









































































































































. When MVT is used, if link pack area modules were being used at the checkpoint,
they must occupy exactly the same main—storage locations. Note that link pack
area modules may include access method modules and modules made available to
a program when it executes the LOAD macro instruction.

. In a system with the IBM 2361 Core Storage device, the boundary between
hierarchy 0 and hierarchy 1 must be the same as it was originally.

How the System Works During Deferred Checkpoint/Restart

After the system has read and interpreted the restart deck, it reads the specified
checkpoint entry and merges information from it into the input work queue entry for
the job. As a result, the work queue entry differs from the entry existing during the
original execution, as described earlier in this chapter. (Refer to “How the Job Deck is
Reinterpreted and the Input Work Queue Merged” in the section ‘“Automatic Restarts,”
subsection ‘“How the System Works at Automatic Restart.”)

Next, the system initiates the restart step normally. The system reads the specified
checkpoint entry again and functions as in the automatic restart case. Restart is
delayed until the required main—storage area is available.
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CHAPTER 5: WHAT THE OPERATOR MUST CONSIDER

This chapter describes the system messages and operator functions during various types
of restarts and includes discussions on how the operator’s decisions and choice of
commands can cause variations in the use of system resources. The chapter is divided
into two parts: one on the MVT environment, the other on the MFT environment.

MVT Environment

Automatic Restart Message Sequence

During processing related to automatic checkpoint/restart in MVT, the system issues
the following sequence of messages to the operator:

1.

A message each time a checkpoint entry is written. Each message contains the
checkpoint identification.

If the job step terminates because of an ABEND condition, an ABEND message
for the job step.

If the ABEND code makes the job step eligible for restart, an authorization for
restart message that requires a reply.

Assuming that restart is authorized and DISPLAY JOBNAMES is in effect, an
IEFREINT STARTED message, followed by an IEFREINT ENDED message.
IEFREINT is the name of a system task called the “restart reader.” The restart
reader reinterprets internal system records of the job to be restarted.

A message indicating the main—storage requirements (beginning address and
ending address) of the job step to be restarted. This allows the operator to
determine that the required main storage is not currently in use by a “‘never
ending” task.

A message indicating direct system output (DSO) requirements. (If this message
is written, the job is placed on the HOLD queue.)

Normal mount messages.

A successful restart message.

During processing related to an automatic step restart after a job step has terminated
abnormally in MVT, the sequence is the following:

1.
2.

4.

An ABEND message for the job step.

If the ABEND code makes the job step eligible for restart, an authorization
message that requires a reply. ‘

Assuming that restart is authorized and DISPLAY JOBNAMES is in effect, an
IEFREINT STARTED message followed by an IEFREINT ENDED message.

Normal mount messages.

Note that the ABEND message, which is issued as:

IEF4501 jobname.stepname.procstepname ABEND code
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is always displayed if a job step terminates abnormally. In addition, if the job step is
being executed and the MVT system fails, this message will be displayed during the
next IPL if system—supported restart is performed. The “code” part of the message has
the form Shhh (S followed by a three character hexadecimal number) if the system
executed the ABEND macro instruction, or Udddd (U followed by a four—digit decimal
number) if the user’s program executed the ABEND. It is S2F3 if MVT system failure
occurred.

Operator Options During Automatic Restart

In MVT, if a step requests automatic restart and is eligible for restart, the system
displays the following message to request authorization for the restart:

xxIEF225D SHOULD jobname.stepname.procstepname [checkid] RESTART

Checkid appears in the message only if restart at a checkpoint is requested. It contains
from 1 to 16 characters and identifies the checkpoint entry to be used to perform the
restart. The operator must reply to the request for authorization as follows:

{'YES'}
REPLY xx, {‘NO'}
{*HOLD'}

YES authorizes the restart, HOLD postpones it, and NO prohibits it. During the time
that the MVT system is waiting for the operator to reply to the authorization request,
no other task in the system can be initiated or terminated. Therefore, the operator
should reply promptly to this message.

If the advisability of allowing the restart is not readily apparent, the operator should
reply HOLD to the authorization message. If he later determines that the restart
should occur, he can initiate the restart by using the RELEASE command, thereby
achieving the same result as with an initial/ YES reply. If the decision is to deny the
restart authorization, the operator can cancel the job in the HOLD queue. However,
he must consider that HOLD, as well as YES, causes special disposition processing to
occur during the abnormal termination. This processing keeps all OLD (or MOD) data
sets and deletes all NEW data sets if a step restart was requested and keeps all data
sets if a checkpoint/restart was requested. If the operator subsequently decides to
disallow the restart but wants to allow normal disposition (as requested on the job’s
DD statements) of data sets that were kept, he may release the job, wait until restart
has begun, and then cancel the job.

