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Background of the Invention The invention pertains to the field

of fault tweh @r2a3t arrays of hard di sks that are known asPREYSMHISHO
Arrays of I nexpensive Disks (RAID). Mrre specifically 10 the invention

relates to the managenent and correction of undetected read errors in a
RAI D systemthat are di scovered when a disk failure requires the

repl acenent and buil d-up of a disk othé&r-than that containing the
undetected read error. 15 Summary of the Invention

This invention provides a faulty data managenent subsystem t hat avoi ds

the potential generation of
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Background of the Invention
The invention pertains to the field of fault
tolerant arrays of hard disks that are known as Redundant
Arrays of Inexpensive Disks (RAID). More specifically
10 the invention relates to the management and correction of
undetected read errors in a RAID system that are
discovered when a disk failure requires the replacement
and build-up of a disk other than that containing the
undetected read error.
15 Summary of the Invention
This invention provides a faulty data management
subsystem that avoids the potential generation of
spurious data when two bad data blocks exist within the
same RAID data group because of a disk recording medium
20 errxor in one channel of the array and the failuré,
replacement, and rebuild of a disk drive on another
channel. The faulty data management subsystem of the
invention includes:

a) a disk rebuild routine for rebuilding a

25 failed drive that checks for a bad data block
amongst the channels being used to
reconstruct the data on the failed disk and,
if found, scrubbing the bad data block by
writing a filler code in that block and in

30 the corresponding block of the disk that is
being rebuilt;

b) computing a new parity block corresponding to
the bad data block by using all channels
including those with filler code;

35 c) updating a bad data table that lists all bad
data blocks; and



spuri-ous data when two- bad data bl ocks exist within the same RAID data
group because of a disk recording nedium 20 error in one channel of the

array and the failure, repl acenent, and rebuild of a disk drive on

anot her channel . The faulty data nanagenent subsystem of the

i nvention i g d486s) a) a di sk rebuild routinepdpisssabyip! di ng a
25 failed drive that checks for a bad data bl ock

anongst the channel s being used to reconstruct the data on
the fail ed disk and, i f found, scrubbing the bad data bl ock
by witing a filler codegin that block and in 30

the correspondi ng bl ock of the disk that is being rebuilt;
b) conmputing a newdparidhedﬁimgkeaahrdiphndtrqytarcess reguest to the bad
data bl ock by using all i h

filler code; 35 C . 114% gt?ﬁgthe d%ta addfé%% ggtﬁg?El?égs a I bad

ed in " the bad data table, and, if not,
allowing the access to proceed, otherwise
5 checking if the access request is for a write
and, if so, allowing the write, deleting the
block address from the bad data table and
generating a new parity block, and, if not,
generating an exrror signal.

dat a bl ocks; and

10 The present invention provides means for managing
faulty data in RAID systems without incurring the
potential problems described above.

Because a byte stripe is a single address block,
it may be seen that a RAID-3 and RAID-4 system are the

15 same except for block length. Conseguently, all
following references to a block will be understood to
include the RAID-3 byte stripe unless otherwise
indicated. _

Also, "RAID system" will be used to indicate RAID-

20 3, -4 and -5 systems unless indicated otherwise.

RAID systems, based on magnetic disk technology
developed for personal computers, offer an attractive
alternative to single large expensive disk memories by
providing improved performance, reliability, and power

25 consumption. The manufacturers of small disks can offer
such performance because of the efforts at
standardization in defining higher level peripheral
interfaces such as the ANSI X2.131-1986 Small Computer
Synchronous Interface (SCSI). This has led to the

30 development of arrays of inexpensive disks which are
organized in an interleaved manner for large block
transfers of data, or arranged for independent parallel
accegss for small transaction processing.

