
3 1C8

33

(A%
LA
ST
LA
ST
MVC
MvC

L
BALR

MVC
vVC
LA

LA
ST
L A%
LA
<7
LA

MVC
MVC
LA
ST
LA
ST
La
ST
cI
SR
LA

BALR

/%%¥%%k% PL/] SAMFLE PROGRAM.

200 (€,12),247(3)
14,16€(0,13)
14,2C0(7,13)
8,200(2,12)
84.47€(02,2)

21 (2,12),5%2(3}
212(8,12),2€4(31)
8,217(C,132)
B84212(0,13)
84212(0,13)
€,4870(0,3)
84BINVAR,RETCCDE
8+4841(0,2)
484(3) ,X"E0"

545

14472(9,3)
15,488(2,3)
14,15

18€(€412),554(3)
162(8,12),21€(2)
14,186(Cy12)
14,152(0,132)
84152(%,13)
8+492(C43)

200 (8,13),272(3})
14,200(%,13)
14,20C(Z,12)
842G0(",12)
844G€(0,32)

2170 (2,12),562(3})
2121(8,12),2641(3)
8,210(2,12)
8,212( ,13)
84212(0,12)
845000 431}

84 CKFT_RETC
€4504(T,2)
E04(3),x180"

5,5

14492(043)
1£448E(0,3)
14,15

EEET T

£Cc7¢eC 1B 11
OCC78E 1B 55
fCN793 58 FY 3 1FC
N2§764 & EF

* STATEMENT NUMBER
agCc796 18 11
€CG7%8 1B 55
MOTSA 58 F) 3 ZCC
QCCT79E (& EF

* STATEMENT NUMBER
NNOTAD 41 87 6 CCC
00C784 5C 8) 3 204
NCCTAE S6 82 3 204
oC(Cc7AC 18 S5
OCC7AE 41 17 3 204
2ACTB2 58 F) 3 14C
oC(r786 (&5 EF

* STATEMENT NUMBER
(C07EE 18 CC
CCCT7BA 58 0D D €G24
CCCT7BE =8 EB C ¢°C
0Cc7C2 <& 2C D €1C
2C7C6 €5 1E

* ENC PRCCEDURE

* STATEMENT NUMBER
2(c7C8

~fcecrce

* PROCECURE

* REAL ENTRY

0Cr3CC <0 EC D C°C
0(07CY 47 FO) F Cl4
2CCT7C4  €2CON0CD
Q00708 (LCCO0A8
ACCTCC  O0CONND
OCC7ED  E€ 37 F C1C
GOCTE4 58 10 C 74C
(rc7ee 8 0% F 07C

24

41

3¢

SR
SR

L
BALR

SR
SR

L
BALR

LA
ST

SR
LA

BALR

LR

M
BALR

cC
cc

STM

cc
DC
DC

PAGE

1,1

5,8
15,578(0,32)
14,15

1,1

5,5
154512(0,3)
14,15

8,BINVAR: RETCOCE
89 51€(C,3)
S51€(3),Xt 8N

5,5

1,516(7,3)
15,232(0,3)
14,15

a1
13,4(N,13)
14,12(0,13)
2,12,28(13)

1,14

Ce A

ALY

A

14,12,12(13)
*4+16

A(STMT. NO. TABLE)
Fr1ege

AUSTATIC CSECT)
3416(C415)
1,7610,13)

0,12(%,15)
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PL/T OPTIMIZING CCMFILER
SCO7EC 1E €1

G(R7EE S5 T C €0C
(CCTF2 47 DO F 93D
CC77F& S€ FT C 74
CCCTFA NE EF

CCCTFC =€ ED C %4¢
¢reses  1e FO

orrET2  SC EC 1 L4E
C(rgre 50 DT 1 S04
CCC8EA 41 D1 2 o
(CCBUGE 50 53 D £58
C(CElz S2 €C D CCC
€CCEle <2 24 D CC1
CCr81A D2 €3 D €54 3 118

cere2c ~c 20

* FRCCECLRE BASE

* STATEMENT NUMEBEFR
((rez2z2 1e 7D
q¢re24 58 €™ C 204
6eee2e € ET 0 OTC
0cee2c <€ 2C D (1C
€cre3c "t 1E

% ENC FRFCCECUFRE
necez2 071 €7

% STATEMENT NUMEER
r£ere3q

cCrezsd

% FRCCECLFRE

* REAL ENTRY

FOFE3E <C EC C C€7C
NCCE3C 47 FT F 14
c(re4qc 020CC2CCT
€Creqas CC020B0
fergqag fCCLCNTCT

CCreqac € 22 F £1C
Qcresc g 1€ C
€CCES4 58 €T F
{eCece 1E f1

0CrEEA 55 (2 C ¢
COCESE 47 PO F

/#%%%% PL/T SAMPLE PROGRAM: #4%3%/

ALR

BALR

MVI
MVI
MVC
BALR

LR

Lv
EALR

NCPR

cc
£€c

STV
cc

cc
cc

ALR

BNH

TO,1
D412(0,412)
#4417

15,1164 ,12)
14,415
14,72(2,13)
15,7
14,8472(1)
13,44(7,1)
12,0(1,C)
5,88{(0,13)
D(13), X287
1(12),x124"
84(44132),280(3)
2,7

912
12441{7,12)
14412(0,12)
2112428(12)
1,14

cr g
AL1(1)

B

14,12,121{12)
*+1¢€

A(STFMT. NC:
Fr17€*
A(STATIC CSECT)
2,1€(7,15)
1,7€(7,12)
0y12(7,18)

2.1

-
M412(7,12)
*417

TABLE)

CCCeez Sg F? C L4
2cC8ee s EF
J0ceee E£g ED C (48
€Cregec 18 B)

NCBEE SO EY 1 48
nCC872 5C 07 1 Cr4
Mee76 41 C1 % Q0T
gcce7a 50 52 T 158
ACCBT7E <2 82 D €99
ocgse2 <2 24 D 071
a0C886 C2 173 C CE4
C(3€eC =8 17 D (74
occasn 58 10 1 €18
nC08s4 L[2 03 D NAE
0(Q8SA G2 07 D A8

CCC8GE (5 29
* FRCCECURE BASE

* STATEMENT NUMBER
Tccean 18 0o
€(c8A2 Ete €7 D €34
QC(8A6 58 EN C €7C
Joc8aa <8 2C € £1C
O(C8AE 75 1E

* ENC PROCEDURE

% ENC FRCGFRAM

3

1

40

118

Appendix F:

BALR

LR
STM
ST
LA
ST
MVT
MVI
MVC

MvC
MVI
BALR

LR

L

L

Lv
BALR

PAGE

15,11€(0,12)
14,15
14,72(0,13)
15,0
14406,7201)
12,4(0,1)
13,0(1,90)
5,88(0,13)
N(12) 4 X0 801
1012),X124"
8404,13),280(3)
1,4(n,13)
1,24(2,1)
1€8(4,13),7(1)
168(12),X000¢
2,0

0,132
13,4(0,13)
14,12(0,13)
2,12,28(13)
1,14

Programming Example
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FL/T CPTINIZING CCMFPILER

CCNVEILER fIAGNfSTIC MESSACES

EFFR It L STMT

SEVERE AND ERRCR CTAGNCSTIC MESSAGES

TELC412] E 23

WAFNING CIACNCSTIC MESSACES

IEL78S21 % 6

TCNCCUNT!
‘BUILTIN',

T1ELT5181 W 22

MESSAGE CESCRIFTICN

CECLARATICN CF INTERNAL ENTRY NCT ALLOWEC:

TARGET STFRING SHCRTER THAN SCURCE

/#%%%% PL/1 SAMPLE PROGRAM. #3d%3%/

ENC_CF CCMPILER CIAGNCSTIC MESSACES (::>

CCMFILE TIME Me.12 MINS

224

SFILL FILE:

27 RECORCS, STZE 1C¢1

|IDiagnostic messages and an end of
lcompile step message gcenerated by the
lcompiler. All diagnostic messages
lgenerated by the optimizing compiler
lare documented in the publication 0§
Optimizing Compiler: Messages.

|
|
"ERROR ID" This identifies the
message as originating from the
optimizing compiler (IEL), and
gives the message number.

©

"L" This is the severity level
of the message.

