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The Vinum Volume
Manager

Vinumis aVoume Manger, a virtual disk driver that addresses these three issues:
f Disks can be too small.

f Disks can be too sho

f Disks can be too unreliable.

From a user vigpoint, Minum looks almostyactly the same as a diskythin addition to
the disks there is a maintenance program.

Vinum objects

Vinum implements a fodevel hierarcty of objects:

f The most visible object is the virtual disk, calledodume Volumes hae essentially
the same properties as a UNIX diskvdyithough there are some minorfdiences.
They haveno size limitations.

f VWolumes are composed pfexes each of which represents the total address space of
a wlume. Thislevel in the hierarch thus preides redundanc Think of plexes &
individual disks in a mirrored arragach containing the same data.

f Vinum «ists within the UNIX disk storage framerk, so it would be possible to use
UNIX partitions as the uilding block for multi-disk plees, kut in fact this turns out
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to be too inexible: UNIX disks can hee anly a limited number of partitions.
Instead, Vhum subdiides a single UNIX partition (thdrive) into contiguous areas
calledsubdiskswhich it uses asuilding blocks for plges.

f Subdisks reside onivum drives currently UNIX partitions. Vinum drives can
contain ay number of subdisksWith the eception of a small area at thegirning
of the drive, which is used for storing conCEguration and state information, the entire
drive is available for data storage.

Plexes can include multiple subdisks spreadboall drives in the Minum conEguration, so
the size of an indidual drive dbes not limit the size of a pdeand thus of aclume.

Mapping disk space to plexes

The way the data is shared across the@edrias a strong ineuence on performandés
corvenient to think of the disk storage as agkrnumber of data sectors that are
addressable by numbeather lile the pages in a bookThe most obious method is to
divide the virtual disk into groups of consewsti®ctors the size of the inddual
physical disks and store them in this manmether lile the way a lage engclopaedia is
divided into a number ofolumes. Thignethod is calle¢oncatenationand sometimes
JBOD (Just a Bunb Of Diskg. It works well when the access to the virtual disk is
spread eenly about its address spacé/hen access is concentrated on a smaller area, the
improvement is less madd. Figurel2-1 illustrates the sequence in which storage units
are allocated in a concatenatedapization.

Disk 1 Disk 2 Disk 3 Disk 4

0 10 12
11 13
14
15
16

17

O 00 N O

g bW N

Figure 12-1: Concatenated organization

An alternatve mapping is to diide the address space into smallegual-sized
components, callecstripes and store them sequentially on fdifent deices. For
example, the Erst stripe of 292 kB may be stored on the Erst dislkt teipeeon the
next disk and so onAfter (Elling the last disk, the process repeats until the disks are full.
This mapping is calledstriping or RAID-0! though the latter term is somkat
misleading: it preides no redundagc Sriping requires sonvehat more €brt to locate
the data, and it can cause additional I/O load where a transfer is speeadutiiple
disks, lut it can also pndde a more constant load across the diskigure 12-2

1. RAID stands foRedundant Ay of Inexpensive Diskand ofers \arious forms ofdult tolerance.
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illustrates the sequence in which storage units are allocated in a stgpeidation.

Disk 1 Disk 2 Disk 3 Disk 4
0 1 2 3
4 5 6 7
8 9 10 11
12 13 14 15
16 17 18 19
20 21 22 23

Figure 12-2: Striped organization

Data integrity

Vinum ofers two forms of redundant data storage aimed at gimyihardvare filure:
mirroring, aso knavn as RAID leel 1, and parity, dso knavn as RAID leels 2 to 5.

Mirroring maintains tw or more copies of the data on féifent plysical hardvare. Ary
write to the wlume writes to both locations; a read can be satis@Eed from sittieme
drive fails, the data is stilhailable on the other dre. It has two problems:

f The price. It requires twice as much disk storage as a non-redundant solution.

f The performance impactWrites must be performed to bothwds, so thg take up
twice the bandwidth of a non-mirroredolume. Readsdo not sufer from a
performance penalty: you only need to read from one of the disks, so in some cases,
they can even be faster

The most interesting of the parity solutions is RAIRel&, usually calledRAID-5 The

disk layout is similar to striped ganization, ecept that one block in each stripe contains
the parity of the remaining blocksThe location of the parity block changes from one
stripe to the ne to balance the load on thewas. If arny one drive fails, the dnver can
reconstruct the data with the help of the parity informatibrone drive fails, the array
continues to operate idegraded mode: a read from one of the remaining accessible
drives continues normally but a read request from theailed drve is satisEed by
recalculating the contents from all the remainingedti Writessimply ignore the dead
drive. When the drie is replaced, ¥hum recalculates the contents and writes them back
to the nev drive.

In the folloving Egure, the numbers in the data blocks indicate theveeldtick
numbers.
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Disk 1 Disk 2 Disk 3 Disk 4
0 1 2 Paity
3 4 Paity 5
6 Paity 7 8
Paity 9 10 11
12 13 14 Paity
15 16 Paity 17

Figure 12-3: RAID-5 organization

Compared to mirroring, RAID-5 has the atitage of requiring signiCEcantly less storage
space. Readiccess is similar to that of stripedgamizations, it write access is
signiEcantly skeer, gpproximately 25% of the read performance.

