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NAME
vinum - L ogical \blume Manager control program

SYNOPSIS
vinum [command][ -options ]

COMMANDS
attach  pl ex vol ume [rename ] attach  subdi sk pl ex [of fset] [rename]
Attach a ple to a wlume, or a subdisk to a ple
checkparity plex [-f][-v]
Check the parity blocks of a RAID-4 or RAID-5 gle
concat [-f ]J[-n nane][-v]drives
Create a concatenatedlyme from the speciEedvas.
create [-f ]description-file
Create a@lume as described ohescri ption-file
debug
Cause the®ume manager to enter therkel dehgger
debug f1 ags
Set dehigging +ags.
detach [-f ][pl ex | subdi sk]
Detach a pbe or subdisk from the @lume or pl& to which it is attached.
dumpconfig [drive .. .]
List the conEguration information stored on the speci@esl dri all drves in the system
if no drive rames are speciEed.
info [-v][-V]
List information about @lume manager state.
int [-S size][-w]plex | subdisk
Initialize the contents of a subdisk or all the subdisks of»atpldl zeros.
label vol une
Create a @lume label
list [-r]1[-s]1[-v][-V]][volume | pl&|subdisk]
List information about speciCEed objects
[ [-r1[-s][-v][-V][volume | ple | subdisk]
List information about speciCEed objects (altereadtilist command)
ld [-r][-s][-v][-V][volume]
List information about dvies
Is [-r1[-s]1[-v][-V]][subdisk]
List information about subdisks
Ip [-r 1[-s]1[-vI[-V][plex]
List information about pbees
v [-r][-s][-v][-V][volume]
List information about @lumes
makedev
Remale the deice nodes i dev/ vi num
mirror [-f J[-n nane][-s][-v]drives
Create a mirroredolume from the speciEedvas.
mv -f drive object
move -f drive object
Move the object(s) to the speciEedalri
printconfig [file]
Write a copy of the current conEgurationftol e.
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quit
Exit thevinum program when running in interaoti mode. Normallythis would be done
by entering thé&cOF character
read di sk [disk...]
Read thevinum conCEguration from the speciEed disks.
rename [-r ][drive | subdisk | pl ex | vol ume] newname
Change the name of the speci(Eed object.
rebuildparity plex [-f][-v][-V]
Reluild the parity blocks of a RAID-4 or RAID-5 ple
resetconfig
Reset the completgnum conCEguration.
resetstats [-r ][volume | ple | subdisk]
Reset statistisc counters for the speciCEed objects, or for all objects if none are speciCEed.
rm[-f J[-r Jvolune | pl ex | subdi sk
Remwe an object
saveconfig
Savevinum conCEguration to disk.
setdaemon [value]
Set deemon conCEguration.
setstate state [volunme | plex | subdisk | drive]
Set state without ineuencing other objects, for diagnostic purposes only
start
Read conCEguration from all vinunvesi.
start [-i interval][-S size][-w]volume | pl&|subdisk
Allow the system to access the objects
stop [-f ][volume | ple& | subdisk]
Terminate access to the objects, or stopum if no parameters are speciCEed.
stripe  [-f ][-n name][-v ]drives
Create a stripedolume from the speciEedvas.

DESCRIPTION
vinum is a utility program to communicate with tvnum logical wolume managerSeevi num4) for
more information about theolume managervi num(8) is designed either for interaati use, when started
without command line guments, or toxecute a single command if the command is supplied on the com-
mand line. In interactve node,vinum maintains a command line history

OPTIONS
vinum commands may optionally be foled by an option Any of the folloving options may be speciEed
with ary command, bt in some cases thelo not male any dfference: cases, the options are ignored.
example, thestop command ignores ther and -V options.

-f The -f (“force") option overrides safety checksUse with etreme care.This option is for emer
geng use only For example, the command

rm -f mywlume

removes nyvol ume even if it is gpen. Ary subsequent access to thelume will almost certainly
cause a panic.

-i mllisecs When performing thénit andstart commands, it ni || i secs milliseconds
between coping each block.This lovers the load on the system.
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-n name Use the-n option to specify asume name to the simpliCEed conCEguration commamnckt |

mirror andstripe

The -r (Trecursve" ) option is used by the list commands to display information not only about the
speciCEed objectyjttalso about subordinate objector example, in conjnction with they com-
mand, the-r option will also sha information about the ptes and subdisks belonging to thelv

ume.

The -s (“statistics) option is used by the list commands to display statistical informafidre
mirror command also uses this option to specify that it should create stripes. ple

-S si ze The -S option speciCEes the transfer size foirthte andstart commands.

The -v (Tverbosé€) option can be used to request more detailed information.

The -V ("Very verbosé) option can be used to request more detailed information thanvthe
option pravides.

The -w (Twait") option tellsvinum to wait for completion of commands which normally run in
the background, such ast

COMMANDS IN DET AIL

vinum commands perform the follang functions:

attach
attach

pl ex vol unme [rename ]
subdi sk plex [offset] [rename]

vinum at t ach inserts the speciCEedxpte subdisk in a wlume or ple. Inthe case of a subdisk,
an ofset in the plg may be speciCEedf it is not, the subdisk will be attached at the Erst possible
location. Afterattaching a pbeto a ron-empty wlume,vinum reintegrates the pbe

If the keyword rename is speciCEedjnum renames the object (and in the case of &, @s/ sub-
ordinate subdisks) to (Et in with theadéfvinum naming cowmention.

A number of considerations apply to attaching subdisks:
f Subdisks can normally only be attached to concatenateesple

f If a striped or RAID-5 ple is missing a subdisk (forxample after drie failure), it should be
replaced by a subdisk of the same size.only

f In order to add further subdisks to a striped or RAID-X,plese the-f (force) option. This
will corrupt the data in the pte

f For concatenated pkes, theof f set parameter speciCEes théseff in blocks from the lggn-
ning of the ple. For striped and RAID-5 piess, it speciEes thefs#t of the Erst block of the
subdisk: in other wrds, the dket is the numerical position of the subdisk multiplied by the
stripe size.For example, in a pbe of block size 256k, the Erst subdisk willdaffset 0, the
second dket 256k, the third 512k, etd@his calculation ignores parity blocks in RAID-5 yds.

checkparity plex[-f J[-v]
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Check the parity blocks on the speciCEed RAID-4 or RAID-%. pléhis operation maintains a
pointer in the phe, so it can be stopped and later restarted from the same position if désired.
addition, this pointer is used by thebuildparity command, so relilding the parity blocks
need only start at the location where the (Erst parity problem has been detected.

If the -f eag is speciCEedheckparity  starts checking at the gi@ning of the plg. If the -v
eag is speciEedheckparity  prints a running progress report.
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[f]1[-n name][-v]drives
Theconcat command preides a simpliCEed alternatito thecreate command for creatingol
umes with a single concatenatedxplé helargest contiguous spacegadable on each dve is used
to create the subdisks for the yds.

Normally, theconcat command creates an arbitrary name for tleame and its component3he
name is composed of thexteri numand a small intger, for ekamplevi nunB8. You can eerride
this with the-n name option, which assigns the name speciEed todinene. Theplexes and
subdisks are named after th@wme in the defult manner

There is no choice of name for thevas. If the drives have already been initialized agsnum
drives, the name remainsOtherwise the dvies ae given names starting with the xe
vi numdr i ve and a small intger, for ekamplevi nundr i ve7. As with thecreate command,
the -f option can be used to specify that ajyas name should beserwritten. The-v is used to
specify \erbose output.

See the section SIMPLIFIED CONFIGURKON belav for some ramples of this command.

[-f description-file]

vinum cr eat e is used to create wbject. Inview of the relatvely complicated relationship and
the potential dangersvialved in creating ainum object, there is no interaeé interface to this
function. Ifyou do not specify a Ele namieum starts an editor on a temporary (Edhe ervi-
ronment ariableEDI TOR is set,vinum starts this editorIf not, it defaults tovi . See the section
CONFIGURATION FILE belov for more information on the format of this Ele.

Note that thevinum cr eat e function is additie: if you run it multiple times, you will create mul-
tiple copies of all unnamed objects.

