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Motivation
»  CCSM/CESM

¢ Coupled climate models used to simulate the Earth's
climate system

¢ Includes four separate models: the atmosphere, oceans,
land surface and sea ice

¢ Support the research of global climate change in the past,
present and future
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Motivation

(cont‘d)

Lack of integrated HPC

software development

environment for earth
system modeling

Primitive program

.

development approaches

. Various model
development tools

Program development
coupled with machine
hardware / software

.

Graphical IDE is in

urgent need
1. All-in-one platform,
comprehensive tool library
and the module / template
library, to improve
development efficiency
2. Decoupled with
software/hardware details
to allow researchers to
focus on model
development
3. Customized development
environment to provide
lifecycle support in
developing the earth system
models
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0 Purpose and significance

» Focus on support to the development of earth
system models

» Build an integrated development platform for
research on global climate change

| Lifecycle Management

Support the complete
lifecycle of earth
system modeling
‘ Reduce the cost of
switching between tools
and improve efficiency

Computing Resources Satisfy model .
| Abstraction developers' specific dlk
needs ! ' |
Abstraction of SW/HW ‘
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n Research content
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Technology roadmap

Photra

Overall
strategy

PTP °

Parallel
support

RSE

Remote
client

crd¥hkc

modeling

‘..........

Based on the open source Eclipse: mature
community, abundant references, plenty of
free plug-ins, wide range of languages
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IDE design & development functions

» Works have been done -

¢ IDE overall design

¢ Fortran code assistant

¢ Source code version control

¢ Remote online multi-collaboration

¢ Integration of other useful tools




IDE overall design
3 , MPMD
IDE Platform Program
Diagnosis
Java Workbench Editor
Development
Tools
JbT)
Versio
. Contro isualizatio
Plug-in Perspective
Development Debug
Environment
(PDE)
Model
[ Platform Runtime Data
. Extraction
Y ESM IDE f




Fortran code assistant

< ESM Development - pop/source/diagnostics.FO0 - Eclipse Platform ra |

. |

‘ 010 =

T — - — — — — —

File Edit Refactor Navigate Search Project Run Window Help -— ESM Perspective \ ===
e m QD BB B B e ~F: (PEoe.]

[ Project Explorer 52 == l v = EI [F] diagnostics.F [F] baroclinicFa0 2 =raf I; &= Outline 53
& BNU_ESM.new - & -1+ e — || [ —— D m— — — 3————4-- II S LR o %7
C1 remote_BNU_ESM.new I use timers - use advection, only: adwvu, advt - I D diagnostics I
L':‘* source BNUVI\I”Edi}t‘ ESh | use exit mod use pressure grad, only: lpressy II PR |
[f] - - t 7 il = ol _
e EI use horizontal mix, only: hdiffi 1 :) R p . I
ko % implicit none Fortran use vertical mix, only: vmix coe mlt_dlagnostlcs |
€y atm | private vdifft, impvmixt, i = @ diag_init_sums |
@y bid | save SllbI'Outine a e 7 only: add kpp sow: Il ¥ diag_global_preupdate |
¢y cpl i use diagnostics, only: ldiag cfl I @ diag_global_afterupdate I
~ 'PUBLIC ME FUNCTIONS M DIAG _KE ADV_ 2D, DIAG_KE_PRE: I . .
Gy cpl6 @ diag_print
III th I Outhne DIAG_TRACER HDIFF 2D, DIAG I I| . 5 I
g Y ch o dF90 iaae public :: init diagnostics, DIAG TRACER SFC FLX, DIAG TI I lag_transport P
I‘ m 15 = = —_ —_ - -
F 1 Eq i \l diag_init_sums, use state_mod, only: state o e T T Y |
11&: t* 11-4-2°F | diag_global preupdate use ice, only: liceform, ice_foi | g History &2 =
[} diag_mod.F90 13 11-4-2F i diag_global_afterupda use time_management, only: mix Jpop in svn://124.205.18.230/jsi -
&y doc diag_print, gamma, c2dtt I . et | | o o
- doc.api | diag_transport, use io_types, only: nml in, nml_ |» C | R~ 3p , ® ‘
1ol P I . ] ) I cfl_advect, use tavg, only: define tavg_fiel | <
cfl vdiff, use forcing, only: STF, SHF, 1sr »
5 Remote Systems i m) | cfl_hdiff, use forcing_shf, only SHT_QSW, | BT HE8 (=1 TR
£ 3| 2 B|g ) e Sl i i o AR | 68 11512 k9. ys New im)
o check KE use forc:.ng_pt_lnterlor, only: ¢
ﬁ?’ﬁl:\ = | use forcing_s_interior, only: se |
gk Q\ | use =xit_mod, only: siglbort, e: |
% Local Shell 5% 5%
Lx Local Shells I ) 3 2
4 T3 wangIn@210.31.66.230 T S S | B i Fr—— e Yy | n 4
4 *% Sfip Files El Console |[2! Problems | & Terminals &2 _[F) SVN %% & Progress =0
M
5 My Home ® wangIn@210.31.66.230 52
— bin drwx-—--—- 5 wangln Model 4096 May 2 06:46 dc A
> O BNUESMp.log £ drwx------ 7 wangln Model 4096 May 2 06:46 inputdata
[ CCSM_BNU drwx-—--—--- 7 wangln Model 4096 May 2 06:46 in tdata_
) CO2C_ESM drwx-——--- 11 wangln Model 4096 May 2 06:45 models
7 CSM BAK —TW——————— 1 wangln Model 1362 May 2 06:46 README
Gl = drwx-—----—- 4 wangln wangln 4096 May 4 11:43 scripts
() Desktop —-rW——————— 1 wangln Model 3145 May 2 06:46 SVN_EXTERNAL DIRECTORIES £l
) » [ eclipse v || [wangln@login02 BNU_ESM]$ ,,
< | m » v
1) File: C:\setup.log ] Command mode: | ------------oomoeeooe

