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| NVENTLON: This invention relates to a data. storage and nore
particularly” to digital storage device and nethod in which storage is
provi ded by an array of storage devi ces. DESCRI PTI ON OF THE PRI OR ART:
The use of arrays of disk or other Directt Access Storage Devices (DASD) is

The use of ‘a _ co _ s (DASD) i <
ovor costs  harhaye ot A, ¢ORAEE, TRAEE bufhmAlih BeP0Bkedatol ™! 111V @

FIELD OF THE INVENTION:
This invention relates ‘to a data storage and more
particularly to digital storage device and method in which

storage is provided by an array of storage devices.

DESCRIPTION OF THE PRIOR ART:

The use of arrays of disk or other Direct Access Storage
Devices (DASD) is known, and has provided 1large storage
capacities and higher reliability at lower costs than have been
achieved with single disk drives.

U.S. Patent 4,870,643 teaches an array of standard five and
one quarter inch disk drives mounted in a rack and panel frame
using the Small Computer Storage Interface (SCSI). Data words
are each divided into n segments, and each segment is transferred
to one of n different drives in parallel, which speeds up the
word transfer rate.

At least one disk drive stores parity check information
which is used to regenerate the déta on any one disk drive that
may have failed. When a drive fails, an operator unplugs the
failing drive from the frame, and substitutes a working drive.
The regenerated data is then written on the replacement drive.
The drives are operéted, in synchronism, with a signal from the
master controller, rather than being synchronized to one of the
disks. '

U.S. Patent 4,989,206 teaches an array of the type-described
in U.S. Patent 4,878,643 which includes more drives in the array
than needed to store the data and parity. When a drive fails,
the system replaces the failing drive with ‘a working drive by
means of reconnecting the drives through a cross point switch.
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U S. Patent 4,870,643 teaches an array of. standard five and one quarter
i nch di.sk drives nmounted in a rack” and panel frame using the Small Conputer

Storage I'nterface (SCSI). Data words are each divided into n segnents, and
each segnent is transferred to one of n different drives in parallel, which
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December 1989, page 5, teaches an improvement in DASD array
systems used with the IBM System 38 and IBM System 370.

In these systems, the checksum for corresponding DASD blocks
in n drives was calculated in the CPU. In this teadhing, the
checksum is calculated in the I/0 subsystem channel and cache in
order to reduce CPU time needed to prepare the checksum record.
Also, in this disclosure, data is not spread among the n drives,
but is written to one of the drives. The checksum is still
calculated across all of the n drives to provide error recovery
for all of the drives. The checksum is not calculated from data
in all of the drives each time one of the drives is written with
a block of data.

Instead, the checksum is updated by Exclusive Oring the old
block of data in the drive to be written to remove its effect,
and then Exclusive Oring the new data to obtain the new checksum.
When these Ex-Or operations are done by the CPU, it often works
through it's cache memory, thereby filling the cache with long
operands that are used only once. Calculations by the I/0
subsystem are done directly to memcry and, therefore, cache is
preserved and CPU time is reduced. .

IBM Technical Disclosure Bulletin, Volume 32, Number 6B,
November 1989, page 48, teaches distributing the checksum
information across each of the disk drives instead of storing it
on one of the drives. This has the’  effect of improving
reliability because the checksum must be rewritten whenever any
block of data on any drive is written. If a separate checksum
drive is provided, that drive operates when any of the other
drives are written, and so may become backlogged with new parity
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2 The system includes control nodul es having a processor and cache
menory.. Each control nodul e divides the data word that—it—receives—fromthe
conputér i'nto the n segnents to be witten on n drliTHS SHERD HAE8EEN ¢s t he
parity segment to be witten on the -parity drive. REPIBWOEDechni ¢al
Di scl osure Bulletin, Volume 32, Number 7,, Decenber—t$8%—page—5, tEaches an
| mprovenent in DASD array systens used with the I BM System 38 and | BM
System 370. blocks |to bhess taga] edfi, alde ieheCks widht osutc sboRsp @hdh NghdASD

bl ocks in n diygsswas calculated in the CPU. In this teaching, the
checksumis calculated in the I/O subsystem channel and cache.in order to
reduce CPU tine needed to prepare the checksumrecord. Also, in this
disclosure, data iSen@boEgdesarhashgrion antdhas dgpPreNad he weliebhlie one of
the drives. ofhkowlreskslimki srsiyis| | butahas|aisedcsaated ssanlel podblielve . n zdr | ves

to provide erp@hcisHeRVELY the December 1989, IBM Technical Disclosure
Bulletin, the use of the I/O subsystem is recognized as a
potential source of an I/0O bottleneck.

This problem is further recognized by the Redundant Array of
Inexpensive Disks (RAID) Advisory Board, Inc. of ‘LinoLakes
Minnesota. They have published the "RAIDBook", which is
incorporated herein by reference, as a source of information for
RAID technology. In it, they describe RAID Level 5 as a partial
solution to the write parity bottleneck that may occur in RAID
Level 4. RAID Level 4 is analogous to the teachings of the above
December 1989 IBM publication, and RAID Level 5 is analogous to
the November 1989 IBM publication.

This problem is acute when the array is connected directly
to the host computer by the SCSI bus, énd the array is controlled
by Array Management Software operating in the host computer. The
known alternative of providing an 1I/0 controller is more
expensive and, as described in the prior art above, may itself
become a bottleneck. The bottleneck is accentuated by the fact
that the host must either send write commands to all of the
disks, as in RAID Levels 2 and 3, or must read the old data and
the old parity in order to generate new parity for new data and
then write the new déta and new parity as in RAID Levels 4 and 5.

SUMMARY OF THE INVENTION

These and other problems are substantially reduced by the
instant invention which provides logic and calculation means in
each storage device in the array. According to the invention,
data to be written is sent to the target drive from the host
computer under a new command that instiucts the target drive to
generate part of the new parity, and may also identify the parity
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for all of the drives. The checksumis not calculated fromdata in all of
the dri.yes each tinme one of the drives is witten with a block of data.

| nst ead, the*checksumis updated by Exclusive Oif knQf data
in the drive to be witten to renove its effect, Mémﬁﬁgm Oing
the new data to obtain the new checksum4 Wien thdse ExREP ations are
done by the CPU, it_often works throu It's cache nenory, thereby filling
the cache wi PR YonPIREEPARRHY + RXEL Sy W?éd“aé’nP? DSRERAEDtLEASS4EReE GRs by t he
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preserved andafiPUevienesi s reduced. | BM Techni cal Discl osure
Bul I etin, Volume 32, Number 6B, November 1989, page 48, teaches
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bl ock of datgommurdrytisn wethstiwr iteerifibd pardepadeive, chestksoniny ithe i s
provi ded, thasrﬂ{yl \-19BeL8! e8adNElk A4 Q;ari% %&%eﬁ&hv@sw epaiiielt en, and

SO may beComan ormatlgrgeprovg ttﬁenggvrl & Istdrome and ghe old parity. The

parity drive, after generating the new parity, writes the parity
information, all without further host or host I/O actiomn.

