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Scup & Jcup -~
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» High efficiency on MPP Machine
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Execution pattern of Jcup Execution pattern of OASIS
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/Func’rions of a coupler

Ny TS5—DFE ik BEZZ A&
AE 227038 BEEZ3

Black boxDP TENZ 1> CULEODESKIFTHEN) .
Portability

EZZADIRE (T —HRH) =
MABI(CFEIN




BERRICHKET LB \BRE A

Interpolation = finite operation of a set
of send data and coefficients

Interpolation can be represented as 1
dimensional operation

oper'a‘l'lon(l 1,N_6)

Operation index to send grid

index
| Operation index to recv grid

index
| Interpolation operation



Feature of Jcup

g ............................................ EX|St|ng ............................................................................................................. :

couplers

Calc. Mapping table f

e’ (50 (D)

A

Interpolation
code is

implemented
in the coupler

An arbitrary
interpolation
code can be

implemented

Jcup has very wide applicability because it is free from grid structure
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Implementation of Interpolation Code _~

/

Z—

N\

] Subroutine interpolate_data(send _data,
SR recv_data, etc)
implicit none
real(kind=8), intent(IN) :: send_data(:,:)
real(kind=8), intent(INOUT) :: recv_data(:,:)

An arbitrary
interpolation
End subroutine code -

JeupNEBD S D — LN DHERY I IL—F
interpolate_datald-f 5 —2 T —ADHNDNEZRN
B,

MNEASISZSBEOHEE I — FEBRICEETE
D« EEURITNIZIZSISL,

Call interpolate_data(send_data,

recv_data,
etc)
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jcup_set_new_comp(comp_name)
AVR—RUMBDERTE

jcup_set_new_comp(comp_name)
AVR—RUMBDERTE

jeup_initialize(my_task_name, init_flag,
log_levbel, log_stderr)
HvT5—DMEAE

jeup_initialize(my_task_name, init_flag, log_level,
log_stderr)
HvTS—DHEE

jeup_init_time(start_time)
AR ZI DR TE

jeup_init_time(start_time)
AR ZI DR TE

B EO—)LTE

—ElOHI—IL

jeup_def _grid(grid_index,comp_name,
grid_name)

BEEBOEIEFESERE

jeup_def _grid(grid_index, comp_name,
grid_name)

BEEBOEIEFESERE

jeup_end_grid_def()
BFESHET

jeup_end_grid_def()
BFESHRET

jcup_def _varp(varp, comp_name, data_name,
grid_name, num_of _data)
EET—2ERBTE

jcup_def _varp(varp, comp_name, data_name,
grid_name, num_of _data)
EET—2ERBTE

jcup_def _varg(varg, comp_name, data_name,
grid_name, num_of data, send_comp_name,
send_data_name, recv_mode, interval, time_lag,
mapping_tag, exchange_tag)

RET —HEWMETE

jcup_def varg(varg, comp_name, data_name,
grid_name, num_of data, send_comp_name,
send_data_name, recv_mode, interval, time_lag,
mapping_tag, exchange_tag)

RET —HEWETE

jeup_end_var_def()
ERET—SIEHRRERT

jeup_end_var_def()
ERET—HERETT

jcup_set_mapping_table(my_comp_name,
send_comp_name, send_grid_name,
recv_comp_name, recv_grid_name, mapping_tag,
send_grid, recv_grid)

R E )L T YO REHMEETE (£ 581H)

&7

jcup_set_mapping_table(my_comp_name,
send_comp_name, send_grid_name,
recv_comp_name, recv_grid_name, mapping_tag)
HWEFEDT—TILEETE
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Jeup_set_time(comp_name, time,
delta t)

T /LB
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Jeup_set _time(comp_name, time,

delta t)
B T ST ATE S 2 5
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F—5EH(E
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HEOEREAT S 2D
TN %EXE
TNV I PHEREBET—S&
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15T & (call interpolate_data)

