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' The present invention relates to data storage
techniques, and more particularly to methods for
5 organizing data in a memory to optimize the memory s
tolerance for system Eaults.'

Lo} n o' I

Brror correction'cbdes (ECC's) have been used to
- protect data stored in memory systems such as dynamxc
10 random access memories (DRAM's) Hamming codes are
; commonly used for this purpose. Although Hamming codes
4 _ are useful to protect the DRAM's from acquiring "soft"
| errors, such as those due to the effects of Alpha
 particles, they do not protect against complete device or
15 data bus failures in the systems.

The utilization of a ten bit multiburst error
correcting Reed-Solomon code has been found to be
effective.iﬁ protecting static RAM (SRAM) or DRAM data
from "hard“ errors due to memory device or data bus

20 failures. However, the ten bit Reed~Solomon ECC

' encoder/decoder must have its ten bit wide data bus
interfaced with the data bus of the memory system, which
is sixteen bits wide. PFurthermore, the ten bit ECC
symbols must be stored in the SRAM or DRAM in storage



The present “invention relates to data storage techniques and nore
particularly to nethods for 5 organizing data in a nenor ~OrPt=TTTI
ngnnry's ‘tolerance for systemfaults. 'ﬂﬂs ﬁéﬁﬁﬁgﬁf
the Invention : Error correction codes (ECC k) ha\P&Pbg

to. r _protect data stored in menory systens such as- dynalTT I0 random
access nmenories (DRAM s). Hanmi ng codes are commonly used for this
purpose. Al though Hamm ng codes are useful to protect the DRAM s from
acquiring "soft" - errors, such as those-zué to the effects of Al pha
particles, they.do not protect against conplete device or 15 data bus
failures in the systens. ' The utilization of a ten bit

mul ti burst error correcting Reed:Sol onon code has been found to be

effective in prQioeatiogsswhicle &eVinulRiplesr oERAMGNE BELS. - -This causes
.~ each ten bit symbol to overflow into more than one storage
location. Thus, failure of one storage location can cause
the failure of two ten bit symbols, which can degrade the
5 performance of the corresponding ECC. Although extra
o memory storage locations can be provided to insure that
the failure of one storage location cannot cause the
failure of more than one ten bit symbol, this is wasteful
. of memory. : '

10 Summary. of the Inventjon

In the preferred embodiment, the present
invention organizes ten-bit ECC symbols for storage in
memory devices having eight-bit bytes. Ten-bit Reed-

; ~ Solomon symbols are created by an encoder/decode:-and are
J '~ 15 present on a ten-bit bus. A data converter converts the
symbols so that they are conveyable via a sixteen-bit bus,
with all of the ten bits of each ten-bit symbol being
conveyable via one of the sixteen bits of the bus. A 640
byte Reed-Solomon data block is stored in twenty byte
20 groups of each of thirty-two eight-bit by 128 kilobyte
static RAM devices. The thirty-two RAM devices are
organized in two columns of sixteen with all devices of
one column receiving the eight least significant bits of
~the sixteen bit bus and all devices of the other column
25 receiving the eight most significant bits of the sixteen
~ bit bus. The ten-bit symbols are organized vertically in
the RAM devices so that the same bit positions of ten
different bytes of a given RAM device contain the ten bits
- of a ten-bit symbol. Each of the thirty-two RAM devices
30 contains only sixteen vertically organized ten-bit symbols
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from™hard" errors due to menory device or data bus 20 fail ures. However,

the ten bit Reed-Sol onon ECC encoder/decoder must have its ten bit w de
. data bus interfaced with the data bus of the nenory system which- S
'sixteen bits wide. Furthernore, the ten bit ECC synbol s nmust be stored

in-the SRAM or DRAMin storage - - - locations which are nultiples of

eight bits. ~ This causes each ten bit synbol to overflow into nore than one
~storage location. Thus, failure of one stogage |ocation can cause the
farlure of two ten bit synbols, which can degrade the performance of the
correspondi ng ECC. Al though extra nenory storage |ocations can be prOV|ded
to I nsure that

within a group of twenty bytes-so:that, any two devices:.can
fail, or any one bit of the sixteen bit bus can fail, and
the Reed-Solomon ECC will preserve all data.

ript h winags

5 Figure 1 is a prior art scheme for accommodating
ten bit symbols in devices having multiples of eight bits.
Figure 2 is a block diagram of a memory system
including an ECC system which is suitable to use in the
present invention.
10 . Figure 3 is a block diagram illusttatlng the
organization of memory according to the present invention.

