AIST CPNIRC

DATLYIPIITICED
77TV r—> a3 RT0Oa8HRENL

2017 % 12 B 22 H @ RARRISHBHFEH

RN SR ALHMBERR > ¥ —
Bl =E
s.akiyama@aist.go.jp

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 1


mailto:s.akiyama@aist.go.jp

E Eln‘ﬂ)l

o T =& (@3”@? < ‘537*75) http://www.soramichi.jp/
© 2010 /3 HEAFIFIBERFR ZFFE

® 2015/3 AHIEBRFER BFHBIHFEREBT
» D2 DIECOHICKERD S I-REF NTZE)

© 2015/4-2015/10 NTTHIFF WHARE
e 2015/11- IRTE WL Al 44— HRE

® 5ifr D ELK
> Al 7= 3 OMRETR - NE
» XEUEZ (DRAM, RiEREMXE! , B8 - B AR—X)

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 2


http://www.soramichi.jp/

SDATLY7bh0X7T

/
VM Container  Runtime
> AT L .
TR T < Operating System
L Hypervisor =~ Memory Controller  Firmware

Hardware

— =

Nl

Computer

NNNNNNNNNN stirute o ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

W



_—asr ________________________ CPAiRC
= C&IC

e Al A —TIRATLY I NI T75HRT ZEL

o 7 X)AIDORELITTIE+DERERENESNAL

» MEE: RE (fasterisbetter) . JHEE /] (loweris better )
¢ 1) O XTLDRAZEHZ| L & EWX,

> NERHEIE DIEMHL

> REDEBE/NT XD

© ) A—HNBBEVATFLEREOY ATFLDE vy

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 4



SRATFLREPDIEW (1/2)

o T LRELDIERDEH L
» WHIEE (CPU ¥, J7%) DM
> XEBEHELEDHDF vy S 1 BEE DN
> REBRUEXTUARCHLWT AT ZOFE

Multi-CPU
CPU (1 core) [ , (Multi-core) . :
; L1 Cache | | | |
L1 Cache ] : L2 Cache | | I I
L2 Cache ] : L3 Cache (Shared)
(DRAM)
Storage @ P Storage? RIBFCME
(HDD) " (c.f. Storage- XE
class memory)

10 MEFOAY 21 —4 | BED VP 1—2

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 5




SRATFLREBDIEN (2/2)

o T LAZLDMEE/NT VRO,

» I VADOZRAVR—RY FHE—ORETENL LR
= B—DY—XROA—ROT7FUTHRMILRY IHEWK

100K
10K Loeett LCPU L XEY THEERLOREN
5 IK | Processor ot KEES GE: MBI
S (flops) o -Flops 13AFILT EIFSNBHL
g 100 L. ,.z"." ...................... ,]/7—_\/\*/‘13127;”,“{’(-&% L7,
= e Memory - — N, 5, (43
5 el CBIXEULATUVIREEIEY
A 10 L. - ..J...rj..‘, = (latency) *_* s )
el U SUUCLRE S, ACERELTLZAL
] bateesretet? .
1980 1990 2000 2010
/=S

CPU(flops) & XEJ (L1T7>) DtEER L
(*) &£D5|HE

(*)J). L. Hennessy and D. A. Patterson, “Computer Architecture, Fourth Edition: A Quantitative Approach”, Morgan Kaufmann Publishers

TTTTTTTTTTTTTTTTTT

ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 6



A—H I AT LDX v v
e 1—HIZ7I)ILd) X L%xE (B) B4h=SETEE

» FEMOES (DXTFTLE MEVWTHT] JCIEERETIEAL)

» ¢ = atb — ¢ = numpy.dot(a, b)

° EEDURTLDEE

L A—HHSEFERIN TV DAL
BIEDEI->TWVS

- WVWDOTH - THRLEIeHES
2 CIFRS 7L

- A—HheTERL(mELR OV
SLEELL ZEIEFAEE

TERE -HPC T C * fortran ZEWT7 1)
XY DS54 7E1LHEVD TR AEE?

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 7



SATLY I FMCEBRT TV DEIENR

© VAT LDABER « ERE/NT > ADE

o I—HIFEEME— (O XTLDFEVWC L LIFIFRER)

SRTLY I b THT T3> O4EZTE
HNICERARS I SHI N EE

o ZDTz®IC ...

