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_ ABSTRACT
A system is described which allows infrequently used disk data sets
to be archived on magnetic tape and restored to disk automatically when
required,
The system currently operates on an IBM360 computer under Release

21.7 of operating system MVT,
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1. INTRODUCTION

Modern computer operating systems-allow much flexibility in the
storage and retrieval of data. The choice of storage medium depends on
many factors : user preference, the volume of data to be processed, the
mode of data access, and the dictates of equipment and operating system
environment. A small deck of FORTRAN cards may satisfy the occasional
computer user, whilst magnetic tape may be essential for the user with
large reference banks of data. Disk or other similar direct access
storage must be available for real-time, interactive data access.

Direct access storage limitations present all computer instal-
lations with the problem of deciding what data shall occupy prime on-
line direct access storage space, and how long such data shall be allowed
to remain there. Various schemes have been devised to allow the trans-
fer of infrequently used direct access data to archival storage such as
magnetic tape; but these schemes are usually cumbersome and slow, and
require special operator assistance to retrieve data.

A direct access housekeeping system has been developed by one of us
[Cox 1978]. This has enabled on-line disk storage space to be used much
more effectively by allowing the migration and tidying, at theoretical
maximum speed, of data stored on groups of disks according to such
installation-determined parameters as frequency of data use and amount
of unused storage space available on each disk. This system hés been
used as a basis for the automatic data archiving and retrieval scheme
currently in use on an IBM360/65 computer under Release 21.7 of IBM's
MVT (Multiprogramming with a Variable number of Tasks) operating system.
2. DESIGN OF THE ARCHIVAL AND RETRIEVAL SYSTEM

The utility AEMOVE [Cox 1978] is currently used at the Australian

Atomic Energy Commission's Research Establishment to maintain disk data
sets and to shift infrequently used data sets to magnetic tape. All
direct access user data are accessed through the system catalog, their
precise locations being unknown to the user.

To design an archival and retrieval system for disk data sets, a
means is needed to distinguish between user data normally resident on
magnetic tape, and data that has been archived on magnetic tape and
which needs restoration to disk before use. Magnetic tape volume serial
names beginning with # are chosen for the storage of archived data sets,
and a reference to a data set is deemed to be a reference to an archived

data set if



the data set is referred to through the system catalog,

. the data set is catalogued on a magnetic tape volume, and

the catalogued volume serial name or names begin with #.

Explicit references to data stored on magnetic tape volumes,
including # volumes, proceed normally. The archiving process itself
uses such explicit references.

In the design of the retrieval component of the system, it was
required that

. data set retrieval be 'transparent' to the computer user,

. no special operator action be necessary, and

. modifications to the standard computer operating system be

minimal,

Transparency to computer users implies that retrieval of data sets
shall not in any way affect their johs or job-step specifications. The
operating system must, however, allocate at least one magnetic tape
device for retrieval use. Use of an operating system (0S) internally
generated dummy job and job-step appeared to us to be a way out of this
allocation dilemma, as the IBM360 MVT 0S already uses this concept to
allow the mounting and use of disk packs for subsidiary catalog searching
during device allocation. The disk drives allocated for this purpose
are, moreover, released for further allocation immediately the catalog
search has been completed. Investigation showed that magnetic tape
drives could similarly be allocated for system use in dummy jobs and
Jjob-steps during normal job and job-step device allocation, and this
approach was used in devising the data set retrieval system. The re-
quirement that no- special operator action be needed was thus satisfied,
as normal device mount messages would be issued to the operator to mount
the necessary magnetic tapes.

Modifications to MVT components were confined to the device allo-
cation and allocation interface modules. Additional modules were written
to retrieve the actual data set,

3. IMPLEMENTATION OF THE ARCHIVAL AND RETRIEVAL SYSTEM

During the device allocation phase of each job-step, the module
TEFW218D issues a LOCATE macro instruction for every data set whose job
control language location is not explicitly given, to ascertain through
the system catalog the volume serial name and device type on which the

data set resides. The actual existence of the data set on the located



volume is not relevant at this time. The return code from LOCATE is

used to decide what further action is required. This depends on whether
the system catalog contains a reference, or possible indirect reference,
to the required data set. A return code of 4 indicates that the mounting
of another control volume is required to continue the catalog search.

The catalog specifies the required volume and device type. The opera-
ting system then sets up a dummy job and job-step to arrange and wait

for the mounting of the specified control volume. When this has occurred,
the module IEFW218D is recalled and the same LOCATE macro instruction
re-issued. This recursive procedure is continued until the required

data set catalog entry is either located or found to be absent.

