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HPC Strategy

Mission:

AT Enable the world’s first Arm supercomputer(s)

Enablement

= Address gaps in computational capability
and data movement within Architecture

= Seed the software ecosystem with open
source support for Armv8 and SVE
libraries, tools, and optimized workloads

= Provide world class tools for compilation,
analysis, and debug at large scale.

2 © 2017 Arm Limited

Strategy:
Enablement + Co-Design + Partnership

Co-Design

= Work with key end-customers in DoE,
DoD, RIKEN, and EU to design balanced
architecture, uArchitecture and SoCs
based on real-world workloads, not
benchmarks.

= Develop simulation and modelling tools to
support co-design development with end-
customers, partners, and academia.

Partnership

= Work with Architecture partners to bring
optimized solutions to market quickly.

= Work with ATG & uArchitecture design
teams to steer future designs to be more
relevant for HPC, HPDA, and ML

= Work with key ISVs to enable mid-market



Efficient 64-bit architecture for modern workloads

Supported by an extensive commercial and open-source software ecosystem

—Enables real change and choice for HPC market

— Highly integrated SoC’s and efficient cores for
greater compute density and power-efficiency

— Rebalancing of CPU, Memory, and 10
— Numerous SoC partners for infrastructure and HPC

—Also addressing cloud solutions

— Provider of commercial and open-source
software for HPC

— World-wide partnerships across all industries
and markets

— Over 125B Arm cores shipped in 25yrs; out ships
x86 by 20X per year

— Mobile, embedded, auto, infrastructure, and loT
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ThunderX Momentum in HPC Continues to Grow -

2-3 X better
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Significant HPC Engagements
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First purpose-built Arm HPC system by the #1 HPC vendor
HPE Apollo 70 System overview

HPE driving multi-vendor effort to
accelerate Arm adoption for HPC

7

arm
& cavium ‘ redhat

—

Hewlett Packard
Enterprise

AMD Suse

M\ Mellanox  =RogueWave

ssssssss

Confidential © 2017 Arm Limited -- Proprietary Information

World-class HPE
engineering and

Leverages proven HPE Apollo 2000 system arch

Management support for HPE provisioning,
cluster management and performance software

innovation ) ) ,
- Tier 1 vendor services and support (HPE Pointnext)
- Cavium ThunderX2 with 32 64-bit Arm v8.1
] custom cores for today’s HPC workloads
Leading Arm . . .
technology - Greater density and power-efficiency with
highly integrated SoCs
- Brings real change and choice to HPC market
] - Dual socket nodes — Up to 64 cores per node
Density and

scalability for
HPC clusters

Maximum density - Up to 80 servers / rack
High speed interconnects 100 Gb/s InfiniBand EDR
Architected to scale to multi-rack levels

HPE Confidential: Content under embargo until November 13, 2017 a r m




Mellanox ConnectX Family Enables Apollo A70 Interconnect

Comect X 4x Choice, Flexibility
Best Ethernet Connectivity Highest Performance

On Board ConnectX®-4 Lx - 10G/25GE Ethernet
Smart offloading - Virtual Overlay Network, OVS, RDMA

"eonnectx 5 ﬁ

Best HPC and Al Connectivity Hewlett Packard

Enterprise

HPE Apollo 70
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100Gb/s InfiniBand and Ethernet

MPI Accelerations engines (Tag Matching, Collectives, Rendezvous protocol)
GPUDirect RDMA, Adaptive Routing, Atomic Operations enhancements
Burst Buffer Offload, NVMe over Fabric
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ARM Supercomputing

...Made Possible by Cray

CRAY CATAPULTS ARM-BASED PROCESSORS INTO SUPERCOMPUTING
Cray Adds Arm Processors with Complete Software Stack to the Cray XC50 Supercomputer

Seattle, WA — November 13, 2017 — Global supercomputer leader Cray Inc. (Nasdaq: CRAY)
today announced the Company is creating the world’s first production-ready, Arm®-based
supercomputer with the addition of Cavium (Nasdaq: CAVM) ThunderX2™ processors, based...