An advantage of the instant invention is that the cost of a
separate array controller and it's power supply and packaging is
eliminated while, at the same time, relieving the host computer
of the parity generation and extra I/0 operations that it
entails. Another advantage is that the invention may be
embodied, at least partially, in microcode that executes in the
already existing disk device processor in each disk drive.

In another form, the addition of a minimum of Exclusive Or
logic to each disk drive has the advantage of speed without
adding significant load to the existing power supply in the disk

drive.
BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a block diagram of the data paths of the prior
art method under RAID Level 5.

FIGURE 2 is a block diagram of a data storing device in
accordance with the invention.

FIGURE 3 is a block d1agran1 of the data paths of the
invention.

FIGURE 4 sets out the format of a SCSI Write command.
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3 blocks to be witten, and also it will wear out sooner than the others.
The aboye-described prior art has inproved the reliability of |ow cost disk
arrays, but” has also created sone problens. As nentioned in the Decenber
1989, IBM Technical Disclosure Bulletin, the use of the I/O subsystemis
recogni zed as a potential source of an_I/O bottl eneck. Thi s problem
I's further recogni zed by the Redundant /-s\rray of I nexpensive Di sks (RAID)

Advi sorkaoar d, lmnGuref SLiQOiaﬂiﬁzgszdﬁaéﬁzﬂﬂ f ghemmbmn@ubiww énféef
" RAI DBook™" , L, igenbRGA5LR0 herel erence., ource o
i nformation p%rmRXI%EI) tec n‘r%olfl%tgn% ana(%o?d?%%{/ 32&0‘% %n%%f%o ével 5 as a
partial solution to the wite parity bottleneck that may occur in RAID

Level 4. RAID LeFCURE |6 igmalddgotan of 2 messikbe fungsianf fohahabsing Becenber
1989 | BM pubbacaiv @eyiend RAID Level 5 is anal ogous

DETAILED DESCRIPTION

FIGURE 1 shows typical data paths for writing data to an
array disk storage system of the prior art RAID Level 5. When an
application program 10, in the host computer 11, makes a write
request, the parity blocks corresponding to all modified data
blocks will change.

First, the Array Management Software 20 converts the
application programs virtual disk address to an array member
number 1 and a block address on that member. Then, the Array
Management Software 20 reads the contents 30, of the member
blocks to be modified, into internal buffers in the host. The
Array Management Software also separately reads the contents 40,
of the corresponding parity blocks, into the internal buffers
from the parity drive 4 that corresponds to the selected data
blocks location. The Array Management Software 20 then removes
the contribution of the old data 30 in the target blocdks by
calculating the Exclusive Or 50 of the old data 30 and the old
parity 40. Then, that intermediate result 50 is Exclusive Or'ed
with the new data 60 to obtain the new parity information 70.
Then, the Array Management Software writeé'the new parity_70 from
the host to the parity drive 4, and writes the new data 60 from
the host 11 to the data drive 1. Each of these read and write
Operations contributes to the I/0 bottleneck, and consumes host
computer resource.

DETATILED DESCRIPTION OF A PREFERRED EMBODIMENT
FIGURE 2 shows the block diagram of a. storage device, as

modified in accordance with the invention. The host computer 11
is connected to a plurality of disk devices 13-1 to 13-(n+l) by
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to the Novenber 1989 | BM publication. This problemis acute when the
array is connected directly to the host conputer by the SCSI bus, and the
array’is controlled by Array Managenent Software operating in the host
conputer. The known alternative of providing an I/O controller is nore
expensive and, as described in the prior. art above, may itself becone a
bottl eneck. The bottleneck is accentuated by the fact that the host nust
ei ther send wrstsr camaiddscés B, Ofs tde8cirdas inagohjurfblibh Lewel sné and 3,
or nust readpihier @hd, dat as algnbR& OhtyPRRI ddkalyor A 96 qL GLRET Az eNEW
parity for ngwdrc_ilavte% ?{}ﬁ tot%egaé/\érlgreldtte new data_angd .new parjty as__in RAID
Level s 4 and®5 ‘ & asso‘?ﬁl\%ﬂlﬂ%dg??% Idﬁi'?’éT\l'ﬁ”é’H

It is an obj @EtP&Ft¥he i nvention to aneliorate one or nore disadvantages of
the prior art. According to one aspect of the invention there is

di scl osed a storagecoldetCadlacer IDRE NS RATSHIBK UtdelrOledt1! B, GaifSt

conmputer and.,at | east. one ot her storage device,t hat ..
np drive may have mostly data aﬁ% some pari yzan order to optimize

drive performance.

The host computer 11 may be a large mainframe computer, or
a smaller computer of any make or architecture, including
personal computers. Each storage device 13 has a corresponding
SCSI adapter 17, which is the type that can act either in
receiver or in initiator mode. The SCSI architecture has the
initiator mode for the purpose of allowing a DASD device to
perform backup functions without passing the archive data through
the host.

Each storage device also has a processor 19 which is
programmed to control the media hardware, and to perform the
internal data transfers that are required. Processor 19 is most
often a microprocessor. A memory 21 is also provided to store
the programs that run in the processor 19 and to buffer the data.
The data buffer function will be described in more detdil in
conjunction with FIGURE 3. The processor controls the media
hardware through the directly connected seek control logic and
drivers 23.

Drivers 23 are, in turn, connected to actuators 25 which
move the magnetic read/write heads over the media 27 in this
embodiment. Data which is.written to, and that which is read
from the media, passes through the read/write channel 29, which
is connected to the read/write heads by amplifiers (not shown).

