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About this information

This information describes the authorized services that the MVS"™ operating system
provides; that is, services available only to authorized programs. An authorized
program must meet one or more of the following requirements:

* Running in supervisor state

* Running under PSW key 0-7

* Running APF authorized.

Some of the services included in this information are not authorized, but are
included because they are of greater interest to the system programmer than to the
general applications programmer. The functions of these services are of such a
nature that their use should be limited to programmers who write authorized
programs. Services are also included if they have one or more authorized
parameters — parameters available only to authorized programs.

To use an MVS service, the program issues a macro. The following set of
companion documents provides the detailed information necessary to code the
macros.

* [2/0S MVS Programming: Authorized Assembler Services Reference ALE-DYN|
* |z/0S MVS Programming: Authorized Assembler Services Reference EDT-IXG]

* [z/0S MVS Programming: Authorized Assembler Services Reference LLA-SDU
* |z/0S MVS Programming: Authorized Assembler Services Reference SET-WTO\

Some of the topics described in this document are also described in[z/0S MV
Programming: Assembler Services Guidd, [z/OS MVS Programming: Assembler Services|
Reference ABE-HSP and [z/OS MV'S Programming: Assembler Services Reference]
TAR-XC ll However, those documents do not include the authorized services and
macros.

Who should use this information

This information is for the programmer who is using assembler language to code a
systems program, and who needs to become familiar with the MVS operating
system and the services that programs running under it can invoke.

Programmers using this information should have a knowledge of the computer, as
described in z/Architecture: Principles of Operation, as well as a knowledge of
assembler language programming.

System macros require High Level Assembler. Assembler language programming is
described in the following information:

« [HLASM Programmer’s Guide|
* [HLASM Language Referencd

Using this information also requires you to be familiar with the operating system
and the services that programs running under it can invoke.
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How to use this information

This information is one of the set of programming documents for MVS. This set
describes how to write programs in assembler language or high-level languages,
such as C, FORTRAN, and COBOL. For more information about the content of this
set of documents, see [z/0S V2R2 Information Roadmay]

z/0S information

This information explains how z/OS references information in other documents
and on the web.

When possible, this information uses cross document links that go directly to the
topic in reference using shortened versions of the document title. For complete
titles and order numbers of the documents for all products that are part of z/OS,
see [z/0S V2R2 Information Roadmap|

To find the complete z/OS® library, 2o to [BM Knowledge Center
[(http: / /www.ibm.com /support/knowledgecenter /SSLTBW /welcome)|
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How to send your comments to IBM

We appreciate your input on this documentation. Please provide us with any
feedback that you have, including comments on the clarity, accuracy, or
completeness of the information.

Use one of the following methods to send your comments:

Important: If your comment regards a technical problem, see instead
la technical problem.”]

* Send an email to|mhvrcfs@us.ibm.com|

* Send an email from the|'Contact us" web page for z/OS (http:/ /www.ibm.com /|
[systems /z/0s/z0s /webgs.html)|

Include the following information:
* Your name and address
* Your email address
* Your phone or fax number
* The publication title and order number:
z/0S V2R2 MVS Authorized Assembler Services Guide
SA23-1371-05
* The topic and page number or URL of the specific information to which your
comment relates
* The text of your comment.

When you send comments to IBM®, you grant IBM a nonexclusive right to use or
distribute the comments in any way appropriate without incurring any obligation
to you.

IBM or any other organizations use the personal information that you supply to
contact you only about the issues that you submit.

If you have a technical problem

Do not use the feedback methods that are listed for sending comments. Instead,
take one or more of the following actions:

* Visit the [[BM Support Portal (support.ibm.com)}

* Contact your IBM service representative.
* Call IBM technical support.
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Summary of changes

This information includes terminology, maintenance, and editorial changes.
Technical changes or additions to the text and illustrations for the current edition
are indicated by a vertical line to the left of the change.

Summary of changes for z/OS Version 2 Release 2 (V2R2), as updated
March, 2016

The following changes are made for z/OS Version 2 Release 2 (V2R2), as updated
March, 2016. In this revision, all technical changes for z/OS V2R2 are indicated by
a vertical line to the left of the change.

New

+ Information about insulated DDs has been added in [“Insulated DD attribute” on|
|page 549| and new text unit key X'0079" in:
— [“Dynamic allocation facilities without JCL equivalents” on page 535|
— [“Characteristics prohibited in your request” on page 537]

- [“Interpreting error reason codes from DYNALLOC” on page 601
- [“Non-JCL dynamic allocation functions” on page 689
- ['Insulated DD request - Key = '0079"” on page 701
- [“Dynamic unallocation text units” on page 704
- [“Insulated DD request - Key = '0079"” on page 708§
- ["Dynamic concatenation text units” on page 709
- [“Insulated DD request - Key = '0079"” on page 710|
- ["Dynamic deconcatenation text units” on page 711
- [“Insulated DD request - Key = '0079"” on page 711|
— ['Return dynamic allocation attribute specification - Key = '000C"” on page 719

* Information about bypass security processing text unit key X'007A' has been
added in:
- ["Non-JCL dynamic allocation functions” on page 689
- ["Bypass security processing - Key = '007A"" on page 702|
- |"Dynamic unallocation text units” on page 704
- ['Bypass security processing - Key = '007A"" on page 708

* Information about function AXRWTOR for System REXX has been added in
[“Functions” on page 824

Summary of changes for z/0OS Version 2 Release 2 (V2R2), as updated
December, 2015

The following changes are made for z/OS Version 2 Release 2 (V2R2), as updated
December, 2015. In this revision, all technical changes for z/OS V2R2 are indicated
by a vertical line to the left of the change.

New

* New text units related to IEFOPZ processing have been added in
[dynamic allocation functions” on page 689.|

Changed

+ |[“Using the services” on page 68|is modified to add two callable services for
Pause_Multiple_Elements, IEAVPME2 and IEA4PME2.

© Copyright IBM Corp. 1988, 2016 xix



Summary of changes for z/OS Version 2 Release 2

The following information is new, changed, or deleted in z/OS Version 2 Release 2
(V2R2).

New

The following information has been added:

* [“Monitoring dynamic exits processing” on page 24|

* [“Monitoring fetch and unfetch processing” on page 27|

Changed

The following information has been changed:

* Modified event code 78 of ENF event codes and meanings to reference JES
instead of JES2. See|“ENF event codes and meanings” on page 176.|

Deleted

The following information has been removed:

« Removed (JES2 only) from DOOUTDB and DOOUTDC of OUTDISP of [Table 96

z/OS Version 2 Release 1 summary of changes

XX

See the following publications for all enhancements to z/OS Version 2 Release 1
(V2R1):

.

s |z/OS Planning for Installation]

* [z/OS Summary of Message and Interface Changes|
s |z/OS Introduction and Release Guide
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Chapter 1. Introduction

MVS controls the flow of work through the system so that all programs obtain a
fair share of the processing. To make efficient use of the system, you must
understand the services that the system provides and observe the programming
conventions for their use.

Most services described in this information can be used by authorized programs
only. An authorized program is a program that runs with APF authorization, or
runs in supervisor state, or runs with a PSW key of 0-7.

Some of the services can be used by any program, including those that run
without APF authorization, or in problem program state, or with a PSW key of 8-F.
Unless your program is authorized, you should use these services only if you have
the approval of your installation’s management.

The services, which you invoke by issuing macros or callable services, are
described in the following information:

Subtask Creation and Control:
Occasionally, you can have your program executed faster and more
efficiently by dividing parts of it into subtasks that compete with each
other and with other tasks for execution time. This topic includes
information about task creation, using an internal START, and
communication with a problem program.

Program Management:
You can use the system to aid communication between segments of a
program. This topic includes information about the residency and
addressing mode of a module, loading a module, synchronous exits,
checkpoint/restart, and re-entrant modules.

Serialization:
Portions of some tasks depend on the completion of events in other tasks,
which requires planned task synchronization. Planning is also required
when more than one program uses a serially reusable resource. Locking,
the must-complete function, shared direct access storage devices, waiting
for an event to complete, and indicating event completion are discussed in
this topic. This topic also includes information about the global resource
serialization latch manager, which authorized programs can use to serialize
resources within an address space or within a single MVS system.

Reporting System Characteristics:
This topic describes collecting information about resources and their
requestors, using the SRM reporting interface, and obtaining
dispatchability data about address spaces.

Tracing Applications Using Component Trace:
Component trace provides common services for defining and collecting
diagnostic information about components, subsystems, or applications.

Communication:
This information discusses several different forms of communication:
¢ Interprocessor communication
* Writing operator messages
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* Issuing operator commands
* Routing operator commands in a sysplex environment
* Extended MCS consoles.

Listening for System Events:
The event notification facility (ENF) allows an authorized program to listen
for the occurrence of a specific system event. For example, a program
could listen for a software record being written to the logrec data set.
When the system writes the record to the logrec data set, control passes to
a specified listener user exit routine. For a list of the system events that an
authorized program can listen for, see ['ENF event codes and meanings” on|

Using a Service Request Block (SRB):
Asynchronous inter-address space communication is available through the
use of an SRB and its associated SRB routine. This topic describes how you
use the macros that initiate the running of an SRB routine and provide its
recovery. It also describes how you can serialize the processing of an SRB
routine and how to transfer control from an SRB to a TCB.

Virtual Storage Management:
Virtual storage allows you to write large programs without the need for
complex overlay structures. This topic describes how to use the GETMAIN,
FREEMAIN, and STORAGE macros to allocate and free virtual storage. It
also includes descriptions of the VSM functions, available through the use
of the VSMLIST, VSMLOC, and VSMREGN macros.

Accessing the Scheduler Work Area (SWA):
The SWA contains information about jobs that are currently in the system.
This topic explains how to write a program that can access the information
that the system stores in the SWA.

Virtual Lookaside Facility (VLF):
VLEF is intended for use by authorized subsystems or major applications
that perform repeated DASD operations on behalf of end users. VLF is a
set of services that provide an alternate fast-path method of making
frequently used, named data objects available to many users. This topic
will help you decide whether to use VLF and will help you plan your use
of the VLF macros.

Using the Cross-System Coupling Facility (XCF):
This topic, which contains information about the cross-system coupling
facility, now appears in |z/OS MVS Programming: Sysplex Services Guidg

Data-In-Virtual:
Data-in-virtual enables you to create, read, or update external storage data
without the traditional GET and PUT macros. The data, which is not
broken up into individual records, appears in your virtual storage as a
string of contiguous bytes. You can access the data by using any
instruction that you normally use to access data in your virtual storage.
This technique also provides better performance than the traditional access
methods for many applications.

Sharing Application Data (Name/Token Callable Services):
Name/token callable services allow a user to share data between two
programs running under the same task, or between two or more tasks or
address spaces. This topic includes descriptions of the levels of
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name/token pairs, ownership and deletion of the pairs, description of the
levels for the cross memory uses of the name/token services, and an
example of using the services.

Processor Storage Management:
The system administers the use of processor storage (that is, central and
expanded storage) and directs the movement of virtual pages among
auxiliary, expanded, and central storage in page size blocks. The services
provided allow you to release virtual storage contents, load virtual storage
areas into central storage, make virtual storage pages read-only or
modifiable, and page out virtual storage areas from central storage.

Sharing Data in Virtual Storage (IARVSERV Macro):
This topic describes the IARVSERV macro, which provides services that
allow programs to share virtual storage in address spaces or data spaces.
The topic also includes information about the IARR2V macro, which
converts a central storage address to a virtual storage address.

The Nucleus:
This topic includes descriptions of the functions available through the use
of the DATOFF and NUCLKUP macros.

Providing Recovery:
When your program encounters an error, the program might end
abnormally unless you provide recovery. To recover from errors, you can
write routines called recovery routines that get control when the error
occurs. These routines can attempt to correct the error and allow your
program to resume normal processing. This topic explains recovery
concepts and how to write recovery routines.

Processing Program Interruptions:
The system offers many services to detect and process abnormal conditions
during system processing. Some conditions encountered in a program
cause program interruptions or program exceptions. This topic includes
how to specify user exit routines, using the SPIE or ESPIE macros, and
function performed in user exit routines.

Dumping Virtual Storage (SDUMPX and SDUMP Macros):
This topic describes how to obtain SVC dumps using the SDUMPX and
SDUMP macros. It includes deciding when to request a dump, using the
SYS1.DUMPnn data set, defining the contents of the dump, and
suppressing duplicate dumps.

Protecting the System:
This topic includes the maintenance of system integrity, the use of the
authorized programming facility, the use of the resource access control
facility, changing system status, and protecting low storage.

Exit Routines:
This topic contains information about asynchronous exit routines, timer
disabled interrupt exit routines, and dynamic exits services. Dynamic exits
services allow you to define exits and control their use within a program
using the CSVDYNEX macro.

User-Written SVC Routines:

This topic contains information needed to write SVC routines. It includes
the characteristics of the SVC routines, program conventions for SVC
routines, and ways to insert SVC routines into the control program.

Chapter 1. Introduction 3



4

Accessing Unit Control Blocks (UCBs):
This topic describes how to obtain and use information about unit control
blocks (UCBs) and about configuration changes in the system.

Dynamic Allocation:
This topic describes the functions provided by dynamic allocation. It
describes installation options you can use to control the processing of
dynamic allocation.

Requesting Dynamic Allocation Functions:
The topic includes a description of the parameter list used to request
dynamic allocation functions, the return codes, error codes, and
information codes.

Dynamic Output:
This topic explains how to use the JES2 and JES3 4.2.1 or later dynamic
output facility. This facility enables a program to dynamically describe a
system output data set's processing options and to dynamically allocate
that data set.

Scheduler JCL Facility (SJF):
This topic describes how to use the Scheduler JCL Facility to manipulate
text unit data that represents processing options for system output (sysout)
data sets.

Processing User Trace Entries in the System Trace Table:
This topic describes formatting a USRn trace table entry, interpreting return
codes from the formatter, and handling errors.

Using the Unit Verification Service:
This topic describes using the unit verification service to obtain
information from the eligible device table.

Note: IMPORTANT -------- READ THIS

Keep in mind how the information uses the following terms:

* The term registers means general purpose registers. If general purpose registers
might be confused with other kinds of registers (such as access registers), the
information uses the longer term general purpose registers.

* Unless otherwise specified, the address space control (ASC) mode of a program
is primary mode.

* Many MVS macro services support callers in both primary ASC and access
register (AR) ASC mode. Some of these services provide two macros that
perform the same function; one macro can generate code and addresses
appropriate for callers in primary mode, and the other macro can generate code
and addresses appropriate for callers in AR mode.

The names of the two macros are the same, except the macro that supports the
AR mode caller ends with an “X”. These pairs of macros are called X-macros.
SNAPX is an example of an X-macro. SNAP is for primary mode callers and
SNAPX is for primary or AR mode callers. As you use the X-macros, keep in
mind the following information:

— A parameter or function might apply only to the X-macro. (For example, the
DSPSTOR parameter is valid only on SNAPX, not SNAP.)

— Most of the parameters are available on both the X-macro and the
non-X-macro.
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Macro descriptions in the [z/OS MVS Programming: Assembler Services Referencq
ABE-HSP|and the [z/OS MVS Programming: Assembler Services Reference IAR-XCT|
help you use the X-macros correctly.
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Chapter 2. Subtask creation and control

The control program creates a task when it initiates execution of the job step; this
task is the job step task. You can create additional tasks in your program. If you do
not, however, the job step task is the only task in a job being executed. The
benefits of a multiprogramming environment are still available even with only one
task in the job step; work is still being performed for other jobs when your task is
waiting for an event, such as an input operation, to occur.

The advantage in creating additional tasks within the job step is that more of your
tasks are competing for control than the single job step task. When a wait
condition occurs in one of your tasks, it is not necessarily a task from some other
job that gets control; it might be one of your tasks, a portion of your job.

The general rule is that you should choose parallel execution of a job step (that is,
more than one task in a job step) only when a significant amount of overlap
between two or more tasks can be achieved. Both the amount of time the control
program takes to establish and control additional tasks and your increased effort to
coordinate the tasks and provide for communications between them must be taken
into account.

You can also use tasks in enclaves. An enclave is a transaction that can span
multiple tasks and/or SRBs in one or more address spaces and is managed and
reported as a unit. A task can join or leave an enclave. While a task is joined to an
enclave, any subtasks created also belong to the enclave. For more information
about using tasks in enclaves, see z/OS MVS Programming: Workload Management|

Berviced

Most of the information concerning subtask creation and control appears inlz/ﬁl
IMV'S Programming: Assembler Services Guide| z/OS MVS Programming: Assembler]
Services Reference ABE-HSH and |z/OS MVS Programming: Assembler Services Referencd
[AR-XCT] This topic provides additional information about:

¢ Creating a task (ATTACH or ATTACHX macro)
* Ensuring that a process completes (STATUS macro)

¢ Communicating with a problem program (EXTRACT and QEDIT macros)

Creating a new task (ATTACH or ATTACHX macro)

To create a new task, use the ATTACH or ATTACHX macro. Programs running in
primary ASC mode or programs running in access register ASC mode can use
either ATTACH or ATTACHX. IBM recommends, however, that programs running
in access register ASC mode use ATTACHX. The ATTACH and ATTACHX services
for programs that run in problem program state are described in the E/OS MVSl
Programming: Assembler Services Guidd and the [z/0S MVS Programming: Assembler|
Services Reference ABE-HSH

When you attach a subtask, you have the option of setting its dispatchability. The
DISP parameter of the ATTACH and ATTACHX macros enables you to set the
attached subtask to be dispatchable (DISP=YES) or non-dispatchable (DISP=NO).
You can reset tasks that you attached with the DISP=NO parameter to dispatchable
by issuing ATTACH or ATTACHX again with the DISP=RESET parameter.
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Ensuring that a process completes (STATUS macro)

Complex programs, such as database managers, often include processes that use
critical resources and that must complete quickly. While it is possible to prevent
delays by running the program disabled, disabled programs have certain
restrictions, such as not being able to perform I/O and not being able to reference
pageable storage. If your program cannot run with the restrictions of a disabled
program, and it cannot tolerate a process delay, issue the STATUS macro with the
SET,MC,PROCESS parameter, taking into consideration the restrictions discussed
later in this topic. Issuing STATUS SET,MC,PROCESS puts the program in
process-must-complete mode.

Issuing STATUS SET,MC,PROCESS at the start of a process postpones delays from
certain events. The macro allows a process using critical resources to complete but
allows all other tasks in the address space to continue running. Examples of events
that cause delays that the STATUS macro can postpone are:

* Asynchronous exits

e Status stops (by issuing the STATUS macro with the STOP option)

* Timer exits

* Dumping

* Swapping

* Attention exits

Process-must-complete mode also prevents the CANCEL command from stopping

a program that is already running. Issuing STATUS SET,MC,PROCESS does not,
however, postpone external interrupts or interrupts from I/0O.

There are other restrictions to consider when deciding whether to place a process
in process-must-complete mode. While in process-must-complete mode, a task
cannot:

» Issue STATUS STOP,SRB or STATUS START,SRB.

* Request the LOCAL lock unconditionally

* Issue an SVC or invoke services that issue SVCs

* Issue the WAIT macro or invoke services that issue WAITs.

Remaining in process-must-complete mode for an extended period of time will
degrade the performance of other programs waiting to use global resources that
the program in this mode holds. Ensure that the process that issues STATUS
SET,MC,PROCESS really must complete without delay, and that you end
process-must-complete mode as soon as the program releases the resource.

To end process-must-compete mode, issue the STATUS macro with the
RESET,MC,PROCESS parameter.

STATUS also stops started subtasks and restarts them as described in |z/0S MVS
[Programming: Assembler Services Guidd,

Communicating with a program (EXTRACT, QEDIT)

The operator can pass information to the started program by issuing a STOP or a
MODIFY command. In order to accept these commands, the program must be set
up in the following manner.
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The program must issue the EXTRACT macro to obtain a pointer to the
communications ECB and a pointer to the first command input buffer (CIB) on the
CIB chain for the task. The ECB is posted whenever a STOP or a MODIFY
command is issued. The EXTRACT macro is written as follows, and returns what
is indicated in

EXTRACT answer area,FIELDS=COMM

Answer area
» 0
Address of the 4 ECB address
communication area CIB address
8

program token

Figure 1. EXTRACT ECB Address, CIB Address, and Program Token

The CIB contains the information specified on the STOP, START, or MODIFY
command. If the job was started from the console, the EXTRACT macro will point
to the START CIB. If the job was not started from the console, the address of the
first CIB will be zero. For more information on the contents of the command input
buffer (CIB) and mapping macro IEZCIB, see z/OS MVS Data Areas in the |Z /OS]
[nternet library (http://www.ibm.com/systems/z/0s/zos/bkserv /)|

If the address of the START CIB is present, use the QEDIT macro to free this CIB
after any parameters passed in the START command have been examined. The
QEDIT macro is written as follows:

QEDIT ORIGIN=address of pointer to CIB,BLOCK=address of CIB

Note:

1. The address of the pointer to the CIB is the contents of the answer area plus 4
bytes, as shown in

2. The address of the CIB must be the exact address returned by EXTRACT, not
an address generated from copying the CIB to another location.

The CIB counter should then be set to allow CIBs to be chained and MODIFY
commands to be accepted for the job. This is also accomplished by using the
QEDIT macro:

QEDIT ORIGIN=address of pointer to CIB,CIBCTR=n

The value of n is any integer value from 0 to 255. If n is set to zero, no MODIFY
commands are accepted for the job. However, STOP commands are accepted for
the job regardless of the value set for CIBCTR. After a STOP command is issued,
the system sets the value of CIBCTR to zero to prevent more modify CIB’s from
being chained. To continue processing modify’s after a STOP command, you must
use the QEDIT macro to set the CIBCTR to non-zero.

Note: When using the address or addresses returned from the EXTRACT macro as
input to the QEDIT macro, you must establish addressability through the COM
data area (mapped by IEZCOM), based on the address returned by the EXTRACT.
For a description of the COM data area, see z/0OS MVS Data Areas in the E / OS|
[nternet library (http:/ /www.ibm.com/systems/z/o0s/zos/bkserv/)|

For the duration of the job, your program can wait on or check the
communications ECB at any time to see if a command has been entered for the
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program. Check the verb code in the CIB to determine whether a STOP or a
MODIFY command has been entered. After processing the data in the CIB, issue a
QEDIT macro to free the CIB.

The communications ECB is cleared by QEDIT when no more CIBs remain. Care
should be taken if multiple subtasks are examining these fields. Any CIBs not freed
by the task are unchained by the system when the task is terminated. The area
addressed by the pointer obtained by the EXTRACT macro, the communications
ECB, and all CIBs are in protected storage and may not be altered.

The portion of the program follows the procedure outlined in the preceding
paragraphs. It shows how you can code the EXTRACT and QEDIT macros to
accept MODIFY and STOP commands. The full example would use reentrant code.

R1 EQU 1
R7 EQU 7
R9 EQU 9
R10 EQU 10
R14 EQU 14
USING *,R10 MODULE ADDRESSABILITY
LA R9,COMADDR GET COMMUNICATIONS AREA
* ADDRESS AT COMADDR
K o o = = = = = = = = = = = *
* OBTAIN ADDRESS OF THE CIB *
K o o = = - *
EXTRACT (R9),FIELDS=COMM,MF=(E,EXTRACT)
* EXTRACT THE COMMUNICATIONS AREA
L R9, COMADDR GET ADDRESS OF THE AREA
USING COM,R9 USE R9 AS BASE ADDRESS OF COMM AREA
ICM  R7,15,COMCIBPT GET CIB ADDRESS FROM COM AREA
BZ  NOCIB NO CIB, TASK WAS NOT STARTED
BAL  R14,DOCIB PROCESS THE CIB

NOCIB DS OH
QEDIT ORIGIN=COMCIBPT,CIBCTR=5  SET MODIFY LIMIT TO 5

L R1,COMECBPT GET ADDRESS OF THE COMMUNICATION ECB
0 R1,HIBITON SET HIGH BIT - LAST ECB IN LIST
ST R1,MODECB PUT ADDR OF MODIFY ECB IN LIST

*
*
*

WAIT DS OH

WAIT ECBLIST=ECBS WAIT FOR A MODIFY/STOP
*
% WHEN POSTED HERE, A MODIFY OR STOP HAS BEEN ISSUED

ICM  R7,15,COMCIBPT GET CIB ADDRESS FROM COM AREA

USING CIB,R7 BASE CIB MAPPING

CLI  CIBVERB,CIBMODFY WAS IT A MODIFY?