"STMT" This gives the number of
the statement in which the error
occurred.

Compile time in minutes. This
time includes the preprocessor.

OO

This gives the number of records
"spilled" into auxiliary storage
and the size in bytes of the
spill file.

- ©

CECLARATICN CF

¥

IGNOREC.

RESULT TRUNCATED CN ASSIGNMENT:

1S THE NAME OF A BUILTIN FUNCTICN BLT ITS IMPLICIT CECLARATICN COES NOT IMPLY

PAGE
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FEE-LEVEL LINKACE ECITCR CPTICNS SPECIFIEC LIST,LET,XREF
STZE=(10444E,563¢2)-

®CCF\TFCL s

NAME
FLISTART
FLINAIN
SYSFINT
*SAMFLE2
IELCCCA
IELCCCR
*SAMELEL
TENMEKCFL1#
IBMBKSTL#
TIBMBFIF1A
TEVBCCC1X*
IEVBCCS1#

TEMBCH 1%

1IEVBCCT 1%

TIEMBCTO1*
IEMBCUT 1%

IEMEEQC1%*
IEMEKENML*
IEVMBFFCY#

IEVESIC1*

IBMBCK™ 1%

IENMBECL1*

VARTABLE CPTICANS USEC -

ECTICN
CRIGIN
a0
L
s
[
:CC
44€
4EE
Lee
FAD
15EC
1ep¢€
15C¢

1B4€

23FE

2700
218}
28cCe

ZEFC

LENGTH
2g

g

187

1D€E

Cr
EE

2t

1¢E

se

(::)CFESS REFERENCE TABLE

ENTRY

NAME

PLICALLA

SANELE

IBMEBKCFA
IBMBKSTA
IBMBPIRA
IBVBCCCR
IeveCCSA
IBMBCHXE
TBMBCHXY
IBMBCHFC
IBMBCCDE

IEMBCTHC
IBMBCTHE

IEMBCUIX
IEMBCUIF

IBVBECCA
IBVMBKCMA
IBMBPRCA

I8MBSICA
IBVBSICE

IBEMBCKCP

IBMBECLA

LCCATION

4CC

68

FAD
le72
1888
16Cc8
1E48
1858
1B¢8
102¢

2158
2178

23F8
2418

27
27E«
2€ece

2 8F¢
28F8

2B4C

z2cen

<::LEFALLT CPTICN(S) USEC

NANME

PLICALLE

IBVBKCPB
IBVMBKSTB
IBMEP IRB

18MBCCCC

TBMBCHFE
IBMBCHFY
IBMBCHXC
IBMBCCZE

IBVBCTEX

IBVBCUID

IBMBSICB
IBVBSICT

IBMBCKZP

LCCATICN

DéA
FA2
1674

188A

1B48
1858
1Bé8
ie2n

21¢n

24035

28F2
2AA6

2B4T

NAME

IB¥BKCPC
I1BMBK STC
IBMBPIRC

IBMBCCCA

IBMBCHXP
IBVMBCHFH
IBMBCHXF

|
IBMBCODP

|
IBMBCTHF

IBVBCUTP

IBMBSICC

IBMBCKDD

LCCATION NAME LCCATIGN

fom———
|First page of the linkage editor
Ilisting.

5

O

=

Statement identifying the version
and level of the linkage editor
and giving the options as
specified in the PARM parameter of
the EXEC statement that invokes
the cataloged procedure.

Cross reference table. This table
consists of a module map and the
cross~reference table.

The module map shows each control
section and its associated entry
points, if any, listed across the
page. An asterisk after the name
means that these are library
subroutines obtained by automatic
library call.

The cross-reference table gives
all the locations in a control
section at which a symbkol is
referenced. $UNRESOLVED (W)
identifies a weak external
reference that has not been
resolved.

28F4 1BMBSICD 28F6

2B48 I1B8MBCKZC 2848
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NAME
TIEMBJCT1#
IEVBJYTT1#
TBVBCCLY*
1EVBSACLH
IEMBSECT#
TENVMBSLCIH
TEVMBSFL1#
TEMBSFCI*

TEMECE™ 1%

TENVBCCETL*
IENBEEFR1*
IBMBERF1*
TENBFCC1#
TEVEFCCL*
TEMESCV1#

TEVBEEF1x%

LCCATICN

17
1C
2C
28
€4
eC
74
7C
84
€c
S4
sC
L]
AC
R4

226

CRIGIN
ZC4E
zCCce
ZELrC
2F4E
2FET
rCe

2787

LENGTH
ec

(33

REFERS TC SYMBOL

PLIMAIN

PL ITABS

IEMBFIRB
*SAMPLEL
*SAMELEL
*SAMPLEL
*SAMPLEL
*SAMFLEL
*SAMPLE1
*SAMPLEL
*SAMFLEL
IELCGCA

IBNBCCCA
IBMBCHFD
IBMBCTHC

NAME LCCATICN

IBVEBUCTA
IEVBITTA
IBMBOCLA
IBVBSACA
IBMBSECA
T1eMBSLCA
IBMRSPLA
IBEVESFCA

TEMBCEZB
IBMBCEFX

IBMECCTA
IEMBEERZA
IBMBERRA
IBVMBFGCA
IBMBFCCA
TBMBSCVA

IEMBEEFA

IN CCATRCL SECTICN

PLINAIN
$UNRESCLVEC (W)
IEMBFIRY
#SAMPLE]L
*SANFLEL
*SANVPLEL
ASAVMPLEL
*SAMELEL
*SAVFLEY
*SANPLEL
*SAMFLEL
TELCGCA
TEMECCCY
IBVMBCHIL
1BMECT 1

2048
2c08
2E4-

2F4e
2FFC

37ce

NAME

IBVBCCLB

IBMBSLCR

IB¥BSPLB

1BMBCECR
TBMBCEZF

IBMBERRB

LCCATICAN

14
2€
i
&r
€E
™
T€
e
aeg
<€
SE
It
AE
B*
BE

LOCATICN

2E42

2°CA

3782

3BeN
3Bée

3EF2

NAME

IBMBGCLC

IBMBSPLC

IBMBCEDX
IBMBCEZX

IEMBERRC

REFERS TC <yMBOL

SYSPINT

IBMBPIRA
IBMBPIRC
*SAMPLEY
*SAMPLE1
*SAMPLE1
*SAMPLE]
*SAMPLE1
*SAMPLEY
*SAMPLEL
*SAMPLE1
1ELCGCB

1BMBCCSA
IBMBCODE
IEMBCUID

LOCATION

2E44

3784

3868
3Bé€8

44E4

IN CCNTR

NAME

18MBOCLE

IBMBCEDF

CL SECTICN

SYSPINT
IEBMBPIRL
TBMBPIR1
*SAMPLEL
*SAMPLEL
*SAMPLEY
*SAMPLEL
*SAMPLEL
*SAMPLEY
*SAMPLEL
*SAMPLEL
TELCGCR
IBMBCCS1
I8MBCCN1
IBMBCUD 1

LOCATION

2E46

3B68



LCCATICN

8C
C4
cc
C4
[ne
E4
EC
19¢
1AC
1BC
2c”
224
25C
28C
2F8
384
487
4Ce
&C4
G587
%:19
CF8
1504

1854

1€8C
1E1€
1€4°
184€
1857
1€7C
1A7C
1a8C
1AS4
1ACC
1B78
1B1"
1ABeg
1AF 8
1rer
183C
182C
1AEC
1AF4
1ACT
1AA4
1824
1AB7
1A98
1AA8
1A€E7
1B1E
1BZE

REFERS TO SYMBCL

TEBVRFCCA
1IBNBJCTA
TevBOCLA
IBMBSACA
I1eMBSICE
IBMBSLOA
IBMBSPCA
SYSPINT

IEMBFRCA
TBMBKCMA
1IBMBKSTB
IBMBKSTC
IBEMBKCFB
*SAMFLE]
*SAMFLEL
*SAMFLEL
IBMBSIST
*SAMFLE?2
*SAMFLE2
*SAMFLE2
*SAMFLE2
*SAMFLE2
IBMCKEXA
IEMBJWTA
1BMBTCCR
IBRMBCCLB
TBMBCCLA
IBMBERRA
IBVMBPGCA
IBVBERRC
IBMBCHXC
IBMBCHXP
IBMBCHXE
IBMBCKCP
IBMBCHFF
IENBCHFY
IBMBCEDX
IBVMBCEFX
IBMBCYFF
IEMBCMPC
IBMBCUTX
IEMBCThX
IBMBCTHF
1eMBCVDY
IBMBCRXB
TEMBCRXE
I8MBCCGZA
IBVBCACA
IBMBCACA
IBMBCACA
TBMBCACA
IBMBCACA

