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Abstract— Several physical effectsthat limit the reliability and
performance of Multile vel Flash memories induce errors that
have low magnitude and are dominantly asymmetric. This paper
studies block codes for asymmetric limited-magnitude errors
over g-ary channels. We propose code constructions for such
channels when the number of errors is bounded by t. The
construction usesknown codesfor symmetric errors over small
alphabets to protect large-alphabet symbols from asymmetric
limited-magnitude errors. The encoding and decoding of these
codesare performed over the small alphabet whosesize depends
only on the maximum error magnitude and is independentof the
alphabet size of the outer code.An extensionof the construction
is proposedto include systematiccodesas a bene t to practical
implementation.

|. INTRODUCTION

Flash Memoryis a Non-\blatile Memory (NVM) technol-
ogy that is both electrically programmableand electrically
erasable This property togetherwith high storagedensities
and high speedprogramming,has made Flash Memory the
dominant non-wlatile memory technologyand a prominent
enablerfor mary portableapplicationsandtechnologiesThe
FlashMemory market is estimatedin the tensof billions of
dollars,andit hasa hugegrowth potential,someof it at the
expenseof volatile memoriesand magneticstoragemedia.

Hand in hand with opportunity come the challengesof
designingeliableFlashmemorieswith higherstoragevolumes
and lower costs per byte. At the current state of matters,
the most ef cient way to scalethe storagedensity of Flash
memories,is to use the Multi-Level Flash Cell conceptto
increasethe numberof storedbits in a cell [5] (andreferences
therein). Contrary to ubiquitous single bit Flash memories,
whereeachcell is in oneof two (Erased/Programmedhresh-
old states Multilevel Flashmemoriesusea statespaceof 2°
thresholdlevels, to storeb bits in a single cell. Since physi-
cal/lengineerindactorslimit the overall window of threshold
levels,anobviousconsequencef the Multilevel Flashconcept
is both a requirementfor fast accuratechage placement
mechanismsand compromisedreliability mamgins (that lead
to errorsin storeddate)[4]. The physicalprocessethatintro-
duceerrorstypically move cells to adjacentthresholdlevels,
commonlyin one dominantdirection. Next we elaborateon
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thesephenomendo motivatethe focus of this paperon codes
for limited-magnitude asymmetricerrors.

Beingthe paramounthallengeof Multilevel Flashmemory
implementationfastaccurateprogramschemesre a topic of
signi cant researchand design efforts [8],[2],[6]. All these
and other works, share the attemptto iteratively program
a cell to an exact prescribedlevel, in a minimal number
of program cycles. It is well known that Flash memory
technologydoesnot supportchage removal from individual
cells. As a result, the programcycle sequences designedto
“cautiously” approachthe target value from below, to avoid
undesiredglobal erasesn casesof overshootsConsequently
these attemptsstill require mary program cycles (order of
10 or more) and they work only up to a moderatenumber
of bits per cell. A key obsenation that motivated this work,
is that if program overshootscan be tolerated, then more
“aggressie” programcycles can be employed to yield sig-
ni cantly fastermemorywrite operationsThe way to contain
the (controlled)inaccuraciesesultingfrom theseovershoots,
is by devising errorcorrectingcodes,with speci c properties
to combat errors that originate from the program process.
The most appropriatemodel to capturethese errors is by
assumingchannelerrorsthat have limited magnitudeand are
asymmetric.The limited-magnitudeassumptionstems from
the employmentof programmingschemeghat can guarantee
somelevel of accurag. The asymmetryof the errorsis dueto
the propertythatall errorsare overshootf the desiredtarget
value.

Besidesthe need for accurate programming, the move
to Multilevel Flash cells also aggraatesreliability concerns
in the design and operationof Flash memories.The same
reliability aspects(that were successfullyhandledin Single
Level Flash memories),may becomemore signi cant and
translateto errors in stored data. Many of these potential
errors also motivate the asymmetriclimited-magnitudeerror
channel.Low data retention[3], causedby a slow loss of
chage from memorycells, is one suchexample. Another is
errorsthat originate from low memoryenduiance by which
a drift of thresholdlevels in aging devices [3] may cause
programandreaderrors.Programandreaddisturbs[3], caused
by programming/readingroximatememorycells, alsoinduce
low magnitudeerrorswith a dominantdirection of change.