s 10:55
2011/5/13
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Source code version control

< ESM Development - pop/source/diagnostics.FO0 - Eclipse Platform ra |

File Edit Refactor Navigate Search Project Run Window Help

| & ‘=z m- Q- O~ @PE B i a3 S RIS -V & [P ESM Develo... |[

il
[ Project Explorer &3 BE&|e Y 0@ diagnostics.F90 &2 [F] baroclinicFa0 3 = B|[5= Outline 2 =0
& BNU_ESM.new Al - 1-———+--- 2-———t-——- s | e — 2--——t-—-- e @BV o %Y
C1 remote_BNU_ESM.new use timers - use advection, only: advu, advt 4 D diagnostics ~
L‘:fj‘ source_BNU_ESM M NU_ESM] use exit_mod use pressure_grad, only: lpressy 7 ‘) transport
ST E use horizontal mix, only: hdiffi e .
i implicit none use vertical_mix, only: vmix_coe init_diagnostics |
iy atm private vdifft, impvmixt, impvmixu, @ diag_init_sums 3
@y bid save use vmix kpp, only: add kpp sou: ¥ diag_global_preupdate
&y cpl use diagnostics, only: ldiag cfl @ diag_global_afterupdate
I IDTRITC MEM FUNCTTIONS - o ¢ 5 k
Gy cp|6 ! 1PUBLIC MEM { FUNCTIONS: DIAG_KE_ ADV -4D DIAG_XE_PRE! @ dlag_prlnt
L‘Tj areafact mod.Fo0 13 11-4- DIAG TRACER HDIFF 2D, DIAC_I i o XA bt
: 3 Sadgasils o public :: init diagnostics, DIAG TRACER SFC FLX, DIAG TI
[¢) bitCheck_mod.F20 13 11-4 ot = T = @ Al advart
- ety diag_init_sums, use state_mod, only: state — S
Lﬁ data mod.F90 13 11-4-2°F diag_global_preupdate use ice, only: liceform, ice_fo | & History 3 EI
[} diag_mod.F90 13 11-4-2F diag_global afterupda use time management, only: mix g I/pop in svn://124.205.18.230/jsi |
&y doc diag print, gamma, c2dtt
: 2 Vi p2l® e
- doc.api = diag_transport, er s, only: nml_in, nml_ S 2 = |
1ol P I . ] ) cfl_advect, se t.avg, nly: define tavg_fiel < I
cfl vdiff, ly: STF, SHF, 1sr »
5 Remote Systems i m] cfl_hdiff, use forcrag shf, onl : 7 BT B =] fEs =3 [
£ 3| TR e C g R | %63 11512 9. ys New im}
check KE use forling pt interior, only: ¢

% Local Shells

El}'lé I = Hﬁtmiy_s_lncerlor, only: 3¢ I
ag Q:\ ! !'PUBLIC DATA MEMBERS: use =xit _#od, only: sighbort, e: |
4 T3 wangIn@210.31.66.230 !

q|F m ) < m »

4 %3, Sfip Files El Console |[2( Problems | & Terminals &2 . [F) SVN #§& | 5 Progress =0
4)_‘,\
% My Home 8 wangIn@210.31.66.230 52
G bin drwk-————-— 5 wangln Model 4096 May 2 06:46 dc ~
> O BNUES og E| | drwx------ 7 wangln Model 4096 May 2 06:46 inpuctdats
O CCSM BNU drwx-—--—--- 7 wangln Model 4096 May 2 06:46 _use
) CO2C_ESM drwx-——--- 11 wangln Model 4096 May 2 06:45
7 CSM BAK -XW-————-- 1 wangln Model 1362 May 2 06:46
Gl = drwx-——-—-- 4 wangln wangln 4096 May 4 11:43 scripts
#on] DESkTOP —-rW-—-—————- 1 wangln Model 3145 May 2 06:46 SVN_EXTERNAL DIRECTORIES =
. [ eclipse ~ || [wangln@login02 BNU_ESM]$ j
<[ Fr—— » % ’
1) File: C:\setup.log S Command mode: | —--—— oo

10:55
2011/5/13
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Remote online multi-collaboration

< ESM Development - POP/POP_GﬁdComp/POPstep_GﬁdComp/POdenamic_GridComp/POPbaroclinic_GridComp/barocIinicComp.F90 - Eclips_@m

