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In the process of offering a new technology to the marketplace the
expertise of the user is often not considered. The HP Disk Array offers
RAID technology with special installation and configuration features
tailored for ease of use.
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* Hot-plug in this context is the ability to replace a disk while the system is in operation.
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Application
(e.g., Word Processor)

Operating System

4. Operating System Request Completed:
File is in memory ready for application to
operate on it.

1. Operating System
Request: Read file

3. Return Completed I/O Request

2. I/O Request to Storage Subsystem 2:
Read file request is translated into storage
subsystem-specific commands.

Storage Subsystem 1
(e.g., Flexible Disk)

Storage Subsystem 2
(e.g., RAID System)
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The Need for Information Storage
The trend today is to put increasingly larger amounts of an organization’s informa-
tion onto some sort of electronic media for quicker, concurrent, and geographically
independent access. The information being put on the electronic media is often
critical to the operation of the organization. This trend has created an increasing
demand for newer and better methods of electronic storage . One such electronic
storage method is data protection via RAID (redundant array of inexpensive disks)
technology.

RAID technology finds its roots in a series of papers referred to as the Berkeley
papers.1 Although these papers do not precisely define RAID, they do provide the
basis for the architecture of the technology. The need for disk drive redundancy
developed as the need for data integrity and system reliability became a growing
issue. For example, the consequence of a single point of failure in a disk storage
system could result in the failure of the entire computer system. This loss of pro-
ductivity and often data was deemed unacceptable.

Seven RAID levels are defined. Each level specifies a different disk array configu-
ration and data protection method, and each provides a different level of reliability
and performance. Since only a few of these configurations are practical for most
online transaction processing systems, file servers, and workstations, RAID levels
0, 1, 3, 5, and 6 are described here.

RAID 0
Although it is often debated that since RAID 0 is not redundant and should there-
fore not be considered as a RAID mode, nearly all RAID solutions include this
mode. RAID 0 distributes the data across all the disks in the disk array configura-
tion (see Fig. 1) Since there is no redundancy, the capacity utilization is 100 percent.

� Fig. 1. RAID 0 configuration.
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The data blocks in Fig. 1 are broken into three parts and striped across three disks.
What this means is that while data is being retrieved on disk 1, the data on disks 2 and
3 can be requested and ready to transfer sooner than if three I/O requests were made.

RAID 1
To answer the need for reliability and data integrity, system managers have often
implemented a solution in which write data is mirrored on two separate disk sys-
tems. This implementation is referred to as RAID 1. The primary advantage of
RAID 1 is its simplicity. RAID 1 provides a slight improvement in read performance
over the other implementations. However, write performance is poor because all
data is duplicated. The primary disadvantage of RAID 1 is cost, because for every
byte of storage used on a system an equal amount of storage must be provided as
a mirror. This results in a cost differential of 100% over standard nonredundant
mass storage.

In Fig. 2, the data is mirrored on each disk. In the event of a failure on disk 1, the
same data is available on disk 2.

Fig. 2. RAID 1 configuration.
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RAID 3
The architecture for RAID 3 is often referred to as a parallel array because of the
parallel method that the array controller uses in reading and writing to the disk

drives.  For RAID 3 it is necessary to provide two or more data disks plus an ECC
(error correcting code) disk. Data is dispersed or striped across the data disks,
with the ECC disk containing an exclusive-OR of the data from the other disks. Un-
like the other RAID solutions, the data is dispersed across the disk in a byte inter-
leave rather than the typical block interleave. With the spindles all synchronized,
the data is placed on the same cylinder, head, and sector at the same time.  In the
case of RAID 3, each drive is connected to a dedicated SCSI channel, which
further ensures the performance.

This architecture can handle any single disk failure in the chain. If a data drive
fails, data can be recovered from the failed drive by reconstructing the exclu-
sive-OR of the remaining drives and the ECC drive.  The advantage of this
scheme is that redundancy is achieved at a lower cost (compared to RAID 1).  The
primary disadvantage is its I/O performance for small amounts of data.  When an
application requires the transfer of large sequential files, such as graphic images
for workstations, this is the best method.

Fig. 3 shows the configuration for RAID 3. The data is striped across drives like
the RAID 0 configuration. If a failure occurs, the data is reconstructed based on
the parity data on disk 3. 

Fig. 3. RAID 3 configuration.
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RAID 5
RAID 5 was defined in an effort to improve the write performance of RAID 1 and
RAID 3 systems. Like RAID 3, the data blocks are distributed over the disk drives
in the system, but unlike RAID 3, the ECC data is also distributed across all the
drives (see Fig. 4). With this configuration reads and writes can be performed in
parallel.

� Fig. 4. RAID 5 configuration.
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RAID 6
Like RAID 0, RAID 6 is not yet accepted as a standard RAID configuration. This
configuration not only mirrors data (like RAID 1) but also stripes the information
(see Fig. 5). Because the data is striped, the performance is very similar to that
measured in a RAID 0 configuration. The penalty for use of this configuration is
that 100 percent more disk space is required.

