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Background



Eight Decades of Production Weapons
Computing to Keep the Nation Safe
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Different Labs have different Mission Focus

Coupled

All labs work in all
3D Weapons Perf| quadrants but

3D Full Weapons\ LANL mission
Performance focus is here

Seismic, massive graph
analytics, and maybe
emerging DL?

Irregular

How many sites
dedicate 2 of a
premier machine to a
single problem for >
7/months for a result
(PB dram/10k nodes

™ Concept courtesy Giri Chukkapalli for most of a year!)

émerging/Hot Market

3D UQ (uncertainty Quantification) — many small simpler 3D weapons sims to generate statistically significant
variance analysis - 1000’s of TB sized 3D runs of size and complexity (each - roughly state of the art in 2004)




Current Site Info



Trinity — the current NNSA work horse
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GOT MACHINES!

Fire: Penguin, 1390 teraflop/s

Ice: Penguin, 1390 teraflop/s
Cyclone: Penguin 1390 teraflop/s
Viewmaster3: HPE, Visualization
Thunder: Cray 167 node Arm TX-2

Trinity and Burst Buffer credited for enabling solution to Moon: Appro 1600 systems testbed

decades old weapons issue that would not run on Cielo [ SUUCTIIRESMC N VS .
or Sequoia (1/4-1/2 machine for 7 months!) Chicoma: HPE Olympus (Shasta) 3000 teraflops **NEW*
Badger: Penguin, 450 teraflop/s

Kodiak: Penguin GPU, 1806 teraflop/s

Snow: Penguin, 464 teraflop/s
X Haswe" and KN L Trinitite: Cray Haswell/KNL 384 teraflop/s
Capulin: Cray 175 node Arm TX-2
y 20!000 NOdes Moonlight: Appro, 488 teraflop/s open sys testbed
1 . Lightshow: Appro, Visualization
= M | I I |On'|Sh cores Darwin: test bed for apps on architectures

. 2 PByte DRAM Ising: Dwave going to 5000 qubits
-4 PByte NAND Burst Buffer ~ 4 Tbyte/sec
* 100 Pbyte Scratch CMR Disk File system ~1.2 Tbyte/sec

* 60PB Sitewide SMR Disk Campaign Store (50 Gbyte/sec
currently, Tiered Erasure Protected)

- 80 PByte Sitewide Parallel Tape Archive ~ 3 Gbyte/sec



Simple View of our Computing Environment
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Tiers of Storage

Trinity Crossroads

Memory Memory

Burst Buffer

Parallel File System Parallel File System
(PFS)

Campaign Storage

Archive Archive

 We don’t want tiers but economically we must

 We HATE policy driven tiering — treat everyone equally badly doesn’t work
for a site that clearly has more important much larger/longer running
work/users

« Our Campaign storage is working well and is extremely reliable with tiered
erasure and much encoding and performs well



Crossroads
NNSA/ASC ATS-3



Crossroads Focus

Coupled
Complexity
LY

ty
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---Complex

3D Weapons Perf
Concentrate

3D Full Weapons\ Crossroads
Performance Here
Seismic, massive graph
analytics, and maybe
emerging DL?

Sparse /

'> Irregular
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Crossroads V2 — RFP methodology (first step toward

efficient computing direction for 3D Weapons Perf)

. Minimum memory, max power/cooling/space
. Best value for Weapons Performance type Calculations
. NO FLOPS requirement specified in RFP!

. SSI (mini apps representing workload and workflow information about apps) (baseline
and vendor modified mini apps)

. Most work through the system in its lifetime at LANL for lowest price wins

. Concentrate on:

. Performance efficiency — The achieved performance of the application once enabled on the
proposed platform.

. Measure: improvement over previous platforms.

. Workflow efficiency — The efficiency that a complete NNSA workflow executes on the
proposed platform.

. Measure: predicted number of workflows that can be done in a platform’s life
. Porting efficiency — Large gains for each code/alg change

. Measure: scale/types of changes vendor makes to supplied mini-apps and the
implications on overall code.



Flops or SSI (for Weapons Performance and other
complex 3D/multi resolution/link scale/physics apps)

ISO S Increasing SSI SSI opt, Peak Flops
Peak flops not necessarily good for workloads
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Crossroads Tiers of Storage

Cielo Trinity
Memory Memory
Burst Buffer

Parallel File System
(PFS)

Parallel File System
(PFS)

Campaign Storage

Diagram
courtesy of
John Bent

EMC

« Campaign working very well - moving to be our prima

Crossroads

Memory

|IOPS/BW Tier/PFS

Capacity Tier

Archive
|

ry capacity tier

« Economic allow move to flash only PFS on Crossroads

« Workflow driven staging between tiers/other storage

- We are contemplating moving the Archive from HPSS
erasured tape) *** future ***

to Marchive (MarFS



Crossroads Timeline

Crossroads Acceptance

~ Secure Production

Complete Delivery oct3
\ \
Ql
Q1 Q2 Q3 Q4 2022 Q2 Q3 Q4
A
Today
O —
Excellence
(e W
Infrastructure 78 o .
Project (CIP) Project Comp!eebtle8
Volume Parts
Mar 15
Build / 05/13 - 06/30 F Delivery
Install B Acceptance
44 days
Transition to Secure ([

20 days

System Readiness L2
ASC Sep9

Milestones Production Readiness L2

Dec 23




Future Planning

30X on our hardest problems to enable human learning!



