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Rank

10

Site

RIKEN Advanced Institute for
Computational Science (AICS)
Japan

Mational Supercomputing Center in
Tianjin
China

DOESCIOak Ridge National
Laboratory
United States

Mational Supercomputing Centre in
Shenzhen (NSCS)
China

GSIC Center, Tokyo Institute of
Technology
Japan

DOEMNNSALANLISHNL
Linited States

MASAAmMes Research Center/™AS
United States

DOESC/ALBNL/INERSC
Linited States

Commissariat a 'Energie Atomigue
(CEA)
France

DOEMNSALAML
Linited States

Computer/Year Vendor

June/2011

Cores Rmax Rpeak  Power

K computer, SFARCS4 VillEx 2.0GHz, Tofu

interconnect f 2011
Fuijitsu

948352 8162.00 8773.63 938938.56

Tianhe-1A - NUDT TH MPP, X5670 2.93Ghz

6C, NVIDIA GPU, FT-1000 8C / 2010

NUDT

1863628 2566.00 4701.00 4040.00

Jaguar - Cray XT5-HE Opteron G-core 2.6

GHz / 2009
Cray Inc.

224162 1759.00 2331.00 6950.60

Mebulae - Dawning TC3600 Blade, Intel

X5650, NVidia Tesla C2050 GPU 72010

Dawning

120640 1271.00 298430 2580.00

TSUBAME 2.0 - HP ProLiant SL390s G7
Keon 6C X5670, Nyidia P11

Linu"indows f 20
MECHP

Cielo - Cray XEG 8-
Cray Inc.

Pleiades - SGI| Altix
Xeon HT QC 3.0/Xe
Infiniband / 2011
SGI1

Hopper - Cray XEBG
Cray Inc.

Tera-100 - Bull bulk
S6010S6030 / 201
Bull 5A

Roadrunner - Bla
Cluster, PowerXCe!
1.8 GHz, Voltaire |
IBM

CERTIFICATE

K computer, a Fujitsu System at the
RIKEN Advanced Institute for Computational Science (AICS), Kobe, Japan

is ranked
No. 1

among the World's TOPgoo Supercompulers
with B.262 PFlop /s Linpack Performance
on the TOPgoao List published at the ISC™11 Conference, June 2o, 2011

Congratulations from the TOPsoo0 Editors

].I,._-;,JE" a2,
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Oakforest-PACS

Japan’s fastest
supercomputer
in Top500 of

Nov. 2016
(13.55PF)

Total peak performance
Total number of compute nodes

Compute Product

node
Processor
Memory High BW
Low BW
Inter- Product
ATAITEES Link speed
Topology

Login node Product
# of servers
Processor

Memory

2816/12/

25 PFLOPS
8,208

Fujitsu Next-generation PRIMERGY server for HPC
(under development)

Intel® Xeon Phi™  (Knights Landing)
Xeon Phi 7250 (1.4GHz TDP) with 68 cores

16 GB, > 400 GB/sec (MCDRAM, effective rate)
96 GB, 115.2 GB/sec (DDR4-2400 x 6ch, peak rate)
Intel® Omni-Path Architecture

100 Gbps

Fat-tree with full-bisection bandwidth

Fujitsu PRIMERGY RX2530 M2 server

20

Intel Xeon E5-2690v4 (2.6 GHz 14 core x 2 socket)
256 GB, 153 GB/sec (DDR4-2400 x 4ch x 2 socket)

R R

JCAHPC




Towards the Next Flagship Machine cm

PostT2K

Arch: Upscale Commodity | Flagship Machine
PE Cluster Machine Arch: co-design by

A Soft: Technology Path- RIKEN and Vender
1000 Forward Machine

Post K Computer

RIKEN
Manycore architecture | Manycore architecture

O(10K) nodes O(100K-1M) nodes

9 Universities
and National
100 aboratories
Oakforest-PACS

O U. of Tsukuba
U. of Tokyo

* Oakforest-PACS (PostT2K )is a production
system operated by both Tsukuba and Tokyo

e KComputer
10 10 FLAGSHIP
Machi

U. of Tsukuba

1 U. of Tokyo Ly H * The post K project is to design the next
Kyoto U. i il flagship system (pre-exascale) and
T2K o deploy/install the system for services,