Fig. 5. RAID 6 configuration.
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1. D. Patterson, G. Gibson, and R. Katz, “A Case for Redundant Arrays of Inexpensive Disks
(RAID)”. ACM SIGMOD Conference Proceedings, Chicago Illinois, June 1988, pp. 109-116.
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* The maximum number of devices on a narrow SCSI bus is eight, and since the disk controller
is considered to be one device, a maximum of seven hard disks can be connected to the bus.
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Data Protection:
Is data protection or

redundancy required?

Stripe Set Size:
What number of hard disks
should be used per stripe?

Hot Spare:
Does the system need a

standby disk for automatic
recovery?

RAID Level:
Which RAID level best fits our

requirements?

RAID Volume Size:
What will the partition size be?
Is more than one partition re-

quired?

Performance:
How important is

 performance to this volume?

I/O Request Type:
What is the distribution of ran-
dom versus sequential I/O re-

quests?Operating System Type:
Operating Systems have different

specifications regarding volume and
File Allocation Table (FAT) block

sizes.

Controller Cache:
If the read or write cache

should be configured, what
should it be set to?

Chunk Size:
What is the largest amount of
data that can be contiguously

stored on one disk?

"*0&05� &*� �&$�� �� 0%�0� %�/� *+� !","*!"* &"/� �" �1/"� &0/�  +*#&$7

1.�0&+*� &/� 05,& �((5� #&4"!� �5� 0%"� 0&)"� 0%"� /0+.�$"� /5/0")� &/

&*/0�(("!�� �&0%+10� �� 0%+.+1$%� 1*!"./0�*!&*$� +#� 0%"/"� !","*7

!"* &"/�� 0%"� 1/".� 3&((� *+0� '*+3� 3%�0� "##" 0� 0%"� 2�(1"� �/7

/&$*"!� 0+� +*"� ,�.�)"0".� 3&((� %�2"� +*� 0%"� .")�&*&*$� &*/0�((�7

0&+*�� �%"� #+((+3&*$� /" 0&+*/� (++'� �0� /+)"� +#� 0%"/"

,�.�)"0"./� �*!� 0%"&.� !","*!"* &"/� &*� )+."� !"0�&(�

• �0.&,"� /"0� /&6"�� �"#+."� �*5� +0%".� /"(" 0&+*/� /1 %� �/� (+$& �(

2+(1)"� /&6"� �*!� ����� ("2"(�  �*� �"� /"0�� �� !" &/&+*� )1/0� �"

)�!"� +*� %+3� 0%"� %�.!� !&/'/� /%+1(!� �"� $.+1,"!�� � �� /0.&,"

/"0� &/� 0%"�  +((" 0&+*� +#� !&/'/� 0%�0� )�'"� 1,� �*� �..�5� 0%�0� &)7

,(")"*0/� �� ����� ("2"(� 0%�0� 05,& �((5� 1/"/� �� !&/'� /0.&,&*$

0" %*&-1"��� �&/'� /0.&,&*$� &*2+(2"/� /,."�!&*$� !�0�� +2".� )1(0&7

,("� !&/'/� &*� �*� &*0".("�2"!� ,�00".*� 0+� &),.+2"� ,".#+.)�* "

�/""� �&$�� ���� �"(" 0&+*� +#� �� /0.&,"� /"0� $."�0(5� �##" 0/� 0%"� ."7

)�&*&*$�  +*#&$1.�0&+*� ,�.�)"0"./� /1 %� �/� 0%"� ����� ("2"(

�*!� (+$& �(� 2+(1)"� /&6"�� � �%"� �"%�2&+.� +#� 0%"� �..�5� 3&((� �(/+

�"� �##" 0"!�� "/," &�((5� &*� 0".)/� +#� &0/� ,".#+.)�* "�� �0.&,"

/"0� /&6"� %�/� 0%"� #+((+3&*$� !","*!"* &"/�

� �".#+.)�* "�� �#� 0%"� %�.!� !&/'� "* (+/1."� %�/� )1(0&,("� ����

 %�**"(/� 3&0%� %�.!� !&/'/� !&/0.&�10"!� +2".� )1(0&,("�  %�*7

*"(/�� &0� )�5� �"� !"/&.��("� 0+� %�2"� )1(0&,("� /0.&,"� /"0/� 0+

+�0�&*� �"00".� ,".#+.)�* "� +#� 0%"� +2".�((� /5/0")�� �(/+�� !"7

,"*!&*$� +*� 0%"� *�01."� +#� 0%"� !�0�� �*!� 0%"� #."-1"* 5� +#

!&/0.&�10&+*�� )1(0&,("� /0.&,"� /"0/� )�5� �"� !"/&.��("�

� ����� ("2"(�� �� %� ����� ("2"(� %�/� &0/� +3*�  +*/0.�&*0/� +.