RET—HINVIPICT-HER

15T & (call interpolate_data)
SET—INY I PICT—HERE

jcup_get_data(varg, data)
2ET—HNY I PDHLT—HEE

A

-~

ETILOFE

-

jeup_put_data(varp, data)
RET ANV IPICT—HER

jcup_coupling_end(time)
BEDRT

T—HEXIE

TNV I PP 5T—IHIER

jcup_get_data(varg, data)
2ET—HINY I PDHLT—HIE

-~

ETILDOFE

-

jeup_put_data(varp, data)
RET ANV IPICT—HER

jecup_coupling_end(time)
BEDRT




Data flow | -

el .
Camponent A
>- Model procedures
Set time )
_______________ .
Draw data from the buffer :>- CGoupler procedures

Copy data to the buffer

Send data

Reov data

Coupler procedures <

Model procedures <

[AVE VA ya v



Data exchange control /

Time_lag = -1
Time_lag = -1
SRl F=E
- Time_lag = 0

Time_lag = -1

Intra-task communication

Inter-task communication Time_lag =1
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Coupling test on multi-component

\

» Test by Toy Models

Task C Task A Task B
(dotl=1,N1) (dotl=1,N1) (dot3=1,N1
Chm step Atm step -
dot4 =1,N2
Land step Ice step
ype
Atm<—Chm serial 120
Atm<——0cn parallel 180
Tas | Compone | AT
Atm<—Ice parallel 60 .
Atm<—Land parallel 60 A Atm 60
Land<—>Ice parallel 60 Land 30
Ocn<—Land parallel 180 B Ocn 180
Ocn<—Ice iImmediate 180 182 £

Italic font: Intra-task exchange C Chm 120



Exchange diagram of test coupling

Chm
DT=120| LT

-

Atm

DT=60 }, L

Lnd
DT=30

7
Ocn

DT=180

Ice
DT=30

\

V%

——> Atm—-Chn
— Atm-Ocn
............ » Atm-Lnd
— Lnd-Ocn
— > Lnd-lce
............ » Ocn-lce

—— > Atm-lce

Very complex coupling has been successfully completed !

Jcup applied to MIROC5.0 atmosphere ocean coupling.
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» https://sites.google.com/a/rist.jp/jcup
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» MIROCOARSETILEEFET/L (COCO)
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AOCN2 = SOCN(LA,N) * BFOyyG(LO,L+1)

& / (BFSOCNG(LA)* BFOXXG(LA,L+1))
BFOXXG(LA,L+1+4*NIC) = BFOXXG(LA,L+1+4*NIC)
& + ( BFOyyG (LO,L+1+4*NIC) + kelvin )*AOCN2 ! tsi
aocn =

socn(i)*bfao(send_point,d)/(bfsocn(recv_coef)*bfaa(recv_point,d))
recv_data(recv_point,d) =
recv_data(recv_point,d)+(send_data(send_point,d)+kelvin)*aocn



Resolution : T106, 12809186
Dornain decornposition :40+304,80+608

— JcupDBEINE EHER

Maehine : ESI 1400
E 1300 | |
% 1200 & O ATM:Original
£ 1100 B ATM:Couple
': 1000 || O OCN:Original
é_ 900 || O OCN:Couple
700
40+304 80+608
Number of domains
Original Coupler
# of PE ATM to OCN|OCN to ATM|ATM to OCN| OCN to ATM
40+304 4949 23.34 0.683 0.067
80+608 4953 23.37 0.347 0.041
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» NICAM + Tri-polar COCO + IO
»ETEIDBE . CREST:ERE
» Grid mapping toolBgF
» NICAM + Tri-polar COCOD#EE
» NICAM + 10 componentDiES
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User’'s Program
Il L L | N
ppOpen-APPL FEM FDM FVM BEM DEM
y
ppOpen-MATH MG GRAPH VIS MP ’
ppOpen-AT STATIC DYNAMIC

ppOpen-SYS COMM FT

ppOpen-HPC

Optimized Application with
Optimized ppOpen-APPL, ppOpen-MATH




ppOpen-MATH/MP o™

P BEOPTIT—I3VERSE L, KRBT —YinX, &
MERET DIEKDITHD DY T > —)LppOpen-
MATH/MPODIRFEEFEZEN T D, ppOpen-MATH/MPIIIU R
DRDISIEEZTBIT D -