9 Universities

w and National Laboratories

around 2020
* the project was launched at 2014

>
2008 2010 2012 2014 2016 2018 2020

e WA % 17



An Overview of Flagship 2020 project e

AICS

e Developing the next Japanese flagship p
computer, temporarily called “post K” @ Cm

RIk=4  AICS

Vendor partner

e Developing a wide range of application
codes, to run on the “post K”, to solve
major social and science issues

[e®)
@ The Japanese government selected 9 FU][TSU

social & scientific priority issues and
their R&D organizations.

Soaisty with health Disaster prevention ( J [ Industrial competitiveness ’
and longevity and global climate P

) ) Innovative Clean Ener i i i
@®Innovative Drug Discovery (®@Hazard and Disaster induced S® e % A Prodqchon
by Earthquake and Tsunami Y Processes fpr the Manufacturing
RIKEN Quant. Biology Grad. Sch. Engineering, U. Industry in the Near Future : :
Center E::hquake Res. Inst., U Tokyo [ \ T Inst. of Industrial Science, BaS|C sclence }
s [, P U. Tokyo >
A ’
. ®High-Efficiency Energy L8
SF eonatecd 9 @Environmental Predictions Creation, Conversion/Storage @New Functional Devices SERATEA L wd
Preventive Medicine

yith Observational Big Data and Use . bmiibiudio =
Inst. Medical Science, U.

Tokio Center for Earth Info., Inst. Molecular Science, Inst. For Solid State Phys., ?::l:u!f:: Comp. Science, U.
£ DD JAMSTEC | NINS : U. Tokyo -

RIKEN



Co-design

Society with health

and longevity

®Innovative Drug Discovery

RIKEN Quant. Biology
Center

@Personalized and
Preventive Medicine

Inst. Medical Science, U.

Tokyo M
1

Disaster prevention

and global climate

(®Hazard and Disaster induced
by Earthquake and Tsunami

Earthquake Res. Inst., U.
Tokyo

@Environmental Predictions
with Observational Big Data

®High-Efficiency Energy
Creation, Conversion/Storage

Center for Earth Info.,
JAMSTEC

“m

| Inst. Molecular Science,

Grad. Sch. Engineen'ng; ® Genomon

[ T:r‘.
“® GAMERA
(

@ NICAM+LETK

‘® NTChem
® FFB

Architectural Parameters
#SIMD, SIMD length, #core,
cache (size and bandwidth)
memory technologies
specialized hardware
Interconnect
/O network

#NUMA node

ﬂQTa rget Application® RSDFT

- o Adventure
@

4

CCS-QCD

om
AICS

Target Application
Brief description

®Innovative Clean E D) GENESIS

MD for proteins

Genome processing (Genome alignment)

Earthquake simulator (FEMin unstructured & structured
grid)

Weather prediction system using Big data (structured grid
stencil & ensemble Kalman filter)

molecular electronic (structure calculation)
Large Eddy Simulation (unstructured grid)

an ab-initio program (density functional theory)

Computational Mechanics System for Large Scale Analysis
and Design (unstructured grid)

Lattice QCD simulation (structured grid Monte Carlo)

[e®,
FUJITSU

® Om
RIK=N  AICS




RIKEN

Target Applications’ Characteristics AlCS

Brief description Co-design

@ GENESIS MD for proteins Collective comm. (all-to-all), Floating point perf (FPP)

Genomon Genome processing (Genome alignment) File 1/O, Integer Perf.