Programming
Environment
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Headline results from GW4

B University of | sam bo rd GW4—
BRISTOL

B e Single-socket comparison of Broadwell and ThunderX2

BRISTOL @ Isambard GW 25

= - o ; M Broadwell (18 cores)
Isambard system specification (red = new info): e Thisade2 (32 ctred) o
» Cray “Scout” system — XC50 series 2.0
* Aries interconnect

10,000+ Armv8 cores
» Cavium ThunderX2 processors

«n

» 2x 32core @ >2GHz per node
» Cray software tools

Performance (normalized to Broadwell)

» Technology comparison:
« x86, Xeon Phi, Pascal GPUs i
* Phase 1 installed March 2017 Ar .
+ The Arm part arrives early 2018 LK Brunel 1804-18
' 5 bristol.a 0.5
0.0 - e
GROMACS UM AMIP NEMO OpenFOAM
............................................................................................ = = N
@simonmces  http://gw4.ac.uk/isambard/ BenChmarked by the brlStOI,aC,UK
UK’s Met Office
10 © 2017 Arm Limited * = NEMO runs from a 28 core, 2.0GHz TX2
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Performance (normalized to Broadwell)

Single-socket comparison of Broadwell, Skylake, and ThunderX2

2.22 B Broadwell (18 cores)

B Skylake (22 cores)

B ThunderX2 (32 cores)

STREAM triad CloverLeaf 2D CloverLeaf 3D Tealeaf 2D Tealeaf 3D SNAPnang=10 SNAP nang=136

http://gw4.ac.uk/isambard/ 7 bristol.ac.uk
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Catalyst UK

Accelerating Arm adoption in the UK

Typical Cluster for each site:

Sites and Target HPC
= 64 x Apollo 70 Compute Nodes (2 racks):

Applications:
B EPCC: \IQVF;F Opinlzopil\él, Rolls ‘epCC’ = Dual socket Cavium 32c, 2.2 GHz
oyce Hydra opt,

candidates = 256GB memory (16GB DIMM:s)
— Leicester: Data-intensive apps, UNIVERSITY OF - sl 18 EDIR €6 Clles

genomics, MOAB Torque, @ LEICESTER = 4096+ cores

DIRAC CO”ab e-Science Centres in the UK X goor?ingtid oy;
— Bristol: VASP, CASTEP, Vé University of o & NeSC

Gromacs, CP2K, Unified Model, BRISTOL

Hydra, NAMD, Oasis, NEMO,
OpenlFS, CASINO, LAMMPS

oy

National Grid
\ Service
% \chRc RAL
uCL

Southampton LeSC
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Japan
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Post-K: Fujitsu HPC CPU to Support ARM V8  ARM rujitsu

Post-K fully utilizes Fujitsu proven supercomputer microarchitecture

Fujitsu, as a lead partner of ARM HPC extension development, is
working to realize ARM Powered® supercomputer w/ high application
performance

ARM v8 brings out the real strength of Fujitsu’s microarchitecture

HPC apps acceleration feature Post-K FX100 FX10 | K computer
| FMA: Floating Multiply and Add | v
| Math. acceleration primitives™ v Enhanced

Inter core barrier v

Sector cache v Enhanced

Hardware prefetch assist v Enhanced v

Tofu interconnect vintegiated = ¢Integrated

* Mathematical acceleration primitives include trigonometric functions, sine & cosines, and exponential

© 2017 Arm Limited

slides from Fujitsu at ISC'16
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Arm Allinea Studio

Built for developers to achieve best performance on Arm with minimal effort

14  © 2017 Arm Limited

Comprehensive and integrated tool suite for Scientific computing,
HPC and Enterprise developers

Cross-platform support covering Arm, x86, Power, and Nvidia

Seamless end-to-end workflow from getting started to advanced
optimization of your workloads

Commercially supported by Arm engineers
Frequent releases with continuous performance improvements

