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Operational system for NWP at CSCS
e R VAR B L

Albis & Lema (in production through 3/2016) New system: Kesch & Escha

+&_ CSCS
\‘ ~ Cactro Svizzero di Cakeolo Scisesifico 17th Workshop on HPC in Meteorology @ ECMWF, Reading, Wednesday October 26, 2016 T. Schulthess 2

\‘ Swiss Natienal Sepercompsting Cestre



ETHzurich

MeteoSwiss’ performance ambitions

40 Requirements from MeteoSwiss
Data assimilation

10 Gig-2:2- k>R

1 Constant budget for investments and operations

We need a 40x improvement between 2012 and 2015 at constant cost

S CSCS
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HPCE

MeteoSwiss New
Weather Supercomputer

World’s First GPU-Accelerated
Weather Forecasting System

September 15, 2015
Today’s Outlook: GPU-accelerated Weather Forecasting

John Russell

“Piz Kesch”

2x Racks
48 CPUs
192 Tesla K80 GPUs

> 90% of FLOPS from GPUs
Operational in 2016

5 “Invioia
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U. Tokyo
&Tsukuba
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=<7 Met Office

DARPA HPCS
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State of the art implementation

of new system for MeteoSwiss

INSEL HD El L) r 4 2
MIEIEIEE ]
' OOOOAE !4
fvy ; "y ! | .(? :

Albis & Lema: 3 cabinets Cray XEG6 installed Q2/2012

« New system needs to be installed Q3/2015

FERTTE * Assuming 2x improvement in per-socket performance:

L-——-J ~20x more X86 sockets would require 30 Cray XC cabinets

LD Insel 7 INSEL ux 5

IR RIARIA A

| Iol

gzmsﬁﬁ New system for Meteo Swiss if we
LR build it like the German Weather
e e Service (DWD) did theirs, or UK Met

jﬁﬂl:- e | Office, or ECMWF ... (30 racks XC)

Ilal

foe ce e cece I
2 :FF:F”’“ Current Cray XC30/XC40 platform

(space for 40 racks XC)

Th|nk|ng |nS|de the box was not a good optlon' 1'

CSCS machine rojom
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COSMO-OPCODE: a legacy code migration project

» monolithic Fortran 90 code
» 250,000 lines of code

% Code Lines (F90)

11'031; 5%
11'079. 5%

12'094, 5%

25'300; 1%

43'066; 19%

41'548, 18%

W Assimilation
8 Dynamics

8 Physics

/O

B Structure

B Diagnosis

B Parallelization

83271, 37%

235.7, 22%

12.86; 1%

Runtime based 2 km production model
of MeteoSwiss

% Runtime

21.46; 2%
64.98, 6%

102.9; 10%

644.7; 59%

Original code (with OpenACC for GPU) Rewrite in C++ (with CUDA backend for GPU)

CSCS

>
AN Cartro Svizzero di Calcolo Scientifico
\. Swiss National Sepercompsting Centre
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How we solved the problem

Investment in software allowed mathematical improvements and change in architecture

40 Requirements from MeteoSwiss
Data assimilation 1.7x from software refactoring (old vs. new implementation on x86)

35 SIW £
30 2 ' 2.8x Mathematical improvements (resource utilisation)
25 — e
20 2.3x Change in architecture (CPU ¢
15 Bonus: reduction in power!
10 = Gid22km>11km 2.8x Moore’s Law on x86

5 gl

1.3x additional processors
1 Constant budget for investments and operations
There is no silver bullet!
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Why commodity processors?