Earthquake simulator (FEM in unstructured
& structured grid)

Weather prediction system using Big data
@ NICAM+LETK (structured grid stencil & ensemble Kalman ~ Comm., Memory bandwidth, File I/0, SIMD

@ GAMERA Comm., Memory bandwidth

filter)
® NTChem molecular electronic (structure calculation)  Collective comm. (all-to-all, allreduce), FPP, SIMD,
® FFB Large Eddy Simulation (unstructured grid)  Comm., Memory bandwidth,

an ab-initio program (density functional
theory)

Computational Mechanics System for Large
Adventure Scale Analysis and Design (unstructured Comm., Memory bandwidth, SIMD

grid)
Lattice QCD simulation (structured grid
Monte Carlo)

@ RSDFT Collective comm. (bcast), FPP

Comm., Memory bandwidth, Collective comm. (allreduce)

©® CCS-QCD



Co-design AICS

S22 L EE Disaster prevention [ ] [ Industrial competitiveness ]
and longevity and global climate 2

. : Innovative Clean Ener i i i
®Innovative Drug Discovery @Hazard and Disaster induced ® I ay Innovative Design and Production

by Earthauake and Tsunami Systems Processes for the Manufacturing
RIKEN Quant. Biology ! ! Grad. Sch. Engineering, U. Industry in the Near Future : :
Center E:I:rr;quake Res. '“5"_‘»9- Tokyo = Inst. of Industrial Science, Basic science J
?,f"*\ ﬁ A U. Tokyo
— ®High-Efficiency Energy '
i ) - . : ; ; ©®Fundamental Laws and
F(?Perstc‘mal::eg' ric @Environmental Predictions Creation, Conversion/Storage Dhos Funchonsl Deviies Evolution of the Universe
reventive Medicine vith Observational Big D}Ia and Use and High-Performance

ot Meckoed Science, U. Center for Earth Info.,

Tokyo M JAMSTEC [ . Ta rget Applications

Tsukuba -
{%‘ ) ]
Architectural Parameters

B¢ o

- b,

+ #SIMD, SIMD length, #core, 3 Mutual understanding both

« cache (size and bandwidth) computer architecture/system software and applications

« memory technologies O Looking at performance predictions

* specialized hardware O Finding out the best solution with constraints, e.g., power
* Interconnect consumption, budget, and space

I/O network
ﬁmdiction of node-level
performance /

Cent. for Comp. Science, U.

Prediction of scalability
(Communication cost)

Profiling applications,

e.g., cache misses and

execution unit usages
L1

Prediction Tool i |

\ = ||, 11, \— y




An Overview of post K Qm
MC-kernel: a lightweight

e Hardware e System Software Kernel for manycore
e Manycore architecture e Multi-Kernel: Linux with Light-weight Kernel
e 6D mesh/torus Interconnect o File I/O middleware for 3-level hierarchical storage

system and application

e 3-level hierarchical storage system e Application-oriented file I/O middleware

- Silicon Disk e MPI+OpenMP programming environment

- Magnetic Disk e Highly productive programming language and libraries

XcalableMP PGAS language| |FPDS DSL

. Storage for archive

Fortran, C/C++, OpenMP, Java, ...

Batch Job System
Math libraries
K Porta Hierarchical File System
% ) =TV Tuning and Debugging Tools _
20838 ? |
% erve Parallel Programming Environments
XMP. FDPS. ... Communication| Application-oriented
% Hierarchica ’ ’ MPI, .... File 1/0
OOOOOX e ) Low Level
Low Level Communication File /O for Power
Fussssinee Hierarchical Storage | Management | © ° °
Multi-Kernel System: Linux and light-weight kernel (McKernel)
Post K, Manycore architectures
Fabric
Tofu | Infiniband [ With
manycore
Sien  2016/12/19 HEAY %



FLAGSHIP2020 Project s

O Missions ) oy
* Building the Japanese national flagship supercomputer, ogé)é)é)é)gooéggg o5 %
post K, and e o e