» 2T LDOREBERPCEEENT VRADBD T T r—ogoile
SHETHIHNEIERE T DR (522
» EoNT-HBRZRAWEY T LZEIBH

i

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 8



EL8H Al £ 2—TODFADIHAGR

ST @ H BT NACR (RERMXEY) OLTOT TV —> 3> OUEFA
P A. Koshiba, T. Hirofuchi, S. Akiyama et al., “Towards Write-back Aware Software Emulator for Non-Volatile
Memory”, NVMSA’17, pp.1-6
j/k @® Approximate Computing DstEERANDLEHTE (581 L Micro ICEIBTE)
P BULIED, “MEEA TV FEBAWCEUERTOERAIIaL—>3Y" |, SWoPP’17,pp.1-9
> EM, #LLIEH, “Approximate Computing TD NaN DRREIC & ZBETHIAEIT” |, ComSys’17, poster
IC @ BHAMENSVADTL Y ETOT TS —S 3 S OMETH
P S. Akiyama et al., “Performance Prediction of Memory Access Intensive Apps with Delay Insertion: A Vision”,
CloudCom’16, pp. 492 - 496
@ 7O07 7ML ZxRA7OMBEMTHEEICL. &7 —&% (VT U, N7v bFE) JCONIEREZFMEDMT

» S.Akiyama et al., “Quantitative Evaluation of Intel PEBS Overhead for Online System-Noise Analysis”, ROSS’17
(colocated with HPDC’17), pp. 1 -8

» S. Akiyama et al., “Per-Data-Item Profiling using a Hardware-Based Sampling Mechanism”, under review for
CCGrid 18, 10 pages

@ 7V —HRH T LD MEREREL

P A. Newell, G. Kliot, I. Menache, A. Gopalan, S. Akiyama et al., “Optimizing Distributed Actor Systems for Dynamic
Interactive Services”, EuroSys’16, pp. 1 - 15

S ZKADAE (ZOMIZL LESZAES D THAIFEE)

nationaL INsTiTuTE of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 9




-l TN R (&

VTN —2 =

AEXE) £TD

> D

- BET A

A. Koshiba, T. Hirofuchi, S. Akiyama et al., “Towards Write-back Aware
Software Emulator for Non-Volatile Memory”, NVMSA’17, pp. 1 -6

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 10



55 (1/2)

e HEREAINTLEY DO XEDIL DRAM
> FEIFAVTF Y RAICEENMRITZ > VT Ly oA

1 O>7 >t =1 )L =1bit

5 - B - B o R

e Al, EvIT—2MIBORETXE)SEEN
» FEARF ABCI TId 1l /—R&BHD 256GB OFE
» DRAM BEEKX > twIILD/NEBY - 1) T L v atEEDEN

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 11



AIST @ i\iRC
=1
== (2/2)
e YT L walgA—/N\—Aw RHKAKTUL
» JT7LwSamd row (—TICXAREIL) 12137201 X REE
» YT LwIadBRDICEALDD D

e VILwIalBE%Z 1/4 IZ— 7TV I%EENEL 10% [ £
» WBICESE: VILY Y ahREIET T TUICERE

1.7

® 60% Reduction B 60% Reduction

W 75% Reduction

H 75% Reduction

B
(W ey ]

-[S. Khan et al, Micro’l17] h"55|H
- D7 Ly allEh 715% Fd &
MEeN &= A 5 Fm E

w

= =
= = N W B W

Speedup over
Baseline (16 ms)

Speedup over
Baseline (16 ms)

M

=

1

8Gb 16Gb 8Gb 16Gb 32Gb

(a) Single-core (b) Four-core

{ DRAM (2B b B3 1 1 528 IADIBTHENE =HRT WS ]_
12




FEREXEY

R BRIEREEIC L > TT — 2 &2 RIA

lmi

o THELIN DTS
> ERBERY

» ULy aBINARETEHES] - KEEWICHE

—@— Reset @—
—>
1
<—
RIE: B Set infE: 1§
— bit: 1 — bit: 0

o
» PCM (Phase Change Memory) : #&S&BEDEX TIRIVENZHL
» ReRAM (Resistive RAM) : £BERUMIDIRREEL THRIEDL ZE