After the authorization request and before the operator replies YES, he may, in some
cases, by using the VARY and UNLOAD commands, cause the system’s volume and
device configuration during a restart execution of the job to be different from what it
was during the original execution of the job. Thus, the operator may eliminate use of
defective volumes and devices.

The ability to use a different volume usually exists only in the case of a NEW data set
on a nonspecific volume. Furthermore, if a checkpoint/restart is to be performed, the
data set must not have been open at the checkpoint. The ability to use a different
device does not apply to the device or devices containing the SYSRES volume and the
SYSJOBQE and LINKLIB data sets. Also, if a checkpoint/restart is to be performed
and a data set was open at the checkpoint, the same type of device must be allocated
to the data set during both the original and restart executions.
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After a YES reply, the job is reinterpreted by a restart reader, named IEFREINT, that
is started automatically by the system. At this time, the IEFREINT STARTED and
IEFREINT ENDED messages are issued to the operator if DISPLAY JOBNAMES is
in effect. Before the restart job is reinterpreted and is ready for reinitiation, one or
more initiators may select other jobs from the work queue and initiate them. The other
jobs may use the main storage and devices needed by the restart job and, if they do,
the restart will be delayed until the main storage and devices are available. If a delay
of the restart is undesirable, the operator can hold the queue prior to the YES reply
and release the queue after the IEFREINT ENDED message is displayed. This ensures
that jobs with the same priority are executed in the sequence in which they were
originally submitted.

If a job is to be restarted at a checkpoint, a message specifying the beginning and
ending addresses of the main storage required for the job step to be restarted is issued
after job reinterpretation and any IEFREINT messages. If the required main—storage
area is currently unavailable because it is being used by other tasks, the restart is
delayed until the area is available. If neither the mount messages nor the successful
restart message is issued, it is an indication that the required area is currently
unavailable. The operator can determine the status of the required area by using the
DISPLAY A (Active) command. If a system task is executing in the required area, the
operator can either allow the system task to continue to termination (if a reader), or
issue the STOP command for the system task (if a reader or writer). If the area is
occupied by another job step task, the operator can permit the job step task to
continue to termination or he can cancel it.

If the required main—storage area is unavailable because the System Queue Space has
expanded into that area since the original execution, a message is displayed indicating
that main storage for the job step to be restarted is unavailable and the restart is
terminated. In order to successfully restart the job step from the specified checkpoint,
the IPL procedure must be performed again and the job resubmitted for a deferred
checkpoint/restart.

Note that when an initiator has selected a job for automatic step restart and the job has
been reinterpreted, no message is issued to the operator regarding main storage
requirements since its execution is not location dependent.

After the required main storage has been allocated, the following message may be
issued if the job is to be restarted at a checkpoint:

IEF390E DSO (outputclass, jobclass,devicetype)
NEEDED TORESTART jobname

The message indicates that a DSO (direct system output) data set was open at the
checkpoint. The data set was part of the specified system output class, and was
assigned to a printer, card punch, or magnetic tape unit, as indicated by the message.
The device originally used by the data set is no longer available because:

. The operator issued a STOP command to stop DSO processing on the device.

. The operator issued a MODIFY command to assign the device to a different
system output class.

. After abnormal termination, the DSO device was allocated to a step belonging to
another job.

The operator can assign a device to the required system output class by issuing a
START or MODIFY command. The START command starts DSO processing on a
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new device; the MODIFY command changes the system output class for a device that
has already been started. If the operator issues a MODIFY command for a DSO
device being used by another job, the command will take effect when that job
terminates.

When starting or modifying DSO processing, the operator can specify a job class for
which no initiator has been started. Doing so allows the DSO device to be used by the
job that is being restarted, but not by other jobs that may be initiated before restart
can occur. Of course, this is not necessary if the operator has issued the HOLD
command to temporarily prevent the initiation of other jobs.

Message IEF390E is issued once for each output class that requires DSO device
assignment. The job is then placed on the HOLD queue, The operator must release
the job for execution after assigning the required devices. If the required devices
cannot be assigned, the operator should cancel the job.

Deferred Restart Message Sequence

To perform a deferred checkpoint/restart in MVT, the job to be restarted is
resubmitted in an input job stream. Messages that contain checkpoint entry
identifications were displayed on the console during the original execution of the job
and may then be used by the programmer preparing the job for resubmission. When
the resubmitted job is restarted, messages appear on the console in the following
sequence:

1. A message indicating the main—storage requirements of the job

2.  When a direct system output (DSO) device must be started, a message indicating
DSO requirements

3. Normal mount messages
4. A successful restart message

To perform a deferred step restart in MVT, the job to be restarted is resubmitted.
Normal mount messages are displayed.

