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A memory device and an operation method thereof are provided. A memory device and an operation
method thereof are provided. The operation method includes: encoding an input data, sending an encoded
input data to at least one page buffer, and reading out the encoded input data in parallel; encoding a first part
and a second part of a weight data into an encoded first part and an encoded second part of the weight data,
respectively, writing the encoded first part and the encoded second part of the weight data into a plurality
of memory cells of the memory device, and reading out the encoded first part and the encoded second part
of the weight data in parallel; multiplying the encoded input data with the encoded first part and the encoded
second part of the weight data respectively to parallel generate a plurality of partial products; and

accumulating the partial products to generate an operation result.
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A memory device and an operation method thereof are provided. A
memory device and an operation method thereof are provided. The operation
method includes: encoding an input data, sending an encoded input data to at
least one page buffer, and reading out the encoded input data in parallel;
encoding a first part and a second part of a weight data into an encoded first part
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and an encoded second part of the weight data, respectively, writing the encoded
first part and the encoded second part of the weight data into a plurality of
memory cells of the memory device, and reading out the encoded first part and
the encoded second part of the weight data in parallel; multiplying the encoded
input data with the encoded first part and the encoded second part of the weight
data respectively to parallel generate a plurality of partial products; and

accumulating the partial products to generate an operation result.
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GEEEETEEE D
(s amm] iR R R T

(&L EELY Y| MEMORY DEVICE AND OPERATION

METHOD THEREOF
[+t ]

[0001] A#EHGEMN —HEFTERBNER
(In-Memory-Computing (IMC)){JEC BB E K HIEE L -
CEIE D

[0002] AT HEE(ADTIEN & HEE b &S A RE RIS

o ATHYRE #7757 7Y 3 R BV A &R (A0 AFF BUE (input
feature maps))Ba i 8 (H AT RE RIMEH
(multiply-and-accumulate » MAC) «

[0003] ZAif - DAEHRIRVATZEREIN S - & 2 B2 E A S
(10 bottleneck) EE R EAIMACH E 7 FE -

[0004] FiE sl & B - 3T BEA S Amim ARt
FEEEEAYMACHRME - 280 > gt ARSHEB G E R E - BHRCRE
AKX -

[0005] sEfERE AN EH (In-Memory-Computing (IMC))™H]
AR IEMACHES » R BIMCH] /D A{E o It i #2805 T Af 55 & A
WHEFER T8 BT (Arithmetic logic unit > ALU) > Higftad

BAE A EYMACIR(ERY = 1T 4 (parallelism) -

E1H 21 HEVRRIE)
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[0006] fFi#EfTIMCHS » #EFF 57 ¥ (unsigned integer) 3 %
BHET T3 #(signed integer)RAERT Z BT -

(00071 {540 - A8 2 AH 3fe W {8l fit 757 5% B0 (B /87T ) 2 a[7:0] 82
b[7:0] o HIR A 1T 8 I Y B T Ffe 74 2K 2 A= 8 Il &l {7 S f (partial
product)p0[7:0]~p7[7:0] - 7% 5% 8 {[& & {7 7€ F5 AH 5 7> 12 o€ Hra fy 5
firot > a8 E fysRfE Al mal |

p0[7:0] = a[0] x b[7:0] = {8{a[0]}} & b[7:0]

pl[7:0] =a[l] x b[7:0] = {8{a[l]}} & b[7:0]

p2[7:0] = a[2] x b[7:0] = {8{a[2]}} & b[7:0]

p3[7:0] = a[3] x b[7:0] = {8{a[3]}} & b[7:0]

p4[7:0] = a[4] x b[7:0] = {8{a[4]}} & b[7:0]

pS5[7:0] = a[5]

X

b[7:0] = {8{a[5]}} & b[7:0]
p6[7:0] = a[6] x b[7:0] = {8{a[6]}} & b[7:0]

p7[7:0] = a[7] x b[7:0] = {8{a[7]}} & b[7:0]
[0008] H > {8{a[0]}}{UFEFFal0]FEHE8X » HERT kIt