Ready for current and future generations of server-class
Arm-based platforms

arm



Arm DDT parallel debugger

He View Contral Seyrch Toos Window el

Visualise data
structures

Analyze L IO A HENR IO
| Current Group: A1 3 Focus on cutrent: @ Group  Process  Thresd || Step Threads Bgether
I I M PI a 24576 processes (0-24575) Puased: 17220 Playing: 7356 Fevstind O
arge'sca e 1] Cummently seected: {on nid0271. pid 30269, main theead WP 3026%)
Grouo
OpenMP, GPGPU "™~ et x| o T
pen 1] T o 50 icks(i]. )
- N2 allpicks(ntsamplesss] = allpicksiil:
. . & * template.cc - s }
applications B e coche b4
. ::mn_;:heu 5500 /* sort all the picks */
. emplate_dictionanycc ko N ks )z
=i myersslon ::: ikvsortii(ntsamples, allpicks)
# * template_ namelst << ss1
S Lovin pethopece 358 /* Select the final splitters. Set the boundaries to sisplify coding */
B sy 555 for (1e1; fenpes: fee
® ¥ timers.c 356 1 = allpicks| Inpes]; <value optimized out>
® Timars.cc 557 wypicks[@] . key = 10X _MIN; ~——1143373824
% ¥ timngc 550 mypicks[npes].key = I0X MAX;
+ ™ UntConverter.cc 553 [ R
% F utilc 350 | nisampies <value optimaded out>
¥ % uityfunctions.cc 581 WCOREPOP; /* free ollpicks +/ | Frpes <value optimized out>
# ™ vecter3Dcc 62 nrecy —1065353216
¥ ™ Vector3DmHemelb cc 561 STOPTIMER(ctrl, ctrl->AuxTer2); D < e cotinsaed out>
4] Wkl u; STARTTIMER(ctrl, ctrl->AuxTar3); -ovtxs -
- . I
Omeemem— D) s86 /* Cospute the nusber of elements that belong to each bucket */
“/Output | Breskponts | Watchponts  Stacks | Taceponts | Facepoint Output | Logbook | Svehuste
Stacks B® Expression  Value Hassoge Guruns
Processes Threads Function oA
172200 1172200 = main (man cc-37) 9
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Memory Leak Report
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Generate offline
Rack 0533 11 o8 E——— | .
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I vort_del_intarmsl (mishea-ternath)
T other
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Arm MAP lightweight profiler

Visualize Compute, = s s wem s

Profiled: clover lnaf on 32 processes. 4 nodes. 32 cores (1 per process) Sampled from: Tue Nov 8 2016 07:59:11 (UTK) for 408.28

O, ok

Time spent on line 177

10 behavior at @ o mewere ;
glance =z “ig. g,_[..

Memory usage 2.

149 M8
07:59:11-08:05:59 (408.109s): Main thread compute 2.0 %, OpendP 0.7 %. MPY 19.1 %. File /O 5.6 %, Synchronisation © © %, OpenMP overhead 0.1 %, Sleeping 1 © %

7 hydro50 X |7 advection 90,26, | 7 tiwestep; 90 26 |

step - step

1924 1 timeatep()
| SR - pav(.TRUE.)
. ¢ accelerate ()
PV PALSR. )

¢ tiox_cale()

s—— “ sSa T

133 reset_field()

A MM Overhead Function(s) on ine Source
EF] cmulpmgrml

= i # calc_dt_medule: cakc_dt
30% 4 viscosity_ module: viscosty

@®

Scalar integer
Vector integer
Memory access*
Branch

Other instructions

Scalar floating-point
Vector floating point

Breakdown of the 2.3% time spent on this line:

Executing instructions 100.0% IE——
Calling other functions

Time in instructions executed:

0.0%

0.0%
13.4% I
0.0%

0.0%

86.6% I

45.6% I

* 41.0% memory access instructions, 45.6% implicit memory accesses in
other instructions, also counted in their categories

Understand
per-line
ctivity

| !:: ~ s 34% -nqdl.hlhmodlﬁvpd‘nhh 1
) s v st m . — ‘
1.68 M i 1 .
Display o A “

advanced I — 1

Floating peint operations per second 7

metrics ... i ——

Cyclos per instruction
104
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timestep. £90-85 -
timestep.#90:75
timestep.190:72
timestep 9099
timestep.190:80
timestep.90-61

Arm Forge 180 2 9 OpendP View|
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Arm Performance Reports

Understand
application
efficiency without
recompiling

Memory

Per-process memory usage may also affect scaling:
Mean process memory usage 160 Mb I

Peak process memory usage 173 Mb [N

MADbench2 i
16 processes, 1 node 0
arm sandybridge2 J‘
PERFORMANCE Mon Nov 4 12:27:50 2013 A
109 seconds (2 minutes) o\
REPORTS /tmp/MADbench2 A~/
12-core server / HDD / 16 readers + writers. MPI o
Summary: MADbench2 is |/O-bound in this configuration
The total wallclock ime was spent as follows:
Time spent running application code. High values are usually good. e
CPU as% || Thi & low  may b wort improving 0 perormenca it Lustre
Time spent in MPI calls. High values are usually bad.
MPI 413% o 3 ;
- This is average; check the MPI breakdown for advice on reducing it Lustre file operations (per node)
" Time spent in filesystem /0. High values are usually bad.
/O s3o% _ This is high; check the O breakdown section for optimization advice. Maan wiite rate 1.27 Mfs |
This application run was /0-bound. A breakdown of this time and advice for investigating furthers in the 110 section below. peak