 Developing wide range of HPC applications, running on 888580000000 = -5 #
post K, in order to solve social and science issues in BOOCCOmmOOO000 =,
OO

Japan slelelelele’ " Telelelelele] dm
1 Project organization O Status and Update
* Post K Computer development * “Basic Design” was finalized and now
e RIKEN AICS is in charge of development in “Design and Implementation” phase.
* Fujitsu is vendor partner. « We have decided to choose ARM v8
* International collaborations: DOE, JLESC, .. with SVE as ISA for post-K manycore
* Applications Processor.
* The government selected 9 social & * Some delay of delivery will be
scientific priority issues and their R&D expected.

organizations.

W oie o5 oo Lz loote oot laom ooz ooz

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 4 Q@1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 @1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 4

‘ : . . Manufacturing
p Basic Design Design and Implementation > isteiation. i Tumn>>>@y>
2016/12/19
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Instruction Set Architecture s

e ARM V8 with HPC Extension SVE
e Fujitsu is a lead partner of ARM HPC extension development
e Detailed features were announced at Hot Chips 28 - 2016

http://www.hotchips.org/program/
Mon 8/22 Dayl 9:45AM GPUs & HPCs
“ARMv8-A Next Generation Vector Architecture for HPC”  SVE (Scalable Vector Extension)

e Fujitsu’s additional support Post-K: Fujitsu HPC CPU to Support ARMv8  ARM' Fujitsu
e FMA Post-K fully utilizes Fujitsu’s proven supercomputer microarchitecture
: . Fujitsu, as a “lead partner” of ARM HPC extension development, is
e Math acceleration prlmltlves working to realize an ARM Powered® supercomputer w/ high
application performance =~
e Inter-core hardware-su ppoted ARM v8 brings out the real strength of Fujitsu's microarchitecture
barrier _
\ Coctoradi [PCapps scleatoneatwre stk 00| x10 | Keompuer]

FMA: Floating Multiply and Add | v/ v v
Math. acceleration primitives* | v/ Enhanced v Enhanced \ v

1 Inter core barrier v v v
| v
v

e Hardware prefetch assist

Sector cache v Enhanced | v/ Enhanced

| Hardware prefetch assist vEnhanced | vEnhanced

. Tofu interconnect vIntegrated = ¢Integrated v

* Mathematical acceleration primitives include trigpnometric functions, sine & cosines, and exponential function
2016/12/19

RIKZN
2 Copyright 2016 FUJITSU LIMITED



ARM v8 Scalable Vector Extension (SVE) s

e SVE is a complementary extension that does not replace NEON, and was developed
specifically for vectorization of HPC scientific workloads.

e The new features and the benefits of SVE comparing to NEON

2

RIK=N

Scalable vector length (VL) : Increased parallelism while allowing implementation
choice of VL

VL agnostic (VLA) programming: Supports a programming paradigm of write-once,
run-anywhere scalable vector code

Gather-load & Scatter-store: Enables vectorization of complex data structures with
non-linear access patterns

Per-lane predication: Enables vectorization of complex, nested control code containing
side effects and avoidance of loop heads and tails (particularly for VLA)

Predicate-driven loop control and management: Reduces vectorization overhead relative
to scalar code

Vector partitioning and SW managed speculation: Permits vectorization of uncounted
loops with data-dependent exits

Extended integer and floating-point horizontal reductions: Allows vectorization of more
types of reducible loop-carried dependencies

Scalarized intra-vector sub-loops: Supports vectorization of loops containing complex
loop-carried dependencies

2016/12/19 HEARY HHE

25



SVE registers

cm
AICS

SVE architectural state

= Scalable vector registers
= 70-731 extending NEON'’s V0-V31
= DP & SP floating-point
= 64, 32, 16 & 8-bit integer