Operator Considerations During Deferred Checkpoint/Restart

When a job is resubmitted to perform a deferred checkpoint/restart (the RESTART
parameter is coded on the JOB statemeént with a checkid operand), the processing is
essentially the same as during an automatic checkpoint/restart after the restart reader
has reinterpreted the job. A message is issued to the operator indicating the
main—storage requirements of the job. Other tasks executing in the required
main—storage area can delay the restart. The operator can use the DISPLAY A
command in the same manner as in an automatic checkpoint/restart.

The required main—storage area can also be unavailable for the following other reasons:
. System Queue Space has expanded into the required area.

. The REGION size parameter for the step is larger when the job is resubmitted
than in the original execution, and the area used in the original execution was
adjacent to (immediately below) the Master Scheduler Region. Because the area
used by the step is not allowed to expand upward into the Master Scheduler
Region, the request for a larger region for the step cannot be satisfied.
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. A new IPL was performed and, because of different IPL options specified by the
operator, the nucleus expanded upward, or the Link Pack Area expanded
downward into the required area.

. The job is resubmitted on an alternate system that does not have the required
main—storage area.

If these conditions exist, a message is displayed indicating that main storage for the job
step to be restarted is unavailable. The restart is terminated.

When main—storage requirements can be satisfied, message IEF390E may be issued to
define direct system output (DSO) requirements. Operator response is the same as in
the case of automatic checkpoint/restart.

MFT Environment

Automatic Restart Message Sequence

During processing related to automatic checkpoint/restart in MFT, the system issues
the following sequence of messages to the operator:

1. A message each time a checkpoint entry is written. Each message contains the
checkpoint identification.

2.  If the job step terminates because of an ABEND condition, an ABEND message
for the job step.

3. If the ABEND code makes the job step eligible for restart, an authorization for
restart message that requires a reply.

4.  Assuming that restart is authorized and DISPLAY JOBNAMES is in effect, an
IEFREINT STARTED message, followed by an IEFREINT ENDED message.
IEFREINT is the name of a system task called the “restart reader.”” The restart
reader reinterprets internal system records of the job to be restarted.

5. A message indicating direct system output (DSO) requirements. (If this message
is written, the job is placed on the HOLD queue.)

6. Normal mount messages.

7. A successful restart message.

During processing related to an automatic step restart after a job step has terminated
abnormally in MFT, the sequence is the following:

1. An ABEND message for the job step

2. If the ABEND code makes the job step eligible for restart, an authorization
message that requires a reply

3. Assuming that restart is authorized and DISPLAY JOBNAMES is in effect, an
IEFREINT STARTED message followed by an IEFREINT ENDED message

4. Normal mount messages
Note that the ABEND message, which is issued as:

IEF4501 jobname.stepname.procstepname ABEND code
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is always displayed if a job step terminates abnormally. In addition, if the job step is
being executed and the MFT system fails, this message will be displayed during the
next IPL if system—supported restart is performed. The “code” part of the message has
the form Shhh (S followed by a three character hexadecimal number) if the system
executed the ABEND macro instruction, or Udddd (U followed by a four—digit decimal
number) if the user’s program executed the ABEND. It is S2F3 if MFT system failure
occurred.

Operator Options During Automatic Restart

In MFT, if a step requests automatic restart and is eligible for restart, the system
displays the following message to request authorization for the restart:

xxIEF225D SHOULD jobname.stepname.procstepname [checkid]RESTART

Checkid appears in the message only if restart at a checkpoint is requested. It contains
from 1 to 16 characters and identifies the checkpoint entry to be used to perform the
restart. The operator must reply to the request for authorization as follows:

{*YES')
REPLY xx, {‘NO’}
{*HOLD’}

YES authorizes the restart, HOLD postpones it, and NO prohibits it. During the time
that the MFT system is waiting for the operator to reply to the authorization request,
no other task in the system can be initiated or terminated. Therefore the operator
should reply promptly to this message.

If the advisability of allowing the restart is not readily apparent, the operator should
reply HOLD to the authorization message. If he later determines that the restart
should occur, he can initiate the restart by using the RELEASE command, thereby
achieving the same result as with an initial YES reply. If the decision is to deny the
restart authorization, the operator can cancel the job in the HOLD queue. However,
he must consider that HOLD, as well as YES, causes special disposition processing to
occur during the abnormal termination. This processing keeps all OLD (or MOD) data
sets and deletes all NEW data sets if a step restart was requested and keeps all data
sets if a checkpoint/restart was requested. If the operator subsequently decides to
disallow the restart but wants to allow normal disposition (as requested on the job’s
DD statements) of data sets that were kept, he may release the job, wait until restart
has begun, and then cancel the job.

