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crCLIM: Convection-Resolving Climate Modeling
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Leutwyler, D., D. Liithi, N. Ban, O. Fuhrer, and C. Schéir (2017), Evaluation of the convection-resolving climate modeling approach on continental scales, J. Geophys. 7
Res. Atmos., 122, 5237-5258, doi: 10.1002/2016JD026013. 6
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s innovations report

Forum for Science, Industry and Business

Search our Site:

nce is knowledge -- innovati _

B (¢ SPECIAL TOPICS B2B AREA  JOBS & OPPORTU

REPORTS AND NEWS Home - Science Reports -+ Reports and News - Information Technology

Agricultural and Forestry Science - The world’s largest archive with up to 500 Petabyte of
Architecture and Construction climate data is located in Hamburg

Automotive Engineering
08.05.2015

Business and Finance DKRZ, supported by IBM, took in its new Hierarchical Storage Management System,

Communications Media based on a High Performance Storage Systems (HPSS). Experts from IBM/Global
Earth Sciences Technology Services have implemented the latest HPSS software and the Linux

) operation system by Red Hat on the IBM x86 server as well as a HPSS disk cache
Ecology, The Environment and ] ]
Conservation with five Petabyte.

Health and Medicine
The new system allows currently a transfer of climate data between the high

performance computer and the archive system with a bidirectional bandwidth up to
Interdisciplinary Research 12 Gigabyte per second, increasing up to 18 Gigabyte per second in autumn 2015.

Information Technology

Life Sciences The system manages all archived

Machine Engineering simulation data at DKRZ and serves
Matarial Sei as the central in- and output
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RSS-Feed l} Off World

e One of the Largest Cosmological Simulations

3;:;3;3;;; Ever Shows the Evolution of the Universe

Ecology, The Envir
Conservation

f ¥ & &=

Health and Medicir : : : . : : :
Scientists run one of the largest ever simulations of the evolution of the universe in order to

Information Techn

understand more about dark matter, generating|2.5 petabytesjof data in the process.

Interdisciplinary Rs

Life Sciences

Machine Engineeri Miguel Santos

Matarial Sei THE BIRTH OF THE UNIVERSE

Researchers from the U.S. Department of Energy’s Argonne National Laboratory have acquired an
“avalanche of data” from one of the largest cosmological simulations ever. The simulation,

called the Q Continuum, ran a model of the universe’s evolution from 50 million years after the

Big Bang up to the present day. The goal of the simulation is to help researchers understand dark
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Analyzing Data Today: On-Disk

Simulation

Analysis/Visualization Tools Results
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ON DISK
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never re-simulate
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SimFS

store everything store something store nothing

never re-simulate re-simulate if needed always re-simulate
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SimFS: A Simulation Data Virtualizing File System Interface

Simulation
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Will re-simulations slow my analysis down?
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No prefetching time
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Improving Analysis Performance: Prefetching
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Improving Analysis Performance: Prefetching

No prefetching: 12 output steps

Masking Restart Latency : 16 output steps

Matching Analysis Bandwidth: 25 output steps
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Improving Analysis Performance: Prefetching
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Max # of parallel re-simulations (Smax )
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1 2 3 4 Matching analysis bandwidth
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5min output steps of a 1 month long simulation, output step size = 6GiB, checkpoint size = 36GiB
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Is SimFS Cost-Effective?

Given a simulation dataset, for how long do you want to be able to access this data? Data Availability Period

m

Cg; At) =Csmlin,, P)+Cs n,.s,..At)+ .
SIIIIFS{ ) s1m( 0 ) store( Fiors } 1r1 51tu AT ZCSIIII h/A.f( )‘P)

Con-disk (Af) = Csim (’?Oa N) + Cstore (’?OaSr.';:AI) C (M ¢ AT) C (V(’}/ ) P)
store 190, sim Ar )

5min output steps of a 1 month long simulation, output step size = 6GiB, checkpoint size = 36GiB
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5min output
step every 20s

-- \Vicrosoft Compute: 2.07$/Node/Hour (NCv2 VM)
.- Azure Store: 0.065/GiB/Month (Azure File Share)
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Is SimFS Cost-Effective?