The processor 19 is connected to the SCSI adapter 17, the
memory 21 and the read/write channel by a standard microprocessor
bus which is in the preferred embodiment, a sixteen-bit wide data
and address bus of the type employed by Intel microprocessor
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Is of a generally simlar type, said storage device conprising: an
interfacge far 4
connecting said storage device to said host conputer and to said at |east
one other storage device; control nmeans connected to said interface for
receiving a first command and new data,from said host conputer; storage
nmedia for storing old data; nmenory neans controlled by said control neans
in response gssaid first command for storing said new data; cal cul ation
means connected to said nenory neans and said storage nedia for

calculating a result_fromsaid new data and, said ol d dat aid result

bei ng use19 ul  asTRr3dytise rté’clr'}“%r?qq’ﬁebs i18ﬁ$l aﬁ?arﬁ%%%s%?(ﬁtfﬂslﬂfngrsai d

i nterface forodiissy} g Brovidednin CHieHnte He8°53Fd 2 RREUIYaBYBIFrIesaPe to said
at | east one aicwerpaslioy ages deMilcBe described later in conjunction with

FIGURE 3 and the new commands Write Protected and Write Parity,
respectively. In this preferred embodiment, the Exclusive Or
logic 31 is embodied in hardware circuitry which is connected by
the bus 33 to the processor 19 and the memory 21 for operation,
as depicted in FIGURE 3. It will be recognized that the
Exclusive Or logic 31 can be implemented, either completely or in
part, in a program executing in the processor 19.

A programmed implementation may adversely affect the
operation of the storage device, however, because a
microprocessor is not usually a very fast processor, and the
blocks of data that must be Exclusive Or'ed together are
relatively long and will require a large amount of processing
time.

The circuitry of Exclusive Or logic 31 is described in
detail later, referring to FIGURE 5. The command format and
parameters selected for the Write Protected and the Write Parity
commands will depend upon the specific implementation of the
architecture that is used in the storage system.

In this embodiment, parity is established across the
devices, based upon the physical block address, so that the Write
Protected and Write Parity commands each have the same logical
block address and transfer length. Parity mapping is chosen to
be a function Of the physical block addresses and is preferred to
be a defined function, such as shown FIGURE 6. A target storage
device that receives a Write Protected command uses the function
to determine which other device should receive the Write Parity -
command.

It will be recognized by those skilled in the art that it is
also a practical embodiment to identify the parity device within
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Accordi ng to anot her aspect of the invention there is disclosed a storage
system wused in conjunction with a host conputer, said storage system
having at least a target storage device and a parity storage device, the
system conprising: a first interface in .said target storage device
connecting said target storage device tp said host conputer and to said
parity storage device, and for receiving a first command and new data from

said host aerputete Hrotsttsd ebagandredbd dxampabd Byahgehg Bydedgex davi ce for
storing ol d 4data, 'nhSEon{ﬁ'”leé!wﬁinﬁxéd?zES@i. d target storage device

connected to sal ITst Interface and controlled by said first command for
storing said new data; first exclusive-or calculation neans in said target
storage devi ce chhndetxdbed sater fwitht resRetty tRediCUBRd4saitBef FFst® storage
medi a for caroubatddgna wrdweePdrdity Céonmandis aravienfler same Al bytanfeanat new dat a
apd sal d| gla% ?@i@iséﬁ dvéﬂga# O d CborinleC bk@lpd nf:?ét{f?iho!ﬁhéav'lvaﬂdc%ﬂ‘le S‘; f ect
of said o ata_. renoye erefro n e effect. .o | ey dat a adde
thereto; medR§cthtd ug’ﬁxé da ‘&‘5 %i?trsqt%lenfg??%tclé’nf 6795 sbsylsfl nqrg }géécgeonad comand
and sai d neWwiBRFYrontr FEEPLYH ViCAY or HrRtiead of oleayiipd pEie™ yﬂstzSF%geasdevi ce; a
second i nt erthageare inaan JCHII Wyitst comgnddevi ce for receiving said second
command and said new error correction information; second

OPERATION OF THE PREFERRED EMBODIMENT

Referring now to FIGURE 3, the data paths of a preferred
embodiment of the invention using SCSI architecture will be
described in conjunction with its operation. First, the Array
Management Software running in the host computer 11 converts the
virtual disk address, that it receives from the application
program, to an array member number and a block address on that
member. Then the Array Management Software sends the Write
Protected command 111 and the new data 113 to the selected, or
target drive, 13-i in the array of n+l drives. The Write
Prétected command operation ends the host computer involvement
with the array, except for receipt of Command Complete from the

target drive.

In the target drive 13-i, the Write Protected command is
acted upon by the X program in the control processor 19-i, which
causes the new data to be written into the data buffer at 117 in
memory 21-i. Responsive to the Write Protected command, the X
program reads the old data 119 from the affected areas of the
media 27-i into the buffer at 123. Then the X program moves the
old data 119 in 123, and the new data at 113 in 117, into the
Exclusive Or 31-i where a parity syndrome 127 is created by the
Exclusive Or of 113 and 119. Thé parity syndrome is temporarily
stored in buffer 129. The new data is then written to the
affected areas of the media 27-i. The X program then causes the
SCSI adapter 17-i to enter initiate mode, and drive 13-i issues
a Write Parity command 131 to the identified parity drive 13-p
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menory neans in said parity storage device connected to said second

I nterface and, controlled by said second command for storing said new error
correction information; second storage nedia in said parity storage device
for storing old parity information; second exclusive-or cal cul ati ng neans
in said parity storage device connectedgto said second nenory nmeans and
said second storage nedia for cal culating new parity

4a i nfor makidn che Gamgal sl i@ EIJCR! addiiese CAnd Bound @sNBddedeanth gaéd ol d

parity inf Orﬁ@lteeo%otéél%d”%a%ﬂd“ dtﬂérﬁés\ﬁ Shor age Qfé’d Cforla@M £RLOT I NG
sai d neM/par|Hy§|nfor tora Accor di ng

to yet anoth&d* pg%lfémf“eo "lrﬁ‘e%h?”: &zgt?ﬂert €} Ban %gc Blsvgdi?h% net hod of

Responsive to the Write Parity command 131, the Y program in
the storage device 13-p reads the old parity 219 from the
affected area of the media 27-p into the buffer at 223. Then the
Y program moves the old parity 219 in 223 and the parity syndrome
127 in 217 into the Exclusive Or 31-p, where new parity
information 227 is created by the Exclusive Or of 127 and 2189.
The parity 227 is temporarily stored in buffer 229.