Normally thecreate command will not change the names risgng vinum drives, in order to
avad accidentally erasing thenT.he correct \ay to dispose of no longerantedvinum drives is to
reset the conCEguration with theetconfig command. Irsome cases, h@ver, it may be nec-
essary to create wedata onvinum drives which can no longer be starteth this case, use the
create -f command.

vinum debug is used to enter the remoterkel deligger It is anly activated if vinum is huilt
with the VI NUMDEBUG option. Thisoption will stop the gecution of the operating system until the
kernel delugger is gited. If remote debgging is set and there is no remote connection faraek
dehugger it will be necessary to reset the system and reboot in ordevtotieadeligger

flags

Set a bit mask of internal dedging *ags. These will change without avning as the product
matures; to be certain, read the heades§Eédev/ vi nunmvar . h. The bit mask is composed of
the folloving values:

DEBUG_ADDRESSES (1)
Show buffer information during requests

DEBUG_RESID (4)
Go into delngger incomplete_rge. ()

DEBUG_LASTREQS (8)
Keep a circular bffer of last requests.
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DEBUG_REVIVECONFLICT (16)
Print info about reive mneicts.

DEBUG_EOFINFO (32)
Print information about internal state when returning an EOF on a striped ple

DEBUG_MEMFREE (64)
Maintain a circular list of the last memory areas freed by the memory allocator

DEBUG_REMOTEGDB (256)
Go into remotegdb when thedebug command is issued.

DEBUG_WARNINGS (512)
Print some \arnings about minor problems in the implementation.

[-f ]1pl ex
[-f ]subdi sk

vinum det ach removes the speciCEed pler subdisk from the glume or pl& to which it is
attached. lfremoving the object wuld impair the data inggity of the wlume, the operation will
fail unless the-f option is speciCEedf the object is named after the object abd (for example,
subdisk wl1.p7.s0 attached to ple&oll.p7), the name will be changed by prepending tkie &x-"'
(for example, &-voll1.p7.s0). Ifnecessarthe name will be truncated in the process.

detach does not reduce the number of subdisks in a striped or RAIDx5 pisteadthe subdisk
is marled absent, and can later be replaced witlatteeeh command.

dumpconfig [drive .. .]

info

FreeBSD 5.0

vinum dunpconfi g shavs the conEguration information stored on the speci@esl dfino
drive rames are speciEddmpconfig searches all dres on the system for Mium partitions and

dumps the informationlf conCEguration updates are disabled, it is possible that this information is

not the same as the information returned bylifte command. Thi€ommand is used primarily
for maintenance and degging.

vinum i nf o displays information aboutinum memory usage.This is intended primarily for
delugging. Wth the -v option, it will give detailed information about the memory areas in use.

With the -V option,i nf o displays information about the last up to 64 I/O requests handled by the

vinum driver. This information is only collected if dal eag 8 is set.The format looks lik:

vinum-> info -V
Fl ags: 0x200 1 opens
Total of 38 blocks nalloced, total nenory: 16460

Maxi mum al | ocs: 56, malloc table at OxfOf 72dbc

Ti me Event Buf Dev O fset Byt es
14: 40: 00. 637758 1VS Wite Oxf2361f40 91.3 0x10 16384
14: 40: 00. 639280 2LR Wite Oxf2361f40 91.3 0x10 16384
14: 40: 00. 639294 3RQ Read O0xf2361f40 4,39 0x104109 8192
14: 40: 00. 639455 3RQ Read O0xf2361f40 4,23 0xd2109 8192
14: 40: 00. 639529 3RQ Read O0xf2361f40 4.15 0x6e109 8192
14: 40: 00. 652978 4DN Read Oxf2361f40 4,39 0x104109 8192
14: 40: 00. 667040 4DN Read Oxf2361f40 4,15 0x6e109 8192
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14: 40: 00. 668556 4DN Read Oxf2361f40 4.23 0xd2109 8192 17
14: 40: 00. 669777 6RP Wite Oxf2361f40 4.39 0x104109 8192 19
14: 40: 00. 685547 4DN Wite Oxf2361f40 4.39 0x104109 8192 19
11:11:14. 975184 Lock 0xc2374210 2 0x1f 8001

11:11:15.018400 7VS Wite 0xc2374210 0x7c0 32768 10
11:11:15.018456 8LR Wite 0xc2374210 13.39 0xcc0c9 32768
11:11:15. 046229 Unl ock 0xc2374210 2 0x1f 8001

TheBuf Eeld atays contains the address of the uagfdy header This can be used to identify the
requests associated with a user request, though this is not 100% reliable: theoreticatyutsts
in sequence could use the sam#fdr headerthough this is not commonThe beginning of a
request can be identiCEed by thenelVS or 7VS. The Erstxample abwe ows the requests
involved in a user requesthe second is a subdisk I/O request with locking.

The Event (Eeld contains information related to the sequenceenfsein the request chaihe
digit 1 to 6 indicates the approximate sequence wénes, and the to-letter abbreiation is a
mnemonic for the location

1VS  (vinumstratgy) shavs information about the user request on entniiamstrategy ().
The deice number is thesinum device, and dket and length are the user parameters.
This is alays the bginning of a request sequence.

2LR  (launch_requests3havs the user request just prior to launching the-llevel vinum
requests in the functiolaunch_requests (). Theparameters should be the same as in
the1VS information.

In the folloving requestsPev is the degice number of the associated disk partition,
O fset is the ofset from the bginning of the partitionSD is the subdisk indein

vi num _conf, SDof f is the ofset from the bginning of the subdiskiof f set is the
offset of the associated data request, @afif set is the ofset of the associated group
request, where applicable.

3RQ  (requestshavs one of possibly seral low-level vinum requests which are launched to
satisfy the high-leel request. Thisnformation is also logged launch_requests ().

ADN  (done)is called fromcomplete_rge (), shaving the completion of a requesthis com-
pletion should match a request launched either at dfalydrom launch_requests (),
or fromcomplete_raid5_write () at stagesRD or 6RP.

5RD (RAID-5data) is called froncomplete_raid5_write () and represents the data writ-
ten to a RAID-5 data stripe after calculating parity

6RP (RAID-5parity) is called frontomplete_raid5_write () and represents the data writ-
ten to a RAID-5 parity stripe after calculating parity

7VS  shavs a subdisk 1/0 requesfhese requests are usually internabittum for operations
like initialization or rehilding plexes.

8LR  shavs the lav--level operation generated for a subdisk I/O request.

Lockwait speciCEes that the processdgimg for a range lockThe parameters are thafter header
associated with the request, thexgdember and the block numbefor internal reasons the
block number is one higher than the address of thmbiag of the stripe.

Lock speciCEdbat a range lock has been obtaingtie parameters are the same as for the range
lock.
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Unlock speciEdhat a range lock has been releas€de parameters are the same as for the range
lock.

[-S]size[-w]plex | subdisk

vinum i ni t initializes a subdisk by writing zeroes to ¥ou can initialize all subdisks in a ple
by specifying the plename. Thids the only vay to ensure consistent data in axpl&ou must per
form this initialization before using a RAID-5 ple It is also recommended for othemnplexes.
vinum initializes all subdisks of a ptein parallel. Sincethis operation can taka bng time, it is
normally performed in the backgrountf.you want to vait for completion of the command, use the
-w (wait) option.

Specify the-S option if you want to write blocks of a dirent size from the datilt value of 16 kB.
vinum prints a console message when the initialization is complete.

vol unme

Thelabel command writes af s style wlume label on aslume. Itis a simple alternatée o an
appropriate call tali skl abel . This is needed because sonfes commands still read the disk to
(End the label instead of using the coiirectt | call to access itvinum maintains a elume label
separately from theolume data, so this command is not needediéavf s. This command is dep-
recated.

[-r T[-V][volume | pl& | subdisk]
[-r T[-V][volume | pl& | subdisk]
[-r1[-s]1[-v][-V][volume]
[-r1[-s]1[-v]][-V]]I[subdisk]
[-r]1[-s][-v][-V]I[plex]
[-r1[-s]1[-v][-V][volume]

| i st is used to she information about the speciEed objétthe agument is omitted, informa-
tion is shavn about all objects kmen tovinum . Thel command is a syngm forl i st .