In this paperwe studyblock codesfor asymmetridimited-



magnitudeerrors. The codesare parametrizedy ~, the max-
imum magnitudeof an error, andt, the maximumnumberof
asymmetridimited-magnitudeerrorsin a codevord of length
n. Asymmetriclimited-magnitudeerrorcorrectingcodeswere
recentlyproposedn [1] for the caset = n. Thesecodesturn
out to be a specialcaseof the generalconstructionmethod
detailedbelow.

The following exampleillustratesthe coding problemand
introduceghe mainideaof the codeconstruction Supposeve
have a group of 5 cells, eachin one of 8 possiblethreshold
levels, marked by the integersf 0,1, ..., 79. The designgoal
is now chosento be, protectingthis group of cells against
t = 2 errorsof magnitude™ = 1 in the upward direction.
As illustratedby the samplewords belaw, if the storedlevels
are restrictedto have either all symbols with even parity
or all symbolswith odd parity, the required protection is
achieved. For each of the two sample codavords in row
(a) of the gure below, the channelintroducestwo upward
errors of magnitudel (b). By majority, the locationsof the
errorsare detected(c), in bold, and the original symbolsare
recovered by decrementingthe erroneoussymbols (d). The

codevord codevord

@  [3[s[3[1]1]
corrupted corrupted

(b) 4] 6]3]2]1]
detected detected

©  [4]s]s[2]1]  [4]s6]3[2]1]
corrected corrected

@  [s]s[s[1]s]  [4]6[2]2]0]

example above is one instantiationof a generalconstruction

methodthat provides codesfor all possiblecode parameters. =

The main strength of this method is that for ary target
alphabetsize (determinecdby the numberof thresholdlevels),
asymmetridimited-magnitudeerror correctabilityis inherited
from symmetricerror correctabilityof codesover alphabetof
size” + 1 (in the caseof the exampleabove, it is the binary
repetitioncode.). Thus a rich selectionof known symmetric-
errorcorrectingcodeshecomeshandyto offer codesthat are
optimizedfor the asymmetriclimited-magnitudechannel.As
a favorable by-productof the constructionmethod,encoding
anddecodingof the resultingcodesare performedon symbol
setswhosesizesdependonly on °, irrespectve of the code
alphabet(which may be muchlargerthan ™). This is a major
adwantagein both redundang and compleity, comparedto
otherproposecdcodesfor Multilevel Flashmemories(e.g[7]),
whose encodingand decodingare performedover the large
codealphabetFollowing the de nition of the codingproblem
and the presentatiorof the non-systematicode construction
in sectionll, we demonstratdts power by shaving that it
provides code families that are perfect in the asymmetric
limited-magnitudesense.We note that the generalidea of

the basic code construction,restrictedto binary codes,has
appearedin ConstructionA of [9], for a different, though
related,application(spherepackingsin Euclideanspaces)in
later sectionswe re ne and modify the basiccodeconstruc-
tion to attain useful propertiesfor practicalimplementations.
SectionlV discussedlifferent possiblemappingsfrom infor-
mation symbolsto codesymbols.SectionV providesgeneral
constructionsfor systematiccodes,that are advantageousn
high-speednemaoryarchitecturesFinally, extensionsand fu-
ture researchopportunitiesare discussed.

Il. t ASYMMETRIC “-LIMITED-MAGNITUDE
ERROR-CORRECTING CODES

An alphabetQ of size q is de ned as the set of integers
moduloq: 0,1,2,...,q9 1g. Foracodevordx2 Q" anda
channeloutputy 2 Q", the de nition of asymmetriclimited-
magnitudeerrorsnow follows.

De nition 1. Given a codevord x = (X1,X2,...,Xn)2 Q"
anda channeloutputy = (y1,Y2,...,Yn) 2 Q", we saythat
t A°M (Asymmetric” -limited-Magnitude)errors occurredif
ifi :yi 6 xjgj = t, andfor alli, y; > xj andy; x; 6 .A
generalizatiorof the abose de nition is whenwe allow asym-
metricerrorsto wraparound(fromq 1 backto0Q). We saythat
t A" M errorswith wrap-aroundccurredf jfi : y; 6 xigj = t,
andfor alli, (y; %;) mod q6 °.

