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Level Conversion Scheme for Improving Performance
of RAID 5 on Single Disk Failure

Sang-Hoon Jeon, Hyun-Sik Chung

2 o

FEZ ZEPHo] AlzE 5 ARA 87 AXZE SEE Slejolshe AR AE] T2 Qlo], @Y
qad a3 2444 dolgt 7 493 F83lth. & =RdME 7189 RAIDS TR glof &
duiad 3P M2E Y23rt adss] A7 FisEe 343 45ASE RAID A48 Ag 7Y
< o83t /st Fot o] 7Y 7180 AFN AAE oH] da= syl vlsh F71e] Ha
3E 482 3 ¥e AVKE Alagle] Asit AgE 71¥n} 1% RAIDSTFEE AlBHCAE
B3] o] BEdid Aol SFHAT. 33 A Al e A EedME 20%, ATAHR=
AMe 80%°144 4% RS Bt

Abstract

It is very important to recover data immediately at a single disk failure for critical
applications such as multimedia storage systems, real-time systems and so on. As an
efficient solution, this paper proposes that RAID level conversion scheme to improve the
performance before a failed disk is replaced with a new disk. By using this scheme, it
does not require an additional disk to recover data. Comparing with previous studies,
this scheme is appropriate to low cost system that has not additional redundant device.
The performance of proposed scheme is evaluated and analyzed with that of RAID level 5
for various requested sizes through the simulation. The results show that the
performance of the proposed scheme is improved up to 20 percents compared with that of
RAID level 5 at the failure mode and 80 percents at reconfigured mode.
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I . Introduction

The primary function of a disk array(RAID)
is to increase data availability, to increase
total
performance flexibility by selectively spreading

storage capacity, and to provide

data over multiple spindles. The original
classification of RAID levels was published in
the SIGMOD paper by Garth Gibson and
Randy Katz in 1988{1]. The toxonomy roughly
classifies RAID architectures according to the
layout of data and parity information on
disks. Redundant disk arrays are a single
fault tolerant, incorporating a layer of error
handling not found

systems.

in non-redundant disk
Recovery from these errors is
complex because the system may reach to the
RAID

level 5 architecture provides reliability using

large number of erroneous states(2].

the data protection scheme based on parity
and it improve performance using the block
additional
costs(3). The primary weakness of RAID level

interleaving scheme by smaller

3 is to overutilize and writes the parity disk.
RAID
distributing the parity blocks across all of the

level 5 overcomes this problem by
member disks: thus all member disks contain
some data and some parity. RAID level 5
spreads the parity by putting the parity block
for each stripe unit in successive different
locations. Both data and parity are evenly
distributed throughout the array. A variety of
strategies exist to evenly distribute data units
and parity units(4). The more the number of
disks on a system increases, the more one
RAID is a set of disks with

redundancy to protect against data loss. Thus,

fault increases.

a disk array should be recovered from a single
disk drive crash. But if rapid restoration can
not be supported, great degrades of per-
formance could be resulted from doubling the
access rate to survive disks until the failed
disk is

important

replaced by a good disk. It is

that single
expected to be relatively frequent in a RAID
system(5]). RAID level 1(Disk mirroring) is a

disk failures are

traditional approach for improving reliability,
but calls for using more than 50% of storage
capacity(1]). This is the most expensive option
we consider since all disks are duplicated, and
every write to a data disk is also a write to a
duplicated disk(1).

Spare space scheme in disk arrays provides
for reconstructing the failed data during the
reconstruction process. By doing this, it keeps
up the response time on state of failed disk
like origin state of system. Recently, most of
RAID applied a spared disk on RAID archi-
but
requires of a expensive-costed-system with a

tecture, additional redundant device
large number of disks. In this paper, proposed
scheme can result in a significant performance
hit when a single disk failure. In this scheme,
of RAIDb5
converted into spare blocks when a single
disk fails. Strictly speaking, RAID level 5 are
converted to RAID level O when a single disk

fails. In this case, parity blocks can’t function

parity  blocks architecture is

as fault-toleranced redundant blocks, but are
used as spare blocks. Therefore this scheme
can increase performance in reconfigured-mode
operation than RAID level 5 architecture and
support the speed of large transaction file
storage system on single disk failure.

