
Error$Analysis!
The!block!average!analysis!enables!to!

quan5fy! the! uncertainty! of! the!

microscopic! simula5ons,! that! can!

then!be!set!to!match!the!sensi5vity!of!

higher!level!simula5ons.!
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! To! es5mate! the! sensi5vity! of! the!

macroscopic!simula5ons!we!use!an!

analy5cal! response! of! the! finer!

level!with!a!Gaussian!noise.!

! The! size! and! length! of! the!

molecular! dynamics! microscopic!

simula5ons!is!set!accordingly,!with!

respect!to!the!poten5al!used.!!

ExMatEx$$
Exascale!compu5ng!presents!an!enormous!opportunity!for!solving!some!of!

today’s!most!pressing!problems,!including!clean!energy!produc5on,!nuclear!

reactor!life5me!extension,!and!nuclear!stockpile!aging.!At!their!core,!each!of!

these! problems! requires! the! predic5on! of! material! response! to! extreme!

environments.! Our! Center’s! objec5ve! is! to! establish! the! interrela5onship!

between! soGware! and! hardware! required! for! materials! simula5on! at! the!

exascale!while!developing!a!mul5physics!simula5on!framework!for!modeling!

materials!subjected!to!extreme!mechanical!and!radia5on!environments.!

Co0Design$and$a$Mul60Disciplinary$Approach$
CoHDesign! is! the! blurring! of! the! user! and! designer.! By! ensuring! that! the!

users! of! the! system! are! the! ones! designing! it,! the! quality! of! the! design!

increases!as!unnecessary! features!are!culled!and!the!researcher! is!able!to!

ensure!required!func5onality.!

!

This! summer! school! used! a! mul5Hdisciplinary! approach! consis5ng! of!

student! interns! trained! in! physics! and! computer! science! to! develop! a!

solu5on!of!the!problem!while!using!efficient!compu5ng!techniques.!

Heterogeneous$Mul60
Scale$Modeling$of$

Shockwave$Propaga6on$
in$Materials$

! Goal :! nonHosc i l latory! h ighH

resolu5on! scheme! for! twoH

d i m e n s i o n a l ! h y p e r b o l i c!

conserva5on! laws! to! simulate!

shockwave! propaga5on! in! the!

nonHlinear!response!regime!

! Method:! finite! volume! macro!

solver! models! the! evolu5on! in!

5me! and! space! of! a! coupled!

system!of!PDEs:!
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!  F i n i t e$ vo l ume :! c on se r ved!

proper5es! inside! a! cell,! fluxes!

through!the!surface!
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! Mul60Scale$ approach:! finite!

v o l ume! me t hod! c a l l s! MD!

simula5on! with! input! parameters!

strain! A,! momentum! density! q,!
and!energy!density!e.!The!stress!σ,!
and! the! energy! density! flux! j! is!
then!evaluated!on!the!microscopic!

level! and! is! given! back! to! the!

macro!solver.!

Run6me$and$Programming$Model$
Requirements:$
! No!Emphasis!on!Locality!

! Support!for!Distributed!Systems!

! Run5meHmanaged!Job!Scheduling!and!Load!Balancing!

! Resilience!
! Poten5al!for!High!Scalability!
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Fault$Tolerance$
As!we!approach!the!exascale!era,!system!faults!become!a!real!possibility.!

We!take!a!twoHpronged!approach!to!fault!tolerance:!

!

! Task$Level$
o  One!or!more!nodes!go!down,!but!simula5on!con5nues!

o  Failed!MD!simula5ons!are!restarted!on!remaining!nodes!

! Job$Level$
o  Enough!nodes!go!down!that!simula5on!stops!

o  Simula5on!state!saved!when!visualizing!output.!Can!recover!

from!saved!state!