After the authorization request and before the operator replies YES, he may, in some
cases, by using the VARY and UNLOAD commands, cause the system’s volume and
device configuration during a restart execution of the job to be different from what it
was during the original execution of the job. Thus, the operator may eliminate use of
defective volumes and devices.

The ability to use a different volume usually exists only in the case of a NEW data set
on a nonspecific volume. Furthermore, if a checkpoint/restart is to be performed, the
data set must not have been open at the checkpoint. The ability to use a different
device does not apply to the device or devices containing the SYSRES volume and the
SYSJOBQE and LINKLIB data sets. Also, if a checkpoint/restart is to be performed
and a data set was open at the checkpoint, the same type of device must be allocated
to the data set during both the original and restart executions.
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After a YES reply, the job is reinterpreted by a restart reader, named IEFREINT, that
is started automatically by the system. At this time, the IEFREINT STARTED and
IEFREINT ENDED messages are issued to the operator if DISPLAY JOBNAMES is
in effect. Before the restart job is reinterpreted and is ready for reinitiation, one or
more initiators may select other jobs from the work queue and initiate them. The other
jobs may use the main storage and devices needed by the restart job and, if they do,
the restart will be delayed until the main storage and devices are available. If a delay
of the restart is undesirable, the operator can hold the queue prior to the YES reply
and release the queue after the IEFREINT ENDED message is displayed. This ensures
that jobs with the same priority are executed in the sequence in which they were
originally submitted.

In some cases, the partition in which a job is originally executed may be redefined
before the job is restarted. For example, the operator may redefine the partition after
replying HOLD to the restart authorization message, or redefinition may already be
pending when the message is issued. The redefined partition may be unsuitable for use
in restarting the job at a checkpoint because:

. The required main—storage area may be split between two or more partitions, or
may be allocated to a resident reader or writer.

. The redefined partition may include storage from hierarchy O when it originally
included storage only from hierarchy 1.

In either case, the system issues a message that indicates the requirements for defining
a suitable partition. The operator can either define the required partition or cancel the
job.

When a suitable partition has been provided, the following message may be issued if
the job is to be restarted at a checkpoint:

IEF390E DSO (outputclass,jobclass,devicetype)
NEEDED TORESTART jobname Pn

The message indicates that.a DSO (direct system output) data set was open at the
checkpoint. The data set was part of the specified system output class, and was
assigned to a printer, card punch, or magnetic tape unit, as indicated by the message.
The device originally used by the data set is no longer available because:

. The operator issued a STOP command to stop DSO processing on the device.

. The operator issued a MODIFY command to assign the device to a different
system output class.

. The operator issued a DEFINE command to redefine partitions, and the job step
is not being restarted in the original partition.

The operator can assign a device to the required system output class by issuing a
START or MODIFY command. The START command starts DSO processing on a
new device for the restart partition. The MODIFY command changes the system
output class for a device that has already been started for the partition. When
necessary, a STOP command can be issued for a DSO device started for another
partition, and a START command issued for the same device in the restart partition. If
a STOP command is issued for a DSO device being used by another job, the command
will take effect when that job terminates.

Message IEF390E is issued once for each system output class that requires DSO device
assignment. The job is then placed on the HOLD queue. The operator must release
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the job for execution after assigning the required devices. If the required devices
cannot be assigned, the operator should cancel the job.

Deferred Restart Message Sequence

To perform a deferred checkpoint/restart in MFT, the job to be restarted is
resubmitted in an input job stream. Messages that contain checkpoint entry
identifications were displayed on the console during the original execution of the job
and may then be used by the programmer preparing the job for resubmission. When
the resubmitted job is restarted, messages appear on the console in the following
sequence:

1.  When required main storage is not immediately available, a message indicating the
main—storage requirements of the job

2. When a direct system output (DSO) device must be started, a message indicating
DSO requirements

3. Normal mount messages
4. A successful restart message
To perform a deferred step restart in MFT, the job to be restarted is resubmitted.
Normal mount messages are displayed.
Operator Considerations During Deferred Checkpoint/Restart

When a job is resubmitted to perform a deferred checkpoint/restart (the RESTART
parameter is coded on the JOB statement with a checkid operand), the processing is
essentially the same as during an automatic checkpoint/restart after the restart reader
has reinterpreted the job.

If partitions have been redefined since the job was originally executed, there may be no
partition suitable for restarting the job because:

. The required main—storage area may be split between two or more partitions, or
may be included in the partition for a resident reader or writer.

. The partition containing the required main—storage area may include storage from
hierarchy 0 when the original partition included only storage from hierarchy 1.

