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A memory system, a fully parallel encoding method, and a fully parallel decoding method are disclosed.
The encoding method utilizes a plurality of minimal polynomials that constitute a generator polynomial and
derives a plurality of roots from the minimal polynomials. A first encoding matrix derived according to the
roots of the minimal polynomials is subsequently decomposed to derive a second encoding matrix, in which
partial elements of the second encoding matrix are the same with those of a parity check matrix of the
decoder, such that the encoder and the decoder can efficiently share the same hardware. In addition, the
decoding method defines a new error locator polynomial and utilizes a cubic matrix operation to respectively

combine the equations, which reduces the hardware required by the fully parallel architecture.
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of roots from the minimal polynomials. A first encoding
matrix derived according to the roots of the minimal
polynomials is subsequently decomposed to derive a second
encoding matrix, in which partial elements of the second
encoding matrix are the same with those of a parity check
matrix of the decoder, such that the encoder and the decoder
can efficiently share the same hardware. In addition, the
decoding method defines a new error locator polynomial and
utilizes a cubic matrix operation to respectively combine the
equations, which reduces the hardware required by the fully

parallel architecture.
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BB LovLi. L, #TEE FHEBEMESLEN oK) -
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KB AT 7o AT B
7T BB LRES s R
4 90nm 180nm
EHEME K 1 1
B #3
;= 2.5ns 4.51ns
- 256 256
. #d % 102.4Gb/s 56.76Gb/s
(Throughput)
@ﬁ(”mz) 41,705 % 35,205 283,512
B A 14.789 %, 12484 N/A

& Z R & %18 (274, 256; 2)BCH % 245 % #1 %% 37 4

MERER > B AT 445 6% X. Wang, D. Wu, C. Hu,

L. Pan, and R. Zhou, “Embedded high-speed BCH decoder

@® ror new-generation NOR flash memories,” in IEEE Custom
Integrated Circuits Conference, pp.195-198, Sep. 2009 -

BRINBETRE > REA—FTHFBR T A REER
BENESEZ)  RAEma B iR EFTABANLTH
WeBLTRARRERA-—FTRUIREZI T FEBAEHT L
ZHMARZRRBULTFERSELE BT REH — F 545
REZAARBGHERFNALFFEALCANTERELY
L

UMTHETRBRAFANLBHBR - RESR > AR
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28 0 HABBUARBRBRERRBLDE T4 (Fully-Parallel) 22
WMo AR GBRE GFRMEERLE FIEA LY T LK -
HLBE AR AGOTARA—FAMLBEL4
ZEBEFITH B I EAER - b—FWHpl T T ehshEFX
RAAAR > I hBELRELBIKRZ -
RREAAZLDETTHBE Tk ERBHBEF E4%
RZAERSZBAA>BASBAR D ZBAX(FHE40]) L2
g8(X)=LCM{M;(x),M;(x), ... My(x)} » £ & >

® gX)BERSEBRX > Mi(x) My(x)..My(x)8) % & /s % 18
ﬁ;%&*&ﬁ%%&%%ﬁz&@ﬁwﬂmmy@%%

o' BAEER CRBEELERISAXNR RERES
R (FHA405) 0 bR p)=u(x)x" |x=a g & % iR -

BE REZEFIEX AL E —%BER Hy (5 5
407) e A HF 2y XBER 5 X k57 o
BP=AHpnU » % — 454 % Hepy A -

‘ 1 a at!

1 o’ oD

1 a(zl-l)xz’zl-'" a(2l—])x2"""'(k—l)

REBHE —%HBEE Hey #4790 B (F 5B 409) 3%
%{i HEN:QEN' [:IEN ’ L/(HX/’{%‘%—:é)%ﬁ%%EF-?I:IEN ’ -;H\-‘:Pﬁi:—

1 a .. a*!

- 3 3(k-1)

1 aZl-l a(Zl—l)x(k—l)

RS ERGL BT A

SBMATERMKE KT > Hldo C/C++ & Matlab -
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WRIPTE 5 —h BB 5 — R B X RRE M by, 2
W B TEBRE MR Hyp g

1 «a a? a’ a™!
3

", =|! @ @) @y .. @],
1 @ @y @Y . (@
REBRBEL — G BERH, ET%HBHEE(SH
411) E B BAEEZHRBMA AP THRIEE — H15 45 % 1,
AEBEIFEFEER B RKF > &L P=B'AQenHxU o
FLRESH HGAETABRA—FHRBIEBRAL
ZEEFIABRBETERER - Ak — TR BIGRBF E &
PO RET—EHMNHBBAREILX > EHAB P HF L@
F K o
CRBAALIEETARB T EARBERSRE R > 3t
AR B BEUKB(ER S01) LAY R%B4EEH,, 0ipES
ZRE - RBERH, BRSNS RRA AT RBRER T, BE
ZhAEE R H, W 4 BT A
BHERBEBRME  BE —#B0F % EKX (55 503)
8% E % 3E K o(x)=S,x*+ $,7x+S,°+8S;