The -r option relates to slumes and pbees: if speciCEed, it recurdly lists information for the
subdisks and (for aolume) plees subordinate to the objectsThe commandsv, | p, | s andl d
commands list only dumes, plges, subdisks and dis respectiely. This is particularly useful
when used without parameters.

The -s option causesinum to output deice statistics, thg -v ] (verbose) option causes some
additional information to be output, and theV ] causes considerable additional information to be
output.

makedev

mirror

FreeBSD 5.0

The makedev command remees the directory /de'vinum and recreates it with dee nodes
which reeect the current conEguratiorhis command is not intended for general use, and is pro-
vided for emegeng use only

[-f][-n nane][-s][-v]drives
Themirror command preides a simpliCEed alternatito thecreate command for creating mir
rored lumes. Vithout ary options, it creates a RAID-1 (mirroredplume with two concatenated
plexes. Thelargest contiguous spaceailable on each dve is used to create the subdisks for the
plexes. TheErst pbeis uilt from the odd-numbered d8s in the list, and the second glés kuilt
from the &en-numbered dvies. If the drives ae of diferent sizes, the ptes will be of different
sizes.

If the -s option is preided, mirror  builds striped plges with a stripe size of 256 kBThe size of
the subdisks in each plés the size of the smallest contiguous storagilable on ag of the drves
which form the plg. Again, the plges may differ in size.
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Normally, themirror command creates an arbitrary name for tleame and its component3he
name is composed of thexteri numand a small iniger, for ekamplevi nunB. You can eerride
this with the-n name option, which assigns the name speciEed todinbene. Theplexes and
subdisks are named after th@wme in the defult manner

There is no choice of name for thevas. If the drives have already been initialized agnum
drives, the name remainsOtherwise the dvies ae given names starting with the xe
vi numdr i ve and a small iniger, for ekamplevi nundr i ve7. As with thecreate command,
the -f option can be used to specify that avyas name should beserwritten. The-v is used to
specify \erbose output.

See the section SIMPLIFIED CONFIGURFON belav for some ramples of this command.

drive object

move -f drive object

Move dl the subdisks from the specitEed objects onto tlariee. The objects may be subdisks,
drives a plexes. Whendrives a plexes ae speciEed, all subdisks associated with the object are
moved.

The -f option is required for this function, since it currently does not predeevdata in the sub-
disk. Thisfunctionality will be added at a later datie this form, havever, it is wited to recwering
a failed disk drve.

printconfig [fil e] Write a copy of the current conEgurationftol e in a format that can be used to

quit

read

recreate th@inum conCEguration. Unkkthe con@Egurationvasl on disk, it includes deEnitions of
the drives. Ifyou omitfi | e, vinum writes the list tst dout .

Exit thevinum program when running in interaeti node. Normallythis would be done by enter
ing theECF character

di sk [disk...]

Theread command scans the speciCEed disksifm partitions containing pxéously created
con(Eguration informationt reads the conCEguration in order from the most recently updated to
least recently updated conCEguratiommum maintains an up-to-date cppf all conEguration
information on each disk partitionYou must specify all of the slices in a conEguration as the
parameter to this command.

Theread command is intended to selety load avinum conCEguration on a system which has
othervinum partitions. Ifyou want to start all partitions on the system, it is easier to use the
start command.

If vinum encounters agnerrors during this command, it will turn fohutomatic con@Eguration
update to @oid corrupting the copies on diskihis will also happen if the conEguration on disk
indicates a conEguration error (fwaraple, subdisks which do notyeaa \alid space speciEcation).
You can turn the updates onag with thesetdaemon andsaveconfig commands. Reséit 2
(numerical alue 4) of the daemon options mask to re-enable contEguraten sa

rebuildparity plex[-f 1[-v][-V]

FreeBSD 5.0

Rehuild the parity blocks on the speciEed RAID-4 or RAID-X.pl€his operation maintains a
pointer in the phe, so it can be stopped and later restarted from the same position if désired.
addition, this pointer is used by tbbeckparity = command, so rehlding the parity blocks need
only start at the location where the Erst parity problem has been detected.

If the -f eag is speciEedebuildparity starts rehilding at the bginning of the plg. If the
-v eag is speciEedebuildparity &Erst checks theisting parity blocks prints information
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about those found to be incorrect beforeurleling. If the -V eag is speciEedebuildparity
prints a running progress report.

rename [-r J[drive | subdisk | plex | vol une] newnane

Change the name of the speciCEed objétihe -r option is speciCEed, subordinate objects will be
named by the defilt rules: plg names will be formed by appendingiymberto the wlume name,
and subdisk names will be formed by appendingnsberto the pl& name.

resetconfig

The resetconfig command completely obliterates thimum conEguration on a systetdse
this command only when youant to completely delete the conEgurationum will ask for con-
CErmation: you must type in thends NO FUTURE xactly as shan:

# vinum resetconfig

WARNI NG This conmand will conpletely w pe out your vinum
configuration. Al data will be lost. |If you really want
to do this, enter the text

NO FUTURE
Enter text -> NO FUTURE
Vi num configuration obliterated

As the message suggests, this is a last-ditch comnizamt use it unless you lva an existing con-
(Eguration which you v want to see ajn.

resetstats [-r ]1[volume | ple | subdisk]

vinum maintains a number of statistical counters for each obj&#e the header Ele
vi numvar . h for more information.Use theresetstats command to reset these countelrs.
conjunction with the-r option,vinum also resets the counters of subordinate objects.

rm [-f][-r Jvolune | pl ex | subdisk

rm removes an object from thevinum conCEguration. One@ object has been rewwnl, there is no
way to recover it. Normally vinum performs a lage amount of consisteypachecking before
removing an object.The -f option tellsvinum to omit this checking and reme the object ay
way. Use this option with great care: it can result in total loss of data olume.

Normally, vinum refuses to reme a wlume or pl& if it has subordinate ptes a subdisks
respectiely. You can telvinum to remae the object apway by using thef option, or you can
causevinum to remae the subordinate objects as well by using the(recursve) option. If you

remove a wlume with the-r option, it will remave oth the plees and the subdisks which belong
to the plees.

saveconfig

Save the current conEguration to digkis is primarily a maintenance functiofror example, if an
error occurs on startup, updates will be disabMthen you reenable them, the conCEguration is not
automatically seed to disk. Usethis command to s& the conCEguration.

setdaemon [value]

setdaemon sets a @riable bitmask for theinum desemon. Thiommand is temporary and will
be replaced Currently the bit mask may contain the bits 1 (logey action to syslog) and 4 (dan'
update conEguratiorpption bit 4 can be useful for error reeoy.
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setstate state [volunme | plex | subdisk | drive]

start

stop

FreeBSD 5.0

setstate  sets the state of the speciCEed objects to the speciEethitdigpasses the usual con-
sisteny mechanism ofvinum and should be used only for reeny purposes.lt is possible to
crash the system by incorrect use of this command.

[-i interval ][-S size][-w][plex]|subdisk]
start starts (brings into to thep state) one or morgnum objects.

If no object names are speci@eaaum scans the disks kmm to the system forinum drives and
then reads in the conEguration as described undeathecommands. Thginum drive ontains

a header with all information about the data stored on theedricluding the names of the other
drives which are required in order to represenikpéeand wolumes.

If vinum encounters gnerrors during this command, it will turn fohutomatic con@&guration
update to woid corrupting the copies on diskihis will also happen if the conEguration on disk
indicates a conEguration error (fwaraple, subdisks which do notysaa \alid space speciEcation).
You can turn the updates onaig with thesetdaemon andsaveconfig command. Resddit 4

of the daemon options mask to re-enable conEguratiem sa

If object names are speci@adum starts them.Normally this operation is only of use with sub-
disks. Theaction depends on the current state of the object:

f If the object is already in thep stateyvinum does nothing.
f Ifthe object is a subdisk in tltown or r ebor n statesyinum changes it to thap state.

f If the object is a subdisk in therpt y state, the change depends on the subdfskis part of a
plex which is part of a @ume which contains other pies, vinum places the subdisk in the
revi vi ng state and attempts to goghe data from thealume. Whenthe operation com-
pletes, the subdisk is set into tine state. [fit is part of a plg which is part of a @lume which
contains no other ptes, or if it is not part of a ple vinum brings it into theup state immedi-
ately.

f If the object is a subdisk in theevi vi ng state,vinum continues the evi ve operation
ofsine. Whenthe operation completes, the subdisk is set inta thstate.