."-1&.")"*0/�� �+.� "4�),("�� ����� ("2"(� ��  �*� +*(5� �"� 1/"!

3&0%� �*� "2"*� *1)�".� +#� %�.!� !&/'/�� 3%&("� ����� ("2"(� 


 �*� �"� 1/"!� 3&0%� �*� "2"*� +.� +!!� *1)�".� +#� %�.!� !&/'/�

����� ��� �3+� "4�),("/� +#� !&/'� /0.&,&*$� �*!� !&##"."*0� /0.&,"� /"0

/&6"/�� � ��0�� &/� /,."�!� +2".� !&/'/� &*� "-1�(�  %1*'/� �+.� �(+ '/�� +#

!�0��� � ��  %1*'� &/� 05,& �((5� �"03""*� 	�� �50"/� �*!� �	�� �50"/�� � �5

1/&*$� 0%&/� / %")"� +#� /,."�!&*$� 0%"� !�0�� �)+*$� )1(0&,("� !&/'/�� �

 +*0.+((".�  �*� +2".(�,� +,".�0&+*/� 0+� 0%"� !&/'/� �*!� 0%"."�5� &),.+2"

0%"� +2".�((� !�0�� �  "//�� �+.� "4�),("�� &*� ���� 03+�  %1*'/� �"�$��� ��

�*!� ����  +1(!� �"� ."�!� &*� 0%"� /�)"� 0&)"� &0� 0�'"/� 0+� ."�!� +*"�  %1*'�

�#� 0%"� /5/0")� ��*!3&!0%� �((+3/�� &0� &/�  ("�.� 0%�0� 0%"� /0.&,"� /"0� &*� ���

3&((� %�2"� )+."�  +* 1.."*0� !�0�� �  "//� 0%�*� 0%"� /0.&,"� /"0� &*� ����

Disk 2

B1

B5

B9

B(4n–3)

Disk 1

B0

B4

B8

B(4n–4)

Stripe 1

(b)

Stripe 2

Stripe 3

Stripe n

Disk 2

B1

B3

B5

B(2n–1)

Disk 1

B0

B2

B4

B(2n–2)

Stripe 1

(a)

Stripe 2

Stripe 3

Stripe n

Disk 3

B2

B6

B10

B(4n–2)

Disk 4

B3

B7

B11

B(4n–1)



��� � � � � � � �70(� 
���� �(9.(66=�$&-$4'� �1740$.

� �16� 52$4(�� �(2(0',0*� 10� 6+(� 07/%(4� 1)� +$4'� ',5-5� $8$,.=

$%.(�� ,6� /$;� 14� /$;� 016� %(� 2155,%.(� 61� +$8(� $� +16� 52$4(

�56$0'%;� +$4'� ',5-�� 6+$6� 9,..� $761/$6,&$..;� 4(2.$&(� $� )$,.('

+$4'� ',5-� ,0� 6+(� 564,2(� 5(6�� �746+(4�� 70.(55� $..� .1*,&$.� 81.=

7/(5� '(),0('� ,0� 6+(� 564,2(� 5(6� $4(� &10),*74('� 61� %(� 4('70=

'$06� ������ .(8(.5� 
�� ��� 14� ��� $� +16� 52$4(� 9,..� 016� 5(48(� ,65

,06(0'('� 274215(� ,0� 6+(� (8(06� 1)� $� ',5-� )$,.74(�

• ����� .(8(.�� �+115,0*� 6+(� ����� .(8(.� ,5� 10(� 1)� 6+(� &(064$.

2$4$/(6(45� ,0� 6+(� ����� 5;56(/� ,056$..$6,10�� �6� +$5� $� .16� 1)

,06(4'(2(0'(0&,(5�� ,0&.7',0*�

� �$6$� �416(&6,10�� �)� 6+(� 5614$*(� 5;56(/� ,5� 61� 9,6+56$0'� $

',5-� )$,.74(�� 51/(� 4('70'$0&;� 5&+(/(� 57&+� $5� ����� 
� 14� �

/756� %(� 5(.(&6('�� �)� 01� 2416(&6,10� ,5� 4(37,4('�� ����� 	� /$;

%(� 6+(� %(56� &+1,&(� 1))(4,0*� %(56� &$2$&,6;� 76,.,<$6,10� $0'

*11'� 2(4)14/$0&(�

� �(4)14/$0&(�� �(.(&6,0*� $� ����� .(8(.� 9,..� +$8(� $� 5,*0,),&$06

,/2$&6� 10� 6+(� ���� 2(4)14/$0&(�� �14� ,056$0&(�� ,)� 6+(� ���

4(37(56� 6;2(5� $4(� 4$0'1/� 94,6(5�� ����� �� ,5� 6+(� .19(562(4=

)14/$0&(� 5(.(&6,10� 10(� &$0� /$-(� $0'� ����� � 917.'� %(� $

%(66(4� &+1,&(�

� ����� 81.7/(� 5,<(�� ����� .(8(.5� 
� $0'� � 9,..� &1057/(� �	�

1)� 6+(� $8$,.$%.(� 5614$*(� &$2$&,6;�� 9+,.(� ����� �� &1565� 10(

',5-� 176� 1)� 6+(� 616$.� 07/%(4� 1)� ',5-5� ,0� 6+(� 564,2(� 5(6�� �14

(:$/2.(�� ,)� 6+(� 564,2(� 5(6� &105,565� 1)� ),8(� ',5-5�� ����� �� 9,..

