




















































































































































































































































































































































































































































































































































































































addressed from control sections that are
shown in the linkage editor map. The ;
variable starts at an offset of '8' fronm
the address held in the control section.
The first four bytes contain a pointer to
previous allocations of the variable, or
are zerc if there are no previous
allocations of the variable.

V4: Based Variahles

Based variables are located by finding the
value of the defining pointer. This value
is found by using one of the methods
described above to find static, automatic,
or controlled variables. If the fpcinter is
itself lbased, its defining pointer must be
found and the chain followed until the
correct value is found.

Typical code would be the following:
For X BASFL (P), with P AUTCMATIC

58 60 D 088 L 6,P
58 EO 6 000 L 14,X

P is held at offset X'88' from register
13, and this address points at X.

Care must be taken when examining a based

variable to ensure that the pointers are
still valid.

V5: _Area_Variables

Area variables are lccated in cne of the
ways described above, according to their
storage class.

Typical code wculd be:

For are€a variable A declared AUTOMATIC

41 6C D 088 LA 6,7

The area would start at offset X'88!
from register 13.

V6: _Variatles in Areas

Variables in areas are found by locating
the area and then using the offset to find
the variable.

186

CCNIROL BLOCKS AND FIELDS

For simplicity, the methods of finding
various control blocks are placed in an.
alphabetic table, Details of the control
blocks can be discovered from the relevant
chapters (see index) or from appendix B.

As well as control blocks, various other
items are included in the 1list. Where’
necessary, cross-reference is made to other

/sections in this chapter.

Quick Guide to Identifying Control

Automatic variables see "Variables®

Backchain
DSA backchain
ONCA backchain

offset X'4' in DSA
offset X'0' in ONCA

BOS offset X'8' from TCA

Controlled varjables see "Variables"

DED ; deduced from object
) program listing

addressed from
offset '8' from
entry point of main
procedure

Diagnostic statement
table

DFB addressed from
offset X'40°' (64) in
TCA

DSA ’ addressed by
register 13 (see P3
and D3)

DTF : addressed fron
offset X*'18' (24) in
'FCB

ENVB addressed fron

offset X'14' (20) in

FCB

EOS ‘ offset X'C' (12) in
TCA

Event variable deduced from object

program listing and

knowledge of

parameter lists of

I/0 and wait modules

FCB identified in PL/I
dumps. Open file
statement listing.



Flow statement table

Filename

Free-area chain

Locator/descriptor

LwS

Module name (when
interrupt occurs in
library module)

NAB

ONCA

CNCEB - start of
dynamic CNCB
chain

- first static
CNCB

On-cells

0CB

Psw

Parameter lists

Register values

RCB

Statement fregquency
count table

addressed from
offset X'4C' (76) in
TCA

addressed from
offset X*'10' (16) in
FCB

offset '8' in
implementation-
defined appendage,
which is addressed
from offset x'28!
(40) in TCA

deduced frcm object
program listing

addressed from
offset X'48' (72) in
every DSA

comparing address of
error with link-edit
map

offset X'4C?
DSA

(76) in

the offset of the
associated CNCA is
held in a halfword
at offset '2' in
each section of LWS

offset X'60' (96) in
DSA
offset X'5C* (92) in

DSA

addressed fronm
offset X'70' (112)
in CSA

deduced from object
program listing and
parameter list of

open module, IBMDOCL

see D2

" object program

listing and static
storage map

See P3 and D3
object program

listing and static
storage map

X *'80' in the TCA

Static storage

SIOCB

Symbol table
Symbol table vector
Start of program

Segment number

TCA

Variables
automatic

based

controlled

static

area

Variables in areas

Chapter 12:

addressed by
register 3 in
compiled code. See
P3 and D3

object progran
listing

Static listing
Static listing
linkage editor map
first two bytes of
BOS, EOS, or NAB.
'FF'=1, '"FE'=2 etc.*
addressed by

register 12.
and D3

See P3

offset (shown in
variables offset
map) from DSRA of
block in which they

.are declared. See

LA

address of the
pointer must be
deduced’ from the
object program
listing. This gives
the address of the
variable. See V2

address referenced
in compiled code
holds latest
allocation of the
variable. A
chain-back through
the previous
allocation can be
made using the
header chain. See
chapter 2, and V3

deduced from offset
from register 3 in
variables offset
map. See V4

as for other
variables depending
on storage class.-
See V5

find address of
area. Find variable
from offset within
areas shown in
compiled code. See
vé
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*When the first two bytes of EOS and BOS
are greater than NAB, it means that an
extra segment of storage has been used, hut
not yet freed. See chapter 6, "Storage
Management.™"
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Chapter 13: Interlanguage Communications

The DOS PL/I Optimizing Compiler allows
subroutines compiled on certain IBM COBOL
or FORTRAN compilers to be used in PL/I
programs compiled on the optimizing
compiler. Similarly, it compiles PL/I
programns that can be run as subroutines of
either COBOL or FORTRAN programs.

Facilities are also provided to overcome
the addressing problems that arise when
passing arquments to assembler language
routires. These facilities are described
under the heading "Options Assembler" later
in this chapter.

A full description of how the ‘
interlanguage communication facilities can
be used is given in the language reference
manual and the programmer's guide for this
compiler. A detailed description of the
library routines involved is given in the
resident library PLM. This chapter
explains the basic design principles used.
It will assist in understanding the
situation in main storage during the
execution of a program involving
interlanguage calls.

Background to Interlanguage
Communication

The major problems involved in allowing
procedures written in PL/I to be used with
programs written in COBOL or FORTRAN are:

1. The existence of different data types
in the 4different languages.

2. The different methods of holding data
aggregates in the different languages.

3. PL/I's use of locators when passing
areas, arrays, strings, and structures
as arqguments.

4. The need for programs compiled on PL/I
and FORTRAN compilers to have a
specially initialized enviromment in
which to operate.

The first of these problems must be solved
by the programmer himself, by ensuring that
arguments passed between the routines are
of suitable data types. (Information in
the lanquage reference manual for this
compiler enables the programmer to do
this.)

The other problems mentioned above are

handled automatically by the interlanguage
communication facilities of the compiler.
These problems are summarized below.

DIFFERENCES IN DATA AGGREGATES

Structures in PL/I and COBOL, and arrays in
PL/I and FORTRAN, are held in different
manners.

COBOL structures are mapped as follows.
Working from the start, each item is
aligned to its required boundary in the
order in which it is declared, the
structure starting on a doubleword
boundary.

PL/I structures are mapped by a method
that minimizes the unused bytes in the
structure. Basically, the method used is
first to align items in pairs, moving the
item with the lesser alignment requirement
as close as possible to the item with the
greater alignment requirement. The method
is described in full in the lahguage
reference manual.

Take, for example, a structure
consisting of a single character and a
fullword fixed binary item. The fullword
binary item has a fullword alignment
requirement; the character has a byte
alignment requirement. In PL/I, the
structure would be declared:

DCL 1 a4,
2 B CHAR (1),
2 C FIXED BINARY (31,0);

and would be held thus:

Lle———

In COBOL, the structure would be declared:

01 a,
02 B, PICTURE X, DISPLAY.
02 C, PICTURE S9(9), COMPUTATIONAL.

and would be held thus:

T K . .
| B'l 3 unused bytes | C
L

[
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Calling routine

Call to routine in
other language

|
lv,;

apparent path
|

I
|
|
|
|
|

Called routine

Routine of other language
carries out required
task and returns

I
v
I
!
|
[
I

apparent path

Calling routine

Continuation of procedure in
original language

real
path

real
path

real
path

real
path

_Intervening code

‘Save old environment,

set up new environment.
If necessary, provide dummy
data aggregate arguments

Intervening code

Restore former environment.
Where necessary, assign
values in dummy data
aggregate arguments to

real arguments

Figure 13.1. Priﬁéiples of\interlanguage communication
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In FORTRAN, multidimensional arrays are
held in column-major order. In PL/I, they
are held in row-major order. Thus the
second element in a FORTRAN two-dimensional
array has the subscript (2,1), whereas the
second element in a PL/I two-dimensional
array has the subscript (1,2).

Structures are not available in FORTRAN.
The equivalent of arrays in COBOL are held
as in PL/I.

USE OF LOCATORS

When passing arquments, PL/I passes the
address of locators for areas, arrays,
strings, and structures rather than the
address of the items themselves. This is
because the routine that receives the
arguments may require information about
bounds or sizes of the data passed, and
this is accessible through the locator.
Other languages, however, expect the
address of the data. The correct type of
argument list must therefore be set up when
an interlanguage call is made.

DIFFERENCES OF ENVIRONMENT

IBM FORTRAN compilers and the PL/I
optimizing compiler rely upon
initialization routines to set up an
environment in which the compiled code
routines can operate. In FORTRAN, the main
task of the ipitialization routine is to
issue a STXIT macro imnstruction to initiate
the FORTRAN error-handling scheme. 1In
PL/I, the initialization routines prepare
for the PL/I error-handling scheme and also
prepare the way for dynamic storage
allocation. Register 12 is pointed at the
TCA, which is used for addressing a number
of housekeeping fields and library
routines. Register 13 is pointed at a DSA
which contains a standard save area, a NAB
pointer pointing to the next available byte
in the LIFO stack, and various other
housekeeping fields. (See chapter 1 and
chapter 5 for a discussion of the PL/I
environment.)

When PL/I is called from either a COBOL
routine or a FORTRAN routine, the PL/I
environment must be set up before the
program can be run. Similarly, when PL/I
calls another language, the environment
suitable for the program that has been
called must be set up.

Chapter 13:

- the PROC or ENTRY statement.

THE BASIC PRINCIPLES OF INTERLANGUAGE
COMMUNICATION

The method used to solve the problems
outlined above is to insert code
immediately before and immediately after
the execution of a routine in a different
language. This code alters the environment
and, where necessary, sets up dummy
aggregate arguments to and from which the
values can be assigned. The handling of
the environment is done by three
interlanguage housekeeping routines that
are held in the resident library. Data
aggregates are handled by compiled code.
Figure 13.1 illustrates the basic
principles.

The interlanguage facilities allow any
number of calls to be made, and calls to
both COBOL and@ FORTRAN routines can be made
in the same program. Thus PL/I can call
COBOL that calls PL/I that calls FORTRAN;
FORTRAN can call PL/I that calls COBOL, and
so on. All calls must, however, be made
either to PL/I or from PL/I. Calls cannot
be made directly between COBOL and FORTRAN.
Options allow the programmer to specify
that PL/I interrupt-handling facilities
will be available through the COBOL or
FORTRAN routines for those program checks
that are not handled by COBOL or FORTRAN,
and also allow the programmer to specify
whether he wishes data aggregates to be
automatically re-formatted when passed as
arquments. (The programmer may wish to
carry out the re-formatting himsel€.) The
rules involved are fully described in the
language reference manual. Briefly, they
are as follows. For a PL/I procedure to
call a COBOL or FORTRAN routine, the name
of the routine must be declared as an
external entry point with the option COBOL
or FORTRAN in the OPTIONS attribute. If
the programmer wishes to take advantage of
the PL/I error-handling or interrupt-
handling facilities, the INTER option must
be included in the declaration. When a
PL/I procedure is to be called by COBOL or
FORTRAN, the keyword COBOL or FORTRAN
should be included in the OPTIONS option of
To override
the creation or remapping of dummy
arguments for aggregates when calling
FORTRAN or COBOL, or to override the
creation or remapping of dummy parameters
when being called from FORTRAN or COBOL,
the NOMAP, NOMAPIN, and NOMAPOUT options
can be used.

The compiler also allows the
specification of the COBOL option in the
ENVIRONMENT attribute of a PL/I file. This
is separate from the interlanguage
facilities described above, and is a method
of allowing data sets produced by programs
of one language to be used by programs of
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SOUWRCE LISTING

1 P13P2:PRICS
2 1 . DCL FRED DPTIONS(COBOL),
1 STRUCTURE,

2 € CHAR (1),

2 D FIXED BINARY (31,0};
31 CALL FRED(STRUCTURE);
& 1 END;
OBJECT LISTING

* STATEMENT NUMBER 3

00CC6A 41 0N O 0C8 LA g.g;c:éo;”
000C6E 58 10 D L4C L ' '
000072 1E C1 ALR 0,1 Get VDA for dummy
000074 55 GC C 20C cL €,12(0,12) arguments
000678 47 DO 2 P18 BNH  CL.4
COZ07C 58 FC C 048 L 15,7210,12)
occesc 05 EF BALR 14,15
0CLO82 CL.4 EQU  *
0Co082 5C GO D 04C ST C:76(0413) Place new value in NAB
20C086 41 11 0 00C LA 140(1,0)
GCOC8A 50 10 D 0A8 ST 1,168(0,13)
000GBE D2 C3 D 088 D GBR MVC  WKSP.1+16(4),STRUC
TURE.C
000094 58 80 D 88 L 8)WKSP.1416 .
0C0C98 D2 €3 1 00C D (88 MVC  STRUCTURE~179(4),w ¢ Move structure into dummy
KSP.1+16
0CCO9E 58 7C D 0B4 L 71 STRUCTURELD
C330A2 50 70 1 004 ST 714 (Cyl)
30ICA6 58 FO 3 00C L 15,A.+ IBMBIECA )
9CICAA 18 91 LR 9,1 Branch to interlanguage
OCGOAC €5 EF BALR 14,15 housekeeping routine
C00GAE 5C 9C 3 C3C ST 9,48(C y3)
003CB2 96 80 3 C3C a1 48(3),X180° Set up
CGCOB6 1B 55 SR 5,5 "
C000B8 41 1C 3 G30 LA 1,48(C,3) argument list
000CBC 58 FC 3 034 L 15,52(0,3)
18 LR 6,9
gggggg 5 E: BALR 14,15 Branch to COBOL routine
00C0C4 58 FC 3 C1C L 154A.. IBMBIECC Branch to interlanguage
0000C8 05 EF BALR 14415 housekeeping routine
0COGCA D2 03 D 088 9 0CO MVC  WKSP.1+16(4)},STRUC
TURE-179
0000DC 58 FC D 088 L 15,WKSPo1416 Move values from dummy to
00C0D4 D2 €3 D CB3 D (88 MVC  STRUCTURE.C(4) yWKS Jreal arguments
: P.1+16
000CDA 58 €0 9 004 L 614(049)
COZGDE 50 6C D

cB4 ST 6, STRUCTURELD

Figure 13.2. Typical code when PL/I calls COBOL or FORTRAN routine

the other lanquage. The use of the COBOL
option in the ENVIRONMENT attribute is
described in the last section of this
chapter. ‘

PL/I_Calls FORTRAN or COBOL

When the calling program is PL/I, the
compiler generates in-1line code and library
calls to handle the environment and data
aggreqgate problems and places the code
before and after the call to a program of a

qifferentklanguage. The order of events
is:

1. gefarrange détafaggregate arquments,
}f necessary, by creating and
initializing a dummy of the correct.
format. TEE

2. call the appropriate interlanguage
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6.

“housekeeping routine to save the PL/I

environment and prepare for the other
program. :

Call the required COBOL or FORTRAN
routine passing a parameter list which

~does not use locators.

Call the‘interlanguagevhousekeeping
routine to restore the PL/I
environment.

If necessary, assign the values of the

dummy data aggregate to the PL/I data

aggregate.

Continue processing in the normal
manner.

A typical code sequence illustrating the
above process is shown in figqure 13.2.



Encompassing procedure called by COBOL or FORTRAN

Save calling environment.
Establish PL/l environment.
Set up dummy data aggregate parameters, if necessary.

Call required procedure.

Required procedure

established by encompassing procedurg.

Restore environment of calling program.

Figure 13.3.

FORTRAN or_ COBOL_Calls PL/I

When PL/I is called from another language,
the method used is different. The code to
handle environment and data aggregate
problems cannot be included in the calling
program, as this has been compiled in the
normal manner by a COBOL or FORTRAN
compiler. 1Instead the code is placed in
the called program. This is done by the
conpiler generating two nested PL/I
procedures. The outer procedure is the one
that is actually called by the other
program. It carries out the housekeeping
duties, calling the interlanguage
housekeeping routines to set up or restore
the PL/I environment, and producing
suitable dummy aggregate parameters if
necessary. The inner procedure is compiled
in the normal manner, called by the outer
procedure, and executes the object code
corresponding to the PL/I program.’
Throughout this chapter the outer procedure
is called the encompassing procedure and
the inner procedure the required procedure.
The system of nested procedures is
illustrated in figure 13.3.

Chapter 13:

Carry out required tasks in PL/l environment

Assign values of dummy data aggregates to correct aggregates.

Nested procedures used when COBOL or FORTRAN calls PL/I

Throughout the remainder of this
discussion, the first procedure entered in
a job or jobstep, which would be known in
PL/I as the main procedure, is referred to
as the principal procedure. This is
because there is no COBOL or FORTRAN term
equivalent to "main procedure" in PL/I.

When PL/I is called from COBOL or
FORTRAN, the PL/I environment may already
have been set up and may need restoring
from the information that has been saved.
This can happen in two circumstances.

1. The principal procedure in the job or
jobstep may have been a PL/I main
procedure which called FORTRAN or
COBOL, which in turn called PL/I.

2. There may have been a previous call to
PL/I in a job or jobstep whose
principal procedure is in COBOL or
FORTRAN. In this situation, the PL/I
environment is retained until the
calling routine itself is completed.
This speeds execution of other calls
to PL/I routines.

When the PL/I eénvironment has already

been established, it can be restored by
pointing registers 12 and 13 at the TCA and
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Encompassing routine compiled with ESD reference to PAYROLL

Save registers of calling routine
Call interlanguage housekeeping routine

Set up TCA etc.

Rearrange chaining of save areas

Return to encompassing -routine

Call PAYROLL

Call interlanquage housekeeping routine

Return to calling routine
Figure 13.4.
principal procedure

the current DSA respectively, and resetting
the program check exit and program mask so
that program checks are passed to the PL/I
condition- handling modules. However, on
the first call in a program with a
principal procedure in COBOL or FORTRAN,
the PL/TI environment must be completely
initialized. This involves acquiring
storage for the program management area and
for dynamic storage allocation. This
storage is known as the ISA(initial storage
area) and is described in chapter 6.

The area used for the ISA will be that
part of the partition that is not taken up
by the executable program phase, unless an
area has been assigned, in either a COBOL
or FORTRAN routine, by use of a call to
-PLISA. (PLISA is described later in this
chapter.) Space is also allowed in the
high-address end of the partition for the
DTF and buffers for SYSLST.

Sequence of Events_when PL/I is called_from
FORTRAN or COBOL: When PL/I is called from
FORTRAN or COBOL, the routime that gets
control is the encompassing PL/I routine.
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 IBMDPIR - PL/I initialization routine

Interlanquage housekeeping routine (entry point IBMBIEPA)

Call PL/TI initialization routine IBMDPIR, if PL/I environment not set up

Issue STXIT macro instruction to initialize PL/I error handling
Acquire bSA for encompassing routine PAYROLL

Produce dummy data aggregate of correct format if necessary

PAYROLL (procedure required by calling program)

Functioning in normal PL/I environment, so no special coding required
Interlanguage housekeeping routine (entry point IBMBIEPC)
Issue STXIT macro instruction to restore calling program's error-handling mechanism

Assign values in dummy data aggregate to correct data aggregate.

Action when setting up PL/I environment on call from COBOL or FORTRAN

This routine is given the name of the
procedure called from COBOL or FORTRAN, and
appropriate ESD references are generated.
The subsequent sequence of events depends
on whether or not the PL/I environment has
been previously initialized. The sequence
is given below and illustrated in figures
13.4 and 13.5.

1. The encompassing routine is called by
COBOL or FORTRAN and:

a. Saves the registers of the calling
progranm.

b. Calls the interlanguage
housekeeping routine, passing the
interlanguage routine the size of
the DSA that the encompassing
routine itself will require.

2. The interlanguage housekeeping routine
then:

a. Tests to see if the PL/I environ-
has been established previously
and can be restored.



b. If possible, restores the PL/I
environment and returns to the
encompassing routine.

to indicate which environments have been
established, and to save environment and
interrupt information.

c. If the PL/I environment has yet to
be initialized, the housekeeping
routine calls IBMDPIR, passing it
an address in the interlanguage
housekeeping routine, to which
control will return. Control
blocks are set up to handle the
housekeeping problems. Save areas
are rechained so that the save
area of IBMDPIR (dumimy DSA) comes
before the save area for the COBOL
or FORTRAN calling progranm.
Consequently, the PL/I environment
will not be lost until the calling
program itself is finished.

Module IBMDIEP inserts a short
save area and an interlanguage
save area, and IBMDPII creates a
dummy DSA, all of which are left
in the DSA chain (see figure
13.5). These save areas are
specially created and used to
return control to the
interlanguage housekeeping routine
before and after the execution of
IBMDPIR on termination. Control
is then returned to the
encompassing procedure.

The encompassing procedure reformats
data aggregate arguments if necessary,
sets up locators where they will be
expected by PL/I, and calls the
required PL/I routine.

The required PL/I routine carries out
the required operations and returns
control to the encompassing procedure.

The encompassing procedure reassigns
the data aggregate arguments, if any,
and calls the interlanguage
housekeeping routine.

The interlanquage housekeeping module:
a. Saves the PL/I environment.

b. Restores the environment of the
calling progran.

1.

2.

A control section included in
each interlanguage
housekeeping routine. The
control sectiomn consists of
two words. The first word
contains a pointer to ZCTL (see
below). The second word
contains three flags: COBOL
and FORTRAN flags indicate
whether the COBOL or FORTRAN
environment has been set up
and still exists; the third
flag is a stack flag which
indicates whether a call has
been made to PLISA to indicate
where the ISA should be
placed.