$500,000,000
$2 000,000, 000
$13 000

Source: Andy Keane @ ISC’10
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10 EFlop/s
1 EFlop/s
100 PFlop/s
10 PFlop/s
1 PFlop/s
100 TFlop/s
10 TFlop/s
1 TFlop/s
100 GFlop/s
10 GFlop/s
1 GFlop/s

100 MFlop/s

+&_ CSCS

. Swiss National Sepercompeting Ceatre

- Sum —— #1 —a— #500

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016
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Denard Scaling

Voltage, V/«

tox/0 ) ¢ WRING
| o
lGATE W/a
\ \ N+ N+ i/ ','
\ source LSO TT ' drain )

p substrate, doping a* N4

Source: Ronald Luijten, IBM-ZRL
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\' ‘ Cantro Svizzero di Calcolo Scientifico
\‘ Swiss National Sepercompeting Cestre

Robert H. Dennard (1974)

SCALING

\/alfA

NOLO: Y7/ A,
vOraGe-

| 4 /UL
Oxide: —aal
Wire width: W/«

Gate Width: L/«
Diffusion: Tq/
Substrate: a Ny

CONSEQUENCE:

Higher density: ~ o?
Higher speed. ~ «
Power/ckt: ~1/a?
Doasainr Aot .- eI O o
[NV AA'A ] | Ubii\'jll.y. T oVVliououvallu
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40 Years of Microprocessor Trend Data

Transistors
(thousands)

SR |

Single-Thread
Performance
| (SpecINT x 10°)

R |

Frequency (MHz)
Typical Power
<4 (Watts)

Number of
7 Logical Cores

1970 1980 1990 2000 2010 2020

Year

Original data up 10 the year 2010 collecied and plotied by M. Horowitz, F. Labonte, O. Shacham, K. Olukotun, L. Hammond, and C. Batlen
New plot and data collected for 2010-2015 by K. Rupp

S CSCs
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Who consumes how much energy on a 28nm processor

64-bit DP
20pJ

DRAM
Rd/Wr

*64 bit floating point unit: 20 pJd
che
Iink

256-bit
buses

*256-bit access 8kB SRAM: 50 pJd
*256-bit bus across die: 1,000 pJ 256-bik access

8 kB SRAM

‘Read/write to DRAM: 16,000 pJd

By a wide margin, most energy
Is spend in moving data on the
die and to memory

<& _cscs | | 20 mm
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Zimension &

Capacitance

SD Leakage scaling/micron 1X Optimistic to 43X Pc;c _ o
| 43X Pessimistic

SO -
urces: Intemannal Technology Roadmap for Semiconductors and Inte!

Moore's Law Takes Miracles ... But
It Isn't The Miracle That Will Carry The Day

)
Source: Rajeeb Hazra’s (HPC@Intel) talk at SOS14, March 2010
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“Piz Daint”

Latency (us) Bandwidth (GB/s)
Aries chip 1.28 9.89

Within Chassis 1.61 9.65
Between Chassis 1.58 9.82
Between Groups 2.53 9.63

Cray XC30 with 5272 hybrid, GPU accelerated compute nodes

Compute node:
> Host: Intel Xeon E5 2670 (SandyBridge 8¢) <~

> Accelerator: One NVIDIA K20X GPU (GK110)
. ¥~ 0.73 GHz (~1.4ns)
S CSCS
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Architectural diversity is here to stay, because it is
a consequence of the dusk of CMOS scaling
(Moore’s Law)

What are the implications?

Complexity in software is one,
but we don’t understand all implications

Physics of the computer matters more than ever

+~&_ CSCS
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/
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Stencil example: Laplace operator in 2D

= —-4.0 * +
data(i+1l,3,k) + data(i-1,3,k) +

data(i,j+1,k) + data(i,j-1,k);

<& _ CsSCs
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Two main components of an operator on a structured grid
1. defines stencil application domain and order
2. defines the operator to be applied

do k = kstart, kend
do j = jstart, jend
do 1 = istart, iend
lap(i, j, k) = -4.0 * data(i, j , k) + &
data(i+l, j, , k) + data(i-1, j , k) + &
data(i , j+1, k) + data(i , j-1, k)
end do
end do
end do

17th Workshop on HPC in Meteorology @ ECMWF, Reading, Wednesday October 26, 2016  T. Schulthess 19
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enum { data, lap };

template<typename TEnv>

struct Laplace

{

STENCIL STAGE (Tenv)

STAGE PARAMETER(FullDomain, data)
STAGE PARAMETER (FullDomain, lap)

static void Do()

