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Jens Domke

Why do we need scientific benchmarking?
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¸The ñCambrian explosionò was just the start!  (50+ in this fig.)

Source:

Albert Reuther, et al.

ñSurvey of Machine

Learning Acceleratorsò, 

2020
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Why do we need scientific benchmarking?
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¸ Increase on almost all fronts:

¸ Specialized chips in phones, FPGAs in Intel/AMD CPUs, é

¸ Number of programming languages (Rust, Julia, é) and 

paradigms (CUDA, HIP, oneAPI, Kokkos, RAJA, é)

¸ New workloads: containerization, DL/ML, big data, workload-

chaining, X-as-a-Service, etc.

¸ New topologies: HyperX, Slimfly, Dragonfly, Megafly, é

Č How to make sense of it all? (and fast)

Č How to determine best ñarchitectureò for a workload?

Č How to fairly compare different approaches/solutions?
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What does ”Performance” mean in the 

context of HPC and computing in general?
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1) Correct functionality ?

2) High throughput ?

3) Short response times ?

4) Good reliability ?

5) Short development cycle ?

6) Time-to-solution ?

7) Energy efficiency ?

8) Slides-per-minute of this Wahibôstalk ?
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What does ”Performance” mean in the 

context of HPC and computing in general?
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¸Answer depends on

¸ Goal

¸ Metric

Č Initial tasks of any performance study:

¸ Define both (goal and metric)

Energy Throughput

Speed
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CPU Performance in Supercomputing is 

influenced by “internal factors”
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CPU perf. influencing factors:

¸ñPeak performanceò and core freq.

¸Number of floating point units (FPUs)

¸Number of integer units (ALUs)

¸Any feature of micro architecture,

(e.g. branch predictors, out-of-order,

pipeline depth, etc.)

¸Bandwidth and latency to caches
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… and “external factors”
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¸Number of memory controller

¸ Interconnect (on-chip and off-chip)

¸Power and cooling capability

¸System environment

(e.g. OS noise, shared resources,

batch system, failure probability)  

¸Human factors

¸Software development skills 
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Good Performance Metrics are Easy to 

Measure and Communicate

8

¸Floating-point operations per second (flop/s; not FLOPS)

¸Other popular metrics

Linear? (but itôs a rate)
ƈ 2x metric == 2x performance

Reliable? (ignores Int Ops)
ƈ metric(A)>metric(B) Č perf(A)>perf(B)

Repeatable? (mostly)
ƈ same result every time

Easy? (CPU counter and time)
ƈ to understand and communicate

Consistent? (external factors)
ƈ same def. across various systems

Independent? (dep. on benchmark)
ƈ no outside influence

response time throughput bandwidth utilization

mean time 
between 

failures (MTBF)

supportable 
load

speedup
scalability 

(weak/strong)
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Evaluation Methodology and their Tradeoffs 
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¸Analytical modeling

J limited resource requirements; fast (in theory)

L rarely accurate; simplified assumptions

¸Computer simulation

Jpossible without system; no interference; explore variations

L infeasible for large systems; very slow; semi-accurate

¸Real measurement

Jmost convincing; fast; can be very accurate

Lhigh costs; not very flexible; outside interference
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How to compare multiple system config.?

10

¸Task: design a computational node

¸Factors to be studied:

¸ 3x CPU selection: Processor A, B, C

¸ 3x Memory sizes: 4 GiB, 8 GiB, 16 GiB

¸ 3x Workload: Administrative, Creative,

Scientific Apps

¸ 3x Operating Systems: Windows, Linux,

Mac OS

¸Metrics: Aggregated response time, price
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Experiment Design defines the combinations 
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¸Experiment Design specifies:

¸ the number of experiments

¸ the factor/level combinations

¸ the number of replications of each experiment

Č In workstation example: 3 x 3 x 3 x 3 = 81 experiments

Č With 5 replications we have to perform >400 observations

Č Very labor intensive and time consuming!
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Simple Design: Evaluate factor by factor...
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¸Start with typical configuration and vary one factor at a time

¸Given k factors with the i-th factor having ni levels, requires 

only n experiments:

¸Advantages:

¸ Reduces the #experiments slightly

¸Disadvantages:

¸ Does not make the best use of the effort spent

¸ Interacting factors are ignored Č can result in wrong concl.