IBMBILC1

ZCTL A control block generated on
the first interlanguage call
and retained until the PL/I
environment is discarded, or
until the end of job. ZCTL is
set up in the high-address end
of the area used for the ISA.
It is set up as non-LIFO
dynamic storage when PL/I
calls FORTRAN or COBOL. When
PL/I is called from COBOL or
FORTRAN, ZCTL is set up before
any of the PL/I ehvironment is
established; however, it is in
the position that would be
occupied by non-LIFO dynamic
storage, although it is not in
the ISA.

Interlanguage VDA

This is a control block that
is generated in a VDA in the
LIFO stack for every call to
COBOL or FORTRAN, or
initializing call to PL/I. It
is used to retain register 13
and to retain COBOL and
FORTRAN interrupt information
during the execution of nested
calls.

interlanguage communication.

7. Control is returned to the

encompassing routine, which, inm turn,

returns control to the original
FORTRAN or COBOL calling procedure.

CONTROL BLOCKS IN INTERLANGUAGE
COMMUNICATION

Three control blocks are used during

They are used

Chapter 13:

Figures 13.6 and 13.7 show how these
control blocks are used in a series of
interlanguage calls that start from PL/I
and FORTRAN principal procedures
respectively.

SPACE FOR PL/I DYNAMIC STORAGE AND
PROGRAM MANAGEMENT AREA

Unlike FORTRAN or COBOL, PL/I requires
space for dynamic storage allocation and
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SAVE AREA CHAINING

Standard save area of outer
procedure/calling routine (if any)

COBOL or FORTRAN calling routine save area

— (Save area 2 in ZCTL)

Short save area

Interlanguage routine save area

PL/1 initialization routine save area

Figure 13.5. Chaining of save areas when PL/I is called from COBOL or FORTRAN

PL/l encompassing procedure save area

PL/I required procedure save area

Rearrangement of save area chaining takes place after the
firstcall to PL/I, so that the PL/I environment is not discarded
until the calling routine itself is finished.

Save areas thatreturn control to the PL/| initialization routine
and interlanguage housekeeping routine are placed before the
calling routine. (The numbers 1-7 in the diagram show the
order of backchaining).

principal procedures.
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for a program management area. These areas
are an important part of the PL/I
environment and are set up during
initialization of the ISA.

The default action of the PL/I
initialization routine is to set up the ISA
in that part of the partition that is not
taken up by the executable program phase,
allowance being automatically made for a
buffer and a DTF for SYSLST. Consequently,
there is no need to call PLISA if only
SYSLST is used for I/0 by FORTRAN.

However, the programmer in FORTRAN or COBOL
has a2 method of overriding this action by a
call to PLISA. In the call to PLISA, a
FORTRAN or COBOL variable must be named and
a length given. The ISA will then be set up
at an address starting at the first
doubleword in the variable, and taking up
an area large enough to hold the specified
length starting on a doubleword. This
length should not be greater than that of
the variable, or other parts of the COBOL
or FORTRAN program will be overwritten by
the ISh.

This facility 1is necessary because
FORTRAN I/0 buffers use space outside the
executable program phase and can
consequently overwrite or be overwritten by
the ISA. However, when the area to be used
for the ISA is included in the executable
program phase, as it will be if a FORTRAN
or COBOL variable is used, the area will be
automatically protected from overwriting.
The facility is available in COBOL
programs, since these programs may call
PL/I, which may in turn call FORTRAN.

Since the ISA is set up on the first call
to PL/I, the problem of overwriting with
FORTRAN buffers arises in this situation,
unless the area is specified before the
first call to PL/I.

A call to PLISA goes to a section of the
interlanquage housekeeping routine of which
PLISA is an alias. This routine sets a
flag in IBMBILC1, to indicate that am area
has been designated for the ISA, and alters
a parameter list for IBMDPIR in such a way
that the length and address of the largest
area that can be bounded with doubleword
boundaries inside the declared length are
placed -in the parameter list.

When the PL/I interlanguage housekeeping
routine IBMDIEP is called, it tests to see
if the stack flag is on. If the flag is
on, the ISA is set up in the area
designated in the PLISA call.

Handling Changes of Environment

Because the environments required for the
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various languages differ, they are handled
by three distinct library modules. These
nodules are known as interlanguage
housekeeping modules.

Three modules are involved in the
management of housekeeping during
interlanguage communication.

1. IBMDIEC: <COBOL when called from PL/I

2. IBMDIEF: FORTRAN when called from PL/I

3. IBMDIEP: PL/I when called from FORTRAN

or COBOL.
Each module has a number of entry points to
deal with various situations, and each is

called immediately before and immediately
after the program that is required.

COBOL WHEN CALLED FROM PL/I (IBMDIEC)
When calling COBOL, IBMDIEC carries out the

following tasks:

Before Entry to COBOL_ Program

(IBMBIECA, IBMBIECB)

1. Test to see if this is the first
interlanguage call; if so, set COBOL
flag in IBMBILC1 and set up ZCTL.

2. Acquire interlanguage VDA and store
register 12 in ZCTL, register 13 in
the VDA. Write null (zero) error
information in ZCTL.

3. If INTER option not specified (i.e.,
entry point IBMBIECA), issue STXIT
macro instruction and set program mask
so that errors will be handled by the
supervisor. Return to compiled code.

4. If INTER option is specified (entry

point IBMBIECB), issue new STXIT macro
instruction and return.

On_Return from COBOL_ Program (IBMBIECC)

The following ‘actions take place on return:

1. A STXIT macro instruction is executed,
which results in the program check
exit being set to pass control
directly to the PL/I interrupt
handler. EN

2. The first word of the interlanguage
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the COBOL routine.

R12

interrupt handling information

‘l Initial situation : Fin
IBMBILC1 is set up as a control section by the PL/I interlanguage |
routines. Its first word and flags are initially zero. IBMBILC1 IBMBILC1 ZCTL ZC

Zero //' Address of ZCTL
Zero Zero X
1 i
\ /
COBOL FORTRAN
flag flag
IBMBILC1 ZCTL VDA (First)
2 Call FORTRAN from PL/I (IBMBIEF) FO
The compiler generates a call to the interlanguage communications
routine. This routine: Wh
1. Sets up ZCTL after testing for zero pointer in IBMBILC1. X to
Acquires an interlanguage VDA. FORTRAN R13 1.
2. Sets ZCTL pointer to interlanguage VDA, and IBMBILC1 interrupt handling 2
pointer to ZCTL. . information 3.
3. Sets FORTRAN flagin IBMBILC1. Saves R12 in ZCTL,
R13 in interlanguage VDA. 4
4, Calls FORTRAN library to initialize FORTRAN SPIE :
5.  Resets program check exit as required.
6. Returns to compiled code, which calls FORTRAN
procedure.
; IBMBILC1 ZCTL VDA (First)
3 Call PL/i from FORTRAN (IBMBIEP) /V pL
The PL/1 program, because it is declared with the option
FORTRAN, will have been compiled inside an encompassing Wh
procedure. The encompassing procedure is the one called by to
FORTRAN. The encompassing procedure calls the inter- X cal
language communications routine IBMBIEP, which: FORTRAN R13 ma
1.  Checks IBMBILC1 to see if either FORTRAN or COBOL interrupt handling of
flag is set. As one flag is set, restores registers. information ins
2. Issues PL/I SPIE and STAE and stores interrupt handling FORTRAN cur
information of calling program in interlanguage VDA. ; ;
Control then returns to thg gnc%mpassing progugam,g which calls !n‘;errupt'handllng FC
the required PL/I program. R12 information Th
sin
pre
. 5 .
4 Call COBOL from PL/I (IBMBIEC) IBMBILC1 ZCTL VDA (Second) VDA (First) cC
The PL/I program will contain a call to the interlanguage routine
IBMBIEC, which: - Th
1. Sets up another interlanguage VDA, points ZCTL to this X X im|
VDﬁ, and places the old value of ZCTL's pointer in the rot
VDA.
2. Stores R13 in the new VDA. iﬁ\?elz:;:?)?:\\landlin R13 R13 E:
3. Issues.a SPIE so that error handling will be as requested information 9
by PL/I program. PL
Control is then returned to compiled code, which then calls FORTRAN

Figure 13.6. Example of chaining sequences (PL/I principal procedure)
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Final situation

IBMBILC1 IBMBILC1 ZCTL ZCTL is retained until program is completed.

Zero //v Address of ZCTL
Zero Zero X
1 1

COBOL FORTRAN

flag flag

IBMBILC1 ZCTL VDA (First)
FORTRAN returns to PL/i (IBMBIEF)
When control returns from a FORTRAN procedure, a call is made

X i to the interlanguage communication routine IBMBIEF, which:

FORTRAN R13 1. Moves the pointer in the VDA to the first word of ZCTL.

interrupt handling 2. Issuesa PL/I SPIE macro.

i i 3. Issuesa PL/I STAE macro leaving the previously-stacked

FORTRAN STAE for possible future use.
4, Returns control to compiled code.
R12
IBMBILC1 ZCTL VDA (First)
PL/1 returns to FORTRAN (IBMBIEP)
When the required PL/I procedure is finished, it returns control
X to the encompassing procedure. The encompassing procedure

FORTRAN calls the interlanguage routine IBMBIEP, which issues a SPIE

interrupt handlin R13 macro instruction to restore the error-handling situation to that

. pt 9 of the calling routine. The information for the SPIE macro
instruction is retrieved from the interlanguage VDA. The

FORTRAN current PL/I STAE is canceled, leaving the previously stacked
interrupt handling FORTRAN STAE in control.

R12 information The interlanguage routine returns control to the PL/I encompas-
sing procedure, which then returns control to the FORTRAN
program.

IBMBILC1 ZCTL VDA (Second) VDA (First)
COBOL returns to PL/I
The COBOL program returns to the PL/I program, which
X X immediately calls the interlanguage routine IBMBIEC. This
routine rearranges the chain by placing the word in the most

FORTRAN R13 R13 recent VDA in the first word of ZCTL. It then issues a SPIE

interrupt handling macro instruction to restore the PL/I error-handling situation.

information
FORTRAN PL/! compiled code then continues.
interrupt handling information

R12

al procedure)




Initial situation

Situation on return

Initial situation

Situation on return

4

IBMBILC1 IBMBILC1 2CTL PARTITION
“ Address of ZCTL Exists for use TCA etc.
if PLISA has
Zero l Zero I I been called Dummy DSA
\_/ .
First VDA ISA
FORTRAN flag SR
FORTRAN principal procedure calls PL/|
PARTITION
TCA etc.
IBMBILC1 ZCTL VDA (First} Dummy DSA
7 First VDA
| X ! - 1SA
Encompassing DSA
FORTRAN f13
interrupt Required DSA
handling
information FORTRAN
interrupt
handling
R12 information
PL/I calls FORTRAN
PARTITION
TCA etc.
IBMBILC1 ZCTL VDA (Second) VDA (First) Dummy DSA
P d = d
First VDA
[ x|
Encompassing DSA - ISA
FORTRAN R13 R13
interrupt i
handiing Required DSA
information
FORTRAN Second VDA
interrupt
handling
information
FORTRAN calls PL/1
PARTITION
TCA etc.
1BMBILC zeTL VDA (Second) VDA (First) Dummy DSA
= - 4
First VDA
[ x]
Encompassing DSA 1
FORTRAN R13 R13
interrupt Required DSA 1 ISA
handling
information
FORTRAN FORTRAN Second VDA
interrupt interrupt
handling handling .
information information Encompassing DSA 2
. Required DSA 2

Figure 13.7.

Example of chaining sequences (FORTRAN principal procedure)
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VDA is moved into the first word of
ZCTL, and the VDA is freed.

Action _on _Interrupt in COBOL

If the INTER option is not specified, all
program checks will be handled by the
supervisor or the COBOL library. However,
if the INTER option is specified and the
COBOL program has been compiled with a
request for the COBOL interrupt handler not
to be called, the following takes place.

1. During the first invocation of
IBMDIEC, a STXIT macro instruction is
issued, which results in interrupts
being passed to an entry address in
IBMDIEC.

2. When an interrupt occurs, register 12
is restored from ZCTL and register 13
from the interlanguage VDA, thus
restoring the PL/I environment.

3. A DSA is acquired for IBMDIEC in LWS.
The address of the interrupt, in the
second word of the PSH, is saved in
this DSA and replaced by the address
of another entry address in IBMDIEC.
For underflow interrupts, the four
bytes preceding the point of interrupt
are also copied and placed before the
entry address in case the error
handler needs to examine them. This
point acts as the return address for
the PL/I error handler.

4. TFlags are set in the TCA and DSA to
indicate that it is possible for an
abnormal GOTO to occur in a PL/I on-
unit.

5. A STXIT macro instruction is issued to
transfer the program check exit to the
PL/I error-handling routines whose
address is held in the TCA appendage.

6. An interrupt is then caused, and
control is passed to the PL/I error-
handling routines by the supervisor.

Return from Interrupt

If a normal return to the point of
interrupt is made, the following takes
place. i

1. When the PL/I error-handling routines
return control to what they take to be
the point of interrupt, control in
fact returns to an entry address in
IBMDIEC.
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2. A further STXIT macro instruction is
issued altering the program check exit
to a further point in IBMDIEC. . An
interrupt is then caused and control
passed through the supervisor to the
new interrupt address. The reason for
this is that the program in which the
error occurred expects all registers
to be restored, and this can only be
done if return is made by the LPSW
instruction. This is eventually
caused by the EXIT macro. The address
of the interrupt, taken origimnally
from the second word of the PSW, is
then restored to the PSW which has
been saved in the area nominated by
the STXIT macro instraction. The
COBOL registers are restored to the
interrupt save area. The program
check exit is altered by a further
STXIT macro instruction to IF007.

3. Control is returned to the supervisor
by an EXIT macro instruction, which
returns control to the point of
interrupt.

If, however, return occurs via the
abnormal GOTO mechanism, IE015 branches to
IE018, which unchains and frees the latest
VDA and returns to the abnormal GOTO code.

FORTRAN WHEN CALLED FROM PL/I (IBMDIEF)

When FORTRAN is called by PL/I, the module
IBMDIEF is entered immediately before and
immediately after the execution of the
FORTRAN program. The processing done
before entry to the FORTRAN program depends
on whether the INTER option is specified.
Entry point IBMBIEFA handles calls without
the INTER option. Entry point IBMBIEFB
handles calls with the INTER option.

Prior to the call to FORTRAN, IBMDIEF does
the following: o i

1. Tests the pointer in IBMBILC1 to
discover if this is the first
interlanguage call.  If it is the
“first call, it sets up ZCTL and sets
the FORTRAN flag in IBMBILC1. If it
is not the first call, it tests to see
whether the FORTRAN flag is set in
IBMBILC1 and sets the FORTRAN flag if
it is not already set.

2. If the FORTRAN environment has not
previously been set up, calls the



FORTRAN initialization routine. This
routine sets up the program check exit
so that program interrupts will be
handled by the FORTRAN error handling
method. The FORTRAN error data is
stored in ZCTL.

3. Acquires an interlanguage VDA. Points
the first word of ZCTL to this VD3,
taking the value previously in the
first word of 2ZCTL and placing it in
the first word of the VDA. (This
places the new VDA at the head of a
chain starting from ZCTL.)

4. Stores PL/I's register 13 in the
interlanguage VDA., thus saving the
PL/I environment.

5. If INTER option is not specified
issues a FORTRAN STXIT macro
instruction from ZCTL, sets progtam
mask to '2', and returns to compiled
code.

6. If INTER option is specified, a STXIT
macro instruction is issued that will
result in control being passed to an
entry address in IBMDIEF, should an
interrupt occur. The program mask is
reset to 'E' in case it was changed by
the FORTRAN initialization routine.

o o . i e e e e i i s i, o 5 s i e, 5 S o o s o

(IBMBIEFC and IBMBIEFD)

When return is made from the FORTRAN
subroutine, PL/I compiled code immediately
makes a call to the FORTRAN interlanguage
routine. If the FORTRAN routine may be
used as a function, entry point IBMBIEFD is

used. Otherwise, entry point IBMBIEFC is
used. The module IBMDIEF does the
following:

1. A STXIT macro instruction is issued
that resets the prograr check exit to
the PL/I error—-handling modules, and
the program mask is set to 'Ef.

2. The first word of the interlanguage
VDA is placed in the first word of
ZCTL and the VDA freed.

3. For entry point IBMBIEFD (the FORTRAN
function entry point) the parameter
. list passed by PL/I is examined, and
the values are moved out of the
registers in which they were placed by
the FORTRAN routine, and moved to the
correct location.
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Action_on Interrupt in FORTRAN

If the INTER option is not specified, the
action on any interrupt that occurs in the
FORTRAN program will be that specified in
the FORTRAN error-handling schene.
However, if the INTER option is specified,
all program checks that are not handled by
FORTRAN error-handling are passed to the
PL/I error-handling modules.

The FORTRAN error-hanmdling scheme is
used after the following interrupts have
occurred:

1. Specification (other than for ipvalid
instruction address)

2. TFixed-point divide

3. Decimal divide

4, Exponent overflow

5. Exponent underflow

6. Floating-point divide

A1l other program checks are handled by the
PL/I error handler.

When an interrupt occurs, the following
takes place:

1. When control is passed by the
supervisor to an entry address, the
type of interrupt is discovered by
examining the PSW. If the interrupt
is one of the types that can be
handled by FORTRAN, the normal FORTRAN
environment is established and the
FORTRAN error handling module invoked.

2. 1If it is not the type of interrupt
that can be handled by FORTRAN,
register 12 is restored from ZCTL and
13 from the latest interlanguage VDA.

3. The address of the interrupt is taken
from the second word of the PSW and
stored in the DSA. The second word of
the PSW is then replaced by another
entry address in IBMDIEF.

4. TFlags are set in the TCA and DSA to
indicate that it is possible for an
abnormal GOTO to occur in a PL/I on-
unit.

5. A STYXIT macro instruction is then
issued to restore the PL/Y error-
handling situation. A branch is then
made to the PL/I error handler.

6. For a normal return, the PL/I or
FORTRAN error-handling routine returas
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to the point of interrupt, which it
takes from the second word of the PSW.
This, in fact, is the entry address in
IBMDIEF, which has been placed in the
PSW in the PL/I interrupt save area.
(See 3 above)

7. 1If, however, return occurs via the
abnormal GOTO mechanism, control
passes to an address in IBMDIEF that
unchains and frees the latest VDA and
returns to the abnormal GCTO code.

8. A STXIT macro instruction is issued to
alter the program check exit to a
third address in IBMDIEF.

9. An interrupt is then caused, and the
supervisor passes control to the
program check exit address set in 8
above.

10. A further STXIT macro instruction is
then given to restore the progran
check exit to the position at the
start of the process.

The method described in 7, 8, 9, and
10 above is adopted as control has to
be returned via the supervisor so that
the values of all registers may be
restored.

11. The word originally taken from the PSW
and stored in the DSA is restored to
the PSW, which now holds the address
of the point of interrupt. The
FORTRAN registers are restored to the
save area and an EXIT macro issued.
This results in control returning
through the supervisor to the point of
interrupt.

PL/T CALLED FROM COBOL OR FORTRAN
(IBMDIEP)

As with the other interlanguage
communication routines, IBMDIEP is called
immediately before and immediately after
the program that is to be executed.
However, the interlanguage housekeeping
routine cannot be called direct from the
COBOL or FORTRAN routine, because the
existence of such a routine is unknown to
COBOL or FORTRAN. To overcome this problen,
an encompassing routine is generated with
the same name as the PL/I routine. This
encompassing routine is called by COBOL or
FORTRAN-and in turn calls the interlanguage
housekeeping routine and the required PL/I
routine.  Code generated for a typical
encompassing routine is shown in figure
13.8.

Although the names of both PL/I
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procedures are the same, the encompassing
routine gets control when called from COBOL
or FORTRAN, because no ESD records are
generated for the interlanguage entry
points of the required PL/I program.

Before Entry to PL/I program (IBMBIEPA)

Before a call is made to the PL/I progran,
IBMDIEP does the following:

1. Tests to see if the PL/I environment
has already been initialized, by
examining whether the COBOL or FORTRAN
flag in IBMBILC1 is set.

2. If the COBOL or FORTRAN fiag is on,
this means that a previous
interlanguage call has been made, and
as the call must have been made either
to or from PL/I, the PL/I environment
must have been set up. Register 12 is
restored from ZCTL. A STXIT macro
instruction is issued so that program
checks are handled by the PL/I
condition handler.

The FORTRAN flag is set on and control
returned to the PL/I encompassing
procedure.

3. If neither the COBOL nor the FORTRAN
flag is on, PL/I is being called for
initialization by a program whose
principal procedure is in COBOL or
FORTRAN.

The following actions take place:

a. IBMDIEP sets up ZCTL and then
calls the initialization/
termination routine IBMDPIR to set
up the PL/I environment. 7Tt
passes the address of the storage
to be used as an ISA. This is
either the storage specified in a
call to PLISA or the section of
the partition between the
executable program phase and an
area allowed for the DTF and the
buffer for SYSLST. IBMDPIR is
passed an address within IBMDIEP.

b. 1IBMDPIR when completed makes a
call to the entry point of IBMDIEP
it was passed. This entry point
saves the registers of IBMDPIR and
rearranges the register save
areas. .The chaining of save areas
is altered so that the save area
that returns control to the
initialization/termination routine
IBMDPIR is placed above the save
area of the routine that called
the PL/I program.



As this rearrangement could cause
certain housekeeping problems two
additional save areas are created
and inserted in the chain before
and after the save area for the
initialization termination
routine. Restoring the registers
of these save areas results in
comtrol passing to IBMDIEP which
handles any housekeeping problenms.
These two save areas are known as
"save area two" and "the short
save area".