This study can be considered if only disk
subsystem performance is under failure.
Section 2 presents the previously proposed
several spare disk schemes that related our

studies and several strategies for efficient
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rebuilding of a failed disk. Section 3 presents
an outline of the analysis of our proposed
scheme. Section 4 and 5 present simulated
system and results. Section 6 provides some
concluding remarks.

2. Previous approaches to
improve failed system

Hot standby disks(on-line spare disk) are
used to recover failure disk immediately by
additioning usable area in disk array that
they automatically rebuilds the contents of the
failed disk on the standby disk from the
redundant information on the surviving disk.
Most simplest one of these schemes, hot
sparing scheme(dedicated sparing) is locked
on state of not being used during normal
operation until failed disk appeared(l). In a
system with n disks, only n-1 disks in the
system are utilized during normal operation.
Figure 1 shows each column corresponds to a
disk and each row corresponds to the data
layout for a track on the disks.

disk disk disk disk disk
0 1 2 3 4
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Fig. 1 Parity blocks allocation in hot
sparing scheme

Distributed sparing scheme uses the spare
space on the disks as a part of workload
processing that is distributed on all the disks
in the array instead of locating it on a single
disk and stored data and parity. Distributed
spare space on the disk permits it's recover
from a disk failure with no interruption of
shows block

data availability. Figure 2

location of distributed sparing scheme.

disk disk disk disk disk disk
0 1 2 3 4 5

Fig. 2 Spare and Parity blocks
allocation in distributed sparing
scheme

Compared to the hot sparing scheme, this
scheme use all the disks in the array during
normal operation, so that it can raise the
the total
required to service a request made to a disk

response time, amount of time
array. The response time is composed of three
component: queueing time, the time a request
spends in a queue waiting to begin execution:
positioning time, the time required to position
the disk head to useful data;
time, the time required to transfer data to or
from the disk.

Parity sparing scheme uses the spare space

and transfer

on the disks as a part of secondary parity
disk and thus it can reduce the parity group
length that means the number of disks in a

parity group. When one disk failure is detec-
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ted, the parities of two groups are combined
to get a single larger parity group with a
larger parity group length. This scheme can
reduce the parity group length by making
effective use of the spare space during the
normal operation. Small size parity group
length is more efficient to constructing parity
disk on normal operation and has better
performance in transaction processing
applications. Compared to the RAID level 5
disk array, if one of the disks fails, all the
surviving disks in the level 5 disk array
participate to reconstruct the data on the
failed disk, hence these

observe a load increase of 100% during a

surviving disks

failure mode. Figure 3 shows block location of
parity sparing scheme.

disk disk disk disk disk disk
0 1 2 3 4 5
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Fig. 3 Parity blocks allocation in
Parity sparing scheme

disk rebuild disk
arrays are discussed by Muntz and Lui in
1990(5]. In their study. they propose three
disk rebuild strategies termed as baseline copy
simply sequentially reads blocks
from the failed disk and writes them to the
standby disk: rebuild with
reads, a part of read requests to already

strategies for

Several

procedure,

redirection of

reconstructed data are supported by reading
the data from the spare disk rather than re-

constructing the data from the surviving disks
again. piggy-backing rebuild. captured a block
of the failed disk that is reconstructed due to
a read request that was issued as part of the
normal workload. Figure 4 shows rebuild with
redirection of reads and piggy-backing rebuild
strategies.

D

L reconstructed data ‘I

D D|D|D}|P|S

(a) Rebuild with Redirection of Reads

Plggy-
backing

T ]

D D]D|D]|P}S

(b) Piggy-backing Rebuild on Normal Workloads

Fig. 4 Strategies of Disk Rebuild

As a result of these strategies, it can
reduce the load on the surviving disks in an
disk array with failed disk. Since single disk
failures are expected to be relatively frequent
in a disk array, all of the these sparing
scheme has to required additional redundant
device. Therefore expensive cost be supported
This is
greatly drawback in inexpensive disks array

to traditional disk array systems.
systems. So, we proposed the cost-effective
architecture that can result in a significant
performance hit when a single disk failure.
We will illustrates the proposed architecture

in the next section.
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3. Level Conversion Scheme to the
cost effective on failed system.