When a subdisk comes into thp state,vinum automatically checks the state ofygabex and wvol-
ume to which it may belong and changes their state where appropriate.

If the object is a pbe start  checks the state of the subordinate subdisks (amdsplethe case of
a wlume) and starts grsubdisks which can be started.

To dart a ple in a multi-plex volume, the data must be copied from anothex piethe olume.
Since this frequently tas a long time, it is normally done in the backgroutidiou want to vait

for this operation to complete (forample, if you are performing this operation in a script), use the
-w option.

Copying data doeshjust tale a bng time, it can also place a signiEcant load on the systam.
can specify the transfer size in bytes or sectors with$heption, and an inteal (in milliseconds)

to wait between coging each block with thei option. Bothof these options lessen the load on
the system.

[ -f ][volume | pl& | subdisk]

If no parameters are speci@®&ddp removes thevinum kld and stopsi num(8). Thiscan only
be done if no objects are aai In particular the -f option does not\erride this requirement.
Normally, the stop command writes the current conEguration back to thes dafore terminat-
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ing. Thiswill not be possible if contEguration updates are disabledhwm will not stop if con-
(Eguration updates are disabl¥du can override this by specifying thef option.

Thestop command can only evk if vinum has been loaded as a kid, since it is not possible to
unload a statically con(Eguredveri vinumstop  will fail if vinum is statically contEgured.

If object names are speciCEsp disables access to the objeclsthe objects hee subordinate
objects, thg subordinate objects must either already be inadtopped or in error), or the and

-f options must be speciEethis command does not res®te objects from the conEguration.
They can be accessedaig after astart command.

By default, vinum does not stop ack djects. Br example, you cannot stop a plevhich is
attached to an aeg wlume, and you cannot stop alwme which is openThe -f option tells
vinum to omit this checking and reme the object ayway. Use this option with great care and
understanding: used incorrectitycan result in serious data corruption.

stripe  [-f ][-n name][-v ]drives
Thestripe  command preides a simpliEed alternatit thecreate command for creatingol
umes with a single striped ple Thesize of the subdisks is the size of theést contiguous space
available on all the speciEedvas. Thestripe size is &d at 256 kB.

Normally, thestripe  command creates an arbitrary name for tleme and its component3he
name is composed of thexteri numand a small iniger, for ekamplevi nunB. You can eerride
this with the-n name option, which assigns the name speciCEed todinbene. Theplexes and
subdisks are named after thr@wme in the defult manner

There is no choice of name for thevas. If the drives have already been initialized agsnum
drives, the name remainsOtherwise the dvies ae given names starting with the xe
vi numdr i ve and a small intger, for ekamplevi nundr i ve7. As with thecreate command,
the -f option can be used to specify that ajyas name should beserwritten. The-v is used to
specify \erbose output.

See the section SIMPLIFIED CONFIGURKON belav for some ramples of this command.

SIMPLIFIED CONFIGURA TION
This section describes a simpliCEed iatexftovinum conCEguration using tle®ncat , mirror and
stripe commands. Theseommands create cesnient conEgurations for some more normal situations,
but they are not as &ible as theereate  command.

See abwee for the description of the commanddere are somexamples, all performed with the same col-
lection of disks.Note that the (Erst dgj / dev/ dalh, is snaller than the othersThis has an é&ct on the
sizes chosen for each kind of subdisk.

The followving examples all use thev option to sha the commands passed to the system, and also to list
the structure of theolume. Wthout the-v option, these commands produce no output.

Volume with a single concatenated plex
Use a wlume with a single concatenatedxpfer the lagest possible storage without resilience toalfail-
ures:

vinum -> concat -v /dev/dalh /dev/da2h /dev/da3h /dev/dadh
vol unme vi nunD
pl ex nane vi nunD. p0 org concat
drive vinundriveO device /dev/dalh
sd nane vi nunD. p0.sO drive vinundriveO size 0
drive vinundrivel device /dev/da2h
sd name vi nunD. p0.sl drive vinunmdrivel size 0
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drive vinundrive2 device /dev/da3h
sd name vi nunD. p0.s2 drive vinunmdrive2 size 0
drive vinundrive3 device /dev/dadh

sd nane vi nunD. p0.s3 drive

vi nu
vi nu
v
v
v
v

nNnnmuun o<

In this case, the complete space on all four disks wsed, ging a wlume 2134 MB in size.

110]
nD. p0

nunD. pO.
nunD. pO.
nunD. pO.
nunD. pO.

sO
sl
s2
s3

vi nundrive3 size 0
State: up Pl exes: 1 Size:
C State: up Subdi sks: 4 Size:
State: up PO, 0 B Size:
State: up PO, 414 MB Si ze
State: up PO 988 MB Si ze:
State: up PO, 1561 MB Si ze:

Volume with a single striped plex
A volume with a single striped plenay give better performance than a concatenates, filat restrictions on

striped plees can mean that theolume is smaller It will also not be resilient to a de failure:

vinum -> stripe -v /dev/dalh /dev/da2h /dev/da3h /dev/dadh

vi nundr i
vi nundr i
vi nundr i
vi nundr i

drive
drive
drive
drive

veO devi ce /dev/dalh
vel device /dev/da2h
ve2 devi ce /dev/da3h
ve3 devi ce /dev/dadh

vol unme
pl ex
sd
sd
sd
sd
vi nu
Vi nu
Vi nu
Vi nu
Vi nu
v

nNnnmuun o<

vi nunD

nane
nane
nane
nane
nane
mD

nD. p0

n0. pO.
n0. pO.
n0. pO.

v
\Y;
\Y;
\Y;
\Y;

sO
sl
s2

nunD. p0. s3

nunD. pO org striped 256k
nunD. p0. sO drive vinundriveO size 849825b
nunO. p0. s1 drive vinundrivel size 849825b
nunD. p0. s2 drive vinundrive2 size 849825b
nunD. p0. s3 drive vinundrive3 size 849825b
State: up Pl exes: 1 Size:
S State: up Subdi sks: 4 Size:
State: up PO, 0 B Size:
State: up PO, 256 kB Si ze:
State: up PO, 512 kB Si ze:
State: up PO, 768 kB Si ze:

vinum(8)

2134
2134
414
573
573
573

L

1659
1659
414
414
414
414

L

In this case, the size of the subdisks has been limited to the smadilsgila disk, so the resultingplume is
only 1659 MB in size.

Mirr ored wlume with two concatenated plexes
For more reliability use a mirrored, concatenatealume:

vinum-> mrror

vi nundr i
vi nundr i
vi nundr i
vi nundr i
vol unme mrror
pl ex nane
sd nane
sd nane
pl ex nane
sd nane
sd nane

V mrror

drive
drive
drive
drive

3.333 3=

FreeBSD 5.0

veO devi ce /dev/dalh

vel devi ce /dev/da2h

ve2 devi ce /dev/da3h

ve3 devi ce /dev/dadh

setupstate

rror.p0 org concat

rror.p0.s0O drive vinundriveO

rror.p0.sl drive vinundrive2

rror.pl org concat

rror.pl.sO drive vinundrivel size Ob

rror.pl.sl drive vinundrive3 size Ob
State: up Pl exes:

size 0b
size 0b
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P mrror.p0 C State: up Subdi sks: 2 Size: 988 MB
Pmrror.pl C State: up Subdi sks: 2 Size: 1146 MB
S mrror.p0.s0 State: up PO 0 B Size: 414 MB
S mrror.p0.sl State: up PO 414 MB Si ze: 573 MB
Smrror.pl.sO State: up PO 0 B Size: 573 MB
Smrror.pl.sl State: up PO 573 MB Si ze: 573 MB

This example speciEes the name of tlame:ni r r or . Since one drie is snaller than the others, thedw
plexes ae of diferent size, and the last 158 MB of th@ume is non-resilientTo ensure complete reliabil-
ity in such a situation, use theeate command to create ahume with 988 MB.