Cc. The FORTRAN or COBCL flag is set
deperding on the language of the
calling progranm.

d. A DSA for the PL/I encompassing
routine is acquired and its
address returned to the
encompassing routine.

The encompassing procedure then
points register 13 to its DSA, and
after any necessary re-formatting
of parameters calls the required
PL/I routine.

The order in which save areas are
held starting with the oldest is:

Caller's caller
Save area two

Dummy DSA (save area for
IBMDPIR)

Caller's save area (save area
for COBOL or FORTRAN calling
routine

Short save area

PL/I encompassing procedure DSA

PL/I required procedure DSA

4. A DSA for the encompassing routine is
acquired.

5. Control is then returned tp compiled
code in the encompassing routine.

Action after the PL/I Proqram_is
Completed (IBMBIEPC and_ IBMBIEPD)

IBMDIFP is called at the end of the PL/I
routine by the encompassing routine
generated by the compiler. 1If the calling
program is FORTRAN, a returned value may be
expected in register 0 or one or more of
the floating-point registers. When this is
the case, the entry point IBMBIEPD is used
and the returned value is loaded into the
required position. In other situations,
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the entry point IRMBIEPC is used. The
module resets the program mask and issues a
STXIT macro instruction to restore the
calling routine's program check exit, the
address of which has been stored in the
interlanguage VDA.

Interrupt Handling

When PL/I is called by COROL or FORTRAN,
error handling is carried out in the normal
PL/1 manner. The STXIT macro instruction
is issued by IBMDPII when the PL/I
environment is first set up. For calls
after the first, the STXIT macro
instruction is issued by IBMDIEP.

Handling Data Aggregate Arguments

In order to communicate effectively between
COBOL and PL/I, and FORTERAN and PL/TI, a
method of handling data agarecate arguments
is necessary, because the three languages
hold data aggregates in different ways.

ARRAYS
Arrays as such are not used in COBOL. .The
use of OCCURS in structures does, however,

have a similar effect. However, PL/T
structures of arrays and COBROL structures
using OCCURS are both held in row-major
order. In FORTRAN, arrays are held in
column-major order. Thus, in a two-
dimensional array, the element known in the
FORTRAN array as (2,1) will become (1,2) in
the PL/I array.

STRUCTURES

Structures are not used in FORTRAN. 1In
COROL the alignment requirements are met
differently from PL/I. Full details of the
differences in mapping are given in the
language reference mannual for this
compiler.

METHOD USED

The method used in handling data aggregates
is to create dummy arqguments of the correct
format and let the called routine use the
dummy. The values in the dummy are then
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OBJECT LISTING

000000
000007

* INTERLANGUAGE PROCEDURE

* REAL ENTRY

000008 90 EC D 00C
00000C 47 FO F 014
000010 00000000
000014 000000A0
000018 00000000
00001C 58 30 F 010
000020 41 10 0 004
000024 58 00 F 00C
000028 18 8F
00002A 58 FO 3 018
00002E 05 EF
000030 18 F8
000032 D2 03 D 054
000038 58 10 D 004
00003C 58 10 1 018
000040 D2 08 D 078
000046 92 00 D 080
00004A 05 20

* PROCEDURE BASE
00004C 58 90 D 078
000050 50 90 3 038
000054 58 80 D 0O7C
000058 50 80 3 03C
00005C 58 70 D 080
000060 S50 70 3 040
000064 41 60 D 098
000068 50 60 3 044
00006C 96 80 3 044
000070 18 55
000072 41 10 3 038
000076 58 FO 3 008
00007A 05 EF
00007C 41 60 D 098
C00080 50 60 3 048
000084 41 10 3 048
000088 58 FO 3 01C
00008C 05 EF
00C08E 58 DO D 004
000092 58 EO D OOC
000096 98 2C D 01C
00009A 07 FE

* END INTERLANGUAGE PROCEDURE

3 030

1 000

DC
bDC

STM

DC
DC
DC

LA
LR
BALR

MVC

MVC
MVI
BALR

L
ST
L
ST
L
ST
LA
ST
o1
SR
LA
L
BALR
LA
ST
LA
L
BALR
L
L
LM
BR

C* pl3r1l*
AL11(6)

P13P11

14,12,12(13)
*+16

A(STMT. NO. TABLE)

F*160°

A{(STATIC CSECT)
3,16(0,15)
1744(0,0)
0,12(0,15)

8415 :
159A..IBMBIEPA
14,415

15,8
84(4+13),48(3)
144(0,13)
1,24(0,1)
120112,131,0(1}
128(13)+X*00°*
240

9,120{0,13)
9456(043)
84+124(0,13)
8,60(0,3)
79128(0,13)
T+6410,43)
6,152(0,13)
6+468(0,3)
68{13),X*80"
545
1,56(043)

‘154A..P13P11

14,415
69152(0,13)
6972(0,3)
1,72(0,3)
15+A.. IBMBIEPD
14,15
13,4{0,13)
14512100,413)
2912,28(13)

14

Store registers

Set R3 as static base

Pass length required for DSA

Retain entry point address

Branch and link to interlanguage housekeeping routine

Restore entry point address to RIS
Set up on-unit flags

Place parameters at head of temporary storage

Set R2 as program base

Point R9 at arguments

Store in argument list

Place address of fullword in argument list
for possible returns value

Mark end of argument list
Set static backchain to zero
Point R1 at parameter list

Branch and link to required procedure
Pick up RETURNS value

Store in static storage
Point R1 at returns value

Branch and link to interlanguage housekeeping routine

Restore all registers except R1 (used for returns value)

Return to caller

Figure 13.8. Encompaésinq procedure to bé called by FORTRAN
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assigned to the original argument when the
execution of the called program is
completed.

If the data aggregates are
nonadjustable, the mapping will be done
during compilation and both the PL/I and
the COBOL or FORTRAN mapping are produced.
If the data aggregates are adjustable, the
mapping is done during execution. Before
the execution of the call to a program in
another lanqguage, the data is transferred
into the correctly mapped aggregate, which
will be held in PL/I temporary storage.
The values are reassigned to the original
data aggregate after execution of the
program in the other language.

The assignment of data between the dummy
and the arqument is done by compiled code.

NOMAP, NOMAPIN, AND NOMAPOUT OPTIONS

The NOMAP, NOMAPIN, and NOMAPOUT options
can be used by the programmer to specify
that data aggregates will not be remapped
and placed in dummy arguments.

When NOMAP is specified, or when both
NOMAPIN and NOMAPOUT are specified, the
dummy is not generated at all, and the
structure or array is passed as it stands.

When only NOMAPIN is specified, a dummy
is created, but it is not initialized with
the values of the aggregate being passed.
However, on return from the COBOL or
FORTRAN routine, the data in the dummy is
placed in the Jdata aggregate that is being
passed.

When only NOMAPOUT is specified, a dummy
is created, and the data from the data
aggregate is moved into the dummy. When
control is returmed to the calling progranm,
however, the data from the dummy is not
moved into the data aggregate that was
passed.

CALLING SEQUENCE

When PL/I calls COBOL or FORTRAN passing
data aggregates as arguments, the sequence
of events is:

1. Handle data reassignment to dummy by
compiled code.

2. Call interlanguage housekeeping
routine.

3. Call COBOL or FORTRAN routine.
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4. Call interlanguage housekeeping
routine.

5. Assign data in dumny to real argqument,
by means of compiled code.

When COBOL or FORTRAN calls PL/I, the
sequence of events is:

1. The COBOL or FORTRAN routine calls the
encompassing PL/I routine.

2. The encompassing PL/I routine:

a. Calls the interlanguage
housekeeping routine.

b. Sets up the necessary dummy data
aggregate argument by compiled
code.

c. Calls the required PL/I routine.

d. Reassigns the data from the dumny
by compiled code.

e. Calls the interlanguage
housekeeping routine.

f. Returns to the original calling
routine.

It is necessary to make calls in this
order, because the data mapping must be
done in a PL/I environment.

Main Storage Situation During
Interlanguage Communication

To help with debugging, some of the main
storage situations that can occur during
interlanguage situations are shown in
figures 13.9 through 13.11.

Options Assembler

The optimizing compiler provides a facility
to simplify calling assembler language
routines from PL/I. This consists of
setting up an argument list that contains
the addresses of all items passed rather
than the addresses of locators.

When an entry point is declared as
OPTIONS ASSEMBLER, argument lists passed to
the entry point contain no locator
addresses. The addresses of any areas,
arrays, strings, or structures are passed
directly in the parameter list. (For a
call to a PL/I routine, the parameter list
would contain the address of locators for
these data types. This is because the
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called routine might require information on
the length or bounds of the data and this
is accessible through the locator. See
chapter 4 for details.)

The ASSEMBLER option does not provide
facilities for automatically overriding
PL/I interrupt handling, nor does it allow
PL/I routines to be called from assembler
language. If the programmer requires these
facilities, he must provide the necessary
code himself. The COBOL option without the
INTER option provides complete facilities
for calling, or being called by, assembler
routines. However, its use involves the
overhead of calls to the PL/I library
interlanguage communication routines.

Full instructions on hcw to use PL/I
with assembler lanquage are given in the
programmer's guide for this compiler.

Cobol Option in the Environment
Attribute

A separate interlanguage communication
facility offered by the compiler is the use
of the COBOL option in file declarations.
This option allows data sets created by
COBOL programs to be read by PL/I programs
and allows data sets to be created by PL/I
programs in a format that is usable by
COBOL programs. Interchange of data sets
presents no problems, unless structures are
used in the data set. If structures are
used, their mapping may be different. (See
above, under the heading "Handling Data
Aggregate Arguments.") When structures are
involved and the mapping is not known to be
the same, both COBOL and PL/I structures
are mapped, and compiled code transfers the
data between structures immediately after
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reading the data for input, and immediately
before writing the data for output.

During compilation, the conpiler
examines the record variable to see if any
structures are involved. If no structures
are involved, no further action need be
taken. If structures are involved, a test
is then made to see if the mapping of the
structure or structures will be the same in
COROL and PL/Y. If the compiler can
determine that the mapping will be the
same, then no action is required. If the
compiler cannot determine that the mapping
will be the same or if the structure is
adjustable, the structure will be mapped in
both the PL/I and the COBOL format.
Adjustable structures will be mapped during
execution by the resident library
structure-mapping routines. Other
structures will be mapped during
compilation.

When re-formatting of data is necessary,
the following actions take place when a
record I/0 statement involving a file with
the COBOL option is executed.

INPUT:
The data is read into a structure
which has been mapped using the
COBOL mapping algorithm and
assigned to a PL/I mapped
structure. )

OUTPUT:
Before the output takes place, the
data in the PL/I structure is
assigned to a structure mapped for
COBOL. The output to the data set
then takes place from the second
structure. ‘

The data assignment is carried out by
compiled code in all circumstances.
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PL/I program

Executable PL/I library interlanguage routine

program
phase

Pointer

IBMBILC1

FORTRAN

FORTRAN routine
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Main procedure DSA

Interlanguage VDA
for FORTRAN

ZCTL Pointer

Figure 13.9. Main storage situation when PL/I main procedure calls FORTRAN
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Dummy DSA

Main procedure DSA

Interlanguage VDA

IBMBILC1

Interlanguage VDA
for COBOL

T for FORTRAN ]
DSA for PL/I encompassing procedure
DSA for PL/I required procedure
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Figure 13.10. Main storage situation when PL/I main

208

procedure calls FORTRAN, which in turn calls PL/I



Partition

PL/I program

Executable PL/I library interlanguage routine

program
phase

Pointer

IBMBILC1
FORTRAN

FORTRAN routine

TCA

DSA for interlanguage housekeeping routine in LWS

Dummy DSA

Main procedure DSA

Interlanguage VDA
for FORTRAN

DSA for PL/I encompassing procedure

DSA for PL/I required procedure

ZCTL Pointer

Fiqure 13.11. Main storage situation vhen-PL/Ilmain procedure calls FORTRAN,
which calls PL/I, which calls COBOL
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BEGINNING OF PARTITION

EXECUTABLE PROGRAM PHASE

Compiled code
All executable instructions
generated by the compiler.
Contents depend on source
program.

Library subroutines
IBMDPIR - initialization routine
(sets up TCA and other control
blocks in program management -
area, then passes control to
compiled code using address
held in PLIMAIN)
IBMDERR - error and condition
handling routine
IBMDPGR - storage management
routine
Other routines, as necessary,
for 1/0 conversions, etc.
LIOCS data management routines
(if required)

Static storage (static internal and miscellaneous
control sections)

PLISTART - Initial entry point.
Contains code to pass control
to initialization routine IBMDPIR

PLIMAIN - Contains address of
main procedure

Addresses of:
Compiled code entry points
External routines
Library routines
Controlled variables
Static external variables
External files
Label constants

R12

Control blocks:
Symbol table vector
Symbol tables
Parameter lists for library calls
Descriptors and locators
DEDs (data element descriptors)

//_\—_-/

File information:
FCB (file control block)

OCB (open control block)
Filename

DTF (data management control block)
ENVB (environment control block)

Diagnostic statement table
Non-qualified ONCBs
Constants used in program

Static variables less than 8 bytes
Static variables less than 2048 bytes
Other static variables

PROGRAM MANAGEMENT AREA

TCA
Flags
Segment No. BOS
Segment No. EOS
Address of TRT table
Address.of TCA appendage
Address of save area for IBMDPGR
Anchor for open-file chain

BOS

Address of DFB

Address of IBMBPGRD - VDA overflow routine

Address of IBMBPGRA - Get non-LIFO storage
routine

Address of IBMBPGRB - Free non-LIFO storage
routine

Address of IBMBPGRC - DSA overflow routine

Address of IBMDERR - Error and condition
handling routine

TCA Appendage

TISA - Address of byte beyond ISA

TLFE - Address of last free area

Address of d/ummy DSA

Address of ;get LWS'’ routine

Address of load module chain

TERA - Address of interrupt handler

Dummy ONCA
(ON communications area)

Holds default values for PL/}
condition buiit-in functions

A d

TRT table

Translate-and-test table for IBMDERR, used
in error handling to test for relevant on-cells

Diagnostic File Block {see appendix B)

Contains information relating to the use
of SYSPRINT for the transmission of
diagnostic messages

Save area for IBMDPGR

Used by storage management routines when
new segment of storage is required

Dummy DSA (Dynamic storage area)

Contains DSA for initialization routine,
backchain to calling routine’s save area
(if any), pointer to start of major free
area (NAB), etc.

LWS (first allocation)

Flags Offset to ONCA

Chainback

R13

LIFO STORAGE (Tyj

Main procedure DSA

Chainback (to dummy DSA

Save area for main
procedure'’s registers

Address of LWS

Segment No.

Automatic variables and te
associated with the procedu
of dynamic ONCBs (ON col

Register save area

Address of LWS

Segment No. NAB
Workspace (56 bytes)

Flags Offset to ONCA
Chainback

Register save area

Address of LWS

Segment No. NAB

Workspace (56 bytes)

ONCA (see appendix B)

Chainback (to dummy ONCA)

Values of (or locators for)

condition built-in functions
rCaller's STXIT options

Save area for caller’s STXIT program check
options

Subroutine DSA

Chainback

Register save area

Address of LWS

Segment No.

Automatic variables and ter
associated with subroutine,

VDA

Automatic variables of adju
such library routines as are
in/first-out basis. Other ite:
LIFO storage that cannot b
during prologue code.




cks:

abol table vector

bol tables

imeter lists for library calls
criptors and locators

Js (data element descriptors)

ation:

3 (file control block)

= (data management control block)
VB (environment control block)

3 (open control block)

name

itatement table
2d ONCBs
sed in program

dles less than 8 bytes
>les less than 2048 bytes
 variables

ANAGEMENT AREA

BOS

EOS
table
appendage

rea for IBMDPGR

file chain

BOS

Appendix A: Principal Contents of Storage

Address of DFB

Save area for IBMDPGR

Address of IBMBPGRD - VDA overflow routine

Used by storage management routines when
new segment of storage is required

Address of IBMBPGRA - Get non-LIFO storage
routine

Dummy DSA (Dynamic storage area)

Address of IBMBPGRB - Free non-LIFQ storage
routine

Address of IBMBPGRC - DSA overflow routine

Contains DSA for initialization routine,
backchain to calling routine’s save area
(if any), pointer to start of major free
area {NAB), etc.

LWS (first allocation)

Address of IBMDERR - Error and condition
handling routine

Flags Offset to ONCA

TCA Appendage

Chainback

R13

M

LIFO STORAGE (Typical contents)

Main procedure DSA

Chainback (to dummy DSA) T

Save area for main
procedure’s registers

Address of LWS

Segment No. NAB

Automatic variables and temporaries
associated with the procedure, chain
of dynamic ONCBs (ON control blocks), etc.

Register save area

TISA - Address of byte beyond ISA

Address of LWS

TLFE - Address of last free area

Address of d/ummy DSA

Address of ‘get LWS' routine

Address of load module chain

Segment No. NAB
Workspace (56 bytes)

Flags Offset to ONCA
Chainback

TERA - Address of interrupt handler

Register save area

Dummy ONCA
(ON communications area)

Address of LWS

Holds default values for PL/|
condition built-in functions

Segment No. NAB

Workspace (56 bytes)

TRT table

ONCA (see appendix B)

Translate-and-test table for IBMDERR, used
in error handling to test for relevant on-cells

Diagnostic File Block (see appendix B)

Contains information relating to the use
of SYSPRINT for the transmission of
diagnostic messages

Chainback (to dummy ONCA)

Values of (or locators for)
condition built-in functions

r

Caller’s STXIT options

Save area for caller's STXIT program check
options

Subroutine DSA

Chainback

Register save area

Address of LWS

Segment No. NAB

Automatic variables and temporaries
associated with subroutine, etc.

VDA

Automatic variables of adjustable extent;
such library routines as are used on a last-
in/first-out basis. Other items requiring
LIFO storage that cannot be allocated
during prologue code.

Transient tibrary routine not
released on a block or procedure
basis e.g., 1/0 transmitter

1/0 buffer

Based variable allocated during
execution

Controlled variable

Controlled variable TLFE

END OF PARTITION
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Appendix B: Control Blocks

This aprendix provides information on the
format of the control blocks that may be
used during the execution of a program
compiled by the DOS PL/I Optimizing
Compiler. Brief details of the fuynction of
each control block, together with when it
is generated and where it can be located,
are also given.

Except where explicitly stated all
offsets from the start of a block are byte
offsets and are given in hexadeciral
notation.

Appendix B: Control Blocks 213




Area Locator/descriptor

Punction

Holds the address and length of the area
variable for passing to other routines or
for execution time reference if the area
has an adjustable length.

3hen Generated

As far as possible during compilation. 1If
necessary completed during execution.

Rhere Held

Static internal control section.

214

D] A (AREA VARIABLE) |

4y ~ LENGTH , |

[ -

the area variable control block.

Length is the total lepgth including both
the control block and the area variable.

AREA DESCRIPTOR

The area descriptor is the second word of
the area locator descriptor. It is used in
structure descriptors, when areas appear in
structures, and in the controlled variable
tdescriptiont' field when an area is
controlled.




Area Variable Control Block

Used to control storage allocation within
the area variable.

When Generated

When the area variable is initialized.
This depends on the storage class of the
area.

Fhere Held

As a variable dependant upon storage class.
At the head of the area variable.

- —

r '
01 FLAG | UNUSED |
e S [
by OFFSET OF END OF EXTENT (OEF) |
‘ ———————————————————— - '

8¢ OFFSET OF LARGEST FREE ELEMENT (LFE)|
| === -—- -1
C| ZERO CHAIN FIELD IF FREE ELEMENTS |
| === e e At |
101 Area variable [
| |
{ |

L - -—— -

Note: If there are free elements in the
area variable, they are headed by two
words., The first wofrd gives the length of
the element, the sectnd word gives the
offset to the next smaller free element.
If there is no smaller free element, the
second word is set to zero.

Flag X'0' Area variable does not contain
: free elements. :
X'1' Area variable does contain

free elements.
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Aggregate Descriptor Descriptor

Punction

Contains information needed to map a
structure or an array of structures during
execution. Used for structures that
contain adjustable extents or the REFER
option. See chapter 4.

When Generated

As far as possible during compilation.
Adjustable values are filled im during
execution.

Fhere_Held

Static internal control section.

How_Addressed

By an offset from register 3 known to
compiled code

General Format

An aggregate descriptor descriptor comsists
of a series of fullword fields one for each
structure element and one for each base
element in the structure.

Structure Element

0 1

(4 N
010 |Py|O0ffset to entry for containing
't 1 Iblock

2y Level
[ B

[ AT X

IFaiFal DIM

216

I1Fa| Fal DIN

[
=
=
[23
3
=
e e d D)

where,
Fq = '0'B Not last element in structure
= *1'B Last element in structure

Fa = '0'B Not an AREA
= '1'B An AREA

Fa = '0'B Not a BIT string

'1'B BIT string

.The offset within the
aggregate descriptor
descriptor to the entry for
the containing structure.
The offset is held in
multiples of four bytes.

OFFSET

LEVEL Logical level of identifier

in structure

DIM = Real dimensionality of
identifier

ALIGNMENT

Alignment stringency

Yalue(dec.) Meaning

0 bit

7 byte

15 half-word
31 word
63 double-word

LENGTH Length (in bytes) of data
LENGTH is set to 0 for strings
and AREAs, whose length is
held in descriptors



Aggregate Locator Where Held
Static internal control section.

Function
How_Addressed

Used to pass the address of an array or

structure and its associated descriptor to By an offset fronm registerk3 known to
a called routine. Also to associate the gompiled code.
aggregate with its descriptor during 0
execution. r ———— _—

(|1} Address of data aggregate

' . -

LY Address of descriptor

When Generated L ———— -

—_—_—S eSS e S -

During compilation.
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Array Descriptor
Function

Contains information about the extent .of an
array and the number of its dimensions.
For arrays of area variables or strings, an
area or string descriptor is attached to
the array descriptor.