In either case, the system issues a message indicating the requirements for defining a
suitable partition. The operator can either define the required partition or cancel the
job.

The required main—storage area may be unavailable for the following reasons:

. A new IPL was performed and, because of different IPL options specified by the
operator, the nucleus expanded into the required area.

. The job is resubmitted on an alternate system that does not have the required
main—storage area.

If these conditions exist, a message is displayed indicating that main storage for the job
step to be restarted is unavailable. The restart is terminated.

When main—storage requirements can be satisfied, message IEF390E may be issued to
define direct system output (DSO) requirements. Operator response is the same as in
the case of automatic checkpoint/restart.
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CHAPTER 6: STORAGE ESTIMATES

Checkpoint/Restart Work Area

The user must ensure that enough main storage for a special work area is available
prior to execution of the CHKPT macro instruction. The algorithm for computing the
size of the work area is as follows:

Work Area = 1108 + T + 48(N-2) bytes

where: T = the size of the TIOT at checkpoint time
N

the number of OPEN data sets at checkpoint time
Notes:

. For reference purposes, the size of a TIOT in bytes is: 28+20A+4B, where A is
the total number of data sets of the job step (including the JOBLIB if present)
and B is the sum of any devices exceeding one allocated to each data set.

. N must: (1) have a value of at least 2 and (2) include the checkpoint data set
whether it is open or not.

. If checkpoint/restart opens the checkpoint data set, the user must provide space
for the IOB. With MFT, the user must also provide space for the DEB and ECB.

. For MFT, the user must provide 344 bytes.

. If a user’s direct—access output data set requires a new extent after a checkpoint
has been taken, and then an automatic restart is attempted, the restart function
requires an additional 384 bytes of main storage. This main storage is acquired
from the problem program partition in MFT and from subpool 253 in MVT.

. Additional storage is required for parallel repositioning of more than four data
sets on magnetic tape. The control program requests all available storage up to
128(P-4) bytes, where P is the number of tape data sets that were open at the
checkpoint. The number of tape data sets repositioned in parallel is Q + 4, where
Q is the number of contiguous 128-byte areas obtained by the control program.

Checkpoint Data Set Storage Requirements

The checkpoint data set may be on any direct—access device or any magnetic tape
device that is supported by BSAM or BPAM. The records forming a checkpoint entry
are written in undefined format (format U) in the physical order shown in the table
that follows. As the table shows, each checkpoint entry contains four types of records.
Some types occur more than once in a single checkpoint entry. For each type of
record, the table lists the size of one record and the number of records of that type that
will appear in a checkpoint entry. From this table, the space required for each
checkpoint entry can be determined, and when multiplied by the expected number of
entries, the space required for the checkpoint data set can be determined.
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Record Type Record Size Number of Records

CHR (Checkpoint Header Record) 400 bytes 1

DSDR (Date Set Descriptor Record) 400 bytes (N/2)*

CIR (Core Image Record) B bytes A/B

SUR (Supervisor Record) 200 bytes 1 in MFT
C/70 in MVT

*Add one record for the first generation data group (GDG) data set and a second record for each additional 4 GDG
data sets. Add one record for each data set requiring 6 to 20 volumes and a record for each additional 15 volumes.

where: N =  total number of data sets in the job step
A =  problem program main—storage size defined as:
(1) The size of the partition in MFT
2) The size of the region in MVT
, B =  blocksize of the checkpoint data set either as specified by user

(2600 bytes) or as assumed by the system in the absence of user
specification (32,760 bytes for magnetic tape and track capacity
for direct access)

C = number of bytes of system queue space (SQS) used for the
problem program

Resident Access Methods

The checkpoint/restart facility processes the checkpoint data set using either BSAM or
BPAM. The access method modules required to process the checkpoint data set must
be resident in main storage.

At system generation, access method modules are made resident by the SUPRVSOR
macro instruction. For MFT, this macro instruction must specify
RESIDNT=ACSMETH,; for MVT, it must specify RESIDNT=RENTCODE. As a
result, certain access method modules are loaded automatically at IPL.

The modules loaded automatically are those listed in SYS1.PARMLIB member
IEAIGGO00. These modules are selected by the installation, although a standard list is
suggested by IBM. The standard list includes the modules required to process a
checkpoint data set, except those required for chained scheduling or track overflow.

In defining the list IEAIGGOO, the installation can include the modules required for
chained scheduling and track overflow. However, it can omit other modules that are
required to process the checkpoint data set. Any module that is omitted is not loaded
automatically at IPL.

When processing a checkpoint data set requires modules not listed in IEAIGGO00, the
installation must define an alternate list that includes the required modules. This list
must be a member of SYS1.PARMLIB, and must be named IEAIGGxx, where xx
represents any two letters or digits.