FHE -

[0009] J15 5ok » K ek S{E &l {7 SR BEpO[7:0]~p7[7:0]4H
e VAR TR o 5 VAR B W E A AT S (S &8 oT) 2 M
I o

[0010] H:f > PO=p0[0]+0+0+0+0+0+0+0 > Tfj

Pl=pO[1]+pl1[0]+0+0+0+0+0+0 » H & o] {x FLAE#E -

F2H 21 HEVRRIE)
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[0011] ZEAEP[1S:0]RIZHRPO~PISTIF - FMEP[15:01F
i T {18 488 7 53T B (B R 84 7T ) A SR P 15 B Y 1 6 i JT HE 75 5 R AR -

[0012] W40 R b2 7797 8 - AU IO&E Z 1l - 3R 0 S f 7 &
T 9 B (sign-extended) ERMENE - W Rath BT E
A RAR P 7 A A (R FA R > 1R 2 A -

(00131 55 1B & &1 ma {75 5% B (B R 8L T) Z MH 3k » 5B
IBE B 55t~ CRAR > Pl ~pl[7TIRpLI7IHY A M EL -

[0014] FE3EFTIMCHS » OIRAE AR " #RAFERE , MO &
B H (capacity requirement)Hygh - ¥ IMCYEAE 5 7] 45 Fr )
[N E]

[0015] MRBAE—EF - R —ELREEEE > U &
BEGEREREN > SZEC BRI EERECER Y - &
BE H R fras Bl — RINE RS > & Z LR A T I B IS E B RO 1R
fo i g o Ho o Wi ABERET RS o R — SRS 1R A E R

KERV-H&BESN > Dk ZEDV — B EG T 1THE T Z

=

1§

R AER S W —HEEEAN % 808 — 5% 80 o 5l
WHERBZEEENN - HERE T HEZEEERN —RIHR
FE o MR AZEFZLREE RSN > Pk
AT RE 4 EE R Y % G 055 1% o — 1 07 B 5% fE B R Y R 4 S

ll

s —H 0 R % e 0 1R B AUERE o Al o B R R Y % 4R T

E3H 21 HEVRRIE)
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‘e EZEEERNZRSERE W P ITELEER
(B E oy okets - DU Z Ll R R > IEA —EEGR -
[0016] fMRBAES —HPF > 2 — WL BREE ZRIFT
&0 B B i ABE R ET R R SRS R A B R E X
2h—HEEEN > Uk )2V — H&E 2 V178 0% RS
R AER S W REERO 55— 80 B — 5 8 o0 Bl 4w B
Rz BB —wmiEERE A EZEEE RN REiHRE
Bty o A0 5% 1 B B R HY 3% dm i 1R 5 — B 0y B a% fE B R Y a% 4R
BaE MR AZZLREEE ZEREERESKA - MU
Koo PITEUBZEEERNNZ SRS - Bz EEEMNAZ
WOUSRS ZHr . B mBRE A BRI hk B E BB AYZ
USRS — i EENAZESERE 8 > DR TEL
B S R AR PURGR sz e s sk i R0 > DL B —#HH &G R -
(0017] % v ARG 8E 2 Lot Je Hofth 75 A BB AR AVBR A% - N
HRF R E NG o AL FC & P b E SRR B T
QEFMGEETEED

iﬂﬂr

[0018]
25 1A B W (8 48 1 S B 2 A e -

= 1B 8] B8 W {8 1 5T B2 A 3R -
FEBERNMBAE -G ZREEER ZBRET AR

= -

3 AR EL S 3B E AR A Z E i 6 o 2 # BL T B B R

F4H 21 HEVRRIE)