1))(4� )174� ',5-5� 14� �	�� 1)� 75$%.(� &$2$&,6;� )14� '$6$� 5614$*(�

• ����� 81.7/(� 5,<(�� �1/(� ����� 5;56(/5� $..19� /7.6,2.(� 2$46,=

6,105� 9,6+,0� 10(� 564,2(� 5(6��  +,5� $..195� 6+(� 75(4� 61� &7561/,<(

6+(� 5614$*(� %;� +$8,0*� $� /,:� 1)� 81.7/(� 5,<(5�� ����� .(8(.5�

$0'� &$&+,0*� 5&+(/(5�� �1/(� '(2(0'(0&,(5� )14� 6+(� 81.7/(

5,<(� ,0&.7'(�

� ����� .(8(.�� �5� $.4($';� /(06,10('�� 6+(� ����� .(8(.� ',&6$6(5

9+$6� 4(/$,05� 1)� 75$%.(� &$2$&,6;�

� �2(4$6,0*� �;56(/�� �1/(� 12(4$6,0*� 5;56(/5�� 57&+� $5� �����

&$0016� 75(� 2$46,6,105� .$4*(4� 6+$0� ��� %;6(5��  +(4()14(�� ,6

/$;� %(� 0(&(55$4;� 61� /$-(� /7.6,2.(� 2$46,6,105� %(&$75(� 1)

57&+� 12(4$6,0*� 5;56(/� .,/,6$6,105�

• �+70-� 5,<(�� �(.(&6,0*� 6+(� � 2412(4� $/1706� 1)� &106,*7175� '$6$

5614('� 10� 10(� ',5-� �&+70-� 5,<(���� ,5� 241%$%.;� 6+(� /156� ',)),=

&7.6� 6$5-� ,0� &10),*74,0*� $� ����� 5;56(/�� �6� ,5� ($5;� 61� (:2.$,0

9+$6� &+70-� 5,<(� ,5�� %76� &+$..(0*,0*� 61� (:2.$,0� 6+(� ,/2.,&$=

6,105� 1)� 5(.(&6,0*� ',))(4(06� &+70-� 5,<(5�� �+70-� 5,<(� /$,0.;