Vinum also dersRAID-4, a smpler variant of RAID-5 which stores all the parity blocks
on one disk.This males the parity disk a bottleneck when writingAID-4 offers no
adwantages er RAID-5, so it's df ectively useless.

Which plex organization?

Each ple organization has its unique agdntages:

f

Concatenated ptes ae the most «gible: they can contain ayp number of subdisks,
and the subdisks may be offdifent length. The plex may be a&tended by adding
additional subdisks.They require less CPU time than striped or RAID-5xpke
though the dference in CPU werhead from striped pkes is not measurableThey
are the only kind of plethat can bexended in size without loss of data.

The greatest adwtage of striped (RAID-0) ptes is that the reduce hot spots: by
choosing an optimum sized stripe (between 256 and 512 kB), yowearg the
load on the component des. Thedisadwantage of this approach is the restriction on
subdisks, which must be all the same sigatending a striped peby adding nev
subdisks is so complicated thainMm currently does not implement i\ striped
plex must hae & least tvo subdisks: otherwise it is indistinguishable from a
concatenated pke In addition, theres an interaction between the geometry of UFS
and Mnum that maks it advisable not to ti@ a ¢ripe size that is a peer of 2: thats
the background for the mention of a 292 kB stripe size inxample abue.

RAID-5 plexes ae efectively an tension of striped ples. Comparedo striped
plexes, theg offer the adantage ofdult tolerance, Wt the disadantages of someéhat

higher storage cost and signiEcanttyse write performancelike griped plees,

RAID-5 plexes nust hae eual-sized subdisks and cannot currently kiereded.
Vinum enforces a minimum of three subdisks for a RAID-%:@ey smaller number
would not male any €nse.

vinum.mm,v v4.20 (2003/06/29 04:33:42nodiCEed 29 Jul 2003, 01:01:03 UTC)



29 July 2003, 10:33:0The Complete FreeBSD (vinum.mm), page 225

Vinum objects 225

f Vinum also dkrs RAID-4, although this genization has some disaaivtages and no
adwantages when compared to RAID-Bhe only reason for including this feature
was that it was a twial addition: it required only twlines of code.

The folloving table summarizes the ahtages and disadmtages of each ple
organization.

Table 12-1: Vinum plex organizations

Minimum | Can Must be
Plex type subdisks add equal Application
subdisks | size

concatenated 1 yes no Large data storage with maximum
placement sgibility and moderate
performance.

striped 2 no yes High performance in combination
with highly concurrent access.

RAID-5 3 no yes Highly reliable storage, primarily
read access.

Creating Vinum drives

Before you can do athing with Vinum, you need to resesvdsk space for it.Vinum
drive dvjects are indct a special kind of disk partition, of typeum We've en hav to
create disk partitions on page 215.in that example we had anted to create aiMvum
volume instead of a UFS partition, wewd hare aeated it lile this:

8 partitions:

# size offset fstype [fsize bsize bps/cpg]
c: 6295133 0 unused 0 0 # (Cy. 0 -10302
b: 1048576 0 swap 0 0 # (Ol 0 - 10302)
h: 5246557 1048576 vi num 0 0 # (Ql. 0 - 10302)

Starting Vinum

Vinum comes with the base system ddda It gets loaded automatically when you run
the vinum command. I8 possible to bild a special &rnel that includes ium, kut this
is not recommended: in this case, you will not be able to stopV/
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FreeBSD Release 5 includes avmeethod of starting Mium. Putthe following lines in
/boot/loaderconf:

vinum_load="YES"
vinum.autostart="YES"

The Erst line instructs the loader to load timind kid, and the second tells it to start
Vinum during the dece probes.Vinum still supports the older method of setting the
variablestart vinum  in /etc/rc.conf but this method may gonsy soon.

Configuring Vinum

Vinum maintains acon@Egation databasethat describes the objects kmo to an
individual system.You create the con(Eguration database from one or more conEguration
(Eles with the aid of thenum utility program. Vinum stores a cgpof its con(Eguration
database on eachnvim drive. This database is updated on each state change, so that a
restart accurately restores the state of eachri object.

The configuration file

The conCEguration Ele describewiohail Vinum objects. To deCEne a simpleolme,
you might create a Ele called,, sayn@Eglcontaining the follving deEnitions:

drive a device /devidalszh
volume myvol
plex org concat
sd length 512m drive a

This Ele describes fouinym objects:

f Thedive line describes a disk partitiordr{ve) and its location relatie o the
underlying hardwre. Itis given the symbolic namea. This separation of the
symbolic names from the dee names alles disks to be mad from one location
to another without confusion.

f Thevolume line describes aolume. Theonly required attribte is the name, in this
casemyvol .

f Theplex line deEnes a gleTheonly required parameter is theganization, in this
caseconcat . No name is necessary: the system automatically generates a name from
the wlume name by adding the €6kp X, wherex is the number of the ptan the
volume. Thushis plex will be calledmyvol.p0

f Thesd line describes a subdisk:he minimum speciCEcations are the name ofva dri
on which to store it, and the length of the subdigls with plexes, no name is
necessary: the system automatically assigns nameediémm the pl& name by
adding the suExs x, wherex is the number of the subdisk in thepleThusVinum
gives this subdisk the nanmayvol.p0.s0
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After processing this El@num(8)produces the follwing output:

vinum-> create configl

1 drives:

D a State: up [devidals2h A 3582/4094 MB (87%)
1 volumes:

V nyvol State: up Plexes: 1 Size: 512 MB
1 plexes:

P nyvol.p0 C  State:up Subdisks: 1 Size: 512 MB
1 subdisks:

S nyvol.p0.s0 State: up D: a Size: 512 MB

This output shais the brief listing format ofvinum It is represented graphically in

Figure 12-4.

