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[TR1DE8IT FUjiTSU

B 2011-6, 2011-11 TH R 14Z(Top500. LINPACK)

B HPC ChallengeTClass 10 . G-HPL, EP-STREAM, G-
RandomAccess, GFFTT1{ia i &5, (2005MDBGLLLFE DR E)

BE7J)DEEEFFROGordon BellE2011TT+HPeak
PerformanceZBF9 M Award(E—2(Zxt 3 5%1343.63%)

B 2012-6MDTop500 T ZATELEL=M. MIEZHMTHEZASY
DUELTIE. WETHEREMHEETT,

1wl ROloaaktisss

(®=10, 000, 000, 000, 000, 000)

[Fujitsu web]
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[ TR IDFERK FUjiTSU

B S64EE
B ERIZ1025TE /—K
B/ —F
W /—K#%:88128
- CPU: 88128+ a
- ICC: 88128
W iRIEEEEREE: 11.28PF
m LINPACKIT4£8E:10.51PF
® LINPACKZE{THFE: 29.5hour

[RIKEN web]
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1node D& Ak FUjiTsu
B CPU: SPARC VIIIfx I

W Fujitsu 45nm process technology ?‘ TP
W 22.7mmX22.6mm s dn
® 760M transistors
® 5MB L2$

DDR3 interface

[T. Maruyama, 2010]

M Inter connect: ICC

® 18.2mmX18.1mm
W 48M gates for logic
® 12Mbit SRAM

[T. Toyoshima, 2009]

BETTBE LKF1G transistors DAY, HLF50Mbitd) SRAM
— &I THCKRELY

FUJITSU CONFIDENTIAL 3




Top500@June 2012
Rank Site Computer
DOE/NNSA/LLNL 2Ll
1 : -BlueGene/Q
United States
IBM
RIKEN K computer
2 g
Japan Fujitsu
DOE/SC/Argonne Mira
3 National Laboratory -BlueGene/Q
United States IBM
o SuperMUC
4 oDNZEEChenzeniiuM _in,iapiex DX360M4
y IBM
gjtlgpc?clm uting Center Tianhe-1A
5 = %an.in puting -NUDT YH MPP
Hany NUDT
China

[e®)
FUJITSU

Power BQC 16C 1.60 GHz,
Custom

SPARC64 Vllifx 2.0GHz,
Tofu interconnect

Power BQC 16C 1.60GHz,
Custom

Xeon E5-2680 8C 2.70GHz,
Infiniband FDR

Xeon X5670 6C 2.93 GHz,
NVIDIA 2050

[Top500, June 2012]
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" Made in JAPAN / user in JAPAN
~ Made in JAPAN / user in ex-JAPAN
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SEsS===

BEHARDUITHEZTLK
DH— EHEER
[WIRED Vol. 3]
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HPCOESEE -3 THAREI —ILRHER- FUjiTSu

[Fujitsu HP]

ERGET4—ILR(To =2 )R ER
—DFY,. LT MEIS—NEFRBEICEET S,
EHLYRZFVNVEETORERIEA AT EE
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Failure on HPC FUJiTSU

Cray XT3/XT4 0.1~ 1 1000 Osec
~ 10000 ~1.5min

Clusters x86-64 2.6 ~8.0 26000 1sec
/AMC64 ~ 80000 ~ 3.3sec

Blue Gene L/P 0.01 ~0.03 100 5min
~ 300 ~15min

B 10PFY L U IFHREN KR EL failure[F—EHTTLED, T/IMRA
FREICHEMEEEAGTNE, BRETLHELL,
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S1EREMSET /I N/ ADEMR FUJiTSU
0 HPC
N
(7))
Q0
()]
MZEFH BEE
E&

>

180nm 130nm 90nm 65nm 45nm 32nm 22nm

BRI, SEENROLONDIE G, GLWTOERTH/00—
(IBZ E)DNEHASND,

B HPCRITTN\AREITAREmR I OCAMNFEHIN, D, &TH
RN KEZLY,
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ENCHULNDFITHMNABELET REH? FUfiTsu

