MULTICS TASK REPORT MTR=-095

Tot Olstr lbution
from? Te He Van Vieck
Date? October 1, 1975

Subjectt New Storage System Long Range Plans (revised)

INIRODUCTION

This document supersedes MTR-081. We are well aheada of
schedule on the main llne of the project} further thought aboct
backup and error recovery has led to Important changes In these
schedulese.

QVERVIENW

The following table shows the ma) or phases ot the
implementation of the new storage system.

Bhase Date

I Command Level May 75
One user at command level

II Prototype Running June 75
Several users

III Design Review Oct 75
Error recovery, backups mount/demount

IV Instaliable System Nov 75
Run mini-service at CISL

V Injitial Installation at MIT Feb 76
One logical voly, Nno mount/demount

VI Follow-up Installation at MIT March 76
Operatlonal enhancements

VII MR 4.0 Instatlied at MIT Apritl 76
With moun t/demount

Multics Project 1Internal working cocumentations. Not to be
reproduced or distriputed outside the Multics Project.,
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VIII Release MR 4.0 June 76

IX Further Enhancements -
Very large configurations
Administrative [mprovements

CHANGES_SINCE LAST REPORI

Since MTR-081 was publishedy, we have made significant
progress. Phases I and II were finished ahead of schedule. The
date for Phase III has been silipped stightly, to accomodate new
ldeas about error recovery; we stiil hope to accomplisr the
other phases on or ahead of schedule.

The significant events since March are summarjized belows.

1. Operational system. As mentioned above, we were able to get
the system to command level, reload the libraries, execute
the normal accounting setup steps, and Jog In wusers and
daemons.,.

2« Preliminary performance tests on the new system suggest that
Its performanca s about as good as that of the current
systems Thls [s an extremely pleasant surprise. Fur ther
analysis of the performance data [s beling carrled cut so
that we can find out wnhys, and how to Improve performance
stili fturther.

3« Our backup desliyns are now becoming more concrete, and |t
appears that we will be able to adapt the current system®s
backup subsystem for use wlth the new storage system. This
strategy defers some of the benefits of the new storage
system changesy but decreases the uncertainty about
schedules.

L. We underwent a similar learning process with the salvager
design, and 3s a result have chosen to implement a
straighforward adaptation of the current system®s salvszger
as a ftirst step In a campalgn which will eventually lead to
vastly better error recovery software,

S5« The final plan ftor salvager-Illke functjons Is to make them
an Integral part of the systemy so that ali data is checked
for vatldlty (and repalred Lf necessary) at the time that |t
ls used.

6. Finally, our designs for the dynamic mounting of volumes
have solldifled Into a set of steps feading to an extremely
clean Implementation.
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Statement of Probliem.

MYB-0174 NoOovember 1973.

Preliminary Designe

MTB-055, Apriil 1374
MTB-060, May 1974
MTB-065, Apritl 1974
MTB8-095, June 1974
MTB8-110, August 1974
MTB-1674 February 1975
MTB-203, June 1975
MTB=-206, June 1975
MTB=-213, July 1975
MTB-220+ September 1975
MTB-221, September 1975

Prelimlnary Task Schedules.

MTR-068, October 1974
MTR-081, March 1975
MTR-084, April 1975
MTR-094, Sept 1975

Phase It Command Levele.

When this benchmark [is reached, the system can be bootloaded
from a Multics system tapey, elther cold or warm, come up to
Initiatlzer command level, and shut down. Only one disk need
be used; but It will have a standard label, VIOC, and volume
map. Paged I/0 will be used for the VITOC. A new verslion of
B80S Is requlred to support the new configuratlon decke.

Target datet May 1975. Finlshede.

Phase IIt Demonstrable System.

WHhen this benchmark [s reached all functlons of the current
Multics work In the new system, with the exception of mlnor
bugs and certain metering tools. Since the VIOC is still
accessed by means of paged I/0, 4K per volume of page table
for VTOC 1Image Is wilred, plus the 512 words per volume of
volume map. No backup or salvager wlill be implemented.
Afthough much more |[nteresting 1In terms of functlon, thls
stage Is not very difflcult to accomplish because the system
inltlallzation path checks out almost all of the storage
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system.

Target date! June 1975. Finisheg May 1975.

6e 6bU=-Wword I/0 Facliity.