0MB
Subdisk volume
address
myvol.p0.s0 space
512 MB
Plex 1
myvol.p0

e

Figure 12-4: A ssmple Vinum volume

This (Egure, and the ones that felleepresent a alume, which contains the ples,
which in turn contain the subdisk# this trivial example, the slume contains one ple
and the ple contains one subdisk.

Creating a file system

You create a (Ele system on thiduwne in the same ay as you wuld for a comentional
disk:

# newfs -U /dev/vi nuni nyvol
[deviinum/myvol: 512.0MB (1048576 sectors) block size 16384, fragment size 2048
using 4 cylinder groups of 128.02MB, 8193 blks, 16512 inodes.
super-block backups (for fsck -b #) at:
32, 262208, 524384, 786560
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This particular wlume has no speci(Ec adtage ver a mrventional disk partition. It
contains a single pke so it is not redundanfThe ple contains a single subdisk, so there
is no diference in storage allocation from a eemtional disk partition.The folloning
sections illustratearious more interesting conEguration methods.

Increased resilience: mirroring

The resilience of aaolume can be increased either by mirroring or by using RAID-5
plexes. Whenlaying out a mirrored @lume, it is important to ensure that the subdisks of
each ple are on diferent drives, so that a dve failure will not tale down both plexes.
The followving conEguration mirrors alume:

drive b device /devida2s2h
volume mirror
plex org concat
sd length 512m drive a
plex org concat
sd length 512m drive b

In this xample, it vas not necessary to specify a deEnition @€ driagain, because
Vinum leeps track of all objects in its conEguration datab&fler processing this
deEnition, the con@E&guration looles lik

2 drives:

D a State: up /devidals2h A 3070/4094 MB (74%)
Db State: up [devida2s2h A 3582/4094 MB (87%)
2 volumes:

V nyvol State: up Plexes: 1 Size: 512 MB
V' nmror State: up Plexes: 2 Size: 512 MB
3 plexes:

P nyvol.p0 C  State:up Subdisks: 1 Size: 512 MB
P nmror.p0 C State: up Subdisks: 1 Size: 512 MB
P nirorpl C State: iniializing Subdisks: 1 Size: 512 MB
3 subdisks:

S nyvol.p0.s0 State: up D: a Size: 512 MB
S nmror.p0.s0 State: up D: a Size: 512 MB
S nior.pl.s0 State: empty D b Size: 512 MB

Figure 12-5 shws the structure graphically

In this ekample, each plecontains the full 512 MB of address spaées in the prgious
example, each plecontains only a single subdisk.

Note the state ofirror.pl and mirror.pl.sQ initializing and empty respectiely.
Theres a poblem when you create twdentical plees: to ensure that thire identical,
you need to copthe entire contents of one gléo the other This process is called
reviving, and you perform it with thetart command:

vinum-> start mrror.pl
vinum([278]: reviving mirror.p1.s0
Reviving mirror.p1.s0 in the background
vinum ->vinum([278]: mirror.p1.s0 is up
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0MB
Subdisk 1 volume Subdisk 2
address
mirror.p0.s0 space mirror.pl.s0
512 MB
Plex 1 Plex 2
mirror.p0 mirror.pl

e

Figure 12-5: A mirrored Vinum volume

During the start process, you can look at the status to seefdrothe reive has
progressed:

vinum-> list mrror.pl. sO
S nior.pl.s0 State: R43% D: b Size: 512 MB

Reviving a lage wlume can ta a \ery long time. When you (Erst create @lume, the
contents are not de(Endabes it really matter if the contents of eachxee different?
If you will only ever read what you hee &t written, you dort'need to verry too much.
In this case, you can use thatupstate  keyword in the conEguration Elée'l | see an
example of this bela.

Adding plexes to an existing volume

At some time after creating alme, you may decide to add additionalxeke For
example, you may @ant to add a pleto the wlume myvol we sav above, putting its
subdisk on drieb. The conEguration Ele for thiersion vould look like:

plex name myvol.p1 org concat volume myvol
sd size 1g drive b

To e what has happened, use the reesifisiting optionr for thelist command:

vinum-> | -r nyvol

V nyvol State: up Plexes: 2 Size: 1024 MB
P nyvol.p0 C  State:up Subdisks: 1 Size: 512 MB
P nyvol.pl C  State:initializing Subdisks: 1 Size: 1024  MB
S nyvol.p0.s0 State: up D: a Size: 512 MB
S nyvolpl.sO State: empy D: b Size: 1024 MB
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The command is a synogm for list, and the-r option meansecursive it displays all
subordinate objectdn this example, pl& myvol.plis 1 GB in size, althougmyvol.pOis
only 512 MB in size.This discrepancis dlowed, though it isn'very useful by itself:
only the Erst half of theme is protected ainst filures. Aswe'll see in the ne
section, though, this is a useful stepping stoneteneling the size of a (Ele system.