For notationalcorvenience,given x = (X1, Xa,...,Xn), the
vector (x; mod o, x, mod c@,...,x, mod ¢ will be de-
notedby x mod ¢°

The discussionof codesfor this channelmodel is com-
mencedwith the de nition of a distancethat capturesthe
correctabilityof t A"M errors.

Denition 2. For x = (X1,...,Xp)2Q" andy =
(Y1,.-.,Yn)2Q", dene N(x,y) = jfi : x; > vy;gj and
N(y,x) = jfi: x; < y;gj. Thedistancead- betweerthewords
X,V is de ned

d(x,y) =
n+ 1 if max;(jx;
max(N(x,y),N(y,x)) otherwise

yil) >~

Thed- distancede ned above allows to determinethe number
of A*M errors,correctableby a codeC. (proof omitted)

Proposition3 A codeC Q" cancorrectt A" M errorsif and
onlyif d-(x,y) > t+ 1for all distinctx,y in C.

To prove the correctability propertiesof the codeswe soon
propose,we do not resortto Proposition3 above. Rather
a strongerway of proving correctability is used: providing

decodingalgorithmsthat use propertiesof known codesto

guaranteesuccessfuldecoding. We now provide the main
constructionof the paper To obtain a code over alphabetQ

that correctst or lessA™M errors, one can use codesover
smalleralphabetsasfollows.Let beacodeoverthealphabet
QO of size q° The code C over the alphabetQ of size q

(9> > ") is de ned as

C=fx= (X1, X2,...,%n) 2 Q" : x mod ¢°2 g.

@)

Error-correctionpropertiesof C are derived from those of
in the following manner



Theorem4. Ccorrects A* M errorsif — corrects asymmetric
*-limited-magnitudeerrorswith wrap-aroundIf q > o®+ 1
the corverseis trueaswell.

Proof: Let x = (X1,X2,...,Xn) 2 C be a codevord and
y = (Y1, Y2,..-,¥Yn) 2 Q" bethechannebutputwhent A"M
errors have occurred.Denotethe corresponding codevord
by = xmodq® andalsodene = ymodqand =
( ) (mod 9. First we obsere that sinceq® > °, if
06 y; xi6 theny; x;=(yi x;) mod ¢’ Usingthe
simple modularidentity

(i %) mod ¢®= (yi mod ¢ x mod o) mod ¢’

=( i modd= |

we getthaty; xj = j, andin particularif 06 y; x; 6 °,
then0 6 ; 6 . In otherwords, if the codavord x over
Q sufferedan A" M error at locationi, thenthe codevord
over Qsufferedan A M error with wrap-aroundat the same
locationi, andwith the samemagnitude Givenat mostt A" M
errorswith wrap-arounda decoderfor canrecover from

. Thus,theequalityy; x; = ; allowsthe samedecoderto
recover x from y. The corverseis settledby observingthat,
for q> q°+ °, anon-correctabl@rror for canbeusedto
generatea non-correctabley vectorfor C. m

Remark:If q°j qthenC correctst A°M errorswith wrap-
aroundfor  with the samepropertiesasabove.

The size of the code C is boundedfrom belonv and from
above by the following theorem.(proof omitted)

Theorem5. Thenumberof codevordsin thecodeC is bounded
by thefollowing inequalities.
n n
q Coia e q .
a 6 6 —
P j 161G P )
In the specialcasewhen®= 2, the sizeof C canbe obtained
exactly from the weight enumeratoiof . (proof omitted)
Theorem6. Let® = 2 and beacodeover Q%= f0,1g.
Thenthesizeof thecodeC, asde nedin (1), is givenby
n I My wi oK
. o q wi qg~w
9= a Aw 5 5
w=0 2 2
where Ay, is the numberof codavords of
weightw.

with Hamming

This theoremcan be extendedto ¢ > 2, but in suchcases
knowing the weight distribution of  doesnot sufce, and
more detailedenumeratiorof the codeis heededor an exact
count.

While (1) provides a fairly generalway of composingt
A"M errorcorrectingcodesfrom similar codesover smaller
alphabetsit is the following specialcaseof this composition
method, that proves most useful for obtaining strong and
efcient codes.

Let be a codeover the alphabetQ® now of size™ + 1.
The code C over the alphabetQ of sizeq (9 > "~ + 1) is

de ned as
C=fx= (X5, %X2,...,%Xn)2Q":xmod (" +1)2 g. (2

1a reasonableissumptiorsincethe bestcodesare obtainedwhenq > > ¢°

In this specialcaseC hasthe following property

Theorem7. C correctst A° M errorsif andonly if — correctst

symmetricerrors.