B[ |($995 /—FK)T33.3h, 10PF, LINPACK%E90% M B ThE (2T
BIZIEX A/—FHT1=Y36.0FITLLTFIZLE [T IEXESAE,
[H. Miyazaki, 2012]
B HPCOEE D
RIS ERCRINIEHRE TS TELRL,
BEWMTOLRTH/OC—%ERT S,
EIRREAIEEICKEL, (FIREDORBRTEGKY [FHMITKELY)
ERREATCER LY KSR ETORRIT R TEE

BHPCHTT /A RAD ., VI +TS5— ik
& ¥t L, & THChallenging
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YIRIS—DAN=X L FUjiTsu
o i A F R

ICH # P OIS ER DD FHRERDREFMHEF
a #F PiEF

T& T/
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o e
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yad

FF, Latch®YVJrIS5—F DKLV FUJITSU

10
—&—650m DATAO l\tﬁ

——65nm DATAI o

~ D\D\D

75
—/— o)

45nm DATAQ .“5’ I R Normalized with
- 45nm DATAI E ~__ 1 = 450m-SRAM@1.1V
——28nm DATAO ;CZD D\D\D
—{—28nm DATAI
[T. Uemura, 2011]
0.1 ‘ ‘ ‘ ‘
0.6 0.8 | 1.2 1.4 1.6

Voltage [V]
BEYRHI-YDY IS —ILEAMER
(SRAM&K Y iR A E R AV5ERLY)

B eSiGe-PMOSIZ &Y . PMOSD 2 5 A%E 4>
[T. Uemura, 2011] [T. Kato, 2012]
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SRAM®MDY/ RIS

0.8 r1.000 100

© )

=06 &% 101008 = 10 o

D J s < (Y X

% 0.4 S N °

O T 10.010m 5

éo.z s = > 1]

&)
0.0 - = = © o N +0.001 T 0.1 | | |
= S o ) ol © ) N N
S 5 -] -] -] @) © S S )
3 3 3 3 3 g 2 8 =z
Technology YEAR

BEYRHIEYVDIS

5 (L3R A B

EDRLUK

BEHEYRIS—(XEM(orkE XUV )ER]
B 1chipH =YD AE) —BE(FEM{EM,

(o8
FUJITSU

9102
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— AR BI7E DR TS5 —xI R FUJITSU

B SRAMIZHEITAHYVIRIT—X R
BMECC (Error correction code)
—/\)T4EyhEIL TS5 —% & H (detection) & {E 1E (correction)
(5 : 64bit + 8bitd s \1)74—1bit error correction, 2bit error detection)
B LogiclZHITHVIRIS—xI%EK
B RAT L BB TOX R
‘&K: TMR, DMR
« T5—F v &retry
BEILLAR)ILDFEK
- Latch, FF A&t R EBRiEREZ o= xf KLatchZz &£ H,
-HEEEE 28k, /1 XTAILE—

[T. Uemura, 2011]
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FYFIZEITAHI I ITT—XI R FUjiTSU

B Multi latch technique < I j 1]*1\’;1
= 2000: A multi-latch flip-flop T %lwﬁru%:

using a C-element was - |
proposed by T. Maruyama. T X : I zj\m .
m 2006: A reuse paradigm S ot W i W (VR
(BISER) was proposed by S.
Mitra. Ve - Ve Vee Ve
T - HP f -~ mp2 T o~ MP3 ? - P
L] ' { S S
Multi node latch R N ]__f_
= 1990: A multi-node latch was | r N s T
proposed by M. Katoh and K. WU e f—y e " _
Okabe. i I e ——|EL - —li
® 1994: An multi-node latch with = - | |
8 transistors was proposed by < . :

T.Masson and R. Ferrant

® 1996:T. Calin, M. Nicolaidis, R. o s u
Velazco (DICE). IRTE TIEDICEAE R

(Intel Itanium, IBM BGQ)

Copyright 2008 FUJITSU LIMITED
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%1 2R v F(DiceZF ) Dk FUiTSU

