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Tol Distribution
From: Tom Van Viecks Andre Bensoussan
Datet February 28, 1975

Subject?: New Storage System Disk Usage

This memorandun describes some of the detalls of
implementation of the new Multics storage system which were tleft
unspeclitied In MTB-110.

DISK ADDRESSING

In order t0o accomodate much larger storage system device
conflgurations, the way in which the supervisor and B0S address
secondary storage must be expanded. More bits will be used in
the secondary storage address,y so that the total system capaclity
ls larger] at the same time, the addressing will be reorganlized
to make |t easier to dismount a single disk packe

Definitiens

There has been some confusion In terms between physlcal and
logical storage-allocation entitjies.

RECORD

A record 1Is a 1024-word logical unlt of storage allocation. A
segment ls stored on Ssecondary storage |[n from zero to 256
recordse.

Mul tics Project Iinternal working documentatlion. Not to Dbe
reproduced or distributed outside the Multics Prolect.
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SECTOR

A sector 1Is a 64-w0ord physical storage unlit on a DSS5-191 or
simijar disk pack. The new storage system does not require that
all volumes have fthe same Size sectors, or the same number of
sec tors.

MAPPING BETWEEN RECOR3S AND SECTORS

The model number specifled tor a disk subsystem Is looked up In 3
system tabla to determine the maximum capacity of the device and
the constants needed to map record addresses into sector numberse.
Not all sectors are part of some record: for example, Iin the
0S5SS-131, elght sectors per cylinder are unused by *the current
disk DIMe The waste of 1Z 0ot the disk capaclity is preferable to
allowing access to some pages in the system®s storage to require
a disk arm motion during each read or wrlte. .

Addresses

The type of address used by the supervisor and by BOS must
be changed in the new systenm.

CURRENT ADDRESSES

In the current system, BOS addresses secondary storage Dby
specifying

device 10
area number
sector number

Area numbers start at zero. Sector numbers start at zero for
each areae.

The supervisor currantty addresses secondary storage by
specifying

device IO
record number

where record number starts at zero for the flrst record In each
device ID and goes up by one to the maximum capaclty indicated in
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the FSDCT.

A "device ID™ in the current system 1Iis 2a number which
indicates which storage subsystem contains a record. The four-bit
number actually specifies only a maximum of seven devices,
because the high-orde~ bit 1Is used to Indicate whether the
address Is on the paging device. The current values of device ID
are?

Nutl Address
Bulk Store
DSS-191
DSS-19%¢
DSU-190
DSU-~1970
DSU-1814
unused

NI EFEWNHQ

The disk strategy code uses device ID as an index into tables to
determine physical pa-ameters such as number of cylinders and
maximum Ccapacity, as well as wusing the three low bits of the
device ID as additional address bits.

NEW ADDRESSES

All addresses In the new storage system will! have the unjitform
format of

physical volume [dentlfler
record number

Record numbers witl begln with 0 for each physical volume. The
physical volume will >2e speclfled by index in the Physical Volume
Table (PVT) within tha supervisor and In most parts of BOSjS but
when the system reports device errors, and when the operator
specifles addresses t> the system or punches configuration cards,
he will use the name 2f the physlical volume, which Is a character
string.

Multlics addresses wlll ltook like thist

- e A R E R S D R D R s SRR GRS A AP WD W e NS W A G AR T D S WS =S

The [ndicator "S™ Is used as a speclal tiag showing that the
secondary storage address should be released at deactivation
time. Thls address format allows for a maximum of 131,071
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records per physical volume. (Current DSS~-191°'s have 19,2780.)
If the physical capaclity of a single disk drive ever exceeds 131K
records (l.e. over 504 milllon characters per pack) then the
storage system wili have to treat a single pack as two or more
loglical packsy or some other strategy.

SPECIAL PARTITIONS

The current system divides the disk storage avallable on the
configuration into several partitions. Usually, these are

BOS BOS commands, runcomsy, and saved core
LOG messages written over SYSERR

DUMP address space image saved after crash
SALYV address space for salvager paging
MULT storage space for Multlcs hlerarchy
PAGE paging device

Each partition Ils specitied by a conftiguration card In the B80S
conflguration deck ahlch {lsts the starting address and extent
tor each device idy e.ge

PART MULT 9 0 0 36502. 0 0 0 0 0 0 0 O

which says that the MJLT partition occuples records 0 to 365801 on
the second device (DS5-191).

In present usagey it iIs very rare for any partition except
the MULT partltion to occupy storage on more than one physicatl
volume. {indeedy some code may fall to work if this Is trled.)
It therefore seems sensible to redelfine partitions so that the
MULT partition |Is treated as a speclal casey and the other
partitions are restricted to reslde entlrely on one physlical
volume.

BHYSICAL VOLUME LAYOQUT

This sectlon describes the format of a Multlcs standard
storage volume for the new storage system. Al volumes will have
the same Internal fayouts except that one volume, that whlch
contains the root diractory of the hierarchys witl also have some
special per-system data In |t.
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Label

The flrst record on each volume is the volume label. It
contalns the name o0f the volume and the manufacturer®s serjal
number In character-string formats, and a unlque ildentiter
assigned when the volume is registered, callied the Volume Unique
10.