Note that you cam'use thesetupstate  keyword here. Vinum cant knov whether the
existing wlume contains alid data or not, so yomust use thestart command to
synchronize the ples.

Adding subdisks to existing plexes

After adding a second pléo myvol it had one plg with 512 MB and another with 1024
MB. It makes sense to kia the same size ptes, so the Erst thing we should do is add a
second subdisk to the glenyvol.p0

If you add subdisks to striped, RAID-4 or RAID-5 xds, you will change the mapping
of the data to the disks, whichedtively destrgys the contentsAs a result, you must use
the{f option. Whenyou add subdisks to concatenatedxgde the data in thexesting
subdisks remains unchangeld. our case, the pkeis concatenated, so we create and add
the subdisk lik this:

sd name myvol.p0.s1 plex myvol.p0 size 512m drive ¢

After adding this subdisk, thelume looks lile this:

s ——

0 MB
myvolp0.s0 volume
address myvol.p1.s0
myvol.p0.s1 space
1024 MB
Plex 1 Plex 2
myvol.p0 myvol.pl

e

Figure 12-6: An extended Vinum volume
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It doesnt look too happ, howeve:

vinum-> | -r nyvol

V nyvol State: up Plexes: 2 Size: 1024 MB

P nyvol.p0 C  State: corrupt Subdisks: 2 Size: 1024 MB

P nyvolpl C  State:initializing Subdisks: 1 Size: 1024 MB
S nyvol.p0.s0 State: up D: a Size: 512 MB

S nyvolp0.sl State: empty D. ¢ Size: 512 MB

S nyvolplsO State: stale  D: b Size: 1024 MB

In fact, it's in as good a shape as ive& has been.The Erst half ahyvolstill contains the
(Ele system that we put on it, ansl & accessible asver. The trouble here is that there
is nothingin the other tw subdisks, which are sk shaded in the Egurdi.num cant
know that that is acceptable,ubwe do. In this case, we use some maintenance
commands to set the correct object states:

vinum-> setstate up nyvol.p0.sl nyvol.p0
vinum-> | -r nyvol

V nyvol State: up Plexes: 2 Size: 1024 MB
P nyvol.p0 C  State:up Subdisks: 2 Size: 1024 MB
P nyvol.pl C  State: faulty Subdisks: 1 Size: 1024  MB
S nyvol.p0.s0 State: up D: a Size: 512 MB
S nyvolp0.sl State: up D: ¢ Size: 512 MB
S nyvolpl.sO State: stale D: b Size: 1024 MB

vinum->  saveconfig

The commandetstatechanges the state of indiual objects without updating those of
related objectsFor example, you can use it to change the state of»atplep even if all

the subdisks arglown. If used incorrectlyit can can cause w&e data corruption.
Unlike mormal commands, it doetgnsave the conCEguration changes, SO you use
savecon(Efpr that, after you're sure you ha te correct statesRead the man page
before using them for grother purpose.

Next you start the second ple

vinum-> start nyvol . pl

Reviving myvol.p1.s0 in the background

vinum([446]: reviving myvol.p1.s0

vinum ->vinum[446]: myvol.p1.s0 is up some time later

| command for @vious pompt

3 drives:

D a State: up /devidals2h A 3582/4094 MB (87%)
Db State: up /devida2s2h A 3070/4094 MB (74%)
Dc S tate: up /devida3s2h A 3582/4094 MB (87%)
1 volumes:

V nyvol State: up Plexes: 2 Size: 1024 MB
2 plexes:

P nyvol.p0 C  State:up Subdisks: 2 Size: 1024 MB
P nyvol.pl C  State:up Subdisks: 1 Size: 1024 MB
3 subdisks:

S nyvol.p0.s0 State: up D: a Size: 512 MB
S nyvolpl.sO State: up D: b Size: 1024 MB
S nyvolp0.sl State: up D: c Size: 512 MB
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The message telling you thatyvol.p1.s0is up comes after the prompt, so thetne
command doesth'have a prompt. At this point you hee a filly mirrored, functional
volume, 1 GB in sizelf you nowv look at the contents, though, you see:

# df /mt
Filesystem 1048576-blocks Used Avail Capacity Mounted on
/deviinum/myvol 503 1 461 0% /mnt

The wlume is nav 1 GB in sze, lut the Ele system on th@ume is still only 512 MB.
To expand it, usegrowfs

# unount /mmt
# growfs /dev/ vi nuni nyvol
We strongly recommend you to make a backup before growing the Filesystem

Did you backup your data (Yes/No) ? Yes
new file systemsize is: 524288 frags
Warning: 261920 sector(s) cannot be allocated.
growfs: 896.1MB (1835232 sectors) block size 16384, fragment size 2048
using 7 cylinder groups of 128.02MB, 8193 blks, 16512 inodes.
super-block backups (for fsck -b #) at:
1048736, 1310912, 1573088
# mount /dev/ vi nund nyvol /mt
# df /mt
Filesystem 1048576-blocks Used Avail Capacity Mounted on
[deviinum/myvol 881 1 809 0% /mnt