IN CCNTRCL SECTICN

TRNMREOCY
IBNMBJCTL
IBMBCCLL
1BEMBSACY
IEMBSIC]
IEVBSLCY
IBVBSFCL
SYSPINT
TEMEPRC1
1BNBKCM]
IBVEKST1
IBVBKSTL
IBMEKCP1
*SANPLEL
#SANFLEL
#SAMPLEL

$UNRESCLVEL (W)
#SAMFLE2
#SAMPLE2
*SAMFLE2
#SAMPLE?2
HSAMPLE2

SUNRESCLVEC (W)

SUNRESOLVEC (W)

$UNRESCLVEC (W)
IBNBCCLY
IEMECCLL
IEMBERR]
IBMBPCO1
IEMEERR]
IBVBCHL 1
1BMBCH: 1
1EMBCHD 1
IBNBCKS 1
TEMBCH"1
1BMBECHD Y
1BMBCEN1
TEMECEC]

$UNRESCLVEC (W)

SUNRESCLVEC (W)
IBMBCUC1
TBVMBCT
IBMBCTA 1

$UNRESCLVEC (w)

$UNRESGLVEC (W)

SUNRESCLVEC (W)

$UNRESCLVEC (W)

SUNRESOLVEC (W)

$UNRESCLVEC (W)

$UNRESCLVEC (W)

$UNRESCLVEC (W)

$CNRESCLVEL (W)

LCCATICA

cr

CE

D2

ce

ET

EE

FC
16C
18"
1EE
Z1¢
48
3
zCa
22C
2¢C
4B 4
4CT
e¢cC
S5¢
Ccy
cee
15C¢
1€5¢
1867
182¢
1€44
1€4C
1€¢€4
1€€4
1Aef
1A¢C
1ARC
1AFC
187C
1814
1ACY
127€
1838
184¢
1B24
1AF2
1AC4
126C
1B1C
1ACE
1AE4
1847
1ACE
1AEE
182
1r24

REFERS TC SYMBOL

IF\MI_QFI'II_I\
IBMBJTTA
IBMBOCLC
IBMBSEDA
TBMBSIOT
IBMBSPLA
IBMBCKDD
SYSPINT

SYSPINT

IBMBKSTA
IBMBKSTC
IBMBKCPA
18MBKCPC
*SAMPLEL
*SAMPLE]
*SAMPLE]
IBMB SEQA
#SAMPLE?Z2
*SAMPLE2
*SAMPLE 2
*SAMPLE?2
#*SAMPLE2
IBMCKEXB
IBMBTOCA
IBMBTPRA
IBMBCCLB
IeMBOCLC
IBMBERRRA
IBMBPCDA
IBMBEERA
IBMBCHXF
IBMBCHXY
IBMBCKDD
IBMBCHFC
IBMBCHFP
IBMBCHFE
1B8MBCEDF
IBMBCYXX
IBMBCMPX
IBVBCMPF
IBMBCUIF
IBMBCTHC
IBMBCODE
IBMBCRXB
IBMBCRXR
1BMBCWDH
IBMBCGPA
IBMBCACA
IBMBCACA
1BMBCACA
IBMBCACA
IBMBCPBF

Aprendix F: Programming Lxample

IN CCNTROL SECTICN

IBMRYTTL
IBMBOCL1
IBMBSEC1
I1BMRSIN1
1BMBSPL1
IBMBCK. 1
SYSPINT
SYSPINT
IBMBKST1
IBMBKST1
IBMBKCF1
IBM8KCP1
*SAMPLE]
*SAMPLE]
#SAMPLEL
IBMBSECT
#SAMPLE?
*SAMPLE?2
*SAMPLE?2
#SAMPLE2
*SAMPLE?
$UNRESCLVEC(W)
$UNRESCLVEC (W)
$SUNRESCLVEC(W)
IEMBOCL 1
1BMBCCL]
IBMBERR]
18MBPQLCY
IBMBEERY
18MBCH"1
TBMBCH. 1
IBMBCK.1
IBMBCH 1
IBMBCH 1
IBMBCH 1
TBMPRCE" 1
$ UNRESOLVED (W}
SUNRESCLVEC (W)
$UNRESCLVEC (W)
IBMBCU 1
IBMBCT™1
1BMBCCT 1
¢UNRESCLVEC(W)
$UNRESCLVEC (W}
$UNRESCLVEC W)
$UNRESCLVED (W)
SUNRESCLVEC(W)
tUNRESCLVED (W}
$UNRESCLVEC (W}
$UNRESOLVEC (W)
$UNRESCLVEC (W)

[N}
[N}
~



LCCATICN REFERS TC SYMBCL 1IN CCNTRCL SECTICN LCCATICN REFERS TO SYMBOL IN CONTROL SECTIGON

1A88 IBMBCHXE IEMBCH"1 1AAC IBMBSCVA IBMBSCV1
1ATC TEMBCECE TEMBCET1 1RE4 1BMBCEDE IBMBCE"1
184C 1BMBCOZE 18MBCCH1 1BE4 IBMBCKZP IBMBCKT1
1B5C 1BMBCVZY $UNRESOLVEC(W) 1B€4 IBMBCWZH $UNRESCLVED(W)
1B6C IBMBCKZC I1BMBCKN1 1Cre IBMBCCGTA IBMBCCGT1
Z1EC TEMBCKZC IBVBCKY1 217C IBMBCOZE IBMRCC"1
z1€C 1BMBCEZF IEMBCET 1 2174 18MBCKZP 18MBCKN1
z1¢4 IEMBCEZX IBVECET] N 23FC 1BMBSCVA IBMBSCV1
23FC IBMBCEFX I1EMBCE™1 2474 TBMBCHFC IBMBCHC 1
247 C TEMBCHFP IBVECHN1 2414 IBMBCHFE IBMBCH™1
2€F4 IBMBSCVA IBVMBSCV1 2829 TBMBSPLA IBMBSPLY
2R34 IEMBSPLB IBMBSPLL 2B2¢ IBMBSPLC 1e8MBSPL]Y
2B2C TEMBCCLA IBMECCL1 2B44 IBMBCODP 18MBCCN1
2F24 IBMBRIOB $UNRESCLVED (W) 2F28 IBMBRI0C $UNRESOLVEC(W)
2F2C IBMBSCPA $UNRESCLVEC (W) 2FEC TBMBCCCA 1BMBCCC1
ZFE4 TEBMBCBCA $UNRESCLVEC (W) 2FEE 1BMBCACA $UNRESCLVEC (W)
2FEC IBMBCXCA $UNRESCLVEC (W) 34Cq IEMBSIST $UNRESOLVEC(W)
27A8 IEMBCACA $UNRESCLVEC (W) 2784 1BMBCBCA $UNRESCLVED (W)
37A° IBMBCZCA $UNRESCLVED (W) 27sC IBMBCXOA $UNRESCLVED(W)
37¢E TEMBSIST $UNRESCLVEC (W) 2B1E 1IBMBCHXP 18MBCH 1
281C 1BMBCKDFP IBVECKN] agar IBMBCHFP IBMBCHM1
2820 1BMBCMPP $UNRESCLVEC (W) 2E24 . IBMBCMPP SUNRESCLVEC(W)
2B2E IBVBCHXE TEMBCHS] 3B3C IBMBCODE TEMBCOr1
2847 1EMBCHFE IBVBCH1 2B4C IBMBCMPE $UNRESCLVED(W)
3854 IBMBCMFPE ¢UNRESOLVEC (W) 2BL4 IBMBCPBP SUNRESCLVEC(W)
3B4€E TEMBCPBE $UNRESCLVEC (W) ags” 1BMBCCSA IBMBCCS1
385C IBMBCRFB $LNRESCLVEC (W) 3B¢4 IBMBCRXB $UNRESCLVED(W)
3E27 TEMBCCTA IBMBCCT1 4EEC IBMBERCA $UNRESCLVEC (W)
4E€ TEVMBEEFA IBVBEEF1