BNE  NOTMDFY NO, GO FREE CIB

BAL  R14,DOCIB IT WAS A MODIFY, GO PROCESS COMMAND
K o = *
* FREE THE CIB *
K o e e *
NOTMDFY DS  OH

BAL  R14,DELCIB FREE CIB

CLI  CIBVERB,CIBSTOP  WAS IT A STOP?

BE  EXITRTN BRANCH TO ROUTINE HANDLING ERRORS

B WAIT WAIT FOR ANOTHER MODIFY

*

* .

DELCIB DS OH

* USE QEDIT TO FREE THE CIB

* QEDIT WILL ALSO CLEAR THE ECB
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QEDIT ORIGIN=COMCIBPT,BLOCK=(R7)  FREE THE CIB

BR  Rl4
DOCIB DS  OH
K o = = = = *
* YOUR ROUTINE TO HANDLE CIB PROCESSING WOULD GO HERE. *
K o e e e e e *
*
*
K o o o o o o *
x  CONSTANTS *
K o o o o o = = *
DS OF FULLWORD ALIGNMENT
HIBITON DC  X'80000000" USED TO TURN HIGH ORDER BIT ON
e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e, e e, e e, ———————————— *
* FIELDS REQUIRED IN DYNAMIC STORAGE *
K o o o o o *
ECBS DS ocL4 ECB LIST FOR WAIT
MODECB DS A ADDR (MODIFY/STOP ECB)
COMADDR DS  F ADDR (COMAREA) FROM EXTRACT
sV DS 18F SAVE AREA
EXTRACT EXTRACT MF=L EXTRACT PARAMETER LIST
K o o = = - - *
* REQUIRED DSECTs *
K o e e e e e e e e e *
COM DSECT
IEZCOM COM AREA
CIB DSECT
IEZCIB CIB
END

Providing an EXTRACT answer area

The EXTRACT macro provides TCB information for either the active task or one of
its subtasks. [Figure 2 on page 12|shows the order in which the information from
the requested fields is returned. If the information from a field is not requested, the
associated fullword is omitted. See [z/OS MVS Programming: Authorized Assembler|
[Services Reference EDT-IXG|for a description of the EXTRACT answer area fields.
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Answer Area Address

GRS 00 Address
FRS 00 Address
Not an intended
programming 00 00 | 00 I 00
interface
AETX Address
PRI 00 00 | Value I Value
CMC 00 Completion Code
TIOT Address
COMM 00 Address
TSO 00 Address
PSB Address
TJID 00 00 Value
ASID 00 00 Value
- > >
1 Byte 1 Byte 1 Byte 1 Byte ‘

Figure 2. EXTRACT Answer Area Fields

You must provide an answer area consisting of contiguous fullwords, one for each
of the codes specified in the FIELDS parameter, with the exception of ALL. If ALL
is specified, you must provide a 7-word area to accommodate the GRS, FRS,
reserved, AETX, PRI, CMC, and TIOT fields. The ALL code does not include the
COMM, TSO, PSB, TJID, and ASID fields.

Most of the addresses are returned in the low-order three bytes of the fullword,
and the high-order byte is set to zero; the fields for AETX, TIOT, and PSB could
have a nonzero first byte. Fields for which no addresses or values are specified in
the task control block are set to zero.

For example, if you code FIELDS=(TIOT,GRS,PRI, TSO,PSB,T]JID) you must provide
a 6-fullword answer area, and the extracted information appears in the same
relative order as shown in (That is, GRS is returned in the first word, PRI
in the second word, TIOT in the third word, and so forth.)

If FIELDS=(ALL,TSO,PSB,COMM,ASID) is coded, you need an 11-fullword answer
area, and the extracted information appears in the answer area in the relative order
shown above.
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Chapter 3. Program management

You can specify whether you want a program loaded into storage above or below
16 megabytes and whether you want a program loaded at a specific address. This
information along with a description of synchronous exits, the use of checkpoint
restart, the use of re-entrant modules, refreshing library lookaside facility (LLA)
directories, changing the LNKLST concatenation for the system, and specifying
modules to be added to or deleted from LPA after IPL is described in this topic.

Load module structures, methods of passing control between programs, and the
use of associated macros are described in /OS MVS Programming: Assembler{
Services Guidelz/OS MVS Programming: Assembler Services Reference ABE-HSP, and
2/OS MVS Programming: Assembler Services Reference IAR-XCT]

Residency and addressing mode of programs

The control program ensures that each load module is loaded above or below 16
megabytes as appropriate and that it is invoked in the correct addressing mode
(24-bit or 31-bit). The placement of the module above or below 16 megabytes
depends on the residency mode (RMODE) that you define for the module.
Whether a module executes in 24-bit or 31-bit addressing mode depends on the
addressing mode (AMODE) that you define for the module.

The addressing modes have the following meanings:

* When a program is running in 24-bit addressing mode, the system treats both
instruction and data addresses as 24-bit addresses. This allows programs
running in 24-bit addressing mode to address the first 16 megabytes (16,777,216
bytes) of storage in an address space.

* When a program is running in 31-bit addressing mode, the system treats both
instructions and data addresses as 31-bit addresses. This allows a program
running in 31-bit addressing mode to address the first 2 gigabytes (2,147,483,648
bytes or 128x16 megabytes) of storage.

¢ The system handles a program in 64-bit addressing mode differently. A program
does not get control in 64-bit addressing mode. It starts running in either 24- or
31-bit addressing mode. To change its addressing mode, it uses the SAM64
Assembler instruction. While in 64-bit addressing mode, it continues to run
below the 2-gigabyte address of the address space. However, it can access data
that exists above the 2-gigabyte address. To give you an idea of the size of the
64-bit address space, consider that a 64-bit address space is 8 billion times the
size of a 31-bit address space.

k/OS MVS Programming: Assembler Services Guide| provides detailed information
concerning the AMODE and RMODE of modules of storage.
IProgramming: Extended Addressability Guide| provides more information about how
programs use the 64-bit address space.

You can define the residency mode and the addressing mode of a program in the
source code. [Table 1 on page 14|shows an example of the definition of the AMODE
and RMODE attributes in the source code. This example defines the addressing
mode of the load module as 31 and the residence mode of the load module as 24.
Therefore, the program will receive control in 31-bit addressing mode and will
reside below 16 megabytes in 24-bit addressable storage.
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Table 1. Assembler Definition of AMODE/RMODE

SAMPLE CSECT
SAMPLE AMODE 31
SAMPLE RMODE 24

The assembler places the AMODE and RMODE in the output object module for
use by the linkage editor. The linkage editor passes this information on to the
control program through the directory entry for the partitioned data set that
contains the load module. You can also specify the AMODE/RMODE attributes of
a load module by using linkage editor control cards. See z/OS MVS Prograi
Management: User’s Guide and Reference|and [z/OS MV'S Program Management]
Advanced Facilities for information concerning these control cards.

Placement of modules in storage

The control program uses the RMODE attribute from the directory entry for the
module to load the program above or below 16 megabytes. The RMODE attribute
can have one of the following values:

* 24-specifies that the program must reside in 24-bit addressable storage
* ANY-specifies that the program can reside anywhere in virtual storage

Addressing mode

The AMODE attribute, located in the directory entry for the module, specifies the
addressing mode of the module. Bit 32 of the program status word (PSW) indicates
the addressing mode of the program that is executing. The system supports
programs that execute in 24-bit, 31-bit, or 64-bit addressing mode.

The AMODE attribute can have one of the following values:
¢ 24-specifies that the program is to receive control in 24-bit addressing mode
* 3l-specifies that the program is to receive control in 31-bit addressing mode

* ANY-specifies that the program is to receive control in either 24-bit or 31-bit
addressing mode

Specifying where the module is to be loaded (LOAD macro)

14

When a program in supervisor state uses the LOAD macro to bring a copy of the
load module into virtual storage, it can use one of three parameters to specify
where the control program is to load the module:

¢ Use the ADDR parameter to load a module in an APF-authorized library at a
specified address. You must first allocate storage for the module in your key.

* Use the ADRNAPF parameter to load a module in an unauthorized library at a
specified address. You must first allocate storage for the module in your key.

* Use the GLOBAL parameter on LOAD to load the module into either fixed or
pageable CSA.

— GLOBAL=(YES,P) or GLOBAL=YES requests storage in the pageable CSA.
— GLOBAL=(YES,F) requests storage in fixed CSA.

When you use GLOBAL=YES, you can use the EOM parameter to specify when
the control program is to delete the module. EOM=NO (the default) requests
deletion at task termination. EOM=YES requests deletion at address space
termination.
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The GLOBAL=YES and GLOBAL=(YES,F) parameters should be used only by
programs running in address spaces that never terminate or to load non-executable
load modules. A module is loaded into global storage so it can be shared among
tasks in different address spaces. If the address space containing the program that
loaded the module terminates, the loaded module is deleted and other users of this
module could attempt to run a program that is no longer in storage.

Note: If you determine the amount of storage required to hold a loaded module
using the module length returned from the BLDL macro in the PDS2 data area
field PDS2STOR, this will no longer work for program objects exceeding 16
megabytes. The PDS2STOR field is only 3 bytes in length, and it cannot denote any
program length greater than 16 megabytes. You can determine if a program object
exceeds 16 megabytes by inspecting the PDS2BIG bit of the PDS2 data area. If the
PDS2BIG bit is set on, the program object is greater than 16 megabytes, and the
4-byte PDS2VTSR field contains the amount of storage required to hold a loaded
program object greater than 16 megabytes. If the PDS2BIG bit is set off, use the
PDS2STOR field to determine the size of storage required.

If you do not use ADDR, ADRNAPE, or GLOBAL=YES (that is, you use
GLOBAL=NO or take the default), the control program loads the module in
subpool 244 or subpool 251, unless the following three conditions are true:

¢ The module is reentrant
* The library is authorized
* You are not running under TSO/E test

In this case, the control program places the module in subpool 252. When choosing
between subpools 244 and 251. the control program uses:

¢ Subpool 244 only when within a task that was created by ATTACHX with the
KEY=NINE parameter

¢ Subpool 251in all other cases

Subpool 244 is not fetch protected and has a storage key equal to your PSW key.
Subpool 251 is fetch protected and has a storage key equal to your PSW key.
Subpool 252 is not fetch protected and has storage key 0.

When a program is in problem state, the control program brings the copy of the
load module in subpool 251, with one exception. If the module is reentrant, the
library is authorized, and you are not running under TSO TEST, the control
program places the module in subpool 252.

Synchronous exits (SYNCH or SYNCHX macro)

In general, the SYNCH or SYNCHX macro is used when a program in supervisor
state gives temporary control to a processing program routine (not necessarily
running in supervisor state) where the processing program is expected to return
control to the supervisor state program. The program to which control is given
must be in virtual storage when the macro is issued.

When the processing program returns control, the supervisor state bit, the PSW
key bits, the system mask bits, and the program mask bits of the program status
word are restored to the settings they had before execution of the SYNCH or
SYNCHX macro.

When a program is SYNCHed to, it will receive control with the caller's Floating
Point Registers and Floating Point Control register. The S/390® linkage convention
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applies. For more information on the S/390 linkage convention, see "Linkage
Conventions" in [z/OS MVS Programming: Assembler Services Guidd

When the target program is AMODE 24 or AMODE 31, the SYNCH or SYNCHX
macro is similar to the BALR in that you can use register 15 for the entry point
address. When the target routine is AMODE 64, the SYNCH or SYNCHX macro is
similar to LINKX or ATTACHX in that you are expected to use relative branching
and register 15 contains a value that can be used to determine the addressing
mode of the issuer of the SYNCH or SYNCHX macro as follows:

e Issuer AMODE 24: X'FFFFF000'
e Issuer AMODE 31: X'FFFFF002'
e Issuer AMODE 64: X'FFFFF004'

Note: For assistance in converting a program to use relative branching, refer to the
IEABRC and IEABRCX macros.

SYNCH or SYNCHX processing does not save or restore registers when control is
returned to the caller unless RESTORE=YES is specified. If you specify
RESTORE=NO explicitly or by default, the register contents are unpredictable.
When an authorized program uses SYNCH or SYNCHX to invoke an exit in an
unauthorized program, the general registers returned from the exit might not
contain expected data or correct addresses. Therefore, the authorized program
must save the registers in a protected save area and then restore them, or validate
the contents of the returned registers, or code RESTORE=YES.

Using checkpoint/restart

16

When issuing checkpoints and then restarting a task, the restarted task must
request control of all resources required to continue processing. Resources are not
automatically returned to the task upon restart.

You can use the checkpoint/restart facility with the following restrictions:

* A routine that is restricted from issuing SVCs is also restricted from establishing
checkpoints because programmer-designated checkpoints require the use of the
checkpoint SVC.

* An exit routine other than the end-of-volume exit routine cannot request a
checkpoint.

* A routine invoked by a program call (PC) cannot request checkpoints because
the system environment might be different at the time of the restart from what it
was at the time of the checkpoint. This could lead to unpredictable results on the
return linkage (PT).

* A routine with a PCLINK STACK request outstanding cannot establish a
checkpoint.

* Subsystems that use the TCB subsystem affinity service cannot issue
checkpoints.

* A program that has selected a data in virtual object using the IDENTIFY service
cannot request a checkpoint until it invokes the corresponding UNIDENTIFY
service.

For additional information concerning the restrictions and use of the
checkpoint/restart facility see|z/0S DFSMSdfp Checkpoint/Restart|
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Using re-entrant modules

When link editing modules as re-entrant, be sure that all the modules and the
macros they call are re-entrant. In a multiprocessing system this is important
because:

* Two tasks in the same address space, or in different address spaces such as a
program in LPA or common storage, making use of the module might cause the
module to be executed simultaneously on two different processors.

¢ Asynchronous appendages can operate on one processor simultaneously with an
associated task on another processor.

* Enabled recovery routines can execute on any processor, not necessarily on the
one on which the error was detected.

The CSECTs must be unchanged during execution or their critical sections must be
explicitly serialized. The general method for ensuring re-entrance of macros is to
use the LIST and EXECUTE forms of the macros with a dynamically acquired
parameter list.

Using LLACOPY to refresh LLA directories

To enhance performance by reducing 1/O overhead, a subsystem (such as CICS®)
can keep copies of directories in storage. This allows the subsystem to quickly
access modules instead of using I/O to search the directories on DASD.

The LLACOPY macro enables the subsystem to manage the subsystem libraries. It
allows the subsystem to keep the library lookaside facility (LLA) directory
synchronously updated with the subsystem copy of the data set directory. For
information about LLA, see |z/OS MVS Initialization and Tuning Guide|

LLACOPY synchronously refreshes the LLA directory and returns the new
directory entries to the caller. It has the same parameters as the BLDL macro.
LLACOPY obtains the requested directory entries from DASD by using BLDL.

If LLACOPY finds the directory entries for the requested names, it fills the caller's
BLDL list with those entries. If LLACOPY cannot find a particular member, it does
not fill in the entry area in the BLDL list for that member.

If LLACOPY finds the requested names in LLA-managed libraries, it changes the
LLA directory by either adding the directory entry (if new) or updating the
existing directory entry.

LLACOPY can also inform LLA of members that have been removed from
datasets. If LLACOPY does not find the member name in the DASD directory, but
the member name is in the LLA directory, LLACOPY removes the LLA directory
entry.

LLACOPY returns directory entries to the caller but does not refresh the LLA
directory when any of the following instances occur:

e An abend (LLACOPY may not return directory entries).

¢ The version of MVS installed is prior to Version 3 Release 1.3.
* LLA is not active. There was no LLA directory to update.

* You executed LLACOPY against non-LLA-managed datasets.

For additional information concerning the restrictions and use of LLACOPY, see
/OS MVS Programming: Authorized Assembler Services Reference LLA-SDU]
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Changing the LNKLST concatenation

You can use the CSVDYNL macro in an authorized program to change the

LNKLST concatenation for associated jobs and address spaces. You can perform the

following functions with CSVDYNL:

* Define a LNKLST set by name (REQUEST=DEFINE). A LNKLST set defines the
data sets for the LNKLST concatenation.

* Add data sets to the LNKLST set (REQUEST=ADD) or delete data sets from the
LNKLST set (REQUEST=DELETE).

* Remove the definition of a LNKLST set (REQUEST=UNDEFINE).

e Test to determine if a module can be located in a LNKLST set
(REQUEST=TEST).

* Obtain a list of LNKLST sets and users in the system (REQUEST=LIST).

* Update jobs and address spaces to use the LNKLST set that the system is
currently using, called the current LNKLST set (REQUEST=UPDATE).

* Query information about support for LNKLST services
(REQUEST=QUERYDYN).

You can perform almost all of the same functions through PROGxx LNKLST
statements in SYS1.PARMLIB and dynamically through the SETPROG LNKLST
command. For information about PROGxx, see [z/0S MVS Initialization and Tuning|
Referencel For information about SETPROG LNKLST, see |z/OS MVS Systent
Commands

Changing the current LNKLST set

PROGxx defines the LNKLST sets that can be used by the system. At IPL, you can
specify a PROGxx member that activates the current LNKLST set to be used by
jobs and address spaces. In PROGxx, you can also specify alternate data sets for
SYS1.LINKLIB, SYS1.MIGLIB, SYS1.CSSLIB, SYS1.SIEALNKE, or SYS1.SIEAMIGE
to appear at the beginning of the LNKLST concatenation. Unless overridden by
these alternates, SYS1.LINKLIB, SYS1.MIGLIB, SYS1.CSSLIB, SYS1.SIEALNKE, and
SYS1.SIEAMIGE always occur at the beginning of every LNKLST set as part of the
LNKLST concatenation.

You can activate the LNKLST set dynamically through the SET PROG=xx or
SETPROG LNKLST ACTIVATE commands. (You cannot use CSVDYNL to activate
a LNKLST set.) If the current LNKLST set is dynamically changed, any job or
address space associated with the previous LNKLST set continues to use the data
sets until the job or address space finishes processing. Thus, a previously current
LNKLST set might be active or in use by a job or address space even though a
new current LNKLST set has been activated. Jobs or address spaces that are started
after the new current LNKLST set is activated use the new current LNKLST set.

For a description and examples of CSVDYNL functions, see E/OS MVSl
IProgramming: Authorized Assembler Services Reference ALE-DYN]

Monitoring dynamic LPA processing

18

Dynamic LPA services allow modules to be added to or deleted from LPA after
IPL. Because any product can own LPA modules and have an interest in updating
their control structures, an exit (CSVDYLPA) is provided from dynamic LPA
services. Providing lists of modules added to or deleted from LPA, the exit is
intended to be used as a notification mechanism so that products can update
internal control structures with the new module addresses.
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The system takes no action as a result of exit routine processing.

CSVDYLPA routine processing. The CSVDYLPA routine, if defined, receives control
when the system processes a dynamic LPA services request, either via

e the CSVDYLPA macro,
* the SETPROG LPA operator command, or

* an LPA statement within PROGxx referenced by the SET PROG=xx operator
command.

Dynamic LPA services are documented in [z/0S MVS Programming: Authorized|
|Assembler Services Reference ALE-DYN} The CSVDYLPA exit routine can be used to
update control structures that had captured the addresses of particular LPA
modules, upon replacement of a module within LPA.

Installing CSVDYLPA. Use the CSVDYNEX macro to connect a routine to the
dynamic LPA processing. For example:

CSVDYNEX REQUEST=ADD, X
EXITNAME=THEEXIT, X
MODNAME=THEMOD

THEEXIT DC CL16'CSVDYLPA'
THEMOD  DC CL8'DYLPARTN'

The exit routine must be reentrant and AMODE 31.

See [“Using dynamic exits services” on page 479 for a description of CSVDYNEX
processing.

CSVDYLPA routine environment. The routine receives control in the following
environment:

* In supervisor state with PSW key 0.

¢ In dispatchable unit mode of task, running under the address space, task and
request block of the caller of CSVDYLPA.

* In cross memory mode of PASN=HASN=SASN.
* In AMODE 31.

* In primary ASC mode.

* Enabled for I/O and external interrupts.

* With no locks held.

¢ With parameter areas in the primary address space. The parameter list is
described below. The module information area pointed to by the parameter list
is mapped by the CSVLPRET macro.

* In the address space in which CSVDYLPA REQUEST=ADD was issued, or the
master scheduler address space for the SETPROG or SET PROG operator
commands.

* The exit uses fastpath=yes for CSVDYNEX REQUEST=CALL, and will retry
(continue calling) on an exit routine error.

* With ENQ resource SYSZCSV.CSVDYLPA held exclusive.

* The programmer should not use CSVDYLPA REQUEST=ADD or CSVDYLPA
REQUEST=DELETE within the exit routine.
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CSVDYLPA routine recovery. The routine should provide its own recovery, using
ESTAE, ESTAEX, or SETFRR EUT=YES. If the exit routine ends abnormally, its
recovery routine will get control before the recovery routine established by the
CSVDYLPA service.

You can use the ADDABENDNUM and ABENDCONSEC parameters on the

CSVDYNEX REQUEST=ADD macro to limit the number of times the exit routine

abnormally ends before it becomes inactive. An abend is counted under the

following conditions:

* The exit routine does not provide recovery, or the exit routine does provide
recovery but percolates the error.

* The system allows a retry, that is, the recovery routine is entered with bit
SDWACLUP off.

By default, the system disables the exit routine when it abends on two consecutive
calls.

Programming considerations. The programmer should include the CSVLPRET
macro which maps one of the input parameters and provides equate symbols for
use by the exit routine.

Code the exit routine to be reentrant, and to have AMODE 31.

The exit routine should not modify the parameter areas.

Registers at entry to CSVDYLPA routine. The contents of the registers on entry to
a CSVDYLPA routine are:

Register

Contents
0 Contains no information for use by the exit routine
1 Address of parameter area

2-12  Contains no information for use by the exit routine
13 Address of 72-byte standard save area
14 Return address

15 Entry point address

Parameter area at entry to CSVDYLPA routine.

Word 1
Address of fullword containing 0 (symbol CsvdylpaFunctionAdd) if
processing an ADD request or 1 (symbol CsvdylpaFunctionDelete) if
processing a DELETE request.

Word 2
Address of fullword containing the number of module entries in the area
pointed to by parameter list word 3.

Word 3
Address of module information entries. The entries are contiguous, each
mapped by DSECT LPMEA in macro CSVLPRET. The entries are not
sorted. Only entries with bit LpmeaSuccess on should be processed; others
should be skipped. When processing a delete request, the information
presented for a deleted entry indicates information about the now-current
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copy of the entry. If, after the deletion, the entry still exists in LPA, the
LpmeaEntryPointAddr, LpmealLoadPointAddr, and LpmeaModlen fields
are provided, if available. If no entry still exists in LPA, then a value of
X'7FFFFFFF' is presented in the LpmeaEntryPointAddr field, and the
Lpmeal.oadPointAddr and LpmeaModlen fields do not contain valid data
The exit routine must not modify this area, as doing so would compromise
the information provided to subsequent exit routines called for the same
event.

Word 4
Address of 512-byte work area on a doubleword boundary. This area can

be used as a dynamic area by the module, possibly allowing it to avoid
doing GETMAIN/FREEMAIN on entry/exit.

Word 5
Address of 12-byte area that is the DDNAME (bytes 0-7) and DCB (bytes
8-11) address used for the ADD request. The DDNAME will be Os for the
following cases:
¢ a DELETE request;
¢ an ADD request that specified BYADDR=YES; or

* an ADD request that specified DCB, DCBPTR, MASKDCB, or
MASKDCBPTR.

The DCB address will be Os for the following cases:

¢ a DELETE request or

* an ADD request that specified BYADDR=YES.

The DDNAME and/or DCB address could be used to locate the name of

the data set from which the module was fetched, using field

LpmeaSuccessConcatNum to identify the number of the data set within the
allocated concatenation.