File Edit Refactor Navigate Search Project External Run Saros Window Help

it ‘ B QY i i Pl v &l v & v v &5 [Ef Fortran ESh
| Fortran Projects P = O/ [d] pop.model_diagram \ [F] baroclinicComp.F90 3 [F] vertical_mix.Fa0 [F] vmix_rich.Fo0 | s EE Outline 52 @ LR o Y =0O)|
Py | Bv 1 g sttt el w7t i e, t----7----t----8----t----9----t----0- <Free Form - C Preprocessed=
£2 pop - — : $Id: modelComp.F9@,v 1.11 2009/@5/29 19:24:42 theurich Exp $ -5 ) baroclinicCompMod

£2 POP_GridComp | B e e e crpt e e e e e o &
2 POPstep_GridComp
7% POPdynamic_GridComp
2 POPbaroclinic_GridComp

(= POPbaroclinic_CplComp
% POPhorizontal_GridComp '
2 POPvertical_GridComp !
¥ advection.F90 :
| baroclinicComp.F30 |
]
!
]

module baroclinicCompMod
!BOP
! IMODULE: step_mod

m

!DESCRIPTION:
Contains the routine for stepping the model forward one timestep

'REVISION HISTORY:
CvS:$Id: step_mod.F9@,v 1.15 2083/12/12 16:53:84 pwjones Exp $
[F] pressure_grad.F90 CVS:$Name: POP_2 0 1 $

i surface_hgt.F90

3 1USES: 'é‘ . ) - =098
|5 advection.do History &2 S S 4

|5 baroclinicComp.do ! ESMF Framework module

| & GNUmakefile use ESMF

kind d
|5 pressure_grad.do b=

|| surface_hgt.do
(= POPbarotropic_GridComp
[F) barotropicComp.F90

use blocks, only: nx_block, ny_block, block, get_block
! use distribution, only:
use domain_size
use domain, only: nblocks_clinic, blocks_clinic, bndy_clinic

Grant Write Access

use constants, only: delim_fmt, blank_fmt, pS, field_loc_center, & &y Restrict to Read-Only Access
|5 barotropicComp.do field_type_scalar, c@, cl, c2, grav g
| & GNUmakefile = L__vee nononoeric  onlu: TOACED IMEL_WUEL mav hincke clinic lm miviims 2 . & Follow Participant
- ~ = 7 = = = = {1} Jump to Position of Selected Buddy
4 Remote Systems 2 BBl console |[2 Problems J & Terminals 52 _[F) SVN #HiFE | £ Properties | =0
£ & | > ‘ = | & 2 | Send File

|| To open a terminal, right-click the Terminal subsystem under the target. Then select 'Launch Terminal' from the context menu.
Share Your Screen

Start VoIP Session

E? Local
*2, Local Files
% Local Shells

Hao

Remote Online Multi- e
Collaboration B e
& hailong.yang1115@gmail.com connec| i
o EmEE ;
EE
< m » “:‘ Rv

290 1347

=

DT ¢t e 2012/1/4




Integrated tools

3 ESM Development - pop/source/diagnostics.F90 - Eclipse Platform NI 1 v 1 o S

File Edit Refactor Navigate Search Project Run Window Help

wi T Q- O~ @PE} S~V v v S5 v & [ ESM Develo... | L

(5 Project Explorer 2 =R ~ 7 O|[[B) diagnostics.F30 2 [¥] baroclinicF30 &3 = 0| g Outline & = m
& BNU_ESM.new - LR o 7
1] remote_BNU_ESM.new use E,;{r.e:s i - use iilt.recfirf:,vogly:‘ ic*l'-:".;r fivt. - o) diagnostics .
5 source_BNU_ESM use exit_mo use pressure_grad, only: lpressi Q transport
: = use_horizontal mix, onlv: hdiff
(% models ) o —n
implicit none use X trimesh_x11 (ro | L) j— -
[y atm private
Gy bid 2 use Chesapeake Bay
Gy cpl use

C MEMBER FUNCTIONS: Bathymetry
Gy cplé _— JHNCLIIONS: / /

FTP 7T0’91“‘S-m°df90 : e 39°30'N

g init diagnostics,
.} bitCheck_mod.F30 e

diag_init_sums, use
L\ data_mod.F90 diag_global_preupdate use

iag_mod.F30 diag_global afterupda’ use
[ diag_print,
Gy d\c.api L diag_transport, use
% o ) cfl advect, use
—_——— —————— cfl vdiff, use
= b |
ERemote Systems 8 cfl hdiff, use
| b & o I cfl check, us
iz & = = SRt e
I : | check KE use
aa I\ & use
| gk Q\ I PUBLIC DATA MEMBERS: use
| % Local Shells I -
I 7% wangln@®210.31.66.230 [ = : 4
| a %3, Sftp Files B Console |[2 Problems | & Terminals 2 ) SVN &g | &3 Pre
-+,
43 My Homs I?tﬂwangln@zlo.m.es.zao 2
I bin c‘:wx —————— 5 wangln Model 4096 May 2 06:46
| Y £ Id:wx —————— 7 Model 4096 May 2 06:46
I | EWX—————— 7 4096 May 2 06:46
CO2C_ESM chx —————— 13 4096 May 2 06:45
I CSM BAK —-TW——————— 3 1362 May 2 06:46 REZ
oA WE—————m B 4096 May 4 11:43
I Desktop W—————— 1 wangln Model 3145 May 2 06:46 SVN
| eclipse S I_wa:g‘.:‘.@'_cg‘_:'.OZ BNU_ESM]$
B S S S S e |