The formation of large disk arrays introduces

35 reliability problems which result from the use of a large
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-2- d) checki ng each di sk array access request to

determne if the data address of that request : is listed in
the bad data table, and, if not, : al l owi ng the access to
proceed, ot hewoiowz29si checking if the access redGEAB /W8y, 5
wite and, if so, allowing the wite, deleting the

bl ock address fromthe bad data table and generating a new
parity block, and, if not, generating an error signal. 10
The present invention provides neans for- Pamagi ng faulty data in RAID
systens w t hout |ncurr|ng t he potential ,problens described above.
Because a byt e™{EiBeiF %.%#rﬁﬂQ?QﬁﬂmqggénBBBEkdeV1C?§ ey eH&e8Ban t hat a

"RAID-3 and RAl Ialﬁesyst-éalhmnet INTTFS Soreaaxeephyfloas Hexck estigbhbed to
Consequent |l y, c§eBsE°¢:£QM‘" e uﬂnﬁfe@%%s ai8xa bﬁ%%( #Hg t{%a‘éEQ%BLOOd to

i ncl ude the RAI te stripe ess oth erw se_
Al so, "RAID sy®-@nt {iPpoBe @Gsedttd KatdicBr8- RAI’E}C"’Z?F For Regngdagtsyst ens
unl ess i ndi cat adralBebdi sAexpensive DiskiBAI{RAIDS| eRepodtaded @rBragpeti c di sk

technology  develqpefe£or; 985 S UM AUIP YL e ObI$1s Ah ARt Ve

University of California, Berkeley, CA 94720).

- Brief Description of the Drawings
The present invention may be more fully undexrstood
10 from the detailed description given below and from the
accompanying drawings of the preferred embodiments of the
invertion, which, however should not be taken to limit
the invention to the specific embodiment but are for
explanation and understanding only.
15 FIG. 1 is a block diagram of a prior art MxN disk
array, including a -disk array controller. _
FPIG. 2 shows the prior art logical disk area
~ configuration based on the array of FIG. 1.
FIG. 3(a) shows the memory map of a prior art
20 RAID-1 system.

FIG. 3(b) shows the memory map of a prior art
RAID-3 system.

FIG. 3(c) shows the memory map of a prior art
RAID-4 system.

25 FIG. 3(D) shows the memory map of a prior art
RAID-5 gystem.

FIGS. 4{(a), 4(b), and 4{c) show an initial RAID-1
memory map, a double faulted memory RAID-1 memory map,
and a rebuilt, but double faulted RAID-1 memory map,

30 respectively, according to the prior art.

FIGS8. 5(a), 5(b), and 5{(c) show an initial RAID-5
memory map, a double faulted RAID-S memory map, and a
rebuilt, but double faulted, RAID-5 memory map,
respectively, according to the prior art.



alternative to single | arge expensive disk nenories by provi di ng

| nproved perfornmance, reliability, and power 25 consunption. The
manuf.acturers of small disks can offer such performance because of the
efforts at standardi zation in defining higher |evel peripheral

i nterfaces \gehaag t he ANSI X3.131-1986 Smal| Conputer POYRBHG/BRLS
Interface (SCSI). This has led to the 30 devel opnent of arrays of

i nexpensi ve di sks which are organi zed in an interl eaved manner for

| ar ge bl ock transfers of data, or arranged for independent parallel
access for small transaction processing.a - The formation of |arge
di sk arrays introduces 35 reliability problens which result fromthe use of -
a large WOBIGB223k a flow diagram of the disk rebuild and

PCT/ US96/ 1981 congtruct method of the invention. 3

FIG. 7 is a flow diagram of the method of the
invention for accessing the array.

5 FIG. 8 shows the hardware configuration of the
invention for a RAID faulty data management system.
Description of the Preferred Embodiments

FIG. 6 is a flow diagram of the disk rebuild and

reconstruction method 100 used to circumvent the problem

10 of generating spurious data because a disk read fault has
occurred on a channel of a RAID system while
reconstructing a corresponding data block on another
channel. The reconstruction of a data block or rebuild
of a disk drive is accomplished by bit-by-bit EXORing of

15 the corresponding bits of the remaining blocks belonging
to the same group that share a common parity block.

Disk rebuild and reconstruction method 100 begins
at step 101 in which the EXOR method of reconstruction
begins. buring reconstruction, step 102 checks for an

20 indication that one of the blocks needed for
reconstruction is bad. If the reconstruction is
completed without detecting a bad block, the process
terminates at step 112. Otherwise, step 105 checks if
the bad data block needed for reconstruction is a parity

25 block. If so, step 104 writes a filler block to the
block that is to be reconstructed and step 105 updates
the bad data table (BDT) by recording that the data block
is non-recoverable (bad). (The filler block may contain
any convenient alphanumeric code.} If the bad data block

