Scaling FLOP/SYNC-intensive HP
Data Analytics (HPDA)

1. Need for end-to-end HPDA for CS&E
2. HPDA can be FLOPS/SYNC-intensive
3. Challenges:

algorithms

productivity
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1. End-to-end HPDA in CS&E

TRADITIONAL
Check-pointing
Sampling
Visualization
Data-assimilation
Trajectory analysis
3D/time correlations

END-TO-END

Uncertainty quantification
Coupled sampling
Adjoint-based assimilation
Pattern recognition
Model reduction
Streaming



2. FLOPS/SYNC-intensive HPDA

METHODS
Nearest-neighbors
Kernel methods
Logistic regression
Support vectors
Graphical models
Deep learning

now: hadoop, async stochastic gradient,

ALGORITHMS
Linear algebra
Optimization
Geometry
Sampling
Indexing/searching
Graphs/Trees

but: jacobi vs N-body



N-body methods

IS Gravity & Coulomb
S Waves & Scattering
S Fluids & Transport

Graphics
Machine learning
Kriging

Image analysis




[ ]
SCCI I I ng TACC's STAMPEDE 16 sandy bridge/ node

FLUIDS 12B / 3D ~300GB CLASSIFICATION 1B / 128D ~500GB

60 T

\ \ I [ I \ :
R Tree :
. [ Downward-Pass [] Comm 318 TFLOPYs | C—ISkel + LET . a3, 32% 3%
— ° s50{{CJuist+Eval | 530, ~ 45% _ g ] ]
Upward-Pass GFLOP/s 1 -~ B : : ;
3 1600 : : = :
re} . : : :
T L | S 40f : : z i .
) 556 GFLOP/s 4 - : : i : :
Q 0 g )
x 2 e —400 &, s _ |
5} I %) £
£ ® = =
+ Q
Q i
1+ 1200 &
&}
0 | | | \ 0 : ; : | :
1 4 16 64 256 1024
64 256 1024 4,096 16384 32,768
compute nodes— cores
ocoo00OCAOLO0O00D
P20 T T - N VA S N I A R
AQZ22LazZ2Rp222Z22J
333333 3331333323
A R T T R e
S F s s CSs s 85Ss585y
666 bLESEELGHEGEE
FZ7F31277 12177727
FPERIFETEETCECEFYRF
4897295997289 a4994F 7

Malhotra, Gholami, B.,SC’14  Best Student Paper Finalist

MarchVW, Yu C,B.etal,IPDPS |5 KDD’l5,SC’15



3 o C h q I I e n g eS productivity /reproducibility/performance gaps

Next generation HPDA algorithms

Large evolving design space o

Expanding complexity of Open{MP,CLACC}
. Pthreads, TBB
Algorithms / APls / Hardware CUDA/SSE/AVX
. PREFETCHING
No parallel machine model NVRAMS

Scheduling / Streaming FEEAS
End-to-end scalability

C++/MPI+X/BLAS/PETSc VS Java/Hadoop/SQL/SPARK