When an alternate list is defined, OPTIONS=COMM must be specified in the
SUPRVSOR macro instruction at system generation. This operand causes the following
message to be printed during IPL:

IEA101A SPECIFY SYSTEM PARAMETERS
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For MFT, the operator must be instructed to reply RAM=xx, where xx represents the
last two characters in the name of the alternate list. If the operator replies correctly,
the modules listed in IEAIGGxx are loaded and remain resident until the next IPL. If
the operator does not reply RAM=xx, the modules listed in IEAIGGO0O0 are loaded.
Note that only one of the lists (IEAIGGO00 or IEAIGGxx) is used during each IPL.

For MVT, the operator can reply RAM=aa[,bb,cc,dd], where the aa, bb, cc, and dd
parameters are appended to IEAIGG to form the name of SYS1.PARMLIB members.
The members contain lists of modules to be loaded in addition to the standard required
modules. From one to four members can be specified. If specified during system
generation and not modified by the operator’s reply, the IEAIGGOO list is used.

Modules Required for Checkpoint Restart: The following modules must be resident:

Approximate
Module Size Required by
IGGO019BA 400 All checkpoint data sets

IGG0O19BB 300
IGG019CC 480

IGGO19BC 240 Checkpoint data sets on direct—access devices
IGG019CD 630
IGG019CH 130

IGGO019CU* 1560 Chained scheduling

IGGO19CW* 550

IGGO019CV* 790 Chained scheduling with direct—access devices
IGGO019CZ* 220

IGGO019C1* 350 Track overflow

IGG019C2* 1050
IGG019C3* 350

If a checkpoint data set is to reside on an RPS (2305 or 3330) device, the
following additional modules must be resident:

IGG019CO 250 Channel end (Format U)

IGGO19FN* 120 Start 1/O appendage—RPS

IGG019C4* 300 End-of-extent appendage for search direct

IGGO19FP* 490 Channel end for search direct

IGGO19EK* 570 RPS start I/O, abnormal end, and channel-end
appendage

*These modules are not included in the IBM standard list.

Defining a Resident Module List: A list of resident modules can be created or modified
by means of the IEBUPDTE utility program. The procedure is described in the OS
MVT Guide or the OS MFT Guide.
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Resident Checkpoint/Restart Module for MFT

To improve system performance during tape data set repositioning at restart, the
following module should be resident:

Approximate
Module Size Description
IGCO0S05B 940 Repositions tape data sets at restart
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CHAPTER 7: MISCELLANEOUS INFORMATION

MVT Track Stacking

The checkpoint/restart facility can be used with the MVT track stacking facility.

Job and Job Step Accounting and Checkpoint/Restart

In MVT, the system accumulates CPU time used for each job step and job. An
installation can provide an accounting routine that will be given control at step
initiation, step termination, and job termination for the purpose of accessing these time
values. Accounting routines are discussed in detail in the OS MVT Guide or the OS
MFT Guide. The relationship between the checkpoint/restart facility and the step
time and job time values available to the accounting routine are as follows:

. At termination (either normal or abnormal) of an original execution, the step time
and job time accumulated are available to the accounting routine.

. If a job is to be restarted at a checkpoint, the system executes a special step,
named IEFDSDRP, before the restart step. The accounting routine is not given
control during initiation or termination of this step.

. At initiation of the restart step during an automatic restart, step time and job time
accumulated for the original execution are again available to the accounting
routine.

. At initiation of the restart step during a deferred restart, step time and job time
are zero.

. At termination of a restart step and at all subsequent times when the accounting
routine is given control during the restart execution, the step and job times reflect
only the time used during the restart execution. The time used by the IEFDSDRP
step is not reflected.

To illustrate these points, assume that, in an original execution, Step A uses 2 minutes
of CPU time and Step B uses 3 minutes of CPU time and abnormally terminates. At
step termination the step time is 3 and the job time is 5. If automatic restart is
performed for Step B, a step time of 3 and a job time of 5 are again available to the
accounting routine at the reinitiation of Step B. If Step B then uses 4 minutes of CPU
time and terminates, a step time of 4 and a job time of 4 are available to the
accounting routine at step termination.

Note that the two values available at the time the restart step is initiated are provided
for information purposes only. They are not reflected in the step and job running times
presented at termination time of the restarted job. Thus the user need not be charged
twice for the time accumulated up to the ABEND.

Another point to be considered in a user’s accounting routine is the effect of a restart
on the step sequence number available to the accounting routine. The following list
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indicates the sequence number presented to the accounting routine under the various
restart conditions:

Condition Step Sequence Value for Step n
Original Execution n

Automatic Step Restart n

Automatic Checkpoint/Restart n+1

Deferred Step Restart 1

Deferred Checkpoint/Restart 2

Whenever an automatic restart is performed the step sequence value accurately reflects
the position of the step in the job. In the case of an automatic checkpoint/restart, the
IEFDSDRP step has been executed before the restarting step. This accounts for the
n+1 value.

