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S$101 RECORD THE TOTAL NUMBER OF WRITE-OPERATIONS FOR EACH MEMORY SUBSPACE

§103 WHEN THE TOTAL NUMBER OF WRITE-OPERATIONS OF ANY ONE

S101

l 5105

S103

MEMORY SUBSPACE REACHES A PREDETERMINED NUMBER, THE LOGICAL

ADDRESS OF SAID MEMORY SUBSPACE IS REMAPPED TO A DIFFERENT
PHYSICAL ADDRESS

§105 SET THE TOTAL NUMBER OF WRITE-OPERATIONS OF SAID MEMORY

SUBSPACE TO ZERO, WHEREUPON SAID MEMORY SUBSPACE BEGINS THE

NEXT MAPPING CYCLE

(57) Abstract: Provided are a wear leveling
method, a memory device, and an information
system. Memory space is divided into a plur-
ality of memory subspaces having various
sizes. Each memory subspace is divided into a
plurality of memory blocks of various sizes.
Each memory block corresponds to a logical
address and a physical address, each logical
address and physical address having a single
mapping relationship. The method comprises
the following: recording the total number of
write-operations for each memory subspace;
and, when the total number of write-opera-
tions of any one memory subspace reaches a
predetermined number, the logical address of
said memory subspace is remapped to a differ-
ent physical address. In the invention, the lo-
gical addresses of data blocks experiencing an
excessive number of write-operations can be
evenly mapped to spaces throughout the entire
physical memory space, thereby avoiding
memory overheating and prolonging the ser-
vice life of the storage medium.

(57) THE:



WO 2012/175048 A1 WK 00TV 0 S OO

A E R AT RO SR IR 2 AT AT, RN
— BRFEERRERERREGAE 21 %0). 1B 5K BT A AT 48.2(h))

ROt —F BTk FEERERER ARG, FREZAEDFIRE NIRRT =0, SN T
el TE 337 11578 2 NN | BN O G 0= RS2 A E 12 W VA a7/ 2 | Y S kN AR
Wbk BAME—BRESESC R, ZINEEE: RIS M T 2R BR G RIEREL BNR S M T
(] AP AR R A7 672 ) ) RS AR IR BOA BT B BRI, R T A7 1 23 18] (0 22 ARt Tk A3 38
RE DB IE . FT LK Ry & 5 R 22 B BB 2 48 Hh ik 25y 17 S5 B A WP BR AT 25 1R] AT S el S K
R, ERAT RN B RAE I A 6



WO 2012/175048 PCT/CN2012/077403

BT k. AREEIRLZEAAL
FARAR IR
KK FEAB) R BARAIR, LETR—FFEMGEF . GHE
BERAZ R %,

HFEHEA

IR, — PR R AR ——48 B A4 ( Phase-Change Memory, PCM )
BB R BRADESHENG N A S, AmslRT LR ZHEEN,
st F S SHAIG F N A, HEASMEEIERRREE: —RAEREHFTT R
MR, A AREAL,

SR, AR I A A LR AR — R ALE 8 B aRAE, —E 105-108
KREA, ERITIXNEE B HME TSR AT 4% (Stuck-at Fault), 1£45
B IF R R TR ANENRE, B f A48 TR AL R B NS
KRE., AEERAR AT —THEWFREIS, TR,
Ao MR KARE, NaFHAMETRERELERE, BB A,
11 JRSE BN BRI T VA K 4 HEAT SR AR

XARE

AE R RAE—F BB E 7 k. BHEERELERAE, TURKA
GG B BAE 1T S 69 BB 048 M b ik S B A M AT R, M B %, BBk
BAgith, ERATGEGER F 5.

AE R FRPIRAE—F BB BT %, HHZRAESE RS ANSK AR
0 BT 218 B AT R R ER S KRR 6 Bk, BN AAlk



WO 2012/175048 PCT/CN2012/077403

st R —AF A Mk o — /AW B bk, PR 35 A5 Mo bk Aol 38 M 2k BLA OE — ik S
XA ZrkasE REENEHTRENGERERIERSG S SNG4
T 208 F e EE AN AT R 8 69 B ARG RAIEARSGE | FUT 69 Tk A R 8T,
B AR 2 18] 69 35 35 1 bk e S 1) kST 4 FE S AL,

RE P RO RAE—FP B EE, QLIEAMENR, AR EE RS
A KDARE) 44 BT =218 A AT 2 8 45 B A KO R 6 Ak, BEA
Bl st f—ANE ik fo — AN ik, F ML Aoy 32 d bk BLA R — Rk
gk A, WRET, ATFTREENGMTEZEGERERMERI T
B4, ATEEAMAMTEEFGEET—AFET 2R RREBIERIE
B TR e E At R0, KA T 2180 6918 ek kAT B F A A B3 AL