At the time the exit routine is called, the DDNAME will still be allocated
and the DCB will still be open.

Registers at exit from CSVDYLPA routine. Upon return from CSVDYLPA
processing, the register contents must be:

Register
Contents
0-1 Need not contain any particular value

2-13  Restored to contents at entry
14 Need not contain any particular value

15 0

Disassociating CSVDYLPA. Disassociate the routines from CSVDYLPA when they
should no longer receive control. Use the CSVDYNEX macro to disassociate the
routines. For example:

CSVDYNEX REQUEST=DELETE, X

EXITNAME=THEEXIT X
MODNAME=THEMOD

THEEXIT DC CL16'CSVDYLPA'
THEMOD  DC CL8'DYLPARTN'
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Coded example

EXITRTN CSECT

EXITRTN AMODE 31
EXITRTN RMODE ANY

*

* entry linkage

*

* % X

TOP

= % X x %

EXT

DONE

*

* exit Tinkage

*

MYMODULE
FUNCDEL
R1

R2

R3

R4

R12

R13

R14

R15

ST™

LR

USING

Processing

L
CLC
BE
L
ICM
BZ
L

USING

DS
™
BZ
CLC
BNE

R14,R12,12(R13)

R12,R15

EXITRTN,R12

R2,0(R1) Get address of function code
0(4,R2) ,FUNCDEL Is this DELETE?

DONE Yes, Done

R2,4(R1) Get address of number of entries
R2,15,0(R2) Get number of entries

DONE No entries, done

R3,8(R1) Address of module information area
LPMEA,R3 Establish using

OH TOP of Toop

LPMEAOUTPUTFLAGSO, LPMEASUCCESS Is this entry valid?
NEXT No, move on to next

LPMEANAME ,MYMODULE Is this my module?

NEXT No, move on to next

Put code here possibly to move field LpmeaEntryPointAddr to
your own data area

DS OH Continue Toop

LA R3,LPMEA_LEN(R3) Point to next entry
DROP R3 Release using

BCT R2,TOP Decrement, see if done
DS OH

LM  R14,R12,12(R13)

SLR  R15,R15

BR R14

DC CL8'MODULEA'

DC A(CSVDYLPAFUNCTIONDELETE)

EQU 1

EQU 2

EQU 3

EQU 4

EQU 12

EQU 13

EQU 14

EQU 15

CSVLPRET

END

Listing contents of dynamic LPA with CSVDLPAU

You can use CSVDLPAU utility to list the modules that comprise the Link Pack Area
(LPA). You can choose to display just the modules added by the dynamic LPA
facility, or those modules plus the modules that are part of active LPA (for

example, MLPA, FLPA, and device support modules) or all of LPA.

Invoking CSVDLPAU
You can invoke CSVDLPAU using the following sample JCL:
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//jobname JOB ...
//stepname EXEC PGM=CSVDLPAU,PARM=p
//SYSPRINT DD SYSOUT=s

Lower case text reflects the data that you must change.

EXEC statement parameters:
Replace p in the sample with one of the following values:

Value Meaning

D Display only the dynamic LPA modules (this is the default if no
parameter is provided).

A Display dynamic LPA and active LPA (for example, MLPA, FLPA, and
device support) modules.

L Display all LPA modules (dynamic LPA, active LPA, PLPA).

DD statement information

SYSPRINT statement
This DD defines where the output from the program is sent. Replace s
in the sample with a sysout class that meets your needs and is
supported by your installation. Output could instead go to a sequential
data set with attributes of RECFM=FBA, LRECL=133, and BLKSIZE=0.

Return codes

When CSVDLPAU ends, one of the following return codes is placed in general
purpose register 15:

Code Meaning

0 Successful completion.
4 Bad input parameter or could not open SYSPRINT DD.
8 Unexpected error from the CSVINFO service. Message CSVD002W is

also written to the SYSPRINT DD file. See ["CSVD002W” on page 24

Output from CSVDLPAU

CSVDOOLI title

FLAGS* MODULE ENTRY PT LOAD PT  LENGTH
xfp  modnamel entryptl Tloadptl Tlengthl
xfp  modname2 entrypt2 Tloadpt2 length2

* FLAGS EXPLANATION

DYNAMIC LPA

ACTIVE LPA

(P)LPA

ENTIRE MODULE PAGE PROTECTED
(PAGE) FIXED

Mo >0
LL I L | R | 1}

where the values are as follows:

title One of the following values:
+ DYNAMIC LPA MODULE DISPLAY
+ DYNAMIC AND ACTIVE LPA MODULE DISPLAY
+ LPA MODULE DISPLAY

xfp Identifies three individual flags:
Flag  Meaning

X Indicates one of the following:
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CSVD002W

D Dynamic LPA
A Active LPA
L PLPA

f Either F to indicate the module is page-fixed or blank to
indicate the module is not page-fixed

p Either P to indicate that the entire module is page-protected or
blank

modnameN

The name of a module

entryptN
The entry point address of the module

lToadptN
The load point address of the module

lengthN
The length of the module

CSVD002W CSVINFO WAS NOT SUCCESSFUL.

In the message text:

RC=rc RSN=rsn. rc The hexadecimal return code from CSVINFO.

Explanation: The CSVINFO service used by rsn The hexadecimal reason code from CSVINFO.
CSVDLPAU did not complete successfully.

| Monitoring dynamic exits processing

Dynamic exits services allow exit routines to be associated with (add) or
disassociated from (delete) an exit. Because any product can own exits and have an
interest in learning about exit routines for their exit, an exit (CSVDYNEX) is
provided from dynamic exits services. It provides information about the exit
routine and exit being processed. The exit is primarily intended to be used as a
notification mechanism so that products can learn quickly of changes that might
affect whether or not they should make an exit call.

The system takes no action as a result of exit routine processing.
CSVDYNEX exit routine processing

The CSVDYNEX exit routine, if defined, receives control when the system
processes a dynamic exit services Add, Modify, Replace, or Delete request, in one
of the following ways:

* The CSVDYNEX macro
e The SETPROG EXITS operator command

* An EXIT statement within PROGxx referenced by the SET PROG=xx operator
command

Dynamic exits services are documented in /OS MVS Programming: Authorized|
[Assembler Services Reference ALE-DYN} The CSVDYNEX exit routine can be used to
update control structures that track whether or not there are exit routines
associated with a given exit.

24 z/0S V2R2 MVS Authorized Assembler Services Guide



Installing CSVDYNEX

Use the CSVDYNEX macro to connect an exit routine to the dynamic exits
processing. For example:
CSVDYNEX REQUEST=ADD, X

EXITNAME=THEEXIT, X
MODNAME=THEMOD

THEEXIT DC CL16'CSVDYNEX'
THEMOD  DC CL8'DYNEXRTN'

The exit routine must be reentrant and AMODE 31.

See [“Using dynamic exits services” on page 479 for a description of CSVDYNEX
processing.

CSVDYNEX exit routine environment

The exit routine receives control in the following environment:
* In supervisor state with PSW key 0.

* In dispatchable unit mode of task, running under the task and request block of
the caller of CSVDYNEX.

* In cross memory mode of PASN=HASN=SASN.

¢ In AMODE 31.

* In primary ASC mode.

* Enabled for I/O and external interrupts.

* With no locks held.

* With parameter areas in the primary address space.
¢ The parameter list is described below.

* In the address space in which CSVDYNEX REQUEST=ADD was issued, or the
master scheduler address space for the SETPROG or SET PROG operator
commands.

e With ENQ resource SYSZCSV.CSVDYNEX held exclusive.
Do not use CSVDYNEX services within the exit routine.
CSVDYNEX exit routine recovery

The exit routine should provide its own recovery, using ESTAEX or SETFRR
EUT=YES. If the exit routine ends abnormally, its recovery routine will get control
before the recovery routine established by the CSVDYNEX service.

You can use the ADDABENDNUM and ABENDCONSEC parameters on the

CSVDYNEX REQUEST=ADD macro to limit the number of times the exit routine

abnormally ends before it becomes inactive. An abend is counted under the

following conditions:

* The exit routine does not provide recovery, or the exit routine does provide
recovery but percolates the error.

* The system allows a retry, that is, the recovery routine is entered with bit
SDWACLUP off.
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By default, the system disables the exit routine when it abends on two consecutive
calls.

Programming considerations

* Invoke CSVDYNEX MF=L to get a mapping of the input parameters and equate
symbols for use by the exit routine.

* Code the exit routine to be reentrant and to have AMODE 31.
* The exit routine should not modify the parameter areas.

Registers at entry to CSVDYNEX exit routine: The contents of the registers on
entry to a CSVDYNEX exit routine are:

Register

Contents
0 Contains no information for use by the exit routine
1 Address of a parameter list of 1 word.

Parameter List 1st word: address of a copy of the CSVDYNEX parameter
list being used. Use CSVDYNEX MF=L to get a mapping of this area.
2-12  Contains no information for use by the exit routine
13 Address of 72-byte standard save area
14 Return address
15 Entry point address

Registers at exit from CSVDYNEX exit routine: Upon return from CSVDYNEX
processing, the register contents must be:

Register

Contents
0-1 Need not contain any particular value
2-13  Restored to contents at entry
14 Need not contain any particular value
15 0

Dynamic exits parameter list data

The fields of primary interest are expected to be (assume that CSVDYNEX

MF=(L,PL),PLISTVER=MAX is used, which will cause field names to begin with

I/PL_II):

* The request type (byte PL_XRequest) with values identified by equates such as
PL_XRequest_Add, PL_XRequest_Modify, PL_XRequest_Replace,
PL_XRequest_Delete.

* The exit name (16-character field PL_XExitName).

* The service mask (8-character field PL_xServiceMask). This field is valid only
when bit PL_Keyused_ServiceMask in byte PL_xAMRFlags is on, which in turn
is possible only for the request types that accept ServiceMask (it is not valid for
a delete request).

Disassociating CSVDYNEX

Disassociate the exit routine from CSVDYNEX when it should no longer receive
control. Use the CSVDYNEX macro to disassociate the exit routines. You can
DELETE the exit routine or you can MODIFY the exit routine to an inactive state.
For example:
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CSVDYNEX REQUEST=DELETE, X
EXITNAME=THEEXIT X
MODNAME=THEMOD

THEEXIT DC CL16'CSVDYNEX'
THEMOD  DC CL8'DYLPARTN'

Example

EXITRTN CSECT
EXITRTN AMODE 31
EXITRTN RMODE ANY
*
* entry linkage
*
STM  R14,R12,12(R13)
LR R12,R15
USING EXITRTN,R12
USING DYNEX_ PARMLIST,R1

* Processing

CLC ~ DYNEXPL_XEXITNAME,EXITNAME Our exit?

JNE  DONE No, Done
CLI DYNEXPL_XREQUEST,DYNEXPL_XREQUEST_DELETE DELETE?
JE DELETE Yes, Process Delete

Process Add/Modify/Replace, perhaps set a flag indicating that there is
an exit routine associate with your exit so that it is now necessary
to call the exit (since someone may be listening)

* Ok kX X

J DONE

DELETE DS OH

* Process DELETE

DONE DS OH

*

* exit Tinkage

*
LM R14,R12,12(R13)
SLR  R15,R15

BR  R14
EXITNAME DC  CL16'MY_EXIT'
R1 QU 1

R2 EQU 2

R3 EQU 3

R4 EQU 4

R12 EQU 12

R13 EQU 13

R14 EQU 14

R15 EQU 15

DYNEX_PARMLIST DSECT
CSVDYNEX MF=(L,DYNEXPL),PLISTVER=MAX
END

Monitoring fetch and unfetch processing

The CSVFETCH exit provides information about the fetching (or unfetching) of a
module. The exit is primarily intended to be used as part of monitoring (whether
for reporting or debugging). The exit will be called holding the local lock. The exit
routine must not release the local lock.

For fetch events, the exit is called after the module has been fetched. For unfetch
events, the exit is called before the module is unfetched.
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The system takes no action as a result of exit routine processing.

These are the conditions under which the exit routine will be called and the
ServicelD that will be specified on that call:

¢ Fetch: Increment of module use count, not z/0OS UNIX

ServicelD: x'00000001_00000000" if module storage is obtained, first copy of
major name now in use, x'00000002_00000000" if module storage already existed
on job pack queue and is being used)

¢ Unfetch: Delete or Task Termination or RB Termination, decrement of module
use count

ServicelD: x'0000000_00000001" if no copy still in use, module storage freed,
x'00000000_00000002" if a copy is still in use, module storage not freed

* Fork child processing, “creation” of child module
ServicelD: x'00000080_00000000'
e z/0S UNIX fetch (using “load” or “xctl”)

ServicelD: x'00000004_00000000" if module storage is obtained, first copy of
major name now in use), x'00000008_00000000" if module storage already existed
on job pack queue and is being used

* Fetch of module from LPA
ServicelD: x'00000010_00000000'
* Delete of module from LPA
ServicelD: x'0000000_00000010'
* Fetch for Load with Address

ServicelD: x'00000020_00000000" The parameter area will identify that this was a
load-with-address

¢ z/0S UNIX fetch with address

ServicelD: x'00000040_00000000" The parameter list will identify that this was a
load-with-address

Data presented to exit routine:

Fetch event:
* Module name or Path name
e UCB address plus CCHH of the fetch (when available)

* Address of CDE (may be minor with address of major, or major with address of
XTLST) so can locate the extents

¢ DCB address or indication of LNKLST

¢ Other options that might have been requested such as load with address,
global=yes, global=(yes,fixed)

Unfetch (Delete) event:
* Module name or Path name

* Address of CDE (can be minor with address of major, or major with address of
XTLST, as indicated by bit CDMIN)

* Entry point address

Note:

e For a load with address, there will be a “fetch” event but there will be no
“unfetch” event
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For a load from LPA, if there is no explicit delete, there will be no “unfetch”
event

For a load into private storage, if there is no explicit delete, there could be a
single unfetch event covering all the uses of the module

Termination considerations:

When the system implicitly deletes/unfetches at task termination, there may be
a single unfetch event covering all the uses of the module. And that unfetch
event could be done using the “major name” rather than for each individual
“alias” that might have been loaded. You cannot necessarily "pair off" individual
entries for "fetch" with entries for "unfetch". But you could pair off a fetch entry
that obtained the storage for the module (according to the major name) and an
unfetch entry that freed the storage (according to the major name).

For memory termination there will be no unfetch events (so no way to "pair
off").

When a job has an LPA module loaded and terminates without deleting there is
no event

Considerations regarding alias and major:

If you load an “alias”, the system creates entries for the alias and the major
name. You would get a fetch event for the alias, and the CDE for the alias would
give you access to the CDE for the major which in turn would have the
information about the module storage. If this was the load for which the module
storage was obtained, the “fetch_GetStore” event would be indicated; otherwise
the “fetch_JPQ” event would be indicated

If you load a reentrant usable “major” and then subsequently load an “alias” of
that major, the alias would be considered to be found on the job pack queue
(because the module was indeed already loaded) and the “fetch_JPQ” event
would be indicated.

If you delete an “alias” and there are still uses of the “major” (or of another alias
of that major), the CDE for the “alias” will remain in place. When there are no
more uses of the module, the module storage is freed and the CDEs that are
were built (both “major” and “alias”) are freed.

CSVFETCH exit routine processing

The CSVFETCH exit routine, if defined, receives control on fetch and unfetch
events. The CSVFETCH exit should be considered performance-sensitive, so the
exit routine should do as little as possible.

Installing CSVFETCH

Use the CSVDYNEX macro to connect an exit routine to the dynamic exits
processing. For example:

CSVDYNEX REQUEST=ADD, X
EXITNAME=THEEXIT, X
MODNAME=THEMOD

THEEXIT DC CL16'CSVFETCH'
THEMOD  DC CL8'FTCHXRTN'

The exit routine must be reentrant and AMODE 31.
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See [“Using dynamic exits services” on page 479 for a description of CSVDYNEX
processing.

CSVFETCH exit routine environment

The exit routine receives control in the following environment:
* In supervisor state with PSW key 0.

¢ In dispatchable unit mode of task, running under the task and request block of
the fetch or unfetch processing.

* In cross memory mode of PASN=HASN=SASN.

* In AMODE 31.

* In primary ASC mode.

* Enabled for I/O and external interrupts.

* With the local lock held (the exit routine must not release the local lock)

* With parameter areas in the primary address space. The parameter list is
described below.

* In the address space in which the fetch or unfetch was initiated
¢ Under the task in which the fetch or unfetch was initiated

CSVFETCH exit routine recovery

The exit routine should provide its own recovery, using SETFRR. If the exit routine
ends abnormally, its recovery routine will get control before the recovery routine
established by the system.

You can use the ADDABENDNUM and ABENDCONSEC parameters on the
CSVDYNEX REQUEST=ADD macro to limit the number of times the exit routine
abnormally ends before it becomes inactive. An abend is counted under the
following conditions:

* The exit routine does not provide recovery, or the exit routine does provide
recovery but percolates the error.

* The system allows a retry, that is, the recovery routine is entered with bit
SDWACLUP off.

By default, the system disables the exit routine when it abends on two consecutive
calls.

Programming considerations
¢ Code the exit routine to be reentrant, and to have AMODE 31.

* The exit routine should not modify the parameter areas other than the 1024-byte
workarea.

* Because the CSVFETCH exit is called with ServicelDs, you can use ServiceMask
to indicate for which events you want the exit routine to get control. For
example, to get control only for non-UNIX non-LPA fetches and for unfetches, a
service mask of C0000000C0000000 can be used (ORing together the values for
each event)

Registers at entry to CSVFETCH exit routine: The contents of the registers on
entry to a CSVFETCH exit routine are:

Register
Contents
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0 Contains no information for use by the exit routine
1 Address of parameter area

2-12  Contains no information for use by the exit routine
13 Address of 144-byte standard save area

14 Return address

15 Entry point address

Registers at exit from CSVFETCH exit routine: Upon return from CSVFETCH
processing, the register contents must be:

Register
Contents
0-1 Need not contain any particular value

2-13  Restored to contents at entry
14 Need not contain any particular value

15 0

Parameter area at entry to CSVFETCH exit routine:

Word 0
Address of 1024-byte work area on a doubleword boundary. This area can
be used as a dynamic area by the module, possibly allowing it to avoid
doing GETMAIN/FREEMAIN on entry or exit.

Word 1
Address of an area mapped by macro CSVFTCHX

Disassociating CSVFETCH

Disassociate the exit routine from CSVFETCH when it should no longer receive
control. Use the CSVDYNEX macro to disassociate the exit routines. You can
DELETE the exit routine or you can MODIFY the exit routine to an inactive state.
For example:

CSVDYNEX REQUEST=DELETE, X

EXITNAME=THEEXIT X
MODNAME=THEMOD

THEEXIT DC CL16'CSVFETCH'
THEMOD  DC CL8'FTCHXRTN'
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Chapter 4. Serialization

Note: In this topic, the term program refers to a task or service request block (SRB)
routine.

In a multi-tasking, multi-processing environment, resource serialization is needed
to coordinate access to resources that are used by more than one program. An
example of why resource serialization is needed occurs when one program is
reading from a data set and another program needs to write to the data set. To
maintain data integrity, the program that needs to write must wait until the
program that is reading the data set is finished. Both programs need serialization
to coordinate access to the data set.

z/OS provides resource serialization services that programs can use to serialize
access to resources. The following examples describe other situations that require
serialization:

* Using data in subpools that are shared between programs

* Using data that is referenced by more than one program (for example, attached
tasks can execute at the same time as the attaching task on different processors)

* Accessing data sets that are shared among programs in the same address space,
if the programs update the data

* Concurrent queue manipulation by programs.

In addition to the serialization function, some of the serialization services provided
on MVS can be used to:

* Synchronize the execution of programs that depend on the completion of events
in other programs

* Synchronize the execution of programs with minimal overhead.

* Ensure that a routine that owns a critical resource can complete processing of
the resource without interruptions that could cause the routine to end.

This information describes the resource serialization services that are available on
MVS and the functions that each service performs, and provides guidelines for
choosing a serialization service that is appropriate for your application.

Choosing a serialization service

The serialization service that you choose depends on factors such as the type of
processing you need to perform and the scope of your application. For example,
your application might require that you serialize resources:

* Within a single address space
* Across several address spaces within a single z/OS system
* Across multiple z/OS systems.

Other requirements for your serialization service might include support for SRB
mode callers or cross memory capability.

[Table 2 on page 34| shows the resource serialization services that are available, the
functions that each service can perform, and where to find more information about
each service.
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Table 2. Summary of available serialization services

Service

Function

Reference

ISGENQ, ENQ/DEQ/RESERVE

* ISGENQ: Obtain, change, and release
user-defined logical resources (ENQs) and
direct access storage device (DASD) Reserves.

Serialize resources (such as data sets) within a
single address space, single z/OS system or
across multiple z/OS systems.

ISGENQ fully supports 64-bit callers.

* ENQ/DEQ: Obtain, change, and release
user-defined logical resources (ENQs).

IBM recommends using the ISGENQ service
over ENQ/DEQ/RESERVE.

Serialize resources (such as data sets) within a
single address space, single z/OS system or
across multiple z/OS systems.

Ensure that a routine can complete its use of
a resource without interruptions that could
cause the routine to end (must-complete
function).

* RESERVE: Allow multiple systems (need not
be all z/OS systems) to share direct access
storage device (DASD).

IBM recommends using the ISGENQ service
over ENQ/DEQ/RESERVE.

Note: Information regarding requests made to
the preceding services can be gathered by
ISGQUERY or GQSCAN. Also, ISGADMIN can
be used to control certain aspects of the
preceding services. See ISGADMIN information
in |z/OS MVS Programming: Authorized Assembler|
[Services Reference EDT-IXG]

* For the ISGENQ macro, see
z/OS MVS Programming|
Authorized Assembler Serviced
Reference EDT-IXG|

For guidance information, see
z/OS MVS Programming|
Assembler Services Guide|and
z/OS MVS Planning: Globall
Resource Serialization|

* For the ENQ and DEQ
macros, see f/OS MV
Programming: Assembler]
Services Reference ABE-HSP|

For guidance information, see
2/OS MVS Proeramming:]
Assembler Services Guide|

For the must-complete
function, seel”Using thel
must-complete function|
(ENQ/DEQ)” on page 42

* [“Macros used with shared|
DASD (RESERVE, EXTRACT)
GETDSAB)” on page 45|

Latch Manager Callable
Services: ISGLCRT, ISGLCR64,
ISGLOBT, ISGLOB64, ISGLREL,
ISGLRE64, ISGLPB64, ISGLPRG,
ISGLPR64, ISGLID, ISGLID 64

Serialize resources (such as control blocks or
data sets) within a single address space or
across several address spaces in a single system
with minimal overhead.

Authorized programs only.

Synchronize the execution of programs.

‘Global resource serialization|
latch manager” on page 72|

Locking (SETLOCK macro)

Serialize system resources (such as MVS system
queues or control blocks) within a single system
or address space.

["Locking” on page 38|

IXLLOCK Enables authorized applications to obtain shared | For guidance information, see
or exclusive serialization on user-defined logical |g/OS MVS Programming: Sysplex|
resources. You can also implement your own Services Guidd
locking protocols through the inclusion of user
data. For the programmin,

environment, see |z/OS MVSl
IXLLOCK is specific to Sysplex environments Prooramming: Sysplex Services|
and provides high speed cross sysplex sharing. ||Referenc
The cost is that it is much harder to use then
ENQ and provides less external controls
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If you need to synchronize the execution of programs, can help you
determine which services to choose. The table compares the attributes of the Pause,
Transfer, and Release callable services, the WAIT and POST macros, and the
SUSPEND and RESUME macros.

Table 3. Summary of program serialization techniques

Pause, release, and transfer

WAIT and POST

SUSPEND and RESUME

Can change the dispatchability of a
task or SRB.

Can change the dispatchability of a
task but not an SRB.

Can change the dispatchability of a
task or SRB.

Can be called from TCB mode or SRB
mode. The interfaces are the same for
both modes, and the caller of the
services does not need to know
whether it is in TCB or SRB mode.

