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NASA,	
  SDC	
  in	
  Sea	
  
Salt	
  Aerosol	
  
CalculaDon	
  

•  Sea	
  Salt	
  
aerosol	
  is	
  
ploVed	
  from	
  
white	
  to	
  blue	
  
(mostly	
  
observable	
  in	
  
south	
  of	
  map)	
  

•  SDC	
  requiring	
  
expert	
  
knowledge	
  to	
  
idenDfy	
  

Courtesy	
  Tyler	
  Simon,	
  DOD,	
  from	
  collabora7on	
  with	
  NASA	
  while	
  at	
  UMD	
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B. Charge Deposition Density for Secondary Ions 
The frequencies of charge deposited at the boundary of the 
storage node by secondary ions are shown in Fig.5 for proton, 
alpha particle, heavier particles (atomic number is 10 or more) 
and total particles. Basically, there are no differences in the 
shape of spectra with generation with maximum deposition 
density of 110fC/Pm (not shown in Fig.4). This means that any 
device which can tolerate the density 110fC/Pm can be 
perfectly soft-error immune. Heavy ions cause high density 
(10-110fC/Pm) charge deposition but their frequencies are 
relatively low. Lighter particles (proton and alpha particle) play 
major roles for the deposition density below 10fC/Pm. 
 
 
 
 
 
 
 
 
 
 
 

C. Total Charge Deposited to Storage Node  
Figure 6 shows the spectra of the total charge deposited to the 
storage nodes for 22nm and 130nm SRAMs. When the 
deposited charge excess the critical charge, SER takes places. 
In contrast to the charge deposition density, there are 
differences among different generations. Maximum deposited 
charge decreases from 130nm SRAM (36fC) to 22nm SRAM 
(20fC), but the difference is not so large (16fC).  

By contrast, the soft error susceptibility improves only 
slightly when the critical charge increases from 5fC to 10fC for 
130nm, but the change in the critical charge of 1ψ2ψ㧠ψ
10fC improves the susceptibility by one order of magnitude for 
each step for 22nm SRAM. Proton and alpha particle play 
major role when the critical charge is low. This range in the 
deposited charge becomes narrower as scaling proceeds. 

D. Failed Bit Map (FBM) 
Figure 7 shows the distribution of failed bit map in the BL 

(perpendicular axis) and WL (vertical axis) address space when 
nuclear reaction takes place in the four bits near the origin for 
the data pattern CB. It is seen that the area densely affected 
drastically increases from 130nm (about 50x50 bits) to 22nm 
(about 500x500). This implies that making a statistics for MCU 
in neutron accelerated testing for 45-22 nm SRAM would 
become very painful or almost impossible task unless there is 
any ultra-high-speed automatic classification tool. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

E. Energy Dependency of SEU/MCU Cross Section 
SEU and MCU cross sections for each generation are shown 

as a function of neutron energy in Figs.8 and 9, respectively. 
As scaling proceeds, the contribution of neutrons with energy 

lower than 10MeV drastically increases due to increase in 
contribution of lighter particles as scaling proceeds. This 
implies that two essential changes may be needed in the 
standard methods including JESD89A to estimate SER from 
accelerator-based testing. Namely, 
(1) To include the contribution of neutrons with energy lower 
than 10MeV to avoid large error in SER estimation when the 
spallation neutron sources are used, and 
(2) The ordinary excitation function with saturated cross 
section should be modified to have a sharp peak at low neutron 
energy when the (quasi-) monoenergetic neutron sources are 
used. 
 

Table 3 Major Simulation Results for the Data Pattern all “1” 

Design rule MCUrati
o

MCU
maximum

size

Maximum bit
multiplicity

nm  per device per Mbit % ᾱᾸῃ bit

130 1 1 5.8 182 10
90 1.9 0.94 13.5 2790 15
65 3.1 0.77 18.2 110860 19
45 4.3 0.53 26.4 118665 42
32 5.8 0.36 37 1933244 53
22 6.7 0.21 42.6 1075296 174

SER (A.U)
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Fig. 5 Charge Deposition Density Spectrum 
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Fig. 6 Total Charge Deposition Spectra for 22nm and 130nm SRAMs
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Fig. 7 Failed Bit Maps for Each Generation with CB Pattern. 