Proof: Wheng®= "+ 1, anA™M error with wrap-around
is equivalentto a symmetricerror. This is therefore,a special
caseof Theorem4. m

The "-AEC codessuggestedn [1], thatcorrectall A*M er
rors,canalsobe regardedasa specialcaseof this construction
method.To shaw that, let 0 be the trivial lengthn code,over
the alphabetQ? of size* + 1, that containsonly the all-zero
codevord. De ne

C=fx2Q":xmod ("+ 1)20g
=fx2Q":x; Omod (" + 1) fori=1,2,...,ng [1].

Since0 cancorrectt = n symmetricerrors,C cancorrect
t=nA"M errors.

I1l. PERFECT ASYMMETRIC LIMITED-MAGNITUDE CODES

To showcasethe power of the code constructionfrom
sectionll, we demonstratéhow it canyield perfectcodesin
the A*M error model. For that we rst give (without proof)
a generalizationof the g-ary symmetric “sphere packing”
boundto the caseof asymmetridimited-magnitudesrrors.We
thenshawv thatasymmetridimited-magnitudesrrorcorrecting
codesthat meetthis boundcanbe obtainedby known perfect
codesin the Hammingmetric.

Theorem8. If Cis at A" M errorcorrectingcodewith wrap-
around,of lengthn overanalphabebf sizeq, then
g i
9 a "6 q
i=0
Perfectt A°M errorcorrectingcodesare obtainedthrough
the following proposition.(proof omitted)

Proposition9 If thereexistsa perfect(in the Hammingmetric)
codeover analphabebf size™ + 1, thenthereexists a perfect
A" M codewith thesamdength,overanalphabebf ary sizeq,

suchthat™ + 1] q, thatcorrectghe samenumberof errors.

IV. ENCODING AND DECODING OF A°M CODES

The methodof codeconstructionproposedn (1), speci ed
the code C as a subsetof Q". Moreover, the proof of
Theorem4 implicitly containeda decodingalgorithm for C,
given a decoderfor the smalleralphabetcode. Nevertheless,
till this point, no encodingfunctionfrom informationsymbols
to codevordswasprovided. Discussinghis encodingfunction
is crucial when a practicalcoding schemeis required.When
a°j g, a straightforvard encodingfunction from information
symbolsover Q% to codavords of C over Q exists. We shaw
this function using the following example.

Examplel. Let . be the binary? Hammingcode of length
n= 2" 1, for someintegerm. First we de ne the codeCy
in theway of sectionll .

Cy = fx= (x1,X2,..

2Non-binaryHammingcodescan be usedaswell when™ > 1.

4Xn)2Q":xmod 22 Hg.



By the propertiesof y, thecodeG, correctsoneA1M error
When the codealphabetsizeis q = 2°, for someintegerb,
the perfectcode Gy admits a simple function fromnb  m
information bits to codewvords of Cy over Q. A possibleen-
codingschemas illustratedin Figurel below. In Figurel (a),
nb m informationbits areinput to the encoderThe encoder
thenusesa binary Hammingencoderto encoden  m of the
informationbits into a lengthn Hammingcodevord (Figure 1
(b)). Finally, in Figurel (c), eachq-arysymbolof thecodevord
x 2 Gy is constructedrom b bits using the usual binary-to-
integer conversion,the top row beingthe least-signi cantbits
ofxj 2 Q. Decodings carriedoutby usingaHammingdecoder

m \n m info mparity[n  m info |2 4

n(b 1)info | P n(b 1)info | P

n n

() (b)

" lsb
xi2Q=10,1,...,2° 1g
(c) —
msb
Figurel. EncodingProcedureor Cy

to nd the limited-magnitudeerror location and magnitude
(for binary Hamming codesthe magnitudeis always1). This
valueis thensubtractedrom the word y to obtaina decoded
codevord. To recover the information bits after decoding,the
Q symbolsarecornvertedbackto bits in the usualway, andthe
m parity bits arediscarded.