As mentioned in the previous section, single
disk failures occurs relatively frequent in a
disk array which decrease the response time
until the failed disk is- replaced by a good
disk. To improve this problem, sparing disk
schemes are used to process reconstruction
immediately from failure disk by additioning
usable area in disk array. Therefore, sparing
disk schemes are very effective on single disk
failures but these schemes require additional
disk spaces to maintain each array size. So,
we proposed cost effective architecture to
bring a significant performance hit when a
single disk failure occurs based on the RAID
In this
time is

level 5 architecture. paper, our

scheme’s response evaluated on
various transaction file size with a rebuild
strategies. Menon and Matterson categorized a
spare disk operation mode: normal mode, the
mode is a term during which all the disks in
the system are not failed and that is
essentially longest mode than any others:
failure mode, the mode is a term during which
a disk has failed and no reconstruction
process initiated and all of the access to the
failed disk are supported by the redundant
that

decreases the response time on disk array

information on the surviving disk
system: reconstruction mode, the mode is a
term during which all the surviving disks in
the disk array participate to reconstruct the
data on the failed disk hence these surviving
disks observe a load increase of 100% during

a failure mode: reconfigured mode, the mode
is a term after the reconstruction process
finished reconstructing the data on the failed
disk, but before a new spare is brought into
the system to replace the failed disk that is
very to be like a RAID level 5. restoration
mode, the mode is a term after replace the
failed disk to return normal mode, a data and
parity in disks is reallocated to restore in a
new spare disk(6). In our scheme, parity
space of RAID5 architecture is converted into
spare space when a single disk fails. So that,
this scheme can increase more reconfigured-
mode performance than RAID5 architecture
and support a response time of a large
transaction storage system on a single disk

failure that is illustrated in Figure 5.

3.1 Normal-mode approach

During normal mode operation, our scheme
operate to be alike a RAID level 5. RAID can
be Software, Hardware or a combination of
both. Hardware RAID Parity-based
For parity-based protection,
exclusive-OR operations are needed. Figure 6

offers
protection.

shows a read and write request operation on
one parity group in normal mode.

disk disk disk disk disk disk
0 1 2 3 4 5
0 1 2 3 4 PIS

6 |7 {89 PS5

12 | 13 | 14 [P/S| 10 | 11

18 | 19 [P/S| 15 | 16 | 17

24 |PIS|120 |21 {2223

P/S| 25 126 (27 |28 |29

Fig. & Spare and Parity blocks
allocation in Level Conversion
scheme
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In Figure 6, D corresponding to data, P/S
for our conversion block(hybrid block).

D

r_T

D D D D D | ps

(a) Read request

new data

old data new
old parity

parity —'l
D D D D D | ps

(b) Write request

Fig. 6 Read and Write request on normal-mode
operation

3.2 Failure-mode approach

When a read request on failed block is
supported, one access rate to hybrid block is
added by introducing rebuild strategies for
disk arrays, the piggy-backing rebuild. But
this access rate can help to reduce the load
on the surviving disks in an array during the
reconstruction mode. When a write operation
is requested on failed block, only one access
time is needed on a hybrid block. In RAID
level 5 cases, first one access rate is needed
on surviving disks to obtain a old data and
then second access rate is needed on a parity
block to record the new parity data. Figure 7
illustrates variety operation in failure-mode.

Piggy-
backing

D D D D | pis

(a) Read request with piggy-backing

D D D D | pis

(b) Write request in Level Conversion Scheme
in Leve] Conversion Scheme

D

1]

D D|D|D]P

(¢) Read request in RAID level 5

D
new data
old
data N
7 parity
D D D D P

(d) Write request in RAID level b

Fig. 7 Variety operations in failure-mode
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3.3 Reconstruction-mode approach

