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Memory Error Analysis Methodology Contributing to Reduction in Power Consumption of Deep
Learning Hardware
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The movement toward the introduction of deep learning technologies has recently accelerated in various fields. However, the high power consumption
of hardware for deep learning caused by prolonged searching for optimal parameters presents a serious issue.

With this as a background, Toshiba, in cooperation with the Swiss Federal Institute of Technology in Lausanne and Hokkaido University, has carried
out studies on the low-power operation of deep learning hardware using the motif of a restricted Boltzmann machine (RBM), one of the unsupervised
learning algorithms, in a deep belief network (DBN). We have conducted simulation experiments using RBMs implemented on a field-programmable
gate array (FPGA) and confirmed the robustness of this system against memory errors during and after learning. Furthermore, we have established a
methodology to quantitatively analyze bit error rates versus learning performance of memory performing low-voltage operation. This methodology is

expected to contribute to a reduction in the power consumption of deep learning hardware during learning sequences.
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Flowchart of operations in overall architecture of RBM hardware
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Fault injection analysis results based on bit-flipping model

38

I5—FKIKFLTO TR Y 7 F TOMPIHERELERDS
AEBRSNBDS 7Ry 7 RS TEREASHIAEL, 97 % (it
TAHRERDE LN,

W2, FEHPZAR)—ND T V7 L2 EPNC DT =235k
T2 =AW THRT (4(0) . MIARDYA LB
12, Ev b —FoWine & Hi26 =Ry 7 T TRBIESS
PHALT BB SNz —HTHAMICEREST RV &
bHEY, WELIZEY FZT =P/ NS L bl
ELEZOND, EEAZLIE, MMAROY S IZHARTE
WEY FLF =R THBIZLh0bET, KELMRELISHILLT
WA TH 5D, FIZEY LT —30.001 % DA, 6 TRy 7
I TOBRRET, MHARRD r —ADHBIFERDI 5% TH
HOITHL, BRI —2HEATETr—ATIEH2 % L
HoTWwh, XDRERIEMELTIE, 728y Z7ED Fine-
tuning BG % CORERRIERE AT T2l 3, 2B L
BNV EERIBLT WD,

RIS, FEBRICTT —EIEAT DT =AW TEHli L7z
(K4(c)o Ev b —5%0.001 %ICEHTLHE, FikMTEREIC
FIEEAEHIED 2L, By b =KL T01 %I
oTHERHN T >T VR, 5 % EARIGZRY A 1L
FIVEREDHBAL T 575 BIEMICREIN L AE) —TlHITL
AL EINZVWEY VT —KTH b,

INEDRERNS, 35 —ADIHTHobH LT —DEE
XZRTVOEFFERhOLT —FHAETHY), bokdbTI—
DRBITRVDIIFEBRED LT —EADT —ATH o720

oMb, FUFLAREHOLT =L TR, TN
BETLHEY NOMENGZ L BOMRIZ, T—51%, HN—
P27 O TlEEE/NMNOSRBITRHE SN 5720, B2,
JEHHY Y O MSB (Most Significant Bit) 355 ¥y T, #
TLLIBEIX, LSB (Least Significant Bit) (22> TEHE Y
b, ANBE Y bERBER E D, S, F—F & iREIICTT
DD 5 H HFFEDOMEICEL S, 155, B, KON
EDOEAL, WIZENSDG-ZDEEEITONTHT R, Z
DFER, I RESZLL, o2 BT A I1ERER
PR Ib 2 iERR L7,

5 SRAMOIZ—fiE(EEEENLOEEMFE

— I, EERORELHNEOT I LA ELEITED
SRAM (Static RAM) Z A€ —:LTHW4A, SRAM
DOBET O Y ZVARAE L 72 — 7 B 3 5 5 10 20 2
BHE, FICEMEREIKGET 2B RHEE IO, Z2o0
BlEPSEHEEIMEZRE TELD, Iho~DREE
B 57235 A= —ZSRAMOEEEBTETHY, LEDXSH7%
AR =K T, BFEBEZE TS5 L TN
BEICDTREIC R D, 72750, T2 TIREEDE N TOH

2L Ea1—Vol.72 No.2 (2017)



E —— CMOS
1E —m— SONOS (%4 1)
= 3 —O— SONOS (£f42)
# 10 EEYAIZ—%=00005%
| E
N =
A0 E
N E
y =
107 E
E | | | |
0 0.1 0.2 0.3 04 05
Vg (V)
(a) EYRIZ—FROD Vo ikTF
7 —
6 —
~ 5
=
E
R
B 3
i
L ool
1|
i -
V=120V Vea=0.34 V Vea=0.24 V
CMOS+SONOS
cMOS