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 13



AEREXATY £ DRAM DEW

o [HgE] (XEIL

— X ERICHRIFI B
> DATLY T U7 TRERBETNIRLC 70T 5 LN0E<

o IEgEE] OREIIXRSCERD

> JHES: FERMEXEUOAINFEHYTIE DAL
» EE: FIC PCM TIRE@TEAEZT DL AT 2 I HARY—
¢ DRAM TIIEEFAHESDOL TV IHEL

Write / Read Write ' 5 &Ly Write A' 3 &L
L5t
*ITRSDLKR—K&ED

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 14




AIST CPNIRC

PIV =g REA DR E

o 77 D%EED DRAM E R EBEFHMEXE) TENLKT S
> HuANZE: DRAM E RERM X T TiELVEEE
- PUYIA- 2

FEFREXED LTIHERFZUHITFEINDS

o« MEDTWUEETNA B LTFHT S LHE

EoE:]
> NEREXAETVIAERUINIZRIC. ECHVITLDARBILE
W EIRBHV?

» NERUATUDAEAUINIRIC. CABRATLY I DT
7AW HY?

[KE%%X%UtT@T?U@ﬁ%%%ﬂ?%%ﬁﬁN%]

TTTTTTTTTTTTTTTTTTT

ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 15



HEADREEZDFTA
o EF/NARXZLTOFAIFEEL LY

» CPUICF v v ahHdDTIO— ROENENTTIZFAIAEE
» ERICETLTHADEHPH

DRAM (Write Latency ~ Read Latency) - NVM (Write Latency >> Read Latency)
Read DRAM i Read DR AM i i Read NVM i Read NVM
LLC miss ] : LLC miss : Tim; i ) LLC miss ] ) LLC miss ) - Tim:‘
(with Write-back) : (with Write-back)
LLC (Last Level Cache. D& D L3) : LLC S XDAEREMEXE ETD
= XD DRAM ETOL A7, LA T3, EANEVDTEA
Pl EEADEIRERZD TEAD : DEHEHTREINEZTH B,

HoTHELTHAL,

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 16



FEFRE XTI FAIGOERE T

o EXT7AFT47
» XEBEYLATVOREIIT vy a2 2OEEUCELE (BERD)
» JUITFEXRILT#HZS (new)

¢ HAHAAHADHDF v v aI X (MARo < RO: Read Only )
¢« EXANAEESFYYYIaITRX ( MAWB < WB: Write Back )

» TNENICHHILTT TV Z LIESLKLEDH S

Jﬂ"ir;"le : : JM:’IE
i 1 { )
= : f = ' RO
g = ; | : z = / MA;" :
1R VAYAVAVYAVAVYAN f\/\/\/\/ A1 B\ VAYA YA VAV/A VN v\
o o = ! ' o g = { ]
2 55 2 55 . g d !
o B2 :ESuspm}d ] - 0 e /‘\/\/\/‘\: uspen w
sz Z ' Execution » £z Z ! Execution :
<2 Fa : 2 =3 /“\/\f\/\/\/\/ i '
W 0 o ! w o I I
g & l g &
= I i = e
T T - I - -
| 1 . - - 1 ,
Epoch; ' Time Epoch; - Time

Ei{iﬂ: v aI X[OEK IEE'EEI %/i MARC & MAWB
ICEEBIL T sleep TE3 S RANGRES 5 E e (AR

HIVIEUF AW VYAINY e INDUSTRIAL SCIENCE AND TECHNUI—V\JI miv 17




AIST CPNIRC

FIERE X TV FIARFOTERET A
tAHrIANFH | BEFIAHDF Y YA AD

X Al
» IO VE IOV I I al—vgy: BV (170

AY

il
O

L —< g > ICEEERT)

=1
— EREMNG 7 V) ICERAEE
» CPUDMREN D >H:. T2Thxvywvaz=X) LHeHAITET
— Read & Write ZXBITZ4A0L)

e XEIJIXVhK

— I SN B G5k %= Fll FE
» HBH7O0VR i AT MAwWB DEX
== & XTUE

e PUSLALEIE

X 7OV i DFvywiaIAWM+ ©FxvwviaIR

XEYID> FO—5H5EE

57 = 78
5 F2IA7HoEE
ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

18



FPlisRER (1/2)

o EER 1
» SPECCPU RYFIY—JDMNERETV EHTE

¢« hmmer: CPU intensive

¢ libgquantum: Memory intensive

¢« mcf: in the middle

» Write ' Read &D N ZBEWERE (N=1,2,3,4,5)