Focus for the future

ATS-1:Trinity(LANL/SNL) .

ATS-2: Sierra (LLNL) -

Acceptance

ATS-3: Crossroads (LANL/SNL) Plan

NRE
ATS-4: El Capitan (LLNL)

Use

Retire

Coupled
Complexity

3D Weapons Perf

\ This is an
3D Full Weapons unsolved problem
' F?erforma'nce even beyond
Seismic, massive graph C d
analytics, and maybe rossroads

emerging DL?

Irregular

: Concept courtesy Giri Chukkapalli :
Emerging/Hot Market




Our hardest and most important problem is to
transform the study of the most complex systems

Learning and
optimization are ~__

= prohibitively slow g ATEAEED
- KT, ¢
= P AR Prepare
3 | ) B
(7)) months A
2 ot unexplored
) 8 ) '
=
N
(@)
o
-
minutes
. Concept courtesy
Complexity of Problem Jason Pruet

These problems map least well to past and current computing architectures:
coupled complexity and sparse / irregular (the dreaded upper right hand corner)



Architecture guided apps Or
Apps Guided Architectures — our Crossroads RFP
Experience would indicate the latter is right for LANL

Nearly Unlimited Flops -Tailored Architectures

-Enabled by Application Trends ‘Enabled by Manufacturing Trends

Arm Custom
Instructions

- Massively - Tailored

data parallel processing

- Leverage hot - Leverage 3D

application integration

trends (AlI/ML) - Leverage
chip/chiplet
manufacturing == oo qovoU

Package substrate BGA

«These paths have very different implications for security and industry.

» Affordable 2.5D/3D integration/tailoring possible game changer
— Licensable IP (like Arm) is now somewhat affordable

 Massive potentially leverageable industry directions
— Smart Nic direct from cpu/gpu
— Smart Storage (NVME computational storage) direct from cpu/gpu



Systems path to >30X - pull technology into use

Crossroads ATS 5 ATS 7
Production ATS workloads Larger machine than Production

(Begin the saga to more efficient Crossroads, production ATS ATS
computing on Weapons Performance) Codelworkflow changes workloads

. . where necessary Exceed 30X
Next Generation Stepping Stone Major step toward 30X on on light house

LANL Inst use Al, ML, SIM most demanding simulation apps

LANL ASC use SIM, Al, ML workloads employing fruits Deploy next
Testbed future tech codesign / of codesign / collaboration / gen DL
collaborations to guide 2026-2027 tailoring for sparse irregular (sparse /
Might contain mid life kicker for Icoupled complexity complex)

glimpsing into the future Demo sparse/complex Al/ DL

| 2031-2032 l

2022/2023 2026-2027



Co-Design?

Today’s Co-design Tomorrows Co-design

Co-design’! team
membership:

Co-design? team

membership:
Science
App/Alg

e Science
» App/Alg
e (CS Abstractions

CS Abstractions

Software to Hardware

Really more portability abstraction: Hardware

Flexsi, Kokkos, Raja, to ease
mapping to various architectures Hardware is not a given, it has to
change to meat the algorithms needs

Full Co-design science to hardware with crosscuts to look for
common hardware customization opportunity

Co-design? team

Co-design? team

. , look for
membership: membership: common
Science Science opportunity
App/Alg App/Alg
CS Abstractions CS Abstractions CS common

Software to Hardware
Hardware

Software to Hardware WAV 1lle)
Hardware HW common




Like minded HPC technology producers/consumers banding together
Architectures Guided Apps » Apps Guided Architectures

I'HE UNIVERSITY OF

CHICAGO

a Hewlett Packard Enterprise company

ol Mellanox

‘ TECHNOLOGIES

Efficient Mission Centric Computing Consortium
EMC3




EMC: Areas of Interest

* Networking  Mapping Algorithms/Methods to
— Next Gen Network Requirements/Design architectures
— Apps/computing/programmability in network .

Processor/Memory Complex
« Balanced Application focused
» Power requirements

 1/0 & Storage futures
— Data protection at extremes
— Computation near storage

o : « Scaling
— Data motion innovation
* Resilient Computing « Benchmarking and Simulation of
— Characterization/prediction Systeums o
e Hi i » Use of Benchmarks/Simulation
gllgsl;tlelrne;formance Data Analytics against codes to achieve balanced
y forward progress
— Performance benchmarks/measurement of
HPDA systems « System SW
 Inexact computing « Next Gen Systems mgmt.
— Characterization for exploration (boot/launch/manage/etc.)
« HPC Environments » Leveraging container tech
— Launch, Run Time, Monitoring, Tools « Application of ML/DL/Al to HPC
iInnovation

ATS3 ATS5 Ongoing



Thanks!
Join us In
seeking
backwards to
efficient
mission
computing

ATV % .HIGH

PERFORIMANCE
o "COMPUTING

Ultra-Scale Systems The Efficient Mission Centric
Research Center Computing Consortium