LCCATICN 2" REQUESTS CUMLLATIVE FSELDC REGISTER LENCTH

FSELCC FECISTERS

NAME CRIGIN LENGTH NAVME CRIGIN LENCTH NANE ORIGIN LENGTH NAME CRIGIN LENGTH
SYSFINT cn 4

TCTAL LENGTH CF "SEULC RECGISTERS 4

ENTFY ACCFRESS (44

FCTAL LENGTH 4630

*A%%CC CCES NCT EXIST BLT HAS BEEN ACCEC 7C CATA SET
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SAMPLE PROGRAM: DATE = 71/08/09, TIME = 22.31.15
END SAMPLE PROGRAM
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E€LKLBDSN parameter in cataloged
procedure 133

* parameter of DD statement 20
* PROCESS statement 14

%INCLUDE statement 49
%PAGE statement 35,40
XSKIP statement 35,40

abbreviated form of compiler options 29
absolute addresses 73
absolute addressing 54
access methods 81-82
access speed
improving, for INDEXED data sets
improving, for REGIONAL data sets
addressing 54
advanced checkpoint/restart 171
aggregate length table 41
AGGREGATE option 32
ALIAS statement (linkage editor) 63
aliases 63
American National Standard control
characters (see ANS control characters)
American Standard Code for Information
Interchange (see ASCII)
ANS (American National Standard) control
characters
printers 90,98
punched card devices
source listing 35
specifying in JCL 178,84
APAR (Authorized Program Analysis
Report) 187-189
arguments in Assembler-PL/I
linkage 160-162
arguments in checkpoint/restart 182
arrays
in Assembler-PL/I linkage
length table 41
mapping 25
maximum number of dimensions
ASCII (American Standard Code for
Information Interchange)
for paper tape, specifying 176
option of ENVIRONMENT attribute 75
records 77
Assembler language linkage 151-162
abnormal termination 153,159
arguments and parameters 160-162
arrays 160
Assembler-PL/I-Assembler 159
calling Assembler routines from
PL/I 152-154
calling PL/I procedures from
Assembler 156-161
error handling 159,161
establishing PL/I environment 151
invoking P1/I procedure 151

102
110

98, 84

160

181

Index

linkage conventions 151

locator/descriptors 160

no main PL/I procedure 158

PL/I language facilities for

linkage 161

PL/I-Assembler-PL/I 159

problem data 160

program control data 160

string arguments 161

structures 160

use of based variables 160

use of register 12 153
Assembler language listing 43
asterisk (*) parameter of DD statement 2
ATTACH macro instruction 50
attribute listing 46
ATTRIBUTES option 32
automatic library call

introduction 54-55

DD statement for 56

main discussion 57

suppressing 59,72

use of by loader 69,72

use of by programmer 125
auxiliary storage (see storage)

base library (SYS1.PLIBASE) 57,134
based variables as source of error 145-1
basic access technique 81
Basic Direct Access Method (BDAM) 82
Basic Indexed Sequential Access Method
(BISAM) 82
Basic Sequential Access Method (BSAM) 82
batch operation (definition) 11
batched compilation 44-47,64
BCD (Binary Coded Decimal)
compiler options 32
magnetic tape translation 85,179
BDAM (Basic Direct Access Method) 82
Binary Coded Decimal (see BCD)
BISAM (Basic Indexed Sequential Access
Method) 82
blanks, removal of 25
BLKSIZE option of ENVIRONMENT attribute
BLKSIZE subparameter of DCB
parameter 176,75
block size
introduction 18
INDEXED data sets 103
CONSECUTIVE data sets
record I/0 94,96
stream I/O0 86,89
PRINT files 90
REGIONAL data sets
specifying 75,176
system output device (SYSOUT) 20
blocking (in general) 75
boundary alignment 25
branching, trace table showing 146
BSAM (Basic Sequential Access Method) 82

111

Index 2

0
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buffers
contents, in dump 148-149
default storage allocations 27
general discussion 81
specifying number of 176,177
BUFFERS option of ENVIRONMENT
attribute 177
BUFNO subparameter of DCB
parameter 176,177
BUFOFF option 75
built-in functions
BUILTIN attribute 181
recognized by context 181
without arguments 181
BUILTIN attribute 181
Burroughs code for paper tape,
specifying 176
bypassing errors 146

CALL macro instruction " 50
CALL option (loader) 72
capacity record 110
card devices (see punched card devices)
card output (see punched card output)
cataloged data sets 74
cataloged procedures 132-142
creating new 135
DD statements 16
definition 12
IBM-supplied 135-142
input data set 136
invoking 132-134
modifying 134
multitasking 133
region size 135
shared library 193
standard files 21
with MFT 135
with MVT 135
CATLG subparameter of DISP parameter 74
chained scheduling 81,178
channel programs, specifying number 177
character set specification 32
charactexr, invalid 178
CHARSET option 32
CHECK condition .= 147
CHECK prefix, use of 146,147
checkout, program 143-150
(see also problem determination)
bypassing errors 146
CHECK prefix 146,147
common errors 144
compile-time 143,144
control of exceptional conditions 147
dumps 148-149
dynamic checking facilities 146,147
execution-time 144-146
file information 149
FLOW compiler option 146
invalid use of PL/I 144
logical errors 1u4u
machine errors 146
on-codes 147
on-units 145,147
operating system errors 146
PLIDUMP 148
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preprocessing 147
PUT ALL statement 146
return codes 149
SIGNAL statement 147
SNAP option 146
STRINGRANGE condition 146
SUBSCRIPTRANGE condition 145
system failure 146’
trace information 148
unidentified errors 145
use of a standard set of checkout
statements 147
checkpoint/restart 171-173,182
CLOSE macro instruction 84
CLOSE statement 84
COBOL option 161
COBOL structures in aggregate length
table 41
code identifying object module 32

CODE subparameter of DCB parameter 84,176

column binary mode for card device,
specifying 177
combining procedures 59
comments, removal of 25
common areas 42,53
compatibility with the PL/I (F)
compiler 181 ‘
compilation
batched u44-47,64
speed of 33
suppressing 144
COMPILE option 33

compile-time processing (see preprocessing)

compiler

entry point name 50

failure 146,781

failure, suspected 144

general description 23
compiler options 28-39

introduction 23

abbreviations 32

batched compilation 45

continuation line for 29

defaults 32

installation deletions 32

passing as parameter at dynamic

invocation 50

preprocessor 47

summary table 32

use in checking out program 143,144
completion code, system 172
concatenating data sets 79
concatenating libraries 126
condition built-in function values in
trace 148
condition handling 147

Models 91 and 195 191-192
conditional compilation 33
conditional execution of job step 149
conditions 182
CONSECUTIVE data sets 78

introduction 16

accessing in record I/0 94-96

accessing in stream 1I/0 87-89

creating in record 1I/0 94

creating in stream I/0 86-88



continuation line for compiler options 29
rAandrAl AharaAadlAee

card devices 98

printers 90,98

specifying in JCL 178,84
CONTROL option 29,33
control program (see operating system)
control sections

identification 42

length 42

listing, linkage editor 61

listing, loader 72
control statements, linkage editor 62-67

listing of 60
control variables in DO statement 182
conversational processing (see TSO)
conversion feature of 2400-series tape

drives 179

COPY option, use of 1ii5S
cross-reference listing

compiler 41

linkage editor 59
cylinders

definition 85

index 100

overflow area 106,100

specifying overflow area 176,178
CYLOFL subparameter of DCB parameter 176

D-format recorxrds 18,76,77
data check 85
data codes 75,32
data control block (see DCB)
data conversion feature, magnetic tape
devices 85
data definition statement (see DD
statements)
data for program checkout 143
data management 81-84
specifying data management services in
JcL 178
DATA parameter 20
data set control block (see DSCB)
data sets 74-85
access methods 81-82
accessing (basic introduction) 19
accessing CONSECUTIVE data sets in
record I/0 94
accessing CONSECUTIVE data sets in
stream I/0 87
accessing INDEXED data sets 107
accessing REGIONAL data sets 112-113
ASCII 75
associating with PL/I file 83
BCD 75
blocks 75
capacity record 110
cataloged 74
characteristics 80
checkpoint/restart 171-172
nnnn=+nn=+ing 7a
CONSECUTIVE (see CONSECUTIVE data sets)
creating (basic introduction) 16-19
creating CONSECUTIVE data sets in
record I/0 94
creating CONSECUTIVE data sets in
stream I/0 86
creating INDEXED data sets 102-107