Energy

Peak node
Thepeaknod MPI
the total nu o X . )
processes an| Of the 41.3% total time spentin MPI calls:
Time in collective calls 100.0% [—]

Time in point-to-point calls ~ 0.0% |
i ive rate 407 bvtes's NN

cPU MPI Mean f DISpIay
A breakdown of how the 4 5% total CPU time was spent: Of the 41.3% total time spentin MPI calls: i A breakdown of how the 42.2 Wh was used:
: L St ean 1
Scalar numericops  49% | Time in collective calls 1000% . CPU 56.9% [l d d
Vector icops 0.1% | Time in point-to-point calls ~ 0.0% I a Va n Ce
Memory accesses  95.0% I Estimated collectiverate  4.07 bytes/s I System 43.1% Il .
Other 00 | Estimated pointtopointrale Obylesls | Meaninade:powers 93:1:w; I metrlcs
The per-core performance is memory-bound. Use a profiler to Al of the time is spent in collective calls with a very low transfer rate.
identify time-consuming loops and check their cache performance. ‘This suggests a significant load imbalance is causir Peak node power 95.0 w [N

ing
synchronization overhead. You can investigate this further with an

No time was spent in vectorized instructions. Check the compiler's WP profier.

Vectorization advice to see why key loops could not be vedtorized.

1/10

Significant time is spent waiting for memory accesses.

Memory Reducing the CPU clock frequency could reduce overall energy

Estimated point-to-poif C P U
Al of the time is spent

synchronization overh 2
MyPI profiler. Scalar numericops 4 9% |
Vector numericops 0.1% |

Memory accesses  95.0% NN

Get figures, results | > =

advices

17  © 2017 Arm Limited

This suggests a signifii A breakdown of how the 4 5% total CPU time was spent:

. The per-core performance is memory-bound. Use a profiler to
a n a Iys | S a n d identify ime-consuming loops and check their cache performance.

No time was spent in vectorized instructions. Check the compiler's
vectorization advice to see why key loops could not be vectorized.

usage.

time was spent: Per-process memory usage may also affect scaling:
Mean process memory usage 160 Mb I
Peak process memory usage 173 Mb [
Peaknode memoryusage  17.2% Wl

The peak node memory usage is low. You may be able to reduce
the total number of CPU hours used by running with fewer MPI
processes and more data on each process.

lich have a very low
for the filesystem or
investigate which

arm



HPC Infrastructure Tools Group

Worldwide HPC knowledge experts in cross-platform enablement and performance optimization

Teams:

* Professional
Services

e Commercial and
open-source SW
engineering

 HPC Tools
Development,
training and
support

18 © 2017 Arm Limited

Offerings:

HPC application modernization, porting, and optimization:

« Identify and resolve scalability bottlenecks.
+ Optimize application data movement and vectorization.

+ Cross-platform
Performance analysis tools and techniques:

+ Deploy and support software tools from Arm and the Arm community.

« Documentation, training, tutorials, and workshops.
Knowledge transfer and Arm adoption:

« Publications, presentations, and community participation.

arm



Useful links

e http://www.goingarm.com
* User community

e https://gitlab.com/arm-hpc/packages/wikis/home
* Porting packages

e https://developer.arm.com/hpc
* Where to get Arm HPC software with “getting started”
e support-hpc-sw@arm.com
19 ©2017 Arm Limite arm
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Back up results slides
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@ Isambard

Performance (normalized to Broadwell)

Single-socket comparison of Broadwell, Skylake, and ThunderX2

2.22 B Broadwell (18 cores)

B Skylake (22 cores)

B ThunderX2 (32 cores)

STREAM triad CloverLeaf 2D CloverLeaf 3D Tealeaf 2D Tealeaf 3D SNAPnang=10 SNAP nang=136

http://gw4.ac.uk/isambard/ 7 bristol.ac.uk
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BRISTOL

Single-socket comparison of Broadwell and ThunderX2

%A University of @ I saom bQ rd 4~

H Broadwell (18 cores)

B ThunderX2 (32 cores) 2.01

Performance (normalized to Broadwell)

GROMACS UM AMIP NEMO * OpenFOAM
L Y J
22 ©2017 Arm L @simonmcs  http://gw4.ac.uk/isambard/ BenChmarked by the briStOl .aC ) Uk