AE P FHBIRE—FE LR R, LT RAEEUARE S —A Lk
BAEEE;, HF, PRAEEEA TAAMAERATIEN, GMEERN TRE
ok 4L B 32 44 45 xS S AT B R TF

WAL AR K IR L ) BRI E T k. HMEBRAZE R %, TR AR
05 BAFIT 5 09 303E R 00 B AT B A T B4R 1], AT iBE L By B 4K
FEiL A, ERBGAENR GIE o

Wt B X.8A

AT B RABRLN LT QEARTE, ToRsdLEpmid
B & B4 B e W B — R A2, TmH I, TEbd feymELRL
OA 6G — e B2, AT T ARARG B R AAT Rot, AR )57 Sh ik eY
AR T, BT AARIE X 2 I B R AF LA ey B

Bl 1 24 KK B 565 —RAR G BB B 77 ik 69 AL B

B 2 A AR A e 3R GG B B oy R 0 RAZ

B 3 A AR A FAe ) Z ARG BB oy R 0 RAR

B 4 A AR A e e R GG B B o R e RAZ

0.



WO 2012/175048 PCT/CN2012/077403

B 5 A AR Sl R A B T E
B 6 A AR FAB) N R A B0 T E
B 7 A ARK IR EAG R E CRAARNENTEA,

BT X

HARRK I EHBI B & BARFT R e Ehim i, TEFEEAL
B EAe P G, STARK I EHG] T GBAT RHATHRE . LML,
AR, PTAE 0 B RAR A —H FEP], R RARIERE., KT
AEAF 0 FHG], ARG EHARA T A AE B 01 57 ZhATR T AR
P69 P A 55460, A8 T AR RS 6L E,

KB F AR 6 B AR B B o R A 18] 69 18 4R s bt 2 18] B R B
MER K AT R, BAEAETZE e SANER, RSN A4
TR A AR AR B A B oW IT I T ] S AT S # AT AR
M HEAT, de R—AAEF ZE L PR Ak R T B, AR LA
F R RPN T — AN E AT SO 4k SR AT E AT, XA AT R AR B T
EARAT AAER G TR B R R “FR” AR E, FBERERZ K
F BRSO AR W, S A G I A M TT VAR R ST B 64 4
I W 3k I R AR R AT — AN T 3 T 18],
UK 3 U B A
A 2 T8 KD Region Size
T HA% 28 Ky | Sub—region Size
T HA% 285 B | Sub-region Number
B Koy Block Size

BG4k 8 3 AL B Block Number per Region

BF A4k 834 B | Block Number per Sub-region




WO 2012/175048 PCT/CN2012/077403

1 AAERLEARF U B A

B 1 A AR KL — R BB 7 kAR E . Z5EER T A
BNSR, tedeAR A4k, WA flash 5. BEEANR 6 A2 B3RS A K
AR ) 64 AT R B A BT R AR F R S A KODAR R 6 iR, BAS
Bl st L — B sk fe — AN B hE, 7R IE 3 bk Fo by 32 Ml BLA v
—RRAF IR R ZAKDARR M BT Z R T AR E L) ZAKDAERE 8
B AR T DR RS0, AR 18 6 B BAE T AR BN AR A I TR
B B A A4 2 8] 649 BB AT A dA L, pe e

A RE N

FAEET R e AR n

1% 41 72 18] 1s10, Isrl, Isr2, 1sr3, ... ... , 1sr(N/n-1)

4 32 F =2 18] psr0, psrl, psr2, psr3, .- - , pst(N/n-1)

Yol 1 PTw, RFEHRPIEF & Qs

BB S101.3TRKAANF48 T = 18 69 R AR T Ak K WC;

I S103.5 S AN Al 208 e 1EE — AN AT R 6 R AR B RMELR
HOAB| U 6 ERRATE AT, tode 100, 9% A% -F 2 6] 6918 H b bk p it 5 Tk
STy 32 o bk

B IR S105.0Z AT =18 6 R RB BAF R WC 28, Z AT =i
NTF—AEmfis,

ARG, FIRII S101 TThA: FHENFMTFTZE AR EAHE, A
TFieREANFAET 218 69 RRBB|AEARI, RIBEH— KRG HRAEXT L 64 A3k
popk (F bt R IIbIE ) BT IZ AR PT R G AT R, xTiZ AT
2 [ 5t LA A B e 1, At Rz AT w1 6 BB BAE R

BARey, BRI S103 T A eLiE: sHAfF =10 A R EATAE; 4
F R 6L 4RI S F R AT BAT R R, FR AT R R e kA4

4.