Mirr ored wolume with two griped plexes
Alternatively, use the-s option to create a mirroredblume with two griped pleces:

vinum-> mirror -v -n raidl0 -s /dev/dalh /dev/da2h /dev/da3h /dev/dash
drive vinundriveO device /dev/dalh
drive vinundrivel device /dev/da2h
drive vinundrive2 device /dev/da3h
drive vinundrive3 device /dev/dadh
vol une rai d10 setupstate
pl ex nane rai dl10.p0 org striped 256k
sd nane rai d10. p0.s0 drive vinundriveO size 849825b
sd nane rai d10. p0.sl1 drive vinundrive2 size 849825b
pl ex nane rai dl0.pl org striped 256k
sd nane rai d10. pl.s0 drive vinundrivel size 1173665b
sd nane rai d10. pl.sl drive vinundrive3 size 1173665b

V raidl0 State: up Pl exes: 2 Size: 1146 MB
P rai d10. p0 S State: up Subdi sks: 2 Size: 829 MB
P rai di10. p1 S State: up Subdi sks: 2 Size: 1146 MB
S rai d10. p0. s0 State: up PO 0 B Size: 414 MB
S rai d10. p0. s1 State: up PO 256 kB Si ze: 414 MB
S rai d10. pl1. s0 State: up PO 0 B Size: 573 MB
S rai d10. pl1.s1 State: up PO 256 kB Si ze: 573 MB

In this case, the usable part of th@wme is gen amaller, since the Erst pdehas shrun&n to match the
smallest dre.

CONFIGURATION FILE
vinum requires that all parameters to ttreate commands must be in a conEguration Heigies in the
con(Eguration (Ele deGalanes, plges and subdisks, and may be in free formatcept that each entry
must be on a single line.

Scale factors
Some conEguration (Ele parameters specify a size (lengths, stripeThzss)alues can be speciCEed as
bytes, or one of the follwing scale &ctors may be appended:

PeciEes that thalue is a number of sectors of 512 bytes.
speciCEes that thalue is a number of kilobytes (1024 bytes).
FeciEes that thalue is a number of rgebytes (1048576 bytes).
PeciEes that thalue is a number of gidpytes (1073741824 bytes).

«Q 3 x o

FreeBSD 5.0 13 October 1999 13



vinum (8)

FreeBSD System ManagefManual vinun(8)

is uised for compatibility with VERIAS. It stands for blocks of 512 bytedhis abbrgiation is
confusing, since theavd “block" i s used in diferent meanings, and its use is deprecated.

For example, the alue 16777216 bytes can also be writted@s, 16384k or 32768s .

The conEguration Ele can contain thenfoigpentries:

drive

nane devi cenane [options]

DeEne a die. The options are:

device devi cenane Specify the deice on which the dvie resides.devi cenanme must be the

hotspare

volume nane [options]

plex

name of a disk partition, forxample/ dev/ dale or/ dev/ wd3s2h, and it
must be of typerinum . Do not use thec partition, which is reseed for the
complete disk.

DeEne the @B b be a™hot spares deg which is maintained to automatically
replace adiled drive. vinum does not aller this drive © be used for am
other purpose.n particular it is ot possible to create subdisks on Tthis
functionality has not been completely implemented.

De@Ene aclume with nameaane.

Options are:

plex pl exname

readpol policy

setupstate

[options]

Add the speciEed gl the wlume. Ifpl exnamne is speciEed asvinum
will look for the deEnition of the ples the net possible entry in the conEgu-
ration (Ele after the deEnition of tleme.

DeEne aead pol i cy for the wlume. pol i cy may be eitheround or
prefer  pl exname. vinum satisCEes a read request from only one of the
plexes. A round read polig speciEes that each read should be performed
from a diferent ple in round-obin fashion. Aprefer read poliy reads
from the speciCEed plevery time.

When creating a multi-pkevolume, assume that the contents of all thegsle

are consistentThis is normally not the case, and correctly you should use the
init  command to Erst bring them to a consistent dtatiie case of striped
and concatenated ples, havever, it does not normally cause problems to
leave them inconsistent: when using elwme for a Ele system or aagvparti-

tion, the preious contents of the disks are not of interest, sg thay be
ignored. Ifyou want to tale this risk, use this éyword. It will only apply to

the plexes deEned immediately after thelume in the conEguration Efe.
you add plges o a wlume at a later time, you must igtate them.

Note that youmust use theinit command with RAID-5 plees: otherwise
extreme data corruption will result if one subdisid.

De(Ene a pte Unlike a wlume, a plg does not need a nam&he options may be:

name pl exnane

FreeBSD 5.0

Specify the name of the ple Notethat you must use thesyword nane when
naming a ple or subdisk.
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org organi zation [stripesize]

volume vol nane

Specify the ayanization of the ple. organi zati on can be one of
concat,stripedorrai d5. Forstri ped andrai d5 plexes, the param-
eterstri pesi ze must be speciEed, while famncat it must be omitted.
For typestri ped, it speciCEes the width of each strigex typer ai d5, it
speciEes the size of a grodpgroup is a portion of a ptewhich stores the
parity bits all in the same subdiskt must be adctor of the phe size (in other
words, the result of diding the ple& size by the stripe size must be an ges,
and it must be a multiple of a disk sector (512 bytes).

For optimum performance, stripes should be at least 128 kB in sigthiiag
smaller will result in a signiCEcant increase in |/Oviigtdue to mapping of
individual requestswer multiple disks. The performance impvement due to

the increased number of concurrent transfers caused by this mapping will not
male wp for the performance drop due to the increase in IgteAcgood
guideline for stripe size is between 256 kB and 512 kB.

A striped plx must hae d least tvo subdisks (otherwise it is a concatenated
plex), and each must be the same si&eRAID-5 plex must hae & least three
subdisks, and each must be the same dizg@ractice, a RAID-5 pbe should
have & least 5 subdisks.

Add the ple to the speciCedlme. Ifnovolume keyword is speciEed, the
plex will be added to the lasplume mentioned in the conEguration Ele.

sd sdnane of f set Add the speciCEed subdisk to fhlex at offsetof f set .

subdisk  [options]

De(Ene a subdiskptions may be:

name nane

Specify the name of a subdisk.is not necessary to specify a name for a
subdiskSsee OBJECT NMING above. Note that you must specify theyword
nane

if you wish to name a subdisk.

plexoffset of f set

Specify the starting &et of the subdisk in the ple If not speciCEed,

vinum

allocates the space immediately after thevipres subdisk, if ay or otherwise
at the bginning of the plz.

driveoffset of f set

FreeBSD 5.0

Specify the starting et of the subdisk in the @g. If not speciCEed,
vinum

allocates the Erst contiguous

[ ength

bytes of free space on thedri
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plex

drive

I ength

pl ex

dri

ve
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Specify the length of the subdiskhis keyword must be speciCEethere is no
default, hut the \alue 0 may be speciCEed to mean

“use the lggest &ailable contiguous free area on theveti.

If the drive is enpty, this means that the entire aiwill be used for the
subdisk.

length

may be shortened to

len .

Specify the ple to which the subdisk belong8y default, the subdisk belongs
to the last ple speciEed.

Specify the drie a which the subdisk reside®y default, the subdisk resides
on the last dvie peciCEed.