The array descriptor is used to pass
information about an array to called
routines, or to hold information about an
array with adjustable extents. -

When Generated

As far as possible during compilation. If
the array has adjustable extents, it is
compléted during execution when the values
are known.

Arrays of structures make use of
structure descriptors to hold similar
information.

Rhere Held

Static internal control section.

How Addressed

By an offset from register 3 known to
compiled code

Arrays of Strings or Areas

For arrays of strings or areas, the
descriptors are completed by string or area
descriptors concatenated to the array
descriptor. String and area descriptors are
the second word of string and area
descriptor/locator pairs.

For bit string arrays, the bit offset
from the byte address is held in the string
descriptor.

General Format

The first word in the array descriptor is

the RVO (relativf virtual origin). This is
followed by two words for each dimension of
the array, containing the nultiplier and
high and low bound for each dimension.

0
i - - -
0 | RVO (RO-VO)
|====- - -
4 = Multiplier
| == === -
8 | High bound | Low bound
‘ ..........................
C | Multiplier 2

101 High bound 2 | Low bound 2

{ etc.

Note: Two full words containing
multiplier and high and low bound are
included for each array dimension

b e e o e e T i . - s -

RV0 = Relative virtual origin, the
distance between the virtual
origin (VO) and the byte actual
origin (AO). Virtual origin is
the point at which the element in
the array whose subscripts are all
zeros is, or would be, held.
Actual origin is the byte address
of the first element in the array.

RVO is held as a bit value for
arrays of unaligned non-varying
bit strings, but otherwise as a
byte value.

High bound: The highest sSubscript in
the dimension.

Low bound: The lowest subscript in the
dimension.

Multiplier: Tke multiplier is the
offset between any two elements
marked by the change of subscript
number in the dimension.

For example for the array DATA (10,10),
the multiplier for the first dimension is
the offset between DATA(1,1) and DATA(2,1)
etc. The nmultiplier for the second
dimension is the offset between DATA (1,1)
and DATA(1,2). The offset is measured from
the start of the one element to the start
of the next.

Multipliers are byte values except for
unaligned non-varying bit string arrays, in
which case they are bit values.




Controlled Variable Block

To hold information about the controlled

variable.

The latest a}lgcation is addressed from an
anchor word which is held in static
internal storage for internal variables and
I a separate control section for external

When the vaniable is allocated. variables.
0 o 4
[ bttt - i |
WORD 1 01 A (Anchor word)
| e ittt ittt |
WORD 2 4 | - LENGTH
' - - -
WORD 3 8 | Chain back to previous allocation,
. |- - —
WORD 4 C | Unused
' - - —— —— - ——
104 ~  DESCRIPTION
| Field used for descriptor or
} locator/descriptor im certain
1 circumstances, (see below)
' - o —
(
{ DATA
|
L - -
LENGTH: Length of the total allocation

CHAIN BACK:

including the 4 words of the
heading.

Address of word 5 of previous
allocation, set to zero if

first allocation.

DESCRIPTION

. before the data.

If the item is one that
requirés a descriptor/locator
or a locator, this is placed
at the head of the data. If
the item is a structure or
array and the extents are
descriptor will also be placed
class.

Appendix B:

Address held in anchor word

‘“Thus for:

STRINGS and AREAS, the
controlled variable is headed

by a locator/descriptor.

‘STRUCTURES ‘and ARRAYS, the

controlled variable is headed
by a locator.

STRUCTURES and ARRAYS with
ADJUSTABLE EXTENTS, the
controlled variable is headed
by a locator followed by a
descriptor. '

ALL OTHER DATA, the

‘description field 'is not used

and the data itself starts at
offset X'10° (16)‘ ‘ :
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Data Element Descriptor (DED)

Function
o

Used to pass desctiptioh of data elements

to library conversion and stream I/O
routines.

When Generated

puring compilation.
. 9

Where Held

Static internal control section.

How_Addressed

By an offset from register 3 known to
compiled code. °

o

All DEDs are headed by two bytes that
indicate the data type. These two bytes
are followed by as many bytes as are
required to complete the description of the
data. :

For arithmetic items, DEDs are completed
by such items as scale and precision. Por

pictured items, a representation of the
picture is included in internal form.

General Format

0o o 1 ‘ 2

. .
{Elag_byte 1 |Flag byte 2 |Further bytes
| , ' |as :
{Defines data |Completes as|required

I type , fdefinition |

{ |if necessaryl|

- FIXED BINARY
FIXED DECIMAL

s
£° 8
|
s
-
o
=
{+}
[+
E

220

28 O

Flag Byte 2
Bits 081 =

FLOAT

Free decimal (an
internal form)

FIXED PICTURE BINARY
FIXED PICTURE DECIMAL
FLOAT PICTURE BINARY
FLOAT PICTURE DECIMAL
non-VARYING CHARACTER
non-VARYING BIT
VARYING CHARACTER
VARYING BIT

CHARACTER PICTURE
BINARY constant
DECINMAL constant

BIT constant

F/E Format .

P Pormat (arithmetic)
A/B/P Format (character)
C Format

X Format

COL Format

SKIP Format

LINE Format

PAGE Format

LABEL

ENTRY

AREA

TASK

OFPSET

POINTER

FILE

EVENT

'00'B A-format item
'01'B B-format item *10'B

character picture format item

Bit 2

'0'B fixed constant

*1'B float constant

Bit 3

*0'B not extended float

'1'B extended float

Bit 4

'0'B F-format/fixed picture

*1'B E-format/float picture

Bit 5

*0*'B declared binary

*1*'B declared decimal

If bits 4 and 5 = *11'B then DED is for

character

Bit 6 = 'Q'B short precision
'1'B  long precision

Bit 7 = '0'B real or length specified (A

~or B format) or unaligned bit
string

11'B complex (also set if E, F, or

P in C-format) or no leangth
specified (A or B format) or
aligned bit string

A1l bits for which neither value is
defined are set to '0'B



Internal codes_for pictures Flag byte 1 = Hex 30

Code Picture Code Picture The internal code for string pictures is
as follows:
00 9 48 - (%)
04 Y uc = (4) Code Ricture (hex)
08 A 50 - (s)
oc * 54 $ (t) A 00
10 E 58 $ (d) 9 04
14 K 5C $ (s) / 08
18 T 60 /7 (t) . 0ocC
1c I 64 / (Q) R 10
20 R 68 /7 (s) * 14
24 CR 6C . (t) B 18
28 DB 70 . (d) X 1C
2C B T4 . (s)
30 S (t) 78 . (B) Ly = length of field with insertion
34 s (4) 7C ¢ (d) characters
38 S (s) 80 . (s) ‘
3c + 84 v Lz = length of field without insertion
40 + (d) characters
uy + (s)
(t) = terminal
(d) = drifting
(s) = static DED_for PICTURE DECIMAL Arithmetic Data
DED_for STRING_ Data
0 1 2 3 4
0 1 2 r ~
- - 0| Flag | Plag | Precision| Scale {
{Flag byte 1 |Flag byte 2| i{Byte 1 | Byte 2 | {Factor+128¢{
L -— 4 — |
4)Length ofjLength of|Flag 1 Flag |
{Picture |Data {Byte 3 '{ Byte &4 |
|=-- - - |
DED_for FLOAT Data | Picture in internal code |
L - 4
Flag byte 1 = Hex 14 or 1C
0 1 .2 3 4 :
r - - Flag Byte 3 (describes the mantissa
{Flag byte 1|Flag byte|2 precision|Unused | subfield)
s 3
Bit 0 = reserved; must be set to
t0'B
DED_for FIXED Data Bit 1 = v1'B drifting S in subfield
= '0'B no drifting S in subfield
0 1 2 3 .4 Bit 2 '*1'B driftirg + in subfield

[ skt == b
|Flag byte 1 {Flag byte 2|precision (scalel

{ 1 | 1r128 | Bit 3
- ]

'0'B no drifting + in subfield

*1'B drifting - im subfield
'0'B no drifting - in subfield

Bit 4 = *1°'B drifting % in subfield
= '(0'B no drifting $ in subfield
DED_for PICTURE_STRING Data
Bit 5 = *1'B total suppression in
subfield )
0 1 2 3 4 = '0'B no total suppression in
- - - 2 subfield
0{ Flag | PFlag | Ls |
| Byte 1 | Byte 2 | | Bit 6 = "1'B % in subfield
| === | = '0'B no * in subfield
4) L, f{Picture in internal |
| |form o Bit 7 = reserved; must be set to
L - J 10'B :
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Flag_Byte_ 4 (descrlbes the exponent
subfield)

Same format as Flag Byte 3.

Note: After E or K, the next byte contains
the number of digits in /the exponent.

Scale Factor

The scale factor of a picture DED is the
number of digit positions after the 'Vv* (0
if there is no 'V!') added to the number in
the F specification, if any.

e_for setting bit 5

Bit 5 is set if no 9, Y, T, }_L__c’)r R is
present. This applies before any 2z, S,
etc. has been translated to a 9.

Rules for translating pictures into_encoded
pictures

1. Characters 9, Y, E, K, T, I, R, CR,
* DB, B, and V are translated directly.

2. Characters Z and % are translated
directly if they do not follow a V.
If either follows a VvV, it is
translated into the code for character
9.

3. An S, +, -, or % is translated to a
static 5, +, -, or $ if it is the only
one of its kind in the subfield.

4. If more than one S appears in a
subfield, the S's are translated into
drifting St's.

Except when:

a. It appears immediately before a Y,
9, Vv, T, I or R. In this case it
is translated into the code for a
terminal S.

b. It appears anywhere after a V. 1In
this case it is translated into
the code for a 9.

The same rule applies for the +, -, or
$.

5. A wW/m, a n'n"or a n_n
drifting, if:

is treated as

a. It is in a subfield containing
either one or more Z or asterisk,
or more than one +s, -s, or $.

b. It is not immediately preceding a
Y, 9, v, T, I, or R. 1In this case

222

it is translated into termimnal
fornm.

DED_for_ Program_ Control Data

{ Flag | Flag ]
|byte 1 |byte 2|

FORMAT DEDS - FEDS

For meaning of flag bytes see above under
Data FElement Descriptors.

DED_for F_and E_Format Items_ (FED)

1
| Flag | Flag ( W | |

Ibyte 2 | | | |
[ - J

Flag byte 1 = Hex 50

W = total length of the format field
D = number of decimal places
X = precision + 128 for F~format number of

significant figures for E-format

0 1 2 3 4

-
{f Flag | Flag | W |(jcopy of DED as for}|
|byte 1 {byte 2 | tarith. picture |
bercrccaccc e ——— 4

Flag byte 1 = Hex 54

W = total length of the format field

DED_for PICTURE Format Character Items
(FED)

1 2 3 4

-
Flag | Flag | ¥ ({copy of DED as for |
byte 1 tbyte 2 | [pictured character |

—————————— - J

e~ O




Flag byte 1 = Hex 58 FPlag byte 1 = Hex 60, 64, 68, 6C or 70

W = total length of the format field Parameter = length of item (X format)
column number (COL format)
nunber of lines to skip (SKIP

format)

DED_for C_Format Items (FED) line number (LINE format)
omitted for PAGE format

0 1 2 4

T T T TS TT s emT e SEmsTTmEmEss h )

{ Flag | Flag { W | FED for | FED for {

|byte 1 |byte 2} freal part (imag. part |

[ —-—t

Flag byte 1 = Hex 5C

Note: The complex bit (bit 7) in flag byte

2 is set in both the real part and the DED_for STRING Format Items_ (FED)
imaginary part FED.

q = total length of the format field 0 1 2 4

r aates |

{ Flag | Flag |length |

: |byte 1 |byte 2 | !

DED_for Control Format Items_ (FED) L-- ——— —— —d

Flag byte 1 = Hex 58
0 1 2 4 .
-~ —-——— The difference between A, B, and P
{ Flag | Flag |(parameter | (character) formats is given by bits 0 and
|byte 1 {byte 2 | 1 1 of flag byte 2. The length field may be
L - 4 omitted for A and B format items.
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Diagnostic File Block (DFB)

Function

Holds information used by the errcr message
routines.

¥hen Generated

During program initialization.

Program managment area.

224

Zow Addressed

Trom ¥ '40° in the ICA

APLA [Plags | Unused |

s | A(transmitter) P
AseD | A(stseRINT PoB) A
Aoct | h(ExeLicIe opEm) P c
ASDC { A(;;;;;viséd Syspr;;;-;;;;--} :Z

AELA_-_Flags

ARTO Bit 0 = 1 Messages going to operator's
console

ASNO Bit 1 = always O

ASCO Bit 2 = 1 SYSPRINT cannot be opened or

open with unsuitable

attributes.

1 Force ‘page

APPF Bit 3



& &=

0 2
r
0] Flags i Offset
ol Chain Back
8: ;nused )
C:--- Save area R 14
10:--- Save area R 15
1#: -Save area R 0
18:-- Save area R1
1c: Save area R2 o
20: Save area R3
26: Save area R4
28=-‘- Save area RS
2C! Save area R6
30: ;;ve area R7 o
30y Save area me
38: Save area R9
3c: Save area R10
uo: Save area R11
ua: Save area R12
RB: A (LWS)
uc:Seqnentt|~ NAB .

)
50| Segment#| End of Prologue NAB

|
54 |Block-Enable Cell |Current-Enable Cell

589 Static backchain

SC} A(First Static ONCB)
60=A(most recent Dynamic ONCB in Block)
GQ:--_- Unused

68:--- Unused

sc:—- Unused

70: A (ONCELLS)

7“:CEXQ { // | Flags 2 |

L

b cos o am cwn s G . . A —— e e o T i S amn T s — e a— — — S G — — A  ——— —— — — ———— —— o —— — — ——— . ————

Dynamic Storage Area (DSA)

unction

Holds housekeeping information, automatic
variables, and temporaries for each block.

When Generated

During execution. Allocated by prologue
code every time a new block is entered.

Hhere Held

n the LIPO storage stack. Certain library
routines have their DSAs in library
wvorkspace (LWS). See below

Current DSA addressed from register 13.
Chainback to previous DSAs from offset X
e,

Flags
Bit 0 = 0 DSA in LWS
1 DSA
Bit 1 = 0 No ON Cells
1 ON cells
Bit 2 = 0 No Dynamic ONCBs
1 Dynamic ONCBs
Bit 3 Always set to zero.

Bits 4 and S
= 00 Procedure DSA
01 Begin DSA
10 Library DSA

11 On DSA
Bit 6 = 0 Not a dummy DSA
1 Dummy DSA
Bit 7 = 0 Flags 2 invalid
1 Flags 2 valid
Bit 8 = always zero
"Bit 9 = 0 Do not restore NAB on GOTO
1 Restore NAB
Bit 10 = 0 Do not restore Current-enable

on GOTO
1 Restore current-enable cells
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Bit 11 = 0 Callee cannot use this DSA ‘ is not used.

1 Callee can use this DsSA

' CEXQ

Bit 12 = 0 Not am EXIT DSA ; ‘ : ”

1 EXIT DSA Save area for flag byte 1 of the TCA.

' » ; Used if DSA is an exit DSA.

Bit 13 = 0 No statement ¥ table

1 Statement # table available Flags_2
Bit 14 = always zero ' Bit 0 = 1 Last PL/I DSA
Offset v Bit 1 = 1 Ignore DSA for SNAP

If the DSA is im LWS, offset is the Bit 3 = 1 Inter-language DSA after

offset of the ONCA. Otherwise, this field interrupt in FORTRAN or COBOL
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Entry Data Control Block (Entry How_Addresse

Variable)
Function
As a variable, dependant on storage class.
Holds the addresses of the data item and 0
its DSA. - -

Address

0
4 Address of statically containing
DSA at time of assignment

.
|
l - -
{
|
L

When the variable is allocated.
Word 1: bit 0 0 Address of entry
1 Address of location
containing 8-char.
Where_ Held EBCDIC name of entry

point

Depends on the storage class of the data
item. Word 2: bit 0 always = 0
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Environment Block (ENVB)

Function

Holds addressed of information declared in
the environment option

When Generated

Bit 0 Function (R) (read)

228

puring compilation
r ; == e |
0 { NFLA | NFLB | Unused |
| Flags t Flags | |
| : - -
4 (Address of blocksize (NBLK) |
=== - - |
8 |Address of record size (NREC) |
| == ————— --|
C {(Address of keyloc or address of stacker |
| (NLOC/NSTK) |
- |
10 { A (BUFOFF) or A(KEYLENGTH) (NBOF/NKYL) 1
( - ———- - |
14 | A(INDEXARE]) {NXAR) |
i -— - -1
18 { A(ADDBUFF) (NABF) |
- - - |
1C | A (OFLTRACKS) (NOFL) |
|=--- |
{20 | A(PASSWORD string locator) (NPAS) |
L - [PRUp——
NFLA_Flags
Bit 0 when set BLOCKSIZE field valid.
1 when set RECORDSIZE field valid.
2 when set KEYLOC field valid.
3 when set BUPFPOFF field valid
4 when set KEYLENGTH field valid.
5 when set INDEX AREA field valid.
6 when set ADDBUF field valid.
7 when set OFLTRACKS valid.
NFLB_flags

In the static external control section for
the file if file is external.

the internal static control section.

How Addressed

By an address contained in the FCB of the

file.

Bit
Bit
Bit
Bit
Bit
Bit
Bit

Addresses

~SNoaunmswNhda

Function
Function
reserved
when set
reserved
wvhen set
reserved

(P) (punch)
(W) (write)

STACKER field valid

PASSWORD field valid

The addresses held are the locatioans
where compiled code will have placed
the correct values for the current

environment.

Otherwise in



Event Table (EVTAB) i

Function

Address known to WAIT module
Used by WAIT module as workspace and to
provide status information on associated

event.
0 4
r N .= “1
¥hen Generated 0 | (see below) | WECB
| -1
4 JChain field through EVTABs | WECH
puring execution. | - {
8 {A(Event variable) | WAEV
f - {
C |A(ECBLIST element) | WAEL
Where Held L o]
WECB Bit 0 set when event is complete Bits
In LIFO storage. 1-7 Not used in this implementation
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Event Variable Control Block '

]

unction

To hold information about the operation
with which the EVENT has been associated.

When_Generated

Depends on the storage class of the event
variable.

Depends on the storage class of event
variable.

How_Addressed As a variable, dependand upon

storage class.

0 1 2

— - -
0|Flags1| Flags2 | STATUS

4y Anchor for ECB chain

8i A (ECB) /A (CCB)

C{A (TCA appendage for I/0)

109 A (FCB)

e e o o n aon > . - -]
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Flags 1

Bit ©

Bit 1

Bit 2

Bit 3

Bit 4

Bit 7

Flags_ 2

Bit 0

Bit 1

Incomplete
Complete

1}
- O

.Inactive
Active

]
-

Not an I/O EVENT
1/0 EVENT

i
-0

Not a DISPLAY EVENT .
DISPLAY EVENT

[}
-

EV has not caused on-unit entry
EV has caused entry to an
on-unit

1]
- O

=always zero

=0 No chain of ECBs
1 Chain of ECBs exists

=0 Not a dummy EVENT
1 Dummy EVENT



File Control Block (FCB)
Function

Used to access all file information.
Contains addresses of the ENVB, DTF,
filename, etc.

ACB,

¥hen Generated.

As far as possible during compilation.
Completed by the open routines during
execution.

Where Held

In the static internal control section for
internal files.
In the associated file control section for
external files.

How_Addressed By an offset from register 3
if internal. Address filled in by linkage
editor if external.

Common Sectlon

FFST Flags 1nd1cat1ng types of statement
(8 bytes)
Bit number  Statement + optionms

0 READ SET

1 . READ SET KEYTO

2 READ SET KEY.

3 READ INTO

4 READ INTO KEYTO

5 READ INTO KEY

6 READ INTO KEY NOLOCK

7 READ IGNORE

8 READ INTO EVENT

9 READ INTO KEYTO EVENT

10 READ INTO KEY EVENT

1 READ INTO KEY NOLOCK EVENT
12 . READ IGNORE EVENT

13 WRITE FROM.

14 " WRITE FROM) KEYFROM

15 WRITE FROM. EVENT “
16 WRITE FROM KEYFROM EVENT
17 REWRITE

18 REWRITE FROM

19 REWRITE FROM KEY
20 REWRITE FROM EVENT
21 REWRITE FROM KEY EVENT
22 LOCATE SET

23 LOCATE SET KEYFROM
24 DELETE

25 DELETE KEY

26 DELETE EVENT

27 DELETE KEY EVENT
28 UNLOCK KBY

29-63 Reserved

0 1 2 3 4
T TEE === i |
0| Flags showing valid statement types |
| (FFST) |
et it Sttt {
8| A(invalid statement module) (FAIS) |
'— -
(o] A (library transmltter) (FATM) |
| S e e s ———— |
10} A(file name) ' (FNAM) |
i -— e ————————
144 A (environment block) (FENV) {
| - - - -
1181 A (DTF) /A (ACB) (FDTF/FACB) |
et e |
1C| A (open file chain) (FAFO) |
| —=== smosms——s——e- |
204 FTYP | FER1 | FER2 |
| === e |
24| FATA { FATB | FATC | PFATD |
|===== —— ——————|
28| FFLA I FFLE | FFLC | FFLD t
|- |
2C| FFLE | FFLF | FFLG | FFLH |
| == e — |
30{ Blocksize (FBKZ) | FLOP | FFLI |
1= - - I
344 Record 1length (FRCL) |
| - - -1
381 A(hidden buffer)/ ) (FREC) |
{ A(IOCB) for VSAM (FAFR) |
3C| A(buffer space) (FIO0A) |
'-
40| Length of buffer space ., (FIOL) |
| ——=————m— s s |
{ 1 l
44 FEFA I FERA |
| { {
| , |
48| -~ - Unused (1 word) t
[ S |
FTYP 6th and 7th characters of library

transmitter nanme
FER1 and FER2 Error Flags

FATA-FATD Flags showing attributes
allowable with file types, and
other file usage information.