{

lap::Center() =
-4.0 * data::Center() +
data::At (iplusl) +
data::At (iminusl) +
data::At(jplusl) +
data::At(jminusl);

+~&_CSCS
\' ‘ Canfro Svizzero di Calcolo Scientifico
@

Swiss National Sepercompeting Centre

IJKRealField lapfield, datafield;

Stencil stencil;

StencilCompiler: :Build(
pack_ parameters (
Param<lap, cInOut>(lapfield),
Param<data, cIn>(datafield)
)
concatenate_ sweeps (
define sweep<KLoopFullDomain>(
define stages(

StencilStage<Laplace, IJRangeComplete>()

stencil.Apply();

17th Workshop on HPC in Meteorology @ ECMWF, Reading, Wednesday October 26, 2016  T. Schulthess 20
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enum { data, lap };

template<typename TEnv>

struct Laplace

{
STENCIL STAGE (Tenv)
STAGE PARAMETER (FullDomain, data)
STAGE PARAMETER (FullDomain, lap)

static void Do()
{
lap::Center() =

-4.0 * data::Center() +
data::At (iplusl) +
data::At (iminusl) +
data::At(jplusl) +
data::At(jminusl);

+&®_ CSCS
\‘ ‘ Cantro Svizzero di Calcolo Scientifico

\‘ Swiss National Svpercompsting Centre

IJKRealField lapfield, datafield;

Stencil stencil;

StencilCompiler: :Build(
pack_ parameters (
Param<lap, cInOut>(lapfield),
Param<data, cIn>(datafield)
)
concatenate_sweeps (
define sweep<KLoopFullDomain>(
define stages(

StencilStage<Laplace, IJRangeComplete>()

stencil.Apply();

GTC Europe, Amsterdam, Thursday September 29, 2016  T. Schulthess 21
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Architecture dependent backend

- The same user-level code can be Coarse-grained parallelism
compiled with different, architecture Horizontal 1J-plane
dependent backends

* multi-core CPU (x86) — SIMD

- kij-storage 4’ Block1

 I]-blocking
» Coarse: OpenMP theads
Block2 Block3
/

» Fine: vectorisation by compiler

- GPU (Tesla) - SIMT /
 ||k-storage Fine-grained
 Coarse: CUDA thread blocks ? ? ? ? e etorisation)
» Fine: CUDA threads /A /A /A /A
+ software managed caching /A /\ /\ /\
R Rty

Scieatific GTC Europe, Amsterdam, Thursday September 29, 2016  T. Schulthess 22
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COSMO: old and new (refactored) code

main (current / Fortran) main (new / Fortran)

dynamics (C++)

. stencil library | boundary
physics conditions &

physics dynamics (Fortran) (Fortran) x86 I[cPull hal N
(Fortran) with OpenMP / - aib exene:

OpenACC Generic

Comm.
Library

MPI or whatever

Shared
Infrastructure
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ETHiirich Physical model

Wind pv = - Vp + pg —2Qx(pv) + F
.

Pressurep = - (de/cvd) pV-v +(c,i/¢,q=1)Q, =
Temperature pc, T =p+Q,

Water pg? ==V - Fv— (I'+ If) l

pGif =V - (PV + FIfy + [if =
Density p =p[R, (1+(R,/R,~1) q*~ q'=¢q") T1™

Mathematical description

Domam science & applied mathemm

Algorithmic description -« . @
= -4.0 * +

data(i+l,j,k) + data(i-1,3j,k) + /

| deta il + ACENERERONN Imperative code

_1-.-—--\

K
Jﬁ

Computer engineering

Computer Schulthess, Nature Physics, vol 11, 369-373 (2019)

+&_ CSCS
\" Cartro Svizzero di Calcolo Scientifico GTC Europe, Amsterdam, Thursday September 29, 2016  T. Schulthess 25

QP 5wiss Nationwl Sepercompsting Contre



ETHziirich Physical model | ,
( DFT ground state ] - -9’- gl )

Eigen-value problem AW, (r) = e Wik (r) <

Charge density poo'(r) = > Wi (r)¥5(r)
ik

!