WO 2012/175048 PCT/CN2012/077403

Woht, M RILKEAAET 2 1) 0938 45 3b bk B AT 5] F B A A T b AL

BEAREIFERGF, $AFMT 2GR F AT AR B 34T, 4R
— /BT R R T QPR AR R T TS, AP A AT R B
HEN T —AS oAbk et AT E kAt AR EHRG T, ZANFMHT 2
Wbt TSR S BIFATRATE), T MEAT B Hrie B 4k,

RE R EHA)R TR RKENFHT R 6 B RE B RK, S S A5
TR F 69 4E E — AT ) 64 B AR T AR R HGE B FUE 69 T At AT,
P A4k T 2 8] 69 3E MR hE AT B E AT D e, TR B BRIFL S
6 R S 44935 38 M 3G M S B ) TR 4K S 1), ANk S B SRR AL A,
IR ABAENSR GG 4

B 2 A AR KL R BB kG AAEE . ZFEER T A
AN, oA A4S, WA flash 3, AERRAERA Y, ST ZREGE
kT AR S O35 A4k T R B A fe A S A, Ak T R 842 R T AR IR AT
ZI, BAERAE A TARAAET 28 6 Gk, RERGIG BRI BT &G
7%

B IR S201. 4RGN AA4ET 2 18] 69 R ARE BAF R

IR S203.5 S AN AhiEF R 8 A EE — AN AT R 6 R AR B RMELR
FOAB\ TR GG E AT RN, AT R R A R E BRI A, Z E AT A a4
5 G4 2 ) 64 A 31 A e 49 (2 SR R

BARG), AAET R o) B A AR E S Log2N &9 =t HI 4K &
MA &%, MA ¥ #2469 Log2(N/n)fz 4 44T = 1842 Region key, MA ¥if
464 Log2n 4% 4 A4k 324 Block key, Ptdw MA P 87 Log2(N/nMz 4 4% F =
8] 4% Region key, MA ¥ /& Log2(N/n\fi 4 A4#%F 2 184 Block key, 4 N %
Bt 1A Y B ARG A 0 A BN BT RN BAERAE .

FARey, IR S203 @LiE: T AET R A A R E AT Key, THLATAE

_5.



WO 2012/175048 PCT/CN2012/077403

Key #9 K& KeySize = Log2N;

B IR S205. 4 AT = 18] 09 B — B Ak R T S bt b & w4 AE ST R AR
1, 1335 — Ak TR MEbIL, KR LI BT 08 6438
RT3 F i AT s AL,

FAReG, IR S205 GLiE: AT F B — AR I MA B
TG Key #ATH BN, FEH— A5k Toi 4kt RMA, &
RMA = MA XOR Key, % XOR & &F KB,

EAREP LR, ST E G TH T AR B #47. R
— /BT R R T QPR AR R T TS, AP A AT R B
HNT —ANERAT R L AT E RS, KA E®AT, 2/NMAHT 2
Wbk TS 2 S BIFATHATE), TOMEAF AR ik L £ k.

ARE R F AR TR RKEAN AT R0 6 B RE BRI, B /NG
TR FOMEET A AT 21869 RS BRI R TUT o) kAT £ 07,
e Ak 2 8 69 1E M b R 4T 5 F kAT b bk, TSR B0 B RAF L S
A FLIE P 09 1 A 20 B ¥ BTk AT B A L G 2 18], AT i 5 By SRR AT A,
IR BABNTR QL FF

B 3 A AR KL Z R BRI B F Ry AARE . ZFEER T A
FENIR, tede AR EAAE. WA flash 5. B | Fiw, KRG % L

BB S301.38FKAAF4T =18 69 R AR B B K2

I S303.5 S ANAhiEF R A IEE — AN AT R 6 R AR B ARMELR
HORB| TR GG R AT R, Fiz A48T 2 9 6935 4 3 bk m 4t 5)) & A4 2 b
hk;

TRANEMA S, %7 hiL L3

BB S305. 4% AT = 6 R B RAEARSAR, ZAMT ZMENT
— A~ E B4



WO 2012/175048 PCT/CN2012/077403

BB S307. BiZAMTEEAHAANT —ATRALE, SZAMTEEA
FRANE BT AEAT 6 E AT 4E

W B S309. PV 6 E AT 4E S E— A ERAH A T RATE R TARR); X
AR B, BATH I S311, HME AR B, PATHIE S313;