» ppOpen-APPLO Y N— T DN BREEUEFESZETUM— LU,
“RIT, ZRITAY T I DMEEZ IR T D, B >CEEUEFIL
CKRDEFIVREDANDY TV TEGREE T D, BEEDFEICH U
CTEHOTOCREINA T SA VIR T DEEEIRIET D,

P STETOLEREITTRL, Y= alL—¥ 3 EppOpen-VISDIli5I=E
1TE0gEC T D,

P BEDPTIT—I3VICXIUTC, AT HTEERERECH
DO Di¥EE (MXNBLDEEE) 2T D, DX, ppOpen-
MATH/GRAPHZRIFR T B,
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Icosahedral grid Latitude-Longitude grid

NICAM-Agrid
NICAM-ZMgrid
HICAM-ZMgrid

Atmospheric
mode | 1

Atmospheric
mode |2

Joint-Shel |

* Grid tranformation
* Multi-ensemble

* 1O coupler
* Pre- and post-process

* Fault tolerance
* CPU driver

Post-Peta Flops
computers
-System software
—-Architecture

COCO
regional-COCO |
Kinako

Ocean model

Tri-Polar grid

T TUT

egional model
Nonhydrosatic model




Grid Mapping Tool )

» RIS EIFOR P SIMEIE (mapping
table) ZET8
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» Control volume

; b 7 R3)
» Polygon search M%ﬁ 5“ gﬂ i@
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» LEFDES D EHE ; ool 9 | 10
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Grid Mapping Tool )
> RS ‘

» First order approximation (by Jones 1999)
» Area weighting




F2 38 e
P EZEETFIVICTFROB®RBEES 2D
-=2+c0s%(4(p)cos(2A)

¢:latitude, A:longitude

> COCO o NICAM | e mpsstmmaes
» NICAM to COCO




COCO to NICAM

left : COCO, right : NICAM, 80S~80N, OE~180E

2012/2/12

30



Difference between idealized and;-{
interpolated value of NICAM

120° 150° 180°

| From fine grid to
coarse grid

~ Error : about 3%

0 30° 60° 90° 120° 150° 180°




NICAM to COCO

Left : NICAM, rigth : COCO, 80S~80N, OE~180E

2012/2/12

32



Difference between idealized and—
mterpolated value of COCO

120 150° 180

e

~ From coarse grid to
fine grid

Error : about 15%
* High latitude

—!!! —!!! —!.!9 —!.06 -0.03 0.00 0.03 006 0.09 !!! !!!



NICAM-COCO coupling H

> IRFH
» NICAM : GL5 ( = about 220km) /—K%:5f8E
» COCO : 360x192 ( = about 100km) /—K%%:8~16
> T —H
P EARHIICMIROCORET—43 - o
pAIANELY, SEEOFRAIEELELN
pimkDAhTI) T )hTa) MIROC AGCMEHES

Eif - : L CL\/Z2COCoMn
» NICAM—COCO: 13 variables Bl s
» COCO—NICAM: 6 variables §@?‘C%%$T§Ti
NICAM—COCO COCONICAM
13 variables 6 variables

wind, precipitation etc. | SST, sea ice thickness etc.




