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O What can be said at all
can be said clearly.

In my presentation
Project overview of KAKUSHIN coupler development
Features of KAKUSHIN coupler

Futures of KAKUSHIN coupler

will be said.
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It is needless to say that coupler is one of a most important software component of recent Earth System Models.

In Japan, a coupler development project is on going now。



In this presentation 

 I talk about the overview of this coupler development project at first.

And next,  characteristics of the coupler, and the result of performance evaluation will be presented.

At the end of the presentation, I mention the future plan of the development project.






1 The world is all that is the case.

Back ground of the program
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At first, I talk about the back ground of this program.






=
The world (climate) is complex system.

The equation is a projection of the world, so it is
formulated as a complex system.

0% _ _RI,
O T
3‘? " a c—ire;.: f;i a f-ci:;;; C:i A D(c)
\ r:ﬁi} T a {.‘{i'-i ) Li:;l a IZ'*:H 1’_;}" (Avcos ) — V(@ +RTm + E) — D)
f}{ T @ r.l_i}s ) d:?:f‘\r rl:s rjiu T'D - ﬁu_f
e +51 (i—j +voy-Vm+ ;) - EEJ - Qéfiﬁ —D(T)
% T & ur_ljk\,% %d‘t_jl el o rFr,.:i:rr i )

Latent Sonsible =
heat flux heat flux
) [4]
\
_)“ \A"
Tugfulogux Precipitation|

=



プレゼンター
プレゼンテーションのノート
The world, climate, is very complex system. 

And the equations used to simulate the climate system are projection of the world. 

Therefore, the equations are formulated as complex system.




=
Three problems on complex system simulation

Scientific uncertainty

Non-linear
Multi-scale Software complexity

Multi-physics

Computational performance
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For these complex, non-linear, multi-scale, multi-physics, simulation,  roughly speaking, there are three problems.



The first is scientific uncertainty that comes from limitation of our scientific knowledge.

The second is software complexity that  is a barrier for understanding and modification of the code.

The third is computational performance, especially, it become very serious at large scale, high resolution simulation.



It is wildly recognized that a effective tool for these problems is a coupler.

Of course, a coupler is not a magic program that can solve these problems perfectly. 

But at least, it can be said that a coupler is one of a effective program to solve the problems.



From here, I call the coupler “Jcup”.



 


2 What is the case - a fact - is
existence of state of affairs.

Project overview
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Next I briefly mention about the project overview.




Cutline of the coupler development program

Target
MIROC (based) ESM
MRI/JMA ESM
the Others (NICAM etc)

Goal
design and make a (Japan standard) coupler
applies it to the Earth System Models and evaluate

Team
FRCGC, CCSR, MRI, RIST

2007 2008 2009 2010 2011
Plan :
Code Design  |mplemeitation and eyaluation
2007 Atmosphere/oceah land/river chemistry aerosol

2008
AGCM-OGCM coupling

2009
AGCM-AEROSOL coupling
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Our target ESMs are as follows. MIROC is main target.

The project begun at 2007.

Second year, atmosphere-ocean coupling was done.

This year, atmosphere-aerosol coupling was tested.

Today I will report about these two coupling test.




3 A logical picture of facts
IS a thought.

Design and implementation
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Next I talk about the features of the coupler.


Functions of a coupler

Data

conversion exchange

Divide the coupler code J§ Without the change of the value

Into the two parts S with the change of the value

r

The interpolation code which changes Portability

the value is put under the control of

r

researchers Flexibility
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Generally speaking, a coupler has many functions data I/o, task management, task monitoring and so on.

But most important functions are data conversion and data exchange. 



These function can be divide into two parts.

The one is an operation that changes the value and the other is an operation that dose not change the value.

These parts correspond to data conversion and data exchange respectively.

The most important feature of Jcup is that the interpolation code which changes the value is put under the control of researchers. 

Owing to this design, the portability and flexibility are guaranteed.




