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Fitting It All In: Expanding
Control Structures

One of the hallmarks of OS/390 and
z/OS systems is their ability to handle

extremely large amounts of data with great
precision and reliability. In modern corpo-
rate data centers, hundreds of terabytes of
disk data are routinely accessed, processed
and stored every day. Key to the success of
these large-scale operations is the archi-
tecture that allows datasets to be located
and managed. Although some of the basic
control structures originated more than
three decades ago, years of constant
enhancement and extension have ensured
the reliability and performance needed for
21st century data processing.

Although such structures as the VTOC
(Volume Table of Contents) and the VTOC
Index, and the systems that support them
(e.g., the DADSM [Direct Access Device
Space Management] component of the
operating system) are very robust and rela-
tively simple to comprehend, keeping the
system operating effectively does require
an understanding of how these structures
work. Most of these structures are preformat-
ted, and may need be expanded as systems
grow. In general, the larger the disk volume,
the more datasets it can hold, and the larger
the control structures must be.

Certainly the most important control
structure in an OS/390 system is the
VTOC, with its eight different possible
types of records (DSCBs, or Dataset
Control Blocks) that describe the contents
of a disk volume. If the VTOC runs short of
format-0 (free) DSCBs, serious problems
can occur. The system will be unable to
allocate new datasets on the volume or to
extend existing ones, regardless of the
amount of unoccupied space available.
Volumes that need to hold large numbers of
datasets, such as DFSMShsm ML1 vol-
umes, may be more prone to running out of

VTOC space than those with fewer, though
possibly larger, files.

LIMITATIONS ON VTOC
CREATION

There are a number of limitations on the
way a VTOC can be created. A VTOC must
exist in a single contiguous extent, and
because DADSM uses relative track
addresses to locate records in the VTOC, it
must reside below the 65K track line
(cylinder 4369) on large devices such as the
3390-9 or the new 3390-27 (which I dis-
cussed in last month’s column.). ICKDSF
INIT command defaults place a newly cre-
ated VTOC on the last 14 tracks of the first
cylinder of a device.

When the VTOC fills up, the storage
administrator has two choices for expand-
ing it. He can copy all of the data from the
volume, take it offline, and run the INIT
command of ICKDSF to create a new
VTOC, specifying a larger size. The data
must then be restored to the volume
before bringing it online. Because the
datasets are unavailable during the
lengthy period of time needed to move the
data, this option is usually undesirable if
not outright impossible.

A more palatable alternative is to expand
the VTOC in place. This option requires
that there be some free space immediately
following the VTOC for it to expand into,
so it may be necessary to first map the
volume with IEHLIST or some other map-
ping tool and then move datasets out of the
way before the expansion can be performed.
With sufficient free space available, the
VTOC can then be expanded via the
REFVTOC command of ICKDSF. The
EXTVTOC parameter is used to specify the
total number of tracks the VTOC is to occupy

after expansion. The REFVTOC command
can also be used for other purposes, such as
changing the volume label (“clipping”) or
ownerid, or adding IPL text to the volume.

If there is insufficient space immediately
following the VTOC to expand it, the vol-
ume can be taken offline and the REFVTOC
command used with the NEWVTOC para-
meter, which will copy the entire VTOC
to a new, larger location. Specifying
NEWVTOC(n,ANY) will allow ICKDSF
to find a suitable contiguous area of at
least “n” tracks.

While REFVTOC EXTVTOC can be
used against an online volume, needless to
say, running this command or REFVTOC
NEWVTOC requires that the volume be
offline to all the other OS/390 systems that
may be sharing it. If the volume were to
remain online to the sharing systems, their
VTOC Index Blocks (VIBs), which
describe the location of the VTOC, would
not be updated, and those systems would be
unaware that the location or size of the
VTOC had changed. These systems could
then continue to access the VTOC using the
old information, with disastrous results.