Each physical volume [s part of some logical! volume. The
name and unique ID of the Joglcal volume are also recorded In the
tabel.,

The label also contains several 52-blt times, Inctltuding the
time the volume was reglstered, the tiame it was last mounted, and
s0 forthe.

Any speclal parititons on the volume wil]} be described In
the partition array section of the tabel for the volume.

If the volume |[s the one (and only) volume which contalns
the root dlrectory for the Multics hierarchy, a speclial tltag |is
set In the 1labely and the VIOC index of the root directory ls
noted,

Yolume_ 4ap

The votume map for each physical volume may occupy up to
three records. {Current DSS-191"'s will need tess than 692
wordse) The map will consist of a string of bitsy one for each
records, Indicating whether the record ls used or not. The fixed
area ot the pack and the speclal partltlons need not be described
by the voiume maps since space In these areas cannot be assigned
by the page fault hanoter.

YYOC Header

The VIOC header occupies one recorde It contalns only a few
ltems which are used In initlalizing the YTOC entry atlocation
mechanismy, such as the count of free VIOC entries and the VIOC
Index of the first entry on the free chaln.
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Bad Record Data

Three records are allocated for information on error history
and data on which aidresses on the physical volume are unusable
due to errors. UThe exact form of this iIinformation has not Dbeen
specified;} presumably it will consist of a journail of errors,
giving the address and type of bad status encountered.

Yolume Table ot Contenis

Thae VTIOC itselt follows the first 8 records of the volume.
it n records are allocated to the fixed part of each physlcal
volumey, then the V¥T0OC will occupy (n-8) records.

The Initial Implementation of the new storage system will
use 25b-word VIOC enfries and will flx n at 1024. Therefore,
each physical volume may contain up to 4064 segments.

Rest of Voluyme

The rest of each physical volume will conslst of records
whlch can be

* aliocated to segments. These records will be pointed to
by segment maps Iin the VIOC entries on the volume. They
will be marked used In the volume map.

* freg recolrds,. llhgae tavortda will he marked froec in tha
volume mape.

* records containing a bad sector. These records wiii be
marked as beling used In the volume map but will not be
pointed to by any segment map. The bad record data in
the volume header wil) indicate that thlis record is
defective.

* part of a speclal partition. These records willt be
marked as used In the voiume mapy and wlll be Indicated
in the volume label as part of the speclail partition.
Whether these records are pointed to by a VIOC en.r~y or
not has not neen daclded. (see Delow) B8y convention,
the records for alil special partitions wiill have hlgher
addresses than any address used for segments.
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CONF IGURATION DECK

Since the concept of "device ID" goes away, the [CONFIG cards
which describe the storage devices avaitable to Multics must be
changed radically.

Here is an example of part of a new-style CONFIG deckl

VoL v1i ROOT DSK 1t

VOL V2 ROOTY DS 2

VOL V3 USER DOSK 3

VOL PD PAGE BULK 8

PART BDOS V2 19170. 100.
PART LOG V2 17744. 256.
PART DUMP V2 13000. 1170.
PART SALV V2 17232. 5%2.
PART PAGE PD 0 256.

PRPH DSK A 25. 191. (0OIM-dependent items)
BULK 0 256 1 2

PAGE BULK 0 2558.

This example descrives a small conflguration with oniy three
packse The speclal! partlitions are named PAGE, B0S, L0G, SALV,
and 0Uv4P, (There 1s no {longer any need for an expllclit MULT
partitiony atll storage described on VOL cards makes up the
storage wused by Multicse.) The PRPH card specifles that the
peripheral known as D3K {s a model 191 dlsk. The physlcal
volumes are named Vi, V2, and V33 there are two loglcal volumes,
ROOT and USER.

There have been several simplificatlons made In the scheme
proposed here over the plan outlined In MYTB8-110. By placing the
partitions Inslde physical volumes, we eliminate the bothersome
“minl-pack™ Iimplementation, with j[ts attendant threats of
multiple 1tabels per pack and the naecesslity of relocating racord
addresses.

The method of describing the paging device and the PAGE
partition shown above may be overcomplicated. Actually, PAGE
need not be a partition known to 80S, except for the times when
the operator wishes to use the TEST command to test addresses on
the device or to clear the paglng device.

QIHER RIMARKS

In order to simplify some code In page_fault, the bpagling
device will be assigned a PVT |[ndex [f It is present In the
configuration.
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dhen the operato~ types an address to B0S, he may say one of

PARY <partid>
VOL <name> <recordno>
PHY <iom> <channel> <drive> <sector>

such addresses wlll be used In the SAVE, RESTOR, and TEST
commands., The physical=-mode addresses, beginning with PHY, are
the only way the operator can specify the sectors not part of any
record.