30 of step 103 is not a parity block, step 106 scrubs the
bad data block by writing a filler block to replace the
bad data block and, in step 107, also writes a filler
block to the corresponding block that was to be
reconstructed. Step 107 updates the BDT by recording

35 that both the block in step 103 and the corresponding



multiplicity of el ectronechani cal devices. The nean- time-to-failure
(MITF) for an array has been estimated to I ncrease with the nunber of
disks in an array (Patterson, D.A, Gbson, G, and Katz, -R H, "A Case
for Redundant 5 Arrays of I|nexpensive Disks (RAID), Report No. UCB/ CSD
87(391, Dec. Wwebm2930nputer Science Division (EECS), Uni \RGTYSOG/ 12810
California, Berkeley, CA 94720). Brief Description of the
Dr awi ngs The present invention may be nore fully understood 10
frromthe detail ed description given bel ow and fromthe acconpanyi ng
drawi ngs of the preferred enbodi nents of-the I nvention, which, however
shoul d not be taken to limt the invention to the _specific enbodi nent
but are for Rlggkaedt it&e ShanBRlPRINhdargrghrycted 1s bad. Hagh 1 js 3
bl ock di agram aintaryriroithar 8Dk Nenhtskfies ar bycki asl contwimini Sk array

controller. R | LC S e

configuration baarst-'eldf il atlhgL agrgr gggﬁe%‘p‘;ﬂ qre?%n,grgggé %réj 3% at)% psﬁgv?s t he
nenory nmap of £PMWresmnewpaRaty daty HwBXORing all of e dal® shows t he
menory map ok achnmyl dllocks RAhEAIGABYSttE filler block$l G sSHep 190OWs the

menory map of awlo__{tj’eosr agir{ew pagﬁrl:géléé(ﬁtm s‘%%p 100 resErLe% ﬁ?l'(eD) shows the

menory map of a prior ystem
reconstruction process by returning to step 102.

The procedure of Fig. 6 ensures that
(1) if a read error occurs during reconstruction
10 in one of the data blocks, all of the remaining "good"
data blocks are recoverable, and

(2) the artificial data of the filler blocks can
not be confused with real data.

Step 109 updates a "bad data table", or BDT, that

15 is located in disk controller 12, and may also be located
in a reserved section of each of the disks. The BDT
contains a list of all bad data blocks (filler blocks) so
that any read reqguest to the disk array first compares
the target address with the addresses listed in the BDT

20 and returns an appropriate error signal to the requesting
agent if the address is listed. After the BDT update,
the process of reconstruction continues in step 110, and
the monitoring in step 104 continues until completed. If
additional bad data blocks are found in step 104, steps

25 105-110 are repeated as required.

The method for operating a comparator for checking
array access 200, shown in the flow diagram of FIG. 7, is
used to manage the use of a BDT in conjunction with the
RAID memory system. The method is invoked whenever an

30 access is requested and begins in step 201 by checking if
an access request is to a bad data block whose address is
listed in the BDT, and, if not, proceeds with the access
in the normal operating mode. If the address is listed
in the BDT, step 203 determines if the access is for a

35 write operatioh, and, if not, an error flag is generated



o bl e
. 4(a), 4(b), and 4(c) show an initial RAID1 menory map, a dou
F;SFted(nénnrg EAID—l nén%ry map, and a rebuilt, but.doublf faul ted
RAID-1 nenory map, 30 respectively, according to the prior art. _
FIGS. 5(a), >5/(b)|,O and 5(c) show an initial RAID-5 menory map, a double
faul ted RAI Dwogrepesy nap, and a rebuilt, but double faulléﬁgs%%llPS

' according to the prior art.
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-4- FIG 6 is a flow diagramof the disk rebuild and
reconstruct nethod of the invention. -6 - FIG 7 is a flow di agram of
the nmet hod of the I nvention for accessing the array. 5 FIG 8

shows the har dWaSé-PoRPfgur dhe oerodr tfkag advieest the hest asyRAldR ikt y data
nmanagement sy¥fiRiNread request is to a non-recoverable data block. If

the request is for a write access, step 205 deletes the

block address from the BDT and permits the write

5 circuitry to write the new data to the block address in

step 206, thus scrubbing the bad data block status. Step

207 is for computing the new block parity and writing it

into the corresponding parity block associated with the

accessed data group. _

10 ~ FIG. 8 is a block diagram that shows the
architecture of a RAID system of this invention using the
methods outlined in FIGS. 6 and 7. Typically, RAID
system 20 with faulty data management of the type
described above is interfaced through its controller 22

