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Interactive Modular Earth-System Models
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Model Versions and Variants

UVic 2.6 UVic 2.7 UVic 2.7.1 UVic 2.7.2 UVic 2.8 UVic 2.8.1 UVic 2.8.2

MOM, MTLM, SED

MOM, MTLM, SED, EMBM, OPEM

MOM, MTLM, SED, EMBM, NZPD
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Current State on Models

Development

• Long-living software

• Roots often in small projects of on individual

• Many developers over time

• Developers have different styles

Structure

• Batch and time sharing system inspired setup

• Mixed concerns

• No or partial defined interfaces

• No designed architectures

Limits the ability to

• combine models

• restart, and roll back model steps
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Solution

• Recover model structure

• Improve program comprehension

• Restructure to separate concerns

• Introduce standard interfaces

• Refactor into services
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UVic Architecture

<<Component>>
sed

<<Component>>
netcdf

<<Component>>
ice

<<Component>>
mtlm

<<Component>>
common

<<Component>>
embm

<<Component>>
mom
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Architecture with Subroutines and Common Blocks

<<Component>>
embm

embm rivmodel

embmout

embm_tsi_def

setembm

new_ctdma

ta_embm_tsi

embm_tavg_def

sum_flux

tdma

init_discharge

coef rivinit

pgs

ta_embm_tavg embm_tsi_out

embmbcptr

embm_tavg_out

resid

expand_basins

precipitate

sumrsd

co2forc

solve

zenith embm_rest_def

fluxes

embm_rest_in

basin_perimeter

orbitmgrid

sumdel

embm_rest_outgvsbc

sumcf

new_tdma

decl

ctdma

<<Component>>
netcdf

defvar enddef putatttextgetvarsputvars

openadd

inqvardefdefdim

checkerror

openfile closeall getatttextopennext getvara putvararedefedge_makerputvaramskopennew getdimlen