In the case of a deferred restart, the restarting step is either the first step of the restart
job or, in the case of a deferred restart from a checkpoint, it is the second (having been
preceded by IEFDSDRP).

MVT Job Step Time Limit

If MVT is used, the EXEC statement TIME parameter can be used to specify a limit
on the CPU time to be used by the related step. With any kind of restart, the entire
value of the limit specified for the job step applies to the restart step. In the case of a
deferred restart, the programmer may specify a limit different from the limit he
specified originally.

If the CPU time used by a step exceeds the specified limit while a checkpoint entry is
being written, the entry is invalid and abnormal termination occurs. A preceding
checkpoint entry can be used to perform a deferred restart. (If it is, and if sufficient
checkpoints are taken during the restart execution, the invalid checkpoint entry will be
overwritten by a valid entry.)

Completion of Step or Job Termination at System Restart

If a step or a job is terminating when system failure occurs, the termination will be
completed during the system restart that the operator may perform after the failure.
This will occur whether or not the step or job uses the checkpoint/restart facility. If
other than the last step of a job is terminating when the failure occurs, the termination
will be completed during the system restart and the next step of the job will
subsequently be initiated. If the last step of a job is terminating, or if the job is
terminating, all necessary terminations will be completed. If a job requests an
automatic restart and then abnormally terminates, and if system failure occurs before
the restart processing is complete, the processing will be completed during the system
restart.
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Reader Procedure Changes

If a deferred restart at a checkpoint is to be allowed, the installation may need to
change the IBM—supplied cataloged procedure used to start a reader. This may be
necessary because:

. The reader procedure specifies UNIT=SYSDA for SYSIN data sets and SYSDA
as a default value for SYSOUT data sets.

. SYSDA may be defined by the SYSGEN UNITNAME macro instruction to
denote a set of devices including multiple device types.

. The SYSIN and SYSOUT data of a job experiencing a deferred restart are written
into new data sets. The data sets are allocated devices and volumes as directed
by the reader procedure.

. For each SYSIN or SYSOUT data set open at the checkpoint to be used, the

device type during the restart execution must be the same as during the original
execution.

Therefore, if SYSDA denotes multiple device types, the reader procedure should be
changed to refer to an installation—chosen unit name that denotes only one device type.

COBOL RERUN Clause

The COBOL RERUN clause may be used to provide the COBOL user with linkage to
the checkpoint/restart facility. Cautions and restrictions on the use of the
checkpoint/restart facility also apply to the use of the RERUN clause.

Further information on the RERUN clause may be found in OS COBOL Language or
OS USA Standard COBOL.

Checkpoint/Restart and the Sort/Merge Program

When performing a sort with the sort/merge program, the user can, by including the
CKPT parameter in his sort control statements, cause checkpoint entries to be written
and an automatic checkpoint/restart to be requested.

The job control language can be used to request automatic or deferred step restarts or
a deferred restart at a checkpoint. See OS Sort/Merge for additional information.

PL/I Checkpoint/Restart Capability

The PL/I user can invoke automatic and deferred step restart and can also take
checkpoints and invoke automatic and deferred checkpoint/restarts. To cause a
checkpoint entry to be written and request an automatic checkpoint/restart, the user
codes in his program:

CALL IHECKPT
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Each checkpoint entry in the checkpoint data set is identified by a system—generated
checkid. A system message on the console, which includes the checkid, notifies the
operator that a checkpoint entry has been written.

The organization of the checkpoint data set is always physical sequential, and the data
set may be written on magnetic tape or a direct—access volume. Partitioned
organization cannot be used.

A DD statement must be present in the job stream to define the checkpoint data set.
The DISP parameter in this DD statement is used to specify whether single or multiple
checkpoint entries are to be written. DISP=(NEW ,KEEP) specifies a single checkpoint
entry, while DISP=(MOD,KEEP) specifies multiple checkpoint entries.

For additional information, see OS PL/I (F) Programmer’s Guide or the following
program product publications: OS PL/I Checkout Compiler General Information or
OS PL/I Optimizing Compiler General Information.

TCAM Data Set Considerations

A successful restart of a telecommunications access method (TCAM) data set depends
on the following conditions:

. The message control program (MCP) region must be active and have enough
main storage to build the required control blocks.

