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This document describes the design and
Imp l ementation of an automatic data mi gration
system for the 370/168 computer at Weapons
Research Establishment. The system simulates
a volume of disk storage far greater than
that actuall y available by main tainin g an
archive of infrequently used dat.asets on
magnetic tape . These. datasets •can be
returned to disk when required for further
processing . Several supporting ptocedures
are used in conjunction with mi gration to
allow more effective use of real disk space
and these are mentioned. Finall y some
operational statisti cs are quoted and several
enhancements proposed .
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1. INTRODUCTI ON
-. Weapons Research Establ ishment installed an IBM 370/168

• computer in September 1975. As part of the preparation that
preceded this event an automatic data mig rat ion scheme was
designed and developed.

• The requirement for such a scheme was ev ident f rom the
ex per iences of other large computer installations with extensive
i n te rac t i ve  terminal f a c i l i t i e s  — like those at W.R.E. Most
installations found it difficult to contro l the disk storage
space a l located for user data. As a result  the d isks soon
filled , creating a situation which required conside rable effort
to resolve . ThIs Is because users are reluctant to delete data
sets no longe r required and because any alternative to disk
storage Is Inconvenient.

An automatic data migrat ion scheme goes a long way towards
providin g a solution . It gives contro l over the amount of free
space ava i lab le  on the d isks for the storage of new data . In our
scheme space is released by the automatic t ransfer of selected
datasets f rom disk to magnetic tape . Should a dataset be
required for furthe r processing it can easil y be returned to

-. disk. This is not performed automaticall y , but can be Initiated
by simple user action . References 1, 2 an4 3 describe s im i la r
schemes used at other instal lations. However none of these we re
p articularl y suited to our env i ronment and requirements.

• At present the migration scheme handles two of the dataset
organizations supported by IBM ’s operating system . They are the
sequential and partitioned organizations , which account for ove r

• 90% of user space occupancy. Note however that datasets with the
track-overflow feature cannot be handled and an installation
standard prohibits the use of this data format.

The migrat ion scheme is complemented by a tape management
system for handlin g very large sequential files. This offers a

t combined service comparable with that p rov i ded to FORTRAN users
on our previous general purpose computer , an IBM 7090, which used
magnetic tape for all data storage .

The 7090 data management system maintained 30000 user files on
5000 reels of tape . Every data record in this system was
uni quel y labelled without user action or p rogramming . User files
could be written sequentially on the same tape and continued onto
any empty labelled spool automaticall y . By a process of
selective transcri ption and a famil y of computer prog rams the
ope ratin g staff maintained the tape librar y at a manageable size
and expunged obsolete files.

A mathematical mode l of the migration scheme was developed
• concurrentl y wi th Its actual implementat lon (ref.13). All

parameters available for mani pulating the migration scheme have
been Included as input to the mode 1 . Our Intention is to use the
mode l to analyse pos sible effects of changing an Input parameter
on the ope ration of the real system. This will enable us to make
better decisions regarding parameter changes without waiting long
periods to observe the results.
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Throughout thIs document the term migration refers to the
con t rolled transfer of data from dIsk to magnetic tape by the
computing centre . The term archival  refers to the i nwnediate
transfer of data to magnetic tape as the result of a user
request.

2. ADVANTAGES OF DATA MIGRAT I ON

Since the imp l ementation of a scheme for automatic data
migration requires a signIficant amount of p rogramm Ing effort
other approaches to con t rollin g the use of disk storage were

• conside red . For example, one could impose a limit on the amount
of disk space available to each user. This raises the question
of how violations are to be treated and the experiences of others
suggest that the success of this approach is limIted and an
excessive amount of manual Intervention Is necessary . Data
mIgration allows automatic contro l of dIsk space and users are

• - only required to maintain a record of the names of their
datasets. A simp le approach is essential in an Installation
supportIng 500 users of all grades of computing skill and
requirements.

3. GENERAL DATASET MANAGEMENT

3.1 Conventions

The insta llatIon has adopted certain dataset management
conventions that users are required - to follow . These are
described be l ow .

(a) Dataset names must reflect their owner. Each user of
the computer system has a unique three character
ident ification code which is known as the userid.
This code must appear as the first qualifier In the
name of every dataset created by the user.

(b) Each permanent dataset must be catalogued on
creation . For subsequent access the user only
supplie s the dataset name . The catalogue contains
enough info rmation to locate the dataset.

Cc) Each use r is assigned a preferred disk volume onto
• wh i ch he should place his permanent datasets. An

Indirect reference technique Is used so that the user
— does not need to know the serial number of the volume

on which his data Is stored. The user supp lies the
name of a dataset known to be on hi s p referred vol ume
and requests that the new dataset reside on the same
one . The dataset referenced is a dummy one with a
name of the form userld.VOI which is placed on the
preferred volume at the time the user is authorized
to use the computer system.

This technique creates a degree of volume
independence and helps in load balancin g, which wIll
be discussed later.

_ _ _ _ _ _ _ _ _ _ _ _ _  —~~~~---•— -~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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3.2 MaIntenance procedures

This section describes severa l disk maintenance
procedures in use at W.R.E. These are also automated , to
minimize human Involvement. Reference 11 contaIns detailed
informatIon .

(a) The first p rocedure enforces two of the conventions
descrIbed above - dataset naming and cataloguIng.
The p rocedure is performed dail y and deletes any
datasets that are not catalogued or that do not begin
with a registered user ld. Various othe r checks are
performed to ensure that the disk contents and the
operating system catalogue are consistent. This is
called the clean-up procedure .

• (b) The partitioned dataset organization has already been
mentioned. Basicall y this allows a single dataset on
disk storage to be used for several dist inct sets of
information , called members (typ ically program

• modules ). A partitioned dataset (PDS) contains a
director y , or index , which is used to locate each of
the members. Whenever a membe r Is replaced by an
updated version It is stored at the end of the
dataset and the director y is updated to reflect the
new location . Because of a limitation In the design
of the operation system the space originall y occupied
by the member is not available for reuse . The size
of the dataset therefore grows as members are
replaced.

A technique known as compressing is Included in
the standard softwa re to reclaim such waste space .
The disadvantage with this techni que is that the -:
comp ression would need specific user action and the
reclaimed space would still be assigned to the
dataset.

By building upon this facilit y a procedure has
been developed to automaticall y compress all
partitioned datasets updated since the last run , and
to release unused space . (The date of the last
update Is available as a byproduct of the mi gration
system - see Section 4.1). The advantage of this
process is the extra free disk space it prov I des
without user I nvolvement. However , the p rocedure
also has the secondary benefit of identif ying corrupt
partitioned datasets. The operating system allows a
partitioned dataset to be used as a sequential output

• dataset , thereby destroying its directory, with no
Indication of this havin g happened. This had caused
problems In the data mi gratIon software , as It would
with any attemp t to use the dataset as a partitioned
dataset. The comp ress procedure Is arranged so that
failure to comp ress a single dataset does not affect
the rest of the job . A scan of the output IndIcates
any offending dataset so that the owner can be
consu lted. This problem Is expected to dIminish as
users become more fam iliar with dataset
organ izations.

Cc) The high level of dataset creation and dele tion

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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act ivit y causes any free disk space to be quic kly
fragmented , greatly reducing its usefulness. Th i s
slows the allocation of new datasets by the ope rating
system . We have recently acquired a p rogram (ref.

• 11e ) that reorganizes a disk volume , collectin g all
free space into a few large areas. All datasets on
the volume are compressed into one contiguous area
(or extent ) and their unused space released.

F rom the results obtained so far It is appa rent
tha t the degradation of the reorganized volumes
occurs fairl y rapidly - within +3 to It weeks. We
therefore Intend to reorgan i ze every 3 weeks to
control the effects of fragmentation .

Ii. WEEKLY M IG RAT I ON

Automatic data mi gration Is performed weekly, in two stages.
In the first stage datasets are selected for migration based on

• the current and projected dIsk storage l evels. Warn i ng notices
are generated and sent to the users responsible for these
datasets. In the second stage, normally run two days later , the
actua l migration takes place.

The only reason for the two stage approach is to enable the
warning not i ces to be distributed to the users. Since retrieval
from the archives is not automatic , but requires user action , it
is necessary to establ i sh for the users a firm time when the
selected datasets will cease to be available on dIsk. This
m in imises the inconvenience and uncertainty to users.

The most Important characteristic of a dataset that influences
selection for migration is its date of last access. Before
describing the two stages of the weekly process in more detaIl an
explanation Is given of how this date Is determ i ned.

4.1 Date of last access

The operating system does not maintaIn a last access date
as part of the dataset status information , either on disk or
In the catalogue .

The first approach conside red was a modification to the
operating system software to record the current date In an
unused field of the dataset entry In the disk pack directory
(VTOC ) whenever the dataset Is accessed. While this has the
advantage that the access date would be maintained
automaticall y by the operating system It would involve an
extra disk access In a numbe r of cases. However the reason
for abandon i ng this approach was our reluctance to rely upon
compatIbIlit y of future releases of the operating system.
An alternative scheme, using accounting data collected by
the System Management Facilities (SMF) software(ref.6), was
therefore adopted. This software Is part of the operating
system that mon i tors and records selected actIvities and
events, Includin g dataset accesses. This data Is Intended
for accounting but also aids system tuning .

A set of programs was written to extract the dataset
access records (types lit , 15 and user type 140) from the SMF
data and maintain a file of all dataset names currentl y on
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disk , the date of thei r  last access and whether they were
altered since the last update of the f i l e .  This  is done
I mmedIately before running the first stage of the mi gra tion
system , so that accurate access Information Is availa b le to
It.

• - The operatin g system does not generate a norma l access
record (type l’s) for the second and subsequent datasets in a
concatenation of part itioned datasets. To ensure that this
data Is recorded an SMF user record (type 140) is generated
in an SMF exit (IEFUJV) for all datasets appearing In a
concatenation (except the first ). The forma t of type 140
records Is gIven In Appendix IV.

4.2 Stage 1 - Select ion of datasets for mig rat ion

The first task of Stage 1 is to calculate the amount of
free space that must be released by mig ratIon , If any . This
is determ i ned by comparing the current total free space on
all disks with the required total that was specified In the
input parameters .

Once the amount of space to be released is known the
selection of datasets for mI gration can proceed. Users may

• indicate the names of datasets that they want to be migrated
— 

•• (see Section 5.6). If any of these requests have been made
those datasets are selected first. Next the program app lies
two criteria of its own to select datasets. Both are
con t rolled by input parameters.

(I) All datasets that have not been accessed for a
specified numbe r of weeks are selected , rega rdless
of the amount of disk space to be reclaimed. This
Is generall y set at 4 to 8 weeks since most datasets
not accessed for this length of time are probabl y no
longe r required . However users may have been
reluctant or not sufficiently consc i entious to
delete them , so that mi gration offers a good
comp rom I se.

(Ii ) If requests by users for migration and the first
selection criterion fall to produce enough free
space a secondary selection techni que is app lied.
First an occupancy figure is computed for all
remaining datasets. This is done by multiplying its
size , In tracks , by the number of days since it was
last accessed - a calculation that can easil y be
adjusted within the program . Based on this figu re

• the datasets are grouped In ranges of values Input
to the program . All datasets falling In the highest
valued group are then selected for mi gration . If
enough space has still not been released
successivel y l ower valued groups are selected until
no further space Is required.

As a consequence of Stage 1 each user responsible for any
of the selected datasets receives a report warn i ng hIm that
they are to be migrated. The names of the datasets and the
time the mi gration is to occur are ind I cated on the report.
This warnin g gives the user time to review whether the data
set Is still needed . If it is not it should be deleted. —

All Stage 1 input parameters (including the desired free

-~~~~ ~~~~~~~ - ~~•- 
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space level  and the constants de f in ing  the pr imary and
secondary se lec t i on  cr i t e r i a)  have values that are used by
defaul t  if they are not overr idden. An add i t iona l  form of
input , v i a  a dataset , may be used to Ident i fy  datasets  that
are to be kept on d is k. Together these features prov ide a
f l e x i b l e  tool for automat ic  dataset  se lec t i on .

• As a f ina l  comment on Stage 1 input pa rameters , It is
observed that the free space level indicated Is never
a c t u a l l y  a t t a i ned  although enough da tase ts  are se lec ted to
achIeve th is  level  should the m ig ra t ion  be done immed ia te ly .
In p rac t i ce  a s l i g h t l y  higher level  than required should be
s p e c i f i e d  to o f f se t  t he add i t iona l  space that w i l l  be used

• pr io r  to the execu t ion  of Stage 2.

11.3 Stage 2 - M i g r a t i o n  of the se lec ted  d a t a s e t s
-
• Stage 2 of the m ig ra t i on  scheme t rans fe rs  to magnetic

tape those se lec ted  datasets  that st ill remain on d isk  as
we l l  as any dat ase ts  f lagged for m ig ra t ion by users (see
Sect ion 5 . 6 )  s ince  Stage 1 was executed.  D isk space is
f reed as soon as t he datasets  are copied onto tape
s u c c e s s f u l l y .  The se r i a l  number of t he tape to be used is
par t  of t he program input. The s tandard sof tware pe rmi ts
m u l t i p l e  da tase ts  to be w r i t t e n  onto a tape and these are
assig ned a sequence number s t a r t i n g  at one . The f i r s t
dataset on eac h tape is a dummy w i t h  a name of the form
SYS 1.XXnnnnnn w here nnnnnn is the tape se r Ia l  number. The
migrated datasets  therefore begin at sequence number two .

• S ince some of t hese datasets  may be password-protected it
is imperat ive  that t he i r  s e c u r i t y  be ma in ta ined on the
a rch i ve  tapes. Because the opera t ing  sys tem requ i res that
a l l  datase ts  on a s ing le  tape volume have the same
pro tec t ion  level  each m ig ra ted  dataset  must be ass igned
r e a d/w r i t e  p ro tec t i on . The way In which th Is  c o n f l i c t  is
reso lved w i l l  be d iscussed l a te r  under dataset  r e t r i eva l
(Sec t ion  5 .1) .

The programs that compr ise Stage 2 of the automa t ic
mig ra t ion  system have p r i v i leged s ta tus  so that they are not
requ i red to know the passwords of protected datasets  in
orde r to t ransfer  them to tape . Th is  feature is not
a v a i l a b l e  to user programs .