Effective potential v*//(r) = v*//[p,,(r)](r)
and magnetic field Be//(r) = B*//[p, . (r)](r)

Mathematical description

Domain science & applied mathematics .(QL,,)“

Algorithmic description

Imperativecode

"

= S e —— e
.

Compilation \ ,f
Computer engineering

Computer Schulthess, Nature Physics, vol 11, 369-373 (2015)
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ETHzirich V=X ket=m’+ 3 ki~ Physical model

angles

+ Z ko(1 +cos(ng — ¢yp)) + Z k.(s’/—k”o)z
dihedrals Impropers

o1 12 o1 6
+ X ow|(Z)-(2) ]+ X
pon-bonded v ’ noa-bonded
paurs(i, j) pairs{i, j)
forsion angle

non-bonced -

Mathematical description

Compilation

/ Computer engineering
Com puter Schulthess, Nature Physics, vol 11, 369-373 (2015)
~&_cCscCs
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ETHiirich Physical model

Mot T e U 7 Ih:“
8 Z o,

N
N,

Mathematical description .'Ci

Domain science & applied mathematics Gl et = Gl 1) - x b

A A2 I R A A A

Algorithmic description Yy

/ Ge({si, }ri1) = Ge({si,1}0) + [agas]...[ar] x [bg[ba].../be]’

Compilation ;
Computer engineering

COm puter Schulthess, Nature Physics, vol 11, 369-373 (2019)
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ETHiirich Physical model

Wind pv = - Vp + pg —2Qx(pv) + F
.

Pressurep = - (de/cvd) pV-v +(c,i/¢,q=1)Q, =
Temperature pc, T =p+Q,

Water pg? ==V - Fv— (I'+ If) l

pGif =V - (PV + FIfy + [if =
Density p =p[R, (1+(R,/R,~1) q*~ q'=¢q") T1™

Mathematical description

Domam science & applied mathemm

Algorithmic description -« . @
= -4.0 * +

data(i+1l,j,k) + data(i-1,3,k) + /

;-' r data(l’J+1 k) + data(l,Jl k) Imperatlve COde |

_1-.-—--\

K
Jﬁ

Compilation
/ Computer engineering
Schulthess, Nature Physics, vol 11, 369-373 (2015)
\“" gigfmmm GTC Europe, Amsterdam, Thursday September 29, 2016  T. Schulthess 29
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Physical model

[ |
|
|

!
T—"’_Y
|

|

ETH:zurich
Wind pv = - Vp + pg —2Qx(pv) + F

Pressurep =~ (c,q/¢,q) PV'V + (c)q/¢,;=1)Q,

|

Temperature pc,, T =p+Qy
f

Waterpc';v =—V: -F- (Il+ If)
pghf =V - (P + Fify + ['f
Density p =p[R, (A+(R,/R,;~1) q*- q'~g") T

Mathematical description
Domain science & applied mathemm
00—

.' \ /)
=2 A

Algorithmic description

'4

+

= -4.0 *

Compilation
Computer engineering

Schulthess, Nature Physics, vol 11, 369-373 (2015)
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Physical model

[ |
|
|

!
T—"’_Y
|

|

ETH:zurich
Wind pv = - Vp + pg —2Qx(pv) + F

Pressurep =~ (c,q/¢,q) PV'V + (c)q/¢,;=1)Q,

|

Temperature pc,, T =p+Qy
f

Waterpc';v =—V: -F- (Il+ If)
pghf =V - (P + Fify + ['f
Density p =p[R, (A+(R,/R,;~1) q*- q'~g") T

Mathematical description
Domain science & applied mathemm
00—

.' \ /)
=2 A

Algorithmic description

'4

+

= -4.0 *

Computer engineering

Schulthess, Nature Physics, vol 11, 369-373 (2015)
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— dynamic environment

ETHzirich _— [l _ - __for model develop.
7~ JUPYTER Physical model ~

\

\

Science applications using a descriptive

N . -
and dynamit~developer environment B main (new / Fortran)