EXAMPLE CONFIGURA TION FILE

# Sanpl e

#

# Qur
drive
drive
drive
drive
drive
drive

dri
dri
dri
dri
dri
dri
dri

vi num configuration file

ves
vel
ve2
ve3
ve4d
veb5
veb

devi
devi
devi
devi
devi
devi

ce
ce
ce
ce
ce
ce

# A volune with one
vol unme tinyvol
plex org striped 512b
sd length 64m drive drive2
sd length 64m drive drived
vol une stripe
plex org striped 512b
sd length 512mdrive drive2
sd length 512mdrive drived
# Two pl exes
vol ume concat
pl ex org concat
sd length 100m drive drive2
sd | ength 50m drive drived
pl ex org concat
sd length 150m drive drived
# A volune with one striped plex and one concatenated pl ex
vol une strcon
plex org striped 512b
sd length 100m drive drive2
sd length 100m drive drived
pl ex org concat
sd length 150m drive drive2
sd | ength 50m drive drived

FreeBSD 5.0

/ dev/ dalh
/ dev/ da2h
/ dev/ da3h
/ dev/ da4dh
/ dev/ dabh
/ dev/ da6h
striped plex
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# a volune with a RAID5 and a striped plex
# note that the RAID-5 volunme is |onger by
# the length of one subdi sk
vol une vol 5

pl ex org striped 64k

sd | ength 1000m drive drive2

sd | ength 1000m drive drive4

pl ex org raid5 32k

sd | ength 500mdrive drivel

sd | ength 500m drive drive2

sd | ength 500m drive drive3

sd | ength 500mdrive drived

sd | ength 500m drive driveb

DRIVE LAYOUT CONSIDERATIONS
vinum drives ae currently BSD disk partitionsThey must be of typevi numin order to &oid overwriting
data used for other purposddsedisklabel - e to edit a partition type deEnitionhe folloving display
shaws a typical partition layout as shio by disklabel:

8 partitions:

# si ze of f set fstype [fsize bsize bps/cpg]
a 81920 344064 4. 2BSD 0 0 0 # (Cyl. 240*- 297%)
b 262144 81920 swap # (Cyl. 57*- 240%)
c: 4226725 0 unused 0 0 # (Cyl. 0 - 2955%)
e 81920 0 4.2BSD 0 0 0 # (Cyl. 0 - 57%)
f 1900000 425984 4.2BSD 0 0 0 # (Cyl. 297* 1626%)
g 1900741 2325984 vi num 0 0 0 # (Cyl. 1626*- 2955%)

In this example, partitiorg may be used asvenum partition. Rartitionsa, e andf may be used d3FSEle
systems orccd partitions. Rurtition b is a svap partition, and partitioe represents the whole disk and
should not be used for aother purpose.

vinum uses the Erst 265 sectors on each partition for con@Eguration information, so the maximum size of a
subdisk is 265 sectors smaller than theedri

LOG FILE
vinum maintains a log Ele, by deft/ var/t np/ vi num hi st ory, in which it keeps track of the com-
mands issued t@inum . You can woerride the name of this Ele by setting theirenment \ariable
VI NUM_HI STORY to the name of the Ele.

Each message in the log Ele is preceded by a ta¢edefult format is%e % % % %Vt %6 See
strftinme(3) for further details of the format strindt can be werridden by the erironment \ariable
VI NUM_DATEFORNVAT.

HOW TO SET UP VINUM
This section gies practical advice about oto implement asinum system.

Where to put the data
The Erst choice you need to maIkwhere to put the dataYou need dedicated disk partitions feinum .
They should be partitions, not giees, and the should not be partitiort. For example, good names are
/ dev/ daOe or/ dev/ wd3s4a. Bad names aredev/ da0 and/ dev/ da0Os1, both of which represent a
device, not a partition, anfdev/ wdl1c, which represents a complete disk and should be ofugpeed .
See the xample under DRIVE LXOUT CONSIDERATIONS abee.
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Designing wlumes
The way you set upinum volumes depends on your intentioriBhere are a number of possibilities:

1. You may vant to join up a number of small disks to raakeasonable sized Ele systdfor example,
if you had (evamall drives and wanted to use all the space for a singlume, you might write a con-
Eguration Eledik

drive dl device /dev/da2e
drive d2 device /dev/da3e
drive d3 device /dev/dade
drive d4 device /dev/dabe
drive d5 device /dev/da6e
vol unme bi gger
pl ex org concat
sd length O drive dl
sd length O drive d2
sd length O drive d3
sd length O drive d4
sd length O drive d5

In this case, you specify the length of the subdisks as 0, which mesmshe lagest area of free space
that you can End on theveti. If the subdisk is the only subdisk on thevdrit will use all available
space.

2. You want to set uwinum to obtain additional resilience aigst disk &ilures. You hare the choice of
RAID-1, also called mirroring", or RAID-5, also called parity".

To st up mirroring, create multiple ples in a wolume. Fr example, to create a mirroredlume of 2
GB, you might create the folling con@Eguration Ele:

drive dl device /dev/da2e
drive d2 device /dev/da3e
vol ume mirror
pl ex org concat
sd length 2g drive di
pl ex org concat
sd length 2g drive d2

When creating mirrored ds, it is important to ensure that the data from eack iglen a dfferent
physical disk so thatinum can access the complete address space obtme &en if a drive fails.

Note that each plerequires as much data as the completenae: in this gample, the lume has a

size of 2 GB, ht each plg (and each subdisk) requires 2 GB, so the total disk storage requirement is 4
GB.

To st up RAID-5, create a single glef typer ai d5. For example, to create an eqglent resilient
volume of 2 GB, you might use the folking conEguration Ele:

drive dl device /dev/da2e
drive d2 device /dev/da3e
drive d3 device /dev/dade
drive d4 device /dev/dabe
drive d5 device /dev/da6e
vol une raid
pl ex org raid5 512k
sd length 512mdrive dl
sd length 512mdrive d2
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sd Il ength 512m drive d3
sd length 512m drive d4
sd length 512m drive d5

RAID-5 plexes require at least three subdisks, one of which is used for storing parity information and is
lost for data storageThe more disks you use, the greater the proportion of the disk storage can be used
for data storageln this example, the total storage usage is 2.5 GB, compared to 4 GB for a mirrored
conEguration. ifou were to use the minimum of only three disks, yould require 3 GB to store the
information, for @ample:

drive dl device /dev/da2e
drive d2 device /dev/da3e
drive d3 device /dev/dade
vol une raid
pl ex org raid5 512k
sd length 1g drive di
sd length 1g drive d2
sd length 1g drive d3

As with creating mirrored dres, it is important to ensure that the data from each subdisk is diera dif
ent plysical disk so thatinum can access the complete address space ofotheme @en if a drive
fails.

You want to set uwinum to allov more concurrent access to a Ele systearmary cases, access to a
(Ele system is limited by the speed of the diskspreading thealume across multiple disks, you can
increase the throughput in multi-accessimmments. Thigechnique shwes little or no performance
improvement in single-access\@ronments. vinum uses a technique calledtriping”’, or sometimes
RAID-0, to increase this concurrgnof access. Th@ame RAID-0 is misleading: striping does not pro-
vide ary redundang or additional reliability In fact, it decreases the reliabilitynce the &ilure of a
single disk will render thealume useless, and the more disks yotehthe more lilely it is that one of
them will fail.

To implement striping, usest r i ped plex:

drive dl device /dev/da2e
drive d2 device /dev/da3e
drive d3 device /dev/dade
drive d4 device /dev/dabe
vol une raid
pl ex org striped 512k
sd length 512mdrive dl
sd length 512mdrive d2
sd length 512m drive d3
sd length 512m drive d4

A striped plex must hae & least tvo aubdisks, bit the increase in performance is greater if yoteha
larger number of disks.

You may vant to hae the best of both wrlds and hee koth resilience and performance&his is some-
times called RAID-10 (a combination of RAID-1 and RAID-0), thoughiadhis name is misleading.
With vinum you can do this with the folwing conCEguration Ele:

drive dl1 device /dev/da2e
drive d2 device /dev/da3e
drive d3 device /dev/dade
drive d4 device /dev/dabe
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vol unme raid setupstate

pl ex org striped 512k
sd length 512mdrive dl
sd length 512mdrive d2
sd Il ength 512m drive d3
sd length 512m drive d4

pl ex org striped 512k
sd length 512m drive d4
sd Il ength 512m drive d3
sd length 512mdrive d2
sd length 512mdrive dl

Here the plres ae striped, increasing performance, and there apeofwhem, increasing reliablity
Note that this xample shas the subdisks of the secondxpia revese order from the Erst yleThis

is for performance reasons and will be discussedabelo addition, the wlume speciCEcation includes
the keyword set upst at e, which ensures that all ples ae up after creation.