W h i l e  a dataset  is in the a rch ives  it has an e x p i r y  date
assoc ia ted  w i th i t .  At the end of the week in which th i s
date f a l l s  the dataset  is de le ted , unless ac t ion  is taken by
the user beforehand. The o pt ions a v a i l a b l e  to t he user w i l l

• be d iscussed l a t e r .  Datasets  au tomat i ca l ly  mig rated ( i . e .
w i t hout user request)  have an i n i t i a l  retent ion per iod of~ 3months. 

•F i n a l ly  Stage 2 generates a report ind ica t ing  the current
contents of t he a rch ives  and the add i t i ons  made by t h i s  run .
In add i t i on  a separate report is sent to each user who

(a )  has had da tase ts  mig ra ted  t h i s  week , or

(b) has datasets with less than one month until exp iry, or

(c) has had datasets expir e durin g the week.

The report lists the names and expiry dates of all the
user ’s datasets currentl y In the archives. Those due to
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exp ire durin g the coming month are flagged.
Whenever a dataset Is migrated It replaces any dataset of

the same name that might already exIst on arch I ve tapes.
• Should this happen the origina l Is only available by special

arrangement. The user report will Indicate any such
occurrence , to draw attention to the fact that access to
data may have been lost.

11.Ie Balancin g of disk loads

As mentioned in Section 14.2 Stage 1 acquIres a certain
total amount of free space, regardless of its distribution .

— An alternate approach that would ensure that all disks had
the same free space level was also considered. This could
be done by app lying the selection criteria to each disk

• separately. Although this at first appears to be a
reasonable approach It has the disadvantage that users are
not treated equall y . Those assigned to a heavil y loaded
disk would be subject to more severe selectIon criteria than
those on a li gh tl y loaded one and this was considered an
undesirable situation . Although the approach used tends to
create load imbalances , it does t reat users impartially.

• A scheme was devised to help reduce any imbalance created
either by the migration scheme or by injudicious assignments
of users to disk packs. Each week, imediately after

• runnin g Stage 2, the free space levels on each disk are
compared . If there are no serious anomalies no action is
taken. However I f  there Is a disk with si gnificantl y less

• free space than the average the imbalance is corrected. A
report program 1 ists the space each user occupies on each
disk. From these figures enough users can be selected for
transfer to mo re li g htl y loaded disks. The selections are
input to a program which generates uti l i t y  program control
statements to perform the routine dataset transfers and
update the operatin g system catalogue . Datasets that are
not sequ~it ia l or partitioned are not moved automaticall y ,
but are reported for investi gation . In mos t cases the users
need not be informe d of their transfer because of the high
degree of volume independence created by the conventions
described in Section 3.1.

5. USER FACILITIES

Users have little control over the automatic weekly mi gration
procedures described in the previous sectIon . Howeve r special
features are provided for users to manage theIr datasets in the
archives and to use the system to their own advantage . This
section discusses these features , which may be i nvoked either
from a batch job by using a catalogued procedure or from a ISO
terminal by using a command procedure. The syntax will not be
given here . The WRE Central Computer User ’s Gulde (ref .l0)
prov i des this information .

5.1 Retrievin g datasets from the arch i ves

Before a dataset in the arch i ves can be reused it must be
returned to t he user ’ s preferred d isk  volume . A re t r ieva l
cap abilit y Is therefore a key requirement. Two similar 
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• procedures (RETRIEVE and RELOAD ) are prov i ded to perform
thIs function . The only difference between the two is that
RELOAD leaves a copy of the dataset In the arch i ves on
completion , whereas RETRIEVE does not. The only parameters
required are the dataset name and optionally a password,
which must be the control password of the dataset.

The steps performed by the software to retrieve a dataset
-

• are-

( I )  A check is f i r s t  made to see if the dataset is
actuall y in the archives, If so, its protection
status and l ocatIon (i.e. the arch i ve tape serial
number and the dataset sequence number) are

— • determined. If not , the request of course falls.

(ii ) if the dataset is password-protected and the user
did not supply a password , or supp lied an I ncorrect
one (i.e. not the control password ) the retrieval
fails.

(ii i )  If the dataset is not protected (i.e. has no entry
- • in the PASSWORD dataset ), then a dummy password
- ,. must be created for It. If this were not done any

attempt at copy ing the dataset to disk would fail ,
since the protection indicators are set in the tape
labe l (see (v) below).

(iv ) The disk volume to rece i ve the dataset is
identified . If the dataset already exists on this
volume then it is first deleted. Similarly If the
dataset is already catalogued then the catalogue
entry is also deleted. Next , if the dataset is
sequential , space is pre-allocated on the receiving
volume . Sequential datasets will have a primary
allocation equal to the total space occupied by the
dataset before being migrated (in tracks) and a
secondary allocation of 20% of this amount.
Partitioned datasets will retain the primar y and
secondary allocations held prior to being migra ted.

(v) The archive tape is mounted and the dataset Is
copied to disk. The operating system checks the
password at this stage .

(vi ) If the dataset is not protected the dummy password
created in (i i i )  above is removed.

(vii ) Upon successful transfer the dataset is catalogued
in the system catalogue . If the dataset was
password protected and has already been allocated
to another batch job or TSO session , or is expiry
date protected , then it will not be protected on
disk. A warn i ng message Is issued when this
happens. if the RETR I EVE procedure was used the
dataset will also be removed from the archives.
However, w ith RELOAD , It will remain In the
archives.

Once returned to disk the dataset bears no marks of
having been In the archives. It Is t reated in the same way

~
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as any other dataset and may again be selected for mi gration
at a later date. However the actual re t r ieva l  is regarded
as a dataset access , so that it should not be migrated again
for some time .

• 
5.2 Scratching datasets from the archives

A procedure (ASCRATCH) for deleting a dataset from the
archives Is prov i ded. This should be used whenever the user
is certain that the dataset is no l onger required , rather
than wait for its expi ry date to pass. If the dataset is
protected the correct password must be suppli ed - otherwise
the dataset will not be scratched .

5,3 IncreasIn g the exp iry date

As mentioned prev i ously all datasets in the arch i ves have
an associated ex p i ry  date. Users are warned when the expi ry
date of one of the i r  datasets Is approaching . They may
disregard the warn i ng and allow the dataset to be removed
from the archives.

Alternativel y , If the dataset Is still required , the user
may i nvoke a procedure ( EXPIRY ) to extend the expi ry  date .
In fact th is may be done at any time . Unless specified
otherwise the procedure app lies an extension of 6 months.
The maximum retention period of any dataset Is 12 months so
that users must review their need for the dataset at least
once a year. No password is required to Increase the expiry
date.

5,14 Archivin g on demand

Users have the abilit y to archive their own datasets on
demand (procedure ARCHIVE ). A standard retention period of
6 months is app lied to these datasets unless otherwise
specified. However the 12 month maximum is still enforced.
The dataset must be disk-resident and catalogued and Its
organization must be one of those currentl y handled by the
system (sequential or partitioned ). in addition , if the
dataset Is password protected , its control password must
also be supp lied. If any of these conditIons are violated
the request to archive will be den i ed .

The steps performed by the software to archive a dataset
a re:

(I) The dataset is l ocated by using the catalogue and
- 

. 

Its attributes are obtained from the disk’ s
• d i rectory .

( i i)  If th is dataset Is protected and the user did not
supply a password, or suppl i ed an incorrect one,
the request fails.

( i ll)  The archive tape Is loaded and the dataset Is
transferred to It , fol l owing all existin g data .
The program that performs this data transfer does
all the password checking required (see (ii)
above). It run s as a privile ged program wIth the
bypass-password-protection feature to circumvent
the operating system ’s check on the password of the
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previous dataset on the archive tape , whi ch i s not
known to the software at this time .

(vi) Upon successful transfer the dataset Is deleted
from both disk and catalogue .

The current archive tape serial numbe r and the numbe r of
datasets on it are obtained f rom a dataset  o r ig i na l ly
created by Stage 2 of the weekly migration p rocess. If the
arc h iva l  was successful t h i s  information is updated in
readiness for the next request.

Note that , as in Stage 2, the dataset will replace one of
the same name that mi gh t alread y be in the arch i ves. An
output message wi ll Indicate when this happens.

5.5 BackIng-up disk datasets

- - There is often a requirement for creatin g a back-up copy
• of a disk dataset. For instance , this mi ght be done to

guard against acc i dental loss or damage to a dataset that
would be difficult to recreate. The user mi ght also want to
back-up the current workin g version of his dataset before
alterin g It. This cap abilit y is prov i ded by usin g the
archives to store the back-up copy (procedure BACKUP). The
default retention period of 6 months and maximum of 12 also
apply here . in fact the operation of this p rocedure is the
same as the ARCH I VE procedure described in Section 5•l~,
except that the dataset is not deleted from the disk or the
catalogue at completion . The back-up copy is treated the
same as any othe r dataset In the arch i ves. It wi ll appear
on the reports sent to users and can be retrieved, scratched
etc . The exp iry date of course app lies only to the copy,
not to the original that is still on disk.

5.6 Mi grating disk datasets

In Section 5.14 a method for users to voluntarily archive
datasets on demand was described. While this is to be
encouraged when free disk storage space is at a prem i um It
has one disadvanta ge - the operational overhead of a tape
mount incurred because of the i mmediate transfer of the
data. An alternative method requirin g no operational
involvement is available when i mmediate archival is not
necessary. This p rocedure , called MIGRATE , simpl y flags the
dataset , indicatin g that it is to be migrated by the
automatic mIgration process at the end of the week. The
dataset will therefore remain on disk for up to a week after
it has been flagged. There is no restriction to accessing
the dataset during th is  per iod.  A p rocedure called GMIGRATE
is a lso prov ided to f lag a relative generation of a
generat ion data g roup (GDG ) for migra t ion . The standard
default of 6 months and maximum of 12 months for the
retention period also apply to these procedures .

5.7 Listing the names of datasets in the archives

Althou gh users periodicall y rece i ve a reoort indicating
the status of the ir datasets that are currentl y in the
archives (see Section Ie•3) there will be occasions when an
up-to-date list is required on request , e.g. to verif y the
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result of InvokIng one of the features mentioned above . The
software prov ides th is  f a c i l i ty  w i t h  a procedure cal led
LISTARCH .

6. ARCHIVE TAPE MA I NTENANCE

The amount of l i ve  information on an arch i ve tape gradua lly
decreases as the result of retrievals and deletions. With at
least one new tape created each week the numbe r could soon become
excessive. A scheme was developed to reduce the number of tapes
and make more efficient use of them by a process of selective
t ra nscr ip t ion .

A report program lists the live datasets on each arch i ve tape
and the total dIsk space represented by them . From this list
tapes are selected for t ranscr ip t ion . The serial numbers of the
selected tapes, together with those of one or more new output
tapes , are Input to an automat ic t ranscr ipt ion  p rogram. The only
other parameters supp lied define the maximum usage level of each
output tape . This can be specified as the maximum number of

— datasets it is to contain and/or the maximum space that they may
represent. The program t ransfers all live datasets from the
input tapes, mounted in turn , to the output tapes. When an
output tape has reached the maximum usage l evel It is unloaded ,
another mounted and the t ranscri pt i on continued.

• Archive tapes with no live datasets (which includes inp ut
tapes after transcri ption ) are retained for at least one month
for the convenience of users who may wi sh to reclaim lost data .
After this period the tapes are released to the general tape
l i b ra ry  for reuse .

Duplicate copies of all archive tapes are also kept for the
life of the ori ginal in case of damage or loss. Reference 4
examines the subject of the lifetime expectancies of storage
media .

7. EMERGENCY PROCEDURES

An emergency condition is considered to exist if , during the
norma l operation of the computer , a user disk becomes full. This
is of course an intolerable situation and I mmediate action must
be taken to raise the free space on the disk to an acceptable
level. The follow ing steps may be taken.

(i) Sel ected datasets are transferred to more lightly loaded
disks and datasets that have been flagged for mi gration
by users are migrated imm ediatel y .

(H) The disk load balancin g software may be used to transfer
one or more users off the offending disk , prov i ded that
there are other volume s with enough free space to absorb
the extra datasets without themselves becom i ng
intolerably full.

( i i i )  Failure to solve the problem by the above two techn i ques
results In more direct action . Datasets with large
occupancy f igures are selected from the offending disk
for I mmediate archival , after consultation with their
owners .
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8. SOFTWARE IMPLEMENT AT ION

8.1 Arch ive  catalogue

The arch ive catalog ue s the focal point of the software
imp lementat ion . This  is a key-sequenced (VSAM ) dataset that
re f lects the current state of the archives. It contains one
80-byte record for eac h dataset , with the 414-byte name as
the key.

The Information conta Ined in each record is

- the dataset name
- the dataset type (seq uent ial  or par t i t ioned)

• - the dataset protection indicators
- the date ~f last access
- the date of archival or mi gration
- the ex p i ry  date
- the disk space o r ig ina l ly  occupied
— the d isk  volume currentl y associated with the dataset.

Th is  a lso ind icates the volume to which It w i l l  be
returned on retr le v a l . It  is I n i t i a lly  the volume

- 
- from which the dataset  was removed , but may be

• changed by t he load balancing softwa re .
- the se r ia l  numbe r of the arch ive tape on which the

dataset now res ides
- the dataset sequence numbe r on the archIve tape .

These records are created as the result of an automatic
mig rat ion or user demand arc h iva l  or backup and are deleted
as the result  of a dataset be ing deleted f rom the archives ,
i t s  exp i r y  date lap sing or a dataset be ing replaced by one
of the same name . There are also several p rocesses that
amend a record. These are a change to the expiry date , disk
load balancing techniques (when the disk volume entry for
each of the user ’s datasets Is updated ), and archive tape
transcri ption (when the last two entries are updated).

The removal of a dataset from the archives , (e.g. by a
replacement ) involves only a change to the archive
catalogue , and no physical tape activit y . The dataset is
therefore still on tape, givin g protection in case of user
error.

Obviousl y the destruction of the archive catalogue would
seriousl y disru p t the operation of the system, unless some
precautions we re taken . Should damage occur it is necessary
to restore the catalogue to Its ori ginal state as quickl y
and w i t h  as l i t t l e  Inconvenience as poss ib le .  This  requires
some form of event recordin g by the software. The System
Management F a c i l i t I e s  (SMF) , ment ioned in Sect ion 1 4 1,
prov ide a useful too l for th is  purpose , In that authorized
programs are permItted to write records into the SMF
dataset. Therefore whenever an alteration is made to the
archive catalogue an SMF user record is generated indicating
the type of alteration (addition , deletion or amendment ) and
the contents of the catalogue entry . For an amendment the
record contains the new contents of the catalogue entry .