Optimizing performance

The mirrored wlumes in the prdous eample are more resistant tailfire than
unmirrored wlumes, it their performance is less: each write to tbtume requires a
write to both dnes, using up a greater proportion of the total disk bandwidth.
Performance considerations demand fedsht approach: instead of mirroring, the data is
striped across as mardisk drives & possible. Thefollowing conCEguration she a
volume with a pl& striped across four disk ds:

drive c device /devida3s2h
drive d device /devidads2h
volume stripe
plex org striped 480k
sd length 128m drive a
sd length 128m drive b
sd length 128m drive c
sd length 128m drive d

When creating striped ples for the UFS Ele system, ensure that the stripe size is a
multiple of the (Ele system block size (normally 16 kBj, riot a pwer of 2. UFS
frequently allocatesytinder groups with lengths that are ango of 2, and if you allocate
stripes that are also awer of 2, you may end up with all inodes on the sameedri
which would signiCEcantly impact performance under some circumstafkdes. are
allocated in blocks, so fimg a stripe size that is not a multiple of the block size can
cause signiCEcant fragmentation of /O requests and consequent drop in perfoBeance.
the man page for more details.
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Vinum requires that a striped plbavean intggral number of stripesYou don't haveto
calculate the sizexactly, though: if the size of the ptés ot a multiple of the stripe size,
Vinum trims of the remaining partial stripe and prints a console message:

vinum: removing 256 blocks of partial stripe at the end of stripe.p0

As before, it is not necessary to deEne thesdhiat are already kman to Vinum. After
processing this deEnition, the conEguration loeks lik

4 drives:

D a State: up [devidals2h A 2942/4094 MB (71%)
Db State: up [/devida2s2h A 2430/4094 MB (59%)
Dc S tate: up /devida3s2h A 3966/4094 MB (96%)
Dd State: up /devidads2h A 3966/4094 MB (96%)
3 volumes:

V nyvol State: up Plexes: 2 Size: 1024  MB
V' nmror State: up Plexes: 2 Size: 512 MB
V stripe State: up Plexes: 1 Size: 511 MB
5 plexes:

P nyvol.p0 C  State:up Subdisks: 1 Size: 512 MB
P nmror.p0 C State: up Subdisks: 1 Size: 512 MB
P nirorpl C State: inftializing Subdisks: 1 Size: 512 MB
P nyvol.pl C  State:up Subdisks: 1 Size: 1024 MB
P stripe.p0 S State: up Subdisks: 4 Size: 511 MB
8 subdisks:

S nyvol.p0.s0 State: up D: a Size: 512 MB
S nmror.p0.s0 State: up D: a Size: 512 MB
S nior.pl.s0 State: empty D: b Size: 512 MB
S nyvolpl.sO State: up D: b Size: 1024 MB
S nyvolp0.sl State: up D: ¢ Size: 512 MB
S stripe.p0.s0 State: up D: a Size: 127 MB
S stripe.p0.sl State: up D: b Size: 127 MB
S stripe.p0.s2 State: up D: c Size: 127 MB
S stripe.p0.s3 State: up D: d Size: 127 MB

This wlume is represented in Figure 12-The darkness of the stripes indicates the
position within the ple address space: the lightest stripes come (Erst, thestmst.

Resilience and performance

With sufEcient hardave, it is possible toudd volumes that sh@ both increased
resilience and increased performance compared to standard UNIX partitlansred

disks will alvays give ketter performance than RAID-5, so a typical conCEguration Ele
might be:

drive e device /devida5s2h
drive f device /devida6s2h
drive g device /devida7s2h
drive h device /devida8s2h
drive i device /dev/da9s2h
drive j device /devidal0s2h
volume raid10 setupstate
plex org striped 480k
sd length 102480k drive a
sd length 102480k drive b
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Figure 12-7: A striped Vinum volume

sd length 102480k drive ¢
sd length 102480k drive d
sd length 102480k drive e
plex org striped 480k
sd length 102480k drive f
sd length 102480k drive g
sd length 102480k drive h
sd length 102480k drive i
sd length 102480k drive j

In this kample, we hee alded another @&wsks for the second pteso the welume is
spread wer ten spindles.We have also used thesetupstate keyword so that all
components come up. Thelume looks lile this:

vinum-> | -r raidl0

V raidl0 State: up Plexes: 2 Size: 499 MB
P raid10.p0 S  State:up Subdisks: 5 Size: 499 MB
P raidl0.p1 S  State:up Subdisks: 5 Size: 49 MB
S raid10.p0.s0 State: up D: a Size: 9 MB
S raid10.p0.s1 State: up D: b Size: 9 MB
S raid10.p0.s2 State: up D c Size: 9 MB
S raid10.p0.s3 State: up D: d Size: 9 MB
S raid10.p0.s4 State: up D: e Size: 9 MB
S raid10.pl.s0 State: up D: f Size: 9 MB
S raidl0.plsl State: up D g Size: 9 MB
S raid10.pl.s2 State: up D: h Size: 9 MB
S raid10.pl.s3 State: up D: i S ize: 9 MB
S raidl0.pl.s4 State: up D j Size: 9 MB

This assumes thevalability of ten disks. It's not essential to he dl the components on
different disks.You could put the subdisks of the secondxpbe the same dvies & the
subdisks of the Erst plelf you do so, you should put corresponding subdisks on
different drves:
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plex org striped 480k
sd length 102480k drive a
sd length 102480k drive b
sd length 102480k drive ¢
sd length 102480k drive d
sd length 102480k drive e
plex org striped 480k
sd length 102480k drive ¢
sd length 102480k drive d
sd length 102480k drive e
sd length 102480k drive a
sd length 102480k drive b

The subdisks of the second yplre ofiset by two drives from those of the Erst ylehis

helps ensure that thaifure of a diwe tes not cause the same part of bothxgsldo
become unreachable, whiclould destrg the Ele system.