File: C:\setup.log
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2011/5/13




n Remote function invocation

» Remote editing, compilation, debugging and execution

. . it
File Services ed S Cod
e~ ource Code
. x,\'\a\l
T R R : search[10d€
el b Ty A Indexing
B ey oo S B Service
3o R Compiling executable
S Service
= . = - Launch \ V

e Service

B fun \

Debugging —0

Service d .
bug T2 Computing
Remote
Develop
Local Remote Machine

Machine
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ESM module encapsulation

» Encapsulation of reusable code blocks for model
development

_ Modular Encapsulation
Specification
Radiation Mddule /\:T)i ‘
s module unit

®High-performance

®Rcusable

-

Boundary layer % model module library
modute % ® Enrichment

Coupler module COptlmlzatlo =i,




»
Program decomposition

» Decomposition of POP (Parallel Ocean Program) into
modules
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G .
Resource allocation

» Parallel computing resources allocation for POP

components
Cor e
17—
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\> cPU
@[
>
\

S Nngl ‘e/a/st em
<>
<>




Dynamic process organization

» Dynamic process organization based on grid partition
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Validation and performance evaluation

» Functional validation and performance evaluation

Number of
Porcesses

1

2

4

8

16

32

64

Time(s)

| M A~

—+—POP

—+— CPOF




[}
[# Package Explorer &2 = O §[d) diagram.model_diagram &3 I =8
BEg ‘ & ¥ I ‘I 2¢ Palette 3
= PoP o @ @
- . F IAX, t\ y
(= POPstep_GridComp . Module I =
(= POPdynamic_GridComp I Graphlc 47‘ POPstep_GridComp & POPstep_CplComp (& Model Lib @
(= POPbaroclinic_GridCor 1 complnit 1 user_init R .t I 52 POPstep_Cpl...
(= POPbaroclinic_CplC | Drag&DrOp @ compRun @ user_run epOSI OI y
(= POPhorizontal_Gric <) compFinal ) user_final I . POPice_Gr...
(= POPvertical_GridCo | Ed 't I —
[F) baroclinicComp.F9( I 1 Or COde A tO - - - @ POPstep_Gri...
| & GNUmakefile @), POPdynamic_GridComp) u P POPphysics_GridComp I
(= POPbarotropic_GridCc | "gcomplnit . 1 complnit @ POPbaroclini...
[F] dynamicsComp.F90 Generatlon Q compRIun[ I
[ & GNUmakefile I w compFina I @ POPdynamic_...
(= POPphysics_GridComp
(= POPice_GridComp I . EI @ POPphysics_...
e ; - ———— o T "7, POPsurface_GridC: £} POPsurface_CplC i : .
(= POPsurface_GridComg | {{@), POPbaroclinic_GridComp {7 POPbarotropic_GridComp S, stface_Sncomn gy TOrsunace_LpiLomp & POPice_Gri T
(= POPsurface_CplCor|= . = . o . 1 my_init 1 user_init  complnit arotrop...
user_fnltl 1 complnit (5} complnltl @ my_run @ user run
L& GNUmakefile 1 user_init2 @ compRun © complnit2 ‘ © compRun ;
- = comP™ P @ my_run2 @ user_final Final = POPhorizont...
[} surfaceCplComy @ user_runl %) compFinal @ compRun © my_final W comprinal =
(= surface_apComp @ user_run2 @ compFinal W my I == .
(= surface_pt_interior( | @ user final e RQPyextical ...
(> surface_s_interiorC: (= Tools &
(= surface_sfwfComp I . . - . . . L . . — ‘ AppDriver
(= surface_shfComp ‘;L';‘ POPhorizontal_GridComp ) POPvertical_GridComp ;‘,;‘ surface_apComp &,‘.l:.‘ surface_pt_interiorComp {: surface_s_interiorComp 1‘:‘; surface_sfwfComp g‘:‘; surface_wsComp Q) surfac I ,
(= surface_wsComp 1 complnitl ® complnitl B my_init B my_init B my_init B my_init B my_init B my_init J e GridComp
GNUmakefile  complnit2 1 complnit2 @ set_runl @ set_runl @ set_runl @ set_runl @ my_run @ set_rur A
[F) surfaceComp.F90 @ compRunl @ compRun1 @ restart_run2 @ get_run2 @ set_run2 @ restart_run2 ) my_final 0 restart 4, CplComp
® Run2 @ compRun2 1 my_final @ restart_run3 @ restart_run3 15 my_final @ my_fin: R
GNUmakefile comphun -
L@ ) compFinal @ compRun3 & my_final ) my_final I ® @ subrouti
[7) physicsComp.F30 = @ compRund 2 ubroutine
(= POPstep_CplComp @ compRuns I ©
.h RootComp

