=g 2F BAAS AT ARTHRR
47 2 7
(Design and Implementation of a Freespace
Manager for a Logical Volume Manager)

Pt
™

2 XH %***
(JaeChul Oh)

H 9 3 fr A
(YoungHee Choi)  (JaeSoo Yoo)

8 o B2 JHRA A, A2v A9 8FE WEAF)7] A8 SAN(Storage Area
Network)e]l 523t SANS Bt aazes 8% £ JE& giie SAN 294
SANY H-#2g Eeld AFFAES 7MHez e At B2 HolA sk AEA 7t
A8 AdE Addch AR sty FAKA dE8E e o] viE = EF #AgRjelth
233 BEjRhs = EEY AENEC A ARE fA#E dEA gam ggatd HA
3 taag dgEFE 988 3k oy vl GHIE HAIEHA anyoem A{FI
e ARE Bsheris A4 B8y A%S AHsE F8% 890] "k o] =M
I EE 571 98 AR e 7S AAsta FEd o] =7 AF3t Ay
2 =gEEd W EYUES 7 o 29t AFAHE A FnEF 2 dAHE aHfHoR
g gt}

Abstract A new architecture called the Storage Area Network(SAN) was developed in
response to the requirements of high availability of data, scalable growth, and system
performance. In order to use SAN more efficiently, most SAN operating systems support storage
virtualization concepts that allow users to view physical storage devices attached to SAN as a
large volume virtually, A logical volume manager plays a key role in storage virtualization. In
order for mapping managers to process snap-shots and reorganizations, an efficient freespace
manager is required, and it affects the overall performance of logical volume. In this thesis, we
design and implement a freespace manager for logical volume manager. The freespace manager
efficiently allocates physical blocks for logical blocks. Also, it processes space allocation
requests for supports snapshots and reorganizations.
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1. alloc_snapshot_block(device, block, size)
2. {/= A9l =M FL 23] Goj&chw
3. device = ¥y tivlo|AF MALIc],
4. A deviceol A AH§ F3t PE(FS_MGR)E
7HA &t
5. if(tinfelAuflef 2 FNE Y EFol
e 2
6. alloc_snapshot_Block(): // T}&
Tlutoj o] T 23
7. return:
8. /% oju] YFE AW FHof tfstqd A
B2 A}/
9. if(size < FS_MGR. total_block_num-
FS_MGR. next_avail_snapshot_blk)
10 {
1 i(H 320l e 29
12. bitmapell 3l% BFEof iyt
HEE 12 433}
13 block = 22 A{ FT+ Fa
14, return
15. }
16, if(size < FS_MGR. next_avail_snapshot_blk-
FS_MGR. next_avail_blk)
17. {
18, FS_MGR. next_avail_snapshot_blk -=
size:
19, block =
FS_MGR. next_avail_snapshot_blk:
20, bitmapell 3 SF&o cigt H|ES
12 233t
21. }
22 return:
23}
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1 SS_release_snapshot()

2 |

3 2E x=of 2yas sjA& rich

4

5 for ( i=0; i<uiHelolgde =] 744

i++ )

6 if ( 292 mfgelolE[i] = 4&
o glo] Blil )

7 release_block( Ay3AF
wfg ol Elile] dEe] ):

8

] release_snapshot_block( uj®ejo]&-2]

azsn )
10 }
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1 SS_release_snapshot()

2 |

3 RBE 2o AR AE dRick

4

5 for { i=0: i<El3] 718 AW i++ )

6 {

7 for ( &zl 33 7|2 RE QEg )

8 {

9 release_block( );

10 }

11 }

12

13 release_snapshot_block( 4] 3itie]
Aa71):

14 }

a3 410 2422 SS_release_snapshot()