A program was wr itten to reconstruct the arch i ve
catalogue . The Input to the p rogram is an old copy of the
catalogue , the date and time the copy was made, and the SMF
data generated since that time . The program extracts the
alterations In sequence from the SMF data and reapp lies them
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to the old catalogue . The result is a new catalogue
consistent with the current state of the arch i ves. To
reduce the amount of SMF data that would need to be scanned
the catalogue is copied weekly .

An added advantage of the logging action is the ability
to obtain accurate usage statistics from the SMF
Information .

8.2 Programming details

The software of the data migration system is written
almost e n t i r e ly  In PL / I , w i t h  some small IBM System /370
assembler language routines. No changes have been made to
operating system modules to avoid p roblems arising from
variations in new releases of the operatin g system.

IBM utilit y p rograms were used wherever practical.
IEHMOVE is invoked for all data transfer operation s
(mi gration , archiving on demand , retrieva l , load balancing,
tape transcri p tion and so on). This p rogram Is easy to use

• but is unfortunatel y very slow . This Is one aspect that we
expect to investigate in the future . IEHPROGM and I DCAMS
are also used for dataset deletion and operating system
catalogue maintenance . All these programs are described in
references 9 and 10.

The operating system used at W.R .E . (MVS) includes a
dynamic resource allocation feature . This enables resources
to be a l loca ted  when required during the execut ion of a job ,
rather than at job-step i n i t i a t i o n. This  is pa r t i cu l a r l y
useful when the resources required are not known prior to
execution . The user demand archival and retrieva l software
uses the dynamic allocation function to assign the correct
archive tape once it has been determ i ned. References 5 and
7 contain further InformatIon on how to use dynamic
allocat ion . Besides this operating system dependency some
programs also assume that all disks are 3330—1 and that
password-protection is supported. The extent of these
dependencies and adv i ce on how to ove rcome them are
available from the author.

There are a total of 149 program modules , comp risin g some
61400 source cards in the mi gration system. The des i gn ,
programming and testing p lus the development of catalogued
and TSO command procedures took approx i mately 5 man-months
to complete.

App endix I describes the datasets used by the migration
software .

In addition , Appendix II contains a brief description of
each module and App endix ii i  describes the catalogued

• procedures and TSO command procedures.

9. OPERAT I ONAL RESULTS

The W.R .E. 370/168 first became availabl e to users in early
Septembe r 1975. From then until the end of February 1976 the
computer was in a temporary locatIon whi ch was too small to
accommodate the full numbe r of disk drives. As a result only
three IBM 3330-1 packs (providin g a maximum space of lOOM bytes

-~~~~~~~~ -‘—• • --  —~~~~~ -‘  s~~~~~~~~~
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each) were available for user data. Of these one was used for a
time sole ly  by ADP Sect ion and was not included In the automatic
weekly migrati on scheme .

• The first datasets were migrated on 14/11/75, when the average
free space on the two disks first fell below 25t. This is the
value we antici pated would permit a week’s operation without
emergencies. For the following few weeks, while the system was
settlin g in , no meaningful usage statistics could be gathered.
However , after this period , the system performed very well with
the 25% free space level. This situation prevailed until the end
of February 1976, when the computer was transfe rred to Its
permanent locatIon .

During March 1976 there was very little activit y on the
computer and no mi gration was done . From the beginn i ng of Ap ril

- ‘ six disk packs were available for user data and mi gration was
performed only irregularl y during the next six weeks . During
this period , with the Increased availability of the computer , the
anount of permanent user data grew rap idl y , and In fact continues
to do so. In an endeavou r to hold some capac i ty In reserve the
migration scheme was set to maintain about 140% of free space from
the beginning of May. As the demand for space grew this figure
was gradually reduced , and is currentl y be i ng held at 30%.

The results for the first period (17/11/75 to 27/2/76) are
compared with those for a second (1/4/76 to 27/7/76) and a third
(5/9/76 to 7/12/76) in Table 1. The figures reveal the
increasing use of , and requirement for , the mig rat ion system.
Note that currently the average s i ze  of the datasets in the
archives is about 250 .000 bytes , or j ust over a cy l inder .

10. SUMMARY

The feature s of an automatic data mig rat ion system as it
currentl y exists have been described . The operational results
obtained so far have validated our decision to develop the
system . Without it our disk space would surely be unmanageable.
The numbe r of retrievals has not been excessive and the average
time to honour a request Is only five minutes. In addition the
mi gration selection criteria have been quite successful in
maintaining adequate free space levels , as evidenced by the very
few er-ie rgency situations that have occurred. Even the disk l oads
have remained reasonably well balanced , with user transfers be i ng
required only every month or so. We had expected much more
frequent imbalances than this.

• Development in the near future will concentrate on the known
limitations of the system , as follows —

(I) Replacement of the IBM utilIt y program I EHMOVE as the
dataset transfer tool . A faster program with the same
versatilit y as I EHMOVE would be preferred.

(ii ) Reassessment of the need to include othe r dataset
organisations in the system, particularly the VSAM
organisation , whic h is used for Indexed sequential
app lications. However suitable techniques for handling
VSAM datasets must first be developed.

(ii i )  Further investigation of techniques for handling

.~~~~~ ———--~~~-. --- — — -7--- — —- — ~~- —
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datasets used on a cy clic basis.

(iv) Modification of the mi gration and user demand archival
• softwa re to automaticall y switch to a new archive tape

when the current one become s fu l l .

• (v) Provision of a delayed retrieval capability to be run at
night. Non-urgent requests could be batched—u p and run
as a sin gle job, greatl y reduc i ng tape handling durin g
prime ope rations time .

(vi) Modifications of Stage 2 of the automatic mi gration
-
. process to write to more than one tape simultaneousl y .

This should reduce the elapsed time considerabl y .

In add ition it would be desirable to make dataset retrievals
automatic. If this were possible the weekly cycle could be
single stage , since users would not require warning notices. In
fact the whole migration system could be made transpa rent to the
user. Unfortunately all investi gations in this area have failed
to revea l a satisfactor y solution to the problem , and require
modification s to the operatin g system code wh i ch could not be
made through standard Interfaces.
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A P P E N D I X  I 
—

• 
- MI GRATION SYSTEM DATA SETS

The forma t and contents of the various datasets used by the
migrat Ion softwa re are described in this appendix .

1.1 SYS1.ARCHIVE.CATLG

This Is a VSAM key-sequenced dataset with one 80-byte
record for each dataset In the archives. The key Is the
414-byte dataset name . A backup copy of the dataset , called

• SYS1.ARC HIVE .COPYCAT , exists on a different disk volume .

Offset Size Description

0 1 flag byte
— b i t  0 : 0 If dataset is

pa r t i t ioned
: 1 if dataset is

sequential
— bits 1—2 : dataset protection

bits from DSCB
- bits 3—7 unused (zero)

1 414 dataset name
145 5 last access date (Jul ian form

i.e. yyddd - numeric ,
disp la y format)

• 50 5 date migrated (Jul lan -

numeric , displa y format)
55 5 exp lry date (Julian — numeric ,

dis p la y format)
60 5 dataset size in tracks -

(numeric , disolay format) L
65 6 arch i ve tape volume
71 3 dataset sequence number on

archive tape (numeric , disp la y
format)

714 6 disk volume to be used for
retrieval.
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1 . 2 SYS1.DATASET.LASTACC

This is a VSAM key-sequenced dataset  w i t h  one 50-byte
record for each dataset on a user disk volume . The key is

- - the 144-byte dataset name . The dataset is only updated
-
. 

weekly, during Stage 1 of the automatic migrat ion process. A
backup copy of the dataset , called
SYS1.DATASET .LASTACC.BACKUP , resides on a different disk
volume .

Offset Size Descri ption

0 1 flag byte
- bits 0-1 : unused (zero)
— bits 2—5 : the Initial

retention period of the
dataset (in months ) if bit

— 6 is on. If bit 6 is off
these bits contain zeros .

— bi t 6 : if on then the
data set has been f lagged
for mig ra t ion  by the user.

— b i t  7 : if on then the
dataset was mod i f i ed
between the las t  two •
updates of the f i l e

1 44 dataset  name
4 5 5 las t  access date (Ju l ian

form i.e. yyddd - numeric ,
d isp lay  format)

S

_ _ _ _ _ _ _  _  
J
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1.3 SYS 1.ARCH IVE. P A R M L I B

This is a partitioned dataset containi ng several members ,
used throughout the mi gration system. The log i ca l record
length of the dataset Is 80 bytes. A backup copy of the
dataset , called SYS1.ARCH IVE.PARML IB.BACKUP , resides on a
different disk volume . Both must be compressed from time to
time to reclaim waste space generated when members are
replaced.

The contents of the more I mportant members are described
In Appendix II in association with the programs that use
them. These are -

• Member Used In Descr ipt ion

ARCHTAP A R C H I V E ,FORCE2 The current archive tape , and
the next unused sequence
number.

DISKS VTOCDSN,USERSPC A l i s t  of the disk volume ser ia l
numbers w hose VTOCs are to be
read.

LAS TSMF SMF].415 Time stamp of the last  SMF
record used for determ ining
dataset  accesses.

TRKDAYS WARN I NG A list of track-day ranges
used in dataset se lec t ion .

XMPTJOBS DiRECUP Jobs whose dataset accesses
are disrega rded. -

XMPTSTEM WARN I NG ,ARCHIVE Userids and dataset names exemp t
f rom m igra t ion .

The remaining members conta in  con t rol statements for IBM
ut i l i ty  programs .
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1 .14 SYS1 .ARCHIVE.WARNL IST

This Is a sequentIal dataset with a logica l record length
of 80 bytes. It Is generated and used in Stage 1 of the
automatic mig rat ion run and passed to Stage 2 , which deletes
i t  on completion .

The first record contains the date the datasets will be
-
. 

transferred to the archives. The first byte of this record
is a blan k and the next 8 bytes conta in the date in the form
dd/mm/yy.

The remaining records ind ica te  the da tase ts  that have been
selected for mi gration . They are in ascendin g order of
dataset name , wi th  the fo l lowing format.

Offset Size Descri ption

0 44 dataset name
44 5 crea t ion da te (Ju l ian form -

numeric , displa y format)
49 5 last  access date (~J u l  Ian f o r m  -

numeric , dis p la y forma t)
514 6 t rac k-day value (or occupancy

f igure ) — see Sect ion ! i . 2( i i)
60 20 blank.

1.5 SYS1.ARCH IVE.ARCHL IST

This is a sequen tial dataset with 80-byte log i cal records.
It is generated and used solely by Stage 2 of the automatic
mig rat ion  run. However , it a l so  ex i s ts  between runs of Stage
2.

The first record contains the date on which the migration
ac tua l l y  occurred , s t a r t i ng  in byte 2 , in the form dd/mm/yy.

The remaining records ind icate the datasets  that were
mig rated , in a lphabet ic  order.

Offset Size Descri ption

0 44 dataset name
414 contains ‘REPL’ if the datase t

replaced one of t he same name
al ready in the a r ch i ves .  Otherw ise
i t  is blank.

48 5 explry date (Julian form - numeric ,
disp lay  format )

53 6 disk volume from which  the dataset
was removed

59 6 a rch ive  tape vo lume
65 3 sequence number of the dataset on

t he arch ive  tape (numeric , d isp lay
format )

68 12 blank.

1.6 SYS1.USERS

This is a VSAM key—sequenced dataset with one 70-byte
record for each registered user id. The key is the user ld ,
which can be from one to eight bytes.

The dataset Is used for the automatic addressing of the
notices generated by both stages of the weekly migration 

—-  - -‘ - -  --—• —~~~~ - • — — -~~ -- - •  .• - -



sy stem . It has similar a ppl icat ions In the automatic
generation of labels for attachin g to compute r bulletins and
other notices generated by Computing Services Group .

The dataset has very low update activit y and
reorganization should rarely be necessary. -

Offset  S ize Descr ipt ion

0 20 User name -

bytes 1—5 : initials
bytes 6—20 : surname

20 8 userid
28 10 abbrevIation of user ’s group
38 12 building in which user works
50 4 user ’s phone numbe r
514 3 user ’ s cost centre
57 13 space for expansion (currentl y

blank).

1 .7 SYS1.ARCHiVE.PL I

This  Is a par t i t i oned  dataset  containing the source code
of each program module (includin g the assembler language
routines ). The member names are the same as the module
names, as descr ibed in A ppendix i i .  This dataset must be

— 
compressed occasionall y , dependin g on update activit y .

1.8 SYS1.ARCHIVE .LOAD

Th is  pa r t i t i oned  dataset conta ins the load module of each
routine in SYS1 .ARCHIVE.PL S, the member names be i ng the same
as those of the sou rce modules. Aliases are also defined for
those routines with alternate entry points. Whenever a
source module is replaced in SYS1 .ARCHIVE.PL I it should be
compiled and the load module replaced in this dataset. This
ensures that the contents of the two datasets are consistent.
SYS1.ARCH IVE .LOAD must also be compressed from time to time .

1.9 SYS1.ARCH IVE.CNTL

This partitioned dataset is used by the ISO command
procedures described in Appendix I i i .  Each membe r contains a
basic set of JCL that the command procedure for each
particular function edits and submits as a batch job . The
members are RETRIEVE , REL OAD , ASCRATC H, EXPIRY , ARCHIVE and
BACK UP.

~
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APPE NDI X II

PROGRAM MODULES

In this App endix each module In the mi gration scheme is
briefl y described. These are all contained in SYS1.ARCHIVE.PL I
and their load modules In SYS1 .ARCHIVE.LOAD . The type of module ,
the p rogramming language used , and the names of associated
modules are also given . The subprograms are described first.

Ii .1 Subprograms

The desc r ip t i on  of each subprogram is concluded w i t h  a
-

. l i st of the arguments used In I ts  ca l l ing  sequence . The PL/ i
attributes of each are also indicated. Those arguments
followe d by (S) must be supp lied by the calling p rogram - all
others are returned by the subprogram . In addition all
assembler language routines must be declared in the PL/ I
ca l l i ng  p rog ram w ith the ASSEMBLER opt ion .