[F) stepComp.F90 @ compRun7 MOdUle Property I

[ & GNUmakefile I @ compRunb

. . Run8 i i
[d] diagram.model_diagram @ compRun /ChnIdGnd
B) POP490 @ compRung I
g ©J compFinal Iy \GirdeIComp
|| sample.rc <
< 1 » < | il \ C I J
e — — N e B B B B B B B B B R B B e e e T B B B B B B B B B B R R aa —
M outine 2 B &~ = O Prnnemes.w________________i_______________@.*‘a_’.;!_ﬁ
< AppDriver
I Core Property Value
I Name '=pop
Appearance . .
Root Comp ¢ Grid Component POPstep_GridComp

r——
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Component specification

» Specification for component encapsulation

¢ Templates to guide component development

¢ Each component 1s associated with a xml-based

description file before importing to the component
library

4 GridComponent

1
Core Property Value
P — \ Cdl POPsurface_GridComp

Description ‘= POPsurface_GridComp
Export State

Impl POPsurface_GridComp
Import State

Module Name "= surfaceCompMeod

Name ‘= surfaceComp

States shfexp,apimp,s_inimp,pt_inexp,wsimp,sfwfexp,sfwfimp,s_inexp,apexp,shfimp,wsexp,pt_inimp




Component specification (cont’d)

File Edit Refactor Navigate Search Project External Run Saros Design Window Help

O~ & i~ i B8 ivi - r-eero- & B Fortran [ ESh
[ Fortran Projects 52 = () ‘7 pop.model_diagram ' [A) horizontal_mix.F30 ' [F) vmix_rich.F90 "LE POPsurface_GridComp. X G > = 7)1 5% Outline P % - B =R B8)
55 T — e . o . . ; o
2| B 7 k?xml version="1.8" encoding="UTF-8"2> - E 22 xml A
= = <ESMF_Comp name="surfaceCompHod" impl="surfaceComp.F90"> - [€] ESMF_Comp name=surfaceCompMod E
& PoOP Jor: i name="surface_ sfwf(.'omp location="surface_sfwfComptiod” variable="sfwf Comp" /> = p P
(z= POP_GridComp name="surface_wsComp" location="surface_wsComptiod" variable="ws_Comp"/> [e] ESMF_GridComp name=surface_sfwfComg
(= POPstep_GridComp E . name="surface_ sthomp location="surface_shfComptiod" variable="shf Comp"/> [€] ESMF_GridComp name=surface_wsComp |&
3 X g < _GridComp name="surface_apComp” location="surface_apComptiod” variable="ap Comp"/> [&] ESMF_GridComp name=surface_shfCom
(= POPdynamic_GridComp GridComp name="surface_pt_ lnterlorComp location="surface_pt_interiorComptod” variable= S P = P
_GrldCcn-p name="surface_s_interiorComp"” location="surface_s interiorComptod” variable="s [e] ESMF_GridComp name=surface_apComp

CplComp name="POPsurface_CplComp” location="surface_CplComptod"” variable="surfaceCplCom — [e] ESMF_GridComp name=surface_pt_interiol
name="surface_sfwf Import"” statetype="ESMF_STATE_IMPORT" variable="sfwfimp"/> v . el
name="surface_sfwf Export"” statetype="ESMF_STATE_EXPORT" variable="sfwfexp"/> [€] ESMF_GridComp name=surface_s_interior
name="surface_ws Import” statetype="ESMF_STATE_IMPORT" variable="wsimp"/> [e] ESMF_CplComp name=POPsurface_CplCor

(= POPice_GridComp I
name="surface_ws Export” statetype="ESMF_STATE_EXPORT" variable="wsexp"/> | [e] ESMF_State name=surface_sfwf Import

(= POPsurface_GridComp
(= POPsurface_CplComp
(= surface_apComp

wvwnwvwnmwn

m

name="surface_shf Import" statetype="ESMF STATE IMPORT" variable="shfimp"/> 3
name="sur;ace:shjf‘ Exiort" statetiEe="ESMF:STATE:EXPORT" variable="sh§exZ"/> [Bl ESME Stats name:-cuxfsce shf Expore
name="surface_ap Import" statetype="ESMF_STATE_IMPORT" variable="apimp"/> [€] ESMF_State name=surface_ws Import
name="surface_ap Export" statetype="ESMF_STATE_EXPORT" variable="apexp"/> [e] ESMF_ State name=surface_ws Export v,
name="surface_pt_interior Import" statetype="ESMF_STATE_IMPORT" variable="pt_inim’ < m | »
name="surface_pt_interior Export" statetype="ESMF_STATE_EXPORT" variable="pt_inex| I
name-"surface s_interior Import" statetype="ESMF_STATE_IMPORT" variable="s_inimp"’

|
(= POPphysics_GridComp |

|
(= surface_pt_interiorComp I
(&= surface_s_interiorComp I
(= surface_sfwfComp
(= surface_shfComp

(= surface_wsComp L.