The new parity 227 is then written to the affected area of
the media 27-p in place of the old parity 219. Because this new
parity includes information from the old parity, it can be used
to regenerate other data in corresponding blocks on other drives
in the usual way in the event that one of them fails. -

As can be seen from the diagram of FIGURE 3, only two SCSI
commands, and only two transfers of information, pass across the
SCSI bus. All other operations are executed internal to the
affected storage device drives. FIGURE 4 shows the SCSI command
format for the standard Write 10 command. The ten bytes, zero
through 9, are depicted in the ten rows, and the eight bits of
each byte are depicted in columns seven through zero, with column
seven being the most significant bit.

Byte zero is the Op Code and, for the Write 10 command, it
is a hexadecimal 2A or binary 00101010. Byte one contains the
logical unit address, and other control fields that are not
relevant to this invention. Bytes two through five is the
thirty-two bit logical block address. Byte six is reserved, and
bytes seven and eight are the transfer length. Byte nine is
additional control fields that are not relevant to this
invention.

The Write Protected and Write Parity commands have the same
ten-byte format as the SCSI Write 10 command, except that in the
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storing data in a system having a conputer and an array of storage devices
conprisimg the steps of: sending a first conmand and new data from said
conputer to a first storage device; reading old data fromfirst nedia in
said first storage device; calculating the  Exclusive O of said new data
and said old data in said-first storage ggvi ce to create first error
correcting information which includes information concerning renoval of the
effect of saivrenlidr deagesrifaod diisch ahd 05 iofcithdespemiftaomatoden byoacer#i ng
thed_effect of nﬁgbda 'lﬁWaéfiQir%;, 8¢ ebﬂgv?@,diﬁ@@adaé@ 1@tayﬁfa sén]g-mra'ftt z 8BS ?;
sendi ng a secon ommand .and_s NS error corrgecting infor o) rom
said first stdfa tgeséea}/ﬁecént o asadss ctgﬁﬂtestlgrg “éqnaélé\'/_i c'gt;lls Fg‘é%? nt%egﬁ;éf‘é%]r or
correction i an(?Pgﬁ?‘i‘?ﬂ“l JorgARd 2o P Fede o hexaferid@dofd- s WEetR ce;

cal cul ati ng t IrarkEky| conmaadOanofoPs &ode f of Shexardegimgor 2oty NP LOAPHE nard on and

said old errqm16961ECtieBgeddif@igBtiOn to create new error correcting
I nformati on which includes information concerning renoval of the effect of

said old data, also includes information concerning the effect of said new
data, and al so i ncTIR¥BE Pnis &F PR oF1aFFRBr SEQYRT D BYoHRNEF Ei%r age
devi ces of sailkciusiye OantositcoBlnip serd drebwidr r dthecbeamc bf negicnBdrimt i on
on sai d seconqd PeEtaAity of Exclusive Or circuits 311 connected, as a parallel
array, between three registers. The number of Exclusive Or
circuits is advantageously chosen to be the same as the width of

the data path of bus 33 shown in FIGURE 2.

Likewise, registers 313, 315 and 317 are the same width as
bus 33. Associated with each register is an address register
323, 325 and 327, respectively. Each address register stores the
starting address of the buffer in memory 21 where an operand is
stored, or the result will be stored. For example, register 323
points to the starting address of buffer 117 which contains the
new data, as shown in FIGURE 3. Likewise, registér 325 stores
the start address of buffer 123 where the old data is contained,
and register 327 stores the address where the parity syndrome
will be stored. -

Logic 31 includes a control block 331 which is connected to
a counter 333. Together they control the operation of Exclusive
Or logic 31 in Direct Memory Access (DMA) mode. A'Eubprogram of
the programs X and Y operate in microprocessor 19 to initialize
the DMA operation by commanding- control block 331 to load a
following 1length count into register 333 that indicates the
number of bytes of new data to be written. Thereafter, the start
addresses are loaded into the registers 323, 325 and 327 under
control of block 331.

When the microprocessor 19 sends a start command to control

331, it begins loading the registers 313 and 315 from the
identified addresses, Exclusive Or'ing them, and storing the
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BRI EF DESCRI PTI ON OF THE DRAW NGS FIGURE 1 is a block diagramof the
data pat'hs of,the prior art nethod under RAID Level 5. FIGURE 2 is

a bl ock diagram of a data storing device in accordance with the invention.
FIGURE 3 is a bl ock diagram of the data paths of the invention.

FIGURE 4 sets out the format of a SCSI Wite conmand.

5 FIGURE 5 is a block diagram of an inplenentation of the
result from register 317 back into memory 19 at the address

pointed to by register 327. Control block 331 then steps the
counter 333 and the content of the address registers 323, 325 and
327, and repeats the cycle until the count in counter 333 has
been reduced to zero. At that'point, the old data and the new
data, for example, will have been completely Exclusive Or'ed in
drive 13-i, and the operation of generating the parity syndrome
is complete. '

The same sequence will be performed in the parity drive 13-p
to generate new parity from the parity syndrome and the old

parity.

FIGURE 6 is a diagram of an example mapping of data
distribution across member storage devices according to RAID
Level 5. A virtual disk 411 has blocks 0 through 11, etc. It is
connected to an array of physical storage devices, zero through
four, by Array Management Software 413. Device 415 (labeled Disk
zero) stores blocks 0, 4, 8, and 12. Device 417 (labeled Disk
one) stores blocks 1, 5,9, and parity for blocks 12, 13, 14, and
15. Device 419 (labeled Disk two) stores blocks 2, 6, 13 and
parity for blocks 8, 9, 10, and 11 Device 421 (labeled Disk
three) stores blocks 3, 10, 14, and parity for blocks 4, 5, 6,
and 7. Device 423 (labeled Disk four) stores blocks 7, 1%, 15,
and parity for blocks 0, 1, 2, and 3.

Having described the invention in terms of a preferred
embodiment thereof, it will be recognized by those ;killed in the
art of computer peripheral equipment design that various changes
in the structure and programming of the implementations described
can be made without departing from the scope of the invention
which is measured by the following claims.

RO 9 92 091



parity_generating nmeans in accordance with the invention. FI GURE 6
is a diagram of a possibte function for choosing a parity device.

DETAI LEI]) FI GURE 1 shows typical data paths for witing
data to mgmwm. ﬂ“"t)r age systemof the pri T 5. When an
appl i cati*onc¢progremslO,= 1 n the host con? ter 11, &l ot BEENaguest , the
parity blocks corresponding to all nodiTTed data_bl ocREPLACED chanpe.