IR S311 AT = 18] 6917 b ik B & ek AT 4R AT RIRAE, FRIAE
BRAFTEE P AT R R 0 Tk I b, TR TSN TS, BT
— A~ E B4

BB S313. FIBFAREBRATIE F AT 28 6 T AT B s ht 2 T b Ak
F 2 GRS T R 6 E A AR R, e RARE], N PIATFT R
S315, 4w RAAME], PATHE S311; HF, deRMAEZHT 0@ L7 Rk
B Mgt 5| B) —Shdp T ab bk, W ARZ BT T 8] B AR AT R

W B S35 ARSE BT = 1) 69 TR A4 BATIKAE 05T 2 8] 9 T A4,
13 58) AT )G 09K AT =2 18] 6 E kA4, ARIE E 15 69 TR IKIF AT =
8] 4 ERRATAE, A AR AR T 2 18] 69 E Rkt 3 s Ak

EAREP LR, ST E G TH T AR B #47. R
— /BT R R T QPR AR R T TS, AP A AT R B
HNT—ANERASR ST ERS . KAV E®RAFT, 54T
Wbk TS 2 S BIFATHATE), TOMEAF AR ik L £ k.

ARE R F AR TR RKEAN AT R0 6 B RE BRI, B /NG
TR FOMEET A AT 21869 RS BRI R TUT o) kAT £ 07,
Fe A = 08 69 H b AL IR AT B kA b bl ST B RAFIL S
A FLIE P 09 1 A 20 B ¥ BTk AT B A L G 2 18], AT i 5 By SRR AT A,
IR BABNTR QL FF

B 4 A REB\FEaG) ARG B G S R ALR, 25 %A T4
BENJR, PedeAa E G4E . A flash 5F. 408 4 BT, RS2 09 75 ik 6L3E:

_7-



WO 2012/175048 PCT/CN2012/077403

BB S401.3TFKAFAF48 T = 18 69 R AR T Btk R I

IR S403.5 S AN Al R 8 e IEE — AN AT R 6 R AR B ARELR
HORB| TR GG R AT R, Fiz A48T 2 9 6935 4 3 bk m 4t 5)) & A4 2 b
Hk;

BB S405. Bz AT = AT FIR, KL AT 2 6918 e b EiE
PRI R kSt B, BAK 835

B A7 17| A R P B, 64 B4l T 2 18] 1E 48

K Bk F 75 18] 18 45 3, B0 AR M FE S db L

FARGY, T S405 T VA 45

G, AR GET R A E ik LBA £ E—F kit T mk 4 3] 64 32
ik 1b.pbp:

Ib.pbp = Ib XOR Isr.keys.pr;

H, b RFFEIE HEH AL, Isrkeys.pr 2 A —F BRATE A B ATH4E(E,

B G AT R A ph b AT E R AT A4S RR AT B 49 4 2 3k L 1b.pbe:

Ib.pbc = Ib XOR Isr.keys.cr

BTVA, dwR g BT 28 XA C kG4 T 218 Q2 £ S AT E i Atie
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struct lsr {

uint64 t cr;

uint64 t lr;

uint64 t crp;

uint64d t wc;

uint64 t keys([2];

uint64 t total round;

BT = AR M L AE B A ERATI 0946 T or A L —E AT 09T
Ir, ATRIRGA EokgHitfe L —FmAF4e o ph it 42, LA ZRRATHR4T crp;
BT 2 6 RBRE BRAFI we; AT 28 69 ZRAAE keys 5.
BT = A 4 A B3k
struct psr {

uint64 t clsr;

BT 2 18] 6 A T bk 69 BB 45 M) . 4F Y AT AR5 clsr, T ARE]Z
BT 22 6] 69 M 32 p bt 5 BT BT xR 6435 b bt

% BRI ey A
struct multiway {

struct lsr *lsrs:
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struct psr *psrs;

uint64 t writes;

uint64 t swaps;

uint64 t refreshes;
}omw;

% & JE AR BT A By G5 A LIEAAE T A 69 18 3 W AR *Isrs A4k T 2 T8
0949 32 o AL 4H *psrs. B #AE B HL writes. X I EHL swaps Ao E AT B 4K

refreshes 5.

