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Why ngh Resolution? Resolw@Ocean
Meso Eddies

Ocean comS;Jent of CCSM Eddy-resolving POP (Maltrud &

(Collins et al, 2006) McClean,2005)
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PetaApps Inte ctive

%’ E@s%mb/es

Minteractive ensembles

ltiple instances of c@&bnent models

i Explore the role of wesgltter noise in climate

X Test hypothesis noise is “reddened” and influences
Iow-frequenc< ponents of climate system

1 35M CPU h eraGrid [2"d largest]
~ X 6000 c : 7 months non-stop
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NCAR _ Franklin Cray XT4 at NERSC’I
NN
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NCAR _ Kraken XT-5 at NICS
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*  Compute p%(ag"orms

Franklin Kraken

: processor AMD Opteron AM e AMD Opteron
: Quad core Dual core
2.3Ghz Ghz 2.6 Ghz

Memory/core 2 GB 5@;8/ 1GB 1.5 GB
Sockets/node ~\ 4

network Cray S% Cray Seastar IB
total nodes 8,256 1,200

Total cores §4® 66,048 9,600
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N\
““‘Commumty Climate tem
Mode{d@CSM)
iple component models@ Ifferent grids

F 'r:.__ and state between \%@rponents [CPL]

rc je code base: >1

l Developed over %%ars

1 200-300K lines ritically important --> no
\comp kerne d good compilers

- X Demandin networks:
X need &essage latency + bandwidth
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N CCSM Coupling and
ution Eféw

A Coupling of
\ ®AM/CLM/CICE/AOF is
every CAM timestep (30 min)

CICE — Sea Ice Model

CPL - Coupler -\
Coupling of POP is every
24 hours (1°) and every 6
hours (.1°)
CAM/CLM/CICE/AOF
fluxes averaged over
coupling interval
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" Y
e CQSM4 alpha Ben ark

y Con @atlons
4 X 0.50° ATM [576 x 384 x 26]

- 0150° LND [576 x 384 x 17] %

4""* CN [3600 x 2400 X

0:1° TCE [3600 x 2400 x

days/ no writing to-dlgk

\processor com@lions:
- X XS; 480 gor
S S: Qﬁres
X M: \b 1865 cores
L (4883658 cores
X XL: C) 4952-6380 cores
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-y ,  CCSM4_alpha on‘ll

E 1664 cores 3136 coré COI' eS
[ p A A
- o Performance ‘P FQ (090223-201941) on 49 rak;i'l]

S

L
4 FOF 1.53 SYPD

X

\4

Idle time/cmgs? Processors
' Increase core count for POP
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> CCSM4_aI@a on!’l

1028 cor2 344 Cores
Performance: PFS((O81219-100211) on 584 anklin
’ A

v
O

__ 2.23
i | SYPD 3
”’ : v AN v i !
e | & 4 l!
- L 2

RedUC = 41‘6 5a|44
|d|e tlm | Processors
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CCSM4 _alpha Cray
3 Scalab:l@{[v(no I/

High resolution CCSM 0.5 degree si
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N Variability of CCSM Fllél
v Write Tlmes O%KTaken

Seco dst execute CC
12000 : !

10000 -

Lustre has a bad day!

1 |

0 | | | | |
21-Apr-09 22-Apr-09 23-Apr-Q@ 24-Apr-09 25-Apr-09 26-Apr-09 27-Apr-09 28-Apr-09

Dat
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BNC = CCSM Sustained Output Bandwidth on Krak
% [us:n@lg-endlan

i, erte Bandmdth for CCS
d 100 .
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N CAR Write Bandwidth for CCSM /O day
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& Date I

dwidth for I/O day for high
tion CCSM on Kraken [little-endian]

X

Eliminated page size [4 Kb] I/O ops for POP restart
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% Con@f%lons
/% Preliminary ultra-high-resoluti ience runs
X Mesoscale processes: Atlanti? m track
Gantrol run in productio ICS (Teragrid)
34+ years complete Q\
i Generating 2.5 TB of data per week!
=uture work:

X Improve disk l@ erformance [10 - 25% of time]
~ Hlmprove rzég ry footprint scalability

_ ﬁOSjitte@ stigation
O
O
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portant?

Heroic effort to e@ate necessary time
[ series [100-2(§ears]

X Example: /{@ ears -> 63 days of non-stop

! (:'”omputiqg~

X Simul years per wall-clock day
[SYRD
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I
% Motivatigq}?%on 1] i

Tydical climate rate: 5 g@%
rrently ~1.7 SYPDXN
single thread speédHis not increasing
2Need more r@g‘h‘elism!
_"_'a!.’ H é
O
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Incr%&core count
In e simulation rate
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N Need to scale all component

.
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 POP scalability [3 y e@l%’ ago]

14

—single block+1D [ES]
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12— - Sing'& b|OCk+2D [RedStOI"m D *’ ...................
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10~
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Simulated years per wallclock da