First, the Array Managenent Software gfasMgnverts the appl i catrTom prograns
virtual disk address to an array nenber nunber 1 and a bl ock address on
that nenber. Then, the Array Managenent Sof hﬂwa]ir)e, 20 rgads the contents 30,
of the menbet- bl ScRECTFIDESHTT 1TedPe HRF MALEP i USEF £ SOPAIFE “Rost .

The Array Managemndfsh Sofampuker gogprisiparatel y reads the contents 40, of the
corresponding parity blocks, into the internal buffers fromthe parity

drive 4 that corrgspandsehoe t BerSebaflddndaldifl Aibtabocabve doieArray

Managenent Sof tware 20 thea rem)v?s t.he corgtl_‘rfl b%l on o% the old data 30 in

the target bl ockSBPUEH Alfat? ff tREELRPUIRTRPE BreS%0r*t1& 70l d data 30 and

the old parity 40. Then, that internediate result 50 is Exclusive O'ed
control means connected to said interface for receiving a

command;

storage media connected to said control means and controlled
by said control means in response to said command for
storing data and for storing error correction information;
and

calculation means connected to said control means for
calculating a result from information received from said
interface and information received from said storage media,
said result being useful as said error correction

information.

2. The storage device of claim 1 wherein said storage media
comprises disk media. -

3. The storage device of claims 1 or 2 wherein said control
means comprises a microprocessor.

4. The storage device of claims 1, 2 or 3 wherein said
interface comprises a SCSI interface.

5. The storage device of any one of claims 1 to 4 wherein said
calculation means comprises:

exclusive OR circuits.

6. The storage device of any one of the previous claims wherein
said command is a Write Protected command for causing

RO 9 S92 091
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with the new data 60 to obta| Bwnew parity information 70. Then, the

Array Mamagenent ﬂ‘WﬁL‘“L\u{H e new parity 70 fromthe host to the
parity drive 4, an data 60 fromthe host-1l-to-t-he—datg
drive 1. Each of th&se’read and wite operations cont  THIG SHEET oHAS BEEN

bottl eneck, and consunes host conputer resource. RBPIAQGHDED
DESCRI PTI ON OF A PREFERRED ENMBODI MENT 13 FI GURE —stows—t e b oTK
di agram of a storage devdCeneiS dIJ ed LR aceerd e i ReoihvaRti on.
The host conputer 11093 connect e ¥ g hraglgty o?tp%ll éew Ces 13- %B
13- (n+1) by RO 9 gﬁcgb\ie from sald 1nt r ace. 6

7. The storage device of any one of claims 1 to 5 wherein said

command is a Write Parity command for causing said control
means to store on said media, said error correction

information.

8. The storage device of any one of the previous claims
wherein said commands comply with the requirements for SCSI
commands .

9. The storage device of any one of the previous claims wherein

said information received from said interface is new data to
be written on said media and said result is error correction
information from which the effect of old data has been
removed and the effect of said new data has been added.

10. The storage device of any one of claims 1 to 9 wherein said
information received from said interface is said error
correction information from which the effect of old datd has
been removed and the effect of said new data has been added,
said control means controlling said calculation means to
calculate a result from said error correction information
received from said interface and old error- correction
information stored on said media, to calculate new error
correction information from which the effect of said old
data has been removed and the effect of said new data has
been added and the effect of other data stored on 'another
storage device has been added so as to provide said new
error correction information which is useful in correcting
a future error which may exist in said new data and
alternatively correcting an error which may exist in said
other data.

11. The method of storing data on an array of storage devices
comprising the steps of:

This Sheet Has Been Replacet




a SCSI bus adapter ~As ‘desctribed in conjunction with the prior art, it
IS co n t.o n+1dr|vesto store n drives full of data,
and t??assoc”mﬂbmﬂml mm!, drive full of pari IS _SHEET HAS BERN pe, as
described in the RAI'!DBdok sun | evel 5, each dri rE\_aA\C‘ED”DS“ dat a
and sone parity in order to optim ze drrvg per f onmance! host
conputer 11 may be a large mainfrane conp fer, or a smaller conputer of any
make or architect urgendingl HdiENgsPdnank smrmaweraetaEe@ha stifsagecdeydsLe 13
has a correspondi ng; G, adapter 17, which is the type that can act either
In receiver or in |n|t|ator node. The SCSI architecture has the initiator
node for the purpose of allowi ng a DASD device to perform backup functions
Wi t hout passing t hereadihgveldadata Hromglfirsle mrsie, in said Hyslh storagge
device al so has a pa&gessor 19 which is programmed to control the nedia
hardware, and to performthe internal data transfers that are required.
Processor 19 is nost of . a croprocessol rov' ded
to store the progra‘ffaslctlﬁtﬁpnr%ﬁ Pt %é‘st%coesggr affgoﬁ%"d qla(ﬁabiﬂ éFl H%at a.
The data buffer fundgtifortonidreabe 85y 4T foFREinet Anformatiem) wineah on
with FIGURE 3. Theijnodessiiformatiod scdnkermigl achevawase thler efféct ket

directly connected $88Kof®PRhER! dnA0hfsRBHc1udes information concerning the
effect of said new data;

storing said new data on said first media;

sending a second command and said first error correcting
information from said first storage device te a second
storage device;

reading old error correction information from second media
in said second storage device;

calculating the Exclusive Or of said first error correcting
information and said old error correcting information to
create new error correcting information which includes
information concernirtg removal of the effect of said old
data, and also includes information concerning the effect of
said new data and also includes the effect of other data
stored on other storage devices;

storing said new error correcting information on said second
media.

RO 9 92 091
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drivers 23.
move the, magnetic read/wite heads over the nedia

[ is witten to, and that which is read1%§}§ §§§EA§@§ apses
t hrough the read/wite channel 29, which |s conne¢ted t ead/white
heads by amplifiers (not shown). T processor IS connected to
the SCSI adapter L rPEoviBBAYa %o

m croprocessor bus which is in the

Dat a whi ch

091

Drivers 23 are, in turn, connected to actuators 25 which
nt .

ABSTRACT7

An improved storage device, such as a disk drive, is
disclosed for use in an array of drives. Each drive has logic
and Exclusive QOr calculation means. Data to be written is sent
to the target disk drive from the host computer under a new
command that instructs the target drive to generate part of the
new parity, and may also identify the parity drive. The target
device reads the old data from it's media, generates a parity
syndrome, stores the new data and then initiates communication
with the identified parity drive, instructing the parity drive to
read the old parity and generate the new parity information from
the parity syndrome and the old parity. The parity drive, after
generating the new parity, writes the new parity onto it's media,
all without further host or host I/0O action.