I

Figure 12-8 represents the structure of tiisime.

p0.s0 pls0
.p0.s1 plsl
.p0.s2 pls2
p0.s3 pls3
pos4 plsa
Plex 1 Plex 2
raid10.p0 raid10.p1

_
Figure 12-8: A mirrored, striped Vinum volume

Vinum configuration database

Vinum stores con(Eguration information on eacte diriessentially the same form as in
the conEguration El&®u can display it with thelumpcon@&gpmmand. Whemneading
from the conCEguration databasEu¥h recognizes a number oéywvords that are not
allowed in the conCEguration (Eles, becaugewtbield compromise data irgaty. For
example, after adding the secondxpte myvol the disk conEguratiorould contain the
following text:
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vinum->  dunpconfig
Drive a: Device /devidalszh
Created on bumble.example.org at Tue Nov 26 14:35:12 2002
Config last updated Tue Nov 26 16:12:35 2002
Size: 4293563904 bytes (4094 MB)
volume myvol state up
plex name myvol.p0 state up org concat vol myvol
plex name myvol.p1 state up org concat vol myvol
sgﬁnsaéme myvol.p0.s0 drive a plex myvol.p0 len 1048576s driveoffset 265s state up ple
xoffset Os
sd name myvol.p1.s0 drive b plex myvol.pl len 2097152s driveoffset 265s state up ple
xoffset Os
sd name myvol.p0.s1 drive ¢ plex myvol.p0 len 1048576s driveoffset 265s state up ple
xoffset 1048576s

Drive /devidals2h: 4094 MB (4293563904 bytes)

Drive b: Device /devida2s2h
Created on bumble.example.org at Tue Nov 26 14:35:27 2002
Config last updated Tue Nov 26 16:12:35 2002
Size: 4293563904 bytes (4094 MB)
volume myvol state up
plex name myvol.p0 state up org concat vol myvol
plex name myvol.p1 state up org concat vol myvol
sd name myvol.p0.s0 drive a plex myvol.p0 len 1048576s driveoffset 265s state up ple
xoffset Os
sgﬁnsaéme myvol.p1.s0 drive b plex myvol.pl len 2097152s driveoffset 265s state up ple
xoffset Os
sd name myvol.p0.s1 drive ¢ plex myvol.p0 len 1048576s driveoffset 265s state up ple
xoffset 1048576s

The olvious diferences here are the presencexgfieit location information and naming
(both of which are also alleed, hut discouraged, for use by the user) and the information
on the states (which are notadable to the user).Vinum does not store information
about drves in the conCEguration information: it Ends theesirby scanning the
con(Egured disk des for partitions with a Yhum label. This enables Mum to identify
drives crrectly een if they havebeen assigned dérent UNIX drive IDs.

When you start Mium with thevinum startcommand, Yhum reads the con@Eguration
database from one of thendm drives. Undemormal circumstances, eachwdriontains

an identical cop of the conCEguration database, so it does not matter whiehsdead.
After a crash, heever, Vinum must determine which &8 was updated most recently
and read the conEguration from thiselrit then updates the conEguration, if necessary
from progressiely older drives.

Installing FreeBSD on Vinum

Installing FreeBSD on ium is currently complicated by thadt thatsysinstalland the
loader dort support Mnum, so it is not possible to install directly on e wlume.
Instead, you need to install a gentional system and then agant it to Vinum. Thats
not as di€Ecult as it might sound.
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Normal disk installations lay outverlapping disk partitions: the partition overlaps all

the other partitions.You can do the same thing with andm drive, which is also a
partition. You can then create subdisks in thiewnh drive @rresponding in length and
position to the partitionsin the folloving diagram, each column represents the entire
disk. Onthe left there are four normal partitiont the middle is the partition, and on
the right is a Yhum drive partition:

da0s4hb swap

daOs4a/ Ele system

daOs4e/usr Ele system daOs4c: entie dsk daOs4h: vinum drive

da0s4f /var Ele system

Figure 12-9: Partition layout with Vinum

This layout shars three Ele system partitions and apswartition, which is not the
layout recommended on page 88€' 1100k at the reasons for this belo

The shaded area at the top of théinwh partition represents the conCEguration
information, which cuts into the syp partition and the bootstrapo & that, we redeEne
the svap partition to start after theinim conCEguration information and to be a total of
281 sectors shorteP65 sectors for the iium conCEguration and 16 sectors for the
bootstrap.