(1) ELAPSED
t y p e  - PL/ l, func tion subprogram

• called from - EXP I RY ,FORCE2 ,LSTADSN ,LISTDSN ,
WARN ING ,LSTARCH

This function returns the number of days between two
Jul ian dates passed as arguments.
funct ion a t t r i bu tes  — F IXED DEC IMA L(3,O)
Ar gumen ts -

first date (S) — PICTURE 9(5)
second da te (S) - PICTURE 9(5)

‘2 ) ENQDEQ
en try points - ENQCAT ,DEQCAT ,ENQLACC ,DEQLACC,ENQPARM ,

DEQPARM
t ype - assembler , subroutine
ca l l el  f rom - EXPIRY ,SCRATCH ,POSTDS ,FORCE2 ,ISTUSER ,

CHNGVOL ,RETRVE ,LSTADSN ,LISTDSN ,SH 1 FTID ,
WARN I NG, UPCAT , CHCKDSN , DUMPSMF

This rou tine issues ENQ and DEQ macros for three
datasets used by the software - the archive catalogue
(SYS 1 .ARCHIVE.CATLG ), the last access dataset
(SYS1.DATASET.LASTACC) and the parameter dataset
(SYS1. ARCHIVE.PARML I B ) .  These datasets are always
allocated with SHR disp osition and ENQ is used to obtain
exclusive use for any read or writ e access. This
minim Izes contention prob l ems.
The major name (qname ) and minor name (rname ) for each
of the datasets are -

SYS 1.ARCH IVE.CATL G - QCATARCH ,RCATARCH
SYS1.DATASET.LASTACC - QLACCARC ,RLAC CAR C
SYS]..ARCHIVE.PARMLiB - QPA RMARC ,RPARMAR C

Arguments - none

(3) GETUSER
type - PL/I, subrou ti ne
called from - ADDRESS
This routine obtains the user details from the special
dataset mainta ined for addressin g purposes (SYS1.USERS)
Arguments -

user id (S) — CHARACTER(S)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~
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user ’s name - CHARACTER (20)
use r ’s group - CHARACTER (10)
user ’s bu ildin g - CHARACTER (12)
use r ’s phone no, - CHARACTER ( 14)
user ’s variable information - CHARACTER (16)

- the cost centre is in
the first 3 bytes.

(Ii) LASTACC
type - PL/ I , subroutine
called from - FORCE2
This routine obtains the date of last access of a

- 

- dataset , In Jul Ian form, from the last access dataset
(SYS1.DATASET.LASTACC). The flag byte from the last
access dataset is also returned , if there Is no entry
for the dataset the flag byte is set to X’80’.
Arguments -

-: dataset name(S) - CHARACTER (414)
last access date - PICTURE 9(5)
f lag b i ts  — B IT ( 8 )

(5 )  READACC
type — PL/I , subroutine
cal led from — GE TVTOC
This routine reads the last access dataset
(SYS1.DATASET.LASTACC) sequentially and at each call

- - returns the next record from it.
• Arguments -

dataset name - CHARACTER (44 )
last access date - PICTURE 9(5)
flag b its - 811(8)
end—of—file indicator - CHARACTER (1)

- this Is non-blank if there are no more
records in the dataset , blank otherw i se.

I ,

•
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(6) JUL IAN
entry point - UNJUL
type - PL/i , function subprogram
called from - GETVTOC ,A RCHSET,D IRE CUP,ARC HI VE ,EX P IRY ,

POSTOS, FORCE 2, LSTUSER, LSTADSN ,
• L I S T D S N ,WARN I NG ,LSTARCH
• This function returns the current date in Ju l ian

form (entry point JULIAN ) or converts a Jul ian date
to the form dd/m/yy and returns this character strin g
(entry point UNJUL).
function attributes - PICTURE 9(5) (entry point JUL1AN )

- CHARACTER (8) (entry point UNJUL )
• Argumen ts - Jul Ian date to be coi~verted to dd/mm/yy

(entry point UNJUL only) CS) - PICTURE 9(5)

• (7) LNKMOVE
t y p e  - assembler , sub routine
ca l led  from - FORCE2
This subrou tine performs the actua l data transfer to
an archive tape for the user demand archival and backup

-
- functions. it firstly gains contro l of the archive tape

by dynamically allocating the dummy dataset at the
beginning of the tape . Then the u t i l i t y  program I EHMOVE
is Invoked to perform the dataset transfer. A non-zero
return code indicates that the request failed.
Ar gumen ts -

archive tape serial number (S) - PICTURE 9(6)
return code - FIXED BINARY (31 ,0)

(8) LNKRET
type - assembler , subroutine
called from - RETRVE
This subroutine performs the actual data transfe r from
tape to disk for the retrieval function . Firstly the
da taset to be retrieved Is dynamically allocated on the
archive tape using the password passed as a parameter.
Then the ut i l i t y  program I EHMOVE is invoked to perform
the dataset transfer. A non-ze ro return code ind i cates
that the request failed .
Ar gumen ts -

archive tape serial number (S) - PICTURE 9(6)
password of da tase t (S )  - CHARA CTER (8)
length of password (S) - FIXED BINARY (15 ,0)
return code - FIXED B1NARY (31 ,0)
dataset to be retrieved (S) - CHARACTER (Le4)
l ength of dataset name (S) - FIXED BINARY (15 ,0)
sequence no. on archive tape (S) - FIXED BINARY (15 ,0)

L~~~L 
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-: - (9) PREALLC
type - assembler , sub routine
called from - RETRVE
This routine uses dynamic allocation to preallocate ,
under file-name PREALL , the required amount of space

~ I on disk in preparation for retrievin g a sequential
dataset.  This is necessary because IEHMOVE cannot

• determ i ne how much space the tape dataset will require on
disk and uses a fairl y small default allocation . This
problem does not exist for partitioned datasets since
I EHMOVE writes control Info rmation describing the
data set ’s space allocation when It is unloaded to tape .
A non-zero return code Ind icates that the space could not
be obtained .
Arguments -

name of dataset (S) - CHARACTER (fe Ie )
length of dataset name (S) - FIXED BINARY( 15 ,O)
disk volume serial number (S) - CHARACTER (6)
primary track allocation (S) - FIXED BINARY (31,0)
secondary track allocation (S) - FIXED BINARY (31,0)
return code - FIXED B1NARY (31,O)
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(10) PROTADD
entry points - PROTDEL .PROTREP ,PROTLST ,PROTAS ,PROTDS
type - assembler , subroutine
called from - F O R C E 2,RETRVE ,SCRATCH
This module performs user password protection function s
for datasets.
Entry poInt PROTADD adds a control password w i th  read/
write protection .
Entry poi nt PROTDEL deletes the control password of a
dataset .

• Entry point PROTREP replaces the control password of a
dataset by tself. This is to set the protect bits In
the dataset ’s DSCB on disk for the RETRIEVE/RELOAD
function .

• Entry point PROTLST l ists the information for
a dataset ’s con t rol password . This is to ve r i fy  that
the password is correct.
Entry point PROTAS adds a secondary password with read/
w r i t e  protect ion .
Entry point PROTDS deletes a secondary password for a
dataset.

A l l  of the above funct ions use the PROTECT macro
• ins t ruct ion ( re f .8 )  and pass back to the calling

program the return code generated by this macro.
Argumen ts -

da taset name (S) - CHARACTER (44 )
len gth of dataset name (S) - FIXED BINARY( 15 ,0)
password(S) - CHARACTER (8)
return code - FIXED BINARY (31 ,0)

* volume serial no. containing dataset (S) — CHARACTER (6)
+ con t ro l password (S) - CHARACTER (8)
(*  required by entry points PROTADD , PROTDEL , P R O T R E P ,
PROTAS and PROTDS only) .
(+ required by entry points PROTAS , PROTDS only).
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(11) SECSPCE -

type - assembler, subroutine
called from - GETVTOC ,FORCE 2

• - This subroutine reads the format 3 DSCB of a disk
dataset and returns the number of t racks occupied by
the secondary extents described by this control block.
(Uses OBTAIN macro - see reference 8).
Arguments -

address of Format3 DSCB (CCHHR) (S) - CHARACTER (5)
disk volume serial number (S) - CHARACTER (6)
tracks — FIXED BINAR Y (3 1 ,0)

(12) UPDATE
entry point - U P J U L
type - P1/I , function subprogram
called from — ARCHIVE ,EXP IRY ,FORCE2 ,WARN IN G
This  functIon acce pts a date , either In the form
dd/mm/yy (entry point UPDATE ) or Jul ian (entry UPJUL )
and an intege r number. it adds this number of days to
the date and returns the resultant date in the
appropriate form .
func tion attribu tes - entry point UPDATE - CHARACTER (8)

- entry point UPJUL - PICTURE 9(5)
Arguments -

f i rs t  da te ( S)  - CHARACTER (8) for UPDATE
- PICTURE 9(5) for UPJUL

no. days to add (S)  - F I X E D  BINARY (31,0)

S 
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(13) USERSMF
type - assembler , subroutine
called from - ARCHSET ,SH I F T I D ,A R C H U P ,E X P I R Y ,SCRATCH ,

RETRVE , LSTARCH ,UPCAT ,CHNGVOL ,DUMPSMF
• This subroutine is called whenever a change is made to

the archive catalogue . It writes a user record to the
SMF dataset conta inin g the new or updated arch i ve
catalogue record . The type of alteration is also
Indicated . The routine is also called by DUMPSMF to just
copy the contents of the archive catalogue to the SMF
dataset. Any load module that includes this subroutine
must reside In an authorized program librar y and itself
be authorized.

Forma t of SMF records

Offset Size DescriptIon

0 1 system indicator ( X’02 ’ — VS2)
1 1 record type (binary ) -

128 : addi t ion by migrat ion or
demand archival.

129 : r e l o a d  - this record does
not indicate a change to the
arc hive catalogue . It Is
included only for gathering
usage s t a t i s t i c s .

130 delet ion (by scratching ,
replacement or explry date
laps ing) .

131 : a l te ra t ion
132 addition by backup
133 : retrieva l
1314 : generated by DUMPSMF for

usage s t a t i s t i c s  and
catalogue recovery. It does
not ind i cate a change to the
catalogue .

2 4 tIme of day record was written , In
hundredths of a second (binar y)

6 4 date record was written in Julian
form (packed dec i mal )

10 14 machine Identifier (=C’W168’)
114 8 name of j ob
22 80 contents of arch i ve catalogue

record. For an alterat i on this is
the new contents.

Arguments -

archive catalogue record(S) - CHARACTER (80 )
record type (S) - FIXED DECIMAL (3 ,0)

_ _
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• (11s ) DSNCAT
type - assembler , subroutine
called from - FORCE2
This subroutine obtains the volume and device type
Information for a dataset directl y from the operating
system catalogue . (Uses LOCAT E macro - see reference 8).

• If the dataset Is not found in the catalogue then the
volume and device type fields are both returned as blank.
Arguments -

dataset name (S) — CHARACTER (1414 )
volume dataset resides on - CHARACTER (6)
device type code of volume - CHARACTER (14)

(15) DELDSN
type - assembler , subroutine
cal led f rom - FORCE2 ,RETRVE
This subroutine accepts a dataset name and disk volume
serial no. and at tempts to uncatalogue the dataset and
dele te it from the volume .

- • Ar guments -

datase t name (S) - CHARACTER (1I14)
volume serial numbe r(S) - CHARACTER (6)

• (16) DSNVTOC
ty p e - a s s e m b l e r, subroutine
called from - FORCE2
This routine ob tains a da tase t ’s forma t 1 DSCB direc tly
from a disk volume VTOC. (Uses OBTAIN macro - see

* reference 8).
Ar guments -

datase t name(S) - CHARACTER (Le4)
volume dataset resides on (S) - CHARACTER (6)
work area - CHARACTER (140 )

- the first 96 bytes wi l l  contain the data portion
of the forma t 1 DSCB , the next 5 bytes the
absolu te track address (CCIIHR) of the DSCB.

return code — FIXED BINARY (31 ,0)- non-zero indicates that the request failed .

S
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(17) DSCB1
type - assembler , subroutine
called from - VTOCDSN
This subroutine reads all format 1 DSCB’s f rom a
nominated disk volume , returning one at each call. Once
one VTOC has been exhausted the subroutine can be called
with a diffe rent volume , but not before . Each volume Is
dynamicall y allocated and dc-allocated with a DDNAME of
FULLVTOC . At each call the free space on the current
volume Is also returned.
Argumen ts -

disk volume serial no.(S) - C H A R A C T E R ( 6 )

forma t 1 DSCB — CHARACTER( 140)
free cylinders on volume - FIXED BItIARY(3 1,0)
free tracks on vo l ume - FIXED BINARY (31,0)
return code - FIXED BINARY(3 1,0)

- contains 0 if the call was successful ,
Is positive if it was unsuccessful and
is -1 if there are no more forma t 1
DSCB’s on this vo l ume . (This indicates
that another volume can now be
specified ).

(18) ADDRESS
type - PL/ I , subroutine
called from - LSTWARN ,LSTARCH
calls - GETUSER
This routine formats and writes a page containing the
name and address of a user to a report file (the name
of which Is passed as a parameter ).
Arguments -

userid (S) - CHARACTER (8)
output file name (S) - FILE OUTPUT STREAM PRINT 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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(19) ARCHSET
type - P1/ I , subroutine
c a l l e d  f rom - AR CHIVE ,FORCE2

- 
- • calls - JULIAN ,IJSERSMF

This routine formats and writes I EHMOVE control
v statements to copy a dataset to an arch i ve tape and/or

IEHPROGM cont rol statements to uncatalogue and delete
the dataset from disk , in addi t ion, depending on Input
parameters , a record may be added to the archIve
catalogue or replace an existin g one, in which case the
appropriate SMF records are also written .
Arguments -

archive catalogue record (S) - CHARACTER (80)
replacement indicator - CHAR-~CTER (14) - This will be set

to ‘REPL’ if the record replaces one of the
same name in the archive catalogue , blanks
otherwise

function indicator (S) — FIXED DEC I MAL (1,O)
- if 0 then update the arch i ve catalogue

and generate I EHMOVE (MOVE DSNAME) control
-. statement

- i f  1 then only update the archive
catalogue

— if 2 then generate I EHMOVE (COPY DSNAME)
and IEHPROGM control statements only

- if 4 then generate IEHPROGM control
statements only

type of data transfer (S) - CHARACTER (4)
- if ‘ARCH’ then the operation is a dataset I

mI gratIon or demand arch ival
- if ‘BACK ’ then the operation is a dataset

backup .

S 
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(20) GETVTOC
-
~ 

type - P1/I , subroutine
called from - ARCH IVE ,IISTDSN ,WARN ING ,USERSPC
calls - SECSPCE ,JUL IAN ,LASTA CC
GETVTOC uses VTOC information generated by program
VTOCDSN (see Appendix 11. 2 .1 (2)) to extract dataset
p roperties. At each call detaIled information about the
next dataset In the VIOC i nput Is returned . The most
i mportant information Includes the dataset name , the
volume It resides on, Its space requirements , the date
it was last accessed and whether it was flagged for
migration (both obtained from the last access dataset —

• SYS1.DATASET.LASTACC). if there is no entry in
SYS1.DATASET.LASTACC then the current date is returned
as the last access date.