Figure : 2

RO 9 92 091
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8096. . In addition to the above-described apparatus, Exclusive O

| ogi c 3T Pprovided in order to generate a parity syndrone and a new.
parity, as will be described later in conjunction with FIGURE 3 and the new
comands Wite Protected and Wite Parity, respectively. In this preferred
enbodi ment, the Exclusive O logic 31 is enbodied in hardware circuitry

whi ch is connected by the bus 33 to the processor 19 and the nenory 21 for

operation, as depicted in FlI GURE 3. | t1/%i | | be recogni zed that the
Exclusive O logic 31 can be inplenented, either conpletely or in part, in
a program executing in the processor 19. A progranmmed i npl ementation
may adversely affect the operation of the storage device, however,

because a mcroprocessor is not usually a very fast processor, and the

bl ocks of data that nust be Exclusive O'ed together are relatively |ong
and will require a | arge anount of processing tine. The circuitry of
Exclusive Or logic 31 is described in detail later, referring to FI GURE 5.
The conmmand format and parameters selected for the Wite Protected and the
Wite Parity commands will depend upon the specific inplenentation of the
architecture that is used in the storage system

FIG. 1
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In this enbodinent, parity is established across the devices, based
upon the physical block address, so that the Wite Protected and Wite
Parity commands each have the same | ogical block address and transfer

| ength. Parity mapping is chosen to be a function of the physical block
addresses and is preferred to be a defined function, such as shown Fl GURE
6. A target storage device that receives H'Wite Protected command uses the
function to determ ne which other device should receive the Wite Parity
comand. It will be recognized by those skilled in the art that it

is also a practical enbodinent to identify the parity device within RO 9
92 091
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the Wite Protected command; for exanple, by using byte six of the conmmand
format Shown' in Fl GURE 4. As described later wwth respect to Fl GURE
4, the Wite Protected and Wite Parity commands have the sane 10 byte
format as the SCSI Wite 10 conmand, except that in the "vendor specific”
bits 7 and 6 of the operation code byte are nmade a binary one, '
respectively, instead of |eaving them at/zzero, as they are in an SCSI Wite
command. - OPERATI ON OF THE PREFERRED EMBODI MENT

Referring now to FIGURE 3, the data paths of a preferred enbodi ment of the
i nvention using SCSI architecture will be described in conjunction with its
operation. First, the Array Managenent Software running in the host
conputer 11 converts the virtual disk address, that it receives fromthe
application program to an array nenber nunber and a bl ock address on that
menber. Then the Array Managenent Software sends the Wite Protected

command 111 and the new data 113 to the selected, ar_target drive, _13-i in
the array of n+1 drigves. The Wite Protected conmand operation ends the
host conputer involvgpent with the array, except for receipt of le nd
Conmpl ete fromtheg—target drive. J,ﬂ |
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In the target drive 13-i, the Wite Protected command is acted upon by the
X programin‘the control processor 19-i, which causes the new data to be
witten into the data buffer at 117 in nenory 21-i. Responsive to the
Wite Protected command, the X programreads the old data 119 fromthe
affected areas of the nedia 27-i into the_-buffer at 123. Then the X
program noves the old data 119 in 123, &4l the new data at 113 in 117, into
the Exclusive Or 31-i where a parity syndrone 127 is created by the
Exclusive Or of 113 and 119. The parity syndrone is tenporarily stored in

buffer 129. The new data is then witten to the affected areas of the
media 27-i. The X programthen causes the SCSI adapter 17-i to enter
initiate node, and drive 13-i issues a Wite Parity command 131 to the

identified parity drive 13-p RO 9 92 091
9 wth the sane |ogical block address and count as received in the
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Wite Protected command fromthe host 11. It also sends the parity
syndrore information 127 to the parity drive 13-p. Responsive to the
Wite Parity command 131, the Y programin the storage device 13-p reads
the old parity 219 fromthe affected area of the nmedia 27-p into the buffer
at 223. Then the Y program noves the old parity 219 in 223 and the parity
syndrome 127 in 217 into the Exclusive @ 31-p, where new parity
information 227 is created by the Exclusive O of 127 and 219. The parity
227 is tenporarily stored in buffer 229. The new parity 227 is then
witten to the affected area of the nmedia 27-p in place of the old parity
219. Because this new parity includes information fromthe old parity, it
can be used to regenerate other data in correspondi ng bl ocks on ot her

drives in the usual way A—the—aven nemp al I[s. As can
be seen fromthe diagranm of [Fl GYRE cojmar|ds, jandjonly two
transfers of information]| galss dcro$ | dthen opegrations
are executed internal tofthe} afflect ¢ g ice drives. Kl GURE 4 shows
the SCSI command format te+— he {stapdard Wite 10 ¢onmand. The¢ tep bytes,
zero through 9, are depi¢ted injthejten rows, and the geight bijts of each
byte are depicted in col ymms| seMeq through zero, with golum geveh being
the nost significant bit S
i
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Byte zero is the Op Code and, for the Wite 10 conmand, it is a hexadeci nal
2A or binary 00101010. Byte one contains the logical unit address, and
other control fields that are not relevant to this invention. Bytes two
through five is the thirty-two bit |ogical block address. Byte six is
reserved, and bytes seven and eight are the transfer length. Byte nine is
additional control fields that are not %%levant to this invention

The Wite Protected and Wite Parity conmands have the sane ten-byte fornat
as the SCSI Wite 10 conmand, except that in the

10 "vendor specific" bits 7 and 6 of the operation code byte are nade a

bi nary one, respectively, instead of |eaving themat zero as they are in an
SCSI Wite 10 conmand. Thi s—gd } ?n o Code of
hexadeci mal AA, and the Wijte
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Parity command an OP Code of hexade0|nal 6A or 10101010 and 01101010,
respectivelty. FIGURE 5 is a bl ock di agram show ng one enbodi nent of
the Exclusive O logic 31 in nore detail. The heart of logic 31 is a
plurality of Exclusive O circuits 311 connected, as a parallel array,

bet ween three registers. The nunber of Exclusive Or circuits is

advant ageously chosen to be the sane as the width of the data path of bus
33 shown in FlI GURE 2. Li kewi se, registers 313, 315 and 317 are the
same wi dth as bus 33. Associated with each register is an address register
323, 325 and 327, respectively. Each address register stores the starting
address of the buffer in nmenory 21 where an nggqng_t§_§yglgq“_or t he

oints to the star}ing

ha)\ as shown in FlI GURE 3.

