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Extreme Big Data Examples
Large-scale Graphs Al / Machine Learning
Graph500: Deep Learning Training:
v" New benchmark for Big Data processing on supercomputers ¥ 96 GPUs are used for a single DNN model in ImageNet dataset using
v' 0.45 sec for a Kronecker graph w/ 1 trillion vertices and a hode-distributed asynchronous machine learning implementation
16 tr|II|on edges using 82, 944 nodes, 663,552 processes v' 1146 GPUs are used in Total for the training
= - v Reaching 1 Tflops (SFP) per GPU for the cost derlvatlve parts
alpattem Recognt::althcare and Life Sciences ~ | | AIST AAIC
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<~ *  ABCI AI-IDC
~ ~8.4P Al-Flops
Towards HPC and Big Data Convergence Motivation: 130 P Al-Flops~
v Dropping available memory capacity per core for achieving v" How to utilize many-core environments for accelerating
efficient bandwidth by increasing in parallelism, Extreme Big Data applications, such as Large-scale Graphs, Al, etc.
heterogeneity, density of processors, e.g.) Multi-core CPUs, *  How to overcome memory capacity limitation?
Many-core accelerator, Post-Moore Era . HO|W to o?ffload bandwidth oblivious operations onto low throughput memory
. . volumesr
v'  Deeping Memory/Storage Architectures, such as NVM (Non-
Volatile Memory), SCM (Storage Class Memory), e.g. Flash,
MCDRAMM, PCM, STT-MRAM, ReRAM, HMC, etc.
Out-of-core BFS for Graph500 Scalable Large-scale Sorting
Direction Optimizing BFS Search [Beamer : :
sc12] *Effectiveness of large-scale sorting on supercomputers w/
/T‘_’pﬂdOW” (CO”Ve"iO"a'aprgfjaCh) Sotiom-up \\ massive amounts of throughput processors remains unclear
ei ors . rl' P ,Q Unvisited vertices
el [ switching ’ Sourge -9 N v' What operations are accelerated or bottlenecked by GPUs in large-scale sorting
ﬁ " Neighbors NUMA-optlmlzed . . . .
Delting wplem;.ntgti:gom v Handling data overflow on hierarchical memory volumes may also be required
: . asui BigData
W\ Tomter heveksynchronized BES__Fronte . Based on sample sorting, offloading the most time-consuming local
Proposed Techniquels> - /"1 /Dld/i::.::wo sort onto GPUs and network communications
/DRAM N 5 E E‘m § 1| = —
y 4 BFS CSR Graph ] [ e e e
NVM Status | | w/ High Degree 2l i i _unsorted
' Optimized data between placement oot spittere T local sort ) “ [ GPU }
\ _ CSR Graph w/ Low Degree / using vertex sorting 240 m sorted
Experiment 258410 8:;"??'2?555?532?/ § : _select s_IDIItters _>
CPU Intel Xeon E5-2690v2 X 2 0 1212 - data transfer )
DRAM 256 GB 2 | - oo i-t-\i- N
NVM EBD-1/0O 4TB (2TB X 2) —_— ] SE+09 merge )
Data | KMAT Graph w/ Edge factor 16  ccmen | scateso scatest  scaiess T rociessis (25 roiesis §r no%e) g
(GraphSOO) B DRAM-only HDRAM+NVM i i i
Weak Scaling on K20X-based TSUBAME?2.5
MapReduce for Scalable Supercomputers | e 8 paee Rank Application —
for RMAT Graph (Graph500 - Iga Edges/sec on S
A Software Framework for Large-scale Supercomputers w/ ' raph (Graph300) bt e e
Many-core.AcceIerators and Bu.rst Buffer NVMs 25 _ 2% vertices, 27— 2% edges per
v' Abstraction for deep memory hierarchy, e.g., GPU, CPU, NVM 3000 compute node
o . _ . —0—1CPU (S23 per node)
. \?Vbjelft Or:.ented (C-I]-.B)OO GPU ~ Rank 0  Rank1 Rank n S 2500 77 -n-;ggﬁs(?;;p;rngs:;) The size of graph exceeds
calescaling over > | (G | S| ezorusisasperrade the total GPU memory capacity
*  Out-of-core GPU data management =9 #=3GPUs ($24 per node)
e  Optimized data formats € % 1500
c o
for many-core accelerators "\ £ 2.10x Speedup
5 SN 2= (3 GPU vs 2CPU)
S & 500 ]
How to apply similar techniques U i — e o e O 0 | | Performance improvement
for many-core environments oeicGR | [ HSDU ) emcpy 0 500 1000 i i
Y — (H20. D2+) Number of Compute Nodes by sorting, prefix-sum,

data-parallel operations
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