Creating the wlumes
Once you hee aeated your con(Eguration (Eles, gtarim and create theolumes. Inthis example, the
conEguration is in the @&tenf i gf i | e:

# vinumcreate -v configfile
drive dl device /dev/da2e
drive d2 device /dev/da3e
vol ume mrror
pl ex org concat
sd length 2g drive di
pl ex org concat
sd length 2g drive d2
Configuration sumrary

S

Drives: 2 (4 configured)
Vol unes: 1 (4 configured)
Pl exes: 2 (8 configured)
Subdi sks: 2 (16 confi gured)

Drive dil: Devi ce /dev/ da2e
Created on vinumlen s.comat Tue Mar 23 12:30:31 1999
Config last updated Tue Mar 23 14:30:32 1999

Si ze: 60105216000 bytes (57320 MB)
Used: 2147619328 bytes (2048 MB)
Avai |l abl e: 57957596672 bytes (55272 MB)
State: up
Last error: none

Drive d2: Devi ce /dev/ da3e

Created on vinumlens.comat Tue Mar 23 12:30:32 1999
Config | ast updated Tue Mar 23 14:30: 33 1999

Si ze: 60105216000 bytes (57320 MB)
Used: 2147619328 bytes (2048 MB)
Avai |l abl e: 57957596672 bytes (55272 MB)
State: up

Last error: none
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Vol ume mrror:

Plex mirror. pO:

Plex mrror.pl:

FreeBSD System ManagefManual

Size: 2147483648 bytes (2048 MB)

State: up
Fl ags:
2 pl exes

Read policy: round robin

Si ze: 2147483648 bytes (2048 MB)
Subdi sks: 1

State: up

Organi zati on: concat

Part of volune mrror

Si ze: 2147483648 bytes (2048 MB)
Subdi sks: 1

State: up

Organi zati on: concat

Part of volune mrror

Subdi sk mirror. p0.sO:
Si ze: 2147483648 bytes (2048 MB)

State: up
Plex mirror.p0 at offset 0O

Subdi sk mirror. pl.s0:
Si ze: 2147483648 bytes (2048 MB)

State: up
Plex mirror.pl at offset O

vinun(8)

The -v option tellsvinum to list the Ele as it contEgurgsbsequently it lists the current conCEguration in
the same format as tlist -v command.

Creating more wlumes

Once you hee aeated thevinum volumes,vinum keeps track of them in its internal contEguration Eles.
You do not need to create themadqg. Inparticulay if you run thecreate command agin, you will create

additional objects:

# vinum create sanpl econfig
Configuration summary

Drives:
Vol unes:
Pl exes:

Subdi sks:

D di
D d2

V mrror

P mrror.
P mrror.
P mrror.
P mrror.

FreeBSD 5.0

[o]0]
pl
p2
p3

2 (4 configured)
1 (4 configured)
4 (8 configured)
4 (16 configured)

State: up Devi ce /dev/ da2e

State: up Devi ce /dev/ da3e

State: up Pl exes: 4 Size:
C State: up Subdi sks: 1 Size:
C State: up Subdi sks: 1 Size:
C State: up Subdi sks: 1 Size:
C State: up Subdi sks: 1 Size:

13 October 1999

Avail: 53224/57320 MB (92%
Avail: 53224/57320 MB (92%

2048

2048
2048
2048
2048

®

IR
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S mrror.p0.s0
S mrror.pl.s0O
S mrror.p2.s0
S mrror.p3.s0

FreeBSD System ManagefManual

State:
State:
State:
State:

up
up
up
up

PO
PO
PO
PO

0 B Size: 2048 MB
0 B Size: 2048 MB
0 B Size: 2048 MB
0 B Size: 2048 MB

vinum(8)

As this xample (this time with thef option) shavs, re-running thereate has created four meplexes,
each with a n& subdisk. Ifyou want to add otherolumes, create meconEguration Eles for thefney do
not need to reference thewds thatvinum already knavs about. For example, to create aolumer ai d on
the four drves/ dev/ dale, / dev/ da2e, / dev/ da3e and/ dev/ dade, you only need to mention the

other tvo:

drive d3 device /dev/dale
drive d4 device /dev/dade

volune raid

pl ex org rai d5 512k

2g drive dl
2g drive d2
2g drive d3
2g drive d4

sd size
sd size
sd size
sd size

With this conEguration Ele, we get:

# vinum create newconfig

Configuration sumrary

Drives:

Vol unes:

Pl exes:

Subdi sks:

D d1

D d2

D d3

D d4

V mrror
Vraid

P mrror.p0
P mrror.pl
P mrror.p2
P mrror.p3
P raid. p0

S mirror.po.
S mrror.pl.
S mrror.p2.
S mrror.p3.
S raid. p0. s0
S rai d. p0.sl
S rai d. p0.s2
S raid. p0.s3

FreeBSD 5.0

sO
sO
sO
sO

4
2
5
8

(
(
(
(

4 configured)
4 configured)
8 confi gured)
16 confi gured)

aoooo

R

State:
State:
State:
State:

St at e:
St at e:

State:
State:
State:
State:
State:

State:
State:
State:
State:
State:
State:
State:
State:
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up
up
up
up

down
down

init
init
init
init
init

up
up
up
up
enpty
enpty
enpty
enpty

Devi ce /dev/da2e
Devi ce /dev/ da3e
Devi ce /dev/dale
Devi ce /dev/ dade

Pl exes: 4
Pl exes: 1
Subdi sks: 1
Subdi sks: 1
Subdi sks: 1
Subdi sks: 1
Subdi sks: 4
PO 0O B
PO 0O B
PO 0O B
PO 0O B
PO 0O B
PO 512 kB
PO 1024 kB
PO 1536 kB

Si
Si

Si
Si
Si
Si
Si

Si
Si
Si
Si
Si
Si
Si
Si

ze:
ze:

ze:
ze:
ze:
ze:
ze:

ze:
ze:
ze:
ze:
ze:
ze:
ze:
ze:

Avai | :
Avai | :
Avai | :
Avai | :

2048
6144

2048
2048
2048
2048
6144

2048
2048
2048
2048
2048
2048
2048
2048

51176/ 573
53220/ 573
53224/ 573
53224/ 573

PEDDONID OPIDD O
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Note the size of the RAID-5 pleit is only 6 GB, although together its components use 8 GB of disk space.
This is because the egdient of one subdisk is used for storing parity data.

Restarting Vinum
On rebooting the system, staihum with thestart command:

# vinum start

This will start all thevinum drives in the system.If for some reason you wish to start only some of them,
use theead command.

Peformance considerations
A number of misconceptionsist about ha to set up a RAID array for best performancie particular
most systems usairftoo small a stripe sizeél'he following discussion applies to all RAID systems, not just
tovinum .

The FreeBSD block I/O system issues requests of between .5kB and 60 kB; a typical mixwbheseme
round 8 kB. You can't stop ary striping system from breaking a request intmtphysical requests, and if
you do it wrong it can be brek into seeral. Thiswill result in a signiCEcant drop in performance: the
decrease in transfer time per disk ifsef by the order of magnitude greater increase in katenc

With modern disk sizes and the FreeBSD /O system, youxgatteto hae a easonably small number of
fragmented requests with a stripe size between 256 kB and 512 kB; with correct RAID implementations
there is no olious reason not to increase the size to 2 or 4 MB omga tisk.

When choosing a stripe size, consider that most current ufs Ele systemirider groups 32 MB in size.

The easiest ay to consider the impact ofatransfer in a multi-access system is to look at it from the point

of view of the potential bottleneck, the disk subsystemw mauch total disk time does the transfer use?
Since just aboutverything is cached, the time relationship between the request and its completion is not so
important: the important parameter is the total time that the reqeess khe disks aeé, the time when the

disks are not\wilable to perform other transferé\s a result, it doeshreally matter if the transfers are hap-
pening at the same time or féifent times.In practical terms, the time we' looking at is the sum of the

total lateng (positioning time and rotational latgnar the time it taks for the data to amé under the disk
heads) and the total transfer timieor a gven transfer to disks of the same speed, the transfer time depends
only on the total size of the transfer

Consider a typical wes article or web page of 24 kB, which will probably be read in a single T&Re
disks with a transfer rate of 6 MB/s and arerage positioning time of 8 ms, and a (Ele system with 4 kB
blocks. Sincet's 24 kB, we dont haveto worry about fragments, so the Ele will start on a 4 kB boundary
The number of transfers required depends on where the block staiS:+itF - 1) / S, where S is the stripe
size in Ele system blocks, and F is the Ele size in Ele system blocks.

1. Stripesize of 4 kB. You'll have 6 tansfers. ®tal subsystem load: 48 ms latgn2 ns transfer 50 ms
total.

2. Stripesize of 8 kB. On average, youl have 35 transfers.Total subsystem load: 28 ms latgn2 ns
transfer 30 ms total.

3. Stripesize of 16 kB.On average, youll have 225 transfers.Total subsystem load: 18 ms latgn2 ns
transfer 20 ms total.

4. Stripesize of 256 kB.On average, youll have 108 transfers.Total subsystem load: 8.6 ms latgn2
ms transferl0.6 ms total.