The svap partition isrt normally the (Erst partition on awdyibut you can create this
layout with sysinstall simply by creating the sap partition before gnother partition.
Consider installing FreeBSD on a 4 GBweri Create, in sequence, a awpartition of
256 MB, a root Ele system of 256 MBuar (Ele system of 2 GB, andvar (Ele system
to take up the rest.It's important to create the sy partition at the lggnning of the disk,
S0 you create that Erstiter installation, the output dsdlabellooks like this:

a 524288 524288 42BSD 2048 16384 32776 root Ele system
b: 524288 0 swap swap partition

c. 8385867 0 unused 0 0 # "raw" part, dont edit

d: 4194304 1048576 4.2BSD 2048 1638428512 usr Ele system
e 3142987 5242880 4.2BSD 2048 1638428512 /var Ele system

This corresponds to the left and centre columns in the Egwee dbaorvert to Vinum,
you need to:

f create a@lume of typevinumthat starts after the bootstrap in theartition.
f shorten the sap partition by 281 sectors at theglming.

Boot in single user mode and remount the root Ele system (atmedd/write), mount
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the /usr directory and rurbsdlabelwith the-e (edit label) option:

# mount -u /
# nount /usr
# bsdl abel -e daOs4

See page 215 for more information abbatllabel You need to boot in single user mode
because otherwise the agvpartition vould be mounted, and you cénhange the size of
the svap partition when it nounted.

When you Enish, the partition table should loakthils (changedalues irbol d):

# size offset fstype [fsize bsize bps/cpg]
a 524288 524288 4.2BSD 2048 1638432776 root Ele system
b: 524007 281 swap swap partition
c. 8385867 0 unused 0 0 # "raw" part, don't edit
d: 4194304 1048576 4.2BSD 2048 1638428512 /usr Ele system
e: 3142987 5242880 4.2BSD 2048 16384 28512 Ivar Ele system
h: 8385851 16 vi num Vinum drive

Be sure to shorten the length of theapwpartition by 281 sectors, or it wilverlap the
root partition and causextteme data corruption when ap gets full, which might not
happen until months later

The ne&t step is to create the inim objects. The plxes and wlumes are
straightforvard: each pbeis mncatenated with a single subdisk, and tbkime has a
single pl. It makes sense to gt the wolumes names that relate to the mount point.

Creating the subdisks requires a little more cafeu can use the sizealues from the
bsdlabel output abwe drectly in a \inum conEguration Elet bince the WVium drive

starts after the bootstrap, you need to subtract 16 (the length of the bootstrap) from the
offset walues:

drive rootdev device /devidaOs4h

volume root
plex org concat
# a: 5 24288 524288 42BSD 2048 16384 32776
sd len 524288s driveoffset 524272s drive rootdev
volume swap
plex org concat
# b: 5 24007 281 swap
sd len 524007s driveoffset 265s drive rootdev
volume usr
plex org concat
# d: 4 194304 1048576 4.2BSD 2048 16384 28512
sd len 4194304s driveoffset 1048560s drive rootdev
volume var
plex org concat
e: 3 142987 5242880 4.2BSD 2048 16384 28512

sd len 3142987s driveoffset 5242864s drive rootdev

The comments are the corresponding lines fromhseiabel output. Thg show the
corresponding alues for size and fset. Runvinum ceateagainst this (Ele, and con@&rm
that you hae the wlumes/, /usr and/var.

Next, ensure that you are set up to startuvh with the nev method. Ensurghat you
have te following lines in/boot/loaderconf creating it if necessary:
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vinum_load="YES"
vinum.autostart="YES"

Then reboot to single-user mode, startih and runfs&k against the wlumes, using the
-n option to tellfsk not to correct an errors it EndsYou should see something Bk
this:

# fsck -n -t ufs /dev/vi nuni usr

** [devivinum/usr (NO WRITE)

** | ast Mounted on fusr

* Phase 1 - Check Blocks and Sizes

** Phase 2 - Check Pathnames

** Phase 3 - Check Connectivity

** Phase 4 - Check Reference Counts

** Phase 5 - Check Cyl groups

35323 files, 314115 used, 718036 free (4132 frags, 89238 blocks, 0.4% fragmentation)

If there are ay errors, thg will probably be because you Ve miscalculated size or
offset. You'll see something li this:

# fsck -n -t ufs /dev/vi nuni usr

** [devivinum/usr (NO WRITE)

Cannot find file system superblock

fdevivinum/usr: CANNOT FIGURE OUT FILE SYSTEM PARTITION

You need to do this in single-user mode because ahenes are shagdng Ele systems,
and it's nrormal for open Ele systemsdd fs, snce some of the state is inffer cache.