L h ferred i

Referring to the drawings, vherein like
reference characters designate like or corresponding parts
15 throughout the views, Fig. 1 is a block diagram of the
prior art scheme for accommodating ten-bit Reed-Solomon
symbols on a bus or device with multiples of eight bits.
Ten-bit symbol 2a comprises bits 0-9, symbol 2b comprises
~ bits 10-19, symbol 2¢ comprises bits 20-29 and symbol 24
20 comprises bits 30-39. The four ten-bit symbols 2a through
2d are loaded into five consecutive eight-bit random
‘access memory bytes 4a through 4e, to accommodate the
symbols in the forty bits provided by the five memory
_ -bYtes 4a through 4e. The aligament between the symbols
25 "and the bytes is also shown, with byte 4a comprising bits
~ 0-~7, 4b comprising bits 8-15, 4c comprising bits 16-23, 44
comprising bits 24-31 and 4e comprising bits 32-39., Byte
4a and byte 4e include only one symbol, all other RAMS



the failure-of one storage |ocation cannot cause the failure of nore than
one ten bit synbol; this is wasteful of nmenory. |EEE Transactions on
Computers; vol. C 31, no. 7, July 1982, pp.596-602 discloses an alternative
class of single byte error correcting-double byte error detecting codes to
Reed- Sol onmon codes, which can be constructed for arbitrary code I ength and
byte | ength, havrng particul ar use for byte- organised nmenory chips.
Summary of the Invention | n accordance WA4th the present invention, as
defined in the appended clains, the present invention, in a preferred
enbodi ment, organi zes ten-bit ECC synbol s for storage in nenory devices
having eight-bit bytes. Ten-bit Reed- Solonon synbols are created by an
encoder/decoder4hnﬁﬂaimclqﬂeemame than omm synbdius. Thudaif soyvef tthe

Smpt”‘r’]_e;ltls g][‘et Hot eﬁé E‘f?g"ﬂ‘%éht 'lﬁyfé‘i % ti:'r% ‘é‘ﬁbﬁﬁ' %A R Sidn Pxe
are lost. fault tolerant memory can e organized based
~upon this scheme, but more memory bytes must be used.
5 Figure 2 is a block diagram of a memory system
- including an ECC system which is suitable to use in the
present invention. A memory system 6, such as a cache for
a central processing unit (CPU) or a storage device,
includes a memory array 8. The memo;y'ar:ay 8 typically

10 has an array of 32 static random access memory devices
(RAM's) which are each eight bits wide by 128 kilobytes
long to provide a total memory capacity of 4 megabytes
(4,194,304 bytes). The ﬁemory array 8 transfers its data
on a 16 bit wide inpnt/outpuf data bus 10. '

15 ‘The 10 bit Reed-Solomon ECC used with the memory
array 8 is provided by an ECC encoder/decoder 12. The
encoder/decoder 12 decodes and encodes ten bit symbols
transferred on a ten bit data bus 14. The symbols on the
data bus 14 are not suitable for couplin§ to the memory

20 array 8 via the data bus 10. This is because the data bus
10 is sixteen bits wide and the data bus 14 is ten bits
wide. Purthermore, the ten bit symbols on the data bus 14

. must be aligned with the bytes of the RAM's in the memory
~array 8 to avoid wasting memory bits in the RAM's of the

25 memory array 8. . '

A data converter 16, coupling the data bus 10 to
the data bus 14, provxdes the necessary bit conversion,
data alignment and S:Otage organization to maximize the
fault tolerance of the storage device when used in _

30 'conjunétion with an erro:'corfecting code (ECC). The data
converter 16 also optimizes the fault tolerance for the



conveyabl e via one of the sixteen bits of the bus. A 640 byte
Reed- Sol onon data block is stored in twenty byte groups of each of
thlrty two eight-bit by 128 kil obyte static RAM devices. The thirty-two
RAM devices are organized in two colums of .sixteen with all devices of
one colum receiving the eight least significant bits of the sixteen bit
bus and all devices of the other columm receiving the eight npst
significant bits of the sixteen bit bus=5Ffhe ten-bit synbols are organized
vertically in the RAM devices so that the sane bit positions of ten
different bytes of a given RAM device contain the ten bits of a ten-bit
synbol . Each of the thirty-two RAM devices contains only sixteen
vertical ly or geee zemecdder/decoderbb2ssor that-either gkwolof the 32 RAM's

in the memory array 8 or one data bus bxt of the data bus
10 can fail without loss of data.
Figure 3 illustrates the organizatiqn of data