;;:f]unon Time [s] Ix »2x m3x m4x w5x i 77, U /7__\\/ - S, : 2: L:ﬂ

5000 P, 8D R DMEE T AE
L > FBREUEXEVICLEE

10000 702.1 702.4 702.6 702.6 T02.6 10,4 55285862621 86622 657.8 %%%ﬁﬁ‘:*ﬁi . g(_il'mﬁjﬁlé

e - - - TTUOBED 5ERTE
S48 (CF: ground
truth IFFELAEW)

nationaL INsTiTuTE oF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 19

0.0
hmmer mcf libquantum




FFlisRER (2/2)

o 5 2

» BE7ZFA5T (Read & Write EXBIL7ALY) & DELER
¢« ER1 THREREMUIKKREIH, O libquantum %z FhF8

» BEZIAR Tld Read & Write DA N {ZEU\. [XAJEE

Execution Time [s]

6000.0
40254
5000.0
4000.0 37829 - BEFETIEITERMEXTE
3000.0 25485 —
o0 e ) ETEITLIGE DR
1000.0 657.8 l THZELLKHEETETHL
0.0 e
DEAM Ix read, 5x read/write 5x read, 10% read/write
5x wnite (Quartz Approach) 10x write (Quartz Approach)

BXfZ: Read & Write D EICEIFIEBLY 122 Write 721 HYNE LY

NNNNNNNNNN stirute o ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 20




PIEAS

o RIBFEM XE!JD Cycle accurate simulator [M. Poremba
et al., VLSI’'12][X. Dong et al., IEEE TCAD]

» IOy o il dhESIal—> 3y
— [FEAYIalL—> 3 alEE (EWSER)

» FRISEL EROKBFB~TE

» EF CPU DETILHEAGDTE D IEETIFZARW?

e Read/Write Z#[X3 L & WE{AFE [H. Volos et al.,
Middleware’15]

> HEEDRBOLODREN ATV (EER2)

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 21



Key Takeaways
o [K<<{fEHNSB DRAM IZU T L wiadA—/N\—~Aw RHY
AIVWS>FREREEXTE)ADOBITHIIEVWESHONTWLS

o NERMXAETIFHRFIED DRAM EER S — 7SI
EDORETHNERNUCH S C EHAL]

o IREFETIIFHAEZIDLATUDEWVWEEZEETDL
TIERE - SR ME T Z8]gEIC L T:

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 22



Approximate Computing @
_-l-%n\ﬂ%/\d)ﬁjgirs EE

BUIED, “MEEN DV AZEAWVIEMETOESRARIIaL—>3Y" |
SWoPP’17,pp.1-9
B, BLLIED, “Approximate Computing T®D NaN DERZEIC K B 4%t
A7 3217” , ComSys’l7, poster

ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 23

TTTTTTTTTTTTTTTTTTT



AIST CPNIRC

HE =
H5

o Al. Pl F—2IB . AIIERESE,
> KEOXEUEFME - XEY OBEEHESAEA

o XEYDBPEE NI VEEOHE (t=ShNTWB)

@ DB Server CPU

B DB Server Memory

AN 20071 FBETCI VA —T514X
DB —/NDBEEZE D 7% ' X T
FRETIZT SIICEM? )

ODB Server Disks

O Storage Subsystem Disks
B DB Server Chassis

@ Storage Subsystem Disk

Enclosure
’ B Client System CPU

* XEDEEBIZHIR T 5 EAE

> RERMXEUOFAE (BRICHHRA)
> BEF D DRAM ZHENTHEAT S

O Client System Memory
M Client System Disks

W Client System Chassis

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 24



AIST CPNIRC

DRAM DEHHIR

Sz HlE (BEFHRZE)

ERDFv—2 % DL TIES <« CBE5ICEH
» [K.Chang et al., SIGMETRIC’16] H'¥J& T?
o X1)w bk BEF®D DRAM %= (&

e TXwhki T

e JT7Lwy>ad

il

FEDEXREH

5 A
— 2T Z— (bitflip) HYE

» Retention Failure: U7 L wYafBRAETI CERHIIRITS
» RowHammer: U7 L v afiARVE /11X (BEOARICER
- DN TEMNIRITS) (255K K3 [Y.Kim et al., ICSA'14]