 

n=1+ (ni-1)
i=1

k

ä
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Full Factorial Designs test every combination 

13

¸Uses every possible combination at all levels of all factors 

which requires n experiments, where:

¸ In workstation example: 3 CPUs x 3 Memory sizes x 3 

workloads x 3 operating systems = 81 experiments

¸Advantage:

¸ Every factor combination Č includes their interaction

¸Disadvantage:

¸ High cost (time/labor/money); Too many experiments; Secondary 

factors (e.g. memory size) with zero/little influence on performance

 

n= ni

i=1

k

Ô
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¸Goal: reduce the number of experiments

¸Reduce the number of factor levels

¸ Just two levels Č requires 2k experiments: very popular and called 2k design

¸ In workstation example: Start with 24 = 16 experiments.

¸ After factor reduction one can try more levels if effects can be observed for the 

initial two levels

¸Other example:

Full factorial 34

exp. Ą corresp.

34-2 fractional   Č

design

# Experiment CPU Level Memory Level Workload Level OS

1 Cheapest 2 GB Administrative Linux

2 Cheapest 4 GB Scientific Mac OS X

3 Cheapest 16 GB Creative Windows

4 Best price/perf. 2 GB Scientific Windows

5 Best price/perf. 4 GB Creative Linux

6 Best price/perf. 16 GB Administrative Mac OS X

7 Most expensive 2 GB Creative Mac OS X

8 Most expensive 4 GB Administrative Windows

9 Most expensive 16 GB Scientific Linux

Fractional Factorial Design ignore some combi.

14
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Fractional Factorial Designs are less accurate
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¸Advantages:

¸ Fractional factorial designs save time and cost

¸Disadvantages:

¸ Some effects of interactions are mixed (however: sometimes, 

certain interactions are known to be negligible)

¸ Information less accurate than from a full design

¸Use “Analysis of Variance” to explain influence of factors

Č Separates total variation observed in set of measurements into:

¸ Variation (1) due to real differences in alternatives

¸ Variation (2) due to errors 
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Analyze and interpret data
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¸ Aim of performance analysis:  Help in decision making (analysis results 

which cannot be understood by decision makers are worthless)

¸ Results need to presented and clearly and simply as possible

¸ Prudent use of words, pictures, and graphs

¸ Common and specialized graphic charts: 

¸ line charts, bar charts, pie chars and histograms

¸ Gantt & timeline charts, Kiviat graphs, Treemaps

¸ Reasons for graphical presentation:

¸ A picture is worth a thousand words (if well designed)

¸ Saves readersôtime and is more concisely

¸ Easier to grasp the main points of the study

¸ Clarify a point, underline a conclusion, and summarize the study
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Analyze and interpret data
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¸ The variable type determines the type of graphic chart to be used, e.g.

¸ Line chart: Shows the relationship of two continuous variables

¸ Bar chart: Qualitative variable on x-axis quantitative on y-axis

¸ Pie Chart: Slices represent qualitative variables; is normalized

¸ Guidelines:

¸ Minimum effort to understand

¸ Minimum reading effort

¸ Maximum information at minimum ink

¸ Use commonly accepted practices

¸ Avoid Ambiguity

¸ Use colors (but consider color blind)

¸ Split high-dim. data (no 3D in pdf L)

¸ Do NOT use Pictorial Games to

over-/underrepresent results in your 

favor (e.g. non-0 y-axis; log-scale, é)
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10-Step Scientific Benchmarking in Theory
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1. State benchmark goal
(latency, throughput, energy efficiency, é)

i. Define boundaries
(internal / external influences)

2. List services & outcomes
(workload input data set, DB queries)

3. Select metric
(speedup, Gflop/s, accuracy, availability, é)

4. Select factors to study
(parameters to be varied during evaluation)

5. Select evaluation technique
(analytical modeling, simulation, measurement)

6. Select workload
(appropriately sized for the experiment)

7. Design experiment for max.

information w/ min effort
(scripts, timings, allocation, version control, é)

8. Analyze and interpret data
(consider the variability, use statistics)

9. Document process and 

present results
(communication, easy understanding)

10. Improve your methodology
(learn from your and others mistakes to do 

better next time)
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“Scientific benchmarking is more art than science due to the 

various constraints you will face along the way.”