Given a simulation dataset, for how long do you want to be able to access this data? Data Availability Period

m

Cq: At) =Cymlin,.P)+C; n,.S..At)+
SIIIIFS{ ) s1m( 0 ) store( Fiors } 1r1 51tu AT ZCSIIII h/A.f ‘P)

Con-disk (Af) = Csim (”0: N) + Cstore (’?OaSr.';:AI) C (M ¢ AT) LC (V(’}/ ) P)
store 190, sim Ar )

5min output steps of a 1 month long simulation, output step size = 6GiB, checkpoint size = 36GiB

A T T T

(50 Analysis #1 [EQ Analysis #3 (= Analysis #2
Number of analysis applications: 100

5min output
step every 20s

-- Vicrosoft Compute: 2.07S/Node/Hour (NCv2 VM) s Fs 25% cache size

.- Azure Store: 0.065/GiB/Month (Azure File Share) Restart interval: 8h
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Is SimFS Cost-Effective?
Given a simulation dataset, for how long do you want to be able to access this data? Data Availability Period

m

Csimps (A7) = Csim (119, P) + Cstor WAVARS - ~ (s PR,
Con-disk (A7) = Csim (10, N ) + Cstore (110, 50, AL ) L o Cinsitu (AF) = Z( sim (! + YA (J) ‘ ,P)
_. \lUI'l_" |._ 1"1";{. .\'”,ﬂf :I —( .\j]]]l,_ 1 \ }/A!r }. [_) :I -

5min output steps of a 1 month long simulation, output step size = 6GiB, checkpoint size = 36GiB

AR AR NN SRR A AT A
@ Analysis #1 @ Analysis #3 Analysis #2

Number of analysis applications: 100

5min output
step every 20s

Compute: 2.07S/Node/Hour (NCv2 VM) s Fs 25% cache size
Store: 0.065/GiB/Month (Azure File Share) Restart interval: 8h
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Is SimFS Cost-Effective?
Given a simulation dataset, for how long do you want to be able to access this data? Data Availability Period

m

Csimps (At) = Csim(n,. P) + Cgore (1.5, AL )+ . . . , P
el (AR = Coae n . NV Coea(n, s ALY e - - . Cin sy (AT) = Z( sim{2j T [Yar (J) ‘ P)
||l.

—_ - - - - |
400 A [ =
& In-situ

jize = 6GiB, checkpoint size = 36GiB

|

B6m 1y 2y 3Iy 4y Sy
Availability Period

Compute: 2.07S/Node/Hour (NCv2 VM) s -y Fs 25% cache size
Store: 0.065/GiB/Month (Azure File Share) im Restart interval: 8h
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Is SIimFS Cost-Effective?

Given a simulation dataset, for how long do you want to be able to access this data? Data Availability Period
Cod A — Coo (. N Co (1 5. As) Csimrs(At) = Cgim (11, P) + Ctore (1. 5, A )+ Cio i L
3.0
—_ - - - - |
400 1 - -
& In-situ 7 25
o J
S 200 izl © 20
— | 2
X 1907 [ §-1.5
+ 50+ @)
wn @) |
8 10 I ‘ .l.! U
: ' ' ' ' - Piz Daint
6m 1y 2y 3y 4y 5y 0.5 ol
i ili i 0.1 0.2 0.3
Availability Period Storage Cost
Cost Ratio 0.60 _2.65

Compute: 2.07S/Node/Hour (NCv2 VM) s -y Fs 25% cache size
Store: 0.065/GiB/Month (Azure File Share) im Restart interval: 8h
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What if | need only some of the data produced by
the simulation?
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Simulation Contexts