WAIT can only be issued in TCB
mode. POST can be issued in TCB or
SRB mode. The interfaces used in
each mode may be different.

Can be used in both TCB and SRB
mode. The invoking program must
know if it is in task or SRB mode.

Can release a task or SRB before it is
paused

Can post a task before it waits.

Cannot resume either a task or SRB
before it is suspended.

An authorized caller can release any
task or SRB in the system.

Requires the ECB and task being
posted to be in the current primary
address space for a non-cross
memory post.

No control element is needed.

A task or SRB can only pause on a
single Pause Element (PE) at a time.

A task may wait on multiple ECBs. If
the wait count numbers are posted,
the task is made ready.

Not applicable.

The Transfer service can
simultaneously pause one task or
SRB and release another.

There is no single service with
comparable capability for WAIT and
POST.

There is no single service with
comparable capability for SUSPEND
and RESUME.

The Transfer service can release a
task or SRB and immediately pass
control to the released task or SRB.

There is no single with comparable
capability for WAIT and POST.

There is not single service with
comparable capability for SUSPEND
and RESUME.

Both authorized and unauthorized
callers can use the services.

Both authorized and unauthorized
callers can use the macros.

Only authorized callers can use the
macros.

The system ensures that pause
elements are not reused improperly,
thus avoiding improper releases
caused by unexpected termination or
asynchronous ABEND:s.

Callers can incorrectly post a task out
of the wrong wait due to post, or
even the wrong task, if managed
improperly, through task termination.

Callers can resume the wrong task or
resume a task from the wrong
suspend. Because no control element
serializes SUSPENDs and RESUMEs,
neither the system nor the user can
easily detect any reuse problems.

Local lock is not used by the services;
therefore, its usage has no negative
effect on local lock contention.

Services using local lock can cause
additional contention.

Services may use local lock, and
cause some additional contention.

Control the parallel execution of units
of work (task or SRB) within the
same address space or across address
spaces. Allow programs to wait
(pause) until one event (RELEASE or
TRANSFER) has completed.

Control the parallel execution of
tasks. Allow programs to wait until
one or more events have completed
(event completion function).

Control the parallel execution of
request blocks (RBs) and SRBs within
a single system or address space.

If you need to serialize resources across multiple z/OS systems, you must use the
ISGENQ macro or the ENQ/DEQ/RESERVE macro. However, if your application
requires resources that reside in a single address space or z/OS system, you can
choose one of the following services: the CMS lock, ISGENQ, ENQ/DEQ macros,
latch manager, the local lock, or IXLLOCK. [Table 4 on page 36| can help you
determine which of the serialization services is most appropriate for your

application.

35

Chapter 4. Serialization




Table 4. Comparison of serialization services

shared

Capability CMS lock Local lock Latch manager |ENQ/DEQ ISGENQ macro
macros

Number of items One One Many Many Many

you can serialize

individually

Access allowed Exclusive Exclusive Exclusive and Exclusive and Exclusive and

shared

shared

Scope

Single system

Address space

Single system or
address space

Address space,
single system, or
multiple systems

Address space,
single system, or
multiple systems

Cross-memory

Any PASN, any

Any PASN, any

Any PASN, any

Any PASN, any

Any PASN, any

environment HASN, any HASN, any HASN, any HASN, any HASN, any
SASN SASN SASN SASN SASN.

Unit of work Task or SRB Task or SRB Task or SRB Task Task
routine routine routine

Minimum
authorization

Supervisor state
and PSW key 0

Supervisor state
and PSW key 0

Supervisor state
or PSW key 0-7

Problem state
with any PSW
key, supervisor
state or PSW key
0-7 or
APF-authorized
for certain types
of requests

Problem state
with any PSW
key, supervisor
state or PSW key
0-7 or
APF-authorized
for certain types
of requests

Setup required

None

None

Application must
create one or
more latch sets

None

None

Default recovery
action

Release owned
and pending
requests

Release owned
and pending
requests

Release pending
requests, but not
owned requests

Release owned
and pending
requests

Release owned
and pending
requests

Other techniques, such as those that make use of the compare and swap (CS),

compare double and swap (CDS), and test and set (TS) instructions, are provided
to perform specialized serialization. For information about those instructions, see
Principles of Operation.

The following list explains the capabilities listed in

Number of items you can serialize individually
The latch manager and ISGENQ allow your application more control over
the way it divides resources into individual units and assigns serialization
to those resources. This increased control allows you to reduce contention
for resources and improve the overall performance of the application. For
example, an application can use several latches to serialize resources within
an address space, instead of using the address space local lock (of which
there is only one) to serialize those resources.

Access allowed

Granting shared access minimizes resource contention because several
requestors can read a resource at the same time. The CMS and local locks
do not provide shared access to resources. Each unit of work that requests
the CMS or the local lock must obtain exclusive access, even though shared
access might be enough. The latch manager and the ISGENQ macro allow
programs to request shared or exclusive access to resources.
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Scope The CMS lock and the latch manager can be used to serialize resources
only within a single z/OS system. The local lock is restricted to a single
address space. The ISGENQ macro can be used to serialize resources across
multiple z/OS systems (as well as a single z/OS system).

Cross-memory environment
With a cross memory environment established, your application can use
the CMS lock, latch manager, or local lock to serialize resources across
address spaces within a single z/OS system. When the latch manager is
being used in a cross memory environment, the current latch set must
reside in the primary address space.

Unit of work
The CMS lock, local lock, and latch manager are available to programs that
run in task or SRB mode. The ISGENQ macro is available only to programs
that run in task mode (SRB routines cannot issue ENQ/DEQ).

Minimum authorization
Programs must run in supervisor state and PSW key 0 to obtain the CMS
or local lock, and supervisor state or PKM 0-7 to obtain a latch. The
ISGENQ macro is available to programs running in problem state with any
PSW key. Supervisor state, PSW key 0-7, or APF authorization is required
for certain types of ISGENQ requests.

Setup required
The CMS lock, local lock, and the ISGENQ macro do not require
applications to perform any set-up; the system creates the required
structures. Before your application can use the latch manager to serialize
resources, the application must create one or more latch sets.

Default recovery action
For the local and CMS locks, the system releases owned and pending
serialization requests when the last functional recovery routine (FRR)
percolates. For the ISGENQ macro the system releases owned or pending
serialization requests during task or address space termination. (See
"Releasing the Resource" in|z/OS MVS Programming: Assembler Service|
for more discussion about what happens when a task associated with
an ENQ terminates before the ENQ is released.)

For performance reasons, and because SRBs might not want to release
owned latches when errors occur, the system does not release owned latch
requests during task or address space termination. The system does,
however, release pending latch requests when the requestor's home address
space terminates.

In all cases, the application programmer needs to understand the default
recovery action for the service that is used. For more information on how
to create a recovery environment, see the information that discusses
recovery and termination.

Providing ENQ resource information on DISPLAY GRS command

The ENQ API issuer provides a qname, rname, and scope to identify the resource
to serialize; this all that the DISPLAY GRS command can use to present
information about the resource. In many cases, it is hard for the operator or
systems programmer to understand what these values represent. As such, global
resource serialization provides the ISGDGRSRES installation exit to allow the
application to add additional information for a given resource on the DISPLAY
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GRS output. See the ISGDGRSRES - Display global resource serialization resource
exit' in [z/OS MVS Installation Exits|for more details on how to use the exit.

Note: The additional description information which is gotten by calling the exit
may be used in other cases beyond the display GRS command where the
information can provide additional diagnostic information.

z/0S Automatic Tape Switching (ATS STAR) provides a good example of the
ISGDGRSRES exit's use. ATS STAR obtains an ENQ to serialize access to a tape
device. Next, the ENQ uses the ATS STAR QNAME of SYSZATS and an RNAME
equal to the device's unique node element descriptor (NED). A NED is not in a
human readable format, so ATS STAR uses the ISGDGRSRES exit to add the device
type and number to the DISPLAY GRS command output.

In the following DISPLAY output, the field: “ADDITIONAL RESOURCE
INFORMATION FROM:” was added as a result of ATS STAR's ISGDGRSRES exit
translating the RNAME NED into a readable format.

ISG3431 09.13.24 GRS STATUS 539

S=SYSTEMS SYSZATS NED 003490B40VSSGAO5B8000002A9

SYSNAME ~ JOBNAME ASID TCBADDR  EXC/SHR STATUS
Syl ALLOCA 0027 006FF448 EXCLUSIVE OWN
ADDITIONAL RESOURCE INFORMATION FROM: ALLOCAS IEFAIRSX

349S AT UNIT ADDRESS 05B8 (AUTOSWITCH)

Locking

A locking mechanism serializes access to resources. This locking technique is only
effective, however, if all programs that depend on a resource use the same locking
mechanism. Each type of serially reusable resource is assigned a lock. The system
controls a hierarchical locking structure with multiple types of locks to synchronize
the use of serially reusable resources. The system also handles all functions related
to the locks. These functions include obtaining or releasing locks and checking the
status of a particular lock on a processor. Use of these functions is restricted to
programs running in supervisor state with a PSW key of 0. This prevents
unauthorized problem programs from interfering with the system serialization
process.

Categories of locks

There are two categories of locks:

* Global locks -- protect serially reusable resources related to more than one
address space.

* Local locks -- protect the resources assigned to a particular address space. When
the local lock is held for an address space, the owner of the lock has the right to
manipulate the queues and control blocks associated with that address space.

Note: The term CML (cross memory local) lock means the local lock of an address
space other than the home address space. LOCAL lock means the local lock of the
home address space. When written in lower case, local lock means any local-level

lock, either the LOCAL or a CML lock.

The CPU and CMS locks are global locks. These global locks provide system-wide
services or use control information in the common area and must serialize across
address spaces. The local level locks, on the other hand, do not serialize across

address spaces, but serialize functions executing within the address space. [Table 5
‘

n page 39| summarizes the characteristics of MVS locks.
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Types

Table 5. Summary of Locking Characteristics

lock global local spin suspend single multiple
(class)

CPU X X X

CMS X X X

CML X X X

LOCAL X X X

Note: The CPU lock has no real hierarchy except that once a user obtains it, the
user cannot obtain a suspend lock. The CPU lock could be considered a pseudo
spin lock. It could also be considered multiple because there is one per processor
and any number of requestors can hold it at the same time.

of locks

The type of lock determines what happens when a function on one processor in an
MP system makes an unconditional request for a lock that is held by another unit
of work on another processor. There are two major types of locks: spin and
suspend. The CPU lock is in a category by itself but could be considered a pseudo
spin lock. Descriptions of these types of locks follow:

* Spin lock -- prevents the requesting function on one processor from doing any
work until the lock is freed on another processor. A spin lock causes
disablement.

¢ CPU lock -- provides MVS-recognized (valid) disablement for I/O and external
interrupts. MVS-recognized disablement refers to disablement that is obtained
through a SETLOCK OBTAIN TYPE=CPU request. While a requestor holds the
CPU lock, the requestor is physically disabled for I/O and external interrupts.

Certain macros require the caller to be disabled for I/O and external interrupts.
Unless otherwise specified, this means that the caller must have obtained
MVS-recognized disablement. MVS does not guarantee preservation of the
interrupt status of programs that explicitly disable for I/O and external
interrupts through the STNSM instruction.

Multiple requests can be made by a unit of work for the CPU lock. The CPU
lockword contains the cumulative count of requestors who hold the CPU lock.
Obtaining the CPU lock increases the ownership count of the CPU lock by 1;
releasing the CPU lock decreases the ownership count by 1.

* Suspend locks -- prevent the requesting program from doing work until the lock
is available, but allow the processor to continue doing other work. The requestor
is suspended and other work may be dispatched on that processor. Upon release
of the lock, the suspended requestor is given control with the lock or is
redispatched to retry the lock obtain.

* If the caller issues a SETLOCK macro to obtain a spin lock, the caller must
reference only page fixed, fixed, or DREF storage.

Examples of lock types

The CPU lock can be considered a pseudo spin lock. The LOCAL, CML, and CMS
locks are suspend locks. Their owners receive control enabled and can be
interrupted to run higher priority work. If there is another request for the lock
while it is held, the requestor is suspended and other work is dispatched.

| NOT Programming Interface Information |

The local lockword contains the ID of the processor on which its owner is
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dispatched or an indication that the owner is suspended or interrupted. The CMS
lockword contains the ASCB address of the locally locked address space that owns
the lock. Special IDs are placed in the local lockword whenever the owner of the
local lock is not currently executing on a processor because of an interruption or
suspension.

| End NOT Programming Interface Information |

The CMS lock is an enabled global lock because some functions require significant
amounts of time under the lock and could impact the responsiveness of the
system. By running these functions enabled under the lock, responsiveness is
retained at the expense of some increased contention for the lock.

The CPU lock is a disabled spin lock because the functions that run under the lock
are of short duration and cannot tolerate interruptions. The cost in system
overhead to perform the status saving necessary to accept interruptions and allow
switching would offset the gain in responsiveness.

If a lock is unconditionally requested, the lock is unconditionally obtained. If the
lock is conditionally requested, the requestor is given the lock if it is available; if
the lock is unavailable, control is returned to the caller without the lock. (See the
COND and UNCOND parameters on the SETLOCK macro in E/OS MVS|
(Programming: Authorized Assembler Services Reference SET-WTO))

Locking hierarchy

The locks are arranged in a hierarchy to prevent a deadlock between functions on
the processor(s).

A function on a processor can request unconditionally only those locks that are
higher in the hierarchy than the locks it currently holds, thus preventing
deadlocks. The hierarchy is shown in [Table 5 on page 39 with the first lock listed
being the highest lock. The CPU lock is higher in hierarchical order than any of the
suspend locks. Therefore once you obtain the CPU lock, you cannot obtain any
suspend lock. The CML and LOCAL locks are equal to each other in the hierarchy.

The locks provided by the system in hierarchical order are:

* CPU (processor lock) -- serializes on the processor level, providing
system-recognized (valid) disablement.

e CMS (general cross memory services lock) -- serializes on more than one address
space where this serialization is not provided by one or more of the other global
locks.

* CML (cross memory local lock) -- serializes resources in an address space other
than the home address space.

* Local storage lock (LOCAL) -- serializes functions and storage used by the local
supervisor within an address space. There is one lock for each address space.

You must hold a local lock, either CML or LOCAL, when requesting the CMS lock.
You cannot release the local lock while holding the cross memory services lock.

CML lock considerations

The cross memory local lock (CML) is provided to allow cross memory services to
serialize resources in an address space that might not be the home address space.
It has the same attributes as the LOCAL lock. (The LOCAL lock refers only to the
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home address space pointed to by PSAAOLD.) The owner of a CML lock can be
suspended for the same reasons as the owner of the LOCAL lock, such as CMS
lock suspension or page fault suspension.

In a multi-tasking environment, it is possible for more than one task or SRB in an
address space to obtain a local level lock. For example, task A might own the
LOCAL lock of its address space while task B in the same address space owns the
CML lock of address space C.

To prevent possible system deadlocks, only one lock at the local level can be held
at one time by a unit of work. If a CML lock is requested while owning the
LOCAL lock, the requestor will be abended. The same is true if the LOCAL lock is
requested while owning a CML lock.

Either a CML lock or the LOCAL lock must be held to request the cross memory
services lock (CMS).

The requestor of a CML lock must have authority to access the specified address
space prior to the lock request. This is accomplished by setting the primary or
secondary address space to that specified on the lock request. The specified
address space must be non-swappable prior to the obtain request.

Note: The CML lock of the master scheduler address space cannot be obtained.
The master scheduler address space lock can only be obtained as a LOCAL lock.

Obtaining, releasing, and testing locks (SETLOCK)
Use the SETLOCK macro to obtain, release, or test a specified lock or set of locks
(using the OBTAIN, RELEASE, and TEST parameters). To use SETLOCK, you must
be executing in supervisor state with a PSW key of 0. Users of SETLOCK can also
be executing in SRB mode, in cross memory mode, in access register or primary
address space control (ASC) mode.

Disabled/enabled state for obtain
When the CPU lock is successfully obtained, control returns to the caller with the
processor disabled for I/O and external interruptions.

When a suspend type lock is successfully obtained via an unconditional request,
control returns to the caller with the processor enabled for I/O and external
interruptions.

If a disabled caller unconditionally requests a suspend type lock that is not
immediately available, the caller is abnormally terminated.

Disabled/enabled state for release

When the CPU lock is released, control returns to the caller enabled for I/O and
external interruptions if there are no more CPU lock requests outstanding (that is,
the CPU lock use count is zero).

When a suspend type lock is released, control returns disabled for I/O and
external interruptions if the caller was disabled on entry. Otherwise, control returns
to the caller enabled for I/O and external interruptions.

Suspend lock instrumentation data
For the following system suspend locks:
* CMSSMF
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+ CMSEQDQ

« CMSLATCH

« CMS

* Address space local (and CML) locks

the system maintains lock instrumentation data to help debug scalability issues
related to lock contention. Although the CMSSMF, CMSEQDQ), and CMSLATCH
locks are not programming interfaces, the system collects lock instrumentation data
on those locks to aid debugging performance problem related to those locks.

Lock instrumentation data is defined in mapping macro IHALOCKI. Lock
instrumentation data is kept by the lock owner and the home address space of the
lock requestor when it is different than the lock owner. All suspend locks noted
above have a Common Lock Instrumentation Block (LockInst_Comm) and could
point to a Unique Lock Instrumentation Block (LockInst_Uniq). Generally, the
following set of lock instrumentation data is kept for each lock:

* Number of suspends

* Number of suspends when there was some other unit of work already
suspended on the lock requested. This is a subset of the previous count and can
be used to get an idea of the frequency multiple work units are suspended for
the lock.

* Time suspended.

CMS locks are owned by the system so the lock instrumentation data is kept at the
system level. The system Common Lock Instrumentation Block for each CMS lock
is pointed to by the ECVT (mapped by IHAECVT) which represents the total CMS
lock contention seen on the system. CMS Lock instrumentation data is also kept in
the home address space of the work unit that requested the CMS lock. Each
address space has a Common Lock Instrumentation Block pointed to by the ASSB
(mapped by IHAASSB) for each CMS lock. These blocks represents the contention
encountered on CMS locks for units of work from a given address space.

Address space local (and CML) lock instrumentation data is associated with an
address space. The Common Lock Instrumentation block for the local lock is
pointed to by the ASSB (mapped by IHAASSB). The common block contains lock
instrumentation data for suspends on the local lock by units of work in that
address space.

Each address space's local lock can be requested from another address space as a
CML lock. CML lock instrumentation is kept in a Unique Lock Instrumentation
Block called LockInst_Uniq_CML. When a CML lock is requested, two address
spaces are involved, so each LockInst_Uniq_CML contains two sets of lock
instrumentation data; one for the owner and one for the requestor. For CML lock
contention, lock instrumentation data will be updated in the LockInst_Uniq_CML
block that owns the CML lock and in the LockInst_Uniq_CML block of the home
address space that requested the CML lock.

Using the must-complete function (ENQ/DEQ)

Routines operating under a storage protection key of zero often update and/or
manipulate system resources such as system data sets, control blocks, and queues.
These resources contain information critical to continued operation of the system.
The task requesting this serialization must successfully complete its processing of
the resource. Otherwise, the resource might be left incomplete or might contain
erroneous information.
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The ENQ service routine ensures that a routine queued on a critical resource(s) can
complete processing of the resource(s) without interruptions leading to
termination. ENQ places other tasks in a non-dispatchable state until the
requesting task -- the task issuing an ENQ macro with the set must-complete
(SMC) parameter - has completed its operations on the resource. The requesting
task releases the resource and terminates the must-complete condition by issuing a
DEQ macro with the reset must-complete (RMC) parameter.

Because the must-complete function serializes operations to some extent, its use
should be minimized -- use the function only in a routine that processes system
data whose validity must be ensured. Just as the ISGENQ or the ENQ function
serializes use of a resource requested by many different tasks, the must-complete
function serializes execution of tasks.

Characteristics of the must-complete function

The must-complete function can be used only at the step level, where only the
current task in an address space is allowed to execute. All other tasks are made
non-dispatchable.

When the must-complete function is requested, the requesting task is marked in
“must complete mode” when the resource(s) queued upon are available. All
asynchronous exits from the requesting task are deferred. Tasks external to the
requesting task are prevented from initiating procedures that will cause
termination of the requesting task. Other external events, such as a CANCEL
command issued by an operator, or a job step time expiration, are also prevented
from terminating the requesting task.

The failure of a task that owns a must-complete resource results in the abnormal
termination of the entire job step. The programmer and the operator receive a
message stating that the failure occurred while the step was in must-complete
mode.

Programming notes

1. All data used by a routine that is to operate in the must-complete mode should
be checked for validity to ensure against a program-check interruption.

2. If a routine that is already in the must-complete mode calls another routine, the
called routine also operates in the must-complete mode. An internal count is
maintained of the number of SMC requests; an equivalent number of RMC
requests is required to reset the must-complete function.

3. Interlock conditions can arise with the use of the ENQ function. Additionally,
an interlock might occur if a routine issues an ENQ macro while in the must
complete mode. Also, a task that is non-dispatchable, because of a
must-complete request, might already be queued on the requested resource. In
this case, an enabled wait occurs. An enabled wait can be broken by an
operator's action (such as the use of the FORCE command).

4. There are some considerations to be aware of when using enclaves for tasks
that serialize resources using the ENQ macro. For details, see “Using
ENQ/DEQ or Latch Manager Services With Enclaves” in
(Programming: Workload Management Services} ‘

5. The macros ATTACH, ATTACHX, LINK, LINKX, LOAD, XCTL, and XCTLX
should not be used (unless extreme care is taken) by a routine operating in the
must-complete mode. An interlock condition results if a serially reusable
routine requested by one of these macros either has been requested by one of
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the tasks made non-dispatchable by the use of the SMC parameter or was
requested by another task and has been only partially fetched.

6. The time a routine is in the must-complete mode should be kept as short as
possible -- enter at the last moment and leave as soon as possible. One
suggested way is to:

a. ENQ (on desired resource(s))
b. ENQ (on same resource(s)),RET=HAVE,SMC=STEP

Step (a) gets the resource(s) without putting the routine into the must-complete
mode. Later, when appropriate, issue the ENQ with the must-complete request
(Step b). Issue a DEQ macro to terminate the must complete mode as soon as
processing is finished. Tasks set non-dispatchable by the corresponding ENQ
macro are made dispatchable and asynchronous exits from the requesting task
are enabled.

Shared direct access storage devices (shared DASD)

44

The shared DASD facility allows systems to share direct access storage devices.
Systems can share common data and consolidate data when necessary. No change
to existing records, data sets, or volumes is necessary to use the facility. However,
the installation must write its applications to share DASD, and the reorganization
of volumes might be desirable to achieve better performance.

Exercise careful planning in accessing shared data sets or shared data areas. Data
integrity can not be assured without proper intersystem communication. For more
information about how shared DASD relates to macros, see|“Macros used with|
shared DASD (RESERVE, EXTRACT, GETDSAB)” on page 45.|Similarly,
appropriate security procedures must be performed on each of the multiple
systems involved in the sharing of DASD before data can be regarded as secure.
Data sets that are intended to be protected via passwords or RACF® should be
initially protected on each system before sensitive data is placed in them. This
topic, as it refers to password protection, is discussed further under “System
Configuration”.

Volume/device status

The shared DASD facility requires that certain combinations of volume
characteristics and device status be in effect for shared volumes or devices. [Table 6
shows the combinations that must be in effect for a volume or device:

Table 6. Valid Volume Characteristic and Device Status Combinations

System A Systems B, C, D

Permanently resident Permanently resident

Reserved Reserved

Removable Offline - Non-JES3 devices

Removable Removable - JES3 - managed devices

Offline Removable, reserved, or permanently resident (In
JES2, if a device is removable in one system, it
must be offline in all others.)

If a volume or device is marked removable on any one system, the device must be
either in offline status or removable status on all other systems. The mount
characteristic of a volume and/or the status of a device can be changed on one
system as long as the resulting combination is valid for other systems sharing the
volume or device. No other combinations of volume characteristics and device
status are supported.
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Volume handling

Volume handling with the shared DASD option must be clearly defined because
operator actions on the sharing system must be performed in parallel. The
following rules should be in effect when using the shared DASD option:

* Operators should initiate all shared volume mounting and demounting
operations. The system will dynamically allocate devices unless they are in
reserved or permanently resident status, and only the former can be changed by
the operator.

