TR 2R
IPSJ SIG Technical Report

A E1) T5—%%E L /= Computation-in-Memory [A] |}
Za—F)Rry bV REFBE A L—4%

Bl B Fn !

AT =R

Provfe !

BEE . AR Cix, @ERY72 CiM (Computation-in-Memory) > = L—X #2FT 5. ZO¥ I 2L —HF X, CMIZ
BIDAERY T AL ADVNLNDEEE, 2L F 78 ADIXEDERV T M Ok g A€ ) 531 20 IEEFEM:
RS D LN TE S, AFFETIL, VGG-16 & ResNet-34 DT /3 AFEFRARMEIC X BHERIEE OS24 LTz,
VIial—va rOfEE, CM OHEGREEICIZAETY TRA ACBIT a7 2 ADT U RRIEHO& 80
b, AVE T EZUADYT NREKRBREEE 5252 LB LT.

F—"— F : Computation-in-Memory, Non-volatile Memory, Device Non-Ideality

1. [XCHIC

Computation-in-Memory (CiM) %, AE VU 7 L A fi&E%
FIFHLCHRE - B8 (multiply-and-accumulate: MAC) %
ZEBET 5. MAC HEIZ, DNN OHF T b SR A1
B D] B ()L, BET OHETES I = L — % O
A RLELDOTHD., 2DV I 2L —FTlE, BHRAL
B L EFERIIB T 2EARLREICET(LL, TOERIZ
EOHAACHSTIE L 2E 2 MMT 5 2 &0, —EDMH
TSRS Z LM TES. 20X HIZ, DNN DEL &
VEF 252 &C, CIM AE U ELICEIT DT /31 ADIERE
MWEHBRTDHZENTES.

TIab—HIZBWT, BEINIZELOS L RO
FEEZEDLIZENTE D, K 1(b)iX CiM OffEE R LT
BYx, w, yidENENALT—%, EH, HWhT—4%
RLTWD., TV DEHD I EREIX, AD/DA 22 /N—X
DIFRRECAHEINEA T Y T34 2D MLC BjfEICk - C
R Ei 2. CiM OERE, K 1(IZRT L oIT, —kR/FE
— AR BB T M PO E oo AT R
LLTREND.

CiM ORI £ € VU 121X, ReRAM, PRAM, MRAM,
NAND 7 J v = A% U, FeFET 72 ¥R b B[2][31[41[5].
BT NSA AL, B LR EnNd L Hic, B2 IEmia
B STWD. av B2 AD—fEE—RERIE Lo & R0
VI ML RV T A Ta T T N, T F R T —,
U= RT 4 AX—TREVFRTHD. £ T, KRBT
1, EEED AT TN AOIEFEIES DNN O HEFmAEE
G2 DHBEFTRDLD, BIFOCM I 2 b—v 3y
TTy N7 A —A6][T1L VD b, X0 B & FEKICERAE
TEBYI2aL—RERETS.

2. YIalL—HIkPEHDRE

AWFZE T3, CIFAR-10 % ResNet-34 T8 L7-E5 /1 &,
MNIST % VGG-16 TH#E LT v Z2AViz[8]. X 2 (a)
1%, %8 L7z ResNet-34 O 1 BHIALE DB & 7%
LCW5., AEETIE, &L, E6o%, 7 &

1 RURA R
Graduate School of Engineering, The University of Tokyo

(©2021 Information Processing Society of Japan

T5. K 20IEK 2 QOEAIHYTHAEY DI F
I B AT MLC IZL > TR LS fZETR LTV,
X 2 ()%, K 20)DSAMICNAND 7T v o AE Y DN
UZ77A - 7ul I8 EL, ERDMHED T F L
RIELDEXEMRATEAOSMERL TS, M 2 (A,
PRAMP3]DT —Z R 7 —%2MEL T, X 2(b)D0H %
—RRIZV 7 ML O THD.

() _Datasets DNN — DNN )
2 Quantization
\ﬁ:@ Variation
E o g Shift
MNIST, CIFAR-10, etc VGG, ResNet, etc |:>¥
d ref - :r‘) . ::) /E injected
Trained reference rror injecte
weigh @ @weights )
©g 3
e 5
El
o =]
o H
= Iy
Conductance Conductance
MLC and Non-uniform
Uniform Variation Variation
—

Conductance
Conductance

Time Time
Uniform Shift Non-uniform Shift

M 1(a) BETLHVIaL—varF Iy b7 +—20H
2. (b) CiM DOHEE. (¢) AF Y T34 ZDIEBARNED ]

300 (8) First conv. of 2000 (p) Quantization

> ResNet-34 -

3 31500

& 200 5

>

03 E: E‘_z?lOOO

L 100- L 500

| L

0 -1 0 1
-1 0 1 Weight Value
Weight Value @
i >2000 (d) 1 Uniform

é‘ ©'1500 Shift
S 5]
> =}
z 03'1000
T % 500 ‘ |

0 0 | !