= Scalable predicate registers

« PO-P7 lane masks for |d/st/arith
« P8-P15  for predicate manipulation
« FFR first fault register

= Scalable vector control registers
« ZCR ELx vector length (LEN=1..16)
= Exception / privilege level EL1 to EL3

) LENx128 128,
Z31 V31
Z2 | Yz
Z1 | [ V1
Z0 | | VO

LENx16

P7

; : P15
PO P8 FFRE ]
ZCR %—1
LEN EL3

EL2

®
RIKZN

2016/12/19

26



RIKEN

SVE example

cm
AICS

DAXPY (scalar)

DAXPY (SVE)

'/ JEEOURSR TR ——— Jil ool s s s

lf subroutine daxpy(x,v,a,n) rf subroutine daxpy(x,v.,a,n)

ff real*8 x(n),y(n),a /7 real*8 x(n),y(n) ,a

i 4 do i = 1,n P4 do i =1,n

// y(i) = a*x(i) + y(i) 27 y(i) = a*x(i) + y(i)

// enddo Fir enddo

P S s e e e s e R e Y

// %0 = &x[0], x1 = &y[0], x2 = &a, %3 = &n // %0 = &x[0], x1 = &y[0], %2 = &a, x3 = &n

daxpy_ : daxpy_ :
ldrsw x3, [x3] // x3=*n ldrsw x3, [x3] // x3=*n
mowv x4, #0 J/ xd=i=0 mov x4, #0 J/ =d=i=0
ldr d0, [x2] // d0=*a whilelt p0.d, x4, =3 // pO=while (i++<n)
b .latch ldlrd z0.d4, p0/=z, [x2] // p0:z0=becast(*a)

.loop: .loop:
ldr dl, [x0,x4,1s1 3] J/ dl=x[i] 1d1d zl.d, p0/=z, [x0,x4,1=s1 3] // p0:zl=x[i]
ldr d2, [xl1,x4,1sl 23] // d2=y[i] 1d1d z2.d, pO0/=z; [x1,x4,1=s1 3] // p0:z2=y[i]
fmadd d2, d1, d0, d2 J/ d2+=x[i] *a fmla z2.d, p0/m, z1.4, =z0.4d // p0?z24+=x[i]*a
str d2, [x1,x4,1s1 3] /! ylil=d2 stld z2.d, p0, [x1,x4,1s1 3] // p0?y[i]l==z2
add xd, x4, #1 L[] d¥=1 ined x4 [/ i+=(VL/64)

.latch: .latch:
cmp x4, x3 I i <€n whilelt p0.d, x4, x3 // pO=while (i++<n)
b.lt .loop // more to do? b.first .loop // more to do?
ret ret

e Compact code for SVE as scalar loop

e OpenMP SIMD directive is expected to help the SVE programming

2016/12/19

AR

s
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eIimportant aspects of post-
petascale computing

Issues for exascale computing s
Peak : : : : I
flops Exafiops sy:stem -
1EFlops = == =+ == === =% -
1018 petaflops |

e Large-scale system
< 1076 nodes, for FT
e Strong-scaling
> 10TFlops/node
accelerator, many-cores

e Power limitation
< 20-30 MW

p. 2016/12/19

RIKEN

by 100- 1000no:@€ >

____________________________________________________________

1PFlops
1015

~ the K computer

> 10PF

1TFlops

o o sztsukuba"\'"! """""""""""

I
5 g (95TF) >ACS -CS (14TF)

- , |
---------- '"'|1mlta“t|0n
: : : ' of#node

1GFlops
10°

1 10 102 108 104 10° 106
#node
Simple relationship between
#nodes and node performance
to achieve exascale



e _ i} 10
A projection: Pre-exa, exa, post-exa s

Pre-exa exascale Post- exa

t e C h nw\l\W\@H i 1 5 0 ﬁ Hﬁ / & ( D D R4 ) L i L

e Node performance must increase! Because the system scale is limited
by space and power.

e Memory performance will be limited. So, the cap between B/F will be
getting worse.

e Improvement of performance/power will be difficult and limited.