Conventional 1.0E+00 - unhardened latches
1 N
= .N ALLO e A\ +"- local clock
S 1.0E-UZ ~
i 06 o AN
o ALL 1 -~ 0 charge sharing
0 04 This work = induced SER h\
= ALLO  ALL 1 > 1.0E-04 - A
£ 02 N ) ; o .
S ————— % [N. Seifert, 2007] SA
1.0 1.2 1.4 1.0E-06 — | |
VDD [V] 32 45 65 90
[T. Uemura, 2007] Technology Node {nm)
=H B
B ZREE

B RHIEICKY . TRICKAIS—MMENNETILLE->TE TS,

OOV IIZEITEHYINIS—HEATELLY,
—SEILATLECDEREZ#ZR [T. Uemura, 2010] [T. Uemura, 2011]
m IR DREE

nREHEEN,

FUJITSU CONFIDENTIAL 16 Copyright 2008 FUJITSU LIMITED



SRAM®DY I Z— FUjiTSU

B AE)—A=(TEM

0.8 - -1.000
B MBUIZEMNER LA 4
_ ‘ = +0.1007%
—ECCOIS—HEIET %0_4- S
20 [N. Seifert, 06] % =
VN [ ——— 10,001
oo
g & 5 ¢ g
MBUXf R P2
. \ <
*IR Technology

B Column-MUX#z K ZE<7 %(interleaving)
- Word#g A K <7z Yperformancel& T
B Parityz1£+°>9 (ex. DEC-ECC)
- EAELEN. HE T HEM
—Narrow Deep-N-wellCHETE. JHEEHN. IR DA —/\—
Ny ELMBUZ R [T. Uemura, 2012]

FUJITSU CONFIDENTIAL 17



SRAM Circuit Structure FUJiTSU

\
ECC Logic /g
\

Sen§§ Seng_e Seng_e Column MUX
Amplifier Amplifier Amplifier (4column)
| l ' A
DO DO DO 2
— = D1 D1 5
5 0 L
: 3 |_|D2 D2 D2 3
39 b3 = 2 &
‘w 93] m‘w W (W@ w‘w ‘m‘w‘m‘w
[ L N — |\ || — |\ | |
O|l—= 1IN |W O |—|IN |W O |—= [N

NAN A AYAAA A AU A A
B Column-Decoder selects column-selection-line(D0~3).
B Column-MUX selects bit-line(BL0O~3)

B MBU means multi-error in SRAMs on same BL#.

FUJITSU CONFIDENTIAL 18



Mitigation Technique FUJITSU

Nbrmal Col-MUX BLA Col-MUX
DO GIJ dé
D1 d= 4=
D2 af— 4=
D3 4= =
BItLlne\ EEEEEEENERER FEEEEEEEpEEEE,

Narrow deep-N-well

Bit cell

iy

.‘*

« We put alternately Normal and BLA (Bit Line Alternate)
col-MUX.

 We put Narrow deep-N-well on each 4 columrl. [T. Uemura, 2012]

FUJITSU CONFIDENTIAL



Mitigation Technique (Mechanism) FUJITSU

P-well N-well P-well

Normal Col-MUX BLA Col-MUX ‘
BT BL1 B2 B B BLO | BL3 [WN:=TW2

P-well P-well

B N-well and P-well on the same word (e.g. BLO and BLO) on
the next col-MUX are not connected with each other.

[T. Uemura, 2012]
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Cross Section of SRAM FUJiTSU

One column of one bit cell

B \We have observed cross section with using SNDM
(Scanning Non-linear Dielectric Microscope).

[T. Uemura, 2012]
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Mitigation Efficiency FUJITSU

2 100 51.0V

G m1.2V

= 10 01.4V Neutron @NY(13cph/cm?)
LL, 01.6V | Alpha @ULA bump

0 1T 1 |

» In a 65nm IC

= 01 4 SRAM with ECC(4col-MUX)
% 0.01 B

2well 3well this work

B MBU rate reduction level of the order of 100x for the
proposed technigue can be expected.