creating REGIONAL data sets 110-112
Cylinder iludex 130
cylinder overflow area 100,106
DCB (data control block) 82-83
DD statements 26-28
ddnames 79,26-28
dedicated 27
defining 79
for record files 94-124
for stream files 86-93
definition of term 74
deletion 80
device class 20
device type 80,17,19
direct 78
disposition 80,19,20
dissociating from PL/I file 84
EBCDIC 75
generation data group 75
independent overflow area 100,106
index area 100,107
INDEXED (see INDEXED data sets)
indexed sequential 78
indexes 100-103
input 27
input, and cataloged procedures 136
labels
copying from 175
creation by data management
routines 83,84
modification by data management
routines 83,84
general description 78-79
in library data sets 125
LABEL parameter 80
nonstandard 79,96
limiting search extent 177
linkage editor 56-58
listings 28
loader 69-70
magnetic tape 94
master index 100,106

members 78
messages 28
names

introduction 18,20

main discussion 74-75,80
organization 78
output 27
overflow area 100,106
partitioned (see libraries)
prime data area 100,107
printer line spacing 80
qualified names 74,75
re-creation 108
record formats 76-78

specifying in JCL 177,178
record type 18,20
records 75
region numbers 110-111
REGIULAL i(oec RLGLIULAL Jdaid Scids
reorganizing INDEXED data sets 107,108
retrieval of cataloged data sets 74
sequential 78
sort/merge 164-165
source program 27
source statement library 28
storage for (see storage)
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data sets (con'd)

telecommunications 78

temporary 27,18

track index 100,102

unlabeled 79

unnamed 75,20

updating CONSECUTIVE data sets on
magnetic tape 94

updating INDEXED data sets 107
updating REGIONAL data sets 112
use of DCB subparameters 175-179
volume serial number 17,19
7-track tape 179

data, invalid 145

DB records 76

DB-format records 77

DCB (data control block) 82-83

DCB parameter

(see also DCB subparameters)
introduction 18,20

main discussion 80-81
summary appendix 175

DCB subparameters 175-179

DD
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BLKSIZE 176

BUFNO 176,177

CODE 176

CYLOFL 176

DEN 176

DSORG 177

for CONSECUTIVE data sets
for INDEXED data sets 104
for REGIONAL data sets 112
KEYLEN 177

ILIMCT 177

LRECL 177

MODE 177

NCP 177

NTM 177

OPTCD 178

overriding in cataloged procedures 135
RECFM 178

96

RKP 178
STACK 179
TRTCH 179

(data definition) statements 79
introduction 12,16
adding, to cataloged procedures 135
creating a library 126-127
DCB parameter (see: DCB parameter; DCB
subparameters)
ddnames (see ddnames)
essential parameters 19
for checkpoint/restart data
sets 171-173
for input data set in cataloged
procedures 136
for linkage editor data sets
for loader data sets 69
for record I/0 94-124
for sort/merge data sets
for standard data sets
for stream I/0 86-93
modifying, in cataloged procedures
parameters 17-21
PLIDUMP 148
separate, for index, prime, and overflow
areas 102,106

56

164
26-28

135

ddnames 79
definition of term 16
for checkpoint/restart data
sets 171-172
for linkage editor data sets
for loader data sets 69
for sort/merge data sets 165
for standard data sets 26-28
in dynamic invocation of compiler
deblocking of records 76, 81-82
debugging (see checkout, program)
DECK option 33
DECLARE statement labels 185
dedicated data sets 27
dedicated workfiles 133
default options 28
DEFINED attribute 182
delimiter statement (job control
language) 20
demounting volumes, instructions for 80
DEN subparameter of DCB parameter 85,176
density, recording, magnetic tape 85,176
dependent declarations 182
depth of replacement maximum 48
device classes 20
for linkage editor data sets
for loader data sets 69
device description 8¢
device independence of source program 79
device specification 80,17,19
diagnostic messsages (see messages)
dictionary-build stage 25
direct data sets 78
direct—-access devices
specifying storage requirements 18,85
specifying write validity check 178
directory, library 125-127,130
DISP parameter
introduction 19,20
in batched compilation 42
main discussion 80
DISPLAY statement 182
DO statement control variables 182
DSA (dynamic storage area)
in Assembler language linkage 152
trace 148-149
DSCB (data set control block)
for library 127
DSNAME parameter 79,18,20
DSORG subparameter of DCB parameter 177
dummy records
INDEXED data sets 107,178
REGIONAL data sets 110,112
DUMP option 33
dumps 148-149
dynamic checkout facilities 146-147
dynamic invocation of the compiler 50
dynamically loaded modules 66

56

56

79

EBCDIC (Extended Binary Coded Decimal
Interchange Code) alternative modes 75
compiler option for source program 32
specifying mode for card devices
specifying translation to BCD 85,179

embedded keys 104,106

END instruction 54

ENTRY address 61

50-51
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entry names 182
entry point iistings
linkage editor 61
loader 73
entry variables as source of error
ENVIRONMENT attribute 18,80,183
ENVIRONMENT option 84
environment, PL/I, in Assembler language
linkage 151,154
EP option (loader) 72
error correction by compiler 143,183
error handling
Assembler-PL/I linkages 152,153,159,161
Models 91 and 195 191-192
error messages (see messages) 44
errors in program (see checkout, program)
(see also problem determination)
errors, operating 145
ESD (see external symbol dictionary)
ESD option 33
exception (definition of term) 191
exceptional condition handling 147
Models 91 and 195 191-192
EXCLUSIVE attribute 183
exclusive calls 66
EXEC statements 26
continuation line 29
for linkage editor 55
for loader 68
locating load module 125
modifying, in cataloged
procedures 134,135
option list maximum length 29
PARM parameter 29
specifying compiler options 29
executable load module labeling 59
executable program (definition) 23
execution
essential job control language 14
suppressing 144
execution-time options 29
execution-time storage requirements 30
Extended Binary Coded Decimal Interchange
Code (see EBCDIC)
external references
definition 54
in ESD listing 42
in linkage editor listings 61
resolution by linkage editor
automatic library call 57
suppressing automatic library call 59
unresolved 60,61
external symbol dictionary (ESD)
listing 42-43

146

53-54

F-format records 76
FB recoxrds 76
FBS recorxrds 76
FCB (file control block)
FETCH statement 66
Leliniavic i1vaa wuaulca [ 1%
files
introduction 16
attributes 83
closing 84
information from PLIDUMP 149
opening 83-84
specifying number of channel

149

programs 177
standara z0
SYSIN 20

SYSPRINT 20

TRANSIENT 78

variable, as source of error 146
final-assembly stage 25
fix-ups for program product faults
fixed-length records 76,18
FLAG option 33
flow of control, tracing 146
FLOW option 34,146
format of records (see record format)
formatted dump option 33
FORTRAN arrays in aggregate length
table 41
Friden code for paper tape, specifying - 176
FS records 76

189,781

generation data group 75
GET macro instruction 82
GONUMBER option 34
GOSTMT option 34

header label 78
heading information in listing 39
hexadecimal address representation in
ESD 42
hexadecimal dumps 148-149
I/0 (see input/output)
IBG (interblock gap) 75
IBM code for paper tape, specifying 176
IBM control character, specifying 178
IBM programming support 187-189,146
IBM service aid program IMAPTFLS 189
IBMBPIRA 43
IBMBSTAB 92
identifier listing 41
IELOAA 50
IEWL 55
IEWLDRGO 68
IMAPTFLS service aid program 189
imprecise interrupts 191
IMPRECISE option 34,191
INCLUDE statement (linkage editor) 63
%INCLUDE statement 49
including source statements from a
library 49
independent overflow area 106,100
specifying in JCL 178
index (see INDEXED data sets)
INDEXED data sets 100
introduction 78
adding records to 100,106
adding records to 108-109,100,106
creation 102-107
deleted (Aummy) records
index area 100,107
separate DD statement for 102
iudexes  1LUu-1U3
master index 106,178
overflow area 106,107,178
separate DD statement for 102,106
overflow recoxrds 176
prime area 107
separate DD statement for 102
specifying key position 178