In Examplel, a simple encodingfunction for C was given
in conjunctionwith a mappingfrom tuplesof b bits to symbols
of Q. Alternative pairs of encodingfunctions and symbol
mappingscan be found for the samecode, that give better
bit error probability when the codefails to correctall errors.
Onesuchexamplegiven below, is a hybrid betweenthe usual
positionalmappingand the Gray mapping.

1) Thehybrid mapping: Givena Graycodeof lengthb 1,
if thelengthb 1 bit stringa, 1  a; hassequentiahumber

in this Gray code,thenthe b-tuple is mappedo the number
2 + a. This mapping has the adwantagethat it can still
be usedin conjunctionwith the simple least-signi cant bit
encoding,andin addition, it reducesthe bit error probability
whenerrorswith magnitudegreaterthan™ occur

V. SYSTEMATIC CODES

All their advantagesnotwithstanding the codesdiscussed
thusfar in the papersuffer the shortcomingof not admitting
a systematicrepresentatiorover Q. As seenin Figure 1(b),
(b 1)m of theinformationbits areencodedn the m symbols
thatalsocarry parity bits. Symbolsthat carry both information
andparity bits areundesirabléf the codeis usedin high speed
memory applications,in which fast readingand writing is a
requirementA trivial and wastefulway to obtain systematic

codes from the constructionabove is by not using these
problematic(b  1)m information bits. This sectionaims at
nding more clever constructiondor systematiccodes.

A. SystematicCodesfor * = 1 Limited-Magnitude Errors

Whenthe error magnitude is boundedby 1, thecode in
the codeconstruction(2) is a binary code.As we shav next
for this case,a modi cation of any codeC canbe carriedout,
thatyields a (slightly shorter)systematiccodewith the same
correctioncapability We startoff with an example.

Example2. In this examplewe proposea systematicvariant
to the code Gy, givenin Examplel. The encodingfunction
given belov generatesa code that has the samecorrection
capabilitiesasGy, namelyary single” = 1 asymmetrierroris
correctablethoughthe resultingcodeis different.Speci cally,
the dimensionsof the systematiccode are different. For this
examplewe assumehatthe alphabesizeof the codeis 2™ (m
— the numberof parity bits in the binary code), comparedo
2° for arbitraryb in Gy. This assumptiorcanbe lifted with a
smallincreasan redundang that dependsn the actualcode
parameterstor an[n,k = n  m] binary Hammingcode ,
the length of the systematiccodeisn m+ 1, comparedo
n in the non-systematicase.The systematiccodeis encoded
asfollows. In Figure 2 (a), km information bits are input to
theencoderThe encodetthenusesa binary Hammingencoder
to encodethe k information bits of the top row into a length
n = k+ m Hammingcodevord (Figure2 (b)). The parity bits
of theHammingcodevordarenow placedasaseparateolumn.
Themappingof bitsto Q symbols,shavn in Figure?2 (c), is the
usualpositionalmappingfor thek informationsymbolsandthe
Graymappingfor the parity symbol.

2 2 H
kminfo |m S| kminfo |m
e
k
(a) (b)
_Isb > |Isb
2 positional = Gray
(© E —x2Q S| — x20Q
E msb £ |msb

Figure2. EncodingProcedurgor a SystematicCode

To decodeawordof Qk* 1 is convertedbackto bits usingthe
samemappingsanda binary Hammingdecodelis invokedfor
then codedbits. By constructiona single® = 1 asymmetric
errorover Q, translatego a single bit error in the Hamming
codevord: in thek informationsymbols,an™ = 1 error ips a
single(coded)east-signi cantbit (andperhap®therbitsin the
samecolumn),andin the parity symbol,an™ = 1 error ips
exactly one parity bit in that column, thanksto the Gray code
usedin the mapping.

The code proposedin Example 2, together with its en-
coding/decoding,can be generalizedto ary t A1M error
correctingcode as statedby the following proposition(proof
omitted).



Proposition10 Let bea binary systematiccodeof lengthn
andm 6 b r parity bits, for ary two integersr andb > 1. If

corrects symmetricerrors,thenit canbe usedto constructa
systemati¢ A1M errorcorrectingcodeoveranalphabebf size
q = 2P. This codehaslengthn ~m+ r, of whichr symbols
areparity symbols.