B, e HEE NHE T, — A —/\—AyEHELY,

[T. Uemura, 2012]
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FUJITSU

HPCOY IJrIS—x%}5R

B D4—)LMZET 5 EDKELENE]

JA—ILh, I5—0RLEFE - BEARFTILTAORENVERITRILT
HWFEEH KT HIERHIIEK, [Ibe, 2011]

=
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Y—/IN\—DYVILIF—XfF FUjITSU

H |[BM system Z

mEEEE2EL., BEHFERZLEE(DMR) [IBM HP]
® Z10: R-Unit w ECC [C. K. Shum, 2008]

B Fujitsu PRIMEQUEST (Itanium)
® System mirrort##5(DMR) [Fujitsu HP]
mEERER . EEEICKHLCTIEIL, 2&E1t. parity check [H. Ando, 2008]
W S4EC-S4/8EDTS5—ETEEa—K MR, [H. Ando, 2008]
B 7RLRYIORNA—D2EL. AEY—I5—% [H. Ando, 2008]
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CPUDYVIrIT—Xxt%R FUfiTsu

B |IBM Power 6, PowerXCell

m ECC, Parity check + R-Unit + linstruction retry
— T 5—% 1/3400[K. Reick 2008]

HIBM BG/Q
® DICE [G. Chiu, 2011]
B AMD Hammer

B Machine check architecture, ECC(L1$ , L2%$&Tag), parity(L1Tag)
[S. Prejean, 2007]

B [ntel Xeon (Nehalem-EX~)
®m DEC-ECC#:H (Xeon E7) [J. Chang, 2009]
B |ntel ltanium (Tukwila~)

m 29, L3S, registerICECCHRF [E. Delano, 2008]
B DICEZ{# FH(Systeminterface99%, core33%) [E. Delano, 2008]
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ELTEDYVIFIS—xIER FUjiTSU
mEHENS—BLTELMEEEEHILTHISN T,

® Fujitsu FACOM230-75 (1973)

B Cache(Buffer memory)IZECC
B Hardware Instruction retry (parity prediction , residue check)

B RIIVFERITOTHAYIILT
BT RC KB EEIT
[FUJITSU, VOL. 25, No. 7, 1974]
B SPARC 64
W AE!)—: ECC, parity, parity+DMR
W Register: parity+ECC
B Hardware Instruction retry (parity prediction, residue check)

[H. Ando, 2003, 2008]
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Parity prediction FUJITSU

SR/ WFsFryo08s (1 oROSHYRBOLEE/NUFsEVRTO))

SPARCE4 Vil+VII NUFAESM T RIFER
D1 DROEIHBIEDT.
ey JWFsEvh CORTRRZELL
01010001 1 S01010001 13 ETER
: JF *01101000 1
00010111 0 '-‘.ﬂ'ﬂﬂiﬂll'l'l D._** T
‘---."-llni-'ﬂi‘-
F-STER/WFEMRE | DADMOTEINSRARR Wz o bt RGRRONA LN
IS—HHo]hE
EmRRTE AR ERRTiE
BARITRCRELTIDIIS—ERETED RITERIBMITIELL

BFF, LatchTEELE-YVIMNII—F T R THKH,
BIS—%BRHLI-GE. MR HEET
B FEZ 28 Tldresidue check [Fujitsu web]
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Dual Core

‘ Sphere of
@ § Redundancy

i
|
|

1] Collection

Lock-Step

=

Protec
T IVAEVLS

.

)
2

Fault

Control Unit

B HHEMRAIFLSIOEE MR ZEXS02626271

Temperature
j Voltage &
Clock

Monitoring

Memory &

Logic BIST

e oerayt
ey Wi
B e o e

o

% B

—IERICHBRT RIS TERZCIBTNBE,
B ASIL rank({E3814£ 5 0)TH 3. REREOLDICFOVIRATY

7(DMR, TMR)&E3R&H T3,

(e®)
FUJITSU

[Roche, 2010]
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HPC®Y 7 kT 5— i
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HPCDYI7+TS5—EF FUJiTSU

HEE DY I Z—FHi il AVE A Al e
B (Z&)V T 57— AT - xf SH% 7 O B 7T Bl R
http://www-visi.es.kit.ac.jp/SERconf/2011/1-1_uemura.pdf