In RAID level 5 cases, this mode is useless,
because there are no spare space to be
reconstructed. But in our scheme, parity block
in RAID level 5 can be converted to spare
space as distributed sparing scheme on single
disk failure. Figure 8(a) shows reconstructing
on a data block in parity group when single
disk fails.
sparing and distributed sparing scheme during
8(b)

reconstructing on a parity block in parity

This figure to be alike in hot

the operating. And Figure shows

group when single disk fails. In this case, any
operations are not occurred, while distributed
sparing scheme reconstructs a parity block in
a parity group on a spare space. '

@__
___mt

D D D D | es

reconstructed
data

(a) Reconstruction operation of parity group on
failed disk with data block

D|D|D|D|D

(b) Reconstruction operation of parity group on
failed disk with parity block

Fig. 8 Reconstruction-mode operation in Level
Conversion Scheme

3.4 Reconfigured-mode approach

It is the term between after the recon-
struction process finished reconstructing the
data on the failed disk and before a new

spare is brought into the system to replace

the failed disk. Like as Figure 7(c), RAID
level 5 require multiple reads to the surviving
disks in the same array each time. In the
worst case, this can double the access rate to
the surviving disks(5). But, our level
conversion scheme has a good response time
on a workload in this case. Figure 9 shows
read on failed block in

request recon—

figured-mode operation.

Tr-t:orns!ruetod cata 4,

D D D D | ps

Fig. 9 Read request on failed block in
reconfigured-mode operation

3.5 Restoration-mode approach

After replacing the failed disk to return
normal mode, a data and parity in disks is
reallocated to restore in a new good disk.
Figure 10(a) shows restoration process in case
of a failed data block in a parity group. In
this case, first one access rate is required on
surviving disks to reconstruct a parity block
and second access rate is required to restored
a data on a new good disk to record a recon-

structed parity on a hybrid block.
restoration

data }
. T reconstructed
‘. parity

(a) Restoration operation of parity group on
failed disk with data block
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restoration
parity

D D D D D PIS

(b) Restoration operation of parity group on
failed disk with parity block

Fig. 10 Restoration-mode operation in Level
Conversion Scheme

Figure 10(b) shows restoration process in
case of a failed parity block in a parity group
that seems like a restoration process in RAID
level 5.

4. Analytical simulation modeling

In this section we present a analytical
model to simulate our scheme. Our scheme is
implemented that used the discrete event
simulation library(smpl) based on C lan-
guage(7). Table 1 tabulates the parameters of
the simulated disk. Disk parameter is based
on the IBM 0661 3.5" SCSI disk drive. As
input/output type, we treated larger trans-
action file for super-computing workloads than
that because
most of the RAID treats these type file. We

evaluated our level conversion scheme in file

small bustle transaction file,

processing time to treat one file of fixed size.
Improving the performance in a disk array
systems that means to reduce the response
time or increase the throughput(8). Compar-

ing the RAID level 5, we measured the per-

disk
Performance rate that can be obtained by
using Amdahl’s Law.

formance rate on single failure.

Speedup =  Processing Time(old) /

Processing Time(new)

When input/output are treated, that’s event
are divided into 8 ways(7]. These are organi-
zed O CPU request/release, @ SCSI controller
request/release, @ SCSI Bus request/release,
@ Disk Seek, ® Rotate waiting, ® SCSI Bus
request/release, @ Data Transfer, ® SCSI Bus
release. Figure 11 shows events diagram that
each event are processed sequentially.

Table 1 Disk Parameters

cylinders per disk 949
tracks per cylinder 14
sectors per track 48
bytes per sector 512
disk capacity 311MB
revolution time 13.9ms
single cylinder seek time 2.0ms
average seek time 12.5ms
max stroke seek time 25.0ms
max sustained transfer rate 1.7MB/s

Fig. 11 Events Diagram
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File processing time is like to execute once
cycle processed of events diagram sequentially.
Simulated disk array is constructed with six
array width and each parity blocks in a disk
array is allocated according to left-symmetric
parity distribution method(8). The left-
symmetric derived by left
rotations of entire parity stripes from the
RAID level 4 placement. E. K. Lee's paper
shows that left-symmetric is the best RAID
Seek times are

placement is

level 5 parity placement.
calculated with the following equation that
using the nonlinear model(4):