5 within memory array 8. For clarity, the organization of
only one 640'byte block of ECC encoded data is shown,
although it should be understood that the entire contents
of memory array 8, which may be 4'megabytes, is gimilarly
organized. Data converter 16, in Fig. 2, provides the

10 conversion between standard Reed-Solomon ten-bit symbols
on bus 14 and the code illustrated in Fig. 3. With an
understanding of the data organization of Pig. 3,
therefore, data converter 16 may be implemented in any one
of a number of well known ways, such as by way of a simple

15 gate array haéing speciél membry cells organized.in an o
array of ten rows and sixteen columns where ten-bit
symbols are written to successive columns until the array
is full and then sixteen-bit data is read from the rows

- and appears on data bus 10.

20 The memory array 8 comprises any suitable number
of RAM's of which thirty-two RAM's 18a through 18p and 19%a
through 199 are illustrated and are used to store one 640
byte block of data according to the present invention.
Twenty memory bytes or storage locations, each having

25 eight bits, of each RAM 18a through 18p and 19a through

» 19p are illustrated and are used to store one 640 byte
block of encoded data. The thirty-two RAM's are arranged
in two columns of sixteen, with all RAM's of one column,
RAM's 18a through 18p, receiving the least significant

30 eight bits, shown at 20, of sixteen-bit data bus 10 and
all RAM's of the other column, RAM's 19a through 19p,
receiving the most significant eight bits, shown at 21, of



-3- < within a group of twenty bytes so that any two devices can
fail, or any one bit of the sixteen bit bus can fail, and . t he

Reed- Sol onon ECC wi I'l preserve all dat a. Description of

t he Draw ngs
acconmodat i ng
bits.

5 Figure 1 is a prior art schene for )
ten bit synbol s in devices having nultiples of eight
Figure 2 is a block diagramof a nenory system :

includihg an ECC system-which is suitable-6® use in the present

i nvention. 10

Figure 3 is a block diagramillustrating the

organi zation of menory according to the present invention.

10

15

20

25

30

sixteen-bit data bus 10. Each memory byte is illustrated
as. a horizontal eight-bit line within the respective RAM.

Other blocks of 640 bytes of encoded data are stored in
- other g:oups'of twenty bytes in the respective RAM's.

The encoded data 13 is converted by data
converter 16 so that it is stored in memory array 8 in an
interleaved fashion. As shown in Fig. 3, the first ten-
bit symbol, comprising bits 0 through 9 which are simply -
illustrated in Fig. 3 as the numerals 0 through 9,
occupies the first bit positions of the first ten bytes of
RAM 1Ba respectively. Likewise, the second ten-bit
symbol, comprising bits 10 through 19, occupies the second -
bit positions of the first ten bytes of RAM l8a
respectively. This pettern of organization continues such
that all eight bit positions of the first ten bytes of RAM
18a are occupied with the first eight ten-bit ~symbols.

: By way of further examples. ‘the n;nth ten-bit
symbol is received by RAM 19a via the least significant of
most significant lines 20, shown at 22, and occupies the
first bit positions of the first ten bytes of RAM 19a
respectively. The 256th ten-bit symbol occupies the

.eighth bit positions of the first ten bytes of RAM 19p,

and the 257th ten-bit symbol occupies the first bit _
positions of the second ten bytes of RAM 18a. The last or
512th ten-bit symbol occupies the eighth bit positicns of
the second ten bytes of RAM 19p respectively,

With the data organization described above, only
sixteen ten bit symbols are stored in each of the RAM's
18, 19. Since the ten bit Reed-Solomon ECC can correct 32