Bit

Attribute

FATA 0 (Open SYSPRINT for error
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FATB

FATC

FATD

P OO NEWNSONAANEWN=ONIOUNEWN -

11

message)
(SYSPRINT)
unused
(String operation)
unused
DISPLAY
RECORD
STREAM
BACKWARDS
UPDATE
OUTPUT
INPUT
unused
unused
DIRECT
SEQUENTIAL
unused
unused
unused
PRINT
unused
KEYED
UNBUFFERED
BUFFERED
anused

FFLA-FFLH Flags Bit

FFLA

FFLB

- PFLC

FFLD

NOVEWN SO

NOUEWNN=20

o N E W =0

-

F-format
Vv-format
g-format
Spanned

Blocked

unused

unused

Key in record
variable KEYLOC

CONSECUTIVE
INDEXED

REGIONAL (1)

unused

REGIONAL (3)

unused

unused

other organization
(see FFLI)

LEAVE

UNLOAD

BUFFERS (2)

Permanent output error
(nag.tape)

stacker (2)

associated file

3881 device

unused

Transmitter
deblocking
ERET macro

permitted ,

DTF completed by compiler
buffer length calculated
by compiler

ENDFILE module loaded
unused

error module loaded
GENKEY

~NounsE wWwN

FFLE I/0 error

permanent input error or
non-scalar varying, length
set

permanent output error

end of file ,
hidden buffer in use

move required
non-SCALARVARYING

operation checked

- O

FFLF previous READ
previous READ SET
previous LOCATE
previous REWRITE
previous OPEN

close in progress
implicit close
outstanding event or
previous open

NOUNMEWNSO NSouesEwN

| (VSAM resume load)

PFLG Endpage

end of extents

COPY option active
CONSEC UNBUFF

unused

Synad entered

Newly opened print file
File open

FFLH In-line I/0

In-line locate

unused

unused

unused

Blanks at end of record
uanused

unused

~NousEwNn -0 NOAEsEWNaO

FLOP 7th character of OPEN module name

{FPLY 0 VSAM
1-7 reserved

FEFA offset of EOFADDR in DTF
FERA offset of ERROPT address in DTF

The common section is followed by either
the RECORD or STREAM sections.



Record _I/0 Section

FKLO

{ Base OPTCD for RPL (VSAM)

FKLO/FXXX | FECC |

FENT

KEYLOC-1

Offsets are from start of the FCB. FXXX Error bytes for DAM
FECC 2 for BACKWARDS (12 for FORWARDS) (Mag
Tape only)
0 1 2 3 4
e ———————— —-———a |[FFLYV 0 KSDS 1 ESDS 2-7 reserved
| Current buffer address or |FCDA|FRID
4C{Relative disk address (DAM) | FEMT 7th char of error module name
== e e |
501 A (key area) | FAKY FEFT 7th char of endfile module name
et tdntd |
| Current record number (DAM){FREL|FERY FSAT saved attributes (consec unbuff)
St{or A(embedded key) (ISAM) |
f=———- - | FNRT number of records/track (DANM)
58{A (error module or bootstrap) |FERM
[ Rttt e L L b | FPFNC Associated file byte
| A (event variable) | FEVT| FABL
5Clor A (deblocker field in DTF) | FCNF Associated file conflicting operations
|- ————————————— | flags
60|Stored record descriptor | FARD
j=-— - - - FKLN Keylength-1
68{Stored key descriptor {f FAKD
|-—-- | FLCT Number of lines left on card
70|Stored request control block |FRCB|FAWB
| (first word) { FKYL Keylength (VSAM only)
|Address (associated files |
{work area) | FAFB Associated file work byte
| == - -— -1
74|0-format record length (DAM) |FURL|FALM|
|A(LIOCS transmitter (SAM)) |
{ FOPT
|
|
{

{ | /FFLV|

|
7C|0Offset table for error check |FRTB

80| FEPT | FSAT | FNRT/ |
l 1 { FFNC | FCNF|
........... —-——— '
84| FKLN/FLCF| FAFB | unused ]

| /FRYL | | {
L - -d

Stream I/0 Section

Offsets are from the start of the FCB.

0 2
o e e e
4C| A(next available byte in a buffer)
l ________________________________________
FREM 50| Bytes remaining in | Value of count
| buffer | built-in function
-z il Rt
FPGZ 541 Page size | Line size
|=mmm e e |
FLNN 58| Current line no. | Record size
| ________________________________________
5C| A(copy position in buffer)
I ________________________________________
601 A(FCE for COPY file)
| ________________________________________
641 A(copy module(input)/tab module

| output print

| FCHT
|

|

| FLZ

I

| FMAX

|

| FCPM

|

| FCPF

!

| FCPA|FT2E
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Flow Statement Table

Function

Used to implement the compiler FLOW
option. Holds the last 'n' statement

- number pairs and the last 'm' procedure
executed. ('n' and 'm' are programmer
defined.)

When Generated

initialization if the FLOW option has been
specified. The table is continually
updated as the prgoram is executed.

(8 BYTES)

From offset X '4C' in the TCA.
0 1 4
T T EE e - s |
ARGT O | \
' | === -
4 I
8 1 |
{=- -1
Cc | |
| ‘ ===
AFLL 10| Total length of table |
| === - -1
ANEN 14| A(next free field in stmt. no i
| sect.) ' |
1 -
AASB 18} A(start of names section of |
| table) |
|-- -- =1
ANEB 1C| A(next free field in names |
: | section) {
1-- , == l
AAF¥B 20| A(end of table) |
————————— - ————— =1
ASBS 24| A(start of numbers section) |
- it |
28| AFL1 (AFLF {AFLG { STATE- i
| == - -1
{ MENT NO. (4 bytes) {AFLF -
[==- - {
{ AFLG | STATEMENT NUM- |
= e {
| BER |etc. |
| === |
i {
| i
i |
i |
|- e ————————— - -1
ASBD | NAMES OF BLOCKS |
| |
L. 4

234

unused

AFL1 - Flags

ANON Bit 0 No statement numbers required
AFLI Bit 1 last entry was branch-in

AILF Bit 2 unused

AINT Bit 3 interrupt not recorded

AGOT Bit 4 GOTO out of block

Bits 5-7 unused

AFLF_-_Flags

ATBY
ABCD
Bits

Bit 0 Branch-in entry
Bit 1 BCD form for this entry
2-7 unused




Input Output Control Block (IOCB)

Function

To hold information about the current I/0

operation on VSAM files.

When Generated

During the execution of the OPEN statement.

Where Held

In non~-LIFO storage.

From the FCB.

r

01 reserved {
4: INXT ) _:
8: IFLA | IFLB | ) IERR --_l
C=--— IRCB —-:
10: IORD :
14: IORE—-- o :
8 10KD |
o T e T l
20:- IEVT :
24:—-_ IDUB :
28:--- IKS;--- T :
ZC:—--— IEVE—_- —-—_:
30:--- IMHD o :
3“:- IH;L :
38} |
3C| |
40} [}
[ - =]
444 ISHD |
38:_—— ISEL -—:
uc:— IHTE--- --:
501 ReL l
5“: ISAR :
58: ISLN [ * :
SC:—- ;xau | * -‘:
60: JOPT :
64: IX2C | * -‘_-=
68: IARA ---l

6C| IX2D | * |
ol mame :
74: IX35 [ e --:
ol meL
i s | . :
80: stk -_:
8u= IX2E I * -:
soi  tame 7
BC: IX30 | _--.-; -------- :
Y :
9u= . :

% indicates reserved fields

INXT
IFLA

IFLB

IERR

(IER1
IER2)

IRCB
I0RD

IORL
I0KD
TOKL
IEVT
IDUB
IKSV
IEVC
MODCB
IMHD
IMEL
SHOWCB

ISHD
ISEL

Next IOCB on chain (set to
Flag byte - bits set to '1!
indicate:
Bits 0 - 3 reserved
Bit 4
Bit 5
operation
Bits 6 - 7 reserved

0)

general error flag
unable to complete

Code byte containing offset within
*look-up! table used for record

checking ,
Error codes (as for FER1 &
of FCB see under FCB) :
First byte is for TRANSMIT,

FER2

second byte for ENDFILE, RECORD,

KEY & ERROR conditions
Request Control Block

1st word of record descriptor

record address

2nd word of redord descriptor

flags + record length

1st word of key descriptor
address

2nd word of key descriptor
+ key length

A(EVENT variable)

A (dummy buffer)

A (key save area)

1st word of pseudo CCB

plist (5 words starting at
X*30")

A (header entry) -> IHTC
Element entry addresses
(maximum of 4)

plist - (2 words starting at
X'44r) N

A (header entry )-> IHTC

A (element entry)
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flags

offset

offset

“Header control entry (4 words
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starting at offset X'4C?)

IHTC header type code for MODCB/SHOWCB
of RPL

IRPL Address. of request parameter list

ISAR A(receiving area for SHOWCB)

ISLN Length receiving area for SHOWCB

Element control entries start at offset
X'5C* and continue to end of IOCB. Each
entry occupies 2 words, with keyword type
code set in 1st half-word for example:
1X34 = X'0034¢*

236

The 2nd ‘word of each entry is used as
either a setting field for MODCB or a
receiving field for SHOWCB. The IOCB field
names are listed with their corresponding
RPL (Request Parameter List) parameters.

IOPT OPTCD
IARA AREA
IARL - AREALEN
IRCL RECLEN
ISIK FDBK
IARG ARG
IKYL KEYLEN



Interlanguage Root Control Block How_Addressed

(IBMBILC1)
By an offset from register 3 known to
Function compiled code.
[V 1 2 3 4
: re - |
Connects ZCTL and interlanguage VDA to 01 Address of ZCTL |
interlingual routines, and records state of | - |
activation of language interfaces. 4 | COBOL (FORTRAN | Stack | |
|flag |flag { flag | |
e e e rc e e ——————— 4
Rhen Generated
COBOL flag = COBOL active
During compilation.
FORTRAN flag = FORTRAN active
here_Held Stack flag = PLISA specified
In static internal storage, as a control Note: If COBOL or FORTRAN flag is on PL/I
section. is also active.
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Interlanguage VDA Where Held

unction _ v - In the LIFO storage stack.

To hold information required for How_Addressed
interlanquage calls. Used for information
that alters from invocation to invocation.

The latest interlanguage VDA is addressed
from offset 0 in ZCTL.

Hhen Generated

0 1 4

r 8 d -

One interlanguage VDA is generated for each 0 jA(previous interlanguage VDA) |-
interlanguage c¢all made from PL/I to jor A(2CTL for first VDA) |
FORTRAN or COBOL. An interlanguage VDA is - -1
also acquired if the PL/I environment has 4 JAddress of current DSA |
not yvet been set up when PL/I is called e c e —— ———mm— e e ——— |
from COBOL or FORTRAN. 8 |A(Callers error routine) B |
ittt st |
C |Program }(A(Callers machine check |
{ mask |save area) . R |
[ P J
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Key Descriptor (KD)

Function

Contains address and length of key for
passing to library record I/0 routines.

As far as possible during compilation.
necessary, completed during execution.

Normally in static internal control
section. In static external control
section if key is EXTERNWNAL.

If

Will be copied

into, or generated in, temporary storage if

procedure is reentrant or recursive.

0 1 2 3

( _— - -
0f Address of KEY variable

' ————————— -
4y |

| Flags { Length

‘ ——— ——— —— - ————— - . T ————— ——

{ Region No.

L - -

a. Address of source key

(excluding

the length bytes if VARYING)

b. Address of where to put key
(excluding length bytes if
VARYING)

Bit 1

Bits 2-15

Bits 16-31

'1'B if KEYTO string is
VARYING. (If this bit is set,
the I/0 transmitters will set
the current length field).

'1'B if word 3 contains a
region number.

Unused (zero)

Length of key string
(excluding length bytes for
VARYING) ; current length for
KEY or KEYFROM, maximum length
for KEYTO.

Region number in fixed binary, right

justified.
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Label Data Control Blbck
Function

Holds the address of the data item and, if
a label variable, the address of the
associated DSA.

' When_Generated

Label constants: during compilation
Label variables: when the variable is
allocated

Depends on the storage class of the data
item

240

As a variable, dependant on
storage class. :

| Address of DSA (at time of
4 assignment) of owning block

Lo oo -

01 Address of label

4 | Value to be loaded into

] Register 2 on GOTO
Lo

e e B )




Library Work Space (LWS) How_Addressed The associated allocations is

addressed from offset X'48' in the current

DSA.
0 2 4
Function - Attt 4
0 {Flags (As DSA) |offset to ONCA |
: . | == e |
Space reserved for two pre-formatted DSAs 4 JHousekeeping information.as for |
used by certain library modules. | DSA ‘ |

50 { 56 bytes workspace

(

. = |

When Generated . 88 |Flags (as DSA) |offset to ONCA |

' | === -===|

8C [Housekeeping information as |

The first L¥S is generated during program | for standard DSA |

initialization. Subsequent LWSs are e ittt |

allocated before entry to any on-unit, D8 |56 bytes workspace |

This is because the on-unit may require the |- ———— ————————————————— |

use of library modules using LWS but must 110{Current ONCA |

not alter the environment of the interrupt. lrme e e e e — e ——————————————————— ]
Hhere Held

First allocation in the program management
area. Subsequent allocations in the LIFO
storage stack. ONCAs are generated with
LWS.
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On Communications Area (ONCA)

Function

An area in which built-in function values
or their addresses are placed, after the
occurrence of a PL/I interrupt.

¥hen_Generated

The first ONCA is generated during progranm
initialization. Subsequent ONCAs are
generated with each allocation of LWS.

Contiquous with LWS in the progran
management area and in the LIPC stack.

start of LWS held at offset X'02' in each
segement of LWS.

Dummy ONC

The dummy ONCA has the same format as other

ONCAs and holds default values for those
condition built-in functions that have
default values.

Flagsi
Bit 0 =. 0 ONFILE invalid
= 1 ONFILE valid
Bit 1 = 0 ONCHAR/ONSOURCE invalid
= 1 ONCHAR/ONSOURCE valid
Bit 2 = 0 ONIDENT invalid
= 1 ONIDENT valid
Bit 3 = 0 ONKEY invalid
= 1 ONKEY valiad
Bit 4 = 0 DATAFIELD invalid
= 1 DATAFIELD valid
Bit 5 = 0 No associated EVENT variable
= 1 Associated EVENT variable
Bit 6 Unused ‘
Bit 7 = 0 ONCOUNT invalid

242

= 1 ONCOUNT valid

Bits 8-~15 unused

|-
4y ONCODE | flags1

|
I-- |
81 string locator for |
| ONFILE 1
| === e e |
101 string locator for |
] ONCHAR |
| == ————— e ————————— [
181 string locator for |
i ONSOURCE : i
|- I niathaieatdet |
20| string locator for |
| ONKEY |
== e e |
28] string locator for |
{ DATAFIELD |
| B ittt |
301 string locator for |
{ ONIDENT {
=== e e e |
38} A (record I/0 EVENT variable) |
== |
3Cy Unused |
| === e m—es s e - |
40} ONCOUNT |
| - |
441 retry environment |
| === - {
48] retry offset {
| === e e e e |
4crxruaor § X'0000 | flags2 |
————————————————————————————————— '
SOVLCT1 {LRAC | Unused i
L o e o e e o e e e e e e e o -
Flags_ 2
Bit 0 =0 ONSOURCE/ONCHAR‘not used
on-unit

1 ONSOURCE/ONCHAR used

Bit 1 0 ONSOURCE not set in ONCA

1 ONSOURCE set in ONCaA

non

Bits 2-7 unused

LCT1

Copy of TCA flag byte 1 (TF¥B1)
LRAC

Retry address code

Retry offset

LOCB
LCDE

LOFL

LOCH

L.OsC

LOKY

LODF

LOID

LEVT

LCNT

LREN

LRAD

in

The offset from the base of the library
module involved to the address at which a
conversion will be reattempted if ONSOURCE

or ONCHAR has been used.



On Control Block (ONCB)

Function

Contains pointer to associated on unit, or
indicates action to be taken when interrupt
occurs.

Bher Generated

Static ONCBs are generated during
compilation, one for each ON statement.
Dynamic ONCBs are generated by the prologue
code of the procedure or block in which the
ON statement occurs, or are allocated in a
VDA when the ON statement is executed.

Hhere Stored

Static ONCBs are generated in the static
internal control section. Dynamic ONCBs
are stored in the DSA of the block in which
the associated on-unit occurs.

How_Addressed

Start of dynamic ONCBs - offset X'60!?
in the DSA.

First Static ONCB - offset X'5C?! in DSA.

Static and Dynamic ONCBs

Static ONCBs are generated for unqualified
conditions. Dynamic ONCBs are generated
for qualified conditions (ENDPAGE, ENDFILE,
etc.)

0 1 2 4
r " = i b ]
0|1 Address of previous dynamic ONCB |
| in block (or zero, if first) |
{ B ittt sttt |
4y Qualifier
“““ -1
8| Code | Flags | Unused |
=== e e e ———— 1
Ci Target |
L - - ¥ ]

Static ONCB

0 1 2 4
r e e 1
0 Code | PFlags | Unused {
( ———————— |
4| Target (
L ———d
Qualifier

Rit

Bit

Bit

Bit

Bit

Bit

A(FCB) for I/0 conditions
A(SYMTAB) for CHECK
A(CSECT) for CONDITION condition.

PL/I code for condition

0 = 0 SYSTEM not specified
1 SYSTEM specified

1 = 0 Not a null on-unit
1 Null on-unit

2 = 0 Not a GOTO only on-unit
1 GOTO only on-unit

3 = 0 Condition not established
1 Condition established

4 Onused

5 = 0 Condition not enabled at blo
entry
1 Enabled at block entry

6 = 0 Condition disabled
1 Condition enabled

Bit 7 = 0 SNAP not specified
1 SNAP specified
Target

Address of on-unit, or offset in DS
word containing A (label variable or
label temporary).
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Open Control Block

NPA_-_Open_attributes

, This word indicates the explicit and
Function implied attributes on the OPEN statement.

. . - Byte No. Hex. Value Attributes
Used to indicate that a file attribute ’

(either input or output) was declared in 1 Not used .
the associated OPEN statement. 2 10 ‘ INPOT
. : 20 OUTPUT
3,4 Not used
When Generated . ' NDEM_~ Open_conflict masz

. , This is a mask generated by thevcompiler
During compilation. . ; : containing bits for all attributes which:
h ‘ conflict with those on the OPEN statement.

Where Held

Static internal control section.

How_Addressed

By an offset €from reg1ster 3 known t
compiled code.

(o}

- - e o e a0 2 e e e o e -

81 Unused ' {
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PLIMAIN How_Addressed

As a control section.

Function
T ]
To hold address of entry point of a PL/I 0| A (Entry Main Procedure) |
main procedure. » |mm—————— |
41 Unused - |
When Generated s 3

During compilation of a procedure with the
MAIN option.

Rhere held

Separate control section.
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PLISTART

Entry point for PL/I program, passing
control to IBMDPIR. Primary entry point
passes control to IEMDPIRA. PLICALLA
passes control to IBMDPTRB. PLICALLB
passes control to PLICALLC.

¥hen_Generated

During compilation for every PL/I
compilation.

®here held

Held as a separate control section.

246

As a control section.

PLTSTART CSECT

' EXTRN
BALR
USING
L

BALR

DC
PIR EQU
DC
END

PLIMAIN
15,0

*,15
15,PIR
0,15

A PLIMAIN
%

V IBMBPIRA
PLISTART



Record Descriptor (RD)

Function

Contains address and length of record for
passing to library record I/0 routimes.

When Generated

As far as possible during compilation. If
necessary, completed during execution.

Normally in static internal control
section. 1In static external control
section if record is FXTERNAL. Will be
copied into, or generated in, temporary
storage if procedure is reentrant or
recursive.

How_Addressed

By an offset from register 3 known to
compiled code.

P et -

-
01 A (record variable) {
{ - - {

{

J

4 length

Lo - - -

1. Address of the data to be writtenm out.

2. Address of where data read in is to be

put.

3. LOCATE statement: Address of where to

store buffer
address.

READ SET statement: Address of

pointer to be
set.

READ IGNORE statement: Ignore factor.

¥ord_2

Bits 0. - 7 indicate the type of INTO or
FROM argument as follows:

X '00°
X '01¢
X '02¢
X 103

Bits 8-31 length

fixed length strings

area variables

varying length character
strings

varying length bit strings

of data to be transmitted

(length of variable or bhuffer
for locate mode).

The value is in bytes for all
strings including bit strings.

For VARYING strings, the value
includes the two length bytes,

and is

the maximum length for

input operations and for LOCATE,
the current length for other
operations.
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Regquest Control Block (RCB) . 10 - DELETE
14 - UNLOCK
18 - WAIT
Function
REQ2 (options)
Used by the record I/O interface module

(IBMDRIO) to check the validity of an I/O 80 - INTO/FROM
statement. The instruction in RTMI is 40 - SET
carried out by IBMDRIO. 20 - IGNORE

02 - NOLOCK

01 - EVENT
When Generated REQ3 (options)

: 01 - KEY

During compilation. 02 - KEYTO

04 - KEYFROM

REQY4 unused
¥here Held
RTMI

Static internal control section. Either a TM or a BR instruction
depending on source program.

