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30K IEHHEE ) (The Third Pillar of Science, | =" "0
Computational Science) DEREICHEBNTSERBENT N e
2 b L=PEROP TV~ Y38 PITYZ LARIT e
Towards Applications & Algorithms in Post Moore Era

Flops-Centric Algorithms and Apps Bytes-Centric Algorithms and Apps

Bytes-Centric System Software

Applications & Algorithms in Post Moore Era

® Assumptions & Expectations after 2025 ... e e
v High bandwidth in memory and network, Large capacity of oS omccreus, M

memory & cache

» Memory: 3D Stacked Memory etc.
* Network: Optical Communication etc.

v Large & heterogeneous latency due to hierarchy in
memory & network
v' Utilization of FPGA

v High concurrency with O(10°) threads on each node
® Applications & Algorithms in Post Moore Era

A Time-Stepping
® MGRIT: 120-in-space
A MGRIT: 240-in-space

v Compute Intensity = Data Movement Intensity 100 1000 10000
* Integration of CSE & Data Analysis/Machine Learning SRS . Cores
e Data Driven Apbroach Example of PiST by MGRIT Algorithm [Falgout 2014]
L . PP o in TOUGH2-MP solving 3D Multiphase Flow
Hierarchical Methods for Hiding Latency (Liquid/Gas) + 3D Mass Transfer in Geologic CO,

» Parallel in Space/Time (PiST): Parallelization in time direction for Storage on Fujitsu PRIMEHPC FX10 (Oakleaf-FX)
time-dependent problems, suitable for supercomputer systems with  , ,,
large latency & with network hierarchy in the Post Moore Era.

« hCGA in Multigrid Method: Hierarchical Coarse Grid Aggregation,
suitable for large systems, and hierarchical networks

« H Matrix Solver

v' Communication/Synchronization Avoiding/Reducing Algorithms 4.00
* Pipelined Algorithm [Ghysels et al. 2014]: hiding collective 200
communications by using asynchronous collective comm. (e.g.

10.00

8.00

6.00

Speed-up (%)

0.00

MPI Iallreduce)in MPI-3 Overlap 50 100 200 300 400 500
 Utilization of Dynamic Loop Scheduling

v Power-aware Methods (4.00)
» Approximate Computing, Power Management, FPGA

(2.00)

| = FX10-4800-L " FX10-4800-S |

Communication-Computation Overlapping by
Dynamic Loop Scheduling of OpenMP for Parallel
FEM Application, 10% Improvement of Performance

Goal: Integration to ppOpen-HPC on 4,800 Nodes (76,800 Cores) of Fujitsu

® Open source infrastructure for development & PRUMBRFRTICH [Seanl-rs) Loy
execution of optimized and reliable simulation code on
post-peta-scale (pp) systems (JST/CREST since 2011)

User’s Program

[ | | I
FDM FVM BEM DEM

v ppOpen-APPL: Framework for Application Development FEM

v ppOpen-MATH: Math Libraries

/ ppOpen-AT: Automatic Tuning Jigipnm
v ppOpen-SYS: System Software \/ .

v http://ppopenhpc.cc.u-tokyo.ac.jp/

® Future Development of ppOpen-HPC

v Post-K Era (Memory Wall): Block-Structured AMR, SELL-C-c ~
ppEpEﬂ-HI:E

v Post Moore Era: Post-Pre/Post Processor for Parallel-in- BERERIEEE SN

Space/Time (PiST)
v Nonlinear Algorithm

: : : , , Optimized Application with
v AMR, Visualization, Coupler for Multiphysics Optimized ppOpen-APPL, ppOpen-MATH

i _ _— N AN EERE L KL 2L —a (AR ER IR - EERICE LT EIORF LT TV ET,
ANV TE=ZDFEFE(CEB ! LRFZESR T, ATy OO KRB oL — s % 3 % A HA% OB FE B % % Science-Modeling—
\ /) Algorithm—Software—Hardware (SMASH) DIg AV G E L, [FE30ORS OFBICEBRLE T,
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AbOUt Us http://www.eidos.ic.i.u-tokyo.ac.jp

Research Theme
Our central research goal is to make high performance computing more productive and accessible to everyone. To this end, we are

working on a range of topics of various layers, including programming language design, compilers and interpreters, runtime systems,
operating systems, file systems, databases and data processing systems, end-user tools for parallel processing, and new parallel algorithms.
A Message to Prospective Students

Achieving high performance on today’s computers is no easy task, whether it is a distributed cloud, supercomputer, or a multicore server;
our research topics broadly share the spirit of making high performance programming easy. We especially welcome students who are
motivated/excited/attracted by this goal and have a gut of changing the state of the art in the field.