BEICBERTANECL
B ORATLYAN)—ICEYIS—NERTELECANE L (P RTLYAN)IZXY
CPUMREIMERIIKREERIND)
B ERAEIYKRSLNorEFD)TECEERLAERT 22 LT BH THEE

B RSB~ T # THNIECPUICEERHRRENTZ D, (LB REL]
58 TEHEEIEL>ND)

B KRABELGA/NNAVIFTHE/THAZEN S, RERBENFETES-H. TDR
BODIZS—FEKRKDHDHIENTES,
- GFT(EE). S E. BEY(ER)
L
B Fitim. DFEYprocess fix9 ARIZERETMNEIBT HZENHY . b A RNEEHRD
TELVIKEE T, SERFEHIET AL EMNH D, F-LV\-LNDSERMEHE TE5simulation
tool MIHE,

B DR T L) AN (Instruction retry)z{# FHL7=FR M Logical De-rating® & H
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CPUME ST ER FUjiTSU

H |BM |ead‘protection
» [5F CHRATHER |
B o fREEEBHER THER(hot under-fill)

B 4 ER ST E BR (PowerXcell 8i)
@LANSCE

[D. Henderson, 2012]
[S. E. Michalak, 2011]

u AMD
m b4 FEESTEER@LANSCE
[S. Prejean, 2007]

 Fujitsu
m hEF RS ER@RCNP
[H. Ando, 2007]
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CPUHME ST e ER FUjiTSU

o)
FUJITSU

PRIMEPOWER
650

! Internal view of PW650 server
CPU module placement

Spallation
neutron beam

90nm Bulk CMOS, 10 Cu layers

18.46mm x 15.94mm
[2007 H. Ando, et al ]
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CPU(SPARC)IZHEITBYTRIT—D AN sy

Noticed Among
6.4% Noticed Errors

Error Detected Recovered

90% 76%
Vanished (5.8%) (4.9%)
93.6%

Fatal 24%

W 93.6% of estimated Latch flips were Vanished

B Noticed Errors were 6.4% = Derating factor = 0.064.
B Among Noticed Errors, 90% of them Detected

B Among Noticed Errors, 76% of them Recovered

B Only 1.5% of estimated latch flips resulted in Fatal errors
[2007 H. Ando, et al.]
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(o8
FUJITSU

PR E D S EIKRTF

B hEFREISEICEYVELD,

BEICEEDEVNEIAHICHERZRET ORI, SEKEFDFFE
(LR,

100 >
o) %
-] (qy)
- NASA model @ “3 S
— ®
j - |BM model % 2 >
= m |~ JEDEC < g
O 8 0 A‘Ao’ﬁ
C ! - D_ AA ’0..
9 AAA0=='-
= 10 AA'Q’Fl
) LAe®n"™
o adlegu®
c AA:‘:‘
© YLl
o) Yh
N g4t
© “S‘
- a
Z Th
-i
1 .- . ‘ |
0 1000 2000 3000 4000
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% FHRE DGR FujiTsu

B KOBE BNY
W 8.3cph/cm2(<10MeV) W 13cph/cm2(<10MeV)

Cosmic Radiation Dose Rate (uS\Wh) pan g Cosmic Radiation Dose Rate (uSVih)
20 6.0
[

[Google earth + JISCARD(by NIRS)]
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%0)150)‘??3’& A 'lE'd’%;r‘::b_I FUjiTSU

B ARF—AR—/LIRHBUEI R
ILE¥—)e, VUFL—AR T
BHEIRILE)DHEAE
NEIZKY MBLWLARTE
)L@Eﬁiﬁqﬂﬁ%ﬁ%féiﬂui

T%) — &75‘_]- ﬁb o
(¢) Hilo
s
x 10° -
L
S
510 =
@
=
0 50 100 150 200 O 50 100 150 200 O 50 100 150 200
Energy / MeV [R. TAKASU, 2007]
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HstpiEFIS v IR

h i TR 0D S rfsy

. —~-0 ——0.1251 -#-0251 -+~0375n [] PH|TS(JAEA)'{$§E*L‘F@ H—y “_zlg

Tt KEDWBEFRL, ETHLO

FHE Y DT EICRY RN R VT
o A 8E,

0.2 —— : _"Q"Zo;
- [T. Kato 2012]

zAEMiIE [em]

|

w muraaw |

i

&

)
|

P, ™
SPARCEA™ Wllifx \CPU

: - _ - ; (=1
e "—‘?-: :%: 3 = |
g 2. d‘ ﬁ 'L ) =, == = "_"é.:-' \ 1 '
et ’.p:? 2 - e -<- : = | 1
- 7 ' — FIZ CPU 5 4 iz, ICC 454 B> TOE T , I
‘g S e, [FUJITSU HP]