TTTTTTTTTTTTTTTTTTT

ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

25



PIOFR=23 28 TVFv—o

e XE!) (DRAM) 5 CPUANDT—XERXERFICHE

oW cell
— /

g T T T T E I I I E : : I :

Sel 11l0olloll1 AllA|A[lA
N i L i ]

ow YIV[Y i 1{ofloll 1 : 10|l 0O
buffer \

Activation Data transfer to CPU Precharge

> )L (AXTUY) OFv—IHE - SHEET

® XEUADTILZAZLICHKE

P

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 26



DRAM DEBEE/

o EROBEBIR
> TOFR—=a3>, TUFy—IUHNEESE IO 11 or2 i

100 CJACT-PRE | ORD EWR MRDI/O OWRI/O OBG MREF Y. Lee et al, HPCA'1T] @
g0 ] | | Figure2 &0, t&E#HI
S 60 — —  J—usO—FR
E_ 40 — — — — f— — — e
20 ACT-PRE
E 0 i | | | | | | | | TI
A Q& Q& & R ,,jb P & ?5\
.&?‘Q ® %@?} < & & o \&b\" K\
N & oF

o BEFMIR: TILOFv—CKMEEIR (BF) © T5—
ZIEN [K. Chang et al., SIGMETRIC’16]

SN BEBNEIRICHA (Fyr—2%T31E% = /1)




BRI ORIETE

¢ Conservative BFE: T -7 —hHRZHEVEEICTE
» BED T LTI —EICER - T —MMEosunot)LiEiFy
JLw>azxdliE [S. Khan et al., Micro’17]

> TOLIRINZcBFNIC)TL vy a—- LIS TLYy>a
L7 < TULWLY [H. Hassan etal,, HPCA'17]

° Aggressive BFE: I —HEZDEZITHERNKREICE
nzFniE OK ( Approximate Computing )
> Al THSET—RIC/ A XN AN2TWVS
» BRUIE: FICERZzADRSZSE
> BEFTHE: #EDRLFRICK>TINRT S

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 28



AIST CPNIRC

Approximate Computing

¢ D-l_%l\\ﬂ%ck—& I\d) %%Dq:-a—
> RBLAERN - REEWCE B TIENAIGERE IR
» DRAM % aggressive |ZfES DIEED—FF!

e Approx Computing @ff] ( DRAM LI%H)
» EUVVEHE NN TEIHZ S [H. Esmaeilzadeh et al., Micro’12]

» SSD D 1 EILICEEHE Y bi&# (MLC) — JPEGOI>O—R
Z T kL bitflip LTHFRDENRL [Q. Guo etal., ASPLOS’16]

FEEhoa|H, TED JPEG &
FHEINTVWBRDOTHE v
T 1721 TEBREEIIEN S,

JLOGY (AIST) 29




Approximate Computing D& £

o 7)) DERANDEE L ESFIHIHZEDBEFZRD KA
» BEFl Input: ESIHIEZE — Output: Evw I 57—
» KX Input: |SHIEZE — Output: 7 FTUADFE
> TT)T=2a VL >THREANDEETGH - KT TIZERD
> FIS —VICK > THBREDER S

e BIEFE
» Cycle accurate simulator Z{EH — JEF ICRE
» {I5—FK I TIVWT—Z20#ER]} 2ZX TRAIELHAE AL

S5265NENTAXA—2ICEWVWT. T—2&lFICELD
7T DERICRE T BZEDERERNDEENHIHEEL WA

N d

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 30




BRX717T17

o IKELIAFTYTZ7EIDOEHH #EHZNILL L
> Fr—U%HRBD ORI 1IEBISCIC—ERET bitflip
° IHINRIERRE

b=

MMLITTHVVWTF—F ] ADTIZE XL TEZ =0

> Ty v aDEEERHBRLZWL

> GE: FRASIal—SavidiBTE3)

° REFADME

b=

MEirTHLWTr—41 & T TEWI B WT—52 ) ZYIEmIC o B
» TNENDOAEVT7I7EREZEHA (FrvvyiazHicBOENEND)

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 31



RESATL (1/3)

CPU 0 (NUMA Node 0) E CPU 1 (NUMA Node 1)