Scaling	
  Effects	
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  Neutron-­‐Induced	
  SoD	
  Error	
  in	
  
SRAMs	
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  to	
  22nm	
  Process	
  –	
  Ibe-­‐san,	
  et.	
  al.,	
  Hitachi	
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•  As	
  feature	
  sizes	
  shrink	
  .	
  .	
  .	
  
•  Single	
  Cell	
  Upset	
  (SCU)	
  rate	
  is	
  

going	
  down.	
  
•  But,	
  MulD	
  Cell	
  Upset	
  (MCU)	
  

rate	
  is	
  increasing	
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Overall	
  failure	
  rate	
  per	
  node	
  
going	
  up	
  in	
  both	
  logic	
  and	
  
memory	
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These	
  early	
  GPUs	
  if	
  deployed	
  on	
  
Titan	
  -­‐>	
  40-­‐50	
  fail	
  stop	
  errors	
  per	
  

day!	
  
Luckily,	
  the	
  technology	
  has	
  

improved!	
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Titan,	
  K20	
  GPGPU	
  Errors	
  	
  
•  Massive	
  improvements	
  in	
  reliability	
  
•  Moonlight	
  -­‐>	
  Titan	
  =	
  30x	
  improvement	
  

–  1	
  error	
  /	
  day	
  -­‐>	
  1	
  error	
  /	
  day	
  
•  Titan	
  -­‐>	
  Exascale	
  ~=	
  30x	
  improvement	
  

–  1	
  error	
  /	
  day	
  -­‐>	
  1	
  error	
  /	
  day?	
  
–  Just	
  GPU	
  errors,	
  what	
  about	
  DRAM,	
  SRAM,	
  MCDRAM,	
  network,	
  storage,	
  .	
  .	
  .	
  ?	
  
–  Already	
  below	
  DOE’s	
  1	
  /	
  day	
  target!	
  

Understanding	
  GPU	
  Errors	
  on	
  Large-­‐scale	
  HPC	
  Systems	
  and	
  the	
  Implica7ons	
  for	
  System	
  Design	
  and	
  Opera7ons,	
  Devesh	
  Tiwari,	
  et.	
  al.,	
  HPCA	
  2015	
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Analy7cal	
  Reliability	
  Model	
  of	
  Die-­‐Stacked	
  DRAM	
  Protected	
  by	
  Error	
  Control	
  Code	
  
and	
  TSV	
  Fault	
  Tolerant	
  Coding	
  Technique	
  –	
  Matsumura,	
  et.	
  al.,	
  Hitachi,	
  SASIMI	
  2015	
  

•  MCDRAM	
  (3D	
  stacked	
  
memory)	
  

•  An	
  opportunity	
  to	
  study	
  new	
  
technology	
  on	
  Trinity	
  

channel architectures with SEC-DED code 
(MemCfg2-SECDED) or S4EC-D4ED code (MemCfg2- 
S4ECD4ED). 

1GB die-stacked memory module is assumed. The memory 
size parameters are listed in Table 2. The error rates assumed 
in this evaluation are listed in Table 3. The soft error rate was 
assumed to be 1,000 Fit/Mb [9]. The hard error rates were 
chosen on the basis of the previous work [7]. However, as far 
as we know, there is no report on the TSV error rate. 
Therefore, we assumed 0.014 Fit/TSV as an example. This 
means that the TSV error rate per channel is roughly 5 fit in 
the case of MemCfg1. In the case of MemCfg2, the number 
of TSVs is less than that of MemCfg1 due to sharing the 
TSVs. Because of this, the TSV error rate per channel is also 
less in MemCfg2 case. 
 The results of the MTTF evaluation are shown in Fig. 10. 
Here, MTTF is less than 100 hours when the system has more 
than 100,000 memory modules. This points to a serious 
reliability problem for the next generation of HPC systems 
because the next generation of HPC systems will have more 
than 100,000 memory modules. The sensitivity analysis 
results for the MemCfg1 are also shown in Fig. 11. Here, the 
bank and row errors have the strongest effect on MTTF. This 
is also the reason why MTTF is almost inversely proportional 
to the number of memory modules in Fig. 10. These results 
show that fault- or error-tolerant techniques for reducing the 
impact of these catastrophic errors will be essential to 
improving the reliability of future large-scale computer 
systems. 