SS_release_snapshot() oM & A2 H4 T+ 3
A3t7] 91814 release_ snapshot_block()<

t}.  release_snapshot_block() A& A YAES 9
& FFEAE FHE A dFe A AHE
3 g U=s o A4 FAE 3 4-11 oA 2
AEct. WA 4 T tintolzoA AR
E&4 sjgstes HEE ¥EY EF4A AT
a9 (2R3 AbA g EE9 FAa7t
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_529,
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release_snapshot_block(device, block, size)
Q39 deviceold AHf I
A B (FS_MGR)E 7Ix 2t}
/% 8 tiuto] Ao A blockHE] sizeRlE2]
bitmap H¥9S 028 X7|H3gict, */
clear_bitmap(block, size):
if block ==
FS_MGR. next_avail_snapshot_blk
/% B|EWE Bhalsio
FS_MGR. next_avail_snapshot_blk ©o|¥ E&&
191 E5(blknum)& &4 %/
search_bitmap(block, &blknum)
FS_MGR. next_avail_snapshot_blk =
blknum:
return.:

07 4-11 AWA S0l ofFt simE o of B A

2 Ako] AR Fof il BEe &7 277t
LA H COWE F3sjo} el
7b 2YAE A ol A Mo UND EFel digt
olZtd ojml &l ‘2WAE AA HolAM M
COWE F#sfor o), 2yAs-1 3 2 ¥Ak-2
o COW #8dxE 19 4-12 9 1§ 4-13 oA
HolgEt

b
e

HX}

10

SS_COW_snapshot()
{
if ( Ada nigdelE dEe == 4
P eol g AEE )
{
alloc_block( );
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}

08 4-12 A 4-12] SS_COW_snapshot()

| 27 87




1  SS_COW_snapshot()

2 |

3 if ( hash_search( ) <0 )

4 {

5 alloc_block( );

6 QR ujeol g A=z g
gloj etk

7 gy v B ¢l S
71 &3

8 insert_hash( ):

g }

1¢ )}

a3 4-13 A A-22] SS_COW_snapshot()

o

nlo

nLL.
-
= rlr "l"

A7l A FE WEolth AT
‘jr—é’rfqL 2ok AgaE F7hEE dulol
E g2 7ARIH A A+ K
A8yt ‘4 A4 fEdEE ioctl)E &
N AGWHEE pool ioctl)E AFAH AEE
sHE AR AFAdel AFEY. WA AT
#a17] A8 BF AAd hg 27 R=9
A s, C}% 2 make_mvlistOE Z&3}
EYEE dg l&ﬂ—’r—i% B33l 7]
HolEg A%t o
resize_ execOE &3t ATFHLZ o
o] oJtjA ojr & o|F 3ot FHEAE 7
i?& Zﬂ*—r“* HolE & Zz}e] Zﬂ:r“* Al o3
ZA3sta, o] HolEE AR BFY olF& A
g, EES ol E3lE A update_s maptable()° 3
Z3to vigHolEL WgE Zo] MAFT. sA T
oz AFAel BUHE EFL U =IF4 He
21 A7 HolES A B o 27
2= AFE A,

1Y 4-14 & A7 "Hedt

2

2
2

O

hCh

ﬂo‘_l‘
B
mlm

E

ol do o

[

L)

W 2 W
o 2w 4 P

omulojz_&u}io*réﬁ.nﬂ)l'm&‘lb ¥
}ml‘lrﬂ.o}.

=

_—

F8 Bd g

& g Aol st_ resize_volume()ol T4
A A Y3t AEHo]2olH, YA FFEL o
e slo] oA T&EEo] FAo] At 19 4-15
e AFAE T3 $AZ EYUES g vjF =
ol HABE WAl s, EHES W =
PF2E Fudtr] 98 F5F42 o =854 H
ol& & FASE Folnt

int st_resize_volume(pool _t #*pp, int old_dev_num,
int d_bsize)

int make_mvlist{pool_t #pp, int old_dev_num,
int d_bsize)