‘of the ten bit symbols, two of the RAM's 18 can fail

without loss of data. Alternatively, a failure of one of



Descripti.on of -the Preferred Enbodi nent Referring to the

dr awi ngs, wherein |ike reference characters designate |ike or
correspondi ng parts 15 throughout the views, Fig. 1 is a block diagram of

t he prior art schene for acconmodating ten-bit Reed- Sol onon synbol s
on.a bus or device with nultiples of eight bits. Ten-bit synbol 2a
conprises bits 0-9, synmbol 2b conprises bits 10-19, synbol 2c conprises
bits 20-29 and synbol 2d 20 conprises bidsg. 30-39. The four ten-bit
syrbol s 2a t hrough 2d are | oaded into five consecutive eight-bit random
access nmenory bytes 4a through 4e, to accomvodate the synbols in the
forty bits provided by the five nenory byt es 4a through 4e. The

al i gnment bet wegge blgs swboélso?ém@dsm&éwgfu&a Bus HOMeanokbBuby! € 42
conprising bits nprising_h C cog£;|5|ng bits 16-23,

4d- - conpri sFﬁﬁ“bF’c%gzi'PStf‘eaﬂ&5§e°§oﬁﬁr1’§| ﬁbebh%'@zt mbgdgewithouf and
byte 4e includtossl| ¢f odetaynbol , all other RAMS

The fault tolerances of the memory system 6
5 described above are optimal and may be represented by the

relationship: _ _ :
Total RAM's o Total bits in data block 16

The vertical symbol scheme also allows:

10 Bus bits failed =  Bits correctable by ECC = _1
Total bus bits . Total bits in data block 16

Of course, other conversion schemes can be
implemented in accordance with the present invention, and
it is within the scope of the invention to provide for
15 storing and ﬁransferring data symbols with any first
number of bits’ sequentially fed on each bit of a data bus
- of a second number of b1ts to data of the second number of
bits in length on each bit of a data bus of the first
number of bits to provide optimum data organization. 1In

20 particular, since most memory devices have words in
multiples of bytes, or eight bits, the present invention
is particularly advantageous in converting ten bit symbols
on ten bit data bases to data on a data bus of gight}

~ sixteen, thirty two, or more bits.

25 Thus there has been described herein a method of
optimizing the organization of data comprising symbols
with a first number of bits transferred between a first
_data bns having a second number of bits and a second data
bus having the first number of bits with optxmal fanlt

30 tolerance and automatic symbol alignment.



<4- * . 4b-4d include nore than one synbol. Thus if any of the byt es
4b through 4d fail, two of the symbols 2a through 2d -are lost. A fault
tol erant nmenory can be organi zed based upon this schene, but nore
menory bytes nust be used. 5 _ Figure 2 is a bI =i %FEN
menory system including an ECC system which is suitap E‘S[%%‘gﬂég e
present invention. A menory system 6, such,as a.cache fot : '
processing unit (CPU) or a storage. devi ce, i ncludes a nenory array 8.

- The menory array 8 typlcally 10" has an array of 32 static randon1access
menory deV|ces

It_will'be'understood that'vgrious'changes in
‘the details, arrangement and configuration of the parts
‘and systems which have been described and illustrated
above in order to ekplain the nature of the present
‘5 invention may be made by those skilled in the art within
‘the ‘grinciple and scope of the present mvention as
expressed in the appended claims.

What is claimed is:

\

This Sheet

NII i



(RAM s) which are each eight bits wide by 128 kil obytes | ong to provide
a total nmenory capacity of 4 negabytes (4,194, 304 bytes). The nenory
array 8 transfers its data =~ on a 16 bit w de input/output data bus 10.
15 - The 10 bit Reed- Sol onon ECC used with the menory array 8

i s_provided by an ECC encoder/decoder 12. The enco _ -
decode_s and encodes ten bit synbols transferred on ER Tt HASBEEN s
14. The synbol s -on the data bus 14 are9ot suitablje for REBUMEDg to |t he

~mepory 20 array 8 via the data bus 10. This is because the data bus 10
IS sixteen bits wwde and the data bus 14 is ten bits wi de. Furthernore,
the ten bit synbols on the data bus 14 nmust be aligned with the byt es
of the RAM's in the nenmory -+ -array-8 to avoi d wasting menory bits in the
RAM s of the 25 nenory array 8. A data converter 16, coupling
the data bus 10 to the data bus 14, provides the necessary bit
conversion, = data alighaners methog (fpa’gotgaganiaatmmltltpim&ltmereou:he
fault tol eranceereebfoﬁt&wesy&mee1wnsnmuﬁsﬂ¥ ﬁFfH ‘ﬂl‘ﬁtt'a@.’itg"s&? an

frror correctlng éo%e E g men % { conver t én m z
aul t tolerancé pdem; acces y devices are connec e to a data bus
: for conveying the symbols to the devzces, said method
comprising the steps of: |
conveying the bits of each symbol to one of the
memory devices via one of the bit paths of the data bus;

and

storing the bits of each symbol in like bit
positions of a plurality of memory bytes, the number of
memory bytes being equal to the number of bits in the
symbol.