107,178

Index 235



INDEXED data sets (con'd)
specifying number of tracks per
index 177
SYSOUT device restriction 103
initial storage area (ISA) 29
initial volume label 78
initialization 23,42
input
compiler
data in the input stream 20,93
data set 27,93
in cataloged procedures 136
linkage editor 56,63
loader 69
input/output
introduction 16
(see also: data sets; input; output)
access methods 81-82
defining data sets for record
files 94-124
defining data sets for stream
files 86-93
device independence of source
program 79
device specification 17
improving transmission time 178
locate mode 81,82
move mode 81,82
operating system data management 81
standard files 93
system output device (see SYSOUT
parameter)
INSERT statement (linkage editor) 64-65
INSOURCE option 34
installation factors for cataloged
procedures 135
INTER option 161
interblock gap (IBG) 75
interlanguage communication between PL/I
and Assembler 151
interrecord gap (see interblock gap)
interrupt (definition of term) 191
interrupt handling 147
Assembler-PL/I linkages 153,159,161
© Models 91 and 195 191-192
invocation, dynamic 50
ISR (initial storage area) 29
ISASIZE option 29

JCL (see job control language)

job (definition) 12

job class 11

job control language (JCL)
(see also: cataloged procedures; DD,
EXEC, and JOB statements)
introduction 12
checkpoint/restart 171-173
creating a library 126-127
DCB subparameters 175-179
DCB subparameters for CONSECUTIVE data

sets 96

DCB subparameters for INDEXED data
sets 104

DCB subparameters for REGIONAL data
sets 112

defining data set libraries 126
essential 14
for batched compilation 42
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for compilation 26,28
for linkage editor 55,58
for loader 68,70
.for sort/merge data sets 16U
JOB statement 12
MSGCLASS parameter 39
MSGLEVEL parameter 39
job step 12-13
JOBLIB DD statement 126
message processing programs 123
MPP (message processing program) 123

keying records’

introduction 78

INDEXED data sets 104,106

REGIONAL data sets 110

specifying key length 177

specifying key position 178
KEYLEN subparameter of DCB parameter 177
keypunch (see punched card devices)

LABEL parameter 79
label variables as source of error 146
labeling data sets 78,79
labeling volumes 74
LEAVE option 79
length of record, specifying 177
LET option (linkage editor) 59
LET option (loadexr) 72
libraries 125-131
base library (SYS1.PLIBASE) 57,134
calling additional 63
creating 126-127
creating members 127
directoxy 130
including source statements from 49
multitasking library (SYS1.PLITASK) 57
structure 130
system procedure library
(SYS1.PROCLIB) 125,132
system program library
(SYS1.LINKLIB) 125
types of 125
use by linkage editor 125
use by loader 125
use by operating system 125,126
use by PL/I program 126
LIBRARY statement (linkage editor) 63
library subroutines
introduction 23
control sections for 53
data set for 57
dynamic calling 54
ESD entries for 43
external reference resolution 61
failure of 146,781
failure of, suspected 144
in overlay structures 66
link-editing 54-55
multitasking version and cataloged
procedures 133
library, automatic call (see automatic
library call)
LIMCT subparameter of DCB parameter 177
line numbers
and offsets, table of 33,34
in messages 3#4
in source listing 36



line numbers (con'd)
preorocessor 40
LINE option/format item 90
line size
default, and overriding it 92
specification 91
line spacing, printers 98,90
specifying in JCL 178,85
LINECOUNT option 34
LINK macro instruction 50
link-pack area 67,72
linkage editor 52-66
(see also: load modules; loader)
ALIAS statement 63
checkout 144
choice of linkage editor or
loader 52-54
compatibility with F compiler
control statement listing 60
control statements 62-67
cross-reference listing 61
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data sets 56-58
DD statements 56-58
ddnames 56-58

device classes 56
input 56,63
job control language for 55
listings 60-62
messages 60
multitasking program 57
NAME statement 62,35,45
non-multitasking program 57
optional facilities 58-59
output 57
output and cataloged procedures
output to a library 125
overlaying (see overlaying)
region size 135
resolution of external references (see
external references)
return code 0004 61
specifying storage for 59
storage requirements 55
suppressing link-editing 144
temporary workspace 57
LINKEDIT (program alias) 55
LIST option 34
LIST option (linkage editor) 59
listings ‘
aggregate lengths 41
attribute 41
cataloged procedures 132
cross-reference 40
dumps 148-149
external symbol dictionary 42
general discussion 39
identifier 40
linkage editor 60-62
loader 72-73
nesting level in 40
obiect module 43
of compiler options 40
preprocessor input 40
preprocessor messages 40
sort/merge 166
source program 40
statement offset addresses 42
static internal control section 43

132-134

storage requirements 42
table of options 4u
use in checking out program 143
with APARs 187-189
listings produced by programming
example 195
LMESSAGE option 34
load modules
control section listing 73
definition 13
disposition statement 60
libraries (see libraries)
location 125,126
map option 61,72
maximum size 57
naming
compiler 35,45
linkage editor 62-63
replacement 62
separation 62
structure 53-54
loader 67-73,52-54
(see also: linkage editor; load modules)
choice of linkage editor or
loader 52-54
data sets 69-70
DD statements for loader data
sets 69-70
ddnames 69-70
device classes 69
external reference resolution 72
general description 67

input 69
job control language for 68
listings 72-73

messages 73
module map 73
optional facilities
output 70
restriction on NAME option 42
specifying entry point of program to be
executed 72

specifying storage for 72
storage requirements 68

LOADER (program alias) 68

locate mode input/output 81,82

locator variables as source of error 145

locator/descriptors 160

locked records 184

looping, preventing 145

LRECL subparameter of DCB parameter 177

71-72

machine control characters (see control
charactexs)

machine errors 146
machine instruction listing 43
MACRO option 35,47
magnetic tapes

accessing, without standard

labels 89,96

et A~ d man or
e i a— —aa ~

special requirement for 7-track 179
specifying recording density 176
main procedure and Assembler language
linkage 158
MAP option
compiler 35
linkage editor 59,61
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MAP option (con'd)

loader 72
margin indicator option 35
MARGINI option 35
MARGINS option 35
master index (see INDEXED data sets)
MCP (message control program) - 123
MDECK option 35
members of partitioned data sets (see

libraries)
MERGE statement restriction 165
message control program (MCP) 123
message format, teleprocessing 123
message processing program (MPP) 123
messages

general discussion 44

line numbers in 34

linkage editor 60

loader 73

long form option 34

numbering in preprocessor messages 48

printed format 93

severity option 33

short form option 34

sort/merge 166

statement numbers in 34

use in checking out program 143
MFT (Multiprogramming with a Fixed number

of Tasks)

introduction 11

and cataloged procedures 135
MODE subparameter of DCB parameter 177
Model 195 191-192 v
Model 91 191-192
module map, linkage editor 61
module, load (see load modules)

(see also: linkage editor; loader)
mounting volumes, instructions for 80
move mode input/output 81,82
MPP (message processing program) 123
MSGCLASS parametexr 39
MSGLEVEL parameter 39
multiple compilation 27,44,52,64
multiple-exception imprecise interrupt

(definition) 191
multiprogramming 11
multitasking

library (SYS1.PLITASK) 57,133

options in CALL PLIDUMP 148

using cataloged procedures 133

with shared library 193
MVT (Multiprogramming with a Variable

number of Tasks)

introduction 11

and cataloged procedures 135

NAME option 35,45
NAME statement (linkage editor) 62,35,45
names, qualified 74-75
NCAL option

linkage editor 59

loader 72
NCP subparameter of DCB parameter 177
NCR code for paper tape, specifying 176
NE (not editable) attribute 52
NEST option 36
nesting level in listing 40
no-operation instructions 191
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NOCALL option (loader) 72