5. Stripesize of 4 MB. On average, youll have 10009 transfersTotal subsystem load: 8.01 ms latgn2
ms transfer10.01 ms total.
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It appears that some hardie RAID systems lva problems with lage stripes: theappear to abays transfer
a complete stripe to or from disk, so that agkarstripe size will hae an adverse efect on performance.
vinum does not sidiér from this problem: it optimizes all disk transfers and does not transfer unneeded data.

Note that no well-knen benchmark program tests true multi-access conditions (more than 100 concurrent
users), so it is diEcult to demonstrate thaidity of these statements.

Given these considerations, the falling factors dect the performance of\dnum volume:

f Striping impraves performance for multiple access ongnce it increases the chance of idual
requests being on @irent dres.

f Concatenating UFS (Ele systems across multiplesdian also impree performance for multiple Ele
access, since UFSwilles a Ele system intgdioder groups and attempts tedp Eles in a singigdiader
group. Ingeneral, it is not as fefctive & griping.

f Mirroring can impraee multi-access performance for reads, since byualef/inum issues consecug
reads to consecu# fexes.

f Mirroring decreases performance for all writes, whether multi-access or single access, since the data
must be written to both ples. Thisexplains the subdisk layout in theample of a mirroring conEgura-
tion abare: if the corresponding subdisk in eachxpile an a dfferent plysical disk, the write commands
can be issued in parallel, whereas ifytlaee on the same phical disk, thg will be performed sequen-
tially.

f RAID-5 reads hee essentially the same considerations as striped reads, unless the stripedopieof
a mirrored wlume, in which case the performance of the mirroddmae will be better

f RAID-5 writes are approximately 25% of the speed of striped writes: to perform thewivritey must
(Erst read the data block and the corresponding parity block, perform some calculations and write back the
parity block and the data block, four times as yn@ansfers as for writing a striped pleOnthe other
hand, this is déet by the cost of mirroring, so writes to@wme with a single RAID-5 pleare approxi-
mately half the speed of writes to a correctly conEguatache with tw driped plexes.

f When thevinum conCEguration changes (faample, adding or remving objects, or the change of state
of one of the objectsyinum writes up to 128 kB of updated conCEguration to each drhe lager the
number of dies, the longer this tals.

Creating Ele systems onndm volumes
You do not need to rurdisklabel before creating a Ele system oriram volume. Justun newfs .
Use the-v option to state that the vdee is not diided into partitions.For example, to create a (Ele system
on wlumemi r r or, enter the folleving command:

# newfs -v /dev/vinum nirror
A number of other considerations applywioum conCEguration:

f There is no adantage in creating multiple @ds on a sngle disk. Each drve wses 131.5 kB of data for
label and conCEguration information, and performance wiirswhen the conEguration changése
appropriately sized subdisks instead.

f Itis possible to increase the size of a concatendtedn plex, but currently the size of striped and
RAID-5 plexes cannot be increasedCurrently the size of anxisting UFS Ele system also cannot be
increased, Wt it is planned to makioth plexes and (Ele systemstensible.

STATE MANAGEMENT
Vinum objects hae the concept o$tate Seevi num(4) for more detailsThey are only completely accessi-
ble if their state imp. To change an object state tip, use thestart command. @ change an object state
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to down use thestop command. Normallyother states are created automatically by the relationship
between objectsFor example, if you add a pketo avolume, the subdisks of the glavill be set in thestale
state, indicating that, though the haeteris accessible, the data on the subdiskaidh As a result of this
state, the pbewill be set in thdaulty state.

The 'reviving' state

In mary cases, when you start a subdisk the system mugtdaip to the subdiskDepending on the size of
the subdisk, this can tala bng time. During this time, the subdisk is set in tlesiving state. Orsuccessful
completion of the copoperation, it is automatically set to thp state. Itis possible for the process per
forming the reive © be dopped and restartedlhe system &eps track of he far the subdisk has been
revived, and when thetart command is reissued, the gy continues from this point.

In order to maintain the consistgnof a volume while one or more of its ples is being revived, vinum
writes to subdisks which ke keen re@ived up to the point of the writelt may also read from the pléf the
area being read has already beeivesl.

GOTCHAS

The following points are notugs, and thg havegood reasons forxesting, kut they have shavn to cause
confusion. Eaclis discussed in the appropriate sectionvabo

1. vinum drives ae UNIX disk partitions and must ¥ the partition typesi num This is diferent from
ccd , which epects partitions of typé. 2BSD. This behaiour of ccd is an iitation to shoot yourself
in the foot: withccd you can easily werwrite a (Ele systenvinum will not permit this.

For similar reasons, thginum st art command will not accept a gd m partition c. Partitionc is
used by the system to represent the whole disk, and must be aftyped. Clearly there is a coneict
here, whichvinum resolhes by not using the partition.

2.  Whenyou create aalume with multiple plges, vinum does not automatically initialize the pés.
This means that the contents are notvkmaduwut they are certainly not consistenfAs a result, by dedult
vinum sets the state of all wéy-created plges except the Erst tot al e. In order to synchronize
them with the Erst pleyou muststart  their subdisks, which causesum to copy the data from a
plex which is in theup state. Dependingn the size of the subdisks/gtved, this can taka bng time.

In practice, people arartoo interested in whatag in the phe when it was created, and otheolume
managers cheat by setting themm anyway. vinum provides two ways to ensure that wéy created
plexes ae up:

f Create the pkes and then synchronize them wittnum start

f Create the @ume (not the pbe with the leyword set upst at e, which tellsvinum to ignore ag
possible inconsisteg@nd set the phees to be up.

3.  Someof the commands currently supportedviyum are not really needed-or reasons which | dot'
understand, heever, | Gad that users frequently try thebel andresetconfig commands, though
especiallyresetconfig outputs all sort of dire arnings. Dort use these commands unless you
have a gpod reason to do so.

4. Somestate transitions are noémy intuitive. In fact, it's mot clear whether this is aup or a featurelf
you (End that you camstart an object in some strange state, suchrabar n subdisk, try Erst to get it
into st opped state, with thestop orstop -f commands. Ithat works, you should then be able to
start it. If you (End that this is the onlyawto get out of a position where easier methaidls please
report the situation.

5. If you huild the lernel module with the DVI NUMDEBUG option, you must alsouild vinum(8)  with

the - DVI NUMDEBUG option, since the size of some data objects used by both components depends on

this option. If you dont do 0, commands will dil with the messagenval i d ar gunent, and a
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console message will be logged such as

vinum octl: invalid ioctl fromprocess 247 (vinun): c0e44642
This error may also occur if you use olersions of kld or userland program.

6. Thevinum read command has a particularly emetic synta@@nce it vas the only &y to start
vinum , but nowv the preferred method is witinum start. vinum read should be used for
maintenance purposes onlilote that its syntax has changed, and tlgeiraents must be disk slices,
such ag dev/ daO, not partitions such assdev/ daOe.

FILES
/ dev/ vi num- directory with deice nodes forvinum objects.
/ dev/ vi nuni cont r ol - control device forvinum
/ dev/ vi nuni pl ex - directory containing déce nodes fovinum plexes.
/ dev/ vi nunt sd - directory containing déce nodes fovinum subdisks.

ENVIRONMENT
VINUM_HISTORY The name of the log Ele, byaldf har/log/vinum_history
VINUM_DATEFORMAT The format of dates in the log Ele, byad#f%e %b %Y %H:%M:%S.
EDITOR The name of the editor to use for editing conEguration Elesauiimief

SEE ALSO

strftine(3),vi num4),di skl abel (8),newfs(8),http://ww. | em s.conlvinumhtm ,
http://ww. | emi s. com vi num debuggi ng. ht m .

AUTHOR
Gregg Lehey grog@lemis.cori

HISTORY

Thevinum command Erst appearedrieeBSD3.0. TheRAID-5 component offinum was devdoped for
Cybernet Inc.wmwv. cyber net . comfor its NetMAX product.
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