(b) SRAM D Vg EIHEEH DRIR
CMOS : 18#ZMOS

5. SRAMOEY hNIF7—FD Vo KFHEEIRBEEENL —SRAM
DV T 5L TIRIFEHR B TR TH 50

Results of analysis of bit error rate and power consumption dependence
on power supply voltage (Vq) of static random-access memories (SRAMs)

A TR,

SRAMNDOHMEEE Vi ZIET S5, wVEHBETS
ANODMOS (BEBALEEER) b VRS — DB~ —
TV (RFTA 9 IIARR =T 0) WAL, B I3
HIAZDWENRKEL LY, i, VulEFELTSRAM
T =LA EEFERLTEY, LIl ICBERCE
IR INES D E DB R L0, VK FSE72LE,
HBHEVTIILT —HHRETH LIRS (B5(), FikL
72Ey b5 —RKEFMMEEDBED S, SR MEiEN LIl
BWSRAMODUE Y LT —HFTlE V2 FIFAI LN TES
DT, BB TEEIC RS K5@UIRTEIE, Vaa
%04 VAHEE TR T3 THlMEREoHId RV, T2,
SONOS (Silicon-Oxide-Nitride-Oxide-Silicon) b ¥ ¥ &
F—DEHZ, LEVEEZZPOMETEXLETIZLST
SRAMDEWMIZEDEZIHILTE Y 2T —F2H{THZ
ELHAETE, HICV 2 T2 TELY, IhbIck
), SRAM Tl D Ve \ AR T 1A REE T TR E RS
1tT&% (K5(0),

6 HEHE

CITR, THA—T T2 T B ORENT VT Y X LD

—DOTHAHDBNITHERE YT, HhiznL¥HTHHRBM
K217 —0Bi%, ¥iidY5E Th 5 Fine-tuning T
DUFNRDEOTREIT Rz TH—TFT—=0 7
Mg, =2—=FWAhy 8T =27 HFEOTLEMEICHR L TN=F
7 TALL 2B b =5 =i kDM i b o> T B S & & AT TS
P L7z0 Fz, BRMICTT —DORBEEZFTRLILT, LD
IV LG EICTT —DEENPHEE AL %, N—FTLT
FIEDHNITARD 720D FLE LT E, TOFEE T
7o — i O FEHTRE R 2 IR 5 22T, A€ —
OEBEEAL, ThbETA—TI—=0 7 N—=F7x7DRH
BRI TR RS,

Ltid, AN L7 T e N=212, HBHET L AE
=L HWEEIREEEIOTF —F5—=v 7 N—Fvx
TaRREEL T,

COWFRO—ERIE, HEE R LHEWHREE, ROAAL R
I TRRFAT—H 2 28 Alexandre Schmid 11 & 2]
THERML 7z,

X ®

(1) Hinton, G. E. ; Salakhutdinov, R.R. Reducing the dimensionality of data
with neural networks. Science. 313, 5786, 2006, p.504 - 507.

(2) Ueyoshi, K. et al. "Scalable and Highly Parallel Architecture for
Restricted Boltzmann Machines'". 2015 RISP International Workshop on
Nonlinear Circuits, Communications and Signal Processing (NCSP'15).
Kuala Lumpur, Malaysia, 2015-02, RISP. 2015, p.369 - 372.

(3) Marukame, T. et al. Error tolerance analysis of deep learning hardware
using a restricted Boltzmann machine towards low-power memory
implementation. IEEE Transactions on Circuits and Systems II:
Express Briefs. 64, 4, 2016, p.462 - 466.

(4) Suzuki, M. et al. "Improvement of gate disturb degradation in SONOS
FETs for Vth mismatch compensation in CMOS analog circuits". Pro-
ceedings of 2013 International Conference on IC Design and Technology
(ICICDT). Pavia, Italy, 2013-05, IEEE. 2013, p.195-198.

H&E Z4 MARUKAME Takao, D.Eng.
A EE Wr7ep s oy — LSIEME A 7 R M) —se
. T, ik (T5). Wilay ¥ a—5+ 27 LSIHMr o -
FAZEIIE S ISAWEY S, NTAREY%, IEEERH.
Advanced LSI Technology Lab.
[i] 5% NISHI Yoshifumi, D.Sci.
TGS WFZER g8 £ v & — WFge itz 4, it ().
TFZEAT B hE S, A A A,
Strategic Planning Dept.

X

=& %h—BE MITANI Yuichiro, D.Eng.
MR WFZER s v 7 — LS HAM 7 R 7 M) —Wfge
Fig, W (L), 7 — MR O BB oL - BI%
) hEd, TS AR H,
. Advanced LSI Technology Lab.

TA—T 57— N—RIITDEHEBENLICTSTHEERAET) - I —BRF% 39