openchk

<<Component>>
mtlm

mtlm_rest_def

triffid

decay

pft_sparm

growth

sf_stomphenolta_mtlm_tavg

mtlm_tsi_def

loadland vegcarb

mtlm_state

mtlm

leaf

mtlm_tavg_def

mtlm_rest_out microbe leaf_litta_mtlm_tsi

unloadland

compete

qsat

mtlm_tsi_out

mtlmout

lotka

mtlm_tavg_out

canopy

glsbc

swradmtlm_rest_in

setmtlm

penmon

soilcarb

<<Component>>
sed

reset_pw

co3ss

bury

calc_db ta_sed_tsicalc_dc

sed_rest_def

sed_diag

get_resp

get_sed_ml_mass

tridiag

my_sgbfa

unloadsed

sed_tavg_def

calc_buff

orgc

sldcon

sed_ss

ta_sed_tavg

sed_const_cal

sed_rest_in set_est_pore

sed

sed_rest_out

my_saxpy

sed_tsi_def

setup_pw

o2org sed_tavg_out

estimate_rc

my_sscal

co3

calc_do2

calc_k

calssset_pore

sedout

o2ssloadsed

setsed

sed_tsi_out

my_sgbsl

pore_2_form

<<Component>>
ice

ice

mass_prssstressevp

therm evp filuvice

strain stressprep viscevp

icelatsadvupb

stepu

<<Component>>
mom

setmom

diagc1

loadmw

diagc2

addto

ai_bottom

mom

putrow depth_u
utb1 utb2

euler_shuffle

utb3

gyre

isopyc_adv rowistabi

mom_tavg_def

congr

add_ext_modegetvar

op9_vec

avgout eqstate

statec

unescocopy_all_rowsinvtri

avg_dist

convct

dot2

ge1 ge2

hmixcsetvbc

ge3

bcest

ttb1

ddxu

ttb2 mom_tavg_out

isopyc

ai_east mom_rest_inai_north

avgset
theta0

tracer

diffdxu

hyper3

diagt1diagt2

ddyu

make_inv

tinsitoget

inv_op
diffdyu

adv_vel

isoflux stabnpzd_src adv_fluxelements tropicisbcu

diagidiago

mirror_adjust

state

fill_land

blmixi

zero_vec

mom_tsi_def

putmw

getlat

sfforc

potem

avgi

mom_rest_def

ta_mom_tsi fill_land1

con_adjust

fill_land2

clinic diag

relax1

checks

absmax

getrow

border

zero_level avgvar

calc_psgrad

mom_tsi_outconvct2movemw

oput

op5_vec

mom_rest_out

vmixc

sum_dist

sfc5pt

isopi

lsqsl2

ivdift

putlat

filz

asbctasbcu

<<Storage>>
cbcest

<<Storage>>
avgbli

<<Storage>>
avgblc

<<Component>>
common

mkstmp

wrufio

drtsafe def_tavg_embm

tmngri data

main_

multime

def_tsi_embmco2calc_sws

realdays

inittime

showunits

ckdate

timeinterpi

ioinit

def_tavg_mom

kmt_option

ymd2d

realsecs getfulltime

icedatafiltr

matrix

topog

copytime

gcoord

d2ymd

set

timeequal

def_rest_mom

def_tsi_mom areaavg setbcx

def_tavg_sed

ta_iter_swsinqdefined qempty

get_sbc

filuvfilt

c14data

alarm

ymd2dc

def_rest_sed

def_tsi_sed

getst

print_checksum

gosbc

setfulltime2

release_all

kmtbc showmap

qinit

co2ccndata

copyfulltime

file_stamp

solardata

set2byte

scan_option

gridssetdata

new_file_namecalendari

area_volume

link_unit

def_tavg

checkinterp

ms2hms hms2ms

settimefromstamp setreclen

areatot

checksumi

expandtime

def_rest_mtlm

addtime

iplot

findex

sbc_init

set2word

badindex

clear_kmt_options

def_rest_embm

getswitch

put_names

close_file
increment_time

def_rest

expand

set_time_switchesreg1st

getunitnumber

size_check

setfulltime qpushtimeless

setvr

read_namelist

incstamp

inctime

subtime

enter_kmt_changesid

ie

relunit

mmmtolower
set_eorun

file_names

indpi2a

setcom

rdstmp iwexpandtime2gettime

getunit

msec

chkcpldef_tsi tracer_init

select_optionsettime2settime3

ifloor

isleperim

checksum

d2ymdc

gasbc

accept_option

jn

timeinterpinitswitch

js

def_tavg_mtlm

uvic_escm

min_depthdef_tsi_mtlm

get_tdsbc

avg_alarm

qpop

<<Storage>>
cfilt_r

<<Storage>>
cfilt_i

<<Storage>>
cfilt_d

<<Storage>>
files_i

<<Storage>>
qsize

netcdf

mtlm

common

sed

mom

embm ice
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Restructure to separate concerns

Optimize Coupling
• Input

� Control �ow

� Data �ow

� Developer information

• Approaches
� Genetic algorithms (NSGA2, NSGA3,

SPEA2)

� Neural Network

� Using SAT solvers

Interactive Architecture Modification

• Select architecture candidate

• Generate refactoring plans (plan
modification)

• Discuss and select a plan
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Conclusions

Summary

• Architecture recovery using mainly control-flow

• https://oceandsl.uni-kiel.de/understanding-model-architecture/

Outlook

• Improve recovery (extend data flow)

• Create refactoring tools

• Provide interactive tools for developers

• Convert model into services

Want to see your model’s architecture? Contact us reiner.jung@email.uni-kiel.de
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NETCDF Component

<<Component>>
netcdf

defvar enddef putatttextgetvarsputvars

openadd

inqvardefdefdim

checkerror

openfile closeall getatttextopennext getvara putvararedefedge_makerputvaramskopennew getdimlen

openchk

IFace5 IFace8 IFace6IFace7
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NETCDF Provided Interfaces

Name Subroutines Components
IFace5 getvara, openfile, opennext mom,sed,common,mtlm,embm
IFace6 getdimlen, getatttext common,sed,embm
IFace7 closeall, opennew ] common
IFace8 getvars, defvar, edge_maker, redef,

defdim, putvara, enddef, inqvardef, put-
vars, putvaramsk, putatttext

mom,mtlm,sed,embm
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