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~ Tot Distributlon
From? Te He Van Vieck
Datet November 18, 1975

Subjectt Contents of Initlat New Storage System at MIT

INTRODUCTION

This memorandum describes the Inlitlat version of the new
Muitics Storage System, as It will ba Installed at MIT |[n early
1976. Our current target date ls tre weekend of January 18.

Over 140 programs are affected by thls Instaltation. In
thls memorandum we dascribe eleven functlional changes to the
systemy, and their [implementation.

The consequences of the changes are discussed briefly. A
tinal section describes planned functions which wlil not be in
the initial version.

NEW_EEATURES

i. Branch split Into branch and VTOCE.

Segment control [Is modifled fto obtaln the flle map for a
segment from the VIOC entry Instead of the branch when
actlvating a segment, Boundfault [s greatly simptifled
since no reference to the branch to reallocate the fllemap
Is required. Deactivate need not touch the branch either,
Segment control calls a3 new subrcutlne, vtoc_man, to request
alt 170 on the VTOC.

Many dlrectory control programs are modifled to know that
some ltems formerly In the branch were moved to the VT0C. A
new programy, vtoc_attributes, was created to get and set atl
such attributes. It has entry polnts for handling gquota,
date~time used and modifledy, maxlmum length,

f" Mul tics Prolect internail working cocumentation. Not to be
reproduced or distr lbuted outslde the Multics Project.
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3.

Change to interpretation of dlisk address} new per-volume
table; reorganized FSDCT.

tach volume now has lts own address zero, Ali pages of a
segment reside on the same volume. The AST entry for a
segment contalns an index Into a new wlred table, the
Physical Voiume Table (PVT), which contalns disk subsystem
and drjve number, location of free map, and so forth for
each volume In use. The FSDCT [s now an array of blt maps
for voiumes, polnted to by PVT entrles.

Volumes are Jidentifled In the branch by a 36~blt volume
unique IDy, which Is looked up In the PVT to vleld a PVT
index when necessarye. Volumes also have a 36-bit loglcal
volume IOy which iIs used to select which physlcal volume +to
place a new segment on and to select the volume to which a
segment will be moved 1If it cannot be grown on |[ts current
volume.

FSOCT now paged; pages withdrawn at fault time.

Making the FSDCT paged altows for very {(arge disk
configurations.s To permit the unwiring of the FSOCT, opage
control was modified to check whether the needed page of the
FSOCY was In core and to read It In tirst If necessary.

Directory locking changes: laprove verlfy_Jjock; remove many
cleanup handlers.

The J{ock primitlve was rewrltten to Improve the speed and
rellablilty of dilrectory locking. The directory lock Is no
longer a location in the directoryt insteady, a new secment,
dirtockt_segy contalns an array of lock entrles showlng the
unique IN*s of locked dlrectorles. The dlirectory header
page now is not stored into when the directory Is only belng
read, whlch decreases paglnge The module sumfdirmod must
now be called before unlocking. The module modify_dlr has
been eliminateds programs which wused to call modlfy_dir
must now set and reset dir.modlfy themselves.

The dozens of places In dlrectory controt where verlfy_lock
was established as a cleanup handlier have been removed.
Insteady, signal_ has been modifled to call verify_lock when
crawling out of ring zero. Verlfy_tock has been rewrjtten
to know 3bout almost all locks explicitliy and to attempt the
salvage of databases before unliocking.

«

«
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5.

7o

Simpllficatlon to AST {ocking

Besldes the changes descrlbed above, speclal entrypolints In
lock ftor locking and unlocking the AST ellminate the sst
declaration from saveral! programs which only referenced
ssteastie.

Meaning of partltion changes; volumes labeled.

The idea of the MULT partiftion dlsappears. Other partijitlons
are constralned to reslde entlrely on one physlcal volume.
The conflguration deck ls reorganized to have a DISK card
for each disk subsystem and a PART card for each partitior,
PART cards now just name the disk drlves the partition
extents come from the data on the disk volume®s label.

Each volume has a ltabel which ldentlfies the voiume and
lists the partitions c¢ontalned on the volume and their
extents. Each volume also contalns a free storage map
showlng which pages of the paging area are free and which
are assignedy, and storage for the VIOL for the volume.

Hardcore partitlon; votume accepting via ring 15 eiimination
of coid boot.

A special partition iIs required on the root physical volume
{RPV)y called the hardcore partition. Multlcs paging on
hardcore segments and so-called "deciduous segments™ (those
recreated at every bootload) [Is done In thls partitlon
before the RPV free storage map ls loaded Into the FSDCT,
This method allows the system to salvage the RPV wlthout
requlring the salvager to flt In core.

The system wusas only the RPV untll It has attalned ring 1
Initializer command fevel. New commands to system_startup_
cause the (Iinitlailzatlion and mounting of the rest of the
root togicat volume and the other volumes in the
conflguration.

The concept of “coid boot™ Is whlttied away to almost
nothing. Ify In coflectlon 2y the system dlscovers that the
RPV has a speclal Indlcator for the value of the root*s VTOC
indexy ana If the RPV is completely empty, 3a new root will
be created. A B80S program [is avallable to labetl an empty
disk as a RPV,
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8.