Simulation

(P)NetCDF,
HDF-5, POSIX

DVLib

S

Data Cache Checkpoints
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Simulation Contexts

Simulation INPUT_IO:
3 min / TOT_PREC (2D)

15min/ U, V, T, QV, Fl @ 850 hPa (2D)
15 min / TOT_PREC, PMSL (2D)
10 min/ U, V, W (3D)

o
<=

o
=

®
(P)NetCDF,
HDF-5, POSIX

DVLib

Data Cache Checkpoints
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Simulation Contexts

Simulation INPUT_IO:
3 min / TOT_PREC (2D)

15min/ U, V, T, QV, Fl @ 850 hPa (2D)
15 min / TOT_PREC, PMSL (2D)
10 min/ U, V, W (3D)

o
<=

o=
==

®
(P)NetCDF,
HDF-5, POSIX

DVLib

Data Cache Checkpoints




spcl.inf.ethz.ch oo o
v oo ETH ZUrich

Simulation Contexts

Simulation INPUT_IO:
3 min / TOT_PREC (2D)

15min/ U, V, T, QV, Fl @ 850 hPa (2D)
15 min / TOT_PREC, PMSL (2D)
10 min/ U, V, W (3D)

l O precip_tracking:
l Ol 3min / TOT_PREC (2D)

E.OED
==

®
(P)NetCDF,
HDF-5, POSIX

DVLib

Data Cache Checkpoints
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Simulation Contexts

Simulation INPUT_IO:
3 min / TOT_PREC (2D)

15min/ U, V, T, QV, Fl @ 850 hPa (2D)
15 min / TOT_PREC, PMSL (2D)
10 min/ U, V, W (3D)

l O precip_tracking:
l OI 3min / TOT_PREC (2D)

I =O fronts_cyclones:
— % 1Smin/U,V,T,QV, Fl @ 850 hPa (2D)
-Q — 15 min / TOT_PREC, PMSL (2D)

I _Q

®
(P)NetCDF,
HDF-5, POSIX

DVLib

Data Cache Checkpoints
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Simulation Contexts

Simulation INPUT_IO:
3 min / TOT_PREC (2D)

15min/ U, V, T, QV, Fl @ 850 hPa (2D)
15 min / TOT_PREC, PMSL (2D)
10 min/ U, V, W (3D)

l O precip_tracking:
l Ol 3min / TOT_PREC (2D)

I =O fronts_cyclones:
— ® 15min/U,V,T,QV, Fl @ 850 hPa (2D)
-Q E‘ 15 min / TOT_PREC, PMSL (2D)
_Q

|=Q trajectories:
I_—C>. ° 10min/ U, V, W (3D)
) -C>
C_ (3

®
(P)NetCDF,
HDF-5, POSIX

DVLib

Data Cache Checkpoints
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Simulation Contexts

Simulation INPUT_IO:
3 min / TOT_PREC (2D)

15min/ U, V, T, QV, Fl @ 850 hPa (2D)
15 min / TOT_PREC, PMSL (2D)
10 min/ U, V, W (3D)

l O precip_tracking:
l Ol 3min / TOT_PREC (2D)

I =O fronts_cyclones:
— ® 15min/U,V,T,QV, Fl @ 850 hPa (2D)
-Q E‘ 15 min / TOT_PREC, PMSL (2D)
_Q

|=Q trajectories:
I_—C>. ° 10min/ U, V, W (3D)
) -C>
C_ (3

®
(P)NetCDF,
HDF-5, POSIX

DVLib

Data Cache Checkpoints
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Simulation Contexts

Simulation

l O precip_tracking:
l Ol 3min / TOT_PREC (2D)

I =O fronts_cyclones:
— ® 15min/U,V,T,QV, Fl @ 850 hPa (2D)
-Q E‘ 15 min / TOT_PREC, PMSL (2D)
_Q

|=Q trajectories:
I_—C). ° 10min/ U, V, W (3D)
) -C>
C_ (3

®
(P)NetCDF,
HDF-5, POSIX

DVLib

Data Cache Checkpoints
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Simulation Contexts