int resize_exec(pool_t %pp, int old_dev_num,
int add_dev_num, int d_bsize)

int update_maptable(pool_t *pp, uint64 psector,
kdev_t dev_id, uint64 dev_sector)
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make_mvlist()
{
for(E]9] 2E tiuloliof cfafA)
{
if(£718 tiutolA o|W)
break:
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{
AP BFY EelFa I3 = Fa
&5
break:
}
}
£ F4E EUY oy Holg F:
Eelfaol njUY BolFaE AT oI5Y
s F4LE2 HA:
7P E Holgel Y3l 274 EF ol
}
Ag "ol Al

EEF4 of =eFa Hold AA:

a% 4-16 M7Y FY A

e o o

OEjE,JEﬂJ—\g‘

AES shgich
¥ dTolME SAN @70l o] =M 74
¢ AFED BYAE AT G Ade F

A5GAAES 23%E A5HHE SdnE

3t

*

o2

r

F L=

(1] Edward Klee and Chandramohan A Thekkath,
"Petal : Distributed Virtual Disks,” In Proceedings of
International Conference on ASPLOS, 1996, pp84-92.

[2] P. R. Wilson et al. “Dynamic storage allocation: A
survey and critical review,” Proc. Int'l Workshop on
Memory Management. Kinross, Scotland, UK, Sep.
1995,

[3] Steven R. Soltis, Thomas M. Ruwart, Matthew T.
O'Keefe. “The Global File System,” Conference on
Mass Storage Systems and Technologies, Sept, 1996,
ppl7-19.

{4] Manish Agarwal. “System Calls for Automated
Online File System Maintenance Tools,” Masters
project. University of Minnesota, Department of
Electrical and Computer Engineering, November, 1999,
[5] David A Rusling. 1996-1999, "The Linux Kemel”,
{6] A Sweeney, D. Doucette, W. Hu, C. Anderson, M.
Nishimoto and G. Peck. “Scalability in the XFS file
system,” In USENIX Technical Conference, Usenix,
January, 1996, ppl-14.

[7] Yoshitake Shinkai, Yoshihiro Tsuchiya and Takeo
Murakami. “HAMFS File System,” Fujitsu Laboratories
[8] Yoshitake Shinkai, Yoshihiro Tsuchiya and Takeo
Murakami. “Alternatives of Implementing a Cluster File
Systems,” Fyjitsu Laboratories Limited.

(9] L. W McVoy & S. R Kleiman. "Extent-like
Performance from a UNIX Fie System” Sun
Microsysterns, Inc.

[10] C. Mohan and F. Levine, "ARIES/IM: An Efficient
and High Concurency Index Management Method
Using Write-Ahead Logging,” Proc. 1992 ACM
SIGMOD Conf,, San Diego, June, 1992,

[11] Ruwart, Thomas M., Performance Characteristics
of Large and Long Fibre Channel Arbitrated Loops ,

_531_



Proceedings, 16 th IEEE Symposium on Mass Storage
Systems /7 th NASA Goddard Conference on Mass
Storage Systems and Technologies, March 1999, IEEE
Computer Society Press

[12] Thomas M Ruwart and Matthew T. O'Keefe,
"Performance Characteristics of a 100 MB/sec Disk
Array,” Storage and Interfaces ‘X, San Jose, CA

[12] Alex Elder et al, "The InTENsity PowerWall: A
Case Study for a Shared File System Testing
Framework,” Proceedings, 17 th IEEE Symposium on
Mass Storage Systems / 8 th NASA Goddard
Conference on Mass Storage Systems and
Technologies, March 2000, IEEE Computer Society
Press

[14] Jim Lyon, "Toward Binary Compatibility of VIA
Inplementations on  WIN32”  Microsoft  Comp.
T11/98-435v1 FC-GS-2 rev 5.3

[15] "Qlogic SAN/Device Management API” Draft
Version 1.3 05/26/00

- &2