111110903 REHRE AOLOL 1112015400-0



202321952

i o
FAAR B AR E — P $ 0y 8 T SR R OR A E R

7 554 B & #1278 5 — & it 6 o /9 8 i 7T 7 177 5 Bk A&

S

FSAEBTIRBEARE —F P 2 TR A ER Z 2 F
MEE - BSBEIFSIRBAZE —BIEP Z W TR BoRAER
ZIREREHE -
FOEBUNRIBEAE —HIEA Z LB E ZhE T E -

o5 7 18] 88 1< PE R A 25 — E e B B 3R A OilT 2 MAA C 3 B AE A

FrlE -
FRE B NREBEAE —HIGH 2 BREERE ZEIFETE -
(& 5201

[0019] 7GR B F Y F i FH s 2 AR i 2 B AL
WAER B & B oy FsE A N LAER B BE 55 - 5% 80 o0 FH 58 Z R (&
DIASRIHE 2 HEE R KR - KGR Z S E MG 25 BHA—
B E o B - AR AT RE E M HY BT IR T > AR iy H I B A i R
e 2 HJ A 1R B B AT — B M T oy B TRV Rl A 0 B
E R bR A L O T B o B AR R R U PLsH & -

[0020] 25 2 EWBEURIREAE -T2 BREER Z#E
JiR AR - YA ER 210 o o B ACEORHETT e 05 1R 4 055 1R B
ABR(HEhmE)EXEERE EREaEN - Btz EH g

g - TTRE o 25 Qa] 3 i AR AR 1T S B O I B R R T ER

ES5H 21 HEVRRIE)

~

~
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7 o

[0021] R0 8% 220 - % M B8 500 HE 7 45 55 30 5 4 185 1% 1

AR EBAEB)BAZCEBEE 2 EHEDERSTA - D
Koo SPATHEH RIS REEER - 2RAMEEEERETHRIEDN

BN NEREI Z o Hop o fEETRESE - MEHEHNES
LA JC (most significant bit » MSB)EH {5 & %7 7t (least
significant bit - LSB)#; 47 Bl 4@l -

[0022] j* 2588 230 - & fig A &R o7 Bl o b 45 5 1% 1 8 &
FBHY MSB B LSB » DA A7 4= 18 B (il 5 (7 e T (partial
product) -

[0023] jA#5 8% 240 > HZ ¥ {0 RN (RE) » DUE
4 S fE B N B (multiply-and-accumulate » MAC)4E 52l & &
HiEEEE(Hamming distance) #H J &G R -

[0024] A% — 5 i B 48 72 7 B i B, MAC #FHY L IR
RE > BHAMEBALTE E (error-bit-tolerance) Bk &R s » DI
R T ROV EIRE R K - SR T A A E R RS 2 AW A

EftE # (duplication) M B & f 7 S L (flattening) K ffy kLS
K 22 B i 51 ) TR M R I L AR 1Y B T S B (single level cell >
SLC)zf HY B4 #5 F (AND) D AE » 1T iz 7T I E DLE £ B {7 e i -
MNAZAMAREROI S - MRERERES > HEHSR A G
FRFISHE T N A B R 2 B V5S> B SLC 3B HL 0] b B2 01 T
BB AP LA - B B % i T B (Multi-Level Cell » MLC) »

%6 H > 421 H(SEWEETE)
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fiz T BE (Triple Level Cell » TLC) ~ PO T & fE(Quad-level
cells » QLC) & B F AT UM « BE4h » AE—E AN E AL MAC
FFEB S EEHSHEREE R (high bandwidth weighted
accumulator) UEEMBER > S EME R IR THHER
{5 F B iz T 5T B (fail-bit-count - FBC) & A & it fE = 1E R I
(weighted accumulation) -