Scientific Benchmarking in Practice

19
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Example: TokyoTech’s TSUBAME2-modding

New TSUBAME3 ïHPE/SGI ICE XA But still had 42 racks of T2é

20

Full Bisection Bandwidth

Intel OPA Interconnect. 4 ports/node

Full Bisection / 432 Terabits/s bidirectional

~x2 BW of entire Internet backbone traffic

DDN Storage

(Lustre FS 15.9PB+Home 45TB)

540x Compute Nodes SGI ICE XA + New Blade

Intel Xeon CPUx2 + NVIDIA Pascal GPUx4 (NV-Link)

256GB memory 2TB Intel NVMe SSD

47.2 AI-Petaflops, 12.1 Petaflops

Full Operations 

since Aug. 2017

Results of a successful

HPE – TokyoTech R&D 

collaboration to build a 

HyperX proof-of-concept

Fat-Trees
are boring!
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Recap: Characteristics of HyperX Topology

¸ Base structure

¸ Direct topology (vs. indirect Fat-Tree)

¸ n-dim. integer lattice (d1,…,dn)

¸ Fully connected in each dimension

¸ Advantages (over Fat-Tree)

¸ Reduced HW cost (less AOC

and switches) for similar perf.

¸ Lower latency when scaling up

¸ Fits rack-based packaging scheme

¸ Only needs 50% bisection BW to provide

100% throughput for uniform random

¸ Buté (theoretically)

¸ Requires adaptive routing

21

a) 1D HyperX
with d 1 = 4

b) 2D (4x4) HyperX w/ 32 nodes

c) 3D ( XxYxZ) HyperX

d) Indirect 2 - level Fat -Tree
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Plan A – A.k.a.: Young and naïve J

¸ Scale down #compute nodes
Č 1280 CN and keep 1st IB rail as FT

¸ Build 2nd rail with 12x10 2D HyperX

distributed over 2 rooms

¸ Theoretical Challenges

¸ Finite amount/length of IB AOC

¸ Cannot remove inter-room AOC

22

Fighting the Spaghetti Monster

¸ 4 gen. of AOC  Č mess under floor

¸ ñOnlyò å900 extracted cables from

1st room using cheap students labor

Still, too few cables, time, & moneyé

Plan A   Č Plan B !
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Plan B – Downsizing to 12x8 HyperX in 1 Room

For 12x8 HyperX need:

¸ Add 5th + 6th IB switch to rack

Č remove 1 chassis

Č 7 nodes per SW

¸ Rest of Plan A mostly same

¸ 24 racks (of 42 T2 racks)

¸ 96 QDR switches (+ 1st rail)

¸ 1536 IB cables (720 AOC)

¸ 672 compute nodes

¸ 57% bisection bandwidth 

¸ +1 management rack

23

Full marathon worth of IB and
ethernet cablesre-deployed

Multiple tons of
equipment moved around

1st rail (Fat-Tree) maintenance

Full 12x8 HyperX constructed

And much more ʐ
- PXE / diskless env ready
- Spare AOC under the floor
- BIOS batteries exchanged

Č First large-scale 2.7 Pflop/s (DP)
HyperX installation in the world!Rack:

front

Rack:
back

Re-wire 1 room with HyperX 
topology
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Missing Adaptive Routing and Perf. Implications

¸ TSUBAME2ôs older gen. of QDR IB hardware

has no adaptive routing  L

¸ HyperX with static/minimum routing suffers

from limited path diversity per dimension

Č results in high congestion and

low (effective) bisection BW

¸ Our example: 1 rack (28 cn) of T2

¸ Fat-Tree >3x theor. bisection BW

¸ Measured 2.26GiB/s (FT; ~2.7x)

vs. 0.84GiB/s for HyperX

24

Measured BW in mpiGraph for 28 NodesHyperX
intra -rack
cabling

Mitigation 

Strategies?

??
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Option 2 – Non-minimal, Pattern-aware Routing

Idea (Part 1): enforcing non-minimal routing for higher

path diversity (not universally possible with IB)

(+ Part 2) while integrating traffic-pattern and

comm.-demand awareness to emulate adaptive

and congestion-aware routing

¸ Pattern-Aware Routing for hyperX (PARX)

¸ ñSplitò our 2D HyperX into 4 quadrants

¸ Assign 4 “virtual LIDs”per port (IBôs LMC)

¸ Smart link removal and path calculation

¸ Optimize static routing for process-locality and know

comm. matrix and balance ñusefulò paths across links:

¸ Basis: DFSSSP and SAR (IPDPSô11 and SCô16 papers)

¸ Needs support by MPI/comm. layer

¸ Set LIDi
dest based on msg. size (lat: short; BW: long)

25

Quadrants

Forced 
detours

Minimum 
paths
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Methodology – 1:1 Comp. to 3-level Fat-Tree

¸ Comparison as fair as possible of 672-node 3-level Fat-Tree and 2D HyperX

¸ NICs of 1st and 2nd rail even on same CPU socket

¸ Given our HW limitations (few ñbadò links disabled)

¸ 2 topologies: Fat-Tree   vs.   HyperX

¸ 3 placements: linear   |   clustered   |   random

¸ 4 routing algo.:   ftree |   (DF)SSSP  |    PARX

¸ 5 combinations:  FT+ftree+linear (baseline)   vs.   FT+SSSP+cluster vs.