UK’s Met Office q rm

* = NEMO runs from a 28 core, 2.0GHz TX2



Arm Performance Libraries

FFT performance speed-up using Arm Performance Libraries vs FFTW
Configuration: 1D Complex-to-Complex FFT transform, Arm Perf Libs 18.2, FFTW 3.3.7, run on Cavium ThunderX2

o °
°® ¢
2.5 . ° ®e
® o °
Arm Perf Libs better than FFTW . e® ° P ° o ®
, (Speed-up > 1) . ° . oo °o® o o
° . ° . ° ° L T 4
a ) ° . 0o ¢ ° ° ®® ¢ L4
iy ° ° ° o ° : ° P
o [ ] (X )
31 ‘ ¢ ¢ Y o Q: oep o ..o. ‘.h 00’.0.' 34
g e T T AT bt 4 \J ”.Q \g
n Performance Parity . ¢ o o 000 oo 2 % o °‘o .'.' ..‘° :?‘ ’»..o::‘
_up = ° ® op o ° °
) (Speed-up = 1) . e, e® o o A . obe * o) .‘.., .:...“...\
hd | -'—'—.—,’—ﬁ—.
] ° L) [ ] [ ] )
° © ° © .. . ° ® o
o . ° ®¢ & o 00
0.5
FFTW better than Arm Perf Libs
(Speed-up < 1)
0
1 10 100 1000

FFT length
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Scélaﬁle Vector
Extension (SVE)
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Scalable Vector Extension (SVE)

A vector extension to the Armv8-A architecture with some major new features:

Gather-load and scatter-store
NV Y/

I —— — Loads a single register from several non-contiguous memory locations

1 2 3 4

. 5 5 5 s Per-lane predication
e MR Operations work on individual lanes under control of a predicate register

= B2V
for (1= 0; 1 <n; ) Predicate-driven loop control and management
St . | . o0 | o | Eliminate scalar loop heads and tails by processing partial vectors

Vector partitioning and software-managed speculation
First Faulting Load instructions allow memory accesses to cross into invalid pages

+ 1 .2 0 0
pred ISR

+EM-EN-EN-  Extended floating-point horizontal reductions

In-order and tree-based reductions trade-off performance and repeatability
3 + 7 =

25 © 2017 Arm Limited q rm



What'’s the vector length?

There is no preferred vector length

26

« Vector Length (VL) is the CPU implementor’s choice,
from 128 to 2048 bits, in increments of 128

« Adopting a Vector Length Agnostic (VLA) code
generation style makes code portable across all
possible vector lengths

« VLA is made possible by the per-lane predication,
predicate-driven loop control, vector partitioning and
software-managed speculation features of SVE

« No need to recompile, or to rewrite hand-coded SVE
assembler or C intrinsics

© 2017 Arm Limited

VL

128b

256b

384b

512b

A
64 128
128 256
128 256 384
128 256 384

512

https://developer.arm.com/hpc/resources

arm



More on SVE...

SVE is not an extension of Advanced SIMD
SVE is a separate architectural extension with a new set of AArch64 instruction encodings

Does not offer a superset of functionality; focus is HPC scientific workloads, media/image
processing, etc.

Further Information
Full ISA Specification due to be released end of March 2017

Numerous worked examples in A sneak peek into SVE and VLA programming from
https://developer.arm.com/hpc/resources

27 © 2017 Arm Limited a rm



Evaluating SVE

with Arm Compiler, Instruction Emulator and Code Advisor

» I

Compile Analyse

Arm SVE Compiler

Instruction Emulator

Code Advisor

C/C++ now, Fortran in 2017

SVE via auto-vectorization,
intrinsics and assembly.

Compiler Insight: Compiler
places results of compile-
time decisions and analysis
in the resulting binary.

Supplied with SVE
Performance Libraries.

© 2017 Arm Limited

Runs userspace binaries
for future Arm
architectures on today’s
systems.

Supported instructions
run unmodified.

Unsupported instructions
are trapped and emulated.

Console or web-based output shows prioritized

advice in-line with original source code.

A conditional prevented an instance of this loop
from being vectorized

The conditional at location 2115:15 cannot be converted to a

predicate, which prevented an instance of this loop from
being vectorized.

for (Index_t i
Real_t vhal

if ( delvc|
q_new[i]

else {
Real t s

if ( ssc <= Real_t(.1l1l111lle-36) ) {

8sCc =

} else {

=0 ; i < length ; ++i) {

f = Real_t(l1l.) / (Real_t(l.) + compHalfStep[i]) ;

i] > Real_t(0.) ) {

/* gq_old[i) ql_old[i] */ = Real_t(0.) ;

sc = ( pbvc[i] * e_new([i)

+ vhalf * vhalf * bvc[i] * pHalfStep(i) ) / rho0 ;

Real_t(.3333333e-18) ;

Ul 111