[0025] A% —F 88 T o T = H IR Bk A E ry &
BiEER  BAER/UTELERGEDN  DUEIEHRAIT - R
iz 7T & A E R R 08 T 2 08 4y A &R B R R B R s AL R Al -
BN o A 22 B i B Y ERORE B g B FE AR LB HY BT JT S B (single
level cell » SLC)E A B #E 4 R e (EXOR) DAL » #E 17 fir 7T 3%
DL 4= B 1y e fd « oA ZE Hofth w] gE & e 1 o AR AE RUE AR o
Héflss N g FRAEE TN A BRI EREE Al SLC 3
A AT b 2R 42 i T 5 IR AUAR > B ¢ MLC ~ TLC ~ QLC 3H HU
TERTHUAC - 10 B8 4 JR BC(EXOR) Dy R 7] (48 2 A JR 5 (XNOR)
B 48 SO PTHUAC o BEAh > AR ZE — B i 9 Y B iz V% B BE i i 1 A
Ty E M E AR E R N4 (high bandwidth unweighted
accumulator) DLE AW &5 R - Z S EREE RIS T HE
#1705 B (fail-bit-count - FBC) B K H i R EH &
fil(unweighted accumulation)

[0026] %5 3A [&EL55 3B [B &~ A F 6] 2 $E 3R L m &

DER TS - FIAEAZIRE - W AER R EER R IFE

ETH 21 HEVRRIE)
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32(floating point 32) &k} - F255 3A [ h - K A B B E &
BHEAbR 8 firye B s > He o Sy AE R BIEEE RS & 8
fiieE > BHR N4SE(N BEEE) - @ A B E#EEER 5
BIRR B Xi(7:0) 8 Wi(7:0) -

[0027] 7228 3B Bl » a4 st N 4 ny <5 (8 8 fir T i & i
=7 MSB [ME L LSB H&E -8 U uEE [ EH MSB [4 £
fhi 4 fizoe Wi(7:4) > ifi LSB mE & 4 izt Wi(3:0) °

[0028] 23 > ¥ 8 (i jCMEEH (A =AY MSB [4/ iE 8 LSB [A] &
B9 &AL e DL — T 4R 18 (Unary coding)(FREIEE R (value
format))F o FlU1- 8 fir LM E [ B HY MSB [m &R ALTT Wi-o(7)
A PAROR Ry 8 izt (E 3 8 ) » 8 fL e fEE (A EHY MSB [Al B YL
TC Wiso(6) i AR Ky 4 il e (B3 4 20) -8 fir e E (A1 & HY MSB
A AL TC Wiso(S) I PARR R 2 fuot (B 2 ) » 8 L e E [
B0 MSB HEMALIT Wi—o(4) AT RLFE TR R 1 izt (R 1 %) - I
H#f# A AL 7T (spare bit)(0) I A 8 fir ST iE & [a] & #Y MSB 1] &
HAL 7T Wizo(4) Z 1% - A1tE > B % 8 iz T fEE (v E 1Y 4 fiz 7t MSB
5 2 4R A 16 i THY — L 4R BB (Unary coding)#& = -

[0029] [EIkEHE > v 8 fir suREEE M Z MY 4 fiC LSB W 2 4R
W5 R 16 fiz ey —Jt4RtE (Unary coding) &= -

[0030) fEARE—FHGI+F - BB EXRWEHETT= - o LUE
=R L T B AL -
[0031] 25 4A BEURERE —E 6l 1y 8 fir 7T fE 177 5 B

%8 H > 421 H(SEWEEWE)
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(unsigned integer)ZRAER > M5 4B & BN A ZFE—H e 6
[y 8 fiL e 1T 9t B (signed integer) A HEF

[0032] 4055 4A R - ST 8 L T MR BOREE R
Rr > FE55 0 FHIEY - i A BREY Xi(7) (B A B R R 05 R — Tt
AR LR EERA MSB W& Wi(7:4)(EEFI MSB
MEEwMSK TR o DIEEISE — MSB #i{r3kfa - 1
i R A BRI Xa(7) R EEEERIAY LSB M & Wi(3:0)(E
BRI LSB [mEE&HEEA—TRIEEI) > IFE% — LSB #i{y
Fefd o M — MSB i {p AL 4 fu ot R IIZESE — LSB &
Fetd - USRI — 80 R -