Emulator |
— | I

Application
e

1. WR77JVECIZal—&%Z CPUO TEH

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 32



RESATL (2/3)

CPU 0 (NUMA Node 0) § CPU 1 (NUMA Node 1)

Emulator

Application

Critical Data

2. BT —32% CPUO IC. A7 —4% CPUL ICECE

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 33



RESATL (3/3)

CPU 0 (NUMA Node 0) § CPU 1 (NUMA Node 1)

] 10 monitor

Emulator

Application

Critical Data

Error
Injection

T —2AD I0 2E7EH L. BEISZELTESIS—%BAN
- XEYIOADMO—Z5ON\—FR7 7 %FHE
- Frwand |0 ZE X9 DRAM AD 10 D&% stHAIA]

any
BYAY

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 34



° [Ql] IEMETEERICTIaL—> 3>y TEBH?

e [Q3] T—AEEEICKBRE (10 Ed overcount ) ?

o THMMIRIR
Debian GNU/Linux 8 (Linux kernel 4.9)
Intel Xeon E5-2630 v4 (Broadwell) X2

25 MB (per NUMA node)
64 GB (per NUMA node)
milc, mcf (SPEC CPU 2006 Integer)

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 35



_—asr ________________ GPAIrRC
ISal—>a3rv0iEE

'Kn]1%%? BRICTIalL—> 3> TEBZH?

DEEDN DI T —BN} TERITRB Z LhER

80

\ . N x4.2 W vanilla
mcf: T—XDEEICK D 3.4 & " ] M bmalloc (no error)
—ENICED 4.2 {=iC o x3.4 Obmalloc (with error)

=50

milc: (F(FERRS E
= x1.3
2 30 . Lo

*milc & mcf TEANHBDERIEF & 20 | | ]

AR o

0

mcf milc

B (1EHED 4 B~6H) ICHAK 480 EOREEY

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 36



AIST CPNIRC

=295 1

IHE

o [Q2]EDT T — 3> ADE

» mcf (FERE)  BEETCR—OBEZET - K1 ER?

w7 — KB RWELSUEE L AL — ETFREE
» milc (EBFHFE>Ial—T3Y)) @ BHOBEETEDRE
mcf milc
10% 40% 10% 4.5e-8 8.1le-7 4.2e-6

6 bits 21 bits 46 bits 20 bits 199 bits 2031 bits

100% 90% 80% 100% 100% 100%

V7IUNDREEII S —RIHK>@REIIal—raVhEE

=

37

ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

TTTTTTTTTTTTTTTTTTT



ZaED=RE (1/2)
e [Q3] T—AEEEICKBRE (10 Ed overcount ) ?

» EWT—H2D0EE > XE LOT—XEEHLTK
» DRAM A®D |10 EHMER L IEREICEHAI T A LVAIEEE

45 : 100
mcf: FryLaBl, F  geo Lo Emelbanila) o,
o ‘ &, Hmef (bmalloc) | & g,
vy aAIACHITEM % e B milc (vanilla) | & 5
milc: (ZIXZ%EL £, B milc (bmalloc) | & 4,
<P . n
2 2.0 = 23
g — 5
— mcf Ti& DRAM A®D 10 S 1 . S 30
£Z%<{sHHLTW3 o 1.0 / —> 0 20
i 'm
0.0 - 0
references misses miss rate

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 38



ZEEDEE (2/2)

* milc ¥ mcf TERZT—F7DBE/NZ—>
» milc: KESBRXEEEZEDEEHEH
— T—XRL AT HELLERL
» mcf: BEERD—E A > /N\NDHDEE
- FT—=RZL AT T DRI LLET

* IRE AT LOMT T ADERBREEM
» WIBS Tl -3y REBT—HF (eg 175) =B - R
AT LZEDFE I ERAEE

» BRI S TMIE (e.g. SNS 2471) © skew ZPERWITIKR D =8I
T —ABENEM - IERXTF /A TIX 10 =% overcount 93

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 39



PIEAS

(
(
(
(

*

*

*

*

1
2
3
4

)
)
)
)

e XEUML—R. N=RUITT7>Ial—3%FEE
» LL<ITONBZ—RNBRFEE (*
» 12X 9 % Approximate Computing ETFI)IL%E > T a L —H2 TXHIF

> EEOWE~TIHRE

» TS5—F R OmpSHhETIN/[C

» FRLARBHBNT (RET—X:

l) *2) *3)