The COLD and WARM cards for BOS bootload must be modlflied
stightly also. The naw format Iis!t

COLD <jom> <channel> <drive> <frec> <nrec>

where frec and nrec are regular Multics record numbers. 805
secondary storage aliocation wlii be changed so that alt BOS
storage (lies inside records addressable by Muftics (that Is, we
wllt! not use the 512 sords per cyiinder which Is not part of any
record). This change should permit an extension of the storage
system which will cause sach special partition to be descrlbed by
a segment or muliti-segment flle [n the directory >partss these
pranches will be constructed or adjusted at bootload time.
Manlpulation of the SYSERR logy copying of FOUMP's, and even
installing new versions of B0S become vastiy simpler with such an
arrangement.

The CONFIG comsand of B80S wili check the PART 80S card
against the values speclfied on the COLD or WARM card and
comptaln [f there 1[s any discrepancy. It no PART BOS card ls
foundy one wli! be generated. However, 80S wiil not atteapt to
access the labe] of the BOS pack at load time.
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APPENDIX - New Data Structures

The tollowing declaratlons describe the current plans for
data layout of disk storage for the new storage systen.

Readers are cautioned that these declarations are tentative
and may change at any moment.

Qeclaration of Volume Label

decl tabel based atlgned,

versjon tixed bin,

mfg_serial char (32),

pv_name char (32),

pv_1d blt (36),

Iv_name char {(32),

tv_id bit (36),

root_pv_id bit (36),
time_reglistered fixed bin (71),
nb_pv_Iin_1Itv tixed bin,
vol_size flxed bin,

vtoc_size fixed bin,

padl (43) fixed bin,
time_mounted ftixed bin (71),
time_map_updated flixed bin (71),
time_unmounted fixed bin (71),
time_salvaged ftixed bin (71),
n_bad_records fixed biny
err_hist_size fixed bin,

pad?2 (54) filxed bin,

root,

3 here it (1),

3 root_vtocx fixed bln (35),
3 shutdown_statz2 fixed blin,
pad3 (60) ftixed bin,

nparts fixed bin,

parts (48),

3 name char (4),

3 frec fixed bin,

3 nrec fixed bin,

3 padS fixed bin,

2 padt (10%64) fixed DIn}

MNMANNNNNNNNNNNNNNNNNORNNNINNN

[AS IS IR,V

version is the version number. This version is 1.
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mfg_serial
pv_name
pv_id

tv_name

tv_id

root_pv_id

time_registered

nb_pv_Iin_1Iv

vol_size

vtoc_size

padi

time_mounted

timo_map_updated

time_unmounted

time_salvageqg

"'n_bad_recorads

err_hist_slize

pad2

root.here

page 190

is the manufacturer®s serial nuaber
is the physical volume name.
is the unigue ID of this volume

Is the name of the togical volume containing
this physical volume.

is the unijique ID of ¢this physlical volume's
logical volume.

is the unique 10 of the volume contalning the
roote all volumes must agree.

is the time the volume was reglstered by the
systenm

iz the number of physical volumes In the
iogical volume.

is the total slze of the physicai volunme, In
recordse.

is the total slze o0t the overhead reglon of
the packe Includling the 8-record fixed area
and the records used for the VTQOC.

is padding

is the last time the volume was mounted

Is the tast time the votume map was known

. U(‘"d

i the ltast time the vaoluma wdas unmounted
cleanly

is the ltast time the voiume was salvaged

is the number of unusable records on the
vy lume.

Is the slze of the volume error hilstory, 1in
records

is padding

is TRUE 11 the root Is on this pack
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root.root_vtocx Is the VTOC Index of rooty, [f It iIs here

root.shutdown_state is fthe status of the storage hlerarchy. This
variable s set to [ndicate whether the
salvager has been run, and whether it
succassfully repalired damage to the systea,
It is inspected by the B80S command IF ¢to
control the flow of RUNCOMs,

pad3 ls padding

nparts is the number of speclal partitions in the
label.

parts.name is the name of a speclal partlition.

parts.trec is the tirst record address for the speclal

partition.

partsenrec is the number of records in the speclal
partlition.

par ts.pads ls padding

pad4 ls padding

Declaratjion of VIQOC Header

dc! 1 vtoc_header based allgned,
2 version fixed bin (17},
2 n_vtoce fixed bin (17),
2 vtoc_tlast_recno tixed bin (17},
2 n_tree_vtoce fixed bin (17),
2 tirst_free_vtocx flixed bin (17),
2 pad (1024-5) bit (36))
version is the version numoer. The current version
number lIs 1.
n_vtoce is the number of vtoc entries
vtoc_tast_recno ls the record number of the last record of
the vtoc
n_free_vtoce Is the number of free vtoc entries
tirst_free_vtocx ls the Index of the flrst vtoce in the free

tist
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pad

is padding

Declaration ot Yolume Map

dc! {1 voi_map based allgned,
2 n_rec fixed bin (17),
2 base_add fixed o2in (17),
2 n_free_rec fixed bin (17),
2 bit_map_n_words tixed bin (17),
2 pad (6g) bit (35),
2 bit_map (3%102& - 64) bit (36);
n_rec is the number o0f records represented In the
mape.
base_add Is the record number for the first blt Iin the
bl t map.
n_tree_rec Is the number of free recordse.
bit_map_n_words i3 the number of words of the bit map.
pad is padding.
bit_map is the bit map? the entire volume map

occuples 3 records.

{END)