=
Interpolation = finite operation of a set
of send data and coefficients
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Interpolation can be
represented as 1 dimensional
operaTion
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This is a conceptual figure of interpolation.



Interpolation scheme can be assumed as a finite operation of a set of send data and coefficients, as shown in this figure.



So, interpolation can be represented as 1 dimensional operation like this figure.

Here, square means operation index, blue circle means send data, yellow circle means recv data.

Yellow arrow means the conversion table from operation index to send grid index.

Red arrow means the conversion table from operation index to recv grid index.






=
General form of Interpolation scheme

The value R is computed from S(i) and

coefficients
Related to R mesh, Related to S mesh
General coefficient

Dol=1,N
R(r(1)) =R(Ir(D)+F(S(Is(1)),
Cs,(Is(1)),Cs,(Is(1)), " - -,
Cr(Ir()),Cr,(Ir(1)),- - -,
Co,(1),Coy(1)," )
End Do

Ir: Conversion table from operation index | to R grid
Is: Conversion table from operation index | to S grid
Cr: Coefficients related to R mesh

Cs: Coefficients related to S mesh

Co: General Coefficients
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General form of interpolation scheme can be wrote like this example.

Here, the recv value R is computed from send value S and coefficients related to R mesh, S mesh and general coefficients.

Is is conversion table from operation index I to send grid index.

Ir is conversion table from operation index I to recv grid index.

F means arbitral interpolation function.



Therefore, if only conversion tables from operation index to send grid and recv grid index are given, 

Arbitrary interpolation scheme can be implemented.  



Such characteristics of Jcup is strongly owing to Scup developed by MRI.

So I want to express special thanks to MRI coupler development members.






4 A thought is a proposition
with a sense.

Atmosphere-ocean coupling
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From here, I talk about the result of performance evaluation of Jcup.

At first, the result of atmosphere-ocean coupling is reported.




Objective of the experiment

Target:MIROC
Coupling scheme of MIROC code

l Non parallel

Coupling scheme of Jcup
Parallel

Performance improvement
Parallel efficiency
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The target ESM is MIROC. MIROC has original atmosphere ocean coupling code.

The coupling scheme of MIROC is non parallel, on the other hand, the coupling scheme of Jcup is parallel.

So, the main objective of this experiment is to evaluate performance improvement and parallel efficiency of Jcup compared with the MIROC original coupling code.
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These figures are coupling scheme of original code and Jcup.

Upper figure shows the coupling scheme of original code, and lower figure is a coupling scheme of Jcup.

Left panel means AGCM and right panel means OGCM.

At the beginning of time step loop, data of whole area is interpolated on the root processor, and send to OGCM.

After recving, the data is scattered to every processors.

At the end of time step, the data of each processors are gathered to the ROOT processor.



Using of Jcup, data exchange and interpolation are performed in parallel on each local processors.




=
Resolution : T106, 1280x916

Domain decomposition :40+304,80+608
Machine : ES1
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Number of domains

Time for interpolation (sec)

| Original | = Coupler
# of PE__| ATM to OCN] OCN to ATM|ATM to OCN]OCN to ATM

40+304 49.49 23.34 0.683 0.067
80+608 49.53 23.37 0.347 0.041

Interpolation time was decreased to negligible level
—Efficiency of Jcup is proved
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Resolution used for this experiment is T106 AGCM and 1280x916 OGCM.

The number of processors are 40 for AGCM + 304 for OGCM, and 80 for AGMC + 608 for OGCM.

Used machine is ES1.



This figure is total elapse time. This bar is original AGCM, this bar is coupled AGCM.

As shown in the figure, elapse time are about 5% decreased.

This table is time for interpolation. Interpolation time was decreased to negligible level. 

And performance improvement was acheaved by Jcup.


B A proposition is a truth-function
of elementary propositions.

Atmosphere-Aerosol model coupling
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Second experiment is atmosphere – aerosol model coupling.




