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s I Dimensions: Resource Domains

Basic Node

Communication

Accelerator

Storage 1/0

Host processors and memory

Cluster interconnect

GPU, et al.

Filesystem
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13 I Target: Dynamic Behavior

Explore using statistical Extend our work

comparison teChniqueS on  Intel’s Top-Down Microarchitecture
 Computation Analysis (TMA)

« Memory e Dynamic profiling

« Communication behavior e Roofline modeling




1o I Real and Proxy Applications

QMCPack

Quantum Monte Carlo code

material science to understand the
electronic structure of molecular and
solid state systems

> miniQMC

Quantum Monte Carlo code

comprises the important
computational kernels of its parent
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26 I Dynamic profiling

Understand if key kernels and functions implementing these kernels are

consistent across the two applications

kernels

Determinant update
Splines - SPO
Jastrow factors

Distance tables

Computationally intensive kernel
Memory intensive kernel
Computationally intensive kernel

Memory intensive kernel



27 | Kernel Percentages of Execution Time

. . Time Time
Kernel miniQMC 0 QMCPACK 0
% %
DiracDeterminant::acceptMove 57.8 | DiracDeterminantBase::acceptMove 49.3
DiracDeterminant::ratioGrad 6.2 DiracDeterminantBase::ratioGrad 7.7
Determinant MKL 5.2 DiracDeterminantBase::ratio 2.3
DiracDeterminant::ratio 4.7 MKL DiracDeterminantBase::evaluatelog 10.0
2.3
Sinele-Partic] einspline_spo::MultiBspline::evaluate_vgh 9.3 SPOSetBuilderFactory::createSPOSet 11.0
(I)ni'e-|a£g(c)e einspline_spo::MultiBspline::evaluate_v 1.2
rbital ( ) einspline_spo::MultiBspline::set 1.0
ParticleSet::makeMoveAndCheck 4.8 ParticleSet::makeMoveOnSphere 11.2
. ParticleSet::setActive 4.8 ParticleSet::makeMoveAndCheck 1.0
Distance .
DistanceTableAA::makeMoveOnSphere 3.2
TwoBodylastrowOrbital::BsplineFunctor::acceptMove | 1.4 TwoBodylastrowOrbital::BsplineFunctor::ratio 4.0
Two Body OneBodyJastrowOrbital::BsplineFunctor::ratioGrad | .5
Jastrow
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20 | Understand Behavior Similarity

Events are derived for Likwid, with more
Average per-core

Derived from events measured during the whole execution of each
application.
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Understand Behavior Similarity
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Cache Behavior Similarity

/ Cache Bandwidths (GB/sec)

B mMiniQMC - Determinant
B QMCPACK - Determinant

20 /
8 / / B miniQMC -Distance
wn
) QMCPACK - Distance

10 / B miniQMC -SPO
/ = QMCPACK - SPO
5 1 B miniQMC -Jastrow
0 - R B QMCPACK - Jastrow

L1L2 Total L1L2 Load L1L2 Evict L2L3 Total L2L3 Load L2L3 Evict
Cache Level and Data Type



Methodology

Define
Resource Roofline
Domain modeling
Dynamic
profiling

Measurement
and comparison

LDMS

-

Comparison of

bottlenecks

~

microarchitecture




s7 | Hardware-Level Bottlenecks using TMA

A user-defined criteria for analyzing a hotspot:: CPU Bound = Analyze
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s I TMA Level |

Boundedness Ratio
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s | TMA Level 2 — Backend Bound

Boundedness Ratio
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so I TMA Level 3 — Memory Bound

Backend Bound Level 3: Memory Bound
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Backend Bound Level 4: DRAM Bound
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Core Bound Level 3
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ss 1 TMA Level 4 — Port Utilization
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s 1 Is miniQMC a Good Proxy for QMCPACK?

Depends on how the proxy will be used
miniQMC is a good proxy for QMCPACK for certain cases
Does not faithfully model QMCPACK in every aspect

Good in term of:
> Whole-application level
o Hardware bottlenecks

> Kernel-only execution protiles
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Characteristic Good Proxy?
MPI Comm
Front-end Bound
Bad Speculation
Back-end Bound
Retiring

CPI Yellow

Characteristic Good Proxy? Characteristic Good Proxy?
Kernel Execution Profile Yellow Vectorization Yellow
Branch/insn Insn Mix

Branch miss/insn Yellow L1D/L2/LL.3 Cache MPKI

Branch miss/branch L1L2All BW

L2I.3Total& Evict BW L2I.3Load BW
CPU Roofline

PARTIALLY REPRESENTATIVE




56 1 Future Work

Examine alternative methods

Incorporate the work on the communication patterns by exploring pairs
with communication implementation

Explore more parent/proxy pairs
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