-1

-1

0 1 0 1
Weight Value Weight Value
X] 2 (a) ResNet-34 O 1 JEDEBEHIARBIZRIT D EMGY
i O)EFALLIZESR (ERSMITHE S XS > 2440

oEAH (d) —EfEEINE L E A



TR 2R
IPSJ SIG Technical Report

(@ 1.0

ACCTUY N
08 fAcc=0.99 * S
> 0.6 Acc.=0.94
g @5bit/cell
§OA
< 0.2 #-ResNet-34
0.0 -0-VGG-16
2 4 6
bit/cell
(b)1.0
50.8
® 0.6
>S5
804
< 0.2 -ResNet-34
00 -0-VGG-16 !
1/8 14 12 1 2 4
Standard Deviation o[q.s.]
(© 1.0 . Acc=00
Taan aus aa =y i .&{.\. .....................
08 T -~ ~ Acc.=0.97
So06 | Acc.=0.91 @4=1/32q.5.
5 @A =1/64q.s.
904 |
<02 | ®ResNet-34
-0-VGG-16
0.0 I  —— I 1 1l
1/1024  1/128 1/16 1/2

Conductance Shift 4[q.s.]
B 3(a) By MRV EHERRIEE (b) IEEREcE HEGmIE
QIEBRDAIHESI XS E A MULIZES (d) —EDV
7 NEENRL-EAR

3. FEBHICKIHMRLLLDOEE

LI R OHERIEE L, VGG-16 £ 7213 ResNet-34 D& TD
BHRIAHBBEEREABOBRDLZBRIELTERTH L. Him
FEIZ09ZHELLTWA. K 30)i%, 1-o0ELLT:
D OBETALRIE (B v heL) Lk EORBRE R Lz
HLOTHD. VGG-16 TiX 4 > M LLE, ResNet-34
TS Ey MEAVUERKLETHLZ EAHBALEZ. K 3
O E TSN T EAIZIER AR D B E N /=&
HOEWRFECE HRBEOBEBRETRLEZLOTHD.
VGG-16 TIIE¥RKZs # 1 2ETLAT v 7(qs)LLTF,
ResNet-34 Tl 1/4q.s. LA FICID R T HiE R S0 2 &R
HH L., K3 IFEAEINTZEAICMA T T F&EA
LR EOMBE R LEZLDOTHS. VGG-16 TiEY 7
NEA % 1/32q.s.LAF, ResNet-34 TlE 1/64q.s.LL N3 5
VENH D Z L LT,

PLbnt, ERMZRHEREZIT O 201, ATV TS
A1X, 48y MENVUERKLETHEZ ENbhrolz. £
72, ARVT AL AZRBT DAV X I B2 ADEHDE L

(©2021 Information Processing Society of Japan

DbavFI B AR 7 MLTLEY N, HiamksEn
RKEL BT HZ LAVHEI LT,
4. BhHYIC

W2 CM Y a2 L— X ERELT. 2O Ialb—
AT, AEFFA LT — 4 & v b® CIFAR-10 X MNIST,
=a—F)Fy hT =27 FFT /LD VGG-16 X° ResNet-34 (1
[R59°, #x72T—HEy h& DNN Z2@R$T5Z L8 T
B, F, EH0&0V 7 MAEY TS AOIEHMANE
HFTIal— 52 EERLE. 09 OHEGREEE & 2Rk
B8O MLC Dy MNEN, o HZ 72 ADIELDE
IR SN D E RS, av A7 ADHFREND Y
TR BAERIICE LD, I ab—va VEERNS, FE
AR HERIZIZ 4 By MEAUERKETHLZ L, v
BB ADIELDELY VT bOFBHEGRIEE K E
SHEHDZ ERbhoT-.

B ORI, ESZHMBRRIEAS =R L X — - B
Hite &R (NEDO) OEFLELOBREE SN
HLDOTY.

F1vIal—alfEROELD

VGG-16 w/ BN ResNet-34
on MNIST on CIFAR-10
Multi-Level | 5 4 pitrcelt > 5 bit/cell
Cell
Uniform
< <
variation | & = 1g.s. os1/4q.s.
Uniform
< <
Shift A<1/32 q.s. A<1/64q.s.
BE XM

[1] S. Shukla et al., ”A Scalable Multi-TeraOPS Core for Al
Training and Inference,” L-SSC, vol.1, no.12 pp. 217-220,
2018.

[2] R. Yasuhara et al., “Reliability Issues in Analog ReRAM
Based Neural-Network Processor,” IRPS, 2019, pp. 1-5.

[8] Y. Lu et al.,, “Accelerated Local Training of CNNs by
Optimized Direct Feedback Alignment Based on
Stochasticity of 4 Mb C-doped Ge2Sb2Te5 PCM Chip in 40
nm Node,” JEDM, 2020, p. 36.3.1-36.3.4.

[4] K. Mizoguchi et al., “Data-Retention Characteristics
Comparison of 2D and 3D TLC NAND Flash Memories,”
IMW, 2017, pp 1-4.

[5] C. Matsui et al., “Application-Induced Cell Reliability
Variability-Aware Approximate Computing in TaOx-based
ReRAM Data Center Storage for Machine Learning,” VLS/
Tech., 2021.

[6] X. Peng et al, “DNN+NeuroSim: An End-to-End
Benchmarking Framework for Compute-in-Memory
Accelerators with Versatile Device Technologies,” IEDM,
2019, p. 32.5.1-32.5.4.

[71 L. Mei et al, “ZigZag: Enlarging Joint Architecture-
Mapping Design Space Exploration for DNN Accelerators,”
TC, vol.70, no.1, pp. 1160-1174, 2021.

[8] K. Higuchi etal., “Comprehensive Computation-in-Memory
Simulation Platform with Non-volatile Memory Non-
Ideality Consideration for Deep Learning Applications,”
SSDM, pp. 121-122, 2021.