NTM subparameter of DCB parameter 177

null statement, use for controlling
interrupt timing 191

NUMBER option 34,36

object module
combining 44
definition 13
format 27
libraries (see libraries)
listing 43
on punched cards
and cataloged procedures 136
identification 33
output 33
storage requirement listing 38
structure 53-54
OBJECT option 36,42
OFFSET option 36,42
offset variables as source of error 145
offsets, table of 33,42
on-codes 147
on-units 147
condition built-in function values in
trace 1u8
use in checking out program 145
ONCODE built-in function 147
ONCOUNT built-in function 191
OPEN macro instruction 83
OPEN statement 83
operating errors 145
operating system
introduction 11
compiler interface 23
data management 81-84
errors 146
release identification 39
operating system facilities 184
OPTCD subparameter of DCB parameter 178
optimization options 33
OPTIMIZE option 36
option list
compiler 29
dynamic invocation 50
linkage editor 58
loader 71
optional facilities
compiler 28-39
linkage editor 58-59
loader 71-72
OPTIONS option 37
organization of data set, specifying 177
0s facilities 184
output
(see also: data sets; input/output)
compiler 27
linkage editor 57
loader 70
overflow area
introduction 100
main discussion 106
separate DD statement for 102,106
specifying in JCL 176,178
OVERLAY statement (linkage editor) 64
overlaying
checkout of 144
library subroutines 66



overlaying (con'd)
main discussion
mapping 61
XCAL linkage editor option 59

OVLY attribute (linkage editor) 64

6u-67

page number as parameter for
compiler 50,51
PAGE option/format item 90
page size specification and defaults 93
%PAGE statement 35,40
PAGESIZE option 93
paper tape code 176
paper tape reader 84
parameters 182
parameters in Assembler-PL/I
linkage 160-162
parameters, passing to compiler 50
parity bit 179 ‘
parity error (paper tape transmission) 84
PARM parameter
for compiler 29-30
for linkage editor 58
for loader 71
in GO step 29
partition
definition 11
size 37
partitioned data sets (see libraries)
PASS subparameter 19
password for CONTROL option 33
performance, linkage editor and loader 53
phases, compiler 23
pictures 184
PL/1I (F) compiler, compatibility with 181
PL/I programming example 195
PL/I sort (see sort/merge)
PLICALLA 151,154,157
PLICALLB 151,157
PLICANC 173
PLICKPT 171
PLIDUMP 148
PLIMAIN 53
in Assembler-PL/I linkage 151,158
PLIREST 172
PLIRETC facility 149,164
PLISRTA 163
PLISRTB 163
PLISRTC 163
PLISRTD 163
PLISTART 53,54
in Assembler-PL/I linkage 151
PLITABS 93,43
PLIXC cataloged procedure (compile
only) 137
PLIXCG cataloged procedure (compile, load,
and execute) 141
PLIXCL cataloged procedure (compile and
link-edit) 138
PLIXCLG cataloged procedure (compile,
1ink-edit, and execute) 139
PLIXG cataloged procedure (load and
execute) 142
PLIXLG cataloged procedure (link-edit and
execute) 140
pointer variables as source of error 145
preprocessing
introduction 23

compiler ootions 135
main discussion 47-49
phases 25
replacement depth 40,48
suspected failure in 188
use in program checkout 147
preprocessor restrictions 184
prime data area 100,107
separate DD statement for 102
PRINT files 90-93
PRINT option (loader) 72
printed output and recorxd I/0 98
printers 98
control characters 90,98
for source listing 35
specifying in JCL 178,85
device class 80
handling invalid characters 178
record format 84
priority 11
problem determination 187-189
procedure step 132
PROCESS statement
example of 14
specifying compiler options in
use of 45
processing phases 23
processing time 53
program control section 42,43,53
program libraries (see libraries)
program product maintenance 187-189
program temporary fix (PTF) 189
programming example 195
PRTSP subparameter of DCB parameter 85
PRV (pseudo-register vector)
listings 61,73
pseudo-register vector (see PRV)
pseudovariables 184
BUILTIN attribute 181
without arguments 181
PSW in trace 149
PTF (program temporary fix) 189
punched card devices 98
Card Read Punch 2520 84
Card Read Punch 2540 84
Card Reader 2501 84
column binary/EBCDIC mode 177
control characters 84,98,178
device class 80
stacker selection 179
punched card output 98
and cataloged procedures 136
compiler 27,33
preprocessor 35
record format 84
record I/0 98
PUT ALL statement 146
PUT macro instruction 82

28,31

OTSAM (Ouened Tndexed Seamment+ial Annacc
Method) 82

OSAM (Queued Sequential Access Method) 82

queued access technique 81

Queued Indexed Sequential Access Method
(QIsAM) 82

Queued Sequential Access Method (QSAM) 82

queues 123

Index 239



RD parameter 172,173
RECFM subparameter of DCB parameter 178
record blocking (see: block size; blocking)
record format
introduction 18
CONSECUTIVE data sets
record I/0 94,96
stream I/0 86,89
auxiliary storage 81-83
INDEXED data sets 104
main discussion 76-78
PRINT files 90
REGIONAL data sets 110
specifying in JCL 178
record length
introduction 18
CONSECUTIVE data sets
record I/0 94
stream I/0 86
INDEXED data sets 103
PRINT files 90
REGIONAL data sets 111
specifying in JCL 177
record size, maximum, compiler input 27
record type specification 18
(see also: block size; record format;
record length)
record-oriented input/output
access methods 82
defining data sets 94-124
record-oriented transmission 184
records 18,75
deleted (dummy)
INDEXED data sets 107,178
REGIONAL data sets 110,112
spanned 18,76,178
region
definition 11
size 37,135
REGIONAL data sets
access 112-113
capacity record 110
creation 110-112
dummy records 110,112
register contents in trace 149
register 12, use of 153
release number in listing 39
RELEASE statement 66
relocation dictionary (RLD) 54
replacement depth (preprocessing)
reply maximum length 182
REPORT option 30
REREAD option 79
RES option (loader) 72
resident control phase 23
resident library (see library subroutines)
restart 171-173
RESTART parameter 172
return codes
checkpoint/restart 171
compiler 44
PL/I program 149
PLIRETC restriction 185
return code 0004 from linkage editor 61
sort/merge 163,164
returned values 182
RKP subparameter of DCB parameter 106,178
RLD (relocation dictionary) 54

110-123

40,48
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root segment 64

save areas 151,152
scheduling time 53
scheduling, chained 81,178
segment, root 61U
sequence numbering
compiler options 36,37
for preprocessor 48
SEQUENCE option 37,36
sequential data sets 78
SER subparameter 18
serial number, volume (see volume serlal
number)
severity of messages
compiler 33
linkage editor 60
shared library cataloged procedures 193
SIGNAL statement 147
SIZE option
compiler 37,45
linkage editor 59
loader 72
SKIP option/format item 90
%SKIP statement 35,40
SMESSAGE option 34
SNAP option 146
sort/merge 163-170
arguments 165
data sets 164-165
ddnames 164-165
entry names 163
examples 167-170
invoking 165
listing options 165,166
multiple invocation 165
sorting techniques 165,166
storage requirements 163
user exits 163
SORTCKPT 164,165
SORTIN 164,165
SORTLIB 164
SORTOUT 164,165
SORTWK 164,165
SOURCE option 38
source program
character set specification 32
data code specification 32
data set 27
listing 34
compiler option for 38
nesting level 32
record numbering 32,37
statement numbering 38,40
source statement library 49
SPACE .parameter
introduction 18
accessing data sets 20
for direct-access devices 85
for library 126-127
for linkage editor output 57
for standard data sets 26
spanned records 18,76,178
SPIE option 30
spill file 27
STACK subparameter of DCB parameter
stacker selection 98,84
specifying in JCL 179

84,179



STAE option 30
atandard filee 03
statement numbers
compiler option 38
in messages 34
method of numbering 40
trace of 146
statement, maximum number of 185
static internal control section
description 53
length 42
listing 43
static storage map 35
STEPLIB DD statement 126
STMT option 38
storage
addressing 54
allocation 25
auxiliary, economy
in INDEXED data sets 104
in REGIONAL data sets 111

suppressing automatic library call

using loader 53
using track overflow 178
blocking PRINT files 91
buffers 81
dumps 148-149
for Assembler language
linkage 151,153,157
for checkpoint/restart data set
for compilation 37
for direct-access devices 85
for execution 29,30
for library data sets 126-127
for linkage editor 57,59
for loader 68,72
for sort/merge 163
for standard data sets 26
insufficient available 37
listing of requirements 41
optimization 36
overlaying (see overlaying)
requirements in general 37
STORAGE option 38,42
storage requirements 30
at execution time 30
stream-oriented input/output
access method 82
defining data sets
restrictions 185
STRINGRANGE condition 146
structures
in Assembler-PL/I linkage 160
length table 41
mapping 25
maximum depth 181
subroutines, library (see library
subroutines)
SUBSCRIPTRANGE condition 145
SUBSTR pseudovariable as source of
error 146
supervisor (see operating system)
symbolic parameter in cataloged
procedures 133,134
syntax analysis stage 25
syntax checking option
compiler option 38
suppression of 144