SUEERADT S — % BERIT CRENICIE (*4)

w (N) =zH#HE

W=7

O

HAE = N=o0)

S. Liu et al., “Flikker: Saving DRAM Refresh-power Through Critical Data Partitioning”, ASPLOS’11

A. Sapmson et al.,

H. Esmaeilzadeh
M. Carbin et al.,

“EnerJ: Approximate Data Types for Safe and General Low-power Computation”, PLD/I’11

et al., “Architecture Support for Disciplined Approximate Programming”, ASPLOS’12

“Verifying Quantitative Reliability for Programs That Execute on Unreliable Hardware”, OOPSLA’13



Key Takeaways

o XEIDRBEUNDERK —» XTI DHEHEEZENHEK

o BXICH S DRAM Z 70 Lw > JICFIB L TEEE N Z B
59 Approximate Computing (& FERMEXE)

o 7D BERICELFZREDEETHENEE

o IBEFETIIEMA S X (FS & TEHRICFHARIBE
BEONTA—ZEZT I TRIEBHLE S

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 41



BRDAMENTVADIYT Y ETOD
%Rz THlT S

S. Akiyama et al., “Performance Prediction of Memory Access Intensive

Apps with Delay Insertion: A Vision”, CloudCom’16, pp. 492 - 496

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 42



"
10K | L
P
-
8 1K | Processor e
g (ﬂopS) '#.‘_._.I"’#
-
gmo ................... O —
g r"#. Memory
~ 10 " (latency) L4
1 .-.t.:f—-rl-*-:—at—o—*r -t USRS S S o
[ = &T -

1980

® Flops (1#MHTDO DEEFNIERE) HXEVLATY

&EH DR TEM

1990 2000 2010

> DA

= FLWLWI VTR AEVTZIEIADR ML Y ZICEDRT UV

TTTTTTTTTTTTTTTTTTT

ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

43



CPNIRC

INTGIADEWVWIC LD ERETNL
e Python, ALS 77JLJ') X AlZ &3 Matrix Factorization

> BRDVE—RBEXEV T I EIANEHE

CPU Xeon E5-2603v 7L Xeon E5-2699 v3 Xeon E7-8863 v3
Mem DDR3 (1600MH2z) DDR4 (2133 MHz) DDR4 (2133 MH2z)

<— g w—>

— 500 200 200 .

Z 400 o e actual: EA1E

£ 300 d: |

= 100 \ 100 expecte . linear scalte

S 200 N

& 100 50 — >0 Mo

“ 0 0 0 H WY VTl linear scale
123456738 123456738 12345678 o« N
Number of Procs Number of Procs Number of Procs 3—57'.7\\ ;"Fﬁ LL\V‘//—C L‘j: L’

—s—actual -+ expected ——actual -+ expected —e-actual -+ expected C L\@: L]

Machine1 —— Machine 2 Machine 3

ED INDUS IOLOGY (AIST) 44



HEHE3H?

o RFRETL VHDRERE (Al EvIT—2%)
> FILOTLUTHE - TNvT > KIRERET S Y TET
> fl: ELM ABCI TV TF TNy T = LT T ZEHIEE
1TAIRRICR BT E (| EARM - TS AD GTC TOFRR)
» https://www.slideshare.net/htsst/gtc-japan-2017-84434985

« EXOTL VL ABETS U TIRMEENS Y RAES
» 5 ohh D LEV LWL
» H—/\H CPU IZAFEHEIMEVN > XED LA T IHAKREFL

{ FILTEMBELRRERENAFERY S Y THERMREIIRES 2L }

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 45


https://www.slideshare.net/htsst/gtc-japan-2017-84434985

RXEVALTIOTTT)DEEET R

o EK LW &IFLLTF

o XEYAT T T ITIDINT #—<I 2 ADNERE/INT VR
DEZBZIDVTESTTBEHEHD =L

o FITDNI UISIFELTHRIDIZWL
> AFERARET —/NETIE tryand error (FTEHRL

o REAFN X IZHID =L
» & O SLEETEVLTELDHLDDINIXLL

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 46



BRX717T17

* XEV IO Rz LLICITIELESE S
> LT EICIESE S - BB TERRHEDN FIE

Application Execution E Aggregated Time Usage
Machine A E Machine A - IV ATIEXEYT7OEXRIC
NN, N KD 2/5 ODEEEES
Machine B L Maden - XYY B TREAEUTIERIC
. | - 26D 12 OBEEEES (N5
(Worvoees B ] ZHES5 1)
B Emulased Emronment | n Our Emulated Environment
Machine A | Machine A - XNV ATRERAEBD 7V R%Z
+ Delay Inserted : + Delay Inserted _— DUBSENIE. D 2.5/5==
T E RN L [ee )fpu 12 1cTE3% > <TSY B TOMEE
“mwml; o) T & BIRARE

