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Rising cost of leading edge HPC

Cray X-MP/48 (1984) ~$15M plus disks (~$35M in current dollars)
Blue Waters (2013) ~$226M

Collaboration of Oak Ridge, Argonne, and Lawrence Livermore (CORAL)
« LLNL and ORNL $325M (2014)
« Argonne $200M (2015)
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Rising cost of leading edge HPC =

National Supercomputer Center (Wuxi)
« Sunway TaihuLight, SW26010 (260C) + Custom

* 10.6M cores cores, 93 PF (HPL), 125 PF (peak), 15.4 MW
« 1.8B RMB (~$280M - building, hardware, software, ...)

« Two other major efforts (NUDT and Sugon)

Post K system

« 50X (capability) and100X (capacity)
« 30-40 MW, ARM v8 extensions

- 130B yen (~$1.29B)

PRACE

« Advanced computing access

HPC apps acceleration Post-K FX100 FX10 K computer
FMA: Floating-point multiply and add v v v v
Math. acceleration primitives* v Enhanced | v Enhanced v v
Inter-core barrier v v v v
Sector cache v’ Enhanced | v Enhanced v v
Hardware “prefetch” assist v Enhanced | v Enhanced v v

*Mathematical acceleration primitives include trigonometric functions, exponential functions, etc.
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James Hamilton's observation (circa 2010)

Monthly costs

M Servers

m Networking
Equipment

w Power Distribution
& Cooling

m Power

m Other Infrastructure

3yrserver & 10 yr infrastructure amortization
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Belady's tent servers

Five HP DL585s in a tent (2007-2008)

» Water dripped from the tent onto the rack

« A windstorm blew a section of the fence onto the rack
« An itinerant leaf was sucked onto the server fascia

There were zero failures ...

Led to a rethinking of psychometrics
« High temperature operation
 Air side economization

and energy consumption

[Clans | and Claan 2




Yeah, big is really BIG

RAID CONTROLLERS DONT
MAKE SENSE AT OUR SCALE;
BVERYTHING 1S5 REDUNDANT
AT HIGHER LEVELS. WHEN A
DRIVE. FAILS, WE JVST THROW
AlJAY THE WHOLE. MACHINE.

MACHINE? WE THROW
AWAY WHOLE. RACKS
AT A TIME.

YEAH, UHO
REPLACES
ONE SERVER?

gl

WE JUST REPLACE
LHOLE ROOMS AT
ONCE. AT OUR SCALE,
MESSING LJITH RACKS
mr ECONOMICAL.

UKEG)OGLE'

i

WE DONT HAVE SPRINKLERS
OR INERT GRS SYSTEMS.

WHEN A DATACENTER CATCHES
FIRE, LWEJUST ROPE IT OFF
AND REBUILD ONE TOLN OVER.

HP\KES SENSE.

T WONDER IF THE ROPE
15 REALLY NECESSARY.

it

http://xkcd.com/1737/
. and the rope Is an extra cost
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Shifting cost balance: NCSA@30




Blue Waters capital and operating expenses
Nominal five year lifetime

Operating
Expenses
40%

Capital
60%
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Endothermic and exothermic processes
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Infrastructure can make money, cost money, or break even

A Activation

Potential Energy

Energy

Reactants

Products

; \ Energy

------------- Absorbed

Reaction Progress
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Total cost of ownership (TCO)

TCO components

« Computing system

« Software (licenses, etc)

« Technical staff (operations, support, development)
« Energy and utilities (power, cooling)

* Physical plant

» Debt service and cost of money

» Depreciation (equipment, facilities)

Replacement cost

« Rarely included in academic/government TCO
models

« Essential in commercial TCO models
making fair comparisons more challenging

Commercial viability metrics
* NPV (net present value)
* IRR (internal rate of return

0

where

» (It is net cash flow during period ¢

« (J0 is the total initial investment cost
» 7is the discount rate (interest rate)

« zis the number of periods
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TOPS500 power consumption (top 10)
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Top Ten Exascale
Research Challenges

Top ten exascale challenges OE)

Strate gic

Computmg
Initiative

(NSCI)

Energy efficiency (circuits, power, cooling)
Interconnects (performance & energy efficient data movement)

Memory (capacity and bandwidth) g
System software (scalable, power and resilience aware) = '
Programming systems (massive parallelism, data locality, resilience)
Data management (data volume, velocity and diversity)

Algorithms (mathematical optimization and uncertainty quantification)
Resilience and correctness (faults, reproducibility, verification)
Scientific productivity (software engineering tools and environments)

http://science.energy.gov/~/media/ascr/ascac/pdf/meetings/20140210/Top10reportFEB14.pdf THE UNIVERSITY
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Abstraction and efficiency

100 picojoules can
Run a Cortex MO for 10 cycles

Send 5 bits across LPDDR4
Transmit 2 bits of UWB data
Transmit 0.02 bits over Bluetooth LE

Remember
1 KW is 3.6 megajoules

Write 1 bit of FLASH or 300 bits of SRAM or DRAN

Joule/year

Abstraction layers have been key to success ...

» Physics, logic, ISAs, operating systems, runtimes, libraries, applications
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« Opsl/joule drives specialization but software favors generality

... but may now be our albatross

Sources: ARM, SIA/SRC (Rebooting the IT Revolution)

World's energy production /

2015 2020 2025 2030 2035 2040 2045
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We need a conceptual breakthrough ...

Ecosystems in collision, driven by ops/joule and business models

» General purpose vs. accelerators
» Special purpose vs. radical alternatives
» Parts volume vs. margins and value add

NViDIA.

The serious action is at the two extremes ZNEE%A&

* Cloud data centers and exascale HPC
 Mobile and the Internet of Things (loT) ARM®

But the solutions are probably not the same
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Rebooting the IT Revolution:
A Call to Action

« Quantum computing and/or superconducting devices in data centers U

 Neuromorphic and analog in mobile devices

the National Science Foundation.

... and the best way is to try lots of things =y



Culture and economics

Industry

« Capital is cheap (look at interest rates)
« Labor is expensive
« ROI drives behavior

Academia and government
» Capital is expensive

« Labor is mostly cheap

« Other metrics drive success

To change the game, change the metrics ...
* Infrastructure, personnel, social and political

Put another way, where you draw the bounding box shapes the answer
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Follow the money and the users ...

Data
. Analytics

Mainstream
Computing
HPC

Enabling
< technologies

... or the money and the users may not follow _

THE UNIVERSITY
OF lowA

N\ 1A\



DIScussIon