‘ ®  5016/12/19 ekt N

RIKEN
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eGreen 500: HPL (Linpack)D=E1TIFDE

2016/Nov

TOHBXo—)
Z20MW CiERY
gDIEHICE.
50GF/WH\HE

®
RIK=H 2016/12/19

Green500
Rank

1

$HRDIRIR

MFLOPS/W Site

74621

74535

6673.8

6051.3

5806.3

49857

4688.0

NVIDIA Corporation

Swiss National Supercomputing

Centre [CSCS]

Advanced Center for Computing
and Communication, RIKEN

MNational Supercomputing
Center in Wuxi

Fujitsu Technology Solutions
GmbH

Joint Center for Advanced High
Performance Computing

DOE/SC/Argonne National
Laboratory

i 3:12 e D/ )

System

NVIDIA DGX-1, Xeon E5-26F8v4
20C 2.2GHz, Infiniband EDR,
NVIDIA Tesla P100

Cray XCh0, Xeon E5-26%0v3 12C
2.6GHz, Aries interconnect ,

NVIDIA Tesla P100

LettaScaler-1.4, Xeon Eb-
2618Lv3 8C 2.3GHz, Infiniband
FOR, PEZY-SCnp

Sunway MPPE, Sunway SW26010
260C 1.45GHz, Sunway

PRIMERGY CX1640 M1, Intel
Xeon Phi 7210 64C 1.3GHz, Intel
Omni-Path

PRIMERGY CX1440 M1, Intel
Xeon Phi 7250 68C 1.4GHz, Intel
Omni-Path

Cray XC40, Intel Xeon Phi 7230
64C 1.3GHz, Aries interconnect

om
AICS

Total
PowerlkW)

3495

1312

150.0

15371

77

2718.7

1087



Multi-core processor:
Solution of Low power by parallel processing

CPU power dissipation

P=NXaxCxVzxf

# CPU Active rate of Capacitance Voltage Clock Freq
processors of circiuit

Apporach for Low power by parallel processing
increase N. T decrease Vand f, J improve perf. N xf 1

Decreasing V and F, makes heat dissipation and power lower within a chip
Progress in silicon technology 130nm = 90nm=65nm,22nm (Decrease C and V)
Use a silicon process for low power (embedded processor) (Small a)

Perfrmance improvement by Multi-core (N=2~16)
= Number of transistors are increasing by “Moore’s Law”
Parallel processing by low power processor
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Mapping of Architectures
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Challenges of Programming Languages/models %
for exascale computing

e Scalability, Locality and scalable Algorithms in
system-wide

e Strong Scaling in node
e Workflow and Fault-Resilience
e (Power-aware)

!,,ﬁg 2016/12/19 HOTRY 38



Programming model : “MPI+X" for exascale? s
e X is OpenMP!

e “MPI+Open” is now a standard programming for high-
end systems.

e I'd like to celebrate that OpenMP became “standard” in
HPC programming

e Questions:

o “MPI+OpenMP” is still a main programming model for
exa-scale?
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Question AICS

e What happens when executing code using all cores in
manycore processors like this ?

| Data comes into “main
MP1 recv .. —— — shared memory”

#pragma omp parallel for
:i Cost for “fork” become large ‘
for C .. ; .5 . ) {

.. computations .. % data must be taken from Main me
mory
} :

MP1 send .. —~—— ) Cost for “barrier” become large |

-~ MPI must collect data from each cor

‘le to send
e What are solutions?

e MPI+OpenMP runs on divided small “NUMA domains”
rather than all cores?