A
.'
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|

f

ETE&E,

DEE FUjiTsu

Projected Performance Development

10EFlop=

1 EFlaps - o " TOYRT—IL
R A1 R
TO0PFlops H il
10 PFlops H o #500
- Sum
1 PFlops H — # Trend
T Line
S 100 TFlops - =R — #500 Trend
E A Line
€ 10 TFlops - . — Sum Trend
[T r Line
o .
1 TFlops : i
100 GFlops J#= ’
10 GFlops - e 3
b >
R
1 GFlops i
100 MFlopz —F—7—"T"T"7T""T 7T T T T T T T T T T T T T T T T T [TOpSOO, June 2012]
=W WDk 00D — 0 e DD 00 O 000 s D D0 /00 M\
MO @m DOm0 000000 0 == == === = = —
Mmoo MmO o oMo oo oo oo oo cocococooolocopo
rrrrrrr Lt At O o o Y O Y I Y O Y o o O Y I Y I e I Y A e e N AU R |

B ITOHX7—)LHtop500IZ A>TLADIF2018~2019tE?
m Intel$2018FtEZ H$59 [L. Slaugen, 2011]
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L2% on SPARC processor

100
g 50MBd1=1)7?
(7))
@PhH «
N § 10
R
= 9
.g £
@)
T X 1
O <
o
)
5
[T. Uemura, 2012]
0.1 l l l 1
—_ N N N N DN
© (@) o o o O
© o o — S
(@) —_ o = o O

B SPARCORLURTRSESOMBD AT B E
B Intel£,50MB% 285 (22nm manycore) [L. Slaugen, 2011]

(o8
FUJITSU
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W B2 75 R T B B i FUjiTSU

IS S
~. Hours to run #1 in TOP500
35 e
K ~. At Exa-Scale
10 TYRTET B @ — Time [hours]
25
5.8 days

Sequoia /

® Hours /

=== ubic Ht .
10 /

Tianhe 1 /f
f?oadrunner A

ot A - R TR I i gl P A,
g o X X 4 L

- - - - - - - - Y~ T~ - S - - Y - - et g o st | 8
c E £ E E & E E €& EE EEEEEEEE - . .

B LINPACKD S EBBIZHUTEY . T/ Ry —IL Tl
5.8day(140hour) A E . [HPC Wire, 2012]

B EHTEBEEZHR>TLDED,
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W =E=4=ak|e FUjiTSU
B IUYRE—LORKOBHEGERE
B (S H B 1 D F= (< (LB B AL AS B (B B E )
B BG/QIZEEIZ~0.8V, 1.6GHz [G. Chiu, 2012]

50 CORE 301 SRAM . - ' 0.50
Vth=0.2 ) —coreVdd /Lo.as

45 -.—--memVdd il
25 ----coreVth L 0.40

“mem sub-Vth*, """ memVth

~ P
.. %
\_ =

. ~

~. o
g ~
~ -~

.

-0.35

F =Y
o

-0.30 =

Eneryg/Cycle(pJ)
N
o

(4 -
w00 core sub-Vth | s ! r0.25

Energy/Cycle(pJ)
w (7]
T\

| 8d 3200000 N N LT ] s “L0.20
Vth=0.35~0.5 ~ [
25 - d =10.15
] an Vth-04~05 T ———rrrrry T —
20 10 ' . ; . 1M 10M 100M
0.2 03 0.4 0.5 0.2 0.3 0 4 0 5 target frequency/Hz
vdd(V) vdd(V)

[B. Zhai, 2007]
YOI S—(IESLELEM?

m{EEEIE — SEU ratei&in
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