B. SystematicCodesfor ~ > 1 Limited-MagnitudeErrors

If we try to extend the constructionof the previous sub-
sectionto codesfor asymmetric® > 1 limited-magnitude
errors, we immediately face a stumbling block. Although
generalizedGray codesexist for non-binary alphabetsthey
(like all other mappings)do not guarantedhat a single A" M
error translateso a single symmetricerror in the ( + 1)-ary
codevord. We next considerwaysto overcomethis dif culty
to reattainthe generalityof the systematicconstruction.The
rst proposedsolution is simple but wasteful,the secondis
signi cantly moreefcient for large ".

1) Making Parity SymbolsError-Free: If the parity Q
symbols are taken from a subsetof Q with relative size
1=(" + 1), A"M errorsin the parity symbolscan be easily
correctedbeforeinvoking the decoderfor . This solvesthe
problemat the costof one (" + 1)-ary symbol per g-ary parity
symbol.

2) Ensuringa Single SymmetricError with a Small Added
Redundancy:When we examine more closely the properties
of the (" + 1)-ary re ected Gray code,we seethat for ary °
andb, anA™M errorinducesat mosttwo symmetricerrorsin
the (" + 1)-ary code.Moreover, if an A"M error inducestwo
symmetricerrors,then one of the two hasto be in the right
most location of the Gray codevord. While theseproperties
themseles are not satishctory for the construction,with a
small amountof addedredundang (that becomesegligible
with increasing’), one canguarantedhatat mostone (" + 1)-
ary symbol is changedby the A°M error. We rst de ne
the well known N-ary re ected Gray code and prove its
aforementionegroperties.

De nition 11. ForanevenN, lettheN -aryre ected Graycode
of lengthb bede ned recursvely, asfollows.

0 o 1 © o &b 1Ny *

1 1 G 1L,N)R

G(l,N):(%) 2 E’G(b’N): 2 G(b 1,N)
N1 N 1 G(b 1,N)R

wherethesymbolsin boldrepresentolumnvectorswith NP 1
identical elements.The sub-matrixG(b 1, N)R standsfor
G(b 1,N) in reversedbrder

Theoreml12. Let two words of G(b,N) be
denoted xj, = & 18 2 @aa and xj, =
Ch 1Cp 2  C2C1Co, respectiely. If jj, ji1j 6 N, then
D(ap 18 » @@a1,C 1C 2 C2€1) 6 1. D(Xx,y) is the

Hammingdistancebetweenwo words.Moreover, a; andc; on
thediffering locationi, differ by exactly1 moduloN.

Proof: By constructionthe i'!h symbolhas 1 transitions
in list numbersj = sN', wheres 1,...,N 1 (mod N).
In particular for i > 0, N j j andthereforetransitionsare at
leastN apartin theuppern 1 indices. m

The theoremprovesthat givenan A*M error, at mostone
of the upperb 1 (" + 1)-ary symbolssuffers an error with
magnitude 1 (.ec; a 1 (mod  + 1)). Consequently
if we useonly Gray codevordswhoseb 1 uppersymbols
have evenparity, thenanasymmetriq + 1)-limited-magnitude
error inducesonly a single symmetric error (in the zeroth
symbol)andthusthe systematiconstructionfor = = 1 works
for a generalodd® . This restrictionon the contentsof the
parity symbolsof C, amountsto roughly onebit of additional
redundang per g-ary parity symbol.For increasing', thisis a
negligible lossin storageef ciency, comparedo afull (* + 1)-
ary redundantsymbol that was requiredin the solutionin V-
B.1 above. Ways to map (" + 1)-ary parity symbolsinto the
restrictedalphabetof the g-ary parity symbolsare omittedin
this presentation.

VI. CONCLUSIONS AND FUTURE RESEARCH

Many of the strengthof the codeconstructiormethodwere
not exploredin the currentpaper For example,similar ideas
can lead to codesthat correct symmetric limited-magnitude
errors, or more generally asymmetricdouble-sidedlimited-
magnitudeerrorsthat may arisein particular designs.Also,
whenthe readingresolutionis greaterthanthe codealphabet
size,improved decodingtechniquesanbe readily appliedus-
ing “limited-magnitudeerasures’or other soft interpretations
of the readsymbols.Bettersystematiccodesmay be obtained
by observingtherelationbetweerthe limited magnitudeerrors
and the errors they impose on the low-alphabetcode, and
then replacingthe symmetric error correction propertieswe
required (which are too strong) with various Unequal Error
Protectionproperties.
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