3.

10.

i1.

Integrated satvager.

The salvager noWw has two parts. The volume salvager
eliminates reused addresses and checks the valjidity of a
single volume. The hlerarchy salivager walks down the tree
structure verifylng and repalring directorles. These two
subsystems are part of the normal! boot tape.

Khen the RPV {abel ls read In collection 2, initlatizatlion
calls the volume salvager |[f volume is not normatily shut
down., If the RPV |s salvaged, the hlerarchy salvager |Is
also run in collectlon 2 to salvage the root and
system_control_1. The system then crosses out Into ring 1.
The rest of the volumes In the conflguration are volume
salvaged before they are accepted for paglng,s, 1f thelr tabel
indicates that they were not shut down. The paging device
Is flushed onto each volume 3s 1t ls mounted [f necesserye.
Once ait physical volumes part of the RLV have been mounted,
the operator may type the SALV command to ring 4§ to cause
the hlerarchy salvager ¢t0 be called through a prilviteged
gate to satvage the entire directory ftree. It salvaging |is
successfuly the operator can continue with a rormal startup
vilthout rebootinge.

Support for MSU-451 disks.

Changes have been made to dlsk_control and Inltiallzatlon to
aliow MSU~-451 disks to be wusedy Intermixed on the same
controller with MSU-400°"s.,

Better disk error recoverye.

Certaln cases of disk errors wlii{ now result In more orderiy
refry and recovery by the system, A new error may be
reftected to the user It hlis segment has been damaged due fto
170 error, whera the current system glves the user an olid
page or a page of zeroes wlth no warninge.

New rules for branch appending.

Each directory contains and inherits from [ts parent the
logical volume unlque ld to be used when creating sons of
the dlirectory. A privlteged catl from rlng 1 can set this
identifier for an empty directory.

A call to append a branch can falil If no mounted volume has
a logicat wvolume Id matchling the sons_Ilvid in the parent
directory. A call to append a branch can also fall [t the
access class of the segment belng created does not fail
within the AIM brackets for the volume on which the segment
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Is being created.

CONSEQUENCES

The changes described above wiill have many effects on

Multics operation. The foltowing paragraphs describe the major
conseguences.

1.

2

Need for more disk storage.

As a result ot the VTOC allocation strategy chosen,
approximately flve percent more dlisk storage ls requlired to
support the new storage systeme In addltlion, It storage at
MIT ls subdlvided 1Into many loglcal volumesy adaltionat
breakage costs may arjise.

Handlilng of per-process hardcore segments is changed sSo that
thelr pages are wlthdrawn at creatlon tlme. If a system lis
very close to running out of disk, this change will timi?t
the number ot processes which can be created, and witi
prevent some messy crashese

Improved rellabliity.

B8Because of the improvements to locklng, emergency shutdonn
succeeds in a very high percentage of all system fajtlurese.
Better handling of I/0 errors shoulid also pervent systen
crashes [n some casess. When there Is a head c¢rash on a dlsk
packy it may be possible to avold a complete refoad.

Pertormance changes.

Some operatlions In the new storage system wili be faster,
and some will be slower. The effects do not Ilook too bad
right now.s. An MTB [s forthcoming on thls subject,

Operator interface changes.

Operations has to laarn a tot of nen things In order to run
this system. First of ally the CONFIG deck Is different,
Alsoy the operators should have at least heard of a VTOC,
and knaw which volumaes contaln dlrectorlies. A serles of
MOSN®*s will be produced.
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5.

Administrative changes

There are not many administratlive changes. It toglcal
volumes are to be used some thought wilt have to be glven to
the use ot the quota primltives on master directories. The

quota for directory pages slso needs deflnltior,.

EEAYURES NOT PARY OF FIRST MIT INSTALLATION

i.

2e

3.

4.

Dynamlc mounting.

This facltlty requlres changes to RCPy, new user commands for
mountinge, modlfications to disk_table_,s Introductlon of the
LVRFy, and the use of an ACS for 1togical volume access
checking,. Untii tnhis change 1s made all volumes wil! be
“"permanent™ and need not be llsted In the KST In order for a
user to inltlate segments on them. MTB~229 descrlbes these
facilities In more detaili.

Dynamic demountinge.

Changes are raquired for KST management and a method of
forced deactivatlon of all pages of a volume must be
invented.

Redundant djrectory structure and [mproved salvager,

Space may be reserved for the new ftlelds, and they may be
maintained, but no programs will depend on them. MTB=-220
describes these ln more detali.

New backup and recovery.

Thls change raquires hardcore and rlilng 4 programs to be
written, Space may be reserved In VIOC for the dumper data
and it may be maintaineds but no programs will depend on it,
MTB-233 gives more |Informatlon on this subject. Part of
this faclility may be made avallabie soon after the
Iinstaltatjon at MIT; the plan 1Is to run both dumpling
schemes In paralle!l whlle galining confldence {n the newn
methode.
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S5e Master Dlrectory Control.

This subsystem Ilnvoilves several user and administratlive

commands as wellt as the code for maintalnging the MOCF

ring 1 for each loglcal volume. MTB-229 describes these

tacliities In more detall.