XO
=[ToS:i T1S1 ... TmaS1 1| | +S%+85» # &
X

m-1

c(X)BEBRMNME % IEK’TO‘TI‘Tm-I%%EF-?’Sl‘S3
ABEEKEER T -T, Th—5EK 4 AT BB K
% » 5l C/CH++3% & Matlab -
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ReBuEArTEQ a "‘%A BRME S
18 X (F & 505) > "‘*‘%%(Codeword)%’f*i B B 4% gk 4%
FMELZBRXNZBR (FHS07) BRELBZMLESHEKXZ
BB EBBRMNE(FTHE S0 A wRhRag' AaEne
SHEANKR > A TEIBARERAES
FERE 0B HAGETAEA-—FThplLBHE L%
ZIHHRE -EEEAEAL 600 XELAHELBESE 60l EAT
5 603~ LiERE LM 605 FE R T 607 UK ARHEE 609 -
@ %#HHB 60 AAMEE — %L HMA T HEITHS
UELEEDV—@rmF (Codeword) c(x) @ 25 F P 4 4% B 35
(Parity Bits) e EANEH 603 T E L 45HH S 601 0 L IFHE
FREZWWBAMATMH 605 288 T 605 KIEHEF & 4T
e EAE > e T 605 A R KA A B BY e g g o |
FREK 607 AL BEAH 605 L EH-MBE 609
RIF AR ERSE L AR25 A BB T 605 prsf B2 B4 - sk
s % 609 2 F k14 3t & % (Syndrome Calculator)609a -
® # #2 X # 1 % (Key Equation Solver)609b » 1 & 42 324 E 44
ZF # (Chien Search)609c - # sk & 3+ & % 6092 A & 3+ & # &
BMAkE- - TREXAE B 609 EHEHMAMATE R 609a -
RNARAHERAMESLEAX HBEREHFZT R 609c EHELEH
ﬁﬂ%ﬁ%&MﬁMﬁ% SRMEZAAKR D EH @
E B —FRHAETY BMAAHEZALBELHL2E T
TR -
XA A S 600 FF > 225 % 609 f15625 = 601 5
BeETER > RESHNER —BEERAEAMNYELSR - %5
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B0l AAARAE —hBERALRBSR 609 A KRS
B2 —nER N BETARAEENERALAFLE R
FoBMNLBBSE 609 f145 K 601 RERSikiEs o M
REFRGGREEGENSF  BmsbhBRE 601 SLEER 609
TAARABBENLLFRERG TS  FeEAHE > G4
—ROMRRIPTHAEEHREBRTE -
UEERGAZRELZGREDE T ITH S x5
BRAEPFTLGER AAEBEOFRE N TR %S R EE
@ IEH BNGHBE BEEZAEMEBYHERLE L
LFE hRBBEROERERFUSZELA Byt i
MBERMESEAXNZER A ESEEZHEREER
Yo BRAEIRBAEARE BREERE
BAAEACLUTHRGIBEL L RELLEFAURS
ARRA > EMAERAEARBRMTARET P ELAE B Y oo
EOAETMBEALAIEFREEN > $THLEEZEH
EHe o B AFAZRELCHEALMI P FEANEE
@ THREEAE-

(B XM\ ERA]
HERAFAZ LEPAL B - B8 F ST
ARXABLE  AAMBAZRAL T
£ 1 BAerTAE A —FHbIOAERBATIFIELE
o
FL2EGETAEA - FTHRARBERREELIZIURS
AENRBEZBERERTER -
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¥ 3 BGETABEA—FHHFZA D BEmxmE L
HENRBEMHTER o
FABGETAEA-—FHRFCRBLAZ 22 T4
BT EMER -
‘ FOBGETATA-—FTHRBCEBEBAL ZL2E F47
BT EREB -
FOBGETATA—FTHplLBRBRAAZFIRE -

[ 2 A4 %5%09]

101 : ARFAFE 103 ARG FFHE
105 ARFFRES 201 #k{EH E B
203 : L H B 205 B HE A B
207 © Aok B 209 Rk R
301 - kB ER 303 xH R
307 : ok % 309 @ ok B

® 401~411 : 5% 501~509 : % B

~ 600 : 18 88 % 4 601 : & 55 %

i 603 : B AETH 605 : 2 1% 2% 7o 4
607 © FREHK 609 : #2 %5 %3

609a @ # k& 3 E 2 609b: FREKXBRH R
609c : LB BEME R
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104 £ 7 A 2 HEIESHRE
t-9FEHER
1. —#REeRBLA2ALZIE2ETTHBET £ ZLRE
s —wnRBBAH —BEANEB - BAE—2EFTE
Mz —hEBZUR—BBER ZEETFT%4BIT 0L
LBEAEZRALEEFATEHIZASERSY  BeBhEK
Az —42mbBAXrBRARBEBARNSEAKX
KBRZEZNDEZAXZIAHAR S UK
RFEZERELE —HBER
® SRGGBERAARBSRER > BT UE S RE
REYZ—A—KRERZ - ER > IRRELHE
NURBEZL -—HMAEAFERZI—BREY > RELTAE
mHE Y —HERNZRBEERZ I
HBEAULSETFITEHMISSBEZANRAZRERTS
Z A4 0 ¥ — 5% F (codeword)iBIT4HES 5 AR
BFRBUBAETRBEABEFERLRBAH -