RIKZN 40
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Multitasking model AICS

e Multitasking/Multithreaded execution:

many “tasks” are generated/executed and
communicates with each others by data
dependency.

e OpenMP task directive, OmpSS, PLASMA/QUARK,
StarPU, ..

e Thread-to-thread synchronization
/communications rather than barrier

e Advantages

e Remove barrier which is costly in large scale
manycore system.

e Overlap of computations and computation is done
naturally.

e New communication fabric such as Intel OPA
(OmniPath Architecture) may support core-to-core
communication that allows data to come to core
directly.

e New algorithms must be desighed to use

RIKEN

multitasking

-----------------------------
- -
---------------------

- -

reewsmsmm

ot e o i e

-
i e e e i e e e e e

''''''''

- -

-

..........
__________
............

T T LT

Cholesky-based

matrix inversion

From PLASMA/QUARK slides by ICL, U. Teneessee
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PGAS (Partitioned Global Address Space) models &

e Light-weight one-sided communication and low overhead synchronization semantics.
e PAGS concept is adopted in Coarray Fortran, UPC, X10, XMP.,

XMP adopts notion Coarray not only Fortran but also “C”, as “local view” as well as
“global view"” of data parallelism.

e Advantages and comments

Easy and intuitive to describe, not noly one side-comm, but also strided comm.

Recent networks such as Cray and Fujitsu Tofu support remote DMA operation which
strongly support efficient one-sided communication.

Other collective communication library (can be MPI) are required.

CGPOP : 7500 nodes NICAM : 640 nodes
. 588 | 84% speed up — el Case study of XMP on K computer
B GlobalSum ' . Cli
. W Sleeve comm. 764 speed up CGPOP, NICAM: Climate code
lc.
. B Calc Scass | | |
3.20 348 357 5-7 % speed up is obtained by replacing

MPI with Coarray

Time [sec.]
w

Original Optimization Original Optimization
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Strong Scaling in node

e Two approaches:
e SIMD for core in manycore processors
e Accelerator such as GPUs

e Programming for SIMD
e Vectorization by directives or automatic compiler technology
e Limited bandwidth of memory and NoC

o Complex memory system: Fast-memory (MD-DRAM, HBM, HMC) and
DDR , VMRAM

e Programming for GPUs

o Parallelization by OpenACC/OpenMP 4.0. Still immature but getting
matured soon

e Fast memory (HMB) and fast link (NV-Link): similar problem of complex
memory system in manycore.

e Programming model to be shared by manycore and accelerator for high
productivity.

om
AICS
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How to use MC-DRAM in KNL? AIlS

e New Xeon Phi (KNL) has fast memory called MC-DRAM.
e KNL performance: < 5 TF (Theoretical Peak)
e DDR4: 100~200 GB/s, MC-DRAM: 0.5 TB/s
e How to use?

Memory Modes
From Intel Slide

Three Modes. Selected at boot oresented at

Cache Mode Flat Mode Hybrid Mode |[HotChips 2015
A

>

8or12GB
MCDRAM

Physical Address
Physical Address

SW-Transparent, Mem-side cache *+ MCDRAM as regular memory * Part cache, Part memory
Direct mapped. 64B lines. * SW-Managed * 25% or 50% cache :
* Tags part of line * Same address space * Benefits of both ‘
L * (Covers whole DDR range "

RIKEN
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Prog. Models for Workflow and data managements

e Petascale system was targeting some of “capability”
computing.

e In exascale system, it become important to execute huge
number of medium-grain jobs for parameter-search type

applications.

Workflow to control and collect/process data is
important, also for “big-data” apps.
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Concluding Remarks Qm

e FLAGSHIP 2020 project
e To develop the next Japanese flagship computer system, post-K

e The basic architecture design was finalized and now in detail design and
implementation phase.

o “Co-design” effort will be continued (application design for architecture)

o We expect that ARM SVE will deliver high-performance and flexible SIMD-
vectorization to our “post-K” manycore processor.

o IUVYAT—)IcAIIT
o SHICEBNMREZFHINENDD.
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