(@ History 33 ~_ $ & ot %~ =0

[F surfaceComp.F30 I name= surface s 1nter:u'7’r Export” statetype="ESMF_STATE_EXPORT" variable="s_inexp I
: = E Init name="my_init" phase="1" importState="importState” exportState="exportState”>
L© GNUmakefile E <Stateadd> I
|X| POPsurface_GridComp.xml <state>wsimp</state>
B surfaceComp.do 1 </St<tt?gd§ype= ESMF_Array” name="SMF">SMF_array</item> 1
ateA
(= POPtopStress_GridComp le <StateAdd> |
[F] physicsComp.F30 I <state>wsimp</state> I
» GNUmakefile . </St<‘1:t?rgd§ype= ESMF_Array” name="SMFT">SMFT_array</item>
ateA
Q Remote Systems 23“' . 15‘ I <In1t%ah:eCcmp type="Grid" phase="1" comp="ws_Comp" importState="wsimp" exportState= wsel Fe 22 - = EV‘
I = <AttributeGet> I e Saros Q Remote Screenl
<& @| rl = | \# 52 - <object> a Ay o
Ef Local | wsexp W| o8 W | =

%, Loca s e s — T —— === === = =] T s e

you can either:
% Local Shells < o ! 22 No Session Runnir

5 = 1) Right-click on a
d I Design ‘ Source‘ ! & Buddies S
IVIO ule (=] Console |[£ Problems | & Terminals £3 [ SVN %% | O Properties, =0 @, 2) Right-click on a

under the target. Then select 'Launch Terminal' from the context menu. << buddy

3) Use the Saros

D e S C ri pt ive To open a terminal, right-click the Terminal subsyste
Specification - =




Code generation (cont’d)

» Drag-Drop based component usage

¢ Automatically locate and intercept the information
about the component based on CDL, and then fill in
the panel of attributes about this component

¢ Component substitution can be done easily through

selection
4+ GridComponent
I
Core Property Value
TR Cdl POPsurface_GridComp D
Appearance -
—_— Description  [POPsurface_apGridComp -

Export State POPsurface_GridComp
POPsurface_pt_interiorGridComp
POPsurface_s_interiorGridComp

POPsurface_sfwfGridComp -
Module Name ™ surfaceCompMod

Impl
Import State

Name *= surfaceComp

States shfexp,apimp,s_inimp,pt_inexp,wsimp,sfwfexp,sfwfimp,s_inexp,apexp,shfimp,wsexp,pt_inimp
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Code generation (cont’d)

File Edit Refactor Navigate Search Project External Run Saros Window Ip
STEHRSI B A ial v i HEH e v & HBEi Fortran [E ESN”
% Fortran Projects 52\ = El *pop.model_diagram ]@sutfaoeCompFQOS@ R = EI"'EE Outline 53 FEAERY e YY" 8)
R s A I . B B e . <Free Form - C Preprocessed>

LH)

=1 BT

(= surface_wsComp
[F] surfaceComp.F30
| ® GNUmakefile
|X| POPsurface_GridComp.xml
|Z| surfaceComp.do
(= POPtopStress_GridComp
[F] physicsComp.F30
| & GNUmakefile
|5 physicsComp.do
(z= POPstep_CplComp
[F) stepComp.Fe0
Le GN

- Component
[F popC F30
keleton

[ GNU

|Z| popComp.do
= Code

(= surfaceComp
[F] surfaceComp.F90

Al

7

|5 .cproject -

[X] .project -

' 88 Remote Systems % = (ml|
£ 8| AR

Ef Local

*2y Local Files
% Local Shells

I i e o S Ry B
end subroutine surfaceComp_SetServices

IA

subroutine my_init(gcomp, importState, exportState, clock, rc) I
type(ESMF_GridComp) :: gcomp I
type(ESMF_State) :: importState

type(ESMF_State) :: exportState |
type(ESMF_Clock) :: clock

integer, intent(out) :: rc I
type(ESMF_Grid) :: parentgrid I

type(ESMF_DistGrid) :: pareDistGrid

type(ESMF_Array): :SMF_array,SMFT_array,STF_array,SMF_array, SMFT_array,STF_array,TFN_array,ATM_Fl

call ESMF_StateAdd(wsimp,SMF_array,rc=rc) Ll

call ESMF_StateAdd(wsimp,SMFT_array,rc=rc)

call ESMF_GridCompInitialize(ws_Comp, importState=wsimp, exportState =wsexp,phase=1,clock=paren.

call ESMF_AttributeGet(wsexp, name="lsmft_avail", value =lsmft_avail, rc=rc) 1

call ESMF_StateAdd(shfexp,STF_array,rc=rc)

call ESMF_GridCompInitialize(shf_Comp, importState=shfimp, exportState =shfexp,phase=1,clock=pe

call ESMF_CplCompInitialize(surfaceCplComp, importState=pt_inexp, exportState =s_inimp,phase=1l

call ESMF_GridCompInitialize(sfwf_Comp, importState=sfwfimp, exportState =sfwfexp,phase=1,clock

call ESMF_GridCompInitialize(pt_in_Comp, importState=pt_inimp, exportState =pt_inexp,phase=1,cl

call ESMF_GridCompInitialize(s_in_Comp, importState=s_inimp, exportState =s_inexp,phase=1,clock

call ESMF_GridCompInitialize(ap_Comp, importState=apimp, exportState =apexp,phase=1,clock=pare

call ESMF_StateAdd(exportState,wsexp,rc=rc)

call ESMF_StateAdd(exportState,shfexp,rc=rc) I

call ESMF_StateAdd(exportState,sfwfexp,rc=rc)

call ESMF_StateAdd(exportState,pt_inexp,rc=rc) I

call ESMF_StateAdd(exportState,s_inexp,rc=rc) I

call ESMF_StateAdd(exportState,apexp,rc=rc)

call ESMF_StateAdd(exportState,SMF_array,rc=rc) I

calfl ESMF_StateAdd(exportState,SMFT_array,rc=rc)

call ESMF_StateAdd(exportState,STF_array,rc=rc) I

call ESMF_StateAdd(exportState,TFW_array,rc=rc)

call ESMF_StateAdd(exportState,ATM_PRESS_array,rc=rc) I
— al] ESME S tateAdd eXoor tSTate, FUATIAY ) T e - - — - — — — —