® 2. WwHE KA 1 A2 2RBL2LAZIL2ETITHSES
[ 1 a a*! 1
1 a’ a ¢
1 a (20-1)x2'2-171 a (21-1)x2200 " (k1)

o R PHRGBER Hen A = I

a
a2
46 45 45 8 Hpy B = 4 (Column) @™ & 28 7 & 2 #

Z5EAXMBR t - KAEEH BkRAREKE
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104 £ 7 A 2 B2 E®IEHE
REAMBZEERS -

3. WwH KRB I AEAZIZRBLAAZILSETTHBS
EPZENHBERTAZABREZARRE R Z %I

*=
AN
4. wHF KB I MEZIRLREEBL2AZIE2EFIT%HSBHN
1 a .. a*!
‘ 1 a3 a3(k—l)

vk _;E“_ d':v % *}‘isﬁﬁﬁ lx$ Z % %[; /IJ\ A5 Fi?- H., ;g] 1 a* o )

5. —HRBHRALZIAETFIARABI L kR
Ao bh—nnREAH s —FRER - —%BEEURELA
— AR PRI —BRBE R EFITRBI LS

(B BZFREL AT LB AFER—FTH
® ()i 4 — BB S8 M X RS F R 0 3 AR A B Ak

B AP RGHEMAL-—THRERAZRBERZ —
NER S URRERHBENZMBEZSZ —HMAEATERE2
—BRBEER B2 RERHENGBEBREIRZ -y H
FREH B ZSBERZANRAZIRER TR I AN S BITHS
CEEZmkE > AE—H#BRMESEAX
(B EHEERTERAZHBRLE $ELX > URE
ZHBRMESHEAZR RA
ERBEZHEBEMLESZEAZIZLERIBEHERMLE -
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104 £ 7 A 2 HEEIERHRE

6. m$$5ﬁ¢z¢%%%ﬂz EFITHBES
O RAFASTHRAEY RS UBHBZRES AT LEES
B ER -

7. WwH KR 6 A RBBARZIEEFITRBES
R PROBHERRES AT EEENRERIBOS

® MR —FF B2 EHEE BUBBENESAEAALS
BERABUE RS EL -

8. —#wEELYL% a4

— B RA A —%RBERHE -—WATHETSH
o EAE —@WBTF
— RS UNERBERBEFTHRATEEES

® —EANTHR EHERZHBESR UBBUBEFHREE
BAA-X - B K

—BREBL LB RERBEAHFELEEH XA

—REE QAR —RKRRER - RBAZRER TS
PR d &

BB BER AR TRERZIRME BAE &
ERE P -BBURBRERZI—FHER -

WwHE RKBASMEZERBL24 E PN BERK—
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104 £7 B2 HEEERHBE
ERSBERCBAABBER DS EX  ARULR ) $H
XZHABER - ERBZLEREL —HBER  RRHEHR
b AR O AR A AL BB AR AE R o

10. w2 KB 9 PRl e EB a4 EYP %8B
EAZUR S BERAUMBRBERZIRRERZ ZI N

[ o
([ 11. it KB IOz e BB 24 R UKKRER
1 a .. a*?
1 o’ aS(k—l)
z%/‘ %l’i/ﬂ\ﬁl‘.ﬁ/‘é] 1 ¥ a(Zl—l)x(k—]) .
12. wwip K18 8 ARl 2 BB A2 4 H X %48 R
B a a*! ]
1 a’ aZx(k 1
® 5 . 5
(R 2 Bt Hey 4 L1 @77 a O]
13. wi kB S ARz et EPZMBERE
4

Q

a
o

— kAT E S URBUKKRER > FES L E R
Bk AP RRRERARGERZL - HRERRLY
FrLRTE

— BRI RABRERZ > EHERZMAKMATES
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104 £ 7 A 2 BEIEZFIRE
- BMESELX RA
— BN ENERE EHERIABBEIERARLE B
UBRBHEBZEMES AR REZBRERME S AKX —
B EREBEGHEFEMES AL TR BBHEME -

14. 4o 3 /)UE 13piizieREiRré% P amasi
BEBAALEBAZEBMESERX ARG ZLEHM
E5EXNZUR BURVZERMELAXEELEL Y

@® ==x-

15. wwF KB 4tz BB A% P ZmBRE14
MR- FAB2ERETH  BAMRLESAAXZITHE
RABHREROHEE  BURIZEBNESLEXNES
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