ofl buffer 123 wherelthe old
jddr ess where the paEity

result will be storéed: ~For éxanple
address of buffed 117 which cont aj
Li kewi se, registér 325 stores the
data is containegd, and reglsfer

syndrome wi || belstored. gs/a control block 381 which
is connected to counter 3é@a}$09'| meycontrol the operation bf
Exclusive Or logic 31 in Dirgda Menory Access (DVA Ul fam of
the prograns X ahd Y operate in nlcroprocesﬁor 19 ze DVA

operation by conﬁandlng co
I

ock— tq l.oad

<t’)
O
DHE
rav |
o |

- I

I

1
I
| |
< I
O~ - |
D X
255 :
o O : B B
—————————— - b -
N
© W e ——— L S O I
: IR
Q) L
T 11 11g \
L EERE - -
W XAl |
é [ IIEU)q- |
i 1 I11ER
- Oo P a O -
Nx'o P
rh<
£0

ARRAY
MANAGEMENT
SOFTWARE

DISK
411

VIRTUAL

|
|
|
|
|
|
!
{
{
|
1
i
{
l
t
l
|
|
|
|
l
l
|
|
|
|
|
|
|
1
!
!
1
1
!
{
|
]
|



follow ng | ength count into register: 1333 that I ndi cat es the niher iof <Ryt eses
of new data to be witten. Thereafter, the start addresses a} e pated—Tnto—
the registers 323, 325 and 327 under control of bl ock 331. \A;]ﬁ t b

m croprocessor 19 sends a start command to control 331, it beyi n1s p&a@r?g
the registers 313 and 315 fromthe | dent Bf i ed addresses, Exclugive (r'ing
them and storing the :

CLAIMS 1. A staorage device  of a { e used in i on vwlih a—hRest

conput er aWGCIEFttOIt??a‘é’f“te’br?é‘d&l%V“é‘ 58“‘0%’9?‘?5& téeraf a general ly

oL LA LYo, S s8N SRS et PR s
but has also created some problems. As mentioned in the December 1989, IBM
Technical Disclosure Bulletin, the use of the I/O subsystem is recognized as a potential
source of an I/0 bottleneck.

This problem is further recognized by the Redundant Array of Inexpensive Disks
(RAID) Advisory Board, Inc. of LinoLakes Minnesota. They have published the
"RAIDBook", which is incorporated herein by reference, as a source of information for
RAID technology. In it, they describe RAID Level 5 as a partial solution to the write
parity bottleneck that may occur in RAID Level 4. RAID Level 4 is analogous to the
teachings of the above December 1989 IBM publication, and RAID Level 5 is analogous
to the November 1989 IBM publication.

This problem is acute when the array is connected directly to ithe host computer by
the SCSI bus, and the array is controlled by Array Management Software operating in
the host computer. The known alternative of providing an I/O controller is more
expensive and, as described in the prior art above, may itself become a bottleneck. The
bottleneck is accentuated by the fact that the host must either send write commands to al
of the disks, as in RAID Levels 2 and 3, or must read the old data and the old parity in
order to generate new parity for new data and then write the new data and new parity as

in RAID Levels 4 and 5.
SUMMARY OF THE INVENTION

It is an object of the invention to ameliofate one or more disadvantages of the prior
art. | |

According to one aspect of the. invention there is disclosed a storage device of a
type used in conjunction with a host computer and at least one other storage device that

is of a generally similar type, said storage device comprising: an interface for



‘| east one ot her storage device; control rreans.
Interface for receiving a first command and new d

conput er; storage nedia for storing old data;

controlled by said control nmeans in response to sai! nd j fi
storing said new dat a; cal cul ati on*neans conriect ed to said memdry
means and said storage media for calculating a res ~pew.dat a

and sai d ql, gne% g@  safdls ﬁé%s S Wbbicdsh h&’ﬁggtu%onﬁ{t&r %rﬁié to $2d’ ‘if:rléagp one other

|nformat|on I'nclu e for rssurng a

comrand a%fbréé’éTﬁe\ﬁ@é ; nitbl gﬂzansr eEtefl %P3 ?di V\ﬁ}fa&e fort reBd) mgt%f‘ﬁ{‘st %ﬁ{lﬁﬂﬁ

devi ce. e st'orage device alm erein said orage nedi a

conpri ses 3ei SkewRIdta2 frons said H&Ne dhpuRde sféeageCﬁle@Ia fot &téFingl oW dh@} IndAbEY
control nmeans conprises a mcroprocessor. : The storage devi ce of

claim 1 wWhigdadk toStbled BY avaidaeentes)ped8 &ia tesp&iisé ko €aidpfifse command for storing

s_aid new data; calculation means connected to said‘ memory means and said storage
media for calculating a result from said new data and said old data, said result being
useful as error correction information; and méans including said interface for issuing a
second command and said calculation result to said at least one other storage device.
According to another aspect of the invention there is disclosed a storage system
used in conjunction with a host computer, said storage system having at least a target
storage device and a parity storage device, the system comprising: a first interface in
said target storage device connecting said target storage device to said host computer and
to said parity storage device, and for receiving a first command and new data from said
host computer; first storage media in said target storage device for stofing old data; first
memory means in said target storage device conmected to said first interface and
controlled by said first command for storing said new data; first exclusive-or calculation
means in said target storage device connected to said first memory means and said first
storage media for calculating a new error correction information from said new data and
said old data; said new error correction information having the effect of said old data
removed therefrom and the effect of said new data added thereto; means including said
first interface for issuing a second command and said new error correction information
to said parity storage device; a second interface in said parity storage device for
receiving said second command and said new error correction information; second
memory means in said parity storage device connected to said second interface and
controlled by said second command for storing said new error correction information;
second storage media in said parity storage device for storing old parity information;
second exclusive-or calculating means in said parity storage device connected to said

second memory means and said second storage media for calculating new parity

nd



(REPLACENVENT SHEET|
"Storage Interface (SCSI) interface. 5. The storjamé“a"é‘\'/‘lce"o‘f‘“t ajm1l
wherein said cal cul ati on neans conpri ses: exclusy ygupr .@ 6.
The storage device of claim1 wherein said first gopmand I's & W| t e
Protected comand for causing said control neans|to~store—en-saild st orage
nedi a said new data received from said 4fost computer. 7. The stjor age
devi ce of cl al m 6 wherein said Wite Protected command conprtes—w-th t he

2 Fg,u |mr g nﬁ,ﬁtg {lglé %n{/\%ﬁ) ml@dér{ r correction ]iﬁfogn%mn an@%n& bR paASydardrafitiBh;

coman as
and means in said parity storage device for storing said new parity information on said

LE_'

|}

second storage media.