V. Conclusion 

This paper mainly made three contributions. The first is the 
derivation of analytical reliability models for die-stacked 
DRAMs. Our models can be applied two types of die-stacked 
memory architecture, i.e., centralized channel and distributed 
channel architectures. Moreover, it was shown that a TSV 
error can be catastrophic in the case of a distributed channel 
architecture. The second contribution is the error control code 
technique to solve this problem. Our model considers this 
technique. Moreover, it can be extended to other architectures 
by systematically using the basic idea of hierarchical fault 
tree analysis. Finally, the reliability of future large-scale 
systems was evaluated using the derived model. One course 
of future study would be the development of error-tolerant 
techniques based on the detailed reliability analysis using the 
derived reliability model. 
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What	
  Level	
  of	
  Chipkill	
  is	
  Required?	
  

•  We	
  clearly	
  need	
  more	
  than	
  double	
  	
  
bit	
  error	
  protecDon	
  at	
  our	
  scale	
  

•  Most	
  DOE	
  systems	
  deploy	
  some	
  level	
  of	
  
Chipkill	
  error	
  correcDon	
  

•  What	
  if	
  we	
  build	
  an	
  exascale	
  system	
  out	
  of	
  
single	
  chipkill	
  correct	
  (like	
  Cielo	
  &	
  Titan)?	
  
– Results	
  of	
  analyDcal	
  model,	
  Monte	
  Carlo	
  
simulaDon	
  (250+	
  million	
  simulaDons),	
  all	
  fed	
  with	
  
failure	
  data	
  from	
  Jaguar	
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Single	
  Chipkill	
  Correct	
  is	
  not	
  enough	
  	
  

LA-UR-13-29085 

Study 1: Memory Error Rates of Exascale Systems 

!  What if an exascale system was built using only single chipkill correct? 

!  Conclusion: single chipkill correct not sufficient 

DOE Target of 24 hour 
application MTBF 

Analyzing	
  Reliability	
  of	
  Memory	
  Sub-­‐systems	
  with	
  Double-­‐chipkill	
  Detect/Correct,	
  Xun	
  Jian,	
  et.	
  al.,	
  PRDC	
  2013	
  

Nothing limits you like not knowing your limits  - Tom Hayes	
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  Detect/Correct,	
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  Jian,	
  et.	
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  2013	
  

LA-UR-13-29085 

Study 1: Memory Error Rates of Exascale Systems 

!  Double double-chipkill correct be good enough? 

!  Conclusion: double-chipkill correct sufficient for DUE target but if we 
reduce to double-chipkill detect, possibly not enough for SDC target 

Nothing limits you like not knowing your limits  - Tom Hayes	
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Double	
  Chipkill	
  Correct	
  Should	
  
be	
  Good	
  Enough	
  for	
  DOE	
  @	
  

Exascale	
  

Analyzing	
  Reliability	
  of	
  Memory	
  Sub-­‐systems	
  with	
  Double-­‐chipkill	
  Detect/Correct,	
  Xun	
  Jian,	
  et.	
  al.,	
  PRDC	
  2013	
  

LA-UR-13-29085 

Study 1: Memory Error Rates of Exascale Systems 

!  Double double-chipkill correct be good enough? 

!  Conclusion: double-chipkill correct sufficient for DUE target but if we 
reduce to double-chipkill detect, possibly not enough for SDC target 

Nothing limits you like not knowing your limits  - Tom Hayes	



Today,	
  there	
  is	
  essenDally	
  no	
  
market	
  for	
  double	
  chipkill.	
  