Recent Topics

Runtime Systems

mMassiveThreads

> A task parallel system (&) for multicore/manycore servers

»You create millions of tasks and MassiveThreads automatically
distributes them to multiple cores within a single server

mMassiveThreads/DM and /GAS

> A task parallel system across multiple nodes

(clusters/supercomputers) -
» Shared memory-like programming on distributed memory Comp“er

machines mAutomatic cut-off and vectorization of dynamic
mPerformance analyzer and visualizer  unbalanced Tree search parallelism
> Capture a complete history of load balancingg %% ursgemin — > You express parallelism as dynamically created tasks

and visualize it as a directed acyclic graph ”E‘ ) o ”* » The compiler automatically adjusts task granularity to reduce
» Tell you who is to blame (system or 35 4000, / | tasking overhead

you programmer?) Eg 2000 | | » Furthermore, it compiles them to exploit SIMD instructions (&)

- SE|  ferhh i e ——— B |
0 5192# ;f&i:::ﬁ 24576 | p768 ;E

(base=1)

MassiveThreads/DM with > 30,000
processors (> 7 billion tasks/sec)

Relative Performance
Relative Performance

nl II ul II 11 l‘ II II II l| II
ib NG Ueens fit sairt nbody strassen wecad matrmul  trimul
m base mstatic mcef

d heat2d heat3d gaussian

Glossar\: Algorithms
;;?;’lt(eiasr:ulsésrﬁisrfggsn(;nzlic creation of parallelism | et o e
(tasks) at arbitrary program points of execution and B Reiclil ol G i
their automatic load-balancing recommendation Sygtems -
m SIMD Instructions (&) b B SIMD & parallel sorting for structure of arrays .. . .
»SIMD = acronym of Single Instruction Multiple Data m Parallel Burrows Wheeler Transform ||l
B Parallel Fast Multipole Method Matrix factorization

» Instructions that operate on multiple data

Big Data Processing

- B Fast and expressive graph databases
Environment || »We are working toward a parallel graph databases supporting

® HPC servers we have L powerful regular path queries (RPQ)
» Xeon Phi (60 cores/240 threads) | | | = B Transactional memory maps for emerging persistent memory

> 36 cores (72 HWT) Intel Haswell-EP| | B 1 Pl > We are extending Linux operating system to atomically make

» 32 cores (64 HWT) AMD Piledriver - : changes to a file persistent
B Supercomputers we use » With emerging non-volatile memories, we expect the technology

» FX10 supercomputers @ U-tokyo (76800 processors) to help atomic writes to a persistent storage much more efficient
> Tsubame 2.5 @ Titech

B Background : why programming for high performance is difficult?

» Today'’s high performance computers are parallel machines » Programming languages (compilers and runtime systems) should
» Parallelism is in several layers; peak performance is the product play a major role in relieving the burden, by presenting a uniform
of them; you ignore any and the performance is limited to a view of parallelism
fraction of the ideal performance » You extract parallelism and the system maps them on
» SIMD (instructions that work on multiple data) the machine
» Multicores (CPUs in a single server box) » Automating the mapping is challenging as we must
» Multiple nodes (servers connected by a network) > Balance loads among processors
» Today, you need to master a distinct programming skill for each » Minimize communication among them

layer and combine them
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" Next Generation Personal Authentication Lab.

URL: http://www.sict.i.u-tokyo.ac.jp/yamaguchi/
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Our Goal
HETZEZH B AR MOEILZHIELT

Next generation techniques for personal authentication

Our Model

Personal Authentications and Sensor Information
® IDt} §7\Ij bb‘bgﬁbilh\%ﬁ

The recent prevalence in cases of leaked

IDs and passwords mean that changes are
urgently required.

« TUH—PET-ANFEITETEL
C. RN zBET

We will apply some techniques to user

authentication so that the server can identify |
who the user is based on the sensor data collected by F4ITARAJVEREE : EERER UATENZLTL\DHE DD,

47057 —8%#ET LT, EATRIET 5.

BSGEY InpUCESIC. wmat HESER, EAKI-t—FE, 7TOF FAE
Privacy Protection Techniques by Real Data AR
o UZIT—3ZFIALT. EDREEDIFHNRIEINMNCELT,. T31NV—DIUADN S EEN ZHRET

We focus on analyzing real data collected by sensory input devices, and discuss the risks

BEFD

that would identify how much information is necessary to complete tasks versus how much causes privacy risks.
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Information Security

]) 27"\"—2 e nIE

You can choose any research topic in the field of information security and | would be very happy to encourage you to pursue new challenges.
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