-• 
Arguments -

• 
- dataset name - CHARACTER (414)

disk volume serial numbe r - CHARACTER (6)
t racks dataset occupies - PICTURE 9(5)
dataset creation date (Jul ian ) - PICTURE 9 ( 5 )
dataset retention date (Jul ian ) - PICTURE 9(5)
date of last access (Jul ian ) - P I C T U R E  9 ( 5 )

dataset organization code - C H A R A C T E R ( 2 )

number of volume s so far encountered -

FIXED BINARY (31,0)
all volume serial numbers so far encountered - ‘

(10) CHARACTER(6 )
free tracks on all volumes encountered -

(10) FIXED DECIMAL (L&,0)
free cyl i nders on all volume s encountered -

(10) FIXED DECIMAL (4 ,0)
dataset flag bit s — 3IT (16)

— bits 0—7 are the flag bits from
SYS1 . DATASET. LASTACC .

— bit 8 is on if the dataset is
empty

- bits 9—10 are the dataset
protection bits from the field
DS1DSIND of the forma t 1 DSCB.

— bits 11—15 are unused (zero)
end—of-file Indicator - this is non-b1ank if there are

no more VTOC entries , blank
otherw i se.
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11 .2 Mai n programs

~

‘ 

~ The main program modules are described next , grouped by I

• functIon . The file names used by each program are also
listed.

In addition some programs dynamicall y invoke others and
when these are executed the files used by the i nvoked
programs must also be supp lied. The programs involved are
listed be l ow.

invoked p rogram Callin g programs Fil e Names

POSTDS ARCHGDG SYSiN ,LA STAC C,~SYSPRINT (see 11.2.4(6))
IEHMOVE RETRVE (vla LNKRET ), SYS UT1..SYS PR I NT,

FORCE2 (vla LNKMOVE ) SYSIN ,USERn ,DDn .
The USERn ddname s each
describe one of the
user packs SA.000n , and
the DDn ddname s one of
the system packs. There
must be one of these

— 

‘ statements for each
vo l ume that is a
cand i date for demand
archiva l , backup or
retrieval *

The I EHMOVE DD state-
5 ments must be placed

before those of the
callin g program .

SORT VTOCDSN,SMF11415, SORTLIB ,SYSOUT,
USERSPC ,TAP EMAP , SORTWKOn.
TAPMRGE

All main programs used in catalogued procedures (see Appendix
I i i ) , as well as those that call Subroutine USERSMF (and must
therefore be authorized ), are full y link-edited as executable
load modules in the dataset SYS1 .WRELiNK. The module name s
all begin with the 14 characters ARCH. Care must be taken to
ensure that whenever a load module is replaced in
SYS1.ARCHIVE .LOAD all modules in SYS1.WRELINK that use it are
rel Inked to Include the new version . The module names of
those main programs that are in SYS1.WRELINK are indicated in
this App endix. The remainin g programs are run only when

- • required and must be rellnked from SYS1.ARCHIVE.LOAD each

* 

t ime .
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11 .2 .1 Stage 1 modules

(1) SMF1415
type - P1/ i
load module - ARCHSMFD
This program extracts access records (types 14, 15 and

• 140) from the SMF data , sorts them by date within dataset
name, and writes them to an output dataset. Access
records for SYS1 datasets are ignored. A second input
dataset may spec i fy a time stamp before which SMF records
are disregarded. The program always updates this time
stamp in the dataset with that of the last SMF record
read from the input.

Input formats -

(a) FHe SMFIN
Al l SMF records generated by the system (including
type lleO - see Section 11.1). For the forma t of
other SMF records see reference 6.

(b) File LASTSMF - membe r LASTSMF of
SYS1.ARCH IVE.PARML IB. This single 80-byte record
dataset contains the time stamp of the last SMF
record p rocessed by this program . Records
generated befo re this time will not be conside red .
The program also updates this time stamp when all
SMF records have been processed.

Offset Size Description

0 4 time of day record was written ,
in hundredths of a second
(binar y)

14 14 date record was written , in
Julian form (packed decimal )

8 72 unused

Output forma t -

(a) File SORTOUT
Types 114, 15 and 140 SMF records.

-——--—- • ----- - - - -
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(2) VTOCDSN
type - P1/ I
calls - DSCB1
load module - ARCHVDSN
This program reads the VTOCs of one or mo re disk volumes
(via DSCB1) and produces output records containin g
dataset name, the forma t 1 DSCB, the volume serial no.
and the volume free space Information . These records are
sorted on dataset name . Note that this p rogram is also
used in Stage 2 and to supp ly input to all other programs
that call GETVTOC .

Input forma t -

(a) File DISKS - member DISKS of SYS1 .ARCHIVE.PARML IB
This file indicates the disk vo l umes whose VTOCs are

-
- - to be read. There is one 80-byte record for each

volume , with the serial numbe r beginn i ng in the first
byte.

Output format -

(a) File SORTOUT
These are 1514-byte records containin g dataset
info rmation in sorted order.

The forma t is as follows -

Offset Size Description

0 1414 dataset name
1414 96 the data portion of the

dataset ’s forma t 1 DSCB
1140 6 the disk volume serial no.
1146 free cylinders on the volume

- numeric , binar y
150 14 free t racks on the vo l ume -

numeric , binar y
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(3) DIRECUP
type - P1/I
calls - J U L I A N
load module - ARCHUPDD

This module uses the sorted SMF access data created by
SMF11415, the sorted dataset records produced by VTOCDSN
and a copy of the current last access dataset
(SYS1.DATASET. LASTACC.BACKUP ) to produce the new last
access dataset. Accesses by exempt jobs (also specified
via an Input dataset) are I gnored. In addition a bit Is
set in the flag byte for datasets that have type 15
records in the SMF input , indicatin g update activit y .
This program can also perform the initial l oad of the
last access dataset.

Input formats -

(a) PARM field
[ LOAD]
If LOAD Is specified then this is the initial load
of SYS1.DATASET.LASTACC.

(b) File SMF
SMF record types 14, 15 and 1140, as output by
program SMF11415 In file SORTOUT.

(c) File VTOC
A file of 154-byte records containin g dataset names
and VTOC information as output in file SORTOUT by
progra1 . VTOCDSN .

— 
(d) File DIRECIN - a copy of the last access dataset.

(SYS1 . DATASET. LASTACC. BACKUP )
This file is not used if this i~ the initial load of
the last access dataset. 

-

(e) File XMPTJOB
This dataset contains the names of the exempt jobs .
There is one 80-byte record for each , with the job-
name in bytes 1 to 8. These are contained in membe r
XMPTJOB of SYS1 .ARCHIVE.PARML IB.

Output forma t -

(a) File DIREC - the new last access dataset
(SY S1.DATASET.LASTACC )

- 
- This dataset should be empty initiall y . 

_--—-~~~~~~~ - - ——~~~~~~~ —~~~~~~~~~~ --~~~_-- - - — — - —~~~~~- ; — ~~~~~~~~~~~~~~ -~~~~~~ -~~~~~-