	
  
You	
  can	
  get	
  it,	
  but	
  it	
  requires	
  

lockstepping	
  which	
  reduces	
  the	
  
available	
  memory	
  bandwidth	
  in	
  half	
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Correctable	
  Errors	
  –	
  
Operator	
  Data	
  

•  Cielo	
  –	
  ~0.3	
  correctable	
  	
  
errors	
  /	
  min	
  

•  Hopper	
  –	
  ~1	
  correctable	
  	
  
error	
  /	
  min	
  

•  Titan	
  –	
  ~1.4	
  correctable	
  errors	
  /	
  min	
  
•  BlueWaters	
  (DSN2014)	
  –	
  ~4.2	
  correctable	
  
errors	
  /	
  min	
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Motherboard	
  1	
  .	
  .	
  N	
  

DIMM	
  1	
  

.	
  .	
  .	
   DRAM	
  DEVICE	
  
EX: Titan has 36 DRAM devices / DIMM (18 / side) 

Titan DIMMs have DRAM devices on both side 

DIMM	
  2	
  

.	
  .	
  .	
  

DIMM	
  N	
  

.	
  .	
  .	
  

.	
  .	
  .	
  EX: Titan has 4 DIMMs / host 

DRAM	
  DEVICE	
  

.	
  .	
  .	
  

DRAM	
  BANK	
  1	
  

DRAM	
  BANK	
  2	
  

DRAM	
  BANK	
  3	
  

DRAM	
  BANK	
  M	
  

EX: Titan has 8 DRAM banks / DRAM device 

DRAM	
  BANK	
  

Row	
  

Colum
n	
  

Node,Channel	
  
determines which DIMM 

ChipSelect,	
  Lane	
  
determines which DRAM 

device 

Bank	
  
determines which 

DRAM Bank 

Row	
  and	
  Column	
  
determines location of  
error on a DRAM bank 

Bit	
  
Refers to which DQ pins were 

signaled.  On Titan, there are 4  
pins (this is known as x4 or “by 

four”) (0,1,2,3) and all 
combinations (0,12,023,etc) are 
valid.  # of  integers = number of  

bits involved in the error 

host	
  
determines 
which host / 
motherboard 

EX: Titan has approximately 18,688 unique hosts / motherboards 
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Strong	
  CollaboraDon	
  is	
  Beneficial	
  to	
  
Both	
  ParDes	
  

•  We	
  can	
  benefit	
  from	
  collaboraDng	
  with	
  hardware	
  vendors	
  to	
  beVer	
  
understand	
  their	
  hardware	
  in	
  our	
  systems	
  

•  Many	
  hardware	
  errors	
  cannot	
  be	
  decoded	
  properly	
  without	
  vendor	
  
assistance	
  

•  CollaboraDon	
  with	
  AMD	
  –	
  Sudhanva	
  Gurumurthi	
  and	
  Vilas	
  
Sridharan	
  since	
  2012	
  
–  Many	
  DOE	
  collaborators	
  
–  Jaguar	
  @	
  ORNL	
  
–  Cielo	
  @	
  LANL	
  -­‐	
  ~24billion	
  DRAM	
  hours	
  –	
  years	
  of	
  system	
  data	
  
–  Hopper	
  @	
  NERSC	
  -­‐	
  ~22billion	
  DRAM	
  hours	
  
–  Titan	
  @	
  ORNL	
  (ongoing)	
  

•  I	
  share	
  externally	
  only	
  a	
  fracDon	
  of	
  what	
  we	
  discover	
  
•  DOE	
  is	
  good	
  at	
  protecDng	
  data	
  and	
  analysis	
  
•  Now	
  for	
  a	
  sampling	
  of	
  outcomes	
  of	
  collaboraDon	
  .	
  .	
  .	
  