[0033] 7£55 | EHEANG - diw A &R X(6) 3 L 8 & RHAY
MSB [A & Wi(7:4)(HEEEKH MSB [f & L & 05 i — T w5 18
) DS EISE = MSB E e - M - R A B RRY Xi(6)
T’ LMEETMI LSB HE Wi(3:0)(FEERFAY LSB [ &L 4
R—IT R0 - LIS EI5E = LSB S {y 2 fs - 5 — MSB &l {7
TR 4 U c &M INESE = LSB M {n B LG F 5 55 - -
BE4h > ERESE — IR AL | ot RS kiR > DE
FIE W RE Ay RIE - Her B3 2 MIPES 7 FEDAYEAE
AR B HE - YR B -

(0034 JRO0 - & 8 (8 & w] DASE A 8 i or 8 177 5 B R 5

e
—

-
Rl

[0035] 4% 4B [E Fror - iR AT 8 L 7T £ SR MR VA E 5 I
59 > I 21 HERTES)
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£S5 0 F IR - s A BRIy Xi(7)2k EHEEERAY MSB [ &
Wi(7)(FEEE R MSB [ EE I — T s RE ) - DURR

BERE Xi(7T) R EREEERA MSB [ME Wi(6:4)(EEFRDY
MSB [ & E 45K — o & i5 18 20O I &AH > W& - BLE 2SS
— MSB #i {7 2kfa » HFi A BRI Xi(7)Zk EREEE R LSB [
B Wi(3:0)(FEE &R LSB [ & & & 5 1% — JT & 855 1% =0) 3 S AH
LI 2]5% — LSB #i {3k fsm « K5 — MSB (R R AL 4 fLicig
MAINES — LSB ity i > DS EISH — ke -

(00361 7E55 | A HAMG - H iy A &Y X(6) T L 8 & RHAY
MSB F&E Wi(7)(FEEE AV MSB [ & C & 15 B — JT & 05 1 20)
®&EAH > LUK i AERAY Xi(6)3k EEE SR MSB A&
Wi(6:)(FEEERA MSB [0 & C4mE K — T iR =0) » W& MH
e DAteEl 5 = MSB B3 - fHEU - B A E AT Xi(6) 3k
LREERERIAY LSB [m& Wi(3:0)(fEEH AT LSB [ & 4R 5 5L
— 4w AR ) DAUBEI5E = LSB #i{7 k& - #55 = MSB {53
Rt 4 L m& M E 5% — LSB &) FEUAE 2 F 8 {7 FiF -
BE4h > ERESE — IR AL | ot RS kiR > DE
FIE W RE Ay RIE - HerEUI(3E 2 MIPES 7 FADHAY#EAE
AR IR - B E B

(0037 7RE0 - & 8 {8 & HI Al ASE Ak 8 fir 7T 7% 177 5 B VA

-
Rl

[0038] bt 75 58 2 8 @l & H A 7T LSE Ak 8 fir 7 fi 7 9% 8L
5108 - 4621 HEIRHE)
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FeEEEH 8 AT IR B A EE

[0039] % SA B RRIE AL —F G 2 LTk BOoR %A E

BZBETREE-S 5B BERREARZE— B 6 2 % & 5k 8O E
BEREZEBFERER - SA BB 5B E DU A Bk B E E R
& 8L T B BIMMEREA » (HE AN AR ZRPALL -