HX+DFSSSP+linear vs.  HX+DFSSSP+random vs.  HX+PARX+cluster

¸ éand many benchmarks and applications  (all with 1 ppn):

¸ Solo/capability runs:  10 trials;  #cn: 7,14,…,672  (or pow2);  conf. for weak-scaling

¸ Capacity evaluation:  3 hours;  14 applications (32/56 cn);  98.8% system util.

26
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MPI – Netgauge’s eBB Benchmark

¸ Similar results for   effective bisection BW (with 1MiB msg. payload)

¸ HyperX+DFSSSP+linear: intra-rack BW issue

¸ Longer/more paths as enabled by PARX

alleviates perf. drop (Ą indicates theor.

benefits when getting HX with AR)

¸ Similar to PARX vs. minimal routing in

intra-rack case, cf. 28-cn mpiGraph BM

FT+ftree+linear

Intra -Rack throughput for HyperX:
DFSSSP           vs.         PARX routing

27
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Realistic Workloads – Procurement-/Proxy-Apps 

¸ Subset of HPC workloads; reporting

kernel/solver times (no pre-/post proc.)

¸ Almost no noticeable difference (all

within ϳ1% rel. gains) when switching

Fat-Tree Ą HyperX for some apps

¸ SWFFT: PARX best option for HyperX

(pattern-aware?) and only option to scale

to 512 nodes (all 10 in 233s; see ñ+Infò) 

¸ mVMC: HyperX/DFSSSP(/linear) shows lowest

performance variability

Č PARX overall less ñbadò cf. raw MPI BMs

(proxy-apps only ≈20% on avg. in MPI)

Č No severe issues J é but AR is desired
28

a) AMG

b) SWFFT

c) mVMC
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Capacity Evaluations – Multi-Job Throughput

¸ More realistic scenario for most

HPC centers  (multi-job exec.)

¸ Metric: #runs in 3h on shared

network (job alloc. fix w/ hostfile)

¸ Unexpected: HX beats FT/ft/lin.

by 12.7% (DF/lin.) and 3% (PARX)

¸ MILC negatively affected by

inter-job interferences (but linear

alloc. on HX best among all 5)

¸ Linear vs. random vs. PARX:

Interferences have worse effect than

bottlenecks in theoretical bisection BW?

29
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And sometimes it’s not a solo effort…

Tokyo Tech (GSIC)

Prof. S. Matsuoka Prof. T. Endo

Jens Domke Tomoya Yuki

Akihiro Nomura Shinichi Miura

HPE

Mike Vildibill Nicolas Dubé

Nic McDonald John Kim

Takao Hatazaki Dennis L. Floyd

Kuang-Yi  Wu Kevin Leigh

≥ 40  Tokyo Tech Student (and

other) Volunteers

Nagashio, Shibuya, Aizawa, Takai, Ito,

Oshino, Numata, Masukawa, Iijima, 

Minematsu, Muto, Oosawa, Yui, 

Hamaguchi, Asako, Fukaishi, Ivanov, 

Mateusz, Tam, Kitada, Ueno, Katase, 

Numata, Tsushima, Fukuda, Suzuki, 

Sena, Takahashi, Okada, Endo, Baba, 

Harada, Sogame, Higashi, Wahib, 

Alex, Artur, Bofang, Haoyu, 

Matsumura, Tsuchikawa, Yashima

Funded by & in collab. with Hewlett Packard Enterprise,
and supported by Fujitsu, JSPS KAKENHI, and JSP CREST
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BLAS / GEMM utilization in HPC Applications
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¸ Analyzed various data sources:

¸ Historical data from K computer: only 53,4% of node-hours (in FY18) were consumed by 

applications which had GEMM functions in the symbol table

¸ Library dependencies: only 9% of Spack packages have direct BLAS lib

dependency (51.5% have indirect dependency)

¸ TensorCore benefit for DL: up to 7.6x speedup for MLperf kernels

¸ GEMM utilization in HPC: sampled across 77 HPC benchmarks (ECP proxy,

RIKEN fiber, TOP500, SPEC CPU/OMP/MPI) and measured/profiled via

Score-P and Vtune

J. Domke et al. "Matrix Engines for High Performance Computing: 

A Paragon of Performance or Grasping at Straws?" 
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Estimated Benefit by MEs for HPC Centers

32

¸ Thought experiment: Assume we

have/had GEMM units in past or

future systems.