Kurt	
  Ferreira
,	
  Jon	
  Stearley

	
  @	
  SNL	
  	
  

John	
  Shalf	
  

ChrisDan	
  Eng
elmann,	
  Devesh	
  

Tiwari	
  @	
  ORNL	
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Most	
  of	
  the	
  system	
  NEVER	
  
experiences	
  a	
  DRAM	
  error	
  

(a) Cielo DDR3 DRAM device fault rates per month (30-
day period); 23 billion DRAM hours total.

(b) Jaguar DDR2 DRAM device fault rates per month (30-
day period); 17.1 billion DRAM hours total.

Figure 2: DRAM device fault rates over time.

% Faulty DRAMs 0.038%
% Faulty DIMMs 1.32%
Fault Rate (FIT/Mbit) 0.044
Fault Rate (FIT/device) 40.33

Table 1: DRAM Fault Rates.

console logs. We use a similar methodology (based on fault
rates) for SRAM faults.

Because both Jaguar and Cielo include hardware scrub-
bers in DRAM, L2 and L3 caches, we can identify permanent
faults as those faults that survive a scrub operation. Thus,
we classify a fault as permanent when a device generates er-
ror messages in multiple scrub intervals, and transient when
it generates errors in only a single scrub interval. In Cielo,
the DRAM scrub interval is 24 hours, the L2 SRAM scrub
interval is 10 seconds, and the L3 SRAM scrub interval is
129 seconds.

6. DRAM FAULT RATES
In this section, we present data on aggregate DRAM fault

rates. We also examine the distribution of transient and
permanent faults, and the impact of vendor and device on
fault rates.

6.1 Aggregate Fault Rates
Table 1 shows aggregate fault rates for DRAM in Cielo,

including the fault rate per megabit and fraction of DRAMs
and DIMMs experiencing a fault. The table shows that
1.32% of DIMMs, and 0.04% of DRAM devices, experienced
a fault during the experiment. The calculated fault rate of
0.044 FIT/Mbit translates to one fault approximately every
11 hours across the Cielo system. These results are simi-
lar to fault rates and “corrected error incidence per DIMM”
reported by other field studies on DDR-2 DRAM [21][23].
This is important because it provides a data point show-
ing that DRAM fault rates are similar across at least two
technology generations.

Table 2 shows the fraction of nodes in Cielo and Jaguar
with zero, one, two, and three DRAM faults. Slightly more
than five percent of nodes on Jaguar experienced at least one
faulty DRAM during our measurement interval, versus just
under ten percent on Cielo, possibly due to altitude e↵ects

System 0 1 2 3
Cielo 90.07% 9.10% 0.75% 0.08%
Jaguar 94.07% 5.48% 0.39% 0.06%

Table 2: Percentage of hosts with 0, 1, 2, or 3 faulty
DRAMs.

(see Section 8.3). The table shows that, in both systems,
the number of hosts experiencing one, two, or three faulty
DRAMs decreases by roughly an order of magnitude at each
level, suggesting that faults are independent among DRAMs.

6.2 Fault Rates over Time
Figure 2(a) shows the total number of DRAM faults per

month (30-day period) in Cielo. We omit the first two
months of the data set because this would result in “over-
counting” permanent faults that developed between the be-
ginning of the system’s lifetime and the start of our mea-
surement interval. The figure shows that Cielo experienced
a declining rate of DRAM faults during our measurement
interval, matching results found by other studies that take
place towards the beginning of a system’s lifetime [23]. The
figure further shows that this declining total rate of faults
is comprised of an approximately constant rate of transient
faults and a rapidly declining rate of permanent faults (simi-
lar to the trend shown by Siddiqua et al. [22]). The crossover
point between permanent and transient faults occurs near
the tenth month of the data set, which represents the four-
teenth operational month of the Cielo system.
Figure 2(b) shows the same data for the Jaguar system.

This figure shows a similar declining trend in the permanent
fault rate of the DDR-2 DRAM in Jaguar. In Jaguar, we see
the crossover point between permanent and transient faults
near the eighth month of the data set, which represents the
seventeenth operational month of the Jaguar system.