86-93

172

SYNTAX option 38
sysciN 27
SYSIN 27,93
SYSLIB
linkage editor 57
loader 69
multitasking programs 133
preprocessing 28,49
SYSLIN
batched compilation 42
compiler output 27
linkage editor input 56
loader input 69
SYSLMOD 56
SYSLOUT 69, 72-73
SYSOUT parameter 20
INDEXED data set restriction 103
SYSPRINT
associated with terminal 38
compiler data set 28
linkage editor data set 58
loader data set 70, 72-73
standard PL/I file 93
SYSPUNCH 27
system completion code 172
system failure 146

system output device (see SYSOUT parameter)

system procedure library
(SYS1.PROCLIB) 132

system program library (S¥YS1.LINKLIB)
SYSUT1

compiler data set 27

linkage editor data set 57

preprocessing data set 48
SYS1.LINKLIB (system program library)
SYS1.PLIBASE (base libary) 57,134
SYS1.PLITASK (multitasking library)
SYS1.PROCLIB (system procedure
library) 125,132

tab position specification and defaults
tape, magnetic (see magnetic tapes)
TCA (task communications area) 149
TCAM (Telecommunications Access
Method) 82,123
Telecommunications Access Method
(TcaM) 82,123
teleprocessing 123
Teletype code for paper tape 176
temporary workspace
for compiler 27
for linkage editor 57
for preprocessing 48
TERMINAL option 38
terminal processing (see TSO)
termination
in Assembler-PI/I linkage 153,159
of compilation, dump option 33
of execution, abnormal 145
of execution, by request 148
toziing (S88 lhelhuul, proyrany
text (TXT), description of 53
text, source (definition) 25
Time Sharing Option (see TSO)
time taken for compilation 39
timer feature 39
trace information 146, 148-149
compiler option 34

Index

125

125

57,134

93
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track (definition) 85
track index 100-103
track overflow, specifying 178
trailer label 78
transfer vector 193
transient control phase 23
TRANSIENT files 78
transient library (see library subroutines)
translation stages 25
TRANSMIT condition, suppressing 178
troubleshooting (see checkout, program;
problem determination)
TRTCH subparameter of DCB parameter 85,179
TSO (Time Sharing Option)
introduction 11
checkpoint/restart restriction 171
conversational checkout 143
line numbers 36
storage requirements 38
terminal output option 38

U-format records 78
unblocked records 76-78
undefined-length records 78
UNDEFINEDFILE condition 83,91
UNIT parameter
accessing a data set 19
creating a data set 17,79
unlabeled data sets 78
unlabeled magnetic tapes
unnamed data sets 75,20
updating data 19
user exit points 163

89,96

V-format records 76-77
validity check, write, specifying 178
variable-length records 76-77
VB records 76
VBS records 76-77
version number of compiler 39
volume
definition of term 17
labeling 78-79 78
VOLUME parameter
(see also volume serial number)

242

accessing data sets (general) 18
creating data sets (general) 19
volume serial number
creating CONSECUTIVE data sets
record I/0 96
stream 1I/0 89
accessing INDEXED data sets 107
accessing REGIONAL data sets 113
creating CONSECUTIVE data sets
record I/0 94
stream I/0 86
creating INDEXED data sets 103
creating REGIONAL data sets 111
in volume label 79
volume table of contents (VToCc) 79
VS records 76
VTOC (volume table of contents) 79

WAIT statement 185
weak external reference 42
workfiles, temporary 133

XCAL option (linkage editor) 59
XCTL macro instruction 50
XREF option

compiler 39

linkage editor 59

1403 Printer control characters (see
printexs) i

2400-series tape drives, conversion
feature 179

2520 Ccard@ Read Punch 84

2540 Card Read Punch control
characters 84,99

2501 card Reader 84

48-character set 25,32

60-character set 25,32

7-track magnetic tape (see magnetic tapes)

9-track magnetic tape (see magnetic tapes)









sesesssscasn

csssse

READER’'S COMMENT FORM

0S PL/I Optimizing Compiler
Programmer's Guide

e How did you use this publication?

As a reference source ... O
As a classroom text ... O
As a self-study text ...l O

e Based on your own experience, rate this publication . . .

As a reference source: oo e
Very Good Fair Poor

Asatext: L L
Very Good Fair Poor

® What isyour occupation? ... .. ... ... e

e We would appreciate your other comments; please give specific page and line references
where appropriate. If you wish a reply, be sure to include your name and address.

e Thank you for your cooperation. No postage stamp necessary if mailed in the U.S.A.

SC33-0006-0



SC33-0006-0

YOUR COMMENTS PLEASE .. ..

This SRL manual is part of a library that serves as a reference source for systems analysts,
programmers and operators of IBM systems. Your answers to the questions on the back of this
form, together with your comments, will help us produce better publications for your use. Each
reply will be carefully reviewed by the persons responsible for writing and publishing this
material. All comments and suggestions become the property of IBM.

Please note : Requests for copies of publications and for assistance in utilizing your IBM system
should be directed to your IBM representative or to the IBM sales office serving your locality.

« BUr BUOY IND - v evenenens

........................................................................................................................

FIRST CLASS
PERMIT NO. 1359
WHITE PLAINS, N.Y.

R
I
BUSINESS REPLY MAIL e
NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES
T
N
POSTAGE WILL BE PAID BY... .|
R
. R
IBM Corporation
P T
112 East Post Road [
White Plains, N.Y. 10601 I—
Attention: Department 813 (HP)
fold fold

HEN

International Business Machines Corporation

Data Processing Division
1133 Westchester Avenue, White Plains, New York 10604

[U.S.A. only]

IBM World Trade Corporation
821 United Nations Plaza, New York, New York 10017

[International]

0-9000-€£DS VSN Ul palulld 8PIND s sswweiboud Joidwo) BuiziwndQ 1/7d SO



cesesscscns

cceetecssan

READER’'S COMMENT FORM

0S PL/I Optimizing Compiler
Programmer's CGuide

¢ How did you use this publication?

As a reference source ... O
As a classroom text ... 0
As a self-study text ... O

e Based on your own experience, rate this publication . . .

As a reference soUrce: e

Asatext: L e e

® What 1S your 0CCUPAtIONT ... ... e

® We would appreciate your other comments; please give specific page and line references
where appropriate. If you wish a reply, be sure to include your name and address.

o Thank you for your cooperation. No postage stamp necessary if mailed in the U.S.A.

SC33-0006-0



SC33-0006-0

YOUR COMMENTS PLEASE . ...

This SRL manual is part of a library that serves as a reference source for systems analysts,
programmers and operators of IBM systems. Your answers to the questions on the back of this
forin, together with your comments, will help us produce better publications for your use. Each
reply will be carefully reviewed by the persons responsible for writing and publishing this
material. All comments and suggestions become the property of IBM.

Please note : Requests for copies of publications and for assistance in utilizing your IBM system
should be directed to your IBM representative or to the IBM sales office serving your locality.

0 0000000090000 0000 0000000000000 000C00000000000000000eeIrsIIIrterersese R R R ] D I R R I I I I TP A AP AP S

PERMIT NO.
WHITE PLAINS, N.Y.

1369

BUSINESS REPLY MAIL

NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES

POSTAGE WILL BE PAID BY...

IBM Corporation
112 East Post Road
White Plains, N.Y. 10601

Attention: Department 813 (HP)

HEN

International Business Machines Corporation

Data Processing Division

1133 Westchester Avenue, White Plams New York 10604
[U.S.A. only]

IBM World Trade Corporation
821.United Nations Plaza, New York, New York 10017
{International]

cesacvcae gunﬁuopdlno.. csesecsann

sessvsce

0-9000-£€2S VSN Ul paiulld 9pIng s sawwesbouy Jajidwo) buizirundQ 1/1d SO