$))(&65� 6+(� 2(4)14/$0&(� 1)� 6+(� 5614$*(� 5;56(/�� %76� 6+(� ',)),=

&7.6;� .,(5� ,0� 24(',&6,0*� +19� 6+(� 2(4)14/$0&(� 9,..� %(� $)=

)(&6('��  +(� )1..19,0*� &105,'(4$6,105� $4(� ,/2146$06� ,0� 5(.(&6=

,0*� &+70-� 5,<(�

� �2(4$6,0*� 5;56(/�� �$5('� 10� 6+(� ���� 4(37(56� 5,<(�� 6+(

&+70-� 5,<(� 5+17.'� %(� 5(6� 61� 51/(� /7.6,2.(� 1)� 6+(� 4(37(56

5,<(�� �14� �18(..� �(6"$4(�� 6+,5� 215(5� $0� ,06(4(56,0*� ',=

.(//$� %(&$75(� 6+(� ���� 4(37(56� 5,<(� &$0� %(� 5(.(&6('� )14

($&+� 81.7/(� '74,0*� ,056$..$6,10� 1)� 6+(� ),.(� 5;56(/�� �6+(4

12(4$6,0*� 5;56(/5�� 57&+� $5� ���� !��#�� +$8(� $� ),:('� ���

4(37(56� 5,<(�

� �10641..(4� &$&+(�� �$&+(� 75(� 9,..� $.51� $))(&6� +19� 6+(� &+70-

5,<(� 5+17.'� %(� 5(6�� �14� (:$/2.(�� ,6� ,5� 1)6(0� '(5,4$%.(� 61� ),6

)7..� 564,2(5� ,0� &$&+(� )14� ����� �� 94,6(5�

� ���� 4(37(56� 6;2(��  +(� /14(� 5(37(06,$.� 6+(� 4(37(565�� 6+(

/14(� %(0(),6� .$4*(4� &+70-� 5,<(5� 9,..� +$8(�

���� 	�� ����� ����� ������������� ��� 
���������

�6� ,5� 1%8,175� )41/� 6+(� ',5&755,10� $%18(� 6+$6� &10),*74,0*� $

����� 5;56(/� ,5� 016� $� 64,8,$.� 6$5-��  +,5� 5(&6,10� '(5&4,%(5� 51/(

1)� 6+(� )($674(5� 6+(� ��� �,5-� �44$;� 2418,'(5� 61� /$-(� ,6� 5,/2.(

)14� 75(45� 61� ,056$..� $0'� &10),*74(� $� ����� 5;56(/�

 1� 5,/2.,);� +$4'9$4(� ,056$..$6,10� 1)� 6+(� ��� �,5-� �44$;�� 6+(

+$4'� ',5-5� &1/(� 24()14/$66('� $0'� 24(&10),*74('� )41/� 6+(

)$&614;�� �,0&(� ��� ,5� $%.(� 61� &10641.� 6+(� +$4'� ',5-5� 75('� 9,6+

6+(� ����� &10641..(4�� ,6� ,5� 2155,%.(� 61� 126,/,<(� $..� &10),*74$%.(

2$4$/(6(45� $6� 6+(� )$&614;�� �0;� &10),*74$%.(� 2$4$/(6(4� 6+$6

&$0016� (0+$0&(� 6+(� 241'7&6� %76� &17.'� ,056($'� .($'� 61� .(55

6+$0� 126,/,<('� &10),*74$6,105� +$5� %((0� 4(/18('�� �8(0� 6+(

����� ��� 5(.(&6,10� +$5� %((0� $761/$6('�� �;� 5(.(&6,0*� 6+(

* Chunk size is also referred to as block size.

����� ��� �(6�(6� &10),*74$6,10

5&4((0�
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� �%7,%44;�!#+!2$� �/52.!,� � � � � � � ��


���� �� � �� ����� #/.&)'52!4)/.� ).� 7()#(� !� ���� 0!24)4)/.� -534� "%

#2%!4%$�

Protected DOS Partition

Protected NetWare Par-
tition

3,/4� ).� 4(%� #!").%4�� 4(%� ����� ��� )3� !,3/� !54/-!4)#!,,9� $%4%2;

-).%$�� �/2� 4(%� ����� #/.42/,,%2�� 4(%� #/.&)'52!",%� 0!2!-%4%23

(!6%� "%%.� /04)-):%$� !3� $%&!5,4� 3%44).'3�� �(%� ����� "53� 53%

(!3� !,3/� "%%.� /04)-):%$� "9� -!4#().'� 4(%� #(!2!#4%2)34)#3� /&

4(%� +./7.� $)3+� $2)6%3� 4(!4� #!.� "%� 53%$� 7)4(� 4(%� 02/$5#4�

�(%� 53%2� $/%3� ./4� (!6%� 4/� 5.$%234!.$� !.9� 0%2&/2-!.#%� /2

#/.&)'52!4)/.� !30%#43� /&� �����

�&4%2� 4(%� (!2$7!2%� (!3� "%%.� ).34!,,%$�� 4(%� 53%2� -534� #/.&)'52%

4(%� $)3+� !22!9�� �� "//4!",%� &,%8)",%� $)3+� )3� 02/6)$%$� 4(!4

02/-043� 4(%� 53%2� 4/� 3%,%#4� 4(%� ,!.'5!'%� /&� #(/)#%�� �(%� ).34!,;

,!4)/.� 02/#%33� 7),,� 4(%.� !,,/7� 4(%� 53%2� 4/� #/.&)'52%� 4(%� !22!9�

�(%� !22!9� #/.&)'52!4)/.� 54),)49� 53%$� 7)4(� 4(%� ��� �)3+� �22!9

)3� #!,,%$� �%4�%4�� �/-%� /&� 4(%� &%!452%3� /&� �%4�%4� 54),)49� ).#,5$%

• �%.3).'� !.$� '5)$).'�� �%4�%4� 7),,� 3%.3%� )&� 4(%� !22!9� )3� 5.#/.;
&)'52%$�� )&� .%7� (!2$� $)3+3� (!6%� "%%.� !$$%$�� /2� )&� !� 2%#/6%29

/0%2!4)/.� )3� 2%15)2%$�� �4� 7),,� 4(%.� '5)$%� 4(%� 53%2� 4/� 0%2&/2-

!,,� 4(%� .%#%33!29� 34%03� 4/� #/-0,%4%� 4(%� /0%2!4)/.�

• �)-)4� #(/)#%3�� �%4�%4� 7),,� /.,9� 02%3%.4� /04)/.3� 4(!4� -!+%
3%.3%� &/2� 4(%� #522%.4� /0%2!4)/.�� �/2� %8!-0,%�� !� (/4� 30!2%

(!2$� $)3+� $/%3� ./4� -!+%� 3%.3%� &/2� !� ����� �� 6/,5-%�� !.$

4(%� /04)/.� 3(/5,$� ./4� %6%.� "%� /&&%2%$� 4/� 4(%� 53%2�� �()3� !0;