< | n 3

‘-E Console Hﬁ_l Problems | {& Terminals \ ) svN &=BE ] ] Properties 2 o O a)
Property Value
name my_init

i) surfaceCompMod

@ surfaceComp_SetVM

@ surfaceComp_SetServices
@ my_init

9 my_runl

@ my_run2

@ my_final

ﬂ Syntax Errors

E? History 530 o Q::'; = v = 8]
’o Saros 2:2 Q Remote Screen l o Erl
P& oE | m

To share projects

you can either:

1) Right-click on a
project

2) Right-click on a
buddy

Not connected

2 No Session Runnir,
&' Buddies

e

3) Use the Saros
menu in the
Eclipse menu

bar
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Module auto-verification

» Primary auto-verification for module validity

File Edit Diagram Refactor Navigate Search Project External Run Saros Window Help
S v ‘ B Q- B v - v &S v v £ R Fortran [ ESN”
s 9 i A Ay sy o || Ry ol By | B ~ ||100%
% Fortran Projects &2 =1 *pop.model_diagram 2 [F] baroclinicComp.F30 ‘ [F] horizontal_mix.F90 [F] vmix_richF90 |2 = 8| g% Outline P ¢ E v e
2| BE)T @ compRun @ user_run | 53 Palette b
& POP ) compfFinal ) user _final “*\ = =
A3 =
& POP_fSrldComp (= Model Lib ®
= .cproject e . "
L; pF:o':ct iy} POPdynamics_CplComp /@), POPphysics_GridComp —| » 448 POPstep_Cpl...
X} .proj e =4
user_initl P o i
pop.model_diagram 2 e 1 complnit » i3 POPstep_Grid...
& POP 2 §iin W compn » {7 POPsurface_G...
- user_run2 <) compFinal | |— —_
el [ = == == == e m= = o | Ok — -
) user_final . | I
L . S Error @ - -
( &&u'pler G POPsurface_GridConlp — — |
E Hah I "@-' surfaceComp should contain a cpl named POPsurface_CplComp I
M h @ my_run 1| @& = =
not Match [gm- | $54[5--0
& my_final 1 I
. |
-— -
\Comp {‘;\ surface_pt_interiorComp @\ surface_s_interiorComp {Zf" surface_sfwfComp {zn, surfac
B my_init B my_init B my_init 5 my_init
@ set runl || @ set runl | @ set runl @ mvrur
< | ([} | 3
- = = \ (03 -‘Q N f ( . 8 = v = — - = 3
2 Remote Systems 12 ) 8 \ El Console |[£( Problems | & Terminals | B SVN %% | O Properties &3 4 g ®, Saros 52 & Remote Screen) )
- £ 8 «| =|% Y| 4 GridComponent FS-E&woE v =
E?’Let;c? 2 pe Property Value Not connected To share Projects
ocal Files e cdl s T you can either:
t-;'( Local Shells Ppe Description i pOPsurface_GridComp = No e‘ssu.m unnir 1) Right-click oiva
Export State i Suddien project
Impl surfaceComp_cpl 2 :igdh;—click ona
Import State sy,
Module Name = surfaceCompMod Slill=e th.e i:ros
= > menu in the
Name "= POPsurface_GridComp Edli
clipse menu
States <« i » bar

[

Ty




Model components substitution

» Model component encapsulation allows the
components developed by different groups or
communities to be inter-changeable, reducing
duplicated programming efforts

¢ Component substitution 1s demonstrated between POP and
MOM

¢ MOM

» a three-dimensional ocean circulation model designed primarily by the
Geophysical Fluid Dynamics Laboratory (GFDL) of the National
Oceanic and Atmospheric Administration

¢ POP

» developed and supported by Los Alamos National Laboratory (LANL)




& POP vs MOM
» Framework Comparison

¢ POP 1s based on ESMF, while MOM 1s based on FMS
ESMF FMS

I\pplication Drivel' _
—T Comp Comp Comp R

Compl Comp2| | Comp3 . Com :
ponents are executed sequentially
#

- ; - All component resides in flat
Comp3.1 Comp3.: . Single coupler

couple e - Data is transferred through shared
r ¢_omp3.2.1 Comp3.2.2 public variables

L4

« Child components are executed simultaneously
- Invocation among components is nested
- Multiple couplers

- Data is transferred through data structure called state




MOM code structure analysis

MOM Output
GC GC

Dynamics Physics
GC GC

I |=%

Barotropic Density Pressure | [ Thickness | | Topog Velocity River | [Shortwave | | Sponges Mixing