A TM instruction is used if the
How_Addressed statement cannot be checked for validity
during compilation, or if it has been
checked and found to be invalid.
From parameter list passed in register 1 to

IBMDRIO. The TM instruction is used by IBMDRIO
for testing the validity of a statement and
is;

0 1 2 3
T T e e e e 1 X'91MM25SS?
0 { REQ1 { REQ2 | REQ3 | REQ4 |
| ==== -—- - - { where MM is byte containing current
4 : RTMI 1 statement bit and SSS is offset of
Les e = e — = ——— 4 corresponding byte in FCB statement mask.
REQ1 (statement identification) A BR instruction is used if the
statement has been checked during
00 - READ compilation and found to be valid.
04 - REWRITE
08 - WRITE Unconditional branch instruction to PL/I
0C - LOCATE library or LIOCS transmitter.

2u8



:Statement Frequency Count Table

{To retain a record of the number of times a
| statement has been branched to or fron,

|use by the COUNT option.
|

{When the associated external procedure is

|entered.
Where Held
on-LIFO storage.

N
How_Addressed

{
|
|
{
(
{
|
|

The statement frequency count table for the

{first external procedure in a program is

{addressed from offset X'80"
jappendage (TIR).

in the TCA
The tables are chained

| together and the chain field of the last

{table set to zero.
|offset 0 in the table.

The chain field is at
The most receantly

{used table is addressed from X'84' in the

{TIA.

| ——=- -—=4

10 | A(next table _ | ACTB
i T T e e - i

{4 | A(static CSECT OF PROCFDURE) { ACST
| - -- -1

{8 | name of procedure | ACEP
1c | |

Y e - -—=1

1101 flags | ACFL
l |- |

114) A(first segment) | ACBS
I |- e e e {

{18} A (next segment) { ACSG
| |- e {

| 1C| number of entries | ACNG
I - |

120 length of segment | ACLG
| |- e |

{ | count entry |

I sttt |

{ | count entry |

| == e e it

| | count entry |

| lemremre e 3

for

ACBS

ACFL

ACBI

{ACIA
JACNM
|ACUI
{AczC

The address held in ACBS is the
address of ACSG. If tables are
segmented, second and subsequent
sections of the table will start at a
point equivalent to ACSG.

Flags

Bit 0 last update was for a branch
in

Bit 1 last update was for a GOTO
out of block

Bit 2 table inactive

Bit 3 not used

Bit &4 not used

Bit 5 not used

Other bits unused.
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Stream I/0 Control Block (SIOCB)
Function

Holds addresses of source and target,
source and target DEDs etc and is used as
parameter list by stream I/O routines.

During execution for the: duratlon of the
stream I/0 statement.

Phere Held

By register 1 during the stream I/0
statement.
0 2

po——————— -

L)

SSRC 0 |Address. of source or its locator

SSDD 4 | Address of source DED

STRG 8 (Address of target or its locator

STDD C | Address of target DED

10| SFLG | STYP | SDSA | SDFL

|
SFCB 14} Address of FCB for file

SRTN 18] Address of next statement

'-——-—

1C{Save word used in compiler
|generated subroutines
|-_
20{value of COUNT |
fbuilt-in functn.|
'--

24

SAVE

SCNT Unused

SOCA Address of ONCA

SSTR
{to hold dummy FCB.

v ———————

28| Area used during GET or PUT string

|
4

250

Flag Byte SFLG

Bit 0 = 1 Transmit on input

Bit 1 = 1 VDA used in edit-directed input

Bit 2 = 1 IBMDSED is used

Bit 3 = 1 Call to IBMBSIST required after
dealing with next item (GET or
PUT STRING only)

SDSA

DSA level number (used only for
data-directed I/0)

Type_code STYP

Bit 0 = 1 data-directed 1/0

Bit 1 = 1 list-directed I/0

Bit 2 = 1 edit-directed I/0

Bit 3 = 1 string I/0

Bit 4 = 1 CHECK entry to data-directed I/0
Bit 5 = 1 input

Data-directed flag SDFL

Bit 0 = 1 Terminating call to data-directed

output



Statement Number Table (DST) : therefore step down one section of the
table. If the offset was X'18FFF' the
. : binary would be '0001 1000 1111 1111
Function , 1111*B. Ignoring the 15 right-hamnd bits
. o leaves '11'B therefore step down three
. sections of the table.)
To relate statement numbers to offsets so :
that statement numbers may be given in
execution-time messages.

0 2 4

-
0 | A primary entry point of block |

|———mmmm s e e e {

bDuring compilation, if the GOSTMT option is 4 |Size of code generated for block |
in effect. | in bytes |
. . ‘----—---—-a---_ - '

8 {A(end of first section of table) |

Rhere Held C | Offset | Statement No. |

Static intermnal control section. } {--

How_Addressed

{

|

|

|

|

|

|

further offsets and statement {

|

point to a block. |
|
|
|
|

|
{
|
t
|
From offset 8 from each pr1n01pal entry | numbers
v (
|
|
{
|

P2 S22 - S SN 31 ¥ 53

lA(end of second section of table) |
As offsets are held in two bytes and the | === ———- ===
value may in fact take up to three bytes . | Offset | Statement No. [
(4096) , it is necessary to hold the table | ——— -—- -—=1
in sections. If the offset is greater than | Etc. B |
X'7FFF' the statement number will be held - - 4
in the second or subsequent sections of the i S )
table. Obtain the number given by -
translating the offset into binary and * = End of first section
ignoring the last 15 bits and step down : :
this number of sections of the table. (For Offset: Offset is the offset of the first

example, if the offset was X'8FFF’, ‘ byte of the statement relative to
translate to binary = '1000 1111 1111 the address of the primary entry
1111'B, ignore last 15 binary digits =1, point of the block.
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String Locator/descriptor

Punction

Used to pass the address and the length of
strings to other routines. Also for
handling strings with adjustable lengths
(e.g., DCL STRING CHAR (N)).

Hhen_Generated

Storage reserved during compilatioh.
Fields completed during execution  if string
has adjustable length.

Static internal control section.

=

w_Addressed

By an offset from register 3 known to
compiled code.

o 1 2 3 4

r - e —————
(]] Byte address of string {
== cmo=——mss -1
4§ Allocated length |F| unused {F2]
L -
— e e et — N Bt~
Bit 16 Bits 29-31

252

Word 2
Bit 16
F = 10' B Pixed string (First bit of second

byte)
*1' B Varying string

Bits 29-31

F2 Used for bit strings to hold 6ffset from
byte address of first bit in string (3

bits) L . _ ,

Allocated length

For varying strings this is the declared

length. Length is held in bits for bit
strings and in bytes for character strings.

STRING DESCRIPTOR

The string descriptor is the second word of
the string locator/descriptor. It appears
in structure descriptors and in the )
description field of controlled variables.



Structure Descriptor

Function

Contains information about the offset of
each element within a structure, and the
nature of each element. Used when passing
a structure to another routine, or for
accessing structure elements during
execution, if the structure is declared
with adjustable extents or with the REFER
option.

When Generated

If the structure has no adjustable
-elements, during compilation. If the
structure has adjustable eleménts, during
execution from information held in the
aggregate descriptor descriptor.

Where Stored

Static internal control section.

How Addréssed

By an offset from regiéter 3 known to
compiled code.

For each base element in the structure, a

fullword field containing the offset of the
start of the element from the start of the
structure is given. If the base element is
a string, area, or array, this fullword is
followed by the offset field for the next
base element.

Offset of element from start
of structure

Descriptor of element if
element requires descriptor

o

&=

Offsei of element from start
of structure

@

Descriptor of element if
element requires descriptor

(]
[0 - - ———— - = o —— ——— - O

etc

For every base element in
the structure, an entry is
made consisting of an
offset field and, if the
element requires a descrip-
tor, a descriptor.

b o o o o o - —— o - —— ]

Offset

The offset field is held in bytes, Any
adjustments needed for bit-aligned
addresses are held in the respective
descriptors.
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Symbol Table (SYMTAB)

Holds the name of the variable during
execution and associates it with the
address of the variable. Used only when
data-directed I/0 or the CHECK condition is
specified. .

During compilation, if data-directed I/0 or
the CHECK condition is used in the progranm

whe;e Held

Static internal control section for
internal names. Separate control section
for external names. For exte:kal variables
the name of the control section is the nanme
of the variable followed by an x*.
How_Addressed

By an offset from register 3 knownbto

compiled code for internal variables. As a
control section for internal variables.
0 2 3 4
r - - ]
8 |FPlags | Dimension | Level |
| { ality | number |
- -- |
4 | A (DED) |
| == t
8 | Address field A |
I- -—- {
C {Address field B |
................ I
10{Length of name |
................ J |
| Name (fully qualified) {
L - -d
Flags

Bits 0,1 6 2 1000'B STATIC

*100*'B AUTOMATIC

*010'B CONTROLLED

(not param.)

*001'B BASED

'011'B DEFINED

'101'B a non-CONTROLLED
parameter

*111'B a CONTROLLED
parameter

noun

"

Bit 3 '1'B EXTERNAL

'0'B INTERNAL

254

Bit 4

]

'1'B item may appear in some
CHECK list.

= '0'B item appears in

- .no CHECK list.

(Bit 4 must be '1'B if item is EXTERNAL).

t1'B Address field A refers to
data.

'0'B Address field A refers to
locator.

Bit 5

(Bit 5 must be '0'B for.a CONTROLLED
parameter)

a member of a structure.

Bit 6 = "1'B
= '0'B not a member of a structure.
Bit 7 = *1'B Normal SYMTAB..
= '0'B Short SYMTAB (has fields A &
B omitted). ‘
Bit 8 = '1'B Address field A addresses

code.
Address field A does not
address code.

= tQ'B

reservedf‘ nust be set to

'O'BQ

Bits 10 - 11

*1'BR Symtab concerns a BASED
variable; Bits 0,1,2,5,8 of
Flags, level # and Field 1A
all refer to the POINTER
qualifier.

*0'B normal Symtab.

Bit 12

Bit 13 '1'B Symtab concerns a BASED
variable and Field B contains
an address (in Static).

.If Symtab concerns a BASED
variable, Field B contains an
offset (right justified) in
the DSA defined by level #.

= |0|B

Bits 14,15 reserved: nust be set to

'0'B.

L4 A28 X 3% 1 A

The number of dimensions declared for
an array item. Dimensionality is zero for
other items.

Level number

(for AUTOMATIC, DEFINED, and BASED items.
Also for all parameters.) The level of the
block in which the variable is declared.
The level of a block is one greater than
the level of the immediately containing
block; the level of the external block is
0.



Addresses are held in different formats for
different data types. As far as possible,
addresses are held in address field A.
However, more information than can be held
in a fullword field is sometimes required.
When this is the case, address field B is
also used. ’

If STATIC Address of data or address of
locator for items that have

locators.

If AUTOMATIC Offset within the associated
DSA of the data or of the
locator for items that have
locators

If CONTROLLED Address of anchor word.
If BASED Offset of one word field with
in associated DSA containing

address of declared pointer
qualifier.

If PARAMETER or DEFINED
Offset of one word field in
associated DSA containing
address of corresponding
arqument, or DEFINED data, or
its locator. For CONTROLLED
parameters, the argument is
its anchor word.

Address _field B

If non—structured AUTOMATIC, STATIC,
DEFINED or CONTROLLED
parameter, field B is set to
a fullword of zeros.

If structured not BASED
Offset from start of structure
descriptor to field that holds
offset of element from start
of structure. See "Structure
Descriptor."

If BASED
set)

(except when flag bit 12 or 13 is

For non-structured BASED items
field B holds the offset of
the descriptor from the start
of the DSA in which it is
held.

For structured BASED itens,
the offset is to the offset
word in the structure
descriptor. This word holds
the offset of the item from
the start of the structure.
See "Structure Descriptor".

Length

Length is the number of characters in the
fully quallfled nane.
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Symbol Table Vector

Holds addresses of symbol tables and
associates them witkh the block in which the
associated names were declared.

» When Generated

During compilation.

Static internal control section.

How_Addressed

By an offset from register three known to
compiled code.

0 v 4
-

A (symbol table)

A (symbol table)

|
- ‘ -—— ‘ —l
- —— - ‘

r
l

|

|

|

|

|

i

|

{ fullword of zeros
{

i

|

{

{

|

|

L.

'A(of first entry in symbol table vector
of encompassing block). All zeros

for main procedure block .

General Format
The format of symbol table vector is a
series of fullwords. = These contain either:
1. The address of a symbol table
or
2. The address in the symbol table vector
of the start of the entries for the

encompassing block.

or

<--marks end of
block.

3. A fullword of zeros indicating the end -

of the current block.

256




Task Communications Area (TCA) When_Generated
During program initialization by IBMDPIR.

Punction

Acts as a central communications area for
the program. Contains addresses of Fhere Held
essential routines and control blocks, and
various flags. (See chapter 5).
In the program management area at the head

How_Addressed By register 12 -u43 of the initial storage area (ISA).
0 [- Flags-- } TFLG
4 : Unused :

8 : Segment #| BOS : TBOS
o : Segment #|{ EOS : TEOS

10 : Unus;E :

14 : A(current event variable) : TEVT

18 : A(External Save Area) o : TESA

1c : A(TRT Table) : TTRT

20 :A(overgzow routine - get DSA)—- : TOVF

24 |;;;;;; to get DSA subroutine : TGDS

28 :— A (TCA appendage) : TTIA

2C : A (error handler) : TERR

30 :—;;;ave Are;-;or Overflo;—;;utine) -: TPSA

34 :-——--6;;; File Chain An;;or : TFOP

38 :Branch inst;uction for TC;-;BTO code: TGTC

3C l--- A (Bugtable) ) : TBUG

40 : A(Diaqnos;;c File Block) : TDFB

TORC :-PL/I Return Code | User return : TORC

44 { i Code |

48 =—A(Overflow Routine for Get VDA) : TOVV

4c : A(Flow stmt number table) : TPST

50 : A(Tab table) : TTAB

54 : A(Flov module) : TEFL

58 : Branch instruction for call routine: TCAL

| Branch instruction for link routine|{ TLIN
5C | Unused |

60 : Unused | TRLR | TTLR | TENV

64 E (set to ze;;) E TPRI
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68

Unused

- —.'

1
' - -
6C | A (Get Dynamic Storage Routine)
{ - =1
70 } A(Free Dynamic Storage Routine) |
| - - -—=1
T4 | A (Overflow Routine for Get DSA)|
| - - -
78 { A(Error Handler) |
e e g ===
7C | Environment Description |
( - ——- -1
80 | Normal GOTO Code |
{ Used when GOTO out of block may |
| occur ) : |
| - - l
FO | A(IBMBEFLC)/ |
| dummy if NOFLOW and NOCOUNT |
|- =1
F4y | A(Interpretive GOTO routine) |
| - -—=1
F8 i Unused |
| === - |
FC | Unused [}
| - - -1
100 | Unused |
=== - - {
104 | Unused |
(=mm=— - |
108 ) A(WAIT routine) |
| ===
10C | A(COMPLETION pseudovariable |
| routine) |
| -1
110 | A (EVENT assign routine) [
{ -—= -1
114 Unused |
|- |
118 | 2 unused words |
L J

[}

TGET
TFRE
TOVFO

PERRO
TENVO

TGTCO

TEFC

TGTHM

TAWT .

TACP

TAEA

TFLG contains flag bytes TFBO, TFB1, TFB2, and TFB3.

TFBO

TFB1

TFB2

TFB3

Bit

all not used in this
implementation

0 not used

1='1'B Event Y/0 on-unit active

2 not used :

3=11'B Abnormal exit requiring
special action

4-7 not used

0='1'B Raise SIZE for fixed-
point divide, fixed-point

overflow, exponent overflow,

decimal overflow exceptions

1='1'B Ignore the exceptions
detailed for bit 0

2-6 not used
7=1'1'B I/0 conversion
all notvused

TENV contains environment description
TRLR resident library release number
TTLR transient library release number

TOVFO TERRO TENVO TGTCO

These fields are used in previous releases
and are retained for compatibility.
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TCA Appendage (TIA)

From Offset X'28' in the TCA

aQ o & ©Oo

24
6C

70

T4
78

7cC

0 1

—— -

r
{ A(Byte beyond ISA)

|
{ Unused

| A(Last Free Area)

|
| Flags |Unused

{ A(Dummy DSA)

'——
{ A(Get LWS code)

'-
{ A(Load Module Chain Anchor)

|
{ Two words for code to call
| IBMBERRA

Interrupt Save Area (18 words)

A (Interrupt Handler

A (latest DSA) for abnormal
termination

Wword for A (IBMBCCLR)

(communications region)

| A(Operation exception checking

{ code)

|
| A(first count table)

I A(last count table used)

'-—
| Saved address of TCA to be
| restored after interrupt

| Space for system tab table

| (IBMBSTAB)
|

b o o v e o —— - —— - . W — - S Gl —— ———— - W — ——— ——— g w— o ] =

TISA

TLFE
TFLA
TDDS
TLWR
TLMC

TEBL

“TSAI

TERA

TABT

TCCL

TCOM

TAFF

TCTF

TCTL

TATC

TTBS
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Flags = TFL1

TFLS Bit 1 = 0 SYSPRINT not open for STREAM
PRINT
1 SYSPRINT open STREAM PRINT

TFLJ Bit 2 = 0 Abnormal termination exit
not in progress :
= 1 Abnormal termination exit in
progress
TFLK Bit 3 0 No dump I/0 in progress

nn

1 Dump I/O in progress

TISA identifies end of region.

Note: Chain beginning in TLFE is continued
at offset 4 in free area. First word in

260

free

TLWR

TFRA

TCCL

TAFF

area contains length.

is an address in IBMDPIR that acquires
library workspace.

is entry point A of IBMDERR.

is a field used to hold the address of
the complex string conversion routine
IBMBCCL. This routine is in the
transient library and is loaded by the
bootstrap routine IBMBCCS. When the
routine is loaded, the address is
placed in the field TCCL.

is the address of the code used to
check whether an operation interrupt
is caused by an attempt to execute a
floating point instruction on a
machine with no floating point
hardware.



Zygo-Lingual Control List (ZCTL)
Function

To hold information required for
interlanguage calls. Holds information

that does not change for every invocation.

In the LIFO stack if PL/I is main
procedure. If COBOL or FORTRAN are
principal procedures, at the head of the
unused portion of the region immediately
before the TCA.

From offset X'0!' in IBMBILC1 the

Interlangauge Root Control Block.

10
14

18

60

80

0

-
{3 (latest interlanguage VDA). If none,

|A (COBOL error routine), if any
:;-;Save area for COBOL program mask,
1if any) '

:;-};BEESZN erro;.routine) ' )
:A (Sa;e area for FORTRAN program mask)|

{Address TCA
|.....--
| Save Area 1 (18 words)

|Save area used by IBMBIEPA

‘ - -

| Short Save Area (8 words)

|Used as DSAR when principal procedure
|is not in PL/I

l— - -

| Save Area 2 (18 words)

|Used as DSA when principal procedure
|is not in PL/I

L. - -

—_—-_————-J. s

e e o e - — o — s = -
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Appendix C: List of PL/I Library Modules

The following list of modules is arranged in alphabetical order of
the last three letters
save the reader the trouble c¢f remembering whether the module is
prefixed with IBMB or IBMD.

Resident Library Modules

Name

IBMBAAH
IBMEAIH
IBMEAMM
IBMBANM
IBMEBAPC
IBMEAPF
IBMBAPM
IBMBASC
IBMBASF
IBMBAYF
IBMEEBA
IBMBBBN
IBMEBCI
IBMBEBCK
IBMEBECT
IBMBBCY
IBMBRGB
IBMEBGC
IBMBBGF
IBMEBGI
IBMBBGK
IBMBBGS3
IBMEBGYV
IBMBCAC
IBMECEB
IBMECBC
IBMBCRQ
IBMECCA
IBMBCCB
IBMECCC
IBMBCCQ
IBMDCCS
IBMECE

IBMBCGP
IBMBCGQ
IBMBCGT
IBMBCG?Z
IBMBCH

IBMBCK

IBMECH

IBMECO

IBMBCP

IBMBCR

IBMBCT

IBMECU

IBMBCV

IBMBCW

IBMBCY

IBMDEFL
IBMBEOC
IBMBEOL
IEMEBERC

of the module name. This ordering is used to

Punction

ALL, ANY (simple and interleaved arrays)

Indexer for interleaved arrays

Structure mapping

STRING built-in function

PROD (arrays with fixed point integer elements)
PEOD (arrays with floating pcint elements) ,
STRING pseudovariable

SUM (arrays with fixed-point elements)

SUM (arrays with floating-point elements)

POLY built-in function

AND,

OR operations (bvte-aligned bit strings)

NOT operation (byte-aligned bit strings)
INDEX (character strings)

Ccncatenate,

REPEAT (character strings)

TRANSLATE (character strings)

VERIFY (character strings)

BCOL (bit strings)

Compare (general bit strings)

Assign (byte-aligned bit strings) and Fill (general bit strings)

INDEX (bit

Concatenate,

SUBSTR SLD
VERIFY
Conversion
Conversion
Conversion
Ccnversion
Conversion
Conversion
HIGH, LOW,
Conversicn

strings)

REPEAT, General Assign (bit strings)

(bit strings)

director (arithmetic to character)
(tit to bit)

(bit to character)

(bit to pictured character)
director (character to arithmetic) .
(ckharacter to bit) ‘

Assign (character strings)
(character to pictured character)

String conversion director bootstrap

Conversion

(fixed decimal - free decimal - float - fizxed binary)

Check input (pictured decimal)

Check input (pictured character) .