2, A method for organizzng a block of
multiple-blt error correction code symbols in a memory
wherein a plurality of random access memory devices are
azranged in two columns with the memory-devices of one of
the columns connected to a least 81gnificant group oE bzt
paths of a data bus for conveying the symbols to the
devices and the memory devices of the other of the columns
connected to a most significant group of bit paths of the
data bus, said method comprising the steps of:

_ conveying the bits of each symbol to one of the
memory devices via one of the 'bit paths of the data bus;
- and ' .
storing the bits of each symbol in like bit
positions of a plurality of memory bytes, the number of
memory bytes being equal to the number of bits in the

“\\ii\\\\\\\\\\\\\\\\\m\



ECC encoder/decoder 12 so that either two of the 32 RAM s In the nenory

array 8 or one data bus bit of the data bus 10 can fail without |oss of

dat a. - Figure 3 illustrates the organization of data 5 within

menory array 8 For.clarity, the organi zation of onl &4-0—yte-blgCck

of ECC encoded data is shown, al though it should be uﬁ'd'@r%lﬂﬁﬁi'dHé&eﬂEENke

entjre contents REPLACED :
-10- '

3. A method for organizxng 2 640 byte block of
ten-bit error correction code symbols in a memory wherein
thirty—two random access memory devices are arranged in
two columns with the memory devices of one of the columns

connected to a least significant group of eight bit paths
of a sixteen-bit data bus for conveying the symbols to the
devices and the memory devices of the other of the columns
connected to a most'significant group of eight bit paths
of the data bus, said method comprising the steps of: _

conveying the bits of each symbol to one of the
meniory devices via one of the bit paths of the data bus;
and '

storing the bits of each symbol in 11ke bit
posztzons of ten memory bytes.

4. A memory system for storing a block of
multzple-bxt error correction code symbols wherein a
plurality of random access memory devices are arranged in
- two columns with the memory devices of one of the columns

- connected to a least siqhificant group of bit paths of a
data bus for conveying the symbols to the devices and the
memory devices of the other of the columns connected to a
most significant group of bit paths of the data bus, said
memory system comprising:

means for conveying the bits of each symbol to
one of the memory devices via one of the bit paths of the
data bus; and | '

means for storing the bits of each symbol in
like bit positions of a plurality of memory ‘bytes, the
number of memory bytes being equal to the number of bits
in the symbol.

This Sheet Has Been Replaced




of menory array 8, which nmay be 4 negabytes, is simlarly - organi zed.
Dat-a converter 16, in Fig. 2, provides the 10 conversi on pe: standard
~Reed- Sol onon ten-bit synbols on bus 14 and the code i
3. Wth an understandi ng of the data organization of H
therefore, data converter 16 may be inplenented in any o
of well known ways, such as by way of a sinple 15 gate array haV|ng speci al

menory cells organi zed in an array of ten rows and si xteen col unms where
ten-bit synbols are witten to successive colums until the array is
full and then sixteen-bit data is read fron1the r ows and appears on data
bus 10. 20 The nmegg 2 : AqoNNYy Suitabl e nunber

of RAM's of which thirty-t AMTS T 'g p and 19a t hrough 19p
are |I!ustrated and are used ﬁ@¥%%£i§h§§$ﬂfﬂ@zﬂﬂ&1byte bl ock of data
according to the present inve Wenty nenory bytes or storage
auon %i6n hee 1B R oo ruand e 645 HR BN L ddligO B Bt 100
bl ock of enfsudt talerange afhithe memormaissontimizedngdeed-S qlﬁﬂmo col unms
of sixteen, ghnhB18! hr&MSrdd WIRicA11F 4n RAM devices and a block

5 of data consisting of such symbols is distributed
throughout an array of thirty-two RAM devices organized in
two columns of sixteen.