_ TR o — dynamics (C++) ~__

/ = Impe - Iti-disciplinary™
4 /P stencil lorary mb:;:gﬁ;y pdesign of tools, \
4\ - X86 halo exchg. [eUSs |

\ Compiler fronten

\ ° o, . — gzr:r:c ironment
~__Optimisation / low-level lib resiuere | Libray ~ tools for
S - ) MPI or whatever N igl_'n-.performal?ce
_ T, — ————— —— —— — cientific computing
Architecture specific backendss e e, ,

Architecture 1 Architecture 2 Architecture N

Schulthess, Nature Physics, vol 11, 369-373 (2015)
<& _CscCs
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The good news

C++ standard is evolving quickly and implementations follow!

C++ 11, 14, HPX-3, ... 17, 20, ...

~&_ CsSCs
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Who will pay for the implementation of
Fortran, OpenACC, OpenMP, ...?

~&_ CSCS
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Y7 alnl ™ Y ™ i eeTT
ANJL )= 17 % st e’ Y,
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170TF | “250 servers in-a-box” | nvidia.com/dgx1

| $129,000 for 8 GPUs, or $16k a piece

$2,000,000,
:$13,000"

Source: Andy Keane @ ISC’10
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scl /

Lugano I 26-28 June 2017

Switzerland

Association for
Computing Machinery

Platform for Advanced Scientific Computing
Conference

oy B e

.......

‘ : < \

) '. ; \‘*\. § - #
:I M l\"t‘\-v V
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i 4y m
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Call for Papers

The Platform for Advanced Scientific Computing (PASC) invites submissions
for the PASC17 Conference, co-sponsored by the Association for Computing
Machinery (ACM) and SIGHPC, which will be held at the Palazzo dei Congressi in
Lugano, Switzerland, from June 26 to 28, 2017.

Platform for Advanced Scientific Computing
Conference

scl/

Lugano

switzerland

I 26-28 June 2017

PASC17 is an interdisciplinary event in high performance computing that brings together
domain science, applied mathematics and computer science - where computer science is
focused on enabling the realization of scientific computation.

We are soliciting high-quality contributions of original research relating to high performance
computing in eight domain-specific tracks:

CLIMATE & WEATHER
I sOLID EARTH DYNAMICS
LIFE SCIENCES
P CHEMISTRY & MATERIALS
B rPHYSICS
COMPUTER SCIENCE & APPLIED MATHEMATICS
I ENGINEERING
EMERGING DOMAINS (SPECIAL TOPIC: PRECISION MEDICINE)

pasci7.pasc-conference.org

ﬁ Association for

v Computing Machinery S I g

Areas of interest include (but are not limited to):

- The use of advanced computing systems for large-scale scientific applications

- Implementation strategies for science applications in energy-efficient computing
architectures

- Domain-specific, languages, libraries or frameworks

- The integration of large-scale experimental and observational scientific data and high-
performance data analytics and computing

- Best practices for sustainable software development and scientific application
development

Committee Chairs
Jack Wells (Oak Ridge National Laboratory, USA)
Torsten Hoefler (ETH Zurich, Switzerland)

Submission Guidelines
We invite papers of 5-10 pages in length, which will be reviewed double blind. Full submis-
sions guidelines can be found at www.pascl7.org.

- Submissions close: 12 December 2016

- First review notification: 31 January 2017
- Revised submissions close: 1 March 2017

- Final acceptance notification: 11 April 2017

Conference Participation and Proceedings

Accepted manuscripts will be published in the ACM Digital Library on the first day of the
conference. Authors will be given 30-minute presentation slots at the conference, grouped
in topically focused, parallel sessions.

Post-Conference Journal Submission
Following the conference, authors will have the opportunity to develop their papers for
publication in a relevant, computationally focused, domain-specific journal.

Authors thus stand to benefit from the rapid and broad dissemination of results afforded
by the conference venue and associated proceedings, and, from. the impact associated with
publication in a high-quality scientific journal.

&, CSCS
" Centro Svizzero di Calcolo Scientifico

Swiss National Supercomputing Centre



