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NERSC: Mission HPC for DOE Office of Science Research

el Ry Office of Largest funder of physical science
v ENERGY Science research in the U.S.
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NERSC by the Numbers

NERSC USERS ACROSS US AND WORLD o
§to C5t3 NERSC has been acknowledged in
ates, ountries . - - -
Washington D.C. 5,829 refereed scientific publications &

& Puerto Rico

high profile journals since 2020
e Nature [32]

~1 0’000 Annual Users from ~ 8 Institutions + National Labs e Nature Communications [116]
e Proceedings of the National Academy of Sciences

i g A o
4’ 4’ AN o e Science [21]

329 19%  159% a— — | e e Nature family of journals [232]
Sdme TR sl 29% ;J/ e Monthly Notices of the Royal Astronomical Society
’ﬁ\ P | T R [248]

0 8% ol 0% o~ N e Physical Review B : Condensed Matter and
s e fRfl o i Materials Physics [206]

e Physical Review D : Particles, Fields, Gravitation,
and Cosmology [200]
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NERSC Systems Roadmap =

| | Beyond
NERSC-9: Perimutter | Exa system
NESAP Expanded Accelerating end-to-end
NERSC-8: Cori Simulation, Learning & ‘t’:?:;\kr]::;‘:;y“i,:t':egra tion
Manvcore CPU Data: Continued transition
NES XP Launched: of applications and
transition applications to ‘s’vl:)r:ﬁﬁgtv;gr complex
NERSC-7: Edison | advanced architectures 2030+
Multicore CPU 2026
2016 2020
2013
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NERSC Systems Roadmap

Perlinifo.. NERSC-11:

Beyond
NERSC-9: Perimutter | Exa system
) nodes NESAP Workflows:
Accelerating end-to-en
NERSC-8: Cori Simulation, Lefjrning & ‘t’:?:;\kr]::;‘:;y“i,:t':egratio
Manvcore CPU Data: Continuey transition
NESAP Launchec: of applications A
transition applications to ‘s’vl:)r:ﬁﬁgtwgr COMPREX
NERSC-7: Edison | advanced architectures 2030+
Multicore CPU
2016 2021
2013
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NERSC-10 RFP is on the Street !
e RFP released 13th March S
e Responses due 23rd April

e Delivery
o 4QCY2026

“I can give you hyperbole, some spin, a little rhetoric,
but, no, no comment.”




NERSC Systems Roadmap S

Perlradfe: . * NERSC-11:
ki
; Beyond
NERSC-10: aore
NERSC-9: Perimutter Exa system
CPU and GPU nodes RES,?P V:’_°rkf'°‘gst= ’
NESPEganded [ ccseratng endtoen
-8 i imulation, Learning : :
IUIEI? ?:c():rea Cglc.l) fl Data: Continued transition technology integration 2030+
NES XP Launched: of applications and
transition applications to :,,%?Eﬁ:‘;:r gamplox 2026
advanced architectures
2020
2016 *
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NERSC Systems + Facilities Roadmap \

NERSC-11:
Beyond
NERSC-9: Perlmutter | Exa system

NESAP Expanded Accelerating end-to-end
workflows with

Q. i Simulation, Learning & 1 .
NERSC-3: Cori Data: Continued transition :gﬁhﬁ\‘,’v'f gy integration

RlnEag Xg (I).:mccﬁg d: of applications and
transition applications to mﬁﬁmr Eolp e ¢ Facility
NERSCJ; Edison | advanced architectures SMalor Facillty 2026 Upgrade2 2030+
Multicore CPU 5020 Povwer Upgrade (+10 MVA) '&
2016 (12.5 MVA) water-efficient
' cooling
2013 & NERSC Relocation from Oakland to Wang Hall
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What is Thermal Design Power (TDP)?

e Maximum power a computer chip, 7
such as a CPU or GPU, can use in "M

Watts
o 100 -1000 W range

e Can also have
o Node TDP - sum of the max power of
each component in a node
m KW
o Machine TDP - sum of the max power
of each component in a machine
= MW
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Perlmutter - HPE Cray EX System Based AMD Milan CPUs and
NVIDIAA100 GPUs

e 1792 GPU accelerated nodes with 1x Milan
CPU and 4x NVIDIA A100 GPUs;

e 3072 CPU nodes with 2x AMD Milan CPUs;

e Slingshot 11 interconnect

e 35 PB all Flash Lustre file system

Thermal Design Power (TDP)

CPU GPU CPU GPU System e Cray power monitoring (PM) counters

Socket Socket Node Node
and NVIDIA DCGM - nodes
280W | 400W | 823W | 2340W  6.9MW e Modbus - cabinets, substations

Power measurement sources:

Office of
Scnence
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Question 1

How much power does Perimutter use?
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System Power Timeline For Perlmutter
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Perlmutter System Power Usage Fluctuates Significantly and is
Much Lower than TDP, Particularly for the GPU Partition

TDP = 6.9 MW

N SV )
1 1 1

Power (MW)

(@]
L

L

This work focuses on the GPU partition.
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The Difference Between the Average and Peak Power Distribution
Indicates Significant Power Fluctuations During Job Runs
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e Peak broad,

and extends

3.0 I
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Question 2

Why is the system power significantly below
the TDP?

Not because the utilization is low !
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GPU Applications Have Distinct Power Profiles and the Four
GPUs Consume Most Power on the Node

BGW-Sigma MILC-Spectrum
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Per GPU Microbenchmark Power Usage

TDP

Floating point
bound with
random inputs
runs at TDP
Memory
bandwidth bound

considerably

Power Per GPU (Watts)
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Per GPU Microbenchmark Power Usage

TDP

e |nput data
effects power
usage !

Power Per GPU (Watts)

400
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0
Idle Memory Flops Flops
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Power (kW)

Power per Node (W)

Power Fluctuations within XGC Application on Perlmutter

250
200 4 ; e The application ran on
- _ ’ 224 nodes for over 2
AL | ANV RLIpY WU hours.
100 +H
_ ‘ ‘ e Power timeline
e [ L D characterized by fast
o4 = - 60 o e power spikes up to
Time (minutes) 125 kW
1250 A Power distribution
among nodes shows
1000 7 load Imbalance.
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Maijority of Applications Use Less Power than STREAM
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Summary

e System power draw is consistently below TDP
o TDP is increasingly a useless metric

e Average Application power on Perimutter
o is consistently below what would be expected if it was purely
compute or memory bound

o can vary significantly during the course of a run.
m Many reasons why - Control flow from GPU<->CPU, MPI, disk 1I/O,

e Application power is not only dependent on the algorithm

also depends in numerical inputs
o Implications for iterative solvers - and for power predictions !

Office of
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What does this Mean for the HPC Community?

e Need to develop power projection methodologies
o Highly likely NERSC-11 RFP will ask for this!

e Research into power management is abundant and
iIncreasingly urgent. Potential strategies include:
o power-aware scheduling,
o coarse- and fine-grained power capping,
o frequency throttling

e HPC center operators should provide vendors with power
usage data - Need system designs that reflect production
mode average power in addition to TDP
o Lets get rid of TDP as a metric!
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Questions?
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