\
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RAM s 18a through 18p, receiving the |east significant 30 eight bi ts,

shown

- at 20, of sixteen-bit data bus 10 and all RAMs of t em u....
‘RAM s 19a t hrough 19p, receiving- the nost si gni f | cant 8@ L t

lat 21, of ' ) b|t
.data bus 10. Each nenory byte is illustrated ‘as a hori zont al el ght-Drt
1ine within tEﬂGe ectlve RAM O her bl ocks of 640 bytes of encoded
-;data are stor Fp _ -

LBITS 0-9 BITS 10-19 | BITS _20-29 BITS 30-39'_ .

..*

larr_s 0-7 Ians a-nslans I6-23|BITS 24-3!|BITS 32-39
40 /7 4 40’ Al

FIG2 — /°

~/4
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ot her .groups of twenty bytes in the respective RAM s,

encoded data 13 is converted by data

“in menory array 8 in an

first ten-

bit positions

bi t syrrbol

I rst ten bytes of

i nterl eaved fashi on.
conprising bits O through 9 w
‘ijlustrated in(ﬁ,&l 3as the nunerals O through 9, 10

5 Lheo
converter 16 so [tTh$ SHEET HAS: BEEN
As showp i n FREPLABEDt he

Tch are srmpty
occupies the first

RAM 18a respectively. Likew se,

the second ten-bit - synbg@g conprising bits 10 througl@19, occupies the
second blb pﬁ‘S‘l-t-I-ﬁﬁe—e‘f—’H‘Ie""F'l"l‘-S't'—t-e{l byt-es—of—RANM1Sx — .
respectlvelyf atfern of; organ zafyi @#~cont iinugs such| 15 at gl l
eight bit posi 5 PP Ripacyan N with
the first eig i 20 spgbcls. 51 61 71| a1 BY BDabE 18 rmet T38| o5
the ninth ten-pit2a 12 3yrrtlal 4 szcéevext] b RAMsIszvnaz ke inasu 152
-signi fi cant gai nost significant |ine f_ shown at 22, and occupi e§ the
20 first bit jpositions of the first tenfby§es of RAM 19a respe(;tilvel..y.
The 256t h ten-|oit. symbol occupies the eiffghth bit positions of the f§irst
‘ten'bytes of RAM_19 nd, 257t en{Qpt upi heg fi §st
bit posi ti onsglofgtﬁ% s?gcon%l 9 ééy[]'eg, of gﬁﬁ%@ftqln%g P%’gti‘%rqsg
zs‘o ........'................lIlI'....OOQOCOIOIOQQ..Il.O.lb.I 2710
2569 -cuot.ac.-lcootoooooo.occ.---.o;ovco.'oooc.oo'oo;-o.o"oo'ooc.oo-u 2719'
: 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310
18b. 161 171 181 191 201 211 221 231 241 251 261 271 281 291 301 311
1 162 172 182 192 202 212 222 232 242 252 262 272 282 292 302 312
s
964 .
169 179 189 199 209 219 229 239 249 259 269 279 289 299 309 31'5
ﬁ 2720 ..OGQ..l.....l.t'ln..‘...lll..l..l....o....‘._‘.'0.'."... 2.70
2729 .....l.....l’.l..l._..l.‘l.I..Q..OQ...'......"-. ''''' o e s 000 2079
/ep-\IHHijspJHTHH
;‘oo G0 0PSSO C OSSN OEN e 2‘70‘ 2"0 ...‘..OCO.'OQ'..Q.'... zsso
2409 ootoo-o'_ooo.-u.nc-;.oo.. 2479‘ 2‘89 .........'....--........2559
‘960 ..lQ.l.'Q.Q.I'....‘...........' LI IS BRI A I A IR A I I I B NN B B A R A I Y . 5110
‘969 ooo-ouooooo._co-o.-c.ocoo-oc-onlcoo.o.‘-oonooqooooo--aoco.co 5119
T
TOTAL P.24