7e

8.

9.

10.

11.

This facitity will be used to transport VTOC intormation and
volume map data between core and the diske. Changes must be
made to the disk DIM, and a sort of “mini page control*”™ must
be written for the management of the memory devoted to
64-word datae

Finished.

New VTOC Manager.

The new VTOC manager will use the 64-word I/0 facility. This
change frees 1K per volume of wired core, ana dJdecreases the
I/0 channe! time and fatency time for requests for data in
the VTOC.

Finished.

Smalier VIOC Entrye.

The interim VIOC entry In use up to thls point has 256 words
instead of 192, in order to simplify the code for the
deactivation of 256K segments. This stage complicates the
code but reduces the slze of the VIOC by 25%.

Finished.

Study and Definltion of Backup Problem. ’

This activity will define the key variables to be optimized
In subsequent backup design. See MTB-203 for detallse.

Finishede.

New Olrectory Locking.

This step creates a wired hardcore table with one entry per
active directory. The directory lock s kept In this table.
Directorles need not be modifled to be locked and uniocked as
3 result of this change} thls reduces the paglng traffic
signiflicantiye.

Finlshed.

Interim Verslon of B0OS SAVE and RESTOR

An Interim version of B80S SAVE and RESTOR has been written
which handles single volumes onily. It is now being wused to
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support performance testing.

Filnisned.

12. Hardcore Partitlon.
The system bootloading sequence is altered by this task to
use a speclal area of the root physical volume for atl pagling
needed before directory control initlalization, as described
in MTB-213.
Finished.

CURRENT TASKS

13. Multics Utilitlies tor Pack Maintenance.
These programs will inltlalize a dlsk, set up VTOC entries,
volume map, and write and check labels. Prototype versions
of these oprograms are now running, using the rdisk_ DIM and
PL/I record I/0.

14+ Consistent Oirectory Locking.
This step modifies the operation of the {lock primitive and
page confrol so that modified pages of directories which are
locked are not written back to disk until the directory |Is
unlockede. This strategy makes the “window" during which a
system crash can leave a dlrectory Inconsistent very small.
Changes to shutdown are also needed. An MTB wlil{ be
published on this subject.

15« New Conflguratlion Strategy.
The interim configuration mechanisms used by Multics ana B80S
will be replaced In thls step with a new mechanlsm which
reduces the size of the CONFIG deck and fits well with the
volume mounting design. See MTB=213 for details.

16 Performance Measurementse.

At this stage performance must meet or exceed the performance
of the Installed Multicse If it does noty, we will have to
find out why and fix It. An MTB describing the strategy to
be used for per formance measurements will be published.

Prellmlnary comparlsons are encouraging? additlonat VTQC
reads and wrltes seem to be counterbalanced by a decrease in
paging.
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17.

18.

19.

20«

21

22

23.

Interim Backupe.

This task modifles the current backup programs to dump and
reload the logical volume ID for a directorye. This change
allows the current incremental/catchup/complete dumper to be
used for backup untif a new version Is designed and bullt.

Interlm Satvager.

This task creates relatlively stralghtforward adaptation of
the current system®s salvager., When salvaging Is necessary,
this subsystem will salvage atl volumes and tren walk thre
whole hlerarchy, flke the current system®s salvager. See
MTB=-221 for a dlscussjion of the salvager planse.

Design for Backupe

This deslgn will present the long-term plan for the evolution
of the system®s backup capabitfities. Two modes of data
recovery wlil be requiredy one for reconstruction of the
contents of a complete physical volume (or group of ophysical
volumes), and another mode for retrieval of the contents of a
single segment.

Design for System Recovery Modese.

A monolithic salvager subsystem becomes more and more

unwieldy as the size of the configuratlion [ncreases. The
proper solution s to jimprove the system®s in-lJine error
detection and dynamic salivaging code. The emergency

shutdowny, backupy, crawlout, on-{ilne salvager, and directory
tocking facllities will be redesigned into a coherent and
compiete package. See MTB-220 for more information.

Design for Volume Mount/Demount.

This task adapts the Resource Control Package faclliitles used
to manage tape reels to the management of loglca! volumes.
Both logical and physical volumes witl require registration
data which must be consulted before a logical volume can be
mounteda for a usere An MTB will be written on thls subject.
Phase IIIt Deslign Reviewe

Thls review covers the deslign of the error recovery modes,
backups, and the volume mounting and demounting modules.