* Mounting and demounting operations must be done in parallel on all sharing
systems. A VARY OFFLINE must be issued on all systems before a device can be
demounted.

* Valid combinations of volume mount characteristics and device status for all
sharing systems must be maintained. To IPL a system, a valid combination must
be established before device allocation can proceed. This valid combination is
established either by specifying mount characteristics of shared devices in
VATLST, or varying all devices that can be shared offline before issuing START
commands and then following parallel mount procedures.

Macros used with shared DASD (RESERVE, EXTRACT,
GETDSAB)

When using shared DASD, IBM recommends that your application issue ISGENQ
SCOPE=SYSTEMS RESERVEVOLUME=YES or ENQ SCOPE=SYSTEMS and define
the resource name on which you are serializing, rather than use the RESERVE
macro. However, to ensure successful serialization of shared DASD, you can use
RESERVE if one of the following is true:

¢ Global resource serialization is not active

— ISGENQ services are not available until the Global Resource Serialization
address space is initialized. This is very unlikely and only true if your code
runs very early in the IPL processing (prior to the Global Resource
Serialization address space being initialized). The Global Resource
Serialization address space is created and available in all Global Resource
Serialization modes and therefore all z/OS environments.

* Your installation is not using SMS to manage the DASD.

— The RESERVE application programming interfaces, either through the
RESERVE or ISGENQ macros, can result in a DASD RESERVE or an ENQ
being obtained, or both. In all cases, an ENQ is obtained that is defined by
the caller through the QNAME/RNAME. The scope of the ENQ and whether
the hardware RESERVE is issued by the system is controlled by several
factors:

- A hardware RESERVE is not issued when one of the following is true:

1. The volume is not defined as being SHARED through the IODFE.

2. The volume is mapped by Virtual I/0 (VIO).

3. The current Global Resource Serialization RNL indicates that the
RESERVE should be converted to a SYSTEMS level ENQ (The resource
does not match an entry in the SYSTEMS EXCLUSION RNL and does
match an entry in the RESERVE Conversion RNL)

4. The RESERVE is converted by the ISGNQXITBATCH exit, or
ISGNQXITBATCHCND exit, or both.

- The scope of the ENQ originates as SYSTEMS:

1. If the above volume attributes indicate that the system should issue the
hardware RESERVE, the associated ENQ can be changed to SYSTEM
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(local ENQ) when the QNAME/RNAME match an entry in the
exclusion RNL. In general, this would be the case when the installation
wants the RESERVE to occur and therefore does not require the
associated SYSTEMS ENQ. The SYSTEM ENQ in this case would
serialize the device across multiple users on the same system. The
RESERVE serialized the device across systems.

2. The ENQ can stay as a SYSTEMS ENQ in cases where the RESERVE is
not issued due to the conversion RNL. In this case, the ENQ serializes
the resource across z/OS systems.

All of these factors are generally not a concern of the caller of the RESERVE
service. The caller is using RESERVE because it supports serialization of the
volume across systems through hardware reserve. The installation controls the
factors defined above based on its requirements.

You can also use the ENQ, DEQ, EXTRACT, and GETDSAB macros when working
with shared DASD.

To obtain the address of a task input/output table (TIOT) entry, from which you
can obtain the unit control block (UCB) address of a device, you can use the
GETDSAB macro or the EXTRACT macro. Your installation may have installed
products that require the use of the GETDSAB macro to obtain the address of the
product's TIOT entries. If you plan to use the EXTRACT macro, first check the
documentation for the related product to ensure that the product does not require
the use of the GETDSAB macro.

* The RESERVE macro reserves a device for use by a particular system. You
identify the device you want reserved by its symbolic resource name and UCB
address. For a 31-bit address, you must specify the LOC=ANY parameter. Each
task that needs exclusive use of a device must issue the RESERVE macro. When
RESERVE is in effect for a device, MVS first ensures that the device is reserved
for the appropriate system.

Note:

1. The set-must-complete (SMC) parameter of the ENQ macro can also be used
with RESERVE.

2. If a checkpoint restart occurs when a RESERVE is in effect for devices, the
system does not restore the RESERVE; the user's program must reissue the
RESERVE.

* The SYSDSN major name must be in the GRSRNL inclusion list. See
[Planning: Global Resource Serialization| for information about GRSRNL and
dynamically changing GRSRNL. See [z/0S MVS Initialization and Tuning Reference|
for information about the GRSRNL parmlib member.

* When the task issues a DEQ for the resource named on the RESERVE macro, the
system reduces the count in the UCB. When this count reaches zero, the system
ensures that the device is unreserved.

* If global resource serialization is active, ISGENQ, ENQ, and DEQ with
SCOPE=SYSTEMS specified, can serialize on a particular shared DASD data set
without reserving the entire device. See [z/OS MVS Planning: Global Resource

for details.

e The EXTRACT macro returns the address of the task input/output table (TIOT)
from which the UCB address can be obtained. |[“Finding the UCB address for the|
[RESERVE macro” on page 48 explains this procedure. EXTRACT provides
information; it does not actually serialize a resource.
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¢ The GETDSAB macro returns the address of the data set association block
(DSAB) associated with a DD name. The DSAB contains the address of the task
input/output table (TIOT) entry for the DD name, from which the UCB address
can be obtained. GETDSAB provides information; it does not actually serialize a
resource.

The macro has been enhanced to include a LOC parameter. This controls
whether the search for the address of the DSAB should be restricted to those
which reside below the 16Mb line (LOC=BELOW) or should examine both above
and below the line DSABs (LOC=ANY). The default is to restrict the search to
below the 16 Mb line.

Releasing devices

The DEQ macro is used with RESERVE just as it is used with ENQ. It must
describe the same resource as the RESERVE and its scope must be stated as
SYSTEMS. However, the UCB= parameter is only allowed if the DEQ macro is
issued by a task that has previously reserved a device. If the DEQ macro is not
issued by a task that has previously reserved a device, the system frees the device
when the task is terminated. For a 31-bit UCB address, you must specify the
LOC=ANY parameter.

Preventing interlocks

The greater the number of device reservations occurring in each sharing system,
the greater the chance of interlocks occurring. Allowing each task to reserve only
one device minimizes the exposure to interlock. The system cannot detect
interlocks caused by a program's use of the RESERVE macro and therefore, enabled
wait states can occur on the system. Global resource serialization can also be used
to prevent interlocks by suppressing the hardware RESERVE or simply issuing a
global ISGENQ to serialize the resource. See [z/OS MVS Planning: Global Resource|

rialization| for additional information on this topic.

Timing contention

You can set a timer with ECB and also use the ECB option on ISGENQ, ENQ, and
RESERVE services to measure the amount of time you want to wait for the
resource to become available. First, you wait on both ECBs. When one ECB is
posted, check if the posted ECB was for the timer or for the GRS service. If the
timer expired first, use DEQ or ISGENQ REQUEST=RELEASE to release the GRS
resource. For an ENQ resource, before you use DEQ to release the resource, you
might consider using the ISGECA service to determine the possible blocker or
blockers of the resource. The amount of time that you wan to wait depends on the
tolerance of your application. The time cannot be determined in some cases. See
2/OS MVS Programming: Authorized Assembler Services Reference EDT-IXJ and [z/0S|
MV'S Programming: Authorized Assembler Services Reference LLA-SDU|for more
information about the ECB option on ISGENQ, ENQ and RESERVE services.

Volume assignment

Because exclusive control is by device, not by data set, consider which data sets
reside on the same volume. In this environment it is quite possible for two tasks in
two different systems -- processing four different data sets on two shared volumes
-- to become interlocked. (If global resource serialization is active and RESERVEs
are_converted to global ENQs, an interlock does not occur.) For example, as shown
in [Figure 3 on page 48 data sets A and B reside on device 124, and data sets D and
E reside on device 236. A task in system 1 reserves device 124 in order to use data
set A; a task in system 2 reserves device 236 in order to use data set D. Now the
task in system 1 tries to reserve device 236 in order to use data set E and the task
in system 2 tries to reserve device 124 in order to use data set B. Neither can ever
regain control, and neither will complete normally. When the system has job step
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time limits, the task, or tasks, in the interlock will be abnormally terminated when
the time limit expires. Moreover, an interlock could mushroom, encompassing new
tasks as these tasks try to reserve the devices involved in the existing interlock.

Task X TaskY

Reserves Reserves

Interlock

> >
= =

Device 124 Device 236

Figure 3. Example of an Interlock Environment

Program libraries

When assigning program libraries to shared volumes, take care to avoid interlock.
For example, SYS1.LINKLIB for system 1 resides on volume X, while
SYS1.LINKLIB for system 2 resides on volume Y. A task in system 1 invokes a
direct access device space management function for volume Y, causing that device
to be reserved. A task in system 2 invokes a similar function for volume X,
reserving that device. However, each load module transfers to another load
module via XCTL. Because the SYS1.LINKLIB for each system resides on a volume
reserved by the other system, the XCTL macro cannot complete the operation. An
interlock occurs; because no access to SYS1.LINKLIB is possible, both systems will
eventually enter an enabled wait state. (If global resource serialization is active and
RESERVESs are converted to global ENQs, an interlock does not occur.)

Using different serialization techniques for the same volume

A task interlock can occur within a global resource serialization complex when two
tasks reserve the same volume and some of the RESERVEs specify resource names
that suppress the hardware reserve while other RESERVEs are hardware reserves
that lock up the entire volume. The UCB count of outstanding reserves for that
volume is manipulated only for the hardware RESERVEs.

If you code a RESERVE macro, the hardware reserve is suppressed when the
resource name appears in the reserve conversion resource name list (RNL). See
/OS MVS Planning: Global Resource Serialization|for additional information about
RNLs and about preventing interlocks.

Finding the UCB address for the RESERVE macro

When using shared DASD, IBM recommends that your applications issue ENQ
SCOPE=SYSTEMS and define the resource name on which you are serializing,
rather than using the RESERVE macro. However, to ensure successful serialization
of shared DASD, you need to use RESERVE if one of the following is true:

¢ Global resource serialization is not active
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* Your installation is not using SMS to manage the DASD.

This topic explains procedures for finding a particular UCB among those that are
allocated to the current address space for use by the RESERVE macro. To search
other UCBs, you can issue certain other macros but it is unreliable unless you
serialize those accesses. While your data sets remain allocated, the UCBs will not
disappear. It also shows a sample assembler language subroutine that issues the
RESERVE and DEQ macros and can be called by routines written in higher level
languages.

Using the GETDSAB macro to find the UCB address: This procedure can be
used by application programs that are the only task running in an address space,
for either non-concatenated DD statements or data sets that reside on a single
volume.

To find the UCB address for a DD name without an Open DCB, you can provide a
DD name, an open DCB or ACB or a known data set association block (DSAB)
address or request the first DSAB address. From this address, calculate the address
of the associated TIOT entry, and the corresponding UCB address.

Procedures: For any allocated data set:

1. Invoke the GETDSAB macro, specifying the name of the desired DD. The
system returns the pointer to the DSAB associated with the required TIOT
entry. This procedure works only for allocations that did not use the XTIOT or
UCB nocapture options of dynamic allocation.

2. Use the IHADSAB macro to map the DSAB. Get the word in DSABTIOT. It is
at offset 16. It is a pointer to the TIOT entry.

3. Use the IEFTIOT1 macro to map the TIOT entry, which begins at TITOELNGH.
The first UCB address is the 3-byte field at TIOEFSRT. It is at offset 17.

4. Issue the RESERVE macro, specifying the address obtained in step El as the

parameter of the UCB keyword. Do not code the LOC=ANY option because
this UCB address is 24-bit.

Using the IEFDDSRV macro to find the UCB address: This procedure can be
used for any DD statement.

To get a list of UCB addresses for the DD name, invoke the IEFDDSRV macro.

Procedures: For any allocated data set:

1. Invoke the IEFDDSRV macro. You can specify the name of the desired DD, the
address of an open DCB or ACB or the address of the DSAB. If you want to
support the XTIOT or UCB nocapture option of dynamic allocation (which is
recommended), also code LOC=ANY on the macro call. This results in
returning a list of the UCB addresses for the DD.

2. Issue the RESERVE macro, specifying one of the addresses obtained in step 1 as
the parameter of the UCB keyword.

Using the EXTRACT macro to find the UCB address: This procedure can only be
used by application programs that are the only task running in an address space,
for either non-concatenated DD statements or data sets that reside on a single
volume. This procedure works only for allocations that did not use the XTIOT or
UCB nocapture options of dynamic allocation.

Use the EXTRACT macro to obtain information from the task control block (TCB).
The address of the TIOT can be obtained from the TCB in response to an
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EXTRACT macro. Before issuing an EXTRACT macro, set up an answer area to
receive the requested information. One fullword is required for each item to be
provided by the control program. If you want to obtain the TIOT address, you
must specify FIELDS=TIOT in the EXTRACT macro.

The control program returns the address of the TIOT, right adjusted, in the
fullword answer area.

Procedures:

1. Issue the EXTRACT macro with the FIELDS=TIOT parameter to extract the
TIOT from the TCB.

2. Search the TIOT for the DD name associated with the shared data set.
3. When you find the entry for the required DD name, obtain the UCB address
from field TIOEFSRT.

4. Issue the RESERVE macro specifying the address obtained in step 3 as the
parameter of the UCB keyword.

Using the DEB and the DCB to find the UCB address: You can also obtain the
UCB address via the data extent block (DEB) and the data control block (DCB).
The DCB contains data pertinent to the current use of the data set. After the DCB
has been opened, field DCBDEBA contains the DEB address. The DEB contains an
extension of the information in the DCB. Each DEB is associated with a DCB and
the two point to each other.

The DEB contains information about the physical characteristics of the data set and
other information that the control program uses. A device-dependent section for
each extent is included as part of the DEB. Each such extent entry contains the
UCB address of the device to which that portion of the data set has been allocated.
In order to find the UCB address, you must locate the extent entry in the DEB for
which you intend to issue the RESERVE macro. (In disk addresses of the form
MBBCCHHR, the M indicates the extent number starting with 0.)

Procedures:
* For opened data sets:
1. Load the DEB address from the DCB field labeled DCBDEBA.
2. The DEB is mapped by the IEZDEB macro. Load the address of the field
labeled DEBUCBA. The result is a pointer to the UCB address in the DEB.

3. Test the DEB31UCB bit before issuing the RESERVE macro with the address
of the word obtained in step 2 as the parameter of the UCB keyword. If that
bit is zero, issue RESERVE without LOC=ANY. This informs RESERVE that
the UCB address is 24-bit. If DEB31UCB is one, code LOC=ANY on the
RESERVE macro because the UCB address is four bytes and might point
above the line.

* For BDAM data sets, you can reserve the device at any point in the processing
in the following manner:

1. Open the data set.

2. Convert the block address used in the READ/WRITE macro to an actual
device address of the form MBBCCHHR.

3. Load the DEB address from the DCB field labeled DCBDEBA.
4. Load the address of the field labeled DEBBASND in the DEB.

5. Shift the number 1 left by the value in the DEBEXSCL byte. It is the extent
scale and is the power of two that indicates the length of each extent
description. For DASD, the extent scale currently is 4.
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6. Multiply the “M” of the actual device address (step 2) by the result of the
previous step that currently is 16.

7. The sum of steps 4 and 5 is the address of the correct extent entry in the
DEB for the next READ/WRITE operation. The sum is also a pointer to the
UCB address for this extent.

8. Issue the RESERVE macro specifying the address obtained in step 6 as the
parameter of the UCB keyword.

* For information concerning how to find the UCB address when using the VSAM

access method, see [z/0S DFSMS Using Data Sets,

RESDEQ subroutine using IEFDDSRV: The assembler language subroutine in
[Figure 4 on page 52| can be used by assembler language programs to issue the
RESERVE and DEQ macros. Parameters that must be passed to the RESDEQ
routine, if the RESERVE macro is to be issued, are:

DDNAME - the eight character name of the DD statement for the device to be
reserved.

QONAME - an eight character name.

RNAME LENGTH - one byte (a binary integer) that contains the RNAME length
value.

RNAME - a name from 1 to 255 characters in length.
The DEQ macro does not require the UCB=ucb addr as a parameter. If the DEQ

macro is to be issued, a fullword of binary zeroes must be placed in the leftmost
four bytes of the DDNAME field before control is passed.
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RESDEQ  CSECT
RESDEQ  AMODE 24
RESDEQ  RMODE 24

SAVE  (14,12),T SAVE REGISTERS
BALR 12,0 SET UP ADDRESSABILITY
USING *,12
ST 13,SAVE+4
LA 11,SAVE ADDRESS OF MY SAVE AREA IS
* STORED IN THIRD WORD OF CALLER'S
ST 11,8(13) SAVE AREA
LR 13,11 ADDRESS OF MY SAVE AREA
LR 9,1 ADDRESS OF PARAMETER LIST
L 3,0(9) DDNAME PARAMETER OR WORD OF ZEROES
CLC  0(4,3),=F'0" WORD OF ZEROS IF DEQ IS REQUESTED
BE  WANTDEQ
*PROCESS FOR DETERMINING THE UCB ADDRESS USING IEFDDSRV.
TIEFDDSRV RETRIEVE,DEVENTRY,DDNAME=(3),LOC=ANY, X
DEVAREA=DDINFO  INVOKE IEFDDSRV USING DDNAME
LTR 15,15 CHECKS RETURN CODE
BZ  FINDUCB BRANCH IF RETURN CODE IS ZERO
ABEND 200,DUMP DDNAME IS NOT IN TIOT, ERROR
FINDUCB L 11,DDINFO ADDRESS OF DD INFORMATION

USING DVAR,11
L 8,DVAR_DEVLST ADDR ADDRESS OF AN ENTRY
USING DVAR_DEVICE_LIST,8
*PROCESS FOR DETERMINING THE QNAME REQUESTED
WANTDEQ L 7,4(9) ADDRESS OF QNAME
MVC  QNAME(8),0(7)  MOVE IN QNAME
*PROCESS FOR DETERMINING THE RNAME AND THE LENGTH OF RNAME

L 7,8(9) ADDRESS OF RNAME LENGTH
MVC  RNLEN+3(1),0(7) MOVE BYTE CONTAINING LENGTH
L 7,RNLEN
STC  7,RNAME STORE LENGTH OF RNAME IN THE
* FIRST BYTE OF RNAME PARAMETER
* FOR RESERVE/DEQ MACROS
L 6,12(9) ADDRESS OF RNAME REQUESTED
BCTR 7,0 SUBTRACT ONE FROM RNAME LENGTH
EX 7 ,MOVERNAM MOVE IN RNAME

CLC 0(4,3),=F'0"

BE ISSUEDEQ

RESERVE (QNAME,RNAME,E,0,SYSTEMS),UCB=DVAR_DEV_ADDR
+ FREE THE AREA RETURNRF BY IEFDDSRV.

SR 0,0 PREPARE FOR IC

IC 0,B'0111',DVAR_LENGTH GET AREA LENGTH
SR 8,8

DROP 8

IC  8,DVAR SUBPOOL  GET SUBPOOL
STORAGE RELEASE,LENGTH=(0),ADDR=(11),SUBPOOL=(8)

DROP 11
B RETURN
ISSUEDEQ DEQ  (QNAME,RNAME,0,SYSTEMS)
RETURN L 13,SAVE+4 RESTORE REGISTERS AND RETURN

RETURN (14,12),T
MOVERNAM MVC  RNAME+1(0),0(6)

SAVE DS 18F STANDARD SAVE AREA
DDINFO DS A ADDRESS OF DD INFORMATION
QNAME DS 2F MAJOR NAME FOR RESERVE AND DEQ MACROS
RNAME DS CL256 MINOR NAME
RNLEN DC F'o' LENGTH OF MINOR NAME
END

Figure 4. Example of Subroutine Issuing RESERVE and DEQ Using GETDSAB
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Serializing parallel tasks (WAIT and POST)

Use WAIT and POST to control the parallel execution of tasks as a means of
serialization. The basic WAIT/POST services that are available to both authorized
and unauthorized programs are explained in the [z/OS MVS Programming: Assembler|
The additional forms of WAIT and POST that are available only to
authorized programs are explained in this topic. The additional forms are:

¢ Cross memory post (ASCB parameter specified).
* Directly posting an ECB without invoking POST.
* A branch entry for the EVENTS service.

¢ POST exit routine defined by extended ECBs.

* A branch entry for the POST service.

* A branch entry for the WAIT service.

Asynchronous cross memory POST

The POST macro signifies the completion of an event by one routine to another.
Usually the system posts the completion of the event in the user's address space.
The user can, however, cause the system to post completion of the event in another
address space.

The authorized user (executing in supervisor state, under protection key 0-7, or
APF-authorized) of the POST macro can use the ASCB and ERRET parameters to
perform a POST in an address space other than the user's own. If the caller is
authorized to specify the ASCB and ERRET parameters, no check is made to
determine if the requested address space is the issuing address space. This use of
the POST macro is sometimes known as “asynchronous cross memory post”.

Note: Do not issue asynchronous cross memory Post more frequently than
necessary. Large numbers of cross memory Posts can consume excessive amounts
of system resources.

The ERRET routine is given control when POST detects an error after control has
been returned to the issuer of POST. If the ERRET routine does not functionally
need to do anything, use CVIBRET or CVTRCZRT in the CVT data area as the
ERRET routine.

When LINKAGE=SYSTEM is not specified

If MEMREL=YES is coded (or defaulted) on the POST macro, the ERRET routine is
given control in the issuer's home address space. If MEMREL=NO is coded on the
POST macro, the ERRET routine is given control in ASID 1.

When LINKAGE=SYSTEM is specified

The ERRET routine is given control in the issuer's primary address space.

The routine executes in supervisor state and PSW key 0. It receives control
enabled, unlocked, in SRB mode, and with the following register contents:

Register
Contents
0 ECB address
1 ASCB address (address specified for ASCB keyword)
2 completion code specified on POST invocation
3 system completion code that indicates why the POST request failed
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4-13  used as a work register by the system
14 return address

15 ERRET address

The ERRET routine will receive control in the addressing mode of the caller of the
cross memory POST, and the ERRET routine will run in a cross memory
environment where home, primary, and secondary address spaces are all equal.
The ERRET routine must return control to the address in register 14, unlocked and
enabled.

If cross-memory post is being used, a synchronization problem arises when it
becomes necessary to eliminate an ECB that is a potential target for a cross
memory post request. To ensure that all outstanding cross memory post requests
for the ECB have completed, the user must invoke the SPOST macro. The ECB
might or might not be posted, depending on existing conditions.

Synchronous cross memory post

You can specify LINKAGE=SYSTEM on a cross-memory POST. If you do, the
system performs a synchronous POST, if possible. If it is not possible to do the
POST synchronously, the system schedules an asynchronous POST. A synchronous
POST means that the POST process completes before the system returns control to
your program. A synchronous POST is possible only when the ECB is not an
extended ECB (see [“Writing POST exit routines” on page 55) or an EVENTS ECB
and the target address space is swapped in and its LOCAL lock is available. A
synchronous POST runs faster. However, in the event of an error condition, the
system does not give the ERRET routine control and abnormally ends your
program.

Return code 0 from POST with the LINKAGE=SYSTEM parameter indicates that
the POST was synchronous. Return code 4 indicates that the POST was
asynchronous. Return code 8 indicates that the POST was asynchronous, but that
the ERRET routine can not be utilized.

The serialization method used to control modifications to an ECB depends on
whether or not the ECB is waiting. If the ECB is not waiting (the high order bit of
the ECB is off), it may be quick posted via the compare-and-swap instruction using
the technique described in [‘Bypassing the POST routine.”| If the ECB is waiting
(the high order bit of the ECB is on), the LOCAL lock serializes updates to the
ECB.

