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Brief History of Blue Waters
• 2007 – NSF Proposal and Award for a Broad use 

“leadership” computing system
• - Funding shared 2007-2019 NSF (~60%), University of 

Illinois (~25%) and State of Illinois (~15%) 
• Now NGA
• 2008-11 – “Co-Design”, Development, NPCF completion
• 2012 – Build, deploy, test BW 
• 2013 Q1 – Early Science Operations
• April 2013 to present – Full-Service Operations
• See annual reports for science accomplishments 

https://bluewaters.ncsa.illinois.edu/annual-report
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Cray XE6/XK7 - 288 Cabinets

XE6 Compute Nodes - 5,688 Blades – 22,636 Nodes –
362,240 FP (bulldozer) Cores – 724,480 Integer Cores

4 GB per FP core, 96 with 8GB/FP core

DSL
48 Nodes

Resource 
Manager (MOM)

64 Nodes

H2O Login 
4 Nodes

28 Import/Export
Nodes

Management Node

esServers Cabinets

XK7  GPU Nodes
1,056 Blades – 4,228 Nodes

33,792 FP Cores - 11,354,112 cuda cores 
– 4,228 K20X GPUs, 4 GB/96 w/ 8GB/core

Sonexion
25+ usable PB online storage

36 racks

BOOT
2 Nodes

SDB
2 Nodes

Network GW
8 Nodes

Reserved
74 Nodes

LNET Routers
582 Nodes

InfiniBand fabric
Boot RAID

Boot Cabinet

SMW 

40/100 Gb
Ethernet Switch

Gemini Fabric (HSN)

RSIP
12Nodes

NCSAnet
Supporting systems: LDAP, Portal, JIRA, Globus CA, Zeke, 

test systems, Accounts/Allocations, Wiki

Cyber Protection IDPS

NPCF

SCUBA

3CUG 2021

Total: 27,648 nodes
57,938 AMD Opteron processors

4228 NVIDIA K20X GPUs
201,568 DIMMs

17,712 2TB hard drives



AMD Processor Faults
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Processor Failure Replace or Reboot

1525 processor fault events, but only
140 confirmed failed processors



DIMM Faults
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Manufacturer Installed Failures Per Installed Model

Micron Technology 92160 574 0.62% DIMM 8GB MICRON PC3-12800
Samsung 51928 298 0.57% DIMM 8GB SAMSUNG PC3-12800
Hynix Semiconductor 57288 170 0.30% DIMM 8GB HYNIX PC3-12800
Qimondo 192 0 0.00% DIMM 4GB QIMONDA PC2-6400

Totals 201568 1042 0.52%

Memory row hammer events



GPU Faults by Month
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GPU Failure Causes

7CUG 2021

124

103

36 32

14 10 10 9 6 6 2 1 1
0

20

40

60

80

100

120

140

Xid 63 Page
 Retir

ement

Xid 48 Double Bit E
rro

r

CPU Proc
esso

r F
ailu

re

Xid 79 GPU O
ff B

us

HW
 Te

st 
Fa

ilu
re

GPU M
iss

ing

SW
 Perf

orm
an

ce

GPU Fa
ilu

re 
to

 re
se

t

I/O
 Rise

r

PCIe 
lin

k w
idth

 m
ism

atc
h

Xid 13 Gra
phics

 Eng
ine

 Er
ro

r

Xid 31 M
M

U Erro
r

Xid 43 Rese
t C

hannel

231

123

Maintenance Action

reboot

replace



Hard Drive Failures
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Failures Preempt Change of thresholds for drive preemption
• Replaced sectors >1000
• Uncorrected reads/writes >100
• Consistent slow response

Lifetime rate: 9.7 drives/month
Last three years: 11.1 drives/month
Last 12 months: 10.1 drives/month



Daily Node Interrupt Rate
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Lifetime rate: 2.0 nodes/day
Since 2016: 1.6 nodes/day
Last 12 months: 1.0 nodes/day



System Wide Interrupts
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Recent SWO causes include 
HSN, Boot Raid, and 
workload triggered Lustre
deadlocks.



Blue Waters Data is Available to Researchers!

• Blue Waters data is available for download via Globus.
• https://bluewaters.ncsa.illinois.edu/data-sets
• What is available:

• Collected metrics
• System Logs
• Torque accounting logs
• Darshan job data
• Lustre user experience I/O data

• Username, id, and project codes are anonymized.
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https://bluewaters.ncsa.illinois.edu/data-sets
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