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Preconditioned Conjugate Gradient Method How Robust are Scalable PCG Methods?

* Popular lterative method for solving sparse - By e Studied solver accuracy, performance with more complex preconditioners,
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* Blocking allreduce limits performance at
scale

* [Further slowdowns observed at scale

« Standard performance models do not

explain performance decreases

Analyzing Network Performance
Developed analysis tools using PAPI network performance counters
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_ _ Ay oA Blocking solver performance Non-blocking solvers generally High bandwidth coincides
P, : _ , decreases at higher node experience less congestion, with high congestion and a
What are Scalable PCG MethOdS " 200 Reration. 0 109 HOK 2K Cores T ook 70K counts. Non-blocking solvers while blocking solvers reach drop in performance,
avoid large slowdowns but peak congestion (1+ stalls per especially for blocking
still have slight slowdowns. byte) at 1k+ nodes solvers

« Can rearrange PCG to combine multiple allreduces and/or overlap
communication and computation
. Developed new PIPEZCG method gurded by performance results

Further pipelined methods have | | Obtained slight speedups for Significantly improved
reduced accuracy due to the black box BDDC and multigrid performance for 3-d finite
accumulation of rounding error preconditioners without element matrices with many
(Cools et al 2016) modification non-zeros per row

Improving PCG Communication

» Use technigues to reduce off-node messages, hop count, and
congestion to improve 3-d halo exchange communication costs
* Upcoming tests will optimize PCG solvers and use Cray Aries systems

Improving the Performance Model at Scale

* Developed analytic performance models that read information from actual
runs for network information and computation runtimes

» Produced accurate communication models on up to 1k nodes that can s Bloci — Noehware = Noderhvare
account for run-to-run performance variation

2 LIEtBEd ) n
wbion Loop

11 Merged VecOps

Runtime (s)
Runtime (s}
Runtime (s)

End Loop

Runtime (s)
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Hestenes and D’Azevedo Gropp 2010 Ghysels et al. 2014 Eller and Gropp 2016
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: L . _ oL 3 , S - Using eager over Node-aware communication Topology-aware and node-
* Rearranging methods adds initialization and vector dicted Fastest S e ‘ ' rendezvous protocol can (Gropp 2018) decreases off- aware methods reduce
operations overhead EERE Postal model: T = a + Bn Max-rate (Gropp 2016) Hops penalty: g:c"s"’e"nrgsfnzf:i%té‘i’jez"firr'ap node messages W(;‘”e topology- C?fngejﬂ"” SE 1 [ECuEing
« Compute vector ops element-wise to reduce overhead MMM a: Latency cost T =0+ Nggres Thops = Thop_tat M Mhops M i eXIENas No o 0| [of-node communication
 Call MPI_Test() or use progress threads to obtain B REE B: Bandwidth cost N/min(Boge:NeoresBeore) Models cost of varying J reduce message distance
— Prog Z vovovy vy Simple approach to modeling Updates postal model for message distances

effective overlap for non-blocking allreduce
 LogGOPS model suggests fastest solver transitions

from blocking to overlapped methods as cores
Increase and rows per core decrease

How do Scalable PCG Methods Perform?

Ran tests for 27-point Poisson on Blue Waters on up to 128k cores

e 3Weak Scaling Iteration Runtimes | 3 Scaling eedup : Congestion penalty: Synchronization penalty: Overlap comparison:
Y = Ngiais/Npytes Computes difference between Basic postal model provides

parallel communication limited off-node bandwidth

How do PCG Methods Perform in Applications?

* |nvestigating scalable Krylov solvers, performance analysis tools, and
performance optimizations within Nek5000 and Quda applications
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computational fluid

dynamics application

with unstructured grids

for CPU-based systems
* Quda Is a quantum

Teongest = Y N Neores Tstall computation for median and reasonable model for effective chro_moc_jynar_nrcs
3 ~ Teongest-hops = Teongest' Mhops max process since last sync overlap end poetal with penalties PIPECG scales better than PIPECG has reduced accuracy application V\rlth
: £ Models slowdown due to and adds to allreduce cost models inefiective overlap PCG in initial Nek5000 tests | | but more than meets desired structured grids for

network contention tolerance for initial Nek5000 tests| GPU-based systems

| Key Contributions Develops software tools to analyze performance variation and network
2K K O a0 TR0k K 0 20k Aok eok | sok 100k 120k 140k 0 20k 40k 60k 8Ok 100k 120k 140k * Thesis provides detalled analysis of performance issues limiting Krylov performance at scale

Vet sl s Sow Tnmoved) | | e ladang meioss et Network NoSe can calse solver performance at scale and_ provides guidance for improving * Develops performance models capable of eceountrng for deereased
performance and less performance | |further than blocking methods significant variation in performance focused around using a class of scalable Krylov solvers performance at scale and performance variation across multiple runs
variatt)ilon kacross Cr?rfr counts for for strong scaling tests runtime for blocking methods * Provides detailed performance analysis of non-blocking pipelined PCG « Will provide detailed study of wider range of non-blocking Krylov solvers
non-blocking methoas

solvers and develops new PIPE2CG method within Nek5000 and Quda for improving application performance at scale
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