GC GC GC GC GC GC GC GC GC GC
I

Friction | [ Nphysics Vert
GC GC GC




MOM code structure analysis

» Analyzing the code structure of MOM

¢ MOM component interface

> 1init() #initialize and configure
»run()

¢ update() #update data, time step, status and so on
¢ restart() #reload configuration and restart

» final(): #release the resouces

The above interface would make sure that the components derived from
MOM, which is based on FMS specification, are compatible with
components derived from POP which is based on ESMF, so that the
components are substitutable
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Runtime support

» Work have been done -

¢ Seamless integration with Slurm batch system with an
easy-to-use management portal

¢ Support ESM program execution monitoring and trace
analysis




4y Integration with the batch system

» Integration with Condor to provide persistent execution
environment

» The jobs submitted to the IDE are delegated to underlying
slurm batch system

» Extend condor to talk to slurm

» Submit, query and management

JOB
SUBMISSION

Gridmanager




® A

e

w9 v & wsms QYO @08 oo v b5 -eey-Resource Monitor = [P £ Develon) [
[ Project Explorer &3 =S| & ¥ T 0|7 diagnostics.F90 2 aroclinicF90 &2 = B[ 5= Outline 2 =0
& BNU ESM.new | 1-———+—-8 2————4———- 3-———4-
u
L 3 submit a job: -
jobs‘ odegé|parﬁtions| ad e O |
NodeName Arch oS Sockets State Reason b j°bls name ‘»pop ’ I =
nodel x86_64  Ligux 8 2 adEminnadesneed. [8| ] |
node2 x86_64 Linux 16 2 u ’ |
, number of tasks: |4 It ]
node3 Xx86_64 Linux 16 2 I
node4 x86_64 Linux 16 2 script: ‘srun Jroot/mount/yesi/pop/Application | |
node5 x86_64 Linux 16 2 us td t 1 t | :I M
std_out: |pop.ou
Iem Tl u = pop 8
a Iz
Cancel I [ OK Cancel | [ OK ] I
u
< I ) cfl_advect, nde SavEw Gy Gading_ta7 g ad b i I i
- cfl vdiff, use forcing, only: STF, SHF, 1sr miia
1 Remote Systems i3 7 m] cfl_hdiff, use forcing_shf, only: SHT QSW, 3] HE8 55 TR
: FItuse forcang: coupled, only: 63 11-5-12 49.. ys New imj
I use forcing pt_interior, only: ¢
I use forcing_s_interior, only: se
| nodes}partitions| use =xit_mod, only: sighbort, e
fl JobID Name  JobState ~Submit_time Start_time end_ti| || R ‘ R
a2 r » < | 1 F < | 1 »
'*J 767 ping JOB CANC 2011-06-30 15:21:29 2011-06-30 15:21:29 2011- | - - J b S b 't
B | &g =0
“ I 768 pop JOB COMF 2011-06-30 16:47:13  2011-06-30 16:47:13  2011- ©) svN & 6 Progress 0 ubmi
| . fe R
2
I 6 May 2 4
(T Dillge May 2 models b
I 2 May 2 06:46 README JO Query
I Cancel ] [ oK ] '6 May 4 11:43 scripts
45 May 2 06:46 SVN_EXTERNAL DIRECTORIES £
L ometlipse == == == = o= || 4121002 162000 0 3mB G E 5] S ] i ’
< | 1 » Y
1) File: C:\setup.log ] Command mode: | ------------oomoeeooe

= 10:55
=l W 01175013




Trace analysis based on ST

=S

]
e
I L L eee———y st o
- i e B R T T R -
- R - = [
t
]
]

st i

[

o I




Trace analysis based on STAT (cont’d)

MAIN_
[0-31] ‘%—31] \@1‘]
grid mp_init_grid2| egmf_initmod mp esmf initializ¢esmf gridcompmod mp_esmf gridcompsetservices)
[0-31] 0, 2-7,9-15, 17, 19-24, 2}}&8] 16, 18, 25] lo-31]
\ J

ip_global sum_dbl

elef_ini tmod_mp_esmf_ frameworkinternalinit_ ¢_esmc_setservices|

D-31] —7.9-15,17,19-24,96-31] /Pé, 16, 18, 25] lo-31]
REDUCE espf_logerrmod_mp_esmf loginiti&BufH : [FTable::setServices (v:id*, void (*) (), int*
=311 —4.9-15. 1719 94 96-31] [ll 8. 16,18, 951 /{0—31]
reduce gsmf 1 ogerrmod_nllp_esmf_logopen_ of| esmc_ftablec/al lentrypoint_
[
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Deployment

» Alpha version released (March 2011)
» Five versions (v0.2, v0.4, v0.6, v1.0, v2.0) released so far

» Deployed in Beijing Normal University (since March 2011)
¢ Pilot usage of four versions (v0.4, v0.6, v1.0, v2.0 )

¢ Used in BNU ESM development
¢ Latest version 1s v2.0

» Deployed in Institute of Atmospheric Physics, Chinese Academy of
Sciences (since March 2011)

¢ Latest version i1s v2.0

» Deployed in National Climate Center (since June 2011)
¢ Latest version is v2.0

» IDE and model encapsulation approach adopted by the coupler ik
development project (since July 2011) L




Thank You!
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