6.3 Fault Rates by DRAM Vendor
Figure 3(a) shows the aggregate number of DIMM-hours

per DRAM vendor in Cielo during our observation period.
Our observation period consists of 3.14, 14.48, and 5.41
billion device-hours for DRAM vendors A, B, and C, re-
spectively. Therefore, we have enough operational hours on
each vendor to make statistically meaningful measurements
of each vendor’s fault rate.

•  Yet	
  because	
  of	
  our	
  scale,	
  error	
  rates	
  are	
  sDll	
  a	
  problem	
  
•  Memory	
  with	
  permanent	
  damage	
  needs	
  to	
  be	
  
removed	
  promptly	
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Over	
  Time,	
  Faulty	
  Hardware	
  is	
  
Weeded	
  Out	
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Schedule	
  Your	
  Jobs	
  at	
  the	
  BoVom	
  of	
  a	
  
Rack!	
  

•  ~10%	
  increase	
  in	
  SRAM	
  fault	
  rates	
  at	
  each	
  chassis	
  
level	
  

•  Temperature?	
  
•  Cosmic	
  radiaDon	
  shielding?	
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Feng	
  Shui	
  of	
  Supercomputer	
  Memory,	
  Vilas	
  Sridharan,	
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  2013	
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Not	
  all	
  DRAM	
  Vendors	
  are	
  Created	
  
Equal	
  

•  Study	
  your	
  failure	
  rates	
  by	
  vendor	
  
•  AlDtude	
  effects	
  are	
  real,	
  but	
  can	
  be	
  miDgated	
  
by	
  quality	
  error	
  protecDon	
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SRAM	
  Uncorrected	
  Errors	
  
•  The	
  majority	
  of	
  SRAM	
  DUEs	
  are	
  in	
  parity-­‐protected	
  
structures	
  

•  So	
  extending	
  ECC	
  to	
  these	
  structures	
  =	
  win	
  (more	
  on	
  
the	
  feasibility	
  of	
  this	
  later)	
  

•  But	
  that	
  won’t	
  “fix	
  it	
  all”	
  

Memory	
  Errors	
  in	
  Modern	
  Systems:	
  The	
  Good,	
  the	
  Bad,	
  and	
  the	
  
Ugly,	
  Vilas	
  Sridharan,	
  et.	
  al.,	
  ASPLOS	
  2015	
  



LA-­‐UR-­‐15-­‐23012	
  

DDR-­‐3/4	
  Improvements	
  are	
  Valuable	
  

•  Command	
  /	
  Address	
  parity	
  added	
  to	
  DDR-­‐3	
  to	
  
JEDEC	
  specificaDon	
  

•  Improves	
  system	
  reliability	
  

Memory	
  Errors	
  in	
  Modern	
  Systems:	
  The	
  Good,	
  the	
  Bad,	
  and	
  the	
  Ugly,	
  
Vilas	
  Sridharan,	
  et.	
  al.,	
  ASPLOS	
  2015	
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Accelerated	
  TesDng	
  Compares	
  
Favorably	
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Memory	
  Errors	
  in	
  Modern	
  Systems:	
  The	
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Is	
  the	
  Sky	
  Falling?	
  

•  Just	
  add	
  more	
  advanced	
  
error	
  protecDon	
  to	
  
circuits	
  

•  But	
  who	
  will	
  pay	
  for	
  it?	
  
•  Does	
  the	
  server	
  and	
  

commodity	
  market	
  need	
  
this	
  level	
  of	
  protecDon?	
  
–  Historically,	
  no	
  

•  So	
  while	
  we	
  COULD	
  
solve	
  this,	
  a	
  beVer	
  
quesDon	
  is	
  whether	
  we	
  
WILL.	
   Memory	
  Errors	
  in	
  Modern	
  Systems:	
  The	
  Good,	
  the	
  Bad,	
  and	
  the	
  Ugly,	
  Vilas	
  

Sridharan,	
  et.	
  al.,	
  ASPLOS	
  2015	
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Is	
  the	
  Sky	
  Falling?	
  