Table of powers of ten

Set a subfield of a complex number to zero

Conversion
Conversion
Conversion
Conversion
Conversion
Conversion
Conversion
Conversiocn

Conversion

Conversion
Conversion

(fixed blnary - float - free decimal)

(fixed decimal - free decimal - fixed decimal)
(pictured decimal to packed decimal)

(packed decimal to pictured decimal)

(bit to fixed binary or float)

(fixed binary or float to bit)

(decimal constant to packed decimal)

(binary constant to float) ‘

(packed decimal to E format)

(packed decimal to F format)

(fixed binary to fixed binary and float to float)

FLOW and COUNT option

ON-code

ONLOC built-in function
CEECK system action
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Size
(approx)

390
100
1760
1630
580
370
1230
420
330
380
520
400
200
610
770
210
660
240
390
350
890
330
420
700
350
220
240
520
420
270
410
340
720
870
200
140
300
480
370
810
1080
490
400
670
780.
670
490
250
1200
220
160
490

Modules

bytes

bytes
bytes
bytes
bytes
bytes
bytes
bytes
kytes
bytes
bytes
bytes
tytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
kytes
bytes

‘bytes

bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
kytes
bytes
bytes

‘bytes
‘bytes

bytes
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IBMLERR
IBMDEVO
IEMDIEC
IBMDIEF
IBMDIEP
IBMDJIDS
IBMDJIDT
IRMDJIDY
IBMLID7
IBMLCJTT
IBMEJIVI
IRMDJWT
IRMGIWT
IBMDKCP
IBMDKDM
IBMDKST
IBMEMAL
IBMEMAS
IBMEMAX
IBMEMAY
IBMEMBL
IBMBMBS
IEMEMBX
IBMBMEY
IBMEMCL
IEMBNCS
IBMEMDL
IBMEMDS
IBMBMDX
IBMEMDY
IBMBMGL
IBMENGS
IRMEMGY
IBMBMGY
IBMEMHL
IBMEMES
IBMBYHY
IBMEMHY
TBMBMIL
IBMBMIS
IBMEMJL
IBMEMJIS
IBMBMXL

IBMBMES

IBMBMKY
IBMBMKY
TBMBMLL
IRMBMLS
IBMEMNL
IBNIMMS
IBMBMOD
IBMBMPN
TBMBMPV
IBMBMQU
IEMBMQV
IRMBMPY
IBMEMRY
IBMBMPX
IBMBMRY
IBMBMUD
IBMBMYD
IBMEMVY
IBMBMVW
IBMEUWY
IBMBMWY
IBMEMNYL
IBMBMXS
IBMBMXW

264

Error handler

Event Variable’ operatlons
Interlanguage housekeeping
Interlanguage housekeeping
Interlanguage housekeeping

DISPLAY

LATE built-in function

DELAY

DISPLAY without EVENT

TIMF built-in function

WAIT (array events)

WAIT (multiple events)

WAIT (single event)
Checkpoint/restart interface

Dump bootstrap

SORT interface

SQRT (long float real)

SQRT (short flcat real)

SQRT (short float complex)

SQPT (long f£loat complex)

EXP (long float real)

EXP (short float real)

EXP (short float corplex)

EXP (long float complex)

ERF, ERFC (long float real)

ERF, ERFC (short float real)

LOG, LOG2, LOG10 (long float real)
L0G, LOG2, LOG10 (short float real)
LOG (short float complex)

LOG (long float complex)

SIN, SIND, COS, COSD (long float real)
SIFN, SIND, COS, COSD (short float real)
SIN, SINH, COS, COSE (short flcat complex)
SIN, SINH, COS, COSH (long float complex)
TAN, TANC {long float real)

TAN, TAND (short float real)

TAN, TANH (short float complex)
TAN, TANH (long flocat ccmplex)
SINH, COSH (long float real)

SINH, COSH (short €loat real)

TANH (long float real) '

TANH (short flcat real)

ATAN, ATAND (long float real)

ATAN, ATAND (short float real)
ATAN, ATANH (short float ccmplex)
ATEN, ATANH (long float conmplex)’
ATANH (long float real)

ATANH (short float real)

ASIN, ACOS (long float real)

ASIN, ACOS (short float real)

ADD (fixed decimal real or complex)
MOLTIPLY (fixed binary complex)
MULTIPLY (fixed decimal complex)
DIVIDF (fixed tinary ccmplex)
DIVICE (fixed decimal ccmplex)

ABS (fixed binary conmplex)

ABS (fixed decimal comrlex)

BRS (short float complex)

ABS (long float complex)

Shift and assign/load (fixed decimal real)

Multiplication and Division (fixed binary complex)
Multiplication and Division (fixed decimal complex)
Multiplication. (long and short float comolex)

Division (short float complex)
Division (long float complex)
Integer exponentiation (long flcat real)

‘Integer exponentiation (short float real)
Integer exponentiation (short and long float coaplex)

1500.

1000

1440

310
310
370
320

230
230
240
160
260
200
470
360
260
260
260
180
350
260
290
290
280
460
580
210
540
120
130
360
290
660
120
100
100
140
140
410

bytes

_bytes

hytes
bytes
bytes
bytes
tytes
bytes
Eytes
bytes
bytes
tytes
bytes
bytes
bytes
kytes
bytes
bytes
bytes
bytes
tytes
bytes
kytes
bytes
bytes
Lytes
bytes
ktytes
bytes
bytes
bytes
bytes
kytes
bytes
kytes
kytes
bytes
bytes
bytes
bytes
tytes
bytes
kytes
bytes
Lytes
bytes
ktytes
bytes
bytes
Eytes
bytes
Lytes
bytes
bytes
bytes
kytes
pytes
poytes
bytes
bytes
bytes:
bytes
bytes
kytes
bytes
bytes
tytes
bytes



IBMBNMYL
IEMBMYS
IBMBMYY
IBMBMYY
IBMDOCL

IBMTOCN

IBMEPAF
TEMBPAM
IBMEPGO
IBMDPGR
IBMDPIR
IBMDPJR
IBMDPOV
IBMBPRC
IBMDRIO
IBMBSAI
IBMBSAO
IBMESBO
IBMBSCI
IBMBSCO
IBMDSCP
IBMDSCV
IBMDSDI
IBMLSDJ
IBMDSDO
IBMISED
IBMDSEE
IBMDSEH
IBMDSEL
IBMDSEO
IBMBSFI
IBMBSFO
IBMDSII
IBMDSIO
IBMDSIS
IEMDSLI
IBMDSLJ
IBMDSLO
I3BMESMW
IBMBSPI
IBMDSPL
IBMESPO
IBMDSTF
IBMDSTI
IBMDSXC
IBMBTOC

General exponentiation (long float real) . 160 bytes

General exponentiation (short float real) 150 bytes
General exponentiation (short float complex) 260 bytes
General exponentiation (long float complex) 270 bytes
OPEN/CLCSE bootstrap 240 bytes
OPEN/CLOSE address 1list and record I/O error bootstrap 200 bytes
Ccntrolled variable management 150 bytes
AREA management 540 bytes
Reset CHECK enalklement , 40 tytes
Storage management 610 bytes
Program initialization from systemn K 420 tytes
Program initialization from caller _ 330 bytes
Overlay 110 kytes
Return ccde module. : 40 bytes
Record I,/0 interface module 80 bytes
Input conversion director (A, P, and B formats) 420 bytes
Output conversion director (A format) ‘ , 130 bytes
Output conversion director {(character-? and B formats) 400 bytes
Input conversion director (C format) : 300 bytes
Output conversion director (C format) 290 tLkytes
COPY - 230 bytes
Conversion fix-up bootstrap . . 90 tytes
Data-directed input ‘ 2090 bytes
Data-directed input 2090 bytes
Data-directed output : 1210 bytes
Edit-directed I/0 housekeeping 1050 tytes
Edit-directed ccmbination module 1420 bytes
Edit-directed combination subset module . 880 kytes
Edit-directed input ) 440 bytes
Edit-directed output 210 tytes
Input conversion director (“ and E fornats) 240 bhytes
Output conversion director (F and E formats) 210 bytes
GET FILE initialization » 420 bytes
PUT FILE initialization 330 kytes
GET or PUT STRING initialization : 350 bytes
List-directed input 2220 tytes
List-directed input 2070 bytes
List-directed output 1610 kytes
Missing output width module ‘ 340 bytes
Input conversion director (P format) 370 tytes
PAGE, LINF, and SKIP 530 bytes
Output conversion director (P format) 290 kytes
Stream input transmitter ~ : 440 bytes
Stream print F-format transmitter - : 190 tytes
X and COLUMN format itenms 440 bytes

COMPLETION pseudovariable and Event variable assignment 130 bytes

Transient Library Modules

The following 1list is arranged in alphabetical order of the last
three letters of the module name. This ordering is used to save the
reader the trouble of remembering whether the module is prefixed
with IBMB or IBMD. :

Name

IBMECCL
IBMBCCR
IBMBEOC
IBMBETA
IBMBETB
IBMBETC

Function o : ’ Size
’ (approx)
Conversion director (ccmplex strings) . . 1830 bytes
Ccnversion director (ncn_complex strings) _ : 940 bytes
On-code translate . 240 bytes
Miscellaneous non-ON messages (1) , . C o 710 kytes
Miscellaneous non-ON messages (2) S . ] 1140 tytes
Misc. and computational non-ON messages : 1000 bytes
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IBMBETI
IBMBETO
IBMBETP
IBMBETQ
IBMRETT
IEBMDEDO
IBMDEDW
TEMDESM
IBMDESN
IBMDESY
IBMDKDD
IBMDKTA
" IBMCKDR
IBMDKDT
IBMDEMR
TBMDKPT
IBMDKTR
ZRMDKTIC
TBMDKTR
IBMDOCA
1BMLOCY
IBMDOPM
IBMDOPD
IBMDOFPQ
IBMDOPS
TBMDOPT
IBMDOPU
IBMDODY
IBMDOPW
IBMDOPX
IBMDOPY
IBMDOP7,
IRMDEF?
IBMDPES
TIBMDPIF
IBMDPII
IEMLPJI
IBMDRAW
IBMDPAY
IBMDRAY
IBMDRAT
IEMCRRY
IBMDRRY
IBHD&RY
IBMDRBZ
IBMDRCY
IEMCRC?
IBMDRDY
TIBMDRDZ
IBMDREF
IBMDPEX
IBMDREV
IBMDREY
IBMDREZ
IBMDRJZ
IBMDRKZ
IBMDRLZ
IBMDPRR
IBMDRPT
ZBMDRRU
IBMDRRY
IBMDRRW
IBMERVR
IBMD®VS
IBMDRVT
IBMDRVZ
IBMDERY
IBMDRRY

266

I/0. non-ON messages

ON messages (1)

ON messages (2)

ON messages {(3)

EVENT messages

Open diagnostic file

Ccnsole transmitter

Error message module rhase 1

Error message module pahse 2

Error system action

Hexadecimal dump

Dump file attributes

Dump storage report

Dump/COUNT transmitter

Dump control

Dump parameter translate

Save Area Control Block printout

Save Area chain validity checker

Dump trace '

Close

Close VSAM files

OPFN - consecutive unbuffered files

OPEN - consecutive buftered files

OPEN - consecutive buffered files (level 2)

OPEN - streanm files

OPEN - stream files (level 2)

OPEN - consecutive buffered/stream files (level 3)

Open VSAM files

OPEN - indexed files (level 4)

OPEN - regional and indexed files

OPEN - regional/indexed files (level 2)

OPEN - regional indexed files (level 3)

Housekeering Diagnostic message module

Storage management Diagnostic message modulse

Operation ®xception checking, (no floating-point hardware)
Program ISA initialization

Program ISA initializaticn frcm caller

Regional(3) seqguential unbuffered output transmitter
Regional (3) sequential buffered output transmitter
Eegional (1) sequential unbhuffered output transmitter
Pegional (1) segquential buffered output transmitter
Regional (1) seguential buffered input/update transmitter
“egional (3) sequential buffered input/update transmitter
Pegional (3) seguential unbuffered input/update transmitter
Regional (1) sequential unbuffered input/update transmitter
Consecutive sequential unbuffered transmitter, U-format
Consecutive sequential unbuffered transmitter, F-format
Regional(3) direct transmitter

Regional (1) direct transmitter

ENDFILE module

Error handler for indexed files

‘Error handler for VSAM files

Error handler for regional and unbuffered consecutive files
Error handler for ruffered ccnsecutive files

Indexed sequential input/update transmitter

Indexed direct input/update transmitter

Indexed sequential output transmitter

Consecutive ptuffered exit module

Consecutive seqguential buffered OMR transmitter, F-format
Consecutive sequential buffered associate files, U-format
Consecutive sequential btuffered associate files, V-format
Consecutive sequential buffered associate files, F-fcrmat
VSAM KSDS direct transmitter

VSAM KSDS seguential input/update transmitter

VSAM KSDS seguential output transmitter

VSAM ESDS transmitter n

Consecutive sequential buffered transmitter, U-format
Ccnsecutive seguential buffered transmitter, V-format

1340 -
1380
760
1020
1140
210
190
1010
2250
180
1000
3300 -
1100
1550
1040

2100

1410

1380
1820
970
1460
520
620

bytes
bytes
kytes
kytes
bytes
bytes
bytes
bytes
kytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
kytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
tytes
bytes
bytes
bytes
bytes
kytes:
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
tytes
hytes
bytes
bytes
bytes
bytes
bytes
kytes
bytes
bytes
bytes



IBMDRR?Z Consecutive sequential buffered transmitter, F-format ' 620 bytes

IEMILSCT Conversion conditicn interface 470 bytes
IBMDSOF Stream output transmitter, F-format i 210 bytes
IBMDSOT Stream output transmitter, J-format ' 170 bytes
IBMDSOV Stream output transmitter, V-fcrmat 210 Lkytes
IBMBSTA Tab table ‘ 40 bytes
IBMDSTU Stream print transmitter, U-format 410 tytes
IBMDSTV Stream print transmitter, V-format 430 bytes
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abnormal GOTO
code in TCA 59
event I/0 156
interpretive GOTO subroutine 28
routine IBMBPGO 58
SORT exit 150
abnormal locate return address 96
access method
record 1/0 95
stream I/0 118
activating blocks 23
actuwal origin (AO) 43
address constants 9
addresses
DsA 17
external save area 58
library subroutines 16
parameter lists 17
program base 17
static base 17
TCA 17
temporary base 17
within T™CA 58,59
addressing
beyond 4K limit 21
controlled variables 19
interrupt 71
library subroutines 17
register usage 17,18
through locators 43-45
adjustable extents
control blocks 43
creation of temporaries 19
aggregates
address 21,45
array 170 131
arrays of -structures 22,49
assignments 23
COBOL 189; 203
descriptor descriptor 43-50,216
FORTRAN 189,203
interlanguage arguments 189,203
library subroutines 145
listing 11
locator 45,217
main discussion 22
alignment in structures 189
ALL built-in function 146
allocating of storage 63-71
allocating variables 19
AND logical operations 146
ANY built-in function 147
A0 (actual oriain) 43
AREA condition 70
areas
address 45
control block 215

areas (continued)

descriptor 216

locator descriptor 45,214

storage management 70
arguments

for conversion routines 138

implementation 28

library subroutines 28
arrays

assignments 23

descriptor 22,218

FORTRAN 189-207, 203

i/0 131

Index

interlanguage communication 189-207

interleaved 148

locator 45

of structures 22,48

structures of arrays 22,48

subscripts outside bounds 74
ASSEMBLER option 205.
ASSEMBLER-FL/I communication 205
attributes data 43,50
automatic variables

addressing 19

implementation in general 19

in dump 187

storage 63

base addressing
change of program base 35
register usage 17,18
base element 43
based variables
implementation 21
in dump 187
storage 63
basic in-line conversions 142
beginning of segment (BOS) pointer
BIT data
internal representation 137
string assignment subroutine
(IBMBBGF) 146
block enable cells 75,26
blocks
activating 23
inactive ' 28
terminating 24
BOOL built-in function 146
bootstrap routines 28
BOS (begining of segment pointer)
bounds adjustable 43
branching 26-27
buffered consecutive files 109,94
buffers
contents in dump 167
general 118
pointers 119
record I/0 106

58,65

58,65

Index 269
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buffers (continued)
storage 63
stream I/0
pointers 119
built-in functions
arithmetic 145
array handling 145
condition 72
DATE 149
library subroutines 147
mathematical 145
stream I/0 131
string handling 146
structure handling 146
TIME 149
byte beyond the ISA 65
byte, next available (NAB) 65

C format item DED 222
CALL statement 25
calling sequence
interlanguage calls 205
library 28
calling trace
following through dump 182
obtaining 163
CCB (channel control block) 149
chain, free area 65-68
chain, loaded module 60
chain, open file 57,58
channel control block 149
CHARACTER data (how held) 137
CHECK condition 81-84,50
CHECK prefix 81
checkpoint/restart facility 152
CKPT macro instructionm 152
closing files
CLOSE macro instruction 91
explicit closing 101,93,109
implicit closing 95
library subroutine 101 -
COBOL
COBOL-PL/I communication 189-208
interrupt 200
option in ENVIRONMENT attribute 206
structure mapping 189-207, 205
COLUMN format option 131,134
common constants 35
common control blocks 35
common expressions, elimination of 31
commoning 35
communication
between languages 189-207
between routines #43-50
compare aligned bit string subroutine
(IBMBBBC) 146
compare unaligned bit string subroutine
(IBMBBGC) 147
compilation 1
compile time DED 50
compiler generated subroutines 30,134
compiler generated temporarles 11
compiler options
AGGREGATE 11
COUNT 87,249
deleted 11
ESD 11

270

compiler options (continued)
FLOW 82-90
LIST 11
MAP 11
OFFSET 11
SOURCE 11
STORAGE 11
compiler output 9-3 :
COMPLETION built-in function 152
COMPLETION pseudovariable 152,156
concatenate-character-strings subroutine
(IBMBBCK) 147
CONDITION condition 74
conditions
built-in functions
general 71
storage for values 77
values in dump 182
default enablement 73-86
enablement 73
main discussion 71-81
name abbreviations in dump 163
prefixes 72
record I/70 106
stream I/0 130-131
values in dump 183
consecutive buffered files 113,94
constants
commoning of 35
general 16
pool 16
control blocks
built-in functions
default values 77
commoning 35
error handling 75-77
formats and functions 213-261
interlanguage communication 193
locating in dump 186
record I/0 96
stream I/0 118
CONTROL compiler option 11
control format items 126
control sections 9
control variable of DO loop 30,33
controlled variables
control block 219
in dump 185
main discussion 19
storage - 63
conversion 137-144
basic 142
CONVERSION condition 142,73,81
hybrid 142
in-line 141 )
intermediate results 138
invalid 142
library subroutines 137,138,142
multiple 142 ~
ONCA 143
ONSOURCE 142
stream I/O0 119
CONVERSION condition 142,73,81
COPY option 131-132,135
COUNT function 131
COUNT option 87,249
count table 87,249
CSECT (control section) 9



current enable cell 75

DAM 94
data
aggregates (see aggregates)
conversion (see conversion)
internal representation 137
interrupt - 73
DATA built-in functlon 149
data directed I/O 124-125,51
data element descriptor (DED)
as argument for conversion routine 138
for format items (see format element
descriptor)
fFormats 220-222
general description 590
in SIOCB 119
data format item 125
data interrupt 71
data list matching 131
data management buffer 119
data sets
definition 91
interchange between PL/I and COBOL 206
DATAFIELD built-in function 131
depbug option of PLIDUMP 163
debugging using dumps 161-188
decimal data format 137
decimal divide interrupts 71
decimal overflow interrupts 71,80
DED (see data element descriptor)
dedicated registers 17,18

define the file control block (DTF) 94,95
location 186

DEILAY statement 149

descriptors 43-50
aggregate descriptor descriptor #6,216

area 46,214
array 46,218
data element (see data element
descriptor)
string 45
structure 46
DFB (see diagnostic file block)
diagnostic file block
format 224
function 60
diagnostic messages 84-87 '
diagnostic statement table (DST) (see
statement number table)
director routines in stream I/0 115 133
disablement of conditions 71 :
disk files for restart 152
DISPLAY statement 149
DO loops 30
modification of control varlable 33
register for control variable 17
DSA (see dynamic storage area)
dummy arguments in interlanguage
communications 191
dummy DSA
address 59
error handling 77
introduction &
dummy ONCA
chaining 77
description 60

durmy ONCA (continued)
introduction 55
dummy PLIMAIN in IBMDPIR 55
dump bootstrap module (IBMDKDM) 85
dump control module (IBMDKMR) 85
DUMP option in JCL 161
dumps
debugging with 161-188
housekeeping information 180
implementation 85 )
library subroutines 84
obtaining 161
options 163
stand alone 180
trace information 165
dynamic ONCB 77
dynamic scope 72
dynamic storage 63
dynamic storage area (DSA)
address register 17
associating DSA with block 182
backchain in dump 180
duarnmy
address 59
error handling 77
erroxr handling 77
for main procedure in dump 184
format 225
forward chain in dump 29
IBMDERR's DSA in dump 175
initialization 55
introduction 3
prologue code 15
uses 63

E format DED 222
ECB (see event control block)
edit-directed I/0 125-130
arrays 131
buffer operations 125
compiler generated subroutines 125
control format items 126
data format items 126
FED 126
format DED 126
format list 126
format option handling 131
GET EDIT statement 125
library director modules 131,133
matching data and format lists 126
non-matching data and format lists 126
PUT EDIT statement 126
X format items 126
element, structure U3
element, base 43
elimination of common expressions 31
elimination of unreachable statements 33
enable cells 75,26
enablement of conditions
general 71
summary chart 73,74
testing for 82
encompassing procedure (definition) 193
end of extent, offset to (OEE) 70
end of file 132,73
end of segment pointer 65
END statement 25