15 from a SCSI bus 21. (SCSI stands for a well known
industry standard bus as described in "Small Computer
System Interface-2", American National Standard
X3T9.2/86-109). Bus 21 connects RAID system 20 to the
host system. Disk array controller 22 provides the

20 necessary logic to map any logical address associated
with a memory access into the corresponding physical
address, directs data traffic, controls the operation of
each disk drive and provides status information to the
host. BDT 23 is shown coupled to controller 22 but may

25 also be an integral part of an integrated chip disk array
controller. Also, each disk 11 of the array is shown
having a local BDT 24 in which the bad data information
for each disk is optionally stored so that an access
address can be checked at the disk level rather than at

30 the array level in disk controller 22.

As will be understood by those skilled in the art,
many changes in the methods and apparatus described above
may be made by the skilled practitioner without departing
from the spirit and scope of the invention, which should

35 be limited only as set forth in the claime which follow.



Description of the Preferred Enbodi nents FIG 6 i
of the disk rebuild and reconstruction nmethod 100 used tﬂlﬁl mﬁﬂ[mu“

probl em 10 of generating spurious data because a disk read fault has *
occurred on a channel of a RAID system while reconstructing a
correspondi nowgat/zel ock on anot her channel . The reconst POVUSWM%IP a
data bl ock or rebuild of a disk drive is acconplished by bit-by-bit
EXORi ng of 15 the corresponding bits of the renmining bl ocks bel ongi ng

to the sanme group that share a common parity bl ock. Di sk rebuild
and reconstruction nethod 100 begins -at step 101 in which the EXOR

nmet hod of reconstruction begins. During reconstruction, step 102 checks
for an 20 indication that one of the blSkad&mseeded for reconstruction is
bad. If the regpast ﬁ_gcm@ﬂne@ is: conpl eted wi thout detecting a bad bl ock,

t he process termn

11 G herwi 05 checks if t he
bad data bl ock needed ?.gggﬁgﬁ;%chgjﬁnanggén aFﬂS@ggS& tr%c’l(’ 3f so, step
104 wites a fmuﬂéiCbaonkltmﬁWQRY sysbepchaving a gnemerye argewynst r uct ed and

step 105 updat @entrolér besk dadrit roahlifg( B&Iés@ytd e;cmf eheﬂﬁryha&sééﬂ data
bl ock S no%gr ecoverable

conveni ent al p ﬁuWﬁW?Eyc%ﬁ&i3rq1deF%§Q588|d ?E.Tﬁqﬁﬁ?'§3¥8f gﬁgﬁcib%nls not
a parity bl ockangt Eprigtnglbe idhanned corpedtiera d¢daitichapnedi hawigng &€ | er

bl ock to repl ageakBeone RafoAAtbdN1RCK e8BH: mbduBd erraﬁ% afdlFaQ1wret 8392
filler block tq the co res ondln block hat was be reconstructed.

Step 107 updat &§3CnETERT YT ns,“and’ SacH Temory module “Being
separately replaceable upon failure, the apparatus,

accessible to the mewmory controller, comprising:

a) a bad data table (BDT) for storing addresses
of non-recoverable data due to the occurrence of
concurrent faults in more than one channel;

15 b) a write circuit for writing filler data to a
bad block location for replacing a bad data block and for
writing to the BDT for storing addresses of bad data
blocks representing non-recoverable data; and

c) detection circuitry for detecting memory

20 access requests to addresses stored in the BDT, for
returning a non-recoverable data error signal to a host
system if the access request is a read request, and, if
the access request is a write request, permitting the
write to the BDT listed address and deleting the listed

25 address from the BDT.

2. The apparatus of claim 1 wherein the
multichannel memory system is a RAID-3 mewory array.

3. The apparatus of claim 1 wherein the
maltichannel memory system is a RAID-4 memwmory array.

30 4, The apparatus of claim 1 wherein the
multichannel memory system is a RAID-5 memory array.

5. The apparatus of claim 1 wherein the BDT is
part of the memory array controller.

6. The apparatus of claim 1 wherein the BDT is

35 stored in a reserved section of each memory module.