Bypassing the POST routine

You can bypass the POST routine whenever the corresponding WAIT has not yet
been issued if the wait bit is not on. In this case, a compare-and-swap (CS)
instruction can be used to quick post the ECB. The compare operand should reflect
the ECB content with the wait and post bits off, and the swap operand should
have the post bit on and contain the desired post code. If the wait bit is on in the
ECB, the CS will fail (giving a non-zero condition code), and the normal POST
routine must be executed. If the wait bit is not on, the CS will, in effect, post the
completion of the event. Note that holding the LOCAL lock does not eliminate the
requirement to use the CS instruction. [Figure 5 on page 55 demonstrates an
example of how to quick post an ECB.
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L RX,ECB Get contents of ECB.
N RX,=X'3FFFFFFF' Turn off wait and post bits
L RY,=X'40000000"' Post bit and post code

CS RX,RY,ECB Compare and swap to post ECB
BZ POSTDONE Branch if CS is successful
LTR RX,RX Wait bit on?

BM DOPOST If yes, then execute POST

N RX,=X'40000000' Is ECB posted?

BNZ POSTDONE If yes, do not execute POST

DOPOST POST ECB
POSTDONE EQU =

Figure 5. Bypassing the POST Routine

Waiting for event completion (EVENTS)

The EVENTS macro allows a user to wait for the completion of one of a series of
events and be directly informed by the system which of the events have
completed. Branch entry to this function, which is more efficient than SVC entry, is
available to users executing in key 0, supervisor state, and holding only the
LOCAL lock.

Branch entry is specified by coding BRANCH=YES on the EVENTS macro. If this
parameter is used, the branch entry routine performs all normal WAIT processing
and ECB initialization. You can specify BRANCH=YES in conjunction with either
WAIT=YES, WAIT=NO, or ECB=.

* If you specify WAIT=YES, control will later be returned to the system, even
though there might be ECBs posted to the EVENTS table. EVENTS frees the
LOCAL lock. Before issuing the EVENTS macro with the WAIT=YES option, you
must establish the return environment by setting the following:

— RBOPSWA - Set with the PSW, which contains the address of the routine that
is to receive control when the event completes

— TCBGRS - Set to the general purpose registers (GPRs)
EVENTS returns, in register 1, the address of the first processed event table
entry or zero. (This service is not available to Type 1 SVCs or SRBs.)

* If you do not specify WAIT=YES, control returns to you. EVENTS does not free
the LOCAL lock.

Writing POST exit routines

The POST exit function provides authorized routines with a service that allows
them to receive control immediately upon each completion of an outstanding event
(other POST functions can be used by unauthorized routines). Thus, the user can
write a routine that receives control between the time the ECB is marked
completed and the return by POST to the caller.

This function defines a special type of ECB known as an extended ECB. When
initialized, these extended ECBs identify potential work requests rather than
waiting tasks. A purpose of an extended ECB is to notify a process (for example, a
subsystem) of an additional work request. Thus when an extended ECB is posted,
a subroutine of the process receives control and updates a queue to identify the
current work request.

When using the POST exit function, your routine must follow this sequence:
¢ Identify POST exit routines.
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¢ Initialize extended ECBs and ECB extensions.
* Wait for work requests.

* Delete POST exit routines before terminating.

Identifying and deleting exit routines

Exit identification and deletion is performed through a function code that indicates
whether the input exit address should be added to or deleted from the POST exit
address queue for the current address space. A function code of 4 indicates an exit
creation request, while 8 indicates an exit deletion request. Details of this interface
are in “Branch Entry to the POST Service Routine”.

A 24-bit caller of the POST-exit-delete function can only delete an exit below 16
megabytes; a 31-bit caller must pass a valid 31-bit address and can delete an exit
above or below 16 megabytes.

The process that establishes a POST exit is responsible for deleting that exit before
its normal or abnormal termination.

Initializing extended ECBs and ECB extensions

The user must obtain and initialize the extended ECBs and ECB extensions. A
system service is not available to perform these functions.

The ECB extension must be obtained and initialized before the initialization of the
extended ECB. This sequence avoids the possibility of an initialized extended ECB
being posted before the initialization of the ECB extension.

The ECB extension is two words long, begins on a word boundary, and can be
from any subpool. However, the POST routine must be able to read from the ECB
extension in the PSW key of the issuer of the POST macro. The ECB extension
must also be accessible in the addressing mode of the POST's caller. More than one
extended ECB can point to it. The mapping for the ECB extension is available via
the EXT=YES parameter on the IHAECB mapping macro. The ECB extension has
the format shown in

Table 7. ECB Extension (ECBE)

ECB extension format

VALUE MODE RESERVED
(1 byte) (1 byte) (2 bytes)
POST DATA
(4 bytes)

The fields in the ECBE are:

VALUE
is one byte containing a value of 1 to 255. A value of 1 indicates that the
POST exit function is being requested.

MODE
The first bit of this byte indicates the addressing mode of the exit routine.
If the byte contains X'80', the exit routine will receive control in 31-bit
addressing mode. If the byte contains X'00', the exit routine will receive
control in 24-bit addressing mode.
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POST DATA
This field contains the address of the exit routine to be given control when
the POST occurs.

The extended ECB must conform to current requirements for ECBs and be
initialized as shown below. The extended ECB must be initialized only after it is
eligible for posting. The extended ECB must be initialized using a
compare-and-swap (CS) instruction. Holding the LOCAL lock does not eliminate
the requirement to use the CS instruction to initialize the ECB because the ECB
could be quick posted by a routine, using CS, that does not hold the LOCAL lock. It
is unnecessary to hold the LOCAL lock to initialize an extended ECB. Compare
and swap is necessary and sufficient to initialize the extended ECB. The meaning
of the bits in the extended ECB follows:

Bits  Meaning

0 If one, indicates initialized ECB.

1-29  Bits 1-29 of the address of the associated ECB extension.
30-31 If ones, indicates an extended ECB.

If the compare and swap fails and if the ECB is pre-posted, the user should
perform the appropriate POST exit functions in order to replace those ordinarily
performed by the already concluded POST processing.

POST interface with exit routines

Before giving the exit control, POST checks to ensure that the user's exit routine
address identified in the ECB extension denotes a valid POST exit routine. Even
though POST thereby makes sure that a valid system exit receives control, the exit
routine must ensure that an unauthorized routine has not counterfeited the
extended ECB/ECB extension pair (by keeping the ECB/ECB extension pair in
system key storage, for example).

The user's exit routine receives control from POST with the LOCAL lock in
supervisor state, key zero. The routine must not release the LOCAL lock and
should be able to process in both SRB and TCB mode. The register contents at
entry to the user exit routine are:

Register

Contents
0 Address of the currently posted ECB
1 Address of related ECB extension
2-13  Unpredictable
14 Return address
15 Exit routine entry point address

Registers 11 and 14 must remain unchanged upon return to POST from the user's
routine.

The user's exit routine must return control in supervisor state, PSW key zero and
with the LOCAL lock still held.
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For performance reasons, the user's routine should not cause page faults (that is,
the routine's code and the data that it references should be in fixed or DREF
storage when the routine receives control).

When you use an extended ECB on the POST macro and HASN (the home address
space) doesn't equal PASN (the primary address space), use LINKAGE=SYSTEM
with the ERRET parameter. The POST service then assumes that the extended ECB
is in the primary address space and schedules an asynchronous cross-memory
POST. The only way that such a POST can inform the requestor of an error
condition is through an ERRET routine.

When you specify LINKAGE=SYSTEM, the POST macro service issues a return
code. Return code 4 indicates that the system will perform the POST
asynchronously. If you specified the ERRET parameter on the POST macro and an
error occurs during asynchronous POST processing, MVS invokes the routine
identified on the ERRET parameter. If your program is unauthorized and you
specify ERRET, the POST is done asynchronously, but the error routine will not get
control in the event of an error. Return code 8 indicates this condition.

Re-entry to POST from a POST exit

A POST exit routine cannot post another extended ECB unless it does so by
specifying a cross memory post. Any attempt to activate another POST exit before
the completion of the current exit causes a X'702" abend. If you must post another
extended ECB from a POST exit routine, you should either have your routine issue
a cross memory post or schedule your own SRB so that your routine enters POST
by branching to it.

Branch entry to the POST service routine

58

Branch entry to the POST service routine provides, through LINKAGE=BRANCH,
all the normal ECB and RB POST processing. To use the entry points, shown in
[Table 8 on page 59 you must write your own code. In general, the caller must hold
the LOCAL lock and be in supervisor state, PSW key zero. Upon completion of the
POST process, control returns to the caller in supervisor state, PSW key zero with
the LOCAL lock.

Note: CML (cross memory local) lock means the local lock of an address space
other than the home address space. LOCAL lock means the local lock of the home
address space. When written in lower case, local lock means any local-level lock,
either the local or a CML lock.

You can use branch entry to the POST service routine in cross memory mode for
cross memory POST. If you hold the LOCAL lock of the home address space and if
bit 0 of register 12 is 0, then the current address space must be the home address
space and registers 0-9 and 14 are preserved. If you do not hold home's LOCAL
lock or if bit 0 of register 12 is 1, then the current address space can be any address
space and only registers 9 and 14 are preserved.

Note: If the high-order bit of register 12 is 0 and an error routine is invoked, the
error routine is dispatched in the home address space. The error routine is also
dispatched in the home address space when you use MEMREL=YES on the POST
macro. However, if the high-order bit of register 12 is 1 (which is equivalent to
coding MEMREL=NO on a POST macro), then the error routine is dispatched in
ASID 1.
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shows the POST function and the branch entry points through which those
functions can be performed. shows the input parameters to POST.

shows the output parameters from POST.

Table 8. POST Function and Branch Entry Points

Functions Entry Points

LINKAGE=BRANCH | CVTOPT02 CVTOPTO3* CVTOPTOE
Local ECB POST X X X
Cross memory X** X
POST
Post exit X
creation/deletion

This entry point performs processing identical to entry point POST macro

linkage=BRANCH. It is designed for use only by POST exit routines (that
is, routines that receive control from POST as the result of having
established that exit via entry point CVTOPTOE).

*%

entry point.

Table 9. POST Branch Entry Input

The local lock does not need to be held for a cross memory POST at this

Registers CVTOPTO02 CVTOPTO03 CVTOPTOE
0 ECB storage protect key(1) Function Code
1 Exit Routine Address
10 Completion Code Completion Code(2)
11 ECB Address ECB Address(3)
12 Error Routine
Address(4)
13 ASCB Address(4)
14 Return Address Return Address Return Address
15 Entry Point Address Entry Point Address Entry Point Address
Note:

1. If cross memory post, optionally contains the storage protection key of the ECB

in bits 24-27.

2. If cross memory post and the storage protection key of the ECB is supplied in
register 0, then the high order bit must be set to one.

3. If local POST, ensure high order bit of register is zero; if cross memory POST,
set high-order bit of register to 1.

4. Only necessary when performing cross memory POST. If performing a cross
memory POST and the high order bit in register 12 is on, only registers 9 and
14 are retained, and the error routine executes in the master scheduler's address

space.

Table 10. POST Branch Entry Output

Entry Points/Options

Registers Saved and Restored

LINKAGE=BRANCH and ASCB not specified

0-9,

12,13
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Table 10. POST Branch Entry Output (continued)

Entry Points/Options Registers Saved and Restored
LINKAGE=BRANCH and ASCB specified

* Local lock held and MEMREL=YES 0-9

* Local lock not held or MEMREL=NO ?

CVTOPTO02 0-9, 12-14

CVTOPTO3 0-14

CVTOPTOE 2-14

Branch entry to the WAIT service routine

60

Branch entry to the WAIT service routine, which is not available to Type 1 SVCs or
SRBs, provides all the normal ECB and RB WAIT processing. IBM does not
recommend branch entry into the WAIT service routine because the caller must
manually save the environment to be restored. A better choice might be to use the
LINKAGE=SYSTEM parameter statement with the WAIT macro. See
[Programming: Assembler Services Reference IAR-XCT| for details on the
SYSTEM=LINKAGE parameter with the WAIT macro.

While holding home's LOCAL lock and before branching to WAIT, the caller must
establish the PSW and register return environment in its RB and TCB by setting
the following:

* RBOPSWA - Set to the first and second half of the PSW, includes the key and
mask bits as well as the address of the next instruction after the WAIT macro

* TCBGRS - Set to the general purpose registers (GPRs)
When WAIT is invoked, the caller should hold only the LOCAL lock. WAIT
performs the following functions:

* Stores the ECB/ECBLIST address into the register 1 location of the TCB register
save area (TCBGRS1). User data cannot be passed through this field or register.

* Releases home's LOCAL lock.

* Returns control to the system (control does not return to the caller even though

all previously pending events have already occurred). The system ensures that
all FRRs have been deleted.

The following registers contain parameters for branch entry to WAIT:

Register
Contents
0 The wait count in the low order byte. When the high order bit is one, it

indicates long-wait (the LONG=YES specification).

1 The ECB pointer value. If only one ECB is being waited on, place that ECB
address in register 1. If a list of ECBs is being waited on, place the
complemented ECBLIST address in register 1.

15 The branch entry address to WAIT (obtained from the CVT field
CVTVWAIT).

You can use branch entry to the WAIT service routine in cross memory mode if
you hold the LOCAL lock of the home address space and if the current address
space is the home address space.
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Serializing RB processing

For request blocks (RBs) and service request blocks (SRBs), alternate serialization
methods are available. Usually, these alternate methods provide better performance
than do WAIT and POST processing. To serialize an RB routine, use the SUSPEND,
CALLDISP, and RESUME macros. The SUSPEND macro identifies the RB that is to
be suspended until an expected event occurs. The CALLDISP macro enables a
routine that has suspended the current RB to call the system to have other work
dispatched. After issuing the CALLDISP macro, the RB routine is suspended.
When the event occurs that the suspended RB is waiting for, use the RESUME
macro to tell the system that the suspended RB is again eligible to execute.

Serializing an SRB is described in [‘Serializing SRB processing” on page 216/

Suspending an RB until an event completes (SUSPEND)

The SUSPEND macro with the RB parameter provides an efficient way for an RB
to wait for an event to complete. It is similar to the WAIT macro; the
SUSPEND-RESUME sequence can be compared to the WAIT-POST sequence.

The SUSPEND macro does not have an immediate effect on the issuer as the WAIT
macro does. Instead, the effect is delayed, depending on the type of suspension the
macro user requests. If the previous RB is suspended, the effect takes place when
the current RB returns to the system. If the current RB is suspended, the
suspended state occurs when the RB passes control to the system.

RBs that issue the SUSPEND macro with the RB=CURRENT option should hold
the suspended state time to a minimum. As soon as possible after SUSPEND
completion, the RB that issues a SUSPEND RB=CURRENT should issue a
CALLDISP macro with the BRANCH=YES option. Using the SUSPEND macro this
way minimizes potential performance problems because the RB in this case must
either be disabled or must hold the LOCAL lock or a CML lock. Minimizing
suspension time also minimizes other potential problems the program might
experience by limiting the time in which the RB is unable to cause any
synchronous interrupts (such as SVCs and page faults) or provide interfaces to the
WAIT, POST, or EVENTS macros.

RBs that issue SUSPEND RB=PREVIOUS, on the other hand, do not require the
same synchronization because they are operating on behalf of another RB. The
suspension of the previous RB does not require disabled execution or the holding
of the LOCAL lock or a CML lock.

The following scenarios show typical SUSPEND macro sequences:

Scenario 1:
SUSPEND RB=PREVIOUS

1. Type 2 SVC routine receives control from a macro issuer.
2. The SVC routine suspends (through SUSPEND) the macro issuer's RB.

3. The process that will eventually issue the RESUME is started.
4. The SVC completes processing and exits.
5. Event completion occurs; process started in step 3 resumes (through RESUME)

the issuer of the macro.

6. The macro issuer's task resumes (at return from the SVC routine).
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Scenario 2:
SUSPEND RB=CURRENT

1.

5.
6.

User acquires the LOCAL lock or a CML lock.

2. The macro suspends processing of the current RB.
3.
4. Caller issues CALLDISP BRANCH=YES, which releases the LOCAL lock or

The process that will eventually issue the RESUME is started.

CML lock.
Event completion occurs; process started in step 3 resumes issuer of the macro.
Normal processing resumes.

Considerations when suspending an RB
When using the SUSPEND macro with the RB parameter, there are several factors
to consider:

General considerations:

The SUSPEND macro can be issued in cross memory mode.
Only a routine running in supervisor state with PSW key 0 can issue SUSPEND.
The SUSPEND macro requires that the CVT mapping macro be included.

Only task-related users can issue SUSPEND to suspend an RB, and then only for
the current task.

The SUSPEND function user must ensure that the SUSPEND and RESUME
sequence takes place in proper order. The user must issue SUSPEND, then event
completion must occur, and then the RESUME function must take place. One
way to ensure proper sequencing is to issue SUSPEND before scheduling the
asynchronous process on which the RB must wait.

Do not intermix the SUSPEND and RESUME sequence with the WAIT and
POST sequence on a single RB. Because the SUSPEND-RESUME sequence is a
restricted-use function, it does only minimal validity checking. For example, if
an RB were already waiting on 255 events and someone issued a SUSPEND
against it, one POST or RESUME could make the RB dispatchable.

An RB can have only one SUSPEND outstanding at a time. There can be no
subsequent SUSPEND macros issued until a RESUME occurs for the outstanding
SUSPEND macro.

RB=PREVIOUS considerations:

When the issuer requests (explicitly or by default) the SUSPEND RB=PREVIOUS
option, there must be a previous RB on the chain to prevent a task abend.

SUSPEND RB=PREVIOUS is intended for use by Type 2, 3, and 4 SVCs to place
the issuer of the SVC in a suspended state.

RB=CURRENT considerations:

When using the SUSPEND RB=CURRENT option, the issuer must hold the CPU
lock, LOCAL lock, or a CML lock. The issuer must remain in this state until the
program initiates the stimulus for event completion in order not to lose control,
which could result in never being redispatched. Because the issuer must also
coordinate the SUSPEND and RESUME sequence, the event completion must not
occur until after the SUSPEND RB=CURRENT macro takes effect. The caller that
is in PSW key 0 supervisor state and EUT (enabled unlocked task) mode and
that uses a local lock to serialize the SUSPEND and RESUME processing
sequence can issue CALLDISP FRRSTK=SAVE. The CALLDISP routine releases
the local lock, which serialized the SUSPEND/RESUME processing of the caller.
Because an EUT FRR exists, the current FRR stack is saved.
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* When a Type 1 or Type 6 SVC issues a SUSPEND RB=CURRENT, the top RB
(the caller of the SVC) is suspended. Whenever the SVC exits (via EXIT
PROLOGUE or T6EXIT), the caller is suspended until RESUME occurs. A TYPE
1 SVC must not issue the CALLDISP macro or release the LOCAL lock, and it
must exit via its exit mechanism. A Type 6 SVC must not issue the CALLDISP
macro or become enabled, and it also must exit via its exit mechanism.

* When a TYPE 2, 3, or 4 SVC issues a SUSPEND RB=CURRENT, the top RB (the
SVC itself) is suspended. The SUSPEND routine returns control to the SVC. The
SVC can continue to execute as long as it remains locally locked or disabled.
Once the SVC releases the LOCAL lock or enables, an interrupt or a CALLDISP
invocation suspends the SVC until it is resumed. While the SVC is enabled and
before it is resumed, it cannot incur a page fault, issue an SVC, or branch enter
any supervisor service that makes local work ready or places the caller in a wait
state (for example, WAIT, POST, EVENTS, or STATUS).

* A program that is using a local lock or a CML lock to serialize SUSPEND
RB=CURRENT must not release the lock before it issues CALLDISP. A program
that uses the CPU lock to serialize SUSPEND RB=CURRENT must release the
CPU lock immediately before it issues CALLDISP.

Using the CALLDISP macro

Routines that suspend the current RB can use the CALLDISP macro with the
BRANCH=YES option to enter the suspended state. The BRANCH=YES option
allows an issuer of the SUSPEND macro with its RB=CURRENT option to exit
while leaving the current RB in the wait state. This option causes the system to
save status and dispatches the next ready dispatchable unit.

Some considerations for using the BRANCH=YES option on the CALLDISP macro
are:

* The issuer of CALLDISP must be executing in supervisor state with PSW key
Zero.

* The issuer must be in task mode.

* The issuer can be in cross memory mode.

¢ The BRANCH=YES option requires inclusion of the IHAPSA mapping macro.
* The FIXED=YES or FIXED=NO option can be specified with BRANCH=YES.
* When FRRSTK=SAVE is specified:

— If the caller holds the LOCAL or CML lock, an enabled unlocked task (EUT)
FRR must exist.

— If any EUT FRRs exist, the current FRR stack is saved and the caller may hold
either the LOCAL or CML lock. CALLDISP releases the lock.

* When FRRSTK=NOSAVE is specified:
— The current FRR stack is purged.

— The caller may hold either the LOCAL or CML lock. CALLDISP releases the
lock.

Note:
1. Atype 1 and type 6 SVC must not issue the CALLDISP macro.

2. The LOCAL or CML lock can be used to serialize the SUSPEND processing and
establish the RESUME processing.
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Resuming execution of a suspended RB

The RESUME macro, which is supported in cross memory mode, provides an
efficient means for indicating the completion of an event. The RESUME macro
specifies the TCB and RB that were previously suspended by the SUSPEND macro.
The specified TCB and RB must be addressable in the currently addressable
address space. Only routines executing in supervisor state and PSW key zero can
issue the RESUME macro.

The RESUME macro and the service routine it calls must serialize the use of the
task that is being resumed. This serialization might require the local lock of the
task's address space, called the target address space. Because disabled or locked
callers of RESUME are not allowed to obtain a local lock, the RESUME macro has
the MODE and ASYNC options to handle these types of situations.

Note: The ASYNC parameter for the RESUME macro is spelled differently from
similar parameters on other macros.

The MODE option specifies whether or not the RESUME operation must complete
(MODE=UNCOND) or not (MODE=COND).

The ASYNC option specifies whether or not RESUME can schedule an SRB to
perform the resume if necessary. These RESUME options can be combined in four
ways:

* MODE=UNCOND and ASYNC=N

— RESUME attempts to obtain the necessary task serialization to complete the
function synchronously. If it can obtain serialization, RESUME completes its
function and returns to its caller. If it cannot obtain serialization, RESUME
requests the local lock of the target address space to serialize the operation.
The caller of RESUME must be able to obtain the target address space’s local
lock or already hold it when RESUME is issued. This means that, with one
exception, the caller of RESUME must either be running enabled and
unlocked or must hold the target address space's local lock when the
RESUME is issued. The exception is the disabled caller that resumes the TCB
under which it is running, that is, the currently executing TCB. This situation
could occur if, for example, a routine became disabled, executed a SUSPEND
RB=CURRENT macro, and then determined that there was more work to be
done. The disabled, unlocked routine could issue a RESUME macro for the
TCB and RB to counteract the SUSPEND.

If the local lock is required but not available, the caller will be suspended
waiting for the local lock. Control returns to the caller after the RESUME has
occurred.

— Disabled interrupt exits cannot issue the RESUME macro with the
MODE=UNCOND and ASYNC=N options.

— The RETURN=N option on the RESUME macro is allowed only with this
combination of options. The RETURN=N option cannot be used with the
ASCB parameter. To use RETURN=N, the caller must be running in SRB
mode, must be in primary ASC mode where primary=home, and must not
hold any locks. If these three conditions are met, the system transfers control
to the task that was just resumed. If these three conditions are not met, that
caller is abended with an X'070" abend code.

* MODE=UNCOND and ASYNC=Y
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— RESUME attempts to obtain the necessary task serialization and complete the
function synchronously. If RESUME cannot obtain serialization, RESUME does
not obtain the local lock. RESUME unconditionally schedules an SRB to
complete the RESUME asynchronously.

— The caller can be enabled or disabled.
e MODE=COND and ASYNC=N

— RESUME attempts to obtain the necessary task serialization to complete the
function synchronously. If serialization is available, the task is resumed and
control returns to the caller. If serialization is not available, RESUME returns
to the caller without completing the RESUME operation.

— The caller can either be enabled or disabled and can hold any combination of
locks. RESUME does not attempt to obtain any locks. The caller must be
prepared to handle the situation when the RESUME operation cannot be
performed because the necessary serialization is not available.