Index 271




ENDFILE cordition
library subroutine IBMDREF 108
record I/0 106
stream I/0 131 :
summary information 73
ENDPAGE condition 73,81
entry data control block 227
entry points 29
addresses in dump 182
conversion subroutines 138
error handling subroutine 79
executable program phase 9
interlanguage communication 191
library subroutines 37-44,28
main procedure 9
ENTRY statement in interlanguage calls
ENVB (see environment block)
environment
at interrupt 72
definition 2
FORTRAN 191, 200
interlanguage communication 191
SORT 150
ENVIRONMENT attribute COBOL option
environment block
format 228
locating 186
record I/0 96
stream I/0 118
EOFADDR routine
stream I/O 131,118
EOS (end of segment) pointer 65
epilogue 24
ERROPT routine
record I/0 109
stream I/0 118
ERROR condition 72
on-unit and dumps 170
error handling during execution 71-84
error code 75,184
erroxr handling subroutine IBMDERR 79-85
event I/0 154,156
FORTRAN 201
identifying the erroneous statement 84
interrupt in error handler 79
messages 84,85
record 170 106-120
stream I/0 131
error identification
address in dump 173
ERROR on-unit 161
in library module 185
interrupt in error handler 171
using dump in general 161-188
error messages 84
ESD records
definition 9
for conversion modules
for LIOCS routines 91
interlanguage communication
reference listing 11
established on-units 79
EV (see event variable)
even/odd register pairs 17

191

206

138

194

event control block (ECB) 156
event I/0 112,156

EVENT option 154,112

event table (EVTAB) 154,229

272

event variabies 154-159
control block 230
locating in dump 186
EVTAB (event table)
discussion 152
format 229
EXCP macro instruction 150
executakle program phase 4
execute interrupt 71
execution 9
entry point 9
exit table, SORT 149
explicit open 106 '
record I/0 106,96
stream I/0 118 ,
exponent overflow interrupt 71,80
exponent underflow interrupt 71
exponentiation 146
expressions
common elimination of 31
invariant 31
movement out of loop 32
redundant branching around 35
simplification 24
extent adjustable 19
creation of temporaries 19
in structures 147
EXTERNAIL data 21
external reference,weak 39
external symbol listing 11

P-format records 134
FAIS field in FCB 105
FATM filed in FCB 105
FCB (see file control block)
FCBA field in FCB 119
FCOP field in FCB 131
FCPM fielé in FCB 132

FED (format element descriptor)
description 50
format 222
use in stream I/0 125

FEFT field in FCB 108

FEMT field in FCB 108

FERM field in FCB 108

fields, locating in dump 186

file control block (FCB) 105
FAIS field 105-119
FATM field 106,105,108
FCBA field 118,119
FCOP field 132
FCPM field 131,132
FEFT field 108
FEMT field 108
FERM field 108
fields for buffer operation 118

format 231
FREM field 118,119
locating in dump 186
record 1I/0 96
stream I/0 118
filenames 95
files
(see also data sets)
chain open 58
declaration with COBOL option
definition 91

206



files (continued)
information in dump 163
open file chain 58
record 1I/0
declaration 95
explicit closing 101,109
explicit opening 101
filename 95
implicit closing 94
implicit opening 103
types 94
FINISH condition
fixed point data
binary 137
decimal 137
DED 221
divide interrupt 71,79
overflow interrupt 71,79
FIXEDOVERFLOW condition 73,71,80
floating point data
binary 137
conversion to character string 142
decimal 137
DED 221
divide interrupt 71
underflow interrupt 80
floating point registers
saving 79
usage 18
FLOW compiler option 87
(see also flow statement table)
library subroutine IBMDEFL 87,89
flow of contrecl 23
flow statement table
format 234
format DED (see format element descriptor)
format element descriptor (FED)
description 50
format 222
use in stream I/0 125
format items 126
format list matching 131
format option handling 131
formatting modules in stream I/0 135
FORTRAN-PL/I communication 189-208
FORTRAN interrupt 200
FORTRAN cption 191
free area chain 59
free decimal format 141
freeing storage 63
freeing variables 21
FREM field in FCB 119
FST (sece flow statement table)
function reference 25
function values, on-condition 60

57,74,81

87-94

general registers (see registers)
GET DATA cstatement
CHECK condition 82
main discussion 122
symbol tables and symbol table
vectors 51
"GET EDIT statement 125
GET LIST statement 122
GET macro instruction 91
GOTO statement
from SORT 150

GOTO statement (continued)
main discussion 26

hardware interrupts (see program check
interrupts)

hexadecimal dump 167,163

hexadecimal dump subroutine (IBMDKDD) 87
hybrid conversion 142

IBMBRAAH 146
IBMBAIH 145
IBMBAMM 147
IBMBANM 146
IBMBAPC 146
IBMBAPF 146
IBMBAPM 146
IBMBASC 146
IBMBASF 146
IBMBAYF 146
IBMBBBA 146
IBMBBBC 146
IBMBBBN 146
IBMBBCI 147
IBMBBCK 147
IBMBBCT 147
IBMBBCV 147
IBMBBGB 1u47
IBMBBGC 147
IBMBBGF 147
IBMBBGI 1u47
IBMBBGK 147
IBMBBGS 147
IBMBBGT 147
IBMBBGV 147
IBMBILC1 {interlanguage root control
block) 195,235
IBMBMXL 146
IBMBMXS 146
IBMBMXW 146
IBMBMXY 3iué6
IBMBMYK 146
IBMBMYS 146
IBMBMYX 146
IBMBMYY 146
IBMBPAF 21
IEMBPAM 70
IBMBSAI 135
IBMBSCI 135
IBMBSCO 135
IBMBSCV 143
IBMBSFT 135
IBMBSFu 135
IBMBSPI 135
IBMBSPO 135
IBMBSTAB 122
IBMDEFL 87-94
IBMDERR 79-85
IBMDESM 84
IBMDESN 84
IBMDIEC 197
IBMDIEF 200
IBMDIEP 202
IBMDJDS 150,159
IBMDJDT 149
IBMDJDY 149
IBMDJTT 149
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IBMDIJWT 156,155 . IEICGBB 31

IBMDRKCP 152 . IELCGBO 31
IBMDKDD 85 . IEICGCB 31
IBMDKDM 85 IELCGCL 31
IBMDKMR 85 IELCGIA 31,131,134
IBMDKST 15¢ IELCGIB 31,134
IBMDOCA 108,101 . . IEICGMV 31
IBMDOCL IELCGOA 31,134
record I/0 IELCGOB 31,134
implicit opening 101 IELCGOC 31,131
record I/0 close 109,101 IEICGON 31
record I/0 open 100-117 IELCGRV 31
stream I/0 - 118 ) IIBMDREY 102,106
IBMDOPA 101 . implicit close in record I/0 109,94
IBMDOPB 101 ) implicit open
IBMDOPC 101 record I/0 103
IBMDPEP 86 stream I/0 118
IBMDPES 86 in-line conversion 139
IBMDPGR 68 i in-line record I/0 109,91
IBMDPII 56 inactive event 156,152
IBMDPIR 56 : INDEX built-in function 146
IBMDPJR 57 indexing interleaved arrays 145
IBMDRAW 102 initial storage area (ISA) 63,55
IBMDRAX 102 initialization 55,56
IBMDRAY 102 ) FORTRAN 200
IBMDRAZ 102 ) . stream I/0 subroutines 133
IBMDRBW 102 _ input/ouput control block
IBMDRBX 102 . o format 235
IBMDRBY 102 input/output 91-135
IBMDRBZ 102 instruction associating with module 181
IBMDRCY 102 INTER option 191,200,201
IBMDRCZ 102 , interlanguage communication 189-206
IBMDRDY 102 aggregate arguments 189-207,46
IBMDRDZ 102 arrays 203
IBMDREF 102,108 assembler 205
IBMDREX 102,106 ASSEMBLER option 205
IBMDREZ 102,106 basic rules 191
IBMDRIO 109-112 COBOL option of the environment
entry points 102 attribute 205
paramenter list 96 . : control blocks 195
IBMDRJZ 102 : entry point declaration 191
IBMDRKZ 102 . environment changes 191
IBMDRLZ 102 ) interrupt handling 191
IBMDRQX 102 ‘ interrupt in COBOL 200
IBMDRQY 102 : interrupt in FORTRAN 46
IBMDRQZ 102 interrupt in PL/I 203
IBMDSCP 131 : . NOMAP option 205,191
IBMDSCV 131 NOMAPIN option 205 1917
IBMDSDI 134 . . NOMAPOUT option 205 191
IBMDSDG 134 principles 32 }
IBMDSED 134 root control block (IBMBILCl1l) 195,238
IBMDSEI 125,131,134 storage 205-208
IBMDSEO 125,134 structures 189-207,205
IBMDSII 133 S o SYSLST 197
IBMDSIO 133 ) VDA 195,235
IBMDSIS 132,133 , interlanguage VDA 238,195
IBMDSLI 133 interleaved arrays 145-147
IBMDSLO 134 internal form of data 137
IBMDSOF 135 : interpreti ve code
IBMDSOU 135 for GOTO 28
IBMDSOV 135 need for 4
IBMDSPL 131, 135 . interrupt handling 71
IBMDSTF 135 : COBOL 200 :
IBMDSTI 135 . event I/0 156
IBMDSTU 135 5 FORTRAN 201
IBMDSTV 135 : interrupt levels 71
IBMDSXC 125,134 , . : interrupt save area 79 _—
IBMGJWT 159,152 library subroutine (IBMDERR) 79-85
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interrupt handling (continued)
program check 79
return 81
software 80
interrupt identification using dump
at address not in linkage editor
map 185
in error handler 171
in library modules 185
invariant expressions 32
invert-aligned-bit-string subroutine

(IBMBBBN) 146
IOCB-
format 235

ISA (initial storage area)
ISA, byte beyond 65
ISAM (indexed sequential access method) 94

63,55

RD (see key descriptor)
KEY condition 73
key descriptor 239
key descriptor (KD)
key variable 91,100

100

label
control block 240
labelled statements 26-27
label data control block 240
label variables 27-28 ’
labelled statements 26-28

last in/first out (LIFO) storage 2,64-68
LEAVE option 102
lengths of library modules 264-~268

levels of interrupt 72
library subroutines 37
alphabetical list with lengths and
function 263-267
arithmetic 145
array handling 145-147
calls 28
computational 145
conversion package 137
entry points 29
in record 1,0 101
in stream I/O 133-146
interrupt in
finding module name 187
programmer action 184
interrupt in transient module
INTRODUCTION 4
MATHEMATICAL 145
naning conventions
register usage 18
string handling 146
‘structure handling 147
workspace 39 '
library workspace (LWS)
description 39
format 241
locating 187
LIFO (last-in/first-out) storage
LIMSCONV option 130
LINE format option 131
link-editing S5
LIOCS (logical input/output control system)
routines 91,108 .

185

37,29

63-71

LIST compiler option 11
list-directed 170 120,122
listings 11
loaded module chain 60
LOCATE statement 91
locators 43-50
aggregate locator format 217
area locator format 214
logical input output control system
(LIOCS) 91,108
logical operation subroutines
loops 30
modification of control variable 33
movement of expressions out of 32

146

main procedurs
DSA in dump 180
entry pcint 9
in interlanguage communication 193
no main procedure 55
termination of 56
major free area 64,65
map of static storage 11
merge facility 150-153
messages, diagnostic, implementation
of 8u4-87
modification of control wvariable 33
movement out of loop 32
multiple conversions 142
multiple event waits 156
maltiplication, optimization of 33
multiplier array 22

NAB (next available byte) pointer 65
locating 187 .

NAME condition 131,73

naming of library modules 37-42,29

next available byte (NAB) pointer 65
locating 187

NOCHECK prefix 81

NOCONVERSION prefix 131

NOMAP option 191,205

NOMAPIN option 191,205

NOMAPOUT option 191,205

non-LIFO storage 4,63,66

NOOPTIMIZE 31

null on-unit 80

object module 9

object program listing 12,11

OCB (see open control block)

OCCURS (COBOL) 205

OEE (offset to end of extent) 70

offset
listing 11
on-cells 75,80

ON CHECK statements 81

on communications area (ONCA)
description 77
dummy 55,60
format 242

ON control block (ONCB)
description 75
locating - 187

ON statements 77

243

Index
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on-code 75
in dump 182
on-units 71-82
GOTO only 28
in event I/0 156
ONCA (see ON communications area)
ONCB (see ON control block)
ONCHAR 142,81
CNSOURCE 142,81 .
open control block (OCB)
format 244
function 96
locating 187
open file chain 58
OPEN macro instruction 91
opening files
explicit open for record 1I/0 100
implicit open for record I/0 . 94,103
stream I/O0 118
operating system interfaces
operation interrupt
analysis code 60
optimization 31-36
branching around redundant
expressions 35
commoning 35
effect in conversion 137
effect of common expressions 31
elimination of unreachable
statements 33
modification of loop control
variable 33 ‘
rationalization of branches 35
simplification of expressions 33
OPTIMIZE (TIME) 31
OPTIONS attribute 191
options of PLIDUMP 163
OR logical operation 146
output (see input/output)
output, compiler 9-3
OVERFLOW CONDITION 73,71
overflow routine,stack 58,70

150,159

packed intermediate decimal format 139
PAGE format option 131,135 .
pairs, evensodd, register 17
parameter lists

address register 17

contents in dump 185

for conversion routines 138

main discussion. 29
partition dump 163
partition save area 180
password for deleted compiler options
PICTURE data

DEDs 221

FEDs 222

internal representation 137

PIK (program interrupt key) in dump 171

PL/I environment (see environmeht)
PL/I-ASSEMBLER communication 205
PL/I-COBOL communication 189-207
PL/I-FORTRAN communlcatlon 189-2067
PLICALLA 57

PLICALLB 57

PLICKPT 152

276

PLIDUMP facility .
how to obtain dQump 161-165
how to use 163
implementation 85
options, list of 163
PLIFLOW 87,9
PLIMAIN 55,9
dummy in IBMDPIR 55
format 245
PLISA 197
PLISRT 150
PLISTART 55
format 246
initialization 55-60
PLITABS 120
pointer data 21
pointers
BOS 65
buffer pointers, stream I/0 119
COPY option 131
DsA 17
EOS 65
FCBA 119,131
FCPM 131
FREM 116
NAB 65
TCA 17
TISA 65
POLY built-in function 1&6
prefixes 72
principal procedure, definition 193
PRINT files 120 .
privileged operation interrupt 71

PRCC statement in interlanguage calls 191

PROCEDURE BASE 15
PROD puilt-in function 147
program base 17,35
program check interrupts
program control section
program flow 23
program interrupt key (PIK) in damp 180
program management area 56-61
program status word (PSW)

locating in dump 171

using to identify interrupt 171
program text statements, number of 11
program tuning, report option 168
prologue 23
protection interrupt 71
PSW (see program status word)
PUT macro instruction 91
PUT statement 120

71,79
9,16

Q option of PLIDUMP 163

RD (see record descriptor)
READ macro instruction 91
READ statement 91 .
REAL ENTRY 15
recompilation to obtain dump, avoiding
RECORD condition 73
record descriptor (RD)
discussion 100
format 247
record I/0 91-135
control blocks generated 97,96

22



record I/0 (continued)
control blocks generat (continued)
in-line 170 109
error handling 106
in-line - 109-112,94 :
interface routine (IBMDRIO) 96,109
library call 94
libraxy routines 100-110
list of 101-102
raising conditions 106
record I/0 109
implicit opening 109
summary of library usage 100
record variable 91,100

redundant expressions, branching round 35

REFER option 46
registers
contents in dump 28
save area in dump 183
summary 184
usage 17-31
relative virtual origin (RVO) 43,46
release identification 59
relocatable object module 9
REPEAT built-in function 147
REPLY option 149
report option of PLIDUMP 167
using for program tuning 168
required procedure, definition 193
resident library 37 .
alphabetical list of modules with
lengths 263

restart (checkpoint restart) facility 152

return code
PL/I 81
SORT 150
return from interrupt 81
RETURN statement 25 ‘
REVERT statement 77
REWRITE stetement 94
RLD records 9
RVO (relative virtual origin) 43,46

SAM 94
save areas
calling routine 58
IBMDPGR 60 ‘
IBMDPIR 60
partition 25
registers in dump 184
system 81
SAVE field in SIOCB 118
SCNT field in SIOCB 118
scope 72
segments (see storage)
SETIME macro instruction 149
SFCB field in SIOCB 118
SF1IG field in SIOCB 118
gignificance interrupt 71
simplification of expressions 33
single event waits 159
SIZE condition 73,71,80
SKIP format option 131,135
'SID (see string locator descriptor)
SNAP - 80,85
SOCA field in SIOCB 118

software interrupts
definition 71
main discussion 80
SORT exit 150,28
sort merge facility 150-152
source
address, during stream I/0 118
DED address, during conversion 138
definition 115
source program listing 11
source recoxrds, number of 11
spanning record boundaries (stream
I/70) 116
specification interrupt 71
SRTN field in SIOCB 118
SsDD field in SIOCB 118
SSRC field in SIOCB 118
SSTR field in SIOCB 118
stand alone duamp 180
standard system action
action taken 74
definition 71
when taken 77
statement frequency count table
format 249
statement number
in messages 85
of exror in dump 182
statement number table (DST)
format 251
statements, €limination of unreachable
static backchain
in dump 180
static base address 17
static internal control section 16
static
contents 16
listing 11
map 11
scope 72
static variables 21
locating 185
STATUS function/pseudovariable 156
STDD field in SIOCB 118
storage
automatic 19

chart showing principal contents 211

interlanguage communication 195
main discussion 63-72
management routine 68
requirerents listing 11
segments 65,70
sort merge facility 150
static map 11 )
temporary 17

stream I/0 115-135
access method 118
buffer usage 118 .
built-in functions 131
conditions 131
conversion 118
COPY option 132,131
COUNT function 131 -
DATAFIELD function 131
define the file control block (DTF)
director routines 115,132,135
end of file 118
error handling 131

Index

33

118
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stream I/0 (continued)
external conversion director
modules 120,134
file opening 118
format items 126
format lists 126
format options 131
formatting modules 133,134
implicit open 118
initializing modules 133
library usage summary 133
LIOCS routines 115
ONCHAR 131
ONSOURCE 131 )
spanning record boundarles 115,118
stream I/0O
general 117
transmitter modules 118,133
stream I/0 control block
discussion 118 _
stream I/0 control block (SIOCB):
format 250
stream I/0 opening 118
STRG field in SIOCB 118
string descriptor 252
string locator/descriptor 45,252
subroutine 147
strings
adjustable 145
DED 221
FED 222-223
length 46
library subroutines 133,147
locator descriptor 45
STRING function/pseudovariable 147
STRING option 132-144
STRINGRANGE condition 74,147
STRINGSIZE condition 74
analigned 146
varying-length 137,146
structure descriptor 253
structures
array of structures 22,48
COBOL 189-207,206
descriptor 45
element definition 43
interlanguage communication 205
locator (aggregate locator) 46
main discussion 22
mapping 46,147
of arrays 22,48
structure descriptor descriptor 46
STXIT macro instruction 56
subroutines, compiler generated 30,125
subroutines, library (see library
subroutines)
SUBSCRIPTRANGE condition 74,81,161
SUBSTR built-in function 147
SUM built-in function 147
symbol table (symtab) 51-67
format 254
symbol table element list (see symbol .
table vector)
symbol table wvector 51
format 256
SYSIST in interlanguage calls 195
system action, standard
action taken 74

278

system action, standard = (continued)
definition 71 *- ,
system dumps
initiation 79,85
interpretation 171
system interfaces, mlscellaneous 147-159
system save area 79 ~

tab table 120
target
address, in conversion 138
address, stream I/0 118
DED address, conversion 138
definition 118§
task communications area (TCA)
address register 17
appendage (TIA) 59
format 257
GOTO code in 59,28
introduction 2
major discussion 58
offsets for library subroutlne
addresses 30
TCA (see task communications area)
TCA appendage (TIA)
format 259
TECB (timer event control block) & 149
temporary variables (temporaries)
address register 17
description’ 19
storage for 63
TERA field in TCA 59
terminating blocks 24
termination of program
after dqump 163
after interrupt in error handler 79
general 56
TEST field in TCA 87
TIA (TCA appendage)
format 260
main discussion 59
TIME built-in function 149
timer event control block (TECB) 149
TISA (address of byte beyong ISA) 65
TITLE option 102
TLFE field in TCA 59
trace
FLOW option 87
information in dump 22
optaining in dump 165
transfer of control 23
transient library 37
alphabetical list of modules with
lengths 266
translate and test table in TCA 77,60
TRANSLATE built-in function 147
transmission statement
definition 91
in record 1I/0 94
TRANSMIT condition 131
transmitter modules
stream I/0 118,134
TXT records 9

U-format records 135
unaligned strings 145,147



UNDEFINEDFILE condition 73
UNDERFLOW CONDITION 71,73
UNLOAD option 102
unqualified conditions 73,74
user exits (sort) 150

V-format records 135

variable data area (VDA) 63
interlanguage communication 195,238

variables
adjustable (see adjustable extents)
area (see areas)
automatic (see automatic variables)
based (see based variables)
controlled (see controlled variables)
entry 227
event (see event variables)
label 26-27,240
map of offsets 12
locating in dump 187
pointer 21

varaibles offset map 12

varying length strings
effect on library usage 147
internal representation 137

VDA (see variable data area)

VERIFY built-in function 147

version identification 59

virtual origin (VO) 22

VO (virtual origin) 22

WAIT macro instruction 152

WAIT statement 152-159,112

WAITF macro instruction 150

WAITM macro instruction 150

weak external reference (WXTRN) 39

work registers 17

workspace, library (see library workspace)
WRITE macro instruction 91

X format items 131,134

ZCTL (zygo-lingual control 1list) 195,197
format 261
ZERODIVIDE condition 73,71,80
zygo-lingual control list 195,197
format 261

48 option of PLIDUMP 163

60 option of PLIDUMP 163
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