35 that both the block in step 103 and the correspondi ng
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of the channel being reconstructed is bad. Each
identifies a block as containing artificial data and hence

non-recover apheyeasp. Step 109 conput es new parity dat apeyusyédssivg al |
of the data 5 channel blocks (including the filler blocks). Step 100

wites a new parity block and step 100 resunes the reconstruction
process by returning to step 102. The procedure of Fig. 6 ensures
t hat (1) if aread error occursg during reconstruction 10 in one
of the data bl ocks, all of the remaining "good" data bl ocks are

recoverabl e, and 7. The( 2ppabketastof iclialm dawhepbihhend idberidl ocks
can not be eQREHSEH W hdnd SR i dhR memory array controller and in
a reserved section of each memory module.
8. A method for managing faulty data in a
5 multichannel memory system having memory error detection
and single channel correction means, each channel having
at least one memory module capable of detecting failure
and read errors, each memory module being separately
replaceable upon failure, the method comprising:
10 a) detecting a read error in a block of a given
channel;

b) determining if the read error is due to a
failure of a memory module and, if so,
replacing the failed memory module, otherwise

15 using the single channel correction'means for
reconstructing data in the given channel;

c) monitoring all other channels for a second
read error that would prevent reconstructing
data, and, if such a second read error is

20 found and, if neither the first nor second
block is a parity block, entering the second
block address, and the corresponding address
of the first block into a bad data table
{(BDT), writing a filler block to both the

25 first and the second blocks, computing and
replacing a corresponding parity block using
the first and the second blocks together with
all corresponding data blocks, otherwise,
writing a filler block to whichever of the

30 first block and the second block is a data
block, computing and writing a corresponding
parity block using the filler block with all
corresponding data blocks, and then
continuing reconstructing data in the given

35 channel until finished; and



Step 109 updates a "bad data table", or BDT; that 15 is | ocat

controller 12, and may al so be | ocated in a reserved SeCtaHm“HmlmIHlmf"l“I
t he di sks. The BDT contains.a list of all bad data bl ocks ftid 1| er

bl ocks) so that any read request to the disk array first corrpares the
t ar get addr eswowrriyst he addresses listed in the BDT 20 and PETISHEINBH
appropriate error signal to the requesting agent if the address is

|isted. After the BDT update, t he process of reconstruction continues in
step 110, and the nonitoring in step 104 continues until conpleted. If
addi tional bad data bl ocks are found in-step 104, steps 25 105-110 are
repeated as required. The net hod for operati 8$a conparator for

checki ng array accéls 26@“1§H5%ﬂ9|?9¥fﬂFWQQ¥NaﬁF§5?aﬁ? eghigsbyy s
used to nmanage the use of zohparingcrig urstuested alddrbss to RAiéd BDANOry

system The nethod is |nvoliqgtg@egg&§és§ég 3%&?0‘?&51:11% gﬁgﬁg%%ta o beg| ns

in step 201 by checking if an access regue Is to
whose address is IlstedlﬂﬁtﬁﬁeIBEﬁheeﬁRF'|q ﬁ%ﬂﬂngpFBEe%%%e%ﬁth the
access i nst he nor mal opesleqheeg todfrodded hothdtwese tBetkbigdif tHen the

BDT, step 203 determnes if t‘@% gCceEss wéléeo e%uégtwrghg opgrr%d on, and, if
t

not, an error flag is genera
returning a non-recoverable data error

signal, otherwise allowing the write request
to proceed so that the addressed filler block
10 _ is replaced by a valid data block, and then
computing and entering a new corresponding
parity data block. '
9. The method of ciaim 8 wherein the
multichannel memory system is a RAID-3 memory.
15 10. The method of claim 8 wherein the
multichannel memory system is a RAID-4 memory array.
11. The method of claim 8 wherein the
multichannel memory system is a RAID-4 memory array.
12. A multichannel memory array system with a
20 faulty data management system handling multiple faults,

comprising: _

a) a memory array wherein each channel has at
least one memory module, each memory module
being separately replaceable upon failure,

25 and each module having a failure and read

error detector;

b) a membry array controller for coupling the
memory array to a memory bus, for controlling
access to the memory array, for memory array

30 failure detection and single channel
correction and for communicating memory
status over the memory bus, the memory array
controller further having,

i) a bad data table (BDT) for storing
35 addresses of non-recoverable data blccks