(0040 55 SA B ELZE 5B & $ - # A E B IR # 4R 5> LUK
fEEERIY MSB M EH LSB mECHEIE K —TdmiERE -

[0041] 7228 SA BELES 5B EH - Him A BRI A ZHEE

 MEEEMAIES AZEREDESSEN -

[0042] 7225 SA & - §a AERHE H & &SIl
DL R » 5 #E B8 1 o 2 S0 TR B R R S AT S L LS - AR T SR AT ORVE
DL 505y e 15 -

[0043] 4= > 8 ABRIYALIC Xi(7)3€ FREEE R Y
MSB [ & Wi(7:4) » DIFEIE — MSB & {53 - i A &R AV
7t Xi(6)3k LREE AR MSB W& Wi(7:4) > DIBF]% - MSB
T e TE o HBR PR I - H## A B RA AT Xi(0) T LREE
EREY MSB [m & Wi(7:4) » IS FIZE /A MSB i {7 3Efs - fila »
5 SAE T - AEREL T XD ER 15 % Wi A
ity > PARE B 16 fir JCAYSRE“0000000000000000” » JH 16 iz ¢
HY % “0000000000000000” 3 LM EHE R MSB [A & Wi(7:4)
“1111111100001100” » DS F| 55— MSB Hi {7 e ff

©0000000000000000” » H & 7] (K KL I HE - Fr A HY MSB & {2k 5
B 11E - 5621 HEIREE)
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A DA fF pl A B A &2 (input stream)M -

(0044 AHLU » Ko A B RHY Xi(7)3f LH#EEHE R AT LSB
& Wi(3:0) > LIS EIEE — LSB i - i A BRI Xi(6)
o LREEFMAEY LSB [ME Wi(3:0) DUSHI5 — LSB #i {3k -
Her R > B3 A BRIt Xi(0)3k LRERERD
LSB @& Wi(3:0) » LIS EIZE /N LSB & {7 2ffa - ATAHY LSB &L
{7 2R A5 1] DL & OF Bl R g A &0 L

[0045] 2 1% ez tes8 — 25 /\ MSB Bl {p B Z 85 —
EH/NLSB #Hip kB G O - I Het#a M ERIT 1 /Y8 E - B
AR SR R AEE 2 MAC EEAR -

[0046] 7£55 5B & b - d A RHE H & @ &3 F A7 DL
Koo BEEEMNEZLEREE R PITEI L > BT RTRE
DLt 2 & 0y 2 s -

[0047] 52 » B AERIEVALIT Xi(7) T L1 EE R
MSB @& Wi(7:4) » LIS EIZE — MSB & {0 1R - i A &R AV
JC Xi(6)7k LEEEFEY MSB A& Wi(7:4) > LIfFE|55 —~ MSB
A AR - HoaR AR EL I > BRI A BB AYI T Xi(0) 3k EE=E
BRI MSB [ & Wi(7:4) » LIS EISE /A MSB {77 e fa -

(00481 AH{MAH: - Kl A& RHHY Xi(7)3€ LHEEE KA LSB
& Wi(3:0) » DI FIS5 — LSB &5 e fi - B A &R Xi(6)
T’ LMEEEMW LSB [mE Wi(3:0) RIS HI5 — LSB & {3k

HER T AL HE > EEE A E R LT Xi(0) 3k LR EE MDY
5128 - S 21 HEIREE)
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LSB [m& Wi(3:0) » DG FEIZ /\ LSB & {y3fefa -

[0049] 1% K% b 55 — 2 55 /\ MSB &l {77 S i il 5% 2 55 —
ZH/NLSB #{rskfa G of - I HetBa prET 1 Av8E > Bl
AR m A BCRAE R 2 MAC EREGR -

[0050] %5 6 EMIRIRBEAZ —FHfl 2L BEEE Z Dk
JURE - SLIEARACE 600 BN E B E I8 48 S KL (die)6 15 « FE55
6 [EFLIGIEAEEE 600 G 4 M ER &K 615 & BI#HERH -
H&E M A ZE A Z R -
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layer) ~ &5 € (convolution layer) ~ % & & 41 22 (multiple layer
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flo Z o -
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