25. 512th ten-bit symbol occupies the elghth b|t posi ti pns_of fhe

setond ten bytes of RAM 19p respectively. _ WEWIAE*MEM&BHEET
organi zati on descri bed above, only si xteen ten bit pypbets—are—stoned
in each of the RAM s 18, 19. Since the ten bit Reed SOIS“ﬁB‘EC§98an'
.correct 32 30 of the ten bit synbols, two of the RAM s} 1B F [
“wikthout |oss of data. Alternatively, a failure of one
-7-
ABSTRACT OF THE INVENTION
FAULT TOLERANT MEMORY
' " 'A method for organizing data in a memory so that
fault tolerance of the memory is optimized. Reed-Solomon
symbols are stored vertically in RAM devices and a block
5 of data consisting of such symbols is distributed
throughout an array of thirty-two RAM devices organized in
two columns of sixteen.
N\

Figure 2
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the bits 20, 21 of the sixteen bit data bus 10 can occur,
t he loss of 32 of the ten-bit synbols wi thout | oss of

I

The fault tol erances of the nenory system6 5 described alqoe are optinmal ;
and may be represented by the rel ati onshi p: RAVPs flai]l edl 1 OCT $ﬁ§=1
" Bits correctable by ECC = 1 1Total RAM s . Tdtal bits in !
« data bl ock The vertical synbol schene gl so arrows—%e-
Bus bits faFnﬁg L Bits correctable by ECC = 1 0otal bus bits
Total bits at bI o@a ‘16 Zb QeLourse, Zgher conversion
schenes can be e t—i—aeeti-ae . -qa:§ﬁ—+ﬂ¥e1t|on
and it.is withi n Bl'TS @w;gn 'Bﬂst an.rzgv gg—%qi,olgg st oring
and transferring dat g nbols mn‘h any first its
sequentially fed on each bit of a data bys of a second number of bits
to data of the second nunber of bltS*ln | ength on each bit of a data

bus of the first

ation.
BHSI&}BSI

In BTS 0-7 |aiTs 8-15 | 8iTs 6-23|BiTs 24-3
40 45 4c 200 4e)
- 6
F1G. 2 /
2
10
/4
|
/6
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20 particular, since nost nmenory devices have words in

REPLACEMENTOSHEET

bytes, or ei ght bits, the present invention Is particyl grty

advant ageous in converting ten bit synbols on ten bit |dgt
} data on a data bus of eight, s3teen, thirty two, or ea%ﬁtaééfﬂyé
{ Thus there has been described herein a met hod of opt i g--the

{ organization ! E; conpri sing synbol s wth a first n nbér of bits —
! transferred between a firsgy data bus having a secondpmnu ' nd
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e detalls, arfangepent and
aveghsEP WeECli bed ag@f’aw’“’” 20/)

re of the pregent invention
t Re present

It will, be understood that various changes ifn
conflguratlon of the parts and systens. whic

illustrated above in order to explain the ngt
may be nmade by those skilled in the art withy
I nvention as expressed in the appended cl ai

loeations whic¢h are multiples of eight, bits. -This causes
each ten bit symbol to overflow into more than one storage
location. Thus, failure of one storage location can cause -
the failure of two ten bit symbols, which can degrade the
performance of the corresponding ECC. Although extra
memory storage locations can be provided to insure that

the failure of one storage location cannot cause the
failure of more than one ten bit symbol, thls is wasteful
of memory. |

IEEE Transactions on Computers, vol. C-31, no. 7, July 1982, pp.596-602
discloses an alternative class of single byte error correcting-double byte
error detecting codes to Reed-Solomon codes, which can be constructed for
arbitrary code length and byte length, havmg particular use for byte-
orgamsed memory chips. :

Summary. of the Invention
In accordance with the present invention, as defined in the
appended claims, the present invention, in a preferred

embodlment, organlzes ten-bit ECC symbols for storage in

memory devzces having eight-bit bytes. Ten-blt Reed-
Solomon symbols are created by an encoder/decoder and are
present on a ten-bit bus. A data converter converts the
symbols so that they are conveyable via a sixteen-bit bus,
with all of the ten bits of each ten-bit symbol being
conveyable via one of the sixteen bits of the bus. A 640
byte Reed-Solomon data block is stored in twenty byte
groups of each of thirty-two eight—bit by 128 kilobyte
static RAM devices. The thirty~two RAM devices are
organized in two columns of sixteen with all devices of
one column receiving the eight least significant bits of
-the sixteen bit bus and all devices of the other column
receiving the eight most significant bits of the sixteen
bit bus. The ten-bit symbols are organized vertically in
the RAM devices so that the same bit positions of ten
different bytes of a given RAM device contain the ten bits
of a ten-bit symbol. Each of the thirty-two RAM devices
-.contains only sixteen vertically organized ten-bit symbols
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i. .A et hod for organi.sing multiple-bit error correction_code synbols
(2a 2b '2c,2d) in a nenory (8) wherein a plurality of rand
T GHEET

devi ces (18a . 19p) are connected to a data bus (10) for
conveying the.bits of each synbol to one of the nenory d V|ce%6v$EP gz?
ol

synbols to the devi ces, said nethod characterized by the |stleps of.