- - - 
~~~~~~~~~~ ~~~~~~~~~~~~ 

- — 37 — WRE—TR— 1870 (A )

• (1* ) WARN ING
t y p e  - P1/ I
c a l l s  - GETV TOC,ELAPSED ,UPDATE ,JULI AN,ENQDEQ

— load module - ARCHWARN
T h i s  is the major p rogram In Stage 1 of the automatic
mi gration software . Its purpose is to perform the
dataset selection . The parameter input Is the maximum
number of weeks a dataset can remain on disk without
bein g accessed , the percentage free space required and
the numbe r of days until Stage 2 is to be run .
Additional variable input , via datasets , are the names
of selected datasets and userids whose datasets must
remain on disk and a series of numbers representin g
track—da y ranges.

The program reads the VTOCs of the p artici p atin g disk
volume s (via GETVTOC). Datasets that are not sequential

• or partitioned or that are exemp t from mi gration are
rejected. Any datasets that have been flagged for
mi gration or have not been accessed for the period
specified by the input parameter are selected.
For all the remaining datasets a track-day va l ue is
c a l c u l a t e d  — currently by multi p l y ing the size , in
tracks , by the number of days since the last access,
although this can easil y be altered . Details of the
datasets , Including the track—da y values, are written to
a temporary fil e. During this process the space occupied
by datasets is accumulated by the track-day ranges
specified.

• When all datasets have been processed the total free
space currentl y on disk , and hence the amount that needs
to be released , can be determined. If sufficient space
has already been made available by the first selection
criterion then no further selection is required.
However , if this is not the case then all datasets whose
track-day figure falls in the highest va l ued range are
selected. Successivel y l ower valued ranges are selected
until no further space is required. The dataset names
are determ i ned by read i ng back the temporary fi le
produced durin g the VTOC scan. 
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Finall y a file (SYS1 .ARCHIVE.WARNLIST ) containin g details
of all selected datasets is written . The first record
in this file is always the date that stage 2 will be run .

Input formats -

• (a) PARM field
max. weeks, free space, days
If max , weeks is zero then selection is performed
only by track-day values.

(b) Fil e VTOC
A file of 1514-byte records containin g dataset names
and VTOC information as output in file SORTOUT by
program VTOCDS N .

(c) File DIREC - the last access dataset
(SY S1.DATASET.LASTACC)

(d) F i le  SYSIN
There are two forms of input via this file. The
fi~ st type Is a list of userids and/or datasets that
are exempt from m igration . A maximum of 50
exemptions may be specified. There Is one 80-byte
record for each , with the userid or dataset name
starting in the first byte. These are contained in
membe r XMPTSTEM of SYS1.ARCH IVE.PARMLIB . The second
type of input Is the list of track—day ranges, one
In each 80-byte record , with forma t X,9(4). A
maximum of 50 values may be specified and they must
be In ascending numeric order , but may be inte r-
spersed with the exemp t userid and dataset records.
They are contained in member TRKDAYS of
SYS1 .ARCHIVE. PARML IB . If no track—da y records are
supp lied then selection is performed only by the
max. week criterion specified in the PARM field and
this may not be sufficient to meet the stated free
space objective .

Output formats -

(a) F ile NEWL I ST - SYS1.ARCH IVE.WARNL IST

(b) File SYSPRINT
Various statistics about the selection criteria are
printed on this file. 

—---_-- -- --~~ ---— - - - - ------- —-- ----~~~~~ - ---- -j
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- (5) LSTWARN- type — P1/ I
ca ll s — ADDRE SS

5 l oad module - ARCHLSTW
I This program pr ints a report for both users and dataset

manager indicatin g the names of the datasets that
• have been selected for mi gration and the date that it

w il l occur.

Input formats -

-~ 
(a) File NEWL I ST - SYS1 .ARCHIVE .WARNLIST

(b) File USERS - the users ’ details file (SYS1.USERS)

Output formats -

(a) File SYSREPT
The dataset manager report is written to this file.

• (b) File USEREPT
• 

- The user report is written to this file.

-- -- -—-~~~ -----— 7- -5-—-- -—-S — - 
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11 .2 .2 Stage 2 modules

(1) ARCHIVE
type — P1/I
calls - GETVTOC ,ARCHSET ,UPDAT E,JU LIAN
load module - ARCH IV (must be authorized )
ARCHIVE is the main program in Stage 2 of the automatic
mi gratIon softwa re . The parameters Input are the archive
tape serial number , the first sequence numbe r to be
written to the tape and the default retention period to
be applied to the datasets about to be migrated .

The program uses VTOC Information from the
p artici p ating disk volumes (via GETVTOC) to determ i ne the
full details of those datasets selected for mi gration that
still remain on disk as well as any that users have
flagged for migr ation since the runnin g of Stage 1. Via
subroutine ARCHSET the program prepa res I EHMOVE control
statements to move these dRtasets to successive sequence
numbers on tape . A record Is also added to the arch i ve
catalogue for each dataset.

The exception to this occurs for datasets that are
empty. They are simp ly deleted (via IEHPROGM ) and not
mig rated.

Next a file containin g the names of the newly-migrated
datasets is created (SYS1.ARCHIVE.ARCHL IST). Fina l ly
another f i l e  Ind ica t ing  the arch ive  tape ser ia l  numbe r
and the number of datasets on it is written to file
ARCHTAP (for use by the user demand archival and backup
functions).

The program also turns off all bits of the flag
byte in the SVS1.DATASET.LASTACC entries for migrated
datasets , Indicating that the request has now been
fulfilled.

J
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I nput fo rmats -

• (a) PARM f i e ld
ta pe ser ia l , sequence no. , retention period (months ).

(b) File VTOC
A f i le  of 154-by te records containin g dataset names

• and VTOC information as output in f i le  SORTOUT by - 
-

p rogram VTOCDSN.

Cc) Fi le DIREC - the last access dataset
(SYS1 . DATASET . LASTACC )

• Cd ) Fi le OLOLIST - SYS1.ARCHIVE.WA RNLIST

Ce ) F i le ARCHCAT - the arch i ve catalo g ue
(SYS 1 .ARCHIVE.CATLG )

Output fo rmats -

(a) F i le  NEWARCH - SYS1 .ARCH IVE.ARCHL IST
-. (b) File ARCHTAP - member ARCHTAP of

SYS1.ARCH IVE.PARML IB . The format i s as fo ll ows -

Offset Size Descri pt i on

0 6 current archive tape serial number
6 6 next sequence numbe r to be used

(n umeric , d isplay format)
5 12 68 unused

(c) File IEHMOV
I EHMOVE control statements (80—byte records).

(d) F ile IEHPROG
IEHPROGM contro l statements (80-byte records).

(e) F i le  SYSPR I NT
S t a t i s t i c s  for the p rog ram run are wr i t ten  to th is
file.

• I 
‘S
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4
(2) LSTARCH

t y p e  - PL/ I
c a l l s  - ADDRESS ,USERSMF ,ELAPSED ,JULIAN
load module - ARCHLSTA (must be authorized )
This pro g ram produces a report for both the dataset
manager and users ref lect in g the cu rrent state of
t he archives.  The manager ’ s report s im p ly l i s t s  the
com plete archive catalo g ue and is o ptiona l , be i ng
selecte d or not by s peci f y in g V or N res pect ivel y as
the f i r s t  of two parameters .

The second parameter spec i f ies  PART or FULL. For the
latte r ever y user rece i ves a l i s t  of the names and
ex p i r y  dates of al l  h is datasets current l y in the
archives.  W i t h  PART onl y those users who have had
datasets added to the arch Ives durin g th is  run , or have - -

datasets with less than one month until exp i ry, or
have had datasets exp i re  during the past week rece i ve a
report. All expired datasets are deleted from the
archive catalo g ue by th is p rogram .

• I nput format s -

(a) PARM f ie ld
fYl,(FULL1
\NJ ~PARTJ

(b) F i l e  ARCHCAT - the arch i ve catalogue
(SYS 1.ARCHIVE.CATLG )

(c ) F i l e  NEWARCH - SYS1.ARCHiVE.ARCHLIST

Cd ) F ile USERS — the users ’ details file (SYS1.USERS)

Output formats -

(a) F il e SYSREPT
The datase t manage r ’s report indicatin g the datasets
m igrated this run.

(b ) File SYSLIST
The op tional dataset manage r ’s report listing the
entire catalogue .

(c) F ile USEREPT
The users ’ arch ive status reports.

S 

-~~~~~~~~~~ _ _ _
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11.2.3 Load balancing modules

(1) USERSPC
- - type - P1/ I

ca l l s  - GETVTOC
-
• load m o d u l e  - ARCHUSPC

• This program uses VTOC information to produce a report
indicating the space owned by each user on each disk
vol ume. This report is used to select users for transfer
from heavi ly loaded volumes.

- 

• Input formats -

(a) F i le  VTOC
A f i l e  of 1514-byte records containing dataset names
and VTOC information as output In file SORTOUT by
program VTOCDSN .

(b) Fi le DIREC - the last access dataset
(SYS 1.DATASET.LASTACC)

-

• 

Output forma t -

( a )  F i l e  S Y S P R I N T  - the space report.

(2) SHIFTID
• t yp e  — P1/i

ca ll s - USERSMF ,ENQDEQ
load module - ARCHSHFT (must be authorized )
Th is p rogram generates utilit y control statements to

• transfer users from one volume and/or system catalogue to
another. There are fou r sources of input. The f i r s t  is
a constant dataset l i s t ing  each user disk volume ser ial
numbe r, the serial numbe r of its pa i red volum e, the
symbolic unit name assigned to the pair and the name of H
the associated user catalogue .

The second Input is a l i s t  of user ids to be shifted ,
the volume s they are currentl y assigned to, the volumes
they are to be shifted to and opt i onall y an exempt volume
for each .

The third input dataset is a copy of each catalogue In
p the system, as generated by p rogram CATCOPY ( ref.12).

The final input source is a parameter spec i fy i ng
whether this is a test run (NOSYS) or a production run
(SYS) ,  in which case the disk volume entries for each

-
. user ’s archive catalogue records are updated to reflect

the new preferred volumes. Subsequent re t r ieva ls  w i l l
the refore be directed to these volumes.

•

.
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The program reads the catalogue (v i a  CATLGRD ) and
generates IEHMOVE con t rol statements to copy NONV SAM
datasets belonging to the selected users to the indicated
volumes (except those already on the volume s and those on

- .  the exempt volumes). I DCAMS contro l statements to delete
the original datasets and perform catalogue maintenance
are also generated as are statements for changing the
UADS entr ies of users whose dis k unit name has changed.
VSAM catalogue entr ies ( includ ing Generation Data
Groups) are l is ted for further invest igat ion .

Finally , for production runs only (SYS) ,  the disk
vol ume field of each arch i ve catalogue record of each
selected user is updated.

— input fo rmats -

(a) PARM f i e ld
JSYS \
\NOSYSJ

(b) F i le  ARCHCAT - the archive catalogue
(SYS 1.ARCH IVE.CATLG )

Cc) F ile CATLG
A sequential dataset containing a copy of one or
more of the system catalogues. This Is read by sub-
routi ne CAT LGRD, described in reference 12.

Cd ) Fi le SYSIN
There are two t ypes of Informa ti on in thIs f i l e  •

of 80-byte records. They may be input In any
order. The f i r s t  type of record Is detailed below .
There is one for each user volume In the system.

Offset Size Descript i on

0 2 unused
2 6 The volume ser ia l  number
8 2 unused

10 16 The ser ia l  number of the pa i red
vo l ume

16 2 unused
18 5 The symbolic unit name of the

pair of volume s
• 23 3 unused

26 1,14 The user catalogue associated
with the volume

70 10 unused.

-5
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The second record type is described below . There Is one
record for each userid to be shi f ted.

• Offset Size Descript ion

0 8 the userid
8 2 unused• 10 6 the volume currently assigned

to the user
16 2 unused
18 6 the volume the user is to be

shifted to
214 2 unused
26 6 an exempt volume f rom which

datasets w i l l  not be shif ted
(optional )

32 148 unused.

Output formats - - -

Ca) F i le  IEHMOVE
IEHMOVE control statements (80-byte records) to
copy the datasets.

(b) Fil e I DCAMS1
I DCAMS control statements to delete and uncatalogue
the ori ginal datasets (80-byte records)

Cc ) F i le IDCAMS
IDCAMS con t rol statements to recatalogue the NONVSAM
datasets (80-byte records)

(d) F i le  UADS
The TSO ACCOUNT commands required to change the
UADS unit f i e ld  for users sh i f ted to a di f fe rent
vol ume pair.

(e) F i le  SYSPR INT
Messages are printed for datasets and catalogue
entr ies that cannot eas i ly  be man ipulated
automatically (e.g. VSAM).

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - 5 —  -— —— ---~~~~~~~~~~~~~~~ -5-- -
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(3) CHNGVOL
t ype  - P1/ I
c a l l s  - USERSMF ,ENQDEQ
load module - ARCHCVOL (must be authorized )
Th is prog ram replaces the disk volume field in selected
arch ive catalogue records w i th  a volume ser ia l  numbe r
specif ied in the PARM f ie ld .  The dataset names may be
input v ia  f i l e  SYSIN or through the PARM f ie ld  (one name
or name stem only) .  When the lat ter form is used the
catalogue records of all datasets w i th  names beginning
wi th  the character str ing supplied (wh ich may be a
userid, for exam ple) are updated. The dataset manage r
can use the program to force retrIevals for the selected
datasets or user to be directed to a s pec i f ic  volume .
Although this offers no i mmediate benefits it can be

— conside red a fo rm of delayed load balanc ing.
-

- 
- Input formats —

(a) PARM f i e ld
disk volume , ISELECT

kdataset name stem
* SELECT Indicates that the dataset names are

supplied in f i l e  SYSIN.

(b) File SYSIN
If SELECT was specified as the second parameter
In the PARM field this dataset contains 80 byte
records w i th  one dataset name in each , beg inn ing
in the f i rs t  byte.

Cc) File ARCHCAT - the archive catalogue
(SYS 1.ARCHIVE .CATLG)



- — 
-

— 147 — WRE—TR—1870 (A )

t ) . 2 - . I~ User f ac i l i ty  modules

(1) RETRVE
type — P1/ I
calls - PREALLC ,ENOI)EQ, D ELD SN ,US ERSMF ,LNKRET ,P ROT A DD
load module - ARCHRET (must be authorized)
This program performs dataset retrievals and reloads .
The input pa rameters are the dataset name , the type of
operation (RET for RETRIEVE or REL for RELOAD ) and
opt ional ly  a password . if the password supplied is not
correct ( i .e .  is not the control password of the dataset )
or if the dataset is protected and no passwo rd was
prov ided, then the re t r ieve w i l l  f a i l .• if the dataset is not protected (i.e. does not have an
entry in the PASSWORD dataset )  then a dummy password is
created for it (entry PROTA DD) . This must be done
before the dataset can be accessed .

Any catalogue entry or dataset of the same name already
existin g on the receiving volume are first deleted. Next ,
If the dataset to be retrieved is sequential then the
required space is preailocatecl on the receiving disk
volume . IEHMOVE contro l statements to copy the dataset

* to disk and IEHPROGM control statements to catalogue it
are created. Next the dataset is ac tua l l y  cop ied to disk
(entry LNK RET) and , if a retr ieval rather than a re load,

— the record is removed f rom the arch ive  catalogue .
F ina l ly ,  If t he dataset  was not protected then the dummy
password is deleted (entry PROTDEL), ot herwise the

— protect bits are set In the dataset contro l block on disk
(en t ry  PROTREP ) .

I-
1 -
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Inpu t formats -

(a) PARM f ie ld
dsname ,J’RET\,fpasswor&

\RELJ \ & J • -

‘ & ‘  indicates that no password was supp lied .

(b) F ile ARCHCAT - the archive catalogue
(SYS1.ARCHIVE .CATLG)

Output formats -

(a) File I EHMOVE
I EHMOVE control statements to copy the dataset to
disk (v ia  entry LNKPET) are generated In th is f i le .

(b) F i le  IEHPROG
iEHPROG control statements to catalogue the dataset
on disk are generated in this file.

Cc) File SYSPRIN
A message ind i cating the result of the request is

* generated here .

- - rn —-- - - -
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(2) SCRATCH
type — P1/ I
c a l l s  - USERSMF ,ENQDEQ, PROTADD
load module - ARCHSCR (must be authorized)
SCRATCH Is used to delete datasets from the archives .

• The parameters input are the dataset names and opt ional ly
• a password for each. If a password Is supplied It is

checked for correctness (entry PROu ST) . If the password
is incorrect, or If the dataset Is protected and no pass—
word was supp lied then that dataset will not be deleted.
The dataset names and passwords may be input via file
SYSIN and/or through the PARM f ie ld  (one name and

• passwo rd only) .

Input formats -

(a) PARM field
fdsname\,fpassword\ - -

\N ONEJ \ & J

NONE ind icates that no dataset name s specified
- 
. in the PARM f i e ld .

‘ & ‘  ind icates that no password was suppl ied.

(b) Fil e SYSIN
One 80-byte record per dataset, with the name
beg inning in byte 1 and opt ional ly  a password
separated from the dataset name by one blank.
Note that a special  input , of the form user id (ALL ) ,
or user id. ( ALL ) ,  may be s pec i f ied  as a dataset name
(ei the r In the PARM f i e l d  or in f i le  SYSIN) to
Indicate that all datasets belonging to the
s pec i f ied  user id are to be scratched from the
arch ives.  Of course only those that are unprotected
or those that have the same password as the one
supp lied are deleted .

Cc ) File ARCHCAT - the archive catalogue
(SYS 1.ARCH1VE.CATLG).

Output forma t -

(a) File SYSPRIN
Messages indicating the result of the request are
printed for each dataset.

5-- _
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(3) EXP I RY
type — P1/ I
ca l ls  - ELAPSED ,UPDATE ,J U L I A N ,USERSMF ,ENQDEQ
load module - ARCHEXP (must be authorized )
This program increases the expir y date of datasets In

-

. the archives.  The input parameters are the dataset names
and the number of months the date of each is to be in-
creased. No passwords are required. Howeve r the expiry
date may not be more than 1 year in advance at any time .
The dataset names may be input v ia  f i l e  SYSIN and/or
through the PARM field (one name only) .

Input formats -

Ca) PARM field
fdsnam~,months
\NONEJ

NONE Indicates that no dataset name is specified
in the PARM f i e l d .

• (b) File SYS1N
One 80-byte record per dataset, wIth the name

- - startin g in byte 1. Note that a special input of
the form user id (ALL ) ,  or user ld . CALL ) ,  may be
speci f ied as a dataset name (e i ther  in the PARM
field or In file SYSIN ) to Indicate that all data—
sets belon ging to the specified userid are to have
their explry dates increased.

Cc )  F i le  ARCHCAT - the arch ive catalogue
(SYS1.ARCHIVE.CATLG )

Output forma t -

Ca )  F i le  SYSPR IN
Messages Indicatin g the result of the request are
printed for each dataset.
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(4 ) FORCE2
c a l l s  - PROTA DD,LA STA CC,EIAP SED,JULiAN ,ARCHSET ,UPDATE ,

LNKMOVE , ENqDEQ, SECSPCE , DSNCAT , DELDSN , DSNV TOC
• l oad module - ARCHF2 (must be authorized and must be a

privile ged program, with the bypass-password-protection
status) .

FORCE2 is the p rogram that performs user demand
archival and backup . It f i r s t ly  determ ines the dataset ’s
posit ion (v ia  DSNCAT ) and charac ter is t i cs  (v ia  DSNVTOC ) .
Only sequential or part i t ioned datasets can be arch ived.
If the dataset is protected then the control password
must be supplied. If not the request is term inated.
However, If al l  conditions are sa t i s f i ed  FORCE2 generates
I EHMOVE contro l statements to copy the dataset to tape .

The dataset Is then copied to the next sequence numbe r
on the archive tape (entry LNKMOVE ) . F inal ly ,  on
successful completion of the copy, a record is added to,
or replaced In, the archive catalogue and the dataset

• deleted from disk (archive only) .
The archive tape ser ia l  number and the number of

- - 
I datasets on the tape are obta i ned from a file created

ori ginally by Stage 2 of the automatic mi gration system .
This information is updated by FORCE2 upon successful
transfer of the new dataset to the tape .

Input formats -

(a) PARM f i e ld
dsname , /ARCH \ months ,fpasswor

kBACKJ 1~ &
ARCH Indicates an archive request , BACK a backup
request.
months is the initial retention period In months.
‘&‘  ind icates that no password was supp lied .

(b) F i le ARC HCAT - the arch ive catalogue
(SYS1.ARCHI VE .CATLG)

Cc )  F i le  DIREC - the last access dataset
(SYS 1 . DATASET. LASTACC)

Cd ) F i l e  ARCHTAP - membe r ARCHTAP of
SYS 1.ARCH IV E.PA R MLIB.  See the descr ipt ion In f i l e
ARCHTAP of p rogram ARCHIVE ( 1 1 .2 .2 ( 1) ) .

Output formats -

(a) F i le  IEHMOV
An IEHMOVE control statement is generated here.

(b) F i l e  SY S P R I N
A message indicating the result of the request is
written here .

_ _ _  _ I
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( 5 )  POSTDS
type — P1/ I
c a l l e d  f rom - ARCHGDG (via a LINK macro)
ca l ls  - ENQDEQ, JUL IAN
load m o d u l e  - ARCHPOST
This prog ram performs the user requested migration
functIon . It turns on the migrate bit  (bit 6 of the flag
byte) and sets the Ini t ia l  retention period (b i ts  2 to 6)
in the datasets ’ entr ies in the last access dataset
(SYS 1.DATASET .LASTACC), ind icatin g to the automatIc
migration softwa re that these datasets are to be

- 5 m igrated. An entry Is created for any dataset that does
not already have one. The dataset names may be input
via file SYSIN and/or through the PARM field (one name
only) . The initial retention period may only be
speci f ied in the PARM f ie ld  and appl ies to all datasets.

Input formats —

(a) PARM f ie ld
fdsname\, months
\NONE J
NONE Indicates that no dataset name is specified
in the PARM f ie ld.

(b) F i le  SYS I N
Additional dataset names, one per 80-byte record
(starting in position 1), may be supplied here .

(c) File LASTACC - the last access dataset
(SYS1.DATASET. LASTACC)

Output format -

(a) F ile SYSPRINT -

A message ve r i fy ing  the request is printed for each
dataset.

- - - - - -—--- --— -- 5- - -- - - -5-  - — - - ~~~- - --- -—- -- -5 - ---- -——- --~~~~ -~~~~~ 
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(6 ) ARCHGDG
type - nssemhler
call% - POST OS (v I a  a LiNK milti c ro to module ARCHPOST )
l oad modul e - ARCHGDG

ARCHGDG performs user requested migration of generation s
of a generation data group (GDG). The input indicates• the Init ial retention period and the relat ive generation
number and the program determines the fully qualified
name of the dataset (using the LOCATE macro) . Once this
has been determ ined the standard migration program

- 

- (POSTDS) is Invoked, using i ts  load module name
(ARCHPOST ).

input format -

(a) PARM f ie ld
dsname , months
The dataset name is in the form dsnCn ) , where  n I s
the relative generation number.

I
S 

7 ~~~~~~~~~~~~ 
_ _

~~~~~~~~ 
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(7)  LSTUSER
- - 

type - P1/I
ca l ls  - ENQDEQ, JUL I AN
load module - ARCHLSTIJ
This program is invoked to list the names and expiry
dates of those datasets belong ing to a user that are
currently in the archives.