Heat flux(TQAO) -

0 30° 60° 90" 120° 150° 180 0 30° 60° 90’ 120° 150° 180°

60°

30°

[
0 30° 60° 90° 120° 150° 180 0 30° 60° 90° 120° 150° 180°

g0.1_+ 0 Io!.%Emg 0.0E+00 0.5E+09 0.1E+10 g0.1_+ 0 Iol.%E'mg 0.0E+00 0.5E+09 0.1E+10

left ©: MIROC-A—COCO, right : NICAM—COCO
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Momentum flux (TAQ) ) 51

N

0 30° 60° 90" 120° 150° 18( 0 30° 60° 90° 120° 150° 180°

60°

30°

0’ 30° 60° 90° 120° 150° 18(

0° 30° 60° 90° 120° 150° 180°
ml * ml E
0.0E+ 2E+04 AE+04 0.6E+04 BE+ 1E+05 0.0E+ 2E+ AE+04 0.6E+04 BE+ .1E+05

left : MIROC-A—COCO, right : NICAM—COCO

2012/2/12 36



4
g

Sea surface temperature (O§S‘>i

o [§7
| NS
T

0 30° 60° 90" 120° 150° 180°

2!!! !l!! !!!0 285.0 290.0 295.0 300.0 !!!! 310.0

left - COCO, right : NICAM



Sea Ice Thickness (OHI) =

left : COCO, right : NICAM
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About NICAM 10 | /,..,
» T HERIEFDOT—SIIBITICRE

» zonal meanDEtE

» ZDEENT « EY — )LHVBERER T EZRIIR
» NICAMZZ L 2 )LADIO tool: ico2ll

» NICAMDhistory dataZ#EERFERFIC A

ARl St im ks el il B a o

> A (CHIBRD VD

» Real-time parallel 10 \\i/
Post process
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NICAM nodes grid system: Icosahedral

$449- 4444
Fé?i'cé;s . \/\‘/\/ \/

1/0 nodes grid system: rectangle

\\\W//

One Large File Format:NetCDF4 ?
merged global data

2012/2/12 40
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10D YM—-RY FOREEE —
» Bi-linear interpolation
> [co2ll DR U CL\ DA
» mapping table & REUIBEF Dico2ll A Z {5
» Control volume interpolation

» NICAM-COCO#E& CIXR UIcHEERn A

» mapping table C{2£13. NICAM-COCO#fE&EDIZ
SDIZVYERX LIz mapping tablest& 700 S A&

AUCEE
> BREFSEDDDEZET -5 8
H===================== 2D snapshot (every 1h) ======================
### liquid water path

&nmhist item="s|_cldw’, file="ss_cldw’, output_type="SNAPSHOT", step=3, kmax=1 /
### sea level pressure
&nmbhist item="sl_slp’, file="'ss_slp’, output_type='SNAPSHOT", step=3, kmax=1, opt_intpl="'C"' /



SLP of NICAM N\ A<

0" 300 60" 90" 120" 150" 180" -150-120"-90" -60" -30" O°

0" 30" 60" 90" 120" 150" 180" -150-120"-90" -60" =30~ O°



SLP of 10 : Bi-linear = —

0 30° 60° 90" 120" 150° 180" -150" -120° -90° -60" -30° O°

o 300 60° 90° 120" 150" 180" -150" -120° -90° -60° -30° O°
144x72
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SLP of 10 : Control volilme/’;‘".

0 30" 60° 90" 120° 150" 180" -150" -120° -90° -60° -30° O

0 30" 60° 90" 120° 150" 180" -150" -120° -90° -60° -30° O

144x72
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fBeanld> 0O-

“SZTEOID

» OCEAN _TYPE
yEEPUT Y RE

AR
A
A7
117

R
o
&
5

KIAA

NICAMIO

—)UI3EZRE

PGS

&RUNCONFPARAM
OCEAN_TYPE = 'COCO,
LLOUT_TYPE = '"MPMD’
Mixed layer Full coupling
ocean model

30

0

Coupled by Jcup

&RUNCONFPARAM
OCEAN_TYPE = ‘mixed_latyer’,
LLOUT_TYPE = ‘SPMD’

Stand alone without Jcup
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BIEREI7AILVTEBMT—IILEIERTE O O
BIERET7MILDTTRMELEL O O
BRT —FAZVEFELDITERE O O
BRATYITEDHYIZcoupler _sendZcalld BILELL O O

coupler__send%

So[S— S —_—
NV R EDput_valueDHR—k O 1< F - EEIE 7
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