Target datet Oc tober 1975,
Dynamic Physical Volume Mounting and Acceptinge.

fFor this stagey some of the code In Inltiatization which
connects a pack to the storage system wiill be moved to
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24

25.

26

27,

28

permanent residence. Privileged gates from ring 1 will be
provided so that volumes <can be added. This step will
complete the [mplementatlon of the new configuration strategy
descrlbed in MTB8-213.

Implementatlon of Hardcore Primltives for Backucg.

The hardcore primitives to support the new backup system must
be able to maintaln the Jist of modified segments on each
physlical voljume for the use of incremental dumping} ana to
activate and dump or reload a segment by volume ID and VTOC
index wlthout referencing the branche.

Implementation of Backup Dumping Programs.

The new complete and Incremental dumplng programs can be much
simpler than the current dump programs, Since all hierarchy
walklng and access forcing code 1ls eliminateds The hardcore
primitives do most of the worke These programs are easy
glven the format of the output records to be produced.

Imptementation of New Reload and Retrleve.

The rejoading and retrieval programs wil) use the output of
the dumping programs to reconstruct volumes and to recover
the contents ot single segments.

Speci fications for Command Changes.

Many milnor changes will have to be made to the command
system. Quite a tew of these can be done aheac of time [f a
document setting forth the standards for system commands and
subroutines Is pudblished.

For exampley, it will be possibie In the new storage system to
have a segment whlch existsy and to which the user has
accessy but whicn is not currently on Iine. Some commands
must treat this case as It the segment dld not existe Others
must behave Just as lf the segment did exist. Stlill1 other
commands must take a new action In thls caset! and this actlion
can be programmed before the IiInstallation of the storage
system.

Error and Exception Handling Improvements.

Thls task provides sensible system actlon for the cases of
“no more VTOC entries on the volume™ and *no more pages on
the volume."™ To handle the second case the supervlisor must
move the segment fto another volume In the loglical volume
which has sufficient room.



MULTICS TASK REPORT MTR-995 page 8

29.

30.

31.

32

33«

Improved Directory Formate.

Thls task redesigns the directory to be more easily verlfjled
for correctness. Al} storage system modules which reference
the directory must be recomplilied with the new declaratlone
The varlous redundancy checks are not lnserted by thls task,
thoughe. See MTB-221 and MTB-220 for details.

Run Mini-Service at CISL.

Until we actually run a "service” of some sort, we wil] not
know what the performance |s really llke and what operational
improvements are required. Installation at CISL also allows
other projects to integrate with the new storage system and
decreases the number of changes which must be made to two
versions of Mul ticse.

The minji-service can be started without the availability of
the new backup or the new salvager. The new directory format
witl be used I[if possible In order to provide realilstic
performance est imates.

Target start date: November 1975,
New Directory Saftvager

Rewrite salvager to operate on a new expanded directory
structure, without reference to the VTIOC entry.

Directory Control Checking.

This task adds to directory contro! new code for malntenance
of the varlous redundancy flelds added to the directory
structure, and appropriate Iin=line checks and repalr
operations. MTB-220 descrlbes the detalils of this changee.

Phase IV: Make System Installabtle.

Once system reljlabiilty and performance are acceptable, the
new storage system ls ready to be Installed at MIT,

The first version of the new storage system to be [nstalied
at MIT will not have all the functional Improvements which
will be provided with release 4.0 In particular, the final
salvager system {[s not required, and the interim backup may
sufficey, depending on lts performance. The abllilty for a
user to request the mounting of a logical volume will not be
present In thls version of the system. What wiil! be provided
ls the reformatting of disk storage and directorles and the
consequent improvements In rellability.

Target datet January 1976.
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34.

35.

36

37.

38e.

39.

Formatities of Submission.

Thls step covers filllng out submission forms, auditing of
all programse, running final performance runs, fixing
tast-minute problems, etc.

Phase Vt First Installatlon at MIT.
Target datet February 1976e.
Backup Integration.

This task Integrates the new backup mechanisms Into the
running minl-service and tles backup In with salvaginge.
Target datet! March 1976.

Master Oirectory Operations.