02/!#(� !,3/� ,)-)43� #,544%2� /.� 4(%� 3#2%%.�

• �4!.$!2$� $%&!5,43�� �&� 4(%� 53%2� 02%33%3� 4(%� Enter� +%9� #/.4).5;
/53,9� 4(2/5'(� !� &%7� /04)/.� 3#2%%.3�� 4(%� !22!9� 7),,� "%� #/.&)';

52%$� 4/� 4(%� -/34� #/--/.� $%&!5,43�� �(%� 53%2� (!3� 4/� -!+%

$)&&%2%.4� 3%,%#4)/.3� 4/� $%6)!4%� &2/-� 4(%3%� $%&!5,43�

• �/.4%84;3%.3)4)6%� (%,0�� �%4�%4� /&&%23� %84%.3)6%� #/.4%84;3%.3);
4)6%� (%,0� 4(2/5'(/54� !,,� -%.53�� �(%� '/!,� (%2%� )3� ./4� 4/� � 2%;

15)2%� 4(%� 53%2� 4/� #/.35,4� !� -!.5!,� $52).'� 4(%� #/.&)'52!4)/.

02/#%33�

• �)-)4� .%7� 4%2-)./,/'9�� �%4�%4� )3� $%3)'.%$� 4/� +%%0� 4(%� ,!.;
'5!'%� !3� 3)-0,%� !3� 0/33)",%� !.$� ./4� 53%� %.').%%2).'� *!2'/.� �

�� .%7� 4%#(./,/'9� 490)#!,,9� "2).'3� .%7� 4%2-)./,/'9�� �/7;

%6%2�� -!.9� .%7� 4%2-3� #!.� /&4%.� "%� %80,!).%$� 7)4(� -/2%

&!-),)!2� 4%2-3�

• �%4�%4� &/2� !,,� /0%2!4).'� 3934%-3�� �/� &524(%2� 3)-0,)&9� 4(%� ,%!2.;
).'� #526%� &/2� 4(%� 53%2�� �%4�%4� )3� -!$%� !6!),!",%� ).� 4(%� 3!-%

&/2-� &/2� !,,� 3500/24%$� /0%2!4).'� 3934%-3�� �()3� 02/6)$%3� 4(%

"%.%&)43� /&� 3)-0,)&)%$� 3/&47!2%� #/.42/,� !.$� 53%2�3� -!.5!,�

�� 3!-0,%� /&� 4(%� -!).� �%4�%4� #/.&)'52!4)/.� 3#2%%.� )3� 3(/7.� ).

�)'����� �(%� 53%2� )3� /.,9� 02/-04%$� 4/� -!+%� $%#)3)/.3� 2%,%6!.4

4/� 4(%� #/.&)'52!4)/.� 02/#%33�

�.#%� 4(%� ����� 3934%-� (!3� "%%.� #/.&)'52%$� !.$� ).)4)!,):%$�� )4

)3� 2%!$9� &/2� 53%� "9� 4(%� 3%26%2�3� /0%2!4).'� 3934%-� &/2� $!4!

34/2!'%�� �&� 4(%� ����� 3934%-� )3� 4(%� /.,9� 34/2!'%� /.� 4(%� 3%26%2�

)4� #!.� "%� -!$%� "//4!",%� "9� #2%!4).'� !� ���� 0!24)4)/.� !.$

!33)'.).'� !� ���� &),%� 3934%-�� �()3� )3� 4(%� #!3%� &/2� �/6%,,� �%4;

 !2%� !3� 3(/7.� ).� �)'�� ��

�()3� )3� !.� )-0/24!.4� 0/).4� "%#!53%� 3/-%� ����� 3934%-3� 7),,

./4� !,,/7� 4(%� #2%!4)/.� /&� -5,4)0,%� 0!24)4)/.3� 7)4().� /.%� 342)0%

3%4�� �()3� ).#2%!3%3� 4(%� #/34� /&� 4(%� 3934%-� "%#!53%� 4(%� 53%2

-534� %)4(%2� !33)'.� !� 3%0!2!4%� (!2$� $)3+� !0!24� &2/-� 4(%� ����


���� ���� �!�� �!4!� ,!9/54� ).� !� ����� �� 3934%-�� �"�� �!4!� ,!9/54� !&4%2
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B8

B(3n–1)

Stripe 2

Stripe 3

Stripe n
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B8
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Stripe 1
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B5

B9

B(4n–3)

B2
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B10
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Stripe 2

Stripe 3

Stripe n

Disk 4

B3

B7

B11

B(4n–1)

(b)

3934%-� !3� 4(%� "//4� $%6)#%�� /2� )&� 4(%� ����� 3934%-� )3� 4(%� /.,9

34/2!'%� 3934%-� /.� 4(!4� 3%26%2�� 4(%� ���� "//4!",%� 0!24)4)/.

