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Typical*Tradi)onal*Approach*
Background+on+AMR++
!  Refinement*levels*of*neighboring*blocks*differ*by*±1+
!  Refinement*structure*can*be*represented*using*a*quadPtree*(2D)/*octPtree*(3D)*

A*set*of*blocks*assigned*to*a*process*

Disadvantages+

Tree*metaPdata*replicated*on*each*process*
!  !(#"#$%&')*memory*perPprocess*
!  High*memory*footprint*
*

LevelPbyPlevel*restructuring*
!  ripple*propaga)on*
!  !(()*reduc)ons*

Does*not*allow*coarsening*of*
sibling*blocks*residing*on*
different*processors*

Memory*BoXleneck* Synchroniza)on*overheads*

Scalable*Approach*–*Basic*Design*

Basic*Design:*Promote*individual*block*as*firstPclass*en))es,*instead*of*a*process*

Block+Naming+
!  Bitvector*describing*path*from*root*to*

block’s*node*
!  One*bit*per*dimension*at*each*level*
!  Easy*to*compute*parent,*children,*siblings*

"  using*bit*manipula)on*

Block+acts+as+a+virtual+process+
!  overlap*of*computa)on*with*

communica)on*of*other*blocks*on*same*
physical*process*

!  Run*)me*handles*communica)on*
between*arbitrary*blocks*

Block+is+a+unit+of+algorithm+expression+
!  Simplifies*implementa)on*complexity*

Dynamic+placement+of+blocks+on+physical+
processes+
!  Facilitates*dynamic*load*balancing*
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Algorithmic*Benefits*
Typical+Tradi@onal+

Approach+
Charm+++Approach+

Memory+ !(#"#$%&')*per*
process*

!( ​#"#$%&'/+ )*per*
process*

Mesh*
Restructuring+

!(()*reduc)ons*≈'
!((​log ⁠+ )')me*

1*Quiescence*detec)on*
≈'!( ​log ⁠+ )*)me*

Synchronized* Highly*asynchronous*

Neighbor*
Lookup+

!(+)'data*structure** Hash*table*

!( ​log ⁠+ )*)me* !(1)*)me*

Implementa)on+ Complex* Simple,*sloc:*1300*for*
2D,*1600*for*3D*
Advec)on*

Advec)on*Benchmark*
!  First*order*upPwind*method*in*3D*
!  Advec)on*of*a*tracer*along*a*fluid*
*

Implementa)on*
Charm++*runP)me*system*
!  Custom*chare*arrays*
Dynamic*Load*Balancing*
!  Blocks*created*and*destroyed*as*

simula)on*progresses,*crea)ng*
load*imbalance*

!  Distributed*load*balancer*
!  Gossip*protocol*to*spread*

load*informa)on*+*
probabilis)c*transfer*of*load*

!  O(log*P)*space,*O(log*P*+*
#blocks/P)*)me*