¸ Known: node-hour by domain

¸ Sample application with

highest BLAS utilization

¸ Estimate the node-hour

reduction assuming different

speedup by ME (2xï8x is

realistic dep. on precision)

¸ Future system includes 20%

DL workloads, other science

domains ~10% each

¸ Results w/ ideal conditions + 4x ME speedup: 5.3% less on K, 10.8% @ANL, 23.8% future system

Č HPC can utilize MEs when they come for free, but it’s no magic bullet as for DL workloads

Č Explore more/other alternatives for Fugaku-next!
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¸ Issue: unexpected advantage of Xeon vs. A64FX in PolyBench

¸ Performance portability (x86ĄA64FX) not easy to achieve

¸ Testing >100 Kernels and HPC

Workloads on Fugaku

¸ Three compilers and

five variations

(2x Fujitsu,

2x LLVM12,

& GNU10)

“Silver bullet” compiler choice for A64FX?

33
J. Domke "A64FX – Your Compiler You 

Must Decide!" 
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“Better benchmarks, metrics, automation, and validation are 

the key to successful Co-Design and sustainable HPC.”

Scientific Benchmarking in the Future

34
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Don’t write Benchmarks unless you have to!

35

¸ Your boss:Hey, whatôs the triad bandwidth on the new Intel Xeon?

¸ Naive you:Give me a sec, Iôll checké
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Don’t write Benchmarks unless you have to!

36

NEC SX-6
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If you must, then use MUST (and other tools)

37

www.openmp.org/resources/openmp

-compilers-tools/#tools

or

www.vi-hps.org/tools/tools.html

¸ MPI & OpenMP programming is error prone

¸ Portability errors (just on some systems, just for some runs)

¸ Bugs may manifest as:

¸ Crash or hanging  JČ Why crashing/hanging?

¸ Finishes                 LČ Is my result correct?

¸ Try other compiler, library, system, …

¸ Try correctness

checker and

validation tools Č

such as MUST

https://www.openmp.org/resources/openmp-compilers-tools/#tools
https://www.vi-hps.org/tools/tools.html
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Benchmarking & Co-Design for Future
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¸ Superseding current proxy-apps: Octopodes

¸ Downsides w/ Fiber/proxy-apps (s. Fugaku R&D)

¸ On-going collaboration / brainstorming phase

with DOE labs (position paper release in Apr.ô22)

¸ Set of highly-parameterizable, easily-amendable,

MOTIF-like problem representations

¸ Common “language” between HPC users,

system operators, co-designers, and vendors

to describe the to-be-solved scientific problems:

What needs to be computed, and how it can be computed?

Č Apply ML to identify, parameterize, and categorize compute phases

Source: www.pinterest.fr/pin/145170787976811341/

S. Matsuoka, J. Domke, M. Wahib, A. Drozd, A. Chien, R. Bair, J. S. Vetter, J. Shalf

"Preparing for the Future –Rethinking Proxy Applications“

in Computing in Science & Engineering
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Example of one Octopode: Matmul
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¸ Input shapes: such as squared, rectangular, and tall/skinny

¸ Various numerical precisions (i.e., from fp128 to bfloat16, etc)

¸ Batched and non-batched executions modes

¸ Dense matrix-matrix operations, matrix-vector, sparse matrices

¸ Sparse matrix: random, realistic blocks, Matrix Market

Č Use C++ templating to generate as many variants as possible

to train ML models

Č One Octopode for each distinct compute phase or math kernel

Č In-between Berkeley MOTIFs and Proxy-Apps
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Usage of Octopodes for Co-Design
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¸ ñWhat needs & how can it be computedònot ñHere is how you have to do itò

¸ For performance modeling of real workloads: identify compute phases which 

can be mapped to one or more OctopodesČ combine perf. model of the óeasier 

to understandô OctopodesČ approx. perf. model of full workloads

¸ For vendors:

¸ Allowed tuning freedom for the Octopodes, i.e., changes of algo., implementation, 

integer/float. precision, data layout, etc., as long as intended result is the same

¸ Accurately model consumer workloads Č Less over/under-selling of hardware

¸ Porting of user codes to new system:

¸ Act as demonstrator for users to show how to port

¸ ML/AI to identify phases can be used as helper for porting of real codes

¸ Better suited for co-design tools, e.g. compiler tests, regression testing, 

simulators (gem5/SST/CODES/é), quick òWhat-Ifò tools, etc.