Input formats -

Ca ) PARM f ie ld
The user ld is input via the PARM field.

- 

- (b) F i le  ARCHCAT - the archive catalogue
(SYS1.ARCHIVE .CATLG)

Output forma t -

(a) Fi le SYSPRINT
The user report is output to this file.

— 

(8)
type - PL / I
c al l s  - ENQDEQ
l oad modu l e - ARCHC HCK
Th is module is used only in the RETRIEVE and RELOAD TSO
command procedure , (see Appendix 1 1 1 . 3 ) .  It runs in the
foreground and checks that the dataset suppli ed is
actuall y In the archives. If so the batch job to
perform the data transfer Is submitted. Otherwise the
p rogram prints a message and sets a return code of 20,
whIch causes the comand procedure to terminate. Without
this initial check on the dataset name the user would
have to wa i t  considerably longer for the batch j ob to
detect the error.

input formats -

(a) PARM field
The dataset name is input In this field.

(b) File ARCHCAT - the arch i ve catalogue
(SYS1.ARCHI VE.CATLG)

Output forma t -

(a) F i le  SYSPRINT
The error message is wr i t ten  to th is f i le  if
necessary .



- -~~~~~~—--- -~~~~~~~~~~~~~~~ ——-.- -—

— 55 — WRE—TR— 1870 (A )

11 .2 .5  Arc hive tape transcri pt i on modules

(1) TAPEMAP
type - Pi/ l
This program sorts the arch i ve catalogue by archive tape
ser ial number and dataset sequence number and produces
a report indicating the l Ive datasets on each tape and
the disk space they represent. F rom this report tape s
can be selected for t ranscr ipt ion .

Inpu t forma t -

Ca) F ile ARCHCAT - the arch i ve catalogue
(SYS1.ARC HIVE.CATLG )

Output format —

(a) F i le  SYSPRINT
The arch i ve contents report Is written to this file.

(2 )  TAPMRGE
type — P1/I
This program generates a j ob stream to perform the tape
transcri ption . The input Is a list of the archive tape
serial numbers to be transcribed and a list of the output
tapes for the transcri ption process. Additional
parameter input indicates the maximum number of datasets
that will be written to each output tape and/or the
maximum disk space that datasets on an output tape
may represent.

The prog ram ex t rac ts  the records for each dataset on
t he input tapes f rom the arch ive catalogue and sorts them
on dataset sequence numbe r w i th i n  tape ser ial  number.
The sorted records are then re read and an I EHMOVE job
stream (including JCL statements) Is generated to copy

— each input dataset in turn to an output tape . When an
output tape becomes “full” , as defined by the parameter
Input , the next one Is used. The p rogram also wr i t es
updated archive records (reflecting the new arch i ve - 

-

tape and serial number ) to a change accumulation dataset.

L~ . i 
_ _  _ _ _ _  _ _
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Input formats -

-‘ (a) PARM field
(max.sets) (max.tracks)

These f Ie lds Ind icate the maximum datasets and/or
tracks each output tape may contain. A value of
zero indicates that only the other cr i ter ion is
to be used.

Cb ) F i le ARCHCAT - the arch ive catalogue
(SYS1. A RCH IVE.CA T LG )

Cc) Fi le SYS IN
Each 80-byte record specifies a single input or
output tape serial number or a range of them. A
maximum of 50 ser ia l  numbers may be specif ied for
input and for output.

Offset SIze Descr ipt ion

0 1 ‘I’  ( Input) or ‘0’ (output)
1 1 unused
2 6 tape serial  number
8 1 blank C indicating a single

serial number only) or
C Indicat ing a range ) —

9 6 tape serial number (optional).
I f  ‘- ‘ was specified in the
previous field then this serial
number represents the uppe r limit
of the range begun by the first
serial number (e.g. I 910011—
910019). OtherwIse this f ie ld
contains blanks.

15 65 blank.

Output formats -

(a) Fi le IEHMOVE
The I EHMOVE job stream Is gene rated here.

(b) F i le  CATCHNG
The 80-byte updated archive catalogue records are
wr i t ten to this dataset .

Cc )  F i le  SYSPRINT
The input parameters and exception messages are H
wr i t ten  to this f i l e .



- V -r - — - 
~~~~~~ 5-~~~~~~~~~~~~ - r 5~~~~~~~~~~~~~~~~~ - -

-

- — 57 — WRE—TR —1 870 (A )

(3) ARCHUP
- 

type - PL/ I
- c a l l s  - USERSMF

- 
- load module - ARCHUP (must be authorized )

After  the I EHMOVE job stream generated by TAPMRGE has
been run, ARCHUP updates the archive catalogue with the

- ~ records passed to it In the change dataset. Al l  user
- 

changes to the records affected since the runn ing of
TAPMRGE are honou red in preference to those Indicated

- - In the change accumulation dataset.

I nput formats -

(a) F i le  ARC HCAT - the archive catalogue
- (SYS 1.ARCH IVE .CATLG )

- (b) Fi le CATCHNG - the change records generated by
TAPMRGE .

Output formats -

(a) File SYSPR I NT
- A message indicat ing the success or fai lure of

each update i s  written to this file.
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11 .2.6 Archive catalogue mainten ance modules

(1) DIJMPSMF
type - PL/ I
c a l l s  - USERSMF ,ENQDE(~load module - ARCHDUMP (must be authorized )
This program obtains exclusive use of the archive
catalogue and reads it sequential ly, generating an SMF
record type 1314 (see Section 11.1( 13)) for each
catalogue record. The purpose is to prov i de an extra
level of backup for the catalogue . Should both
SYS1.ARCH IVE.CATLG and SYS1 .ARCHIVE.COPYCAT be destroyed

• an old copy can be reconstructed from the SMF
Information . In add itlon these records prov i de a useful
statistical histor y of the size of the archives.

Input forma t -

(a)  F i le  ARCHCAT - the archive catalogue
(SY S1 .ARCHIVE.CATLG)

• (2) SMFUSER
t y p e  - PL/ l
This program extracts the mi gration scheme SMF
records from an SMF dataset and writes them to an
output dataset .

During th is p rocess change a c t i v i ty  is accumulated by
type and s t a t i s t i c s  are pr inted for each day represented
by the Input SMF dataset .  Optional pa rameter input may
be specified to list each activity reflected by the
SMF records ( L IST ) or not (NOLIST - the default).
In addition a day range may be specified to
instruct the program to ignore SMF records outside this
range .

Input formats —

(a) PARM f i e ld
JLI ST \[,datel-date2]
\NOLISTJ
The dates are in Ju lian form.

(b) Fi le SMFIN
All types of SMF records generated by the
Operating System.

Output formats -

(a) F i le  SMFOUT
The mig rat ion scheme SMF records
(types 128 to 1314) . 

-

(b) F i le  SYSPR INT
The s t a t i s t i c s  are printed on this f i le .  

—5--—- -- - 5 5 —
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(3)  RESTORE
-

- type - PL/ I
RESTORE uses the mi gration scheme SMF records passed to
it by SMFUSER to update a backup copy of the arch i ve

• catalogue or create an ent i re ly  new one when the ori ginal
• has been los t .  The type of recovery (CREATE or UPDATE)

• and a time stamp (date and time ) must be speci f ied v ia
parameter input. For an UPDAT E operation the time stamp
indicates the exact time at which the arch i ve catalogue
copy was taken . The program then applies all updates
represented by SMF record types 128, 130, 131, 132 and
133 generated since this time to produce the new
catalogue .

For a CREATE operation the time stamp Indicates a time
between the last occasion the entire catalogue was copied
to SMF (by program DUMPSMF) and the previous one.
Start ing f rom this point the program disregards all
records until It finds the f i r s t  type 1314. It then adds
all records contained in the string of type 131i ’s to the
catalogue , producing a basis for update . Next the
changes represented by subsequent type 128, 130, 131,

* 132 and 133 SMF records are included.

Input formats -

(a) PARM f ie ld
date, time , JCREATE~\UPDATEI
The date is in Jul lan form and the time of day
is in 1/100 th’ s of a second .

(b) File ARCHCAT - the arch ive catalogue copy (for an
UPDATE operation ) or an empty but Initia l ized
catalogue (for a CREATE operation )
(SYS1.ARCH IVE.CAT LG)

Cc) File SMF
These are the SMF records (types 128 to
1314) extracted by the program SMFUSER

Output format -

(a) SYSPRINT
If any update fails a message is written to this
file.
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(14) UPCAT
t y p e  - P1/I

- - c a l l s  - USERS MF,ENQDEQ
This program adds records to the arch ive catalogue .
It Is intended pr imar i ly  to restore ent r ies  for datasets
mistakenly deleted or let ex p i re  by users.

Input formats -

(a) File ARCHCAT - the arch i ve catalogue
(SYS1.ARCH I VE.CATLG )

(b) F i le  SYSIN
The entr ies to be added to the catalogue are
specified here , as 80-byte records.

Offset Size Descr ipt ion

0 1 a numbe r from 1 to 6 Indicatin g
one of the 6 possible values of
the flag-byte.

1 represents ‘00000000’ B —

partitioned dataset unprotected
2 represents ‘10000000’ B —

sequential dataset unprotected
3 represents ‘01100000’ B -

part itioned , with VTOC protect- •

bits ‘11’ B (password for write
but not read)

14 represents ‘11100000’ B —

sequential , protect bits ‘11’ B
5 represents ‘01000000’ B —

partItioned , protect bits ‘10’ B
(password for read or write )

6 represents ‘11000000’ B —

sequential , protect bits ‘10’ B
1 79 the remainin g 79 characters of the

catalogue record (see Appendix
1.1).

Output forma t -

(a) SYSPRINT
if any addition fails a message is written to
this file.

----- -
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— 
11.2.7 if l scellaneous modules

(1) USERUP
t y p e  - P1/ I
This program performs the maintenance of the user details
dataset (SYS1.USERS). Records may be added , deleted or
amended.

Input formats
(a) PARM field

[LOAD]
-

• If LOAD Is specified then thi s run Is the initial
load of the file SYS1.USERS.

(b) File USERS - the users ’ details file (SYS1.USERS)

Cc) File SYSIN
There is one 80 byte record for each transaction .
For an update all details must be specified , as for
an addition . For a deletion only the userid is
required.

Offset Size Description

0 1 transaction type —

I (insert) ,D (delete),A (alter)
1 1 unused
2 8 userid
10 1 unused
11 20 user ’s name (5 bytes for

initials then 15 for surname )
31 1 - unused
32 10 user ’s group
1s2 1 unused
143 12 use r ’s building
55 1 unused
56 14 user ’s phone
60 1 unused
61 16 variable information (currentl y

only the first 3 bytes are
used for the user ’s cost
cent re)

76 14 unused.

Output format -

(a) File SYSPRINT
On ly error and except I on messages are written
to this file.

ii 
- - - - -
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(2 ) LISTDSN
t ype  - P1/I
ca l ls  - ENQDEQ, GETVTOC ,E L A P S E D ,J U L I A N
This program creates a file with one record for each
dataset currentl y on disk. Each record contaIns the
da tase t name , the vo l ume i t  res i des on , the size in
tracks and the days since it was last accessed. This
Info rmation Is used as input to the migration scheme
modellin g program .

input formats -

(a) F i le  VTOC
A f i l e  of 1514-byte records containin g dataset
names and VTOC Information as output in f l le
SORTOUT by program VTOCDSN .

• (b) File D~REC - the last access dataset
(SYS 1. DATASET . LASTACC)

Output fo rmat —

(a) F i le  DSNLIST
One 80-byte record for each user dataset on
d i sk , in dataset name sequence .

Offset Size Descri ption

0 8 userld
8 1414 dataset name

52 6 disk volume code
000001 for SA0001

• 000002 for SA0006
000003 f o r  SA0002
00000 14 for SA0005
000005 f o r  SA0003
000006 for SA00014

58 5 size In tracks (9(5) format)
63 5 days since last accessed

(9(5) formi’t)
68 12 unused

in addi t ion , the first record in the dataset indicates
the date the program was run .

Offset Size Descript ion

0 5 unused (blank )
— 5 5 date (Jullan form)

10 14 unused (blank )
114 6 date (numeric — yymmdd)
20 60 unused
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(3) LSTADSN
t y p e  - P1/ I
calls - ELAPSED ,J U L I A N ,ENQDEQ
LSTADSN creates a f i le  w i th  a record for each dataset
current ly in the archives.  Each record contains the
dataset name, the disk volume it or ig i na l ly  resided on,
Its s ize in tracks , the numbe r of days since it was last
accessed and the ex p i ry  date. This information is also
used by the mi gration scheme modelling program .
Inpu t format —

Ca) File ARCHCAT - the archive catalogue
(SYS1 .ARCHIVE .CATLG)

Output format -

(a) F ile OUTFILE
One 80-byte record for each dataset In the archives ,
sorted by dataset name . In addition the first
record in the dataset indicates the date the program
was run . This date record has the same format as
that in file SORTOUT of program LISTDSN. The data-
se t records a l so have the same form at, up to offset
68, where one extra fieid is l ocated.

Offset SIze Description

68 5 exp lry date (9(5) format)
73 7 unused

C’s) ABEND
type - P1/I
load module - ARCHABND
ABEND simp ly accepts a message of up to 100 characters
from the PARM field and writes It to an output file.
The primar y use is in conveying a message to users in
the event of a data transfer request abending .

Inpu t format -

(a) PARM field
The 100 character message is Input here .

Output format -

(a) File SYSPRIN
The program writes the message to this file.
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APPENDIX i l l

M I G R A T I O N  SYSTEM PROCEDURES

111 .1 Weekly migration catalogued p rocedures

(1) WARNL IST

This procedure performs Stage 1 of the weekly mi gration
process.

The parameters that may be specified are:

(a) CLEAN - the percentage free disk space required
(optional , default— 25 )

(b) WEEKS - the maximum numbe r of weeks datasets may
remain unaccessed without be i ng selected
(optional, default=8 )

Cc) DAYS - the numbe r of days before the datasets wi l l be
-
. transferred to the arch i ves (i.e. before

* ARCHLIST is run ) (opt i onal , default=2 )

The steps in the procedure are :

(a) COPYACC - An I DCAMS step to delete and recreate the
backup copy of the last access dataset
(SYS1.DATASET .LASTACC.BACKUP). The records
from SYSI.OATASET .LASTACC are then copied
Into the backup dataset and the forme r
deleted and reallocated.

(b) DSN - This step extracts dataset names and VTOC
information and sorts the records on dataset
name (main p rogram VTOCDSN , load module

- 
ARCHVDSN ).

Cc) SMF - This step extracts the dataset access records
from the SMF data and sorts them by date
within dataset name (main program SMF11415,
load module ARCHSMFD ).

Cd) UPDTE - A step to recreate SYS1.DATASET.LASTACC from
the backup copy and dataset and access
Info rmation generated In steps DSN and SMF
(main program DIRECUP , load module ARCHUPDD ).

Ce) WARN - This i~ the major step of the procedure . It
performs the da taset se lec ti on (ma i n program
WARN I NG , l oad module ARCHWARN ).

— - --~ — - -- --- - — - - — -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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(f) PR INT - This step generates the warning notices to be
sent to the users responsible for the selected
datasets as wel l  as a l i s t  for the da tase t
manage r (main program LSTWARN , load module
ARCHLSTW).

- • • (g) MTH - This step determ i nes whether the current day
I s  I n  the f i rs t week of a new mon th an d sets
the condition code depending on the result
(ma in program NEWMTH - see below).

(h) SPLIT — if step MTH Indicates that the current day is
in the first week of a month this step
separa tes the data on the current SMF tape
and produces two new ones. One contains all
the data for the previous month and the
other the data for the current month to date
(maIn p rogram SMFMTHS - see below).

Ci ) CMPRESS - This step generates a job stream to
compress all partitioned datasets selected

• for m igration . The result of the compress
highlights any problem datasets (main
p rogram WARNCP - see below).

The last three steps perfo rm function s that are
not strictly part of the migra tion system. The
source modules of the three programs are contained in

t SYS1.OPS.PLI and the load modules in OPS.LOAD . A
brief description of the programs Is given below .

NEWMTH
This program checks the current date and if the
day number Is less than or equal to 7 sets the
condition code to 1. Otherwise it Is set to 0.

SMFMTHS
ca l l s  - J U L I A N
Th is program reads the current generation of the
SMF history dataset and writes those records
generated durin g the previous month to one output
dataset and forms the next generation of the
histor y dataset from this month’s records . The
program is executed only If the previou s job step
returned a condItion code of 1.

WA RNC P
This is basically the same program as that used in
the comp ress procedure (reference 12), except that
only those partitioned datasets selected for
m igration are compressed.