REBUILDING THE VTOC INDEX

Another structure that occasionally needs
to be rebuilt is the VTOC Index, which, as
its name suggests, acts as an index into the
VTOC so as to improve performance when
the VTOC records that describe a dataset
must be located. Like the VTOC, the VTOC
Index must exist in one contiguous extent
and cannot expand dynamically. Unlike the
VTOC, however, it may be placed any-
where on the volume, even on large vol-
umes. If the VTOC fills up, the same symp-
toms as those for space exhaustion in the
VTOC, such as message IGD17273I
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ALLOCATION HAS FAILED FOR ALL VOLUMES SELECTED,
occur. When the EXTVTOC parameter of ICKDSF REFVTOC is
used to expand the VTOC, it is therefore usually also a good idea
to include the EXTINDEX parameter to allow the index to expand
as well. Although the size of the new index can be specified, it is
best to let it default and allow ICKDSF to choose an appropriate
value based on the size of the VTOC.

In addition to providing a lookup into VTOC records, the
VTOC index contains information that describes the amount and
location of free space available on a volume. Occasionally,
because of I/O errors, DADSM failures, or other problems, a
VTOC index may become disabled. (This is indicated by a flag
bit in the format-4 DSCB in the VTOC.) When this occurs, the
VTOC index must be rebuilt via the BUILDIX command of
ICKDSF. If the index is not rebuilt, the volume free space sta-
tistics maintained by DFSMS become invalid, and allocations of
SMS-managed datasets may begin going astray. Also, because
the VTOC index is a keyed structure, it may become logically
full if many datasets with similar qualifiers are added to or
deleted from the volume. Volumes that are subject to very high
levels of allocation and deletion of datasets may need to have the
index periodically rebuilt.

As is the case with expanding the VTOC, volumes that have their
VTOC index rebuilt must be placed offline to all sharing systems
while BUILDIX is performed. Rebuilding a VTOC index is fre-
quently more necessary than expanding a VTOC, however, so it is
helpful to automate the process as much as possible. It may be
useful to specify PARM=’NOREPLYU’ when running ICKDSF
BUILDIX to eliminate the need for the operator to reply to a
confirmation message (ICK508A), while installations which run
Innovation Data Processing’s FDRPAS can take advantage of the
SWAP BUILDIX command to rebuild a VTOC index on a shared
volume while it remains online to other systems.

REBUILDING THE ICF CATALOG

Still another type of control structure that occasionally needs to
be rebuilt is the ICF catalog. A full catalog is an even more critical

situation than a full VTOC or VTOC index, since its effects are sys-
tem wide, rather than being limited to a single volume. Unlike
VTOCs, catalogs can dynamically expand, so the usual problem is
that the catalog has reached the DADSM limit of 123 extents on a
single volume. At this point, access to the catalog must be stopped,
and the catalog must be backed up, deleted, redefined, and reloaded
or logically reorganized. For an important catalog, this loss of
access to datasets can have a serious business impact. Installations
that do not have out-of-space error recovery products such as DTS
Software’s Allocation Control Center or BMC’s Stop-X37 have had
to rely on periodic IDCAMS LISTCAT jobs to determine if cata-
logs are in danger of filling.

In order to address this situation, IBM recently introduced
APAR OW54162, which adds a new parameter, NOTIFYEXTENT,
to the MODIFY CATALOG command. When a catalog expands to
a specified percentage of the maximum number of extents,
message IEC361I is issued as an immediate-action message to the
console, giving the operator an early warning that a catalog is
becoming full. Although this APAR does not directly address the
problem of a full catalog, it allows the storage administrator time
to take some action, such as moving entries to another catalog,
before a failure occurs.

Ensuring the high reliability demanded of enterprise systems
requires reliable architectures. The long history of z/OS and its pre-
decessors has proved the reliability of structures such as VTOCs,
indexes and catalogs, and provided a basis for more advanced structures
such as PDSEs and extended-format datasets. Storage administra-
tors with an understanding of the strengths and limitations of these
architectures are in a good position to contribute to the continuing
dominance of enterprise-scale systems in the future.  
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