15

10

POP'scalability [Several

0.1 degree henchmark simulation rate for POP2

I
=== RedStorm Catamount [Cray XT-3]
---- <+ Kraken CNL 2.1.56HD 8 tasks [Cray XT-5
Kraken CNL 2.1.56HD 7 tasks [Cray XT-5
---- #m Kraken CNL 2.1.58HD 4 tasks [Cray XT-5
---- = Kraken CNL 2.0.62 [Cray XT-4]

-
L

s ago]

9.V

Processors

| | | | | | |
< O 2000 4000 6000 8000 10000 12000 14000
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Quad
core

Dual
core

>

Catafiount CNL 2.0.63 CE 2.1.56HD CE 2.2.27A
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N
“Issues with POP scalability on

g T8 S X
4 HPOPamplifies OS interf eljitter
ast: Jitter kills reductign, performance

sarrent: Contentio@?ﬁetwork Interface

olutions: 4 D

HFix OS [Crag&
& Modify paftifioning algorithm [Dennis]
- HXOverl mm/comp [Worley]

IKO[@)@IP/MPI ?

August 20, 2009 TOY09-NCAR



August 20, 2009 TOY09-NCAR 36



Y CICE: Sea-lc@ﬂodel

Dex eloped at LANL
} res grid and infrastr e W|th POP
gL feature: com lonal load can

HCICE 4.0
X Sub-block d @ctures (POP2)

. X Reuse te ues from POP2 [Dennis]
X Pa%tgs@ grid using weighted Space-filling
cur
X o reduction in execution time at 0.1° on 1800 cores
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™ Partitioning with WQ'ghted
A Space-filling-curves
4 =W ight space-filling curve ( )
4 .Estimate work based on Pl@ability function
-tition for equal amﬁof work

Probability block c;n s Sea-ice

2 Depends on cli scenario

X Control-run Q/
J_' I Paelo &

. CO,d g
X Esti f probability
X Ba mate -> Slower simulation rate
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nNCAR ‘!
CICE: computatlonaéﬁhd 19

y,

Coma- e . : e T,

\4

—."~:
A

Q Sea ice located at high latitude
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%
~ 9 Long-skinny Ca@s{an |
partitioning
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 Fo %
.1 QJCE4 on 20 proc\%ssors

/ 3

Large domains @ low latitudes

%5%

% Small domains @ high latitudes
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Patrtitioning Wltl@% SFC
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N\ %
Welgh“%ed Space-filling-curves

it time for grid block i QQ/

¢t *nocn, + c?* nn@%ﬁ” * (bsx + bsy) + ¢c* *
«* (bsx *bsy)

nocrv&an points in block |
% sea ice points in block i where P; > 0.05
s& {1if nice;>0,0

probability sea ice present
C) bsx ,bsy: size of grid block

Performance model: ¢ = [cl c2 c3 c4]
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N |
“"Weighted Space-filling curves

i _ ({/eé( cont’)

il-_:ine §ystem: Q
J {t 1 ‘bé

where tm@easured execution time

e
>0lve for perq_ nce model: ¢
Prediction ution time QtP for partition Q:

O

QAC tP
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o wSFC+climate

+ wSFC+erfc [45,55]
v  wSFC+erfc [70,60]

_dh
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N
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' Executi
CICE.on,

v
LD -
redicted execution time (sec)
-

e for dynamics sub-cycling 1°
28 cores of BGL
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o -
e Impact of error in Probability -

/ on Per@nance

4 rpeffect a priori knowle&@ f sea-ice
! “riot possible

AT '-|mpact errors@P

tSea Ice extent: 4

o Overestlnyéé( erfc[45,55]
"~ =Under ate:  erfc[70x60]

x( Best&)@verestimate sea ice extent
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,
G

*  More poten@?’error
d@%

| XS] gle performance m
! i per compute plat
e per resolutlon:)O

N For performanee model: c
X Derived o at low-resolution

3 1_{” HTesto AS at high-resolution, high
pro r count

QO
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NCAR
120 I I T T
+ climate [Year]
o climate [Aug]
F, i 100 H v erfc [55,60]

o}
(=}
T

measured execution time (sec)
£ (22}
o o
T

predicted execution time (sec)
| ,“‘f';'-‘iExecuti irhe for dynamics sub-cycling
- 01° n 480 cores of ATLAS

o
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N CAR 0.1° simulation rate for CICE4
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N ;
¥ CAM s&a'@bility

| nNef always the dominz@ost
- ¥nc emental Solution N
arallelizing trace@/lirin,Worley]

&
Re dical Soldtiens:
- XNew s le dynamical core/method
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1

N }j

1 CPL sr@%b:hty
Total rede3|gn VErsus %r@mus

---’ Increase m)@re count

Inor |mpac§1800 cores
ested at ~42,000 cores on BGL
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¥ Coanfrblons

/X P033|ble to Increase scal y of high-
| solution CCSM4 Q

¥egad balance is critis§

{POP.imbalance causes contention for
! network

K CICE imb%'@e of
E-f computa@ al/communication costs

X Imprm@\barallel /O performance
 Nurrbér of subtle issues
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