V\g 97/22?§1step 204. The error flag advises the E(c):sr{ US?S{ ég?gﬂ“lm“II"'“MIIIIHIII
read request is to a non-recoverable data block. If he request ¥s %

a wite access, step 205 deletes the bl ock address fromthe BDT and

permts thewhbirRe3td Circuitry to wite the new data to thechussskomddr ess
I n step 206, thus scrubbing the bad data bl ock status. Step 207 is

for conputing the new block parity and witing it into the correspondi ng
parity block associated with the accessed data group. 10 FIG 8
I's a block diagramthat shows the arghly tecture of a RAID systemof this

I nvention using the nmet hods outlined in FIGS. 6 and 7. Typically, RAID
system 20 with faulty data narhgerenthef othertemese of(&@ncmkhedtabove i's

interfaced through its controlﬂaq{lt@ O mbteM Rard Qg,% (SCsSI stands
for a well known i ndust stan ard bgs as esc(?h) J'Smatll Comput er

System I nterface-2", Amertthn QDﬁ%rCSESHHaFQF wriking £P§é§£0§?taBus 21
connects RAID systen120 t0 thevlockzoso budt dara DbEdckay carreepbhalihgr 22

provides the 20 necessary | o0ig, LR ANLAANL (IS dRAOFLE! O

with a nenory access into the corresponding p
storing non- recoverable data block .

addresses in the BDT, and
iii) a comparator for detecting memory access .
requests to bad data blocks by comparing
10 a memory access request address with the
BDT stored addresses, for returning a
non-recoverable error signal to a
requesting agent if the access request
‘is a read request and the address is
15 stored in the BDT, and for permitting
the access request to proceed if the
request is for a write access.
13. The multichannel memory érray system of claim
12 wherein each memory module has a reserved memory area
20 for storing the BDT. ' |
14. The multichannel memory array system of claim
12 wherein the multichannel memory array system is a
RAID-3 memory system.
15. The multichannel memory array system of claim
25 12 wherein the multichannel memory array system is a
RAID-4 memory system.
16. The multichannel memory array system of claim
12 wherein the multichannel memory array system is a
RAID-5 memory system.



address, directs data traffic, controls the operation of each di sk drive

and provides status infornmation to the host. BDT 23 is shown coupled to
controller 22 but may 25 also be an integral part of an integrated chip
di sk array controller. Also, each disk 11 of the array is shown
havi ng a | ocalvo®®i293¢ i n which the bad data information fROT/USA@I98H) Sk i S
optionally stored so that an access address can be checked at the disk
| evel rather than at 30 the array level in disk controller 22. As
wi{l be understood by those skilled in tHef &rt, many changes in the
met hods and app j v the skilled
practitioner w tjhout departing fromthe spirit and scope of the
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3. The apparatus of claim 1l wherein the mul ti channel menory systemis

a RAID-4 nenory array. 30 4, The apparatus of claim1l wherein the
mul ti channel nenory systemis a RAID-5 nenory array. 5. The
apparatus of claiml1l wherein the BDT is part of the nenory array
controller. WO9%722931 6. The apparatus of claim 1 wherein pbpuURighsis 35
stored in a reserved section of each nmenory nodul e. WO 97/ 22931
PCT/ US96/ 19810 : - 8- 7. The
apparatus of claim1 wherein the BDT is 3/%Ftored in a nenory in the nenory
array controller and in a reserved section of each nenory nodul e.
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9. The nethod of claim8 wherein the mul ti channel nenory systemis a

RAI D-3 nenory. 15 10. The nethod of claim8 wherein the

mul ti channel nenory systemis a RAID-4 nenory array. 11. The
met hod of claim8 wherein the mul ti channel nenory systemis a RAID-4
menory array. WO 9722931 12. A multichannel nmenory array syBCEmSWI9810a 20
faulty data managenent system handling rmultiple faults, conpri si ng:

a) a menory -array wherein each channel has at | east one
menory nodul e, each nenory nodul e 6/7 bei ng separately

repl aceabl e upon failure, 25 and each nDduIe having a failure
and read error detector; a nenory array
controller for coupling the nenDry ay to a nmenory bus,
for controlling acc rray, for nmenory
array 30 failure det ec@%channel

correction and for communicating ne status over the
menory bus, the nmenory array controller further having,

i) a bad data table (BDT) for storing 35 addr esses of
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