0 if x=0
seekTime(x) =
v x—1+Hx—D+c if x>0

When x is the seek distance in cylinders
and a, b and c¢ are chosen to satisfy the
single-cylinder-seek-time,  average-seek-time
and max-stroke-seek-time constraints. If
cylinders-per-disk is greater than approxi-
mately 200, a, b and ¢ can be approximated

using the following formulas:
a={— 10 min Seek+ 15avgSeek— Smax Seek)/

3V vmCyl)
b= (7 min Seet— 15avgSeek+ 8 max Seek)/ (3vmCyl)

c= min Seek(single cylinder seek time)

For using the above disk parameter, a =

0.4623, b = 0.0092 and ¢ = 2.

5. Performance evaluation

This section analyzes the performance of
the proposed level conversion scheme approach

We
assumed a seek cost function is nonlinear and

using the analytical simulation model.

disks in a parity groups are synchronized.
Normal requests are assumed to be read
requests with 70% probability and write
requests with 30% probability. Requests are
assumed to arrive with an exponential
distribution.

In normal operation, response times are
equal to RAID level 5. That’s reason, our
scheme uses the same size as parity group of
RAID level 5 architecture.

times,

File processing
during failure operation, of the two
architectures considered in this paper are

shown in Figure 12.

Figure 12 illustrates file processing times
during failure-mode. Since the reliability of
the disk array is quite dependent on the
reconstruction time(9], study employ
rebuild strategies with redirection of reads
and piggy-backing. In failure-mode operation,
our scheme approach has better file processing

our

time than RAID level 5 architecture. The
processing time on performance is more
pronounced at higher loads.

In reconstruction-mode operation, RAID

level 5 is useless because there are no spare
space to reconstructed. But in our scheme,
parity block in RAID level 5 is converted to
spare space as distributed sparing scheme on
single disk failure. After the reconstruction
procgss finished reconstructing the data on
the failed disk, a level conversion scheme has
better than RAID
architecture that shown in Figure 13. Because

performance level 5
of request redirection, the normal requests to
already reconstructed data on a hybrid block
get serviced quicker than RAID level 5

architecture.
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2000
--#-- RAID level 5
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Level Conversion Scheme
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file processing time(ms)

1 20 30 40 50 60 70 80 90 100

request size(KB)

Fig. 12 File processing times during failure-mode

Larger transaction files in simulation are
used in reconstructing data from the failed
disk takes more number of operations. Hence,
converted spare disk on hybrid block is very
Since the
reliability of the disk array is quite dependent
on the reconstruction time(10], if the period
of replacing the failed disk to return normal
mode is not shorted, this problem has a worse

useful on a single disk failure.

performance in a disk array system.

----- RAID level 5

—e— Level Conversion Scheme
1800 |~

file processing time(ms)

10 20 30 40 s 6 70 8 80 180
request size(KB)

Fig. 13 File processing time during
reconfigured-mode.

6. Conclusions

RAID level 5 disk arrays interleave data

across multiple disks in blocks called striping

units. To protect against single-disk failures,
RAID level b adds a parity block for each row
of data blocks. These parity blocks are
distributed over all disks to prevent any
single disk from becomirfg a bottleneck(11]).
This fault tolerance scheme is very effective
on cost and capacity without any additional
spare space, but in case of continuous read
requests on a failed disk, many times access
rate has to supported on surviving disks to
satisfied these requests. This can double the
access rate to the surviving disks for a
workload of all reads. Therefore increased
response times are serious problem on single
disk failure in RAID level 5(10]). Performance
of proposed scheme in this paper can increase
up to 20 percents at failure mode and 80
RAID5

architecture and support the speed of a large

percents at reconfigured-mode than

transaction file storage system on a single
disk failure. As read requests are increases,
performance are more improved up in most of
multimedia storage systems such as VOD
(Video On Demand). Using of RAID controller
with non-volatile cache, restoration times of
3GB disks are less than 20 minutes(6]). So,
we need not consider its overhead.

To the conclusion, proposed scheme has
spare space that provided for reconstructing
the failed data during the

process without additional redundant device

reconstruction

being required. We evaluated the performance
of new organizations in various transaction
file size of operation, with a rebuild stra-

tegies.
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