~~~~~ 
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Should the WAR NLIST procedure need to be restarted
• f rom a part icular step or even completely rerun ca re

should be taken that the step SMFMTHS is executed
once and only once each month. If restart Is •

necessary the parameter DAYS may also need to be
adj usted .

(2) ARCHLIST

This procedure performs Stage 2 of the weekl y migration
process and is normally run 2 days after WARNL IST .

The parameters available for cont rolling the procedure
are :

(a) TAPE - the ser ia l  numbe r of the new archive tape
(mandatory) .

(b) MTHS - the retention period to be applied to the
newly migrated datasets (optIonal , defaultz3).

-
• Cc) SYS - specifies whether the complete arch i ve

* catalogue is to be printed for the dataset
mana ger ’s Informa tion (Y) or not (N)
(optional , defaultzY).

(d) USER — specifies whether an arch i ves status report
shou ld be produced for all users (FULL) or
only for those who have had a dataset
migrated this run , have had a dataset expire
during the last week or have data sets with
less than one month until expiry (PART)
(opt ional , defau lt=PART ) .

The steps In the procedure are :

(a) HEADER - This step wr i t es  the dumy, ex piry date and
password protected dataset SYS1.XXnnnnnn to
the new archive tape (where nnnnnn is the
serIa l number).

(b) COPYACC - An I DCAMS step to delete and recreate the
backup copy of the last access dataset
(SYS 1.DATASET .LASTACC.BAC KUP) . •

Cc ) COPYCAT - An IDCAMS step to delete and recreate the
backup copy of the archive catalogue
C SYS1. ARCH I yE . COPYCAT )

Cd ) COPYPARM - An IEBCOPY step to create a backup copy of
the migration system pa rameter dataset
(SYS 1 .ARCH I VE . PARML I B. BAC KUP).

Ce ) DSN - This program extracts dataset names and VTOC
information and sorts the records on dataset

— name (main program VTOCDSN , l oad module
ARCHVDSN ) .

(f )  ARCH — This is the main step of the procedure . it

_ _ _ _  _ _ _ _  _ _--- -
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generates u t i l i ty  control statements to move
datasets f rom disk to tape (main p rogram
A R C H I V E , load module ARCHl y).

(g) PROGM - This step executes an authorized and
pr iv ileged version of IEHPROGM to delete and
unca talo~ue emp ty datasets that would other-wise have been migrated.

(h) MOVE - An I EHMOVE (authorized version wIth bypass—
password-protection pr iv i lege ) step to move• the datasets f rom disk to magnetic tape .

(I) PRINT — In this step the users ’ archive status
reports and dataset manage r reports are
produced (main p rogram LSTARCH , load module
AR CHLSTA).

Note that the dummy dataset created in step HEADER is
not catalogued unti l the final step of the procedure .
This is important shou ld ARCHL I ST need to be
restarted, which may be done f rom most steps .
Detai led considerat ions for restar t ing WARNLIST and
ARCHLIST are contained in a separate set of notes
distr ibuted to the relevant operation s duty
programmers .

111 . 2 Use r f ac i l i ty  catalogued procedures

The syntax for us ing these procedures will not be
discussed here . Reference 11 should be consulted for these
detai ls.  Section 5 descrIbes the purpose of the procedures.

(1) RETRIEVE and RELOAD

The parameters avai lab le are : —

(a) DSN - the dataset to be retr ieved or re loaded
(mandatory).

(b) PASSWD - the dataset ’s control password (optional ,
required only if the dataset is protected) . 

-
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The steps in these procedures are :

• 

- (a) ALLOC - This step al locates the temporary
datasets used (program IEFBR 114).

(b) ARCH IV - This is the main step. It performs what-
ever checks are necessary and invokes
IEHMOVE to copy the dataset to disk (main
program RETRVE , load module ARCHRET ) .

• Not e that there must be a DD card in this
step for each disk involved in the

• migration scheme .

Cc) PROGM - An IEHPROGM step to catalogue the
retrieved dataset.

-
- - Cd) UNALLOC - Another 1EFBR1Is step to delete the

tempo rary datasets.

Ce) ABND 1,A)ND2 - Steps to Issue a message to the user
- - 

* 
In case of an abend (main p rogram
ABEND , load module ARCHABND ).

(2 ) ASCRATCH

Parameters available:

(a) DSN - a dataset to be deleted from the archives
(opt i onal).

( b )  PASSWD - the dataset ’s control password (optional) .

The only step in procedure ASCRATCH Is -

(a) SCR - This step performs password checking and If
successful deletes the speci f ied datasets
(maIn program SCRATCH , load module ARCHSCR).

1 
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(3) E X PI R Y

The parameters avai lable are :

(a) DSN - a dataset whose expiry date Is to be
extended (optional) .

Cb) ADD - the numbe r of months to add to the date
(opt ional , default=6) .

The only step In procedure EXP 1RY is -

(a) EXP - this step updates the ex piry date f ie ld in
the archive catalogue records of the
spec if ied datasets (main program EXPIRY ,
load module ARCHEXP ) .

(1) ARCHIVE and BACKUP

• Parameters available:
* 

( a )  DSN - the datase t to be co pi ed to arch i ves
(mandatory) .

Cb) MTHS - the ini t ial  retention period
(opt ional , defau lt— 6 ) .

(c) PASSWD - the dataset ’s control password (opt ional) .

The steps in the procedures are -

(a) ALLOC - An 1EFBR1Ie step to allocate the temporary
datasets required.

Cb) ARCHIV - This is the maj or step. It uses catalogue
and VTOC information to generate u t i l i ty
contro l statements to transfe r the dataset —

to magnetic tape and Invokes IEHMOVE to
perform the operation (main program FORCE2,
load module ARCHF2 ) . Note that there must
be a DD card in this step for each disk
involved in the migration scheme .

• Cc ) UNALLOC — An IEFBR14 step to delete the temporary
— datasets.

Cd) ABND 1,ABND2 - Steps to Issue a message to the user in
case- of an abend (main program ABEND,
load module ARCHABND ) .
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(5 ) MIGRAT E

The parameters available are :

(a) DSN - a dataset name (opt ional) .

(b) MTHS - the Initial retentIon period (opt ional ,
default 6) .

The only step In the procedure Is:

(a) MIG - For each specified dataset this step sets the
migrate bit and retention period b i ts  in the
entry in SYS1.DATASET .LASTACC , or creates
a new entry if one does not already exist
(main program POSTDS,load module ARCHPOST ).

5 

(6 )  GMiGRATE

The parameters avai lab le are :

Ca) DSN - the name of the re la t ive generation to be
migrated (mandatory).

Cb ) MTHS- the Ini t ia l  retention period (optional ,
defau lt~6).

— Ca) MIG - De te rm i nes the absolute generation number (from 
—

- the catalogue ) and hence the true dataset name .
it then invokes ARCHPOST to perform the
migration (main program ARCHGDG , load module
A RCHGDG ).

( 7 ) L I S T A R C H

The parameter used by this procedure is:

Ca ) USER - the userld whose arch ive status report is
requ I red.

The single step is -

(a) LIST - In this step the user ’s entr ies in the archive
catalogue are located and printed (main
program LSTUSER , load module ARCHLSTU ) . 
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1 1 1 ,3 Use r f ac i l i ty  command procedures

Each of the catalogued procedures described in 1 1 1 . 3  has
an equ ivalent ISO command procedure of the same name . These
are stored in the dataset SYS1 .CL IST .

The procedures MIGRATE , GMIGRATE and LISTARCH execute as a
fo reground job. The rema inde r edit  the app ropriate membe r of
SYS1 .ARCHIVE.CNTL and submit the JCL to perfo rm the request
as a batch job In the F or H in i t ia tor .  This Is necessary
because these procedures Involve ei ther a tape mount and/or

• execute an authorized load module , both of which are
prohib ited f rom the foreground under the W . R . E .
Implementation of TSO.

In addition both RELOAD and RETRIEVE execute anothe r
program (CHCKDSN — see Appendix 1 1 . 2 . 1 4 ( a ) )  in the foreground
befo re submitting the batch j ob . This program checks that
the dataset Is in the arch ives . If so the j ob Is submitted.
If not the user receives an error message immediately and the
job is not submitted. Without th is check users would have to
wai t  for a batch j ob to execute before such errors we re
detected.

I
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A P P E N D I X  I V

SMF RECORD TYPE 1140 FORMAT

Offset Size Descript ion

0 1 system ind icator (
~ X ’ 0 2 ’  — VS2 ) t —

1 1 record type (binary) - 1140
2 14 time of day recor d was wr i t ten In

hundredths of a second (binary)
6 14 date record was wr it ta n in Jul ian

form (packed decimal )
10 machine i dentifier (‘C’W168’)
114 8 name of Job
22 is time of day reade r recogn ized the

JOB card , in hundredths of a second
(binary) 

-

26 I~ date reader recognized the JOB ca rd
in Jul ian form (packed decimal )

30 8 user ident i f icat ion f ie ld
- 

* 
38 26 unused — ze ros

614 iê le dataset name

_ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ - - -  ~~~~~~~~~~~~~~~~~~~ -- --
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TABLE 1. OPERAT I NG STAT I STICS

P.r lod.(see Section 9) 1 I 2 I 3

no. disks available I 2 6 6
I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I _ _ _  _ _ _ _  I _ _ _

I no. automat Ic migration runs 13 114 lIe

no. working weeks in period 13 I 16 14

no. datasets migrate d 827 I 1499 3756
• I ________________________ _ _ _ _  I _ _ _ _  _ _ _ _

I average mig rations per run 61e 107 I 268

• no. retr ievals or re loads 11414 14514 1369
I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  I _ _ _ _  _ _ _ _  I

average ret r ievals  per week I 11 28 98
I _________________________ 

_ _ _ _  I _ _ _ _  _ _ _ _  I
I no. user archivals or backups 75 I 263 665 I
I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  I _ _ _ _  _ _ _ _  I
I average user archivals/backu ps per week 6 I 16 48 I
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I _ _ _ _  I _ _ _ _  _ _ _ _  I

I no. deletions or exp i ry  date lapses I 69* I 653 1233 I
I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I _ _ _ _  I _ _ _ _  _ _ _ _  I

ave rage deletions per week 5* I 141 88 I
I _________________________ I _ _ _ _  I _ _ _ _  _ _ _ _  I

— no.datasets in archives at end of period I 7141 I 1700 3822 I
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I • 1  _ _ _ _  _ _ _ _  I

* Note that no datasets would have expired in the f i rs t  3
months of this period .

I 
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