Objective of the experiment

Divide a physical process and re-couple via

Jcup

Aerosol process is a part of atmospheric
processes

Coupling process requires 3D data exchange

\

-~

What is the effective way in case of huge
amount of data exchange is required ?
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Aerosol process is a part of atmospheric processes.

So, coupling process requires 3D data exchange.

The objective of this experiment is to identify the most effective way in case of huge amount of data exchange is required.




Detail of the experiment

Aerosol process was divided from AGCM
Aerosol model: SPRINTARS (Takemura et al.)

Re coupled via Jcup

3D(and 4D) data exchange

Number of data
AGCM—SPRINTARS: 22
SPRINTARS—AGCM:19

Data size:320x160x56

Exchange data amount:100 times of atmosphere-
ocean coupling
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At the first step of the experiment,  aerosol process SPRINTARS was divided from AGCM and re-coupled by Jcup.



The number of data are

  AGCM to SPRINTARS : 22

 SPRINTARS to AGCM : 19



Grid size of each data is 320x160x56



The amount of exchange data corresponds to about 100 times of atmosphere-ocean coupling.




Data flow
put, buffering, exchange, interpolation, get

Model A

/ Model Routines \

Va

Coupler Routines \

Put Data

Send Data

Call send_data

Copy to Data Buffer

Copy array
data to buffe

Get Data from Buffer and Send

Copy buffer]
data to arra

Copy array

vy to send by

Send data

Model B

s

Coupler Routines

X

/ Model Routines \

Interpolation and Copy to Data

Recy data Buffer

Y

pti

data to array

Copy array

Interp
opy interpolate

' data to buffer

Copy from Data Buffer

0

opy buffer

Recv Data

Call recv_data

Get Data

data to ‘

.

Send-recv data flow

/



プレゼンター
プレゼンテーションのノート
The objective of this experiment is to evaluate the performance for data exchange, so data stream is very important.

This figure shows the detail of data stream. There are 9 steps for data exchange.



At first the data is put to coupler from model. The data is stored in the data buffer.

When send subroutine called, data is got from data buffer and send to the recv model.

In the recv  model, data is interpolated and stored to the data buffer.

When get data subroutine called, data was got from data buffer, and translated to the model.






Resolution : T106L56
Domain decomposition :40+40,40+80,40+160

Machine : ES2
Casel

4case Case2
Case3
Case4d

Default (with interpolation, buffering)

Direct (without interpolation, buffering): ®—©
Without buffering: D—-@—-5B—8—0O
Without interpolation: D—-2—-@—-?—®—0©
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This is condition used to  this experiment.



The resolution is T106L56

The number of processors are 40 AGCM + 40 SPRINTARS, 40+80, 40+160.



4case were tested. 

Case1 is default case of Jcup. This case performs both interpolation and data buffering.

Case2 is direct data exchange. This case exchanges data directory without interpolation and data buffering.

Case3 is interpolation only. This case skips data buffering process.

Case4 is data buffering only. This case skips interpolation process.
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This is the result of the experiment.

As shown in this figure, case2 show the best performance, and second is case3.

Both cases are non buffering operation. 

Therefore, non buffering scheme is effective for coupling that requires huge amount of data exchange.






6.1 The propositions of logic are
tautologies.

Future plan


プレゼンター
プレゼンテーションのノート
At the end of my speech, I want to briefly mention about future plan of coupler development.




Mapping fable [~

ojojolo

Jcup does not use mesl=
information. —
-

A mapping table is given as an
“a priori” information

Next Challenge
How to compute a mapping table effectively in

case of very large scale, high resolution simulation.
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As I mentioned before, Jcup does not use mesh information explicitly.

A mapping table is given as an a priori data.



When the very large scale, high resolution simulation, computing a mapping table, grid search become time consuming task.

So, to develop an effective grid search algorithm will be our next challenge. 






7 What we can
speak about
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This is the last slide.

I’d like to close my talk with this proposition.
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