According to yet another aspect of the invention there is disclosed the method of
storing data in a system having a computer and an array of storage devices comprising
the steps of: sending a first command and new data from said computer to a first storage
device; reading old data from first media in said first storage device; calculating the
Exclusive Or of said new data and said old data in said first storage device to create first
error cotrecting information which includes information concerning removal of the effect
of said old data, and which also includes information concerning the effect of said new
data; storing said new data on said first media; sending a second command and said first
error correcting information from said first storage device to a second storage device;
reading old error correction information from second media in said second storage
device; calculating the Exclusive Or of said first error correcting information and said
old error correcting information to create mew error correcting information which
includes information concerning removal of the effect of said old data, also includes
information concerning the effect of said new data, and also includes the effect of other
data stored on other storage devices of said array; and storing said new error correcting

information on said second media.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 is a block diagram of the data paths of the prior art method under
RAID Level 5.
FIGURE 2 is a block diagram of a data storing device in accordance with the
invention.
FIGURE 3 is a block diagram of the data paths of the invention.
FIGURE 4 sets out the format of a SCSI Write command.



‘code bit pattern—of 10101010. 9. The storage devag
sai d secozgg mand is a Wite Parity command for{

( hrher ei n
USE] ok ‘Efeast
one ot her '"M"ﬂ?w store said cal cul ati on{ | . 10. The
storage d m/nereln said Wite Parity tormddtLc®¥lips| with

t he requirenents “fof SCSI* commands. - 11.'%The st or age| devi ce of clajm 10
wherein said Wite Parity command has an op code pit pattern of 01101010.
12. The storage device of claim1l wheggi @i d caltulation resulf isjerror
correction information fromwhich the effect of said old data has been
renoved and the sgirhgClevite of ﬁ'tgpé‘ﬁﬂéddﬁlt coofartibe eithias dst corputerasd ar kast
system used i n conj unctlon with a host conputer, said storage system

havi ng at dneasthef stéragetdevicer age idevf e gametally similiry tyeor suid sierage edevidee
system conpri sing: a first interface in said target storage device
connect i ngofmpridirigar get st orage devi ce

. an interface for connecting said storage device to said host computer and to said at

least one other storage device;

control means connected to said interface for receiving a first command and new
data from said host computer;

storage media for storing old data;

memory means controlled by said control means in response to said first command
for storing said new data;

calculation means connected to said memory means and said storage media for
calculating a result from said new data and said old data, said result being useful as error
correction information; and

means including said interface for issuing a second command and said calculation
result to said at least one other storage device.
2.  The storage device of claim 1 wherein said storage media comprises disk media.
3. The storage device of claim 1 wherein said control means comprises a
MiCroprocessor.
4. The storage device of claim 1 wherein said interface comprises a Small Computer
Storage Interface (SCSI) interface.
5. .. The storage device of claim 1 wherein said calculation means comprises:

exclusive or logic.
6. The storage device of claim 1 wherein said first command is a Write Protected
command for causing said control means to store on said storage media said new data
received from said host computer.
7. The storage device of claim 6 wherein said Write Protected command complies

with the requirements for SCSI commands.
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command and said new error correction information to said parity storage
devi ce; command for causing said at least one other storage device to store said calculation
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result.

10. The storage device of claim 9 wherein said Write Parity command complies with
the requirements for SCSI commands.

11. The storage device of claim 10 wherein said Write Parity command has an op code
bit pattern of 01101010.

12. The storagé device of claim 1 wherein said calculation result is error correction
information from which the effect of said old data has been removed and the effect of
said new data had been added.

13. A storage system used in conjunction with a host computer, said storage system
having at least a target storage device and a parity storage device,i the system
comprising:

a first interface in said target storage device connecting said target storage device
to said host computer and to said parity storage device, and for receiving a first
command and new data from said host corﬂputer; |

first storage media in said target storage device for storing old data;

first memory means in said target storage device connected to said first interface
and controlled by said first command for storing said new data;

. first exclusive-or calculation means in said target storage device connected to said
first memory means and said first storage media for calculating a new error correction
information from said new data and said old data;

said new error correction information having the effect of said old data removed
therefrom and the effect of said new data added thereto;

means including said first interface for issuing a second command and said new

error correction information to said parity storage device;
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second memory means in said parity storage device connected to said second
interface and controlled by said second command for storing said new error correction
information;

second storage media in said parity storage device for storing old parity
information;

second exclusive-or calculating means in said parity storage device connected to
said second memory means and said second storage media for calculating new parity
information from said new error correction information and said old parity information;
and

means in said parity storage device for storing said new parity information on said
second storage media.
14. The method of storing data in a system having a computer and an ari:ay of storage
devices comprising the steps of:

sending a first command and new data from said computer to a first storage device;

reading old data from first media in said first storage device;

calculating the Exclusive Or of said new data and said old data in said first storage
device to create first error correcting information which includes information concerning
removal of the effect of said old data, and which also includes information concerning
the effect of said new data;

storing said new data on said first media;

sending a second command and said first error correcting information from said
first storage device to a second storage device;

reading old error correction information from second media in said second storage
device;

calculating the Exclusive Or of said first error correcting information and said old

error correcting information to create new error correcting information which includes
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ABSTRACT

An improved storage device, such as a disk drive, is
disclosed for use in an array of drives. Each drive has logic
and Exclusive Or calculation means. Data to be written is sent
to the target disk drive from the host computer under a new
command that instructs the target drive to generate part of- the
new parity, and may also identify the parity drive. The target
device reads the old data from it's medla, generates a parity
syndrome, stores the new data and then initiates communication
with the identified parity drive, instructing the parltx drive to
read the old parity and generate the new parity information from
the parity syndrome and the old parity. The parity drive, after
generating the new parity, writes the new parity onto it's media,
all without further host or host I/0 action.

Figure : 2
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