7/5,$� "%� !� -).)-5-� /&� !� 3).',%� $)3+� 3):%� ���4/�	� �"94%3�� !.$

)&� 02/4%#4%$�� 7/5,$� 4!+%� 4(!4� .5-"%2� 4)-%3� 47/�� �(%� ��� �)3+

�22!9� !,,/73� %)'(4� 6/,5-%3� &/2� !� 342)0%� 3%4� 53).'� !.9� -)8� /&

#!0!#)49�� ����� ,%6%,�� !.$� #!#().'� 342!4%'9�

�!,!.#).'� %!3%� /&� 53%� !.$� !� 2)#(� &%!452%� 3%4� #!.� "%� 6%29

#(!,,%.').'� "%#!53%� -/34� -!.5&!#452%23� /&� 02/$5#43� 35#(� !3

����� 3934%-3� 7!.4� 4/� -!+%� 4(%� 02/$5#43� '%.%2!,� %./5'(� 3/

4(!4� 4(%9� #!.� "%� 53%$� /.� !.9� (/34� 3934%-� ).� !.9� /0%2!4).'

3934%-� %.6)2/.-%.4� 7)4(� 4(%� -/34� &%!452%3� /&� !.9� !6!),!",%

02/$5#4� �!� -!2+%4).'� $2%!-��� �5#(� '%.%2!,)49� !,3/� #(!,,%.'%3

4(%� 3)-0,)#)49� !.$� %!3%� /&� 53%� /&� 4(%� 3934%-�� �(%� ��� �)3+

�22!9� )3� !.� %8!-0,%� /&� (/7� &%7� 42!$%;/&&3� 7%2%� -!$%�

������� ��������� ��� �� ���	� �����

�$$).'� #!0!#)49� 4/� !.� %8)34).'� ����� #/.&)'52!4)/.� )3� !� 7%,,;

+./7.� $),%--!� 7)4(� 4()3� 4%#(./,/'9�� �).#%� 4(%� $!4!� )3

302%!$� /6%2� -!.9� $)3+3�� !� .%7� $)3+� #!../4� 3)-0,9� "%� !$$%$

7)4(/54� 3(5&&,).'� 4(%� $!4!� !2/5.$�� �.� �)'�� ��� $!4!� )3� 302%!$

/6%2� 4(2%%� (!2$� $)3+3� ).� !.� ).4%26!,� /&� ",/#+� 3):%� ��� �!#(

(!2$� $)3+� (!3� .� ",/#+3� !.$� 4(%2%&/2%� 4(%� !22!9� (!3� .� 342)0%3�

�/� "%� !",%� 4/� !$$� #!0!#)49� 4/� 4(%� %8)34).'� 342)0%� 3%4�� 3/-%� /&

4(%� $!4!� 3(/7.� ).� �)'�� ��!� (!3� 4/� "%� -/6%$� /.4/� 4(%� !$$);

4)/.!,� $)3+� 35#(� 4(!4� 4(%� ",/#+� ,!9/54� %.$3� 50� ,//+).'� ,)+%

�)'�� ��"�� �()3� %8!-0,%� )3� 30%#)&)#� &/2� ����� ��

�$$).'� #!0!#)49� "%#/-%3� -/2%� #/-0,%8� 7(%.� 4(%� 3934%-� )3

#/.&)'52%$� !3� !� 2%$5.$!.4� ����� ,%6%,�� �/34� ����� 3934%-3

2%15)2%� !� #/-0,%4%� "!#+50�� 2%#/.&)'52!4)/.�� !.$� 2%34/2%� &/2� !

#!0!#)49� ).#2%!3%�� �,'/2)4(-3� !2%� "%).'� $%6%,/0%$� 4/� !,,/7� !

#!0!#)49� ).#2%!3%� &/2� !.� %8)34).'� 342)0%� 3%4�� "54� !2%� "%9/.$

4(%� 3#/0%� /&� 4()3� $)3#533)/.�

�(%� ��� �)3+� �22!9� /&&%23� !� .%7� !.$� 3)-0,%� 3#(%-%� &/2� !$$;

).'� #!0!#)49� #!,,%$� ���
������ ��	������� �!4(%2� 4(!.� 3/,6).'

4(%� #/-0,%8� 02/",%-� $%3#2)"%$� !"/6%�� %-%2'%.#9� #!0!#)49

3)-0,9� !$$3� !� .%7� 342)0%� 3%4� 4/� 4(%� ����� 3934%-� �3%%��)'������

�(%� #!6%!4� (%2%� )3� 4(!4� 4(%� .%7� 342)0%� 3%4� $/%3� ./4� (!6%� !.9

$)3+� !22!9� #(!2!#4%2)34)#3� 35#(� !3� !$$%$� 0%2&/2-!.#%� !.$

$!4!� 2%$5.$!.#9�� �.� &!#4�� )4� )3� 3)-0,9� !� ����� �*534� !� "5.#(� /&

$)3+3�� #/.&)'52!4)/.�� �/7%6%2�� )4� -%%43� 4(%� #534/-%2�3� .%%$

/&� )--%$)!4%� #!0!#)49� %80!.3)/.�� �4� !� -/2%� #/.6%.)%.4
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���� ���� �$$).'� %-%1'%.#8� 23/1!'%� #!0!#)38� ).� !.� ��� �)2+� �11!8