If all is well, remount the root Ele system read-write:

# mount -u /

Then edit/etc/fstab to point to the ne@ devices. For this example, /etc/fstab might
initially contain:

# $ld: fstab,v 1.3 2002/11/14 06:48:16 grog Exp $

# Device Mountpoint FStype Options Dump  Pass#
[devidaOs4a / ufs w 1 1
/devida0s4b none swap  sw 0 0
[devidaOs4e fusr ufs w 1 1
[dev/daOs4f Nar ufs w 1 1
Change it to resect theium wlumes:

# $ld: fstab,v 1.3 2002/11/14 06:48:16 grog Exp $

# Device Mountpoint FStype Options Dump  Pass#
[deviinum/swap none swap  sw 0 0
[devivinum/root / ufs w 1 1
[fdeviinum/usr fusr ufs w 1 1
[deviinumivar Nar ufs w 1 1

Then reboot agn to mount the root Ele system frémav/vinum/oot You can also
optionally remee dl the UFS partitionsexcept the oot partition The loader doest’
know about Mnum, so it must boot from the UFS partition.
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Once you hee reached this stage, you can add additionalegléo the olumes, or you
can atend the plees (and thus the size of the Ele system) by adding subdisks to the
plexes, as discussed on page 229.

Recovering from drive failures

One of the purposes ofinim is to be able to reeer from hardvare problems.If you
have chosen a redundant storage conCEgurationaittiesfof a single component will not
stop the wlume from vorking. Inmary cases, you can replace the components without
down time.

If a drive fails, perform the folleing steps:
1. Replacdhe plysical drie.
2. Fartition the nev drive. Some restrictions apply:

f If you have hot-plugged the dvie, it must hae the same ID, the ium drive
must be on the same partition, and it musthhe same size.

f If you have had to stop the system to replace thealrihe old drve will not be
associated with a #ice name, and you can put ityavhere. Creat&a Vinum
partition that is at least lge enough to takdl the subdisksin their original
positions on the drive Vinum currently does not compact free space when
replacing a dxie. An easy way to ensure this is to malthe nev drive & least as
large as the old dre.

If you want to hae tis freedom with a hot-plugdple drve, you must stop Wium
and restart it.

3. If you have restarted Yhum, create a me drive. For example, if the replacement
drive data3is on the pigsical partition/dev/da3slh create a con@Eguration Ele, say
conEg&Elsith the single line

drive data3 devi ce /dev/da3slh

Then enter:

# vinumcreate configfile

4. Startthe plexes that were dan. For example,vinum listmight shev:

vinum->1| -r test

V test Sate: up P exes: 2 Sze: 30 MB

P test.p0 C Sate: up Subdi sks: 1 S ze: 30 MB

P test.pl C Sate: faulty  Subdisks: 1 S ze: 30 MB

S test.p0.sO Sate: up PQ 0 B Sze: 30 MB

S test.pl.sO State: obsolete PQ 0 B Sze: 30 MB
vinum-> start test.pl.s0

Reviving test.pl.sO i n the background

vinum-> vinunj 295] : reviving test. pl.sO this messge gpeas dter the pompt
vinunj295]: test.pl.sO is up (some time later)
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Failed boot disk

If you're running your root Ele system oniuvh wlume, you can surve the failure of

the boot wlume if it is mirrored with at least twooncatenated pkes each containing
only one subdisk.Under normal circumstances, you can carry on running as if nothing
had happenedub obviously you will no longer be able to reboot from that diskstead,
boot from the other disk.

The root (Ele system also hasvittlial UFS partitions, so you ¥.saa doice of what you
mount. Fr example, if your root Ele system has UFS partitites/daOs4a and
/dev/dalsdayou can mount either of these partitions/dev/vinum/oot. Neve mount
more than one of them, otherwise you can cause data corruption.

An even more insidious \ay to corrupt the root Ele system is to maddeat/daOs4aor
/dev/dals4aand modify it. In this case, the tapartitions are no longer the sameit b
theres no way for Vinum to knav that. Ifthis happens, yomustmark the other subdisk
as crashed with thédnum stopcommand.

Migrating Vinum to a new machine

Sometimes you might ant to mee a &t of Vinum disks to a dierent FreeBSD
machine. Thigs simple, as long as there are no name coneicts between the objects on
the Mnum disks and another Mhnum objects you may already veam the system.
Simply connect the disks and starintin. You dont need to put the disks in @n
particular location, and you ddn'need to runvinum ceate Vinum stores the
con(Eguration on the % themseles, and when it starts, it locates it accordingly

Things you shouldn’t do with Vinum

The vinum command ders a lage number of subcommands intended for speciCEc
purposes. I easy to abse them.Here are some things you should not do:

f Do not use theesetconEgommand unless you genuinely dowant to see anof
your con(Eguration @ig. Thereare other alternates, such agm, which remwes
individual objects or groups of objects.

f Do not re-run thecreate command for objects that alreadyigt. Vinum already
knows about them, and tretart command should End them.

f Do not name your dres dter the disk deice on which thg are located. The
purpose of hang drive rames is to be dé&e independentFor example, if you hae
two drives a and b, and the/ are located on déces /dev/dalslhand /dev/da2slh
respectiely, you can remee the drives, swap their locations and restarindm.
Vinum will still correctly locate the drés. If you had called the drés dal andda2,
you would then see something confusingelifis:
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2 drives:
D da2 Sate: up / dev/ dalslh A 3582/4094 MB (87%
D dal State: up / dev/ dals2h A 3582/ 4094 MB (87%

This is clearly not helpful.

f Don't put more than one de a a physical disk. Each drnve mntains tvo copies of
the Mnum conCEguration, and both updating the conEguration and starting V
slow down as a esult. Ifyou want more than one (Ele system to og&pce on a
physical drive, create subdisks, not dss.
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