•  The	
  story	
  for	
  DRAM	
  is	
  
largely	
  the	
  same	
  

•  For	
  all	
  prospecDve	
  
system	
  sizes,	
  
uncorrectable	
  error	
  
rates	
  increase	
  

•  Note	
  projecDon	
  is	
  sDll	
  
~15x	
  -­‐	
  ~70x	
  (just	
  in	
  
DRAM	
  DUE	
  increases	
  
from	
  Cielo)	
  at	
  128PB	
  

•  Don’t	
  forget	
  to	
  add	
  
SRAM	
  DUE	
  

Memory	
  Errors	
  in	
  Modern	
  Systems:	
  The	
  Good,	
  the	
  Bad,	
  and	
  the	
  Ugly,	
  Vilas	
  
Sridharan,	
  et.	
  al.,	
  ASPLOS	
  2015	
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ApplicaDons	
  Need	
  Tools	
  to	
  
Understand	
  Their	
  Resiliency	
  

•  F-­‐SEFI	
  –	
  a	
  VM-­‐based	
  fault	
  injector	
  
•  University	
  collaborators:	
  Clemson	
  University,	
  Syracuse	
  University,	
  Coastal	
  

Carolina	
  University,	
  University	
  of	
  North	
  Carolina	
  
•  CLAMR	
  AMR	
  hydro	
  proxy	
  app	
  (LANL,	
  XCP,	
  Robert	
  Robey)	
  

–  Built	
  detecDon	
  and	
  correcDon	
  
	
  mechanisms	
  

Fault-­‐Free	
  

Fault	
  Injected	
  –	
  
CorrupDon,	
  but	
  detecDon	
  

and	
  correcDon	
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A	
  Controversial	
  
Claim:	
  Redux	
  

•  We	
  will	
  never	
  build	
  a	
  reliable	
  exascale	
  
computer	
  out	
  of	
  commodity	
  parts	
  
– Without	
  understanding	
  our	
  systems	
  
– Without	
  tools	
  to	
  build	
  resilient	
  applicaDons	
  

Jose-­‐Luis	
  Olivares/MIT	
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Takeaways	
  
小不忍则乱大谋	
  	
  

“A small leak will sink a great ship”  or 
“Lack of forbearance in small matters 

upsets great plans”	



•  We	
  need	
  double	
  chipkill	
  DRAM	
  for	
  exascale	
  
•  We	
  aren’t	
  going	
  to	
  get	
  it	
  via	
  cheap	
  market	
  forces	
  
•  We	
  aren’t	
  going	
  to	
  buy	
  it	
  
•  What	
  to	
  do?	
  
– Understand	
  with	
  clarity	
  

•  Research	
  in	
  collaboraDon	
  with	
  vendors	
  
–  Implement	
  with	
  clarity	
  

•  cross-­‐cuLng	
  research	
  and	
  work	
  with	
  architects	
  and	
  systems	
  
people	
  

•  cross-­‐cuLng	
  research	
  and	
  work	
  with	
  code	
  teams	
  and	
  users	
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Takeaways	
  

•  We	
  can	
  get	
  there	
  from	
  	
  
here,	
  but	
  not	
  without	
  	
  
understanding	
  where	
  	
  
we	
  are,	
  where	
  we	
  are	
  
going,	
  and	
  seLng	
  signposts	
  along	
  the	
  way	
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Data-­‐Driven	
  Decision	
  Making	
  in	
  
Resilience	
  

Nathan	
  DeBardeleben,	
  Ph.D.	
  
Los	
  Alamos	
  NaDonal	
  Laboratory	
  
High	
  Performance	
  CompuDng	
  

Ultrascale	
  Systems	
  Research	
  Center	
  Lead	
  

Uranium	
  emiLng	
  radiaDon	
  in	
  a	
  cloud	
  chamber	
  

http://sploid.gizmodo.com/watching-uranium-emit-radiation-inside-a-cloud-chamber-1689997373/!

Thank
	
  you	
  fo

r	
  your
	
  

aVenD
on!	
  