* MODE=COND and ASYNC=Y

— RESUME attempts to obtain the necessary serialization to complete the
function synchronously. If serialization is available, the task is resumed and
control returns to the caller. If serialization is not available, RESUME might
schedule an SRB to complete the RESUME asynchronously.

— The caller can be either enabled or disabled, and can hold any combination of
locks. RESUME does not attempt to obtain any locks. The caller must be
prepared to handle the situation when the RESUME operation cannot be
performed because the necessary serialization is not available and the
RESUME could not be processed asynchronously.

RESUME provides return codes in register 15 to indicate the result of the RESUME
attempt. See the RESUME macro in [z/0S MVS Programming: Authorized Assembler|
IServices Reference LLA-SDU| for details on the return codes.

The RESUME macro requires that you include the IHAPSA mapping macro. If the
ASCB option is not specified, then the MODE=UNCOND and ASYNC=Y
combination requires that you include the CVT mapping macro.

Synchronizing

unit of work (tasks or SRBs)

Pause, Release, and Transfer are callable services that enable you to synchronize
task or SRB processing with minimal overhead. If you have, for example, an
application that requires two tasks to trade control back and forth, these services
provide efficient transfers of control.

These services, which are available to both unauthorized and authorized callers in
Assembler as well as C or C++, use a system-managed object called a pause
element to synchronize processing of tasks or SRBs. The services provide the
following functions:

Table 11. Pause, Release, and Transfer callable services

Callable service

64-bit version callable

service Description

IEAVAPE, IEAVAPE2

IEA4APE, IEA4APE2 Obtains a pause element token (PET), which uniquely

identifies a pause element (PE).

IEAVDPE, IEAVDPE2

IEA4DPE, IEA4DPE2 Frees a pause element (PE) that is no longer needed.

IEAVPSE, IEAVPSE2

IEA4PSE, IEA4PSE2 Pauses the current task or SRB.

IEAVPME2

IEA4PME2

Pauses the current task or SRB using multiple PETs.
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Table 11. Pause, Release, and Transfer callable services (continued)

64-bit version callable

Callable service service Description

IEAVRLS, IEAVRLS2 IEA4RLS, IEA4RLS2 Releases a paused task or SRB.

IEAVRPI, IEAVRPI2 IEA4RPI, IEA4RPI2 Retrieves information about a pause element (PE).
IEAVTPE IEA4TPE Tests a pause element (PE) and determines its state.

IEAVXFR, IEAVXFR2

IEA4XFR, IEA4XFR2 Releases a paused task and, when possible, gives it immediate
control, while optionally pausing the task under which the
Transfer request is made.

The services use a system-managed pause element (PE) rather than an
application-managed control block, such as an event control block (ECB), thus
reducing the possibility of error that might come from improper reuse of the
control block.

As a PE is much like an ECB, the Pause service is much like the WAIT macro, and
the Release service is much like the POST macro. Just as you can use POST to keep
a task from waiting by "preposting", you can use Release to keep a task or SRB
from pausing by "prereleasing".

The Transfer service can both release a paused task or SRB and pass control
directly to the released task or SRB. The Transfer service can also pause the task or
SRB that calls the service. Thus, Transfer enables quick dispatches, saving the
overhead of work search. It also allows two dispatchable units to trade control
back and forth with minimal overhead.

To understand how to use the services, you need to know more about pause
elements (PEs) and the pause element tokens (PETs) that identify them.

Pause elements and pause element tokens

A pause element (PE) is a system-managed object used to pause and release a
work unit, which can be either a task or SRB. Like an ECB, a PE is used by the
system to control whether or not a work unit is dispatchable. You can use a PE,
like an ECB, to prerelease a work unit before it is paused. There are, however,
significant differences between an ECB and a PE. compares the two.

Table 12. Pause Element (PE) and Event Control Block (ECB)

Pause Element (PE)

Event Control Block (ECB)

Managed by the system. Managed by application programs.

Identified by a pause element token (PET). Identified by a simple address.

Can change the dispatchability of the task or SRB in any | Unless specifically allocated in common storage, can

address space.

change the dispatchability of only a task in the same
address space as the ECB. Even when allocated in
common storage, can change the dispatchability of only a
task, not an SRB.

Cannot be reused once invalidated by an asynchronous |Can be reused after a task is removed from the wait state

ABEND.

by an asynchronous ABEND (or other RTM
dispatchability management), although reuse requires
very complicated programming.
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Table 12. Pause Element (PE) and Event Control Block (ECB) (continued)

Pause Element (PE)

Event Control Block (ECB)

To prevent errors related to reuse, a PET can be used There is no control on the reuse of an ECB; the same
only once to identify a PE. Once a task or SRB is paused |ECB address can be used over and over.

and released, an updated PET is needed to identify the
PE. The system returns the updated PET to the caller
through the Pause or Transfer service.

PEs are allocated and deallocated through calls to system | ECBs are allocated by application programs.

services.

The total number of PEs available to all unauthorized The system imposes no limits on the number of ECBs.
programs in a system is limited to 130560.

PEs are addressable only through PETs. The user of a PE | ECBs can be modified at will by application programs.
does not know its actual address and cannot modify it
except through the use of system services.

A PE allocated by an unauthorized caller can be used to pause and release any
work unit in the caller's home address space. An unauthorized caller cannot pause
or release using a PE allocated with auth_level=IEA_ AUTHORIZED or
pause_element_auth_level=IEA_ AUTHORIZED.

When a PE is allocated with auth_level=IEA_AUTHORIZED (callable services
IEAVAPE and IEA4APE) or pause_element_auth_level=IEA_AUTHORIZED
(callable services IEAVAPE2 and IEA4APE?2), the PE can be used to pause and
release any task or SRB in the system. The same PE can be used, for example, to
pause a task in address space 10. After being released, the same PE can be used to
pause an SRB in, say, address space 23. There is, however, a small performance
penalty imposed when a PE is used to pause a task or SRB in one space and then
reused to pause a task or SRB in another space. This cost is accrued upon each
space transition.

The following services (IEAVAPE2, IEAVDPE2, IEAVPME2, IEAVPSE2, IEAVRLS2,
IEAVRPI2, IEAVXFR2, IEA4APE2, IEA4DPE2, IEA4PME2, IEA4PSE2, IEA4RLS2,
IEA4RPI2, and IEA4XFR2) have a 'LINKAGE=' keyword that specifies whether the
caller is authorized (LINKAGE=BRANCH requires the caller to be in key 0
supervisor state). The authorization of the PET is not specified, except when it is
allocated via the IEAVAPE2 (or IEA4APE2) service. Instead, the authorization of
the PET is implied. Authorized users can use any PET, but unauthorized users
only can use a PET that was allocated for unauthorized use.

When an authorized program is passed a PET from an unauthorized program, the
authorized program must ensure that the PET is valid to be used by the
unauthorized program. The authorized program can validate this by invoking the
IEAVRPI2 (or IEA4RPI2) service and specifying a special value for the linkage
parameter. When an authorized program needs to validate that a PET can be used
by an unauthorized program, add IEA_UNTRUSTED_PET to the value specified
for LINKAGE and invoke the IEAVRPI2 service. The data returned by the
IEAVRPI2 service identifies whether the unauthorized caller is able to use the PET:

¢ Return_code must be 0.
¢ Pause_element_auth_level must be IEA_PET UNAUTHORIZED.

A PE can be used to pause only one task or SRB at a time; the system does not
allow more then one dispatchable unit to be paused under a single PE.
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Pause elements are not supported by checkpoint/restart. However, support has
been added with APAR OA19821 to permit the allocation of pause elements that
can allow a successful checkpoint/restart. This is possible for applications that can
tolerate the fact that the pause element will not be restored upon a restart after a
checkpoint. An application can tell if this support is available by checking if
CVTPAUS4 has been set in the CVT. A new type is introduced for the auth_level
parameter of the Allocate Pause Element service. The new level is created by
adding the value of the new type (IEA_CHECKPOINTOK) to the existing value (at
one time, only IEA_AUTHORIZED or IEA_UNAUTHORIZED can be specified).
When pause elements are allocated, a checkpoint is accepted only if all
encountered pause elements have been allocated indicating the
IEA_CHECKPOINTOK type.

Using the services

There are 28 callable services available for task synchronization:

* Allocate_Pause_Element — IEAVAPE, IEAVAPE2, IEA4APE, or IEA4APE2

e Deallocate_Pause_Element — IEAVDPE, IEAVDPE2, IEA4DPE, or IEA4DPE2
* Pause — IEAVPSE, IEAVPSE2, IEA4PSE, or IEA4PSE2

e Pause_Multiple_Elements— IEAVPME2 or IEA4PME2

* Release — IEAVRLS, IEAVRLS2, IEA4RLS, or IEA4RLS2

e Retrieve_Pause_Element_Information - IEAVRPI, IEAVRPI2, IEA4RPI, or
IEA4RPI2

¢ Test_Pause_Element - IEAVTPE or IEA4TPE
e Transfer — IEAVXFR, IEAVXFR2, IEA4XFR, or IEA4XFR2

To use Pause, Release, and Transfer, a program must first allocate a PE by calling
the Allocate_Pause_Element service. In response, the system allocates a PE and
returns a pause element token (PET) that identifies the pause element (PE).

You use the PET returned from Allocate_Pause_Element to identify the allocated
PE until either:

e The PE has been used to pause (through Pause or Transfer) and release (through
Release or Transfer) a work unit

* A paused work unit has been released through an asynchronous ABEND.

When you are finished with the PE, call the Deallocate_Pause_Element service to
return the PE to the system. If a work unit is asynchronously ABENDed while it is
paused, the system itself invalidates the PE, and it cannot be reused for pause
requests. Thus, return an invalidated PE to the system as soon as possible by a call
to Deallocate_Pause_Element.

Though the PE remains allocated until you deallocate it, you can use a PET only
once, to pause and release a work unit. When you specify a PET on a successful
call to the Pause service or to pause a work unit through a successful call to the
Transfer service, the system invalidates the input PET and returns an updated PET
to identify the PE. Use the updated PET to reuse the PE or to deallocate the PE.

[Figure 6 on page 69| shows, in pseudocode, the sequence of calls to allocate a PE,
pause the current work unit, release the work unit, and deallocate the PE.
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/* Common variables */
Dc1 PET char(16);
Workunit #1

/* Workunit #1 variables */
Dcl Authl fixed(32);

Dcl RC1 fixed(32);

Dcl Updated pet char(16);

Dc1 RetRelCode binary(24);

Authl = IEA_AUTHORIZED;

/* Allocate a Pause Element */
Call IEAVAPE (RC1,Authl,PET);

/* Pause Workunit #1 */
Call IEAVPSE (RC1,Authl,PET,
Updated PET,RetRelCode);

/*processing pauses until released=*/

/* Deallocate the pause element */
Call IEAVDPE (RC1,Authl,
Updated_PET);

Figure 6. Pause and Release Example

Workunit #2

/* Workunit #2 variables */
Dcl Auth2 fixed(32);

Dc1 RC2 fixed(32);

Dc1 RelCode binary(24);

Auth2 = IEA_AUTHORIZED;

RelCode = '123';

/* Release Workunit #1 */

Call IEAVRLS (RC2,Auth2,PET,
RelCode);

The Pause, Release, and Transfer services also provide a release code field that is
particularly useful when a dispatchable unit might be released before it is paused.
The program that calls the Release service can set a release code.

Release code is returned to the invoker of Pause and can be used to communicate

the reason for the release.

[Figure 7 on page 70| shows, in pseudocode, the sequence of calls needed to allocate
a PE, prerelease a work unit, and deallocate the PE
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/* Common variables */

Dc1 PET char(16);

Workunit #1 Workunit #2
/* Workunit #1 variables */ /* Workunit #2 variables */
Dcl Authl fixed(32); Dcl Auth2 fixed(32);
Dcl RC1 fixed(32); Dc1 RC2 fixed(32);
Dcl Updated PET char(16); Dc1 RelCode binary(24);

Dc1 RetRelCode binary(24);
Authl = IEA_AUTHORIZED;

/* Allocate a Pause Element */
Call IEAVAPE (RC1,Authl,PET);

. Auth2 = IEA AUTHORIZED;
RelCode="'123";

/* Release Workunit #1 */
Call IEAVRLS (RC2,Auth2,PET,
RelCode);
/* Pause Workunit #1 */
Call IEAVPSE (RC1,Authl,PET,
Updated_PET,RetRelCode);

/*check release code and continue */

/* Deallocate the pause element =/
Call IEAVDPE (RC1,Authl,
Updated PET);

Figure 7. Release and Pause Example

If you make a release request (through Release or Transfer) specifying a PET that
identifies a PE that has not yet been used to pause a task or SRB, the system marks
the PE as a prereleased PE. If a program tries to pause a work unit using a
prereleased PE, the system returns control immediately to the caller; it does not
pause the work unit. Instead, it resets the PE. As soon as a PE is reset, it can be
reused for another Pause and Release, but, as stated earlier, you use the returned
updated PET for each subsequent reuse of the PE.

The Pause and Release services are very similar to the WAIT and POST macros,
but the Transfer service provides new function. You can use Transfer to either:

* Release a paused dispatchable unit and transfer control directly to the released
dispatchable unit

* Pause the current dispatchable unit, release a paused dispatchable unit, and
transfer control directly to the released dispatchable unit

[Figure 8 on page 71| shows an example of using the Transfer service to release a
dispatchable unit without pausing the current work unit.

Because the Transfer service can affect multiple units of work, using Transfer
requires you to work with three PETs:

1. The current pause element token (CurrentDuPet in [Figure 8 on page 71)
identifies the allocated pause element that Transfer is to use to pause the
current dispatchable unit (the caller of the Transfer service). When you do not
need to pause the current dispatchable unit, you set this token to binary zeros,
as shown in [Figure 8 on page 71|
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2. The updated pause element token (UPET2 in , which the system
returns when you specify a current pause element token. You need this
updated token to reuse the pause element on a subsequent Pause or Transfer or
to deallocate the pause element. If you set the current token to binary zeros, as
done in the contents of the updated pause element token are not
meaningful.

3. The target token (TargetDuPET in identifies the allocated i ause

element that Transfer is to use to release a dispatchable unit. In|Figure §) it
contains the PET that identifies the PE used to pause Workunit #1.

A current release code and a target release code are also available on the call to
Transfer. Whether or not each code contains valid data depends on conventions set
by the different parts of your program.

/* Common variables */

Dc1 PET char(16);

Workunit #1 Workunit #2
/* Workunit #1 variables */ /* Workunit #2 variables */
Dcl Authl fixed(32); Dcl Auth2 fixed(32);
Dc1 RC1 fixed(32); Dcl RC2  fixed(32);
Dc1 UPET1 char(16); Dc1 CurrentDuRelCode char(3);

Dc1 RetRelCode binary(24); Dc1 CurrentDuPET binary(24);

. Dc1 UPET2 char(16);
Dc1 TargetDuPET char(16);
. Dc1 TargetDuRelCode binary(24);
Authl = IEA_AUTHORIZED;
/* Allocate a Pause Element */ Auth2 = TIEA_AUTHORIZED;
Call IEAVAPE (RC1,Authl,PET); )

/* Pause Workunit #1 */ .
Call IEAVPSE (RC1,Authl,PET,UPETI, TargetDuRelCode = '123';
RetRelCode); /* no pause-set token to zeros */

CurrentDuPet ='";
TargetDuPET = PET
/*processing pauses until transfers/
/* Transfer to Workunit #1 */
Call IEAVXFR (RC2,Auth2,
CurrentDuPET,UPET2,
CurrentDuRelCode,
TargetDuPET,
TargetDuRelCode);
/*processing continues */

/* Deallocate the Pause Element x/
Call IEAVDPE (RC1,Authl,UPET1);

Figure 8. Transfer without Pause Example

PE ownership and cleanup

A PE has an address space relationship used to define when PEs are automatically
deallocated by the system. When a PE is originally allocated, it is owned by the
home address space at the time of the call. When an authorized caller pauses a
task or SRB, the ownership of the PE moves to the home address space of the task
or SRB that is being paused. This change in ownership occurs even if the PE has
been prereleased. When the highest level task in an address space terminates, the
system automatically deallocates all of the PEs the address space owned.
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Because PEs allocated by unauthorized callers cannot move between address
spaces, the ownership defined at allocation time remains unchanged for the life of
the PE.

Global resource serialization latch manager

72

The global resource serialization latch manager is a service that authorized
programs can use to serialize resources within an address space or, using cross
memory capability, within a single MVS system. Programs can call the latch
manager services while running in task or service request block (SRB) mode.

The latch manager functions are callable services for all systems application
architecture (SAA) high level languages. The callable services allow applications to
efficiently serialize shared or exclusive access to resources. For example, an
application can use several latches to serialize resources within an address space,
instead of using the address space local lock to serialize those resources. Other
features, such as high speed, make the latch manager a flexible alternative to the
ENQ/DEQ macros and the locking function. For a comparison of these
serialization services, see [“Choosing a serialization service” on page 33|

This information contains the following topics:
* An overview of the function of the latch manager
* Planning to use the latch manager

* A guide to the latch manager callable services.

Overview

Note: In this topic, the term program refers to a task or service request block (SRB)
routine.

The main advantage to using the latch manager is that you can reduce contention
for resources by dividing them into smaller segments and assigning individual
latches to those segments. Your application can assign latches to resources in
whatever way it desires. The more you can divide resources and assign individual
latches to them, the more likely it is that you will reduce contention for those
resources and increase the overall performance of your application.

For example, if a requestor needs to update a data structure that contains several
sub-structures, and those sub-structures are used by several programs running
concurrently in the same address space, the requestor could obtain the address
space local lock to serialize access to the entire data structure. Because there is only
one address space local lock, the system suspends other requestors until the lock is
released. On the other hand, if your application were to assign a latch to each
sub-structure (there is no system-imposed limit on the number of latches you can
assign to resources), requestors could serialize access to individual sub-structures
within the data structure at the same time.

[“How to use the callable services” on page 73|explains how to use the latch
manager services to serialize resources that your application uses. Before reading
the information, understand the following terms:

Latch A structure that the latch manager uses to track and handle requests to
obtain, release, and purge latches. The application associates each latch
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with a resource, then requests access to the resource by calling the
Latch_Obtain or the 64-bit Latch_Obtain service with the appropriate latch
number.

Latch identity
An attribute that consists of thresholds, a printable description of the
latch's usage, and other attributes as defined by the latch identity entry in
the appropriate language related macro - ISGLMC, ISGLMASM, or
ISGLMPLL

Latch set
A set of latches that an application can use to serialize its required
resources. The application calls the Latch_Create or the 64-bit Latch_Create
service to create a latch set.

Latch set creator
An application that calls the Latch_Create or the 64-bit Latch_Create
service to create a set of latches. Programs that run as part of the
application can use the latches to serialize required resources.

Latch set token
An 8-byte area that identifies a latch set. The latch manager returns the
latch set token to the caller of the Latch_Create or the 64-bit Latch_Create
service.

Latch token
An 8-byte area that identifies an individual latch request. The latch
manager returns the latch token to the caller of the Latch_Obtain or the
64-bit Latch_Obtain service.

Requestor
A program that calls a latch manager callable service to:
* Request ownership of a latch, or

* Release an owned latch, or a pending request to obtain ownership of a
latch.

How to use the callable services

To use the latch manager, your application should call the latch manager services
in the following sequence:

1. Create a latch set. Your application begins by calling the Latch_Create service
to create a set of latches in the current primary address space. Each latch can
then be used to serialize resources. Your application can assign latches to
resources in whatever way it desires.

2. Provide latch identities for latches. You might choose to use the latch identity
service (ISGLID/ISGLID64) to create latch identities and other attributes for
your latches. Latches whose attributes are not changed by the usage of the
obtainer can be created right after the latch set is created. Latches whose
attributes are changed by usage of obtainer can still be initialized to a "not in
use state" right after the latch set is created. The attributes of latches changed
by obtainers should be updated or replaced by ISGLID/ISGLID64 before and
after usage with appropriate values.

3. Request ownership of latches. Programs that run as part of your application
can call the Latch_Obtain service to request exclusive or shared ownership of
latches associated with required resources. If there is no contention for a latch
at the time of the Latch_Obtain request, the latch manager can grant ownership
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of the latch immediately. The caller of Latch_Obtain specifies a parameter that
tells the latch manager what to do when a latch is not immediately available,
which is one of the following:

* Queue the request and suspend the requestor until the latch manager
eventually grants ownership of the latch to the requestor

* Do not queue the request; return control to the requestor

* Queue the request, return control to the requestor, then post an event control
block (ECB) when the latch manager grants ownership of the latch to the
requestor.

When a requestor obtains ownership of a latch, the requestor can read or
modify the associated resource, depending on the type of ownership that was
requested (shared or exclusive).

Release ownership of owned latches or pending latch requests. After a
requestor finishes using the resource, it calls the Latch_Release service to
release the latch so other requestors can use the resource. Requestors can also
call Latch_Release to release a pending request to obtain ownership of a latch
that has been queued by the latch manager.

If an error occurs, purge all owned latches and pending requests for a
particular requestor. Latch_Purge, which is similar to Latch_Release, is a
convenient way to purge all granted and pending requests for a specific
requestor within a specific latch set. The latch manager provides the
Latch_Purge service for use by an application's termination resource manager.

[“Planning to use the latch manager callable services”| describes how to set up your

application to use the latch manager callable services.

Planning to use the latch manager callable services

74

Before using the latch manager to serialize resources for your application, you
should perform the following tasks:

Task

Reference

1.

Determine how the application is to serialize
resources using the latch manager services:

a. Identify the resources that your
application needs to serialize.

b. Assign latches to those resources in
such a way that contention for
those resources is minimized.

Determine the latch attributes to use for each
latch set and when the attribute needs to be
changed.

Determine if any latch deadlock detections
should be specified for each latch set and
what level the detection is.

“Creating a latch set (ISGLCRT and|

[SGLCR64 services)” on page

79 Specifying a latch's identity oy

usage” on page 80|

Include or copy the appropriate latch
manager interface definition file (IDF) into
programs that invoke the latch manager
services.

“Including a latch manager|

interface definition file (IDF)” on|

[page 75|
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Task Reference
“Loading the linkage assist
3. Linkedit a linkage assist routine into each routi nes§| & |
module that calls the latch manager services
(optional).
“Providing recovery for the latch|
4. Provide recovery for the latch manager. "g M !
manager” on page 76|

There are some considerations to be aware of when using enclaves for tasks that
serialize resources using the latch manager callable services. For details, see “Using
ENQ/DEQ or Latch Manager Services With Enclaves” in|z/OS MVS Programming|

[Workload Management Services|

Once you have completed the tasks, you can begin to use the latch manager

services described in [“Guide to the latch manager callable services” on page 78]

Including a latch manager interface definition file (IDF)

The latch manager provides files, called IDFs, that define variables and values for
the parameters used with latch manager services. IDFs are available for different
languages. You can include or copy an IDF from a central library into programs

that invoke the latch manager services.

The following IDFs are available on MVS:
Table 13. Latch Manager IDFs

Language Contained in Member
Assembler H SYS1.MACLIB ISGLMASM
C/370™ SYS1.SAMPLIB ISGLMC
PL/1 SYS1.SAMPLIB ISGLMPLI

IBM does not provide IDFs for COBOL, Pascal, or FORTRAN.

Loading the linkage assist routines

Your application can linkedit the latch manager linkage assist routines into each
module that calls the latch manager services. Alternatively, your application can
load the linkage assist routines to obtain their entry points, and then branch

directly to them.

The following linkage assist routines are contained in SYS1.CSSLIB:

* ISGLCRT

* ISGLCR64
e ISGLID

» ISGLID64

e ISGLOBT

* ISGLOB64
* ISGLREL

* ISGLRE64
* ISGLPRG

* ISGLPR64
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Providing recovery for the latch manager

When you use the latch manager to serialize resources, your application must
provide recovery to handle errors that can occur when the application code or the
latch manager is in control. For performance reasons, and because SRB routines
might not want to release owned latches when errors occur, the system does not
release owned latch requests during task or address space termination. The system
does, however, release pending latch requests when the requestor's home address
space terminates. The recovery you provide can be either an ESTAE-type or a
functional recovery routine (FRR). The following example shows pseudocode for
an application that calls the latch manager services and its associated FRR.