NNNNNNNNNN stirute o ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 47



RESATL

e Dynamic Binary Instrumentation (E{TFDR<LZL\L

S>T-DEFLIEDT3) =2HLS

» FlE: BB T—FTIFVICESBL FIRIEAKRIETS A
D ARM R ETHIIT I D139 ?  (GR&EE)

e QEMU @ full emulation mode (GEL)) %= F|

QEMU JIT Workflow ~ What we e s
implemented - QEMU @qjﬁfﬁnpvJ:—CX:E J 5t
T S—— HAETLTDREIC NOP ZiEA
Or'iginal ?nir;/lg i Delay E - AHIAATETIEL . B HOIEE
ey |50 | mediatel s = | - FROTSY | KRBT VY
code | : 55084ty MIbRELAL
L NOPs are I ] op s T NS~
[ ' inserted after | - 1ElELEBVWDT TNZ 2R D
Nothing ' 1d.i32,sti32, | Nothing HLUHDEBIEHTEA4L
Special 1 1d_i64,st_i64 Special
— I

om e = s s soime = s —==iOLOGY (AIST) 48



¥ LT
°* 175 - NI MILBEDRAT—5E U T+ ZHE
> XEYLATIDM T T Tr—23>

- 8 A- 8 A
27 - AT y A # of NOPS = 24 ,"f
%"6 6 :
= 5 5
b_
4
E . j # of NOPS = 16
- # of NOPS = 8
= 2 2
o1 1 ¥ # of NOPS = 0
=z
1 2 3 456 7 8 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
Number of Threads Number of Threads Number of Threads
Machine 1 Machine 2 Machine 1

+ EEEA

{’I”EE%‘E/\“%VZ#J 278 BNV TDINT #—X > A%z FRIn]EE ]

nationaL INsTiTuTE oF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 49



Key Takeaways

o I VDIEATEIT TR BE—MBRTHMHERE/NT >V ADE

o Ot vH flopsvs. XTEULATIDMEEEDH
SHRETL

° FITDIYIVEARFBEBHETS D TERLZME/NT VR
— FTHREOTFRAE Fa—=>Ih LW

e XEYT7IVLRGEICELERZTEANT B THREE/INT VR
NELRBZIO IV ETT7TIDNT A—IX VR EFHTES

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 50



2EOFLY

e Al A —TIRATLAY I NI T7ERRTIEE
> IOV DIBRDOEREN - HEENT VDT
» 1—HHhSREVIATLEEROS AT LDF vy S

= A—FDEREBAI MEEZREARSITEI D

* TDIHICE I EREDEMOER
> BT NAR (RERMEXE)) ZRVSHE
» DRAM ZREEENTHRT 355
> ERLIMRZENTVADNY DY ETRITT 255

o SHBIFCNSDHBZEFEN LI RATLY T MU T 7 2R

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 51



	ページ 1
	ページ 2
	ページ 3
	ページ 4
	ページ 5
	ページ 6
	ページ 7
	ページ 8
	ページ 9
	ページ 10
	ページ 11
	ページ 12
	ページ 13
	ページ 14
	ページ 15
	ページ 16
	ページ 17
	ページ 18
	ページ 19
	ページ 20
	ページ 21
	ページ 22
	ページ 23
	ページ 24
	ページ 25
	ページ 26
	ページ 27
	ページ 28
	ページ 29
	ページ 30
	ページ 31
	ページ 32
	ページ 33
	ページ 34
	ページ 35
	ページ 36
	ページ 37
	ページ 38
	ページ 39
	ページ 40
	ページ 41
	ページ 42
	ページ 43
	ページ 44
	ページ 45
	ページ 46
	ページ 47
	ページ 48
	ページ 49
	ページ 50
	ページ 51