#/.&)'41!3)/.�

B0

B3

B6

B(3n–3)

Stripe 1

Disk 1 Disk 2 Disk 3

B1

B4

B7

B(3n–2)

B2

B5

B8

B(3n–1)

Stripe 2

Stripe 3

Stripe n

Disk 4

B0

B1

B2

Bn

Stripe Set 1 Stripe Set 2

3)-%�� 3(%� 42%1� #!.� 0%1&/1-� 3(%� 01/0%1� /0%1!3)/.� &/1� #!0!#)38

%70!.2)/.�

	��������� ����� 
� �
�����

�./3(%1� -!*/1� 1%!2/.� 6(8� /1'!.)9!3)/.2� ).5%23� ).� ����� 282:

3%-2� )2� 01/3%#3)/.� !'!).23� 2823%-� $/6.3)-%�� �##/1$).'� 3/

3(%� �!1#(� 	���� )224%� /&� �83%� �!'!9).%�� !� 2415%8� /&� ��� ).:

&/1-!3)/.� 2%15)#%� %7%#43)5%2� !3� 	���� -!*/1� #/-0!.)%2� &/4.$

#/-043%1� $/6.3)-%� #/23� !.� !5%1!'%� /&� ��������	�	� 0%1� (/41

!.$� /##411%$�� /.� !5%1!'%�� .).%� 3)-%2� !� 8%!1�� �� 380)#!,� /43:

!'%� #/23� ������������� ).#,4$).'� 3(%� #/23� /&� 1%#/5%1).'� /1

1%#/.2314#3).'� 3(%� $!3!�� �/6%5%1�� &!),41%2� #!.� !.$� $/� /##41�

-!+).'� ./3)&)#!3)/.� /&� !� &!),41%� %22%.3)!,�� �/-%� &!),41%2� $/

./3� #!42%� !.8� $)21403)/.� ).� 3(%� ���� 01/#%22).'� �0%1&/1-!.#%

-!8� 24&&%1� 2/-%��� 6(),%� /3(%1� &!),41%2� 6),,� "1).'� $/6.� 3(%

%.3)1%� 2%15%1�

Failure Notification.� �%&/1%� !.8� -!.4!,� 1%23/1!3)/.� 01/#%22� #!.
"%').� 3(%� 2823%-� !$-).)231!3/1� .%%$2� 3/� +./6� 3(!3� !� 01/":

,%-� (!2� /##411%$�� �(%� &!),41%� ./3)&)#!3)/.� -%3(/$� )2� 3(%1%:

&/1%� !� 5%18� )-0/13!.3� 0!13� /&� 3(%� ����� 23/1!'%� 2823%-�� �(%

./3)&)#!3)/.� 2(/4,$� "%� )--%$)!3%� �)�%��� 6)3().� -).43%2� /&� 3(%

&!),41%��� 5)2)",%�� !.$� 4.$%123!.$!",%� 3/� 3(%� !$-).)231!3/1�

�!.8� !001/!#(%2� !1%� 42%$� &/1� &!),41%� ./3)&)#!3)/.�� �3!.$!1$2

24#(� !2� ����� ��)-0,%� �%36/1+� �!.!'%-%.3� �1/3/#/,�� !.$
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Unused

B4

B(2n–1)

Parity-2

Parity-n

Parity-3

���� ��%2+3/0� �!.!'%-%.3� �.3%1&!#%�� !1%� %-%1').'�� �/6:

%5%1�� 2).#%� 23!.$!1$2� (!5%� !� 3%.$%.#8� 3/� 3!+%� !� ,/.'� 3)-%

"%&/1%� 3(%8� !1%� #/-0,%3%� %./4'(� &/1� 3(%� ).$42318� 3/� 42%�

).$42318� 3%.$2� 3/� 3!+%� )32� /6.� $)1%#3)/.�

Failure Recovery.� �2� -%.3)/.%$�� 2/-%� &!),41%2� !1%� 1%#/5%1:
!",%�� �.%� 24#(� 1%#/5%1!",%� &!),41%� )2� !� 2).',%� (!1$� $)2+� 3(!3

)2� 0!13� /&� !� 1%$4.$!.3� ����� 231)0%� 2%3�� �(%� 23/1!'%� 2823%-

-!8� (!5%� 3(%� !"),)38� 3/� 1%#/5%1� "8� )32%,&� "8� 1%"4),$).'� /.� !

(/3� 20!1%� �23!.$"8� (!1$� $)2+��� �(%� &!),%$� $)2+� 2(/4,$� "%
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93 branded products.
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