A modification is included immediately after the LOCATE macro
instruction to test for successfully located entries catalogued on
magnetic tape volumes whose serial names begin with #. If so, a new
volume serial name, #INITX is synthesised in core, where X denotes the
EBCDIC value of the job-step initiator's key. This synthetic name is
assigned to ensure the later allocation of one and only one magnetic
tape volume for each concurrent task, independent of the number of daté
set retrievals needed for each such task. The LOCATE return code is
then changed to 4 to force a mount request — without waiting - for this
#INITX control volume. The generality of the allocation modules allows
this to be done, as no check 1s made that the requested control volume
is actually a direct access device,

As there is no system wait for the actual mounting of allocated
magnetic tape volumes, allocation attempts to proceed to the immediate
winding up of the dummy job and job-step set up for the mounting of the
control volume. This would normally involve the use of the de-allocation
module IEFCVOL2. Modifications have been made to rename this module
AEFCVOL2 and to insert a new module IEFCVOLZ for the saving of the
necessary catalog information and for determining the direct access
devices needed for the receipt of the recovered archived data sets.
Control is then passed from the new IEFCVOLZ to AEFCVOL2. The task
completion code word in the initiatur's task control block is used to
accumulate a chain of data set recovery information blocks, should one
or more archived data set recoveries be needed in any one job-step.

For later receipt of each retrieved data set the inserted module

IEFCVOLZ chooses a direct access device which



. is of type STORAGE,
. does not already contain the desired data set, and
has the greatest free space.
If no device is able to satisfy these requirements, the job-fail bit is
set.

Before passing control to LEFCVOL2, if a direct access device has
been selected, the data set to be restored is re-catalogued as a multi-
volume, mixed device type data set by inserting as the first catalogued
volume, the selected direct access device serial name and type, followed
by the original # tape catalog entry. This enables a later re-catalog
to a gingle direct access device if retrieval is successful, or if
unsuccessful the restoration of the original magnetic tape catalog
entry. Mixed device type catalog entries may be used in this context,
as the operating system makes no use of them for any other purpose.

After a successful LOCATE, a corresponding modification to the
module IEFW215D tests for multi-volume, mixed type catalog entry infor-
mation and resets this information in core to appear as a single-volume
direct access device. Device allocation then assumes that the required
data set will reside on this direct access volume, although it is not
yet present.

Further modifications, made at a point in the module IEFSDO62 after
all step device allocations have been completed, LINK to a new module
AECTDSNQ and then ATTACH a new module AECTDISK.

AECTDSNQ performs necessary enqueuing safety functions, including
the conversion of any DISP=SHR shared data set enqueueing for retrieval
data sets to DISP=OLD exclusive enqueueing. This avoids the possibility
of competing tasks each trying to restore a shared data set.

AECTDISK performs the actual restoration of archived data sets,
using the information addressed hy the TCBCMP field of the initiator's
task control block. Restorations are sorted to ensure minimal tape
movement. Before the first restoration, the mounting of the #INITX
control volume is simulated by clearing the NOT READY device status bit
in the allocated tape unit control block (UCB). This avoids intervention-
required messages for the non-existent #INITX volume when archive tapes
need to be mounted, The CSECT AETD within AECTDISK performs necessary
housekeeping functions, including the scheduling of multiple data set

regtorations and the allocation of skeleton data sets for data set



retrieval. The CSECTs, HSC and IGGO19WS, contain subsets of the high
speed data copying facilities of AEMOVE [Cox 1978] for copying from tape
to disk. The first record of each archived data set contains data set
decriptions used by AETD in direct access space allocations., Depending
on the success or otherwise of each data set restoration, the data set
is re-catalogued on either disk or tape. AECTDISK is ATTACHed as a job-
step task, and is ATTACHed recursively for error recovery in the event
of any ABEND (system error) during data set restoratioms.

Appendix A details the SYSGEN procedure for installing the archival
and retrieval system. Appendix B is an actual job listing for archiwval
and retrieval installatiom.

4.  CONCLUSIONS

The archival and retrieval system outlined provides a simple and
effective means of minimising unwanted data set occupancy of expensive,
on-line computer disk storage. The system is efficient and should prove
useful to any IBM360 or IBM370 installation which uses the MVT operating
system.
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APPENDIX A
INSTALLATION OF THE ARCHIVAL AND RETRIEVAL SYSTEM

All source data necessary for the installation of the archival and
retrieval system are contained within the partitioned data set AMC.GENS.
This is available for distribution in unloaded form on 800 BPI magnetic
tape and is suitable for recovery by the IBM utility IEHMOVE. The tape
volume serial is AMCGEN.

The data set AMC.GENS contains the following members: AECTDISK,
AECTDSNQ, AEFSD162, AEFVMLS1, AETD, ASMLKED, HSC, IEFCVOL2, IEFSD162,
IEFVMLS1, IGGO19WS, REGS and REL.

AEFSD162 and AEFVMLS1 contain the necessary changes to the IBM
modules IEFSD162 and IEFVMLS! in IBM utility IEBUPDTE format. REGS and
REL contain assembly macros for use when assembling HSC. ASMLKED
contains the job-steps necessary to install this system : a listing of
ASMLKED is given in Appendix B. The remaining members have been dis-

cussed earlier in this report.
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APPENDIX B

ARCHIVAL AND RETRIEVAL INSTALLATION JOB LISTING

b3
RCHIVAL AND RETRIEVAL ASSEMBLIES ARD LINE ETTTS
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APPENDIX B (Continued)
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