Simulation

®
(P)NetCDF,
HDF-5, POSIX

DVLib

Data Cache Checkpoints

=

=
‘=

precip_tracking:
3min / TOT_PREC (2D)

fronts_cyclones:
15 min /U, V, T, QV, FI @ 850 hPa (2D)
15 min / TOT_PREC, PMSL (2D)

trajectories:
10 min /U, V, W (3D)
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Simulation Contexts

Simulation

|
(P)NetCDF,
HDF-5, POSIX

DVLib

Data Cache Checkpoints

Ctx 1: precip_tracking

INPUT_IO, INPUT_*
job script
path to checkpoints

path to data cache

Ctx 2: fronts_cyclones
INPUT_IO, INPUT_*
job script
path to checkpoints

path to data cache

g

Ctx 3: trajectories
INPUT_IO, INPUT_*
job script
path to checkpoints
path to data cache

g

l O precip_tracking:
l O| 3min / TOT_PREC (2D)

I =O fronts_cyclones:
— ® 15min/U,V,T,QV, Fl @ 850 hPa (2D)
-Q E‘ 15 min / TOT_PREC, PMSL (2D)
_Q

|=Q trajectories:
I_—C>. ° 10min/ U, V, W (3D)
) -C>
C_ S
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ETHzirich

! MegaBytes

Schweizerische Eidgenossenschaft “ CSCS
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SimFS: A Simulation Data Virtualizing File System Interface

SimFS: A Simulation Data Virtualizing File System Interface

Simulation

Simulation ﬁ
Aw 1K SIMFS_Acquire (., filename, .);
LY -—, . nc_open (filename, _, nid): P 1
et o e ] i,l ”;m«-;
- STHPS_Release(., filename); Ll |l ML RS
A

(P)NetCDF, HDF-5, POSIX

TCP/IP

SimFS

=

; ] (omescor, | simesa |
Analysis/Visualization TUV DVLib

! MegaBytes
Data

Virtualizer

Schweizerische Eidgenossenschaft " CSCS

s N
WCL @Cst Confédératl.on Sulsse \' ‘ Centro Svizzero di Calcolo Scientifico
c for Cli Confederazione Svizzera - Swiss National Supercomputing Centre
enter for Llimate Confederaziun svizra

Systems Modeling

28
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SimFS: A Simulation Data Virtualizing File System Interface

Simulation ﬁ

spcl.inf.ethz.ch
L 4 @spcl_eth

SimFS: A Simulation Data Virtualizing File System Interface

SIMFS_Acquire (.., filename, .); Simulation
nc_open (filename, _, nid)

nc_close (nid) ;
SINPS_Release(., filename):

Sl

ETH:-zurich

TCP/IP

/Si'rﬁFS []
Annlysis/ﬁualization Tools o
S

(piescor, | SimFS APt |
HDF-5, POSIX DVLib

Data
Virtualizer

When is SimFS Cost-Effective?

Data Availabllity Period: period of time during which analysis can be performed on the simuiation data.

Csimrs () = Cuim{#a, P) +Corone {57, A1)+

Conisk{(87) = Cuim{110:N) + Cotoe 150, ) | Cane (M 50,5) 4 ConV (75),P) Cinsitn (&) = ¥ Caimali + |10 (). P)
o (M. 50, 1) + GV (720) 7
400 i T

g in-situ

S 200 K

: 100 on-dIS_‘

7 50 SimFS

] =

S
&m 1y 2 dy 5y

Yy 3y
Avallability Period

-- Vicrosot Compute: 2.078/Node/Hour (NCw2 VM)
Wl Azure Store: 0.065/GiB/Month (Azure File Share)