the bit paths of the data bus; and storing the bit f each Sy N
like bit positions of a pIurallty afglrenory bytes, the n nber o bytes—-
bei ng equal to the nunber of bits |n t he synbol . 2. net hod of cl aijmn

1 further including the step of arranging the plurality of random aCCess
menory devices in-tw colums, with the nenory devices of a first one of

Lhe ool ums oG oot Be' SRTac bR, LBAL oAk RaBe LpEhhe Bl ol e 0
nost sithe fdettailg) apr igéménpashd ebnEligudat@oRUSE the parts

and systems which have been described and illustrated

above in order to explain the nature of the present

_invention may be made by those skilled in the art within

the scope of the present invention as expressed in the
appended claims. |



3., The* met hod of claim2 applied to organizing a 640 byte bl ock of
ten-bit error_correction code synbols, by arranging thirty-
ehpﬂ#RENE~¥NﬁEET

devi.ces into said two col ums, connecétl ng the nenory devi

one of the col HMMHIHIMW“Ml gni fi"cant group of eight
si xteen-bit da cting the nenory devices o

of the colums to a nost" si’gnifi cABLAIMSIp of
4. A nmenory system (6) for storing a block
correction code synbols (2a, 2b, 2c, 2d), conpri

i paths of a
héﬁséﬁi’ane
bit paths of fhe data bus.

of nultiple-pit error
sing a plur y.of random

conveyi ng the 816580 68 et o RS il

(2a,2b,2c,2d) in a memory (8) wherein a plurality of random access
memory devices (18a...19p) are connected to a data bus (10) for
conveying the symbols to the devices, said method characterized by the
steps of: '
conveying the bits of each symbol to one of the memory devices via

one of the bit paths of the data bus; and

| storing the bits of each symbol in like bit positions of a plurality of
memory bytes, the number of bytes being equal to the number of bits in
the symbol

2. The method of claim 1 further including the step of arranging the
plurality of random access memory devices in two columns, with the
mcmor)" devices of a first one of the columns connected to a least
significant group of bit paths of the data bus, and the memory devices of
a second one of the columns connected to a mést significant group of bit
paths of the data bus. '

3.  The method of claim 2 applied to organizing a 640 byte block of
ten-bit error correction code symbols, by arranging thirty-two memory
devices into said two columns, connecting the memory devices of the first
one of the columns to a least significant group of eight bit paths of a
sixteen-bit data bus, and connecting the memory devices of the second one

of the columns to a most significant group of bit paths of the data bus.

4. A memory system (6) for storing a block of multiple-bit- error

correction code symbols (2a,2b,2c,2d), comprising a plurality of random

B PSR cofe fBolt’s (7O



one of the col ums of nenory devices (18a... 18p) +s-commected to a | east

si-gni fi.cant. group of bit paths (20) 1 f the data bus : e of

the .colums (19a... 19p) is connectéd to a nost si gHm mmm‘r H“\ bi t
|

pat hs (21) of the data bus, the nmenory.system further racludimgs * means
(14,16,10) for conveying the bits of each synbol to one of the nenory

devi ces viagcessememaryeddvicesp(l8as..dPp) arradgeditbostuninsg a data buse@d®) (8) for
eror y by 16 ConkeyerbersysRbas tedhs devipeaqchiracisrizad ndhser of bits in the
symbol . one of the columns of memory devices (18a...18p) is connected to
a least significant group of bit paths (20) of the data bus, and a second one |
of the columns (19a...19p) is connected to a most significant gi'dup of bit
paths (21) of the data bus, the memory system further including
means (14,16,10) for éonveying the bits of each symbol to one of
the memory devices via one of the bit paths of the data bus; and
means (8) for storing the bits of each symbol in like bit positions
of a plurality of memory bytes, the number of bytes being equal to the

number of bits in the symbol.
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