. The QNAME= parameter in the DD statement of the checkpoint job must be
available in the Terminal Table of the MCP region.
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APPENDIX A: COMPLETION CODES

Return Codes Associated with the CHKPT Macro Instruction

Code (Hexadecimal) Meaning

00

04

08

0C

Successful completion. Code 00 is also returned if the RD parameter
was coded as RD=NC or RD=RNC to totally suppress the function of
CHKPT.

Restart has occurred at the checkpoint taken by the CHKPT macro
instruction during the original execution of the job. A request for
another restart of the same checkpoint is normally in effect. If a
deferred restart was performed and RD=NC, NR, or RNC was
specified in the resubmitted deck, a request for another restart is not in
effect.

Unsuccessful completion. A checkpoint entry was not written, and a
restart from this checkpoint was not requested. A request for an
automatic restart from a previous checkpoint remains in effect.

One of the following conditions exists:

. The parameters passed by the CHKPT macro instruction are
invalid.

. The CHKPT macro instruction was executed in an exit routine
other than the end-of-volume exit routine.

. A STIMER macro instruction has been issued, and the time
interval has not been completed.

. A WTOR macro instruction has been issued, and the reply has
not been received.

. The checkpoint data set is on a direct—access volume and is full.
Secondary space allocation was requested and performed.
(Secondary space allocation is performed for a checkpoint data
set, but the allocated space is not used. However, had secondary
allocation not been requested, the job step would have been
abnormally terminated.)

. In a system with MVT, the job step (1) comprises more than one
task or (2) has been allocated storage external to its region
through the rollout/rollin option.

. The CHKPT macro instruction was issued for a data set on a
graphics device.

Unsuccessful completion. An uncorrectable error occurred in writing
the checkpoint entry or in completing queued access method
input/output operations that were begun before the CHKPT macro
instruction was issued. A partial, invalid checkpoint entry may have
been written. If the entry has a programmer—specified checkid, and
the checkpoint data set is sequential, a different checkid should be

Appendix A: Completion Codes 55



specified the next time CHKPT is executed. If the data set is
partitioned, a different checkid need not be specified. This code is also
returned if the checkpoint routine tries to open the checkpoint data set
and the DD statement for the data set is missing.

10 Successful completion with possible error condition. The task has
control, by means of an explicit or implied use of the ENQ macro
instruction, of a serially reusable resource; if the task terminates
abnormally, it will not have control of the resource when the job step
is restarted. The user’s program must, therefore, restore the enqueues.

Additional information regarding explicit and implicit use of the ENQ
macro instruction may be found in the section “Cautions in Taking a
Checkpoint.”

When one of the errors indicated by code 08, OC, or 10 occurs, the system prints an
error message on the operator’s console. The message indicating code 08 or 0C
contains a code that further identifies the error. The operator should report the
message contents to the programmer.

Completion Codes Issued by Checkpoint/Restart

The code 13F indicates that an error occurred during performance of a
checkpoint/restart. If a SYSABEND card is included in the job, a dump is produced,
and the contents of the system control blocks, as shown in the dump, are unpredictable.

The code 2F3 indicates that a job was executing normally when system failure
occurred.
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APPENDIX B: END-OF-VOLUME EXIT ROUTINE (TAKING A
CHECKPOINT AT END-OF-VOLUME)

The user can specify, in the related data control block exit list, the address of a routine
that is to be given control when end—of-volume is reached in processing a physical
sequential data set (BSAM or QSAM). (See OS Data Management Services Guide
for information about forming an exit list.) The routine is entered after a new volume
has been mounted and all necessary label processing has been completed. If the
volume is a reel of magnetic tape, the tape is positioned after the tape mark that
precedes the beginning of the data. The end—of-volume exit routine may take a
checkpoint by issuing the CHKPT macro instruction. If the job step terminates
abnormally, it can be restarted from this checkpoint. When the job step is restarted,
the volume is mounted and positioned as upon entry to the routine.

The end—of—volume exit routine returns control in the same manner as any other data
control block exit routine. Note that restart becomes impossible if changes are
subsequently made to the system SVC library (SYS1.SVCLIB). (When the step is
restarted, the TTRs of end—of-volume modules must be the same as when the
checkpoint was taken.)

On entry to the user’s end—of—volume exit routine, the contents of the registers are:

Registers Contents

0 Zero

1 Address of data control block

2-13 Contents before execution of the input/output macro instruction
14 Return address (must be preserved by the exit routine)

15 Address of the end—of-volume exit routine

Notes:

1. The contents of registers O through 13 and 15 need not be preserved by the exit
routine.

2. The exit routine must not use the save area pointed to by register 13 upon entry.
If the exit routine calls another routine or executes system macro instructions, it
must provide its own save area.

3. The exit routine is not provided for EXCP users, since they must explicitly execute
the EOV macro instruction.
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