Adap6ve$Mesh!
Mesh$coarsening!
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Our!first!level!of!adap5ve!mesh!uses!

a!fine!grid!everywhere!and!coarsen!it!

where! there! is! no! need! for! precise!

computa5on.! The! grid! is! leG! at! its!

ini5al! finest! where! the! shock! front!

passes,! and! is! coarsened! away! from!

the!shock!front.!
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$$$$$
Mesh$refinement$
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On!a!second!level!of!mesh!adap5vity,!

the! results! from! the! microscopic!

level! are! interpolated.! Microscopic!

simula5ons! are! spawned! where! the!

interpola5on! requires! more! data! to!

be! effec5ve.! This! grid! refining!

approach! considers! microscopic!

outputs! only,! allowing! numerical!

experiments! where! the! rela5on!

between! the! simula5on! levels! is!

unpredictable.!!!!

Comparison$of$Run6me$Performance$
For! performance! and! 5me! purposes,! we! chose! to! compare! the!

performance! of! a! tradi5onal! model,! Scioto,! and! a! less! tradi5onal!

framework,!Spark.!Both!achieved!similar!performance!
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All! benchmarks!were! run! for! 30! steps! at! the!macrosolver! level! on! LANL’s!

Darwin!Cluster!using!48!cores!per!node!with!visualiza5on!disabled!and!the!

number!of!grid!points!specified!in!the!graph.!Each!grid!point!contained!an!

MD! simula5on! with! 864! par5cles! that! converged! aGer! 1000! steps.! The!

described!Adap5ve!Mesh!Refinement!technique!was!used.!

Iden6fying$The$BoNlenecks$
We!developed!a!synthe5c!benchmark!with!OpenMP!to!iden5fy!where!our!

5me!would!best!be!spent!!

!

!

!

!

!

!

!

!

!

!

!

!

!

Clearly,!our!goal!is!to!maximize!parallelism!and!reduce!the!number!of!calls!

to!the!MD!simulator!while!maintaining!a!high!degree!of!accuracy.!

We!acknowledge! the!support!and!guidance!of!our!mentors,!Tim!Germann!and!Allen!

McPherson.! We! also! thank! Christoph! Junghans,! Jamal! MohdHYusof! and! Kipton! M.!

Barros!for!addi5onal!advisement.!Finally,!we!extend!our!gra5tude!to!Mike!McKerns!for!

his!assistance!in!using!the!Pathos!run5me.!
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⋅σ  = 0

ρ0∂te−∇x0
⋅ j   = 0

Run6me$ Developer$ Advantages$ Disadvantages$
Scioto! Ohio!State!

University!

Load!balances!asynchronous!tasks!

uses!Global!Arrays!for!PGAS!

Early!development!

Spark! AMPLab! Highly!resilient!framework!for!!

inHmemory!cloud!compu5ng!

Full!cluster!

compu5ng!system!

Swarm! ET!

Interna5onal!

Codelet!based!model!with!proven!

performance!

No!distributed!load!

balancing!

Pathos! Mike!

McKerns!

Uses!mapHreduce!to!distribute!tasks!

via!MPI!

High!overhead!

Toward!an!Exascale!Solu5on!for!Heterogeneous!

Mul5scale!Modeling!

Moving refinement window!

Macroscale!

Velocity!

Mesoscale!Microscale!

This!work!was!approved!for!unlimited!public!release!as!per!LAHURH13H25736!!

and!LAHURH13H25606!!

2D$Macrosolver$
Example! of! the! two! dimensional!

macro!solver,!with!two!shock!fronts!

evolving! through! the! system.! The!

picture!shows!the!total!strain!in!the!

simula5on! aGer! a! couple! of! 5me!

steps.!
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For! this! simple! example! of! 50x50!

grid!points,! the!Molecular!dynamics!

(CoMD)!has!to!be!called!2500!5mes.!!

In! order! to! compute! a! single! 5me!

step! at! macro! level,! we! need! to!

execute!this!opera5on!4!5mes.!