Jens Domke 41

Octopodes will be the common 

language between HPC users, system 

operators, co-designers, and vendors 

to describe the to-be-solved scientific 

challenges, what needs to be 

computed, and how it can be computed, 

in an abstract way.

Long:  arxiv.org/abs/2204.07336

Short:  ieeexplore.ieee.org/document/9789513

Repo:  github.com/jdomke/octopodes

Department of Energy (USA) and RIKEN on

Co-Design Collaboration

https://arxiv.org/abs/2204.07336
https://ieeexplore.ieee.org/document/9789513
https://github.com/jdomke/octopodes
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HPC system benchmarking is manual!
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¸ State of the practice

¸ Building on each system is different,

porting the builds to new systems is

manual

¸ Running on each system is different,

porting run scripts to new systems is

manual

¸ Systems keep changing, requiring updates

to how we build and run benchmarks

¸ Triggering builds and runs is manual: benchmark results don’t stay up to date

¸ Performance analysis of results is manual

O. Pearce, A. Scott, G. Becker, R. Haque, N. Hanford, S. Brink, D. Jacobsen, H. Poxon, J. Domke, T. Gamblin, 

"Towards Collaborative Continuous Benchmarking for HPC,“

in HPCTESTS@SC'23



Jens Domke

Benchpark builds on advances in HPC 

automation

43

¸ Benchmarking steps codified in Benchpark

1. git clone git@github.com:LLNL/benchpark.git

2. ./benchpark list systems

3. ./benchpark list benchmarks

4. ./benchpark setup benchmark/ProgrModel \

system /.../workspace_root

5. ramble -P -D . workspace setup

6. ramble -P -D . on
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We define continuous benchmarking as 

a fully automated mechanism for 

evaluating HPC benchmark performance 

on specified HPC systems.

Collaborative continuous benchmarking 

will enable functional reproducibility, 

automation, and community 

collaboration in HPC benchmarking.

Paper:  

dl.acm.org/doi/10.1145/3624062.3624135

Repo:  github.com/LLNL/benchpark

Department of Energy (USA) and RIKEN on

CI / CD / CB Collaboration

https://dl.acm.org/doi/10.1145/3624062.3624135
https://github.com/LLNL/benchpark
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Summary of Scientific Benchmarking

45

¸Benchmarking is (also) an art

¸Things will go wrong, so

have a Plan B

¸Avoid analysis bias and donôt 

ignore (valuable) outliers

¸Be mindful of resources

¸ Isolate outside interference

¸Use realistic WLs/inputs

¸Keep the raw data

¸Share data with others

¸The ultimate “metrics”: science 

throughput & productivity

¸But select measurable metrics

¸Performance varies Č ideally 

many runs (stat. significance)

¸Collect & report environment

¸Use version control

¸Aim for reproducibility
(reproducible methods but not necessarily 

reproducible performance)

¸Donôt cheat!!! (e.g. HPL Strassen)
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Job & Collaboration Opportunities

ǒ Collaborations and job opportunities:

ǒ We are hiring! Check out our research teams and open positions:
www.riken.jp/en/research/labs/r-ccs/ and
tinyurl.com/RCCSjobs & tinyurl.com/SPRTjobsċ Currently hiring for SPR Team (and others)!

ǒ Internship/fellowship for students (BachelorĄPhD):
ǒ Fellowship: www.riken.jp/en/careers/programs/index.html 

ǒ Internship:  www.r-ccs.riken.jp/en/about/careers/internship/ 

ǒ Supercomputer Fugaku:

ǒ Interactive, virtual tour:  www.r-ccs.riken.jp/en/fugaku/3d-models/ and
www.youtube.com/watch?v=f3cx4PGDGmg

ǒ Apply for node-hours:     www.r-ccs.riken.jp/en/fugaku/user-guide/  &
www.hpci-office.jp/en/using_hpci/proposal_submission_current/fugaku_trial 

ǒ Collaboration Funds:

ǒ E.g. check JST, JSPS, MEXT websites for funding; or other bi/tri-literal opportunities
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