K BR 525645 64 SRR YT T 5k 0 sh bt E M At F ok e T AR BT
REMAP ALGORTTHM

CR = LSR->CR
LR = LSR->LR
IF CR = LR

CR= (LR + 1) %2
LSR->KEYS[CR] = RANDOMLY GENERATED KEY

ENDIF
LOG_ADD = LSR->CRP
PHY ADD = LOG ADD XOR LSR->KEYS[CR]

PSR = FIND PSR (PHY ADD)
PSR CLSR = PSR->CLSR
VICTIM PHY ADD = LOG ADD XOR LSR->KEYSI[LR]
VICTIM PSR = FIND PSR(VICTIM PHY ADD)
VICTIM PSR CLSR = VICTIM PSR->CLSR
PSR CLSR PSR CLSR = PSR CLSR XOR

PSR CLSR->KEYS[PSR CLSR->CR]->CLSR

-10-
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IF PSR CLSR = LSR
VICTIM LSR = VICTIM PSR CLSR
VICTIM LR = VICTIM LSR->LR
VICTIM CR = VICTIM LSR->CR
VICTIM LOG ADD = PHY ADD XOR VICTIM LSR->KEYS[VICTIM LR]
IF VICTIM LOG ADD < VICTIM LSR->CRP) {
/* ALREADY REMAPPED s/
UPDATE LSR AND VICTIM LSR
ELSE
SWAP PHY ADD AND VICTIM PHY ADD
UPDATE LSR AND VICTIM LSR
ENDIF
ELSE IF PSR CLSR->LR = PSR CLSR —->CR OR (PSR CLSR->CRP = PSR CLSR
% BLOCK NUM PER SUBREGION AND PSR CLSR IS NOT PSR CLSR PSR CLSR)
PSR->CLSR = LSR
VICTIM LSR = PSR CLSR
VICTIM LR = VICTIM LSR->LR
VICTIM CR = (VICTIM LR + 1) % 2
VICTIM LSR->CR = VICTIM CR
VICTIM LSR->KEYS[VICTIM CR] = LSR->KEYS[CR] XOR LSR->KEYS[LR]
XOR VICTIM LSR->KEYS[VICTIM LR]
VICTIM LOG ADD = PHY ADD XOR VICTIM LSR->KEYS[VICTIM LR]
VICTIM PSR->CLSR = VICTIM LSR
SWAP PHY ADD AND VICTIM PHY ADD
UPDATE LSR AND VICTIM LSR
ELSE

S11 -
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REFRESH PSR_CLSR
ENDIF

HAPUPDATESL VLA N -
UPDATE ALGORTTHM

LSR—=>CRP++;
IF LSR=>CRP = LSR OVERFLOW
LSR=>CRP = FIRST ADDRESS IN THE LOGICAL SUB—REGION

LSR->LR = (LSR->LR + 1) % 2
IF LSR IS NOT VICTIM LSR
VICTIM _LSR->CRP = FIRST ADDRESS IN THE VICTIM LSR
VICTIM LSR->LR = (VICTIM LSR->LR + 1) % 2
ENDIF

K B 52364 64 SR AR T ik 04 sh b 0% Sk A K 4o T BT
TRANSLATE ALGORITHM
LLSR = FIND LSR(LOG ADD)
PHY ADD CUR

LOG_ADD XOR LSR->KEYS[LSR->CR]

PHY ADD PRE = LOG ADD XOR LSR->KEYS[LSR->LR]
IF LSR->LR = LSR->CR
RETURN PHY_ADD PRE
ELSE
PSR _CUR = FIND PSR (PHY ADD CUR)
PSR_CUR_CLSR = PSR_CUR->CLSR
IF PSR_CUR_CLSR = LSR

IF LOG_ADD < LSR->CRP

S12-
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RETURN PHY_ADD CUR
ELSE
PSR _PRE = FIND PSR (PHY ADD PRE)
PSR_PRE_CLSR = PSR_PRE->CLSR
VICTIM_LSR = PSR_PRE_CLSR
VICTIM_LOG_ADD = PHY_ADD_CUR XOR
VICTIM LSR->KEYS[VICTIM LSR->LR]
IF VICTIM_LOG_ADD < VICTIM LSR->CRP
RETURN PHY_ADD_CUR
ELSE
RETURN PHY_ _ADD PRE
ENDIF
ENDIF
ELSE
RETURN PHY_ _ADD PRE
ENDIF
ENDIF

B 5 ARRUERG ARG G BEOEHTER., Wl 5w, %
FAE R E 500 7T A L35

Bl ) 501, Z AR R Q.4F % A~ KR B 69 A4k T = 8] B A AT
=8 3% S A KAAGR) g Ak, FpAS At Sead L — /38 3 e ke — A4 32
Wodb, PRifif bbb Aedy 32 shik A PE—BRAF GG K A Z AR 8 AN
JRET VA RAR T A4 . WA flash 5,

WWRE 503, A TFIiLREAAMT =06 RARE B RE

TR T 505, AT H 2 ANA8T 28 FaEZS—ANEHT R ER
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