Schweizerische Eidgenossenschaft ' CSCS

Confédération sui &
on ration suisse Y ‘ Centro Svizzero di Calcolo Scientifico

Confederazione Svizzera - Swiss National Supercomputing Centre
Confederaziun svizra

WwaSPCT

NG osm
Center for Climate
Systems Modeling
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Simulation ﬁ

-
SimFS []
Analysis/Visualization TaV
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SimFS: A Simulation Data Virtualizing File System Interface

SIMFS_Acquire (.., filename, .); Simulation
ne, n(filename, _, nid);

nc_close (nid) ;
SINPS_Release(., filename):

(piescor, | SimFS APt |
HDF-5, POSIX DVLib

Sl

TCP/IP

Data
Virtualizer

When is SimFS Cost-Effective?

Data Availabllity Period: period of time during which analysis can be performed on the simuiation data.

Csimrs (A1) = C,

”
Conatt(80) = Cunlin,N) + Caeel 580 | Cite (&) = ¥ Cinali + [1e 1] P)
7

& in-situ

S 200 .

~ 100 0I‘I'd|5L

x

7 50 SimFS

o F

o

6m 1y 2 4y 5y

Yy 3y
Avallability Period

-- Vicrosot Compute: 2.078/Node/Hour (NCw2 VM)
Wl Azure Store: 0.065/GiB/Month (Azure File Share)

= ETHzirich

Improving Analysis Performance: Prefetching

» 300 =

@ 2507 4 Full Forward Resimulation
E 2001 _[200 Prefetching not accessed datal
o 1504 ForWard 400 .

£ 1004 K

= 100 Backward 800 1660
£ 50 T T T T

[ 2 16

4 8
Max # of parallel re-simulations (Smax)

17 [18 [19 [ 20
13 {14 {15 | 16

25126
5

Matching analysis bandwidth
6 7 8 9 1011121314 151617 18 1920 21 22 23 24 25..

Improving Analysis Performance: RDMA Transfers

Simulation

RDMA

PFS (e.g., Lustre)

Schweizerische Eidgenossenschaft ' CSCS

Confédération sui &
on ration suisse Y ‘ Centro Svizzero di Calcolo Scientifico

Confederazione Svizzera - Swiss National Supercomputing Centre
Confederaziun svizra
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Center for Climate
Systems Modeling
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SimFS: A Simulation Data Virtualizing File System Interface

Simulation ﬁ
1)) n(filename, _, nid);

n nc_close (nid) ;
SINPS_Release (., filename);
o - A

SimFS: A Simulation Data Virtualizing File System Interface
‘ SIMFS_Acquire (., filename, .); ’ Simulation
ac ¢

! PetaBytes

: MegaBytes

-
SimFS
Analysis/Visualization Ta%

Data
Virtualizer

» ETHzirich
When is SimFS Cost-Effective? Improving Analysis Performance: Prefetching Improving Analysis Performance: RDMA Transfers
Data Avalilability Period: period of time during which analysis can be performed on the simulation data. 7 300 T——
. o 250 = j..Full Forward Resimulation l Simulation
Con k(A1) = G (1) + Gt 5080 | Coimrs(ar) = G, Ciosita (A7) = Z"Cm,u. + (). P) E ’?’Zg_ ;ZOOFMWard - Prefetching not accessed data _-
o 400 RDMA
£ 100 Backward -
£ 800 1600
5 60—z o T s —‘4
s — 2
&0 in-situ Max # of parallel re-simulations (Syax) TcP/IP (PINEHCDF HDF 5,
2 200 L
o
= 100 DVLib
7 50 17 118 [19 Data
S 13 [14 | 15 Virtualizer
&m 1y 2y 3y 4y 5y i
Availability Period
-- Vicrosoft Compute: 2.07$/Node/Hour (NCv2 VM) PFS (e.g,, Lustre)
Wl Azure Store: 0.065/GiB/Menth (Azure File Share) Matching analysis bandwidth
6 7 8 91011121314151617 18 192021 22 23 24 25..
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