Guideline: The procedure that follows shows the exact method for ensuring
recovery for the Latch_Obtain and Latch_Release functions.

For information about how to provide a resource manager recovery routine, see
(Chapter 18, “Providing recovery,” on page 335,

Steps for providing recovery for the latch manager
About this task

Before you begin: You must use this procedure to ensure recovery for the
Latch_Obtain and Latch_Release functions. Not following this exact procedure can
risk the loss of serialization during recovery.

In the [“Program mainline example” on page 77|which follows this procedure, the
mainline program performs the following tasks:

Procedure
1. Issue the SETFRR macro to establish the recovery routine.
2. Initialize:

a. Initialize the latch_token to zeroes as a guide to knowing if the latch
manager has potentially obtained the latch. The latch manager will place a
latch token value into the area specified on the latch_token parameter by
the caller of the Latch_Obtain service. However, unless the service returns,
the recovery routine does not know if the latch was definitely obtained.

Note: A nonzero latch token value does not necessarily indicate that the
caller has definitely obtained the latch, it indicates that there is a potential
for holding the latch.

b. Initialize the updating_resource flag to null. This is the bit that indicates
whether or not you definitely hold the latch and whether you started to
potentially perform incomplete updates to the serialized data.

C. Initialize the init_complete flag, which indicates whether the values set by
the application are valid and can be trusted by the recovery routine. The
init_complete flag must reside in storage that was initialized to zeroes
before the program is called or before the recovery routine is established.

3. Set the obtain_option field to ISGLOBT_SYNC (value of 1). If the latch manager
cannot immediately grant ownership of the latch, the latch manager suspends
the requestor, and returns control to the requestor when ownership of the latch
is eventually granted.

Note: The latch manager sets the latch token value prior to waiting for the
latch to become available, so the token can be nonzero in recovery cases when
the latch is not actually held.
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Call the Latch_Obtain service to obtain a latch. At this point, if recovery is
entered due to an error in Latch_Obtain services, it is still uncertain if the latch
is held.

Turn the updating_resource flag “on” to indicate that the latch is now definitely
held and that the program is about to update the resource associated with the
obtained latch.

Update the resource.

Turn the updating_resource flag “off” to indicate that the resource update is
complete and the Latch_Release service is about to be called. Once this flag is
turned off, there is uncertainty about whether the latch is definitely held.

Set the release_option field to ISGLREL_UNCOND (value of 0). If the original
caller of Latch_Obtain no longer owns the latch, this value tells the system to
abnormally end the caller of Latch_Release. The abend is desired because the
resource was potentially updated without the proper serialization and
consequently corrupted.

Call the Latch_Release service to release the latch. The latch token should have
the value that was returned from the obtain services. Note that the
Latch_Release service does not reset the token to zero.

FRR tasks

In the[“FRR example” on page 78] which follows this procedure, the FRR performs
the following tasks:

1.

2.

Tests the init_complete flag to determine if the updating_resource and
latch_token variables are initialized.

Tests the updating_resource flag. If the flag is “on”, the latch is definitely held
and the FRR can repair the resource associated with the currently obtained
latch. This is how the FRR knows if the resource is serialized.

Tests the latch_token to see if it is a non-zero value. If so, the FRR assumes that
the program might have obtained the latch; therefore, the FRR should call
Latch_Release with the ISGLREL_COND (value of 1) option to ensure the latch
is no longer held. ISGLREL_COND (value of 1) indicates that the latch manager
should return control to the requestor with a return code instead of issuing an
abend if the latch is not held.

Program mainline example: Use this example to help set up recovery for the
latch manager.

SETFRR /* Establish recovery routine */
latch_token=Zeroes; /* Clear Tlatch token */
updating_resource=0FF; /* Clear resource update flag */
init_complete=0N; /* Set initialization flag */
CALL ISGLOBT(latch_set token, /* Obtain the latch associated */
Tatch_number, /* with resource to be updated =/
requestor_ID,
ISGLOBT_SYNC, /* Indicates the resource should */
ISGLOBT_EXCLUSIVE, /* wait for the resource to be */
ECB_address, /* available
latch_token, /* see note 1 below */
work_area, /* see note 2 below */
return_code) ;
updating_resource=0N; /* Indicate that the program is =/
. /* about to update the resource =/
< Update resource > /* Code for resource update */
updating_resource=0FF; /* Resource update complete */
CALL ISGLREL(Tatch_set_token, /* Release the Tlatch */
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latch_token,
ISGLREL_UNCOND, /* You want ISGLREL to abend */
work_area, /* if the latch was not owned */
return_code) ;

Note:

1. An ABEND can occur prior to the service returning, consequently the latch
token might be set by the service even when the latch is not obtained.

2. Zero is the only possible return code for the ISGLOBT_SYNCH option, so you
know that you definitely hold the latch.

FRR example

Example: Use this example to help set up recovery for the latch manager.

IF init_complete=ON THEN /* Is initialization complete? =/
DO
IF updating_resource=0N THEN /* Resource possibly updated? */
DO /* Note: If updating_resource */
/* bit is on, the latch is held =/
< Repair Resource > /* Code for restoring resource */
END;
IF Tatch_token == 0 THEN /* Is latch owned? (the Tatch */
DO /* could still be held, or the =/
. /* request could still be queued)=/
ISGLREL(Tatch_set_token, /* Release the latch, if owned */
latch_token, /* Use conditional release option*/
ISGLREL_COND, /* since latch may not be owned =/
work_area,

return_code) ;

END;
END;
< Continue recovery > /* Continue as appropriate */

Guide to the latch manager callable services

This information introduces the latch manager services, describes the information
you must provide when calling each service, and offers suggestions about when to
use each service.

The latch manager provides the following callable services for all SAA high level
languages:

Table 14. Latch Manager Services

Service Call Name Description

Latch_Create ISGLCRT Create a set of latches.

Latch_Create ISGLCR64 Create a set latches in 64-bit mode.

Latch_Identify ISGLID Identify a latch.

Latch_Identify ISGLID64 Identify a latch in 64-bit mode.

Latch_Obtain ISGLOBT Obtain exclusive or shared control of a
latch.

Latch_Obtain ISGLOB64 Obtain exclusive or shared control of a latch
in 64-bit mode.

Latch_Release ISGLREL Release ownership of an owned latch or a
pending request to obtain a latch.
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Table 14. Latch Manager Services (continued)

Service Call Name Description

Latch_Release ISGLRE64 Release ownership of an owned latch or a
pending request to obtain a latch in 64-bit
mode.

Latch_Purge ISGLPRG Purge all granted and pending requests for
a particular requestor within a specific latch
set.

Latch_Purge ISGLPR64 Purge all granted and pending requests for
a particular requestor within a specific latch
set while in 64-bit mode.

The syntax for calling the latch manager callable services in assembler language is:
CALL routine_name, (parml,parm2,...return_code)

Note: This information references equate symbols and associated numeric values
that are defined in the latch manager interface definition files (IDFs). (IDFs define
variables and values for the parameters used with latch manager services.) Each
equate symbol is followed by its numeric equivalent; for example,
“ISGLREL_COND (value of 1)” indicates the equate symbol ISGLREL_COND and
its associated value, 1. You may specify either the equate symbol or its associated
value when coding the latch manager callable services. For more information about
latch manager IDFs, see [“Including a latch manager interface definition file (IDF)’]
-n page 75,

Creating a latch set (ISGLCRT and ISGLCR64 services)

Applications can call the Latch_Create service to create a latch set during
initialization or whenever latches are required. The system keeps each latch set in
storage with a protection key that matches the PSW key of the caller of
Latch_Create.

The caller of Latch_Create must specify:

* The number of latches to be contained in the latch set (see

[number of latches in a latch set” on page 80).

* A name that uniquely identifies the latch set within the current primary address
space (see [‘Identifying latch sets” on page 80).

If you want the latch obtain services to detect some simple latch deadlock

situations, you can specify the ISGLCRT_DEADLOCKDET1 or

ISGLCRT_DEADLOCKDET?2 option on the ISGLCRT service. The following

deadlock situations can be detected:

* The work unit requests exclusive ownership of a latch that the work unit already
owns exclusively.

* The work unit requests shared ownership of a latch that the work unit already
owns exclusively.

* The work unit requests exclusive ownership of a latch for which the work unit
already holds a shared ownership.

See [z/0S MVS Programming: Authorized Assembler Services Reference EDT-IX{ for
instructions about how to use the two deadlock detection options.

Once you create a latch set, the latch set remains in place for the life of the job or
address space. You cannot delete a latch set.
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Specifying the number of latches in a latch set

The number of latches that you include in each latch set depends on the number of
latches that your application requires and the number of latch sets you decide to
create. For example, if you estimate that your application will require 100 latches,
you could create a single latch set that contains all the required latches, two latch
sets that contain 50 latches each, and so on. You should create your latch sets and
assign latches to resources so as to minimize contention for those resources.

If you find that your application requires more latches after you have created one
or more latch sets, you must create an additional latch set to add the latches; you
cannot add latches to an existing latch set.

If you need to associate latches with an extremely large number of resources, you
can create a large latch set and use a hashing routine to associate the resources
with latches. You may want to use this method if you have resources that can
dynamically change, such as data sets, programs, or address spaces.

The amount of storage consumed by a latch set in the latch set creator's address
space varies depending on the z/OS release level, the highest number of
concurrent outstanding latch obtains, and the latch set create options. The
following values are approximate for z/OS V1R9 and for planning purposes only:

* Each latch set is 128 bytes plus 32 bytes per latch and 110 bytes per outstanding
latch obtain request. Additional working storage is used to enhance performance
when the system uses the default latch set create option (that is, when the
ISGLCRT_LOWSTGUSAGE create option is not specified). The amount of
additional working storage used by each latch set varies with the number of
configured processors.

* If the ISGLCRT_LOWSTGUSAGE create option is used instead of the default
option, less working storage is consumed at the expense of performance.
Consider using the ISGLCRT_LOWSTGUSAGE option and fewer latches when
the latch set creator's address space is constrained by private storage.

Identifying latch sets

When calling Latch_Create, your application must specify a name for the latch set
to be created. The latch set name uniquely identifies the latch set within the
current primary address space. If you specify a latch set name that already exists
in the current primary address space, the Latch_Create service sets the return code
to indicate that the latch set name already exists, and provides the latch set token
for the existing latch set.

IBM recommends that you use a standard naming convention for the latch set
name. To avoid using the names IBM uses for its products, do not begin the latch
set name with the character string "SYS." Also, ensure that the latch set name will
be readable when it is listed in output from the DISPLAY GRS command and
interactive problem control system (IPCS). Use of national characters ('@, '$', '#) is
discouraged because those characters display differently on different national code
pages. For more information about displaying latch information with DISPLAY
GRS, see [z/0S MVS System Commands} For more information about using IPCS to
display latch contention information and statistics, see [z/0S MVS IPCS Commands|

Specifying a latch's identity or usage
The resource manager of the application can call the ISGLID and ISGLID64 service
to identify how an individual latch is being used at any point in time. The ISGLID
and ISGLID64 service provide a latch set creator with the ability to attach a latch
identity array (in ISGLMASM or ISGLMC) to the latch set. By using a LIDArray,
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individual latch usage attributes including a description and thresholds can be
identified. The latch attributes are defined by the latch owner. Depending on the
dynamic nature of each latch, the latches usage attributes might never change and
are assigned once or are initiated to not in use, changed after obtaining the latch,
and reset to not in use before releasing the latch. The effect on performance should
always be evaluated when using dynamic latch attributes. Ensure that LIDArray is
in the primary space.

After the LIDArray has been attached to the latch set, it cannot be deleted.
However the Latch Identity Pointer Array can be replaced by calling the service
again and specifying a new array. To change the Latch identity for a particular
latch, allocate a new latch identity block, fill it out, and update the corresponding
array entry. Then the program is free to delete the previous latch identity block.

The Latch identity provides attributes that are related to the current usage of a
given latch. The attribute includes threshold values and a printable description of
the usage of the latch. The description is displayed on the D
GRS,ANALYZE,LATCH command to provide the meaning of a specific latch usage.
The thresholds are used by the system to determine when contention or hold times
are abnormal. Non-zero threshold values should be carefully planned as users of
the D GRS,ANALYZE,LATCH command may not see latches reported as in
contention until the specified latch threshold values have been exceeded.

The identity can also be used to find more detailed component information about
the latches usage. Any displayable text can be used. See [z/0S MVS Diagnosis:|

for how other components have provide diagnosis information for the
latches.

See the following example for how to specify the thresholds and printable string.
LIDHOLDTHRESHOLD DS F

The time in seconds that is not normal for this latch to be held. With this field, a
value of X'00000000' is deemed to mean "take the default". This allows users to not
have to specify the default value of X'FFFFFFFF' in every entry. The default value
indicates that no matter how long this latch is held, it should not be treated as an
exception. An example usage of this field would be for an application to issue a
message if it were to find a latch held for a time period longer than that specified
here, even if no contention exists.

LIDCONTTHRESHOLD DS F

The time in seconds that is not normal for this latch to be in contention. For
example, when D GRS, ANALYZE,LATCH,BLOCKER and D

GRS, ANALYZE,LATCH,WAITER process this element, it will be ignored unless the
current longest waiter’s wait time exceeds this threshold. A value greater than
X'1D55600' (one year) will be treated by these commands as an indication to never
display this latch.

LIDPRINTABLESTRING@ DS AD

Address of printable (EBCDIC) string
LIDPRINTABLESTRINGLENGTH DS H

Length of printable (EBCDIC) string
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For more information about how to use the ISGLID service, see the ISGLID and
the ISGLID64 topics in [z/OS MVS Programming: Authorized Assembler Services
[Reference EDT-IXG}

Obtaining a latch (ISGLOBT and ISGLOB64 services)

Once your application creates one or more latch sets, requestors can call the
Latch_Obtain service to obtain latches for exclusive or shared access to resources.
Requestors must call Latch_Obtain from the same primary address space from
which the Latch_Create service was called to create the associated latch set.

When a requestor calls Latch_Obtain, the latch manager does one of the following:
¢ If the latch is available, grants ownership to the requestor immediately

e If the latch is not immediately available, performs an action specified by the
requestor (see [“Specifying an obtain option”| for descriptions of the various
actions).

In cases where the latch manager finds contention for a requested latch, the
Latch_Obtain service performs more slowly than in cases where latch manager can
grant ownership of the latch to the requestor immediately.

Specifying the number of a requested latch

When your application creates a latch set that contains the latch you wish to
obtain, the latch manager assigns a number to each latch in the latch set. Callers of
the Latch_Obtain service must specify this number when requesting ownership of
a specific latch.

The system numbers the latches starting from zero. The requestor specifies the
requested latch on the latch_number parameter on the call to Latch_Obtain. The
highest numbered latch is the total number of latches in the latch set minus one.

Specifying an obtain option

When a requestor calls the Latch_Obtain service to request ownership of a latch,
the latch manager cannot grant control of the latch immediately if contention exists
because either:

* Exclusive ownership of the latch was requested (Latch_Obtain was called with an
access option of ISGLOBT_EXCLUSIVE, value of 0), and an exclusive or shared
request (either owned or pending) already exists for the latch

* Shared ownership of the latch was requested, (Latch_Obtain was called with an
access option of ISGLOBT_SHARED, value of 1), and an exclusive request
(either owned or pending) already exists for the latch.

When either situation occurs, the value specified on the obtain_option parameter
indicates how the latch manager is to handle the request, which is one of the
following:

* ISGLOBT_SYNC (value of 0): Queue the request and suspend the requestor;
when the latch manager eventually grants ownership of the latch to the
requestor, return control to the requestor

* ISGLOBT_COND (value of 1): Do not queue the request; return control to the
requestor

* ISGLOBT_ASYNC_ECB (value of 2): Queue the request and return control to
the requestor; post an ECB when the latch manager eventually grants ownership
of the latch to the requestor.
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Table 15. Summary of Possible Results of Calls to Latch_Obtain

Summary of results of calls to Latch_Obtain
The following table summarizes the results of calls to the Latch_Obtain service:

Situation

Obtain Option

Access Option

Resulting Actions for
Caller of Latch_Obtain

Outcome of Request to Obtain Latch

Latch is not owned Any Any Return control to caller Ownership granted immediately; if
obtain option ISGLOBT_ASYNC_ECB
(value of 2) is specified, ECB is not
posted

Only shared requestors Any ISGLOBT_SHARED Return control to caller Ownership granted immediately; if

own latch

(value of 1)

obtain option ISGLOBT_ASYNC_ECB
(value of 2) is specified, ECB is not
posted

Only shared requestors
own latch

ISGLOBT_SYNC (value
of 0)

ISGLOBT_EXCLUSIVE
(value of 0)

Suspend caller

Request queued, ownership granted
when latch available

Only shared requestors
own latch

ISGLOBT_COND (value
of 1)

ISGLOBT_EXCLUSIVE
(value of 0)

Return control to caller

Request not queued

Only shared requestors
own latch

ISGLOBT_ASYNC_ECB
(value of 2)

ISGLOBT_EXCLUSIVE
(value of 0)

Return control to caller

Request queued, ECB posted when
ownership granted

An exclusive requestor ISGLOBT_SYNC (value Any Suspend caller Request queued, ownership granted
owns or is waiting for of 0) when latch available

the latch

An exclusive requestor ISGLOBT_COND (value | Any Return control to caller Request not queued

owns or is waiting for of 1)

the latch

An exclusive requestor ISGLOBT_ASYNC_ECB | Any Return control to caller Request queued, ECB posted when

owns or is waiting for
the latch

(value of 2)

ownership granted

Releasing a latch (ISGLREL and ISGRE64 services)

Requestors can call the Latch_Release service to release an owned latch or a
pending request to obtain a latch. It is important to release latches when they are
no longer needed so other requestors can obtain those latches.

When processing a Latch_Release request, the latch manager runs more slowly if
contention for the latch exists at the time of the call to Latch_Release. To allow the
latch manager to release latches most efficiently, you should design your
application to minimize contention for resources.

It is possible that a requestor might end (either normally or abnormally) without
releasing an owned latch or a pending request to obtain a latch. To make such a
latch available, code in your application's recovery can call the Latch_Release

service. Your application's recovery can also call the Latch_Purge service to purge
all granted and pending requests for a particular requestor within a specific latch
set. See [“Providing recovery for the latch manager” on page 76| for additional
information.

Specifying a release option

When calling Latch_Release, the requestor specifies the latch token that was
returned on the previous Latch_Obtain call. The latch token identifies the specific
request to be released. On the call to Latch_Release, the requestor also specifies a
release option, which tells the latch manager to do one of the following if the latch
manager did not grant ownership of the latch to the caller of Latch_Obtain:

* ISGLREL_UNCOND (value of 0): Abnormally end the caller of Latch_Release.

* ISGLREL_COND (value of 1): Return control to the caller with a return code;
the remaining actions depend on the obtain_option specified on the original call
to the Latch_Obtain service.
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[‘Summary of results of calls to Latch_Release”| describes the results of calls to

Latch_Release.

Summary of results of calls to Latch_Release
The following table summarizes the outcomes from calls to the Latch_Release

service:

Situation

Release Option

Resulting Actions for
Caller of Latch_Release

Outcome of Request to
be Released

Latch is owned

Any

Return control to caller

Request released, new
owner possible

Requestor suspended

ISGLREL_UNCOND
(value of 0)

Abend caller

Request remains queued

Requestor suspended

ISGLREL_COND (value
of 1)

Return control to caller

Request remains queued

Requestor is waiting on
an ECB

ISGLREL_UNCOND
(value of 0)

Abend caller

Request remains queued

Requestor is waiting on
an ECB

ISGLREL_COND (value
of 1)

Return control to caller

Request released

Request not found

ISGLREL_UNCOND
(value of 0)

Abend caller

No action on the latch

Request not found

ISGLREL_COND (value

Return control to caller

No action on the latch

of 1)

Purging one or more latches (ISGLPRG and ISGLPR64
services)

Your application's resource manager can call the Latch_Purge service to purge all
granted and pending requests for a particular requestor within a specific latch set.
Latch_Purge is particularly useful when a task or address space is terminating, and
you want to release latches that were obtained by a terminating task or programs
that are running in a terminating address space. For information about how to call
Latch_Purge, see|Providing recovery for the latch manager” on page 76|

Purging one or more latches in a group of latch sets for a
group of requestors (ISGLPBA and ISGLPB64 services)

Your application's resource manager can call the Latch_Purge_by_Address_Space
service to purge all granted and pending requests for a group of requestors within
a group of latch sets. Latch_Purge_by_Address_Space is particularly useful when a
task or address space is termi- nating, and you want to release latches that were
obtained by a terminating task or programs that are running in a terminating
address space.

To effectively use this service the latch_set_names and your requestor_IDs should
be defined such that they have a common portion and a unique portion. Groups of
latch sets can then be formed by masking off the unique portion of the
latch_set_name and groups of latch requests in a latch set can then be formed by
masking off the unique portion of the requestor_ID. This technique is very useful
when keeping track of the unique portion of the requestor_ID might be difficult or
expensive. A single purge request to can then handle multiple latch sets and
multiple requests in a latch set. Recovery routines should call
Latch_Purge_by_Address_Space when one or more errors prevent requestors from
releasing latches.
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Purging groups of latch sets

To better understand how latch sets names and requestor IDs might be grouped,
look at the following example. Suppose that you have created three latch sets in an
address space with the following names:

LATCHSET1 DC CLA8'EXAMPLE.ONE_LATCH_SET_1'

LATCHSET2 DC CL48'EXAMPLE.ONE_LATCH_SET 2'
LATCHSET3 DC CL48'EXAMPLE.ONE_LATCH_SET_3'

There are multiple tasks doing spaced-switched program calls (PCs) into this
address space which will be obtaining and releasing latches from these latch sets.
For a requestor_ID, the following is used:

MVC REQ_IDH,PSAAOLD-PSA /* use home ASCB address and  */
MVC REQ_IDL,PSATOLD-PSA /* TCB address as requestor ID x/

The first word of the requestor_ID contains the ASCB address of the home address
space and the second word is the address of the TCB. For each address space, that
has tasks using the latch sets, an end-of-memory resource manager is set up. If you
are also using SRBs that would obtain and release latches you could use a similar
scheme for the requestor IDs. For instance, the first word could be the ASCB and
the second word could be the address of some control block in common (so that
the address would be unique and different from the TCB address used by the
non-SRB requestors). This is especially useful when the unique portion of the
requestor_ID may not be readily determinable by the latch purge requestor.

When one of these address spaces terminates it may still hold one or more of the
latches. When the resource manager gets control (it will be running in the master
address space), it PCs into our address space to issue the ISGLPBA service. The
following example sets up the parameters for this service:

USING RMPL,R4

MVC  REQ_IDH,RMPLASCB /* use the terminating ASCB addr =/
MVC  REQ_IDL,ZEROS /* rest of req_id should be zero */

The requestor_ID mask would then be:

REQID_MK DC 4X'FF! /* match terminating ASCB */
XL4'0" /* mask off TCB address - */

/* purge latches for */

/* for all tasks */

The latch set name would be the common portion followed by zeros for the unique
part:

LSNME DC CL22'EXAMPLE.ONE_LATCH_SET ' /* common part */
DC XL26'0" /* unique part */

And the mask would be:

LSNME_MK DC 22X'FF! /* common part x/
DC XL26'0" /* unique part =*/

And the call to the service will be:

CALL ISGLPBA, (LS_TOKEN,REQ ID,REQID MK, X
LSNME, LSNME_MK,RETCD) ,MF=(E,PBYA_DPL)

Note that LS_TOKEN should be set to zero for the latch_set_ name and
latch_set_name_mask to be used.

LS_TOKEN DC XL8'o! /* use latch set name and */
* /* latch set name mask */
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For each latch set in the primary address space, the latch_set_name will be
logically ANDed with the latch_set_name_mask:

latch_set name "EXAMPLE.ONE_LATCH SET 1 ....iiuiiiinnenn. '

C