This task adds ring-1 support for operations on master
directorjes. User calls are create, delete and {ist. The
create_dir and delete_dir commands need modificatlon for this
CaSee

The ring-1 programs wlil use the Logical Volume Reglstration
Flle (LVRF) and the Master Olrectory Control Segments
(MDCSs) . Administrative commands to manage these data bases
are necessary. For the volume illbrarian, we need register,
unregister, modify, and flst. For the volume administrator
we need permit, deny, and list,

Ring 1 Volume Mount Module.

When a loglcal volume s to be mounted, the LVRF must be
consulited to find the llst of physlcal voiumes to be mounted.
Calls must then be made to RCP to mount each of the physical
voiumesy, the vo lume }abels must be checked, and the hardcore
must be called to tell it that the volumes are accepted.

User Request to Connect Logical Volume.

User requests to connect to a logical volume will be passed
through RCP. If the user process ls permitted to connect to
the {oglicat volume, the hardcore will be Informed of the
connection, a counter assoclated with the loglcal volume wif!}
be Incremented, and a mount request for all physical volumes
will be |[Ssuedy as described above, If they are not already
Upe The 1loglcal volume will! be dlsconnected when the
connection count goes back t0 zero as a result of users
unassigning the resource or ltogging out, or when the operator
forces the unasslignment.
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40.

41.

42

43.

Ly,

Hardcore Check c¢cn Volume Connectlon.

The hardcore will be changed by this task to require the
connection call ftrom ring 1 before allowing a orocess to
inltijate a segment on a demountable volume. (The root
logical volume 1Is never demountable and other *publlc"™
volumes can be declared not demountable.) This Insures that
RCP is not bypassed, and makes sure that all grograms using
segments on removable volumes execute [ndependentiy of
whether some other process has caused a pack to be mounteds.
The 1ist of demountabjle physical volumes which the process is
connected to will be stored in the PDS or some other
per-process data base.

Phase VI Folltow-up Instaliatior at MIT.

Operational experlence will Jead us to make many lmprovements
to the Interface and behavior of the storage system.
Performance measurements under actual load may also show use
where to concentrate our programming effort In order to speed
the system up} it these Improvements are possiblie we ullil
Install them soone.

Target date?! April 1976.

Command System Changese.

These changes are the ones speclifled In paragraoh 27. In
addition to ¢the changes to handle new error and state
conditions, the create_dir command must accept and check the
new parameter which specifes the 1Jlogical volume in which
storage will residey, and the list and status comrmands must be
moalfled to show thils attribute.

Phase VII¢ Install MR 4.0 at MIT.

Target datet April 1976,

Phase VIII?! Refease MR 4.0

Target Datet June 1976.
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EURTHER ENHANCEMENIS

45,

46,

47.

4L8.

49.

50.

Pageable Volume Mapse.

Until this polnt the volume maps have remalnea wired In core
whlle the volume is online. The cost of thls strategy
becomes prohlbitive when very large conflgurations are used.
The volume map for 3 DSU191 volume Ils 512 words, whlle the
map for a MSU450 will be about 2K. This stage modifles the
system to wuse the 64-word I/0 facllilty to transport volume
maps to and from core on demand. Careful design must be used
so that performance {s not degraded severely.

Keep Duplicate Coples of Selected Volumes.

Once this task Is completed, crucial volumes In the system
can be maintalned In duplicate; all modlified pages will be
written out to both devices. In a confliguratior which places
the secondary copy on a different dlsk subsystem from the
primary copy, the cost of malntaining two coplies witl be very
{one

Automatic Use of Secondary Volume on Error.

Once the duplicate copy facility is avallable, the system can
be modified so that when a disk record Is unreadable, the
system automatically switches to the use of the secondary
COPYe

Disk DIM Error Handling Improvements.

Further |[mprovements are possible to the disk error handling
programs., It wilil be posslbie for the operator to move a
pack which |Is encountering read errors from one drive to
another, without crashing the system.

Calils to Initiatlizer Process During Connection.

Thls step causes RCP to pass all connection requests through
the system control processs S0 that charging can be done,
mount messages can be routedy, and so that operator commands
affecting the request can be issued.

Bliling.

Modifications must be made to the adwministrative and bliliing
package to enharce the administrator®s abliilty to manage the
system resourcese. Some of these Improvements cannot be
specified until! we have obtalined some operational experience.
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